Library of Congress Control Number 2009930608
ISBN 978-1-879961-34-0

Proceedings
15th International Congress of Speleology
Volume 2
Symposia, Part 2

Kerrville, Texas
United States of America
July 19–26, 2009

Produced by the organizing Committee of the
15th Internatioal Congress of Speleology

Published by the International Union of Speleology

© 2009 National Speleological Society, Inc.
Individual authors retain their copyrights as indicated in the text. All rights reserved. No part of
this work may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying, recording, or any data storage or retrieval system without the express written
permission of the copyright owner. All drawings and maps are used with permission of the artists.
Unauthorized use is strictly prohibited.

Printed in the United States of America.

Contents



2009 ICS Proceedings

Mineral-lined thermal erosion channels in a hollow tumulus complex, Kilauea Caldera, Hawaii, USA. William R Halliday. 657
Unusual rheogenic caves of the 1919 “Postal Rift” lava flow, Kilauea Caldera, Hawaii. William R. Halliday. 662
Principles of pyroduct (lava tunnel) formation. Stephan Kempe. 668
Interpreting the genesis of Thurston Lava Cave, Kilauea, Hawai`i. Stephan Kempe, Horst-Volker Henschel. 675
Archaeology and 14C dates of the Kamakalepo/Waipouli/Stonehenge area, Nahalehu, Hawai`i. Stephan Kempe, HorstVolker Henschel, Harry Schick, Basil Hansen. 682
Jordanian lava caves and their importance to understand lava plateaus. Stephan Kempe, Ahmad Al-Malabeh, Horst-Volker
Henschel. 690
Possible lava tube development in the San Luis Valley and southeastern San Juan Mountains, Colorado. Douglas
Medville. 698
Seventeen years beneath Hualalai: A summary of caving experience. Douglas and Hazel Medville, Peter and Ann Bosted, Don Coons,
Dave Bunnell, Nevin and Judy Davis, Bob Richards, John Rosenfeld, Steve Smith, Bernard and Sandy Szukalski. 703
Composition of bacterial mats in El Malpais National Monument, New Mexico, USA: Comparison and contrasts with bacterial
communities in Hawai`i lava tubes. Monica Moya, Matthew G. Garcia, Michael N. Spilde, Diana E. Northup. 709
Umm Jirsan: Arabia’s longest lava-tube system. John J. Pint. 714
Identification of the microbial communities associated with roots in lava tubes in New Mexico and Hawaii. Jessica R. Snider,
Monica Moya, Matthew G. Garcia, Michael N. Spilde, Diana E. Northup. 718
As-Suwayda lava caves (southern Syria): speleological study combining geology and history. Johnny W. Tawk, Fadi H. Nader,
Sami Karkabi, Waleed Jad. 724

Symposium 10. Protection and Management of Rare and Endangered Subterranean Fauna 731
Gating a cave protects a bat colony...eventually. Debbie C. Buecher, Andrea K. Goodbar. 733
Regional habitat conservation planning in karst terrain, Williamson County, Texas, USA. S.W. Carothers, K. White, G.L.
Galbraith, G.D. Boyd. 738
Inciting public interest and professional partnerships in the inventorying and monitoring of cave invertebrates, Kartchner
Caverns State Park. Robert Casavant, Steve Willsey, Steve Casper, Supapan Seraphin. 739
The role of karst fauna areas in the advancement of karst conservation in central Texas. C. Clover Clamons, P.G. Pierre
Paquin. 740
Speleothems and living organisms: What kind of relationship? Paolo Forti. 741
Conservation and management of the Brazilian free-tailed bat: Colony size and activity patterns using thermal imaging.
Nickolay I. Hristov, Margrit Betke, Thomas H. Kunz. 748
Biogeographical distribution of subterranean fauna in Apulia (Italy), in the context of the paleo-geographical evolution of
the area. Salvatore Inguscio, Emanuela Rossi, Mario Parise. 749
Detection probabilities of karst invertebrates in central Texas. Jean K. Krejca, Butch Weckerly. 755
Bats: going...going...gone with the wind Thomas H. Kunz, Edward R. Arnett. 760
Cave animals in show caves in Slovenia. Andrej Mihevc. 761
On rarity and the vulnerability of subterranean fauna. Oana Teodora Moldovan. 762
Cave microbial communities: Is protection necessary and possible? Diana E. Northup. 763
Management of endangered karst invertebrates on the Balcones Canyonlands Preserve, Austin, Texas. Kathleen M.
O’Connor, Mark Sanders, Paul Fushille. 768
Conservation of species on the wrong track? Is conservation of species losing its way? Boris Sket, Franci Gabrovšek. 769
Karst invertebrate habitat and the role of excavation. Peter Sprouse, Jean Krejca. 770
Karst landscape evolution: Impacts on speciation, biogeography, and protection of rare and endangered species. George Veni. 771
Preserve design for endangered karst invertebrates in Bexar County, Texas. Cynthia A. Watson. 777
Phylogeographic modeling of the Edwards Aquifer karst as a management tool for rare and endangered species in central
Texas: A case study using troglobitic Cicurina spiders. K. White, P. Paquin. 783

Symposium 11. Speleogenesis in Regional Geological Evolution and Its Role in Karst
Hydrogeology and Geomorphology 785
Origin and development of the Dam-Valley Lakes and related karst hydrogeologic systems: Amtkeli River (western
Caucasus). G.N. Amelichev, B.A. Vakhrushev, V.N. Dublyanskiy. 787

15th International Congress of Speleology

Contents



2009 ICS Proceedings

Base level rise and per ascensum model of speleogenesis (PAMS). Interpretation of deep phreatic karst, Vauclusion springs
and chimney-shafts. Philippe Audra, Ludovic Mocochain, Jean-Yves Bigot. 788
The pattern of hypogenic caves. Philippe Audra, Ludovic Mocochain, Jean-Yves Bigot, Jean-Claude Nobecourt. 795
Morphology and genesis of caves in iron-rich rocks. Augusto Auler, Luís B. Piló. 801
The alkali speleogenesis of Roraima Sur Cave, Venezuela. Hazel A. Barton, Paula Suarez, Brittany Muench, Juan Giarrizzo,
Mark Broering, Eric Banks, Kathsuri Venkateswaran. 802
Relations between speleogenesis and surface morphogenesis of an exhumed karst plain (the Slunj Karst Plain, Dinaric Karst,
Croatia). Neven Bočić. 808
How can ghost rocks help in karst development. Laurent Bruxelles, Yves Quinif, Michel Wiéin. 814
Evolution of Portuguese karst regions in a basin-inversion setting: Importance of faulting and confinement on cave
development and spring locations. José António Crispim. 819
Age of caves in the Cordillera de la Sal (Atacama, Chile) Jo De Waele, Vincenzo Picotti, Paolo Forti, George Brook, Cucchi
Franco, Zini Luca. 825
Kraushöhle (Austria): Morphology and mineralogy of an alpine sulfuric acid cave. Jo De Waele, Lukas Plan, Philippe Audra,
Antonio Rossi, Christoph Spötl, Victor Polyak, Bill McIntosh. 831
The age of cave systems in central-east Sardinia: Preliminary data. Jo De Waele, Darryl Granger. 838
Preliminary development of a quantitative karst classification system, PHORMS. Daniel H. Doctor, Benjamin F. Schwartz,
Marcus O. Gary. 843
Tectonic influences on speleogenesis in the Guadalupe Mountains, New Mexico and Texas, USA. Harvey R. DuChene,
Kimberly I. Cunningham. 849
Speleogenesis of the New England marble caves. Trevor Faulkner. 855
The general model of cave development in the metalimestones of the Caledonide Terranes. Trevor Faulkner. 863
Flow distribution at early stage of karstification and 3D geometry of cave systems. M. Filipponi, P.-Y. Jeannin. 871
Morphology of Tjoarvekrajgge – the longest cave of Scandinavia. Torstein Finnesand, Rane Curl. 878
Correlation between passage levels in the Bellamar Cave System and marine terraces surrounding the Bay of Matanzas, Cuba.
Esteban Grau González—Quevedo, Ivonne Vázquez de la Torre, Humberto Fernández Ramos. 884
How karst works in Grand Canyon, Arizona, USA. Carol A. Hill, Victor J. Polyak. 885
The possible speleogene-hypogene origin of the Warda Iron Ore Mine deposit ( Jordan). Stephan Kempe, Ahmad AlMalabeh, Horst-Volker Henschel. 891
The deepest cave in the world in the Arabika Massif (western Caucasus) and its hydrogeological and paleogeographic
significance. A.B. Klimchouk, G.V. Samokhin, Y.M. Kasian. 898
Hypogenic speleogenesis in the Piedmont Crimea Range. A.B. Klimchouk, E.I. Tymokhina, G.N. Amelichev. 906
Bathyphreatic speleogenesis of some large karst springs in Croatia. Mladen Kuhta, Andrej Stroj, Željka Brkić, Alan
Kovačić. 907
First elements of the karstic evolution of a continental chalk catchment area of the Paris Basin, upper Avre River (Normandy,
France). Laurent Magne, Joël Rodet. 908
Speleogenesis of the hypogenic caves in central Italy. Marco Menichetti. 909
Unique dissolutional morphologies in caves: A result of convective flow regimes. John E. Mylroie, Joan R. Mylroie. 916
Karst Development in the Castile Formation of Eddy County, NM and Culberson County, TX: A study of multiple models
for regional speleogenesis. Raymond Nance, Kevin Stafford. 923
The speleogenesis of Kanaan Cave, Lebanon: Geomorphological interpretation and paleoenvironment records of Antelias
Region. Carole K Nehme. 930
The geomorphological mapping of Kanaan Cave, Lebanon: A new approach in the speleogenesis of a cave. Carole K.
Nehme. 936
Early Carboniferous unlithified cave sediments: Their implications. R.A.L. Osborne, 939
Geologic history of the Black Hills Caves, South Dakota, USA. Arthur N. Palmer, Margaret V. Palmer, Victor Polyak,
Yemane Asmerom. 946
Geologic setting, structure, tectonic history and paleokarst as factors in speleogenesis in the Guadalupe Mountains, New
Mexico and Texas, USA. J. Michael Queen. 952
Pre-drainage development of the caves of the Guadalupe Mountains, New Mexico and Texas, USA. J. Michael
Queen. 958

15th International Congress of Speleology

Symposium #11

SPELEOGENESIS IN REGIONAL GEOLOGICAL
EVOLUTION AND ITS ROLE IN KARST
HYDROGEOLOGY AND GEOMORPHOLOGY

Arranved by:
John Mylroie
Angel Ginés

Speleogenesis

788

2009 ICS Proceedings

Base level rise and Per Ascensum Model of Speleogenesis (PAMS).
Interpretation of deep phreatic karsts, vauclusian springs
and chimney-shafts.

1
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French Association of Karstology
In Mediterranean karsts, the Messinian Salinity Crisis induced first a deepening of the karst systems, then
a flooding after the Pliocene transgression, and finally a reorganization of the drains after this base level
rise. This reorganization mainly corresponds to the development of phreatic lifts: the chimney-shafts and
the vauclusian springs. Such a per ascensum speleogenesis appears with a base level rise, which is caused
by eustatism, by fluvial aggradation or valley infilling, or by continental subsidence. Consequently, we
explain the origin of most of the deep phreatic cave systems (which are not hypogenic) by a base level rise
which flooded the deep karst, producing phreatic lifts connected to vauclusian springs.

1. Introduction

Where no impervious aquiclude is present, cave levels can be
correlated to base level (Granger et al. 2001; Anthony
& Granger 2004; Häuselmann et al. 2007). Authors
generally explain them as the result of descending base
level caused by valley incision. Cave levels are implicitly
associated with a per descensum evolution. Since the ages
of cave levels are correlated to successive stages of valley
entrenchment, the lowest levels are considered the youngest,
and conversely (Palmer 1987). And when a base-level
rise is taken into account, its role is generally limited to
the flooding and filling of cave systems, without noticeable
speleogenesis.
Studies of speleogenesis associated with the MessinianPliocene eustatic cycle, i.e., the succession of Messinian
Salinity Crisis (MSC) and Pliocene High Stand (PHS),
demonstrate the speleogenetic role of base-level rise as a
per ascensum process, by the formation of phreatic lifts, or
“chimney-shafts” (Mocochain et al. 2006). By extension,
other contexts of base level rise, mainly caused by fluvial
aggradation, produce a similar speleogenesis, making it
possible to extend the Per Ascensum Model of Speleogenesis
(PAMS).
This paper presents our results, carried out first in the French
Mediterranean area and associated with the impacts of the
MSC. Second, we extrapolate to other contexts of base-level
rise that also show a PAMS. Their origin could be eustatic,
climatic (transgression or fluvial aggradation), or tectonic
(regional subsidence).

15th International Congress of Speleology

2. The PAMS Associated with the MessinoPliocene Cycle in the Mediterranean
The French Mediterranean periphery displays a cluster of
deep phreatic cave systems (Fig. 1). Many authors once
interpreted it by the Four State Model (Ford 1977),
assigning a bathyphreatic origin with a speleogenesis not
influenced by the base-level position. From the 1980s
onward, according to concepts developed by Clauzon et
al. (1997), the origin of such a deep-phreatic speleogenesis
gradually shifted to the MSC. This revision provides
conceptual tools based on the influence of large-scale base
level changes on deep phreatic cave systems.
Recent studies have identified several types of flooded cave
systems (Mocochain 2007; Audra 2007). This typology
is built not only on morphological criteria, but also on the
elevation of the caves according to the current base-level
position. It is possible to distinguish flooded cave systems
located mainly below the base level (marine or fluvial), from
those currently in the vadose zone but having a phreatic
origin.

2.1 Flooded coastal karst, the Port-Miou
submarine spring
The Port-Miou submarine spring, near Marseille, is fed by
part of the Provence karst (Fig. 1). It has been explored for
more than 2 km and down to 179 m depth (Fig. 2). The
offshore bathymetry reveals submerged karst features (dolines,
poljes, and canyons) (Blanc & Monteau 1988; CollinaGirard 1996). The Cassidaigne Canyon is interpreted as
an old pocket valley developed during the Messinian low
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Figure 1: Deep-phreatic cave systems in Mediterranean France. All cave systems are connected to the Mediterranean or to
the Pliocene rias (“flooded valley”) (map after Clauzon et al. 1997; Camus 2003; caves updated from Audra 1997).
sea level. Since the Pliocene transgression, the deep karst has
been flooded. Sea water enters several kilometers into the
aquifers through the old Messinian drains. This intrusion
is responsible for the salinity of the spring (Gilli 2001;
Blavoux et al. 2004; Cavalera 2007).

2.2 Flooded continental karst: the Fontaine de
Vaucluse

The Fontaine de Vaucluse drains the largest karst area of
France (1130 km2, Q = 23 m3/s; Fig. 1). It is famous for
its considerable depth of 308 m, i.e., 224 m below current
sea level (Bayle & Graillot 1987). Wall karren are
developing down to 170m below sea level. They testify
to past epiphreatic conditions by successive flooding and
draining. The Fontaine de Vaucluse appeared during the
MSC (Gilli & Audra 2004). Seismic investigations reveal

Figure 2: Port-Miou submarine spring. In the Messinian drain, opening offshore at the head of the Cassidaigne Canyon, the
water is blocked by the density of the salt water. The underground flow follows a phreatic lift connected to the submarine
spring (Blavoux et al. 2004; survey after Douchet & Fage 1993).
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a Messinian canyon filled with sediments, located 20 km
to the west and originating from the Fontaine de Vaucluse
(Schlupp et al. 1997). This pocket valley has been filled
during the Pliocene (Fig. 3). The fill blocked the canyon
at depth and forced the flow upward and to use the past
overflow route as a perennial spring. The lowest part of
the karst is flooded to a great depth. A similar evolution
occurred in Ardèche, where the Goul du Pont and Goul de
la Tannerie springs have been explored by scuba divers down
to -220 m (Fig. 1).

Figure 3: Speleogenetic model of the Vaucluse karst. The
Messinian canyon of the Rhône River is filled with Pliocene
deposits. Its bottom is at 900 m below current sea level.
The Messinian cave system, which was probably connected
to this canyon, has been flooded and filled with sediment
during the Pliocene. Since that time, the underground flow
has used a chimney-shaft opening to the current base level
at the Fontaine de Vaucluse.

2.3 Drained karst: the Ardèche

The canyons were deeply entrenched during the Messinian
and then filled with sediments during the Pliocene,
causing a base-level rise of similar amplitude. This rise first
occurred by flooding of the valleys during the Pliocene
transgression, then by fluvial aggradation through to the end
of the Pliocene (Fig. 4). Cave levels are correlated with the
successive positions of the base level during the MessinianPliocene cycle.

Figure 4: PAMS during the Messinian-Pliocene cycle. Left:
Messinian canyon entrenchment caused the deepening of
karst drainage. Center: Pliocene base level rise occurred in
two steps – by marine ingression as ria (dark gray), then
by fluvial aggradation (light gray). Deep drainage uses
phreatic lifts to emerge as vauclusian springs, recording successive positions of the base level. If the Messinian canyon
is located below the current base level, it remains fossil;
the karst remains flooded and discharges by a vauclusian
spring ( fontaine de Vaucluse type). Right: if the Messinian
canyon is located above the current base level, the canyon
is exhumed and the karst is drained. The current drainage
uses the deep Messinian drain; the Pliocene phreatic lifts
are abandoned as fossil “chimney-shafts”.
Foussoubie is a 25-km long cave system with a main drain
displaying a regular gradient (2.5%) between the sinkhole
and the resurgence in the Ardèche Gorge (Fig. 5). Above
the resurgence are vertical series with phreatic features that

Figure 5: PAMS in the Foussoubie Cave System, Ardèche. The phreatic lifts resurge at vauclusian springs connected to the
higher base-level positions corresponding to the Pliocene filling. During the Pleistocene, the Messinian canyon was exhumed
and cleared of its Pliocene fill down to its bottom. Current drainage reuses the deep Messinian drain. The Pliocene phreatic
lifts are abandoned as fossil “chimney-shafts” (Bigot 2002; Mocochain 2007; Mocochain et al. 2006, 2008).
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clearly show a rising flow. The rectilinear long profile shows
that the main drain developed during the Messinian, at a
base level at the bottom of the Ardèche Canyon (Bigot
2002; Mocochain 2007). Filling of the canyon causes the
development of resurgences as phreatic lifts, or “chimneyshafts”. The elevations of resurgences record the stages of
base-level rise due to Pliocene fluvial aggradation. During
the Pleistocene, the Messinian canyon of the Ardèche was
exhumed by clearing away of the Pliocene filling: Foussoubie
chimney-shafts became fossil, and the Messinian drain
returned to a vadose flow (Figs. 4, 5).
In partly exhumed canyons, the lower part of the karst has
remained flooded since the beginning of the Pliocene, and
they discharge as vauclusian springs (Fontaine de Vaucluse
type). In the entirely exhumed canyons, the karst is drained
and the chimney-shafts are fossil (Foussoubie type). In turn,
the chimney-shafts, which are systematically associated
with paragenesis, are interpreted as a record of the PAMS,
which originates from a base-level rise. Consequently, a baselevel rise is interpreted to be a founder speleogenetic event.
Besides the Messinian-Pliocene cycle, other causes of baselevel rise also produce per ascensum speleogenesis and the
development of chimney-shafts.

3. Extrapolation of the PAMS to Other Causes
of Base-Level Rise
The speleogenetic role of the Messinian-Pliocene cycle
could be attributed to a dramatic base-level drop that
allowed a deepening of karst drainage, followed by a
base-level rise of similar magnitude. This base-level rise
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flooded the deep drainage and developed chimney-shafts,
sometimes associated with new horizontal cave levels, as in
Saint-Marcel Cave, Ardèche (Mocochain et al. 2006).
The occurrence of deep phreatic karsts, vauclusian springs,
and chimney shafts all around the Mediterranean is a
consequence of speleogenesis during the Messinian-Pliocene
cycle (Figs. 1, 7).
Besides the Messino-Pliocene cycle, the PAMS applies to
every kind of base-level rise (following a low base-level
position). A base-level rise is shown by filling of the lowest
parts of valleys by water, ice, or sediment. The driving force
could be eustatic (transgression), tectonic (subsidence),
climatic (clearing of slopes soils, glacial advance), or even
anthropic (e.g., man-made dams).

3.1 The Miocene eustatic cycles

In the Rhodanian-Provence foreland basin between
the Fontaine de Vaucluse and the Rhône, the marine
molasse records several eustatic cycles during the Miocene
(Aquitanian, Burdigalian). The regression, which is
linked with tectonic uplift, follows valley entrenchment
up to 100m-deep, with eventual flooding and filling with
sediments by transgressions (Besson et al. 2005a, 2005b;
Parize et al. 1997). Near the Fontaine de Vaucluse, a fossil
pocket-valley ends exactly at the Valescure Shaft, which
displays characteristic chimney-shaft features. The Valescure
Shaft used to be a vauclusian spring during the Burdigalian,
following the filling of the pocket-valley with the molasse.
An earlier outflow should exist, buried beneath the molasse
sediments.

Figure 6: Left: Podtraťová jeskyně, Moravian karst, Czech Republic, a 140-m high chimney-shaft, the lowest part of
which is flooded below the Beroukna valley (Bruthans & Zeman 2003). It could show a record of the base-level rise of the
hydrologic network after pre-Badenian entrenchment. Center: the Puits des Bans and the Gillardes Spring (French Alps).
The basin fill (glacial, lacustrine, and fluvio-glacial) has blocked the Gillardes Spring. In high water, the Puits des Bans, a
300m-high chimney-shaft, floods and overflows. Right: Lagoa Misteriosa (Brazil), a 200-m deep phreatic shaft, a window
in a karst aquifer flooded after the continent subsidence (survey by G. Menezes).
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Figure 7: Distribution and origin of the deepest phreatic cave systems in the world.
In the Rhodanian-Provence basin, the speleogenetic
influence of the Miocene eustatic cycles is partly hidden
by the imprint of the younger Messinian-Pliocene eustatic
cycle. On the contrary, the Paratethys molassic basin of
central Europe, at least in its northern part (Czech Republic,
Slovakia, Poland, etc.), has not been affected by Messinian
entrenchment. Consequently, the oldest eustatic cycles
are better recorded. The transgressions of the Carpathian
(i.e., Burdigalian) and especially of the Middle-Badenian
(i.e., Langhian-Serravalian) follow continental erosional
phases, which deepened valleys as much as 150-200 m,
and which were later fossilized. Pre-Badenian karsts are
well-known: tower karst in Zbrasov (Czech Republic)
partly exhumed from the molasse; caves filled with molasse
in Bohemian; caves and fluviokarst morphologies in the
Moravian karst (Kadlek et al., 2001). In the Bohemian
karst, the Podtraťová jeskyně (cave) is a chimney-shaft partly
drained and more than 100 m deep (Fig. 6). It is developed
below the Beroukna Valley, which was entrenched before
the Burdigalian and then exhumed during the Pleistocene
(Bruthans & Zeman 2003, Fig. 6). If some caves in this
area have a hypogenic origin, its chimney-shaft features
would have recorded the Miocene base-level rise by per
ascensum speleogenesis.

3.2 Glacio-eustatic transgression

Post-glacial sea-level rises have flooded the coastal karsts
(Fig. 7), including the cave systems developed during
previous low sea levels. It is evidenced by submerged
speleothems, which have been observed down to -120m,
around the Gulf of Mexico: Yucatan Peninsula, Bahamian
blue holes, Wakula Spring in Florida, etc. Such types of
karst discharge through vauclusian springs at the mouths
of phreatic lifts. In French Normandy, Pleistocene sealevel changes are well recorded in cave systems developed
in chalk. The high conductivity of the chalk allows cave

15th International Congress of Speleology

systems to adapt precisely to the slightest base-level changes,
with chimney-shafts less than 10 m high (Rodet 1991;
Rodet et al. 2001).

3.3 Fluvio-glacial flooding

Glacial retreat leaves moraine dams across valleys. Behind
them, lacustrine and fluvio-glacial sedimentation occurs,
sometimes up to several hundred meters high. Cave outlets
connected to the valley bottom become plugged. Some
chimney-shafts are still developing, allowing phreatic lifts
from deep passages up to the uplifted base level. The height
of the chimney-shafts corresponds to the height of the base
level rise. The Puits des Bans (French Alps), is a 300-m high
chimney-shaft (Fig. 6).

3.4 Base-level rise after continental subsidence
In Brazil, the Lagoa Misteriosa is a deep-phreatic shaft
explored to -220 m by scuba divers (Fig. 6). Regional
subsidence (communication from A. Auler) can be
considered a relative base-level rise that has flooded the
karst.

4. Conclusion

Studies of the Messinian-Pliocene eustatic cycle in
the Mediterranean allow us to design a model of karst
adaptation to major oscillations of base level. Pliocene baselevel rise has flooded the karst and systematically produced
phreatic lifts – chimney shafts – which feed vauclusian
springs. Some cave systems remain flooded, and others
have been partly or entirely drained after Pleistocene reentrenchment of the valleys. Other causes of base-level rise
(eustacy, fluvial aggradation, continental subsidence), less
significant in amplitude, have the same effect on PAMS.
Consequently, there should be a global genetic model for
most deep-phreatic systems (Fig. 7). Some of them have a
hypogenic origin (e.g., in South Africa, North America, etc.)
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(Audra 2007). However, most of them could correspond
to a base-level rise inducing the PAMS, which first flooded
the karst and then allowed the development of phreatic lifts,
chimney-shafts, and of vauclusian springs,
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