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tube systems. Chris Wood, Rob Watts, and Paul Cheatham
GESPEA: working group on volcanic caves of Azores. Manuel P. Costa,
Fernando Pereira, João P. Constância, João C. Nunes, Paulo Barcelos,
Paulo A.V. Borges
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M. Kersten, B. Hasse
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2004 SYMPOSIUM ABSTRACTS
Edited by João Carlos Nunes and William Halliday
Invited Lectures
Em Defesa do Património Geológico
António M. Galopim de Carvalho

Museu Nacional de História Natural, Universidade de Lisboa,
Rua da Escola Politécnica, 58, 1250 Lisboa.
galopim@netcabo.pt

À semelhança de qualquer património construído que,
por características de significado, grandiosidade ou outros,
é considerado monumento e, portanto, um recurso cultural
a preservar, também algumas ocorrências naturais e, em
particular, as geológicas têm características que nos levam
a classificá-las como geomonumentos, entendidos como
valores a incluir numa concepção de cultura alargada ao
saber científico tradicionalmente subvalorizado na nossa
sociedade.
Como resposta ao chamado desenvolvimento e à imparável
ocupação do espaço natural pelos múltiplos e variados equipamentos civilizacionais, importa divulgar e impor a ideia
de georrecurso cultural aplicável a alguns exemplos do
património geológico, por natureza não renovável.
A experiência de muitos anos de busca de soluções que
salvaguardem e valorizem alguns dos nossos mais importantes
geomonumentos tem sido, nas duas últimas décadas, uma tarefa
árdua e uma preocupação do Museu Nacional de História
Natural da Universidade de Lisboa. A grande resistência à
sua classificação, no âmbito da legislação existente, decorre,
sobretudo e em última análise, de uma generalizada falta de
cultura geológica na sociedade portuguesa, a começar pelos
responsáveis da administração.
Genetic Processes of Cave Minerals
in Volcanic Environments: An Overview
Paolo Forti

Italian Institute of Speleology, University of Bologna, Italy.
forti@geomin.unibo.it

Volcanic caves are widespread in the world and are frequently visited by cavers. Therefore it is common to find
published descriptions of their exploration, speleogenesis and
morphology. But lava tube caves and other volcanic cavities
traditionally have been considered of little interest from the
standpoint of secondary minerals (Forti, 1994). Thus detailed
studies of their speleothems are comparatively new.
Recently, it has become evident that volcanic cavities

are very favourable environments for the actions of different processes of mineral development (see Tab. 1). Two of
these (sublimation and deposition from aerosols) are largely
restricted to volcanic caves. Most known volcanic caves have
conditions favourable for development of at least a few small
true speleothems (apart from lava stalactites and stalagmites),
which normally do not meet the technical definition of the
term “speleothem” (Hill and Forti, 1997).
Even from these recent studies of a small number of volcanic caves, 40% of the entire list of cave minerals of the
world is known to occur in volcanic caves. Furthermore, 35
of them (about 10% of all known cave minerals) are found
only in volcanic caves.
Among the published list of ten caves leading the world
in terms of speleothems (Hill and Forti, 1997), two are volcanic: the Alum cave on Vulcano Island, Italy and Skipton
Cave, Australia.
Even detailed mineralogical studies have been made just
for a few volcanic cavities, the choice of selection criteria
for such a list is far from simple. Clearly, the importance of
a cave cannot be selected entirely by the number of different minerals which developed within it. Other factors to be
considered include the size and beauty of their speleothems,
peculiarity of genetic mechanisms, different types of speleogenesis, and the geographical location of the cave.
On the basis of these parameters, it was made a tentative
list of the ten most important volcanic caves of the world
from the standpoint of mineralogy (Tab. 2).
This overview on the present knowledge on cave minerals
in volcanic caves is short and surely not exhaustive. However
this presentation and discussion seems sufficient to point out
the extreme importance of volcanic cave environments in the
development of cave minerals.
Volcanic caves which have been the subject of mineralogical
observation to date, are far less than 5% of those presently
known around in the world. Thus, it is reasonable to expect
that in the near future, broad systematic study of secondary
chemical deposits in volcanic caves will significantly increase
the number of known cave minerals.
Final remark: This research was performed within the
MIUR 2002 Project “Morphological and Mineralogical Study
of Speleothems to Reconstruct Peculiar Karst Environments”,
Resp. Prof. Paolo Forti.
References:
Forti P. 1994. Cave minerals in volcanic caves. Acta I°
Encontro Internacional de Vulcanoespeleologia das Ilhas
Atlanticas, Terceira, Açores, 1992: p. 1-98.
Forti P. 2000. Minerogenetic mechanisms and cave minerals
in the Volcanic caves of Mt. Etna (Sicily, Italy). Mitt. Verb.
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Table 1 (Forti). Temperature range, process, genetic mechanisms, and related chemical deposits in volanic caves
(modified after Forti, 1999).

Table 2 (Forti). The ten most important volcanic caves from the mineralogical point of view.

Dt. Höhlen- u. Karstforsch, 46 (1/2): p. 37-41.
Hill C.A., Forti P. 1997. Cave minerals of the World. Nat.
Spel. Soc., Hintsville: 464 pp.
An Unusual Lava Tube Cave
with an Incipient Hornito
William R. Halliday

Honorary President, IUS Commission on Volcanic Caves,
6530 Cornwall Court, Nashville, TN USA 37205.
bnawrh@webtv.net

The 1919 “Postal Rift” lava flow in Hawaii’s Kilauea caldera
contains a few typical mature lava tube caves and about 200
caves of other types. These include hollow tumuli, drained
lava rise and flow lobe caves, immature lava tube caves and
complexes. One is a complex cave in a long sequence of

subcrustal injection features 2-3 km from the vent. Its main
passage is overlain by a small, partially hollow hornito. A
puckered cupola is present in the cave ceiling beneath the
hornito. The main passage continues as a featureless immature lava tube sloping retrograde to the flowfield, and other
unusual features are present. Alternative interpretations of
this and other unusual injection structures of Kilauea Volcano
will be discussed.
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O Papel Estratégico do Centro de Interpretação
Subterrâneo da Gruta “Algar do Pena”,
No Uso Sustentado do Património Espeleológico do
Parque Natural das Serras de Aire e Candeeiros
Olímpio Martins

Parque Natural das Serras de Aire e Candeeiros.
cisgap@oninet.pt

O Centro de Interpretação Subterrâneo da Gruta Algar do
Pena (CISGAP) é uma infraestrutura do PNSAC, vocacionada
para a valorização do património espeleológico cársico.
O CISGAP deve a sua existência à descoberta de uma
importante cavidade, em 1985, pelo Sr. Joaquim Pena, na
sequência do desmonte de uma bancada de calcário para
produção de pedra para calçada.
A Gruta Algar do Pena - assim denominada em honra
do seu descobridor - é uma cavidade muito interessante do
ponto de vista paisagístico, integrando a maior sala subterrânea actualmente conhecida em Portugal. (125 000 m3 de
volume aproximado).
Inaugurado em 1997, o funcionamento do CISGAP assenta em 4 vertentes:
1. Apoio à Investigação Científica e ordenamento do território
no domínio da Espeleologia.
2. Divulgação alargada, do meio espeleológico cársico e
fenómenos associados, com especial relevo para o público
escolar.
3. Apoio às estratégias desenvolvidas pelo Parque, no domínio
do turismo e desporto de natureza.
4. e finalmente como estrutura de apoio à formação de espeleólogos.
No decurso dos quatro anos que antecederam a sua abertura
ao público, foram desenvolvidos vários estudos prévios destinados a caracterizar a cavidade do ponto de vista biofísico,
os quais posteriormente serviram de base ao estabelecimento
do regime de visitas e das medidas minimizadoras de impactes
provocados pela visitação.
São catorze, as principais medidas minimizadoras de
impactes negativos exercidos sobre a Gruta:
1. Estabelecimento da capacidade de carga.
2. Escalonamento de visitas.
3. Posicionamento do Poço do Elevador.
4. Uso de meios de descontaminação.
5. Estanquecidade do acesso artificial à cavidade.
6. Uso de estruturas “transparentes” de apoio à visita, em
materiais não oxidáveis e removíveis.
7. Uso de uma área mínima dedicada à circulação de visitantes
no interior da gruta.
8. Ausência de fontes de luz branca, exceptuando as autotransportadas.
9. Uso de iluminação fixa de “vapor de sódio”.
10. Aplicação de penumbra nas zonas de maior pressão.
11. Uso de um sistema de controle climático e monitorização,
das alterações climáticas provocadas pelos visitantes.
12. Limitação do tempo de permanência dos visitantes na
gruta.

13. Estabelecimento de períodos de repouso da gruta.
14. Proibições várias de carácter genérico.
Para os grupos mais numerosos, por forma a minimizar o
efeito de espera de visita à gruta, dada a sua baixa capacidade
de carga – 12 pessoas por sessão de visita – foram criadas,
várias actividades pedagógicas e de lazer, desenvolvidas no
edifício de apoio e nos espaços exteriores.
Assim, os visitantes poderão optar, por participar em jogos
de orientação e simulação de uma exploração espeleológica
completa, actividades que permitem a interpretação biofísica
dos carsos típicos.
Na visita à gruta, o enquadramento de visitantes è efectuado
por “guias”, com formação espeleológica de base. O apoio à
progressão e interpretação de base científica dos fenómenos
observados, está assegurado pelo uso de sistemas automáticos de telecomentário. Os vários programas de visita visam
sempre a integração da cavidade no contexto geológico e
geográfico regional.
Mas o CISGAP possui outras atribuições no domínio da
espeleologia, é a infra estrutura de apoio à equipa de espeleologia do PNSAC, o centro do cadastro espeleológico do
PNSAC, funcionando ainda como centro de apoio à rede de
medição dos recursos hídricos desta Área Protegida.
O CISGAP, é no seu género, uma estrutura impar e sem
precedentes no nosso país, contribuindo também para a inovação futura, participando na edificação de outras estruturas
interpretativas singulares nesta Área Protegida, o futuro
CARSOESCÒPIO, Centro Ciência Viva do Alviela.
Underground Life in Macaronesia: Geological Age,
Environment, and Biodiversity
Pedro Oromí

Depto. Biología Animal, Universidad de La Laguna,
38206 La Laguna, Tenerife, Canary Islands. poromi@ull.es

The Macaronesian islands (Azores, Madeira, Canary Islands and Cape Verde Islands) are of volcanic origin but are
at different stages of eruption and erosion. Their ages and
especially those of their surface rocks affect the existence of
caves, especially lava tubes.
Availability of caves for hypogean-adapted life is linked
to the stage of ecological succession, which in turns depends
on the age of terrains and on the local climate. The existence
of the Mesovoid Shallow Substratum (MSS) also permits
development of adapted fauna in terrains and even islands
lacking volcanic caves.
Since all troglobites on islands must have evolved after
local epigean species, biogeographical conditions and faunal
diversity of each island are important in the final composition
of underground faunas. The wellknown disharmony of island
faunas provides new and different evolutionary opportunities
toward troglomorphism, so animal groups unexpected in these
latitudes have colonized the underground.
An outline of known hypogean animal diversity in Macaronesian archipelagos is presented, relating it to their biogeographical and environmental conditions. A comparison with
such faunas of distant volcanic archipelagos (e.g. Hawaii or
the Galapagos islands) is also made.
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Oral Session I—
Vulcanospeleology of the Azores Islands

Ranking Azorean Caves Based on
Management Indeces

“Gruta do Carvão” (Carvão Cave) in the Island of
S. Miguel (Azores) and Environmental Education

João P. Constância1,5, Paulo A.V. Borges2,4 ,
Manuel P. Costa3, João C. Nunes2,5, Paulo Barcelos4,
Fernando Pereira4, and Teófilo Braga5

Teófilo Braga
Amigos dos Açores, Ecological Association
(Speleology Working Group), Avenida da Paz, 14,
9600-053 Pico da Pedra, S. Miguel, Azores.
teobraga@hotmail.com

During the first International Meeting on Vulcanospeleology of the Atlantic Islands in 1992, the author presented a
pioneer initiative for the Azores: a videotape about “Gruta do
Carvão”.. Its main objectives were to provide teaching material
in the field of volcanology (where there was a lack of such
material) and also to promote environmental education.
The present work is intended to provide a brief history of
the “Amigos dos Açores” Association in publicizing the value
of “Gruta do Carvão” as well as describing its activities since
1992. Main focus has been to demonstrate the importance of
that volcanic cave for the purpose of environmental education, namely to create a knowledgeable public with necessary
information, ability, mindsets and motivation to work to solve
environmental problems.
In addition to environmental workshops in various schools
(primarily for grades 5 to 12) and intended to arouse environmental consciousness, between 1998 and 2003 the Association
led 41 guided visits to Carvão Cave for 1,441 students.

1
Museu Carlos Machado, Natural History Department,
Convento de St. André, 9500 Ponta Delgada, S. Miguel, Azores.
constancia@mail.telepac.pt
2
Universidade dos Açores, Dep. Ciências Agrárias & Dep.
Geociencias, Angra do Heroísmo & Ponta Delgada, Azores
3
Direcção de Serviços da Conservação da Natureza, Edificio
Matos Souto, Piedade, 9930 Lajes do Pico, Pico, Azores
4
“Os Montanheiros”, Rua da Rocha,
9700 Angra do Heroísmo, Terceira, Azores
5
“Amigos dos Açores”, Avenida da Paz, 14,
9600-053 Pico da Pedra, S. Miguel, Azores

The Azorean Speleological Inventory (IPEA) is a data
base with information about all known Azorean volcanic
caves and pits. 86 caves are known on Pico, 67 on Terceira,
27 on São Miguel, 18 on São Jorge, 11 on Graciosa, 9 on
Faial, 5 on Santa Maria, and 2 on Flores (Fig. 1). About 60
of these 225 caves have been mapped, with a total of 41,122
m of passages. About 71% are lava tube caves, 10% are pits,
7% are erosional caves, 4% are crevice caves and the others
are multiprocess or undetermined types. To date, about 65%
of these caves are unsatisfactorily studied, in particular its
biological and geological features.
IPEA includes a classifying system which relies on objective sets of criteria which yield logical, coherent and reliable results. Its multi-criteria sets also can provide complex
classifications which can be used as managing tools. IPEA
incorporates six major classification topics: scientific value,
potential for tourism, access, surrounding threats, available
information and conservation status. Each topic is assigned

Figure 1 (Constância, et al.). Distribution of volcanic caves in the Azores (total = 225).
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Table (Constância, et al.). Ranking most significant Azorean caves, according to three classification issues.

by an index (from I to V), based on weighted factors for
biological components, geological features, accessibility, singularity and beauty, safety, caving progress, threats, integrity,
and available information. Each factor was quantified from 0
(zero) to 5. Lack of information is quantified as zero and the
other figures (1 to 5) are objective statements that describe
the cave characteristics within the factor.
An initial analysis based on a multi-criterion approach
yielded the Table:
1. using positive weighting for geological features, biological components, singularity and beauty, available information,
and integrity, 15 caves were found to have especially high
scientific values;
2. using positive weighting for geological features, accessibility, singularity and beauty, safety, caving progress,
available information, and integrity, and a negative weighting for biological components, 13 caves were found to have
great touristic potential;
3. using positive weighting for geological features, biological components, available information, threats, and integrity,
7 caves were found to merit high conservation status.

Algar do Carvão Volcanic Pit, Terceira Island (Azores):
Geology and Volcanology
Victor H. Forjaz1, João C. Nunes1, and Paulo Barcelos2

Universidade dos Açores, Departamento Geociências,
Rua Mãe de Deus, 9501-801 Ponta Delgada, Azores.
vhforjaz@notes.uac.pt
2
“Os Montanheiros”, Rua da Rocha, 9700 Angra do Heroísmo,
Terceira, Azores
1

The Algar do Carvão pit is an impressive volcanic conduit
located in the Basaltic Fissural Area, in central Terceira island.
Initially it was included in a Geologic Natural Reserve (Regional Legislative Decree nr. 13/87/A, of July 21). Recently
it was reclassified as a Regional Natural Monument due
to unique volcanic features and additional ecological and
conservation importance. Among this features are siliceous
speleothems (stalactites and stalagmites of amorphous silica),
refusion walls, obsidian dripstones, a lake, vegetation around
the vent and along the pit walls, and a troglobitic fauna.
In general terms, the pit had a two-phase genesis. It partially corresponds to the volcanic conduit of a scoria cone
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previously dated at 2,115 years BP. Also a significant part
of Algar do Carvão is developed on older trachytic domes
and/or coulées related to the silicic polygenetic volcano of
Pico Alto.
14
C age determinations in charcoal trunks collected near
the lake level and on trachytic formations inside the Algar do
Carvão gave ages of 3,200 ± 40 years BP. Similar radiometric
dating analysis on charcoal found beneath the basaltic lava
flow of Algar do Carvão gave ages of 1730 ± 40 years BP for
that lava flow. The site of the latter 14C sample was close to
the main road and outside the pit. It also should be emphasised that another 14C analysis done on a Pico Alto Volcano
pumice deposit, NE of Algar do Carvão’s scoria cone gave
an age of 2,610 ± 70 years BP.
Together with field studies done in the area and in the pit,
these age determinations allowed us to conclude that Algar do
Carvão initially formed in trachytic flows about 3,200 years
ago. Subsequently, other silicic eruptions occurred on the
Pico Alto volcanic centre, with extrusion of lava flows and
pumice, one of which occurred about 2,600 years ago. More
recently (about 1,700 to 2,100 years ago), several (?) basaltic
eruptions occurred in the area with extrusion of flooding lava
flows. Along last days of one of these basaltic eruptions, and
due to tectonic stress, the very fluid lava retreated inside the
conduit of the scoria cone and allowed the formation of Algar
do Carvão pit as it exists today.
The Project for the Visitors Center Building of the
Gruta das Torres Volcanic Cave, Pico Island, Azores
Inês Vieira da Silva and Miguel Vieira

Direcção Regional do Ambiente,
Rua Cônsul Dabney, Colónia Alemã, Apartado 140,
9901 Horta, Faial, Azores. inesvs@hotmail.com

Gruta das Torres is a notable volcanic cave in the parish
of Criação Velha, municipality of Madalena on the island of
Pico in an agricultural landscape.
This paper presents the project for a Visitors Center building
for this cave (Table) developed from two primary standpoints:
1) to enclose the access skylight, to control the entrances
and provide security; 2) to provide support and information
services to the visitor.
To response simultaneously to these two standpoints, a
stone wall 1.80 meters high is planned to surround the skylight
entrance (Figure) and at the same time to allow the drawing
of the building to emerge from it.
Outside the building, will be a small courtyard with a
reflecting pool. Visitors will be able to buy entry tickets and
wait for the guided tour in a Waiting Room, then proceed to
an Auditorium for a briefing. Helmets, electric hand lamps
and other necessary equipment will be available in the Auditorium.
Entry into the cave will be by a stairway already built with
local pahoehoe slabs. It will continue inside the cave where
an overpass 40 m long will allow visitors to avoid existing
breakdowns, without the need to remove this debris. Tours
will be about 400 m long, 200 m in each direction.
After each tour, visitors will returns to the Waiting Room,
through the same stairway and by way of a ramp which

bypasses the Auditorium. Thus, several groups of visitors can
tour the cave simultaneously without crossing each other.
The building’s structure will consist of reinforced concrete,
built on a rail, also of reinforced concrete. This solution avoids
the use of foundations, believed to cause excessive vibrations
in the surrounding area and also being subject to puncture.
The Visitors Center building is continuous with the stone
wall protecting the skylight (Figure), not only because both
elements were created from a single formal gesture, but
because different techniques for emplacement of the local
materials will be used. Thus, the wall will consist of stone
mortar and the whole south facade of the building will be
made in stone and employing the local construction technique
known as “currais de figueiras”. The latter allows light to enter
all along the wall of the building. The remaining facades will
be covered by a black waterproof surface that resembles the
texture of the glassy lava in the cave.
Vegetation in the area is most impressive on the edge of the
skylight and just inside (Figure). Thus, the building and the
wall around the skylight just reinforce the whole ensemble,
incorporating this vegetation into an architectural unit within
an agricultural landscape. Even bearing in mind that the building is itself a constructed architectonic volume.

Oral Session II—
Vulcanospeleology of the World
Rare Cave Minerals and Features of Hibashi Cave,
Saudi Arabia
John J. Pint

thepints@saudicaves.com

Ghar al Hibashi, located 300 kms SE of Jeddah in the
Nawasif-Buqum lava field is the longest lava tube so far
mapped in Saudi Arabia (565 m long). Lava levees, stalactites
and stalagmites are found throughout the cave and it has a
lava channel 13 m long. A bed of loess, up to 1.5 m thick
covers the floor and its age is now being determined by OSL.
Coprolites from hyenas, sheep, wolves and foxes are found
in many parts of the cave and may be very old. Two areas
are covered with burnt bat guano and samples taken from
one of these areas were found to contain a number of rare
cave minerals. A human skull found in the cave has been
carbon dated at 450 years BP and shows possible evidence
of foul play.
Researchers working with the Field and Space Robotics
Lab at MIT to develop microrobots for cave exploration on
Mars recently requested permission to use photos of Hibashi
Cave to illustrate the possible interior conditions of lava
tubes on Mars.
Two large bat guano deposits in this cave caught fire in
the past, possibly affecting “bio-stalactities”: soft, yellowish concretions thought to be formed of bat urine. Nineteen
minerals were detected in samples collected, mostly related
to the mineralization of bones and guano deposits.
Hibashi Cave is occasionally visited by local people and
is in need of protection from vandalism.
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Illustrations for Vieira da Silva and Vieira.
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A Digital List of
Non-Karstic Caves in Hungary

Table (Forti et al.). Identified cave minerals of the
Hibashi lava tube (Saudi Arabia).

István Eszterhás and George Szentes

Alte Frankfurter Str. 22B, 61118 Bad Vilbel, Germany.
szentesg@aol.com

The Volcanspeleological Collective has carried out the
study and cataloguing of non-karstic caves in Hungary
since 1983. They have compiled descriptions, surveys and
photographs from each recorded cave. The cave documentation fills more than twenty volumes, mainly as manuscript
notes. However, access to this documentation is restricted.
We decided to compile an easily accessible, standard list, of
non-karstic caves in Hungary, where changes and updates
can be easily made. We decided that a digital list would be
the most suitable format.
We began to compile the register in 2002. We have listed
each known non-karstic cave and located their positions on
a map. Cave surveys and photographs, accompanied by short
descriptions were also included in the list . Eighteen regions
are represented where non-karstic caves occur. Index Maps
were prepared for most of the regions. These are linked to
the detailed maps with tabular summaries. The language of
the list is Hungarian with an English translation, mainly to
facilitate the use of the homepage.
The digital presentation of non-karstic caves was carried out
using Arcview GIS as well as available digital map material.
Detailed Maps and Index Maps with different scales were
developed for specific regions as project files (apr). Layout
Maps were then prepared. The layout maps were exported in
jpg file format. This enables further utilization and handling.
The dbf database was filled with cave data and other data
to generate regional data sheets. The digital data from the
non-karstic cave list facilitates its use by various presentation
software programs and allows transfer of the cave registry
to other formats.
The final summary of the non-karstic caves in Hungary is
to be found on the Home Page of the cave list. All relevant
data has been compiled in htm and html file format.
The Hibashi Lava Tube:
The Best Site in Saudi Arabia for Cave Minerals

1

Paolo Forti1, Ermanno Galli2, Antonio Rossi2,
John Pint3, and Susana Pint3

Italian Institute of Speleology, University of Bologna, Italy.
forti@geomin.unibo.it
2
Geological Department, University of Modena
and Reggio Emilia, Italy
3
Saudi Geological Survey, Jeddah, Saudi Arabia

Systematic exploration of lava tube caves in Saudi Arabia
started only recently, but several large examples have been
now explored and mapped in various lava fields around that
country.
One of the largest examples in Saudi Arabia is Hibashi
Cave, located in Harrat Nawasif-Buqum lava field, 200 km
east of Jeddah. It primarily consists of a huge rectilinear
gallery (over 400 m long and 15 m wide) accessed down a

breakdown slope in a wide collapse which gives entrance
to a side corridor. The cave floor consists of uncemented,
locally thick loess.
The cave was utilized long ago as shelter by wild animals
including bats, hyena, wolf and fox. Many bones and coprolites are scattered throughout the floor. Large guano deposits
also are present. Some of the guano has caught fire, partially
burning overlying bones. The only true speleothems consist
of a few small translucent yellow stalactites hanging from
the ceiling.
Three different expeditions were conducted in 2003. A
few samples of secondary mineral deposits were collected
for analysis. Despite the paucity of the samples, 14 different
minerals already have been detected (Table). Most are related
to biogenic mineralization of bones and guano deposits.
Besides other rare but well understood cave minerals (like
arcanite and archerite), pyrocoproite, pyrophosphate, and arnhemite are extremely rare organic compounds strictly related
to combustion of guano. Previously these had been observed
only in a few caves in Africa. In this paper the SEM images
of these minerals are reported for the first time.
As a result of these findings, the Hibashi Cave must be considered the most important volcanic cave in Saudi Arabia and,
by far, the richest mineralogical shelter in this Country.
Final remark: This research was made within the MIUR
2002 Project “Morphological and Mineralogical Study of
Speleothems to Reconstruct Peculiar Karst Rnvironments”,
resp. Prof. Paolo Forti.
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Investigation of the Discharge Mechanism of
Hachijo-fuketsu Lava Tube Cave,
Hachijo-jima Island, Japan
Tsutomu Honda

Mt. Fuji Volcano-Speleological Society, Tokyo.
hondat@itergps.naka.jaeri.go.jp

Hachijo-fuketsu lava tube cave is located on Hachijojima Island south of Tokyo in the Pacific Ocean. This cave
is believed to have been formed by the eruption of Hachijonishiyama volcano 1100 years BP. Its lava flow is basaltic,
with silica content of 50.5%. Hachijo-fuketsu is the second
longest lava tube cave in Japan. Despite good accessibility, it
is well preserved. Its upper and middle sections have moderate slopes. Its lower end is flat and horizontal.
In modelling the discharge mechanism of this type of lava
tube we used an inclined circular tube model for the sloping
sections of the cave. For the flat, horizontal section in which
the lava flow is driven by hydrodynamic head, we modelled
a flattened circular tube. The yield strengths obtained from
these two models were similar and comparable to those of
other lava flows.
Regarding the inclined circular pipe case, the discharge
mechanism of lava tube caves already has been established,
based on Bingham characteristics of intratubal lava flow
(Honda 2000, 2001a). A simple model of steady state isothermal laminar flow in inclined circular pipes and in flatten
circular pipes were used for analyses. Comparison studies
were based on the configuration of Hachijo-fuketsu.
Flow characteristics were studied as a function of parameters such as tube radius, viscosity, yield strength of lava and
slope inclination. A critical condition was determined for
the discharge parameters in which the yield strength plays a
dominant role. Existing observational data were introduced
to the critical condition. This model was applied to lava
tube cave of Mt. Fuji, Mt. Etna, Mount St. Helens, Suchiooc
volcano, Kilauea volcano and others. Some deduced yield

strengths of lava of the caves in these areas were found to
be in good accordance with yield strength as estimated by
other methods (Honda 2001b).
General flow equation of Bingham fluid can be shown
as
f(t)=(t-fB)/vB
f(t)=0

(t>fB, or r>rB),
(t<fB, or r<rB).

Here, fB is Bingham yield strength, vB is Bingham viscosity, which takes specific value depending on the materials. t
is shearing stress at r.
For laminar flow model in circular tube on the slope, the
equation of the distribution of flow speed u of Bingham fluid
are shown as follows:
For tw =(d g sin a)R/2>fB,
u=(R-rB)2(d g sina)/4vB
(r<rB),
u=[R2-r2-2rB(R-r)] (d g sin a)/4vB (r>rB).
For tw= (d g sin a )R/2<fB, u=0.
Here, tw is shearing stress at wall, a is angle of slope or
inclination of tube, d: density of the fluid, g: gravity acceleration, R: radius of the tube, rB :radius of the flowing position
where Bingham yield stress takes fB.
Here, (d g sin a)R/2=fB is the critical condition to determine if the fluid in the tube can be drained out. For given and
known relation between slope angle and diameter (height) of
the tube, this critical condition can give the yield strength fB.
This critical condition means that when the yield strength fB
of Bingham fluid is higher than the shear stress at the wall,
there is no flow of fluid, as a consequence, no discharge of
fluid from the tube. From Table 1, fB=2.5x104dyne/cm2 can
be obtained for Hachijo-fuketsu.
The above model is, however, valid only for flow in inclined
tubes. For perfectly flat lava tubes (0 degree), the effect of
inertial as driving force due to the head of the flow must be
considered, if the flow is continuous together with the inclined

Tables for Honda.
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tube (Honda 2003). Very rough relation between drained
tube length and mean head of the flow can be obtained as
(d g R)H/2L=fBby replacing (sin a) by (H/L). From Table 2,
fB=2x104 dyne/cm2 was obtained for Hachijo-jima.
In summary, obtained basaltic yield stress from slope angle
and height of some lava caves (Table 3) are reasonable values
as compared with the yield stress obtained for Mt. Fuji.
References:
Honda, T. 2000. On the formation of Subashiri-Tainai cave
in Mt. Fuji. The 26th Annual Meeting of the
Speleological Society of Japan, August: p. 64.
Honda, T. 2001a. Investigation on the formation mechanism
of lava tube cave. The 27th Annual Meeting of the Speleological Society of Japan, August: p. 11.
Honda, T. 2001b. Formation mechanism of lava tube caves
in Mt. Fuji. The 2001 Fall Meeting of the Volcanological
Society of Japan, October: p. 66.
Honda, T. 2003. Formation mechanism of lava tube caves of
Hachijo-fuketu in Hachijo-jima. The 2003 Fall Meeting of
the Volcanological Society of Japan, 0ctober; p. 160.

Lava Caves of Jordan
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The central section of Jordan is covered by young alkalic
olivine basaltic lava flows: the Harrat Al-Jabban volcanics.
These are part of the large intracontinental Harrat Al Scham
volcanic field. The origin of these lavas may be connected to
the existence of a continental intraplate hot spot plume. Its
eruptive site should appear to move southward as the Arabian
Plate moves northward due to the opening of the Red Sea.
The top most and therefore youngest flows, are ca. 400,000
years old (Tarawneh et al., 2000).
In these lavas we explored, surveyed and studied four
natural lava tunnels (Abu Al-Kursi, Beer Al-Hamam, Al-Howa
Cave and Dabie Cave) and two other lava caves (Azzam
Cave and Dahdal Cave) in September 2003 and March 2004
(Table). The two smaller caves are most probably pressure
ridge caves formed by the buckling-up of the upper layers

Figure 1 (Kempe et al.). Survey of the Abu Al-Kursi lava tube cave, in Jordan.
Table (Kempe et al.). Data of Jordan lava caves (locations WGS 84).
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of pahoehoe flowing down from nearby Al-Qu’ays volcano,
while they were still hot and plastic. Abu Al-Kursi (Figs. 1,
2, 3) and Beer Al-Hamam (Fig. 4, 5) are large lava tunnels,
up to 15 m wide and 8 m high. Al Howa is the section of a
medium-sized lava tunnel while Dabie Cave is the smallest
of these conduits, less then 4 x 2 m in cross section. These
tunnels served to transport lava subterraneously over long
distances, i.e. in case of the large caves possibly over several
tens of kilometres. Now they are accessible through ceiling
collapses, which allow studying the structure of their roofs.
These consist of uninterrupted sets of lava sheets which show
that these natural tunnels did not form by over-crusting of
lava channels, but by repeated under-flowing and inflating of
initial lava deltas. In this way lava flows build forward only
at the tip, while the rest of the flow is stationary apart from
the lava flowing in the tunnel inside. These processes have
been studied in Hawaii (e.g., Kempe, 2002) and now can be
used to interpret findings elsewhere. The existence of these
tunnels shows that the basaltic lava must have been very hot
upon eruption, and that it was piped through the tunnels over
long distances, thus allowing flow over terrain at slopes at
or less than 2°, comparable to the distal slopes of Hawaiian
volcanoes. In fact, there should be many subparallel tunnels
in these youngest flows.
The age of these flows is much greater than those ages on
the Island of Hawai’i. Thus it came as a surprise that such
lengths of the tunnels still are accessible. Dahdal Cave, Abu
Al-Kursi, Beer Al-Hamam and Dabié Cave contain thick
sediment deposits. In the case of the three latter caves, this
sediment causes their terminations. During torrential rains,
the stream in a wadi washes surface sediment into Beer AlHamam. The lower part of the cave ponds during such rains,
producing a large reservoir of water. Signs of rapidly flowing
water are seen in the sediment surface in the upper part of
the cave. The sediments were sampled at a profile. They are
mostly silts with some fine sand. Quartz, calcite, plagioclase,
illite and koalinite (in decreasing order of amount) compose
most of the sediment. That indicates a wind-blown origin,
possibly a glacial loess. In the upper centimetres the sediment
also contain large concentrations of ammonium nitrate. This
is derived from pigeon droppings. In both sections of Abu
Al-Kursi, the floor is smooth and covered with a thin layer
of fines, laid down by occasional floods that pond at the end
of the cave. No sign of flowing water is seen.
All these caves were known locally. Until recently, Azzam
Cave was used as a sheep pen. Its entrance was excavated
recently, and a nearby sediment pile contains pot shards.
Black drippings caused by the use of plastic irrigation pipes
as makeshift torches reveal visits by adventurous explorers
in Abu Al-Kursi. Visiting Beer Al-Hamam requires climbing
down an overhanging pit 5 m deep, but it must have been
visited in the past because we found stone cairns inside.
Dahdal Cave contains a stone wall so it, too, was visited in
the past. Some of these visits, however, may have been in
prehistoric times: numerous flint tools (possibly neolithic)
were found in the neighbourhood of Dahdal Cave and in two
digs in the entrance of Abu Al-Kursi. Dahdal Cave, both sections of Abu-Al-Kursi and Dabié Cave contain camel bones
and were used as dens by hyenas (Fig. 3). Shallow circular
pits are seen throughout Abu Al-Kursi. They do not appear

to be anthropogenic since no excavated material is present.
Possibly they are hyena or wolf sleeping pits. The mandible
of a wolf or jackal was collected in this cave. A mummified
hyena was found in Dabié Cave. Considering the age of these
caves, they could contain very valuable deposits of faunal
fossils covering a large section of the Pleistocene.
References:
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deutschen Geologischen Gesellschaft, 15: 109-127.
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Caverns in Volcanic Terrains in Costa Rica,
Central America
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Costa Rica is located in an evolved volcanic arc (< 30
ma), which is a product of the subduction of the Cocos plate
under the Caribbean plate. This country contains many diverse
volcanic landforms, developed during the last 200 Ma of its
geologic history. This report presents the first classification of
caverns and grottos in volcanic areas of Costa Rica, together
with a preliminary inventory:
a) volcanic caverns
The majority of its caverns of volcanic origin are small
caves or grottos within lava flows (lava fields of Cervantes
and Los Angeles). Also included are possible collapsed lava
tubes of lava or “jameos”, and a grotto which forms part of
a crater in Turrialba volcano. All these are less than 11,000
years BP.
b) caverns of marine origin (littoral caves)
These are small caves mostly located in areas frequented
by tourists. Thus they are comparatively well known. Most
of them are located in cliffs and platforms of marine abrasion
developed in oceanic basaltic complexes (ophiolites s.l.) These
rocks are part of an accreted Cretaceous-Eocene complex located along the Pacific Coast. Comparatively well developed
littoral caves also exist at Bajamar-Guacalillo beach in cliffs
of Lower Pleistocene epiclastic rocks (debris flows and debris
avalanches). These are comparatively large caverns, some of
which are interconnected. They are adjacent to sandy beaches,
and usually are visited by tourists at the low tide. In addition, submarine and subaerial littoral caverns exist on Cocos
Island in the Pacific Ocean. This island is the only subaerial
exposure of the submarine Cocos volcanic range.
c) caverns of fluvial erosion
This type of cave is uncommon in Costa Rica and is less
known than the others. An example is present in Late Pliocene
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Dahl Romahah is located 168 kms N of Medina in the
Khaybar lava field. This lava tube is 202 m long and is well
decorated with flowstone and speleothems composed of
secondary minerals which have leaked through the ceiling
and walls. The cave contains a large cache of bones as well
as coprolites from wolves, hyenas and foxes. The radon level
in Dahl Romahah is considerably higher than in other Saudi
lava tubes. In bygone days, this cave was used as a water
reservoir by local people, who built a long wall on the surface
to channel water into the cave.
Aerial photographs, maps and other reports suggest that
many other lava tubes will be found south of these two
caves.
Discovery and Survey of Hulduhellir,
a Concealed (Entranceless) Lava Cave in the
Hallmundarhraun, W. C. Iceland

Figure (Mora et al.). Grotto that forms part of a volcanic crater in
Turrialba volcano.

lava on the left margin of Peñas Blancas River, and a small
grotto known as Cave of Death is present on the left bank
of the Toro River. It contains lethal concentrations of CO2.
Probably the best known and most spectacular example is a
natural bridge formed in Middle Pleistocene ignimbrite called
Puente de Piedra (Bridge of Stone). It provides a vehicular
crossing of a creek in a town named Tacares of Greece.
d) anthropogenic grottos
The most important of these are pre-Columbian shelters
excavated in pyroclastic flows (2.0–0.6 Ma) in the northern
part of the country. These include the Indian Cave in Cañas
and a cave in Salitral of Bagaces.) Other grottos are present on
pumice fall deposits dated of 0.30 ma (the Tibás layer), in the
Central Valley of Costa Rica. In general terms, all the caves
and grottos are located on Upper Quaternary age formations
and were inhabited by humans or were used for rituals.
Because of their small size, those investigated to date have
low speleological potential. Some of them, however, have
a local tourism potential as well as geoarchaeological value
not yet investigated nor exploited. In particular, caves of the
spectacular Bajamar-Guacalillo beach have obvious value
in geological tourism.
Not yet investigated are a probable natural lava tunnel at
Turrialba volcano and a reported erosional tunnel at Liberia
River.
The Lava Tubes of Shuwaymis, Saudi Arabia
John J. Pint

Consultant, Saudi Geological Survey.
thepints@saudicaves.com

Kahf Al Shuwaymis, located 204 km N of Medina in the
Ithnayn lava field, is the second longest lava tube (513 m)
so far mapped in Saudi Arabia. The lava source is Hazim al
Khadra volcano, which is characterized by a series of large
collapses terminating with the entrance to Kahf Al Shuwaymis.
Several fumaroles are active on the slopes of this volcano,
one of which emanates from inside a shelter cave. A small
pressure-ridge cave was also noted in the area.

Chris Wood1, Paul Cheatham1, Heli Polonen1,
Rob Watts1, and Sigurður S. Jónsson2
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Conservation Sciences, Bournemouth University, Talbot Campus,
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2
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PO Box 342, 121 Reykjavik, Iceland
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Research undertaken on the Hallmundarhraun in 2000 to
ascertain the effectiveness of different geophysical methods
in the detection and mapping of cavities in basaltic lava flows
revealed the possibility of a concealed continuation of the
cave Stefánshellir. The 2000 survey by magnetometer and
ground penetrating radar (GPR) indicated that the roof of the
main passage of Stefánshellir lifted on other side of the 20m
long lava seal that closed the upflow end of the known cave.
A further survey in 2001 confirmed this finding and revealed
over 350m of cave passage. In 2003 the team were interested
in confirming the relationship between the Hallmundarhraun’s
chain of 20 or more shatter rings (or collapsed tumuli) and the
Surtshellir-Stefánshellir lava tube cave system and extended
the survey to embrace the three nearest shatter rings.
The results were quite remarkable, showing that the concealed cave - now given the Icelandic name Hulduhellir
(Hidden Cave) - passed directly beneath the shatter rings,
over a distance of approx. 1.2km from the upflow end of
Stefánshellir. The geopysical data infers that Hulduhellir is
in places a large diameter passage, although the form that it
takes beneath the shatter rings is not clear. In order to better
understand the pattern of magnetic anomalies around the cave,
a comparable geophysical survey was made over the accessible, large main passage of Surtshellir, while attempts are
also being made to replicate anomaly patterns with specialist
modelling software.
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Oral Session III—
Biospeleology of Volcanic Caves
Long-term Study of Population Density of the
Troblobitic Azorean Ground-Bettle Trechus terceiranus
at Algar do Carvão Show Cave:
Implications for Cave Management
Paulo A.V. Borges1,2 and Fernando Pereira2
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Trechus terceiranus Machado (Coleoptera, Carabidae) is
the commonest trogobitic insect species in several lava –tube
caves and pits and in the Mesovoid Shallow Substratum (MSS)
on Terceira (Azores). One of the sites where this ground
beetle reaches highest densities is the show cave “Algar do
Carvão”, an impressive volcanic pit. The troglobitic fauna
in this cave is particularly rich, with at least two endemic
spider species occurring only in this site.
Cave arthropods were sampled once per month for three
years (2001-2003) using baited pitfall traps. All collected
specimens were counted and stored for later identification
with the exception of the abundant Trechus terceiranus, which
were counted and returned to their environment.
We found that adults are common all year-round, with
some activity-density peaks in months between March and
September. The most notable finding was an overall decrease
in activity-density of T. terceiranus from year to year. The
hours of artificial light in this cave also increased during
these three years and this could have caused this decrease.
We discuss the implications for management of the cave.
Indicators of Conservation Value
of Azorean Caves
Based on Arthropod Fauna
Paulo A.V. Borges1,2, Fernando Pereira2,
and João P. Constância3
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All Azorean lava tubes and volcanic pits known to contain
hypogean fauna (37 cavities) were evaluated for species diversity and rarity, based on arthropod populations. To produce
an unbiased multiple-criteria index (importance value for
conservation, IV-C) incorporating diversity and rarity based
indices and geological and management based indices, an
iterative partial multiple regression analysis was performed.
In addition, an irreplaceability index and the complementarity
method (using heuristic methods) were used to select the most

important caves for conservation management.
Most hypogean endemic species have restricted distributions; some are known from only one cave. It was concluded
that several well-managed protected caves per island are necessary to preserve an adequate fraction of endemic arthropods.
For presence/absence data, suboptimal solutions indicate that
protection of at least 50% lava-tubes with known hypogean
fauna is needed if the goal is representation of 100% of endemic arthropod species in a minimum set of reserves.
The most diverse arthropod assemblages occur in large
(and beautiful) caves; thus cave size plays an important role
in explaining the faunal diversity of arthropods in the Azores.
Based both on the uniqueness of species composition and/or
high species richness, conservation efforts should be focused
on the following unmanaged caves: Algar das Bocas do
Fogo (S. Jorge); Gruta dos Montanheiros, Gruta da Ribeira
do Fundo, Furna de Henrique Maciel, Gruta do Soldão and
Furna das Cabras II (terra) (Pico); Gruta das Anelares and
Gruta do Parque do Capelo (Faial); Gruta dos Balcões, Gruta
das Agulhas and Gruta do Chocolate (Terceira); Água de
Pau (S. Miguel).
Indicators of Conservation Value of Azorean Caves
Based on Its Bryophyte Flora at Cave Entrances
Rosalina Gabriel1, Fernando Pereira2,
Paulo A.V. Borges1,2, and João P. Constância3
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3
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Cave entrances in the Azores are particularly humid habitats.
These provide opportunities for the colonization of a diverse
assemblage of bryophyte species. Using both published data
and new field sampling, we evaluated species diversity and
rarity of bryophytes at the entrance of all known Azorean
lava tubes and volcanic pits with such flora. Most frequent
species includes the liverworts Calypogeia arguta, Jubula
hutchinsiae, Lejeunea lamacerina, and the mosses Epipterygium tozeri, Eurhynchium praelongum, Fissidens serrulatus,
Fissidens viridulus, Isopetrygium elegans, Lepidopilum virens,
Tetrastichium fontanum.
Several rare Azorean bryophyte species appear with dense
populations at some cave entrances
(e.g. Archidium alternifolium; Asterella africana; Plagiochila longispina), which highlights the importance of this
habitat in terms of conservation of these plants.
To produce an unbiased multiple-criteria index (importance
value for conservation, IV-C), several indices were calculated
(based on bryophyte diversity and rarity, and also on geological
and management features) and an iterative partial multiple
regression analyses was performed.
Preliminary data sows that three pit caves are particularly diverse in bryophytes (e.g. Algar do Carvão, Bocas do
Fogo and Furna do Enxofre). This indicates the importance
of shaded and humid openings. Lava tubes with a diverse
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troglobitic fauna also are diverse in terms of bryophyte species (e.g., Algar do Carvão, Gruta dos Montanheiros, Gruta
da Agostinha, Furna do Henrique Maciel). We also evaluate
the utility of several cave management indices as surrogates
of bryophyte diversity in Azorean volcanic cavities.
On the Nature of Bacterial Communities from
Four Windows Cave, El Malpais National Monument,
New Mexico, USA
Diana E. Northup1, Cynthia A. Connolly2, Amanda Trent1,
Penelope J. Boston3, Vickie Peck4, and Donald O. Natvig1
1
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One of the striking features of some lava tubes is the extensive bacterial mats that cover the walls. Yet, despite their
prominence in lava tubes, little is known about the nature of
these bacterial communities. To rectify this situation we have
investigated the bacterial mats that cover the walls of Four
Windows Cave, a lava tube in El Malpais National Monument,

Figure (Northup, et al.). Mats of actinomycete bacteria
spread across wall of Four Windows Cave, El Maplais
National Monument. During some seasons the bacterial
mats are hydrophobic and the walls appear “silvered”
when light is shown upon them.
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New Mexico (see Figure). These bacterial mats, which occur in the twilight zone adjacent to algal mats, and in dark
zone of the lava tube, cover from 25-75% of the wall. Their
macroscopic and microscopic visual appearance suggests
that these bacterial mats are composed of actinomycetes,
bacteria that commonly inhabit caves. Actinomycetes are a
group of Gram-positive bacteria that break down complex
organic matter and thrive in environments where nutrients are
sparse and conditions extreme. With a temperature of 0-2°C
and seeping organic matter for nourishment, Four Windows
provides an excellent habitat for these bacteria. Some types of
actinomycetes are medicinally and agriculturally significant
because they excrete antibiotic products to repel invaders.
Cave bacterial mats may have such antibiotic properties.
Vacuuming of the bacterial mats and the adjacent algae,
demonstrated the presence of collembola and mites on the
algae and no invertebrates on the bacterial mats.
In an effort to phylogenetically characterize bacterial
colony members, we extracted DNA from wall rock communities, using a soil DNA extraction technique developed
at Los Alamos National Laboratories. The DNA was purified,
the 16S rRNA gene was amplified using PCR, amplification
products were cloned, and thirty clones were sequenced in
their entirety. A restriction fragment length polymorphism
(RFLP) analysis of 11 clones exhibited unique banding, an
indicator of genetic diversity. Comparison of our sequences
with those in the Ribosomal Database II revealed that the
Four Windows bacterial sequences are most closely related
to actinomycetes, as suspected. Some clones also showed
similarities to environmental soil strains. Other clones are
related to genera such as Nocardia and Frankia, although not
closely. These results reveal a diverse community of bacteria
and the presence of several novel bacterial species.
To investigate the degree to which the actinomycetes had
adapted to the lava tube environment, we also investigated
the ability of bacteria cultured from these mats to withstand
the effects of ultraviolet (UV) radiation. Bacteria from the
mats and from the surface rocks above the lava tube were
cultured on R2A medium on-site in Four Windows Cave,
were allowed to grow for 24-hours in the cave environment,
and were then transported to the laboratory where they were
grown at 2°C in an incubator. We subjected twelve isolates
from the lava tube to one dose (100 seconds) and a half dose
(50 seconds) of UV radiation. For controls, we subjected six
isolates from the cave surface to the same radiation treatments
and also allowed replicates of all the isolates to grow without
any radiation. The results showed a general trend in which
microbes isolated from the lava tube were much more UV
sensitive than the microbes isolated from the surface. However,
all of the microbes tested displayed at least slight sensitivity
to UV radiation. Based on the results, the bacterial colonies
currently inhabiting the Four-Windows lava tube appear to
be at least somewhat cave-adapted.
Our studies of the actinomycete communities in Four
Windows Cave reveal a diverse community of bacteria that
may produce secondary compounds that make them unpalatable to invertebrates. These bacteria appear to have become
at least somewhat cave-adapted as evidenced by their loss
of UV resistance.
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Large Invertebrate Diversity in
Four Small Lava Tubes of Madeira Island
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The epigean fauna of Madeira is well known, highly
diversified and very rich in endemic species. In contrast, its
cave-dwelling fauna was not very well known. Madeira is a
comparatively old island (5 My) with few modern lavas and
therefore only a comparatively small number of lava tube
caves are known: 21 volcanic caves have been reported. Of
these, some already have been destroyed and others (e.g. São
Vicente caves), have been heavily modified for tourism. To
date, only two significant complexes of lava tubes have been
studied: São Vicente (Cardais Caves) and Machico (Cavalum
Caves). The Machico lava tubes are under serious pressure
because of frequent visitation but still represent the best
preserved group of lava tubes in Madeira. Yet their cavedwelling fauna is little known. Although a few reports have
been published, they have dealt only with few taxa. Further,
these were reported merely from the complex as a whole
without indication of which individual species was noted in
which cave. At present, its fauna is at special risk because of
current plans for construction of a tunnel. The resulting urgent
need for detailed information led us to study biodiversity in
four of its five small caves.
Invertebrates were sampled by sight and by 32 baited pitfall
traps set during a seven months period. Of 8,497 sampled
specimens, 14.3% were Phoridae, representing 9 species. This
family was excluded from further consideration.
The remaining specimens belong to 69 taxa. Of these, 8
were known endemisms, 5 were new species and 1 was a new
record to Madeira. Previously only 18 species were known
from these caves, and 8 of these were not found in this study.
The estimated number of species in this complex is 79. For a
small cave complex with less than 300 m in total length, this
is a considerable number. Cavalum II had the greatest number of species. Although many species were present in more
than one cave, some were found in only one. For example
the endemic spider Centromerus sexoculatus was sampled
only in Cavalum I, the pseudoescorpion Microcreagrina
madeirensis in Cavalum III and the carabid Trechus fulvus
maderensis in Landeiros Cave.
This sampling thus demonstrated that protective measures are urgently needed.for the cave-dwelling fauna of the
Machico complex.

Oral Session IV—
Theoretical Studies, Conservation, and
Management of Caves
Speleothemic Minerals Deposited as Condensates from
Vapors, 1919 Lava Flow, Kilauea Caldera,
Hawaii, USA
William R. Halliday

Honorary President, IUS Commission on Volcanic Caves, 6530
Cornwall Court, Nashville, TN USA 37205.
bnawrh@webtv.net

Few publications acknowledge the existence of cave minerals deposited from fumes and/or steam. The 1919 “Postal
Rift” lava flow in Kilauea Caldera contains about 200 caves.
Included are lava tube caves, hollow tumulus caves, drained
flow lobe caves and others. While a single body of magma is
believed to underlie the entire caldera, significant differences
in the fumes of different areas are readily detected by human
senses, on and beneath the surface. A significant minority of
its caves is at least intermittently hyperthermal, with varied
patterns of steam and fume emissions and varied mineral
deposition along hot cracks and in other locations on ceilings,
walls, floors, and lava speleothems.
Working conditions include up to 100% relative humidity
and temperatures up to 130 degrees F, but as a result of thermostratification, temperatures as high as about 175 degrees F
can be measured in speleothemic areas. Sulfates, chlorides and
(rarely) elemental sulfur are believed to be present. An initial
project of mineral identification foundered with the termination of the position of Cave Specialist at Hawaii Volcanoes
National Park. A new project is strongly indicated.
Climate Modeling for Two Lava Tube Caves at
El Malpais National Monument, New Mexico, USA
Kenneth L. Ingham1, Diana E. Northup2,
and Calvin W. Welbourn3
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Reliable data concerning cave microclimate benefits those
who manage caves for human visitation, protection, and the
conservation and restoration of bat roosts. Both published
and unpublished information about cave climates is limited,
however. Mathematical models of cave climate are even more
limited, and for lava tube caves, these appear to be totally
lacking. Because they are simpler than many limestone caves
(thus making the task of modelling tractable) we tested the
use of lava tube caves as laboratories in which to do climate
modeling.
We present the results of investigating temperature and
humidity in two lava tube caves at El Malpais National Monument, New Mexico, USA. One cave was a single-entrance
cave with an ice sheet, the other a tube with detectable airflow
to/from cracks on the surface. In these two tubes, we collected 1.5 years of temperature and humidity data with Onsett
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Hobo™ dataloggers. Using the data, we investigated how
temperature and humidity change with season and distance
from the entrance, and we now propose mathematical models
to predict future temperatures based on heat flow from the
surface as well as advection.
Our models show a good fit to the equation
T(t) = a1 + a2cos[(t2π)/365.24] + a3sin[(t2π)/365.24]
+ a4cos(t2π) + a5sin(t2π).
This implies that, at least in these lava tube caves, accurate
prediction of temperature is possible.
Pa‘auhau Civil Defense Cave, Mauna Kea Volcano,
Hawai‘i: A Lava Tunnel (“Pyroduct”)
Modified by Water Erosion
Stephan Kempe1, Ingo Bauer1, and Horst-Volker Henschel2
1

University of Technology, Institute of Applied Geosciences,
Schnittspahnstr 9, D-64287 Darmstadt, Germany.
kempe@geo.tu-darmstadt.de
2
POB 110661, D-64221 Darmstadt, Germany

Pa‘auhau Civil Defense Cave was surveyed and geologically inspected by the authors in 2001. It is located on the
heavily eroded eastern flank of Mauna Kea volcano, in the
Hamakua volcanics (200-250 to 65-70 ka). It is the largest
lava tunnel (“pyroduct”, “lava tube”) known on this volcano.
Typical morphologic elements of natural lava tunnels are
present, including secondary ceilings, linings, base sheets,
lava falls, and lava stalactites. The cave has only a moderate
width and the cross section of the lava flowing in it did not
exceed 1-2 m2. The cave has a dendritic passage pattern and
is only a section of a once longer system (Fig. bottom). The
present entrance is situated at the downhill end of the cave.
It looks out into a modern canyon (Kahawaili‘ili‘i Gulch).
Upslope, the Alpine Stream Passage of the cave ends in
breakdown at the wall of the same gulch. The Main Passage
ends at a lava choke, and Mudcrawl and other side passages
end in mud and sand chokes. The presence of casts of large
trees shows that the cave lava transgressed a forested terrain.
Plunge pools expose a diamict which contains large blocks
in a fine-grained matrix with a red top layer underlying the
cave lava. The Table lists some of the morphometric characteristics of the cave.
Water of the gulch entered the cave upslope and traversed
much but not all of the cave modifying it substantially (see
Table (Kempe et al., Civil Defense Cave).
Morphometric characteristics of the cave.
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Fig. top). It left polished walls and ceilings, large plunge pools,
stream potholes, scallops, flutes, gravel, rounded blocks, sand
and mud. At high water it partially ponded, flooding high
elevation passages which then fed water back to the main
gallery. It excavated four large plunge pools, cutting through
the dense base sheet of the lava and exposing underlying
strata. Polished ceilings show where the water sumped in
several places. When in flood the speed of the water was
enough to create potholes and to remove blocks of the lava
from the cave’s margins and grind them to rounded boulders
and gravel. Even though dripwater presently collects in the
cave and flows along some sections of the floor, no water
has flowed out of the cave for a long time. The presence of
charcoal shows that nearly all the cave’s passages were visited
by ancient Hawaiians. They left numerous piles of stones,
cairns, and stone rings, and also placed stones on the walls.
The purpose of this is unknown. The presence of caves eroded
by flowing water in the lavas of Hawai‘i offers a new view
of deep-seated watercourses in volcanic edifices.
Kuka‘iau Cave, Mauna Kea, Hawai‘i: A Water-Eroded
Cave (A New Type of Lava Cave in Hawai‘i)

1

Stephan Kempe1, Marlin S. Werner2,
and Horst-Volker Henschel3
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Schnittspahnstr 9, D-64287 Darmstadt, Germany.
kempe@geo.tu-darmstadt.de
2
P.O. Box 11509, Hilo, Hawaii 96721-6509, USA
3
POB 110661, D-64221 Darmstadt, Germany

From 2000 to 2002, Kuka‘iau Cave (alias ThatCave/
ThisCave) was explored, traversed from end to end for the
first time, surveyed and inspected geologically. It is located
on the heavily eroded eastern flank of Mauna Kea, Hawai‘i
in the Hamakua volcanics (200-250 to 65-70 ka). Together
with Pa‘auhau Civil Defense Cave (a natural lava tunnel)
it is one of the first substantial caves described in detail in
lavas of Mauna Kea volcano. Furthermore, we assert that it
is the first cave known in Hawai‘i which owes its existence
entirely to stream erosion.
Kuka‘iau Cave is ca. 1,000 m long. It is used by an episodic
river that enters the cave by a series of waterfall pits. The
resurgence of the stream is 108 m lower than its insurgence:
thus the average slope is 9.8° (Fig. 1). 200 m before the exit
the intermittent stream passes through a sump where it flows
upward over a series of gravel chutes into a vadose passage
which follows the dip of the strata (Fig. 2 a-d).
The cave is essentially erosional in origin. We concluded
this from the geology of the strata exposed in the cave, from
its morphology and from the lack of typical lava tunnel features (such as pahoehoe sheets of the primary roof, secondary
ceilings, lava falls, glazing, etc.). At the upper entrance the
cave is located in a thick series of ‘aa. The lower section was
created by removing ‘aa and diamict layers, thus excluding
the possibility that the cave developed from a precursor lava
tunnel (“pyroduct”; “lava tube”). Also, in its phreatic sump
section, the cave makes several right angle turns and moves
upward through a series of pahoehoe sheets, unlike any lava
tunnel. Furthermore, the major section of the upper cave has
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Map for Kempe et al. Civil Defense Cave.

developed along a red paleosoil which forms a base layer.
Allophane and halloysite (minerals produced by weathering)
helped in sealing the primary porosity of this base layer causing
a locally perched water table. Water moved along this base
layer on a steep hydraulic gradient through the interstices in
‘aa and through small pahoehoe tubes. This exerted a high
pressure on the porous diamict of the lower cave, causing
its removal by erosion. These observations of water-eroded
caves in lavas in Hawai‘i offer a new perspective on deepseated water courses in volcanic edifices.
Feasibility of Public Access to Þríhnúkagígur
Árni B. Stefánsson
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gunnhildurstef@simnet.is

Þríhnúkagígur was fully surveyed in two field trips inSpring 1991. Public access to this tremendous volcanic
bottle-shaped chimney subsequently has been proposed and
discussed several times.
A tunnel to the bottom of the vault has been considered

repeatedly. That proposal is not attractive. Although the vault
is impressive from the bottom, the view basically is of bare
country rock devoid of its original lava coating and formations,
for tens of meters upward. This is not especially exciting, nor
is standing on the pile of fallen rock at the bottom. Because
of weathering of the uppermost part of the shaft and because
of falling snow, ice and other debris, danger from rockfall
and shatter exists within a radius of 10m from the center line.
The possibility of additional rockfall from the overhanging
sides of the shaft has not been investigated.
A spiral stairway down the shaft would damage notable
lava formations in the narrow funnel at the top. It also would
spoil the view of the impressive crater opening at the top of
the cinder cone. For the vault to be enjoyed, a spiral ladder hanging from the top would have to be 65m long. Its
construction would not be feasible, nor for most persons to
descend and ascend it.
A few months ago, a new idea came to the author. At about
-60 m, the shaft could be accessed through a 200 m tunnel.
With reflection and study of our maps, the idea became even
more attractive. At that level, a grid view balcony under the
closed NE vent would be under an overhang of solid rock
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Figures for Kempe et al. Kuka‘iau Cave
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where the shaft widens. Thus it would be sheltered from
falling rock and snow. Intact lava formations are impressive
at this level, and would be in no danger of damage. The
sight downward into the widening chamber is as if one were
standing on the top of a 20-story building inside a mountain.
Two such buildings would fit in this space, side by side. The
openings of two tunnels about 4 x 4 m would occupy only
about 1:1000 of the wall space. Between such tunnels, a
balcony for lighting would do trivial damage to the walls. A
light, stable chain fence around the opening at the top would
suffice for protective work, thus making the awesome pit
accessible and conserving it at the same time.
Whether or not this engineering project can really be done
has not been decided, but preliminary work has begun. The
author would welcome constructive input.
Volcanic and Pseudokarstic Sites of Jeju Island
(Jeju-do), Korea: Potential Features for Inclusion
in a Nomination for the World Heritage List
1
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Scientific research has been conducted on various features of
Jeju Island, looking toward a nomination as a World Heritage
Site. The Island contains a variety of volcanic landforms and
more than 100 lava tube caves of geological and speleological significance. It essentially consists of one major shield
volcano, Hallasan (Mt. Halla), with satellite cones around its
flanks. Especially notable features include maar (Sangumburi),
parasitic cones (Geomunoreum and Seongsan-Ilchubong),
giant lava tubes (Bengdwi Cave, Manjang Cave, Gimnyeonsa
Cave, Dangcheomul Cave and Susan Cave), an exposure
of columnar jointing at Daepodong, a volcanic dome (Mt.
Sanbang) and the Suwolbong tuff deposits. Especially notable
are the lava tube caves, which show a complete flow system
and display perfectly preserved internal structures despite
their age of 0.2-0.3 Ma BP. Dangcheomul Cave contains
calcareous speleothems of superlative beauty.
Four aspects are identified which demonstrate the congruence of specific features to criteria for World Heritage
status:
1) The volcanic exposures of these features provide an
accessible sequence of volcanogenic rocks formed in three different eruptive periods between 1 million and a few thousands
years BP. The volcanic processes that made Jeju Island were
quite different from those for adjacent volcanic terrain;
2) The listed features include a remarkable range of internationally important volcanic landforms that contain and
provide significant information on the history of the Earth.
The environmental conditions of the eruptions have created
diverse volcanic landforms;
3) The largest and most spectacular lava tube caves are
located in the western and north eastern parts. With a length
of 7.416 km, Manjang Cave is one of the longest and most
voluminous. Its single passage contains two (locally three)

levels. Other, shorter caves (i.e., 4.481 km Bengdwi Cave) are
more complex in form. Susan Cave is a beautifully formed
classical lava tube with 4.393 km in length;
4) Of great significance are the abundant carbonate speleothems seen in some low elevation lava tube caves. This
phenomenon is very uncommon, and the spectacular caves
in which it occurs on Jeju Island are generally acknowledged
to be world’s leading examples. Dangcheomul Cave can be
considered to be the world’s most beautiful lava tube cave
containing calcareous speleothems.
Closed Depressions on Pahoehoe Lava Flow Fields and
Their Relationship with Lava Tube Systems
Chris Wood, Rob Watts, and Paul Cheatham
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Closed depressions have long been recognised as significant
features of basaltic pahoehoe lava flows, but their origin has
been greatly misinterpreted. Many depressions have been
classified as collapse features, while some scientists deny
the presence of collapse forms and regard all such features
as lava rise pits. In their study of Icelandic pahoehoe lava
flow fields the present authors recognise the presence of five
different types of closed depressions, which they classify as:
open skylights in the roofs of lava caves, conical depressions
caused by surface collapse into underlying voids, lava rise
pits, shallow sags from the draining of lava rises, shatter rings
or collapsed tumuli.
This paper will describe examples of the different types of
depressions from the Laki lava flow field (Skaftáreldahraun)
and the Hallmundarhraun, and will discuss the role of lava
tubes in their formation. It will be seen that an understanding
of the forms of closed depressions assists interpretation of
the style of emplacement of historic and ancient lava flow
fields.
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In 1998, the Regional Government of the Azores established
a working group (called GESPEA) to be in charge of studying
volcanic caves of the archipelago. This was done because of
the rich geological and biological resources and values of
the volcanic caves of this region, and their uniqueness. This
group is developing a data base and a classification system
intended to gather all available information on these caves.
It also intends to streamline management of Azorean caves
and pits for tourism as well as scientific study.
The various volcanic caves the Azores jointly form a distinct entity. As a whole they provide a diversified geological,
biological and aesthetic patrimony that must be publicized
and protected in ways consistent with each of these factors. In
addition to developing the data base and classification system,
the GESPEA is working on policies for overall protection,
and on specific legislation where special needs exist.
Analysis of Iron Speciation Microstructures in
Lava Samples from Hawaii by
Position Sensitive X-Ray Absorption Spectroscopy
Stephan Kempe1, G. Schmidt2, M. Kersten2, and B. Hasse3
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3 DESY-HASYLAB, Notkestr 85, D-22603 Hamburg, Germany
1

As a result of rapid cooling and solidification of liquid
lava after eruption, many volcanic rocks are fine-grained and
homogeneous. However, many of them contain fragmented
minerals which formed before the eruption and are evident
as comparatively large particles within a fine matrix. Also
the rock may contain numerous vesicles formed by gases
expanding within the melt.
Iron is a common element in volcanic rocks. It may be
present in different states of oxidation, depending on the time
and speed of oxidation processes during and after cooling.
Hematite is specifically noticeable in the form of a thin,
shiny bluish-grey layer on surfaces of natural lava tunnels,
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which have been active for a long time. This shiny layer is
commonly called “glaze”.
X-ray absorption fine structure spectrometry (XAFS) has
become a powerful, widely-used method of speciation analysis.
It allows direct, non-destructive determination of chemical
bonding forms of selected elements, provided that they are
present in sufficiently high concentration and suitable reference data are available. Analysis of the near-edge structure
(XANES) of the absorption spectrum provides information
about the valence state and coordination geometry. The valence
determines the exact location of the absorption edge on the
energy axis, called the edge energy (E0). The coordination
influences the shape of the absorption edge.
The standard application of XAFS is bulk analysis of
homogenized samples. If a sample contains several different
species of the selected element, it may be possible to identify all components from the resulting absorption spectrum
although without gaining any information on their spatial
distribution. Spatial XAFS analyses of metal speciation in
solid samples at the micrometer scale have been largely limited to spot analyses, using a microfocussed beam directed
at a few pre-elected spots on the sample. The investigation
of entire sample areas by this method is not practicable
because a spot-by-spot collection of absorption spectra is
extremely time-consuming. Only a few attempts have been
made to perform XAFS imaging experiments by parallel
detection (Kersten and Wroblewski, 1999, Mizusawa and
Sakurai, 2004).
Lava glaze samples from Three Fingers Mauka Cave,
Mackenzie State Park, Hawaii were analyzed. The rocks
which form these lava tubes are known to contain different
ratios of FeO / Fe2O3, depending on their location (Kempe,
2003). In thin sections, some particles up to 1 mm in diameter
were visible within the fine matrix. Details of the analyses
will be presented.
The micro XAFS experiments were conducted at HASYLAB Beamline G3. A spatially resolved image of the sample
area penetrated by the monochromatic beam (approx. 10 mm
wide and 5 mm high) was recorded directly on the X-ray
sensitive CCD chip of the camera
(Hamamatsu C-4880, chip dimension 13 x 13 mm, pixel
resolution 13 µm, cooled down to 65 °C). The shutter was
synchronized with the readout of the CCD and the ionization chambers (I0 in front of the sample, I1 behind it) so
the exposure time could be optimized by normalizing it to
the I1 reading. The energy range was from 7000 to 7400
eV with incremental steps of 1 eV, so each scan contained
a sequence of 401 images along with the readings from the
ionization chambers. The monochromator was stabilized
electronically.
The image sequences were processed using specific IDL
routines and the remote sensing software ENVI. After creating a stack of absorption coefficient images, the Minimum
Noise Fraction (MNF) transformation was calculated for an
energy range of 100 eV around the absorption edge. Thus
the areas on the sample with the most evident differences
in the image range around the absorption edge were found.
Then classes of different XAFS spectra were identified by
selecting specific features from a scatter plot created from
two eigenimages. The according spectra were obtained by
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summarizing the absorption spectra of all pixels which were
assigned to the same class. E0 was defined as “halfway up
the absorption edge”.
The varying shape and height of the absorption edges
reflect the inhomogeneous distribution of iron in the sample
with a clear resemblance of the map to the visible structures.
The E0 values obtained from the average of three scans are
7117.73 eV for class 1 and 7118.15 eV for class 2. These must
be interpreted with some caution. A precise calibration of the
monochromator was not possible, and since energy steps of 1
eV were used, the difference between the E0 of classes 1 and
2, which is less than 1 eV, may not be significant. However,
each scan showed the same E0 with only negligible variation,
and the same difference between classes 1 and 2: thus it is
believed that the average can be trusted quite well. The edge
energy of trivalent iron species is known to be approximately
2 eV above E0 of divalent species.
The results of the present study suggest that the samples
contain an inhomogeneous mix of different iron species with
slightly different valence states. Pyroxenes and/or olivines
are the most likely components, and some hematite particles
also may be present, although they could not be seen in the
sample. Due to the lack of calibration and the small difference
between the absorption edges, a more definite identification
of species is not possible at this point. For this purpose, a
better signal to noise ratio is needed so that the full EXAFS
spectra can be analyzed, not just the XANES region.
With this setup, position sensitive x-ray absorption spectroscopy is possible at about 10µm spatial resolution. By
detailed examination of the XANES spectra, information about
differences in Fe concentration and oxidation state between
areas was obtained. Future efforts will focus on samples with
clearly visible hematite glazing while avoiding the presence
of holes in the samples. With an improved setup, we will seek
to make the full EXAFS range usable for analysis.
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Located in the Malha Grande lava field, Gruta dos Balcões
is the longest cave on Terceira island. The current length of
its mapped passages is 4.421 km.
Recent field surveys have shown that two other nearby lava
tube caves are probably isolated segments of the principal
tube of Gruta dos Balcões: Gruta dos Buracos and Gruta da
Malha Grande. This would make the total length of Gruta
dos Balcões system about 5.021 km. Further, other lava tube
caves north of Gruta dos Balcões (e.g. Terra Mole, Cascata,
Principiantes, Opala Branca and Chocolate) are in the same
flow field and probably also belong to the same complex. If
this is true, the total length of the Gruta dos Balcões Complex
is around 6 km. This would make Gruta dos Balcões the
longest lava tube system in the Azores, surpassing the Gruta
das Torres lava tube system on Pico island.
The Malha Grande lava tubes are believed to have been
formed by the eruption of Pico do Fogo volcano 240 years
ago. Its caves are occasionally visited by local people and
need protection from vandalism above and below ground.
Moreover, the presence of cattle is creating some disturbance
in and around entrances to some of the caves. We recommend that this notable area of large and beautiful caves be
specifically managed to protect and preserve its extraordinary
underground resources.

