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Preface

Dear readers, the Proceedings volumes you are holding in
your hands were issued within the 16™ International Congress
of Speleology (hereafter 16™ICS) on July 21-28, 2013 in
Brno, Czech Republic. Let us welcome you to its reading.

In total, over 320 contributions (over 250 oral presentations
and over 70 posters) by more than 750 authors have been
received to be included within the Congress Proceedings.
This represents over 2,300 received e-mails and a similar
number of responses during the last 6 months, approximately
4,300 electronic files and over 1,450 printed pages of the
text. To put it simply, “really, really much interesting stuff
concerned with cave and karst subject”. The author’s
guidelines stipulated that the particular contributions should
not exceed 6 pages of text and we were delighted to find that
most authors prepared contributions close to this upper limit.
Only very few contributions did not exceed one page of text.
This illustrates a clear willingness of the cavers and karst
scientist to share their discoveries and research conclusions.

The presented contributions (abstracts/papers) stand for both
oral and poster presentations as indicated in the headings.
Contributions in each session are arranged alphabetically by
the last name of the first author. All contributions were
reviewed from the viewpoint of technical quality and scientific
content by members of the scientific committee and invited
reviewers. The authors had the opportunity to revise their
papers in response to reviewer's comments and we were
pleased to see that the reviews have improved the clarity and
readability of the contributions. However, profound
improvement of the English language could not be arranged
due to the shortage of time and insufficient human resources;
the authors themselves are therefore responsible for the
linguistic level of their contributions.

Thirteen thematically different sessions and six special
sessions were scheduled within the call for your contributions
to cover the whole range of subjects to be discussed within
the wide scope of the 16™ICS. The low number of
contributions for some of these “detailed” sessions
necessitated their merging with others. As a result, eleven
original and three joint sessions are presented within the
Proceedings. The contributions were grouped into three
separate volumes. The purpose of this arrangement was that
each particular Volume is filled with a certain logical hierarchy
of topics, and that related topics are presented together. It
was also the intention that the content of each Volume is
topically balanced and contains both generally interesting
(popular) topics with rich photographic documentation and
hardcore scientific topics dominated by tables and plots.

Volume | starts with three plenary lectures representing
three global topics related to 16™ICS subject. Further it
contains papers concerned with history of research (session
“History of Speleology and Karst Research”), archeology and
paleontology (sessions “Archaeology and Paleontology in
Caves”), topics focused on management and preservation of
caves and karst areas and other social-related aspects
(sessions “Protection and Management of Karst, Education”;
“Karst and Caves: Social Aspects and Other Topics”). In the
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last mentioned session you can also find a small part devoted
to extraterrestrial karst. Volume | is ended by a relatively large
portion of biology-oriented papers placed within the session
“Biospeleology, Geomicrobiology and Ecology”.

Volume Il contains the traditionally heavily attended session
“Exploration and Cave Techniques” and by the related
session “Speleological Research and Activities in Artificial
Underground”. These exploration topics are, we believe,
logically supplemented with contributions from the field of
“Karst and Cave Survey, Mapping and Data Processing”. The
content of the second Volume is completed with a somewhat
more specialized session “Modelling in Karst and Cave
Environments” and with session “Cave Climate and
Paleoclimate Record”. The last mentioned session probably
better fits to the end of Volume I, but it was placed into
Volume Il in order to reach balance in the extent of the
individual volumes.

Volume Ill also starts with traditional, heavily attended topics
organized in two sessions: “Karst and Caves in Carbonate
Rocks, Salt and Gypsum” and “Karst and Caves in Other
Rocks, Pseudokarst”. These topics are supplemented by the
related session “Speleogenesis”. This last volume of the
Proceedings is ended by the study of cave minerals, included
in a specific session “Cave Minerals”.

It is clear already from the previous ICS meetings that the
range of the published topics becomes wider and wider,
including localities in the whole world but also — owing to the
access to high-quality spacecraft images — from other
planets. The range of the instrumental, analytical and
software methods employed in cave and karst research is
remarkable and shows that the topic of “cave & karst
exploration” attracts an ever increasing number of
researchers even from already established scientific
disciplines.

Let us also say a few words about the selection of the cover
photos for the Proceedings volumes. The idea was to select
such photos which would best represent all topics (especially
those enjoying the highest interest) in each particular volume
and be of high technical quality. Since we believe the cover
page is a place for a serious presentation of the inner content,
we made our selection from photos used in the presented
papers. In one case the additional photo was requested to
get a better representation of the topic. For our purpose, we
decided to place several photos on the cover page of each
volume. We hope that you enjoy them.

We wish to take this opportunity to apologize for the all
mistakes which might have possibly originated within the
operations with different versions of the manuscripts and
other related files and e-mails which passed through our
computers. We believe that everybody find their interesting
reading in the Proceedings and we wish that the whole
publication (Volumes |-1Il) becomes a valuable record of the
16™ meeting of enthusiasts addicted to the fascination of the
underground world.
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Finally we wish to thank all the authors for their contributions.
Enormous thanks belong to the reviewers and especially
convenors (members of the scientific committee) of the
particular sessions for their time and effort in the
improvement of the overall message of the texts. We also
wish to thank Michal Molhanec who significantly helped with
the on-line form for the contribution submission, to Jiff
Adamovi¢ who repeatedly helped us with the improvement
of our English, and to Jan SpruZina, Zdeng&k Motycka, Jana
Holubcova, and Renata Filippi who contributed to the
preparation of the Proceedings.

After the few introductory words, let’s now enjoy the papers
from localities all over the world, presenting all forms of
activities in karst, caves and other related surface and
subsurface environments!

Michal Filippi and Pavel Bosak
Proceedings editors
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RECENT INVESTIGATIONS IN THE GALAPAGOS ISLANDS, ECUADOR
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The Galapagos Islands are an archipelago of volcanic islands, created by a hot spot, some 1,000 km off the coast of
Ecuador. Initial explorations of Besson (Besson et al. 1982) and also investigations led by the Museo de Ciencias Naturales
(led by J. J. Hernandez), suggested that a systematic effort to document the caves of Galapagos was warranted. In 2006,
Addison, Osburn and Toulkeridis conducted a successful reconnaissance trip to assess the potential for caves. Starting in
2010 yearly expeditions began to locate and document the lava tubes and magma chambers of Galapagos. These data are
being used as a solid foundation for scientific investigation on these largely unknown enviornments. Efforts to date include
the discovery and survey of Triple Volcan, the deepest known cave (conduit) in the islands at -101 m and documentation
of numerous giant tortoise sites within lava tubes. Initial measurements of gas emissions in caves indicate an enormous
natural rate of important greenhouse gases, some of which have been measured at untolerable levels for human health.
Evaluations of biospeleology and paleontological potential are also being conducted. Fieldwork in 2010 revealed the
presence of several undescribed cavernicoles on Isla Isabela, including a trobobiont ground beetle. In addition, varied
microbial communities observed in the caves remain unstudied. Current efforts are focused on organization and field trip
support for the Sixteenth International Symposium on Vulcanospeleolgy to be held in Galapagos in 2014.

1. Introduction

The Galapagos Islands are an archi-pelago of volcanic
islands some 1,000 km off the western coast of Ecuador.
The islands were first discovered by adrift Spaniards in
1535. Various attempts were made at colonizing the islands
during the 1700s and 1800s. Accounts of these attempts and
a good overall history of the islands can be found in Curse
of the Giant Tortoise by Octavio Latorre. Charles Darwin
made the islands famous in The Origin of the Species by
documenting specialization of fauna on the various islands.
While there is much known about the wildlife of the islands,
only a handful of research projects have focused on the
caves of the area. Within the limited attention given to the
caves, only the French (Besson et al. 1982), and two
expeditions by the Museo de Ciencias Naturales de Tenerife
(led by J. J. Hernandez) are of much significance in relation
to exploration. The latter is well documented in their report
published in the proceedings of the 6 International
Symposium on Vulcanospeleology.

Figure 1. 2010-2012 Study Area.

plume” of intense heat remaining relatively stationary,
deforming the oceanic plate moving above it. These crusts
or plates ride over the “long-living” hot spot and are
occasionally perforated by the molten rock that rises from
In the spring of 2006, Bob Osburn and Aaron Addison the earth’s mantle. The region of the upper mantle above
participated in a Washington University field trip to the  the stationary plume is partically melted, and migrates to
islands. While the main purpose of the field trip was to  the surface as magma. The final result is a shield volcano
study the volcanoes of Galapagos, it became clear that we ~ protruding above the ocean. The most prominent and
should use the trip to do a bit of field reconnaissance for the ~ voluminous types of volcanoes are the shield volcanoes, as
potential of lava tubes. During that trip we visited Cuevas  their profiles resemble that of a Roman warrior’s shield
de Bellavista, a>2 km segmented tube on the island of having a gently sloping, convex-upward landform. Such
Santa Cruz. Bellavista (aka Cueva de Gallardo) turned out ~ shield volcanoes can clearly be seen in the younger western
to be a 5 m wide x 10 m tall rectangular tube with some islands of Isabela and Fernandina. These features are also
small lava shelves and scattered lava formations. It was  locally referred to as “inverted soup-bowls” due to the
enough to convince us that we should return to Galapagos. ~ morphological similarity.

The shield volcanoes in the Galapagos consist largely of
thin lava flows, with minor pyroclastic (mainly ash) layers.
2. Geography and geology Their subaerial slopes generally range from 4-8 degrees,
and are characterized by steep-walled summit calderas.
Several also have pit craters that are similar to calderas in
form but are much smaller scale. The gentle slopes are the

The Galapagos Islands are a product of hot spot volcanic
activity. A hot spot is a region of intense heat within the
Earth’s mantle. Hot spot theory, states that there is a “mantle
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result of the low lava viscosity, which characterizes those
volcanoes having regularly high production rates that drive
lavas quickly and long distances. The lava flows (pahoehoe
and aa) commonly initiate their path from flank vents and
fissures rather than from the summit. These flank vents are
the result of the widening and/or subsidence of the volcano.
Eruptions and lava flows occur also along collinear rift
zones, which can extend very far from the summit.
Eruptions are concentrated at the active rift zones. Above
and close to these zones one encounters also ash cones,
cinder cones and spatter cones. Some of which remain
empty after their eruptive activity and represent ideal areas
to study magma chambers and lava tubes of such volcanoes.

Recent investigations of lava tubes and volcanic conduits
have been focused on Santa Cruz and Sierra Negra
volcanoes. The volcanically young but very active shield
volcano Sierra Negra is 60 to 40 km wide, and with 7 to
10 km caldera, the largest and simultaneously the
shallowest (elliptical) caldera of all volcanoes of the
Galapagos. Although commonly related as fact, Sierra
Negra does not have the second largest caldera in the world,
but still ranks in top fifty largest shield volcano calderas on
the planet. Eruptive centers and different lava fields have
been subdivided into five distinctive age groups all being
younger than 6,000 years old. These are alkaline to tholeiitic
lava flows that erupted from east to northeast trending
circumferentially and radial fissures situated on both sides
of the summit caldera on the upper flanks and on the
western and eastern lower flanks. The caldera itself has
undergone several episodes of collapse, upheaval and
deformation. Ten historic eruptions occurred and several
have involved a frequently visited (by tourists) caldera rim
fissure zone called Volcan Chico. These explosive phases
of the past have given rise to frothy pumice, which was
followed by the formation of agglutinate cones and
voluminous lava flows. The last eruptive activity took place
in end of October of 2005 and lasted a just seven days, after
26 years of silence.

The most central island of the Galapagos (Santa Cruz) is a
1.3 Ma old large shield volcano with a high abundance of
parasitic cones, large lava tubes and pit craters (e.g., Los
Gemelos). The volcano is subdivided into two main units.
The older unit is the platform unit, while lavas of the shield
series represent the younger unit. The plagioclase and
olivine phenocrysts bearing tholeiitic lavas of the platform
series include faulted and uplifted parts that appear today
as independent islands such as Baltra, Seymour and Las
Plazas. The latter was formed evidently below the sea
surface due to the almost entire composition and occurrence
of pillow basalt. These older and therefore lower units show
intercalations with marine carbonates with a precipitation
depth of < 100 m. Based on their morphology and the lack
of vegetation, the younger overlying lavas of the shield
series appear to be as young as a few thousand years old.
These lavas, which mainly flowed from the summit but also
from the flank of the volcano, are composed of a range of
different volcanics but mainly exhibiting olivine tholeiites
and transitional alkali basalts besides some hawaiites.

One of the most fundamental issues and questions in
volcanology comprises the meticulous anatomy of a
volcano, from the eruptive system starting at great depths
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up to the conduit and the final surface structure with the
corresponding volcanic edifice. Scientific aspects of this
subject can be gained by various direct and indirect methods
such as the study of xenoliths, by tephrastratigraphy or the
exhibition of eroded parts of extinct volcanoes in addition
to the usually dangerous sampling of active lavaflows etc.
Commonly, following eruptive activity, craters and conduits
close or fill with crystallized material and are unavailable
for direct observations. In this respect, based on a recent
detailed mapping of different volcanic cavities of volcanoes
above (active) shield volcanoes in the Gélapagos Islands,
two open vents of different depths have been mapped. The
first vent is named “The Pyramid” and is located on the
lower highlands of Santa Cruz Island (Figure 2).

Figure 2. “The Pyramid”, a volcanic vent.

The open conduit is situated in a small crater with the
entrance being a quite unusual, and very dramatic spire
rising some 8 m from the surrounding terrain. This terrain
is made up of a 60—70 m wide crater of a cinder cone. The
spire is situated on an elevated central part of the crater.
Several pahoehoe flows, up to several meters long, are
directed towards lower parts of the crater. The spire has
numerous openings above the surrounding ground level, but
access to the cave is via a small window at ground level.
Accessing the inner, vertical and therefore deeper parts of
the conduit required specialized equipment and techniques.
Upon entry, there is a short 3 m drop to a ledge, leading
immediately to a 15 m drop to the floor of the largest room
in the conduit. This room appears to be a vacated magma
chamber, measuring 15 m along a north/south axis and
10 m east/west. Several bones were observed scattered on
the floor at this level, including a mostly intact tortoise
shell. The open conduit continues down a 6 m drop to a
small offset room along a fissure. Moving along the fissure
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for 5 m south, a large splatter rim guards the final drop in
the cave. This drop of 12 m is narrow and unstable in places.
The floor of the terminus room is smooth pahoehoe, and the
final observable magma level in this location.

The second vent is situated along the main route between
Puerto Villamil in Isabela Island and Sierra Negra caldera
and is called “Triple Volcan”. (Figure 3)

Figure 3. Surveyed extent of Triple Volcan.

The surveyed horizontal extent of this spectacular and
multi-colored open conduit has been of 205 m with a total
depth of 101 m, making this the deepest so far documented
conduit in the Galapagos. The steeply sloping entrance pit
narrows to a small throat, and then drops free for 15 m to
the floor below. The floor is a cinder mound scatter with
debris (rocks, cinder, bones etc.). At the base of the slope,
the passage drops an additional 10 m to a terminus.

The cave has some small side passages, including an
intersected small tube with aragonite, and patches of calcite.
Numerous small caves have been also surveyed downslope
from Triple Volcan, which indicates the continuation of the
magmatic system of this vent. Similar to the Thrihnukagigur
volcano in Iceland, it appears that Triple Volcan forms a rare
exception where the magma in the chamber seems to have
withdrawn, allowing a direct access to the walls of a
previous shallow magma chamber. The magma in the
chamber may have withdrawn or drained via lower
elevation vents. Further focused mapping inside of such
volcanic caves may also allow to understand complex
geochemical and hydrothermal processes occurring
underground, which are usually unobservable by the human
senses, while a volcano is still active.
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3. Exploration

Occasional exploration and use of the caves in Galapagos
dates to the first visitation by whalers and pirates that first
mention discovery of the archipelago. A French led team
conducted the first serious exploration of the caves in 1982
as a part of a larger effort focused on the caves of Ecuador
(Besson et al. 1982). Their expedition documentented
several locally known tubes, pits and fissures, generally
located in proximity to populated areas. This is
understandable given their likely limited time available and
the difficult logistics of moving from island to island and
navigating the unforgiving terrain. J. J. Hernandez et al.
report on just over fifty caves on five different islands. Thirty
five of the reported caves are located on Santa Cruz island,
while only five caves are reported on Isabela island. As with
the French expedition, this appears to be largely attributable
to the difficulty of transportation and logistics of locating
caves on Isabela. Santa Cruz is also a more populated island,
leading to greater local knowledge of cave locations.

The first expedition in 2010 focused on the southern flank
of Sierra Negra, the largest volcano in all of Galapagos. As
with previous exploration expeditions, we relied heavily on
local knowledge of caves and access routes to lava tubes.
Although we attempted to arrange access to
Parque Nacional Galapagos areas on the island, it became
clear that this would not be possible during the expedition.
Teams focused on privately held lands along the southern
edge of the summit. Full details of the expedition are
reported by Addison (2011). Significant discoveries
included survey a reported “pit”, named Triple Volcan,
located approximately 200 m below the summit of Sierra
Negra. The owner of the pit had rigged a primitive handline
and rope ladder in to the pit and reportedly led past
(adventurous) tourists into the pit. The team determined the
ladder to be unsafe and rigged a rope for exploration. The
pit was determined to be a vacated magma chamber and led
to a small side tube with a small area of secondary mineral
deposits. The overall depth of the cave was surveyed at
-101 m, the deepest known cave in the islands. (Figure 4)

Another important discovery was of Caverna el Garancha
Barral, a 450 m lava tube segment ~1.5 km to the east of
Triple Volcan. Garancha Barral, is a segment of a braided
tube system that has undergone several modifications from
flows subsequent to the orginal tube formation. Giant
tortoise remains documented in the cave. It is not possible
that the tortoise entered using the modern day pit entrance,
and indicates that at least one entrance able to accommodate
giant tortoises previously existed. This discovery may yield
new insight to age and range of toroises in areas where they
are no longer found on the surface.

In addition to the new discoveries, two known Park caves
were surveyed, Cueva Sucre, and Tunel del Estero. Sucre
is a 340 m long braided tube segment open to visitors on a
self led trail within the National Park. Estero is located on
the coast, literally in the surf. The tube is entered via a roof
collapse on the beach and the tube extends <100 m in to
the ocean. Unusal for cave exploration, it is possible to hear
the surf impacting the outer shell of the tube while inside.
Observations also revealed that water levels within the cave
are tidal. Estero also represents a dark shallow and calm
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Figure 4. Cinder mound in Triple Volcan. (Peter Sprouse).

saltwater environment that could yield interesting biological
discoveries.

The 2011 expedition team returned to Isabela island to
continue pushing leads, with permission to explore caves
within the boundaries of Galapagos National Park.
Additionally, we were able to work with Park guides familiar
with Sierra Negra, and caves in the area. Several new caves
were added to the database, including additional caves with
giant tortoise remains in areas where tortoises are no longer
found on the surface. Bad weather prohibited travel along
the coast to investigate a new caving area, so teams relocated
in mid expedition to begin working on Santa Cruz Island.
Teams began the survey of Caverna La Llegada, a large tube
segment high on the northern slope of Santa Cruz. Over
500 m were mapped in this “stacked tube”, where evidence
of at least three different flows was observed along a
common path. A second important discovery was “The
Pyramid” a pit conduit described earlier in this paper.

4. Science

4.1. Volcanic gas measurements

Geochemical and also isotopic gas investigation have been
conducted since 2000 in the Galapagos, focused at well
known and very particular (tourist) gas emission sites such
as Volcan Chico and Minas Azufres at Sierra Negra volcano
as well as at the sulfur area of Alcedo volcano (Goff et al.
2000). More recently, work has included a fumarole/plume
and diffuse gas emission mapping of the Sierra Negra
caldera at Isabela Island (Padron et al. 2012). Measurements
of visible and diffuse gas emission were conducted in 2006
at the summit of Sierra Negra volcano, Galapagos, with the
intent to better characterize degassing after the 2005
eruption (Padron et al. 2012). However, no previous work
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has been done in order to determine the gas levels of lava
tubes and set a base line for various gases. Such as baseline
would not only establish rates and concentrations of some
specific gases, but also to understand whether the gases
contribute (indirectly) to the greenhouse effect. Lastly,
direct measurement and monitoring of such gases will be
helpful to scientists and land managers reviewing
concentrations representing any danger for the health of
tourists, cavers and wildlife that may be using the caves.

Measurements were performed in October—-November of
2012 with a RAE-3000 instrument. Such insturmentation
allows measurement of gases in the range of ppb’s.
Measurements in caves in Santa Cruz (Gallardos cave and
Premicias) as well as in Isabela Island (Cave of Sucre and
open gas emissions sites like Volcan Chico and Minas
Azufrales) were taken every five seconds and averaged
every minute. Typical observation times ranged from
20-45 minutes.

The data obtained in our preliminary measurements were
much higher than the data obtained in limestone caves in
the Amazonian lowland (September—-November 2012).
Limestone cave data determination reached ranges of
5-380 ppb for H,S and 500-1,400 ppb for NO,. Data for
Santa Cruz island caves reached levels of around 460 and
830 ppb for H,S as well as 2,600 and 4,600 ppb for NO,
respectively. Sucre Cave, a cave open to tourists, on Isabela
Island reached higher values than other gas sites having up
to 560 ppb for H,S and above 6,200 ppb for NO,. H,S and
NO, are both highly toxic and even lethal with certain
concentrations. Both gases are heavier than air, and tend to
accumulate at the bottom of poorly ventilated spaces such
as lava tubes and magma chambers. Nonetheless, all data
except the NO, data obtained in Sucre Cave are below any
health risks. The data range obtained for NO, in the Sucre
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Cave however is more than 1.5 times higher than the level,
which will anesthetize the nose, thus creating a potential for
overexposure. Levels six to seven times higher (measured
in this location) would potentially decrease lung function
and increase the risk of respiratory symptoms.

4.2. Biospeleology

Biological studies in the islands extend back most famously
to Darwin’s (1860) early observations of the unique flora
and fauna. Indeed, Darwin noted the the flanks of the
volcanic isalnds “are studded by innumerable smaller
orifices”. Darwin also described “steep walled” pits and
lava tubes with collapsed roofing. This is the extent to
which he studied the caves and cave life. Some 220 years
later, the only rigorous studies of the cave fauna of the
Galapagos Islands was led by Stewart Peck (Peck 1990;
Peck and Finston 1993; Peck and Peck 1986). Their work
was focused on entrance areas of caves and did not extend
in to the dark zone.

The cave fauna of the Galapagos is relatively unusual,
though similar situations exist in the Canary Islands and
Hawaiian Islands (Juan et al. 2001; Peck 1990). Peck (1990)
compared the eyeless terrestrial cryptozoans (ETCs) of
Galapagos to both Hawaii and Canary islands. This analysis
suggests that both the number of caves and ETCs within the
Galapagos archipelago is only beginning to be revealed.

Expeditions in 2010-2011 have doubled the number of
known caves on Isabela. While there are surely errors in
any extrapolation, data suggest that numerous discoveries
await in realm of biospeleology. 2013 expeditions will focus
on biological inventories of known caves.

5. Discussion and future work

Our understanding of the caves of the Galapagos
archepelego has only scratched the surface. Despite being
a world famous location, little is known about the
geography, geology, and biology of the caves thoughout the
islands. Our efforts will continue to document the caves of
Galapagos through primary exploration, geological and
biological studies and support for scientists interested in
understanding these unique cave resources.

Expeditions in 2013 will continue exploration and science
on lsabela, and Santa Cruz. Team members will also
support fieldtrip activities for the Sixteenth International
Symposium on Vulcanospeleolgy to be held in Galapagos
in 2014,
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The turning point in the discovery of sandstone caves occurred in 2002. Czech and Slovak members of hiking expedition
visiting Roraima tepui in Venezuela discovered and explored first meters of the cave system called Crystal Eyes (Sistema
Ojos de Cristal). In early 2004, a team led by Charles Brewer Carias discovered a massive sandstone karst spring on top
of mesa Churi tepui in Masizo Chimantd in Venezuelan state Boliviar. In the following years a team of international
scientists has documented over 30 km of horizontal caves on this mesa. Caves Colibri, Muchimuk and Brewer were
connected in 2009 into one cave system called Sistema Charles Brewer. The Czech team played very important role in
9 speleological expeditions into the “Lost World”. During expeditions the endemic cave fauna has been described, but
several spider species are awaiting detailed research due to their significant contribution to the development of secondary
opal fills, so called Spider stalactites created by capture of aerosol saturated solution of SiO, on cobweb fibers. Other
unique secondary fillings are opal stromatolites. These white spherical bodies with a diameter up to one meter or the
coatings on the wall are created by single-celled microorganisms.

1. Introduction Ten years later Brewer, was the first to descend into the

. o . world’s mightiest abysses Sima Mayor and Sima Menor on
Exactly a hundred years ago, science fiction writer Arthur o nesa Sarisarifiama. The diameter and depth of the
Conan Doyle introduceq hi§ famous novel “_The Lost bigger and deeper Sima Mayor exceeds 350 meters!
World . He was probably inspired by lecture by Sl_r Everard_ Although he did not discover any further underground caves
im Thurn — the first conqueror of the top of Roraima tepui i, gither Sima Mayor or Sima Menor, in his book he

plateau. The plot of Doyle’s novel has been placed on  plished in great details the hypothesis about Karst
similar mesas (table mountains) in Guayana highlands. By drainage of Sarisarifiama table mountain.

the mid 20™ century it was known that the world of the _ -
Mesozoic dinosaurs is only a fiction of the writer. Inthe following years, the Brazilian and Venezuelan cavers
Nevertheless thanks to the uniqueness of the habitat of  tried intensively to find another cave in the sandstone. Since

endemic life it has been accepted even by the scientific  the global onset of the Single-rope technique, speleoalpinists
community under the name “Lost World”. focused on crevice abyss. These tectonic faults are hundred

. . . meters deep and often stretch several kilometers along the
The Table Mountains of the Guyana highlands consist | jength of the mesas. Today we know that these tectonic
excluswe_zly of quartz s.ands.tone in places. metamorphosed  fissures can actually cut through a large cave system, or even
to quartzite. When we simplify the geological processes, We  grain into it water out of part of the plateau. The probability
can say, that the sand was deposited 1.5 billion yearsago in ¢ yinnointing the exact place where the source of horizontal
ashalloyv freshwater sea. Only roughly 65 miIIi_on yearsago  cave river starts is very small. Speleologist is tied to rope
the entire area of the Guayan shield was raised approx.  not only figuratively but also physically. Movement or rather

4 km above the sea level. traverse on the bottom of tectonic fissures through rubble
There are several hypotheses about the formation process and boulders the size of small hOUSES, also covered with
of the mountain. dense vegetation, is at a distance virtually impossible. Yet in

. . . the brazilian abyss of the Gruta do Centenario in the Serra
One of them is a collision of Earth with a smaller planet. 4o caraca mountains has been documented 4.7 km of such
The actual formation of the table mountains and pinnacles  fjssures into the depth of 481 m. This fissure abyss held the

is then easily explained by erosion processes on which all st place in charts in the world for the longest and deepest
geologists agree. The erosion process continues to this day. quartzite cave for 20 years.

The turning point in the discovery of sandstone caves
2. History of exploration occurred in 2002. Czech and Slovak members of hiking

expedition visiting Roraima tepui discovered and explored
The cave in Guyana sandstone mountains was first time  first meters of the cave system called Sistema Ojos de
mentioned by the Jesuit missionary Filippo Salvatore Gilii  Cristal (Crystal Eyes). The following year members of the
in 1782. He placed the cave on the Carivirri today knownas  Czech and Slovak Speleological Society expedition
Autana. The first expedition to explore this cave was led by  measured several kilometers of tunnels in Ojos de Cristal
Charles Brewer Carfas from Venezuela in 1971. The cave system. In the immediate vicinity of the cave were
entrances can be seen in a perpendicular wall of rock towers  discovered and documented additional underground
thousand meters above the ground. The researchers were  |ocations. Cueva Gilberto, Cueva El Hotel Guacharo and
unloaded from a helicopter at the top of the mountain. The  Cueva Asfixiadora.
Cueva Autana, the name the researchers gave to the cave,

was graded in terms of genesis in the category of river caves. In 2005, the Venezuelan Speleological Society continued in

our work, added to our mentioned caves and extended the
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Table 1. The longest quartzite caves of the world.

gﬂiﬁi@ivﬁfuacigdméﬁibri, Muchimuk 17.8 km/£230m | Venezuela
Cueva Ojos de Cristal 8.2 km/+85m Venezuela
Gruta do Centenario 4.7 km/-481 m Brazil
gﬂiﬁ?@iﬂi I:\lrzﬁ;,a I?Igdio (Auchimpé) 4 km/£120 m Venezuela
Cueva Zuna 3.5 km Venezuela
Sistema Dal Cin-Maripak 3.5km Venezuela
Gruta da Bocaina 3.2 km/-404 m Brazil

Sima Auyéan-tepuy Noroeste 2.9 km/-370 m Venezuela
Gruta das Bromélias 2.7 km Brazil

Sima Aonda Superior 2.1 km/-320 m Venezuela
Magnet cave 2.0 km South Africa
Bat’s, Giant’s, “Climber’s” System 1.63 km South Africa
Krem Dam 1.3 km India

SVCN-CSS-SSS-SOPDS (2009)

(SS-SSS, SVE (2009)
Gruppo Bambui (2009)

Churi tepui

Roraima tepui
Serra do Caraca

Churi tepui SVCN-CSS-SSS (2009)
Churi tepui SVCN-SSS (2009)
Akopan tepui LAVENTA (2009)

Serra do Caraga
Auyan-tepuy
Ibitipoca
Auyan-tepui
Northern Transvaal
Cape Peninsula
Meghalaya

Gruppo Bambui (2005)
SSI-SVE (1996)
Augusto S. Auler (2002)
SSI-SVE (1996)

Martini J. (1990)

Tim Truluck (1996)
Tony Oldham

SVCN - Sociedad Venezolana de Cincias Naturales
CSS — Czech Speleological Society

SSS - Slovak Speleological Society

SVE - Venezuelan Speleological Society

SSI, Laventa — Speleological Society Italiano

SO PDS - Croatian Speleological Federation

measured length of Ojos de Cristal cave up to 8.2 km. The
system Ojos de Cristal cave became for a short period of
time the longest cave in the world in the quartz sandstones.
(In literature there was even mentioned length over 10 km.
This error happened by misinterpreting the results of our
and Venezuelan expeditions and especially by combining
the measurements of all caves in Roraima tepui into one
single number, which are not part of the Sistema Ojos de
Cristal.)

In early 2004, a team led by Charles Brewer Carias
discovered a massive sandstone karst spring on top of mesa
Churi tepui in Masizo Chimantd in Venezuelan state
Bolivar. In the following years a team of international
scientists has documented over 30 km of horizontal caves
on this mesa. Caves Colibri, Muchimuk and Brewer were
connected in 2009 into one cave system called Sistema
Charles Brewer. And so the primacy of the Ojos de Cristal
was doubly defeated.

During these expeditions the endemic cave fauna has been
described: Grasshopper Hydrolutos breweri (Derka and
Fedor 2010) and nearly blind beetle Dyscolus sp. (Moravec
et al. In press). Several spider species are awaiting detailed
research due to their significant contribution to the
development of secondary opal fills, so called Spider
stalactites created by capture of aerosol saturated solution
of SiO, on cobweb fibers.

Other unique secondary fillings are opal stromatolites.
These white spherical bodies with a diameter up to one
meter or the coatings on the wall are created by single-
celled microorganisms. By using the Th/Uh dating it was
established that the age of stromatolite with the diameter of
10 cm is 408 thousand years (Lundberg et al. 2010).

3. Summary

The Czech team played very important part in
9 speleological expeditions into the Lost World. In the
coming years members of the Czech Speleological Society
are planning to continue the research of sandstone caves in
\enezuela.

Figure 1. Map of caves on Churi tepui.
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Figure 2. The river flowing through the vast spaces of the Sistema Charles Brewer has a variable flow. During the rainy season the
water surface may rise in a few minutes to a few cubic meters per second.

Figure 3. Ojos de Cristal cave was the first major river cave discovered in quartz sandstones in the world. The Czechs and Slovaks
participated in this discovery.
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Figure 4. Roraima tepui — the mesas of Guyana highlands consist exclusively of quartz sandstone (photo by Charles Brewer Carias).

Figure 5. The columns of strengthened parent rock are characteristic feature of sandstone caves. Cueva Eladio — Churi tepui.
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NORTHERN VELEBIT DEEP CAVES
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Research of Northern Velebit started in the early 90s by Slovak cavers. From then on, each year at least one caving
expedition is carried out in the Northern \elebit. In 22 years in the Northern \elebit area a total of 348 caves were explored
of which three caves are deeper than 1,000 m, five caves are deeper than 500 m, nine caves deeper than 200 m, and 27
caves deeper than 100 meters. Other explored caves do not reach 100 m of depth. Most of cave entrances are located at
an altitude between 1,400 to 1,600 m.

Basic morphological features of Velebit caves are verticality and the incidence of major verticals. The biggest discovered
verticals are located in Patkov gust (P553), Cave systemVelebita (P513), Meduza (P333) and in Cave system Lukina jama
(P329). Five verticals are deeper than 200 m and 100 m verticals are quite common.

The majority of Croatian caving associations participated in the cave research but the most of those expeditions were
organized by the Speleological Committee of Croatian Mountaineering Association. During all these years of research an
excellent international cooperation was formed with cavers from Slovakia, Hungary, Belgium, Polish, Lithuania, France,
Italy, Switzerland, Great Britain, Slovenia, Spain, Bulgaria, USA and Serbia.

In the last four years, there were four expeditions. In the summer of 2009 Lubuska jama was resurveyed and some new
parts was explored. During summers of 2010 and 2011 Cave system Lukina jama was resurveyed and also some new parts
was explored and in the summer 2012 in Cave system Velebita exploration were continued. Expedition leaders were Luka
Mudronja and Ronald Zeleznjak. Results of these expeditions are presented in this article.

Northern Velebit is a mountainous region between the
Adriatic Sea and the Li¢ko-Gacko Polje. It begins at the
saddle of Oltari in the north and spreads over to the saddle
of Veliki Alan in the south with a length of 17 km and a
maximum width of the massif of 30 km. The middle part of
the massif reaches a height of almost 1,700 m (Mali
Rajinac, 1,699 m). Despite being only several kilometres
away from the sea, the area of Mount Velebit is influenced
by the mountain climate. The mean annual precipitation in
Northern Velebit is around 2,000 mm. In the highest parts
of the massif, the snow cover remains on the ground for
over 100 days in a year. The mean annual temperature is
about 4 °C.

Velebit has always attracted people, not only with its
valuable flora and fauna, but also with its natural beauty on
the border between the mountains and the sea. Ever since
the beginning of systematic speleological surveys in 1990,
Velebit has constantly surprised cavers.

Fi 1. Mt. \Velebit ition. i
igure elebit position 2. Geology of Northern Velebit

The area of Northern Velebit is composed of
1. Introduction lithostratigraphic units ranging from Middle Triassic to
Paleogene Age (Mamuzi¢ et al. 1969, Soka¢ 1973, Veli¢ et
Mount Velebit, with its 145 km in length, is the longest 1. 1974). The Middle Triassic deposits are predominantly
Croatian mountain (Figure 1). Its strike is NW-SE direction, composed of limestone. Tuff and tuffite occur laterally in

and it spreads over three Croatian regions: Lika, Dalmacija  the uppermost part. The lower part of Upper Triassic is
and Hrvatsko primorje.
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Figure 2. General groundwater flow directions tested by tracing
and according geological structure (Prelogovi¢ 1989, Prelogovié¢
et. al., 1998, Blaskovi¢, 1998, Veli¢ and \eli¢, 2009, Stroj, 2010)
1) Tertiary calcareous breccias; 2) Eocene flysch sediments;
3) Cretaceous carbonate rocks; 4) Jurrasic carbonate rocks;
5) Triassic carbonate and clastic rocks; 6) Paleozoic sediments;
7) Regional fault/fault zone; 8) Significant fault; 9) Anticlinale
axis; 10) Sinclinale axis; 11) Regional significant spring zones;
12) Traced sinlholes; 13) Sinking area; 14) Hydrogeological
watershed; 15) Groundwater flow direction; 16) Assumed
groundwater flow direction; 17) Deep caves main orientation
18) Most important faults.

characterized by the sequence of clastic rocks up to 200 m
thick represented by shale and sandstones. Carbonate
sedimentation proceeded with 250 m thick dolomite
deposits. Due to a lower permeability as the consequence
of lithological composition (clastic and dolomites), and
structural position in the central part of an anticline
structure, the Triassic sediments form the complex
hydrogeological barrier of Mt. Velebit. The largest part of

Figure 3. RoZanski kukovi on Northern Velebit.

25

Northern Velebit is composed of Jurassic sediments, which
have deposited continuously under almost identical
conditions and which contain carbonate rocks only.
Limestone prevails in the composition of deposits, but
dolomites are also present. Generally, Jurassic sediments
are very permeable units, but in some locations dolomite
inhibits groundwater flows and acts as a relative barrier (the
ApatiSan area) (Pavici¢, 1997). The thickness of Jurassic
deposits is approximately 2,850 m. However, speleological
explorations have revealed a more complex geology of
Northern Velebit. For example, Lukina Jama contains
deposits of carbonate breccias from -450 to -700 m and
from -750 to -950 m. A similar situation occurs in Slovacka
Jama as well. This poses a number of questions related to
their stratigraphy and tectonic movements (Lackovi¢ 1994,
Smida 1999).

In the investigated area, the well permeable Cretaceous
sediments have not greater importance. At a narrow belt
along Adriatic coast they are represented by limstone-
dolomite alteration. In the Lika region on the side of Mt.
Velebit (Lipovo polje) deposits are composed of limestones
intercalated by dolomite and calcareous breccias.

The significant part of the area concerned is covered by
Jelar formation of Upper Paleogene age. Its origin is closely
related on strong tectonic movements, which effected the
area during that time (Bahun, 1974). In the hinterland (Lika)
they are partially permeable but in the higher positions on
Northern Velebit calcareous breccias are highly permeable.

This can best be seen in the spectacular landscape of
Hajducki and Rozanski kukovi area (Figure 3), as well as
the numerous karstic phenomena and the deepest caves of
Croatia among them. The thickness of calcareous breccias
is up to 300 m (Kuhta and Baksi¢, 2001).

The geological structure is the consequence of two main
periods of tectonic activity. During the Tertiary tectonic
cycle, which lasted from Eocene to the end of Miocene,
compressive movements oriented NE-SW reached their
cumulative maximum with orogenesis of the Dinarides. As
the consequence of mentioned regional tangential stress, the
deep nappa structures, folds and regional faults of Dinaric
strike (NW-SI) have been formed. During the later,
Neotectonic period, the main stress changed to N-S,
resulting in further uplift and transpressive deformation of
older structures, which were broken in the smaller structural
units and tectonic blocks.

On the basis of geology of the studied area and the basic
tectonics involved, distinctive areas, structural units and
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faults that influence the hydrogeology of the terrain and
karstification processes development presented on Figure 2.
Numbers mark the most important faults that effected the
development of numerous deep caves in the investigated
area.

The regional longitudinal reversal Velebit fault (1) located
in the coastal area, on the surface manifested as 4-6 km
wide faulting zone, represents the boundary between
Dinaricum and Adriaticum megastructural units. The
tangential movement is estimated on 6-8 km.

The Bakovac fault (2) is very strong normal fault. The
horizontal movements along it are not observed but the
vertical displacement is estimated on about 1,500 m
(Prelogovi¢, 1989). After BlaSkovi¢ (1998) this fault is
reversal whitch means different hidrogeology interpretation.
The fault interrupted extension of the Velebit complex
barrier and significantly effected the hydrogeological
relations in the area. In geomorphologic sense, the Bakovac
fault represents the boundary between Middle and North
Velebit.

Figure 4. Cross section of Northern Velebit massif with profiles of deep pits. Big Halls are shown with numbers: 1 —in Cave System \elebita
— 253,260 m?; 2 — in Ledena jama — 192,000 m?; 3 — in Cave System Lukina jama — 118,750 m?; 4 — in Slovacka jama — 72,000 mé.

The Lomska Duliba fault (3) is located on the northern
boundary of the investigated area. The vertical displacement
is estimated on 150 m.

All mentioned faults have been very active during
Neotectonic period. The vertical neotectonic movements
were estimated on the basis of deformations of the Jelar
formation, position of the Pliocene and Quaternary deposits,
comparison with neighbouring areas and disposition and
deformation of geomorphologic elements. In the area
concerned, the summary amplitudes of these movements
reach 1,600 m.

Speleological exploration of deep caves on the Northern
Velebit show a very deep vadose zone within the central
part of the carbonate massif. Considerably higher
underground water level in the sinking areas indicates a
sudden fall of the water level in the east part of the massif.

One of the reasons for this can be the hydrogeological
function of active fault zones which might act as partial
barriers for underground water flows. The active faults
partially direct underground water flows parallel to their
own strike (toward NNW) in the upstream area, but also
dispersing and allowing the restrained flows to pass directly
toward the Velebit channel at the same time (Figure 2).
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Another reason is sought in the process of retrograde
karstification caused by uplifting of mountain massif, i.e.
lowering of the erosion basis. Influence of active fault zones
and advancement of the karstification process are not
mutually exclusive, but probably act together. The karst
areas upstream (Lika hinterland) and downstream (\elebit
Mountain Massif) from the zone of sudden water level fall
are hydraulically mutually separated, and can be analyzed
as separate parts of the cascade system. This enables
significantly different directions of underground flow
within different parts of the system (Stroj, 2010).

Mentioned tectonic activity, the emergence of concentrated
flows of water which descend to the bottom of deep
sinkholes in times of climate change and melting of
glaciers. Tertiary carbonate breccia resistance to mechanical
erosion enabled remarkable development and preservation
of corrosion landforms (ledges), inside of which the
entrances of the most important caves are situated. Smaller
glaciers of the peak segments of the relief did not have
enough ice mass and pronounced horizontal movement that
would destroy karst morphology of the terrain below.
Finally an important factor and is a very deep vadose zone
within the carbonate massif.
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3. Northern Velebit pits

Research of Northern Velebit started in the early 90s by
Slovak cavers, members of the Speleology Club of
Comenius University. From then on, each year at least one
caving expedition is carried out in the Northern \elebit.

In 22 years in the Northern Velebit area a total of 348 caves
were explored of which three caves are deeper than
1,000 m, five caves are deeper than 500 m, nine caves
deeper than 200 m, and 27 caves deeper than 100 meters.
Other explored caves do not reach 100 m of depth. Most of
cave entrances are located at an altitude between 1,400 to
1,600 m.

Basic morphological features of Velebit caves are verticality
and the incidence of major verticals (Figure 4).

The biggest discovered verticals are located in caves:
Patkov gust (P553), Cave system Velebita (P513), Meduza
(P333) and in Cave system Lukina jama — Trojama (P329)
(Baksi¢ 2006). Five verticals are deeper than 200 m and
100 m verticals are quite common. Vertical morphology of
the pits is most distinct in the parts built of massive tertiary
breccia that is why after entering the older stratified
deposits, probably of Jurassic age, this morphology is partly
alleviated.

The reason is unbedded breccia, for which the karstification
relates solely to systems of steep to vertical cracks. Great
persistence and low incidence of cracks in the breccia
favors the development of extremely deep and spacious
verticals, which typically occur at the intersections of
cracks. Concentrating of flows towards the most permeable
parts of the rock mass mechanisms of epikarstic zone is the

most important factor in the development of large
underground vertical dimensions.

Verticals formed that way are beneath the surface, without
an external entrance (example is the large vertical in Cave
system Velebita) and due to denudation of the surface
ground external entrance for some pits was subsequently
opened (Patkov gust).

In older carbonate beds, under the influence of higher
density discontinuity and slightly inclined layer surfaces,
canals are generally somewhat less steep, with smaller pits
and narrower meanders. It must be noted that the lower
parts of these caves are also very vertical.

Vertical morphology of caves in vadose zone of Northern
Velebit massif indicates the abrupt rise of this terrain,
whereby there was probably not enough time for the
formation of significant horizontal phreatic and epiphreatic
channel systems at different altitudes in the massif.
Interesting phenomena are large halls (Figure 4 — \Velebita
253,260 m®, Ledena jama 192,000 md Lukina jama
118,750 m®) and smaller halls and fragments of the
horizontal channels (Slovacka jama — hall 72,000 m?),
whose formation is associated with vadose flows within the
massif, and are in the range from 494 to 563 m above the
sea level, high above the present phreatic zone, but 13 to
82 m above Lika river sinkhole.

Only the hall in Ledena jama is at slightly higher altitude
between 924 and 957 m. These subterranean spaces are
traces of the earlier stages of karstification, which were
largely disintegrated and fragmented in more recent tectonic
movements. Figure 5 shows plans and dominant direction

Figure 5. Plans of Northern Velebit deep caves.
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of channels of most significant caves in the Northern
Velebit. According to the directions of channels dominant
orientation discontinuity by which the Karstification
occurred can be well observed.

Lukina jama and LubuSka jama channels (both located in
Hajducki kukovi partially overlapping in plan) are
dominantly oriented in NW-SE direction, and subordinatly
in NNW-SSE and SSE-NNW. Slovacka jama (RoZanski
kukovi) formed to an equal extent by orientation systems
NW-SE and NNE-SSW and is less pronounced in NE-SW.

Cave system Velebita (located in the westernmost part of
Rozanski kukovi) predominantly oriented in NNE-SSW
direction and subordinately in WNW-ESE and NE-SW. In
Meduza cave, also located in the western part of RoZanski
kukovi orientation of the channels are very similar to those
in Velebita, with even more pronounced dominance of
channel oriented in NNE-SSW direction.

Directions of the channels are largely in line with structural
features. From directions of channels increasing importance
of discontinuity of orientation NNE-SSW is noticeable in
the Northern Velebit in a westerly direction, probably as a
consequence of approaching the zone of \Velebit fault. At
the direction of east, the greatest influence on the direction
of development of karst channels are gradually taken over
by discontinuities oriented in NW-SE.

In caves occurrence of snow and ice is relatively common.
In 118 pits (34 %) snow and ice was recorded. Usually if
forms at the depth of 50 m and goes even up to a depth of
over 500 m. The deepest recorded occurrence of snow and
ice was in Patkov gust cave at a depth of -553 m and it was
the snow and ice that fell mainly in the higher parts of the
pit. Increased melting of snow and ice over the past 20-odd
years was observed (opening passages in the depth).

The majority of Croatian caving associations participated
in the cave research of Northern Velebit but he most of those
expeditions were organized by the Speleological Committee
of Croatian Mountaineering Association. During all these
years of research an excellent international cooperation was
formed with cavers from Slovakia, Hungary, Belgium,
Polish, Lithuania, France, Italy, Switzerland, Great Britain,
Slovenia, Spain, Bulgaria, USA and Serbia.

4. Resuls of new caving expeditions

In the last four years, during summers, there were four
expeditions: “Lubuska jama 2009”, “Lukina jama 2010”,
“Lukina jama 2011” and “Velebita 2012”. Expedition
leaders were Luka Mudronja and Ronald Zeleznjak.

Entrance to LubuSka jama was found on 11/09/2000 by
Polish cavers from Bobry Zagan ans Gawra Grozow
associations accompanied by cavers from SO PDS Velebit
from Zagreb. During two expeditions they explored
Lubuska jama to a depth of -521 m. Possibility of further
progress and connection to the Cave system Lukina jama
encouraged the organization of expedition 2009 to try to
find a passage to the Cave system Lukina jama.

Expedition in the Cave system Lukina jama was made for
resurveying and because of the dive into a siphon at the
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bottom of the cave, while the expedition at Cave system
Velebita was made to explore promising parts of the cave.

4.1. Expedition “Lubuska jama 2009”

During expedition to Lubuska jama in 2009 a new map of
the cave was drafted M 1:500. According to the newly
created map, depth of the pit is smaller and amounts to
-508 m and the length increased to 2,164 m.

The most important finding of this expedition was, most
likely, a new species of stigobiontne leech currently on
DNA analysis.

4.2. Expeditions “Lukina jama 2010” and “Lukina jama
2011~

Anew map of Cave system Lukina jama” from the entrance
Trojama (Manual 1) to the bottom of the cave was made.
However, drawing of the Cave system Lukina jama from
the entrance Lukina jama to the junction of Trojama could
not be repeated because at 60 m of depth in Lukina jama an
ice-snow cap prevented the passage.

Newly determined depth of the Cave system Lukina jama
is -1,421 m (poligon was made to a depth of -1,409 m).
Length is 3,730 m and the volume is about 313,000 m?.

By comparing the map of Lukin jama made in 1993 and
1994 with the one made in 2010 (Figure 6) it was concluded
thet the maps differ for 0.94 %. According to UIS Mapping
Grades (Hauselmann 2012) the mark would be UISv2
5-4-BF.

Figure 6. Comparison of two surveys of Cave system Lukina jama
from 1994 and 2010.
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Junction of “Vjetroviti channel” with the bottom of the pit
was proven.

During 2010 expedition two dives were made in Congeria
siphon at the bottom of Lukina jama. The first dive in the
length of 135 m and depth 20 m were made by lvica
Cukusi¢ and Robert Erhardt, and the second dive in length
from 135 to 40 m depth was performed by Branko JalZi¢.

On this occasion living specimens of cave bivalves
(Congeria kusceri) were found in the siphon, which
determined the second known populations of shellfish in
Lika, and fourth in Croatia. Unexpected finding was so far
the only known underground cave sponge Eunapius
subterraneus (BilandZija et al. 2012; Bedek et al., 2012).
There is significant biospeleological finding of one new
springtails species Disparrhopalites sp. nov. provisionaly
assigned to genus Parisotoma (Cukovi¢ and Luki¢ 2012).

During expeditions 2010 and 2011 scientific research of
Cave system Lukina jama was conducted on 20 measuring
points from the entrance to the bottom. Cave geology,
microclimate parameters, radon concentration, water
quality and dynamics were investigated.

4.3. Expedition “Cave system Velebita 2011

The main goal of this expedition was to continue previous
scientific research (Paar, 2008) of geological, physical,
chemical and biological properties of the cave (scientific
project “Investigation of deep pits of North Velebit National
park™). There is significant biospeleological finding of one
new springtails species of the genera Tritomurus (Cukovi¢
and Luki¢ 2012).

Cavers was continued in promising and open channels in
\elebita vertical shafts, but they failed to go further. During
the expedition, 43 new caves were found. Their exploration
will continue in 2013.

5. Conclusion

Cave research of Croatian deep caves spurred the
development of the Croatian caving, scientific research,
development of cave rescue and enabled international
cooperation.
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Close calls, a.k.a. near misses, were studied to identify environmental conditions and human behaviors associated with
root cause hazards that could lead to mishaps during cave exploration. Subsequently, training approaches were examined
to establish best practices that could be used to inform cave explorers about major caving hazards, thus helping to mitigate
potential for hazards becoming undesired events. Online questionnaires were completed by an international audience of
cave explorers to determine environmental conditions and human acts related to close call events experienced or observed
during cave exploration. As reported by survey participants, close calls were associated with vertical exposure, rockfall,
cave surface integrity, lack of attention, misestimation of the integrity of the cave surface, and physical exhaustion.
Interviews were conducted with caving experts to ascertain perceptions of best-practice training techniques for optimizing
training curriculum development in order to better inform cave explorers about cave hazards. Based on the findings of
this study, a focused training technique is proposed for the audience of smaller group, less-experienced cave explorers to
effectively inform and prepare them to overcome hazards in caving as well as to enhance their overall cave exploration
experience.

1. Introduction 2. Methods

Caving for recreational and scientific purposes is a very  Data were obtained through an online questionnaire
fulfilling and worthwhile endeavor. Many thousands of  available to cave explorers from May 2011 through January
people safely visit caves each year to engage in scientific, 2012. In addition, interviews were conducted with caving
physical, and personal exploration. However, for those who  experts in February and March 2012. The online
are not adequately prepared, great risk may be taken by  questionnaires consisted of sixteen questions designed to
entering a cave. Caving is known to be a dangerous activity.  reveal information about the environmental conditions and
There have been numerous injuries and deaths in caves that  human acts associated with close call events that occurred
could have been avoided had the individuals involved taken ~ during cave exploration (see Table 1). The US-based
action to prepare for hazards associated with cave National Speleological Society assisted with questionnaire
exploration. While it is impossible to address or prepare for  distribution via emails to Society members. In addition,
every situation in a cave, it is fully possible, and a collective ~ URLSs linked to the questionnaire were posted on the Cave
responsibility, to take whatever actions we can to avoid Chat (US) and UKCaving.com online discussion forums. It
adverse situations and overcome hazards that could lead to s likely that subsequent distribution of the questionnaire
injuries, illnesses, or deaths of individuals. Hazards in caves ~ URLs occurred through personal and group emails.

are known to include darkness, poor contact with surfaces,
water, temperature, rock fall, and inattention. In addition to
these, Sparrow (2009) includes biological hazards and Category Questions in category
Burger (2006) adds bad air. Both authors also discuss cave Characteristics of cave explorers
complexity as a hazard. However, hazards alone represent involved in the close call 3
only the potential for what may occur. In reality, it is the
combination of undesirable human acts and adverse

Table 1. Categories in close calls questionnaire.

Characteristics of the cave in which

. . the close call event occurred 4
environmental conditions that allow a hazard to become a — :
mishap. Conditions present in cave when
close call event occurred 3
Training is used to inform about hazards and to prepare for ; -
" d effecti | . Th h . q Human acts and behavior associated
safe and e ective exploration. roug tral_nlng an with close call event 4
education, cavers’ awareness of the hazards associated with —
Specifics of close call event 2

caving increases, thereby reducing likelihood of injuries,
illnesses, and fatalities. Training and education also can
have the benefit of enhancing the experience of visiting the
cave. Thus, through adequate preparation, the cave explorer
will become knowledgeable of the hazardous cave
environment and skillful in the traverse thereof, making the
experience positive and beneficial.

Individual interviews were conducted by email with eleven
caving-skills training experts from Austria, United
Kingdom, and United States (see Table 2). They were each
asked ten questions related to caving-skills training, hazards
in caves, and perceived impacts of training.
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3. Results and discussion

A total of 181 responses were received for the online
questionnaire on close call events in cave exploration.
Respondents were from the US (81 %), UK (9%), Mexico
(49%), Austria (1%), and Spain (1 %). The remainders were
individual responses from Afghanistan, Belize, Canada,
New Zealand, and Ukraine. Among the respondents, 56 %
reported having had formal caving-skills training, 37%
reported having informal caving-skills training, and the
remainder reported having none. Responses revealed that
vertical exposure, rock fall, and poor contact were the most
prevalent environmental hazards leading to cavers
experiencing a near-miss event. Responses also revealed
lack of attention, overestimating quality of contact with the
cave surface, and exhaustion as the three most prevalent
human acts related to near-miss incidents in caves.

The interviewed experts responded to a number of questions
about caving-skills training. Of the responses, six of the
eleven indicated that training would be more effective if it
was conducted in the cave environment. Three believe it is
most effective if first conducted on the surface then
underground and two believe it is best conducted in a
classroom setting. Questions were also asked about
potential negative outcomes of caving-skills training. Six
of eleven indicated that overconfidence could be a negative
outcome, two reported that there would be no negative
outcomes, and one each indicated poorly designed
curriculum, inflexible training requirements, and increased
impact on the cave environment.

Table 3. Top five most prevalent mishaps and close calls in US
cave exploration.

Mishaps* Close calls
Table 2. Experts interviewed for this study. Falls Vertical
Name Organization Equipment issues Rockfall

Christian Berghold Austrian Speleological

Association, AUT

Association of Caving
Instructors, UK

Christopher Binding

Jansen Cardy National Speleological Society,
National Cave Rescue

Commission, US

West Virginia University
Student Grotto, NSS, US

International Projects, Cave
Research Foundation, US

Philadelphia Grotto, NSS, US

Carlton Lodge Outdoor Centre,
ACI, UK

John Harman

Patricia Kambesis

Allen Maddox
George Plant

Philip Rykwalder

Cave Now, Inc, US

Geary Schindel

Edwards Aquifer Authority, US

Gregory Springer

West Virginia Association
for Cave Studies, US

George Veni

National Cave and Karst

Research Institute, US

The eleven caving skills experts interviewed for this study
were asked to choose just one hazard of caving. Four of
eleven selected falls and/or gravity, two indicated water,
two selected hypothermia, two selected misestimation and
lack of attention, and one selected rockfall. While it is not
possible to directly compare near-miss events to mishaps
resulting in injury or death, it is useful to look at the more-
prevalent hazard occurrences in both categories. Among
mishaps, falls occur most frequently in US caves (Keeler
2011). This corresponds with accidents at home and at
work, where falls are also the highest prevalence mishap.
The second most-prevalent mishap occurring in US caves
involves equipment issues. Rockfall is next, followed by
being trapped or stranded. Finishing the list for mishaps is
being lost. For close calls, however, the list is somewhat
different. Most prevalent among close calls is vertical
issues, followed by rockfall, slippery surfaces or other poor
contact conditions, water-related hazards, and being trapped
or stranded. Tables 4a and 4b contain complete response
information from the close calls portion of this study.
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Rockfall Slippery, poor contact
Trapped/Stranded Water related
Lost Trapped/Stranded

*Keeler, R. (2011), American Caving Accidents.

The interviewed experts were asked for their definitions of
formal caving skills training. A majority indicated that
formal training is equivalent to courses that are designed
and structured. Others commented that passing of
experience and knowledge in a structured way would also
constitute formal training. Regardless of the nuances, all
but one expert agreed that formal caving-skills training is
effective for reducing the chance that cave explorers could
be injured or killed while traversing caves. Patricia
Kambesis, states, “Training...is the most proactive means
for providing cavers with a toolbox of techniques, skills,
mindset, and philosophy.” Jansen Cardy suggests that
training can reduce chances of mishap through teamwork
because “...students are taught to communicate and work
together to achieve a common goal.” Christopher Binding
states, “...formal training is a distillation of the experiences
and techniques of many hundreds of person-years of caving
knowledge (that) massively advances the trial-and-error
approach.” Lastly, George Plant adds that because formal
training brings together people with experience and
qualification, “...we can avoid making the same mistakes”
that others may have already made. Collectively, it is clear
that those with extensive knowledge and experience of
caves and caving value training.

This outcome is consistent with research findings by Bird,
Sawa, and Wiles (submitted, in review) in which over 90%
of UK and US cavers (n = 133) responded to a questionnaire
and indicated that both formal and informal training allows
them to more safely explore caves. This research further
established that informal caving-skills training is very
prevalent, and appears to be effective. Philip Rykwalder
notes, ““...the injury/death rate among skilled cavers is low
—surprisingly low — for the amount of risk we take and the
number of trips that we go on weekly.”

Informal training may be likened to the mentor-apprentice
model where growth in knowledge and skill occurs
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Table 4a. Hazardous conditions associated with close calls in cave exploration.

you experinced or observed? (Select all that apply.)

Of the hazardous conditions listed below, which do you feel were associated with the close-call event (near miss)

Hazardous condition % Responses (n = 165)
Vertical exposure 451
Rockfall or rock-shofting potential 36.1
Slippery or other poor contact conditions 29.9
Water, other than high or deep water 18.8
Tight cave passage 16.7
Temperature too high or too low 14.6
High or deep water 7.6
Bad air 49

Table 4b. Human acts associated with close calls in cave exploration.

Of the human-related acts listed below, which do you feel were
you experienced or observed? (Select all that apply.)

associated with the close-call event (near miss)

Human Acts % Responses (n = 111)
Not paying attention 46.9
Did not check integrity of contact point 234
Became exhausted 16.2
Did not inspect equipment 14.4
Entered cave beyond current abilities 12.6
Tight cave passage 135
Chose incorrect clothing or footwear 12.6
Attempted movement (climb, squeeze, descent, etc.) beyond abilities 12.6
Misestimated water depth 2.7
Inadequate lighting (batteries not charged, lack of backup lights) 1.8

gradually over time, usually through on-site learning and
practice. Many regard this approach as more desirable than
formal training. Informal training is certainly more
personable, as it is likely conducted in one-on-one settings
or in small groups. Trainees may feel more comfortable in
this learning environment and thus may receive guidance
more readily, as well as more freely provide feedback about
their current status, which the trainer can use to further
enhance the learning experience. However, informal
training is possibly conducted with fewer rigors than formal
training, which means that important materials may not be
covered in great enough detail or may be missed altogether.
Informal training is further contrasted with formal training
in the settings where learning occurs. Formal training is
usually conducted in a designed environment, such as a
classroom. Trainees are then walked through exercises in a
controlled environment above ground and then guided
through the exercises in a relatively controlled environment
in the cave. While a large number of research participants
have indicated that informal training is preferred and
effective, one of the key upsides of formal skills training is
that it can be delivered to larger groups of people.
Furthermore, because it is a designed teaching approach, it
will necessarily have established learning objectives, a
means for delivering the curriculum, and metrics for
measuring learning outcomes. However, there are
downsides, as well. In particular, people who prefer to be
taught in smaller groups or who have slower learning paces
may have more difficulty retaining the delivered
information in a structured environment.
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With informal, apprentice-style training, —assuming a qualified
and experienced mentor — the learning and demonstration of
outcomes usually happens at the student’s pace. It has been
shown that a reflection period after introduction of new
material helps to enhance learning (Bleakley 2000). With
formal training, this may or may not occur, depending on the
design of the curriculum. For informal training, this likely
occurs naturally and may indeed be the reason why informal
training appears to be so successful.

Whether training is formal or informal, for most-effective
teaching and learning, the training should be designed.
Learning objectives should be established up front and from
there different teaching approaches would be applied, as
appropriate, to address the needed topics of instruction.
Having structure, Geary Schindel states, is more effective
because it “...allows you to cover more issues more
quickly.” In addition to the structure of the course,
knowledge and skill of the instructors or mentors is also
essential. John Harman suggests, “...the best way to learn
is to do serious caving with people that have advanced skills
and lots of experience.” Thus, by combining some structure
through the establishment of learning objectives with
extensive knowledge and skill of highly experienced
individuals, the training can be conducted more efficiently
and the result can be more effective.

Quality of instructors is paramount to successfully bring
others to a high level of cave exploration functionality. Even
S0, on the receiving end, the learners’ capabilities to absorb
information and understand concepts, techniques, tools, the
cave environment, and their own behaviors in the cave are
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Table 5. Questions to consider for designing caving-skills training.

Questions
Training goals established by mentor and trainees in concert?

Mentor/Instructor knowledgable, skilled,
and experienced for helping trainees to achieve goals?

What are the trainees’ learning styles?
What are the trainees’ experience levels?

What are the learning objectives that flow
from the overall training goals?

What are the ideal/desired training locations?

What specific teaching and learning tasks need to be
accomplished to achieve learning objectives?

How will trainees’ learning be measured?

just as important. Previous research conducted by the
authors revealed that cavers are generally of post-college
ages and thus could be classified as adult learners.

For most effective caving-skills training, it is especially
important to develop strategies that cater to the needs of the
adult caver. A preferred method of teaching adult learners
is with “hands-on learning” which is a concept used quite
frequently in informal, apprentice-mentor style for training
because there is an opportunity for trainees to practice and
receive constructive feedback (Olivero, Bane, Kopelman
1997) and reflect on their experiences (Bleakley 2000).

Focusing on “discovery learning” optimizes adult-style
learning. In this approach, the individuals are motivated to
learn through their desire to understand in detail what they
are learning (Knowles et al. 1998). George Veni shares,
“Using a cave [for training] also tends to create a better
respect and appreciation for caves than 1’ve ever been able
to relay in a classroom,” and adds that “caving conditions
can be simulated on the surface, but do not simulate the
psychological element found in the natural environment.”
A plurality of experts interviewed for this work indicate that
if a single learning environment must be chosen, it is to
conduct training in the cave. It is known that adult-style
discovery learning is best accomplished in the environment
where the work will be conducted. Even so, a caution may
be in order. Christopher Binding notes, *“...trainees tend to
be distracted from listening by being keen to get hands-on
with the shiny bits of kit nearby.” This comment emphasizes
the importance of maintaining the learners’ attention before
engaging in active components of the training.

Several experts recommend that a combination of training
locations, such as classroom followed by in-cave, hands-on
training can be very effective. The structured classroom
setting with few distractions will allow for clear delivery of
instructions, which can then be followed by discovery
learning shortly thereafter in the cave environment. This
very model has been used by a number of organizations that
routinely conduct training and education related to caves
and caving, namely the Association of Caving Instructors,
the Austrian Speleological Association, and the Hoffman
Institute at Western Kentucky University. Schindel suggests
that the classroom lecture may be better suited for
facilitating discussion of hazards associated with caves in
general, while ““...in-cave training may work work well for
hazards associated with the cave...” in which the learning
is taking place. Gregory Springer adds that during in-cave
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exercises, instructors or mentors “...can point out specific
hazards and correct mistakes as they see them.” Allen
Maddox states, “For the novice, | like classroom type
followed by in-cave activity.” Christian Berghold agrees,
“...that exercises alone won't suffice,” and adds, “...a
combination of classroom lectures...and in-cave training”
in addition to dry, outside-the-cave exercises are best for
delivery of content. Binding recommends that after
information is delivered in a classroom-like environment,
the hands-on experience in the cave will allow cavers to
“immediately define and apply specific dynamic examples
with compelling relevance.” He further makes the
recommendation that training should be limited to small
groups of a few people at a time, especially for single rope
techniques.

Based on outcomes of the expert interviews, several clear
themes emerge: (1) training should be designed and
conducted in a step-by-step manner, (2) training should be
conducted by those with appropriate levels of knowledge
and experience, (3) learning environments should be
optimized for best retention of material, (4) curriculum
should be specific for the hazards and topics being
addressed, and (5) class sizes should be small. Further,
based on literature research, (6) the learning styles and
experience levels of the trainees should be assessed to
determine best delivery of content for the audience being
trained. It should be noted that the above numbered themes
are areas where training bodies such as ACI, NCRC, ASA,
etc. have for some time successfully applied best-practice
caving-skills training approaches. These groups have
curriculum development and review committees who vet
content so that it is up-to-date and pertinent to the training
being conducted. However, research by Bird, Sawa, and
Wiles (submitted, in review), revealed that informal training
conducted at the level of caving clubs and among
individuals is very widespread and thus the benefits of the
larger caving-skills training organizations may not be felt
by many cavers and potential cavers. Further, a review of
injury and fatality reports shows that lack of experience and
lack of effective training are often causes for mishaps
(Keeler 2011). Following from this, the tailored training
approach presented here is focused toward smaller groups
of less-experience cave explorers and incorporates guidance
for developing checklists (Seifert 2009) in order to ensure
that important aspects are covered. Table 5 proposes a
number of questions that may be helpful in the initial design
of the training curriculum.

Answering the questions in Table 5 requires knowing the
cave conditions and human actions that will be addressed
through training, hence the importance of the mentor being
knowledgable and experienced for the caves and caving
regions for which training is being prepared. For novice-
level cave explorers, referencing the most prevalent caving
hazards and close calls provides a good starting point. For
example, Table 3 lists falls as a common mishap or close
call in caves, so a primary training objective could be to
successfully move through the cave without falling or
stumbling. The learning objective in this case is for the
trainees to develop balance and movement strategies that
allow them to remain in control of their bodies as they move
through the rocky, slippery, and otherwise uneven surfaces
of the cave. After answers are established for the questions
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Figure 1. Sample training form for preparing a caver descend and ascend a 10-meter pit.

in Table 5, a more-specific form (Figure 1) can be used to
clearly state the components of the training that will be
conducted to address the particular hazard.

Another example could be vertical issues, which is the first
close call listed in Table 3. This hazard is significant as it
could lead to serious injury or death. Figure 1 is a sample
form completed for a training scenario to descend and
ascend a 10-meter pit. It is important to establish
measureable learning outcomes for which a clear evaluation
can be made. For example, in the given scenario Mssr.
Casteret evaluates Mr. Collins’ ability to identify and apply
vertical caving equipment. The learning outcomes are as
follows: list and describe equipment used for ascending and
descending a 10 m pit; demonstrate ability to use ascending
and descending equipment to safety rappel into and ascend
out of a 10 m pit. At the bottom of the form, Mssr. Casteret
provides feedback to Mr. Collins about actions he can
improve upon. The form used in the example scenario is
just one way of keeping track of small-group training
learning objectives, learning outcomes, and feedback to
trainees. Mentors and trainees are, of course, free to use
whatever approach they would like for the specific training
they are conducting. However, it is important to establish
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the goals, measure the outcomes, and provide feedback,
regardless of which training design or record-keeping
formats may be used.

It has been mentioned previously in this paper that the
classroom makes for an ideal distraction-free learning
environment. However, an educational classroom is, of
course, not necessarily required for small groups. Instead,
“classroom learning” can take place in the living room of a
participant’s home, in an office or a coffee shop, on a park
bench, or any other comfortable environment, provided it
is distraction free. Even the mountainside where the cave
is located can be a “classroom,” although greater care may
be needed to ensure the beautiful surroundings do not
become distracting. On the receiving end, the students and
trainees must practice what they’ve learned. At the
appropriate time, and before embarking on a challenging
caving trip, the trainees should demonstrate their knowledge
and skill to the more-experienced and higher-skilled
mentors. This is the measure of learning achieved, i.e. of
progress made. Direct measures of learning can include a
range of options from written exams to physically
demonstrating to the instructor or mentor that the student
can accomplish the task at hand.
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4. Conclusions

Respondents to the online questionnaire indicated that the
top five close call events in cave exploration included
vertical, falls, rockfall, water hazards, and becoming
trapped/stranded. Previously conducted research, reports
from caving accidents, and review of the literature shows
that the top five mishaps in cave exploration include falls,
equipment issues, rockfall, becoming trapped/stranded, or
becoming lost. While there are many more hazards in
caving, preparing to overcome those listed here among
mishaps and close calls will help intrepid cave explorers
avoid most of the undesired situations that may be
encountered during caving. Research on close calls shows
that mishaps can be avoided if environmental conditions in
caves are well understood and if detrimental acts can be
avoided. Training, of some kind, is universally agreed to be
essential for preparing cave explorers to overcome hazards
and practice proper behaviors while caving.

The panel of experts interviewed in this research indicate
that designed training delivered by qualified and
experienced cavers to small groups of people in optimized
learning environments is most effective for preparing
people to safely and conscientiously explore the cave
environment. In particular, training should focus on human
acts and environmental conditions that lead to mishaps. In
addition to the primary hazards already listed above, human
acts that should be prepared for include paying attention to
surroundings, assessment of integrity of cave surface,
physical fitness, and equipment inspection. Preparation
should be made for in-cave environmental conditions
including vertical exposure, rockfall or rock-shifting
potential, slippery and poor-contact conditions, water, tight
cave passages, temperature, and air quality. The hazards,
human acts, and environmental conditions described in this
paper are generalized to all cave exploration, whereas the
specific ones that should be prepared for are dependent on
the caves and regions where exploration will take place.
Mentors, instructors, and/or curriculum designers will select
topics appropriate to the conditions for which training is
being designed. Further references are available to ensure
proper techniques are being taught. In addition to the texts
by Sparrow (2009) and Burger (2006), Alpine Caving
Techniques (Marbach and Tourte 2002) and On Rope
(Smith and Padgett 1997) provide excellent information for
developing caving skills.

The passing of information in a controlled, structured, and
documented manner from those with more knowledge and
experience to those who are developing their knowledge
and skills will help to reduce injuries and illnesses, as well
as to hopefully eliminate fatalities that occur in cave
exploration. This process has the additional benefit of
giving cave explorers greater ability to make the most of
their underground exploration, thus enhancing the overall
caving experience.
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Meghalaya in North East India is blessed with good limestone and a warm, wet climate that results in many fine caves. In
the last 21 years 24 mostly multi-national expeditions have explored/partially explored 892 caves yielding over 398.6 kms
of cave passage. The caves are found in a band of limestone/karst that runs along the southern fringe of the Meghalaya
plateau. Exploration from 1992 to 1999 took place in many locations across Meghalaya and developed a productive
collaborative partnership with local Indian cavers. From 2000 to 2009 the main focus of exploration was on the Shnongrim
Ridge in the Jaintia Hills where over the years 157 kms of cave passage were explored. During this period the Krem Liat
Prah Cave System, discovered in 2002, was extended, linked into other systems and eventually connected to Krem Labit
Moolasngi and Krem Rubong in 2008 to create a cave system of 30.9 kms in length — India’s longest cave and first cave
system in the Indian Sub-continent to have in excess of 30 kms of passage. In 2009 the focus moved away from the
Shnongrim Ridge to the Pala Range and the Kopili River Valley where exploration has remained until 2013. In this area
some 53 kms of cave passage has been explored including the Krem Tyngheng — Dieng Jem system that at 21.3 kms is
currently India’s 3 longest cave. From 1999 onwards several of the expeditions have undertaken small scale Bio-
speleological investigations utilising skills and interest within the expedition team. In the last three years (2011 to 2013)
this element has had a more substantial presence with more in-depth and systematic studies and recording taking place.
This lecture gives an overview of the limestone and caves of Meghalaya, the exploration from 1992 to 2013 looking in
more detail at the more recent 2012 and 2013 expeditions and the tensions between the economic exploitation of the
limestone resource and cave conservation.

1. Introduction noted for its waterfalls and deep jungle clad north to south

o . . valleys.
The Caving in the Abode of the Clouds Project takes its

name from the Sanskrit meaning of the word “Meghalaya” The Garo Hills to the west are lower in elevation, with an
which literally translates to “Abode of the Clouds”. Thisis  average height of 450 to 600 metres above sea level and are
in recognition of the fact that, because of its geography, = more deeply dissected. The limestone is found in a more or
Meghalaya is often enveloped in cloud, which results in  1ess continuous band that runs along the entire southern
world record rainfall. This feature, added to awarm climate ~ fringe of the state. This band of limestone is approximately
and extensive areas of limestone, has created many fine 300 kms in length east to west and between 10 to 25 m in
caves, making Meghalaya of great interest to the depth, north to south. Despite 25 expeditions being made
International Caving fraternity. In 1992, a small team of ~ t0 Meghalaya since 1992, significant areas of Limestone
four European Cavers were able to visit Meghalaya and the ~ remain unexplored.

Khasi, Jaintia and Garo hills, finding many caves and, more

significantly, realising the huge caving potential of the

region. In 1994, contact was made with Brian D. Kharpran 2. Recent Cave Exploration

Daly and Donbok Syiemlieh of the Shillong based
Meghalaya Adventurers Association and since that time the
systematic exploration of caves across Meghalaya has been
undertaken as a partnership between Indian, European and
American Cave Explorers. This productive collaboration is
known as the Caving in the Abode of the Clouds Project.

1992 — A small team of four European Cavers were able to
visit Meghalaya and the Khasi, Jaintia and Garo hills,
finding many caves and mapping just over 9 kms of new
cave passage. In the Khasi Hills, Krem Mawmluh was
explored and mapped for 3.7 kms becoming (November
1992) India’s longest cave and Krem Dam also in the Khasi
The State of Meghalaya lies between 25.47 degreesto 26.15  Hills for 1.2 kms. In the Garo Hills, the well-known Krem
degrees of latitude north and between 89.45 degrees to  Siju Dobhakol, partially explored by Kemp and Chopra
97.47 degrees of longitude east. It extends for about 300  from the Museum of Natural History in Calcutta in 1922
kilometres in length from west to east and about 100 was extended from 1.2 kms to 2.9 kms. This initial
kilometres in width from north to south covering an area of ~ expedition paved the way for access to Meghalaya and
22,429 square kilometres. established that there was indeed considerable caving

Meghalaya is composed of three ranges of hills, which have potential.

given their names to the three main tribes. The Khasi and 1994 — Contact was made with Brian D. Kharpran Daly and
Jaintia Hills of central and eastern Meghalaya present a  Donbok Syiemlieh of the Shillong based Meghalaya
panorama of a plateau of grasslands, hills and river valleys.  Adventurers Association and visits the Khasi, Jaintia and
The height of the plateau is generally between 1,500 metres ~ Garo Hills by a small European Team of 8 cavers saw
and 2,000 metres above sea level. The southern edge of the  another 14 kms of cave passage explored and mapped. In
plateau drops steeply to the plains of Bangladesh and is  the Khasi Hills, Krem Mawmluh was extended from
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Figure 1. Square Passage — Siju Dhobakhol, Garo Hills.

3.7 kms to 4.5 kms in length and Krem Dam from 1.2 kms
to just over 2.0 kms becoming India’s longest cave formed
in sandstone (March 1994). In the Garo Hills, Tetenkol was
explored and mapped for 5.1 kms over taking Krem
Mawmluh as India’s longest cave (February 1994).

1995 — A small Multi-National Expedition (9 cavers,
including 2 Indian cavers) visits the Khasi, Jaintia and Garo
Hills and explores and maps 10+ kms of new cave passage.
In the Jaintia Hills, the sizable Krem Pubon Lashing was
explored for 1.7 kms and in the Lumshnong area (Jaintia
Hills) Krem Kot Sati was explored and mapped for 2.6 kms
and left very much ongoing.

1996 — A small German/Indian expedition based itself at
Lumshnong in the Jaintia Hills and explores and maps 9+
kms of new cave passage with Krem Um Lawan partially
explored and mapped for 6.3 kms.

1997 — A larger Multi-National Expedition (16 cavers,
including 5 Indian cavers) returned to Lumshnong in the
Jaintia Hills and explores and maps 25+ kms of new cave
passage connecting Krem Kot Sati to Krem Um Lawan to
create a 19.2 km long system becoming (February 1997)
India’s longest cave. Just to the north of Lumshnong in the
Musianglamare area Synrang Pamiang was explored and
mapped for 1.7 kms. Krem Lymput in the Nongiri Area for
2.7 kms and Krem Pubon Lashing extended from 1.8 kms
to 3.0 kms in length.

1998 — A Multi-National Expedition (18 cavers, including
4 Indian cavers) visits the Khasi and Jaintia Hills explores
and maps 26+ kms of new cave passage. At Nongiri in the
East Khasi Hills, Krem Lymput was extended from 2.7 kms
to 6.5 kms. In the Lunshnong Area Krem Kot Sati/Um
Lawan was extended from 19.2 kms to 21.2 kms and
Synrang Pamiang from 1.7 kms to 4.8 kms. In the Lukka
Valley lying to the east of Lumnshnong, Pielkhlieng Pouk,
a massive river cave was partially explored and mapped for
2.5 kms.

1999 — A Multi-National expedition (17 cavers, including
4 Indian cavers) visits the Khasi and Jaintia Hills and
explores and maps 27+ kms of new passage. In the
Lumshnong Area (Jaintia Hills) the impressive river cave
of Synrang Pamiang was extended from 6.2 kms to 14 kms
to become India’s 2" longest cave (February 1998). In the
Lukka Valley the even more impressive Pielkhlieng Pouk
was connected to Seilkan Pouk to create a 9.7 kms long
system to become (February 1999) India’s 3" longest cave.
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1999 — A small reconnaissance expedition by members of
Wells Catheral School visits the Shnongrim Ridge in the
Jaintia Hills and explores and maps 4+ kms of new cave
passage.

2000 — A Multi-National Expedition (14 cavers, including
4 Indian cavers) visits the Khasi Hills and the Shnongrim
Ridge in the Jaintia Hills and explores and maps 20+ kms
of new cave passage. Exploration and mapping on the
Shnongrim Ridge includes Krem Mawshun at 3.3 kms in
length, Krem Wah Ryngo at 3.3 kms, Um Sngad at 2.4 kms
and Krem Shrieh with its massive 97 m deep shaft at 8.7
kms. The latter becoming (February 2000) India’s 4"
longest cave.

Figure 2. Key Hole passage, Krem Mawshun.

2001 — A large Multi-National Expedition (26 cavers,
including 4 Indian cavers) visits the Khasi Hills and the
Shnongrim Ridge in the Jaintia Hills and explores and maps
35+ kms of new cave passage. At Borsora in the West Khasi
Hills, Krem Khlieh Kherthang is explored and mapped for
2.8 kms and Ronga for 1.9 kms. On the Shnongrim Ridge
in the Jaintia Hills, Krem Umthloo is explored and mapped
for 12.4 kms becoming (February 2001) India’s 3" longest
cave. In the same Area Krem Shynrong Labit is explored
and mapped for 5.7 kms and Krem Risang for 4.5 kms.

2002 — A large Multi-National Expedition 923 cavers,
including 3 Indian cavers) visits the Khasi, Shnongrim
Ridge in the Jaintia and Garo Hills explores and maps
22.5+ kms of new cave passage. In the West Garo Hills
(Asakree area) 5.5 kms are explored and mapped in a
variety of caves. In the south Garo Hills 2.6 kms are
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explored and mapped and on the Shnongrim Ridge (Jaintia
Hills), the impressively proportioned Krem Liat Prah is
explored and mapped for 5.9 kms.

2002 — A small USA led Expedition (13 cavers, including
4 Indian cavers) visits the Lum Lawpaw plateau near to
Nongjri in the West Khasi Hills and explores and maps
6+ kms of new cave passage. Krem Mawtynhiang is
explored and mapped for 3.0 kms and remains as India’s
longest Sandstone Cave.

2002 — A small Italian/German Expedition (9 cavers,
including Indian cavers) visits the South Garo Hills and in
the Asakree area and explores and maps 2.7+ kms of new
cave passage in Sang Kni Ikgilram, which remains the
longest cave in the Asakree area.

2003 - Large Multi-National Expedition (33 Cavers,
including 9 Indian Cavers) based mainly on the Shnongrim
Ridge in the Jaintia Hills, but with satellite teams visiting
the West Khasi and Garo Hills, explore and map 25.7+ kms
of new cave passage. On the Shnongrim Ridge Krem Liat
Prah was extended from 5.9 kms to 8.3 kms in length and
Krem Umthloo from 12.6 kms to 13.4 kms to become
(March 2003) India’s 3" longest cave. The exploration team
included a number of Biologists that undertook Bio-
Speleological investigations in some of the caves.

2004 - Large Multi-National Expedition (24 Cavers,
including 7 Indian Cavers) based on the Shnongrim Ridge
in the Jaintia Hills explores and maps 17.1+ kms of new
cave passage. Krem Liat Prah was extended from 8.4 kms
to 14.6 kms taking it from India’s 6 longest cave (February
2004) to India’s 2" longest. Krem Krang Wah (Tigers
Mouth Cave) with its 93 m deep shaft entrance was
explored for 2.2 kms and Krem Tyngheng in the nearby
Samasi (Pala Range) area partially explored for 3.75 kms
along fine river passage.

2005 — Large Multi-National Expedition (28 cavers,
including 6 Indian cavers) based largely on the Shnongrim
Ridge in the Jaintia Hills and also visiting the West Khasi
Hills explores and maps 19+ kms of new cave passage. On
the Shnongrim Ridge Krem Liat Prah was linked to Krem
Um Im to create a system of 15.9 kms in length, India’s 2"
longest in 2005. In the adjacent Samasi Area (Pala Range)
Krem Tyngheng was extended from 3.75 kms to 5.3 kms.

2006 — Large Multi-National Expedition (28 Cavers,
including 5 Indian Cavers) based on the Shnongrim Ridge
in the Jaintia Hills explore and map 15.4 + kms of new cave
passage. The 2006 expedition anticipated the completion of
the exploration on the Shnongrim Ridge and in Samasi.
However, it saw an existing cave system (Krem Liat
Prah/Um Im) linked to (Krem Labit Khaidong) and
extended to create a 22+ km system which at that time
(February 2006) was India’s new longest cave. In the
adjacent Samasi Area Krem Tyngheng was extended from
5.3 kms to 7.7 kms in length. During the course of the
expedition yet more huge relic and river passage was
explored, indicating the Shnongrim Ridge was far from
finished.

2007 — A large Multi-National Expedition (33 Cavers,
including 3 Indian Cavers) based on the Shnongrim Ridge
and the adjacent (Lukka) area in the Jaintia Hills explores

38

15.9+ kms of new cave passage. The Krem Liat
Prah/Labit/Um Im System was extended from 22.2 to 25.2
kms in length, Pielklieng Pouk/Sielkan Pouk, a huge river
cave, was extended from 10.4 to 12.4 kms in length and yet
more cave systems on the Shnongrim Ridge were linked
together.

2008 — A large Multi-National Expedition (40 cavers,
including 3 Indian cavers) based on the Shnongrim Ridge
and visiting the nearby Pala Range in the Jaintia Hills
explores 14 kms of new cave passage. The linking of the
Liat Prah Cave System to Krem Labit (Moolasgni) via a
3 m sump free dive and the connection of two other
potholes plus the resurgence cave Krem Rubong into the
system along with surveying of new side passages created
a cave system of 30.9 kms in length. This firmly established
this system as the longest cave known to date (May 2013)
in the Indian Sub-continent and more significantly made it
the first Indian Sub-continent cave to exceed 30 kms in
length. The extension of Krem Tyngheng in the Samasi area
from 9.8 kms to 12.9 kms in length, via some long swims,
to make it (February 2008) Indian Sub-continent’s 5%
longest cave and the partial exploration and surveying of
two other caves in the Kopili area; Krem Labbit Kseh at
0.9 kms in length and Krem Bylliat at 0.6 kms in length.
Krem Umthloo, was extended to 18.1 kms in length
maintaining it as the 3" longest cave (March 2008) in the
Indian Sub-Continent. The extension of several existing
caves in the area including: Um Sngad River Sink, extended
from 1.25 km to 2.15 km in length and ongoing; Krem
Kdong Thloo extended from 1.18 km to 1.58 kms. Krem
Synrang Ngap was extended from 4.5 kms to 4.9 kms and
Krem Mawshun from 3.3 to 3.6 kms. Additionally the
discovery and exploration of several new caves in a
previously blank NE section of the Ridge near to the Liat
Prah system including Krem Lumthymme at 1.1 km in

Figure 3. River passage in lower section of Krem Tyngheng/
Diengjem System.

length, that unfortunately failed to connect into the Liat
Prah system. The discovery and exploration of two new
caves on the south flank of the ridge, Krem Thapbalong Sim
for 0.3 kms in length and ongoing and Krem Shyrong
Shrieh is 1.39 kms in length and on-going. In addition to
the cave exploration, an International Conference entitled
‘Discover Meghalaya — The Caving Experience” was held
at the Pinewood Hotel in Shillong on the 22" to the 23"
February. The Government of Meghalaya Tourism
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Department and the MAA (Meghalaya Adventurers
Association) hosted this with a significant input being made
by the European team members. The conference was
attended by some members of the expedition, the MAA and
over 60 delegates drawn from the Meghalaya Government
and its various departments along with representatives from
the coal and limestone extraction industry and Adventure
Travel Agencies from across India and Bangladesh. The aim
of the conference was to raise awareness of the great cave
resource within Meghalaya; highlight the threats to the
caves posed by the recent increases in the limestone and
coal extraction industries and try to identify a ways of
addressing this issue; and to develop strategies to promote
the use of caves for tourism and local economic
development

2009 - A large Multi-National Expedition (28 cavers,
including 13 Indian cavers, 10 of which were from the
Indian Navy) based on the Shnongrim Ridge in the Jaintia
Hills explore and map 12.6 kms of new cave passage. In the
SW end of the Shnongrim Ridge, Krem Thapbalong Sim
(Humming Bird Cave) was connected to Krem Shyrong
Shrieh (Monkey Skull Cave) to create a system of 5.48 kms
in length. In the Kopili River Valley, Krem Labit Kseh was
extended from 0.88 kms to 1.65 kms. Krem Tyngheng in
the nearby Samasi (Pala Range) area was extended by
0.4 kms to 12.8 kms in length. Exploration of several caves
in the new Umkyrpong area saw Krem Dieng Jem (believed
at this time to be the resurgence for the Krem Tyngheng)
partially explored for 1.3 kms. 2009 was the last of the large
Shnongrim Ridge camps that had become synonymous with
the Caving in the Abode of the Clouds Project. In the period
from 2000 to 2009 the Shnongrim Ridge had yielded
157 kms of cave passage and become the area of Meghalaya
(and the Indian Sub-continent) with the greatest
concentration of known caves.

2010 - A large Multi-National Expedition (35 cavers,
including 9 cavers from the Indian Navy) based in the
Umkyrpong/Kopili Area of the Jaintia Hills and at the start
of the expedition a satellite camp in the West Khasi Hills
explored and surveyed 25.1 kms of new cave passage. In
the Mawsynram Area in the East Khasi Hills, Krem
Mawphun was explored for 1.6 kms and Krem Lymbit for
0.8 kms along with several other smaller caves. At the main
expedition area in the Umkyrpong/Kopili Area in the Jaintia
Hills, Krem Dieng Jem was extended and connected to
Krem Tyngheng to create a sink to resurgence system of
21.1 kms in length becoming (March 2010) India’s 3™
longest cave and the third cave in the Indian Sub-continent
to exceed 20 kms in length. Krem Labit Kseh in the Kopili
River Valley was extended from 1.6 kms to 4.7 kms. New
caves: Krem Man Krem was partially explored for 4.7 kms
and Krem Shalong (Misty Cave) for 2.6 kms and both left
ongoing.

2011 — A Multi-National Expedition (22 cavers, including
3 Indian cavers) based in the Kopili/Pala Range Area in the
Jaintia Hills explores and maps 10+ kms of new cave
passage. The Krem Tyngheng/Dieng Jem system was
extended to 21.2 kms maintaining it as India’s 3" longest
cave (March 2011). Krem Shalong was extended from
2,61 kms to 4.7 kms in length and a new cave Krem Labit
Mynlin explored for 1.6 kms. In addition to the cave
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exploration there was significant bio-speleological
investigation undertaken in some cave sites with a particular
focus on bats — this bat survey, undertaken by Manuel Ruedi
of the Geneva Museum of Natural History, led to the
detection of a species of Murina bat — new to science. It was
later named Murina Jaintiana to honour the tribe of the
Jaintias who had given their warm and welcoming
hospitality to the expedition for so many years.

Figure 4. Krem Khung, main passage.

2012 — A large Multi-National Expedition (Two separate
teams with a total of 25 cavers, including 3 Indian cavers)
based in the Kopili/Larket Area in the Jaintia Hills and in
the Mawsynram/Balat Area in the East Khasi Hills explores
and maps 6.8+ kms and 6.1 kms of new cave passage
respectively. In the Kseh/Larket Area the main focus of the
exploration was in the new Krem Khung system where
5.1 kms of very large passage was explored. In the
Mawsynram/Balat Area Krem Mawphun was extended
from 1.7 kms to 2.5 kms in length becoming India’s 2"
longest known cave to be formed in Sandstone. In addition
to the cave exploration in the Kopili/Larket area there was
on-going hio-speleological investigation undertaken.

2013 — A more modestly sized Multi-National Expedition
(17 Cavers, including 2 Indian Cavers) based in the
Kopili/Larket Area in the Jaintia Hills explores and maps
9.1+ kms of new cave passage. Krem Khung was extended
from 5.1 kms to 7.3 kms in length to make it India’s 7
longest cave and Krem Labit Kseh, on the banks of the
Kopili river, was extended from 6.4 kms to 7.2 kms to make
it India’s 9" longest cave. Alongside the cave exploration
the two associated Romanian biologists, the expedition
team biologist and their Indian counterpart from the Lady
Keane College in Shillong that were part of the exploration
team continued with the study the documentation of various
cave fauna in the area. On return to Shillong members of
the expedition and the Meghalaya Adventurers Association
attended the inauguration of the Bio-speleology Section of
the Zoology Museum at Lady Keane College, Shillong,
Meghalaya (India). The link between Lady Keane College,
the Meghalaya Adventurers’ Association (MAA) and the
Caving in the Abode of the Clouds Project will further
enhance the study and understanding of the bio-speleology
of Meghalaya. Building upon the bio-speleology
investigations that have been part of many Caving in the
Abode of the Clouds expeditions since the late 1990’s.
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3. Conclusion

As a result of these explorations, the whereabouts of over
1,500 caves are known, of which 892 have been explored
to yield almost 399 kilometres of surveyed cave passage,
with much more still awaiting discovery. Much of the cave
passage that has been explored to date is impressive river
cave, deep shafts and large ancient relic passage. These
features form cave systems equal in size and beauty to those
found anywhere else in the world, thus putting Meghalaya
firmly on the world-caving map as a significant Cave and
Karst Region.

In the achievement of the above the Caving in the Abode
of the Clouds Project is indebted to the help and support it
has received over the years from; the Meghalaya
Adventurers Association, the Government of India Tourist
Office (East and North East India) Kolkata; the Meghalaya
State Tourism Department; Officials and Government
Departments within Meghalaya; and, very importantly, the
People of Meghalaya. Acknowledgement must also be
given to the Ghar Parau Foundation, the Grampian
Speleological Group, the Mount Everest Foundation of the
UK and the NSS (USA) for their financial support at
various times.

However, the abundance of limestone and coal in
Meghalaya makes the state not only of interest to the caving
fraternity but also of interest to the commercial world, as
limestone and coal are valuable economic resources. The
initially small-scale extraction of limestone has in recent
years been replaced by large commercial operations seeking
to fuel economic growth in the region. To protect the
environment, the unique landscape, the natural history and
particularly the wonderful caves that are to be found within
the Khasi, Jaintia and Garo Hills. It is vital that the
limestone and coal is extracted in an environmentally
sensitive and sustainable manner otherwise irreversible
damage will be caused and these unique natural features
will be lost forever.
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CAVE EXPLORATION IN IRAN

Simon Brooks
C/o 11 Margery Close, Lodge Farm Chase, Ashbourne, Derbyshire, DE6 1GZ UK, Simonj.brooks@btopenworld.com

In the early 1970’s Iran was one of the British overseas expedition areas of choice with Ghar Parau becoming the best
known Iranian cave because it was the focus of two major UK Expeditions in 1971 and 1972 that were striving for a world
depth record. Using the funding left over from these expeditions the Ghar Parau Foundation (GPF), a UK Overseas
Expedition Granting body that has supported many UK overseas expeditions ever since, was set up, immortalising the
cave name Ghar Parau in the UK. This paper gives and overview of the Karst and Cave in Iran and then describes the
history of cave exploration by both Iranian and Foreign Cave Explorers. The paper then gives an overview on the multi-
national expeditions to Iran that took place in Oct/Nov 2006, October 2007, October/November 2008 and most recently
in November/December 2011 that have offer training, explored and mapped caves alongside Iranian cavers in many areas
across Iran. As well as touching on the exploration history of Ghar Parau (Iran’s deepest and most well-known cave) and
reviewing the rapidly developing caving scene in Iran the paper provides an insight to this fantastic county and its people.

1. Overview and early cave exploration in Iran

The Islamic Republic of Iran has an area of 1,648,000 sq kms
which is equivalent to 3x the size of France or 1/5 the size
of the USA. Of this land 11 % is Arable, 8% Forests, 47 %
Pasture and the remaining 34 % Deserts and Mountains. Iran
has a rich and complicated Geological structure with many
natural resources. Limestone comprising of Cretaceous,
Jurassic, Triassic and Mesozoic is present across many areas
with the greatest concentrations being found in the Alborz
Mountains in the North of Iran and the Zagros Mountains
that run down the SW flank of Iran. Within this limestone
many caves are to be found and to date there are in excess
of 2,400 known caves in Iran.

Iran is a very well developed country with a strong oil based
economy. Tehran, Iran’s capital city is very modern and
vibrant and the Iranian People generally enjoy a good
standard of living that involves many cultural, social and
sporting activities. Iran has a population of over 70 million
people with around 70% of the population being under 30
years of age. Iran’s geographical spread and geology mean
that within the country there is a great variety of landscapes.
These range from sub-tropical forests in the north, further
south and on the west, high mountain ranges and temperate
areas, and huge deserts and semi-arid areas in the south.

Systematic cave exploration began in Iran in 1945 when
members of clubs such as the Damavand Club from Tehran
and the Hamadan Mountaineers from Hamadad began
visiting, exploring and mapping caves. Early pioneers
included; Manocher Mehran, Marafat, Changiz Shelkli and
Yousef Nejaei. In 1995 a publication “Caves and Mountains
of Iran” listed over 250 caves.

In the early 1970’s Iran was a popular overseas expedition
area with Ghar Parau becoming the Iran’s best known cave
because it was the focus of two major UK Expeditions in
1971 and 1972 that were striving for a world depth record.
Following this the cave became the namesake of the UK
Overseas Expedition Granting body (the GPF) that has
supported many UK overseas expeditions ever since. In
1974 a Polish Team reached the bottom of Ghar Parau
where they confirmed that the cave had indeed finished. In
1973 Napier College Hydro-geological Expedition
surveyed 1,700 m in Ghar Sarab near to Hamadan. In 1979
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major political change in Iran made the country largely
inaccessible for foreigners and exploration activities ceased
until the mid 1990’s. However, from 1976 through to 2003
numerous Iranian caving and mountaineering groups visited
Ghar Parau with many reaching the bottom and some new
passages and a second entrance being discovered. In 2004
a team from Kermanshah Mountaineering Club succeeded
in getting a diver into the terminal sump which appeared to
quickly close down and become impenetrable.

In the mid 1990’s a Czechoslovakian team began exploring
the Salt Karst of Qesam Island in the far south of Iran where
they discovered Namakdan 3 which has subsequently been
extended to become the world longest Salt karst cave with
a length of 6,580 m. Regular on-going return trips to this
area have seen many more caves explored and mapped. In
2000 and 2001 a German-lranian and then a German-
British-Iranian team explored and mapped Ghar Alisadr,
Iran’s most popular show cave, yielding 11,400 m of
passage. In 2003 a German-Swiss-Iranian team explored
and mapped the majority of Katalehkhor another of Iran’s
fine show caves that at 12,860 m is currently Iran’s longest
known cave.

2. Recent cave exploration in Iran
A return to Ghar Parau — October/November 2006.

In late October through to early November 2006 a team of
21 cavers lead by Yuri Evdokimov from Russia on a visit
to Iran as part of the “Parau 2006 Expedition”. The team
consisted of 19 cavers from various parts of Russia and
Shary Ghazy an Iranian caver who then lived in Germany
and Simon Brooks from the UK. The Russians were a
strong and well-equipped team with good experience of
deep caves at high altitude, including participants from the
deep Krubera-Voronja Project. The main aim of the
expedition was to reach the bottom of Ghar Parau, dive the
terminal sump and climb avens etc in an attempt to extend
(deepen) the cave, and, if time allowed, visit and extend
Ghar Sarab in the Hamadan Area.

Prior to joining the main team Simon Brooks and Shary
Ghazy travelled down to Hamadan, meeting up with Yousef
Nejaei from the Hamadan Mountaineers (Sina) Club. Two
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days were spent in the Hamadan Area visiting the Ghar
Alisadr Show cave and Ghar Hizch (Hizch Cave, AKA
Ghar Hezej) where in excess of 520 m of dry horizontal
passage were mapped and photographed.

The Russians had been travelled overland from Moscow in
three very well laden vehicles and on the 29" October
arrived in Kermanshah where they set up a base camp.
Shary and Simon joined them, equipment was sorted, and
the following day the team began the ascent to Ghar Parau.
The weather in Kermanshah had been getting gradually
worst, cold with heavy rain and low cloud enveloping the
mountain tops. Laden with huge amounts of equipment
packed into massive rucksacks the team set off up the
mountain accompanied by Yousef Sornynia from the
Kermanshah Mountaineering Club.

Despite worsening weather, within two days, a forward
camp was set up on the Kul-e-Parau Plateau (Altitude
3,100 m) just 50 m from the entrance of Ghar Parau. The
team then began rigging the entrance pitches. Progress was
slow with pitches having to be re-bolted due to the
excessive amounts of water entering the cave rendering the
traditional (Those used by the 1971 and 1972 Expeditions
and apparently still used in the more recent visit by Iranian
teams) pitch hangs unsuitable. For the next few days the
Russians pushed onwards deeper into Ghar Parau as the
weather worsened, the temperature dropped to minus five
and it began snowing heavily. At a depth of around -400 m
the need to re-bolt/re-rig virtually every pitch and the
weather conditions indicated to the Russians that they were
quickly running out of time to reach the bottom of the cave,
dive the sump and climb avens. Somewhat disappointed and
frustrated they decided to cut their losses, de-rig Ghar Parau
and turn their attention to the many other shafts/entrances
on the plateau. Over 30 entrances a shafts were located,
some explored, with one reaching a depth of -100 m.

Meanwhile Simon Brooks and Shary Ghazy had descended
from the plateau and arrived back in Hamadan on 3"
November 2006 only to find the expected trip to the new
cave (Dodza Ghar/Smoking Cave) had been called off due
to a disagreement over ownership of the cave. As an
alternative a visit to Ghar Alisadr had been arranged to
assist the Hamadan TV Company in making a documentary
about the cave and about Yousef Nejaei who was one of the
original explorers of the cave in the 1960’s. The next day
the Hamadan TV Crew went to Ghar Sarab where yet more
filming was done. Ghar Sarab looking somewhat different
than it had in 2001 as a recently constructed irrigation
scheme taking water from the cave had succeeded in
lowering the water table in Sarab by over two metres.

On 5" November Simon returned to Tehran and then the
UK. Shary, Yousef and the Russians made a trip into Ghar
Sarab with the Hamadan TV Crew where they spent a
further two days exploring and filming, concluding that
there was a significant amount of un-surveyed and un-
explored passage remaining.

Iran 2007 — Caving with the Damavand Club and the
Hamadan Mountaineers.

Between the 10" October to 28" October 2007 Simon
Brooks (Orpheus Caving Club, UK) and Shary Ghazy
(DAV Frankfurt Germany) returned to Iran and joined
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members of the Damavand Mountaineering Club in Tehran
and the Hamadan Mountaineering Club in Hamadan on a
small caving expedition. Building on the contacts made in
2006 the expedition had two aims; the first being to
conducting more cave exploration in Iran and second being
to support and train Iranian cavers to survey and record
caves.

The training element ran throughout the expedition and
involved several aspects. These varied from lectures and
training workshops delivered to audiences of Iranian cavers
at the start, middle and end of the expedition. To back up
the training session the Iranian Team members put their new
skills into practice by actually surveying the caves that were
being visited/explored during the expedition. At the end of
the expedition a gift of a Compass, Clinometer, Tape and
Survey Book were made to the Damavand Club, both as a
thank you, and to enable the Damavand Cavers and caving
members of the Hamadan Mountaineers to continue to
practice and develop their surveying skills.

For the first part of the 2007 expedition Simon and four
members of the Damavand Club drove North of Tehran to
the town of Chalus on the Southern Coast of the Caspian
Sea where they spent three days visiting caves in this area.
On the way to Chalus, about one and a half hours North of
Tehran, Ghar Yakhmorad (Cave of the healing Ice) was
visited and 295 m of passage surveyed. This cave is well
known to the Iranian Cavers who use it as a site to introduce
people into the sport of caving. In the winter the cave
contains much ice and in the chambers in the lower parts of
the cave this remains throughout the year as green coloured
ice floors. Regretfully there was not time to complete the
survey of this cave but on subsequent visits Damavand Club
members have explored and surveyed it to over 700 m in
length. In the Chalus area itself the excellent Danal Cave
was explored. This fine resurgence cave was found to
contain over two kilometres of excellent streamway, many
side passages, one large chamber and one smaller but well
decorated chamber. During the visit to the cave some new
side passages were explored and many photographs taken.
Returning to Tehran a visit was made to the 400 m long Ask
Cave. This cave is again is well known to the Iranian Cavers
as a beginners cave and for its spectacular entrance that
looks squarely onto Damavand Peak, Iran’s highest
mountain.

After the visit to the Caspian Sea area, Simon returned to
Tehran and then he and Shary travelled to the North West
of Iran to the City of Mahabad where they were joined by
four members of the Hamadan Mountaineering Club. Here
accommodation and food was being provided by the
management of Sahoolan Cave, another of Iran’s fine show
caves, in return for accurately mapping the cave. Two days
were spent mapping, fully exploring and photographing the
cave that proved to be 771 m in length. It contained many
fine lake chambers which where surveyed using the boats
that take visitors through the cave. Leaving Mahabad the
Hamadan Mountaineers went directly to Hamadan whilst
Simon, Shary and Yousef Nejaei took a more leisurely two
day cross country route in order to visit the Kraftu Caves
and the Katalekhor Show Cave. The Kraftu Caves are well
known as an important archaeological site with the caves
multiple cliff entrances having been modified and adapted
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Figure 1. Looking out of the entrance of Ask Cave.

as homes in times past. However, what was not expected
was that behind the many cliff entrances lies a large and
very spectacular phreatic cave with many passages and
large chambers. Ghar Katalekhor is both Iran’s longest cave
at 12.8 kms in length and also a very beautiful and well
visited Show Cave. Accompanied by a cave guide many of
the main areas of the cave were visited and photographs
taken.

Arriving in the Hamadan Area a base was established in
Sarab Village and four members of the Hamadan
Mountaineering Club and one member of the Damavand
Club (Tehran) joined Simon, Shary and Yousef. The plan
was to re-survey the nearby Ghar Sarab where recent
extraction of water for irrigation had dropped the cave water
level revealing new passage in addition to those that had
not been fully explored by the Napier College expedition
in 1973. Over the period of the next five days two thirds of
Ghar Sarab was re-surveyed along with a significant
amount of new and uncharted passage, yielding around
2 kms of surveyed passage, leaving the cave far from
finished. Whilst in the Sarab Area, Shary and Simon,
accompanied by a group of cavers from Hamadan’s Azad
University, went to visit Dodza Ghar (Smoking Cave).
Dodza Ghar proved to descend very steeply through
boulders and down steeply inclined chambers to reach a
large and beautiful lake chamber where the cave is likely to
continue. 406 m of passage was surveyed with the cave
reaching a depth of 154 m. (In 2011 another 400 + m was
added to the cave by an Iranian team) Returning to Tehran
the final two days of the expedition were spent visiting
friends and caving contacts.

Iran 2008 — Exploration, Mapping and Training with the
Damavand Club and the Hamadan Mountaineers. Between
the 16™ October to 2" November 2008, Simon Brooks
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(Orpheus Caving Club, UK) returned to Iran and joined
members of the Damavand Mountaineering Club in Tehran
and the Hamadan Mountaineering Club in Hamadan to visit,
explore and survey caves in the North and Central West of
Iran. This visit built on the contacts made on visits to Iran
in 2006 and 2007 and followed shortly after an International
Speleological Expedition to Iran (ISEI-2008) that took
place between 23 September and 6™ October 2008.

The objectives of this trip were to survey and explored
Ghar-e-Danial (Danial Cave) in the Mazadaran Karst Area
on the southern edge of the Caspian Sea and to complete
the exploration and surveying of Ghar Sarab (Sarab Cave)
that is in the Hamadan Province in Central West Iran. The
second (and arguably the more important) objective was to
explore caves in Iran with the Iranian cavers and continue
the training and support of them in the skills of surveying
and recording.

Saturday 18" October saw the first day of surveying in
Ghar-e-Danial where 274 m was surveyed in the entrance
passages and into the large Talar-e-khoffash (Chamber of
the Bats) that lies some 200 m into the cave. The following
day another 300 m of cave passage was surveyed including
the Talar-e-khoffash chamber. This large breakdown
chamber (60 m by 110 m) rises steeply from the streamway
over a mass of boulders which are descended on its far side
to join the streamway again. By the end of the third day of
surveying another 380 m of excellent river passage,
cascades and streamway were surveyed from Talar-e-
khoffash to just beyond the “duck” at Gozar-e-Javaanshaad.
Gozar-e-Javaanshaad is a very significant point in Ghar-e-
Danial as it is the point where the cave was originally
thought to end. However, a caver by the name of Ali
Javaanshaad passed this obstacle many years ago to reveal
a substantial amount of cave beyond. To an experienced
caver the significance of what lies beyond this obstacle is
all too apparent by the howling draught that greets you as
you prepare to pass through this classic “chin-in-the water”
duck. The following day another 364 m of yet more
magnificent and varied stream passage was surveyed to
reach the beautifully decorated Talar-e-Rizan (Rizan
Chamber/Chamber of fallen blocks). Wednesday 22
October saw a brilliant 11.5 hour long trip surveying from
Talar-e-Rizan to the small chamber that marks the known
end of the cave. This yielded another 833 m of surveyed
passage, but due to shortage of time left several side
passages un-surveyed. In four days Ghar-e-Danial had

Figure 2. Talar-e-Rizan Chamber, Danal Cave.
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yielded 2,158 m of excellent passage and when the
remaining side passages are surveyed is likely to be in
excess of three kilometres in length. It is a superb, varied
and spectacular river cave and more significantly is likely
to be one of many in this part of Iran.

On the morning of the 25" October Simon Brooks travelled
down to Hamadan on the bus for the second part of the trip
which was to continue the exploration and surveying of
Ghar Sarab. Meeting up with a team consisting of; one
member of the Damavand Club: six members from the
Hamadan Mountaineers and a caver from Esfahan, the rest
of the day was then spent in Hamadan meeting friends,
discussing plans and making preparations for the on-going
exploration and surveying of Ghar Sarab. The following
morning the team left Hamadan and arrived in Sarab Village
to establish a comfortable, albeit unusual, expedition base
in the village Mosque.

Over the period of the next five days the nearby Ghar Sarab
was photographed, surveyed and extended adding 1,176 m
of new passage to the cave taking it to 2,959 m in length.
Surveying was done in two teams with Eshan Jabbar
leading one and Simon Brooks the other and the Iranian
team members putting the surveying skills they had
acquired in 2007 into practice by surveying the cave. The
Iranian team member quickly gained competence in cave
surveying, proving they were fast, accurate and enthusiastic.

On Thursday 30" October the team packed, tidied the
Mosque and took a car back to Hamadan. Over the next two
days Simon Brooks gave lectures and ran workshops on
cave exploration, recording and surveying to group of caver
in both Hamadan and Tehran.

Before leaving Iran a set of surveying equipment consisting
of a Suunto Compass and Clinometer, Tape and a Survey
Book was given to both the Damavand Club and to the
Hamadan Mountaineers. This was to say thank you and
most importantly enable them to continue to practice and
develop their surveying skills. Reports and surveys from
Iran indicate that they are making good use of this
equipment.

During the course of the 2008 expedition 2,158 m was
surveyed in Danial Cave (Ghar-e-Danial), 13.6 m in Ghar
Danial Kuchik (Small Danial), 9 m in Ghar-e-estakhr Danial
(Pool Danial) and 1,176 m in Ghar Sarab taking the latter to
2,959.8 m in length.

3. 2001 Expedition to Iran

Between 17" November and 3 December 2011 Simon
Brooks and Shary Ghazy returned to Iran where they visited
numerous karst areas in the vicinity of Nisaboor, Mashad,
Kerman, Esfahan and Hamadan, met Iranian caving groups
and assisted them in exploring, recording and mapping
caves.

The first area visited was the Chah Nasar Area that lies to
the south of Nishaboor in NW Iran. Here contact was made
with a local caving groups and a small cave, Ghar Chah
Nasar, was surveyed yielding a modest 62.8 m of passage
with a vertical range of 20.8 m. To the north of Nishaboor
a cave known as Ghar Shakh was explored, surveyed and
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photographed to yield 195.5 m of passage with a vertical
range of 48.5 m. This cave situated near to the summit of a
mountain contained 3 pitches and some very well decorated
chambers. Travelling onward to the Mashad contact was
made with local cavers and Ghar Kardeh that lies near to
Kardeh Village to the north of Mashad visited. In this cave
the team split into two groups that together surveyed 336 m
in Kardeh’s labyrinth of passages. Subsequently return
visits by the Iranian teams have more than doubled its
length.

Figure 3. Formations in main chamber of Ghar Shakh.

Leaving Mashad and traveling by bus to Berjand another
caving contact was met and using his car the impressive
Dasht-e-Lut (Iran’s largest desert area) was crossed to reach
Kerman. Here contact was made with a local caving group
and the following day the team drove to the town of Sirjan
and then made a 1.5 hour desert crossing to reach Ghar Uta
which had been found and partially explored by the group
within the last year. Here the 33 m entrance pitch of the cave
was descended, photographs taken and a small amount of
surveying undertaken in the large dry breakdown chambers
that form the bulk of the cave. Moving on from Kerman to
Esfahan contact was made with a group of Esfahan cavers
and a cave known as Ghar Kalaroud that lies some 1.5 hour
drive north of Esfahan, near to the village of Kalaroud
visited. Surveying over period of two days saw 521 m of
passage surveyed in this fine cave. This cave has
subsequently been extended by over a kilometre.

In Hamadan contact was made with members of the
Hamadan Mountianeers and another caver and a camp
established in a house in the village of Sarab. From here
Ghar Sarab was accessed and the remaining sections of the
cave un-surveyed by the 2007 and 2008 visits were mapped
taking Ghar Sarab to 3,250 m in length. Returning to Tehran
a party to celebrate Mr Chengis Shelkli’s 84" Birthday and
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60 years since the establishment of Iran first caving group
was organised. This also served as a goodbye event for
Simon and Shary.

4. More recent exploration

The 2003 Iran Cave Directory (1%t Edition — Berliner
Hohlenkundliche Berichte) listed 850 caves and around this
time interest in caving and cave exploration by Iranian
cavers started to increase. In 2011 the “Iran Cavers and
Speleologist Association” (ICAS) was established and more
importantly a plethora of small independent caving groups
were becoming increasingly more active. The 3" edition of
the Iran Cave Directory (2012) listed over 2,000 caves with
the actual number of known caves being in excess of 2,400.

The rise in the number of small independent caving group
and the availability of more cave related information and
equipment has meant that caving is becoming a more
popular activity in Iran. This is putting increasing pressure
on some of Iran’s most accessible and popular caves which
are being sullied by discarded rubbish consisting of bits of
clothing, food and drink containers and most significantly
kilometres of plastic string which many groups use to find
their way in and out of the caves. To address this situation
and to encourage groups to care for the caves one of the
very positive spin-offs from ICAS has been the promotion
of the Annual “Iran Clean Caves Day”, now in its 4" year
with the recent 2012 event taking place on 23" September.
This was again very successful in all respects involving
over 50 groups who removed rubbish and other discarded
items from various caves all across Iran.

In November 2012 the Naghshe Jahan Caving Club from
Esfahan located and explored Ghar Do-Sar (Two Heads
Cave). Descending and initial 19 m entrance shaft and a
final 90 m pitch into a huge chamber. This was carefully
surveyed and confirmed that with a length of 385 m and a
width of 265 m giving a floor area of over 81,000 m sq. it
is currently (May 2013) ranked as the world’s 4" largest
chamber. Both the quality of the survey and the
photographs are testament to rapidly developing
competence of the Iranian caving fraternity.
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CAVE EXPLORATION IN PAKISTAN

Simon Brooks
C/o 11 Margery Close, Lodge Farm Chase, Ashbourne, Derbyshire, DE6 1GZ, UK Simonj.brooks@btopenworld.com

Pakistan’s rich and varied culture, sometimes-sensitive geo-political situation and variable infrastructure can make the
search for caves within its extensive areas of limestone a challenging experience. With regular systematic cave exploration
only taking place from 1990 onwards and most recently in April/May 2006. The 2006 Expedition saw a total of 14 caves
explored and surveyed to yield 531 m of cave passage that took the total number of surveyed caves in Pakistan to 127
with a combined passage length of 6,230 m. This lecture gives an overview of the karst and caves in Pakistan and describes
the exploration that has taken place within this fine country from 1990 to 2006.

1. Introduction

Pakistan’s rich and varied culture, sometimes-sensitive geo-
political situation and variable infrastructure can make the
search for caves within its extensive areas of limestone a
challenging experience.

Pakistan, covering an area of 803,944 sq. kms, stretches from
the Arabian Sea up to the high mountains of Central Asia.
Much of the country is mountainous with the mountain belt
stretching from the Karakorum Range in the north to the
Sulaman Range in the south/south west of the country. Within
this long chain of mountains are some significant areas of
limestone and karst that ranges from Triassic through to
Eocene in age. In the Karakorum Range in the very north of
the country, between the villages of Passu and Sost, very hard
and highly marbleised limestone have yielded some small
caves, seldom more than a few tens of metres in length. The
Chitral District also in the north has limestone but only a few
very small caves. Immediately north of Islamabad are the
limestone Margella Hills in which just over a dozen small
single chamber caves have been found whilst to the north of
Islamabad, between Muree and Abbottabad, is a large block
of limestone that also contains some small caves. To the north
and south of Peshawar lie the tribal areas of Karran and
Waziristan, both of which contain extensive tracts of
limestone and some caves. Small caves have been recorded
in the Khyber limestone that form the walls infamous Khyber
Pass. The largest areas of limestone and karst are found in
the semi-arid state of Balochistan. This comprises of
limestone surrounding the former hill station of Zairat,
mountainous limestone’s surrounding the provincial capital
of Quetta and the limestone’s of the Kalat Plateau further to
the south. It is here the largest and deepest caves are to be
found. Pir Ghaib Gharra situated in the Bolan pass being the
longest with 1270 m of passage and Kach Gharra near to
Zairat with a passage length of 353 m and a depth of -127 m.
The latter at an elevation of over 2,200 m asl, near the top of
limestone that is well in excess of 1,000 m thick give an
indication of the depth potential that may exist in Pakistan.

2. Cave exploration 1990 to 2006

Much of the systematic cave exploration in Pakistan has
been conducted from 1990 onwards by British Groups
(Orpheus Caving Club, Derbyshire, UK) working in
Partnership with Pakistani Cavers and Mountaineers based
in Quetta (Brooks 2001).
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The first 1990 expedition was a reconnaissance that visited
all the major karst areas in Pakistan and made some useful
contacts with officials and groups in Pakistan. In the
Karakorum Range in the very north of the country, between
the villages of Passu and Sost, very hard and highly
marbleised limestone have yielded some small caves,
seldom more than a few tens of metres in length. In North
West Frontier Province to the north of Peshawar the
impressively sized Kashmir Ghara. In Balochistan the Pir
Ghaib Ghara caves were located and explored for 90 m and
the exploration of Bartozai Ghara begun.

Figure 1. Siygazi Ghar, Balochistan, Pakistan.
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This was followed by another expedition in 1991 when a
small group of three British Cavers made contact with local
Pakistani Cavers/Mountaineers from the Quetta based
Chiltan Adventurers Association along with good contacts
in the Tribal Area’s of Balochistan in Western Pakistan. In
North West Frontier Province several caves were explored
in the Khyber Pass Area. In the Margella Hills to the North
of Islamabad Mohra Muradu Cave was explored for 148 m.
In Balochistan Pir Ghaib Ghara was extended from 90 m to
250 m, several small caves were explored in the Ziarat Area
and Bartozai Ghar explored for 250 m.

November 1994 saw a small team of three British cavers
return to Balochistan and the Margella Hills to the North of
Islamabad. These early expeditions had identified the main
caving areas, which between them had yielded some 2.2
km’s of cave passage divide between 43 separate caves.
Significant discoveries in Balochistan on this trip the
extension of Pir Ghaib Ghara No 1 its previous 1991
surveyed length of 250 m to 512 m and the exploration of
Bartozai Ghara to 330 m in length. Whilst in the Margella
Hills several small single chamber caves were explored
none of which were more than 100 m in length.

October/November 1997 three British and one German
caver joined forces with members of the Quetta (Pakistan)
based Chiltan Adventurers Association as part of the 5%
Pakistan Joint Mountaineering and Cave Exploration
Expedition. Over a three week period 30 new caves were
explored and Pakistan’s longest cave (Pir Ghaib Ghara
No 1) was extended from its previous 1994 surveyed length
of 512 m to a significantly longer 1,270 m. This has firmly
established it a both Pakistan’s longest cave and the first
Pakistan cave to exceed 1 km in length

November 2000 a team of five cavers from the UK (mostly
from the Orpheus Caving Club, Derbyshire) joined with
members of the Pakistan based Chiltan Adventures
Association (Balochistan) to participate in what was
described as the “7'" Pak-Britain Mountaineering and Cave
Exploration Expedition 2000” during which the expedition
explored over 20 new caves in the mountains of the tribal
areas of Balochistan (Western Pakistan). Over the three
weeks of the expedition over 1.7 km’s of new passage was
explored and surveyed. Significant finds of the expedition
included the impressive Murghul Ghul Gharra (Cave of the
Bats Shit) located in the Harnai District that with a large

Table 1. Pakistan Longest and Deepest Caves — May 2013.

chamber measuring 40 m wide by 90 m long and 580 m of
surveyed passage became Pakistan’s second longest cave.
Other significant finds included Kach Gharra (Kach Cave)
located on the Peil Ghar Mountain (Elephant Mountain) that
contained a 35 m entrance pitch and an impressive 70 m
second pitch. With 350 m of passage and a depth of 127 m
it is Pakistan’s deepest cave to date. In October 2000 the
Pakistan Cave Research Association was formed to further
cave exploration and research in Pakistan. Based in Quetta
this organisation has very close links with the department
of Geology at the University of Balochistan and Geological
Survey of Pakistan also based in Quetta.

The most recent expedition in April/May 2006 saw a total
of 14 caves explored and surveyed to yield 531 m of cave
passage. Significant finds on this visit included Lamboor
Cave situated in the Aghbaragh Mountains to the west of
Quetta that is truly unique in Pakistan being the only known
active resurgence cave that has been found to date.
Although only having 48 m of passage the cave begins as a

Figure 2. Vadose Streamway, Lamboor Cave, Balochistan.

chest deep canal that opens into a chamber containing a
waterslide and a short section of vadose streamway.

North of the town of Sharigh that lies on the Southern side
of the Ziarat (Khalifat) Mountain range two small dry caves
were explored, Ghwa Ghara (Cow Cave) at 50 m in length
and Sharigh Ghara (Sharigh Cave) at 34 m. At a location to
the North of Sharigh two more caves were explored, Killi
Parri Ghara (Cave) at 94 m in length of passage and many
with fine formations and a second cave, Farishta Wazzar

Cave Name Location/State Surveyed Length
Longest
1 Pir Ghaib Ghara Balochistan 1,270 m
2. Murghul Ghul Ghara Balochistan 580 m
3. Kach Ghara Balochistan 353 m
4 Bartozai Ghara Balochistan 330 m
5 Mohra Muradu Ghara North West Frontier Province 148 m
Deepest
1. Kach Ghara Balochistan 127 m
2. Maraan Ghar Ghara Balochistan 52.2m
3. Siyazgi Ghar Balochistan 489 m
4. Shabaz Sah Ghara Balochistan 33m
5. Thaan Ghara Balochistan 32.2m
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Ghara (Angles Wing Cave) began with an 11 m pitch and
again had many fine formations, one of which provided
inspiration for the caves name. In the Loralia Area six small
caves were explored in the remote Draggi valley whilst near
to Loralia itself Pathan Coat Ghara (Cave), AKA Shipana
Ghara (Shepherds Cave) proved to be somewhat larger with
87 m of passage an impressive entrance and a good sized
chamber. On the summit of the impressive Siygazi Ghar
(Siygazi Mountain) Siygazi Mountain Siygazi Pot was
explored and surveyed to yield 102 m of passage. At
2,470 m altitude this is the highest known cave in
Balochistan to date.

3. Summary

To date there are 127 recorded caves in Pakistan with a
combined passage length of 6,230 m. The sometimes-
sensitive geo-political situation and variable infrastructure
will continue to make the search for caves within its
extensive areas of limestone a challenging experience.
However the positive collaboration that has been formed
between the Orpheus Caving Club (UK) and the Pakistan
based Chiltan Adventurers Association (Balochistan) and
various government agencies is likely to lead to more
discoveries and a better understanding of the Pakistan Karst
and Caves.
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CLUB OF CLIMBERS AS ABASIS FOR TRAINING PROCESS OF CAVERS

Anatoliy Bulychov, Tatyana Sorokina
Novosibirsk State University, Pirogova str. 2, Novosibirsk 630090 Russia, bull@ngs.ru

Abstract. An exploration of Altai and Sayan (Russia) karst massifs by efforts of our Club was began in 1978 and has
given a discovery of the most technically difficult cave in Siberia (Altaiskaya Cave, almost 3 km of a vertical section to
climb up or descents) and the deepest one (Kektash Cave, -350 m), as well as a result in a significant contribution to the
Big Oreshnaya Cave (totally about 50 km length), the longest in the world and complicated, various in structure labyrinth
in conglomerates. All discoveries were possible to perform owe to a special climbing preparation and trainings on a base
of the Club of climbers of Novosibirsk State University. For the exploration needs a geophysical prospecting method was
elaborated to benchmark near surface cavities.

AbctpaktHast. MccenoBanne kapcToBbix MaccuBoB Antast u Casta (Poccust) ycwmusmu Hamero Kiry6a naganocs B 1978
TOJIY ¥ JIaJI0 OTKPBITHE CAMOM TEXHHUIECKH CIOKHOM Ternepsl B Cubupw (memepa Antaickas, mouTH 3 KM MPOTHKEHHOCTD
Ja3aHus BBEPX WM CITYCKOB) M camoii rybokoit memieps! (memepa Kékram, -350 M), a Tak:ke BHECIIO 3HAUHTEIbHBIH
BKIan B memiepy bombmas Opernast (oOmias mamwHa okomo 50 KM), camblif TPOTSDKEHHBIN B MHpPE, CIOKHBIN,
Pa3sHOOOPAa3HBIN IO CTPYKTYpPE JIAOUPHHT B KOHITIOMeparax. COBEPIINTE BCe OTKPHITHS 0Ka3aJloCh BOSMOKHEIM Oaromapst
CTeTIMATFHON CKaIoIa3HOH MMOATOTOBKE M TpeHHpoBKaM Ha 0aze Kiryba ckamomazos HoBocubupcekoro ['ocynapcTBeHHOTO
YHauBepcutera. [y nccnenoBaTenbCKUX Hy K/ ObUT pa3paboTaH pa3BeibIBaTEIbHBIN re0()hn3ndecKuil METOA T OTCEUKH
0IM3ITOBEPXHOCTHBIX MENIEPHBIX ITyCTOT.

1. Introduction as a net of cracks and faults significantly developed (I{prxusa
1990). Geomorphologic position of cave massif is favorable

Peculiarity of caves in Siberia consists in a necessity of ¢, penetration and movement of underground waters.
either free or aid rock climbing. Our Club members

appeared to be one of the first in the world who had been

practicing in 70" an aid technique of sheer wall ascents 3. Premise

inside caves (Bulychov 1999). To get to the large sub-

horizontal storeys discovered one has to climb up as high  Our Club was organized as a large group of scientific

as 40-180 m hanging walls using a serious mountain skill.  researches of Academic institutes of famous Academic town
and students of well-known University who were infatuated
in rock-climbing and cross-country skiing. We preferred to

2. Geography and geology climb outdoor, so once found out caves in Siberia to be a

) ] perfect object to enjoy a long pitching climbs (one of the

Altaiskaya and Kel_<tash caves are located in 15km to the  past training ground occurred to be Torgashinskaya Cave

north-west from village Kamlak on Seminsky range of  jtated near the border of the city Krasnoyarsk). We

mountainous Altai on the plateau “Clean Swamps™. Altitude  yoticed having a good climbing skill makes passing of a

of an entrance is 800 m; basis of erosion is 380 m. Rocks  sportive route in a cave much faster.

in caves are presented by dense limestone of low Cembriy

of blue color. Abundant net of faults results in many leveled

complicated system of galleries, passages, former ancient 4. Training routine

streams and contemporary rivers. o .
Cycles of our training process are conditioned by local

Big Oreshnaya Cave is located in 3 km to the east from  weather. In Siberia usually there is 6 months snow cover,
village with the same name in Mansky region of East so a year is commonly divided to a winter season and not
Sayan. Altitude of an entrance is 590 m; basis of erosionis  winter one. That’s why we are fond of cross-country skiing
350 m. The cave is developed in brown-red conglomerates  as there is nothing to do else in a sense of moving activity
of Lower Ordovician with significantly contained limestone  but in turn, we live among marvellous forest and still can
and dolomite pebbles filled in gravelites of quartz-calcite-  enjoy a transparent clean air, fir-trees, pines, cedars, lovely
dolomite material. There are lots of lakes, streams with  prepared ski treks. Skiing is incentive for endurance and
temporary or continuous water flow, several sumps, a  stamina. So in winter all of us are going for race skiing at
number of gaps, shafts, huge faults, many places with |east 3 times a week, least 15-20 km every time, and 1 time
beautiful draperies and stalactite cascades. Much clayey-  a week is dedicated to indoor rock climbing (2 hours of
sand-aleurite material is located everywhere on a floor of  pleasant training). In not winter season, contrary, only 1
cave passages and grottos (Tsykin 1985). There are no  time a week is devoted to a race cross-country running and
distinct storeys in the cave. Labyrinth is very intricate, 3 times (3 hours every) are disposed to outdoor rock
tangled and too complex. A reason of rare karstification of  climbing. Supplementary, every day morning and evening
conglomerates may be in a high porosity of rocks as well  exercises (half of hour every) are certainly compulsory. The
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schedule of trainings is the same for any age of a Club
member (no matter, 16 or 55 years old he/she is), intensity
and loading are relevant to a rank of functional readiness
(usually it depends on an age but not strictly correlated). If
one is a sportsman it is mandatory to pass current medical
reviews and a deep medical exam before every expedition.
Regularity, permanency, execution of prescribed tasks of a
coach appears to be an irrefutable statement of a training
process.

Determined daily regime (sleep, work, training, relax),
nourishment (correct and balanced), neither harm habits nor
bad addictions are also necessary to follow.

As a rule we proceed mostly a free climbing either leading
or top belay. But recently more aid climbing is demanded.
In cave to ascend 40-180 m hanging face is mandatory to
use a wide range of mountaineering technique such as storm
climbing stairs, telescopic platform, cams, nuts, rock-fifi,
rurks, sky hooks, pitons, bolts, etc. Experienced Club
members are generally prepared to lead on rocks 6¢+, 7a,
A2/C2, to ascend in mountains V, TD.

5. Geophysical method

To benchmark emptinesses situated close to a surface
(5-10 m depth) the seismic-electric effect method was
elaborated (Bulychov 2000). The source of elastic waves is
repeated blow of a heavy sledge-hammer. The working
frequency is 200-500 Hz. The receiver consists of grounded
electrodes and sensitive magnetic film. Compared with
other methods the advantage of the treatment of a signal of
reflected waves in terms of our method is that the signal is
distinctly traced on a receiver in such field conditions
(Sorokina and Bulychov 2000).

6. Results

Our climbing skill allowed us to make the first significant
success in 1978 in Big Oreshnaya Cave. We overcame up
the waterfall “Adventure” against a water flow and found
spacious system of galleries with rare calcite flowers. In
1988 the author climbed up 70 m sheer wall with a help of
Struchkov Igor and discovered three tremendous systems
“Strem-Lotos-Siberian”. In 1994 the author climbed up
40 m hanging face above the bottom Sump with an
assistance of Badazkov Dmitry and discovered the large
system “Overlake”.

The mentioned seismic-electric effect (Bulychov 2002)
geophysical method used helped in Big Oreshnaya Cave to
predict from a surface the system “Zastrem” that 1 year
later, in 1993, was discovered by Shundeev Sergey. Some
grottos of this system are located very close to a surface, in
some places in 2.5-3 m.

The most appreciable discoveries were made in Altaiskaya
Cave in 1982, 1986. 1988, 1996, 2008, 2010, etc. This cave
is outstanding for its high (40-180 m) sheer or hanging face
ascents in order to get upper storeys from lower ones. Aid
climbing, the most one, combines with free pitching. To
make a complete sport route a strong group is demanded at
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least 10 days to spend inside the cave. Huge shafts climbed
up are definitely memorable — Giants (110 m), Birth day
(170 m), named in memory of Olga (180 m), Tube (70 m),
4™ Sump (30 m), Sphinx (30 m), Red-White (25 m), Merry
river (several 30 m), Old river (several 40 m), etc.

In Kektash Cave in 1997 the final mud sump was overcame
by upper gallery, as a result the deepest point in Siberia was
achieved (-350 m).

7. Ethics, philosophy

A sense of caving (and any sport) is implied in our Club to
gain bright colors of life, to be wise and wealthy (spiritually,
of course not to context of money), to sustain a healthy way
of life.

Cruelty in usual sports can result in bruises, damaged joints,
tendons, knuckles, broken bones. We suppose a cruelty
(even meanness) in caving (and mountaineering) is believed
to jeopardize mates or one by instigating to stamped to do
insane brave exploits for vanity. A cost of a mistake made
here can be a lost life.

We advise our young members to never prevail upon
themselves, no heroism but to be sober, prudent and to
enjoy a training process and being on nature. In expedition
one has to be courageous to retreat if ominous danger is
evident or already foreseen. We appeal to overcome a route
not due to a desperate audacity but according to a skill and
experience that are being improved by regular and
persistent trainings.

8. Conclusions

We have performed a school of cavers as far as our
followers in face of young generation have continued our
life’s work. They have discovered in Altaiskaya Cave by
means of climbing up the new large system “Through
blackthorns to the stars”, found out and explored the new
large “Kat-Shu Cave” near the Teletskoye Lake (Shwarts
2012), investigated many other (not so large yet) caves.

In general speleology and caving have a boundless potential
to bring up young generation in harmony with a peace, to
enhance a social cognition, self-perfecting, feeling a balance
and serenity on nature and in daily life.
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Since 1998, ongoing exploration in the Hueytamalco area (State of Puebla, Mexico) was carried as a joint collaboration
between Italian and Mexican cavers. The results of these activities are summarized in the following paper. In time, several
caves have been explored, the biggest of which have been recognized as belonging to a single karst system, called
“Atepetaco karst system”.

At present the system reaches 12,100 m of total surveyed length and 222 m of depth. However the total length of the
system could be further increased by finding new connections with other caves which shows hydrological connections to
the main system and with new explorations.

The caves referred to the “Atepetaco karst system” are carved in the San Pedro Fm. limestones of the Upper Jurassic,
affected by orthogonal fracture systems and reverse low-angle faults.

Topographic surveys, photographic and cinematographic documentation were collected during each expedition including
geolithological and hydrological analyses in the area (15 km?). Preliminary archaeological and biological observations of
the explored caves were also obtained. Some archaeological findings have been delivered to the University of Mexico City.

Several conferences were organized for the public opinion in order to show the features of the different caves of this area,
and to highlight the issues related to the vulnerability of karst aquifers.

1. Introduction was connected to Resumidero de Miquizco, the system then

) ) ) ) reached 2.3 km with 5 entrances. The Resumidero de
In this work, we intend to summarize the main results Miquizco and Cuevas Viento — Mama Mia (up to 6.9 km)
achieved during S speleological —expeditions N gystems were only 25 m apart (Rossi et al. 2012). In 2012,

Hueytamalco area, (State of Puebla, Mexico) occurred in the Cuevas Viento — Mama Mia was connected to Miquizco
1998, 2002, 2008, 2010 and 2012, in the frame of a project system, by overcoming a landslide and a sump. Few days

called Tlaloc. During these expeditions, thanks to the joint  after Cueva de Las Lagartijas up to 800 m long was

efforts of cavers from Sicily, Lombardy and Mexico, many  -onnected to the same system (Rossi et al. 2012).
cavities were discovered. ) _

. . . The latest explorations allowed to better define the
These cavities were initially explored as independent caves  oytensions and characteristics of the “Atepetaco karst

but sybsequen?ly exten_sively connected to each other, system”. Surveys, photographic and cinematographic
allowing to delineate a single complex, named “Atepetaco  qocymentation were collected including the realization of

system”. This system is 12,100 m long and 222 m high. In  geqjithological and hydrological analyses of the area
1998, Resumidero de Miquizco was explored, discovering (15 km?).

3 entrances with a total length of 1.5 km. In 2002, the Cueva

de Los Cochinos was also explored (500 m of total length). Preliminary archaeological and biological observations of
the explored caves were also obtained. Some archaeological

findings have been delivered to the University of Mexico
City. In addition, a remarkable sensitization campaign of
the public opinion (on issues related to the vulnerability of
karst aquifers) was conducted.

In 2008, the entrances of Cueva del Viento and Cueva de
Mama Mia were discovered and during the exploration, the
two caves were connected. The length of the system reached
5.5 km with 4 entrances (lemmolo et al. 2008). In 2010
Cueva del Camaron (600 m), partially explored in 2002,
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2. Geographical and geological settings

The site studied is located in the north-eastern zone of the
Puebla State (Mexico) in the proximity of the village
Atepataco, in the Municipality of Hueytamalco. The area is
included between the UTM zone PT 0674000 — 0677000 E
and UTM 14Q PT 2205000 — 2209000 N. It is part of the
tectono-stratigrafic system of the Cuenca Sierra Madre
Oriental of the Terreno Maya. Surface and underground
explorations allowed to recognize the sequences of the
outcropping and sub-outcropping litho-stratigraphic units
(Confortini and Marsetti in press).

Jurassic). This formation is composed of a sequence of dark
grey calicilutites, blandly stratified in parallel beds, with an
alternation of thin marly limestone layers, with lens and
nodules of chert. Occasionally, it is possible to find in the
sequence, layers rich in ammonoids, echinoids, bilvalves
and corals. This formation, is generally sub-outcropping
and visible along road trenches, (e.g., in the proximity of
the Rancho Viejo sink cave).

The complex of carbonatic rocks is eroded on the top
showing a unconforbable contact with the above volcanic
unit. The unit is located on the central part of the studied

Figure 1. Location and geological map of the investigated area (after SGM — Servicio Geologico Mexicano).

The oldest unity of the stratigraphic sequence is the
Cahuasas Fm (Middle Jurassic, JbjbLm-Cgp in Fig. 1) which
irregularly outcrops in the investigated area. It is composed
of non-karstifiable terrigenous rocks with fine and massivily
bedded pinky-beige sandstones, with clasts of quartz. The
sandstones gradually evolve into reddish marls with thin
beds dipping towards NNE and average value of 15°.

The following unit, hosting the karst system, is composed
of carbonatic rocks with two distinct comformable
formations in gradual transiction. The lowest formation,
San Pedro Fm, (Upper Jurassic, JkCz in Fig.1), is composed
of a sequence of grey-beige compact layers of calcirudites
with metric thickness. In some isolated cases, white bio-
calcirudites with gasteropods and broken coral fossils can
be found in the San Pedro Fm. These corals are occasionally
substituted by iron oxides. Decimetric nodules of grey or
black chert can be found at the bottom of the sequence.

The Atepetaco and Las Piedras villages are located on the
tabular relief belonging to the San Pedro Fm. This relief is
characterized by pinnacular karst. In the estearn sectors, in
the proximity of the Rio La Garita river, the carbonatic
outcrop is delimited by morphoselective scarps ten of
meters high.

The upper part of the unit, which is not indicated in the
geological map because of the little extensions of the
outcrops in the area, is part of the Pimienta Fm. (Upper
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area dipping towards NE with average values between
5 and 10°. The monoclinalic setting of the carbonatic rocks
can be associated to the uplift of the East Cuenca Sierra
Madre occurred during the Cenozoic.

The youngest formation is formed of Cenozoic vulcanites
mainly composed of andesitic tufa and breccias of the
Andesita Teziutlan Fm. (Pliocene, TplA-TA in Fig. 1), and
of ignimbrites with rhyolitc tufa of the Ignimbrita Xaltipan
Fm. (Pleistocene, Qpgtlg-TR in Fig. 1).

The contact with the underlying units is erosional
confirming the existence of a long phase of subaereal
remodelling of the sedimentary sequence. Highly alterated
pyroclastic deposits, with cineritic matrix and centimetric
pomice, can in places overly the summit of the limestone
relief with discontinuous and thin covers. These deposits
can partly fill some entrances of the karst system.

2.1. Water analyses

The water analyses (temperature, Ph, conductivity) were
carried out during the surveys of the caves, along the
resurgences located in the proximity of the Rio La Garita
river. The temperature of the air circulating into the caves
varies between 19-21 °C, influencing the temperatures of
the internal waters which vary from 18 in the deepest part
of the caves to few degrees higher, closer to the surface. The
Ph values vary from 6 in the proximity of the surface where
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the waters circulate around volcanic rocks overlying the
carbonatic rocks, to a value of 7.5 in the subterranean waters
of the deepest part of the caves and in correspondence of
the resurgences. The electric conductivity changes from
30 mS for the superficial waters, to 50 mS in the deepest
part of the cave, reaching a value of 170 mS in the
resurgences. A decrease of the ph and conductivity values
can be attributed to water inputs from the surface to the
underground system circulating through the sink caves
and/or dolines.

3. History of the explorations

The expeditions of the Tlaloc prject in the Puebla State
(Mexico) started as a collaboration between cavers from
Sicily (Speleo Club Ibleo, SCI) and Mexico City (group
Union de Rescate e Investigacion en Oquedades Naturales,
URION). In 1998, the area of Teziutlan (Puebla), in the
municipality of Huyetamalco (Puebla) became of interest for
the expeditions. In this area the entrances of two caves, the
Cueva de Las Lagartijas and the Resumidero de Miquizco,
were already known and the latter one, was already explored
for a initial length of 1.5 km (see Table 1 for up to date total
length and depth values of the explored caves).

In 2002, new activities were organized along with
continuing the expeditions into the already known caves.
The caves of Cueva del Cocinero (190 m of total length L,
-57 m of depth D) and Cueva de Los Cochinos (500 m L,
-80 m D), were discovered and explored. Several new
entrances were located among which the entrance of Cueva
del Camaro6n (Pannuzzo et al. 2003). In 2008, two new
caves were discovered, these caves were named Cueva del
Viento e Cueva de Mama Mia, in a short lapse of time these
cave were connected reaching a total length of 5.5 km
(Pannuzzo et al. 2008; Dominguez-Navarro et al. 2009).

A continuous exploration activity was carried out in 2008,
especially focussing on the Resumidero de Miquizco and on
the Cueva de Los Cochinos (explored for a further kilometer
in depth and reaching -80 m). Meanwhile three new small
caves were discovered (Huertas Tri, Cueva Gloria,
Enchonada). In 2010, the new-born system, Cueva del
Viento — Cueva de Mama Mia reached 6.9 km of total lenght
with 4 entrances. A distance of 25 m divides this system
from the Resumidero de Miquizco which, thanks to the
junction with the Cueva del Camardén and new explorations
campaigns, reached a total of 2.5 km and 5 entrances.
Surface search activities allowed to discovered new minor
caves such as the Cueva de Victor, the Cueva de la Pequefia
Agonia, the Embudo de Rancho Viejo.

In 2010, the Sotano del Sendero, discovered in 2002, was
explored again. Last expedition occurred in April 2012,
when the exploration of the Embudo de Rancho Viejo
(-75 m D) and the Resumidero de Miquizco was completed
with the latest being connected with the Viento — Mama Mia
system. In addition, the exploration of the Cueva de Las
Lagartijas (L 800) was completed and connected to the
above mentioned system. The connections of the different
systems and caves allowed to delineate a new system called
Atepetaco which reaches a total length of 12 km and depth
of 200 m (Fig. 2; Tab. 1).
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Table 1. List of the explored caves with total length and depth
indicated. The stars mark the caves referred to the Atepetaco
system.

Cave Length (m)| Depth (m)| Year of
exploration
Cueva de las Lagartijas * 800 173 1998
Resumidero de Miquizco* | 2,109 120 1998
Cueva de las Cruces 48 13 2002
Cueva del Cocinero 190 67 2002
Cueva de Los Cochinos 983 125 2002
Cueva del Camarén* 672 59 2002
Cueva del Viento* 4,192 111 2008
Cueva de Mama Mia* 4,103 94 2008
Huertas Tri 62 33 2008
Cueva Gloria 53 13 2008
Enchonada 188 29 2008
Cueva de Victor - 2008
Cueva de la Pequefia Agonia | 57 2008
Sotano del Sendero 173 22 2008
Embudo de Rancho Viejo 250 101 2010
Ojo Escondido 49 36 2010
Embudito de Rancho Viejo | 32 27 2010
Pozo Ostia 62 42 2012
Cueva Don Alfredo 363 99 2012

4. Brief archaeological notes

During one of the explorations (2010) of Tlaloc project,
several rock shelters were discovered in the surroundings
of a river. Petroglyphs and paintings were founded inside
the shelters. These archaeological discoveries were
analyzed for the first time resulting of great interest for the
studied area. During the last campaign (2012), a cave with
entrance of large dimensions, named “Cueva Don Alfredo”,
was explored. In the interior remains of pottery,
corresponding to pots and cajetes, were founded in
proximity of the entrance. These potteries are associated to
rituals, probably occurring inside the cave, intended as a
prayer to the God Tlaloc, for water and rain. It is nowadays
known that these kind of rituals were a common practice in
Mesoamerica. However no proofs of the occurrence of such
activities in the Huyetamalco area were previously
anywhere reported. The cultural group who inhabit these
caves is still not known. The only evidence is that these
findings can be attributed to periods previous to the Spanish
conquest, between 1000 and 1500 A.D.

5. The caves

The Atapetaco karst system (Fig. 2) is located along a
monocline blandly inclined towards nord-east in
correspondence of the contact between the carbonatic rocks
and the non-karstifiable substratum. This system was
divided into three main sub systems of major caves
spreading on two main levels and characterized by large
rooms (Resumidero de Miquizco, Cueva de Mama Mia e
Cueva del Viento). Along with the main system, several
minor caves have been explored and occasionally connected
with other caves previously explored.
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Figure 2. 3D view of the Atepetaco karst system.

5.1. Resumidero de Miquizco

Il Resumidero de Miquizco is a sink cave located at the end
of a blind valley which is characterized by a vertical wall
70 m long. This active cave is fed by a river with a capacity
that, even in the dry seasons, reaches few hundred meters
per second.

Figure 3. Resumidero de Miquizco. Large chamber in
correspondence of the Sotanos de los Ojos (Photo M. Vattano).
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The main branch of the cave shows a series of large
breakdown rooms, one of which characterized by the
presence of two twin shafts (Sotanos de los Ojos), 70 m
long from the surface (Fig. 3). The junction with the Cueva
del Camardn is located in the eastern sector of the cave,
while along the main branch and following the underground
river, it is possible to reach the sump which is in connection
with the Cueva de Mama.

5.2. Cueva del Viento

The Cueva del Viento is located at the bottom of a rock
scarp 20 meters high. The main passage is a gallery with
large dimensions and the floor, along which a small stream
of water flow, is covered with thick clay (Fig. 4).

Figure 4. Cueva del Viento. Gallery showing an orthogonal
fracturation system on the roof (Photo A. Corna).

Below the gallery a more recent systems of branches are
located showing a pattern strongly influenced by the
fracture systems of the host rocks. These branches are
active, with the waters coming from several secondary
branches which often show a loop pattern.

The secondary branches are connected with several cavities
located upwards of the Viento portion as shown by the
discovery of the junction between these branches and the
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Cueva de las Lagartijas and Resumidero de Miquizco.
Several small passages connect the lower active conduits to
the upper inactive galleries. Between these galleries, the
Pomice, is characterized by a pond with floating pumice
fragments and connected with the Asuncion shaft (50 m,
connected with the external surface). Another gallery, called
the Puzzone lake, feed the stream that converges towards
the resurgences, and a sump which is presumably connected
with another small resurgence located between the entrance
of the Cueva de Mama Mia and the Cueva del Viento. A
gallery of large dimensions is located along the main
passage (12 m long, 8 m high). This gallery is characterized
by a roof showing a clear system of fracturation of the host
rock (Fig. 4). At the end of this gallery it is possible to reach
smaller passages among which, the one in connection with
the Resumidero de Miquizco, can be found. A large room,
(Salon Pack, 30 m wide, 15 high and 70 m long) opened
along the main passage, is in connection with the Cueva de
Mama Mia.

5.3. Cueva de Mama Mia

The Cueva de Mama Mia is the main resurgence of the
Atepetaco system. The cave is characterized by imponent
rooms created by waters flowing inside the caves, which in
period of flood, reach considerable capacity. From the
entrance, characterized by breakdown deposits, it is
possible to walk through large galleries entirely carved by
scallops. Contrary to the Cueva del Viento, the main passage
is active and located at lower altitude. Large inactive rooms
and breakdown chambers are located, in the southern sector
of the cave.

Figure 5. Cueva de Mama Mia. Main active flooded gallery
(Photo A. Corna).

In the active passage towards the west, smaller passages and
ponds with shrimps and small fishes coming from outside
the cave, can be seen. This sector of the cave is
characterized by large chambers until reaching a vertical
jump which gives access to the water (Fig. 5). Here the
passage is blocked by a breakdown which does not allow
any further prosecution precluding the possibility of finding
another connection with one of the branches of the
Resumidero de Miquizco.

5.4. Cueva de los Cochinos

The entrance of the Cueva de los Cochinos opens on the
side of the deepest zone of a collapsed doline. This entrance
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is characterized by a narrow passage which gives access to
a shaft 33m deep (Pannuzzo et al. 2005). A gently dipping
gallery is located at the base of the shaft. This gallery
follows the same tectonic direction towards which the
galleries of entire Atepetaco System inclined (NNW-SSE
and NNE-SSW). From the base of the shaft it is possible to
go upstream, and downstream into the cave. In both
directions, a small underground river can be found.

The upstream portion of cave is composed of a series of
potholes and small climbs becoming impracticable, after
about 100 meters from the base of the shaft. The
downstream portion is longer and more complex and, as the
upstream, characterized by small jumps and potholes. The
initial part leads to a chamber with breakdown blocks which
almost completely block the room. These chaotic deposits
can be overcome only passing through small passages after
which the gallery continues with its trend of short jumps
and water flows. After a small passage, the cave changes its
appearance and the gallery tends to go low and wide until
reaching a 15 m deep shaft. After the shaft, greater amount
of waters can be found in the rooms of the cave. These
water flows can be bypassed following a path composed of
a sequence of jumps followed by a chamber filled with
breakdown deposits. After these deposits the galleries
continues until it ends up narrowing. The water flows enter
through a narrow slot in the proximity of which two small
not practicable passages can be found. The total length of
the cave reaches about 1,000 m with a depth of 80 m. The
topographic surveys of the cave show that the Cueva de los
Cochinos is connected to the Atepetaco system, with only
a few meters missing to be connected with the Cueva del
Viento in the Rio Negro branch. This part of the Atepetaco
karst system is the closest to the scarp which constitutes the
eastern boundary of the carbonatic outcrop.

5.5 Cueva de las Lagartijas

Not far north from the Atepetaco village, a stream enters a
small blind valley, forming the Cueva de las Lagartijas. The
first part of the cave, about 165 m, was already explored in
1998, up to a narrow passage impaossible to overcome. This
portion of the cave is characterized by a slightly dipping
gallery, interrupted by small vertical jumps of a few meters
of depth. The gallery follows the stratigrapich bedding. The
water flows modelled the gallery which nowadays show a
section with width larger than the height. The eastern
portion is also characterized by a short secondary branch in
which the water still flows. During the 2012 explorations,
the narrow passage that had stopped the previous
exploration, was exceeded. After these passages the general
patter of the caves follows a wide and low conduct even if
occasional wider rooms can be found along the path. The
cave is characterized by homogeneous forms until reaching
a fissure between speleothems after which there is
crossroads. After few meters, the section of the eastern
branch of the cave becomes non practicable because of the
significant narrowing of the section. The western branch
instead continues with portions of different width, until a
narrow horizontal passage called “paso de los 60”. Only
petite cavers (those who weight less than 60 kg) were able
to overcome the passage. This ends in an 8 m shaft, the only
one in the cave that requires the use of ropes. From there
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forward, the dimensions of the gallery increase, because of
the confluence of several water flows and thanks to tectonic
discontinuities that have forced a vertical development of
the rooms.

The stream, flowing on an inclined plane, ends up in a
striking waterfall and generates one of the most remarkable
sector of the cave. Passing the waterfall, numerous
speleothems (e.g., stalactites, columns, stalagmites and
white flowstones) can be found (Fig. 6).

Figure 6. Cueva de las Lagartijas. Gallery characterized by white
speleothems (Photo G. Gurrieri).

The gallery leads to a last room where a narrow downward
fracture is in communication with one of the branches of
the Cueva del Viento. The total depth is 173 m and the total
surveyed length is 800 m. Several other secondary branches
will be explored in future expeditions

6. Discussion and Conclusions

Years of explorations enabled us to identify, although still
in a non-definitive way, the structure and features of the
“Atepetaco karst system”. This system is entirely developed
in the limestones of the San Pedro Fm. (Upper Jurassic)
with passages slightly inclined, and parallel to the main
discontinuities of the host rock, (i.e. fracturation, bedding
and low-angle reverse faults).

The “Atepetaco karst system” reaches about 12 km of total
surveyed length and about 200 m depth. It is composed of
a series of sink caves located at different altitudes, which
intersect, from SW to NE, the carbonatic relief, and form a
complex network of active and inactive galleries.

The evolution of the karst system, which represents an
exposed karst system, led to the formation of multiple
storey in response to the geomorphological evolution of the
area.

At present many galleries of the whole system, are inactive,
while others are activated only during intense rainfall. The
latter are responsible of the formation of a series of different
heights waterfalls formed along the eastern scarp of the
limestone outcrop.

The pattern of the karst system, the in-depth knowledge
acquired thanks to the explorations of the Tlaloc, together
with the analysis of the waters, allowed to classify the
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“Atepetaco karst system” as a system characterized by
active galleries sized by the maximum flood and with a
rapid circulation of waters.

During the 2012 expedition, a paper was written in
collaboration with some exponents of the local villages, and
subsequently distributed to the municipal authorities and
rest of the population. The text, aims not only to illustrate
the caves of the karst system, but also suggests norms and
behaviors to adopt to safeguard the caves when accessing
them. For the protection of these environments, in order to
minimize pollution of both surface and karst systems, the
exploration team has also tried to organize campaigns of
sensitization for the local population.

The activities in the Atepetaco area have yet to be continued
in order to complete the exploration of the secondary
branches of several caves already known and also to
connect different caves for which the connection is, at
present, only hypothesized. These explorations will allow
us to obtain a complete knowledge on the system, which
will be used in future surveys in adjacent areas.
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DISCOVERY AND EXPLORATION OF EVKLIDOVA PISCAL,
JULIAN ALPS, SLOVENIA

Matthew D. Covington®?, Matic Di Batista?
Department of Geosciences, University of Arkansas, Ozark Hall, Fayetteville, AR 72703, USA, mcoving@uark.edu
2Drustvo za raziskovanje jam Ljubljana, Slovenia

During the fall of 2010, we discovered a small blowing hole in the forests above the plateau Pokljuka in the Julian Alps
of Slovenia. The air flow was impressive, but it appeared that a lot of work would be needed in order to make it human
size. A little less than a year later, we returned to the site to try a bit of digging and see what we could find. On five different
days during fall of 2011 we returned to the blowing hole to dig. Most of the work simply required removal of loose rocks
and debris that had likely filled the hole as a result of frost shatter. Our biggest challenge was that the unstable walls of
debris were frequently collapsing back into the dig, requiring us to remove much more material than would otherwise be
necessary. We were beginning to wonder whether the effort was sustainable, when on the fifth digging effort we made an
initial breakthrough into a small chamber and a narrow meander passage beyond. The cave continued as a narrow meander
with a few small free climbs for about 100 m before we reached the first pitch. From there, the cave began to descend
rapidly, but at the bottom of every pit we found another narrow meander that we had to negotiate before reaching the next
shaft. Over a few months of exploration, the cave reached a depth around 150 m, where it became more horizontal.
Exploration beyond this point was initially quite challenging due to narrow passages, but eventually we found a way
through to a nearly kilometer-long fossil meander passage that gradually descended into the mountain. Currently, the cave
is 429 m deep and 1,731 m long, making it both the longest and deepest cave on Pokljuka. The current bottom of the cave
is at a sump, and ongoing efforts are attempting to follow the airflow and find a bypass. Many side passages and upper
levels remain unexplored. In addition to efforts in the main cave, time was spent searching for other caves in the area. In
particular, the direction of airflow suggests that the main entrance is a lower entrance, and many possible cave entrances
have been located on the plateau above the cave. The depth potential of the area is approximately 1,000 m.

Figure 1.California Dreamin’, the deepest pit in the cave. Photo
by Matic Di Batista.

Figure 3. Squeezing through narrow passages at -150 m. Photo
Figure 2. West-east profile of the cave. by Matic Di Batista.
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GLACIER CAVE EXPEDITIONS 2012: NEPAL AND SVALBARD

Matt Covington?, Jason Gulley?, David Ochel®
!Department of Geosciences, University of Arkinsas, mcoving@uark.edu
2Department of Geological and Mining Engineering and Sciences, Michigan Technological University,
jdgulley@mtu.edu
3do@ochel.net

This exploration report combines a brief introduction to glacier caves and their relevance to glaciology with summaries
of recent expeditions in the Arctic (Svalbard) and the Himalayas (Nepal). In the fall of 2012, as part of multi-year research
efforts, team members undertook caving expeditions to caves in the glaciers of Svalbard and in the Ngozumpa glacier in
the Khumbu region in Nepal. A number of caves were explored and mapped. The main objective was to collect data to
better understand the formation of such caves and how they relate to the glacial hydrologic system.

Figure 1. Sitting in front of a cave entrance on the debris-covered Ngozumpa glacier. Photo: David Ochel.

1. Background

Glacier caves are formed by glacial melt water draining
along fractures, into moulins, and along the beds of glaciers.
Frictional heating within the water leads to melting of the
ice, enlarging passages to form an efficient flow system.
Glacier caves play an important role in determining the
sliding speeds of glaciers, since they are one of the factors
that control water pressure at the bed of the glacier. Large
pulses of melt water can lead to water backing up within
the system, building up large pressures beneath the glacier.
These large water pressures can lead to faster glacial sliding.
On the other hand, once glacier caves form an efficient flow
system, melt water can be routed through the glacier
without creating such high pressures, and glacial sliding
rates will decrease. Therefore, understanding the patterns
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and timescales of glacier cave formation is important for
predicting the response of earth’s glaciers to future climate
change.

2. Svalbard Expedition

Ken Mankoff, a PhD student from the University of
California — Santa Cruz, organized the expedition to
Svalbard. Jason Gulley and Matt Covington assisted with
the field work and logistics.

The main objective of this expedition was to construct a 3D
model of a cave system for later use in fluid flow
simulations. The field site was Jaskinie Ptasiego Mozdka,
a cave near the Polish Polar Research Station that reforms



Exploration and Cave Techniques — oral

2013 ICS Proceedings

Figure 2. \ertical cave entrance on the Fugle Glacier in Svalbard.
Photo: Jason Gulley.

annually on the Fugle Glacier. In addition to a traditional
cave survey, data was collected to construct 3D models of
the cave using two different, recently developed techniques.
One technique employed an Xbox Kinect as an inexpensive
3D scanner. This allows millimeter-resolution data to be
collected and later stitched together into a single model.

Figure 3. Using an Xbox Kinect to survey a cave. Photo: Jason
Gulley.

The second technique employed an algorithm called
Structure-from-Motion, which combines large sets of
photos using pattern recognition techniques and weaves
them into a 3D model. Several thousand photos were taken
in the cave for this purpose, and the technique produced
stunning results.

3. Nepal Expedition

In November 2012, Jason Gulley led an expedition to the
debris-covered Ngozumpa Glacier in the Khumbu (Everest
region) of Nepal. The objectives included:

1. Perform reconnaissance on the glacier to determine how
recent expansion and deepening of supraglacial lakes had
affected cave formation processes. Additionally, we
sought to determine how many caves that had been
mapped on previous expeditions in 2005, 2006 and 2009

had survived lake basin expansion.

. Identification of a cave suitable to support the
development of a roughness model for the calculation of
water flow rates.
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The team of four cavers (Jason, David Ochel, Vickie Siegel,
Pati Spellman) spent two weeks in the Sherpa village of
Gokyo (4,790 m elevation), which offers easy access to the
southern part of the glacier. About a dozen potential cave
entrances were identified and checked during that time,
leading to the exploration of four caves.

One cave was confirmed to have been surveyed in 2009,
and had experienced multiple modifications since then
(development of a new passage, plugging of a previous
entrance). Another cave, well decorated, is pending
confirmation as to its existence in 2005 and 2006. Two new
caves were found — one insignificant in size, but well
decorated; the other with more vertical development than
had been previously experienced on the glaciers in the
Solukhumbu district.

Figure 4. In a cave on the Ngozumpa. Photo: Jason Gulley.

In addition, the team assisted the non-profit organization
GlacierWorks (http://www.glacierworks.org) in their video
and photographic documentation of the scientific relevance
of glacier caves. Videos and photos from the trip will be
used to create educational material about research on
Himalayan glaciers.
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SPELEOLOGICAL EXPEDITIONS TO THE SHAN PLATEAU
IN MYANMAR (BURMA)

Joerg Dreybrodt, Imogen Furlong, Fleur Loveridge, Peter Talling
Myanmar Cave Documentation Project, Joerg_dreybrodt@yahoo.de, peter.talling@noc.ac.uk

The extensive and virtually untouched karst of the Shan plateau is well known from literature. Access is very difficult due
to common regional unrest causing travel restrictions in combination with a very limited road network. Few investigations
have been carried out since independence in 1948, notably those by Dunkley (1988), Mouret (1995-98), Bence (1998)
and La Venta (2004-05). This series could be continued by four expeditions from 2010-12 within the Myanmar Cave
Documentation Project in cooperation with Myanmar authorities. Caving areas near Hopon, Ywangan and Pinlaung were
visited confirming the presence of larger river cave systems. In total 44 caves with an overall length of 16.9 km were
documented and new longest and deepest caves of the country discovered. These are Khau Khaung (Ywangan) with
2,355 m length and Mai Lone Kho (Pinlaung) with -160 m depth.

1. Introduction

Only a few regions on Earth are more unknown than
Myanmar with regard to their speleological potential. This
is due to the long chosen international isolation of the
country, the absence of local speleologists and the difficult
access to the mostly remote karst areas. First knowledge
about caves originates from British colonial times where
caves were used for weekend outings. Kusch (1987)
provides a very good summary based on literature from this
period. A significant step was the discovery of prehistoric
paintings and excavations in Pindaya (also Pindah-Lin)
cave in 1960 by geologist U Khin Maung Kyaw.

The first modern investigations were by small teams in
reconnaissance style and took place from 1988 onwards:
Dunkley succeeded to use a window of opportunity for a
five day visit (Dunkley 1989) before the country closed
again. Mouret did intensive scouting while living in Yangon
in 1995 and Bence followed up by a systematic expedition
focusing on the Shan plateau (Bence 1998). Afterwards
visits by bat researches from the Harrison institute in the
UK (Bates 2004) enhanced the knowledge about the extent
of karst in Myanmar. These contacts were later used for two
expeditions of the Italian La Venta team to the Shan plateau
in 2004 an 2005, but these stopped afterwards since
permission could not be regained. The findings of these
groups were encouraging and indicated that Myanmar
possesses potential for long and deep caves comparable to
its neighboring countries.

The slow opening up of Myanmar with the intention to
promote tourism has created a favorable situation and lead
to a first contact at the International Tourist Fair in Berlin
in 2008. A personal introduction of a cave documentation
project followed in September by J. Dreybrodt based on the
experiences of the Northern Lao — European Cave Project
in the neighboring country Laos. This triggered the first
speleological reece to Hpa-An in Kayin state project a few
month later in January 2009. Afterwards several expeditions
lead by the authors focused on to the largest karst area of
Myanmar — the Shan plateau. The Myanmar Cave
Documentation project was then formed in its current state
to guarantee well documented expedition results as base for
future research activities of other groups and institutions.
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The table below gives an overview of the ten longest caves
of Myanmar. It shows that only few caves of significant
length are known despite the addition of several new caves
over the last years.

Table 1. Longest caves of Myanmar with year of survey.

No. | Cave Location I(‘ni;lgth Surveyed
1 Khauk Khaung Ywangan | 2,355 2012
2 Mondowa Gu Taunggyi 1,770 1998
3 | Hopon Spring Hopon 1,655 | 2011
Cave
White water
4 Buffalo and Tiger Hopon 1,343 2010
Cave
5 | Happy Monk Hopon 975 2010
Cave
g | LeikeGu Kalaw 960 | 1998
(active)
Maung Nyunt .
7 Sinkhole Pinlaung 900 2005
8 Naung See cave 2 Kutkai 859 2011
2009
9 Sadan Gu Hpa-An 800 (1995)
10 Barefoot Cave Hopon 718 2011

The objective of this article is to summarize previous
findings and report the results of speleological expeditions
to the Shan Plateau from 2010-2012. A geological overview
is followed by descriptions of the major caving areas and
conclusions with an outlook on the further caving potential.

2. Geography and Geology

The Shan Plateau, in the east of Myanmar, is approximately
600 x 500 km, and has the most extensive area of karst in
the country (Fig. 1). It consists of a complex series of
mountain chains and plateaus with an average height of
900-1,200 m. It rises abruptly from the central Myanmar
plain and comprises granite and gneiss with limestones,
clays and alluvium covering the bedrock. The limestone,
often called “Plateau Limestone” or the “Shan Dolomite
Group” has a thickness of more than 2,000 m in places. It
is mostly from the Carboniferous to Lower Triassic period,
with some earlier Ordovician elements and has underlying
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Figure 1. Limestone area of Shan States in Myanmar.

Devonian strata. Recently, a more detailed stratigraphic
assessment has been made (Oo et al. 2002), which divides
the carbonates into two main units: the Thitsipin Limestone
Formation (with five main sub-facies) passing transitionally
upwards into the Nwabangyi Dolomite Formation (with
four sub-facies). The presence of these abundant carbonate
beds has a major impact on the scenery in the Southern
Shan States, leading to “dramatic scarp and ridge scenery
and with spectacular Karstic features” (Fig. 2). It is
characterised by a series of rounded ridges, N-S oriented
along the dominant structural trend, which separate
different basins flowing southward. The ridges are made up
mainly of carbonate rocks where a well-developed Kkarst
landscape occurs.

The Shan plateau shows many of the typical geomorphic
features of tropical countries. Topography is controlled
mainly by lythology: where clastic rocks outcrop, the
landscape consists of rounded hills, with a thick cover of
soil, conversely, in the carbonate areas the relief displays
abrupt ridges, conical hills and large closed depressions.
The carbonates that form the Shan Plateau also form a
natural geographic break between the elevated and cooler
plateau states and the hotter lowlands to the east. The
Salween river limits the area to the east though it is not
proven if further areas of lime stone are present. British
expeditions to the Myanmar border in Yunnan confirmed
the presence of regional well developed lime stone areas
with large river caves and Tiankengs (Talling 2012).

3. Karst Areas

Access to the vast area of the Shan plateau is one of the
limiting factors in obtaining an overview of the potential
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Figure 2. Karst landscape east of Taunggyi with N-S facing ridges
visible on the horizon.

for caves. Few roads cross the plateau, mainly linking major
cities like Mandalay or Taunggyi with important Myanmar-
China border crossings for intensive trade. These roads are
only partially tarred and road works are common. Side
roads are dust roads and travel speed can be very low;
taking considerable time (measured in hours) for only few
10’s of km. In addition overnight stays are permitted only
in foreigner licensed accommaodation, which are scare in
remote caving regions and therefore special permits are
required.

The Shan region is divided in three administrative states:
Northern Shan with the capital Lashio, Eastern Shan with
Kentung and Southern Shan with Taunggyi. These are again
divided in town ships that were historical ruled by local
leaders called Saopha. This local hierarchical structure
persists until today and large areas are self administered and
restricted for foreigners. Accessible are the roads from
Mandalay to Lashio and Taunggyi and the tourist area
around Inle lake. Most of South and East Shan state areas
require special permissions. The following sections give an
overview of visited areas, their regional settings and
presence of caves (Fig. 3). These areas are:

« Kalaw, the most visited caving area

e Pinlaung, 40 km south of Kalaw in the same ridge
(restricted).

« Nyaungshwe, east of the Inle lake

< Hopon, 25 km east of Taunggyi (restricted)

e Ywangan, north of the famous Pindaya caves (partial
restricted)

« Lashio and Kutkai (restricted)

3.1. Kalaw

The significance of the area comes from its relatively easy
access for the first expeditions of Mouret, Bence and La
Venta. Historically it is a well known British hill top town
for escaping the hot summers in the plain. The town sits at
1300 m altitude on the northern end of a large limestone
ridge with scenic hills and deep valleys in the south and
west. Several small caves are located in easy reach of town
and were the first visited (Leikte Gu ie.). They vary from
fossil caves with conglomerate ceilings to sink holes with
active streams. Several river caves were found mostly south
and west of the town by the La Venta expeditions which
require steep descents of about 400 m down to the valleys
(Fig. 4). Due to the difficult access by road and trail the
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Figure 3. Geographical map of the Shan states. Visited caving areas
are marked by black circles: 1 Kalaw, 2 Pinlaung, 3 Nyaungshwe,
4 Hopon, 5 Ywangan, 6 Lashio, 7 Kutkai.

caves are not fully surveyed, mostly the entrances have been
recorded and the first hundred metres checked.

Figure 4. Hiking west of Kalaw down to the river cave Twin ii Gu.
The next N-S facing ridge is clearly visible.

Two caves were revisited near Pinwon 12 km south east of
Kalaw close to the rail way tracks in 2012. The Twin ii Gu
fossil and river cave were surveyed to a length of 282 m
and 490 m stopping in a wide open river passage with wind.
A train ride confirmed the assumed further potential for
caves especially near Sindaung station about 10 km south
of Kalaw.

3.2. Pinlaung

A large sinkhole was seen during the domestic Yangon to
Heho flight by the 2005 La Venta expedition. This seems
to be the same sink hole already mentioned by Dunkley
(1998) near Pinlaung. It was immediately visited by a sub-
team. Geologically the area is in the same N-S ridge as
Kalaw. The city of Pinlaung is nestles nicely in a karst
valley and offers a convenient base for exploration (Fig. 5).
It is known for its cold weather at 1,400 m altitude. Large
river caves were found near the village of Phinton partially
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traversing one of the ridges (The Shwe Cave). The main
sinkhole is reached by few hours walk and the
disappearance of a major river confirmed. However the
50 m pitch with a waterfall and porous walls could not be
descended and remains a challenge.

Figure 5. View over Pinlaung towards the main lime stone ridges
in the west.

The 2012 team focused on the immediate surroundings of
Pinlaung. Six caves of a few hundred meters length were
surveyed. These are the caves 5 km north-west of town near
the village Minbu: Nanpa Gu (322 m), Bilu Chaung Ye
Hwut Gu (340 m) and Kyan Lin Gu (277 m).The visit to
the eastern hills with a communication station on top proved
also successful. A large entrance of 40 m height and 80 m
width was spotted from its top and visited (Fig. 6). A large
day light chamber slopes down followed by two pitches
until the cave ends in a lake at -160 m. With all side
passages Mai Lone Kho Cave is 545 m long and is now the
deepest cave of Myanmar (Fig. 7). Similarly Zee Yauk cave
is just close by along the same ridge with a depth of
-110 m. The nearby village Hti Hwali has two other cave
entrances with immediate pitches which were not
descended.

The whole area requires a more systematic investigation,
including exploration of known open leads.

3.3. Nyaungshwe

Nyaungshwe is the main tourist town on Inle lake. The
caves are commonly known and used by monasteries for
religious purposes. The area is on the border to the self-
administered restricted Pa-O area were other caves are
mentioned by local guides. In 2012 six caves 10 km east of
Nyaungshwe were surveyed with the longest being Hta Ein
Gu (260 m) and Ye Htout (235 m).

3.4. Hopon

The project became aware of this area by a travel related
article in a domestic in-flight magazine. The impressive
pictures of large well decorated halls triggered two
expeditions in 2010 and 2011. It is the most systematic
investigated and best documented region in the Shan states.
The reason is a mystic cave called Tham Sam that is
converted into a budddist shrine of the Pa-O tribe about
35 km east of Taunggyi near Hopon.
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Figure 6. Descending to the large entrance of Mai Lone Kho.

Figure 7. Map of Mai Lone Kho.

Two areas are distinguished: a.) the Parpant area 8 km north
east of Hopon and b.) the Htam Sam area 15 km along the
main road. The Parpant area is at 1,200 m on the plateau
and consists of round shaped hills with fields in the plain
(Fig. 8). The well decorated passages form through caves
limited by the extension of the hill. The longest are White
Water Buffalo and Tiger cave (1,343 m), Happy Monk Cave
(975 m), Htam Kong Kiamg (654 m) and Hopon Spring
Cave (1,655 m). Hopon Spring Cave is well known from
its resurgence near the main road and public bathing and
washing place. A larger portal of 30 m width and 10 m
height opens up after a steep climb of 10 minutes. At the
bottom of the entrance chamber is a river passage that has
to be swum for 120 m until a dry water fall is reached. After
a technical climb of 5 m the main passage of about 10 m
width with strong wind is reached. It has a cascading active
stream which had in January a discharge of 2.4 cbm/s. After
about 1 km a surface shaft of 45 m depth connects. The
passage becomes narrower and sumps after 600 m.

Tham Sam cave is located in a valley close to the main road
to Tachilek. It is made accessible by a new side road directly
in front of the entrance providing access to the Buddhist
pilgrims who come to pray at the cave (Fig. 9). The cave is
surveyed to a length of 584 m until an artificial lake.

The further passage is blocked by a brick wall and access
is restricted (Fig. 10). It is said the cave continues beneath
the mountain for few more hours. The floors and walls have
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Figure 8. Approaching the karst hills near Parpant.

been extensively modified and levelled to accommodate
Buddha Statues and mystic animals. Nearby is beautiful
decorated Kyauk Sa Gu (Stone Scripture Cave, 313 m)
which has its name from sinter columns appearing through
a sky light like frozen stone slabs. Barefoot cave on the
opposite side of the valley is an active river cave of 718 m
length with two entrances. The resurging river enters into
Tham Sam Cave after a short distance.

Figure 9. The entrance of Tham Sam in 2011.

Figure 10: Map of Tham Sam with the end lake on the left.
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3.5. Ywangan

The Project first visited this area when on route to Lashio
from Taunggyi in 2011. Views from the expedition vehicle
suggested the region was karstic, which was substantiated
by subsequent geological research (Garson et al. 1976). As
a result this became the main focus of an expedition in
2011/2012. Fifteen entrances were located during the trip,
the highlight of which was Kyauk Khang (Fig. 11),
currently the longest known cave in the country at 2,355 m.

Ywangan is situated near a seasonal lake. This is reported
to fill up following the rainy season but with a slight lag.
This is interpreted to be a feature similar to the Irish term
“turlough”, being a karstic seasonal lake. However, it is
possible that there are superficial quaternary sediments in
the fertile basin around Ywangan which complicate the
local hydrogeology. Apart from the lake there are few
surface water features. In a number of small caves a shallow
local water table was encountered with the appearance of
cave adapted fish species. These areas do not appear to have
extensive large cave passage development, although
underlying rock is karstic.

The main cave explored during the expedition, Kyauk
Khaung, is a river sink in the Thitsipin limestone. Strangely,
the flow of water gradually reduces through the cave. It is
also not known where the water from the cave resurges,
although a closed basin of 5 km to the north is one
possibility. Kyauk Khaung contains extensive, large and
well decorated fossil galleries (Fig. 12). There are a number
of locations at which the cave is ongoing.

The majority of the other caves explored around Ywangan
appear to be within the Ordovician Doktoye Limestone
formation and are not so well developed.

Figure 11. The entrance to Kyauk Khang cave.
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Figure 12. The map of Kyauk Khang cave.
3.6. Lashio

The area around Lashio was briefly visited in 2011 and
2012. It takes considerably time to reach it and is one long
day travel from Mandalay. In 2011 a significant resurgence
cave called Htam Nam Lay was identified near the village
of E-nai, approximately 15 km north and west of Lashio.
Study of satellite photography suggests this river cave could
be a through trip across one of the significant N-S trending
limestone ridges. However, it was soon determined that
access to Htam Nam Lay was practical only by motorbike,
which given the limited time meant the cave could not be
explored. The intention was to complete these tasks the
following year. However, regional instability prevented a
return in January 2012.

The 2012 team instead mapped a few caves immediately to
the south of Lashio, some only 5 km from the city
centre.Three caves near the village of Khaung Ka are
located in an isolated limestone hill and comprise complex
interconnected passageways giving a high overall passage
density. The maximum length of these three caves is
207 m. Less than 1km to the north a small river cave, Lim
Nho was also mapped to 589 m length. However, there does
not appear to be significant carbonate deposits in the areas
immediately around the city. All the caves visited to the
south of Lashio are of spiritual significance.

3.7. Kutkai

In 2011 a reconnaissance was made in the area around the
town of Kutkai. The small town is an important staging post
on the trade route to the border with China at Muse. Access
to the area is restricted and it was not possible to visit all
the target areas around the town. The presence of carbonate
rocks both to the north and southeast of the area was
confirmed.

Approximately 2 km to the north of Kutcai is an area of
closed depressions within low relief. Here Naung See
2 cave was mapped to 859 m in length. The cave is a
complex mix of dry fossil galleries and small active
streamways. The cave clearly contains a substantial volume
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of flood water in the monsoon period. Several kilometres
further north a number of draughting entrances were
located, however time and access restrictions prevented
their exploration.

10 km to the south of Kutcai the limestone bedrock is of
considerable depth, but appears to be formed into major
river gorges rather than into caves.

4. Conclusions and Outlook

The findings of the 2010-2012 expedition teams confirm
further the potential of the limestone plateau of the Shan
States for large cave systems. Two new areas were
systematically investigated resulting in the discovery of
Khaug Kuang with a length of 2,355 m in Ywangan and an
interesting cave cluster near Hopon with river caves and the
pilgrim cave Tham Sam. Other areas like Pinlaung and
Kalaw were revisited and work from previous expeditions
continued. Most significant discovery was Mai Lone Kho
as deepest cave of Myanmar (-160 m). In total 44 caves
were surveyed with a overall length of 16.9 km.

These findings should not mislead to the impression that
the Shan plateau is slowly understood for its presence of
karst and caves. In contrary only a tiny area has been
investigated. Access is the key for further exploration as
areas are restricted, the road network limited and
accommodation scare.

The most comprehensive summary of caves in Myanmar is
found in the BHB \Vol. 39 after an intense literature research
done by Laumanns (2010). A Shan edition is in preparation
for release in 2013.

The project is open for cooperation in order to provide a
knowledge base for further interdisciplinary research.
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TEN YEARS OF EXPLORATION AND OVER 100 KM OF CAVES
SURVEYED IN NORTHERN LAOS

Joerg Dreybrodt, Michael Laumanns, Helmut Steiner
Northern Lao — European Cave Project
joerg_dreybrodt@yahoo.de, michael.laumanns@bmf.bund.de, helmut.steiner@hoehlenkataster-hessen.de

The karst areas of northern Laos have been systematically investigated by the “Northern Lao-European Cave Project”
since 2002. Annual cave expeditions were conducted in eight regions of five different provinces. These regions host a
variety of karst landscapes ranging from highly karstified areas to tower karst and high altitude limestone plateaus. Major
river caves of several km lengths were found including the Tham Chom Ong System in Oudomxay province. With a length
of 17,150 m it is currently the 3 longest cave of Laos and 10" longest in Southeast Asia. The total length of surveyed
passage reached in 2012 was over 103 km with a total of 254 caves. The cooperation with authorities, villages and
international development projects proved to be very useful and is one of the main reasons for a variety of research results
in cave documentation, ecotourism development, paleoclimate studies and biospeleology.

1. Introduction

The Northern Lao-European Cave Project is an
international group of speleologists with the mission of
sustainable exploration and documentation of the major
caving areas of northern Laos. This is achieved by:

* inviting interested cavers to participate

o fruitful cooperation with the local authorities and
international development projects

« including local villagers as scouts and guides

* maintaining good contacts with other active caving groups
in Laos

« strictly publishing all results

Apart from the famous tower karst of Vang Vieng, which is
a domain of French colleagues and therefore not covered
by this article, northern Laos for many years was a blank
spot on the caving world map as most speleological
activities focused on the Khammouane karst in central
Laos. However, in 2000 a Dutch expedition achieved some
good discoveries in the Luang Prabang province with
7.4 km of passages surveyed in 16 caves (Eskes et al. 2004).

In February 2002 the German speleologist Joerg Dreybrodt
travelled to Laos and visited Luang Prabang as well as the
karst regions further north along the Nam Ou river. He
visited some caves at the shores of the Nam Ou upstream
of Muang Ngoy village. Having established contact with
David Eskes, the initiator of the Dutch expedition of 2000,
he prepared for a lightweight expedition in 2002,
accompanied by Michael Laumanns. Twelve easily
accessible caves were surveyed. A follow-up expedition
was conducted in 2003/04 reinforced by Helmut Steiner and
Wolfgang Zillig. This was the start of annual caving
expeditions to northern Laos with participants from various
countries and a team continuously increasing in size. A
major breakthrough was the 2005 expedition to Phou
Khoun (Luang Prabang province) and Vieng Phouka
(Luang Nam Tha province) where three long horizontal
caves of 2.6, 3.1 and 3.5 km respectively were surveyed
within only ten days. After that the average length of
surveyed cave passage was typically about 11 km during 15
expedition days. Table 1 shows the ten longest caves in
northern Laos. A clear trend showing the discovery of a
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significant cave each year is apparent. The longest cave
found so far is the Tham Chom Ong System (Oudomxay
province) with a total length of 17,150 m. It is currently the
10™ longest cave in Southeast Asia and the 3™ longest in
Laos.

Table 1. The longest caves of northern Laos.

No.| Cave name Location Length | Explored
(m)
1 | Tham Chom Ong Oudomxay 17,150 | 2009-2011
2 | Tham Na Thong Oudomxay 5,010 2010
3 | Tham Nam Long Vieng Xai 4,981 | 2007-2008
4 | Tham Nam Lot Sayabouli 3,560 2011
5 | Tham Nam Eng (resurgence)| Vieng Poukha| 3,460 2005
6 | Tham Nam Eng (fossile) | Vieng Poukha| 3,120 2005
7 | Tham Nam Vieng Xai 3,064 |2007-2008
8 | Tham Seua/ Tham Nam Lot | Phou Khoun 2,650 2005
9 | Tham Pasat System Vieng Poukha| 2,332 | 2005-2006
10 | Tham Doun Mai Nong Khiaw | 2,090 2012

This article provides an overview of the geo-settings, the
visited areas, major caves and exploration results from
northern Laos as well as biospeleological studies.
Furthermore the attitude of the Lao people to their caves is
presented. A conclusion and an outlook on the future
activities of the Project conclude this article.

2. Geo-settings

According to Kiernan (2009) little reliable broad-scale
geological information is published, the most detailed work
being commercially-confidential mapping by overseas
mining companies. In northern Laos much of the limestone
is of Permian-Carboniferous age but Jurassic limestones
occur locally around Luang Prabang. The total carbonate
sequence may reach 5,000 m thick but noncarbonate
interbeds are common in some areas. The regional situation
is complex and the exact extensions of the limestone areas
are barely understood. The systematic search for karst
features on topographical maps scaled 1:100,000, available
from the National Geographical Institute in Vientiane, has
proven its usefulness with regard to the location of caves
(Steiner, in print). Also literature studies were invaluable.
Laumanns (2010) provides the most comprehensive
overview on the karst-related geo-settings of Laos.
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3. Karst areas

* Four major karst areas are distinguished (see Fig. 1):

e The northwest with Vieng Phouka (Luang Nam Tha
province) and Oudomxay province;

e Three distinctive areas in Luang Prabang province,
stretching from Nong Khiaw to Phoukhoun;

* Viieng Xai and Vieng Thong in Houaphan province;

« Sayabouli in the extreme west.

Figure 1. Karst areas of northern Laos covered by this article: 1.
Vieng Phouka, 2. Oudomxay, 3.Nong Khiaw, 4. Luang Prabang,
5. Phoukhoun, 6. Vieng Xai, 7. Vieng Thong, 8. Sayabouli.

3.1. Vieng Phouka and Oudomxay

Vieng Phouka and Oudomxay are located in the northeast
of Laos on major roads connecting to the important China-
Lao border town Boten. The northwest region is highly
karstified with the rivers incised into the limestone forming
a landscape of valleys with small rivers and low mountains
covered by a monsoon forest (Fig. 2).

Figure 2. Typical karst hill between rice fields near Vieng Phouka.
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The Project became aware of caves by development
projects that promoted rural based ecotourism along the
main tourist trail from the Thai border town of Houaysay

Figure 3. Map of the Nam Eng Caves. The active river cave and
fossil cave are overlaying, but not connected.

to the ancient capital of Luang Prabang. Before that the area
was not expected to have a significant potential for caves,
but now it hosts 5 out of the 10 longest caves of northern
Laos. The caves near Vieng Phouka were mainly surveyed
in 2005. Most important is Tham Nam Eng with two
overlying systems of an active and a fossil level, 3,460 m
and 3,120 m in length (Fig. 3). Both cave levels remained
unconnected. The 3 longest system of the area is Tham
Pasat 2,332 m in length. It consists of a through cave with
a scenic sinkhole entrance and three upper fossil levels with
separate entrances connecting via shafts to the active cave
level. Three expeditions in 2005, 2006 and 2012 extended
Tham Pasat to its current length and discovered several
other river caves several hundreds of metres in length
blocked by boulders or mud.

Figure 4. Sinkhole entrance of Tham Pasat during the dry season.

The highlight since the Project started in 2002 was the
exploration of the Tham Chom Ong System. The provincial
tourism office in Oudomxay reported on its website a large
cave developed for ecotourism. No end of the cave had been
reached by the local villagers. A contact was made and the
project was invited to survey the cave in 2009. It was found
to stretch along a 4 km long mountain ridge with an
underground river and fossil passages with dimensions
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20 m wide and 25 m high (Fig. 5 and 6). The cave is a
through trip and the whole traverse takes 3.5 hours with an
additional 1.5 hours to return from the northern entrance to
Chom Ong village. The cave river and the fossil level are
connected by steep passages and shafts in places. A large
tectonic fault resulted in two huge overlaying chambers
measuring 100 m by 30 m in length/width and a height of
up to 50 m each. In only 5 days the system was surveyed to
a length of 11.3 km. At the last day a connection between
the six known entrances was achieved. The cave system
was extended until 2011 to its final length of 17,150 m
(Fig. 7). Its southern section is now operated as a show cave
with LED spotlights and an information display. Visits with
overnight stays can be arranged through the tourism office
in Oudomxay.

Figure 5. Michael pointing at the inconspicuous limestone ridge
hosting the Tham Chom Ong System.

The speleogenesis of Tham Chom Ong appears to be
similar to many other caves in northern Laos, especially to
those in the Vieng Phouka area, where a strongly developed
karst was buried and subsequently uplifted showing many
remnants of sediment infillings (breccia) and calcite floors.
The latter also occurs in Tham Na Thong, which is located
a few kilometres further north. Tham Na Thong is a river
cave with a straight passage (10-15 m wide and 25-35 m
high) 5 km in length.

Figure 6. Fossil passage of the Tham Chom Ong System close to
the southern entrances.
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3.2. Vieng Xai and Vieng Thong

The tower karst area of Vieng Xai in Houaphan province is
well known for its historical significance as former
headquarters of the ruling communist party (Pathet Lao)
during the American Vietnam war (Fig. 8). Consequently,
it was the subject of intense air bombing from 1964-1973,
forcing about 23,000 people to leave their villages and use
the surrounding natural caves as shelters. The caves were
enlarged, tunnels were dug, concrete ceilings inserted and
caves were used as bank, bakery, hospital, garage, and even
as a theatre (Kiernan 2012) (Fig. 9). Its remoteness in the
extreme northeast of Laos and its secrecy made the area off
limits to foreigners for a long time until the government
decided to develop the site as national monument (memorial
caves). We succeeded in 2007 to be the first permitted to
survey the caves. Beside the historical caves, underground
river courses with huge and well-decorated cave passages
were found. Many of them are through caves where a river
enters a karst hill, resurges and enters the next karst ridge.
Within three expeditions in 2007, 2008 and 2012 seventy-
four caves were surveyed with over 28.7 km of mapped
passages. The region now holds the third and seventh
longest cave of northern Laos (Tham Nam Long at 5 km,
and Tham Nam at 3.1 km [Fig. 10]). The caves also
attracted the media and a film documentary was produced
for the French/German TV channel ARTE during the 2008
expedition highlighting a fascinating combination of karst
landscape, cave exploration and war time history.

Figure 7. Map of Tham Chom Ong System showing its final length
of 17,150 m.
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Further west in Houaphan province, the caving area north
of Vieng Thong was visited three times, mainly during stop-
overs. This region belongs to the Nam Et Phou Louey
National Park famous for its tiger preservation project with
caves mentioned in a World Wildlife Society report. The
area is also known from archeological excavations during
colonial times in 1923 (Tham Hang) and more recent times.
The road heading north to the Vietnam border was
systematically checked and many caves were surveyed, the
longest of which is Tham Thia Thong 1,360 m in length and
well decorated. Vasile Ersek from Oxford University
collected stalagmites for speleothem dating from this cave
in order to reconstruct the Quaternary history of the
Southeast Asian monsoon (Ersek 2011). Another surprising
discovery was Tham Kokai (1,125 m long), featuring a
main passage with its floor covered for hundreds of meters
by dry rim stone basins filled with calcite pearls.

Figure 8. Scenic tower karst near Vieng Xai.

Figure 9. Theatre in Memorial Cave Tham Khamtay

Figure 10. Main passage in Tham Nam Long.
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3.3. Luang Prabang

Luang Prabang province of northern Laos resembles a
classical karst region. Early travellers reported on their
findings from this area, mainly on Pak Ou cave near Luang
Prabang city, famous for its thousands of ancient Buddha
statues. The first full scale Dutch expedition confirmed
good cave potential by mapping 7.4 km of cave passages in
the Nong Khiaw area along the Nam Ou river (e.g., Tham
Pageo at 1.5 km). The impressive landscape has steep
limestone cliffs covered by primary rain forest (Fig. 11).
The depth potential is considerable with the elevation of the
valley at about 360 m whereas the mountains summit at
1,700 m. The same applies for the table mountains around
Luang Prabang where karst ridges stretch over tens of
kilometers in a NNE to SSE direction with sparsely
populated plateaus. A three week expedition investigated
the valleys and the mountains by long walks and overnight
stays in villages. One cave of significant length was found
on the plateau (Tham Loum, 1.6 km). Most of the other
caves are a few hundred meters long, with a depth not
exceeding 60 m and they are of various forms including
single chambers, short fossil hill-top passages and maze-
like systems near river level. The absence of any deep caves
still lacks explanation.

The longest currently known cave is Tham Doun Mai
(Muang Ngoy, 2,090 m, Fig.12), which is the upstream
section of 679 m long Tham Doun from which it is only
separated by a ~60 m long undived sump. The 2" longest
is the Tham Seua/Tham Nam Lot System (2.6 km long)
near Phoukhoun, a village at the road junction of the
highway 13 to Xieng Khouang province. Two other caves
1.2 and 1.3 km in length (Tham Dout and Tham Deu) are
located not far towards the east. At the time of exploration
in 2007, the area was a stronghold of rebels and was only
accessible with a police escort.

Although Luang Prabang province seems to have limited
potential for caves it is of great archeological interest. Since
2005 the Middle Mekong Archeological Project (MMAP)
from Penn University (USA) has investigated cave
entrances based on the published expedition book from
2005.

Figure 11. Karst scenery along the Nam Ou river upstream from
Nong Khiaw.
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3.4. Sayabouli

This area was only briefly visited in 2011. Like in
Oudomxay the project co-operated with the provincial
tourism department and a development aid project. The
investigations took place around the villages of Ban Keo
and Ban Nathang, about 40 km south of Sayabouli town.
Within only 5 days about 9.5 km of new passages were
mapped, including the 3,650 m long Tham Nam Lot — a
through cave with an underground stream and a long semi-
fossil extension. The cave potential remains high and also
concerns other districts like Khop and Paklai. Interestingly,
the deepest cave of Thailand (Tham Pha Pueng, -367 m)
borders the Khop district, which indicates depth potential.
Regrettably, permission for a return visit to this province
has not yet been granted.

Figure 12. Fossil passage of Tham Doun Mai featuring rimstone
basins.

4. Biospeleogy

Surveys of the cave fauna have been an integral part of
expeditions from the beginning, because nothing on this
topic was previously known. The principal elements are
similar for all Laos caves. Cave crickets (Diestrammena or
closely related genera) of all sizes are found in almost any
cave. They most probably feed on fungus growing on guano
and other decaying organic material and constitute the main
prey of various predators. Other common consumers of
organic material and/or its fungi are millipedes and
woodlice. Cockroaches occur mainly in caves with
substantial guano buildup. A multitude of spiders, opiliones
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and various insects prey on these. Top predators are the
longlegged centipede (Thereuopoda longicornis) and the
large huntsman spiders (Heteropoda spp and Sinopoda
spp.). Heteropoda show a distinct geographic pattern, the
species found in the Northern Laos caves being H. simplex,
while Vang Vieng and Khammouan caves harbour different
species. The more cave adapted Sinopoda species are
restricted to a single or a few caves. In Northern Laos six
different species are found, all only recently described.
They include Sinopoda tham from the Tham Chom Ong
system and Sinopoda peet from the recently found Tham
Doun Mai.

To date, eleven new species have been described from
specimens (see table 2 for Northern Laos).

Much of the collected material is still awaiting
classification, thus offering the prospect of more exciting
discoveries. Our inventory has to be regarded as being still
superficial, and every future collection will greatly add to
our understanding of the Lao cave fauna.

Figure 13. Sinopoda tham, a new species of huntsman spider
discovered in Tham Chom Ong.

Table 2. New species from caves of Northern Laos.

Species and Tax. Province and Caves

Spiders:

Fam. Psechridae

Luang Namtha: Tham Nam Eng, Tham Pasat Thia
1&2; Luang Prabang: Tham Seua-Tham Nam Lot;
Huaphan: Tham Mue; Oudomxai: Tham Na Thong

Psechrus ancoralis
Bayer and Jager, 2010

Fam. Pholcidae

Oudomxai: Tham Chom Ong, Tham Na Thong,
Tham Mokfek

Luang Prabang: Tham Muay; Luang Namtha:
Tham Roj Ru

Pholcus steineri Huber, 2011

Pholcus namou Huber, 2011

Pholcus namkhan
Huber, 2011

Fam. Sparassidae

Luang Prabang: Tham Pha Man

Sinopoda steineri

Jager, 2012 Luang Namtha: Tham Nam Eng

Oudomxai: Tham Chom Ong, Tham Na Thong,
Tham Mokfek; Luang Namtha: Oung Pra Ngiene;
Luang Prabang: Tham Luang

Sinopoda tham Jéger, 2012

Sinopoda sitkao Jager, 2012 | Luang Prabang: Tham Doun Mai

Sinopoda taa Jager, 2012 Luang Prabang: Tham Nguen

Sinopoda suang Jager, 2012 | Huaphan: Tham Ho Neung

Sinopoda peet Jager, 2012 Huaphan: Tham Ma Liong

Diplopoda, Fam.
Sinocallipodidae

Sinocallipus steineri

Stoev and Enghoff, 2011 Luang Prabang: Tham Gia
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5. Caves and Culture

Caving in Laos involves getting in touch with the local
villages and experiencing a diversity of hill tribes and rural
life. Caves are often known from fishing in the underground
streams or catching bats at the cave entrances. The Hmong
minority, who lives high up in the mountains, enter the
caves and know them very well. The Khmu, who are
peasants, usually know the cave entrances but have a
limited understanding of cave extensions. The impact of the
American war is easily visible in the heavily bombed
regions of Houphan, Xieng Khouang and Luang Prabang
provinces. Villagers are very reluctant to disclose
information since caves were used as shelters and hiding
places. The locals believe in ghosts and bad spirits that
influence life. Any visit to such a cave without the
permission of the nearby village can have serious
consequences for an expedition. Also unexploded ordnance
(UXO) might be present and the villagers are the only ones
who are aware of potential danger in the field.

6. Conclusion and Outlook

After ten consecutive annual expeditions the Northern Lao
— European Cave Project has succeeded in developing an
understanding of the major karst areas and caves of northern
Laos. The total length of surveyed cave passage exceeded
the 100 km mark in 2012 in over 250 caves surveyed, the
longest of which is the Tham Chom Ong System with a
length of 17.1 km, currently the 10" longest cave of SE
Asia. The Kkarst areas are very diverse with morphologies
ranging from highly karstified shallow ridges covered by
jungle to steep (almost alpine) limestone cliffs and classical
tower karst. The longest caves are river caves in shallow
ridges partially resembling through caves. A significant
depth potential has not yet been realised despite limestone
plateaus with over 1,000 m of relief above the known karst
springs.

Co-operation with community-based development projects
proved to be very sustainable as the knowledge gained by
the extensive field work and publication efforts of the
project improved the development of ecotourism,
stimulated archeological and paleoclimate studies as well
as biodiversity capacity-building by the identification of
cave fauna.

Although most karst areas of northern Laos were at least
partially investigated, the only major untouched province
is Xieng Khouang featuring significant karst in its eastern
part.

Future work will aim to understand the detailed extent of
the karst areas and presence of caves. This will be achieved
by small and flexible expedition teams. We are open to
cooperation. If you wish to contribute to the project, please
contact the authors.
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CZECH DISCOVERIES IN THE MAGANIK MTS., MONTENEGRO

Zdenék Dvorak?, Vit Baldik?
1Zdenek Dvorak, Bosonozska 17, CZ-62500 Brno, Czech Republic
2Czech Geological Survey, Leitnerova 22, CZ-65869 Brno, Czech Republic, vit.baldik@geology.cz

Caving Club Suchy zleb Brno (Czech Speleological Society) operates in Montenegro since 1983. Earlier, we mainly
explored in the Krivosinska area around Velji Hill near Boka Kotorska (Orjen Mts.). All discoveries and achievements
were published in several articles in Speleoforum Memorial Volumes. The most important papers dealed with the Pema
cave, Maglena jama and especially Goat’s hole (-662 m/1,700 m long), which is also our biggest discovery in this area.
The prospect of deep mountain systems attracted us so much that we decided to explore further inland in the High Karst
Zone, between the steep cliffs of Maganik Mts. near the town of Niksic, in the vicinity of canyon Mrtvice. This canyon
cuts through the surrounding massif of Cretaceous limestones into the depth of more than 1 km and creates the potential
of 1,000-1,800 m deep cave systems. Together with convenient structural pattern (more details in paper of Otava — Baldik
in this Proceedings) there were ideal conditions to start explorations in the untouched territory.

1. Maganik Explorations

The first time that we visited the Katun (settlement)
Maganik travelling on a bumpy mountain tarmac full of
bends and twists was in 2009. Since then we organized there
three-week long expeditions, undertaken in “alpine style”
in small groups, during which we managed to discover
several interesting places and objects. Even the transport of
material to the base camp at 2,000 m a.s.l. was an interesting
sport event.

2. Nyx Abyss

In the case of this cave we have hit the jackpot. Nyx was
the first entrance, which we decided to explore on Maganik
during our first, very strenuous expedition and at the same
time it was a unique find thanks to the discovery of 429 m
deep vertical, which the cave hid (today approx 12" deepest
in the world). Its location is also exceptional in its own way
because it is situated in the central area of Tresteni Hill in a
maze of tens of meters deep karren, among which winds the
only viable access path.

Nyx was also surveyed in 2010 when we discovered its
furthest ends. The entrance is the example of “Light Hole
Abyss” 50 m deep and approximately as wide, which opens
up between two limestone ridges running parallel to each
other, whose bottom is covered with snow all year around.
From the bottom continues 60 meters deep shaft in the
shape of a star where descend must be done by means of a
narrow projection which bypasses several collapses of
mountain blocks and rocks, caught in the main gullet. After
this follows another snow covered area, this time a gentle
slope, leading the descend route away from the reach of the
daylight. In the dark a window opens up into a parallel
shaft, falling from the onset to the depth of 429 m and rising
up to a place under one of the cracks in the vicinity of the
input crater. The abyss is free of any breaks, ledges and
significant changes of direction. The opening of the crack
measuring 10x 1-2 m slowly rounds off into a fissure, in
the narrowest point 5 m wide but after 100 m slowly
expanding up to 30 x 7 m. However pure fosiliferous light
limestones change here into dark limestone with shale
intrcalations. They appear tens of meters above the bottom,
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which causes repeated narrowing of the shaft and at the
depth of 540 m closes up completely. Dark, less permeable
limestone indicates one of local thrust zones which are
visible at more places in deeper parts of cave systems of the
area. Quite powerful meander drains an abundant shower
of melted snow all the way to the next level, this time it is
about 60 m deep Black abyss, wonderful, bell-shaped
expanding well, which is unfortunately the last reflection
of monumental space that is lost in time. Asset flows
through very narrow cracks without drafts and older small
meanders are descending only few meters. In these places
we encountered for the very first time on Maganik another
typical feature. It was fairly unusual decoration represented
mainly by stalagmites, coatings and helictites in the shades
ranging from orange, red, dark brown to black color, a décor
reminiscent of the old ore mines.

The parallel branch into which we got by traversing several
meters above the opening of Black abyss ended in a blind
end and same thing happened with the “Behind the
window” branch, turning at the shaft 429. The depth of the
cave reached 622 m, the length of the polygon exceeds
1 km.

3. Aither Abyss

The Aither abyss is one of the largest underground
chambers in Montenegro. Although the entrance on the
surface is only few meters wide, already 150 meters below
the gullet the gap expands to 35 x 30 m. It is basically one
cave descending directly from the entrance into the depth
of 351 m in subhorizontal thick bedded pure limestone. The
main shaft is followedby short sequel, created by one
horizon and two parallel, approximately 30 m deep, shafts.
Their bottoms are clogged with fine debris and draft, which
is here fairly strong, disappears up the chimneys.

4. Propast pod Medvedici Abyss

The abyss called “Propast pod Medvedici” is the second
entrance, hiding on top of the mountain plateau called
“Tresteni vrch” that is worth mentioning. Its discovery was
preceded by an extended survey of deep labyrinth of
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fissures that this unusually developed karren fields offer.
The gap is located in the vicinity of a doline that is
surrounded on three sides by rocks. On the bottom of the
doline can be found the second entrance nearly covered by
rubble, merging more than 100 m bellow with the well
known part of “Propast pod Medvedici”. The entrance was
discovered in 2010 but we did not manage to organize the
expedition until one year later. The abyss represents
classical form known for this area based on subvertical
joints cutting through subhorizontal thick bedded limestone.
First tens of meters it respects the tectonics and does not
reach larger width, but gradually expends and after
connecting to the parallel gullet it becomes regular rim. In
the depth of 200 m from the entrance it narrows to very
narrow fissure without hopeful perspective.

5. Iron deep Abyss

One of the many monotonous descends into an infinite
number of sinks, cracks and pits eventually led us to the
coveted target. When it seemed that the cone of snow will
fill the entire bottom of the p 40, we found an opening the
size of a door in the bend of the shaft, partially hidden by
stump of a tree which was holding back a substantial part
of the snow, piled at the bottom. It is hard to say whether
the warm weather of the past winters caused that the other
40 m could be descended through caverns between the
glacier and the rock wall to a short horizon, leading the path
away from places that can be anytime covered by snow and
ice. The second half of the expedition of the year 2011 was
here. This year we were able to surpass the 500 m mark
below surface and one year later the cave brought us to just
over the magic kilometer depth.

Pure, well permeable light grey limestone subhorizontally
bedded and subvertically jointed is typical for the upper part
of the system. It is followed by dark varieties of pelitic
limestone in the lower parts and it determines the character
of the cave, which transforms from wild vertical sequences
into long horizons with almost no slope. Initially everything
is taking place according to the well know scenario. The
leading part falls swiftly, mainly thanks to the 200 meters
deep stair-step shaft, all the way to the depth -350 m. It is
already deep in the black-gray rock, through which
squeezes a narrow meander. The black limestone suddenly
widens out up to 80 m deep cascade, the enlargement is
caused by an old tributary in the form of monumental
chimney, which walls disappear in the dark. Next, there is
again meander, adhering strictly to the flat bedding, only
this time a little taller and in the upper storey easier to
traverse. Upstream there were also found several horizontal
sequels, intersecting younger vertical branches and
surprising by richly decorated corridors in the length of
several hundred meters (Fig. 3). In the depth of 500 m the
cave again begins to gain momentum, the tectonics and
composition of limestone changes and meanders interrupted
here and there by small precipices start quickly gaining
depth. In the depth of seven hundred meters below the
surface the subvertical jointing can be seen again when the
cave suddenly breaks into one hundred meter deep shaft.
Thus we come to the end of the known area that
encompasses steep cascades, with approximately 5 m wide
and 37 m deep conduit at the end of which several inflows
converge. Behind that the cave continues by inclined
crevice, probably parallel with a fault. On the surface
approximately one kilometer far from this point there is the
canyon of Mrtvice River.

Figure 1. Vertical of the Nyx system is cutting subhorizontal Cretaceous limestone beds.
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Figure 2. Section of the Iron Deep System, Maganik, Montenegro. Accuracy of measures BCRA 4C.
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Figure 3. Unusual color dripstone decoration in the Meander Kajicnikii (see the section) 450 m below surface.

6. Discussion and Conclusions

Nowadays it is unclear whether the system is drained
directly into the canyon of the Mrtvica River. Other
possibility is the connection with the main resurgence of
Jama, located several km downstream. For now the length
of the Iron Deep system is three kilometers, and the depth
1,027 meters.
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EXPLORATION OF THE CHESTNUT RIDGE CAVE SYSTEM BATH AND
HIGHLAND COUNTIES, VIRGINIA

Mike Ficco
Butler Cave Conservation Society, mficco@mindspring.com

Chestnut Ridge, a small ridge straddling two synclinal valleys in Bath and Highland Counties, Virginia, has been the focus
of concentrated cave exploration activities for more than 50 years. The geology and topography of the ridge combine to
create body-size vadose canyon passages which typically follow the dip of the carbonate bedrock down to a large network
of trunk passages. Bobcat Cave was the first of three major caves to be explored on Chestnut Ridge. Exploration of Bobcat
spanned multiple decades, involving extensive digging before breaking into large trunk passage deep under the ridge.
Eventually, Bobcat was connected to the more recently discovered Blarneystone Cave, thereby creating the 21 km Chestnut
Ridge Cave System, then the deepest cave in Virginia. A third cave on the ridge, Burns Chestnut Ridge was also the site
of a multi-decade digging effort of monumental intensity and duration, ultimately resulting in a breakthrough into several
kilometers of large stream trunk, and surpassing the Chestnut Ridge system as Virginia’s deepest. Persistent digging in
Blarneystone’s Ghost Hall resulted in the 2003 discovery of an additional 8 km. of new passage and the connection to
Burns Chestnut Ridge, expanding the system to 33.6 km in length and 240 meters in depth.

1. Introduction As it turns out, one of the elusive “keys to the system” was

) ] an obscure blowing entrance first reported in 1957, and
Hidden away amongst the ridges and valleys of the ocated on the side of Chestnut Ridge; the exploration of
Southegstern Unlte_d States is a karst area known as the e cave passages under and astride that ridge would
Burnsville Cove. Situated near the boundary of Bath and  ¢onsyme the lives of three generations of cavers, and push

Highland Counties in the State of Virginia, the Burnsville the physical and psychological limits of all of those
Cove has been the locus of systematic cave explorationand  jvolved.

scientific study for more than half a century.

Beginning with the exploration and survey of Breathing

Cave in 1954 followed shortly thereafter by the discovery 2. Geographic and Geologic Setting
of Butler Cave in 1958 (Nicholson and Wefer 1982), cavers
quickly realized that a vast cave system was likely to exist
under the pastures and hardwood forest of the “Cove”. By
the 1970s, more than 29 km of cave passage had been
mapped, the majority of that being found in Breathing and
Butler Caves (approx. 7 km and 18 km respectively)  The caves of Burnsville Cove are developed within Silurian
making them two of the longest known caves in Virginia.  and Devonian Age carbonate rocks with a total thickness of
However approximately 3.5 km separated Butler’s sumps  approximately 230 m (Hess and White 1982). This
(siphons) and the suspected resurgence along the Bull  carbonate stratigraphy as found in the Burnsville Cove,
Pasture River Gorge to the Northeast, and attempts to find  typically includes multiple resistant beds of sandstone
additional entrances to tap into the potential downstream  which appear to influence passage development, resulting
portions of the system were largely unsuccessful. in multi-layered passage profiles with passages sometimes

“perching” on top of the resistant beds.

Chestnut Ridge is a small anticlinal ridge flanked by two
synclinal valleys, oriented in a northeast-southwest
direction and plunging slightly towards the northeast.
Cumulatively, these features comprise the Burnsville Cove.

Both surface and sub-surface drainage is predominantly
towards the northeast, with the majority of flow ultimately
discharging to the Bull Pasture River, primarily via several
karst springs distributed along a 700 m reach of the River.
The most significant of these springs are the Emory, Aqua
and Cathedral springs. Dye tracing studies have
demonstrated that discharge from Aqua spring primarily
represents drainage from the syncline along the northwest
side of Chestnut Ridge, while Cathedral Spring drains the
southeastern syncline. The role that Emory spring plays
within the context of Burnsville Cove hydrogeology is
likely minimal due to the location of its catchment area, and
the degree and character of karst development associated
with Emory Spring is not well understood.

Figure 1. Location of Chestnut Ridge and Related Features.
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3. Exploration

3.1. Discovery of the Bobcat Entrance and Initial
Exploration

In 1957 Dave Nicholson discovered air blowing out of a
small cleft in a rock outcrop near the top of the northwest
side of Chestnut Ridge (Rosenfeld and Shifflett 1995). This
opening was subsequently enlarged with a crowbar and
approximately 300 m of passage was explored, most of it
consisting of torturous muddy canyon “ending” in an
impenetrable squeeze. The cave, then named Chestnut
Ridge Blowing Cave, was mostly forgotten for the next 22
years until a group of young cavers from the Shenandoah
Valley Grotto of the National Speleological Society (NSS)
visited the cave and were intrigued by the strong air flow
and the potential for a big cave under the ridge. This
resurgence of interest in what was renamed “Bobcat Cave”
thus kicked off the second wave of cave exploration in the
Burnsville Cove, introducing cavers to the struggles of
pushing Chestnut Ridge’s impossibly tight, muddy, entrance
series which have become the stuff of legend.

Using what was to become an integral tool in the
exploration under Chestnut Ridge, the Shenandoah Valley
Grotto (SVG) cavers blasted through the restriction that had
stymied previous exploration and discovered a continuing
sinuous canyon trending down-dip with a small trickle
stream. The canyon, barely large enough to accommodate
a wetsuit-clad caver lying on their side, was pushed through
multiple restrictions, and soon became known as Cyanide
Canyon due to its “poisonous” character. The down-dip
passage was interrupted with many short (1-3 meter)
climbable pitches and plunge pools as it headed down into
the heart of the ridge.

The wind blowing through Cyanide Canyon was one of the
few things responsible for the sustained efforts in pushing
the cave during the period of 1982 through 1983. That
canyon, continuing ever deeper into the ridge, with so much
air flow, had to be going somewhere exciting. Then, in July
of 1983, it did! After approximately 500 m horizontally and
100 m in depth, the torturous entrance canyon intersected a
major trunk passage.

With renewed enthusiasm, a flurry of subsequent trips
discovered a largely dry paleo level trunk passage
developed along the strike (northeast-southwest trend).
Passage dimensions were an order of magnitude larger than
in cyanide canyon, and the drool of mud and water of
Cyanide Canyon was replaced by dry clay, sand and
gypsum crusts. In the southwestern direction, the cave
became dissected with multiple pits and downward-trending
passages ultimately leading to a sump at a depth of 220 m,
thereby replacing Butler Cave (189 m) as the deepest in
Virginia. Several small leads and digs remained in the
southern end of the cave, but the real action was found
going north, where the main trunk continued with numerous
side leads and a steady draft of air.

Around this time several additional cavers joined what to
this point had been a very small group of SVG members
exploring Bobcat. These newcomers were largely
associated with the Butler Cave Conservation Society
(BCCS) which had been mapping the caves in the
Burnsville Cove for two decades. The prospects of
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exploring an exciting new discovery right in their backyard
was more than enough incentive for them to endure
Bobcat’s misery.

With the cave breaking out in numerous directions and trip
durations of 19+ hours becoming the norm, it was decided
to establish an underground camp and push the cave via
three- to five-day camp trips. While hauling camping
equipment through the entrance series was brutal, once
established, only food and other consumables had to be
replenished. Between March 1984 and August 1990,
approximately 14 kilometers of passage was mapped via 27
separate cave camps.

Figure 2. Bobcat Cave, Sixth of July Room. Photo by Ron
Simmons.

Discoveries to the north included highly decorated passages
adorned with anthodites and various forms of gypsum,
which up to that point had been largely absent from other
Burnsville Cove caves. There was plenty of large rambling
trunk passage being found, but an equal amount of less
friendly breakdown, pits, and climbs were encountered as
well. Perhaps the most exciting single discovery in Bobcat
was the Burnsville Turnpike, an impressively large (44 m
wide, 30 m tall) passage that stretched for more than 600 m
before becoming choked in breakdown. The Turnpike was
also notable in that it is developed within the Aqua drainage,
while the majority of Bobcat is in the Cathedral drainage.
The crossing of this drainage divide opened up the
possibilities for Bobcat to connect with Butler Cave and
other caves in the aqua drainage. Such a connection would
create a monster of a system.

By 1990, the rate of new discoveries in Bobcat had
slackened, and caver motivation also ebbed to the point that
exploration in the cave was unofficially suspended.
However this did not represent an end to the interest in
Chestnut Ridge’s underground secrets, just a shift of
attention.

3.2. Blarneystone: Attention Shifted

Bobcat had demonstrated that significant cave development
existed under Chestnut Ridge, and that the small entrances
and sinks that dot the Ridge could be the key to finding
more. The Bobcat crew was motivated by that realization,
and had begun searching for and digging open potential
entrances. One of these candidates was a small shallow
depression on the southeastern side of the ridge,
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approximately 1 km. southwest of the Bobcat entrance (and
15 m lower). On March 16, 1991, after just two hours of
digging the bottom fell out of the hole being dug in that
inconspicuous sink, thus opening the next chapter in the
exploration of Chestnut Ridge’s subsurface.

The new entrance, named Blarneystone because it was
opened on St. Patrick’s Day, consisted of a narrow 10m
vertical rift whose sloping floor led to a series of short rope
pitches separated by a narrow muddy canyon. A strong
breeze blew through the passage and a small stream flowed
along the floor. The seasoned veterans of Bobcat
exploration were unsurprised when at the bottom of the
entrance pitches, the passage morphed into a torturous,
slimy canyon cutting diagonally down and across the dip
towards the northeast. The character of this canyon mirrored
that of Cyanide Canyon, and thus soon became known as
Strychnine Canyon for its similarly poisonous nature.

Several trips during the spring and summer of 1991 pushed
Strychnine Canyon, with its plethora of short awkward
downclimbs and tight squeezes, for a distance of approx.
300 m and to a depth of 120 m. Then in July of 1991, a bolt
traverse over a 10 m pitch, subsequently dubbed Artz’s
Attic, dropped the explorers into a 30 m wide trunk passage;
Ghost Hall.

Figure 3. Mike Kistler and the Ghost in Ghost Hall. Photo by
Nevin Davis.

Ghost Hall, so named because of a ghostly solitary
stalagmite perched in middle of the passage, stretched out
along strike for almost 200 m, mostly as 30 m x 20 m
borehole. Survey data indicated that Ghost Hall was aligned
with the southern end of Bobcat’s paleo trunk (called The
South Lead) and the two passages were developed at the
same elevation. Surely the passages were related, but would
they connect? Pushing the northeast end of Ghost Hall led
to spectacularly decorated passages festooned with
gypsum/aragonite chandeliers, anthodites and stal., and a
continuation of large trunk passage (Over Forty Passage).
However this continued for only 300 m before the trunk
degenerated into a complex area of sediment filled
passages, infeeding stream canyons, and vertical shafts.
While more than a kilometer of cave was mapped in this
area, with the airflow disappearing into this maze of
passages, it became obvious that a connection to Bobcat
was not going to be easy.
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The southern end of Ghost Hall became truncated by a large
flowstone-infused breakdown collapse. However an
inconspicuous streamway (the Black Diamond Crawl) was
intersected in this collapse area, leading to approximately
2 km of interconnected passages. These discoveries
included Moon River to the west, and Beyond the Pearly
Gates and Slop Hollow to the east. These latter two
passages continued down-dip to the deepest point in the
cave at 181 m below the entrance.

By the summer of 1994, Blarneystone had expanded to
more than 5.5 km in length. While many leads remained,
including an intriguing air-blowing dig above the
breakdown collapse at the south end of Ghost Hall, the
Burnsville cavers turned their attention back to the north
where their old friend Bobcat lurked just 53 m away.

Over the course of several trips in July and August of 1994,
the southern end of Bobcat and the northern end of
Blarneystone were pushed hard. Teams working
simultaneously from both caves first established an “air”
connection through the use of smoke bombs, followed by a
voice connection though the sediment-choked passages.
Then on August 20, 1994 a frenzy of digging, spurred on
by increasingly clear voices from each side, led to one of
those rare events that all cavers relish. Bobcat and
Blarneystone had become one; the 21 km long Chestnut
Ridge Cave System was born!

3.3. Burns

Marion Smith, a well known caver from the American
Southeast, has referred to a number of Chestnut Ridge
cavers as “ultra horror specialists”, a reference to the severe
conditions endured while pushing the caves under Chestnut
Ridge. There is one cave in particular that provides a litmus
test for separating the “ultra horror specialists” from the
more common hardcore exploration cavers. That cave is
called Burns Chestnut Ridge, more affectionately known
simply as “Burns”.

Situated near the crest of Chestnut Ridge, approximately
2.4 km southwest and 15 m above the Bobcat entrance,
Burns is yet another obscure entrance that happens to blow
a steady gale of wind on cold winter days. The cave was
first discovered by Ike Nicholson in the 1950s (Shifflett
2003). Exploration at that time found approximately 60 m
of narrow canyon passage, and several short rope pitches,
ending at a point where the small stream flowed into
passage too small to follow.

The 1960°s saw a renewed interest in the cave as a group of
Duke University cavers pushed the cave for another 100 m
through the liberal use of explosives (Shifflett 2003). The
sinuous narrow canyon passage they were following
continued down and across the limestone’s dip towards the
southeast. However by the early 1970s, the Duke group,
worn down by the cave’s unrelenting obstacles, lost
motivation and abandoned their efforts. About that time
Nevin Davis, one of the founding members of the BCCS,
continued the pushing of Burns as his pet project. He
discovered a bypass to the pinch that had stopped the Duke
team, and over the next three years methodically blasted
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through successive restrictions in the wet, contorted stream
canyon. Finding companions for these trips was difficult,
as most refused to return for a second round of the beatings
that the cave doled out to those brazen enough to enter.
Travel time from the pushing front to the entrance, a mere
250 m distance, was typically between two and three hours;
much of that being spent thrutching along while lying prone
in a muddy stream.

There was a hiatus in Burns activity during the latter half
of the 1970s, brought on by a dishearteningly narrow
bedrock slot through which the cave’s stream (and air)
flowed. However several SVG cavers, who would later be
instrumental in the exploration of Bobcat, provided an
infusion of energy to the project. Enlargement of the narrow
bedrock slot, subsequently named the Bone Crusher,
proceeded over the course of multiple trips; ultimately
breaking out into a small mud-filled room. Unfortunately,
celebration was premature as the cave continued to present
serious obstacles. Subsequent trips during the early 1980s
successfully dug and blasted through the Mud Room and
the Second Mud Crawl, stopping at yet another narrow
bedrock slot. By 1984 the exploration of Bobcat was in full
swing, therefore Burns and its funhouse of horrors received
little attention for the rest of the decade.

Figure 4. Ben Schwartz in the Burns Entrance Series. Photo by
Mike Ficco.

By the time 1990 rolled around, the wounds inflicted by
Burns had healed, and another surge of pushing activity was
launched. The vertical bedrock slot at the end of the Second
Mud Crawl was widened, and the passage ahead enlarged
to walking dimensions and dropped down a 10 m pitch.
Below, a narrow canyon continued, larger than before, but
the obstacles kept coming. Additional pinches were
encountered and passed, and with each one, the passage
ahead seemed to let up just a bit, suggesting that the cave
was finally going to break open. Then in June of 1995 it
did. A blast opened up the top of a 10 m pitch (Dead
Cousin’s Pit) into decidedly larger, flowstone covered
passage. More than 30 years of digging, hammering and
groveling had finally paid off!

Beyond Dead Cousin’s Pit, the cave steadily lost elevation
as it trended down dip to the southeast, and dropped down
several short pitches. After approximately 200 m the cave
turned northeast along strike and the character changed to
a multi-level trunk with an active stream canyon developed
below an upper level paleo-trunk. Additional water was
picked up as infeeders came in from the sides. The
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downstream streamway roared on for another 600 m of
exciting streamway, to a sump at a depth of 225 m below
the entrance. However a daring freeclimb accessed an upper
level sump bypass leading to more than 1 km of continuing
paleo-level trunk with multiple side leads. By the end of
1995, Burns had replaced Bobcat as the deepest cave in
Virginia.

Another exciting discovery was made in June 1996. A side
passage, a large hydraulic lift tube near the northeastern end
of the paleo-trunk, was pushed down a slope of sand and
gravel towards the southeast. After a few tens of meters the
lift tube intersected a large stream, the Cathedral River,
which drains the entire valley on the southeastern side of
Chestnut Ridge. This was the first time cavers had
encountered the main flow of the underground Cathedral
River and the excitement was palpable; this discovery could
be the key to tens of kilometers of passage in the up-stream
portions of the Cathedral Drainage. Alas, despite all of the
positive thoughts and wishes, an up-stream sump of the
river was encountered immediately around the corner.
Downstream, approximately 400 m of nice 6 m wide
canyon was mapped to a low-airspace near sump, extending
the depth of the cave to 240 m. Pushing beyond the near
sump would be risky, and with no detectable airflow, the
potential for continuing was low. The cave was shutting
down and the remaining leads did not look great,
particularly when considering the brutal 5-6 hour travel
time to get to the leads.

Several additional trips followed in an attempt to make
something go, with little success. The last of these occurred
during the summer of 1998, which involved a tricky aid
climb into a side passage off of the paleo-level trunk. The
climb, referred to as the “Pot Metal Piton Climb” led to a
drippy intersection of narrow canyons and a low stream
crawl. A hint of air flow was detected, but further
exploration was halted by exhaustion and the late hour.

That was 15 years ago, and it seemed unlikely that Burns,
then 3.8 km in length, would connect to the Chestnut Ridge
System. A large empty space on the map and considerable
lateral offset separated the two caves, and promising leads
were scarce. The fact that no one has been back to visit
Burns’ defining landmarks such as the Bone Crusher, the
Mud Crawls and Dead Cousin’s Pit, might suggest that the
story of Burns exploration is over. Not quite.

3.4. Upper Ghost Hall and the Airblower

During the exploration of Blarneystone’s Ghost Hall, an
obscure drain was found atop the flowstone-covered
breakdown at the southern end of Ghost Hall. The fist-sized
hole was unremarkable except for the strong draft that blew
from it. Intermittent efforts to enlarge and follow this drain,
dubbed The Airblower, occurred throughout the 1990s with
limited success. The flowstone-cemented breakdown
resisted the effects of blasting, and diggers were forced to
work in wet, difficult conditions.

Then in 2001, a more sustained campaign of digging was
launched. The use of improved technologies such as lithium
battery-powered drills enabled more efficient, precision
excavation of rock. Following the Airblower’s namesake
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Figure 5. Map of the Chestnut Ridge Cave System.

draft, a passage was mined down through the cemented
breakdown in a corkscrew fashion. In October 2003 after
excavating nearly 23 vertical meters, the breakdown choke
yielded and the blackness of virgin borehole stretched out
into the distance.

Aflurry of exploration followed. A paleo-level trunk, likely
a continuation of Ghost Hall, headed off to the southeast for
200 m before branching off in multiple directions.
Anthodites adorned the walls and ceiling of the 15 m wide
passage, and pits opened in the floor. One of these pits led
the way down to a massive lower level trunk running
northeast-southwest, 50 m below Anthodite Alley. This
breakdown-floored passage, called Boulder Dash,
continued southwest for close to 400 m to a muddy sump,
located tantalizingly close to the downstream terminus of
Burns.

To the northeast, Boulder Dash morphed into a network
of large phreatic tubes with steeply sloping, gravel-floored
lift tubes and multiple sumps. It was later determined that
Boulder Dash, and its northern extension “The Butler
Quarters”, function as a flood overflow route for the
Cathedral River, with floodwaters rising nearly 25 vertical
meters before flowing to the sumps in The Butler
Quarters.

Additional breakouts of new exploration occurred in other
areas beyond the Airblower, including an area southeast of
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Boulder Dash where a significant streamway (the Pigeon
Tooth River) and a tall dome complex were found.

However perhaps the most significant discovery of this
most recent period of Chestnut Ridge exploration was a
small muddy dig found along a shelf near ceiling level near
the southern end of Boulder Dash. Named Opportunity
Knocks, this blowing lead was excavated over the course
of several trips before taking off on a meandering route
towards the southwest. Consisting of a mix of low crawling
and vertical thrutching, all while thoroughly saturated in
mud, the route called the Outer Limits, was unpleasantly
reminiscent of a certain deep cave less than a km to the
southwest (i.e. Burns). For a good reason too, because on
December 3, 2005, after 748 m, a muddy low-airspace pool
was pushed at the end of Outer Limits, and a connection
was made to the top of Burns’ Pot Metal Piton Climb. Burns
was now part of the Chestnut Ridge Cave System!

All told, more than 8 km of passage has been mapped
beyond the Airblower dig, and the System’s length stands
at 33.6 km. Leads remain in several areas, including one
near the Burns connection that has potential to bypass the
Burns upstream sump thereby accessing the many
kilometers of theorized cave passage of the upper Cathedral
drainage. However the remoteness of some of these leads
presents a daunting challenge; travel time from the end of
Outer Limits to the Blarneystone entrance is more than
8 hours.
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3.5. Continued Exploration and Future Potential

Exploration continues under and around Chestnut Ridge.
Recent discoveries in Bobcat such as the Stomping
Borehole have inspired a renewed interest in the cave. New
caves have been found such as By the Road Cave (BTR)
which is strategically located in the Cathedral drainage
presenting the exciting potential for a bypass to the
upstream sump in Burns. If such a bypass is found, it is
reasonable to predict that 20-30 additional kilometers of
cave passage could be found. Recent efforts to reopen a
cave known as Robin’s Rift could also lead to
breakthroughs into the Cathedral drainage. Other new and
ongoing projects are too numerous to describe, however
based on past history, the system will continue to grow.

Diving of the Aqua and Cathedral springs has revealed that
these resurgences are fed by conduits at significant depth,
making underwater exploration impractical using current
technologies.

4. Summary

The exploration of the Chestnut Ridge System has spanned
a period of 60 years, resulting in the third longest and
second deepest cave in Virginia (33.6 km and 240 m
respectively). The success that the tightly-knit Burnsville
Cove cavers have had in pushing the system is a testament
to persistence, a systematic approach, and a high pain
tolerance.

Attempts to connect the Chestnut Ridge System to Butler
Cave and to extend the System into the upper Cathedral
drainage have so far been unsuccessful. However through
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the use of continuously evolving digging and prospecting
techniques, it’s not unreasonable to predict that a 60+
kilometer system may one day be found under the
Burnsville Cove.
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CAVES OF TONGZI, TUDI, JIELONG, WULONG COUNTY, CHONGQING,
CHINA - SIX YEARS AND COUNTING

Mike Futrell', Mike Ficco?, Erin Lynch?
1456 Thistle Ln, Christiansburg VA 24073 USA, karstmap@hotmail.com
28140 Cumberland Gap Rd, New Castle VA 24127 USA, mficco@mindspring.com
3Tongzi Centre for Karstand Cave Exploration, Wulong, Chongging, China, speleology.erin@gmail.com

Between 2007 and 2012 expeditions of the Hong Meigui Cave Exploration Society have explored the karst and caves near
the towns of Tongzi, Tudi, and Jielong, in Wulong County, Chongging, China. As of Spring 2012, 57 km of cave passage
has been documented and numerous additional caves, karst features, and springs have been identified. The caves are
located in the watersheds just west of the UNESCO South China Karst World Heritage sites that contains the Houping
Cave System which has over 125 km of related caves in addition to five classic tiankengs.

Most effort has been focused on the Quankou Dong (Spring Mouth Cave) System. Of particular note is Cloud Ladder
Hall which is believed to be the sixth largest room in the world by floor area and third by volume. Cloud Ladder Hall
likely represents a proto-tiankeng, that is, in near geologic time it will join the ranks of the giant open air tiankengs. The
Tongzi System has seen less work but has significant development.

The watershed consists of four elongated north south trending dolines, the longest of which is 11 km long and over 500
meters deep. These flow into a mountainous plateau which itself contains some very large sinkholes. The resurgence
entrance is 116 meters tall, 25 meters wide, and the resurgence flows about 3.5 cubic meters in the dry season. After the
2012 expedition the length of unconnected caves in the lower system totaled 35.0 km and the deepest vertical extent is
greater than 450 m.

The Tongzi group in an adjacent watershed contains the un-connected Shanghetaowan (Walnut Bend) and Lao Chang
Dong (Old Factory Cave). Shanghetaowan is 8,489 m long and 471 m deep and has potential for much more.

The uniqueness and scale of the watersheds imply much more cave exists than has been found to date.

1. Introduction The area thus far investigated can be viewed as three

) . . . . . groups: the Quankou System, the Headwater Dolines, and
The project was first envisioned in 2004 while searching  j, 4 separate watershed the Tongzi area caves.

the then newish Shuttle Radar Topography Mission (SRTM)

terrain models for an interesting area to make a cave project.

These public domain models were subsequently ;

incorporated by the virtual worlds of the internet like 3. Quankou Dong Hydrologic System

Google Earth and others. The Tongzi area was adopted by ~ Most of the known Quankou Dong System lies under the
the Hong Meigui group as a perfect extension of the Ranjaigou elevated valley that extends east-west along the
regional projects near one of the UNESCO South China  bottom of four large dolines. The resurgence flows about
Karst World Heritage sites. 3.5 cumecs in the dry season and may represent most of the
water sinking in the dolines. There are currently
4 unconnected parts of the greater system that contain the
main streamway. These are: Quankou (4 entrances), Wudi
(3 entrances), Shengkongba (1 entrance), and Yingjaiwan
(3 entrances). Adding in a few smaller caves there are
35 km of passage known in the immediate area of the
Quankou System.

Yearly expeditions were begun in 2007 and run during the
relatively dry season of March when the snow has mostly
stopped falling and the spring rains have not yet arrived.
Parts of the system are very susceptible to flash flooding
and it is believed that many of the caves are only
approachable during the driest times of the year.

2. Geographic Setting 3.1. Quankou Dong

The study area is dominated by steep terrain ranging from  Quankou Dong (Spring Mouth Cave) is the main resurgence
500 to 1,500 m a.s.I. developed in thickly bedded Cambrian  entrance. It was first visited in 2007 after the analysis of
and Ordovician limestones. Surface drainage is dominated  SRTM terrain models implied this should be our top target
by four large parallel blind valleys with sinking streams  area. The 116m tall entrance passage quickly forks. To the
contributing to the underground hydrologic network. The  \yest is a very large canyon that carries most of the water.
area is quite rural with roads only recently reaching some  To the north large up-trending passage continues through

of the villages. Expedition life has been characterized by  to Gaiping Doline. Both sides have tremendous airflow.
the warm hospitality of remote villagers.
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Figure 1. Regional Overview.

The western “Wet Side” or “Ron Simmons Streamway” is
characterized by deep rapid water, sporting waterfall
climbs, and beautiful large passage that continues for
1.4 km to a sump. To the north the “Dry Side” passage
requires 6 short rigged climbs that are the floor of a huge
paleo trunk. The airflow is so strong the team filmed a video
of flying a kite in the main trunk. A set of side passages lead
to a higher paleo segment know as “Ultrabore”. Farther up
the main passage is very flashy infeeder and Cloud Ladder
Hall, one of the largest rooms in the world. Beyond the
main passage continues to the 80 m high Er Long Dong
(Two Dragon Cave) entrance at the bottom of Gaiping
Doline. Half way along this last segment a series of side
passages develop westward and ultimately reach a grouping
of smaller paleo entrances also in the bottom of Gaiping
Doline. The primary route under the ridge between the two
main entrances is just over 3 km.

In the east end of Ranjaigou valley are the other two
entrances to Quankou. On the south side is Xiniu Dong
which almost immediately drops a 170m pitch to a large
trunk that soon drops pitches of 10 m and 30 m to drop into
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the high stream passage of the wet side. Directly across the
valley to the north is Zhaishi Dong. Here a sizable up-
trending trunk narrows into a climbing canyon that is best
done with several traverse lines. A series of short climbs,
one rigged, opens onto a balcony high in the wall of Cloud
Ladder Hall. After a rebelay at -22 m a free hang rappel is
made into the middle of the room for a total pitch of 244 m.
This astounding triple connection was made in 2010, and
Xiniu was joined in 2012. This group is 16.0 km long and
430+ vertical. Of additional interest is a tight muddy shaft
series dubbed “Jet Stream Cave” on the ridge directly above
Cloud Ladder Hall. Despite tremendous airflow the cave
ends in tight rifts and drains. The bottom at a depth of 111 m
must be close to breaking into the unseen ceiling of Cloud
Ladder Hall. A connection would increase the cave depth
to about 550 m.

3.2. Wudi Dong, Tianshengyan, and Liugianwujian

Wudi Dong, Tianshengyan, and Liugianwujian form the
next cave group. Wudi is almost a karst window in the
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bottom of a very large steep sinkhole about 1.5 km long and
100 m deep. A large passage at the bottom quickly intersects
the stream. A short way to the east is a sump that is very
close to the upstream sump in Quankou. To the west is deep
water in very tall canyon. After 2.2 km and several waterfall
climbs the upstream sump is encountered. There are several
side passages at this lower level. Tianshengyan is up the hill
on the south side of the valley, past Wudi. It is dry mazy,
and contains old saltpeter workings. Just down the hill is
the small entrance of Liugianwujian where a pit is
immediately encountered. Several more pits follow and the
cave develops at a mid-level underneath Tianshengyan. A
series of pits connect both caves to the lower passage in
Wudi. This group is 10.8 km long and 228 m deep.

3.3. Shengkongba

The entrance to Shengkongba (a place name) is a large
obvious wet weather insurgence in a long shallow sink near
the west end of Ranjaigou valley. The main passage quickly
chokes in cobbles and organic debris, but a side passage
leads to a maze of crawls and short pitches of 7, 6, 9, 10,
8 m. Then the 6" pitch of 34 m finally intersects base level
where a large trunk leads to the active stream way.
Unfortunately only 170 m of the stream is traversable as it
sumps up and down stream. Shengkongba is 2 km long and
118 m deep and a number of leads remain.

3.4. Yingjiawan

The last cave in the valley is Yingjiawan. An active stream
from the non-carbonates to the west flows into a prominent

entrance in a shallow sink. The stream immediately spills
over a 12 m pit and enters large borehole steeply trending
down. Several obscure climbs and incoming passages are
passed before the passage levels out in an oval wind tunnel.
After several hundred meters the main stream passage is
encountered. Unfortunately it sumps up and downstream in
short order while the air is lost in a complex of infeeders.
Near the entrance are two other entrances, one which drops
a very nice 82 m pitch after a short canyon section. This
group is 3.9 km long and 169 m vertical. Sitting above
Yingjiawan, but not yet connected, is Shizikou Dong. This
horizontal complex has four entrances and is 1.6 km long
and 60 m of vertical extent.

3.5. Cloud Ladder Hall

Cloud Ladder Hall is the tallest of the world’s very large
rooms. It sits under the ridge, on the high-water flow path,
between the lower end of Gaiping Doline and the Quankou
resurgence. This flow accounts for the removal of collapse
rock as the ceiling continues to stope upwards. Several
waterfalls enter the room from very high indicating active
development. Passage in Zhaishi Dong intersect the walls
of Cloud Ladder Hall at a point 244 meters above the floor,
yet the ceiling can still not be seen at this point. Jet Stream
Cave located directly above the room further indicates
extensive shaft development between the ceiling and the
surface which is estimated to be less than 100 meters. Due
to these features Cloud Ladder Hall is considered a proto-
tiankeng — a chamber in the final stages of transition into a
tiankeng. The floor area is 51,000 square meters, and the
volume is estimated to be as much as 5.8 million cubic
meters, ranking it sixth and third respectively in the world.

Figure 2. Quankou Cave System and Location of Cloud Ladder Hall.
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Figure 3. Cloud Ladder Hall.

4. The Dolines

Perhaps the 4 dolines north of Quankou all feed into one
big system. Thus far relatively little cave exploration has
been conducted despite large sinking streams in each. In the
western and largest, the fourth or Gaiping Doline, is the Er
Long entrance to Quankou, and a massive insurgence,
Erlongkong (length — 177 m, -20 m). Local people tell
stories of more caves.

In the third doline from the east, some work was done in
2007. The entrance to Jiugoubashui Dong (553 m, -87 m)
is formed where the doline’s stream plummets over a 57 m
pitch into a large open air shaft. At the bottom a large
passage diminishes to a choke rather unexpectedly. On the
east hillside two beautifully decorated caves were partially
explored, Xiniu Dong (846 m, -56 m), and Sancha Dong,
(1,391 m, -74 m). The team has not yet explored the second
doline where the town of Jielong is located, nor the first
doline. In the hills a little closer to Tongzi, two paleo trunk
segments are next to the road, Wantangsui (520 m, -15 m)
and Wantangda (421 m, -15 m), as well as numerous other
small caves and unexplored entrances.

The team’s impression is that a great deal of significant cave
will be found in the valleys, ridges, and plateaus along the
big dolines.

5. Tongzi Area Caves
5.1. Tongzi System

The system is located down the ridges southwest of the
Houping System along similar structural lineaments and
begins inside the Town of Tongzi. The most prominent
entrance, Shanghetaowan Dong (Upper Walnut Bend
Cave), is a classic karst window which serves as the town
dump. Upstream of this point several dendritic passages
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lead to additional pit entrances. Downstream a large passage
continues, passing a short breakdown choke, and
intersecting the infeeder of Leng Dong after about 1 km.
Leng Dong (Cold Cave) is the preferred entrance for the
lower cave and accesses a continuation of the stream
canyon after a complicated 12 m pitch avoiding a waterfall
and plunge pool. After a couple kilometers of winding
passage a sump is encountered. Near the sump an infeeder
was followed for 1.3 km with many leads left unexplored.
The Tongzi System is 8,489 m long and 471 m deep.
Unfortunately the cave is horribly fouled with trash which
has severely dampened interest in further exploration.

5.2 Lao Chang Dong

Lao Chang Dong is a 3,146 m long and 98 m deep cave
complex that is about 1.5 km southwest and downstream of
Shanghetaowan, and possibly containing the same stream.
Old saltpeter mining vats, trails, and artifacts are in
abundance, giving the cave its name. Many leads remain to
be explored and more entrances have been seen farther
down the mountain.

5.3 Other Caves

Numerous other smaller caves also have been found and
documented in the general area. Despite some of them
being prominently visible in the mountainsides, they have
thus far been found to be relatively small.

6. Conclusions

The cave systems of the Tongzi, Tudi, and Jielong
townships are significant in size, extent, hydrology, and
geomorphological development. The team believes a great
deal more cave exists in this area and the finest discoveries
are yet to come.
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The Hong Meigui Cave Exploration Society (HMG) is an organization with wide international membership which is
devoted to exploring and characterizing China’s many caves. Its main area of focus is Wulong County, Chongging Province.
Its permanent base of operation is in the town of Tongzi. HMG’s main function is to facilitate the organization of
expeditions by providing a presence on the ground in China yearlong. There are many logistical challenges that expeditions
must overcome when working in developing countries; Additionally, China poses its own unique legal challenges that
classify many forms of cartography as infringing on state secrets.

Yantangping cave (HMG logging code 48H-H12-127-yantangping) is located in the Houping area of Wulong County,
China. It lies just outside the buffer zone of the San Wang Dong (SWD)/Er Wang Dong (EWD) UNESCO World Heritage
site. It is considered a significant cave by HMG members because of location, depth, difficulty and potential for new
discoveries. It has a total vertical extent of 491 m and a surveyed length of 1,210 m. Significant passages have been
discovered in SWD and EWD that extend out of the UNESCO protected area and far into the UNESCO buffer zone, thus
indicating that both the protected and buffer zones should be expanded; however, the likely interconnectivity of the
Yantangping System demonstrates the enormous extent to which these zones need redefining. Until recently Yantangping
was never the primary focus of an expedition, but due to the length and difficulty of exploration trips it is inefficient to
explore as a tertiary objective; the first full scale expedition focusing on Yantangping is scheduled for Chinese New Year
2014.

1. Introduction field work indicates a 3° dip toward SWD. In-cave

. ) observations show large variation in the rock quality and
Yantangping Cave System (YTP) is located north of the  composition; members vary from easy to hand drill to so
town of Tongzi in Wulong County, China. Expedition  parq and siliceous that drill bits spark.

participants typically arrive in Chongging via domestic

flights; from there it is a 2 hour bus ride to Wulong City ~ Several dye traces have been done in the area using
followed by a three hour “bread” van to the town of Tongzi. ~ fluorescent dye dumped at the entrance to YTP. However,
Despite the fact that Tongzi has an estimated population of ~ numerous dye receptors were lost because of high flow at
200,000 people, its infrastructure is similar to that of atown  the bugging locations and no dye was indicated. This is
of 500 people in North America. YTP is situated on the east ~ Potentially due to the high flow at the springs relative to the
side of Yantangping Valley on a steep hillside at an low volume of water flow in the cave. More dye traces are
elevation of approximately 1,340 m above mean sea level.  Planned for the future.

The entrance is accessed via foot path by a 90 minute hike.  1he yTP Valley walls are very steep and covered with
This path repeatedly crosses a streambed which is dry most heavy brush making climbing them extremely difficult. The
of the year. There is a small reservoir farther up the valley ridge in which YTP is developed is forested with small
than the entrance from which the local community pipes  conifers as well as heavy deciduous brush; it has not been

much of its drinking water. fully explored and there is no complete catalogue of surface

Weather in this region of China is relatively stable with four karst features. It is likely that there are additional entrances
seasons and a clearly defined wet season. Average monthly  located on the ridge top as there is rumor in the village of
temperatures in the town of Tongzi range from -10 °C to large pits. There is a total possible increase of 250 m of

40 °C. Unlike the province capitol, Chongging City, the air ~ Vertical extent by adding an entrance on the ridge top
quality in Tongzi can be good. directly above the current entrance. Satellite imagery shows

several shadows on the ridge that could possibly be pits;
however, their existence has not been confirmed.

2. Geology

Yantangping Valley runs from the northwest toward the 3. General Description
southeast. It separates the Houping watershed from the Gai
Ping Doline and associated Quankou Cave System. It shares
a large section of ridge with the San Wang Dong Cave
System (SWD) and is formed in Ordovician limey dolomite
and other Ordovician carbonates. Although a full
characterization of the area has not been finished, scattered

The nature of cave passage varies greatly with depth — this
is the most intriguing aspect of the system secondary to
possible connection to SWD. There is a strong, perennial
draft at the entrance and a very slight inflow of water from
the surface drainage at that point on the valley wall. The
upper most section of the cave has very few side passages
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Figure 1. Regional overview of selected caves in northern Wulong County showing the relative location of Yantangping Cave to San

Wang Dong and Er Wang Dong. Image courtesy of Mike Futrell.

and is typically joint-controlled: significant pits alternate
with narrow rifts down to -194 m. It is in this section of the
cave that the most difficult challenges to exploration are
encountered. There is one notable non-joint controlled
crawlway in the upper section. It is a low volume passage
with a flowing stream and grapefruit sized cobbles. This is
the one part of the cave discovered to date in which a
flooding event could be deadly; however, the current
entrance configuration makes it highly unlikely that large
amounts of rain water would ingress at that point.

There are several significant obstacles in the upper section
of the system: a long, cobbled, wet crawlway; a chest
compressing rift; a floorless, wall less traverse to a pitch
head, a chest compress on rope; and numerous long pitches
sprinkling water. At -261 m a 30 m long section of
especially challenging rift is encountered. This passage is
the single most difficult to traverse and was dubbed “Riff
Raff” during exploration. If not for the valiant efforts of
Tommy Shifflet exploration would have gone no further.
This section of rift is not quite chest compressing in width
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and not tall enough in height to travel upright. It is slightly
tilted from vertical and the less than vertical wall is
perfectly smooth and mudded whereas the overhanging
wall is forested with snagging protrusions. Additionally, the
cross section narrows toward the bottom so that bags and
bodies get wedged; there is no floor to use for support. In
the last few meters of this passage it drops down to the floor
and requires crawling on one’s side in 15 cm of water to
progress.

The second section of the cave consists of voluminous and
deep vertical spaces. Beyond Riff Raff the streamway
cascades down into a large cross section. The water falls
20 m and lands just to the west of an underground
watershed. At this intersection the cave gains volume
without a clear explanation for why. Comfortable walking
passage goes in both directions, and both directions slope
downward. The water flows a short distance westward
before falling into a significant vertical space. This space
extends upward and downward. It takes a stone over 3
second’s freefalling to make contact with something and
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then rattles foe an additional few seconds. This estimates
the drop to be over 100 m. The vertical space has the look
and feel of a massive cross canyon extending in two
directions rather than a simple pit or migrating shaft. It has
not been explored to date.

To the east there is 90 m of gently descending, dry walking
passage which is terminated by another large vertical space.
This large pit has several adjacent pits which are connected
at a mid-level but do not appear to reconnect below.
Enormous alcoves are visible on the far side of the pit and
appear to have significant in feeding passages. This pit is
approximately 27 m in diameter. Below the initial pit the
passage turns a corner and continues downward via another
large pit with windows, a canyon, and another pit at which
point a sloping ceiling becomes visible. A few short drops
and one more pit complete the journey to the only
established camp site in the cave at -401 m. The ceiling is
an obvious bedding plane tilted at approximately 30°. Camp
is situated in the first of 3 adjacent pits.

From here there are numerous passages extending in several
directions with mostly horizontal travel. This area is
considered the third section of the cave in that the nature of
passage is different from the previous two sections. The
most notable passage in this area is the Downward Spirals
passage which intersects a fault and follows it downward;
it doubles back under itself many times as it gains depth. It
is in this area that the hardest rock is encountered.
Eventually, Downward Spirals reaches the lowest point in
the cave to date after 100 m of rope from camp. While most
of the passages in YTP are wet, many of the passages after
camp are very dry and at least one area has large amounts
of gypsum. One exception is the terminal room of
Downward Spirals which is 20 m tall and has a cracked mud
floor. There is a strong draft coming from a too-tight
bedrock squeeze some meters off the floor.

4. History of Exploration

Modern exploration in YTP began with the entrance being
logged by HMG in 2007 after a team was led to the entrance
by a local villager. It is unlikely that there was significant
exploration before this point because, while the entrance is
horizontal, ropes are needed immediately for a 30 m pitch.
The first survey to penetrate beyond the first pitch was
conducted by Duncan Collis and Mike Ficco in April 2007.
Survey trips were routinely added on to the beginning or
end of other expeditions. As exploration continued and trips
became longer it became more and more unfeasible to rerig
the cave and proceed to survey on a single trip, even with
the practice of leaving derigged ropes in the cave. Soon it
became necessary to spend a day rerigging, and then a
second day surveying and derigging. The majority of
exploration trips were limited by the amount of rope the
team could carry. No hammer drills have been taken beyond
Riff Raff thus on numerous trips the number of self-driven
bolts that could be set were the limiting factor.

All exploration was done on extended, single day push trips
until December 2010. By this point travel to the pushing
front with equipment required 8 hours. Duncan Collis, Rob
Garret and the present author established the only in-cave
camp to date. The team hauled a tackle sack of hardware to
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rerig to the pushing front and 3 tackle sacks of camping
gear. They rerigged to the watershed and left the gear. The
following day the team returned with 3 additional tackle
sacks of camping gear and rope; they pushed onward
rigging into the unknown and hoping to encounter a
reasonable location to make camp. After several new
pitches and exploration of junctions it was late into the
night. Camp was set at the first possible location, which
proved to be an uncomfortable camp.

The current YTP camp has just enough room for 3
hammaocks, two of which suffer scattered drips of water.
The floor beneath camp is sticky mud. The water source is
a 27 mdrip which is collected in a Darren drum and allowed
to sit overnight so the sediment can settle. The drip
collection is a scant meter away from the toilet.

Due to the infrequent nature of trips it was decided that
human waste, both liquid and solid, could be left in the
drain of this small pit and would have sufficient time to
wash down stream. Only after fully exploring this area and
near the conclusion of the camp trip was it realized that the
toilet drain does not merely reconnect to another lead below,
but is a lead that needs exploration. In addition to the toilet
lead one other lead was left coming off of camp. This
second lead was drafting at the top of a small pitch where
exploration was ended. All passages explored to date in
YTP have been surveyed in keeping with the HMG policy
of “no scooping”.

All ropes save the first are left in-cave but all hangers and
maillons are removed after exploration. Rigging thus far
has been done using 8 mm wedge anchors above Riff Raff
and 12 mm Spit self-drive drop-in anchors thereafter. PetzI
aluminum alloy twist, and bend hangers, as well as
amarrage supple hangers are used. Excluding the first rope,
the cave is rigged using 9 mm and 8 mm diameter ropes.

5. Connection to San Wang Dong

There is currently a separation of 1,670 m horizontally and
Om vertically between the closest known passages in YTP
and SWD. SWD is developed at a lower elevation and to
the east of YTP; there are currently going climbing leads in
the farthest west passages of SWD. Based on the passage
density in neighboring areas it is reasonable to believe that
there is a connection to SWD. With the impending
connection of SWD and EWD this connection would make
a system with total length of at least 128 km and a vertical
extent of 1,160 m. The current YTP entrance would be the
highest point in the system.

Recent explorations in SWD have discovered several large
diameter passages each over 1 km in length; it is not
impossible that a single day of survey could result in a
connection.

6. Future Expeditions

It is inefficient to further exploration in YTP via single day
trips thus necessitating dedicated expeditions. The first of
these is planned for Chinese New Year 2014. The primary
objective will be to finish exploration of the dry side of the
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watershed in the first week and then push into the wet
branch. Additionally, it may be possible to find a bypass to
Riff Raff, which is a tertiary objective. Exploration is
planned to be done on 5 day rotating, hot bedded camp trips.

There are already several hundred meters of rope in the dry
branch which can be used there and then subsequently in
the wet branch. The expedition will take several hundred
additional meters of rope as well as a hammer drill to use
beyond Riff Raff.
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UNDERWATER EXPLORATION OF THE BJURALVEN VALLEY CAVE
(SWEDEN) UNDER EXTREME WINTER CONDITIONS

Dmitri Gorski, Nicklas Myrin, Bosse Lenander, Markus Nord, Mark Dougherty
Swedish Speleological Federation (SSF) www.expeditionbjuralven.se

The underwater cave in Bjurdlven valley in the Swedish county of Jamtland was discovered in 1979. An attempt to dive
into the cave was made in 1997, but the system was deemed undivable due to very high (up to 20 knots) water flow.
However, in the early 2000-s, a group of Swedish cave divers determined that favourable conditions in the cave system
can occur and proved that it can be dived in early spring when ice covers the entrance and the flow is moderate. The
exploration in Bjuralven thus began.

The first Expedition Bjuralven was carried out in 2007, and since then divers have visited the harsh winter landscape every
year in March. The documented, explored and mapped cave system now measures more then 700 meters; the deepest part
is at around 20 meters. The tight and narrow passages as well as extreme water temperatures (down to 0 °C and lower)
require the use of special diving techniques and equipment, some of which has been developed specifically for this project.

Through cooperation with the local community, Expedition Bjurdlven gained a special place in the lives of the local
residents and authorities. The expedition was included in a recent European Union regional development project “From
Outer Space to the Inner of The Earth” and a documentary about the Bjuralven valley by Kurt Skog was released in the
spring of 2012. Through joint efforts of the expedition members and the local community, Bjuralven is now the longest
underwater cave in Sweden. Research within hydrology, geology and biology is carried out in cooperation with universities
and new results come forward every year.

Figure 1. Bjurélven valley cave is full of hidden beauty; small tight tunnels open up into big vaults further inside.

1. Introduction and researchers organize an expedition to the Dolinsjon

L. . ) ) cave in Bjurédlven valley. Overcoming the difficulties,
Does cave diving in the middle of Swedish winter only  fjghting the weather, the expedition continues to add newly
steps away from the Polar circle sound crazy to you? With  aypjored sections of the cave to the Dolinsjon system. Join
temperatures down to minus 25 °C, a thick layer of ice e explorers on their quest described in this paper, and you

covers every waterhole. To get to the cave, a lengthy trip  \ij understand why the cave calls for them again and again
on a snowmobile has to be undertaken first. And yet, this every year!

year is the seventh year that a group of Swedish cave divers
92
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Some caves are big and roomy; you could almost drive a
truck though their passages if they were dry. Diving there
is pleasant and effortless; you simply glide through the
tunnels and enjoy the scenery hovering above the floor.
There are plenty of such caves in Mexico, France or Florida.
Some caves are exotic and unusual, like the Tank cave in
Australia och the Molnar Janos cave in Budapest. Some
caves are cold — Plura River cave in Norway or Ordinskaya
cave in Russia are good examples. A few caves are tight and
nasty, almost trying to catch and trap you everywhere you
go. Now imagine the cold and the tight confined spaces
combined together; to move somewhere you often have to
squeeze through passages that can barely accomodate a
diver, the water temperature so low that you stop feeling
your fingertips in dry gloves only a couple of minutes into
the dive. And what can be more exotic than cave diving in
the middle of arctic landscape far away from the entire
civilisation? The cave in the Bjurélven Valley is amazingly
beautiful though — low passages open up into vertical
cracks, everywhere there are evidences of extremly high
water flow during the summer months. Passages are eroded
into streamlined channels; walls are covers in thousands of
ripples and facets. Limestone is hard and loose rocks on the
bottom are shaped into sleek purposeful shapes. All small
objects and loose rock are washed away by the current
which in the summer months can reach up to 20 knots. This
is the main reason for the expedition to be orginized during
winter, when the water flow is virtually zero and the
entrance pool is covered by more than a meter of ice.
Another reason is the remote location of the cave. During
summer, the only access to the cave is by foot through more
than five kilometers of forest and marsh. No terrain vehicles
are allowed since the whole area is a nature reserve. During
winter, however, the expedition is granted permission to use
snowmaobiles and the logistics become much simpler. Small
vegetation is covered by deep snow and the bare trees are
not an obstacle when snowmobile trails are prepared.

Figure 2. The first task each year is to clean the diving site from
all the snow, drill a hole in the thick ice and establish a base camp.

2. Materials and methods
2.1. Support from the local community

Diving expeditions to such a remote location would never
be possible without the support of the local community. The
support for expeditions to Bjurdlven has always been
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amazing! Residents of the nearby Blasjon village make a
large effort each year by preparing the scooter tracks which
span approximately 6 kilometers from the nearby road to
the cave entrance. The expedition members live in an old
village school and have access to warm food and sauna after
exhausting days in the field. Everybody, from housewives
to the local village business owners, is involved in making
expeditions to Bjuralven a success!

2.2. Cooperation with the authorities

Bjuralven valley lies within a nature reserve. This means
that special permits are required to be able to for example
operate snowmobiles in the area. Due to the many years of
fruitful cooperation with the local authorities, the
paperwork is seldom a problem and the expedition receives
all kind of support from the county of Jamtland. As a
payback, a lot of publicity is created around the Bjuralven
valley and the unique tourism destination it is. Expedition
to Bjurélven has been subject to a lot of attention from the
media, from local radio stations and newspapers to large
national media houses.

Figure 3. The entrance to the cave is low and treacherous, first
hundred meters are basically one long restriction.

2.3. Diving techniques and equipment

Due to the small size of the cave, the technique called “side-
mount” diving has to be used. While normally divers carry
the tanks on their backs, in side-mount diving they are
carried along the sides which gives a very low and stream-
lined profile. Equipped like that, the divers are able to enter
the cave. Each diver carries three large 12-15 liter tanks
(most of the air supply is reserved for emergency). The third
cylinder is mounted on the chest and can be removed when
passing obstacles. To be able to withstand the freezing cold
for several hours at a time, thick undergarments, double
hoods, dry gloves and electrical heating are used. Divers
must not disturb the fragile environment in the cave and this
is why many hours are spent each year practicing diving
trim and buoyancy, an art of swimming in the cave without
disturbing its walls, floor or ceiling.

2.4. Underwater cave mapping

The goal of many of the dives is to explore the cave system
and produce a map of it. The cave is mapped using
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volumetric measuring techniques — each 2.5 meters the
divers measure distances from the guideline to the walls,
the ceiling and the floor using a measuring tape. This
information is later fed into a computer programme CaveX
that generates a three-dimensional image of the mapped
cave passages.

2.5. Tracing of the divers in the cave

By putting an electromagnetic tag on a diver, a pulsating
magnetic field can be detected on the surface with a radio
location device. The radio location and communication
device, M-85, is developed, built and described by Bo
Lenander, SM5CJW, member of CREG (Lenander 1987).
M-85 is a 32768 Hz 1.5W DSB transceiver with a 420 mm
circular tuned loop antenna. The tag is a 33 kHz transmitter
with a horizontal 300 mm single turn tuned loop antenna.
While the tag is under water, its water sensor activates the
transmission of short 33 kHz bursts with 2 Hz pulse
repetition frequency (PRF). That can be heard as an audio
tone signal in the M-85 receiver. The R6/AA battery and
electronics are put in a 125 mm long watertight Al-tube.
Total tag weight is 100 g. The device can be seen in the
figure below.

Figure 4. Radio location device on the left and electromagnetic
tag on the right.

2.6. Biological research

Biological research in the 2011 expedition focused on
carrying out an inventory of the species tolypella
canadensis, a rare and endangered charophyte. This species
was announced in 1973 (Sawa 1973) and has only been
observed in relatively few sites in the Arctic-alpine region
(Langangen 1999). Research into the question was initiated
after initial findings from our expedition in 2010 when the
species was informally observed to be growing in the area.

Possible sites where the species was likely to grow (pools
with a soft sandy bottom) were investigated under the
direction of Markus Nord. A diver wearing a mask and
snorkel searched each site carefuly.

3. Results and discussion

There are very few “fun dives” on the Bjurdlven
expeditions. Although this is not completely true since all
dives there are extremely exciting. But there is a mission
for each and one of them. Every diver, entering the water,
has a task to do, be it digging at a remote stone choke to see
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if a connection can be made or laying new line and mapping
new passages.

Figure 5. Further inside, the cave opens up and sometimes divers
swim through big vaults where multiple passages coverge.

Each dive usually starts with a briefing with the surface
manager and safety diver on duty. After clearing the dive
plan and discussing the mission, it is time to kit up with
sidemount tanks and jump into the hole in the ice on top of
the Dolinsjon, a small lake at the entrance of the cave
system. The visibility there is usually rather poor and a thick
blue guideline leads under a ledge to finally disappear in a
tight horizontal crevice. The floor is loose gravel and
sometimes, an effort of some digging must be made at the
beginning of the dive to make it through with the stomach
in the gravel and the back against the cave ceiling. Inside,
the cave opens up. Suddenly the visibility clears and
amazing view comes into sight — sleek tunnels polished by
water for thousands of years, disappear into the darkness.
There is not much silt since most of it is carried away by
summer flow — even small stones are not that common in
some cave passages.

Figure 6. Throusands of small facets on the cave walls are formed
by the summer flows; using their shape and size it is actually
possible to calculate the volume of water passing through the cave.

Up to date, the longest penetration in Dolinsjon cave is
some 250-300 meters. This does not sound like a lot, but
considering the environment it is a lengthy distance to
swim. Several tight restrictions block the way and have to
be negotiated, sometimes taking off some of the tanks.
Safety bottles, placed every 20 meters, help to reduce the
risks but are a big job to place out at the beginning of each
expedition. Although each dive is a mission, there is a lot
of time to admire the cave. The tasks are usually at the end



Exploration and Cave Techniques — oral

2013 ICS Proceedings

of the line and thus, there is a lot of time to look around on
the way in and out.

3.1. Cave exploration and mapping

Three-dimensional cave map, created by the divers, can
give a lot of valuable information. It can be clearly seen
which passages come close to each other and the divers then
attempt to make a connection between them. So far, over
700 meters of cave have been mapped. The map also allows
performing calculations of the cave volume which then, if
the flow of water is known, can be used to calculate the
amount of water passing through the cave each year.
Flowmeters have been placed out in the cave for this
purpose. Hydrological and geological research can be
performed using the data obtained. For example, the age of
the cave can be estimated if facets and ripples on cave
passage walls are measured and the amount of water
flowing by each year is known. The flow conditions also
help to learn more about the melting of the ice in the
mountains upstream from Bjuralven.

Figure 7. Total mapped length of the cave by 2011 was
approximately 700 meters.

3.2. Tracing of the divers in the cave

The operating range of this equipment is up to 50 m and it
is possible to measure how deep under the surface the diver
is by use of standard methods. In an urban area, where the
electromagnetic noise level is high, the practical operating
range will be reduced. The electromagnetic noise in the
Bjurélven area is very low. It is important to avoid the use
of digital cameras and LED-lights within 1 m from the
receiving loop antenna as those devices can give a high
noise level.

With the described equipment we were able to follow the
divers in the cave below the snowy mountain and that gave
the dive master helpful information both for safety reasons
and for timing of planned dive operations. The
footprints/tracks in the snow, after the divers have been
followed, showed the horisontal projection of the cave, a
scale 1:1 cave map. In the future it would be useful to have
a 2-way communication with the diver. Questions

are given from the surface and the diver can answer yes/no
with a single tone burst. The operating range of the
electromagnetic equipment is highly dependent on the
transmitter power as the operation is within the near field
of the loop antenna (inverse cube law). For further use of
this tracing method the transmitter power of the tag must
be much higher than at the moment.
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Figure 8. Winter landscape of the Jamtland county is an
impressive sight in itself! It is not a coincedence that the area is a
national park.

3.3. Biological research
Three sites were investigated:

From the main resurgence cave (RT90: X7202791,
Y1419988) to the bridge over the river. Outside of
resurgence is where initial observations of the charophytes
were made during the previous year. The bottom structure
of the river is stones and coarse gravel with some limestone.
However, no traces of the species were found in 2011. No
other areas with a sandy bottom were discovered.

Along the course of the river from the resurgence at
Semigrottan (RT90: X7202522, Y 1419184) to the main
sinkhole are two areas with a soft sandy bottom: Pooled
water where the river turns through 180 degrees at RT90:
X7202458, Y1419292 and a large pool 25m downstream of
Semigrottan at RT90: X7202522, Y1419196. No traces of
the species were found.

The third area is around Dolinsjon (RT90: X 7202434,
Y 1418696). In the north-east basin (where diving takes
place) charophytes were found, but it was determined that
they were not the species tolypella canadensis. The south
west edge of the doline has a soft sand bottom whereas the
east has a bottom of mainly rounded gravel.

Thus although charophytes were observed during the 2011
expedition the species tolypella canadensis remained
elusive and no positive identifications were made.

3.4. Equipment development

Expeditions to Bjurélven are perfect for evaluating the
performance of existing diving equipment in extreme
environment. Also, new equipment is manufactured and
tested specifically for the expedition, most often by the
divers themselves. One examples of such equipment is the
regulator heating systems. Extreme temperatures in the
Dolinsjon cave make regulators malfunction. Normally, a
freezing would lead to a freeflow which is fairly simple to
handle — the worst thing that can happen is so-called “valve
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Figure 9. The temperatures, both topside and in the water, are so
extreme that diving regulators need to be submerged at all times
to prevent them from freezing.

breathing” when the tank valve is feathered at each breath.
While probably a source of a lot of stress for a novice diver,
such procedure is fairly easy to use if proper trained. Tank
valve with the freeflowing regulator is closed and the diver
has to open it a little bit to take each breath; this way very
little gas is wasted and the diver can head home in relative
safety.

Figure 10. Extreme cold puts pressure on both the equipment and
the divers.

The problem, experienced on many occasions in Bjuralven
has been that regulators do not freeflow upon freezing —
they simply stop giving gas. The flow of gas becomes
smaller and smaller and after a minute or so just stops
completely. This happens due to build-up of ice inside the
regulators and it is a rather frightening experience. There is
simply nothing to breathe. Of course, double and triple
systems help — but those might freeze just as easily,
especially if the breathing is a bit on the heavy side due to
some stress. Special heating sleeves were manufactured to
attempt dealing with this risk. Fitted on the heat exchangers
on the second stages, the plan was that they reduced the risk
of freezing simply by heating the regulator in an efficient
manner. It is too early to say if this method was a success,
but it can be concluded that none of the regulators, fitted
with the heating sleeves, froze while there were multiple
freezings of regulators without the heating system during

96

the last expedition in 2011. To collect more statistically
reliable data, this equipment will be used in future
expeditions and hopefully, at the end, help to reduce
accidents connected to second-stage freezing.

4. Conclusions and summary

Most of the passages explored and mapped so far end in an
intersection where two or three new tunnels reach out into
the darkness, around each corner there is most often not a
dead end but pleny of new passages to explore. With it's
700 meters, Dolinsjén cave is today the longest underwater
cave system in Sweden. Since there are so many new leads,
the system gets significantly longer each year.
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GROTTADEL BUE MARINO - SARDINIA

Daniel Hutiian
Z0 1-10 Speleoaquanaut, Ledarska 433/9, 147 00 Prague 4, Czech Republic, hutnan.dan@gmail.com

In 1986 happened a small miracle. During totality when the travel to the west world has been nearly impossible small
group of Czech speleodivers from Speleoaquanaut club found themselves in the small spa town of Bad Urach in West
Germany. Jochen Hasenmayer has held a lecture there for the guest of the spa about his recent discoveries in the cave
Blautopf. Unfortunately the Czech divers were unable to get permission to dive in the cave but the meeting with Jochen
has opened the way to Italian island of Sardinia. The diving in this picturesque place called Hasenmayer during a meeting
with the Czech group after a lecture as one of the most beautiful in Europe. It has been 25 years since the exploration
vehicle Avia with Czech speleodivers first came to the mountains of Supramonte in the Golfo di Orosei.

1. Bue Marino

You can find here one of the most beautiful cave system of
Sardinia. The full name of the entrance of the cave, which
is known for several centuries, is the Grotta del Bue Marino.
Itis derived from the Mediterranean monk seal (Monachus
monachus), that is in Sardinia called Bue Marino — sea ox.
Seal colonies have appeared in the cave till the early 70-ies
of the last century.

Figure 1. Entrance to the cave (Photo Radoslav Husak).

Grand entrance portal of the cave must have been noticed
by fishermen that sailed boats along the coast. Forms in the
shape of human figures carved on the walls date back to 6-
8 thousand years ago. Probably even early man used the
cave, that provided protection from the weather, and when
the sea level was a few meters lower, fresh running water.
Some inscriptions in the upper part of the portal are from
the late 19" century. Systematic discovery and mapping Bue
Marino started to happen from 50’s of the twentieth century.
The greatest credit for the survey of the dry parts of the cave
system goes to teams of cavers from Sassari and Dorgali.

2. Waiting for aqualung

Rising of the seas ten thousand years ago caused secondary
flooding of the monumental corridors. Sumps created an
obstacle that was for dry cavers unsolvable problem. The
two at the time known branches of Bue Marino cave —
Ramo Sud and Nord — were waiting for a time when
aqualung will let speleodivers penetrate sumps and the
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exploration of the caves will progresses further. At the
beginning of the 70-ies of the last century came to Sardinia
Jochen Hasenmayer. Little guy with tremendous vitality.
Discoverer, explorer, innovator. Second of August 1972 he
plunged for the first time into a siphon at the end of
Terminale Ramo Sud (South branch). September 1, 1977
he surpassed (on the third attempt) 630 meters long and 32
meters deep sump. After that he swam through two short
sumps Apnea 1 and 2, and discovered nearly 1.5 kilometers
of dry tunnels and sumps Owest, which we later named
Hasenmayer’s question mark. In the seventies Jochen as
well dived in Ramo Nord. During several attempts based
on the information by Axel Mahler he came all the way to
the sump, which is in the last overall map marked as cave
called Siphone Nord Grande. Hasenmayer’s memory sketch
from 1972 shows that this admirable man has been diving
in Ramo di Mezzo. This branch of the Bue Marino cave has
been rediscovered only in 2005. Stainless steel wire used
instead of guide lines by the Austrian ended a mile from the
entrance to the cave. At that time that has been truly
remarkable performance.

3. The inscription at the end of the cave

Sumps Bue Marino enticed other speleodivers. Between
1981 and 1982 the French Speleologists Crouquet, Hilaire,
Granier and Eric Le Guen went through the sump
Terminale. In the turn before sump Apnea 2 they found
sump Terminus, interrupted by dry sandy stretches. They
got to a distance of 600 meters.

Figure 2. Public parts (Photo Radoslav Husak).
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Figure 3. Lakes of Ramo Sud (Photo Karol Kyska).

We discovered their guiding cord in 2010 in a small trap at
the very end Ramo Sud. It is called The French 2. Here,
according to a memory sketch a diver got 20 meters away,
and 8 meters deep. The French group left cave inscriptions
at three locations, which marked the reached positions.

Figure 4. 15" siphon of Ramo Nord (Photo Radoslav Husak).

4. The era of Czechoslovakia

The first Czech expedition to Sardinia in 1987 examined
the inland caves of mountains Monte Alba and
Supramonte, also coastal springs on the west coast.
Systematic cavediving exploration of Bue Marino by
Czech speloedivers began in 1989. Cavers gradually
penetrated new parts of The Ramo Nord and mapped it in
detail. They overcome 530 meters long and 30 meters deep
sump Nord Grande after which they advanced into three
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corridors of several kilometers. In 1993 Lubos Benysek,
Milan Slezak and David Netusil swam along with their
Italian colleagues Leo Fancello and Roberto Loru again
through siphon Terminale in Ramo Sud. They got to where
they were before Hasenmayer and the French. They were
forced to return, just before the end of the southern branch
by lack of light sources. After this joint Czech-Italian
venture there now were three memory drafts of space
behind sump Terminal. It was time to map this part of the
cave in detail. It happend in 1998 and it was done by a
couple Hutnan — Hota. During the seven hours that they
spent behind the sump they made mapped documentation
to the end of Ramo Sud. But still there remained some
unknown places. The Czech pair was unable to localize the
mysterious Hasenmayer’s sump Owest and both french
sumps.

5. New Millennium

The activity of the Czech speleodivers in Bue Marino
increased with the advent of the new millennium. In the
years between 2001-2012, 10 expeditions took place under
the leadership of Daniel Hutnan. Their goal was to map out
the whole cave again and move on to the unexplored parts
of the cave system.

Ramo Nord (Northern Branch), also known as
Czechoslovakia, was gradually supplemented by new
discoveries. In 1993 Slezak and Benysek reached a total
length of 8 km in this tree. Eighteen years after their
exploration, these two end parts were extended by further
discoveries with the prospect to continue. The detailed
mapping of Ramo Nord lasted three years.
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Figure 5. Map of Bue Marino with the latest discoveries.

In 2005 speleodivers encountered guiding cord stretched by
Thorsten Walde. This cord led into the hallway discovered
and surveyed by Hasenmayer in 1972. We gave her name
Ramo di Mezzo (Middle branch).

In the years 2006, 2007 and 2011 here Radek Husak and
Jan Zilina gradually reached the underwater distance of
4,000 meters. Group of Czech speleodivers also discovered
700 meters of dry passages that begin in turn at 2,650 meters
of Ramo di Mezzo.

Figure 6. Penetration through siphon of Ramo Nord (Photo
Radoslav Husak).

Cooperation with Italian colleagues Leo Fancello and
Roberto Loru led to completion of missing parts of the cave
into the central map. Leo provided all the documents from
mapping all the dry parts of Ramo Sud as well as Ramo
Nord. Also he found in his archive some old memory
sketches done by Hasenmayer and French speleodivers from
1981 and 1982. In cooperation with the Italian group and
with the help of beacons we were able to pinpoint the exact
location of the end of Ramo Sud and in addition to discover
one of the passages that is closest to the valley Codula di
Luna. The distance to the surface at this spot is 22 meters.

Daniel Hutnan overcame with his colleagues sump
Terminale six time in total. Here they gradually discovered
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and mapped 1,500 meters of passages. With his son Martin,
Mira Manhart and Martin Hones Daniel discovered
mysterious places which were not clear from memory
sketches. The French sumps could be then studied and
mapped in detail. They also found the entrance into the
never explored Hasenmayer’s sump Owest (Hasenmayer’s
question mark).

6. Gigantic system

In view of the position of cave systems in the valley Codula
di Luna, itis clear that in the past it was single large system,
running the length of tens of kilometers. Deeply cut valley
separates the present cave, located in the right part of the
valley (Su Palu — Su Spiria, Carcaragone, Su Molente, Cala
Luna), from 21 km long Bue Marino. Overcoming the
valley below ground was a dream that would open the way
to the creation of the longest cave system in Italy.

7. Sump Martin

The desire to swim underneath the valley became a reality
in October 2012. Trinity of Daniel and Martin Hutnan
together with Martin Hones has found at the very end of
Ramo Sud new sump. It was located near so called
French 2. Mapping of the final passages of the cave delayed
Daniel Hutnan together with Martin Hones. In the
meantime Martin Hutnan crawled through all possible
cracks cover with fine sediment. In between some rocks he
found a passage ending at a little pond. They called it the
sump Martin.

After short preparation Daniel Hutnan submerged himself
in the sump. Since the end of the cavern is at the edge of
the valley, there was little chance of finding passages that
were wide enough to get through. The bigger was Dan’s
surprise when the passage under water continued further
south. After about 80 meters the sump ended in a pond
10 x 5 meters. After removing diving bottles Daniel
continued further through wide dry corridor covered by
decorations. This ended after 330 meters in a narrower
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sinter corridor with sump. The whole discovery is 400
meters long and in general is directed south — perpendicular
to the valley. Entering the measured data into the map after
returning proved that this was historically first successful

Figure 7. Dry passages of Ramo Sud (Karol Kyska).

Figure 8. Final parts of Ramo Sud under the valley.

underground pass under the valley Codula di Luna. Thanks
to this discovery the door is open for creation of the longest
cave system not only in Sardinia but also in the whole Italy.
By combining all known caves in the right and left side of
the valley the final length can be 70 km.

On discoveries in the cave of Grotta del Bue Marino
participated more than 50 cavers from Czech and Sovak
Republic. Thanks goes to not only to the local speleological
groups from Dorgali and Sassari. We want especially say
thank you to those who helped with obtaining permits to
work in this beautiful cave and provided historical records
and personal assistance: Leo, Maria, Roberto, Mario,
Gianpaulo, Fabio.
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History of exploration — Grotta del Bue Marino (Leo Fancello, Daniel Huttian).

Ramo Sud
Date Name Location/Activity Cave lenght
since 1950 Dorgali dry parts from entrance ?
1987-2007 | Sassari, Dorgali draving dry parts 2,960 m
2.8.1972 J. Hasenmayer Sifone Terminale — 270 m 3,230 m
23.7.1974 J. Hasenmayer Sifone Terminale — 550 m 3,270 m
1.9.1977 J. Hasenmayer Sifone Terminale — 630 m, Apneal, Apnea2 4,590 m
5.9.1981 Chouquet, P. Penez Sifone Terminale — 550 m 4,590 m
14.9. 1981 P. Penez, Chouquet, Hilaire, Granier Sifone Terminale, Gallerie Sable, Salle Blocs 4,790 m
16. 8. 1982 E. Le Guen, P. Penez Gros Golets, Sif. Terminus — 640 m, Sif. F2-20 m 5,510 m
30.10. 1993 | Benysek, Slezak, Netusil, Fancello, Loru Salle Blocs 5,510 m
30.11.1998 | D. Huthan, M. Hota survey dry parts after Sifone Terminale 5,510 m
5.12.2007 | D. Hutnan, M. Hutnan, M. Manhart, M. Megela | radar 5,560 m
9. 10. 2010 D. Hutian, M. Hutiian, M. Manhart, M. Hones radar, survey 5,590 m
10. 10. 2011 | D. Hutnan, M. Hones, K. Kyska, P. Strnad Sif. Terminus — 800 m, dry parts — 200 m 6,590 m
7.10. 2012 D. Hutnan, M. Hutnan, K. Kyska, M. Hones,
0. Novék, R. Teichmann Sif. Terminus — 200 m, sif. before Apnoel — 60 m 6,800 m
10.10. 2012 | D. Hutnan, M. Hutiian, M. Hones Sif. Martin — 80 m + dry parts after — 330 m 7,210 m
Ramo Nord
Date Name Location/Activity Cave lenght
7.8.1972 J. Hasenmayer Lago Smeraldo-Lago Nero, 520 m 520 m
14.8.1972 | J. Hasenmayer Lago Nero-Lago Barbara, 160 m 680 m
10. 8. 1973 | J. Hasenmayer Lago Barbara-Sifone Finale 73, 2,150 m
1.9.1977 J. Hasenmayer Sifone Finale 73-Sifone Nord Grande 3,350 m
1990 Czech - 10 divers draving parts in front of Sifone Nord Grande 3,350 m
1991 M. Slezak, S. Bilek, L. Fancello second floor after 700 m, 300 m 3,650 m
1992 Czech — 7 divers Sifone Nord Grande-520 m, dry parts after-800 m 4520 m
1993 Czech -7 divers parts after Sifone Nord Grande, 2,230 m 6,750 m
2005 Czech - 16 divers draving parts from entrance to 700 m 6,750 m
2006 Czech — 11 divers draving parts behind Sifone Nord Grande,
chemical analysis, 100 m news 6,850 m
2007 Czech — 11 divers draving Sifone Nord Grande, 100 m news 6,950 m
1987-2007 Sassari, Dorgali, CSS draving dry parts from entrance-1,340 m 8,290 m
2005-2010 | CSS dry parts after 700 m-250 m 8,540 m
Ramo di Mezzo
Date Name Location/Activity Cave lenght
1972 J. Hasenmayer Lago Smeraldo-1,030 m 1,030 m
2005 Thorsten Waelde Lago Smeraldo-750 m 1,030 m
2005 D. Hutnan, R. Husak, K. Svobodové survey, mapping 1,500 m
2005 R. Husak, K. Svobodova survey, mapping 2,400 m
2007 R. Husak, J. Zilina survey, mapping 4,750 m
9. 10. 2011 R. Husak, J. Zilina survey, mapping 4,850 m
11.10. 2011 | R. Husak, D. Hutian, R. Teichmann, P. Strnad dry parts after 2,600 m, 700 m 5,550 m
Total 21,300 m
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EXPLORATIONS IN THE LOFERER STEINBERGE

Oliver Kube, Jochen Hartig, Renato Serodio
DAV Hohlengruppe Frankfurt/Main, Germany; renato.serodio@gmail.com

The Loferer Schacht is currently the deepest and longest cave in the Loferer Steinberge. Characterised by a 600 m deep
vertical segment that leads into a fossil, mostly horizontal area, this cave develops in the upper Dachstein limestone levels,
under which an insoluble dolomite base exists. Given the limestone’s inclination and other indicators such as wind and
water systems within the cave, it is presumed that the cavity progresses deeper toward the valley. Further exploratory work

is required to confirm this hypothesis.

1. Introduction

The Loferer Schacht (Cat.-Nr. 1323/42) was discovered in
1983 by a team of Polish speleologists from the KKTJ
Cracow, who had been systematically exploring and
mapping the region of the Loferer Steinberge. The KKTJ
surveyed the western branch of this cave between 1983 and
1984. The DAV Hohlengruppe Frankfurt/Main undertook
a re-surveying of the western branch down to a maximum
depth of -665 m between 1990 and 1991, arriving at the
same dead-end first reached by the Polish. During de-
rigging in 1992 a connection to the eastern branch was
discovered at -106 m: the “Frankfurter System”.
Exploration in this branch continued, leading to the
discovery of a fossil, horizontal segment of the cave
between 1999 and 2000. The deepest point surveyed, named
“Hades” (-796.67 m), was reached in 2004, as was the
current exploration lead, “Sekt oder Selters” (-730 m). Here
strong wind blows into an area of blocks, still too narrow
for passage. Currently, the surveyed length comprises
10,449 m, extending between +9 m and -796 m measured
relative to the main entrance (Hartig 2008).

Loferer Schacht’s three known entrances are found roughly
200 m to northwest of the saddle of the Kleine Wehrgrube,
between the Reifhorn and the Hochsenhorn, at a height of
2,200 m. The entrances are usually blocked with ice until
August. An entrance in the SW face of the Reifhorn,
especially in the area of the Weittal and Hafenloch, is
presumed. Surface explorations in these regions, in 2005
and 2008, provided an approximation up to £70 m from
charted sections of the cave. Nevertheless, an entrance in
this region is yet to be found.

The Northern Calcareous Alps, in which the Loferer
Steinberge are included, are characterised by the existence
of high-altitude karst plateaus and by the presence of large
horizontal cave levels, known as “Riesenhthlen”, between
the altitudes of 1,600 m and 1,800 m.

The Loferer Steinberge, in which the eponymous Schacht
is located, are composed of a ca. 1,000 m thick, soluble
Dachstein limestone cap, under which an equally thick layer
of dolomite stone is found (Fig. 1). Due to the latter’s low
dissolution potential, speleogenesis is sparse, and thus the
maximum potential depth is indeed around 1,000 m. The
interface between these layers can actually be reached at
the lowest point of the known extension of the cave (ca.
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1,400 m NN). The slope assumed by the layers, directed to
north and northeast (Zak 2008), implies the possibility of
achieving greater depths should karstification have
continued within the Dachstein cap.

Figure 1. Geological profile SW—-NE (Reinl 1993).

The higher-located and vertical segment of the Loferer
Schacht comprises a number of active pits, collecting rain
and thaw water from the surface, and displays characteristic
erosion surfaces. During progression into the cave, it is
evident that both dissolution and erosion of the rock, as well
as tectonic processes and collapse, were responsible for the
character of this cave. The horizontal section, reached at
about -600 m, is markedly different from the vertical
passages so far, and it is thought to have developed earlier.
Of particular interest are the large, horizontal passages,
where flowstone can be found at a number of places. While
numerous stalactites of up to 30 cm are known, only three
stalagmites were observed to date. Cauliflower and other
immersion formations, as well as ground coatings, are also
observed at specific locations and mark a supposed
waterline (Hartig 2012).

Development of the passages along layer interfaces and
faults can be easily discerned in the lower, horizontal part
described above. As an example, the large corridor called
“Minas Tirith” follows accurately the inclination of the
limestone layers (Fig. 2). This passage is still characterised
by large, finely polished slickenside surfaces, which are also
found frequently throughout the carve.

Conglomerate structures have been observed at a single site,
corresponding with the lowest point in the cave.
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Figure 2. Loferer Schacht in profile (SW-NE).

2. Hydrology

With a poorly developed soil and epikarst zone in the
recharge area, mostly above the treeline, the surface around
Loferer Schacht is characterised by the presence of
perennial snowfields and ice plugs in karst depressions. The
residence time of water here is in the order of half a year to
several decades, and melting during the summer season can
contribute greatly to the recharge. Virtually all charted
sections of the cave are located in the unsaturated (vadose)
zone, in the sub-zone of free-draining percolation. Water
transport through the large vertical extent found in the
Loferer Schacht is extremely rapid, with effects of heavy
rain at the surface reaching a depth of 600 m within
5 minutes.

The roughly horizontal passages in the Frankfurter system
are mostly inactive today, and are thought to have
developed under a different hydrological regime at an
earlier point in time. The morphology of these corridors
suggests their formation under at least partly phreatic
conditions. Observations in this section of the cave also
indicate that the position of the whole mountain block might
have changed since the former’s formation.

Based on evaluation of the geological structure and water
flow direction within the cave system, it can be presumed
that the Loferer Schacht system is drained to the east or
northeast, into either the Maria-Kirchental or the Loferer-
Hochtal. Direct drainage into the Saalach or Haselbach
valleys are also likely. Nevertheless, water composition and
temperature at these locations indicates that the water being
discharged may not be entirely related to the Loferer
Schacht system (Zak 2008).

A number of distinct water lines collect in the Frankfurter
system to form a creek, which becomes particularly evident
at -530 m, in the “Stolichnaja”. In the cascades that follow,
dangerous conditions can occur during heavy rainfall. The
creek then disappears through blocks on the ground at
-580 m, after which it cannot be followed. No resurgence
at lower sections of the surveyed cave could be found. From
this point onwards, water is still available in small volumes
at scattered locations, in particular pits conveying water
from above. Of interest is the fact that the current
exploration head, at “Minas Tirith”, is absolutely dry. Water
percolating from the region around the Reifhorn’s western
face is thought to be responsible for the occurrence of a
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creek in the southwestern segment of the cave, with water
flow correlating directly to rainfall at the surface. The creek
collected in the still passable Zick-Zack-meander will later
join a second creek, to form the “Schweigender FluR”,
which can be followed until its disappearance into an
unpassable pit. Again, this waterline has not been found at
lower levels (Kube 2012).

Rain events at the surface also cause significant amounts of
water to flow through the “Nic Moc Diry” region; this water
is appears to become dammed in a siphon at -620 m. This
creek has not been found at lower levels.

It is assumed that water collected in the main horizontal
passages is flowing in an active level much lower than the
currently known fossil passages. It is unclear whether, upon
reaching the dolomite layers, this water maintains the
general orientation of the upper levels, or flows in a
different direction. It is further not known whether water
flowing in the active vertical pits actually reaches the
horizontal level already surveyed (Kube 2012).

3. Temperature and wind systems

Temperature and wind measurements were carried out with
automatic means placed inside the cave for the duration of
a year (Fig. 3). The automatic measuring instruments were
developed specifically for deployment in the Loferer
Schacht and are able to record the temperature at 15 minute
intervals. Analysis of data recorded with two instruments,
resp. at the depths of -60 m and -585 m, as well as of
relevant weather stations at the surface, could show that two
distinct wind systems persist in the cave, corresponding to
the vertical and horizontal sections, respectively. In
particular, the temperature variations as recorded by the two
separate instruments are distinct and relate, among others,
to the existence of snow covers in the openings feeding the
system; the degree of blockage was especially apparent in
wind measurement data (Hartig 2006).

Figure 3. Anemometer/Datalogger in Loferer Schacht.

4. Fauna

Bats and insects have been sighted inside the cave, though
to this date no living specimens of the former could be
spotted. The first bat skeleton was observed in 1995 at a
depth of ca. -300 m, probably consisting of an exemplar of
Myotis brandti. A second specimen was discovered in 2002
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at a depth of -285 m, and a further deposit of bones was
observed at a depth of 630 m. In the horizontal part of the
cave bones and dessicated corpses were found in a several
stretches both in the southern and northern branches, as
were what appear to be guano deposits. These findings
could not, nevertheless, provide any further pointer to a
lower entrance to the cave, which is supposed to lie to the
southwest. Note that the known entrances at 2,200 m are
usually closed until august, and lie rather far from the
treeline (Kube 2012).

Insects were observed in areas designated for bivouacs and
likely carried by the speleologists or in their supplies.
Nevertheless, fly maggots and specimens of Speleolepta
leptogaster collected in the horizontal section of the cave,
specifically in the area designated “Frankenloch”, are strong
indicators of an entrance in the southwest of this section
(Hartig 2008).

5. Current state of exploration

With the systematic surveying of the lowest part of the cave,
the number of possible continuation points has reduced
from year to year. After several tours in the southwest
extreme, known to be the closest to the surface, proved
unfruitful, work in this end was abandoned to pursue a
possible continuation at a site where copious amounts of
wind are registered. This current exploration lead, or “Sekt
oder Selters”, is located in a branch of high geological
interest, where several converging diaclases have created
large open volumes and the resulting chaos presents
considerable challenges to the interpretation of the cave.
Blocks currently prevent further exploration.

6. Related cavities

To date there are no cavities known which could be directly
related to the Loferer Schacht system. A notable exception
could be the Kreuzhéhle, which is located on the opposite
side of the Reifhorn and is accessible through an entrance
at 2,175 m. According to survey results, both cavities could
be separated by 300 m at their closest point (Kube 2012).
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7. Further remarks

The Expedition to Loferer Schacht was the recipient of a
European Speleological Federation grant in 2012, within
the framework of the Eurospeleo Projects.
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THE LONGEST LIMESTONE CAVES OF ISRAEL

Boaz Langford, Amos Frumkin
Cave Research Center (CRC), Geography Department, The Hebrew University of Jerusalem,
boazlangford@gmail.com, msamos@mscc.huji.ac.il

Despite Israel’s small size and relative aridity, the country has thousands of caves in several rock types, spread out from
Mt. Hermon in the north to Eilat in the south. The most common ones are hypogenic karst caves in limestone.

Here we update the list of Israel longest limestone caves, originally published in 1983. The main changes since then result
from the discovery of new long caves, as well as the development in caving and survey techniques. For example, the
150 m long southern part of the Abud Cave (western Shomron) was discovered by enlarging a tight squeeze. The newly
discovered passages and chambers contained important archeological finds dated to the Chalcolithic and Bronze age. A
new survey (by Boaz Langford and Mika Ulman in 2010) extended A’rak Na’sane Cave (eastern Shomron) from 310 to
1,150 m. Such developments led the Cave Research Center to re-survey the long limestone caves of Israel. After two years
of intensive survey, it is now possible to present the updated list.

Eight of the ten presently listed caves were unknown to us on 1983. The Judean and Samarian Desert continues to be the
leading area in the number of caves. On 1983 only one limestone cave was known to be longer than half a kilometre,
while today all 10 caves are longer than half a kilometer.

1. General Pushing the remote parts of A’rak Na’sane Cave (eastern

) o Samaria) has “extended” its length from 310 m, measured
Despite Israel’s small size, it boasts of thousands of caves, by the the Cave Research Center in 1980 (Frumkin 1981)
in several types of rocks and spread out from the Gulf of 9 1,150 m as measured by Boaz Langford and Mika Ulman
Eilat in the south to Mt. Hermon in the north (Frumkin et jn 2010. These developments led the Cave Research Center
al., 1998). to fully survey the long limestone caves of Israel. Thirty
years after the first list was published and after two years
of intensive work, the new list is presented here. Note that
ine of the ten longest limestone caves are located in the
central range of Israel, and only one is in the Galilee (Yana
Cave). Most of the long caves are hypogenic mazes in
origin (Frumkin and Fischhendler, 2005; Klimchouk 2007).
One (Yana Cave) is a collapsed chamber cave. Another one
(Ha’Umah Cave) is a vadose river cave.

Most common caves are Karstic, formed mostly in
limestone. In addition, over 100 caves are known in the salt
rock of Mt. Sedom diapir (Frumkin 1994). Among these is
Malham Cave, over 6 kilometers long, making it the longest
cave in Israel and one of the longest salt caves in the world.
Other caves in Mt. Sedom, such as Sedom, Dorban and
Zchuchit cave are hundreds of meters to kms long.

Here we present the longest limestone caves in Israel,
without referring to the salt caves that have and will be

referred to separately. 3. Description of the caves

Below are details regarding the longest limestone caves of
2. The longest caves of Israel Israel.

In 1983, several years after the establishment of the Cave
Research Center, the list of the longest caves in Israel was  3.1. Haritun Cave
presented in “Niqrot Zurim”, Israel journal for cave
research. The list was updated in 1986 (Frumkin 1986a)
and was also discussed in international literature (e.g.,
Frumkin 2001). Since then, there have been many changes
in the list. The main changes result from the discovery of
new long caves, as well as the development in the caving
techniques in Israel. In particular, new techniques have
allowed us to reach remote areas within caves. For
example, a new branch was discovered in Tzavoa’ Cave in
the Kidod hills. Three hours of tight crawl were needed to
reach the 150 m long new branch. It contains a series of
chambers where a human skull as found, apparently
brought by striped hyenas.

The Haritun cave was and still is the longest limestone cave
in Israel. A small part of the cave was already surveyed by
the PEF (Conder and Kitchener 1883) and also by Strobel
(1967). A comprehensive compass and a tape polygon of
the cave was measured by Gideon Mann and volunteers of
the Society for the Protection of Nature between 1969 and
1971. The Cave Research Center began its research of the
Nahal Tekoa caves between 1983 and 1985 (Frumkin
1986B) and re-mapped Haritun Cave (directed by Ahikam
Amihai and Shmulik Avidan) the between 2006 and 2008.
The new map was based on the polygon of Mann, to which
the features of the walls were added. Selected profiles were
also added. The cave is within the Late Cretaceous Shivta
Improvements in cave survey techniques, such as the recent  Formation, Judea Group.The cave is a rectilinear network
use of laser “disto” and digital inclinometer promotes better  maze of passages, with occasional chambers. The main
measurement and higher accuracy. direction of most passages is north-south (approximately)
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and the secondary direction is east-west. The passages
developed mostly in one level but in some places there are
2-4 levels. The measured length is 3,450 m and the cave
area is 4,600 m2. The cave is constrained within a relatively
limited rectangle, with an area of 30,000 m?. The cave has
3 entrances close to one another on the western cliff of
Nahal Tekoa canyon, 540 m above sea level. No
morphogenticic connection was found between the
entrances and the canyon: it seems that the canyon breached
the cave randomly. The morphology of the cave (e.g.,
feeders, cupolas, maze) indicates a hypogenic origin.

3.2. Ayalon Cave

Ayalon Cave is an isolated hypogenic cave developed in in
late Cretaceous limestone (Bi’na Formation, Judea Group).

accessible “window” that had not been explored before. This
window led to a new area in the cave that doubled its length.

Sela’ Cave origin is hypogenic, and it formed in late
Creataceous limestone of Shivta Formation (Frumkin
1999). The cave has three entrances leading to a network of
passages developed along fractures mainly in the
northwestern direction. At several locations the passages
expand forming four central chambers.

3.4. A’rak Na’sane Cave

A’rak Na’sane Cave is in Wadi Ed-Daliyeh, eastern Shomron.
On 1962, bedouins from the Ta’amra tribe looked for
archeological items in this cave and nearby caves. Following
their initial finds, the American School for the Study of the

Table 1. The length of the longest limestone cave in Israel as published in the past and according to new discoveries

The longest limestone caves in Israel — 1983 The longest limestone caves in Israel — 2012
Name Overall length Name Overall length
1 * Haritun 4,000 Haritun 3,450
2 **A'rak Na'sane 500 Ayalon 2,700
3 Hagay (El-Gai) 500 Sela' 1,200
4 A'lma 400 A'rak Na'sane 1,150
5 Ornit 300 Kanaim 846
6 Haeigrot 270 Makuch 832
7 Bereniki 250 Yana 808
8 Hameraglim 250 ***Hauma 800
9 Sarah 200 Yogev 788
10 A'tarot 200 Tzavoa' 700

*This number has been estimated based on schematic measurements according to the old map of the cave.

**This number is an estimate.

***The work in the hauma cave is currently continuing. The number stated in the table is the length of the cave as known today.

The entrance of the cave was created by quarrying at the
Nesher Quarry in Ramle and was found by Israel Na’aman
in a cave exploration conducted by the Cave Research
Center in 2006. The cave is 2,700 m long, constrained
within a rectangle of 100 x 140 m. The cave is a network
maze with two main levels, connected through vertical
shafts. The upper level is a complex network of passages
characterized by narrow passages with rounded or elliptic
cross section. The lower level has wider passages with three
large chambers. The largest chamber is on the northwestern
side of the lower level, at the lowest point in the cave. This
hall extends below the regional watertable, forming a
fluctuating body of water. In this body of water, as well as
in the dry parts of the cave, seven endemic invertebrate
troglobite species were found, within a unique ecosystem
(Na’aman 2011).

3.3. Sela’ Cave

Sela’ Cave (Judean Desert) was discovered in 1991.
Archeological excavation revealed finds from the Bar
Kockba revolt period, including a coin called Sela’ after
which the cave was named (Amit and Eshel 1991).
Following the cave discovery, 600 m of passages and
chambers were mapped by the Cave Research Center. In a
recent visit to the cave, we managed to reach a high, hardly

106

East organized two excavation seasons, in the course of which
the Arak A-Na’sane Cave was initially excavated (Lapp P. W.
and Lapp N.L. 1974). On 1980 the Cave Research Center
sketched an initial map of the cave whose measured length
was then 310 m. On 2010 the cave was re-surveyed and its
overall length was found to be 1,150 m. The cave has a large
entrance located few m above Wadi Ed-Daliyeh streambed.
The cave contains complex sub-horizontal passages with a
simple network structure. The main guiding fractures and
associated passages trend northwest-southeast. The eastern
part of the cave is dominated by a large chamber whose length
amounts to a third of the overall length of the cave. It is
interesting to note that in the cave’s passages and its outer
parts, there are regionally common insectivore bats of the
species Rhinopoma hardwickei, while in the large hall and the
inner parts of the cave there are rare bats of the species Asellia
tridens.

3.5. Kanaim Cave

Kanaim Cave (northern Negev) was found on 1960, during
the archeological survey of the Judean Desert. Following a
report of Giora llani, the cave was examined by the Cave
Research Center on 1984. After examining the cave, it was
surveyed on several occasions and the mapping was
completed on 2003. Its overall length is 846 m.
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The cave entrance is via a small vertical shaft, where the
cave was breached by an entrenching wadi. The cave
contains a complex series of sub-horizontal passages on one
level. The cave passages formed mainly along fractures in
the north-south direction. In the southwestern area of the
cave calcite speleothem developed under previous wet
conditions. In the inner area of the cave there are also
gypsum deposits developed on the walls and the ceiling of
the cave.

3.6. Makuch Cave

Makuch Cave was discovered in the Binyamin Desert on
1984 during a regional cave survey by the Cave Research
Center (Frumkin 1988). Following its discovery, it was artly
mapped by Anan Zeidner and Yehuda Miron and its
measured length was 520 m. The mapping was complex,
mainly due to a large amount of cave ticks. In 2006 Ahikam
Amihai and Matan Avital returned to the cave, measured
additional 300 m and located a second entrance leading to
a new northern area. We completed the mapping of the cave
on 2011, with an overall length of 832 m.

The cave has two entrances in the Wadi Mackuh canyon
escarpment. The cave has a complex network of passages.
The passages are usually inclined according to the local
bedding dip.

3.7. Yana Cave

Locaed at the edge of Ramat Shtula (Western Galilee), Yana
Cave was discovered in the 1960s (?) by a team of the
Society for the Protection of Nature, who explored only the
entrance hall. In 2006 the cave was surveyed again by the
Cave Research Center, led by Vladimir Boslov. The full
mapping of the cave showed a length of 808 m and a depth
of 62 m. The Yana cave developed by phreatic dissolution
and collapse, in late Cenomanian limestone (Sakhnin
Formation). The cave has a major phreatic chamber with
dditionallower-levels voids. Following regional uplift,
vadose processes began, including speleothem deposition,
such as stalagmites and stalactites. Stoping of the main
chamber formed a dome-like structure. Its distal lower parts
lead currently to a complex series of extended rooms and
passages, on lower levels.

3.8. Hauma Cave

Hauma Cave is a vadose stream cave in west Jerusalem.
The cave was discovered in 2010 during the excavation of
a shaft in a project of the Israel railay, 75 m below surface.
Since its discovery, 800 m were mapped by the Cave
Research Center, of which 627 m are in the central channel,
and the rest are domepit-like vertical shafts. The mapping
of Hauma Cave is ongoing. Hauma Cave is an actively
flowing vadose canyon, following the regional dip to the
southeast. The canyon formed in late Cretaceous limestone
and chalk (Kefar Shaul Formation). The flow of water
fluctuates seasonally. Within the meandering cave one
waterfall shaft and several vadose domepit shafts were
encountered. The surveyed part ends at a sump.
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3.9. Yogev Cave

Yogev Cave (eastern Shomron) was found in Wadi Ed-
Daliyeh canyon on 1994 by Yogev Karasenty. Mapped by
the Cave Research Center, its overall length is 788 m. The
cave is hypogenic, formed in limestone of the late
Cretaceous Bina Formation. The small cave entrance is
hidden at the southern escarpment of the Wadi Ed-Daliyeh
canyon. The cave consists of inclined two dimensional
network of passages and halls. The cave developed along
fracrures, and the passages are inclined, following the
regional dip. Few active speleothems were observed,
mainly cave corals and flowstone.

3.10. Tzavoa’ Cave

Tzavoa’ Cave, at the upper Zohar hills (northern Negev)
was discovered on 1977 by Giora Ilani who found an
impressive concentration of animal bones in the cave,
brought by striped hyenas. The activity of large mammals
in the cave attracted cave ticks throughout the cave, even
in areas difficult to access. The cave was mapped by the
Cave Research Center on 2011 with a length of 700 m.

The cave is hypogenic, formed in limestone of the late
Cretaceous Shivra Formation. The cave has two entrances
at the bottom of a low cliff, close to a small wadi bed. The
cave comprises a maze of chambers and passages
developed into a complex structure, mostly along
northwest-southeast trending fractures.

In the southern part of the cave is a large concentration of
calcite speleothems including stalagmites, stalactites,
columns, pool deposits and flowstones. They formed
mainly during the wetter climate of last glacial period,
indicated by U-Th dates (Vaks et al., 2006).

4. Summary

Nine of the ten caves in the list are isolated caves (sensu
Frumkin and Fischhendler, 2005). Eight of the ten caves
were unknown to us on 1983. These caves replaced caves
from the original list that are now ranked lower in length.
The Judea and Samaria Desert (including the
Miditerranean-desert border zone) remains the area with the
most large caves. For hydrogeologic spects of this
distribution see Frumkin and Fischhendler (2005), Frumkin
(1991). In 1983 only one limestone cave longer than half a
kilometer was known in Israel. Today all ten largest caves
are longer than half a kilometer. The lised caves define the
southernmost long limestone caves close to the edge of the
Sahao-Arabian desert belt in the Levant.
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Figure 2. Typical profiles of the largest limestone caves of Israel.
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Figure 1. Maps of the largest limestone caves of Israel. Levels are not indicated.
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A GENERAL ASSESSMENT OF THE GREAT CAVES
AND THE KARST OF SOUTHEAST ASIA

Michael Laumanns?, Liz Price?
michael.laumanns@bmf.bund.de
2lizprice@hotmail.com

Karst is a widespread and important phenomenon in Southeast Asia covering about 215,000 km? of the mainland part of
Southeast Asia and approximately 230,000 km? of the surface of the Southeast Asian islands. These karsts belong to the
most varied and spectacular on Earth. Information on cave research however is very scattered and often inaccessible. This
article is an excerpt of the “Atlas of the Great Caves and the Karst of Southeast Asia” (Laumanns et al. 2010) (www.speleo-

berlin.de).

1. Introduction

In 2010 Southeast Asia had the 10™ longest cave in the
world (Clearwater System, Malaysia) at 175,664 m, the
largest cave passage on Earth (Hang Son Doong, Vietnam)
with a 4.5 km long passage of 100 m in diameter, at places
even 200 x 150 m, and the largest known underground
chamber (Sarawak Chamber in Lubang Nasib Bagus,
Malaysia, 12,000,000 m3).

Although our knowledge on the Kkarst and caves of
Southeast Asia has witnessed a stunning increase since
about 1970, there is still a severe lack of credible
speleometric data, which makes it evidently clear that much
work remains to be done on further exploration as well as
on confirming doubtful data. No attempt has been made so
far to compile and assess the complete portfolio of
Southeast Asian karst and cave occurrences. Consequently,
the authors of this article have compiled speleological
information on Southeast Asia during a two-year long
exercise, which has resulted in the release of a very detailed
“Atlas of the Great Caves and the Karst of Southeast Asia”
(Laumanns et al. 2010). If not indicated otherwise all
statements presented below were taken from this atlas.

Most limestone deposition on the mainland of Southeast
Asia has taken place in the Upper Paleozoic (with the
Permian and Carboniferous being the most important).
Some Jurassic, Liassic (Thailand, Laos), Ordovician
(Thailand, Laos) and even Cambrian (Laos, Vietnam)
limestone occurs, too.

The Indosinian orogeny, which has affected most of
mainland Southeast Asia, occurred in the Middle Triassic
(about 230 mya) resulting in a general uplift and a
subsequent erosion episode, including Karstification
(Indosinian karstification). A second phase of regional uplift
began in the Palaeocene about 65 mya, mainly caused by
the Himalayan orogeny and the opening of the South China
Sea. This period represents the second major phase of
karstification as the carbonate deposits all over mainland
Southeast Asia became exposed to weathering (Cenozoic
karstfication). The long-lasting uplift caused a relative
deepening of the base level and has led to extensive
planation surfaces, large and deep poljes, tower karst as well
as fengcong karst. Due to tectonic subsidence several
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coastal karst areas have been inundated by the sea, e.g., the
islands of the Andaman Sea, the Ang Thong Islands in the
Gulf of Thailand, and Ha Long Bay in Vietnam.

The Southeast Asian islands have a complex tectonic setting
due to interactions between the Philippines, Pacific, Indian-
Australian and Eurasian plates. The area can be
distinguished into an older, stable region comprising the
Asian mainland, the Proto-Indosinia block and Borneo,
which abuts a younger, very unstable region affected by
neotectonism, abundant earthquakes and volcanism.

There is no extensive karst known in the small state of
Brunei Darussalam as well as in Singapore.

2. Cambodia

Cambodia’s karst areas are mainly located in the south
around Kampong Trach and Kampot as well as in the
northwest around Battambang. A possible and most likely
promising third karst area north of Stung Treng has not yet
been investigated. In both areas of southern Cambodia and
near Battambang, the partly dolomitic limestone of Upper
Permian age appears as isolated hills and mountain massifs
that overlook the flat alluvial plain. These hills have
elevations of up to a few hundred metres and are called
“phnom” in Cambodia.

Our knowledge of Cambodian caves is mainly based on a
German expedition to Kampot/Kampong Trach in 1995/96
and a German-British project, which was carried out in
2008 in the Battambang area.

The 1995/96 project yielded 37 caves with a total of
11.6 km of passages, including the currently longest cave
of Cambodia (Roung Dei Ho-Roung Thom Ken at
1,806 m). The 2008 project yielded 65 registered caves, 55
of which were visited and 42 were mapped according to
international standards. A total of 4,239 metres of cave
passages was surveyed in 2008.

Generally speaking, Cambodia has only small karst areas
and thus a limited speleological potential. However, the
known caves are comparatively well documented and
published.
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Figure 1. Overview map of Southeast Asia and its geotectonic context (according to Hall 2002, completed).

3. Indonesia

The landscape of Indonesia developed in the Pleistocene
during which Indonesia formed a land bridge between the
Southeast Asian mainland and Australia. The islands were
formed by a rise of the sea level after the last glacial period.
This makes the southern Indonesian islands an interesting
area to study hominid migration to Australia.

The southern arc of the Indonesian islands was formed by
a subduction of the eastern plate of the Indian Ocean and
Auwstralian plate under the Sunda shelf, which represents the
southeasternmost edge of the Eurasian plate. This
subduction zone is associated with a strong Cenozic
volcanism. The northeast peninsula of Sulawesi (Celebes)
and the Halmahera islands also have strong volcanism
caused by a collision zone of the Eurasian Plate with the
Philippine Mobile Belt. Only the Borneo block, north-
central Sumatra and Timor as well as Irian Jaya, and the
Buru and Seram islands have remained stable and expose
older rocks. The Sunda and Banda volcanic arcs form the
base of a discontinuous karst which consists of Mesozoic
and Tertiary carbonates. The stratigraphy of the western part
of Indonesia is relatively young, ranging in age from
Paleogene to Quarternary. Eastern Indonesia has older
stratigraphy compared to the western part. Stratigraphy
ranges from Triassic to Tertiary.

Early karst exploration on the Indonesian islands was done
by the Dutch. The easily accessible tropical karst of Gunung
Sewu (Java) has attracted many scientists since 1910. The
same applies to the Maros karst in SW Sulawesi. Many
caves on Bali and Sulawesi were described by Kusch

m

between 1979-1982. In 1979 the “Indonesian Speleo Club
(Specavina)” was formed by Robby Ko, who established
the “Indonesian Federation of Speleology (FINSPAC)” in
1983.

Expedition-style speleological exploration of Indonesia was
started on Sumatra in 1977 by a Spanish team (GESM
Barcelona). Much knowledge on the karst of Indonesia was
gathered by French teams, notably the “Association
Pyrenéenne de Spéléologie (APS)”, who started exploration
in the Maros karst of Sulawesi in 1985 and returned to
Indonesia almost on an annual basis until 2002. They
released excellent reports with many detailed cave surveys
and in-depth biospeleological data. Furthermore, since
1982, many British, Australian, Italian, French, Belgian,
Dutch and American teams explored Indonesian karst and
caves.

The longest caves known in Indonesia are Luwang Jaran
(Java, Gunung Sewu) at 18,200 m, Gua Salukkan Kallang
(Sulawesi Selatan, Maros, Kappang) at 12,263 m, Gua
Tanette (Sulawesi Selatan, Maros, Kappang) at 9,692 m,
and Gua Barat-Gua Purat (Java, Karangbolong) at 9,600
m. Ninety-four caves in Indonesia currently have a length
equal of or exceeding 1 km. The deepest cave known is Goa
Hatu Saka (Seram island), which is -388 m deep. Seventy-
five Indonesian caves have a depth of 200 m or more.

Speleological documentation of Indonesian caves is
comparatively good. Most of the foreign expeditions have
produced comprehensive reports. However, publications are
numerous and scattered. Important reports are only
available through specialised libraries or the explorers.
Many reports are out of print.
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4. LLaos

The topography over much of Laos is very rugged. The
tectonic movements have strongly affected the limestone
sequences. The main tectonic fractures run from N to S and
from NE to SW. The carbonates are heavily deformed, often
showing a steep dip, and are partly recrystallised and
metamorphized.

Most limestone deposition has taken place in the Upper
Paleozoic (with the Permian and Carboniferous being the
most important). Some Jurassic, Liassic, Devonian,
Ordovician and even Cambrian limestone occurs, too. The
carbonates are generally overlain by reddish continental
formations from Trias to Cretaceous (sandstone, clay,
clayey arenite) which have buried a paleokarst. In some
cases the palaeokarst rejuvenated due to new exposure
linked to strong Cenozoic erosion. The Permian limestone
is discontinuously exposed between the Nam Ou River and
the Myanmar border. Near Luang Prabang, the Permian
limestone is extensively exposed and extends to Vang Vieng
further south. In the Plain of Jars, in the Xien Khouang and
the Ban Ban areas limestone of Permian age is exposed. In
the Bolikhamsay and Khammouane provinces Permian
limestone is widely exposed and forms the well-known
Khammouane karst. Some Jurassic limestone layers have
been identified in the area between Paklay and Luang
Prabang in northern Laos. Ordovician limestone occurs in
the Luang Namtha province.

Foreign cave exploration in Laos began as early as 1867
during the French colonial time. Since the retreat of the
French Laos was closed to foreigners. Almost immediately
after the re-opening in 1990 the country again attracted
foreign speleologists. Claude Mouret, was the first to
organise an expedition in 1991, which was focused on the
Khammouane karst. In 2010 a total of over 170 km of cave
passages were explored here, including outstanding caves
like Tham Nam Hin Boun (over 7.5 km long), Tham Nam
Non, Tham Houay Sai-Tham Koun Dén (over 27,000 m),
and Tham Thén-Tham Houey Sam Boun (13,309 m). Many
of these caves are through caves and contain long massive
underground river passages.

In 2010, a French-Romanian diving team was able to link
Tham Nam Non to its sinkhole cave Tham Song Dang,
creating the longest cave in Laos at over 30 km.

Italian and Canadian/US cavers also occasionally
contributed to our knowledge of Laos caves.

The Kkarsts of Vang Vieng and Kasi area half-way between
Vientiane and Luang Prabang in the southern part of
northern Laos were first visited by British cavers before
French speleologists took over in 1998 and conducted a row
of successful expeditions. Forty four caves were explored
up till 2003 with the longest cave currently known being
Tham Hong Yé (7,715 m).

In 2000 a Dutch group conducted an expedition to Luang
Prabang province, yielding many discoveries. The Dutch
were followed by German cavers who founded the
“Northern Lao-European Cave Project” and conducted
annual international expeditions to northern Laos.
Currently, the longest cave in northern Laos is the Tham
Chom Ong System (Oudomxay) at 17,150 m of length. Over
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100 km of passages from 254 caves are currently known
from northern Laos.

Only the expeditions that went to northern Laos have fully
published all their results according to international
standards. A comprehensive publication on the
Khammouane Karst is lacking. Consequently, the stand of
cave documentation in Laos is currently unsatisfactory.

5. Malaysia

Malaysia is divided into the Peninsular or West Malaysia,
and East Malaysia on the island of Borneo.

The limestones vary in age throughout the country. In the
peninsula, they range from Ordovician through the
Carboniferous and Permian to the Upper Triassic. Most
occur within the Permian. Whereas in East Malaysia the
rocks are much younger, from the Miocene period. In west
Sarawak the limestones are of Permian, Jurassic and
Cretaceous age, and mainly of Tertiary age in east Sarawak
and Sabah.

There are roughly 510 limestone outcrops in Peninsular
Malaysia, most of which are not very extensive. Gua
Tempurung in Perak is the peninsula’s longest cave at
4.8 km. The Gunung Lanno Kkarst was the subject of an
Austrian/English/German expedition in 2001 with Gua
Puncak Lanno (1,584 m) being the longest cave surveyed.
Peninsular Malaysia cannot boast of any speleological
world records unlike Mulu in Sarawak. Sarawak Chamber
in Lubang Nasib Bagus is the world’s largest underground
chamber. Clearwater Cave at 175,665 m is the longest in
Southeast Asia, and currently 10" longest in the world.
Other long caves from Mulu are the Benarat-Moon-Cobweb
System (50,669 m), the Terikan System (32,573 m) and the
Bridge-Cloud-Cobra System (15,506 m), which is also the
deepest cave of Malaysia with a difference of level of
473 m. All these caves are situated in the Gunung Mulu
National Park and were explored since 1977/78 by British
expeditions. The current surveyed length of caves in Mulu
is 345 km. Gunung Buda adjoins Mulu and has around 50
caves, mostly explored by American expeditions mainly in
1995 and 1997, and 2000. The total cave survey is 83.6 km.
Longest caves are the Green Cathedral Cave System
(26,382 m long), and Snail Shell Cave (11,636 m).

Except of Mulu/Gunung Buda there was no systematic cave
exploration so far in northern Borneo, neither in Sabah nor
in the Bau area.

Overall, speleological exploration in Malaysia has to be
regarded as at the top-end of international standards with
regard to the caves of the Mulu and Buda National Parks.
This is definitely not the case for the karst areas in Sarawak,
Sabah and on Peninsular Malaysia.

6. Myanmar

The main limestone areas are the Shan Plateau in east
Myanmar and the southern strip adjoining the Andaman
coast. The Shan Plateau is a complex series of mountain
chains and plateaus rising abruptly from the central
Myanmar plain. The limestone has a thickness of more than
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2,000 m in places. It is mostly from the Carboniferous to
Lower Triassic period, with some earlier Ordovician
elements. In the north it is more brecciated, whereas in the
south it is more compact and has cavernous development.
Further east, outcrops of Permian limestones are known.
The Indosinian orogeny in the Late Triassic and the
Cenozoic Himalaya orogeny are responsible for a strong
uplift and associated erosion causing strong incision of the
rivers. Late right-lateral north-south trending normal faults
affect the plateau. The Plateau is dissected by a series of
deep gorges such as Gokteik, and those of the Thanlwin
(Salween) River and its tributaries towards the east. The
most famous cave is Pindaya Cave, which contains 8,000
Buddha statues. Further north, there are scattered outcrops
of the marbles and limestones of the Mogok Series. In the
Kayah State (south of Shan State) are many cave systems,
especially around Loikaw and Demawso. In the north of
Myanmar, there are outcrops of limestone of Permo-
Carboniferous age in the Mytkyina District of Kachin State.
Northwest of Yangon is the Nay Bu Taung area of limestone
in the Rakhine State. There are some caves. Other small
areas of limestone include the Bhamo region in Kachin
State, Gangaw region of Magway State. There are Tertiary
limestones in Ayeyarwady Division. In the Hpa An (Kayin
State) and Mawlamyine (Mon State) areas the strata is
Upper Carboniferous and Permian, overlain by reef
limestones from the Triassic period. The Moulmein
Limestones are highly jointed, sometimes in several
directions. The Permian Moulmein Limestone is a
continuation of the limestone-dolomite sequence extending
from the Shan State south through Kayah and Kayin States
into Tanintharyi and is similar to the Phuket Group and the
Ratburi limestone of peninsular Thailand. The upper part
of this limestone has been considered Permo-Carboniferous
in age. Most of the hills are isolated towers, some more than
400 m high, running NW-SE. There is also ridge karst.
There is an excess of 40 major caves in 23 groups in the
Mawlamyine area. Outcrops of Permian Limestone also
occur in the Tenasserim Range but little is known about
these deposits. The Andaman coastal area covers the
southern part of Mon and Kayin States along with
Tanintharyi Division and includes the more than 900 islands
of the Mergui Archipelago. There are isolated outcrops of
coarsely crystalline thick limestone. These islands have
hongs, some are accessible at low tide.

Speleological exploration in Myanmar started as early as
1826 in the areas of Hpa An and Mawlamyine. Since
independence in 1948 and the subsequent military rule,
Myanmar did not welcome foreigners. Consequently, little
speleological work has been done. In 1998 a French group
from Société Spéléo de I’ Ariége-Pays d’Olmes went to the
Shan State. They surveyed some of the longest cave known
in Myanmar (Mondowa Guh, 1,170 m long, and Leikte Guh,
960 m), and published a valuable list of the 32 caves.

The Italian “La Venta” group went twice to the Shan Plateau
area in 2004 and 2005. In total the Italians registered
30 caves and mapped 4.2 km of passages.

In 2009 the “Northern Lao-European Cave Project”
explored caves in the Hpa An and Mawlamyine areas in the
southern Kayin and Mon states. They visited 14 caves and
surveyed 12 of them, yielding 3.8 km in 5 days. The longest
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cave surveyed was Saddan Gu (800 m). This expedition
prepared the contacts also used by a 2010 British expedition
to the Taunggyi/Hopong area (Shan State). The expedition
e.g., surveyed Htam Sam, a large cave near Hopong. Since
then annual exploration projects have been conducted by
the “Myanmar Cave Documentation Project” comprising
an international team led by J.Dreybrodt and a British
group. Publication of these recent results is in progress in
the “Berliner hohlenkundliche Berichte”, www.speleo-
berlin.de).

Everything available on the speleology of Myanmar was
compiled in a comprehensive monographic publication
(Laumanns 2010). Consequently, the access to speleological
data on Myanmar can be regarded as reasonably good.

7. Philippines

About 17 tectonic micro-plates form the so-called
Philippine Mobile Belt of the Philippine archipelago, which
is a complex and highly active collision zone where the
Eurasian Plate is steeply subducting under the Philippine
Mobile Belt. Consequently, the archipelago is a tectonically
highly active and rapidly deforming region, characterized
by strike-slip faulting and multiple volcanic arcs.

Relatively young karst areas, ranging from Cretaceous to
Tertiary in age, with the Miocene carbonates predominant,
are numerous covering about 10% of the land surface of
the country, but only some karst areas on Samar, Mindanao,
Cebu and Bohol exceed 100 km?. Most of the carbonates
are scattered in the central ridges orientated north-south
(Mindanao and Luzon) or NE-SW (Calamian islands and
Palawan).

Many foreign cavers who have broadened our knowledge
of the Philippine caves co-operated with local mountaineers
and outdoor clubs. The year 2001 saw the Philippine Caving
Society founded.

Exploration of the Philippine karst started with two
excursions in 1820 and 1830 when the Frenchman Paul
Proust de la Gironiére and Hamilton Lindsay from Great
Britain visited San Mateo Cave, which is now known as
Montalban Cave.

Systematic speleological explorations began in 1979-1980
by French cavers in the Sagada karst (Luzon). In
1980-1993 French speleologist Claude Mouret explored
caves on Luzon, Mindoro, Leyte, Samar, Bohol and Cebu
islands but later focused on Luzon also accommodating
Italian cavers on his expeditions. This was followed by
Japanese speleologists in 1982 and 1983 (Samar and Cebu).
Since then, many other expeditions targeted karst areas on
the Philippine islands, e.g., British, Spanish, Dutch/Belgian,
Japanese, Slovenian, and German. The Italian “La Venta”
group focused on Palawan where they extended the longest
cave of the Philippines, Saint Paul Cave, also called Puerto
Princesa Subterranean River, to its 2012 length of
32,000 m. In the same area “La Venta” also surveyed the
currently deepest cave of the Philippines, Nagbituka 1
(-270 m). Later French expeditions focused on Samar
island, where they surveyed Lungib Can-Yawa (11,700 m
long), the currently 3" longest cave of the Philippines.
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Generally speaking, the speleological literature on the
Philippines is incomplete and difficult to access because of
the language of the publications. Some important results
were not published at all. Thus, the Philippines belong to
the SE Asian countries where improvement with regard to
cave data is expected.

8. Thailand

Karst covers 18% of Thailands surface. On the western
edge of the Khorat Plateau (northeast Thailand) there is
tower karst in Loei and Nong Bua Lamphu and some areas
of cockpit karst in Khon Kaen and Chaiyaphum. There is
some sandstone pseudokarst, too. Tower karst and isolated
limestone hills can be found in Sukhothai, Phetchabun,
Uthai Thani, Nakhon Sawan, Lopburi and Saraburi. The
longest known cave in Thailand is located at the edge of the
plain in Phitsanulok (Tham Phra Wang Daeng, 13,844 m

long).

Karst is scattered along the length of the Thai peninsula
from Phetchaburi in the north to Yala on the Malaysian
border. There are areas of mountain karst and some long
stream caves in Surat Thani, Phang Nga, Nakhon Si
Thammarat and Phatthalung. However, this region is known
for its spectacular tower karst, including karst islands (e.qg.,
Phang Nga bay).

The Thai limestones are a wide variety of ages from
Ordovician through to Middle Jurassic. The youngest
limestones found are of Middle-Lower Jurassic age. They
are distributed down the western side of the country and
have been found locally in Mae Hong Son and
Kanchanaburi while in the Mae Sot and Umphang areas of
Tak they are more massive and form large hills. Near
Umphang some large stream caves have been found in the
Jurassic limestone. Triassic limestone is known in many
areas from the peninsula to northern and eastern Thailand.
Triassic limestones have been identified from Phattalung,
Phetchabun, Uthai Thani and in Nan. The most widespread
limestone is Permian. Lower and Middle Permian limetones
are widely distributed. Permian limestones have been
confirmed from Loei and Khon Kaen, Phetchabun,
Lampang, Saraburi and Nakhon Ratchasima, Mae Hong
Son and Surat. Carboniferous limestones are less
widespread. They have been found in eastern Thailand,
central Thailand near Noen Maprang, Phitsanulok and Chon
Daen, Phetchabun, in Loei, Mae Hong Son, Chiang Mai,
Kanchanaburi and the southern part of Peninsular Thailand.
Limestones from the Devonian are less important, but are
widespread being found in Loei, in western Thailand from
Chiang Mai to Satun, from the Mae Ping National Park,
Lamphun and in the Thong Pha Phum National Park,
Kanchanaburi. The oldest limestones found in Thailand are
Ordovician. These limestones are widespread in the western
part of the country from Mae Hong Son down to the Malay
border.

Between 1973 and 1978 the Austrian caver Heinrich Kusch
published reports with descriptions, some surveys and a list
of 94 caves. The first expedition-like speleological project
was carried out by Catalan cavers in 1978 who located 34
caves in 12 provinces. At the start of the 1980s only seven
caves were known to be over 500 m long, and no known
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caves were deeper than 100 m. By 1990 there were 22 caves
over 1 km in length and 13 deeper than 100 m. This intense
phase of foreign expeditions began in 1983 with a series of
Australian expeditions as well as French projects carried
out by the “Association Pyréenné de Spéléologie (APS)”.
Many American, Polish, and French groups also visited
Thailand. The first British expedition was carried out in
1988 and together with Australian projects most of the long
and deep caves we know today from Thailand were
explored by Anglophone cavers: Tham Phra Wang Daeng,
Tham Mae Lana (12,720 m), Tham Yai Nam Nao
(10,442 m), Tham Nam Lang (8,550 m), and Tham Takobi
(7,346 m). The deepest cave in Thailand was only recently
explored by a British team to -367 m of depth (Tham Pha
Phueng). Near Krabi, the Vauclusian spring of Tham Sra
Kaeo was dived to a depth of -240 m, representing the 2"
deepest cave of Thailand. The presence of Dean Smart in a
professional position in Thailand triggered a very
productive phase of cave exploration. More recently, Martin
Ellis from the UK moved to Thailand and assiduously
created an incredible website on Thai caves with all
available cave surveys, and also published a stunning cave
catalogue in a series of publications including over 3,700
caves. Although Thailand still awaits the foundation of a
national speleological organisation the country is definitely
the most well-documented in Southeast Asia with regard to
its cave-related data.

9. Timor Leste (East Timor)

The oldest limestones in East Timor date to the Permian,
which represents the oldest sedimentary rocks known so far
from Timor, mainly consisting of shale, siltstone, sandstone
and locally, limestone and marl. The Cribas Limestone has
a thickness of about 500 metres. Other limestones are from
the Triassic through to the Tertiary. The Post-Pliocene
Baucau Limestone consists of massive white coral-reef
limestone well developed around Baucau town. A
continuous outcrop occurs along the north coast. In the
southern foothills, the Baucau Limestone also crops out in
scattered hills. The limestone occurs as coral-reef,
calcarenite and a greywacke-pebbly sandstone facies.

Caves of East Timor have not been well documented, most
of the work having been done by archaeologists, e.g., from
the Australian National University, e.g., Lene Hara Cave
near Tutuala and Jerimalai rock shelter on the eastern tip
of the island.

10. Vietnam

Carbonate rocks cover almost 20% of the Viethamese
territory. Most carbonates crop out in the mountainous parts
of northern Vietnam, where the deepest cave known is
situated (Cong Nuoc, -600 m), currently also the deepest
cave of SE Asia. The largest continuous carbonate zone
stretches over 300 km in north-west Vietnam from the
Chinese border at Phong to the coastline of Ha Trung
including Son La. In the central part of the country the
famous karst of Phong Nha-Ke Bang is located. The
1,100 m thick carbonate sequence is mainly middle
Carboniferous to lower Permian. Devonian and some
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Visean carbonates are also present. The longest caves
currently known in Vietnam occur in the Phong Nha karst.
Most caves are horizontal and drain huge underground
streams.

The spectacular drowned Permian karst plain of Ha Long
Bay at the Gulf of Tonkin (Bac Bo Gulf) is probably the
most renowned Vietnamese Kkarst area. The Carboniferous
and Permian limestones reach from Haiphong to the
Chinese border. The ensemble of rocky islands forms one
of the most beautiful and famous coastlines on Earth.

Asmall tower karst area of isolated hills formed by Permian
limestone can be found in the area of Ha Tien-Hon Chong
in the extreme southwest of Vietnam at the coast and the
border with Cambodia. A remnant tower karst consisting of
five limestone mountains (“Marble Mountains™) also occurs
8 km southeast of Da Nang.

Carbonates were deposited over the widest possible time
span, from Archean to recent reefs. Thin-bedded, impure
Precambrian and early Paleozoic limestone is less suited for
karstification contrary to the wvery pure Permo-
Carboniferous and Triassic limestone, which reach a
considerable thickness of 1,000-2,000 m. Neotectonic
uplift and subsequent erosion has exposed these limestones
over several thousands of metres, allowing rapid
development of vertical karst features.

Similar to Laos, early cave exploration took place during
the French colonial period. Foreign speleological
exploration began in 1990-1993 with two British-
Vietnamese expeditions to the Phong Nha, Quang Binh and
Ke Bang Massif in central Vietnam. In later years the
British explorers extended their working area also to
northern Vietnam. The team maintains an excellent website
with reports on their expeditions (www.vietnamcaves.com)
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and a list of the longest/deepest caves of Vietnam. The first
Belgian-Vietnamese project to Son La (northern Vietnam)
took place in 1993 and also extended in later years to many
other karst areas in northern Vietnam. Both projects are still
ongoing and the most continuous sources of speleological
data from the country. Many other occasional expeditions
visited Vietnam, notably Franco-Italian, French, Italian,
Polish, Bulgarian, and Australian expeditions, as well recent
German-British projects to Ha Tien and Da Nang in south
Vietnam.

In 2009 an enormously large 4.5 km long cave passage of
100 m in diameter (at places even 200 x 150 m) was found
by the British explorers in Hang Son Doong, exceeding the
dimensions of the reportedly largest cave passage on Earth
known so far from Deer Cave (Mulu, Sarawak, Malaysia).
The longest caves of Vietnam are: Hang Khe Rhy (Phong
Nha-Ke Bang, 18,902 m long), Hang Vom (Phong Nha-Ke
Bang, 15,310 m), Hang Phong Nha (8,821 m), and Hang
Co Ban (~8,500 m).

Speleological documentation on Vietnam is well developed,
although published data are often only available from
private expedition reports and the www.
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THE LONGEST CAVE IN HUNGARY

Szabolcs Leél-Ossy
Institute of General and Applied Geology, Eétvds Lorand Tudomanyegyetem, Budapes, Pazmany Péter sétany 1/C,
Hungary, losz@geology.elte.hu

Within the city boundaries of Budapest, on the Buda side of the Danube, in the side of the 300 m high hills, quarries were
opened in the 19™ century in order to extract the 40-million-year-old shallow sea limestone. In 1904, several hypogene
caves opened during the quarrying works, such as the entrances to the Pal-volgyi, Harcsaszaji and Hideglyuk caves. The
last two only led into caves 100-300 m long, but soon the Pal-vélgyi was explored to a length of 1 km. In the 1930s, in
the quarry across the road, the first couple of hundred metres of the Méatyas-hegyi cave were discovered. In 1948, most of
the inner passages of the cave were found, so the Matyas-hegyi cae became 2.5 km long (today it has reached a length of
5 km). In 1980, continuation of the Pal-v6lgyi cave was found, and thanks to constant exploratory work, its length has
reached 14 km... The exploration of the Hideglyuk and the Harcsasz4ju caves was resumed in 2006, with findings in the
former in 2009 and new passages in the latter in 2008 — these caves are now 4 km long each. During the year 2010 two
connections were made between these two caves, and in 2011, the connection between the Pal-volgyi, the Matyas-hegyi
and the Hideglyuk-Harcsaszaju caves was found, making this ¢. 30 km long cave system Hungary’s longest. The previous
longest cave was the Baradla-Domica system of Aggtelek with 26 km, which is an active cave and a UNESCO World
Heritage site.

1. Introduction section of the system even today. The first entry into the
cave was achieved through widening the crack between two

Werve known for nearly a hundred years, since the time of - |ayers of rock and was done by Janos Bagyura (the teenage
Ottokar Kadic, that Budapest is the capital of caves, even <5 of the quarry guard) and Kornél Pal Scholtz

though in Kadic’s time, there were far less caves underneath  ,5untaineer and cave explorer. Soon they were joined by
the city were known than today. B_ack then onl)_/ acouple Qf Karoly Jordén and Imre Gabor Bekey, and together this
caves had been explored, totalling a few kilometres in  {59m made important discoveries in 1906 and 1910. Thanks
length. Today we can enter eight caves, each of which are (4 theijr efforts, by the end of WW1, the length of the cave

longer than 2 km, all underneath the city, and we have  paq reached 1 km. In 1927, the first 400 metres of the cave
records of about 200 additional shorter caves. And, since  \yere fitted with electric lighting for the first German-

December 2011, the longest cave in Hungary can be found  1y,ngarian Cave Conference, and by the “30s, the cave was
underneath Budapest. open to the public on weekdays as well.

How did we get here? If I had to summarise the answer in | the meantime, due to development of the city and the
one sentence: through hard work spanning several  pigh demand for limestone, quarrying started just opposite
centuries. The best example for this is the Pal-volgyi (Pal- 0 Holzspach-quarry on the other side of the Szépvélgyi

valley) system, which reached a length of 29 km last year. 444 4t the bottom of the Matyas-hegy (Métyés-hill). On the
In contrast, our second-longest cave, the Baradla-system  |ower levels — again — multiple caves were found. The

near Aggtelek-Josvafs, which is a UNESCO World  ypner.cave and Tiizolt6-branch were often visited by
Heritage site, is o_nly ¢. 26 km long including a section  .avers in the *30s, and during WW2, the cave length grew
underneath Slovakia. to nearly 400 metres due to capping. During the capping,
other caves were found, such as the Futura-cave with its
L . . length of 80 metres.
2. The beginnings of exploring: the Pal-volgyi
cave

The first sections of the Pal-vélgyi system were explored 3. Finding the Matyas-hegyi cave

in the first years of the 20" century. Back then, protection  This small cave proved to be vital for today’s giant cave
of natural heritage was nearly non-existent, and no one  system: in March 1948, Béla Mohos crawled into virgin
worried about extracting parts of a cave system together  cave from the end of the Futura by clearing out a 2 m long,
with the limestone in the quarry in the upper Pél-valley...  1m wide tunnel. He found what we know today as the
As the quarry works dug deeper, more and more caverns  Matyashegyi-cave: in remembrance of the Hungarian
were found. These were the ends of passages of a connected  revolution of 1848, they named the newly found section
system. Some of these passages weren’t small either: the  Centenaris-passage. Oriasok Utja (Giants’ Way), Névtelen-
Harcsaszajd-cave (whose entrance is the highest up) was  folyos6 (No Name Passage), and Szinhaz-terem (Theatre
soon discovered to be at least 320 metres long, and the  Chamber) were found shortly afterwards, and explorers
Hideglyuk-cave was explored to the 170 metres mark. A reached the karst water level, with a permanent lake 92
further smaller caves were also registered. metres below the entrance. (In 1959, cavers swam across
this lake but found only a couple of metres of passage on

In 1904, the entrance of the Pal-volgyi cave was discovered . L .
9y the other side). Soon enough, the Matyashegyi-cave became

here, in the Holzspach-quarry. The Pal-vdlgyi is the longest
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2.5 km long. The members of the Red Meteor Caving Club
(known today as Meteor Caving Club) were constantly
exploring the ends of the cave and after smaller findings,
they found a larger passage (Meteor-branch) in 1962. Later,
in 1965, the students of the Toldy Secondary School found
a passage that they named after their school. Members of
Meteor found the Természetbarat-szakasz (Nature-Lovers’
passage), so the length of the cave was extended step-by-
step.

Of course these passages existed previously, but they were
not known. This is due to a peculiar feature of the caves of
Buda (which are thermal-karst caves): large chambers and
wide passages are often connected by tiny squeezes, and
these small passages are often filled with rubble due to
rockfalls. Water draining into the cave brings some marl
from the levels above the system, and as a result, the scree
is hardened so much that even the most experienced cave
explorer has difficulty noticing that this solid wall used to
be open cave passage! Finding these passages can be aided
by tectonics measurements, and also by watching out for
cave draft: air can flow through such tiny cracks that one
can’t even see through with head-torches. Cavers sweaty
from digging will appreciate the draft, but it is also
indicated by the light of a candle, or — God forbid — cigarette
smoke... The reason this wind exists is the difference
between the temperature on the surface and the constant
temperature of the caves (which is equal to the yearly
average temperature of the area), and as a result, the
difference in the density of the air. The direction of the air
flow is the opposite in winter and summer.

4. Connecting the Pal-volgyi and Matyas-hegyi
caves

These examinations were done in the Pal-vdlgyi cave by
members of the Kinizsi Cave Exploration Group, who were
working in the cave after WW2. They were led by Janos
Palankai, but found only smaller passages: by the end of the
‘70s, the total length of the Pal-vélgyi was “only” 1,200
metres... At the same time, the length of the Harcsaszaju-
cave and the Hideglyuk-cave remained the same, although
in 1964 Csaba Laufer and his team did manage to connect
the Harcsaszaju and Bagyura-cave, which was directly
below the Harcsa.

The long awaited breakthrough happened in 1980, when
Attila Kiss and Jézsef Kurucz found the 400 metre-long
December-passage behind the Pal-volgyi’s Szinhaz-
chamber. Their team, called the Imre Bekey Cave
Exploration Group, was formed within the Hungarian Karst
and Cave Research Society (Magyar Karszt-és
Barlangkutaté Tarsulat, MKBT). With Attila Kiss and
Katalin Takacsné Bolner as leaders, they found new
passages year by year — a good habit that they still have to
this day (though since 2011, the leader of explorations is
Attila T6th). In 1981 they found the Térképész-passage
(Cartographer-passage), in 1982 they found the Negyedik
Negyed (Fourth Quarter), 1987 the Déli-passage (Southern
passage), 1989 marked the year the Szépvdlgyi-passage was
found (which ended very close to the Méatyashegyi-cave).
In 1992 the boulder choke of K2 was explored and in 1994,
after widening a long and torturous squeeze (the Goffri
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[Waffle], where the caver is the “filling”), they reached the
3 km long Jubileum-passage, which even today remains the
cave’s most well-decorated and pretty section. In the
following year, smaller successes followed (the side
passage of the Delfin-passage and the Fodros-passage), so
by the year 2000, the length of the Pal-v6lgyi cave reached
13.5 km. This meant that the biggest dream of Buda’s cave
explorers had now become a possibility: to find a
connection between the Pal-vélgyi and the Matyashegyi
caves.

But this connection could not be made without parallel
exploratory work being carried out in the Matyashegyi cave.
For example, members of the Acheron Caving Club found
the Tron-termi passage (Throne Room passage) and Mikulas-
branch (Santa Claus branch). After several smaller findings,
in 2001, explorers finally made the connection from the Pal-
volgyi cave to the Természetbarat-branch of the Méatyashegyi,
making the total length of the system over 19 km!

5. Resuming work in the Hideglyuk and
Harcsaszaju caves

In the new millennium, findings became rare in the Pal-
volgyi cave, despite the constant work. However, in 2005,
the exploration of the tighter passages of the Hideglyuk
cave began, but remained unsuccessful for four years,
despite the labours of the Jozsef Szab6 Caving Club and
their lead explorer, Andras Nagy, who spent most of their
weekends working in the cave. In 2007, intense exploration
of the Harcsaszaju-cave began, with Attila Nyerges leading
the members of the Barit Caving Club. In 2008, after nearly
twenty days of digging, a team of cavers led by Domokos
Gergely Nagy and Lénard Szab6 reached the rear passages
of the cave which were well-decorated with promising
muddy chokes. Heading in a northwesterly direction, along
the main fault lines, the cavers soon found over 3 km of
passage!

During autumn next year, explorers reached a breakthrough
in the Hideglyuk-cave as well: squeezing through the tight
Guillotine-choke, they found a well-decorated passage with
boulder chokes and huge chambers. Soon the length of this
cave exceeded 3.5 km as well. The caving community was
informed of the findings in these two caves week-by-week,
and on the 6" of March 2010, the connection between the
Harcsaszaju and Hideglyuk caves was finally made! From
this point onwards, all the Buda cave explorers dreamt of
connecting the two big systems: the Palvolgyi-Matyashegyi
system with the Hideglyuk-Harcsaszaju.

Surveys of the caves were compared and it seemed that
there were at least 25—-30 metres between the closest points
of the two systems, and no sign of a through passage...

6. The connection is made

It was around this time that members of the Bekey Club
thought about trying work in the narrow Nyomdasz-prés
(Printer’s Press) section, which points towards the 100
metres long Kis-Hideglyuk (Small-Hideglyuk) cave, which
had already been connected with the Harcsaszaju-Bagyura
system.
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In the autumn of 2011, members of the Barit Club organised
a big exploration camp in the Palvélgyi quarry for a long
weekend, with 100+ participants. Multiple shifts of cavers
worked in the Nyomdasz-prés (and at endpoints of other
caves), but progress was slow: towards the end, over 20
people were passing buckets of mud that had filled up the
passages. Success didn’t seem close at hand...

However, at the end of November, starting from a spherical
niche on the surface, cavers found a new smaller cave
between the Kis-Hideglyuk and the Nyomdasz-prés. This
cave was named Meta-cave, and from the open ends of its
passages, it was easy to reach the Kis-Hideglyuk, the
Palvolgyi cave, and into one of the side passages by the
Nyomdasz-prés. This way, the connection was made on the
11" of December and the Pal-vélgyi cave system was
created! (Cavers often call the system Szépvolgyi-system
as well). Even since the connection was made, some new
passages have been found in the Méatyas-hegyi cave (in a
previously unsurveyed section): so the total length of the
system is now 29 km!

Those who have never participated in expeditions can’t
even imagine the tension and expectations involved in this
kind of work, and what unbelievable joy it is to find
wonders never before seen by the human eye! It’s worth it
to work for these moments, often for years and years. But
for great findings, we also need luck: not all diligent cave
explorers get to experience the euphoria of finding virgin
passage — in the same way that not all athletes who train for
years will get to win an Olympic gold.

7. Formations of the Pal-volgyi cave system

The Pal-vélgyi cave contains many interesting and beautiful
formations. The prettiest ones are the sheets of calcite
hidden away in the Jubileum passage, these were formed
on the surface of the warm water of an underground lake.
These sheets formed cones (the highest of which can reach
2 metres) and the cave pearls that cover the whole
formation. This cave contains the highest amount of calcite
sheets among all the Buda caves! There are deposits of this
material above each other, with a difference of 3-4 metres,
which has a scientific significance: examining these can
help determine the age of the cave and the movement of the
karstic water. Only in this cave can we find folias, which is
the line of calcite on the side walls, marking the water
levels. Also, many baryte chrystals can be found in the cave.
These calcite veins were deposited here from the liquids
flowing in the cracks before the cave itself was formed. In
some places (like the Gipszes [Gypsum] branch), we can
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marvel at little developing gypsum chrystals. The solution
forms and spherical niches are also very pretty (for example
in the HosszU-folyos6 [Long passage]). In the ceiling of
many a passage we can see a 0.5-2 m wide zone of flint
which mark the presence of warm water solutions passing
through the cave and transforming the original rock. Many
stunning dripstone formations can be found in the cave in
the following passages: I1-es vagany, Schonvinszky-terem,
Ezlst utca.

The Métyas-hegyi cave is poorer in formations, but as there
are less mineral aggregates on the walls, the solution forms
can be studied better (for example: Foéldtani Intézet
chamber). We can see fossils in many a passage (Nagy-
terem, Névtelen-folyos6): the shell of seashells and
sea-urchins is more pure calcium-carbonate than the slightly
clayey rock, so these petrified shells are more resistant to
solvents, so the stand out from the wall. We can see flint
zones here as well, and the passages actually reach the level
of karstic water. A while ago in there were beautiful gypsum
formations in the passages (like the Szinhaz-chamber), and
while unfortunately these have been destroyed, in the newly
found passages we can still marvel at these beautiful
formations.

The Harcsaszaju and Hideglyuk caves are very rich in
formations, but the detailed mineralogical examination of
these caves has not yet happened.

8. Summary

To summarise: the Pal-volgyi system is Hungary’s longest,
most scientifically interesting and most beautiful cave
system. Its speciality is that it is right underneath the streets
and houses of the capital city, which could possibly threaten
the integrity of the cave and the buildings above.
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Almost half of the territory of Slovenia and more than half of that of Croatia is karst. Owing to the work of active and
well-organised speleologists there are almost 20,000 known and registered caves in both Slovenia and Croatia. These
numerous and impressive cave systems result in a high frequency of touristic visits and spurs on further speleological
research. In the event of an accident rescue operations are performed in Slovenia by the Slovenian Cave Rescue Service
(SCRS) while in Croatia by the Croatian Mountain Rescue Service — Cave Rescue Commission (CMRS-CRC), both are
now also active in international cave rescue. An important milestone in this field is the setting up of an international
mechanism for the education of cave rescuers i.e. the “Cave Rescue Training (CRT)” programme and the implementation
of the European “EU Proteus” project that brings together Slovenian and Croatian cave rescuers. This paper describes the
project and its main activities concerning reviewing the existing legislation on cave exploration, accident prevention, and
cave rescue training. The EU Proteus project presents a model study of two cave rescue organisations (the SCRS and the
CMRS-CRC) both of which are run and implemented by volunteers. The project contributes to an overall improvement
in standards, greater capacity and efficiency of rescue operations, and the international integration of cave rescue services.

1. Introduction knowledge, special technical equipment and physical

. . ] preparedness. While performing such activities, they face
Limestone and dolomite bedrock, covering 43% of the land - potentially serious or even fatal injuries due to numerous
surface of Slovenia and 52% of Croatia (over 70% if  gpjective hazards and possible subjective errors. However,
submarine areas are included), enables the formation of the i, "most danger are those who find themselves in caves
karst phenomena where amongst its natural features caves  nintentionally, due to either a slide or a fall from the

stand out for their exceptionality. Of the 20,000 registered ¢, 1face. These typically include mountaineers, skiers,

Slovenian and Croatian karst caves only 0.1% are  pynters, hikers and excursionists, both native and foreign.
designated and equipped as touristic caves and even these  Records show that there have been a considerable number
to a limited degree. For example in the world-famous ¢ s\;ch accidents in the past.

Postojna Cave, only 3.2 km of the explored 20.5 km of

passages are made accessible to tourists. It is a fact that a

considerable part of .the upderground Worlq is representgd 2. Dangers in caves and cave rescue

by more or less vertical pits that are especially notable in

the Alpine karst. These areas that are interesting for tourism  As a rule, a high percentage of “caving” accidents involve
and are frequently visited can “hide” potentially dangerous  non-cavers, with a remark that rescuing cavers stands out
caves. In the Slovenian Kanin massif with a surface area of  in terms of duration and difficulty of rescue. So far, the
8 km2, more than 300 caves are known; while in an area of ~ longest and most difficult rescue operation in Slovenia
similar size in Northern Velebit, Croatia, there are 348  occurred in 1990 when cave rescuers from Slovenia and
caves. It is worth mentioning that worldwide, there are 96 Italy rescued an injured caver from the Crnelsko brezno pit.
known caves deeper than 1,000 meters (Gulden 2012)  The rescue started at a depth of 1,200 meters and lasted for
located in 17 countries and of these, 9 are located in 10 days. In Croatia, the longest and most difficult cave
Slovenia and Croatia. An important characteristic of the  rescue operation occurred in 2012 in Kita GaceSina at a
Slovenian and Croatian caves is their verticality. In this  depth of 483 m. The operation involved 114 rescuers from
area, the largest verticals in the world can be found: 16 CMRS stations. The time required, from reporting the
Vrtiglavica (-643 m), Patkov gust (-553 m), and Velebita  accident to the extraction of the caver, took more than 26
(-513 m), which implies the use of special rescue hours. All together, when the last rescuer exited, it
techniques. In addition, the problem of rescue from natural ~ amounted to 36:23 hours. Members of Slovenian CRS were
springs has to be mentioned e.g., Crveno jezero lake also on standby to join this rescue operation in case of a
(-281 m), Una spring (-205 m), Divje jezero lake (-160 m),  prolonged period of rescue. The Corpo Nazionale Soccorso
Sinjac lake (-155 m), and the Kolpa/Kupa spring (-154 m).  Alpino e Speleologico (CNSAS) from Italy and the Alliance
of speleological organizations in Serbia also offered their

Therefore, the subterranean world is only accessible to help

qualified speleologists (skilled cavers knowledgeable and
practiced in vertical caving) as well as professional visitors ~ Karst terrain in Europe covers large areas (approximately
to the karst terrain (researchers, foresters) who are able to 30 %) which are not equally explored. A high percentage of
explore its secrets safely and successfully due to their  karst is typical of Greece, Spain and countries of South East
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Europe including Slovenia and Croatia. According to the
World Declaration on Cave Rescue Organisation, individual
countries have to elaborate their rescue plans and provide
for the organisation of cave rescue.

This project was initiated because of the desire to explore
the largely undiscovered, unexplored, and unpredictable
underground environment. Karst caves are exceptionally
dynamic and diverse, the exploration of which requires a
significant amount of knowledge and expertise from
potential visitors. Currently, there are many caves in
Slovenia and Croatia that are dangerous to visitors and
consequentially to rescuers because they are either
unknown or unexplored and hence have not been assessed
in terms of risk. In general it is impossible to prevent the
public from searching, researching and visiting caves; but
unfortunately, such visits can results in accidents. The so-
called urban underground should also be mentioned here
(industrial shafts, sewage system, abandoned underground
mining, industrial and military systems) with the exception
of active mines. However these require confined space
permit entries and differ with respect to rescue and
extraction procedures from those of cave rescue.

In general, cave rescue is difficult and due to the
environment (enclosed, limited, dark, cold, humid cavities)
specific to the cave in question and will require specialized
skills. A rescue in a horizontal cave is not the same as a
rescue in a stair-step shaft, a rescue in the high mountains
is different from a rescue in the lowlands and rescue
operations in water caves with rivers are still different, not
to mention the obstacles imposed by waterfalls, siphons, ice
caves, labyrinths, narrow passages, and areas full of mud.
The air in caves is cold and humid. Air temperature
typically varies between 0 and to over 14 °C, while in ice
caves it is below freezing. Humidity is close to 100%. In
case of an injury where the injured person is left unable to
move, the body cools rapidly and soon enters the vicious
circle of hypothermia. Among the many risk factors,
hypothermia of an injured person is often the more critical
than their injuries. When rescuing an injured person from a
cave, the required amount of time is usually several times
longer than the time needed for an individual descent. In
the case of a major accident, rescue can take several days.

Cave rescue in Slovenia is performed by the Slovenian Cave
Rescue Service (SCRS) with the Speleological Association
of Slovenia as the responsible body. It operates directly
under the auspices of the Administration of the Republic of
Slovenia for Civil Protection and Disaster Relief (hereinafter
referred to as ACPDR). In Croatia, cave rescue service is
organised under the Croatian Mountain Rescue Service as a
Cave-Rescue Commission (CMRS-CRC).

Within Europe, there is a lack of organised networking and
cooperation between speleological organisations which is
necessary for the exchange of knowledge and expertise. A
possible solution would be to establish an expert rescue unit
at the EU level.

3. Methods

The qualification of cave rescuers is an important factor in
any cave rescue service and decidedly affects the success
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of rescuing injured persons from caves. The Cave Rescue
Service of Slovenia, together with ACPDR and partners
from South-eastern Europe (Croatia, Serbia, Bulgaria and
Romania), have developed the Cave Rescue Training (CRT)
Programme to provide rescuers with a basic knowledge of
cave rescue (Merela 2010; Strazar and Ili¢ 2010). The
programme was performed for the fifth year under the
Disaster Preparedness and Prevention Initiative for South-
Eastern Europe (DPPI) organization and focuses on specific
procedures and the organization of rescue teams involved
in accidents or drills. Cave rescuers are trained to deal with
cave conditions (abysses, meanders, rivers, etc.) and special
rescue techniques. The aim of the programme is to achieve,
in a rational way, a satisfactory level of qualification of
speleologists in different countries, providing them with the
ability to react rationally and uniformly and to provide
effective assistance in the case of accidents or other
extraordinary events. This programme provides the basic
skills for cave rescue, but is insufficient for advanced
training and the training of cave rescue instructors.

An upgrade of the successfully implemented CRT
Programme is the European project — EU Proteus
(Figure 1). EU Proteus with its full title “Raising Awareness
and Improving Effectiveness of Cave Rescuing within
Community Civil Protection Mechanism” is a 24 month
long project (2012 and 2013) and is the first large European
cave rescue project (http://www.eu-proteus.eu). The project
is supported directly by the European Commission —
Directorate General for Humanitarian Aid and Civil
Protection — Civil Protection Prevention, Preparedness and
Disaster Risk Reduction Unit Office.

Figure 1. The Logo for the EU Proteus project is shown above.

EU Proteus aims towards the better organisation of cave
rescue in Slovenia and Croatia by analysing the current
situation, preparation of common standards and studying
the conditions that exist in other organisations from
Participating States. This goal is to enhance the awareness
and preparedness of cavers and to improve the preparedness
and effectiveness of cave rescuers (emergency response).

4. Results and discussion
4.1. Main project Tasks

Several tasks were defined and proposed in order to achieve
a safer caving and a significant improvement of the cave
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rescue service in Slovenia and Croatia. The main goal was
to improve cross-border cooperation between rescuers as
well as raising the level of preparedness for cave related
emergencies.

A series of joint thematic workshops helped in drafting and
establishing general rules, standards and rescue techniques
and the criteria for setting-up and equipping preventive
bivouacs in caves to assist in a rescue. All of these were
verified by organising practical exercises.

An expert team was put together to prepare and draft a
training programme for instructors and the general and
specialised parts of the programme including the curriculum
and a catalogue of the necessary skills. The next step
involved establishing a joint commission for technical
issues such as checking and comparing the various caving
equipment used by Slovenian and Croatian cavers. Based
on these findings, the commission will prepare standards
obligatory for cave rescue and recommendations for other
cavers. An important outcome of this initial preparation was
the translation of the Cave Rescue Manual from French into
the Slovene language.

A priority was the implementation of joint rescue exercises
to improve the knowledge of cave rescuers. In the first year
of the project’s duration, Slovenian and Croatian cave
rescuers were involved in five joint rescue training events
(http://www.eu-proteus.eu; www.hgss-kshgss.com).

4.2. International cave rescue training for instructors
(CRT) 2012

The International Cave Rescue Training 2012 (CRT 2012)
event was the EU Proteus project’s most important action in
2012. CRT 2012 took place between the 16" to 23™
September in SeZana, Slovenia. Forty participants from 10
countries including Albania, Boshia and Herzegovina,
Bulgaria, Croatia, France, Macedonia, Montenegro,
Romania, Slovenia and Turkey attended the exercise. The
participants were made up of 28 trainees and 12 Cave Rescue
Instructors (two from the French SSF- Spéléo-Secours
Francais). The trainees were made up of skilled cave rescuers,
cavers and non cavers, including firemen and mountain
rescuers. Based on past experiences of organising this kind
of event, we divided the trainees in two groups: basic level
and advanced level cave rescue training (Figure 2).

Figure 2. Participants are shown performing a climbing skills test.
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The training exercise began with a step-by-step instruction
of the key elements of cave rescue manoeuvres. Initially,
the instructors kept to the principle of working in small
groups and organised several workshops near the crag wall.
Later, the exercise involved combined rescue manoeuvres
(Figure 3).

Figure 3. Participants perform the complex combination of
various rescue manoeuvres.

A demonstration was also given on the proper use of the
Petzl “Nest” cave rescue stretcher (Figure 4). This
represents the state-of-the art in stretchers for use in cave
rescue. For the rescuers it is important that they are
acquainted on how to position the casualty correctly on the
stretcher. It must be noted, that this procedure should be
performed under medical supervision. By the end of the
exercise and after several rescue manoeuvres the transport
of the casualty on the stretcher was accomplished.

Figure 4. Cave rescuers demonstrate how to work with the
specially designed “Nest” cave rescue stretcher.

Demonstrating how to systematically review and evaluate
the physical condition of casualty was also emphasised
(Figure 5). An uncomfortable and inhospitable cave
environment requires special procedures for a systematic
assessment of the casualty. Another important issue is how
to deal with hypothermia and frostbite in the case of a very
cold cave environment.

After successfully completing the outdoor training sessions,
several rescue exercises were performed underground. Prior
to the final exercise the organisers had visited and selected
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Figure 5. A medical doctor demonstrates how to evaluate the state
of an injured person.

several caves with different polygon configurations (i.e.
vertical and horizontal caves). The rescuers were divided
into groups working in different parts of the cave. Vertical
pits were equipped for vertical transport using
counterweight systems (Figure 6) while hard passable areas
were rigged for transport via Tyrolean lines. For
communication purposes a cave telephone (VOX system)
was installed.

Figure 6. The rescuers are shown transporting the casualty in the
cave.

At the end of the training, the trainees performed a final
rescue exercise in the Najdena Cave. The Najdena cave is a
complex cave with vertical pits, long difficult passages, mud
and a water siphon. The exercise was designed to bring
together international cave rescuers: members of the
Slovenian Cave Rescue Service, Slovenian Cave Rescue
divers and members of the Croatian Mountain Rescue
Service (Cave-Rescue Commission). The number of
participants was 63. A telephone line had been installed
during previous training exercises (1.4 km) and the 30 m long
and 6 m deep siphon had been secured with a safety line. The
telephone had also extended to the far side of the siphon.

Because of the importance of this international rescue
exercise, the event was strictly controlled by the members
of the Slovenian Administration for Civil Protection and
Disaster Relief, the President of Speleological Association
of Slovenia, the Head of Slovenian Cave Rescue Service
and by the main inspector of the Inspectorate for Protection
against Natural and Other Disasters.

Cave rescue is a difficult activity and any rescue attempt
from behind a siphon is extremely hazardous. Furthermore,
any rescue exercise must be precisely planned in advance.
This was the first cave rescue exercise where the team
worked with actual cave rescue divers whose role it was to
dive to the far side of the siphon, place the casualty in the
stretcher and then transport them safely back. The
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international team of trained rescuers received the casualty
from the siphon (water temperature: 8 °C) and immediately
installed a special body heating device to prevent
hypothermia (Figure 7). The whole operation lasted for
approximately 10 hours.

Figure 7. The casualty is shown being transported from the 30 m
long siphon.

The cave rescue training exercise managed to attract up to
40 participants from 10 European countries. Cave rescue
training was acknowledged to have been a success on the
grounds of the knowledge received by the participants. Of
course the main purpose of CRT (2012) was that the
participants would then disseminate this knowledge within
their own organisations. During the eight day training event
we fulfilled our plan of 80 hours of intensive lectures, short
demonstrations, and practical work in smaller caves in
readiness for the final full-scale rescue exercise.

An important result of all our efforts was the great publicity
for the EU Proteus project and for EU visibility. Ultimately,
we performed a successful final rescue practice for which
we received the highest rating by a team of independent
evaluators.

4.3. European Cave Rescue Association (ECRA)

Both the SCRS and the CMRS-CRC support the
organization of the new European Cave Rescue Association
(ECRA). On May 12" in Castelnuovo Carfagnana, Italy,
seven national cave rescue organizations from Great
Britain, Germany, Italy, Austria, Slovenia, Croatia and
Serbia came together to establish the European Cave
Rescue Association.

The goals of the ECRA are the following:

e promote the exchange knowledge and expertise in the
field of cave rescue,

« facilitate cooperation and support between members,

e advance and improve cave rescue knowledge and the
capabilities of member organizations,

e provide information and statistics on cave rescue
incidents,

« exchange knowledge and experience concerning the best
practice in cave rescue between cave rescue organizations,
caving organizations, manufacturers of caving equipment
and other interested bodies,

« conduct research with a view to improving the efficiency
and effectiveness of cave rescue and

« conduct such ancillary activity as the ECRA shall think
appropriate to better achieve these goals.
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5. Conclusions

Cave rescue in Slovenia and Croatia is run by volunteers
whose goal is to design and develop a cave rescue module
and to start a procedure for the registration of a
multinational cave rescue module for rescue operations in
cave related emergencies. The expected outcomes of this
project was that, by using the cave rescue organisations of
both Slovenia and Croatia as a case study, we would
perform a risk assessment on cave related issues followed
by a unique “train the trainers” programme and to set
standards for visiting caves, researching caves and cave
rescue together with medical issues.

The overall findings of this project will be used as the basis
for modifying existing regulations concerning speleological
research with the added intention of adopting them into a
Community Mechanism for Participating States.

The beneficiaries will not just be Slovenian and Croatian
cavers but also those from others countries since many
(several hundred per year) come to explore our magnificent
cave systems. Finally, it is important to emphasize that both
countries and the public in general benefit from a well-
regulated system that allows for an effective response in the
case of emergency.
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ON THE SEARCH FOR KING BARBAROSSA IN UNTERSBERG

Ulrich Meyer
Turnweg 29, 3013 Bern, Switzerland, ulrich.meyer@aiub.unibe.ch

In recent years important discoveries in Untersberg mountain near Salzburg were made. The length of long known
Kolowrathohle (AT) was extended to 38 km and the karst water table was reached in four different passages at a total
depth of more than 1,100 m. Many leads with strong wind hold the promise of further discoveries. On the German side of
the high plateau a new cave called Riesending was found in 2002, to date explored to a length of 18 km, through which a
huge collector could be reached at a depth of 900 m. After a long detour the trunk passage turns into the direction of
Farstenbrunn, where the main resurgence of the mountain is located, still nearly 3 km away but only 200 m below the
horizontal passages in Riesending. Riesending also gets close to the lower reaches of Klingertalschacht, which is part of
the 12 km long, complex maze of Windlécher (AT), and lately a new wave of exploration was triggered in this cave. A
connection of the three major caves of Untersberg would result in a huge system of at least 70 km length.

1. Introduction

Untersberg mountain is located in the Northern Limestone
Alps, close to Berchtesgaden and Salzburg (Fig. 1). The
border between Austria and Germany runs over its’ high
plateau, which culminates in Berchtesgadener Hochthron
(1,973 m). For more than 100 years cavers frequent its’
steep slopes and barren limestone pavement. Most of the
plateau and parts of the slopes, all together close to 15 km2,
are drained by Furstenbrunner Quellhthle, where the water
emerges from a deep sump. Beneath Salzburger Hochthron
(1,853 m) extents the massive labyrinth of Kolowrathohle,
at more than 38 km total length the main cave of the
mountain. The distance from the lower reaches of
Kolowrathdhle to Furstenbrunner Quellhéhle is little more
than 1 km, a connection of the water tables in the two caves
is proven, but a way through is unlikely to be found due to
the long and deep sumps separating the two caves.

The second well known cave complex on the northern
flanks of the mountain is Windl6cher. With 12 km length
and accessible by 12 different entrances it connects the three
cirques Schosstal, Klingertal and Wasserfalltal. Via
Klingertalschacht it drains in the direction of the central
plateau, but the distance to the resurgence at Fiirstenbrunn
is still about 3 km. The stream sinks into large boulders at
the floor of the final chamber and to date all attempts to find
a continuation at this low level failed. New discoveries at a
fossil level have raised new hopes and exploration is just
gaining momentum again.

The entrance to the third big cave of the mountain is located
on the high plateau, close to Berchtesgadener Hochthron.
Riesending is a rather recent discovery, being explored for
only 11 years. In this short time it has grown to over 18 km
in length and more than 1,000 m in depth and the potential
for further discoveries is still great. The distance from the
entrance to the resurgence is, at nearly 5 km, the greatest of
all three portrayed caves. Nevertheless, Riesending provides
the key for the understanding of the speleogenesis and
hydrology of Untersberg mountain.

The trunk passage found at 900 m depth seems to be the old
collector of most of the plateau. Now fossil it cuts through
the mountain with huge dimensions and at a constant
elevation of 870 m above sea level. Several sumps are
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reached in fissures and shafts 100 m to 150 m below the old
stream way. Observations with pressure gauges indicate,
that these belong to hanging water tables. New discoveries
in Riesending and Kolowrathohle raise the hope to one day
connect both caves. Each year a number of week long
expeditions take place, organized by small, but dedicated
teams from the Verein fur Hohlenkunde in Salzburg (AT)
and the ARGE Bad Cannstatt (D). Due to the massive
difficulties in the exploration of the caves, the great depth,
long distances and technically very challenging terrain it
will not be a fast success. Legend knows, that in the heart
of the mountain old king Barbarossa sits in his throne room,
bored to death, and waits for some unwary cavers. We are
up to meet him.

Figure 1. Caves of Untersberg presented in this article, recent
discoveries in black lines (map inlay ©2012 Google, map data
©2012 GeoBasis-DE/BKG).
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2. Windlécher (1339/31)

The main entrance to Windlocher is located at an elevation
of 1,300 m in the steep northern slopes of the mountain
below the alp Klingeralm. The cave was first visited by
Fugger in 1875 and explored to a length of 400 m by
Urbanek and Abel in 1934. The following year Czoernig
discovered Klingertalschacht, which was surveyed by Abel
to a depth of 60 m in 1947. It was quiet around the caves
until in 1975 in a big breakthrough in Windl6cher a fossil
trunk passage was found and the length rapidly grow to
2.5 km. In 1982 a restriction was opened, giving way to
Palastinahalle, from where a connection to
Klingertalschacht was found, which meanwhile had been
explored to a length of 2 km and a depth of 322 m by cavers
from Belgium. The total length of the cave system thereby
rose to 6 km.

In 1989 Holvan started a complete resurvey of the cave, in
the course of which another 3.5 km of passages were added.
In 1995 the Belgians struck again, connecting the deep shaft
Supernova to the final chamber in Klingertalschacht
(Klappacher 1996). A way around the breakdown blockage
in the final chamber could not be found. The last
achievement of that period was the connection to Stiitzinger
Schacht in 1996, bringing the total length of the system to
11.3 km. With the end of the resurvey campaign and the
Belgians shifting their focus to another cave farther away
in Sulzenkar, it became quiet around Windldcher, despite a
number of strongly drafting leads. Only when Riesending
was getting close to the final chamber of Klingertalschacht
(700 m as the bat flies), a new team from Salzburg revisited
the cave and found upper levels that show great promise to
circumvent the blockage in the final chamber.

The passages in Windlécher may be separated into three
different levels. The trunk passage Hauptgang close to the
main entrance and the surrounding labyrinths lay at an
elevation of 1,300 m. They are characterized by breakdown.
A lower level is found in Palastinahalle and its continuation
Palastinagang, another trunk passage at 1,200 m elevation
that runs parallel to the upper one. The end of this massive,
20 m wide tunnel is actually marked by a deep shaft that
has not yet been descended. The lowest level of the cave is
reached Klingertalschacht at an elevation of 1,000 m. It
contains a stream and ends in a massive chamber, where
several big shafts enter the system, more or less directly
from the surface 400 m above.

Hauptgang and Pal&stinagang both follow south trending
joints and slowly rise, following the dip of the bedding
planes, at an angle of about 15°. The labyrinths mainly
follow southwest-northeast and southeast-nordwest
trending fissures. Klingertalschacht is also developed in a
southeast trending joint. The stream at its bottom, whose
head waters are not yet fully explored, may be followed
through a number of deep lakes to the final chamber, where
it sinks into boulders. The final chamber is reached more
easily by fossil upper level passages, or directly by the
Supernova entrance through a number of deep shafts and
narrow meanders. All known entrances to Windldcher
exhale during summer, the uppermost entrances to the cave
system are not yet found.
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3. Kolowrathghle (1339/1)

Kolowrathohle is a mazy cave of massive proportions, that
developed under phreatic conditions. Two main levels can
be distinguished, the upper one at elevations between
1,400 m and 1,600 m, the lower one between 1,000 m and
1,200 m. Both levels are connected by vadose canyons,
some of which are still active. They continue below the
lower level until at an elevation of 700 m they submerge
into the karst water table.

The cave is situated in the northeastern part of the plateau,
below the summits of Salzburger Hochthron and Geiereck.
The main entrance at an elevation of 1,370 m at the foot of
the east face of Untersberg has been know for centuries. It
became a tourist attraction in the 19" century and people
used its massive entrance chamber for summer ice skating.
Fugger based his theories on ice caves on observations in
Kolowrathdhle and nearby Schellenberger Eishéhle. But
the ice started to melt after enlarging the entrance for ease
of access and nowadays only small relics remain.

The breakthrough into the main cave was not achieved
through this entrance, but when the nearby Gamslécher
were connected to Kolowrathdhle. The entrance to
Gamslécher high in the cliff of Dopplerwand became
accessible after the Dopplersteig was built in 1876, but only
in 1979 a shaft at the end of the known cave was descended
and the large passage Rundstollen discovered. Via
Rundstollen the Broadway was found and finally a high
aven in Kolowrathdhle was reached and the explorers
abseiled into the large ice chamber and left via the main
entrance. After this connection the length totaled 2.5 km.

Figure 2. The maze like passages at the lower level of
Kolowrathéhle are bone dry (Dirk Peinelt).
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Following Rundstollen and its continuation Prachtstollen
further into the mountain, a breakdown stopped the
explorers. It was opened in 1982 and gave way into the dark
aven Zwentendorf. Descending the following shafts the
trunk passage of the upper level was found and baptised
Mainstream. To the south it led to the high aven
Walkerpfeiler, that was climbed in the same year. Its
continuation, the 20 m wide Champs Elysees, ends in the
Louvre in a massive breakdown. With this impressive
discoveries the total length of Kolowrathéhle made a big
jump to 5.6 km.

From Zwentendorf a passage leading to the north led to the
deep shaft Kalkar, where a traverse gave access to
Erpelcanyon and its little stream. Through this canyon the
upper level of the cave is left and in 1984 the breakdown
chamber Hot Spot was discovered. The length meanwhile
reached 10.2 km. From Hot Spot two ways led on. Down
the shafts Karato Prak the lower level of the cave was
entered and the mazes of Dackel mit Hut and
Tonplattenlabyrinth explored. Not far from the base of the
shaft Onan der Barbar exploration was halted in 1986 by
the lack of rope at another small drop and not continued
until more than 20 years later. The last trip of this very
successful phase of big discoveries took place in 1989 to
Hungerkluft, a passage forking from Hot Spot to the north
and ending (to this day) at a deep shaft. This is the closest
point to the resurgence Firstenbrunner Quellhdhle, the
distance is still more than 1 km. The length of
Kolowrathhle remained stable at 16 km for the coming 15
years (Klappacher and Mais 1975, Klappacher 1996).

Not far from Salzburger Hochthron the strongly drafting
entrance to Salzburger Schacht is located at an elevation of
1,800 m on the high plateau. It was discovered in 1923 and
explored to a depth of 170 m by Abel and companions in
1935, making it the deepest cave of the region at that time.
In the 1970s a continuation was discovered and with the
new single rope technique explored down to a depth of
400 m. There large galleries and a stream were discovered.
To the north the gallery ends in a huge breakdown in
Allendehalle, close to the Louvre in Kolowrathohle.
Downstream the Via Belgica was followed to a muddy
sump at a depth of 600 m. An inlet to Via Belgica, which
rises from a constricted sump, drains the lower reaches of
Schellenberger Eishohle. A connection of the two caves
could not yet been forced, in spite of a strongly drafting but
very narrow side passage close to the sump. In 1982
Brunntalschacht, a shorter and much easier entrance to the
main passages of Salzburger Schacht, was discovered, but
nevertheless exploration came to a stand still at a total
length of 6 km (Klappacher and Mais 1975; Klappacher
1996).

It was quiet around both caves, until in 2002 Georg Zagler
entered the scene and together with some indestructible
companions and a lot of chiseling forced a connection from
the Champs Elysees in Kolowrathéhle to Salzburger
Schacht. Further passages were found climbing
Walkerpfeiler to heights not yet heard of. By the end of
2005 the length of the combined system reached 25 km
(Zehentner et al. 2006). Not yet satisfied they pushed on
into the depths of the cave. To safely explore the lowest
reaches, a new and avalanche proof entrance to the cave in
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winter was needed. This goal was achieved in 2007 after a
long and arduous dig in one of the dolines close to
Zeppezauer Haus. In the following winter season
exploration continued from a new bivouac near the base of
Onan der Barbar. The first great success was the
exploration of the canyon Alien 1 and its continuation
Kugelcanyon to a big sump at a depth of 1,119 m below the
entrance to Salzburger Schacht, high point of the system.

In the summer of 2008 mazy passages close to the new
bivouac were explored, culminating in the discovery of
Krabbelsprint-Labyrinth, where a powerful draft chilled the
exhausted cavers to the bone. The wind gets lost in Phantom
der Oper, the surface of Brunntal only about 100 m away,
but no new entrance to these remote parts of the cave could
be found to date. Beyond the labyrinth a large passage Wadi
continues in southerly direction. The whole region of the
cave is very dry and later was baptized Wiste (Fig. 2). A
variety of gypsum crystals is abundant. In the winter season
2009/10 a big shaft Elefantenschacht was reached, already
at a distance of 4 h from the bivouac (Zehentner 2010). To
keep exploration efficient a shortcut through the labyrinth
was searched and eventually found in the fabulous canyon
Auf diinnem Eis, where a thin layer of flowstone separates
the passage into an upper and a lower level that were only
connected artificially after careful survey of a very long
deviation.

Now the way was open to erect a new bivouac Baumhaus
on a balcony of Elefantenschacht, near the only pool of
water for miles. In winter 2011 a steeply descending
passage below Elefantenschacht was explored down to
several sumps at the level of the karst water table, where a
powerful stream was met at the contact to the underlying
dolomite in the huge and chaotic chamber Kartoffelkeller.
But the origin of the wind was found in another passage,
quasi the backdoor of Baumhaus. A beautiful phreatic
passage Idhrin Eden gives access to the enormous shaft
Mordor, filled with the spray of an impressive waterfall,
most probably the headwaters of the stream found in
Kartoffelkeller. Below Mordor the steeply descending
passage sumps in Orktranke, again at the level of the karst
water table.

Figure 3. Phreatic passage and sump close to the actual end of
Kolowrathéhle (Wolfgang Zillig).
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The stream rises from a beautiful sump (Fig. 3) that can be
avoided by climbing up and down 100 m in a rift. Beyond
the rift the stream is met again, but exploration was halted
in a high aven with a waterfall. The level of the horizontal
passages beyond Baumhaus corresponds to the level of the
trunk passage in Riesending, but the distance between the
two caves is still about 1.2 km. The latest news from
Kolowrathohle report of a new but horrible bivouac at the
very end of the cave, to aid the artificial climb up the aven.
Exploration continues at full speed, but with an effort of
nearly two days necessary to reach the final dome the rate
of success has slowed down somewhat.

4. Riesending (1339/336)

The entrance to Riesending is situated in the southern part
of the high plateau, close to Berchtesgadener Hochthron, at
an elevation of 1,840 m. It was found in 1996 by members
of the ARGE Bad Cannstatt, and is extensively explored
since 2002. A series of massive shafts drop down to a first
horizontal level at -400 m, narrow canyons and further
shafts lead on to a lower level at -870 m, that was reached
in 2005. The main stream of the cave sinks into a narrow
sump at a depth of -987 m, nearly 5 km away from the
resurgence in Flrstenbrunn, but only 170 m above the karst
water table found in Firstenbrunner Quellhéhle and
Kolowrathohle.

In the following years exploration was focused on a huge
fossil trunk passage at -870 m, that follows a dominant joint
and in a straight line led 1.5 km to the northwest below the
central plateau, without gaining further depth. Finally the
joint is left and the passage turns to the northeast in
direction of the resurgence, still 4 km away. Along the way
only one major inlet, Schéner Canyon, now also fossil, is
met, but more inlets are assumed to enter the trunk passage
high up at ceiling level, which mostly is out of sight. Before
the passage starts trending towards the resurgence, a
number of shafts Sechs Schéchte have to be traversed. One
of these shafts breaks through into a lower level of the cave,
also with huge dimensions and a strong draft, that is
completely blocked by silt at a depth of 1,058 m (Meyer
and Matthalm 2009).

Figure 4. A deep lake in the main passage of Riesending is crossed
on a small rubber dinghy (Wolfgang Zillig).
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Beyond the shafts the deep lake Reitertranke (Fig. 4) blocks
the main passage, which has to be crossed on a rubber
dinghy. Shortly after the lake a side passage connects to the
massive shaft Monsterschacht, which most time of the year
is impassable due to a powerful waterfall. The waterfall
may be avoided by Nebelschacht, which joins
Monsterschacht further down and finally leads to a little
sump at -1,059 m. At this depth a hanging water table seems
to exist under this part of the mountain. Monsterschacht
surely is a much younger cave than the trunk passage of
Riesending and only intersects Riesending by chance. It is
probably connected to another deep shaft Eisblaser (today
sealed by an ice plug) in the middle of the plateau near
Mitterberg. The distance to the low point of Eisblaser is
about 400 m.

After the turn towards the resurgence the main passage
changes its character. The bleak area of the
Maulwurfstunnel, a now dry sump, is passed. At one point
the gravel fill had to be dug out for close to 10 m to enable
human passage. Shortly after the dig the main passage
forks. An upper level Wundergang contains a nicely bedded
sediment fill (gravel and silt), but after a short distance is
plugged. It can be avoided by a lower passage that joins the
far end of Wundergang again in a big chamber full of wet
mud. In this chamber another passage forks of, the steeply
ascending and strongly drafting Fratzengang (not yet fully
explored). The main continuation drops down to an old
sump area Auenland, where dark sediments attest frequent
flooding, and a powerful stream Auenbach is met. It rises
from a sump and after a short distance tumbles down into a
narrow canyon, that has been explored to -990 m and still
continues. It offers a nice prospect for reaching a new deep
point but is only accessible in very dry conditions.

Auenland is left via Wachturm, a 80 m high aven that had
to be climbed with the help of a power drill. The logical
continuation of the main passage forks off halfway up the
climb and immediately drops down to a sump. Luckily at
the far side of Wachturm another big passage Westzubringer
could be reached, which leads to a canyon inlet and to an
huge trunk passage. Their origins are not yet explored, but
may be connected in one way or another with the complex
of Windl6cher. The trunk passage also has a continuation
in the general direction of the resurgence that was baptized
Kristallgang due to large quantities of beautiful frostwork.
It ascends another 100 m, before passing a now dry sump,
a side passage to a shaft and finally continuing with much
smaller dimensions (Fig. 6) for 300 m to some small shafts,
through which Wassergang is reached.

Wassergang contains a stream and enters the cave from the
west, so when first found in 2011 it was assumed to be the
continuation of Klingertalschacht beyond the final chamber
(700 m away and only 50 m higher than Wassergang). But
exploration in 2012 revealed that the origin of the stream is
found in several small inlets and the huge passage continues
dry for a short while, until it drops down to a sump. Since
it corresponds in height very well with the sumping passage
near Wachturm, it may as well be the continuation of the
main passage of Riesending (after a detour to the west).
However, after a short way the downward continuation of
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Figure 6. Close to Wassergang the size of the passage shrinks to a low ellipse, which was formed by corrosion of a fossilized layer of
algae (Wolfgang Zillig).
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Wassergang drops down into a wet and sporting canyon
which obviously leaves the level of fossil trunk passages,
that had lead the explorers through half of Untersberg.

But Riesending did surprise its explorers one more time,
when in 2012 a little shaft forking off Kristallgang was
dropped and a barely passable hole was forced to another
huge tunnel, which in essence runs in parallel to
Kristallgang. Descending the tunnel in the general direction
of Auenland, the upper end of Wachturm was reached and
hence a long loop closed. In the opposite direction a low
crawl with more delicate frostwork had to be passed, until
the passage started descending and finally opened out into
a huge space with a very complicated shape, after the first
shock called Krake.

A number of inlets enter through high avens and the floor
is perforated by large and black abysses. Dropping the least
intimidating of the holes, the canyon continuing from
Wassergang was reached and another big loop closed. The
canyon was explored to a depth of 990 m and still continues,
but like the canyon in Auenland requires dry conditions for
further exploration. It was also tried to follow upper level
passages above the canyon, but in many places the lack of
a floor renders this undertaking rather difficult. The distance
to the high aven at the farthest end of Kolowrathéhle is
about 1.2 km, the level of the passages corresponds very
well and at both places a strong draft lures the explorers
onward. But at close to two days approach to Krake the
effort for further exploration is not a whit smaller than in
Kolowrathohle and success will neither be won fast nor
easily.

Figure 6. Close to Wassergang the size of the passage shrinks to
a low ellipse, which was formed by corrosion of a fossilized layer
of algae (Wolfgang Zillig).

5. Furstenbrunner Quellhdhle (1339/10)

The main resurgence of Untersberg and thereby of all the
caves presented so far is found at an elevation of 600 m at
the northern flanks of the mountain close to Furstenbrunn.
The mean flow of the resurgence is 750 I/s, during snow
melt or after heavy rain a max. discharge of about 15 m#/s
may be reached. The way into the mountain is blocked by
a 40 m long sump and by a strong gate (since 1875 the
resurgence supplies Salzburg with drinking water). In 1976
a second entrance was found (now also gated) and the cave

129

explored to its” present length. The main passage is a big
tunnel with a small canyon at its floor, cut by the stream.
Close to the main exit of the resurgence the stream sinks
into the sump, and only a short distance into the cave it rises
from another sump (once dived by Hasenmayer to a short
stream passage and more sumps). These sumps may be
circumvented by arduous crawls to a higher level of the
cave, where at an elevation of 700 m an abundantly
decorated passage leads to a final sump. Water level in this
sump is known to vary by more than 40 m but the sump was
never found dry (Klappacher 1996). Recent observations
confirmed, that at normal flow the water level corresponds
to the one of the sumps in Kolowrathohle, nearly 2 km
away. This fact and the depth reached in Riesending and
even further away at the far end of the plateau in
Fledermauscanyon prove the thesis of a nearly
homogeneous water table through most of Untersberg. A
connection of Flrstenbrunner Qeullhohle to Kolowrathohle
seems unlikely due to the long and probably quite deep dive
necessary.

5. Summary and Outlook

Looking at the recent discoveries in Riesending and
Kolowrathohle and lately also in Windldcher, a connection
of all three caves to a system at least 70 km long and more
than 1,150 m deep seems possible. The horizontal distance
between Riesending and Windl6cher is 700 m, between
Riesending and Kolowrathéhle still 1.2 km, but the
elevation of the corresponding end points matches well. A
hydrological connection is very likely and is proven
between Kolowrathdhle and the resurgence Furstenbrunner
Quellhéhle, but the connecting sumps will probably never
be conquered. All hopes lay in the continuation of the fossil
passages overlaying the active canyons at the known
endpoints of all three major caves. The way to reach these
points consists of more than 5 km of strenuous and often
very technical passage at depths of 900 m in Riesending
and Kolowrathohle, limiting exploration to week long
expeditions. But cooperation is very good and the teams are
still highly motivated to scale all difficulties and one day
shake hands in the throne room of King Barbarossa, deep
down the very heart of Untersberg.
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K'OOX BAAL - 4™ LONGEST UNDERWATER CAVE SYSTEM
IN THE WORLD

Zdenék Motycka
Czech Speleological Society, Olsova 1, Brno 637 00, Czech Republic, z.motycka@mediform.cz

In February 2006, members of the Czech Speleological Society started with the exploration of K’oox Baal, 3,5 km long
underwater cave system in the Chemuyil area on the Riviera Maya — part of the eastern coast of Yucatan Peninsula, Mexico.
These expeditions discovered, explored and surveyed 17 km of new passages until the end of 2008. (Proceedings of 15"
ICS, Kerville, USA). Since 2009 they have discovered another 40 km of new passages and connected this cave system
with Tux Kupaxa underwater cave system, so the total length of K’oox Baal is now 75,140 m! It is the 4™ longest underwater
cave system in the world, but thanks to the fact that all discovered parts were immediately mapped, it is the longest
completely surveyed and mapped underwater cave system in the world!

1. Resurvey of Tux Kupaxa

The main goal of the expedition in 2009 was detailed
exploration and remapping of the Tux Kupaxa cave system,
which is located near the south end of the K" oox Baal.
Cenote Tux Kupaxa was discovered in 1998 by Gunnar
Wagner and Robbie Schmittner, but unfortunately from this
expedition there isn’t any preserved information with
regards to the length of the cave nor a map. Another cenote
located near, was the Sac Xiquin, which was soon connected
to the Tux Kupaxa and fully mapped. In the space of one
month, 12,828 meters of corridor was mapped and 2017
meters of new space was discovered. The cave of Tux
Kupaxa with the length of 15,138 meters became the eighth
longest underwater cave system in the Yucatan (Fig. 1).

Figure 1. Main passage of Tux Kupaxa Cave. Foto by Radoslav
Husak.

2. Huge tunnels in Balam Ts’al

In 2010 two more expeditions took place. First from
January 26" until February 16™, 2010 and the second from
November 16 until November 30", 2010. The first
expedition, thanks to a forest fire which the previous year
destroyed a large part of the jungle, was discovered ten new
cenotes in the area located south of the well known K’oox
Baal cave. Our attention was at first directed to an easily
accessible cenote, located approximately 200 meters from
the road, which begins as an expansive dry cave, where we
have found the remains of charred palm leaves from the first
visitors. Due to the similarity to the banana leaves we
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named the cave Ha’a Kak (Banana candle). The first two
groups are gradually discovering 2 km of corridors and
diving in another of the new cenotes — Muk Wakal. The
third group is initially trying their luck in a beautiful, large
cenote, but when they failed to find the continuation of the
input dome, they carry their equipment to a further
positioned smaller cenote located directly next to the path.
They named it Kot Be (Under the path) and here they
gradually discovered 1,5 km of passages. In the following
week we were able to connect the two above mentioned
caves to the known cave system K’oox Baal. In the
meantime together with our colleague and friend Robert
Schmittner, (respected researcher of the world’s second
longest cave system Sac Actun), we have discovered
additional 1,5 km of space in the cenote located the furthest
away from all the new ones — Sac Xib (White man) and this
we are again able to connect with K’oox Baal. Since the
biggest one of the 10 new found cenotes containing a big
lake did not lead to the desired continuation, we are also
turning our attention to the remote but beautiful complex
of three cenotes with several lakes and long stretches of dry
parts. Thanks to the number of jaguar’s paw prints left in
the dust we have decided to call it the Balam Tsa’l —
(Jaguar’s paw). Already the first dives brought discoveries
of unexpectedly large halls with beautiful dripstone
sceneries and connection of new cave to canote Kot Be,
thus Balam Tsa’l also became part of the K’oox Baal. We
have spent the entire final week of the expedition gradually
discovering and surveying additional kilometers of

Figure 2. Large tunnel under the cenote of Balam Tsa’l, K’oox
Baal Cave System. Foto by Radoslav Husak.



Exploration and Cave Techniques — oral

2013 ICS Proceedings

corridors and giant domes. It is not unusual for the width
extending in places to 20 meters or more, and the height
reaching up to 8 meters. In Balam Tsa’l we discovered the
total of 3,6 km, bringing the total length of K’oox Baal
system to 28,6 km (Fig. 2).

The second expedition that happened in fall was undertaken
as a miniexpedition of two members and their main goal
was to find connection between the K’oox Baal cave system
and the Tux Kupaxa cenote located nearby. The pair began
with a detailed survey of the parts discovered during the
spring between Kot Be and Muk Wakal and they were able
to penetrate through a set of low crawl spaces to the west,
into a larger continuation. In a course of 13 dives, lasting
approximately 3 hours each, they discovered and mapped
2,3 km of new space, bringing the total length of the K’o0ox
Baal to more than 30 km and reached the total of 30,933 m.
Although the new discovered passages are pointing towards
the Tux Kupaxa cave system the connection between the
cave systems was not yet found.

Figure 3. Richly decorated passage in K’oox Baal. Foto by
Radoslav Husak.

3. Connection

In 2011 two expeditions took place. First from February 1¢
until February 23" and second from November 28" until
December 10".They brought extensive discoveries of new
spaces and the coveted connection of the two neighboring
cave systems.

The first pair turned their attention to the parts that have
been discovered in fall 2010 with a clear objective — to find
the connection between K’oox Baal and Tux Kupaxa,
because according to the map they are located within 20
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meters of each other! Alternately they are trying their luck
from both sides, finding over 1 km of new passages, but the
connection to link them in the maze of narrow channels and
manholes cannot be found. The second group started their
exploration in Cenote Kot Be, where in the northwest
direction can be found many undiscovered branches and
gradually they discover this year’s first hundred meters of
new passages. The third pair headed to cenote Balam Tsa’l,
where last year was discovered massive corridor of nearly
4 kilometers and where many questions were unanswered
and continuations opened. During the first three dives they
find more than 500 m of corridors on the western side.
However the character of the corridors is becoming that of
tumbled domes that are necessary to swim over or around
and unfortunately it is not always successful. The same
character is known from virtually all tunnels that are
heading west, which suggests the possibility of extensive
fracture zone that lays in the direction of NW-SE along
large part of the cave. For that reason further exploration in
this direction has a little value.

In the course of the second week the first pair continues
with extreme dives on the edge of human abilities in order
to achieve the connection between K’oox Baal and Tux
Kupaxa. Alternately they dive from cenote Muk Wakal,
Tres Estrelas and Side Mount and stretch through many
other straits, unfortunately without success. The second
group completed survey of the northwestern part under
cenote Kot Be and moved to join the third group at cenote
Balam Tsa’l. Together they explore and map all unexplored
branches from the main corridor. In total they add to the
length of the cave additional 2 km of passages, mainly flat
channels, which is in general the shape of local caves, but
in places with rich sinter decoration.

The last week of the expedition, the first pair resigned on
finding the link and focused all their efforts on the
southernmost part of the K’oox Baal cave system, where
we left off a year ago on the doorstep of new unknown
tunnels and domes (Fig. 3).

Considerable distance from the entrance now requires the
use of underwater scooters and additional tanks. From the
last point reached in 2010 massive corridors continue in
almost an identical profile for another 500 m, here we were
forced to stop the exploration due to the time restrain. The
same length was also reached by a significant left branch,
where we also did not reach its end. The most interesting
thing about these newly discovered passages is their general
direction, leading SW to SSW, which is very unusual.
Additional half kilometer of passages was discovered in
various branches and parallel corridors. Several dives were
also devoted to the exploration of a significant corridor that
extended out towards the well known corridors of Tux
Kupaxa cave and where nearly 300 meters of passages were
discovered. The exploration ended in a narrow but high
meandering corridor that eventually went into a crack. Due
to the complicated access we did not continue in the
exploration of this corridor. As it later turned out this passage
was significant for further exploration. During the three
week expedition we discovered and mapped 7 km of new
space and the length of the K’oox Baal reached 36,634 m!

Also the second expedition tried to find the connection
between the systems of K’0ox Bal and Tux Kupaxa. In three
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Figure 4. Passing through narrow passage in Tux Kupaxa Cave
System. Foto by Radoslav Husak.

new cenotes — Tan Ich (Glasses), Numya (Passion) a Sac Ktu
Cha they gradually discovered and mapped 1,460 m, in some
places large and beautifully decorated corridors, but mostly
again small narrow channels and manholes, in which they
tried to find the connection during the 12 days (Fig. 4).

On December 9" we connected 19,850 meters long Tux
Kupaxa cave and 36,741 meters long K’oox Baal cave into
one cave system! So the 4™ longest underwater cave system
in the world was created with the total length of 52,591
meters!

4. Discovery in Chun Che Chen

In 2012 were traditionally organized two expeditions. First
from February 8" until March 3 and second from
November 24" until December 9t".

East of the cave system K’oox Baal was 1,300 m long cave
located in cenote Chun Che Chen. As in the case of Tux
Kupaxa, the Chun Che Cen was first discovered by team of
explorers Gunnar Wagner and Robbie Schmittner in 1998.
Due to the lack of maps of the cave we decided to measure
again the entire polygon and draw a map of the area.
Another reason for mapping of the entire area of the
polygon again was that its premises were located less than
100 meters from the end of K’oox Baal.

During mapping we found extensive sequences in several
different parts of the cave. Three large tunnels in the newly
discovered section lead north and within we gradually
discover 5 km of new, very rugged and diverse space! Great
halls alternate with narrow restrictions, austere rock tunnels
with chambers richly adorned by sinter decorations. During
the following week after several dives in extreme straits we
finally managed to connect the Chen Chun Che to K’oox
Baal, thanks to which the length of K’oox Baal exceeded
60 km! The remaining time of the expedition was devoted
to continuation of exploration in the southern and
southwestern parts, first discovered in 2010, where still are
great passages undiscovered even after the discoveries in
2011. The only complication is the great distance from the
entrance and therefore limited time for survey due to the
transportation of large quantities of bottles. In spite of that
during five dives we discover additional 2 km of new huge
tunnels and the length of K’oox Baal reaches 64,600 m! At
the end of the expedition we organize several trips into the
jungle with the goal of finding new entrance, which would
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facilitate an easier access to the southernmost part. After
few days we find a great cenote with several lakes and after
the first dive in one of them, we reach without a problem
K’oox Baal. We decided to call this cenote Shaman EK,
according to the sign on the corner of the property.

The second expedition started the survey in the cenote
Shaman Ek, from where it is closest to the southeast part of
the cave. This cenote is accessible using only very badly
maintained road that is more than 3 km long, which greatly
prolonged the transport of diving materials. Initially, it was
possible to continue the exploration through large tunnels,
which meant first kilometers of discoveries. Unfortunately
the tunnels abruptly ended and we had to continue
systematic survey of all branches. The idea of easy
continuation south was quickly reduced to slow crawl
through narrow passages. The same way ended the attempts
on the north side. The only direction, in which the corridors
were free to continue, was west to a distance of one and a
half kilometer from cenote Shaman EKk. In the end, during
the two weeks we were able to discover another
9 kilometers and two new cenotes. The total length of all
the underwater parts of the cave is 73,600 m. Together with
some dry parts the total length of the K’oox Baal system is
75,140 m! (Fig. 5).

5. Summary

K" oox Baal is the longest completely mapped and drawn
up underwater cave system in the world. The other three
longer underwater cave systems are polygon measured but
only partially mapped. Between 2009 and 2012 Czech
Speleological Society organized seven expeditions to the
K’oox Baal and follow people participated: Miroslav
Dvoracek, Petr Chmel, Martin Hone$, Radek Husék, Daniel
Hutnan, Martin Hutnan, Radek Jancar, Michal Megela,
Zdenék Motycka, Jan Sirotek, Kamila Svobodovéa, and
Karol Kyska.
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Figure 5. Complete map of K’oox Baal as of December 9, 2012. Explored and surveyed by members of Czech Speleological Society,
Slovak Speleological Society and Quintana Roo Speleological Survey. Darker lines represent passages known until 2008. The lighter
lines present new discoveries since 2009.
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GEOLOGY AND DEEP VERTICALS: CASE STUDY FROM MAGANIK
MTS., MONTENEGRO

Jiii Otava, Vit Baldik
Czech Geological Survey, Leitnerova 22, CZ-658 69 Brno, Czech Republic, jiri.otava@geology.cz

The formation of deepest karst vertical shafts in the world has been probably controlled by similar geological factors.
Universal factors include convenient lithology and hydrological or precipitation potential. The study from Maganik Mts.
shows substantial difference between the “density” of deep vertical shafts at the area of flat, subhorizontal beds and the
area of duplexes, folds and faults. The first area displays dense network of deep vertical shafts the depth of which is
controlled by thickness of flat bedded limestones and by subvertical joint sets. When the vertical shafts bottomed at
calciturbidites with shale rhythmic interbeds, the shape of cave quickly changed to meanders and lower vertical steps.

1. Introduction

The topic of the paper is as we hope universal for karst areas
all around the world. The area of study seems to be
favourable for understanding the processes and
circumstances especially because of excellent visibility and
absence of confusing younger sedimentary cover. The
surface and underground observations and documentations
continue at the area for several years and every season
brings new pieces of knowledge and discoveries.

2. Geography and geology

Maganik Mountains at Montenegro belongs to one of most
famous karst areas of Dinarides, the High Karst. It is
situated less than 100 km NE from Boka Kotorska, Adriatic
Sea in close eastern vicinity of Niksi¢ town (Fig. 1).

The terrain of the High Karst Zone is built up of Triassic,
Jurassic and Cretaceous carbonates several km thick.
Reverse faults and thrusting cause even higher thickness.

Figure 1. Location map (width 30 km) of the explored area.
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High Karst is characterised by all surface occurrences and
all processes characteristic for holokarst.

Maganik itself is about 20 km long and 10 km wide
mountain range situated in the central part of Montenegro.
It is surrounded and drained by rivers Zeta in the south and
Mrtvica and Moraca in the north. The Maganik massiv
streches generally in the NNW-ESE direction and
orographically it is separated form Moracka Planina in the
north and Prekornica mountain in the south.

The eastern part of Maganik Mts. is built of shallow water
platform Upper Cretaceous carbonates (Pajovi¢ 1999). It is
an area of great potential for vertical systems. The
precipitation mostly exceeds 3,000 mm per year, the highest
parts of the limestone massif is rising over 2,000 m a.s.l.
and the resurgences are situated around altitudes of 300 m
a.s.l.

3. Tectonic overview

The area of interest is just several square kilometers,
nevertheless there is substantial difference between its NE
and SW parts (see Fig. 2 and Fig. 4). The NE part represents
a slightly dipping table mountain of TreSteni vrh, which is
considered from the structural viewpoint as a
parautochonous part of the area. On the other side the SW
part of the section, the massif of Mededi vrh, is in its upper
part undoubtedly allochtonous block divided from TreSteni
vrh by a duplex (thrust) fault (Fig. 2).
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Figure 2. A view to SW from TreSteni Vrh to Mededi Vrh: Flat bedded limestones in the front (A) and folded and faulted duplex of Mededi
Vrh at the horizon (B) — contrast between conditions for vertical shafts evolution.

Figure 3. Left: Rose diagramm of subvertical joint system at the terrritory of TreSteni vrh parautochtonous subhorizontal limestones.
Data plotted on Lambert lower hemisphere, SW Statect version 2012, courtesy of Jiri Rez; right: Aerial Google view of Tresteni vrh
joint pattern. The width of lower side is 1,500 m.
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Figure 4. Geological sketch cross section with position of vertical shafts (courtesy of Z. Dvorak and P. Caslavsky).Explanation: 1 —
para-autochtonous Cretaceous calciturbidites (interbedding of limestone and shale); 2 — para-autochtonous Upper Cretaceous thick
bedded limestone; 3 — allochtonous limestone of the Mededi vrh Thrust.

There is a more detailed contribution on the speleological
exloration activities during the season 2012 inside the
Proceedings. The most interesting of it is the prolongation
of the Pahyl Abyss (see NE part of the Fig. 4) over 1,000 m
— contemporary name “lron Deep”, total depth 1,027 m.

4. Discussion and Conclusions

Comparison of density of deep vertical shafts between the
thrust of Mededi vrh and the table mountain of TreSteni vrh,
Maganik Mt. Montenegro, resulted strongly in favour of
flat-bedded para-autochtonous limestones of TreSteni vrh.
It is explained by favourable lithology and by favourable
structural conditions. Similar lithotectonic pattern was
described earlier e.g., in Palmer (2007). System of
subvertical joints (see Fig. 3) controlled the origin of many
vertical one step shafts. The 429 m step in the Abyss of Nyx
and 351 m deep step in the Abyss of Aither belong to the
deepest shafts in Europe (Dvorak 2011).

The conclusion for explorative speleology is thus quite
clear:

Generally good conditions for the origin of deep caves
include high precipitations, pure limestone, high difference
of altitudes between ponors and resurgences. The structural
circumstances are often complicated and changing within
the system.
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The finds of deep vertical steps are most hopeful in
subhorizontal thick bedded pure limestones with subvertical
system of jointing (Fig. 3). Shafts in limestones of such
tectonic pattern are prone to cut the whole thickness in one
step. There are many examples among well known shafts,
e.g., Provatina, Vrtiglavica, etc. On the other side the
change of favourable lithology downwards, e.g., presence
of thin bedded marly limestones, calciturbidites, shale
intercalations, thrust zones and planes results in substantial
change. The cave morphology characterized by meanders,
subhorizontal passages, narrows and lower steps are
controlled by different mechanical properties and rate of
dissolution of the bedrock.
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KACNA JAMA (THE SNAKE CAVE) - DIVACA, SLOVENIA
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Systematic research of water cave system Reka (SLO) — Timavo (IT) in the Classic Karst of Southern Europe.

Figure 1. Entrance hall, photo by Borut Lozej.

1. Kaéna Jama research 2004-2012

We came to the region of Classic Karst in 2004, when our
speleoclub Planivy initiated a co-operation with the local
speleoclub Gregor Ziberna from Divaca. Our interest
aimed to Kac¢na Jama, which was a 12.75 km long cave
system flowed through by the Reka River. This river sinks
in a UNESCO’s World Natural Heritage cave Skocjanske
Jame, which is famous for its 2 km long, gigantic
underground canyon. The Reka River disappears here in
a terminal siphon and after 0.75 km reappears again in
Kac¢na Jama where it forms a complex labyrinth of
corridors and galleries. Kac¢na Jama is the last cave of the
system, where long galleries formed by the river are
known. Other abysses leading from the surface to the
active river level are located 6 km far away, but they reach
only short parts of the active Reka River delimited by
complicated siphons.
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After the first easy visits to Ka¢na Jama, we decided to
organize an expedition with help of other clubs from the
Czech Speleological Society (CSS) aimed at the outflow
section of the cave — flood draining corridor. In summer
2005, during a one week event we passed almost through
the whole section, but we stopped above a 12 m deep pit,
350 m from the terminal siphon in Cimermanov Rov. We
turned back because of a difficult progress and a lack of
rigging material. As a conclusion, we found this part of the
cave very interesting for research, but also very dangerous
because of risk of fast flooding. In 2006 we tried to find
upper entrance to these outflow parts from surface
localities, but with no interesting results.

In 2007 we came back to Ka¢na Jama into the Zahodni Rov
(Western Corridor) branch, which was approximately
450 m long, and had been known from the end of the 19"
century. In the opposite direction to Zahodni Rov, there is
Vzhodni Rov (Eastern Corriodor), which leads to main
continuation of the cave with the Reka River active flow.
The length disproportion between the two corridors was the
reason, why we attacked a roof formed by fallen boulders
in the remote parts of Zahodni Rov. We went through a
place with periodic draught, and this place brought us to an
unexpected discovery of two big domes with very high
ceiling. Their length is about 100 m. Above the second
dome, we climbed up a 45 m high canyon-like chimney,
where we discovered a great horizontal level full of
wonderful decoration, called Clean Area, which ends up in
the distance of 100 m by a sinter and mud plug. At the right
wall of this corridor a deep shaft was located. We descended
there to the depth of 75 m. The bottom with many draining
clefts was marked by frequent floods. A corridor in the
lowest point leads to a small dome with a siphon. In
summer 2008 it was dived through by Ivo Zaruba. Behind
the short siphon we passed through a draining corridor that
led approximately 200 m from the P75 shaft. On this
occasion we discovered other inflows from an unknown
part of the cave system but of a small cross-section. This
place is located about 20 m above the active river level but
it is very complicated to reach this terminal point. The
research of this area has been stopped in 2009. We named
this place Planivsky Rov.

The most remarkable result of year 2008 is a discovery of
a 200 m long Plzenisky Rov (Pilsner Corridor), because it
brought in new knowledge about a hydrological situation
in Ka¢na Jama. This corridor is situated almost under the
entrance abyss and it ends up by cave-in. At the end of
Plzensky Rov we got to the 400 m straight line distance
from the terminal siphon where the active flow of the Reka
River is vanishing in a gigantic underground cave-in.
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Figure 2. Planivsky rov — Clean Area, photo by Petr Polak.

Perhaps there is the most hopeful chance of discovery of
further continuation of the active Reka River here. From
2008 on, we started to cooperate with other members of
CSS and hungarian cavers from Papp Ferenc caving club
and FTSK from Budapest in our research of Ka¢na jama.
Also other foreign cavers have been joining our summer
expeditions.

1.1. International expedition Kaéna jama - Reka
exploration 2009

concluded with a great success. Czech, Moravian and
Hungarian speleologists succeeded to discover a
prolongation of the flood draining corridor. Two
experienced cavedivers, Jan Enéev and Pavel Riha,
managed to achieve this discovery behind the terminal
siphon of Cimermanov Rov (Cimerman’s Corridor), the
remotest and the worst accessible part of the cave system.
On July 6, 2009 the divers set off from this point for the
historically first exploration of the final siphon, despite
these places had been known since 1972. Each diver was
equipped with 4 independent air containers with 24 litres/
300 bar of total volume. They returned after three and a half
hour. Behind the siphon they discovered a gigantic corridor
with average width of 15 m and height of about 30 m. They
advanced almost 700 m. The divers turned round in the
point where the bottom of the corridor was covered by
rocky blocks (approximately size of a bus). They turned in
a 20 m wide and 30 m high corridor. We named the
discovery Rov za Zrcalom (Corridor behind the mirror).
The second week of the expedition the team spent time with
retransporting of all the stuff. There were little summer
storms which increased the underground Reka River flow
rate from 2 to 14 cubic meter per second and the water level
rose by approximately 3 m. We used our safety fixed ropes
for a retreat.

1.2. International Expedition Kaéna Jama Reka
Exploration 2010

successfully tested some few world innovations in caving
equipment. Among them it was a DistoX digital survey set
which can greatly speed up the surveying process. Two
devices for wireless communication between underground
and surface stations (Heyphone and Cavelink) made the key
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part in achieving a significantly higher safety standard
during the Kacna Jama exploration. Finally the most
effective was Cavelink that is a special sophisticated device
aimed at short message communication even in very
difficult surface and underground conditions. It can use
multiple frequencies for its operation, and this was the best
solution for us in an environment, where a lot of high
voltage overhead lines is present on the surface.

The main aim of the expedition was to continue in the
exploration of the recently discovered Rov za Zrcalom,
where we found another 330 m of passages that led to a
siphon. Over 1,000 m of gigantic underground space was
surveyed and photographic documentation of dominant
features was made as well.

In Rov Cloveskih Ribic (Corridor of Protei) located near
the entrance abyss, diver Jan Enéev documented the
second inflow siphon was documented by means of diving
technique to the distance of 370 m from the entry point of
the dive. This amazing distance exceeded the previous
achievements by 200 m. Maximum depth of 20 m was
reached in the terminal section.

Figure 3. Rov za zrcalom, photo by Petr Polak.

1.3. International
Exploration 2011

Expedition Kaé¢na Jama Reka

with over fifty participants carried out diving through the
second siphon, at that time the known end of Rov za
Zrcalom.

On Thursday, August 4, the principal diver, Jan Enéev
plunged into the so far unexplored water. Two hours later
he was back with 340 m of line unreeled but without contact
with free surface. Maximum dive depth was about 22 m and
the most distant point showed signs of decreasing depth.
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On Sunday, August 7, he dived again with full dive bottles
and after 415 m of underwater passage with bad visibility
he emerged in a spacious dome. This cavity is 150 m long,
30 m wide and 12 m high with corrosive ceiling and with a
pool along almost whole right wall. After a plot of survey
polygon was made, it was evident that because of bad
visibility the diver made some unnecessary turns and the
real length of the second siphon is about 325 m.

Figure 4. Rov za zrcalom — 2. siphon, photo by Petr Polak.

The discovered corridor passes to the third siphon. Jan
dived again and the siphon turned out to be 90 m long and
10 m deep. Next free cavity is 115 m long, 13 m wide, 22 m
high and its flat bottom is formed from gravel. It ends up in
a 25 m long lake with the fourth siphon. With respect to
remoteness of this point, Jan didn’t proceed to any further
and returned back to the rest of the company.

Overall length of the newly discovered passages is 768 m
and its general direction leads to the vicinity of Povir
village. In addition to the main effort, a documentary was
filmed and some side branches of the cave system were
surveyed with digital set and Pocket Topo software. Also a
chimney above Lojzov Podor that was climbed up +120 m
during the two previous expeditions was de-rigged, because
it didn’t lead to a prospective terrain.

Figure 5. Diver Jan Encev, photo by Petr Polak.

During winter expedition of the beginning of 2012, our
diver Jan En¢ev made an incredible diving attempt was
taken in the middle parts of Ka¢na jama, called Okretnica.
Here a small brook disappears to an unknown siphon. The
diver found there another free continuation after the first
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15 m long siphon with a final 2 m deep jump into the next
lake with water level of second siphon. Here he also made
an exploration. He turned back in small flooded corridor
filed by a cave-in and trees. Completely he discovered about
70 m.

1.4. International expedition Kaéna Jama Reka
Exploration 2012

wasn’t interested in seriously oriented diving in the end
parts of Ka¢na Jama, but the main aim was to climb up a
chimney above Slabeto lake (close to Cimermanov Rov).
There we felt a possibility of finding some upper level and
then continuation to the surface. Unfortunately we got just
to the height of 90 m above water level and here we were
stopped by a sinter formation which closed further
continuation. Another window and a few interesting
chimneys above Slabeto lake were left for the next time.
Our international team mapped the active outflow corridor
Ozki Rov, which terminates by a cave-in. For the first time,
we visited parts around Saturn abyss and did a digital
mapping of Hojkerjeva Dvorana.

On the surface, we dug a promisingly looking breathing
spot called Vitkuv Dihalnik. At the end of 2012 we were
here in the depth of around 10 m. Luckily, we were present
at the place just while the Ka¢na Jama system was being
flooded up, and we observed very strong draught here that
continued for 2 hours. This filled us with a hope that this
digging would lead to the lowest level of the system and
could be eventually used as a short cut for a transport of the
diving stuff. We will see how lucky we will be there!

For 2013 we plan a detailed research of Hojkerjeva Dvorana
and, if a dry weather permits, also the Ozki Rov outflow
corridor.

2. Ka¢na Jama official length:

1889 1,900 m

(first descent, Zahodni Rov and VVzhodni Rov)

1972 8,600 m

(Reka River, outflow section up to Cimermanov Rov)
1997 12,750 m

(section from behind Ogabno Jezero siphon — Novi Deli to
the intake siphon)

2007 13,250 m

Planivsky Rov +500 m

2008 13,750 m

Planivsky Rov +300 m, Plzenisky Rov +200 m
2009 14,450 m

Rov za Zrcalom +700 m

2010 15,100 m

Rov za Zrcalom +330 m, 2" siphon Cloveskih Ribic
+200 m, chimney in Lojzov Podor +120 m

2011 16,068 m

Povirski Rov +768 m, intake siphon and continuation +
min. 200 m (Slovenian team)

Total length of Kaéna Jama is over 16 km (2012).
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Figure 6. Rov desetih jezer, photo by Jindrich Dvoracek.

3. Credits also:

To all participants from the Czech Speleological Society for
their contribution to the expedition. It wouldn’t be feasible
without that.

Thanks to our Hungary and Slovenian caver friends for
cooperation!

Many thanks to the Gregor Ziberna local club for offering
a refuge, lending a material, for a help with the realization
and for an opportunity to carry out a research in their home
territory.

If you would like to make an earnest expedition to Ka¢na
Jama, please contact the local club at: http://www.divaska-
jama.info/kontakt_os.htm

Figure 7. Active Reka River, photo by Jindrich Dvoracek.
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Figure 8. Vzhodni rov, photo by Csaba Egri.

4. Glossary
Rov = Corridor
Podor = Cave-in
Dvorana = Dome

Dihalnik = Breathing spot
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Figure 9. Map of actual known cavespace of Kacna jama system.
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IMAWARI YEUTA: ANEW GIANT CAVE SYSTEM IN THE QUARTZ
SANDSTONES OF THE AUYAN TEPUI, BOLIVAR STATE, VENEZUELA

Francesco Sauro'?, Freddy Vergara®?, Antonio De Vivo?, Jo De Waele'?
tAssociazione di Esplorazioni Geografiche la Venta, Via Priamo Tron 35/F, 31030, Treviso
2Department of Biological, Geological and Environmental Sciences, Bologna University, Via Zamboni 67, 40126
Bologna, cescosauro@gmail.com
3Teraphosa Exploring Team, Puerto Ordaz, Venezuela

In February 2013 a new huge cave system in quartz-sandstones has been discovered in the eastern sector of the Auyan
Tepui, Venezuela by an Italian-Venezuelan team (La Venta Esplorazioni Geografiche and Teraphosa Exploring Team). In
twelve days of exploration over 15 km of passages were surveyed and other 4 km were explored. The system has nine
entrances and hosts three rivers giving rise to three resurgences. The cave passages belong to two levels, an active one in
which the rivers flow with a general and gradual WNW trend, and a inactive level located from 4 to 20 metres higher with
a N-S direction. The active levels are lithologically controlled whith typical pillars, potholes and wide and rounded bedrock
channels with very scarce sediment fill. The inactive level instead hosts large quantities of secondary minerals, mainly
sulphates-phosphates, and very nice and rare opal and silica speleothems. Flowing, drip and standing waters have been
analysed in situ for their Si content and many morphological observations have been carried out in order to try and
understand the speleogenesis of such large quartzite caves. Further geological, mineralogical, geomicrobiological and
biological studies are required in this exceptionally interesting quartzite cave.

1. Introduction speleogenesis of quartzite caves (Aubrecht et al. 2011;

o ) Aubrecht et al. 2013; Sauro et al. 2013). After the
About twenty years ago cavers and karst scientists believed exploration of kilometre long caves in the Roraima and

that speleogenesis of caves in the quartz-sandstones of the  ~nimantha massifs (Galan et al. 2004; Sauro 2009:
tepui mountains (Bolivar State, Venezuela) was related 0 grewer Carias and Audy 2011), in April 2013 a new giant
exceptional conditions and only of local importance. In the cave, named Imawari Yeuta (the Cave where the Gods
80s and 90s the exploration of deep and wide shafts called  |ive in Pemon Kamarakoto indian language) was
“simas” was explained as the result of arenisation processes  jiscovered by an Italian-Venezuelan expedition on the
along open fractures close to the high cliffs surrounding the Auyan Tepui in the Canaima National Park. This
plateaus. In these decades the researches didn’t investigate exploration suggests that well developed and extensive
the inner_sectors of the plateus believed to be less promising underground drainage systems probably occur below the
for the discovery of caves. surface of most of the tepuis in the Gran Sabana area.

Since 2000, instead, several horizontal cave systems have ~ Speleological investigations in the quartz-sandstone

been explored and obviously this required to rediscuss the ~ mountains of Venezuela and Brazil seems to be only at
the beginning.

This article shows the main results of the expedition
“Auyan Tepui 2013 and the scientific researches planned
for the future.

2. Geographical and geological settings

The Auyan Tepui is one of the largest table mountains of
the Gran Sabana area (700 km?, Fig. 1), well known for the
presence of the Angel Falls, considered the highest waterfall
in the world (975 m).

The Gran Sabana is a vaste geographical region located in
northern South America, between Venezuela and Brazil,
crossed by several tributaries of Rio Caroni, which in turn
flows into the Orinoco River. The Auyan Tepui has the
shape of a large table mountain delimited by vertical to
overhanging walls, often more than 1,000 m high. In plan
view it looks like a triangle pointing to the south. In the
inner part the Canyon del Diablo separates the north-
western sector from the north-eastern one, while the
southern part is a continuous plateau reaching its highest

Figure 1. The Auyan Tepuy from a Landsate image. The bounding elevation at 2.450 m asl

box represent the North-Eastern sector of the tepui.
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Figure 2. The large collapse of Sima del Viento represent the main
entrance of the Imawari Yeuta Cave. Photo by F. Sauro.

From a geological point of view the Gran Sabana is part of
the Guyana Shield. The igneous and ultra-metamorphic
rocks in the northern portion of the shield (Imataca-Bolivar
Province, after Gonzélez de Juana et al. 1980) have an age
of 3.5 Ga. The silico-clastic rocks (Roraima Group) belong
to the continental-to-pericontinental environment of the
Roraima-Canaima Province (Reid 1974). The age of this
arenaceous group can be inferred only on the basis of the
absolute dating of the granitic basement (2.3-1.8 Ga) and
of the basaltic dykes and sills that cross the upper formation
of the Roraima Group (1.4-1.8 Ga) (Bricefio and Schubert
1990; Santos et al. 2003). The Roraima Group was also
intruded by Mesozoic diabases (Hawkes 1966; Teggin et al.
1985). These form thin NE-trending dykes with ages around
200 Ma.

A slight metamorphism, with quartz-pyrophyllite
paragenesis in the more pelitic beds, is the result of the
lithostatic load of almost 3-km-thick sediments now eroded
(Urbani et al. 1977).

3. Brief history of speleological explorations in
the Auyan Tepui

The presence of caves in the Auyan Tepui is reported
already during one of the first ascensions of the mountain,
the expedition of Felix Cardona Puig and the italian
geologist Alfonso Vinci in December of 1946 (Vinci, 1957).
The cave explored and described by Vinci was never found
again (Merlak, 2010).

The first speleological expedition, with helicopter support,
was realized in 1983 by the Sociedad Venezolana de
Espeleologia, with the main aim to explore the Sima Aonda
(Fig. 1), previously known thanks to aerial surveys in the
NW sector of the massif. With its 362 m of depth this
collapse was considered the world deepest quartzite cave
until 1993, even if it consists of an elongated depression
and not a true shaft.

Most of the expeditions carried out in the years after were
basically concentrated in this area where the SVE explored
several other deep “simas”, such as the Sima Auyantepuy
Norte and the Sima Aonda Este 2.

In 1992 an Italian expedition organized by four caving clubs
(CAI SEM Milano, Castellanza, Laveno and Cividale del
Friuli) works on the upper Aonda platform and explores
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several caves summing up to 1,700 m of development. The
same year La Venta carries out a first aerial recognition in
the Aonda area in order to organize a future expedition. The
year after a big expedition organized by La Venta works in
three different areas of the same western sector: in Camp
Aonda, the team descends Sima Aonda and explores the
active horizontal system at its bottom (Ali Primera Cave)
and other deep shafts of the platform; in Camp 1, slightly
NE, Sima Churun (Sima Auyantepuy Norte 2) is explored,
and in Camp 2, moved further W, Sima Auyantepuy
Noroeste is discovered, becoming the deepest and longest
quartzite cave in the world at that time (3 km, -370).

In 1996 La Venta organizes another expedition in the Aonda
area, exploring several other simas and connecting Sima del
Bloque to Ali Primera, realizing a cave system 352 m deep
and about 2 km long. In 2010 a short prospection to the
south-western plateau allowed to find and explore the
Cueva Guacamaya (1.1 km), the first horizontal cave found
in the Auyan Tepui, presenting peculiar morphologies
similar to those described in the cave systems of the
Chimantha massif.

Before the expedition of April 2013 a total of about 10 km
of cave passages were explored on Auyan Tepui, but
exclusively in the western part of the massif. The southern
and eastern sectors were completely unknown from a
speleological point of view.

4. The expedition Auyan Tepui 2013

The joint Italian-Venezuelan expedition on Auyan Tepui
took place in March 2013. The expedition was organized
by La Venta Esplorazioni Geografiche together with the
Teraphosa Exploring Team from Puerto Ordaz city. Ten
cavers (7 from Italy and 3 from Venezuela) and two park
rangers from InParques took part to the expedition. The
main aim was to explore the southern and eastern sector of
the mountain, with several unknown entrances located
during previous flights by the helicopter pilot Raul Arias.

The expedition was based in Kavak and a helicopter
supported the installation of the exploration camps on the
plateau. A total of 12 days of exploration activity was
carried out on the mountain. A first group reached an
entrance which opens on the eastern wall of the mountain,
suspended nearly a thousand metres above the surrounding
plain. Unfortunately the impressive opening revealed only
a short gallery about sixty meters length. The same day
another group descended a big collapse, named Sima del
Viento (Fig. 2), apparently close to the bottom. After several
hours of research, finally a narrow passage in between big
boulders led to an impressive active gallery. In the days
after a new camp was installed on the border of the collapse,
allowing a continuous work of exploration, survey,
documentation and scientific researches. After only four
days about 5 km were surveyed, following two main rivers
(Fig. 3). The exploration led quickly to two further
entrances, named Mundo Perdido and Grieta de Los
Guacharos. In the meantime the structure of the cave
suggested the presence of another river to the north-west,
in direction of a giant collapse doline. The supposed river
was finally reached from inside the system through a
labyrinthic network of fossil galleries. An underground
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Figure 3. Gallery along the “Rio de los Venezuelanos”. Photo
V. Crobu.

camp of three days permitted to survey about 10.5 km of
new galleries, with huge rooms (the biggest 270 metres long
and 150 metres wide), complex labyrinths and other three
new entrances. Finally the total surveyed length reaches
15,450 metres, thanks to the use of the Polish CaveSniper
instrument (Www.caveexplorer.eu). About other 4 kilometres
were explored but not surveyed because of lack of time.
Imawari Yeuta represents one of the world’s longest
quartzite caves explored until now, consisting in a unique
cave not divided by valleys, collapses or “grietas”. The
structure of the cave is quite complex but the main
hydrological routes draining the plateau are already well
clear (Fig. 4). Only the network of no more active branches
needs to be better explored and documented.

The expedition recovered all the wastes produced and also
all the faeces from the cave and the surface of the tepui to
avoid microbial contamination. The exploration was carried
out using always the same trail to limit our impact on the
vegetation going to the cave and on the fragile cave floor,
in particular in the fossil branches.

5. The cave Imawari Yeuta

The new cave consists of three hydrologically independent
collectors (Fig. 5), two of which coming from the big
sinkhole of Sima del Viento, while the other one derives
from the catchment area of a large collapse doline to the
north, about five hundred metres wide, and of a nearby
smaller sinkhole. Here a stream falls into the cave with a
waterfall about 90 metres high. During our explorations,
carried out during a particularly dry period, the first two
streams had a minimum discharge of about 20 I/s, while the
main river reaches a minimum of 100 I/s. From the signs
left by water on the walls it is clear that this last river can
probably reach several cubic metres per second during
floods. The direction of drainage is in general from ESE to
WNW following the dip of the sandstone beds. A labyrinth
network of inactive galleries, developed along an evident
bed, interconnects the different rivers. This “open” bed can
reach impressive width (more than 300 metres in some
sectors) creating huge environments where the ceiling is
supported only by random pillars. This situation causes
large collapse zones with chaos of fallen boulders. In some
cases the fossil galleries show palaeo-phreatic rounded
morphologies and are in general almost perpendicular to the
actual vadose drainage.
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Figure 4. Preliminary sketch of the cave plan obtained using the
Cave Sniper instrument.

One of the most impressive peculiarities of the cave is the
presence of widespread crystallizations of gypsum, opal,
and other secondary minerals (probably alunite, sanjuanite
and rossiantonite). The gypsum occurs in form of acicular
crystals, flower-like forms, crusts and desert roses covering
thousands of square metres of the cave floor. Also deposits
of iron hydroxides are present, in form of stalagmites up to
5 metres high, flowstones, rimstone dams, and coralloids.
Anemolites, helictites and stalactites and other speleothems
of opal and amorphous silica are present (Figs 6-7).

These formations are extremely fragile and the exploration-
documentation of the cave must be carried out with double
flagged trails in order to avoid unnecessary damages.

6. Researches and scientific interests

One of the main objectives of the 2013 expedition to Auyan
Tepui was scientific research, especially concerning
speleogenesis on quartzite caves, in the framework of a
PhD thesis by one of the authors (FS). InParques granted
us the autorisation to carry out chemical analyses on
waters, and to make geomorphological observations at the
surface and inside the discovered caves. Water samples
have been taken in underground streams, of drip waters, in
still-standing pools and lakes, and of surface waters. The
very low contents of Si and SiO, in the sampled waters
required quick in situ measurements (UNESCO-WHO
1978; Mecchia and Piccini, 1999; Piccini and Mecchia,
2009) with an Aquaquant © 114410 Silicon by Merck, able
to analyse in a concentration range 0f 0.01-0.25 mg/l, with
an error lower than 20 %. Analyses were carried out within
24 hours from sampling. Samples with a higher
concentration of Si were analysed by dilution with distilled
water. Temperature, pH, and electric conductivity (EC)
were measured by a HI 991300 Hannah Instruments ©
field portable instrument.
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Figure 5. Sixty meter wide gallery along the ““Collector de
Noroeste™. Photo V. Crobu.

Figure 6. Coralloids of amorphous silica growing on the cave
floor. Photo V. Crobu.

Running waters have a pH ranging between 3.1 and 5.9.
Still standing waters in cave pools and lakes can reach
neutrality and high SiO, values 7-8 mg L. The highest
SiO, content was documented for an about one hundred
cubic metres pool of standing water with a value of
8.6 mg/l. This confirms that running waters (streams) are
always undersaturated with respect to Si because of their
fast passage through the system while percolation waters
are generally much higher in content confirming that a
dissolution process in fractures and cave walls is effective.
These results support the arenisation model of
speleogenesis in quartz-sandstone (Martini 2000; Sauro et
al. 2013), even though also processes of hydrolysis and
laterisation are possible where sandstones also contain
silicates as suggested by Aubrecht et al. (2011). For
morphological and speleogenetic studies we measured size
and bearings of over 100 pillars in the cave, together with
fractures and bedding planes in order to check the theory of
“pillar flow” proposed by Aubrecht et al. (2011). The results
of these studies will be presented soon.

Further researches are planned for the near future also
regarding the secondary minerals deposits present in the cave.

7. Conclusions

Imawari Yeuta represents one of the largest cave systems in
quartz sandstone in the world. The discovery of this cave
demonstrates that speleogenesis is widespread in the tepuis
of the Gran Sabana region suggesting that many other cave
systems are waiting to be discovered and documented.
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Figure 7. Rounded silica speleothems in the ceiling of the inactive
network. Photo V. Crobu.

The scientific interest of these caves is very high, ranging
from the processes of weathering that lead to the cave
formation, to the exceptional secondary minerals,
speleothems, cave fauna and geomicrobiological
interactions. In particular this last topic will certainly need
more attention in the future in order to better understand all
the processes interacting in the weathering and secondary
mineral deposition processes. For this reason La Venta is
going to organize a new expedition to this cave, hoping to
achieve all the permissions from the Venezuelan Ministery
of Environment for geological, biological and
geomicrobiological sampling, involving Venezuelan cavers
and scientists interested in this project.

The fragility of this cave will require a protocol of
protection similar to those applied in many other caves in
the world (for example Lechuguilla Cave), where the
visits must be carried out only for documentation and
scientific purposes, following restricted trails and
recovering all artificial and human waste in order to
minimize the impact.
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MOUNTAIN RANGE, UZBEKISTAN
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In the late Eighties some Russian, Italian and British expeditions started the detailed exploration of the Baysun-Tau region,
a series of parallel limestone ranges showing karst features in an high altitude desert environment, with cave entrances
between 3,000 and 3,900 m a.s.l. The exploration came to a halt soon because of the breaking up of the Soviet Union and
related border contentions between Uzbekistan and Tagikistan. Over the past five years, the improvement of the political
situation in Uzbekistan and the possibility to get permits for exploration in this remote area has lead the Ekaterinburg
Speleological Club, with the support of La Venta Geographic Explorations, to inaugurate a new season of expeditions. In
two years, 2011-2012, new and extensive branches were explored in the cave systems Festivalnaya (-625 m, 16 km;
entrance at 3,500 m a.s.l.), Dark Star (-610 m, 7 km; entrance at 3,640 a.s.l.), with more than 11 km of new passages
surveyed. Dark Star, renamed as Central Karst System of Hodja Gur Gur Ata, in particular shows a great potential to
become one of the deepest caves of Central Asia, reaching now over 600 metres of depth but with a potential of 2,400
metres between the entrance and the resurgence of Machai. In 2011 also Ulugh Begh Cave was reached again, twenty
years after its first and unique exploration, discovering a new entrance at almost 3,800 m a.s.l. Additional to explorational
works, Chinese, Russian, and Swiss scientists harvested the first samples for climatic studies in 2012.

The Baysun Tau limestone ranges show exceptional potential not only for exploration and connection of the caves, but
also for future scientific research on paleo-climate and the paleo-geographic evolution of the area.

1. Introduction

The great central Asian limestone ranges are among the
most exciting frontiers of speleological exploration in high
altitude environment. After a long and successful period of
expeditions in the 80s, the complex political changes in this
area related to the breaking up of the Soviet Union in 1991
hindered the speleological investigation for more than
fifteen years. After a prospective return expedition in the
Hodja Gur Gur Ata in 2010, the Ekaterinburg Speleological
Club, in cooperation with La Venta Geographical
Explorations, has organized two new expeditions in 2011
and 2012, focused mainly on Festivalnaya Cave (-625 m,
16 km; entrance at 3,500 m a.s.1.), Dark Star Cave (-610 m, Figure 1. Central Asia and location of Baisun Tau mountain
7 km; entrance at 3,640 a.s.l.), and Ulugh Begh Cave fange

(-240 m, 2 km; entrance at 3,750 m a.s.l.). These last 15 km to the south-east, and reaches its highest summit at
exploration campaigns have demonstrated the impressive  Chul’bair (3,812 m).

potential of the area, with entrances at more than 3,700 m
a.s.l, and the karst base level inferred to be at 1,400 m a.s.l.
(Machai Springs).

Both Ketmen’ Chapty and Hodja Gur Gur Ata are formed
by Mesozoic deposits with two different types of
karstifiable strata. The upper one consists of a
Cretaceous sulphate rock with sandstone and clay bands,
while the lower strata are represented by upper Jurassic
limestones.

o o ] Both Ketmen’ Chapty and Hodja Gur Gur Ata are
The region is located within the boundary of Baisun-Tau  onoclines dipping 10-25 °C to the NW (Fig. 2). Hence
and Surkhan-Tau, the southwestern spurs of Gissar Range,  north-west slopes are gently descending and plateau-like,

in the Surkhandar’inskii region, Uzbekistan (Fig. 1). The  \ynile south-east slopes are steep with walls up to 400
Baisun-Tau mountain range stretches 50 km from south-  atres high at the top (Fig. 3).

west to north-east. Absolute altitudes of its sub-ridges are

3,500-3,900 m. Baisun-Tau consists of two main mountain N Hodja Gur Gur Ata, cave entrances are located on the
chains, Ketmen’ Chapty and Hodja Gur Gur Ata. Surkhan- ~ Wall at different heights and represent paleo-phreatic and
Tau mountain range is parallel to Baisun-Tau, is situated ~ vadose cavities cut by tectonic and erosion processes. Cave

2. Geographical and geological description of
Baisun-Tau
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Figure 2. Geologic section of Sariikya, Hodja Gur Gur Ata and Chul Bair monoclines.

entrances are situated in an altitude range between 3,200
and 3,800 m a.s.l..

A hypothesis of origin of these cave systems is described
here. Initially, rocks of Hodja Gur Gur Ata formed an
anticline with faulting sub-parallel to its axis (Baisun
thrust). Water was able to reach significant depths and
formed paleo-phreatic galleries at the bottom of the
limestone through zones of tectonic weakness and
interstrata pathways. At the same time, active formation of
sinkholes and shafts took place at the upper ridge of the
anticline. These shafts continue downwards as inclined
passages and canyons controlled by bedding planes. An
increase of total groundwater discharge and glacial erosion
processes lead to the opening of parallel fold axis valleys
and finally to the wall formation which started to degrade
as a result of physical weathering. Increasing weathering of
the wall exposed sinkholes and cave passages as entrances.

Groundwater discharge from Baisun-Tau occurs through the
springs along the Machai Valley, where the river Machai
crosses Jurassic limestones. The biggest spring, with a flow
rate of 1 m¥/s, is located at the altitude of 1,400 m a.s.l.. The
altitude difference between the highest cave entrances and
the springs is more than 2.4 km.

3. History of exploration

Exploration of the southwestern chains of Gissar Range by
Sverdlovsk Speleological Club (SSC) started in the 80s of
past century. During many different expeditions at Ketmen’
Chapty, Ural’skaya cave named after Zenkov was explored.
A series of shafts (300 m depth) and a horizontal passage
ending in a first sump were explored in this cave in 1981.
Following expeditions until 1984 passed 2 sumps and
reached a depth of 565 m.

Exploration of Hodja Gur Gur Ata started in 1984 when an
expedition led by Victor Dianov attempted the excavation
of some sinkholes on the plateau of Ketmen’ Chapty.
During this expedition two speleologists from Sverdlovsk
— Sergei Matrenin and Igor Lavrov — made a prospective
trip to Hodja Gur Gur Ata (Fig. 3) in search of new caves.
This first scouting was a great success as several large caves
(Berloga, Yubileinaya, Sifonnaya) were found along the
wall nearby the Katta-Tash summit.

Festivalnaya cave, the largest cave on Baisun-Tau, was
found during the following expedition led by Aleksandr
Babanin in 1985. Exploration of Festivalnaya cave, which
later became Festivalnaya-Ledopadnaya Cave System,
continued until 1990 with 12.5 km of explored passages up
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to a depth of 625 m (Fig. 4). Exploration of that cave system
was a result of joint efforts of speleologists from many cities
of the Urals (Ekaterinburg, Chelyabinsk, Orenburg,
Magnitogorsk, Perm, Berezniki, Kizel, Gubakxa ets.) as
well as from Moscow and St. Petersburg (Sapozhnikov and
Matrenin 1989; Vishnevskii et al. 1989). Speleologists from
Italy and England also visited the cave and gave an
important contribution in scientific researches and
explorations (Bernabei et al. 1990).

Many other cave entrances on the main wall (35 km long)
were clearly visible from the distance, but it was impossible
to reach them without climbing equipment. In 1986, a small
group led by Aleksandr Babanin walked along the base of
the wall until the Babagui summit (3,921 m) and tied the
new cave entrances to survey points R-10, R-19 and R-21.
In 1988, a team from Izhevsk reached these entrances and
surveyed 1,600 m of passages in Isetskaya cave (R-10),
450 m in R-19 and 100 m in R-21. Unfortunately, the plans
of these last two caves were lost.

The main entrance of Dark Star cave was reached in 1990
by the English expedition Aspex ‘90, with a 3 day long climb
on the wall (Vale 1991; Vale and Wallis 1991). The cave
entrance, 60 m high and 7 m long, is located at the height of
160 m from the bottom of the wall. Cave temperature varied
between 0 to -5 °C. Cave walls were covered with large ice
crystals and many frozen lakes were found. More than 2 km
of passages were surveyed to a depth of 100 m. The cave
ended at a T-junction (T Chamber) with several ascending
passages and a large shaft, unexplored due to lack of
equipment.

In 1991 the English expedition Aspex ‘91 attempted to
continue the exploration of Dark Star but was stopped by a
large amount of water from melting ice (Gregory 1992). At
the same time, nearby Ulug-Begh Cave was explored by an
Italian team (Badino et al. 1992). This is one of the highest
entrances in the wall at 3,750 m a.s.l. with a depth of
240 m and length of 1,700 m.

In 1985, speleologists from the Ural started the exploration
of Boy-Bulok Cave on the nearby Surkhan-Tau mountain
range. Fourteen expeditions to Boy-Bulok were organized,
also in cooperation with Italian cavers. Finally the cave
reached 1,415 m of total depth, which made it the deepest
in Central Asia (Bernabei and De Vivo 1992).

From the early 90s to 2006, Baisun-Tau and Surkhan-Tau
were inaccessible for explorers due to the complex political
situation in the region. In 2007, a new expedition to Boy-
Bulok cave showed the possibility to re-start the
explorations in this region.
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Figure 3. The 450 meters high Hodja Gur Gur Ata wall, rope line
to Dark Star Entrance. (photo A. Romeo/La Venta).

In 2010 a new prospective expedition to Hodja Gur Gur Ata
was made with the following results: 1) new easier routes
to the wall and plateau were found; 2) new sources of fresh
water for the base camp were identified; 3) new equipment
and technology were tested and 4) promising directions for
future work in Festivalnaya cave were established. This
prospecting expedition was the premise of the two main
expeditions of 2011 and 2012.

4. The expedition Baisun-Tau 2011

The joint Russian-lItalian expedition on Baisun-Tau
mountain range took place in August 2011. The expedition
was organized by the Ekaterinburg Speleological Club
(former Sverdlovsk Speleological Club) with the assistance
of the Ural Speleological Association and the technical
consultancy of La Venta Esplorazioni Geografiche. Twenty-
two members from Russia and Italy participated to the
expedition.

The following issues have to be taken into account for the
organization of an expedition in this area:

1) The caves are situated in a border area between Uzbekistan
and Tagikistan, where special and frequently changed rules
for registration of foreign visitors are applied;

2) The logistics are really complex because cave entrances
are located on the wall at an altitude of more than 3,600 m
above sea level and it is not possible to use helicopter to
reach the cave area, therefore the transport of all the
equipment has to be done with donkeys and on foot.

3) The expedition was made possible thanks to the
assistance of several old friends from Tashkent, Baisun
and Kishlak (village) Dyuibolo.

Exploration and documentation works in the expedition
were carried out by 3 different groups. The first group,
called “Bottom” and second group called “Big Grot” were
based in two different underground camps in Festivalnaya
System. A third group, called “Plateau”, was based near the
Ulug-Begh and Dark Star caves and carried out researches
for new entrances and attempted to reach Dark Star cave.

The “Bottom” group, during an underground camp of ten
days, reached the bottom of the cave and searched for
possible unexplored passages. In addition they explored the
higher part of “Down with the CPSU” Branch, from
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passage “Baiba” to the bottom of the cave and some south-
eastern branches near the “Clay City”.

The deepest point of the cave was explored in 1990, but
very few works were carried out there, as the expeditions
in 1998 and 2010 were unable to reach that part of the cave
because of technical problems.

Primary tasks of “Big Grot” group were climbing to reach
some windows in the “Big Grot” Hall, and search for new
passages in the upper branch “Salavatskii kosmos”. This
part of the cave (more than 2 km of passages) was
discovered by Ural cavers in pre-expedition of 2010 after a
climb in the “Big Grot” Hall. The hope was to find new
passages leading deep down into the massif, as all searches
at the cave bottom were fruitless.

The “Plateau” group had the task to reach Dark Star and
Ulug-Begh caves and search for further continuations, but
also explore and survey new cave entrances on the plateau
near Festinal’naya-Ledopadnaya cave system and carry out
a topographic survey and exploration of caves discovered,
but not yet explored, by Krasnoyarsk speleologists in 1996
due to lack of equipment.

This team was supposed to camp on the high plateau
between Ulug-Begh and Dark Star and to carry on
simultaneous works in both caves. The Asian climate forced
this team to change plans. A hot spring and an early summer
in 2011 led to a complete lack of snow and therefore water
on the plateau. For this reason it was impossible to camp
there. While groups in the Festivalnaya were working
according to plans, the “Plateau” group was forced to camp
under the Dark Star entrance near the only source of fresh
water nearby. As a result, “Plateau” group changed plans
and focused exclusively on explorations in Dark Star. Here
the explorations pushed further than the last room explored
by the British cavers in 1989 and led to the connection with
R-21 cave and with a new entrance on the wall, Red Wine.
But the most important result was the exploration of a new
series of giant galleries descending to a sump at 300 metres
of depth. The 2011 expedition ended confirming the great
potential of Dark Star and Festivalnaya System, while
Ulugh Begh wasn’t reached because of the very dry
conditions of the high plateau.

5. The expedition Baisun-Tau 2012

Thanks to the promising results obtained the previous year,
in 2012 the Ekaterinburg Speleological Club, again with the
support of the Ural’s Speleological Association, launched
the most prominent expedition on the Hodja Gur Gur Ata
mountain range over the last decade. Twenty-nine cavers
from many Russian cities took part in the expedition,
together with Italian, Spanish, British and Chinese cavers
sponsored by La Venta Geographical Explorations.

The expedition had a long list of tasks most of which were
fulfilled. The Hodja Gur Gur Ata wall was reached very fast
due to a new convenient ascending route and a large number
of donkeys for the transportation of the equipment. Such
fast ascension led to some troubles with acclimatization
among the members of the expedition. The place of Oasis
base camp (3,200 m a.s.l.) was covered by a major spring
mudslide, but this inconvenience was soon forgotten in the
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Figure 4. Plan view of the Western Karst System of Hodja Gur Gur Ata (Festivalnaja-Ledopadnaja).

light of a new problem: half of the ropes hidden in the
Festivalnaya cave at the end of last year expedition had
been stolen. Therefore, an unscheduled trip was made in the
Caucasian Gallery of Festivalnaya cave to recover some old
ropes from the shafts. Two people descended also to Baisun
to bring 200 metres of spare rope, a courtesy of Sebastian
Breitenbach.

There were 3 main directions of work in 2012: to continue
the exploration in the new sector of Dark Star in order to
by-pass the siphon; to reach Ulugh Begh cave and re-open
its exploration; to continue the exploration in the upper part
of Festivalnaya System.

In addition to the exploration works, samples and data for
paleoclimate researches were collected by scientists from
Switzerland (Sebastian Breitenbach) and China (Yan Bin).
Samples of water, snow and ice were taken from
underground and surface sites, while temperature and
humidity data loggers were set in Tonnel’naya cave.

In Dark Star System the survey has reached -610 m with
the exploration over -650 m and the cave continues
downward with a series of shafts. In Festivalnaya many
new branches were explored with a great potential for
future explorations. The entrance of Ulugh Begh, 350
metres up on the wall, was reached again after twenty one
years of break. A new easier entrance to this cave was
found leading to a new sector of narrow meander. In the
last days all the ropes were used in the different caves and
the exploration stopped only because of lack of equipment.
Almost all cavers were involved in surveying, with up to 5
teams working at the same time. Finally the 2012
expedition surveyed more than 6 km of passages, most of
them in very challenging conditions (ice and cold wind).
Most of the surveys were carried out by girls. Ten girls
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participated in the expedition in 2012, more than a third of
the group.

6. The new explorations

6.1. Dark Star-Central Karst System of Hodja Gur Gur
Ata

Dark Star was first explored in 1990 by the English
expedition ASPEX ‘90 for more than two kilometres of
huge galleries to an unexplored shaft. In 1991 the english
cavers tried to carry on the exploration but they were forced
to halt due to changing climatic conditions and melting of
ice floors forming impassable lakes. Then the cave was
abandoned for twenty-one years.

In 2011, more than 400 metres of ropes and three days of
works were necessary to reach from above the main
entrance of Dark Star. Fortunately the first scouting inside
the cave revealed that the lakes that had stopped the English
team in 1991 were frozen allowing a fast walk to the last
known room (“T” Room). After the new shaft of about 25
metres, a 10 metre wall was climbed leading to a new big
gallery characterized by strong wind. Finally the cave turns
to the south connecting with the big entrance of R-21
(Izhevskaya), a cave on the wall explored in 1988 by the
Izhevsky Team whose survey was lost. This new entrance,
situated only one hundred metres high on the wall allows a
faster and easier way to the deepest part of the cave than
from the main entrance of Dark Star. One other new
entrance to the system, the Red Wine cave, was found
exploring a 700 m long meander named Passakalosky. But
the most important discovery was achieved through a
fifteen metres climb above the “T” Chamber leading to
1.5 km of new giant galleries explored to a sump located at
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Figure 5. Plan view of the Central Karst System of Hodja Gur Gur Ata (Dark Star).

a total depth of 300 metres. A very impressive big room,
the “Polnolunie” Hall, characterized by peculiar formations
and giant crystals of ice, was found (Fig. 6). The 2011
expedition ended with many other unexplored branches in
this sector of the cave.

The winter 2011-12 was characterised by the largest
amount of snow over the last 50 years, and therefore the
cave climate was strongly influenced. During the 2012
expedition the first trips to the cave discovered a large
amount of snow at the entrance and all the frozen lakes were
turned into pools of mushy ice. All works in the old part of
Dark Star were impossible. Luckily, the new entrance
(R-21) discovered in 2011 enabled to access the deepest
sector of the cave.

In this expedition the work in the cave was focused on one
of the lateral branches discovered in 2011 at -240 m. An
underground camp was set not far from the new part of the
cave and accommodated 3-6 cavers working in shifts. A
series of small shafts was explored leading to a big chamber
with two passages. One of them was called Corallite meander
and represents an alternation of narrow passages, small shafts
and squeezes with the walls thickly covered with calcitic
coralloides. Corallite passage leads into a big gallery crossed
by a stream (2-3 L/s). The downstream ends in an un-
passable squeeze only 10 cm high swallowing the main
stream at the depth of 540 m. Also other parallel passages
and galleries were explored and surveyed, and in particular a
new easier route, bypassing Corallite meander, was found.

In the last days of the expedition, an exploration of the
upper part of the meander near Gothic chamber at -450 m,
led to a new huge paleo-phreatic sector of the cave. The last
descent of the 2012 expedition reached the depth of 610 m
and stopped above a deep shaft lacking ropes and time.

The connection with new entrances and the presence of a
huge network of fossil and active branches suggest to
consider Dark Star as part of a more complex system: the
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Central Karst System of Hodja Gur Gur Ata. Until now
7128 m of passages were surveyed, with 6 entrances (Dark
Star, Capricorn One, Red Dwarf, Cancro, Red Wine, R21-
Izhevskaya) but much more is expected along the
unexplored branches of the cave.

6.2. Festivalnaya-Ledopadnaya — Western Karst System
of Hodja Gur Gur Ata

In 2011 the bottom of Festivalnaya Cave, at -625 m of
depth, was again reached twenty years after its first
exploration and confirmed to be impassable. Nevertheless
new discoveries were carried out, most of which in the
upper paleo-phreatic levels of this system. The exploration
of the “Clay City” branches led to a new meander with a
huge chamber at the end where one other passage continues
upwards. Other new branches were discovered in the upper
part of Salavatskii Kosmos Branch. One of the passages
ended in a huge chamber named Everest. Another passage
goes over Yubileinaya Cave. During the 2011 expedition
more than 2 km of new passages were explored, 1.3 km of
which were surveyed.

The exploration in Salavatskii Kosmos continued in 2012
and, in particular, in the meander Enigma discovered the
year before. The underground base camp was relocated
from the Room of Ural’s Cavers to the lake nearby Enigma
in order to save time and energy. Several shafts from 10 to
45 metres were explored but most of these were dead ends.
However, one of them led to an impressive chamber of
more than 6,000 square metres. The most promising branch
was found not far from Enigma at the end of the expedition
and was not completely explored. During this expedition
the work in the cave was complicated by the large amount
of water. As a result, in 2012, a group of 8 cavers explored
and surveyed more than 2 km of new passages (Fig. 4).

Now Festivalnaya-Ledopadnaya reaches 16 km and -625 m.
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Figure 6. Walls covered by ice crystals in the ““Full Moon’” Room
in Dark Star (photo A. Romeo/La Venta).

6.3. Ulugh Begh

Ulugh Begh is one of the highest complex caves in the
world, at 3,750 m a.s.l.

The entrance was reached in 1991 by Italian cavers thanks
to helicopter transport on the top of the wall of

Hodja Gur Gur Ata. It was hard to believe in 2010 that it
would be possible to live and work on the top of the plateau
without using helicopter. Unexpectedly, this goal was
achieved in 2012. Thanks to the logistic support of all the
cavers of the expedition, a camp for 8 people was set up on
the plateau. Ulugh Begh cave was reached after more than
20-years break. The progress into the cave was hampered
by cold weather and wind at the surface camp and an ice
plug at the cave entrance which took three days to break
through. The main branch of the cave didn’t yield anything
new, but one of the lateral passages led to a new entrance
on the wall. This new entrance was more easily accessible
than the main one. From here some new narrow meanders
have been explored and the cave continues with an
unexplored passage characterised by strong air flow.

7. Conclusions

The most remote part of the system Dark Star is only 1 km
apart from Isetskaya cave and only 1.5 km apart from
Ledopadnaya cave which is a part of Festivalnaya system.
Connection of the two cave systems seems to be only a
matter of time.

Furthermore Festivalnaya-Ledopadnaya has a real chance
to be connected in the future with Yubileinaya, Berloga and
Uchitelskaya caves as they overlap on the plan.

In two expeditions (2011-2012), a total of 11.5 km of new
surveys were achieved, confirming the great potential of the
area.
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Hodja Gur Gur Ata and, in general, the mountain chains of
Central Asia could become among the most promising
frontiers of cave exploration in high mountain environment
in the next years. This region is situated in a really “hot”
political zone, between Uzbekistan, Tagikistan,
Turkmenistan and Afganistan. If this situation will remain
stable and favorable for caving expeditions it is probable
that really deep (more than 2 thousand) and extended caves
(tens of kilometres) will be explored here in the near future.

Exploration of the region will continue in summer 2013.

Central Asia is waiting...
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KES MOUNTAIN SINKHOLE
(KAHRAMANMARAS - SOUTHEASTERN TURKEY)

Ali Yamag, Murat Egrikavuk
OBRUK Cave Research Group; Acikhava Apt. 16/7, Nisantasi, Istanbul, Turkey info@obruk.org

As OBRUK Cave Research Group, we’ve been exploring Kes Mountain Sinkhole since four years. The sinkhole is 65 km
north of Kahramanmaras in southeastern Turkey, high on the mountains at the east of Tekir Village. It is believed that the
waters that enter the underground aquifer from that cave, which is at 1,900 meters of altitude, pass through the Yesilgoz
Doline, at 900 meters altitude. Total distance between the doline and sinkhole is roughly 4,000 meters. During the first
expedition in 2009, our team dived in Yesilgoz and found the underwater entrance of the cave. In addition, we explored
Kes Mountain Sinkhole for the first time. By 2010, it was understood that the pit which begins at -175 meters continues
as a single drop of 170 m. Moreover, at that point the cave’s structural formation has an immense alteration; suddenly the
huge galleries of the cave changed to a very narrow and endlessly long and deep fault fissure. By July 2011, after OBRUK'’s
third exploration at Kes Mountain Sinkhole, the total depth of the cave reached to -650 meters, being fifth deepest cave
of Turkey. Finally, by July 2012 we had reached a siphon at -728 meters. Unfortunately, connection with Yesilgoz resurge
couldn’t be proved. So, a dye test, not only at Kes Sinkhole, but also in 3 different sinkholes in the same area is planned
for next year.

1. Introduction

Kes Mountain Sinkhole is located at an altitude of about
1,800 meters on Kes Mountain, near Tekir Village, 65 km
north of Kahramanmaras city, southeastern Turkey.

As OBRUK Cave Research Group, we had been informed
about the sinkhole by the Middle East Technical University
Cave Diving Group (MADAG). During their
reconnaissance dives to Yesilgoz Doline in the same area at
2008, villagers informed them that the water which springs
from the bottom of that doline comes from a sinkhole on
the top of the mountain.

Cave divers found two separate entrances at the bottom of
that resurgence, roughly at 40 meters deep. But,
unfortunately they were not able to penetrate due to the
tightness of vertical passage.

Our exploration began at Kes Mountain Sinkhole the next
year. In July 2009, with a small team of 6 cavers we found
the entrance of the sinkhole, descended and surveyed down
to -175 meters. After the first and second descents, Kes
Mountain Sinkhole continues with an extraordinarily wide
main gallery and high ceilings.

In certain parts, the width of the gallery reaches 20 meters
and the height is more than 30 meters. Although Kes
Mountain Sinkhole is an underground aquifer of not one,
but two small rivers, this main entrance is almost dry during
the summer season and those dimensions are extremely
large even for the largest and deepest sinkholes of Turkey.
A very limited amount of water was trickling into the main
gallery from small branches at a depth of -125 meters,

beyond which point, there was a small but constant stream.
. . Figure 1. Kes Mountain Sinkhole, Yesilgoz Doline and the area in
At -175 meters, the geological formation of the cave  gener),

suddenly changed. At that point the width of the main ) o )

gallery narrowed down to 5 meters, with a seemingly ~ During the second year’s trip, after descending to -300
infinite drop. In addition to the depth, it was impossible to ~ Meters we still hadn’t reached the bottom of that pit.

see the ceiling and forward of the gallery. The water bed  jy1y 2011 marked the exploration’s third year. Spending 15
was apparently dropping straight into a huge fault plane. days with a stronger team of 20 cavers, we first reached the
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bottom of that large pit and set up an underground camp at
-345 meters. A two-wire phone connection from that point
to the surface camp was also established.

At Day 10 of the exploration, members of OBRUK Cave
Research Group reached -650 meters. Cave was still
continuing with a cascade of small descents. As we had
done previously, nearly 1,000 meters of rope and telephone
lines were packed and left in suitable places of the cave for
next years’ exploration.

Figure 2. Kes Mountain Sinkhole.

By July 2012, our fourth year began in Kes Mountain
Sinkhole. 18 members of OBRUK, in addition to 8
Lebanese and 2 Iranian cavers, explored the cave for 15
days. Around -650 meters depth, geological formation of
the cave changed again and it became obvious that Kes
Sinkhole will not join with Yesilgoz resurge. Sinkhole;
which began with large passages, slowly changed to small,
narrow maeanders and descending as spiral passages, rather
than covering the distance towards Yesilgoz Doline.
Though, for the first time till this depth, we had contacted
with a continuous water flow, compared to the doline it still
has little water. And, after few more small descends, the
sinkhole ended with a small lake and a siphon at -728
meters.
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2. Geology

At least five different geological formations can be
observed around Tekir Village. These are mostly deep sea
sediments and they were in a continuous action within the
tectonic movements and overthrust foldings of surrounding
area. The area, which lies completely in an orogenic phase,
has two main structural differences from east to west.
Although all are mostly limestones, there are huge age
differences between those formations.

East and southeast part of Tekir village is mostly a single
formation. This geological unity, which also includes
Yesilgoz Doline and Dongel caves, is mostly light colored,
reefal limestone with corals and foraminifera. There are two
different opinions about the period of that formation; either
Middle or Upper Miocene.

Within the north east of that unity lies Kes Mountain
Formation. It covers the whole area from Kes Mountain
towards Kaman Mountain, to the north; with mostly dark
gray or gray, re-crystallized and sometimes dolomitizated
limestones dated as Permian.

3. Comments on Exploration

Limestones of Taurus Mountains at southern Turkey has
some very deep caves and it is obvious that, in the future,
many deeper caves will also be explored in those mountain
ranges.

The five deepest caves of Turkey for the time being are:

Peynirlikonu Sinkhole (Icel) -1,429 m
Kuzgun Sinkhole (Nigde) -1,400 m
Cukurpinar Sinkhole (Icel) -1,196 m
Kuyukule Sinkhole (Isparta) -832m
Kes Mountain Sinkhole (K. Maras) -728 m

But, apart from being the fifth deepest, Kes Mountain
Sinkhole has some different aspects among others. First of
all, it is the easternmost cave on that list. Even if we do not
consider the first five, but the first ten deepest caves of
Turkey, it is still the easternmost of them all.

Secondly, it is the first “deep cave” of Kahramanmaras,
which has a limestone area of more than 5,000 km?, mostly
within the altitudes of 1,800-2,500 meters. Apart from its
natural beauty, we strongly believe that this area has an
enormous cave potential.

4. Kes Mountain Sinkhole - Yesilgoz Doline
Connection

The rumor that the water which sinks at Kes Mountain
Sinkhole resurges from Yesilgoz Doline was the main
reason of our exploration in that sinkhole. All the villagers
told us that 24 hours after it begins raining at Kes Mountain,
the water of the doline becomes muddy, even though its not
raining in the lower parts. Also, it is said that during May
and April one can hear the sound of running water under
the ground at the farmed fields above Yesilgoz Doline.
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But, after four years of exploration, we are still far from
proving that connection. Entrance of Kes Mountain
Sinkhole is at 1,900 meters altitude and Yesilgoz Doline is
at 900 meters. Apart from that 1,000 meters of depth
difference, horizontal distance between the two caves is
around 4 km. But after descending nearly 70 % of that total
estimated depth at Kes Mountain Sinkhole, its horizontal
extension is still not more than 300 meters.

Also, the amount of water resurgence from Yesilgoz Doline
and the amount of water flow at the deepest parts of
sinkhole are incomparably different. When water output is
6-8 m® at the doline, the water flow in the sinkhole is not
more than 0.5 m?,

But, numerous other sinkholes and karstic aquifers around
the vicinity of Kes Mountain Sinkhole and Yesilgoz Doline
are the evidences of a huge underground water system. So,
the water which springs from that doline can be sinking to
underground elsewhere. Next year a comprehensive dye test
will be carried not only at Kes Sinkhole but, within the 3
additional sinkholes of the same area.
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PREMIER EXPLORATION OF THE CAVES OF HOLY MT. ATHOS,
GREECE

Alexey Zhalov, Magdalena Stamenova
Speleo Club “Helictit”” — Sofia, Bulgaria, azhalov@gmail.com, m_stamenova65@yahoo.co.uk

The article presents the results of the exploration under the project “Exploration of the caves of Mount Athos as integral
part of the world natural, cultural and historical heritage” under the patronage of Euro Speleo Projects — European
Federation of Speleology. During two expeditions carried out in 2011 and 2012, the international team of cavers form
Bulgaria, Greece, Romania, Russia, Serbia and Turkey explored 90 caves with total length 792 m. The caves can be divided
into three main categories — caves associated with the lives of Saints, cave chapels, caves-cells, usual and sea caves and

artificial caves (water catchments and reservoirs.

1. Introduction

The Mount Athos (Greece, Halkidiki Peninsula) occupies
an area of 2,886 sg. km in the Northern Greece. The area
presents a terrain of different forms. There is a mildly wavy
row of hills in the central part of the peninsula with
gradually increasing altitude (between 450 and 990 m,
before climbing to an altitude of 2,033 m — the summit of
Mount Athos) to the southeast. The relief consists of deep,
steep traverse gullies alternating with steeper folds. The area
belongs to the Serbo-Macedonian Massif, a large basement
massif within the Internal Hellenides. The south-east part
of the Mount Athos peninsula is built by fine-grained
banded biotite gneisses and magmatites. The southern tip
of the peninsula, which also comprises Mount Athos itself,
is built by limestone, marble and low-grade metamorphic
rocks with thickness of 2,000 m. The northern part and most
of the western shore of the Mount Athos peninsula are
composed of highly deformed rocks, belonging to a tectonic
me’lange, named the Athos-Volvi-Suture Zone. The rock-
types in this melange range from metasediments, marbles
and gneisses to amphibolites, eclogites and peridotites. In
the north part of peninsula there is an area 11 km long and
average 2 km wide covered by Triassic recrystallized
limestones-marbles (Kockel and Mollat 1978; Himmerkus
et al. 2011) (Fig. 1).

Mount Athos or Agion Oros (“The Holly Mountain”) is a
place dedicated to monasticism, to austere asketism and
deep contemplation. Among the greenery and the
impassable gorges, perched in the most unexpected
positions, are situated the monumental walls of 20
monasteries and numerous huts, where hermits spend theirs
days in solitude and contemplation.

2. Study of the information for the karst and
cave in Athos

The review of the assessable information for the caves in
Athos Peninsula and the state of their exploration made in
2010, shows that some of them are described as places,
related with religious practices (hermits and cells) and
information for karst and cave explorations (including
maps) did not exist. In 1988 Mt. Athos was recognised by
the World Heritage Convention as a mixed site for both
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Figure 1. Geological map of Athos Peninsula (after Kockeland
Mollat 1978) with the explored areas and number of caves in it.

culture and nature. In addition, on the basis of the criteria
of the Habitats Directive, the entire Athos peninsula has
been incorporated into the EU Natura 2000 Network.
Because of inexplicable reasons the caves of Athos did not
exist in the documents as a factor of the environment,
cultural and historical sites. They are not declared as natural
habitats!

That is why the international team of cave explorers decided
to organise a long term project under the patronage of ESP
of European Speleological Federation for complex
speleological and karstological exploration of Mount Athos,
named “Exploration of the caves of Mount Athos as an
integral part of the world natural, cultural and historical
heritage”.

The General Aims of the project are:

« Location and survey of all known caves;

« Discovering and exploration and surveying of new caves;

e Carrying out of geological, geomorphological and
climatological cave studies;
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3. General data for project studies up to date

The first stage of the project was held from 15-22 July
2011. The project team consisted of Zhalov A. — Head,
V. Gyorev (Bulgaria), L. Makrostergios, J. Lazaridis,
I. Agapov, S. Kaminski (Russia), D. Tomic (Serbia),
T. Tuluchan (Romania). During the expedition were
surveyed the areas of the monasteries Zograf, Kostamonit,
Dohiyar, St.Xenophont, Dionysius, St.Pavlou, St. Grigoriou
and Pantocrator and skete communities “ Kafrsokalivion,”
Little St.Anna, St. Anna and New Skete.

During the event were identified and mapped 42
underground sites (Table 1) with a total length of 356.20 m.
Among them is the longest sea cave near the harbor of the
monastery Kostamonit (56.40 m; Fig. 2) (Agapov et al.
2011; Zhalov et al 2011; Zhalov et al. 2012).

The second stage of the international project took place
from 1 to 12 September 2012. The team was composed by
Zhalov A. — Head, V. Gyorev, Zh.Vlaykov (Bulgaria),
L. Makrostergios, J. Oykonomidis, T. Komaditis and
M.Karidas (Greece), I. Agapov, S. Kaminski (Russia),
A.Yamac (Turkey). There were surveyed the areas of the
monasteries, Dohiyar, Xenophontos. The explorations in the
vicinity of sketes “Kafrsokalivion,” “Little St.Anna”,
“St. Anna”, St. Nilos and “Nea Skite” were continued in
more detailed manner.

During the expedition were identified and mapped about 48
underground sites with a total length 435.84 m. (Table 2)
Parallel was collected oral and photo information to other
cave objects, which will be the subject of future studies.
Other 9 objects were only visited and sketched among
which is probably the longest cave in Athos for the moment.
There were localized, but not explored 2 more caves, one
of which probably is so called “The Big Cave of Athos”.
According to the existing data, the cave is over 150 m long.
Its entrance is 50 m wide and around 80 m in high.

The explored caves can be divided into three main
categories — caves associated with the lives of Saints
(St. Kozma, St. Pimen Zografski; St. Maksim; St. Gerasim,
St. Nile), cave chapels (St. Dionysius and Mitrofan), caves-
cells, usual and sea caves and artificial caves (water
catchments and reservoirs). The total number of the
explored underground cavites under the project up to date
is around 90 with total length of 792.04 m.

4. Brief characteristic of the explored caves

Most of the explored karst caves had tectonic-corrosive
origin. Their study shows that they are initially tectonic
caves enlarged by the corrosion of infiltrate atmospheric
waters. They have not big morphometric indexes (length,
depth) and some of them could be recognized as niches.

Some of the caves had tectonic origin. Most of them are
developed in non-karst rocks as amphibolites alternating
with plagioclase gneiss or green schists (Caves close
Monastery Pantocrator, St. Pavlou, Skete St. Anna
[Danilos’Cave, St. Maxim]). They are characterized by
narrow fissure, enlarged by the tectonic movements as a
consequence of endogenic processes.
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Collapsing or boulder caves are formed in the limestone by
natural processes such as collapsing and dilatation
movement of slope modeling. The typical collapsing caves
are these close to Skete Kavsokalivya.

As sea caves we can determinate the cavities which are
located in the contemporary erosion network of the seashore
on the sea level, or in the slope at a different altitude (~ 0.5
to~10 ma.s.l.). All caves are formed in Kkarstificated rocks
(Fig. 3). The caves in surroundings of Nea Skete are
developed in greyish-white and bluish-grey Triassic
recrystallized limestones-marbles, but those who are located
on the sea level are formed in compact limestones and the
rest are in conglomerates.

Coastal caves between the ports of Xenophont and Dohiyar
monastery are developed in marbles.

The sea caves can be classify under genetic point as
corrosion — abrasive (Seal Cave, Great Sea Cave
(Kostamonit), Cristal Cave, The Cave with 4 entrances, The
Cave Lokum), due to the rest which are more complex
polygenetic origin (probably suffusion — corrosion).

If necessary to analyze the sea caves from morphometric
point of view, we can conclude that these ones, located at
the sea level and developed in compact rocks, are the
longest among all explored caves, but the caves in
conglomerates have bigger volume.

Figure 2. The Sea Cave Kostamonit harbour.

Many of the explored caves are used by monks as storage
places or for religious purposes. We can divide them by the
kind of use as follows:

1. Natural caves in which there were no traces of permanent
human use.
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. Drainage galleries and underground conduits. Caves,
carved in the rock (possibly in the course of natural caves
small fissure type) for water collection or delivery to a
monastery or hermitage. The length of such cavities
varies from few meters to 21.6 m.

. Rock cut storage tanks (cisterns).

. Small natural caves, grottoes and niches used for the
practice of prayer (as a rule, these caves can
accommodate only single person.) Have small artificial
transformation: planning and opening the cavity masonry
(from cleared volume) without a solution for weather
protection, equipped with a sitting place, shelf icons, etc.
These caves are located near the surface of cells.

. Hermit’s cell, which occupy caves, niches or grottos with
volume bigger than caves considered in § 4. The entrance
of the caves is barred by stone or wooden wall with
windows and doorways. The length of such caves can
reach 5-10 m or more. Such cells may be composed of
several rooms (ground and surface), which can be used
for the practice of prayer, housing, for economic
purposes. In some cases, in combination with cells, they
can be equipped with a water storage tank (Fig. 4).

Figure 3. The St. Ana Cave — St. Ana Skete.

6. Cave chapels, dedicated to the memory of the saint, who
lived in it. As a rule, in some cases, they are equipped of
natural caves used in solitary practice (see section 4) or
cells (see section 5). Such cavities in some cases may have
a wall of masonry with a doorway (St. Kozma; St. Pimen
Zografski; St. Maksim; St. Gerasim; St. Grigoriou;
St. Pavlos). The decoration inside the chapel looks like a
small temple. The length of such caves is from 3 to 20 m.
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7. Chapel, equipped with a cave or grotto (usually along the
path between the monasteries; Fig. 3). The length of such
cavities may be up to 5 m.

It should be pointed, that the present study of caves in the
Athos Peninsula still covers a much lesser area from the
whole region, covered with karst rocks. More detailed study
of this area could positively lead to discovery of many new
different karst and non karst objects. That is why the further
exploration will continued while as the explorers discover
and study all caves in that sacred and unknown place.

Figure 4. Complex of cave and 2 nishes-Nea Skete.
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Table 1. List of the caves explored during the 1% stage.

No | Name Locality/ Monastery/Skete Length (m) Depth
1 Cave Pantokratoros 4.00
2 Cave St. llia 15.00
3 Cave — (water conduit) Source of the Mother of God | St. llia 20.40 +1.0
4 Cave of St. Maksimu and Kafrsokalivion Kafrsokalivion 6.00
5 Cave Katounakion 4.00
6 Cave (cell) Danailo 6.50 -2.0
7 Cave Danailo 3.00
8 Cave (water conduit) St. Anna 4.20
9 Cave Complex (2 caves) — cell Nea Skete 5.00, 3.50
10 | Cave (cell) Nea Skete 4.00
11 | Nishe (cell) Nea Skete 2.85
12 | Grotto (cell) Nea Skete 2.30
13 | Cave (cell of Sacred Trinity) Pavlos 7.55 +0.8
14 | Cave (cell) Pavlos 1.50
15 | Cave (sea cave) Pavlos 20.00 +4.0
16 | Cave (water conduit) — Complex 2 caves Pavlos 21.60, 5.00 -0.85,+1.5
17 | Cave of St. Pavlos (one complex with cave Ne 16) Pavlos 3.00
18 | Cave (sea cave) — complex 2 caves Pavlos 41.40,
2.36
19 | Cave (water conduit) Dionysius 14.00
20 | Cave (cell) Dionysius 3.80
21 | Cave (seacave) Dionysius 2.50
22 | Cave (seacave) and 2 sea grotto Dionysius 6.60,
10.00,
8.00
23 | Cave of St. Grigoriou Grigoriou 5.7
24 Cave (water conduit) Grigoriou 11.15 +1.2
25 | Cave (water conduit) Grigoriou 5.50
26 | Seacave Neo Roda 7.00
27 | Cave of St. Kousma Zograf 20.23
28 | Cave of St. Naum Zograf 2.80
29 | Cave 12 Apostles Zograf 9.60
30 | Cave of St. Gerrasim St.Anna 3.90-1.20
31 | Caveof St.Anna 5.17 +2.40
32 | Cave Kostamonitou 56.40 -1.20
33 | Cave Kostamonitou 7.40
34 | Cave Kostamonitou 19.48 +1.80
35 | Cave Nea Skete 13.00 +1.40
36 | Complex (cave and 2 nishes) Nea Skete 7.86, 1.90, 3.05
37 Quanat Pantokratoras 20
38 | Artificial well Pantokratoras 15.5
39 | Group of three littoral caves Pantokratoros 6.5
55
15
40 | Shelter Cave (boulder cave) Pantokratoros 1
41 | Cave Georgios (cell) Pantokratoros 3
42 | Cave (spring) Pantokratoros 3
356.20
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Table 2. List of the caves explored during the 2" stage.

No | Name Locality/Monastery/Skete Length (m) Depth
1 Water Catchment St.Anna 2.6
2 Cave St.Anna 6.2 +2
3 Cistern St.Anna 3.2x17 -1
4 Cave St.Anna 3 -
5 Niche Little St. Anna 2 -
6 Niche Little St. Anna 7
7 Cave Church St.Dionysius Little St. Anna 18.5
8 Cave lllarion the Georgian Ipatievskie Cells 11 +1.5
9 Cave Arhondrik Ipatievskie Cells 4.7
10 | Niche Danailo 3 -
11 | Cave Karaulya 3 -
12 | Cave chapel Karaulya 46 6
13 | Niche Karaulya 3 -
14 | Cave &Cistern Karaulya 6.2 -
15 | Grotto Temple Christmas Karaulya -
16 | Cave Karaulya
17 | SeaCavel Nea Skete 3.9
18 | SeaCave 2 Nea Skete 35
19 | Cave with the well Little St.Anna 17.1
20 | Cave behind the house Little St.Anna — Danailo 9.85
21 | Davids’ Cave Little St.Anna 9.36
22 Cave St.Anna 8.22
23 | Cave 26 monks Stavros 1.2
24 | Cave close to skete Stavros 6.7
25 Niche Stavros 1.0
26 | Tectonik Cave Stavros 6.70 -6.0
27 | The big Sea Cave Nea Skete 34
28 | The Seal Cave Nea Skete 7.40
29 | The Big Sea Cave Nea Skete 11.56
30 | Cristal Cave Dohiyar 18.50
31 | The Cave with 4 entrances Dohiyar 25.26
32 | Cave Nea Skete 20.12
33 | Cave “Lukum” Dohyar — Kostamonit 10.57
34 | Tunell St.Anna 10
35 | Niche St.Anna 3
36 | Niche St.Anna 2
37 | Skete Josef Hisiahast St.Anna 15
38 | Niche Josef Hisiahast St.Anna 3,2
39 | Niche St.Anna 1,85
40 | Niche + well — Agiasma St.Anna 2,80
41 Niche St.Anna 2,5
42 Cave St.Anna 8 4
43 | Tectonik Cave Kavsokalivya 12,35
44 | Tectonik Cave Kavsokalivya 15 -8
45 | Tectonik Cave Kavsokalivya 14 -4
46 | Niche Kavsokalivya 12
47 | The Cave of St.Nillus St.Nilus 12
48 | Cave St.Nilus 11
Total length: 435.82
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EXPLORATION OF THE JASANKA CAVE IN BANAT, ROMANIA

Vit Kaman?, Petr Barak?
1Czech Speleological Society, ZO 6-25 Pusty Zleb, kaman.v@seznam.cz
2Czech Speleological Society, ZO 6-22 Devon, pbaro@seznam.cz

From 2008 to 2012 the members of Czech and Slovak Speleological Society discovered and explored new cave called
“Jasanka”. This cave is more than 2 kilometres long and thanks to several expeditions it became the longest cave in Muntii
Locvei Mountains, Romania. The exploration isn’t finished, because in this location there are still places with possibility

of additional progress.

1. Introduction

Our first expedition into Romanian Banat happened in
2006. Since the first expedition we were focused on the
speleological research in the surrounding area of the Czech
villages especially Svatd Helena in Muntii Locvei
mountains. Our fellow countrymen lived in this region since
1823 because of the job opportunities found in the
woodworking industry. The total number of the Czech
villages was 8 — Sv. Alzbéta, Sv. Helena, Bigr, Rovensko,
Sumice, Eibenthal, Gernik and Frauvizn, but the first and
last mentioned ceased to exist because of the short supply
of water. This region is situated close to river Donau which
creates natural borderline with Serbia.

2. The geology of the region

The region of interest belongs to the west part of the South-
Carpathian “horseshoe”. In general, this region is
considered part of Alpine-Carpathian belt which creasing
began in Cretaceous period as result of subduction of the
African plate under European tectonic plate and subsequent
collision of the continental crust. The karst plateau itself,
on which the village of Svata Helena is located, is created
by Cretaceous limestone.

3. Our first speleological activities in Banat

The main goal of the first expedition was a survey and
discovery of the water source in the karst region near Svata
Helena because during the summer months there is short
supply of water. Later we turned our attention to regions
located further from the above mentioned village into the
catchment area of Bazinul Liuborajdea, Bazinul Dunareii
and Bazinul Bosneag. Interesting places and caves with
potential of the unknown underground were localized by
GPS coordinates and became part of a list of the most
promising localities, which could yield an access into the
draining system of local karst plateau. High on this list
figured an outflow with travertine cascade above the Kavéi
valley. Local inhabitants called this place “Jasanovka” — it
means in dialect “soft stone”. We found this place very
interesting, because the large mass of travertine had to be
created by calcareous water.
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4. Jasanka Cave

We started to remove the debris covering the beginning of
the travertine cascade in fall of 2008. We were rewarded
two days later by discovering a winding corridor that was
on average 2 meters high, 0.8 meters wide and 80 meters
long and ended at a sump. In places this corridor had
standing water up to 1 m deep. We believed that there was
continuation of the cave behind the sump. Sediments on the
bottom of the cave that were at first muddy changed at the
sump to gravel. We decided to call this cave “Jasanka”
according to the popular name of the place by local
inhabitants (Fig. 1).

Figure 1. Passing through the first sump in the Jasanka Cave.
Photo by Zdenek Motycka.

We continued our research in fall 2009. This time of the
year is the most suitable for a survey of the area due to the
low water levels. The sump was very short and easy to
overcome. This was followed by a dry corridor with a
vertical passage 5 meters high with a waterfall. This passage
was also conquered. The following elongation was finished
at the next sump but the diving attempt here was not
successful.

Other diving attempts were done in 2010 with tube in order
to reduce the water level but due to the high levels of water
we decided not to continue that year.

In the fall of 2011 the water levels were favourable. The
second sump was overcome thanks to a pump. On the other
side of the sump we discovered 40 m of new interesting
corridor and were again stopped by third sump. The third
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sump was conquered in the fall of the following year with
the help of second sump. The new passages after the sump
were evidently greater and longer and they often lacked
sediments (Fig. 2).

Figure 2. Main corridor in Jasanka Cave. Photo by Zdenek
Motycka.

During the three expeditions in 2011 new corridors with
character of meanders in length of 1,200 m were explored.
The result of the follow-up expeditions in 2012 was the
discovery of 600 m long corridor with nice decoration
(Figs. 3, 4, and 5).

Thanks to the information from expeditions in 2011 and
2012 we know that Jasanka cave is the draining system of
the Dealu Coroneanti plateau. In the cave itself three levels
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with rising altitude were explored. These levels signalized
gradual descent of the water flow. The oldest level has very
nice decoration and character of an old meander. Lower
meandering corridor is the longest with rare decorations,
probably with often active water flow. The lowest part
creates small passages with erratic character. Really
interesting point is the geological structure of the cave. The
corridors are created in the compact benched limestone with
subhorizontal bedding. Subhorizontal character is respected
by pieces of black silicate. There are three possible variants
of genesis of this rock closed in limestone of cretaceous age.
Silicate can be product of acid volcanism (in surroundings
of the region there are known positions of calcareous
dacites and rhyolites), product of hydrotermal activity on
the seabed or chemical dissolve of cases containing SiO,
(sponges, radiloarites).

5. Conclusions

These expeditions were result of cooperation between the
caving clubs of the Czech Speleological Society (Pusty
Zleb, Jihomorasky kras, TiSnovsky kras, Devon) and the
Slovak Speleological Society (Cachtice).

Figure 3. Richly decorated upper part of Jasanka Cave. Photo by
Zden¢k Motycka.
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Figure 4. Map of the Jasanka Cave.
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Figure 5. The most beautiful part of the Jasanka Cave. Photo by Zden¢k Motycka.
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CAVE EXPLORATION OF THE BELIC MASSIF IN THE PROKLETIJE
MOUNTAINS (MONTENEGRO)

Ditta Kicinska?, Krzysztof Najdek?
Institute of Geology, Adam Mickiewicz University, ul. Makéw Polnych 16, 61-606 Poznasi, Poland
2Wielkopolski Klub Taternictwa Jaskiniowego, o0s. Przyjazni 14/114, 61-688 Poznasi, Poland

The Prokletije Mountains are located in the southern part of the Montenegro. These are the highest peaks in the Dinarides,
where denivelation between them and the bottom of valleys reaches 1,000 m. The selected carbonate massifs have been
explored regularly by Polish and Serbian speleologists since 2006. The expeditions have discovered 50 caves, among

these the Gornicza Cave was explored to -515 m.

The Prokletije Mountains (also known as the Albanian Alps
or Bjeskét e Namuna) are the southernmost part of the
Dinarides (Fig. 1). The highest peak of the Prokletije Mts.,
and also of the Dinarides, is Jezerski Vrh/Maja Jezerce
Mount (2,694 m a.s.l.) situated in Albania (Muli¢ 2009).
Geologically, this region belongs to the High Karst unit. It
is composed of Mesozoic limestones and dolomites (Kardas
1978). Glacial and karst forms predominate in the
morphology of this area. Cviji¢ (1913) was first who
described glaciations of the Prokletije Mts.: U-shaped and
hanging valleys, moraines and cirques occur here in a great
number.

The exploration has been conducted near Gusinje, a little
town situated in the Ljuca Valley. Two mouths of big glacial

Figure 1. The Beli¢ Massif (Photo: Mariusz WoZniak).

Figure 2. Map of the Beli¢' Massif showing discovered caves.
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valleys: Ropojana (Fig. 2) and Grbaja occur in this area.
Carbonate massifs surrounding these valleys are drained by
two big springs: Alipasni Izvori and Savino Oko (Fig. 3).
The Savino Oko spring is discharging the Beli¢ Massif. Two
groups from Poland dived in this spring and descended to
96 m deep (Kur 2008).

Figure 3. Savino Oko Spring (Photo: Ditta Kiciriska).

The Beli¢ Massif is located at the boundary between
Montenegro and Albania. The highest peak of this massif
(and of the Montenegro too) is Maja Kolata (2,534 m a.s.l.).
The Beli¢ Massif is surrounding by U-shape valleys:
Ropojana in Montenegro (Fig. 4) and Valbona in Albania.

During the period of 2006 to 2012 took place 8 exploratory
expeditions, organized by Polish and Serbian speleologist
(Wielkopolski Klub Taternictwa Jaskiniowego and
Speleoklub Swictokrzyski from Poland, and Akademski
Speleosko-Alpinisticki Klub from Serbia) in the Prokletije
Mts. The exploration was performed in Plo¢e, VoluSnica
and Zastan Grbajski (in the Grbaja Valley) and the Beli¢
Massif (in the Ropojana and Zarunica valleys).

Figure 4. The Ropojana Valley (Photo: Krzysztof Najdek).

Among discovered caves the longest and the deepest are:

« Jaskinia Gornicza 03 013 (depth of -516 m, length of
1,218 m) (Fig. 5)

« Jaskinia Lodowa 03 110 (depth of -451 m, length of
1,956 m) (Fig. 6)

« Jaskinia Nibyczarna-Jaskinia Babina Sisa 03 015-03 131
(depth of -236 m, length of 1,611 m)
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« Jaskinia Gigant 03 113 (depth of -296 m, length of
1,635 m)

« Jaskinia w Trzech Kopcach 03 142 (depth of 141 m,
length of 456 m)

« Jaskinia Entuzjastyczna 03 147 (depth of -107 m, length
of 543 m)

« Jaskinia do Savino Oko 03 006 (depth of -256 m, length
of 588)

« Jaskinia Lezka-Jaskinia Kolektor 03 311 (depth of -236 m,
length of 1,011 m)

The expeditions have already surveyed ca. 50 caves. Every
year speleologists check several dozen entrances on surface,
but most of them are terminated with blocks, snowy plugs
or narrow places. During exploration some caves were
connected into bigger systems as the Nibyczarna and
Babina Sisa caves or the Lezka and the Kolektor (Kicinska
and Najdek 2007; Najdek 2007, 2008; Najdek and Kasza
2008; Biegata et al. 2009; Kasza et al. 2010a, b; Kicinska
etal. 2011).

Figure 5. Jaskinia Gérnicza (Photo: Zbigniew Tabaczyriski).

The caves of Prokletije Mts. developed on tectonic
discontinuities or along bedding planes. Vertical invasion
vadose passages (Gornicza, Lodowa, W Trzech Kopcach
caves) predominate in most caves. In some caves, short
horizontal passages (Gigant, Nibyczarna-Babina Sisa)
occur as well, except of Cardak in the Greben Massif which
wwas known before. Generally, the Prokletije caves are
poor in speleothems; more frequent was found in the
horizontal part of the Gigant and Cardak caves (stalagmites,
stalactites, moonmilk and other).
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The exploration and scientific activities is conducted in
agreement with the Speleological Society of Montenegro
and the National Parks of the Montenegro. All result of
exploration are on the website: www.prokletije.pl.
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VOLCANIC CAVES AND PETROGLYPHS OF BORLUK VALLEY - KARS
(EASTERN TURKEY)

Ali Yamag
OBRUK Cave Research Group; Acikhava Apt. 16/7, Nisantasi, Istanbul, Turkey, info@obruk.org

Borluk Valley which continues 6 kilometers towards the east of Magaracik Village of Kars had long been known by its
petroglyphs, rather than its caves. However, in 1942 in some caves of that valley, an archaeological survey had been carried
out by Prof. Kilic Kékten and some prehistoric findings had been documented. According to microliths and scrapers that
he had found in the caves around Azat and Magaracik villages, Mr. Kokten claims in his article that those caves were all
Paleolithic settlements. In this poster presentation, Borluk Valley of Kars, which has an archaeological and cultural
importance, will be explained in details, in addition to the caves that were explored. Magaracik Cave, which Prof. Kokten
searched 70 years ago and wrote about the importance of findings in detail but had not indicated the exact location, was

also found, measured and mapped.

In this poster presentation, those caves and their volcanic formations will be explained. Also, the need for preservation of
that area will be emphasized with some interesting examples of petroglyphs.

1. Introduction

Borluk Valley was formed as the result of thousands of years
of Borluk Stream erosion which starts 18 km southeast of
Kars traverses Magaracik and Azat villages. The stream
mingles into Kars Stream at a point a little more north-west,
close to Karacaoren Village.

Figure 1. Location map of Borluk Valley, Kars.

Prof. Kilic Kokten made the first scientific research in
Borluk Valley in 1942. He published an article where he
drew attention to the caves of the region and gave
information about the prehistoric materials found in the
area. When he went to the region two years after his first
research, he made an excavation of a drilling at the entrance
of Magaracik Cave and by looking at the finds he wrote that
this cave was most probably a Palaeolithic settlement.
Nobody had ever went to the mentioned Magaracik Cave
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nor had anybody known of its exact location. Another
research study made in this valley is by Prof. Oktay Belli.
About 200 rock pictures were found out during his recent
visits to the area.

We found five caves and one church carved into rocks
during our exploration at the valley. None of them were ever
researched nor published before, other than Magaracik
Cave. Today we know that there are very few caves that are
composed of andesite and ignimbrite in Turkey. So, these
five volcanic caves are of great importance.

Figure 2. Plan of Scarlet Church.

About 3 kilometers to the southeast of Borluk Valley there
is a church carved into the rocks which was named Scarlet
Church by the villagers. It is far from all the settlements in
the midst of a deserted place. In spite of the long time
elapsed and the damage that men have given, some
embroidery can still be seen in the dome and on the walls.
During the same exploration, a detailed measured drawing
of this structure, which was never investigated nor
published, is made.
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2. Geology of the Area

It is estimated that the most forceful stage of volcanic
activity lived in this region is about 6-7 million years ago.
This stage is charactarized by widespread rhyolitic - dacitic
pyroclastic products and interval lava additives on the
surface. It is thought that this material has been driven to
the surface from different volcanoes by Sub-Plinia and
Plinia high-energy explosions rather than by flow. It is
observed that there is ignimbrite and obsidian besides
pumice/ash rubble spread over large areas on the surface.
Domes and massive lava sequences were formed in
southern Kars by ascending of andesitic lava to the surface
again 5-6 million years ago. Volcanic activity has been
active, especially in western Kars, and has caused the
formation of plateaus in the region mostly in this period.
\olcanics of Khorasan, which are widely located in
northern Khorasan, were formed 4.1 million years ago.
Where as, Aladag volcano was formed 3.5 million years
ago, which is more to the eastern region. However, the
basaltic and andesitic lava flows observed in a large area
from north to south of Kars Kagizman continued, until the
last eruptions occurred 3 million years ago.

3. Petroglyphs of Borluk Valley

Some of the human and animal figures drawn on rock
surface, which were done with scraping and pounding
techniques, have been erased by natural circumstances or
mostly were damaged by people. A large part of the animal
figures are mountain goats, deer and the wild boar. In
addition, the figures of a small number of wild cattles are
also available.

The most drawing congested part of the valley is Azatkoy
vicinity. On the other hand, some of the rock paintings here
were too pale and ravaged that they could not be seen if not
shown to us by our guide. From the village to the south, in
the Tasocagi region, there are many rock drawings. Prof.
Oktay Belli has determined the presence of a total of 186
petroglyphs in the valley.
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Figure 3. A group of petroglyphs in Borluk Valley.

In the andesite under rock shelter pictures of non-existing
varieties of deer, wild cattle, wild boar, mountain goat,
mountain sheep along with a variety of kinds of animals
that cannot be percieved precisely and figures of the Mother
Goddess, hunter shooting an arrow to animals, drawn using
scraping the rock surface and line-pounding emphasis
techniques, can be seen. More than two thirds of these
hunting animals are wild sheeps and goats.
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TRAPIA CAVE: EXPLORATION, SURVEY, BIOLOGY
AND GEOSPELEOLOGY OF THE BIGGEST CAVE OF RIO GRANDE
DO NORTE STATE

Leda A. Zogbi?, Diego Bento?, Francisco W. Cruz?, Daniel S. Menin*
IMeandros Espeleo Clube, S&do Paulo, SP, Brazil, ledazog@gmail.com
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Abstract. Rio Grande do Norte is a state in northeastern Brazil that has a very peculiar karst, characterized by karst
pavements (lapias) and small caves. This karstic area is located on west side of Rio Grande do Norte, near to Ceara state.
In September of 2003, a team from the National Center for Research and Conservation of Caves (CECAV-RN) located
the entry of a new cave in the valley of the River Apodi, one of the main drainages in the region, near to Felipe Guerra.
Since then, several technical and scientific expeditions were organized for the study of this cave called Gruta do Trapia,
the most important cave occurrence in the region. This article describes some of these studies carried out in the cave, the
historical aspects of the first cave surveys and the scientific results obtained so far. The cave is mostly consisted by a
single meandering conduit that is a tributary of the Apodi river. The main difficulties encountered during first expeditions
were a syphon in a norrow passage during the rainy season and the anomalously hot temperatures of 34 °C (93.2 °F) on
average with week air vertilation, since there is no other entrance. In the biological aspect, collections were made in an
area that is approximately ¥ of the cave, resulting in a list of 47 morpho-species. In the geological aspect, some active
stalagmites has been collected, and should provide data of unprecedented record of climate changes in the region over the
past three thousand years.The Trapia Cave development reached 2,300 m, becoming the longest cave in Rio Grande do
Norte.

Résumé. Rio Grande do Norte est un état du nord-est du Brésil qui posséde un karst trés particulier, caractérisé par de
grands champs de lapiés et des petites grottes. Cette région karstique est située a I’ouest de Rio Grande do Norte, prés de
I’état Ceard. En Septembre 2003, une équipe du Centre National pour la Recherche et la Conservation des Grottes (CECAV-
RN) a trouvé I’entrée d’une nouvelle grotte dans la vallée de la riviere Apodi, I’'un des principaux bassin a drainage de la
région proche de Felipe Guerra. Depuis lors, plusieurs expéditions scientifiques et techniques ont été organisées pour
I’étude de cette grotte appelée Gruta do Trapia, la plus importante cavité de toute la région. Cet article décrit quelques
études réalisées dans la grotte, les aspects historiques des premiéres explorations et les résultats scientifiques obtenus
jusqu’a présent. La grotte se développe pratiquement dans un seul conduit en méandre qui est un affluent de la riviéere
Apodi. Les principales difficultés rencontrées dans les premiéres expétitions sont un passage bas qui siphonne pendant la
saison des pluies, et la chaleur étouffante, en moyenne 34 °C (93,2 °F) sans courants d’air, car il n’y a pas d’autres entrées.
Par rapport aux études biologiques, des collections ont été recueuillies dans une zone qui est d’environ % de la grotte,
aboutissant a une liste de 47 morpho-espéces. Au niveau de la géologie, des stalagmites actives ont été prélevées et doivent
fournir de nouvelles données sur les changements climatiques dans la région au cours des trois derniers millénaires. La
grotte Trapia a atteint un développement de 2,300 m, devenant ainsi la plus longue grotte de Rio Grande do Norte.

1. Introduction metres was occupied by a huge hive of aggressive types of
bees. During this expedition, the CECAV-RN team
preliminarily explored 620 meters of the cave, limited to
the passages that reached by the floods.

The Advanced Base from the National Center for Research
and Conservation of Caves of Rio Grande do Norte
CECAV-RN operates throughout the Northeast region of
Brazil, with the exception of Bahia State. In this region, the ~ The team returned to the cave in January 2007, together with
caves did not stand out for its development and, so far, only ~ Vladir Quintiliano (RN Caving Club) and the Professor

one had surpassed 2 km: the Ubajara cave, in Ceara state. ~ Francisco Cruz from University of Sdo Paulo, to support
. . new exploration and geological research activities. During
Since 2002 the CECAV-RN has been conducting surveys s Jast operation ran up the conduit over the Northern Cave,

over the exposed Karst pavements areas where the potential - ntj] 3 moment in which they feel that the CO, concentration
speleological findings is higher in the Rio Grande do Norte |y too high, forcing the return of the team.

State within a area larger than 100 km?, where 462 new

caves were discovered. Trap|é cave has been located with Despite the difficulties such as beehives, flooded Conduits,
help of local people guidance in September 2003. However, ~ breathing problems, the possibilitity for potential new
the exploration only began almost three years later, in mid- ~ discoveries in cave Trapia fascinated everyone on the team
2006, because its cave entrance, a vertical gallerie of 18 ~ and motivated further missions.

170



Exploration and Cave Techniques — poster

2013 ICS Proceedings

2. History of mapping

In january 2009, during a caving meeting in Brasilia, Jocy
Cruz, head of CECAV, invited Leda Zogbi and the team
Meandros Speleo Club to explore and survey a newly
discovered cave in Rio Grande do Norte.

On February 14, 2009, the Meandros team, composed by
Leda Zogbi, Daniel Menin, and the bio-speleologists Renata
Andrade and Marcelo Kramer went to Mossoré to join the
CECAV-RN staff people, composed by Jocy Cruz, the bio-
speleologist Diego Bento, latagan Mendes de Freitas and
Darcy dos Santos.

Figure 1. Lapias Fields of Felipe Guerra region.

To reach the cave, the path is not easy: after leaving the
main road, you take an unpaved road crossing the
“lagedos” (flagstones fields). The region is quite arid,
with a predominance of lapias endless fields, shrub and
thorny.

The entrance of the cave is located 30 meters from where
the car is parked. It is a sinkhole with a pit in the center. At
the entrance, we saw the bees signaled by CECAV team.
We anchor the rope and descend into the abyss which is
18 m deep.

After a tight passage at the entrance of the gulf, the descent
is beautiful, accomplished between large runoff. Then
reached the riverbed underground-dry this season — the
main conduit of the cave.

The cave is developed by conduits that move in curves, the
floor is sand. We passed a low ceiling and arrive in a large
room with many speleothems, rare for this region, as
gypsum flowers. After two days of hard work, the
topography reached 1,225 m line tape, and the cave could
already be considered the largest cave of Rio Grande do
Norte, passing Furna Feia cave (766 m). After plotting the
the mapped galleries on regional map we found that the
cave was clearly heading to Rio Apodi, and there was still
a significant distance between the end of the topography
and the river, indicating a possible continuity of cave.

Our desire was to return soon to finish the exploration, but
we had to wait the demise of rainy season in order to avoid
eventual cave floods. Still, there was another attempt in
March 2009, with the participation of Daniel Menin and
Francisco Cruz, who was very interested in using
speleothems for paleoclimate studies. He knew from
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pictures taken by the mapping team, that the cave is densily
ornamented with speleothems.

We had to wait until 19 September 2009 to return to the
cave. Meanwhile, the team CECAV has been there several
times to check the water level, but it still high. In one of the
attempts they not even entered the shafted entrance, because
the bees were nervous and they retreated before being
attacked.

This time we had monitored the temperature that changed
dramatically from 29 degrees celcius by the entrance to 34
degrees after passing throught the sifon Thus, these high
temperatures and saturated relative humidity made the
climate during exploration very unconfortable.

We advanced slowly to the point where we had ended up
surveying the last time: we really needed time to adapt
ourselves to this unbearable heat.

Once again, the team worked well despite of internal
climate. The main passage was mostly a long, meandering
gallery with minor straight passages of 5 m wide and 3 m
high in avarage. We found an active stalagmite with more
than 1.2 m high and decided to call this snippet “Chico’s
Paradise,” in tribute to our friend Francisco Cruz, who
certainly would be very happy with this new discovery. We
also found an “avenue” beautiful, straight, with a flat profile
and several yellow round runoff on the roof, which we call
the “The Suns Avenue” because the runoff seemed true suns
ceiling. We found many megafauna bones, some quite large
fixed in the rock, in a room we call “Hall of Bones.”

Figure 2. Large fossile fixed in the rock.

At the end of this stage, the cave reached 2,100 m. By our
calculations there were still some 500 m to reach the Apodi
river therefore a new assault would be needed before the
rainy season.

On November 7, 2009, the same team got together again
for a new assault.

It took about an hour and a half to reach from the entrance
to the point where we had stopped the topography. We
began to map the cave, but the task was not easy: huge
fallen blocks covered by a layer of slippery mud hindered
progress in the cave. The uncomfortable feelings given by
the humidity increased after every step forward. \We were
evolving at the limit of risk, and luckily we had brought a
rope we use to help each other in the most exposed, since
there was no possibility of tying the rope anywhere.



Exploration and Cave Techniques — poster

2013 ICS Proceedings

Figure 3. Trapia Cave map.

After many efforts, we apparently reached the end of the
cave, which is an accumulation of large fallen blocks
covered with mud and many organic wastes, like a great
natural drain. We let a fixed base on a rock at the bottom,

so that if someday someone could overcome the collapse,
they could connect the topography. The cave reached
2,300 m and became the largest cave in the Rio Grande do
Norte State.

The final map was impressive. The cave is developed
almost by a single conduit, meandering off toward the river
Apodi. There is only one bifurcation that develops into a
much narrower conduit, shortly after the siphon.

Figure 4. Satelite image with the survey line and Apodi River.

On the map, you can see that the cave is still relatively
distant river Apodi. We suggest to friends CECAV-RN they
seek from the opposite side, near Rio Apodi, the resurgence
of this cave. By the dimensions of the conduits and the
volume of water that must pass through the cave during the
rainy season, it is likely that upwelling is great, and we can
go the other way, rising from the river to the collapse.

Despite the difficulties mainly related to the heat and
humidity of the cave leading cavers to their physical and
psychological limits, exploring the Cave Trapid was an
extraordinary adventure.
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3. Biospeleology

The biological characterization of Trapid Cave was part of
a larger project that included collections of invertebrates (in
two campaigns, one at the end of the dry season and another
at the end of the rainy season) in 24 wells of the western
RN (municipalities Baratna, Mossoro, Governor Dix-Sept
Rosado, Felipe Guerra and Apodi), and data collected in 23
other caves in the same area, coordinated by Professor. Dr.
Rodrigo Lopes Ferreira (Drops), UFLA (Universidade
Federal de Lavras, Minas Gerais State). This project
resulted in the dissertation of Diego Bento. The two
sampling campaigns performed on 06/01/2010 (end of dry
season) and 08/04/2010 (end of rainy season), were limited
to tho