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14™ INTERNATIONAL CONGRESS OF SPELEOLOGY
OPENING CEREMONY
MONDAY 22 AUGUST 2005
09:00 Arrival of congress participants
Speleological photo show
10:00 Arrival of Deputy Minister for Tourism H.E. Mr. A. Liaskos
Receiving the Deputy Minister and other political officials:
Prof. Petros Themelis, President of the Organizing Committee
Mr. Christos Petreas, General Secretary of the Organizing Committee
Mr. Jose Labegalini, President of UIS — Union Internationale de Spéléologie
Mr. Andrew James Eavis, Senior Vice-President of UIS — Union Internationale
de Spéléologie & Ex-Officio Member of the Organizing Committee »
Mr. George Antonopoulos MD, President of the Hellenic Speleological Society
Mr. Konstantinos Zoupis, President of the Hellenic Federation of Speleology
10:30 Opening Ceremony of 14" International Congress of Speleology
' Masters of Ceremony: Mr. Andrew Eavis & Mr. Christos Petreas
Official Introduction / Welcome | Prof. Elias Mariolakos,
Organizing Committee 1% Vice-President
Official Opening of Congress H.E. Mr. Anastasios Liaskos
Deputy Minister for Tourism
Welcome from the Ministry of Mrs. N. Kyparissi, Director of Prehistoric and
Culture Classical Antiquities, Ministry of Culture
Welcome from the Organizers Mr. George Antonopoulos, President of the
Helienic Speleologicai Society
Mr. Konstantinos Zoupis, President of the
Hellenic Federation of Speleology
Welcome from the UIS - Union | Mr. Jose Labegalini,
Internationale de Speleologie UIS Bureau President
11:00 Official inauguration of Exhibits | H.E. Mr. Anastasios Liaskos
and Stands Deputy Minister for Tourism
International Speleological Mr. J. Labegalini, UIS President,
Photo Exhibit and Mr. Andrew Eavis, UIS Senior Vice President,
. . Prof. E. Marilakos, 1% Vice President, and
Special Photo .Exh'b't o.f HSS Mr. Christos Petreas General Secretary,
Cave Exploration in Evia 14™ o .
Island 4" ICS Organizing Commltteg,
Mr. George Antonopoulos, President of the
Exhibit Stands by National Hellenic Speleological Society
Associations, Clubs, Mr. Konstantinos Zoupis, President of the
Organizations, and Speleo Hellenic Federation of Speleology
Groups other UIS, international and Greek officials
11:30 Press Interview by Deputy Minister, UIS and Greek officials
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SPELEOC AWARDS

14" |CS ATHENS 2005 ~ SPELEO AWARDS

Publications Awards

Special Prize: The Encyclopedia of Caves Edited by David C.
Culver and William B. White, Published by Elsevier, 2005

Special Prize: Encyclopedia of Caves and Karst Science Edited by
John Gunn, Published by Fitzroy Dearborn, 2003.

1Y) Speleo-karstologie et environnement en Chine, Publisher: FFS
& Association Francaise de Karstologie, 2004, Authors: Richard
Maire, Jean-Pierre Barbary, Zhang Shouyue, Nathalie Vanara,
Jean Bottazzi

2" Die St. Beatus-Hohlen, Publisher - Spelec Projects, 2004,
Editor - Philiop Hauselmann

2" Beneath the Cloud Forest - A History of Cave Exploration in
Papua New Guinea, Publisher - Speleo Projects, 2003, Author -
Howard M. Beck.

Best Film Awards

1% International Cave exploration team - CaveX Team and film
studio (Krylia Rossii) “Speleology: a Journey to the Centre of
Earth”: The exploration of the 2080 m deep Voronia- Krubera Cave
in summer 2003.

2" N. Chalkiopoulous and K. Adamopoulos, “Ancgeia 2002 -
Caving expedition in Crete”.

3% jan Ellis Chandler, “In Sight of Light”.

Best Posters Awards

1%) “Origin and diagenesis of cave corals in the lava tubes of Jeju
island, Korea” K.C. Lee, D.W. Choi and K.S. Woo.

2" “Conservation of Ballet cave, Brazil”, H. David

2"% “The Svarthammar project”, North Norway, S. E. Lauritzen, L. _
Baastad and J. Bjorlier.

Best Pictures Awards

1%y Robbie Shone, “Titan taken from roof dome 145 meters above
floor level showing the breakthrough window where the surface
shaft connects”

2" George Avagianos, “Cave of Lakes’
3" George Avagianos, “Reflecting drops”

Best Portfolio Awards

1%y George Avagianos, “Caves of Greece”

2”d) Michael Queen, Stuart Kogod & Jack Soman, “Guadalupian
images by Karst Featuras”

Best Discovery and
Exploration Awards

1% The “Krubera Cave”, Abkhazie, in Georgia -2080 m deep; the
first cave situated deeper than 2km Expedition “The Call of the
Abyss” group of the Ukrainian Speleclogical Society

Honour prize: The exploration of “L'Ardéche souterraine”, France.
More than 60 km of submerged galleries had been connected
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Study of karst development and possible leakage from the sazbon dam, Iran

Raeisi, E., Aghdam, J., Zare, M, and Karimi, H.
Department of Geological Science, Shiraz University, Shiraz, Iran

Abstract

The Sazbon Dam site is located on Seymareh River in the upper parts
of Karkheh Basin, Ilam province, west of Iran. The dam will be construct-
ed on karstified Asmari Formation and part of the reservoir will be in
direct contact with this formation. The Asmari Formation is sandwiched
between the two impermeable marly formations of Pabdeh-Gurpi and
Gachsaran. In 18 piezometers constructed for this purpose, the water level
was measured daily during the wet season and once per week in the dry
season for a period of 10 months. The major ions, electrical conductivity
and temperature were measured six times in all the piezometers, springs
and six locations within the Seymareh River. Based on the water level in
piezometers, the direction of flow is determined to be from the dam abut-
ments towards the Seymareh River. The piezometers were classified based
on the geochemistry and permeability. Ten kilograms of uranine were in-
jected in a 200 meter deep borehole in the right abutment and inside the
reservoir. This borehole, constructed in the Upper Asmari Formation, had
very high permeability. All the piezometers, springs and the six locations
of Seymareh River were sampled for five months. The dye concentration
was measured by a Schimadzo Spectrofluorometer. Dye was detected in
four borcholcs on the left abutment, two of them downstream the dam
site. The dye tracing revealed that the water flows against the dip of the
Lower and Upper Asmari Formations. The dye velocity was in the range
indicative of a diffuse regime. Two alternative schematic models of flow
direction and karst development were proposed based on the dye tracing
results. One of the models was selected as the most probable alternative
based on dye tracing, water table level, electrical conductivity, perme-
ability, and geological setting. The karst aquifer in the Sazbon Dam area
may still have a conduit system in spite of the dye tracing results. The low
gradient of ground water level, valley development by Seymareh River,
high permeability of boreholes, lack of specific discharge points, limited
information from only one dye tracing, combination of diffuse and con-
duit flow in the flow route, and characteristics of the Asmari Formation in
other regions of Zagros are collective evidences of possible conduit flow
in the Sazbon Dam site.

Introduction

Leakage from dam reservoirs in karst terrains has been reported for
many dams all over the world. The prerequisite to a safe and reliable dam
reservoir is the proper understanding of the aquifer characteristics and the
karst conduit system. The Sazbon Dam will be constructed in the west
of Iran, with a height of 152 m and a reservoir capacity of 1.6 billion
cubic meters. The reservoir will extensively be in direct contact with the
karstic Asmari Formation. The objective of this study is to determine the
flow regime(s) (diffuse and/or conduit) and to present a schematic model
for flow direction in the karstic formation of Sazbon Dam, using sodium
fluorescein dye tracer.

Hydrogeology of the Study Area

The study area, the Lina Anticline, is located in the Zagros Simply
Folded Zone, Ilam Province, west of Iran. The exposed core of the Lina
Anticline in decreasing order of age is made of Tertiary Pabdeh-Gurpi

(marl and shale), Tertiary Asmari Formation (karstified limestone), Terti-
ary Gachsaran Formation (gypsum and marl) and Pliocene Conglomer-
ate (Fig. 1). The Asmari Formation is divided into the Lower and Upper
Asmari (Mohab Ghods, 1996). The more extensive surface karst features
and massive thickness of the Upper Asmari imply that it is more capable
of karst development than the Lower Asmari. The Seymareh River flows
on the surface of the Gachsaran Formation, and through a narrow valley
in the Asmari Formation (Fig. 1). The Sazbon Dam will be constructed
on the Lower Asmari Formation of the northern flank of Lina Anticline.
The reservoir water will extensively be in direct contact with the Asmari
Formation and may thus leak via the possibly existing small conduits in
the Asmai Formation, and consequently to the downstream sections of the
Seymareh River.
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Figure 1. Geological map of the study area

Method of Study

The major ions, electrical conductivity (EC) and temperature were
measured six times in all piezometers, springs and six locations within the
Seymareh River. The water level in 28 piezometers was measured daily
during the wet season and once per week in the dry season for ten months.
An injection borehole (8,), with a depth of 200 m, was constructed inside
the reservoir on the Upper Asmari (Fig. 1). The depth to water table was
about 120 m in this borehole. The permeability of S, was more than 100
lugeon in most parts. Ten kilograms of sodium fluorescein were injected
into the S, borehole. Injection of water into the borehole at a rate of 1 Us
was continued for 20 days in order to push the dye into the conduit system.
Water samples were collected from 14 boreholes, 7 springs, and 7 sections
of the Seymareh River (Fig. 1) for a period of five months. Bags of acti-
vated charcoal were placed in all the resurgences. The sodium fiuorescein
concentration was measured in all water samples by a Schimadzu spec-
troflurometer (model RF 5000) with a detection limit of 0.001 ppb.
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Figure 4. Dye concentration versus time in the S, S, S, and SB; boreholes

Result and Discussion

The water level in the piezometers shows that the flow direction in the
dam site is towards the river with a hydraulic gradient of 0.001 (Fig. 2).
EC increases towards the river, but the EC of the river itself is lower than
the EC of the boreholes near the river, implying that river-water does not
flow into the adjacent aquifer. Based on the dominant permeability, the

boreholes are classified to three groups (Fig. 3), A (50 to 100 Lugeon), B
(10to 50 lugeon), and C (less than 10 Lugeon). Group C includes only SB,
and Group B includes SB, and SB,. SB, and SB, are located in the Pabdeh-
Gurpi Formations and SB, far from the river. The high permeability of
most of the boreholes is indicative of possible karst developments in the
damsite. The Seymareh River discharge is more than 150 m*/s in the wet
season, which decreases to 50 m*/s in the dry season. No dye was detected
in any of the sampling sites except for the S, S ., S | and SB; boreholes.

These boreholes are located in the left side of the Seymareh Rwer (Fig. 1).
The dye concentration curves of the boreholes are presented in Figure 4.
The maximum dye concentration was 0.529 ppb in borehole S .

The dye was injected in the right side of the Seymareh River, but it
was detected in the left side, so it must be flowing below the Seymareh
River. Two alternative models of flow direction are proposed (Fig 3). In
model A, water from the injected borehole flows from the Upper Asmari
to the Lower Asmari in the left side of Seymareh River (Fig 5). Part of
the water joins the Seymareh River and a part flows below the Seymareh
River towards the right side of the river, being detected in the Sl(), S8,
and SB, boreholes.

Elavation from sea lovel (m)

Figure 5. Schematic flow direction in model A (flow direction ® )

The dye was not detected in the Seymareh River, because it was diluted
by the high flow of the Seymareh River to values below the detection limit
by the spectrofluorometer. The flow velocity of this model ranged from
1.15 to 2.03 m/h based on the first appearance of dye in the boreholes,
and 0.67 to 0.97 m/h based on time to peak dye concentration, assuming a
tortuosity of 1.5. The isopotential map shows that the direction of flow is
from the left side of the Seymareh River towards the river while the dye
flows beneath the river, being observed in the boreholes on left side of
Seymareh River (Fig.5). The flow of groundwater in two different direc-
tions is hydraulically possible (Freeze and Cherry1979), but it requires
discharging points for each direction. This seems to be an unlikely model
for the following reasons:

1. The S, borehole is located near the path of this model, therefore the
dye is expected to be detected in this borehole, at least as a result of
dispersion.

2. The groundwater must have a discharging point after flowing be-
neath the Seymareh River. No discharging points can be determined
for this model.

3. The flow route is mainly through the Lower Asmari Formation,
which is less karstified than the Upper Asmari Formation.

In the second model (B), the water of the injected borehole flows to-
wards the left side of Seymareh River in the upstream region (Fig. 3).
Part of the water joins the Seymareh River and part flows below the river.
The dye was not detected in this part of the river because the flow of Sey-
mareh River reduced the dye concentration below its detection limit by
the spectrofluorometer. The water then moves against the dip of the Upper
Asmari Formation parallel to the Seymareh River. Small fractures transfer




the water to the area of the S, S, S, , and SB, boreholes and finally to the
river itself. This model is based on the following reasonings:

1. Water flows in the Upper Asmari Formation in most parts of its
route. This formation is more capable of karst development than the
Lower Asmari.

2. The direction of water from the right side to the left side corre-
sponds with bedding planes and a fault.

3. Several small faults perpendicular to the dip of the Upper Asmari
Formation increase the chance of a water route in this direction.

4. The water table level and EC maps confirm the flow direction of
the proposed model in the region of the damsite on the left side of
Seymareh River.

5. The discharging points are the Seymareh River, but the dye can-
not be detected in the river because of high Seymareh River flow
rates.

In model B, the flow velocity in all the boreholes varies from 1.7 to
3.27 m/h based on the first appearance of the dye, and from 0.94 to 1.64
m/h based on the time to peak dye concentration. What follows justifies a
diffuse flow regime in the dam site area based on the dye tracing results:

1. Flow velocities through karst conduits for straight lines of more
than 10 km range from 4.5 to 1450 m/h (Aley, 1973; Bakalowicz,
1973; Kruse, 1980; and Williams, 1977). Millanovic (1981) reports
that from 281 dye tests carried out in Dinaric karst, flow velocities
varied over a range of 7.2 to 1880 m/h. Velocities less than 18 m/h
involve long underground retentions (Ford and Williams, 1989).
The maximum velocities of both models are less than 3.27 m/h
based on the first appearance of dye, and less than 1.64 m/h based
on the time of peak dye concentration, therefore it may be con-
cluded that the type of flow is mainly diffuse.

2. No cavities were observed in any of the boreholes.
3. No sinkholes were evident on the Asmari Formation outcrops.

Determination of the flow type is mainly based on the results of dve
tracing, but other criteria suggest that a conduit system may well exist in
the study area:

1. The valley has developed by the action of the Seymareh River. This
river was in direct contact with the different sections of Asmari
Formation for a long period, and the river water flowed inside the
joints and bedding planes, especially during high floods, making
possible the development of a conduit system.

2. The slope of water table on both sides of the Seymareh River is
about 0.001, which denotes the development of karst above the wa-
ter table. The Seymareh River acts as a base of erosion, therefore
the recharge water must be discharged in the Seymareh River.

3. The dye tracing results are only applicable below the water table.
The permeabilities of most of the boreholes above the water table
are in the range of 50 to 120 Lugeon which imply a possible con-
duit flow above the water table.

4. The injected borehole may be located in a region of diffuse flow,
taking the dye a long time to reach the main conduit. The dye-de-
tected boreholes may not be intersected with the main conduit, but
the water diverts to the boreholes via small fissures, increasing the
dye travel time. In other words, the dye route may be a combination
of diffuse and conduit flow, but the longer travel time of a diffuse
flow system reduces the average velocity to the range typical of
diffuse flow.

5. The detection of dye in a specific discharge point such as a spring
is the most reliable method to determine the type of flow regime.

gical Sociely

The discharge points are most probably beneath the surface of Sey-
mareh River. The absence of a distinguishable discharge point re-
duces the credibility of the calculated velocity.

6. Big springs emerge from the Asmari Formation in other regions
of Iran, suggesting that this formation has the potential of conduit
development (Raeisi et al., 1999; Karimi et al., 2003; and Raeisi,
2004) but the high flow rate and depth of the Seymareh River con-
ceals the springs.

7. The entrance of fossil caves are most probably filled by sediment
washes on the steep slopes of anticlines in the Zagros (Raeisi and
Laumanns, 2003), therefore, the absence of big caves on the steep
slopes of Lina Anticline is not necessarily a proof of diffuse flow in
the region.

Dye tracing presents the characteristics of a karst aquifer from the in-
jected boreholes to the dye-detected boreholes. Therefore, it is not capable
of determining karst characteristics above the water table and in regions
outside of the dye route. It may be concluded that the results of the present
study are not conclusive enough to determine the type of flow and degree
of karstification in the study area, and consequently, the dimensions of
the grout curtain. A short grout curtain may increase the leakage from the
reservoir and a long one is very expensive. An extensive study on karst
hydrogeology, including hourly variations of water table in boreholes and
river level during the wet season, distribution map of surface karst fea-
tures, valley evolution, water balance of Lina Anticline, geomorphology,
and geophysics is required to give a deep insight of the study area. One
dye tracing test does not provide enough information to determine the
karst hydrogeology of the study area. It is recommended that at least two
dye tracings be done on both abutments of the damsite. The dye injected
borehole should be located in front of the proposed grout curtain, as close
as possible to the dam, thus allowing the determination of karst develop- [
ment before and after the proposed grout curtain. .

Conclusions

The future Sazbon dam abutments and part of the reservoir are in di-
rect contact with the karstic Asmari Formation. Dye was injected into a
borehole inside the reservoir of this future dam. The dye was detected at
low concentrations in four boreholes on the left side of Seymareh River.
The dye velocity was in the range of diffuse flow. The most probable sche-
matic flow model is proposed considering the dye tracing results. Based
on this model, the water flow path is from the right side to the left side of
the Seymareh River in the bedding plane of the Asmari Formation, then
it changes its direction perpendicular to the dip of the Asmari Formation.
The small fissures transfer the water to dye-detected boreholes and finally
to the Seymareh River. The karst aquifer in the Sazbon Dam region may
have a conduit system in spite of the dye tracing results. The low gradient
of groundwater level, valley development by Seymareh River, high per-
meability of boreholes, lack of information of specific discharge points,
limited information from only one dye tracing, combination of diffuse and
conduit flow in the flow route, and characteristics of the Asmari Forma-
tion in other regions of the Zagros are collective evidences of possible
conduit flow in the Sazbom Dam site. Extensive karst hydrogeclogical
studies and at least two more dye tracings are recommended to determine
the possible conduit system in the study area.
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Karst surface symbols: Proposition of a standard symbol set
Philipp Hauseimann

Institut fiir Bodenkultur, Peter Jordan Strasse 70, 1190 Wien, Austria, praezis@geo.unibe.ch

Introduction

After the successful installation of a standardized cave symbol set in
1999, the idea to standardize also the surface karst symbols was born.
In the last five years, the list presented below was created, mostly based
on the works of Bini et al. (1986) and Joly (1997). Since symbols at
the surface are not only of importance to cavers (and thus to the UIS),
the International Geographical Union IGU (John Gunn) as well as the
International Association of Hydrogeologists (Heinz Hoétzl) were iin-
formed and asked for collaboration.

The present list

The list presented below (Figs. 1-3) is the result of a rather long and
tedius work involving three iinternational bodies. Most of the ideas that
were presented were taken into account, and thus the list is near comple-
tion. The presentation here in Greece is thought to give a last opportunity
to other input before the list is voted by the national delegates that are
representated in the UISIC “Topography and mapping” working group.
Any country not having a delegate yet is kindly asked to get in touch with
me (address below) in order to be heard.

The list concetrates itself on karst features, and it is meant to be
“open”. This means that features not covered by the present list may be
added (of course it is expected that they be accompanied by a legend!).

The final aim of the list is that karst surface maps have a common and
internationally understandable set of symbols.

The future?

After presentation of the 1ist in Athens, eventual ideas and suggestions
will be considered. After that, the UIS delegates will vote on the finalised
list. Parallel to that the IGU will consult the list. The final vote is expected
to be in early spring 2006.

Then, the “Topography and mapping” working group will have to
consider another of the many tasks awaiting. Everyone having a ques-
tion or an idea is welcomed to contact the working group (address of the
author).
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Karst surface symbols - conventional signs 1

Karren field

spitzkarren field

roundkarren field

covered karren figld

Rinnenkarren

Heel-gintkarren
Tritkearren

Grikes f Oevasses

kamenitsas

nivokarsic niche

Perched bocks

Ddine
ddine with stieep slopes

Doling .
rim not wal defined
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partly eroded doline

field of colines

Uvala

Uvala with diffuse ecge

Bogaz

whaleback

Chicot

cone hill
hum, mogote

small scarp

Schichtireppenkarst

rimofactive pdje

rim of inactive polje
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Karst surface symbols - conventional signs 2
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undef. rim of act. olje

undef. rim of inaclive pdje

fluviokarstic canyon

dry valley (V)

dry valley (U)

Hind valley

pxcket valley

verfical (vauclusian}
sping (penetralde)

vertical ponor

fcave penetrabia)

vertical drycave

snow pit

estavdle (vert.horiz.dmp)

i
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horizontal spring
{cave penetralde)

horizontal ponor
(cave enetralle)

horizontal dry cave

Limit of undergraund
catchment area

captured spring (mp)

imp spring @rrow as shown
in pocket valley opional)

ponor fmpenetrabie)
stream

femporary stream

inactve valley foor
talweg

undergraund river
cannection

cave {underground)
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Karst surface symbols - conventional signs 3

~=1  rodfless cave

shelter

natural arch, bridge

karstc infillings

speleathems
not ufa)

ufa
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Factors, conditions and main development stages of the associated paleokarst - kaolin deposits system in northeastern Bulgaria

T.I Krastev

Abstract

The associated system of paleokarst-kaolin deposits in Northeastern Bul-
garia represents a geomorphologic phenomenon which is unique not only
for the territory of Bulgaria, but also for the World. The surface morpho-
logical complex of paleokarst occupies an area of 3,600 square kilometers.
Tectonically this region belongs to the Moesian platform and occupies the
nortwestern wing of large first order structure, known as the North Bul-
garian Dome. The rocks making it lie almost horizontally, slightly slop-
ing (3-4o, rarly 5-70) to the North and Northeast. There are no surface
tectonic breaches. The major lithostratigraphic units of natural outcrop in
studied region relate to karst genesis and are of wide geomorphological
range: Lower Cretaceous (Hauterivian, Barremian, Aptian and Albian),
Paleogene (Eocene) and Neogene (Sarmatian-Romanian), up to Quater-
nary (Plio-Pleistocene, Pleistocene and Holocene). The widely spread

limestones of the Rousse formation (Upper Hauterivian - Barremian
- Lower Aptian) have been subject to intensive and continious karstifi-
cation. The fossilized paleokarst morphology includes as small dish-like
slumps of isometric form sized 50x50, or 100x100 m, so some huge loop-
ing slumping forms covering areas from 0,3-0,6 up to 8-12 sq.km, which
dominate in the paleokarst topography. Among them some separate lime-
stone swellings bulge (typical “hums”). A great depth characterizes the
paleokarst surface morphological complex running down to 140-170 m.
The morphology and morphogenesis of the paleokarst indicate, that its has
been modeled in the conditions of tropical climate, about 117-118 Ma BP
(Late Aptian - Lower Albian). Based on data from complex investigations
the main stages of paleogeographic development on the studied territory
have been identified.
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nying the rupture deformations caused by mentioned orogenic movements
(BAHUN, 1974). 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. In the area of Crnopac Mt. the summary amplitudes of
vertical neotectonic movements were estimated to the more than 900 m
(PRELOGOVI_etal., 1979).

Although the considered area is entirely made of carbonate sediments,
they can be classified into three categories (Fig. 1) concerning their per-
meability to water and hydrogeological characteristics. The largest part
of the terrain is built up of highly permeable and intensively karstified
Cretaceous breccias and limestones (K 1,2, K21,2), and especially Tertiary
carbonate breccias (Pg, Ng). In the same category belongs Upper Jurassic
limestones (J31,2) too. The sediments of the Middle Triassic Age (T22),
Lower (J11,2, J14) and Upper Jurassic Age (J2) go into the category of the
rocks of medium permeability. The permeability of these sediments de-
pends on the share of dolomites. Precisely due to a bigger presence of do-
lomites in relation to limestones, Upper Triassic sediments (T32,3) belong
to the group of rocks of low permeability. Hydrogeological relations are
defined by the position of the massif between the Gra_a_ko polje (547-
560 m a.s.1.) in the north, and the Zrmanja and Krupa River valleys that lie
close to the sea level (0-150 m a.s.1.) in the south. Results of groundwater
tracings showed a connection of the River Otu_a ponors (sinkholes) to
springs in the valleys of the Krupa and Zrmanja. The groundwater flow
velocities range from 0,37 to 3,85 cm/s, depending on hydrologic condi-
tions at the time of tracing.

Cave geomorphology and genesis

As already mentioned up to date 119 speleological objects have been ex-
plored in the Crnopac area. Concerning their depth and length, they are
classified into 4 categories shown in Table 1. The smaller caves with depth
or length below 50 m prevail in this area. The most significant speleologi-
cal objects are Muni_aba (-448 m, 3700 m), Kita Ga_e_ina (-338 m, 1002
m), Burinka (-290 m, 325 m), Michelangelo (-274 m, 65 m) Alibaba's
Jama/Pit (-212 m, 250 m), Gornja Cerova_ka Cave (-42 m, 2682 m) and
Donja Cerova_ka Cave (-22 m, 1295 m). We also have to mention that
explorations of Muni_aba i Kita Ga_e_ina have not yet been finished.

Table 1 Review of speleological objects by their dimensions

Depth category Number of Caves | Length category { Number of Caves
<50m 75 <50 m 83
50-100 m 26 50-100 m 20
100-200 m 13 100-500 m 12
>200 m 5 >500 m 4
Total 119 Total 119
Total depth (m) 6691 Total length (m) 13565
Average depth (m) 56 Average length (m) 114

In a geomorphologic sense, the explored area can be divided into two
zones. The area of side slopes spreads from 550 m a.s.1. (the sea level of
the Gra_a ko polje) to approximately 900 m a.s.l. The area above 900
m a.s.l. all the way to the very top (Veliki Crnopac, 1403 m as.l. ) can
be considered the peak part of the massif. Although the karstic plateau
spreading in the area of the Krupa and Zrmanja canyons can be also put
among the massif slopes, this area was not taken into consideration here.
The researches have not been finished and it is expected that further ob-
jects will be discovered; however, the existing sample can be representa-
tive enough for a basic statistical analysis. In the area of the massif slopes,
only 20 caves were explored (17 %). The total depth of those objects is
1170 m, and the total ground-plan length is 5970 m. This evidences that
mostly horizontal speleological objects are present in this area. The fact
that Upper and Lower Cerova ka Cave (all together 3977 m long) are
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situated in this area certainly contributes strongly to such results. Based
on the stated data, the relation of the vertical and horizontal karstification
component was calculated to 1:5,1. In the peak massif part (>900 m a.s.1.)
there arc entrances into 99 objects (83 %). Although pit-type objects pre-
vail here, the total depth of the explored objects is 5521 m while their total
ground-plan length is 7595 m. The relation of the vertical and horizontal
karstification component is 1:1,4. The mentioned length of underground
channels, i.c. the horizontal karstification component, is a consequence of
the large length of Muni_aba (-448 m, 3700 m) and Kita Ga_e_ina (-338
m, 1002 m). Concerning the fact that entrances into these two caves are
rather low, i.e. at 915 and 940 m a.s.]., their horizontal parts are entirely
developed in a lower hypsometric zone. If the total length of channels
in the peak zone decreased for their length, and is added to the length of
channels in the area from 550 to 900 m a.s.l., the relation of the vertical
and horizontal karstification component in the peak zone changes to 2:1,
and in the lower (slope) zone to 1:9,1. Ratios of the vertical and horizontal
karstification component calculated in this way, fit rather well in the es-
sential frame of the genesis of speleological objects in the Crnopac area.
Recent studies performed in the Dinaric karst terrain indicate that the
present landscape is very young. The majority of the most important and
most developed morphological features were created during the Pleis-
tocene and Holocene (FRITZ, 1992).

In the explored area the general karstification processes were directed by
the position of local erosion basis i.e., the Gra_a_ko polje (550 m a.s.1.)
in the north and Zrmanja and Krupa River valleys (0-150 m a.#s.1.) in the
south. Under such circumstances, as a morphological barrier Crnopac Mt.
has a very important role and controls the groundwater conditions and
underground discharge from Gra_a_ko polje toward south. At the same
time, the underground of Crnopac Mt. was exposed to strong karstifica-
tion. Constant tectonic uplift of Velebit Mt contributed to the develop-
ment of such streng karstification processes in the studied area. As it was
already mentioned, the summary amplitude of Neotectonic movements
for Crnopac area is estimated to more than 900 m. Simultaneously, the
Gra_a ko polje north of the Lika fault, as well as Krupa and Zrmanja
valleys south of the Velebit fault, represent relatively descended blocks.
The groundwater flows through the carbonate massif from the Gra_a_ko
polje toward the spring zone along the Krupa and Zrmanja valleys tended
to compensate these movements and thus it developed a network of deep
underground channels and the cave systems. The described mechanism
took important part in development of largest explored caves.

The Cerovac Caves that lie on 624 and 671 m a.s.l. represent old ponors
(sinkholes) of the Otu_a River. Recent, permanently or temporally ac-
tive, ponors developed along the south border of the Gra_a ko polje
(550 m a.s.l). Their entrances are choked up by deposited matter thus
making speleological explorations impossible. In spite the fact that the en-
trances elevation of the two large caves Muni_aba (915 m a.s.l.) and Kita
Ga e ina (940 m a.s.l.) belong to the higher morphological unit (zone),
their development should be related to the same genesis pattern, as well
as the activity of sinking waters from the Gra_a_ko polje. Namely, the
largest parts of mentioned caves represents generally horizontal channels
which developed within altitude range from 500 to 650 m a.s.l. Lower
channels characterised by large dimensions have been developed by
strong and concentrated underground flow. Recently discovered entrance
vertical shafts should be considered the youngest parts. The lowest point
in Muni_aba reached the elevation of 467 m a.s.l., that is about 80 meters
below the altitude of Gra_a_ko polje, but there is still no evidence of any
active groundwater circulation.

The speleological and cave-diving explorations in the discharge area,
both in the Krupa and Zrmanja River valleys, pointed out the existence of
several permanently or temporally active spring caves. The caves are up
to several hundred meters long.

The genesis of the caves in the higher zone (900-1400 m a.s.l.) is related
to dominantly vertical circulation through a deep unsaturated zone. The
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large number and density of caves is the consequence of a favourable
lithology. Namely, the uppermost part of terrain built up the massive
calcareous breccias that are very liable to karstification. The results of
cave exploration conducted in same deposits on other parts of Velebit Mt
prove the mentioned fact (KUHTA & BAK 1 , 2001). The largest pits
Michelangelo (-274 m) and Alibaba's Pit (-212 m) are located on altitudes
of 1283, i.e. 1080 m a.s.l. and they are too shallow to reach even the zone
of ancient horizontal circulation.

Conclusiens

Although difficult access and movement along the terrain as well as the
lack of potable water makes explorations significantly difficult, the area of
Crnopac Mt. is very attractive for speleclogical explorations. Central parts
of Crnopac are built up of Neogenic carbonate breccias, also known as
Jelar deposits. Lower parts of the mountain northern slopes are composed
of Triassic and Jurassic carbonate rocks while the Cretaceous sediments
are in the south. Their.common hydrogeological characteristic is a good
permeability which has enabled underground discharge of surface flows
from the Gra_a ko polje (Otu_a River) towards the springs in the Krupa
and Zrmanja River valleys. In these circumstances significant horizontal
speleological objects have been formed in the border, hypsometricaly
lower parts of the massif while jamas/pits prevail in the higher parts of the
terrain, i.e. in the zone of emphatically vertical circulation. Although the
zone of active underground flow for the time being has not been reached
anywhere, such enterprise would result in an extremely deep (and prob-
ably also a very long) object. Taking into account the fact that peak parts
of the massif go as high as 1400 meters above sea level and that the spring
zones of the Krupa and Zrmanja valley are situated at elevations from
70 to 150 meters above sea level, the depth potential of Crnopac is up to
1000 meters.
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Sediments and groundwater in the Baradla and Béke caves, Hungary

J. Berényi Uveges, G. Vid, I Berényi Uveges

Plant Protection and Soil Conservation Service, Budapest, Budadrsi, Hungary

Several studies were carried out on the genesis of Baradla and Béke caves
but no reliable information was available on the composition and char-
acteristics of the sediments filling the bottom of these caves. The aim of
our research was to gain basic information on these sediments. Sampling
was carried out by drilling. Particle size distribution and plasticity index
were determined as the first step. The majority of the sediments are loam,
sandy loam and clay loam. The samples from the Béke cave and the upper
part of the Baradla borehole are coarser and the bottom part of the Baradla
borehole is finer. Groundwater was found in both caves in the boreholes.
A water level observation well was constructed in the borehole in the
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Baradla cave. The groundwater level varied between 236 and 295 cm.
The hydraulical characteristics were tested by pumping test and inverse
pumping test. The water percolation is very slow, the well was not refilled
within 24 hours. The basic chemical parameters of the water in both holes
were analyzed. They were related to the analytical data measured in the
springs related to the two cave systems (Josva, Komlos, and Rovid-also
springs). The statistical method was cluster analysis and multidimensional
scaling. The presence of groundwater influences the hydrological charac-
teristics of these caves.
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The Stratigraphy of the Kabwe Cave of Rhodesian Man
A, Bartsiokas

Univ. of Thrace, Komotini, Greece

Abstract

The Stratigraphy of the Kabwe Cave of Rhodesian Man by Antonis
Bartsiokas Here, a reconstruction of the stratigraphy and speleogenesis
of the Kabwe Cave is provided based on the descriptions of the cave and
the known mineralogy of lead-zinc deposits found elsewhere. The tapho-
nomy of Kabwe (Rhodesian) man is also provided. The lead-zinc ore of
the cave has been formed 650-800 million years ago. The upper part has
been opened in sandstone and the lower part in limestone. The two parts
(bedrocks) of the stéeply dipping cave were separated by a water table. It
appears that lead and zinc would have been originated from the limestone
itself or the nearby Post Palacozoic shales and deposited as galena and
sphalerite in the cavities or the cave was formed during the dolomitization
of the limestone. It is concluded that in Broken Hill, where the Kabwe

Cave was formed, the protore of galena-sphalerite-pyrite core was oxi-
dized into cerussite - that occupied mainly the lower part of the cave - as
well as hemimorphite and limonite respectively - that occupied mainly the
upper part of the cave. Therefore, the stratigraphy of the cave from top
to bottom has as follows: Smithsonite and hemimorphite, relict galena,
cerussite, and finally sphalerite with galena. The whitish colour of cerus-
site and the yellowish colour of limonite have stained the bones of the
cave accordingly. Because the endocranium of the skull of the Rhodesian
man is covered by hemimorphite it follows that the skull -was originally
deposited in the upper cave and soon after it was transported in to the
lower cave where it was finally found. The water of the cave was respon-
sible for the lead poisoning of the Rhodesian man and the accumulation of
the cultural and bone material.
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The stratigraphy from the Loutra Aridéas Bear-cave (Pella, Macedonia, Greece) with Emphasis on two new chambers

Katerina Chaizopeulou
Geology School, Aristotle University, GR-54124 Thessaloniki, Greece

Abstract

The Loutra Aridéas Bear-Cave (Northern Greece) yielded a rich Late
Pleistocene fauna including large and small mammals. In the present
study, the stratigraphy of all excavated chambers is presented and revised.
The supply of the sediments and the possibility of a correlation between
the stratigraphical columns are also discussed. Two new stratigraphical
columns are added to the previous ones; a new square (R2) in the third
chamber of the cave (LAC III) and a new grid in the chamber of gours
(LAC Ic). The excavation project is still in progress.

Introduction

The cave-site of Loutra (LAC: Loutra Aridéas Caves) is located in
North Greece on the slopes of Voras mountain (2524 m), very close to
the former Yugoslavian border, about 2km from Loutraki village and
120km north-west of Thessaloniki (Fig.1). A system of caves has been
developed mainly in the north side of the V-shaped Rema Nicolaou gorge.
The broader area is situated near the geological boundary between Almo-
pia zone to the east and Pelagonian zone to the west (MERCIER 1968,
MOUNTRAKIS 1976) and it consists of Mesozoic metamorphic and
sedimentary rocks. The Rema Nicolaou gorge consists of Maestrichtian
limestone (Pelagonian zone) with intense karstik phenomena caused by
the Tertiary faulting of the area. A NW-SE striking ore-bearing fault zone
and the ENE-WSW striking Loutraki fault of 10 km length dominate
the wider area (PAVLIDES et al. 1990). Furthermore, several thermal
springs and travertine deposits that occur in the area are also attributed
to the neotectonic activity of the Loutraki fault (MOUNTRAKIS 1976,
ELEFTHERIADES 1977). The gorge of Loutra has a depth of 150 m,
through which Thermopotamos stream flows. The fact that the whole area
has been uplifted due to the intense neotectonic activity of the Loutraki
fault, could possibly explain the intense erosion.

The investigation of this area started in 1990 due to the great palae-
ontological interest. Eleven systematic excavation circles including mi-
cromammalian research, took place in 1992-1994, 1996, 1999-2005 by
Geology School of Aristotle University in cooperation with the Ephoria of
Palaeoanthropology and Speleology, Ministry of Culture and the Vienna

University. At first, there were three excavation-blocks of squares in three
chambers {LAC I, LAC 1T and LAC Ib) of the cave. During the excavation
in 2000, 2001 and 2005 a new grid was opened in the chamber LAC I
and another one was excavated in the chamber LAC Ic during 2002, 2003,
2004 and 2005 in order to add data to the study. The aim of the research is

the sediments as well as the palacontological material of all chambers to & '

be correlated. The research is still in progress.

Entrance
# Trench squares

Excavated squares

% Hominid skeletal remains

trench squares are shown.

Palaeontology

More than 15.000 ursid remains, that are described and analyzed from
five blocks of squares, are determined as Ursus ingressus. Other large
mammalian fauna remains found in association with cave-bears, confer
to: Vulpes vulpes, Crocuta crocuta spelaea, Panthera pardus, Panthera leo
spelaea, Bos primigenius, Capra ibex, Dama dama (TSOUKALA 1994,
1996, TSOUKALA et al. 2001, TSOUKALA & RABEDER 2005).

The micromammalian fauna shows a remarkable diversity of taxa (22
species belonging to 10 families) and a great abundance of bones and

14i Internalional Congress of Speleoloay




0

L 21-28 Augusi 2005, Kalumaos. Hellas

— Hellenic Speleological Sociely

teeth remains. All taxa excluding chiropters that have been recorded up
to now from the excavations from LAC I, Ib, II, III are: Erinaceus cf.
europaeus, Sorex sp. (S. araneus group), Sorex cf. minutus, Crocidura sp.,
Spermophilus sp., Arvicola terrestris, Microtus arvalis, M. agrestis, M.
nivalis, M. (Pitymys) cf. multiplex, Clethrionomys sp., Apodemus aff.
mystacinus, A. sylvaticus, A. flavicollis, Cricetulus migratorins, Mesocri-
cetus newtoni, Glis glis, Dryomys nitedula, Muscardinus cf. avellanarius,
Sicista subtilis, Spalax leucodon and Lepus cf. europacus (CHATZO-
POULOU et al. 2001, CHATZOPOULOU 2003, 2005).

Stratigraphy

During the excavating progress, the stratigraphical data were recorded
and samples of the sediments were collected. Some of the stratigraphical
columns were discussed in previous studies (CHATZOPOULOU 2001,
2003, 2005). In this paper two new square-trenches are presented with
emphasis on the third chamber of the cave (LAC III) and the chamber of
gours (LAC Ic). The previous reported columns (chambers LAC Ib, LAC
I, LAC Il and LAC 1II) are being revised.

Chamber LAC Ic. The chamber of gours is situated very close to the
today’s entrance of the cave. The floor is covered with gour structures and
is situated at the highest level among all chambers. The reddish and gray
sterile sediments overlie the fossiliferous beds (Fig.2). The fossiliferous
layer appears to be very thick in this square (~140 cm) although the fos-
sil material is relatively poor. A great number of pebbles were observed
throughout the brownish layer although there are fewer and smaller to the
bottom. The external surface of the stones of the lower fossiliferous beds
shows an alteration probably due to weathering. A sequence of thin calc-
crust layers with gray sand underlies the fossiliferous layer. All beds show
a SW inclination towards the center of the chamber. All the sediments of
this chamber are bored by plant roots due to its closeness to the open-air
slope of the gorge.

square G10

Figure 2. Stratigraphical sections of square G10 (LAC Ic). The depth in the sections
is considered from the reference-zero point of the cave and it is counted in cm. The
Jossiliferous layer appears to be very thick in this square (<140 cm) although the fossil
material is relatively poor.

Chamber LAC Ib, This is a very small chamber. Actually it is a sinuos-
ity of the main chamber showing a great palaeontological interest regard-
ing the abundance of large mammal bone remains (Fig.1). The sedimenta-
tion in V4 is basically clastic. All beds display the maximum thickness at
V4 and are wedging out towards the walls of the cave and the connection
to the main chamber (LAC I). The reddish and gray sediments overlying
the fossiliferous beds are similar to those of LAC Ic (square G10). At the
superior beds of the fossiliferous layer in V4 a great accumulation of large

stones and pebbles was observed (Fig.4). The lithological composition of
the pebbles represents the rocks of the broader area (limestones, dolomites,
ophiolites, phyllites). The fossiliferous layer is relatively thin (~40cm).
Thick gray sterile micaceus sand underlies the fossiliferous layer.

Chamber LAC 1. The central chamber is the wider one, while the level
of the floor is the lowest in the cave. The diversity of sediments is the
most remarkable of all chambers. In trench-square N10, the clastic mate-
rial dominates, although there are four thin calc-crust layers interposed
(Fig.4). The sediments are mainly brownish and small grained (clay and
silt). Below 250cm from the reference-zero point sandy beds with many
pebbles seems to be the deepest layer of the entire cave. The fossiliferous
layer is very close to the surface (<20cm). It is thin (~25 cm) and the upper
beds are consolidated to crust, sometimes with enclosed fossils.

“Chamber LAC 1I. The accumulation of sediments in Bear-cave was
in cyclic intervals. The alternation of clastic and chemical sediments is
more evident in D10. The calc-crust layers (Fig.4, oblique stripes) were
deposited during warm and humid intervals, while the clastic sediments
(sand, clay, silt) were accumulated during colder periods. The study of the
small grain size of the clastic sedimentation of the floor of the Bear-cave
is an evidence of slow water flow in the deposition site. This is the result
of the surface increase of water mass flowing inside the cave, as well as
of probable climate changes from wet to dry (TSIRAMBIDIS 1998). The
surface beds (Fig. 4, above the dotted line) are disturbed by unauthorized
diggings, resulting in an unequal thickness (25-60 cm) to the fossiliferous
layer.

Chamber LAC III. This chamber is the deepest area of the cave, al-
though there is a passage that links LAC I1I with the gour chamber (LAC
Ic) (Fig.1). At first, square R1 was excavated. The sedimentation is basi-
cally clastic and rather monotonous. The fossiliferous layer appears to be
very thick (~120cm). It is mainly brownish sandy clay dotted with white
calcareous pebbles and gravels. Some blackish lenses appear close to the
surface of the column. The fossiliferous layer ends on the limestone of the
floor of the cave. The small mammals in this square are very abundant
while the remains of large mammals are scarce and not well-preserved.
The excavation of R2 added new data when a series of layers were re-
vealed. All beds show a SW inclination (dip angle 30”) and are wedging
out towards the walls of the cave. That is expected since the layers are
thicker towards the center of the third chamber. The fossiliferous layer is
less extended, ending on a calc-crust. This crust must have been a palaeo-
floor of the cave since a stalagmite in situ (consolidated to the upper part
of the crust) is preserved (Fig.3). The fossiliferous beds must have filled
this part of the cave afterwards. The gray and reddish sterile sediments un-
derlying the fossiliferous beds show no similarity to those of other cham-
bers. Sedimentation ends on the limestone of the floor of the cave.
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Figure 3. Stratigraphical sections of squares RI and R2 (LAC III). The depth in all the

sections is considered from the reference-zero point of the cave and it is counted in cm.

The fossiliferous layer appears to be thicker in south-eastern part of the squares. All
i fonsyGanelusionsd are wedging out towards the walls of the cave.




Five stratigraphical columns are presented from the five square-trench-
es G10, V4, N10, D10 and R2 of the chambers LAC Ic, LAC Ib, LAC,
LAC Il and LAC I respectively (Fig.4). The only safe chronological and
sedimentological correlation of the five trenches is the fossiliferous layer
that is characterized by the presence of Ursus ingressus (TSOUKALA &
RABEDER 2005). Despite the distinctly different sedimentation in the
five square-trenches and the deviation in thickness, it is obvious that the
fossiliferous layer is placed at the same depth (-130cm) in the cave.

The mammalian fauna of the cave indicates a Late Pleistocene age.
Two dating projects of the sediments are in progress concerning trench-
square N10, one in cooperation with Vienna University (C14-AMS meth-
od-Centre for Isotope Research, University of Groningen) and the sec-
ond by the Laboratory of Archacometry of “Demokritos”, Athens (ESR
method). The age of the paleofauna is measured by C14-AMS method
about 37.000 years B.P. (dating of a bone sample from LAC I) (RAB-
EDER et al. in press). The ESR-absolute dating of the crust underlying the
fossiliferous layer indicated an age more recent than 20.000 years (KAM-
BOUROGLOU et al. 2006).

The best-preserved and abundant remains of large mammals are ex-
cavated from the center of the cave (LAC Ib, I & II), while in LAC Ic &
LAC III the material is scarcer. On the contrary, the abundance of small
mammals is remarkable in LAC III and is reduced towards the today’s
entrance of the cave (material from LAC Ic has not been studied yet).
Moreover, some teeth and bones of both macro and micromammals show
traces of transportation by water. These features could be the result of
the surface increase of water mass flowing inside the cave. During Late
Pleistocene the Thermopotamos stream was probably flowing 80m higher
than its today’s level. The lithological composition of the pebbles as well
as the small-grained depositions of the cave represents the eroded rocks
of the broader area. It is likely that during floods of the river, micro and
macromammalian remains were scattered inside the cave or entered the
cave like the sediments. Heavier material (long bones, skulls and large
pebbles) was deposited close to the supply of the sediments in the cave,
while lighter fine-grained assemblages (sediments and micromammalian
remains) were transported into deeper parts of the cave.
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Figure 4. Stratigraphical sections of trench square G10 (LAC Ic), V4 (LAC Ib), NI10
(LAC I), DI0 (LAC II), and R2 (LAC IIl). The depth in all the sections is considered
from the reference-zero point of the cave and it is counted in cm. The fossiliferous layer
appears to be thicker in G10 (~140cm). Despite the distinctly different sedimentation in
the five square-trenches and the deviation in thickness, it is obvious that the fossiliferous
layer is placed at the same depth (-130cm) in the cave.
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Palaeontological remains from the Manga Larga Cave (Santo Anténio plateau, Porto de Mds, Portugal) Panthera pardus (L., 1758) and
Felis sylvestris Schreber, 1777 - a case study between speleology and palacontology
Frederico T4t Regala®* & Jodio Luis Cardoso™*

Abstract

During a speleological survey at the Manga Larga Cave, a photographic record made at the time shows photographs of
an incomplete mammal skeleton laying nearly 100 meters below the entrance of the cave. Analysis of the photographs
revealed the identity of the skull ~ its morphology and size showed that it belonged to a large felid, probably a leopard.
This identification was subsequently confirmed by the osteometric data obtained from the analysis of the specimen.
After they were retrieved from the site and studied, the skull showed some uncommon morphological features. The
complete palacontological study was carried out under the scientific supervision of J. L. Cardoso. It is briefly described
in this paper and will be the subject of a detailed forthcoming edition.

The presence of this and other palacontological remains, namely from wild cat, in a profound and inaccessible area of
the cave, reveals the existence of unexplored galleries leading out. Comprehensive considerations concerning the
taphonomic processes determining the deposition of the remains of the leopard are also discussed. -

Location and brief description of the cave

Located on the western border of the Santo Antonio plateau (Porto de Mos), the Manga Larga Cave is a karst cavity
developed in the Jurassic limestone. The only known entrance opens at the altitude of 468 meters above Sea Level, on a
slope over the Mendiga polje. The geographic co-ordinates for the site are: 29 514622 E; 4 37 4672 N (UTM -
European Danun). The cave is formed by successive vertical pits and inclined galleries, with a vertical entrance shaft
measuring 55 meters deep. The bottom of this shaft leads on to an ascending gallery and to a small tunnel followed by a
series of four other pits, each of less than ten meters in depth. These are followed by a narrow corridor opening into the
gallery where the bone remains of the leopard were found, consisting of a sloping meander of fourteen meters with a
general south-north orientation, narrowing abruptly into a crevice. The walls, covered with flowstone and fragile
subaerial coralloids, converge gradually toward the top. The proximal third of the ground is composed of diverse sized
blocks revealing two distinet collapse moments in its history. First, a base layer of larger blocks covered with flowstone
cemented to each other and to the walls, and an upper layer of free smaller stones, without any flowstone, resulting from
a later collapse. Beyond this area of collapsed stones the ground is covered with flowstone.

The cave continues to the southwest ascending urregularly and down again into new pits and galleries. However,
describing the remainder of the cave must remain outside the scope of this paper. According to the topographic mapping
taken by SAGA — Sociedade dos Amigos das Grutas e Algares — it reaches to a depth of 185 meters below the level of
the eptrance.

Historical data

Discovered by the SPE (Sociedade Portuguesa de Espeleologia), this cave was the object of several explorations and
obstruction removal works, involving several speleologists and speleological societies, being published by C. THOMAS
(1985). The bone remains that constitute the object of the present paper were known to previous explorers who referred
to them as belonging to the skeleton a dog.

In January 2003 a speleological team from AESDA (Rui Luis, Valter Lufs and Bruno Oliveira) carried out a recognition
survey of the site. The photographic record obtained includes some images of the skeletal remains that allowed the
subsequent observation of the general morphological features of the skull. The possibility that it may have belonged to a
targe felid species, demanded a new visit to the site in order to determine the specific taxonomical identification of the
specimen. The significance and rarity of the remains justified their immediate record and collection.

Site characteristics

The incomplete skeleton was deposited over a thin layer of reddish-brown clay that covered part of the base rock and
the flowstone coating. Some of the bones were partially inlayed into the clay with the exposed surfaces clean of
sediment except for some inner spaces, cracks and orifices.

belone to the individual and dacnite

The bones belong to the same individual, and despite the generalised calcite coating along the surfaces of the cave and
part of the stones, they show no carbonate deposition, except in a small area of the skull. While the cranium and some
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Chronological consideration

There are no archaeological materials or stratigraphy suitable to establish a chronology for the remains found. Making
use of a small fragment extracted from the diaphysis of the humerus, an AMS radiocarbon dating was considered,
unfortunately without success since there wasn’t enough collagen present.

Under the circumstances a comparative chronological framework will have to be established with other known remains
found throughout Europe, especially in the Iberian Peninsula.

It is generally accepted that the most ancient remains of P. pardus known from Europe until now, date back to
Cromerian times. This is the case with the specimens from Mauer (SCHUTT, 1969; KURTEN, 1968) and Voigstedt
(KOTSAKIS & PALOMBO, 1979). There is, however, the possibility that some of the specimens go further back in time,
such as those from Hundsheim and Valonnet. According to BONIFAY (1971), because the ancestral forms of the leopard
are not known, its origins may have been outside the European continent.

The expansion of the European leopard attained its peak by the end of Middle Pleistocene, reaching the south of
England and the Alps of Transylvania by the beginning of the Upper Pleistocene (KURTEN, 1968). Climatic
deterioration during Wiirm seems to be responsible for the extinction of the leopard in Europe, not surviving beyond the
Aurignacian outside the Iberian Peninsula. In fact, Iberia appears to have been the last refuge of the European leopard
according to some Portuguese and Spanish archaeological contexts that included remains of this species. In this region,
most of the remains are reported to the Aurignacian (ALTUNA & MARIEZKURRENA, 1984), but they also occur later.
This is the situation of other Portuguese specimens found in Solutrean levels of Gruta do Caldeirfio, and in a deposit
dated to 22 730 = 880; 790 BP from Gruta das Fontainhas., (ANTUNES et al., 1989; CARDOSO, 1993). In Spain, at
Bolinkoba (Biscay), more recent leopard bones were collected from the Lower Magdalenian level III (CASTANOS,
1987). ALTUNA (1972), quoting Vega del Sella, mentions the presence of leopard in the Azilian context of La Riera
cave, suggesting cautiously the possibility that this species survived in that region until the Mesolithic.

Attending to the above, a time span of 700 thousand years is considered, with hardly defined limits, through the Middle
and Upper Pleistocene. Consequently, we can only think of a probable chronology, with most leopard remains from
Portuguese and Spanish sites dating from the end of Upper Pleistocene, especially during the Aurignacian period. This
would allow us to accept, with caution, that the leopard from the Manga Larga Cave may possibly be dated between 20
000 to 35 000 years BP.

On the presence of the leopard in the Manga Larga Cave

The leopard is characterised by expressive versatility, adapting to diverse habitats and food regimens. It inhabits wide
areas of Africa and Asia, through diverse environments varying from savannah to forest, plain to mountain, hot climate
to sub-zero temperatures. His presence in the Santo Anténio Plateau and its surroundings is therefore not a surprise.

Subterranean cavities are frequently used as shelters by females during the first stages of parental care. It is also natural
that, in the pursuit of prey, a leopard runs into a gallery or falls accidentally into a natural pit. On the other hand, the
skeleton that forms the subject of this study was found in a very deep and inaccessible gallery. raising questions about
the causes of such an apparently improbable occurrence. Actually, it’s not probable that a leopard would manage to go
through all the pits, corridors and passages that lead into the place of deposition, starting by the known entrance. His fall
into the first 55 meters of the shaft wouldn’t be surprising but the same can’t be said about the possibility of surviving
to such a violent fall, in order to reach the next pit of eight meters, fall again, and repeat that feat three more times in the
following three vertical shafts, connected by irregular corridors. He would have to move by his own means after each
fall, to reach the spot where he was actually found. For that reason we accept that this animal got into the cave through
another entrance, still to be found.

The gallery with the remains ends to the north into an unsurpassable narrow crack. Yet, it’s narrowing was formed by
the gradual thickening of the parietal flowstone deposition, so it would have been somewhat larger in previous times.
On the opposite side, the cave goes on forming a tortuous gallery with vertical and sub-vertical unlevelling, forming a
laborious progression for the speleologist and absolutely insurmountable for a leopard lost in total darkness. This
gallery leads to another vertical shaft reaching new lower levels of galleries. One of these extends southwest until it gets
too narrow for speleological progression, but may communicate or has once communicated with the outside. Such is
probable considering the presence there of two wild-cat skeletons, one of them laying in anatomical connection in mid
gallery and the other dispersed over the area where human progression becomes very difficult. It would be possible for
an animal with the constitution of a small leopard to eventually enter through this passage, but it excludes the
hypothesis of reaching the superior spaces for the obvious reasons of inaccessibility. Nevertheless, this occurrence
shows that in a deeper area of the cavity, animal remains from the outside are still present, indicating the existence of
unregistered galleries that communicate with the exterior.

The observation of the bone parts allows deducing that this feline’s death didn’t occur in the place where the remains
were found. In fact, most of the interior and interstitial spaces of the bones are filled with clay, showing that they were
once totally or partially embedded in sediment and suffered posterior anataxic phenomena. The infill of spaces in the
cancellous bone of the humerus indicates that the fracture occurred in the past, possibly being contemporary with the
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primary deposition. The absence of most parts of the skeleton and its anatomical disconnection denote also the
intervention of post-depositional factors. Moreover, the bone surfaces are washed and lixiviated, a situation that
indicates exposure to water. This is corroborated by the traces related to the evacuation of sediment from inside the
skull, forming drainage channels coincident with the natural orifices. Thin fissures in the bone surface, caused by long
exposure to the cave’s aerial or sub-aerial environment, are not filled with sediment, meaning that they formed after the
secondary deposition.

The existence of smashed bones with clean fractures may have been caused by a violent episode related with the final
deposition, or posterior to that. Same of the fractures could be recent, eventually caused by previous cavers, but simple
handling would not be responsible for such an intense fragmentation, and the location of the smashed bones is néar the
wall, not on the passage area. Furthermore, no clear signs of trampling where found and vandalism is excluded because
it would certainly fall upon the most significant parts.
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Another factor that substantiates the idea of a natural violent occurrence involving the remains is the fact that the
destroyed bones were found in a restrict area combined with a thin layer of clay. The collapse of clastic and clay
material over a part of these would explain them being smashed, but their origin remains unexplained. Consequently,
it’s sustainable that the bones were incorporated among the materials that collapsed, which would explain the existence
of a small part of the skeleton, merely from the animal’s anterior portion, anatomically displaced. It’s possible that some
bone elements contained in a clay volume, or on top of it, could suffer no significant damage during subsidence, and
others, caught by an impact zone, would be totally smashed. In the mean time, water flow may have removed most of
the clay material, only a small part retained in cavities of the bones and irregularities on the rock, especially in the area
of collision, together with the smashed bones. If the explained hypothesis is corrgct there must exist a gallery above that
area, with access to the exterior, In it, the thanatic phase of the process occurred as well as the primary deposition,
whose deposit collapsed partially, forming the secondary deposition under study.

Attempts were made to find the upper gallery from where the materials proceeded. The speleologists Rui Lufs, Hugo
Pelerito and Bruno Oliveira performed a climbing and discovered an unrecorded overlapping gallery with no signs of
paleontological vestiges. On a higher level, 13,5 meters above the top of the collapsed stones, they found another
opening, too narrow for speleological progression due to the amount of flowstone. However, according to information
given by Rui Luis, there was an air flow and a scent usually felt in subterranean spaces connected with the surface, with
large amounts of humus. No osteological remains are visible there. However, it is possible that carbonate deposits may
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have covered them completely. If the bone remains originate from that area, we have no conclusive evidence for that
yet.

Another aspect to consider is the location and development of the cave itself. It must be noted that the cave was formed
in a slope. Although the referred gallery reaches more than 100 meters above the entrance, that doesn’t mean that this is
the shortest distance to the exterior. It is possible that other karst openings connect or have once connected in a more
direct way to the vicinity of that place. Other faunal remains found in this cave demonstrate the validity of this idea. In
the same gallery were found a few skull fragments of a juvenile cat and the complete skeleton of a bird, probably a
chough. As referred already, in a deeper gallery, to the south, two more wild-cat skeletons were discovered (see
topography). Note that most of these faults are crevice-shaped, forming high chimneys of obviously difficult
exploration and undefined highs.

Conclusion

The leopard discovered in the Manga Larga Cave shows very peculiar osteometric characteristics but their
representativeness is diminished by the polymorphic tendency of the species. This is further evidenced by the number of
described subspecies. Besides the reduced dimensions of the specimen, the most remarkable morphological feature is
the proportion between the length and breadth of the skull, particularly the anterior region. It belongs to a small leopard
with broad head and short snout. The features that distinguish Manga Larga’s P. pardus strengthens the conjecture
proposed by HEMMER (1974) and sustained by CARDOSO (1993: 452), that southern Europe could have functioned as a
refuge area for distinct population groups of diverse geographical proveanience, pushed by glaciation transgressions.

The presence of the remains in an inaccessible zone of the cave must be evaluated against the background of dynamic
phenomena involved in the modification of the cave itself. Taking into account that this animal lived several thousands
of years ago, one must consider the effects of seismic events, hydric regimen modifications and carbonate deposition. In
fact, once open galleries may have become narrowed or obstructed through the formation of thick flowstone layers. The
absence of most of the skeleton, the distribution of the remains and even their location, indicate the participation of
post-depositional factors, suggesting that the bones came from a subterranean upper level, during a subsidence event.
Despite de speleological survey preformed, the specific location of the primary deposition is yet to be found.
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Caves in the Odyssey

David N, Brisen

8 rue d’Alsace Lorraine 92100 Boulogne sur Seine, France

Down through the centuries Homeric scholars, explorers, and naviga-
tors have debated if the places Odysseus visited could ever be located.
Two schools of thought developed for interpreting the events described
in Homer’s epic poem. The literary scholar’s approach claims that all
the incidents following the moment when Odysseus passed Cape Malea
must be purely mythical and imaginary. Whereas the historic geogra-
pher’s approach sees plenty of evidence that whole sections of this work
incorporate ancient Phoenician pilot’s instructions for known coastlines
and tales based on authentic experiences of those ancient mariners. By
careful study of The Odyssey text, the latter school has put forward many
theories as to where to look in the Mediterranean area for the nine caves
that Homer described.

In 1624 Philipp Clitver, a professor in Leiden, Holland, published
one of the earliest studies on the route of Odysseus and he put Calyp-
s0’s Ogygia Island in Malta. (Wolf 1968) In the centuries that followed
many others published their own confused theories, some of which were
so far-fetched as to put Odysseus in the Caspian Sea, or the Black Sea,
or as far north as Norway, and even in Iceland. In the last decade of the
19* century, one of the first serious researchers working in the field was
Samuel Butler who located the Cyclops Cave of Polyphemus near Trapani
in Sicily. Between 1906 and 1912, Victor Bérard did much to advance the
research, although some of his sites do not conform well with the text. In
the early 1920s, Richard Halliburton traced his own logical route. Then in
the 1950s, Lewis Pocock placed most of the landfalls in or near Sicily and
Gaetano Baglio proposed yet another route. One of the most consistently
reliable geographers, Ernle Bradford, sailed to all his proposed sites dur-
ing the 1950s. Around 1963, Attilio

Route of Odysseus suggested by Bradford - 1963

Gaudio visited the landfalls indicated by Bérard. Tim Severin sailed a
route in 1985 to establish that Odysseus must have encountered the Cy-
clops in Crete and then sailed up the west coast of Greece, right past his
homeland of Ithaca. Recently, at the turn of the century, Jean Cuisenier,
summed up some of the earlier theories and sailed to many of his own
chosen sites.

Each author seemed intent on promoting their own original ideas re-
garding the routes followed by Odysseus, ignoring most of the previous
research. Frequently researchers would lock onto one seemingly accurate
landfall and then build the entire route around that. Homer’s text is cited
when it nicely corroborates their theories, but Homer’s troublesome little
details are systematically omitted when they do not conform to a chosen
landfall.

The text tells us that, after the leaving the land of the Lotus-Eaters
(probably in Tunisia), his squadron of twelve warships arrived in the land
of the Cyclops in a “thick fog” and beached on the shores of a “luxuriant
island” located “not very far from the harbor of their coast, and not so
near either...which was the home of innumerable goats.” Many writers on
Homeric geography, intent on tracing the route of Odysseus, have skipped
over and neglected to locate this Goat Island or have found some island
off a likely coast but found that it lacks a landing beach. Bradford tells
us that the Isle of Favignana, off the northwest coast of Sicily was called
“Aegusa” or Goat Island in classical times, and, that when approaching
it from the south with the south winds blowing, one often finds these
islands enveloped in fog. At the head of the harbor on this island, Homer
writes “there is a stream of fresh water, running out of a cave in a grove
of popular trees.” Bradford noted that at Cala Grande on the southwest
coast here there was a shelving sand beach where Greek warships coming
from the south could easily land. The Italian Touring Club guidebook lists
seven caves for Favignana Island, some of which were found to contain
either Paleolithic or Neolithic remains.(del Salvio et al. 1989) Any cave
near Cala Grande that shows signs of a discharge point aught to meet the
requirements.

Seeing the smoke from the fires in the neighboring land of the Cy-
clops, Odysseus decided to take his ship and investigate. Sailing “no great
distance to the mainland coast ...as we approached its nearest point, we
made out a cave there, close to the sea, with a high entrance overhung
by laurels. Here large flocks of sheep and goats were penned at night,
and round the mouth a yard had been built with a great wall of stones.”
Various extravagant ideas have been put forward to localize the Cave of
Polyphemus, some even as improbable as the Canary Islands. Bérard puts
the cave at Posillipo near Naples, but this is an entirely artificial tunnel
dating to Roman times and never visible from the sea. Several research-
ers, starting with Butler in 1897, locate this cave not far from Favignana
Island, about five kilometers north of Trapani near Pizzolungo Point. Hal-
liburton hiked out there in the 1920s and took shelter from the rain in a
walled-in sheep pen cave near the coast called Grotta di Polifemo, which
he estimated to be fifty feet (17 meters) square and thirty feet (10 meters)
high. Thirty years later Bradford checked out this same cave and agreed
that “a band of men could easily be trapped” here.

After loosing the rest of his fleet to the cannibal Laestrygonians, Odys-
seus arrived on his ship at Aeaea Island, the home of the goddess-sorcer-
ess, Circe. He climbed a crag to reconnoiter and found that the island
was “for the most part low-lying, as all round it in a ring I saw the sea
stretching away to the horizon.” Later Circe tells Odysseus “to drag your
ship onto dry land and stow your belongings and all the ship’s tackle in
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a cave,” and then come and stay as her guests. They would need to hide
the oars, rigging, and plundered treasures from local thieves. The ancient
Greek geographer, Strabo, situated Circe’s home at Monte Circeo in Italy
and numerous Homeric geographers since have agreed. This 540-meter-
high promontory is attached to the continent by flat marshlands today,
but in the Late Bronze Age the sea may have covered this lowland. Over
30 marine caves run around the base of this limestone mount and many
of them could have served as a boat storage cave. Bérard proposed the
Grotta delle Capre which he measured at 36 meters long, 25 meters wide,
and 10 meters high. Today tourists are shown a large marine cave, Grotta
Azzurra della Maga Circe, but the text clearly states that Circe lived in
“a well-built castle of dressed stone.” Among other likely locations for
Circe’s Island, Gaudio has proposed the low-lying, volcanic Isle of Ponza
(27 kilometers south of Mount Circeo) as fitting the island’s description
more suitably and Pocock proposed the Isle of Ustica (70 kilometers
northwest of Palermo) with its Grotta della Barche, where boat tackle is
stered even today.

Next Odysseus must visit Hades, the Underground-Cavern of the Dead
and Circe tells him that the North wind will blow him to a “wild coast
and to Persephone’s Grove.” Homer puts the entrance to Hades’ Kingdom
where “the River of Flaming Fire and the River of Lamentation, which is
a branch of the Styx, unite around a pinnacle of rock to pour their thunder-
ing streams into Acheron.” Traditionally there are at least four entrances
to Hades: two in Greece and two in Italy. At the southernmost point of
Greece, in the ancient Tenarian settlement on the tip of the Mani peninsula
in the Peloponnese is a marine cave entrance that Orpheus used when he
went to bring Eurydice from the Underworld. In Epirus of northwestern
Greece at the confluence of the Acheron and the Cocytus, the River of
Woe and the River of Wailing, is a rock where another entrance can be
found. In central Sicily, near Enna, a cave on the south shore of Lake Per-
gusa is where Hades came out of the Underworld, kidnapped Persephone,
and took her back underground to be his bride.(del Salvio et al. 1989) But
the traditional location in Italy, for consulting the oracle of the dead and
entering Hades, was at the Lake Avernus, north of Baiae and west of Na-
ples. Many think that the latter location is where Odysseus went to dig a
trench and offer sacrifice so as to be able to converse with the dead spirits
that came forth to meet him. But, as Severin points out, the entrance to
Hades in Epirus fits better with the directions given in Homer.

Returning to Circe’s Island, Odysseus is given precise sailing instruc-
tions that will get him back to his home in Ithaca. After safely passing the
Sirens at the Galli Islands, he continues south and must pass through the
Strait of Messina. Now the early Phoenician mariners knew the whirlpools
of Charybdis on the Sicilian side and the headland at Scilla in Calabria.
The strait is from three to four kilometers wide, but in Mycenaean times
the dangerous currents and whirlpools of Charybdis must have been quite
formidable for a war galley. So Circe warns him to hug closely the high
rock promontory of Scylla and beware that, “halfway up the crag there is
a misty cavern, facing the west and running down to Erebus, past which,
my lord Odysseus, you must steer your ship. The strongest bowman could
not reach the gaping mouth of the cave with an arrow shot from the ship
below. It is the home of Scylla, the creature with the dreadful bark...she
has twelve feet, all dangling in the air, and six long necks, each ending in a
grisly head with triple rows of teeth.” The monster could well be a hybrid
mythical creature composed of elements of giant squid, dog’s heads, and
shark’s teeth. The 18*century Italian natural historian, Lazzaro Spallanza-
i, repoited that several smali caves and a large one caiied, Dragara, could
be found at the base of this 75-meter-high limestone headland and that the
waves crashing into these caves produced strange sounds. In 1912, Bérard
spotted a retaining wall, halfway up the rock, that seemed to conceal a fis-
sure cave entrance and he tried to explore it but was stopped by the Italian
Coast Guard. Several observers have surmised that the earthquake of 1783
destroyed any cave that was there.

After losing six men to the monster, a violent storm came up and Od-

ysseus was persuaded by his men to land on Thrinakia Island. Thrinakia
means “Island of the Trident,” but the name commonly given to Sicily in
classical times was “Trinakria,” meaning “Three-Angled Island,” for its
shape is an almost equilateral triangle. So, the text says, “we beached our
ship and dragged her up into the shelter of a cave, a pleasant spot which
the Nymphs used as a dancing-ground and meeting-place.” Bérard tried
to locate this littoral cave at a cape marked “La Grotta,” not far from the
strait, north of Messina, but all he found under the remains of a church
destroyed by an earthquake was the collapsed ceiling of a cave with a
spring. Bradford calculated that the ship should have sailed further down
the coast in a day’s time and would have reached the cove where Taormina
is now located. He writes, “there are still caves in plenty in this cove, as
well as two or three small beaches.”

Later his ship and all his men are lost in a storm, but Odysseus survived
by tying the mast and keel together. For nine days he drifted on the sea and
reached the “lonely” Isle of Ogygia, “far away in the middle of the seas,”
where the goddess, Calypso, welcomed him. Her “cave was sheltered by
a verdant copse of alders, aspens, and fragrant cypresses. .. Trailing round
the very mouth of the cavern, a garden vine ran riot, with great bunches of
ripe grapes; while four separate but neighboring springs four crystal rivu-
lets were trained to run this way and that; and in soft meadows on either
side the iris and the parsley flourished.” More than any other, this landfall
has generated considerable speculation by Homeric geographers. In 1624,
Philip Cluver proposed the Isle of Malta for Ogygia and later, both Baglio
in 1958 and Bradford in 1963 followed suit. In 1897, Butler suggested the
Isle of Pantellaria, located southwest of Sicily.

Calypso was the daughter of Atlas, who “with his own shoulders
supports the great columns that hold the earth and sky apart.” The At-
las Mountains are in Morocco and the “great columns” are the Rock of
Gibraltar on one side and Mount Acho on the other, so Bérard searched
along the Moroccan coast and found Perejil Island, whose name means
“parsley.” There he discovered a “vaulted cave” some 50 meters long and,
over on the African mainland, another cave with four springs. Throughout
his investigation Bérard persists in ignoring that Perejil Island is situated
close to the mainland, not in “the middle of the seas,” and it is far too
distant, almost 2000 kilometers, from the Strait of Messina for someone
drifting on a mast-keel raft, with a speed of at best one knot, to be able to
reach in nine days.

As early as the 3" century B.C., the director of the library at Alexan-
dria, Callimaque, had proposed the Isle of Gozo, just northwest of Malta,
as Calypso’s Ogygia Island. An old engraving shows this cave as an

arched opening at the north end of a limestone escarpment above
Ramla Bay. In the 1920s, Halliburton estimated the cave at thirty feet
(10 m) square and ten feet (3 m) high and “hung with beautifully shaped
stalactites.” There were “signs of the chisel everywhere,” indicating that
some portions of the cave were artificial. Later massive collapse occurred
due to local quarrying near and over the cave. In 1952, Shaw wrote that
“the interior of the cave consists of a series of low crawlways between
shattered chambers floored with angular fragments of rock.” While visit-
ing this cave in 1986, I found it much the same.

After seven years, Odysseus built a raft, sailed east for seventeen days,
and reached Scheria (modern-day Corfu) where the Phaeacians heard his
tale and escorted him south to his homeland of Ithaca. He landed there in
the cove of Phorcys and hid the treasures he had received from the Phaea-
cians in a nearby cave. The text reads, “At the head of the cove grows a
long-leafed olive tree and nearby is a cavern that offers welcome shade
and is sacred to the Nymphs whom we call Naiads. This cave contains a
number of stone basins and two-handed jars, which are used by the bees
as their hives; also great looms of stone where the Nymphs weave marve-
lous fabrics of sea-purple; and there are springs whose water never fails.
It has two mouths. The one that looks north is the way down for men,
The other, facing south, is meant for the gods; and as immortals come in
by this way it is not used by men at all.” Nearly all Homeric geographers
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G-10
PARFUM DE GRECE
Par Catherine et Jean-Carlo FAIT

Spéléo-club de La Ciotat - La Salamandre » 7, Les Ombelles Il Avenue Guillaume Dulac 13600 La Ciotat (1980 - 2004)
Villa jujube 19, chemin de Fardeloup 13600 La Ciotat (2005) « Tel/Fax: 04 42 08 56 31 e-mail: jcfait@mairie-laciotat.fr

Résumé: .

Catherine et Jean-Carlo FAIT, sont membres fondateurs du Spéléo-
club de La Ciotat (Bouches du Rhéne - France) qu’ils dirigent de main de
maitre depuis 25 ans.

Jean-Carlo FAIT posséde a son actif I’exploration de plus de 1500
grottes, a écrit de nombreux ouvrages et réalisé des films sur les cavernes
et les falaises de La Ciotat, dont il est le spécialiste incontournable. En
décembre 1989 il crée I'Institut du Monde Minéral. Né d’un pére Italien et
d’une mére frangaise il posséde la double nationalité et est né a Karditsa,
en Gréce, le 5 décembre 1959.

Aprés avoir été pendant longtemps trésoriére du Spéléo-club de La
Ciotat, Catherine REGNAULT-FAIT est aujourd’hui présidente de la
Maison des Falaises, créée en 1993, pour gérer et valoriser le site naturel
classé des plus hautes falaises maritimes d’Europe.

Au mois de septembre 1987 Catherine et Jean-Carlo ont organisé un
voyage en Gréce en compagnie de sa mére Rosette Tommasi et « Jo »
son beau-pére. Ce voyage initiatique d'un mois est pour Jean-Carlo un
pélerinage sur sa terre de naissance: d’abord sur les traces des bergers du
plateau d’Astraka ou s ’ouvre le mythique « Abime de la Provatina », 'une
des plus grandes verticales souterraines du monde, mais aussi a Karditsa,
a quelques kilométres des « Météores », région centrale de la Gréce et
dont les conglomérats rappellent étrangement ceux du Bec de I'Aigle a
La Ciotat. Un voyage de 6000 km a travers I'Italie et I'ex Yougoslavie, a
la rencontre de I'origine de la civilisation, de la Gréce antique: Delphes,
Athénes, Mycéne, Olympe, sans oublier le « canal de Corinthe » qui vibre
sur un air de Sirtaki.

Président-fondateur du Spéléo-club de La Ciotat, fondé en 1980,
photographe_ et cinéasie, Jean-Carlo FAIT, Catherine son épouse et
leurs deux enfants souhaitent profiter de I'organisation a Athénes du 14
congreés international de spéléologie au mois d’Aoit 2005 pour redécou-
vrir ce « Parfum de Greéce » et promouvoir leur regard nouveau sur la
spéléologie a I’heure ciotadenne a travers la présentation d’un film sur la
« Grotte du Grand Draioun ».

Cette communication est dédiée a mes parents, Silvio FAIT et Rosette
FAIT, née TOMMASI, décédés brutalement début 2004 ; et a Marcelle

REGNAULT, née Grégeois, qui vient de nous quitter en ce début d’avril
2005.

Abstract -

In La Ciotat, Jean-Carlo and Catherine Fait founded , in 1980, the Spe-
leo-club “La Salamandre”, then in 1993 the Cliffs-House , with a main
aim : to give the opportunity to discover and add value to this natural site
of the highest sea cliffs in Europe. The Mincral World Institutc was finally
created in 1999.

Jean-Carlo Fait explored more than 1500 caves, wrote different books
and realised films on La Ciotat’s cliffs and cavities, that he is nowadays
the most respected specialist of them.

The dynamic support of his wife relayed his activity in the field, in co-
operation with local actors of the sportive and associative life in La Ciotat,
and with nature lovers. The couple has 30 years of practice in organisation
of various kinds of events, outings and courses for all ages and types of
groups. And their activity strengthened the speleology in La Ciotat area.
Therefore, they are extremely interested in participating in this congress
and transmitting their experience, since Jean-Carlo, born greek of an Ital-
ian father and a French mother, took his wife and his mother back to his
roots, eighteen years ago, on the Astraka table-land where the mythical
Provatina abyss opens, with a great enthusiasm .

Now, with an increased motivation, they wish to take advantage of
this 14® congress to take their children with them and transmit them the
“perfume of Greece” and bring together the speleological interest of La
Ciotat through the presentation of the film on the Draioun Cavity, the most
important of Calanques.

Ici Commence L’aventure

Je suis né & Karditsa, en Thessalie, 4 quelques kilométres des célebres
« Météores », le 5 décembre 1959 au matin. Le premier air que j’ai respiré
en venant au monde est donc « le parfum de la Gréce ! », mon pays natal.
Mon pere, Silvio Fait, italien de nationalité, a quitté son tyrol natal en




1956 pour venir travailler aux Chantiers Navals de La Ciotat en tant que
manceuvre puis soudeur.

Il raconte dans son cahier-journal: « Ragazzi! quella laggiu ¢ La
Ciotat, la cittadina che ci portera fortuna o che finira di rovinarci ! ».
En compagnie d’une dizaine d’italien entre vingt et vingt cing ans, ¢’était
ajoute-t-il: « la prima volta che andavamo all’estero »... Son travail le
conduira a travers toute la France, puis en Gréce oli, pendant un an il
sera soudeur hautement spécialisé, et contribuera a la mise en place des
conduites forcées qui alimentent la centrale hydroélectrique de Karditsa,
ou ma meére, née a La Ciotat de parents émigrés de Toscane, me mettra
au monde.

A ma naissance impossible de bouger. Les Grecs m’avaient « ficelé »
dans des bandelettes, comme une « momie » et lorsque ma mere me
sortait pour «aller promener » les passants me « crachaient» dessus
pour, dit-on, éloigner le mauvais cil. J’ai oublié le nom du docteur qui
m’a mis au monde, mais ma mere me racontait souvent les problémes de
compréhension dus a la différence de langue, qui se terminaient souvent
par un fou rire. Ainsi, un jour ou j’étais malade elle fit appel au docteur
qui m’a mis au monde: )

- « J’ai mis du miel dans son biberon.

- Non, Madame,

- 81, j’en ai mis... vous dis-jc !

- Mais non, ne vous inquiétez pas il n’a pas I'anémie ! »

J’ai donc commencé a explorer le monde en Créce, sur des bases
d’incompréhension. Et, il me faudra attendre 28 ans pour retourner
dans « mon » pays natal en compagnie de ma meére, Rosette. Un prénom
prédestiné qui rappelle celui de la fameuse « Pierre de Rosette » déchif-
frée par Champollion !

C’est le compte rendu inédit de ce « Voyage en Gréce - septembre
1987» que je voulais publier en mémoire de mes parents & 1’occasion
de ce 14°™ congrés international de spéléologie. Avec Cathy nous avons
préféré faire un bulletin spécial « La Salamandre », en le complétant de
notre expérience de 2005.

Je ne donnerais donc ici que les grandes lignes de notre périple... de
1987 ! Et je remercie d’avance nos collégues spéléologues Grecs pour
leur accueil a I’occasion de ce congrés qui est une occasion inespérée,
pour moi-méme et toute ma famille, de retrouver mes racines non sans
une certaine émotion.

Ainsi je puis dire que depuis 45 ans, je suis Grec de naissance, italien
par le sang et frangais par I’esprit. On ne saurait réver meilleur lien pour
sceller une solide amitié « européenne ».

Récit d’un « Voyage en Grece, septembre 1987 » par Catherine REG-
NAULT-FAIT

Samedi 12 septembre 1987, 8 h.

Enfin le départ tant attendu de La Ciotat (Bouches du Rhone - France).
Un périple de pres de 10 000 kilometres, longuement préparé. N’avons-
nous rien oublié, tout est-il dans la voiture ? Les bagages sont-ils bien
arrimés sur le porte-bagage chargé a craquer ? En effet, nous emportons
200 metres de corde et tout le matériel d’exploration pour descendre dans
la « Provatina » qui hante nos réves. Derniéres vérification du sac & main:
les cartes d’identités, les sous, tout y est, nous pouvons partir, mais pour
se faire, il ne faut pas oublier les cartes routiéres de la Yougoslavie et de
la Grece.

Pour aller en Ttalie, pas besoin d’indications nous connaissons le
chemin... depuis le temps que nous circulons entre Toscane et Trentino &
I’occasion des vacances. Mais la Gréce nous parait bien lointaine, isolée
par la barriere géographique de la Yougoslavie, ol nous n’avons jamais
mis les pieds. Que de réves, que d’espoir, que de retrouvaille dans cette
Grece antique, berceau de notre civilisation !

« Aprés un parcours autoroutier sans encombre nous débarquons, sa-
medi vers 20 h, chez beau papa, a Saltaria, pres de Rovereto (TN) ouf ! Je
suis un peu fatiguée et dire que 7000 Kms (aller-retour), nous attendent ;
13, dans la vieille maison familiale nous établirons 1’itinéraire que nous ne
suivrons que de trés loin. Tout d’abord la Yougoslavie, pays de désolation,
de tristesse, les gens sont pressés, les enfants courent pour aller a 1’école
de peur d’étre en retard ; il fait bon, mais les femmes sont habillés de robe,
de chandail et portent des bas ; pas un sourire sur les levres, seulement la
tristesse. Les enfants 5 4 6 ans (comment leur donner un &ge ?) viennent
mendier trois sous, trois bonbons tandis qu’un petit vieux, fatigué de sa
longue marche, vient sc rafraichir a la fontaine ou nous nous sommes ar-
rétés pour nous désaltérer... et d’un pas leste, s’évanouit dans la forét, ou
va-t-il ainsi, combien de kilométres lui reste t-il & parcourir ?

Notre premier objectif touristique en Yougoslavie sera la grotte de
Postumia. Magnifique, grandiose mais trop touristique a mon goft. Je
préfere beaucoup Sokjean Jame, plus pittoresque et mystérieuse avec son
torrent souterrain qui gronde sous des voiites de cent métres de hauteur.
Nous ne quitterons pas ce pays sans aller voir les lacs de Plitvice.

Un petit train vous dépose dans un grand parc réserve naturelle, ou
les lacs abondent. Trente six parait-il, de droite et de gauche, les lacs, les
cascades de tuf sc succedent aussi étincelantes les unes que les autres.
Nous aurons peu de temps pour la visite aussi nous ne feront que le trajet
le plus court. Quel dommage, il faudrait passer des jours-entiers dans ce
lieux enchanté et romanesque.

Notre séjour n’est que de trois semaines et nous n’avons pas le temps
de nous attarder. Nous poursuivront notre périple vers la Gréce, ou
I"histoire et la mythologie nous attendent.

Arrivée en Gréce.

Nous commencerons par le plateau d’ Astraka. Nous installerons nos
tentes dans un petit village, des plus pittoresques. Notre but est clair a
Jean et moi: aller voir I’Abime de la Provatina, sur le trés haut plateau
d’Astraka, mais le temps est & la pluie. Et apres 10 heures de marche
lourdement chargés (200 m de cordes plus le barda du parfait spéléologue)
nous rebrousserons chemin au grand désespoir de Jean, dans la nuit et sous
les hurlements des chiens qui gardent les troupeaux dans la montagne.

Dans la plaine de Thessalie, les « Météores », rochers de grés et
poudingues ol s’accrochent de splendides monastéres nous redonnent de
’espoir. Il faudrait 1a aussi rester des semaines, en admiration devant ces
beautés de la nature et des hommes. On se demande comment les prétres,
les sémites & 1’époque ont pu construire leurs monasteres 14 haut, pres du
ciel. Je crois que de tout ce que j’allais voir de la Gréce, ¢’est ’endroit qui
m’a le plus frappé.

Puis nous irons a Karditsa, ville ou Jean est né, le 5 décembre 1959.
A la grande stupéfaction de ma belle-mere, Rosette, la maison ou elle
¢tait logée (rue kolokotroni) est toujours 1a, a I’abandon ! 28 ans se sont
écoulés... tout est en place, comme si le temps avait ét¢ suspendu. Hasard
ou signe du destin ? Jean prend quelques photos. Il n’y a 14, rien de par-
ticulier dans cette petite ville. Le soir, vers 18 h, sur la place principale les
gens défilent dans un sens puis dans 1’autre sans arrét jusque tard dans la
nuit ; méme les boutiques ouvrent-leur portes.

Avant de continuer, nous irons voir la conduite forcée qui descend
de la montagne a Mitropelis. C’est 1a que mon beau-pére, Silvio FAIT,
travaillait comme soudeur hautement qualifié lors de son séjour d’un an
en Grece. »

A Kkastania, au bord du lac artificiel, nous rencontrons un vieil homme
moustachu et ridé, assez fort, qui nous dit avoir travaill¢ a la construction
du barrage entre 1952 et 1965, époque ol mon pere était donc sur place.

- « Le barrage fait 83 m de haut pour 220 m de long », nous précisera-
t-il.

T4 imternationol Congress of Spelevlony
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« Puis nous arriverons a Delphes, site archéologique majeur. Merveil-
leux: il faut «gravir» la montagne, passer entre les temples (enfin ce qu’il
en reste) pour atteindre le stade, immense et bien plat presque inimagina-
ble au milieu des montagnes.

Enfin nous visiterons ATHENES, la capitale. Je fus trés dégue par
cette ville, rien n’y est particulier, les gens sont pressés, les magasins
identiques & ceux que nous avons vus. Bien siir il y & le Parthénon,
comme posé sur un piédestal de grés, mais par rapport a certain site que
nous avons visité je ne crois pas que ce soit le plus beau, surtout avec tous
ces échafaudages... qui créent un « barriére visuelle ». En revanche les
cariatides sont elles magnifiques de souplesse et de fragilité.

Nous franchirons le canal de Corinthe, dont je garde une forte im-
pression sur un fond de Sirtaki. Les boutiques sont nombreuses et nous
achetons quelques cassettes audio qui égrenerons les longues heures de
notre voyage de retour. »

Faute de temps, notre périple dans le Péloponese se limitera & Mycéne

et Olympe... et il nous faudra attendre dix huit ans pour partir enfin a sa

découverte.

LE JOURNAL DETAILLE DE NOTRE VOYAGE en 1987 et de celui
de 2005 SERA PUBLIE DANS LA SALAMANDRE N° 75 a notre retour
de voyage.

2 photos Astraka, 2 photos Météores, Athénes et coucher de soleil sur
la baie de Vougliagmeni.

QUEQUES SPECIALITES GREQUES QUI NOUS ONT MAR-
QUEES EN 1987
Au cours de notre séjour en Gréce nous avons découvert des spécial-
ités et us et coutumes locales:

Boissons:

Vin au fort gofit de résine: RETSINA
Apéritif golt d’anis: «OUZO »

Tarama: mousse aux ceuf de cabillaud
Tzatziki: yaourt au concombre et a 1”ail
Salade Grecque: concombre, tomate, féta, olives,
Souvlaki: brochettes

Marchants Ambulants:  « Donner » = polpete + brochette

Risotto in Cavroman viande de mouton, artichauts a la grecque
Fromage local de chévre: la féta

Pitisseries:

baclavas a base de miel,
kovmos:

lokoum

kataifi, loukoumades.
Géteau « tiropito »:

créme au citron

riz + ceuf + créme

Spécialités grecques:

Moussaka: rago(t de viande hachée, tomates + bécha-
mel, verdure frite, fromage
Dolmates: feuille de vignes

froid en entrée: riz, oignons, feuilles de men-
thes i
chaud, plat de résistance: riz + fromage ou
viande hachée + ceuf

Le Diner vers 10 h le soir
Night/cabarets: Athénes et littoral du Pirée & Vouliagmeni
Monnaie: Le drachme

1 drachme = 100 leptas / 1 F = 10 drachme = 4,95 prix a diviser par
20 environ

Cheques non acceptés  Banques: Ouverture.de 8 h a 14 h 30

1 h de décalage par rapport a la France (+ 1h)

GRANDS GOUFFRES et GROTTES DE GRECE
La revue « Spelunca » de la Fédération Frangaise de Spéléologie avait
publié deux articles en 1976 et 1977 sur deux des principales verticales
souterraines grecques, situées sur le plateau d’Astraka:

1) La Provatina (grece): pindhos oros, loaninna,

Plateau d’Astraka qui domine le village de Papigon.

Bibliographie: Spelunca 1977, n°4 p 159. 160

Accés: Canyon raide (quelques passages d’escalades ou sentier au
Nord Ouest qui contourne les falaises). Descente - 6m spit + crochet ; 2%
spit 3m sous le palier - 177m

2) Le gouffre Mavre Skiadi

Spelunca 1976 n° 4 p155 - 158

Grottes: Perama (Perama, loaninna, Ipeiros), développement 1700 m.

Vlyhada ou Glyphada (Diros, Lakonie, Peloponnisos, développement
3400 m.

grotte touristique au bord de mer.

Curiosités: Cote de Vouliagmeni, prés d’Athénes, piscine naturelle
d’eau douce.

Yougoslavie, prés de Lubljana, pont naturel et gorge du RAK REKA,
prés du village de Skocjan - gouffre.

14%m congrés international de spéléologie 2 Athénes - Aoiit 2005.

Depuis ma naissance ceci est mon troisiéme séjour en Grece:

- 5/12/1959: Naissance a Karditsa. Mes parents sont arrivés en Gréce

en aofit, pour un an.

- Septembre 1987: Retour sur mon lieu de naissance et découverte de

la Gréce antique.

- Aoit 2005: Congres de spéléologie et découverte du milieu souter-

rain Grec avec ma famille.

Un seul regret, ne pas ’avoir fait avec mon pere décédé le 28 février
2004. Aussi était-il normal que je lui dédie une partie de mon ceuvre de
spéléologue qui s’inscrit dans le grés et le poudingue des plus hautes
falaises maritimes d’Burope, a La Ciotat ; mais aussi dans le marbre de
Toscane et dans les dolomies du Trentin.

Désormais, un triangle sacré s’est formé entre le Tyrol du Sud, la
France et la Gréce, en passant par la Toscane ; un hymen invisible unira
pour moi et pour I’éternité ses lieux chargés d’histoire. Aprés tout mon
nom, FAIT ne dérive-t-il pas de 1’allemand Veit, en italien Vito, nom qui
signifie « vie éternelle ».

Au sommet du Bec de I’ Aigle, rocher de poudingue caractéristique qui
protége depuis des temps immémoriaux la ville de La Ciotat, existe un
petit abri rocheux caché par des oliviers d’ou le regard scrute la mer vers
I’Est a la recherche de quelque navire venu de Gréce. N’est-ce pas au pied
de ce monolithe de poudingue roux, qui semble déployer les ailes d’un
rapace flottant sur les eaux turquoises que les premiers Grecs vinrent jeter




Pancre dans I’ Anse du pré qui deviendra, bien plus tard, La Ciotat, escale
inévitable sur la route maritime de MASSALIA 7

Je dédie donc la petite grotte au sommet de cette « pierre », 8 Rosette
ma mére, et le pas d’accés depuis le Belvédere du large (parc du Mugel) a
mon pére Silvio. Et j’invite nos amis Grecs, spéléologues ou non, & venir
nombreux découvrir les plus hautes falaises maritimes d’Europe, sur les
traces de leurs ancétres venus s’installer 4 Massalia (Marseille), et surtout
a faire I’ascension du Bec de I’ Aigle, dont le poudingue n’est pas sans rap-
peler les célebres « Météores » de Thessalie. Hasard ou correspondance ?

AUN AN DE LA TRAGEDIE
Il'y a plus d’un an, au décés de mes parents j’ai décidé de leur dédier

une partie de mon travail d’exploration et de mise en sécurité des sites
naturels de La Ciotat, notamment la création des « Randonnées du ver-
tiges ». Au cours de I’été 2004 j’ai déposé une plaque de marbre et cette
inscription au sommet du Bec de I’ Aigle:

Je dédie cette pierre a Rosette, ma mére

Soutien fidéle de mes plus hardies pérégrinations.
Je dédie le « Passo Silvio », & mon pére
Qui, bien avant moi a gravi

Le Bec de I’Aigle et les montagnes
De son Tyrol natal
Je dédie cet abri « de la mante religicuse »
Aux artisans méconnus qui ont ouvert la voie...
Des « randonnées du vertige » a La Ciotat.
Et baptise les rappels qui suivent
Aunom du Pere, du fils et du Saint Esprit
Incarnés dans les rochers des « Trois Secs »,
ABRACADABRA.

Une chanson les représente comme « trois filles », « trois Maries ».
Un véritable cimetiére marin repose au pied de ce mirador.
Depuis I'ile verte, ce monolithe rocheux vu de profil
Peut faire penser a un rapace, animal vénéré par les Egyptiens.
Les Grecs et les Romains ont été impressionnés par
Sa splendeur immortelle et sa majesté.

Gageons que ceux qui suivront nos pas sauront le respecter !

Jean-Carlo FAIT
(Fils éploré - 28 février et 6 mars 2004)
Photo Bec de I’Aigle a La Ciotat.
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Precise Measurement of Surveying-Sections Using Image Processing Techniques

Selguk Canbek*, Nihat Adar*
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In this research, a method for surveying of cave, tunnel, and closed
volumes is developed. In traditional methods, section height and width is
estimated or measured manually. Approximated 3-D map of volume can
be produced connecting those sections. In order to get more precise map,
operator shall measure sections with many points that is very time con-
suming process. In this study, mecasurement process is automated by tak-
ing pictures of sections and those pictures are post processed using image
processing techniques to produce precise cutting contours of measured
sections. This method called Photo-Survey.

Photo-Survey uses a specially modified light source (battery operated
light source with 180-degree view angle). Operator uses this lamp to il-
luminate the section and to obtain sharp shadow edges at measurement
locations. Then, a digital photograph of illuminated section is taken. On
the back of the light source, an object (circle picture) with known size
is attached. These pictures are processed as following, afterwards. First,
a median filter is applied to eliminate noise and reflections. In order to
produce shadow contours of section, edge detection methods are used on
pictures. Having shadow contours, measurement can be applied on these
pictures if they satisfy two criteria. The first one is that camera should
be perpendicularly positioned to sections surface. In other words, camera
should be located on the normal axis of section surface. If one knows an-
gle between section surface normal and camera, picture taken with any an-
gle can be used for measurement. A method to find normal axis of a circle
in a picture is developed. Thus, the picture can be corrected using affine
transform methods using calculated angle. Second criteria, camera used
in this method should be inserted far enough so that perspective distortion
is negligible. However, this is not a proper restriction to follow in caves,
because, we do not enough space in caves to get pictures from far away.
The camera used in Photo-Survey method is calibrated and a method is
devised so that its pictures can be transformed from perspective to parallel
projection allowing us to take pictures closer to measured sections.

Photo-Survey method allows users to take pictures frecly and fast.

Next, these pictures are post processed to make measurements precisely.
This lets operators to spend less time for measurement in caves or tunncls
{only time to take pictures for each measured section).

Having precise cutting contours of each measured scction one can
produce 3-D map of volume.

1. Introduction

Cave studies are made by researchers from different disciplines.
Geologists, archeologists, biologists, spelcologists and others use similar
research methods in cave studies. While some researchers study rocks
and underground water, others only might interest intersects, flora in
caves. In order for them to make research in caves, cave maps must exist.
Cave maps can serve many uses in an investigation; depend upon what
is being attempted. Some disciplines uses cave map to find their ways
in caves, some others tries to point the location where they picked the
samples. Speleologists need to know how far and deep they reached in
caves. Traditional maps give rough information about shape and distances
in the caves. When researchers use cave maps for volume calculation or
distance measurement, map’s precision becomes important [YAMAC 03,
TASKIRAN 03, ARIKAN 03, PANCARCI 03].

The standard survey technique consists of the measurement of azimuth
and distance between consecutive survey stations and depth, width, and
height at each station. Survey stations were established at turns in the
guideline and at junctions between cave passages. Once the survey data
has been collected, checked, and tabulated, the next step in the mapping
process was to convert the data into a Cartesian coordinate system such
that the data could be plotted and compared to other forms of spatial data.
Numerous computerized cave mapping programs are available that will
automatically generatc cave maps. Some of the more popular programs
include Compass2, Survex3, and WinKarst4, Some of the available pro-
grams are capable of three-dimensional plotting and statistical analysis of
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survey data [BTOPCU 05]. Most programs, however, are tailored for sur-
vey data that manually collected. In this research, we proposed a method
that automates the survey data collection.

People preparing cave maps have to study with light and a few equip-
ments because the measurement process is hard and very time-consuming
work. Thus, maps prepared by these traditional methods give information
about shape and rough distances in the caves and most of the details are
not included (Readings taken from a navigational compass can be con-
sidered accurate to within +/- 1°; Distance measurements taken can be
considered accurate up to +/~ 1meter). Because of the lack of the preci-
sion, to make surface or volume calculations using traditional maps is not
possible. Techniques used in traditional cave mapping methods are main
cause of this precision problem. In traditional mapping methods, distance
between measurement stations and direction information’s precision is
important. However, precise cutiing contours of the measurement section
at stations have no much importance. They usually measure height and
width of the section and the shape of the section contours are roughly
hand drawn. Most of the time, the height of the section at stations is es-
timated. As a result, maps prepared using traditional methods cannot be
used for precise calculations of the cave distances and volumes. A method
to produce precise cutting contours of the sections, called section-cut, is
proposed. Thus, precise 3-D maps of the caves can be constructed using
section-cuts produced by our method.

2. Photo-Survey Method

In traditional mapping methods, section-cuts are measured using right,
left, top, and bottom distances at stations and section-cut shape is hand
drawn roughly on to papers (Figure 1). Since this processes handled by the

person who stands at station location, most of the details are lost in these
hand drawn section-cuts.

i & j ;“ :
Figure 1. Traditional section-cut measurement method. Actual contour of the section

and distances measured on the left. A typical hand drawn approximation of the same
section on the right.

In Photo-Survey method, neither distance measurements nor hand
drawing the contour of the section are needed. Only a picture of the sec-
tion is taken and then post processed. These post processed pictures than
can be used to make distance measurements and produce precise contour

of the section (Figure 2).
Figure 2: The Photo Survey Method. Picture of the section with light source on the
left, the contour of the section after post processing on the right.

2.1. Material and Method

In this method, a camera for taking pictures and a point light source
that lightens the half sphere are needed.

2.1.1. Camera: A digital camera with fixed lens can be used. In this
study, Canon EOS 10D-photo camera with 20 mm fixed lens is being
used. Cameras with zooming lenses cannot be used because lens distor-
tions are corrected with software techniques and these techniques cannot
be applied to zooming lenses. While taking pictures, camera is fixed using
a standard tripod. Using higher resolution camera increases the measure-
ment precision. Our camera’s resolution is 6.5 pixels. Its picture, taken 5
meter away from camera, can be used to calculate distances with £5 mm
tolerances.

2.1.2. Light source: The light source should be small and have high
intensity in order to create sharp shadow contours. In this application,
55W halogen light bulb is used. Since light source should lighten half
sphere homogenously, we inserted the light bulb into one side open cylin-
drical cover (Figure 3). The cylindrical cover is positioned using a tripod
at stations. On the back of the cylindrical bulb cover a circle with known
radius is drawn. This circle is being used as reference object in pictures.

1
)
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Front view
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\
/ /
\\\

Left view

Rear view

Figure 3: The front, side and rear views of the light source

2.2. Taking Pictures

The light source is located at station where the contour of the section
is needed. Camera is positioned at some distance (distance registered for
later use) so that it can get the picture of the whole section (Figure 4).
Light source lightens the section away from camera.

Figure 4: Taking section picture

In the picture the contours of the section is marked by shadow edges
(Figure 5). /

Additionally, traditional mapping measurements, using DistPro laser
range finder, are taken at every section and compared with Photo-Survey
method results.

2.3. Post Processing

In order to use the picture, taken from survey location, it has to be post
processed by image processing techniques. The post processing opera-
tions are handled at several stages as shown in Figure 6.
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URBAN STORM WATER MANAGEMENT FOR CITIES BUILT UPON KARST:
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Abstract

Cities built upon well-developed karst have serious problems associ-
ated with storm water management, such as, sinkhole flooding, ground-
water contamination from storm water runoff, spills of toxic chemicals,
and storm water induced regolith collapse sinkholes. Bowling Green,
Kentucky, with a population of about 60,000, is a city located entirely
upon a sinkhole plain with virtually all storm water runoff flowing into
the cave streams that drain the city. This paper discusses sinkhole flood-
ing problems, regolith collapse sinkholes induced by storm water runoff
and storm water quality issues. The Center for Cave and Karst Studies
(CCKS) has assisted the city of Bowling Green and Warren County with
its karst environmental problems since it was established within the De-
partment of Geography and Geology in 1978. Research discussed in this
paper includes the use of dye traces combined with water table measure-
ments to determine the general flow routes of cave streams that drain the
karst aquifer beneath the city. The CCKS has also mapped the accessible
caves under the city and located the general route of other caves by using
the geophysical techniques of microgravity and electrical resistivity. The
CCKS has prepared a GIS map showing springs, karst windows, caves
and other karst features. The map also shows the general flow routes
taken by cave streams as determined by over 100 dye tracer tests. It also
shows the contours for the water table surface beneath the city and the
groundwater basin catchment area boundaries for the major springs. The
paper discusses the storm water management plan enacted by the Bowl-
ing Green - Warren County Planning Commission in 1976 that prohibits
construction within sinkhole flood plains and requires storm water reten-
tion basins. Two case studies are presented where the CCKS has assisted
the city with sinkhole flooding problems and the removal of contaminants
from storm water runoff.

Sinkhole Flood Plains

Bowling Green, Kentucky is located entirely upon a sinkhole plain
with virtually all of the storm water runoff flowing into the cave streams
that drain the city. Virtually all of the city is located on the Mississippian
Ste. Genevieve Limestone which is characterized by large, shallow sink-
hole basins with large catchment areas for storm water runoff. This low
relief sinkhole plain has resulted in serious sinkhole flooding problems
throughout much of the city. Just to the east of the city the underlying. St.
Louis Limestone outcrops and is characterized by numerous large, deep
sinkholes. This high relief sinkhole plain has few problems associated
with sinkhole flooding because the catchment areas are smaller, and the
bottoms of the sinkholes are obvious. Therefore, people have not built
houses or buildings in the sinkhole flood plain, and this area is presently
characterized by low-density, suburban development or farmland.

The sinkhole flooding problem within the city was addressed by the
Bowling Green - Warren County Planning Commission when they en-
acted their Storm Water Management Plan in 1976. This plan requires that
any time there is a land use change within the County, an engineering con-
sulting firm must prepare a storm water management plan that delimits the
sinkhole flood plain elevation for all the sinkholes that would be impacted
by the land use change. The sinkhole flood plain is defined as the flood
elevation in each sinkhole that would result from a 100-year probability
three-hour storm event. This is equal to 10.2 cm (4 in) of precipitation

falling in three hours. No consideration is given for any drainage out of
the sinkhole in calculating the sinkhole flood plain elevation even though
many sinkholes have open throats or cave entrances and therefore do not
flood. No permanent structures are permitted within 0.3 m (1 ft) of the -
sinkhole flood plain elevation. If the land use change is to occur on prop-
erty that does not drain into a sinkhole but rather flows onto adjacent prop-
erty, then the land owner is required to construct a siorm water retention
basin capable of holding the increased runoff resulting from the land use
change. The storm water management plan has greatly decreased sinkhole
flooding in areas that have been developed since 1976. However, the older
part of the city still has serious problems, so much so that the people with
homes and buildings located in twenty sinkholes are eligible for federally
subsidized flood insurance. Also, the city has obtained several grants from
the Federal Emergency Management Agency (FEMA) to purchase and
remove homes that are located in designated sinkhole flood plains.

Drilled Drainage Wells

For many years Bowling Green has attempted to alleviate sinkhole
flooding by drilling storm water drainage wells to permit storm water
to drain down into the karst aquifer. The U.S. Environmental Protection
Agency (USEPA) considers these wells to be Class V Storm Water Injec-
tion Wells. There are now over 1,000 such wells within the urban area,
and new ones are continuing to be installed. The wells are typically 20-25
cm (8-10 in) in diameter and are only cased to bedrock. They then extend
as open boreholes down into the limestone. Although these wells rarely
intersect caves, the great majority do intersect solutionally-enlarged bed-
ding plane partings that direct the runoff into the network of cave streams
beneath the city. These wells typically do not have the capacity to prevent
sinkhole flooding in sinkholes with large catchment areas although they
do facilitate drainage into the karst aquifer and reduce the sinkhole flood
duration time. Many do have the capacity to reduce or eliminate sinkhole
flooding in sinkholes with small catchment areas.

Constructed Drainage Wells

Increased storm water runoff due to urban development often results
in induced regolith collapse sinkholes (cover collapse sinkholes). These
sinkhole collapses tend to occur during flood events in places where in-
creased storm water sinks through the regolith into a vertical crevice in the
underlying limestone. These bedrock crevices are places where regolith
water sinks down into the karst aquifer. The water table is typically about
18 m (60 ft) above the top of bedrock. There is usually a regolith arch or
dome over the top of these bedrock crevices, and these tend to be stable
until land use changes increase the amount of water percolating down-
ward above the arch, causing the arch to collapse. If the arch collapses all
the way to the surface, it results in a steep-sided hole typically 3.7 m (12
ft) wide and 3.7 m (12 ft) deep. The high clay content of the regolith in
the Bowling Green area often results in the vertical walls observed in the
sinkhole collapses. In areas where depth to bedrock is shallow, numerous
small diameter collapses tend to occur. In areas where the depth to bed-
rock is deep, there tends to be fewer, but larger diameter collapses. In the
Bowling Green area, even the largest collapses are rarely more than 10.7
m (35 ft) in diameter. Most of the collapses tend to occur along ditches
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and in the bottoms of bowl-shaped sinkholes where water stands after
bard rains. Although the regolith collapse sinkholes are numerous, they
rarely occur under homes or buildings in the Bowling Green area. Some-
times the ones that occur along ditches do impact the adjacent highway.
Since the great majority of the collapses tend to occur near the bottoms
of bowl-shaped sinkholes and along ditches, they are often used to direct
storm water into the karst aquifer. The collapse identifies an open vertical
crevice down into the karst aquifer. These collapses are, therefore, often
excavated to bedrock to expose the crevice, and a well is then constructed,
sometimes several meters (feet) in diameter, to direct storm water runoff
into the vertical crevice.

Caves and Open Throat Sinkholes

Since Bowling Green is built entirely upon a sinkhole plain, virtually
all storm water runoff sinks directly into the karst aquifer at thousands
of locations. At some of these locations, the city has directed additional
storm water runoff into cave entrances and open throat sinkholes.

Storm Water Quality

In the well-developed karst of Kentucky, cave streams are quite com-
parable to surface streams. Storm water runoff flows directly into caves
at swallets and at numerous open throat sinkholes on the sinkhole plain.
Therefore, the cave streams function as storm sewers just as surface
streams also function as storm sewers in non-karst arcas. Citics over
100,000 population have been required for several years by USEPA to
test, and if need be, to treat storm water runoff in an attempt to increase
the water quality of surface strcams. Two years ago, USEPA extended
these regulations to all towns within the U.S. with populations of 10,000
or more. Therefore, Bowling Green, with a population of approximately
60,000, is now required to meet USEPA Phase II Storm Water Manage-
ment Plan regulations. The city has recently passed a tax increase and
hired five people just to deal with storm water quality. The USEPA is still
permitting the direct injection of storm water runoff into the karst aquifer
beneath the city, but like other towns with more than 10,000 population,
Bowling Green must now test its water quality and take steps to improve
the quality of storm water runoff. The Center for Cave and Karst Studies
(CCKS) has assisted the city and county with sinkhole flooding problems,
sinkhole collapses and groundwater quality issues since it was founded in
1978. The faculty and professional staff and students associated with the
CCKS are now actively involved in assisting the city to mect the USEPA
Phase II Storm Water Management Plan regulations.

Groundwater Flow Map of Bowling Green

A GIS map showing the approximate groundwater flow routes within
the karst aquifer in the vicinity of Bowling Green was prepared based
upon: 1) dye traces, 2) cave maps, 3) caves located by microgravity and
electrical resistivity, and 4) water table measurements. This map repre-
sents research performed by the faculty, professional staff and students
of the CCKS since 1978. The numerous dye traces are shown as red lines
on the map. Water table elevation contours as estimated from measure-
ments taken at: 1) open borehole water wells, 2) storm water drainage
wells that extend below the water table, 3) cave streams, 4) springs, and
5) surface streams are shown as blue lines. The approximate groundwater
basin catchment boundaries based upon the dye traces and water table
elevations are shown as dashed green lines. The map identifies the ap-
proximate groundwater flow routes to springs for the following major
grouridwater basin catchment areas: 1) Lost River, 2) Graham Springs,
3) Hobson Grove Springs, 4) Double Springs, 5) Mt. Ayr Blue Hole and
Bluff Springs, and 6) Harris Spring. Included on the map are dye trace and

water table contours northeast of Barren River performed by Dr. James
Quinlan and Mr. Joe Ray (1981, revised 1989). This compilation of karst
groundwater data onto one map was prepared to assist the City of Bowling
Green in meeting the USEPA Phase II Storm Water Management Plan re-
quirements and to assist Bowling Green with emergency response to any
future spills of hazardous liquids. A poster paper authored by Brewer and
Crawford (2005), entitled, “Groundwater Basin Delineation by Dye Trac-
ing, Water Table Mapping, Cave Mapping, and Geophysical Techniques:
Bowling Green, Kentucky, USA”, is presented at this conference.

Case Study: Egypt Parking Lot

One serious sinkhole flooding problem occurred in the vicinity of the
Egypt Parking Lot at Western Kentucky University. After heavy rains, the
sinkhole flooding covered not only the Egypt Parking Lot but also a major
highway. This sinkhole has flooded repeatedly over the past 50 years, and
during the last large flood, over eighty cars were inundated. Two storm
water drainage wells had been drilled in the past in an attempt to alleviate
the flooding. The wells did not help, and they actually resulted in increased
contamination of the karst aquifer by receiving the first flush of storm
water during every storm event. The CCKS investigated the problem for
the University, the city of Bowling Green, and the Kentucky Department
of Transportation. Dye tracer tests and water table mapping indicated that
the large Lost River Cave was located near the vicinity of the flooding
problem. Microgravity and electrical resistivity traverses were made
perpendicular to the hypothesized route of Lost River Cave (Crawford,
Fryer and Calkins, 2000). Exploratory borings were made into prominent
low-gravity, high-resistivity anomalies. These borings intersected the
large Lost River Cave. With the cave location established at one location,
other traverses were performed in a “leapfrog” fashion to map the location
of the cave as it extended under the Egypt Parking Lot (Crawford, Lewis
and Webster, 1999). A boring into a low-gravity, high resistivity anomaly &=
under the Egypt Lot intersection the Lost River Cave stream at a depth of
12 m (40 ft) (Figure 1). A downhole camera was used to investigate the
cave, and dye traces were used to confirm that the cave stream was, in
fact, the large Lost River. The flooding problem was mitigated by drilling
four, 1.22m (4 ft) diameter wells directly into the cave stream. Contamina-
tion by first flush water was mitigated by plugging existing drainage wells
and the installation of four VortechsR storm water treatment units (Figure
2). These units separate oil and grease and suspended sediment before the
storm water flows into the cave stream. This project was the first attempt
to remove contaminants from urban storm water runoff previous to its
flowing into the karst aquifer beneath the city. Similar systems are now
being built at various locations throughout Bowling Green.

The four VortechsR storm water treatment systems installed at Egypt
Parking Lot are the largest built by the Vortechnics Company and are
highly cfficient in the treatment of storm water (Vortechnics, 2004).
Each of these units is designed to remove oil and grease and suspended
sediments for about 2.84 m*/s (100.5 cfs). These units not only treat the
first flush but also the entire flow of storm water previous to its being dis-
charged into the Lost River. The treatment system is designed to work at
three levels of storm intensity (low, medium, and high) using three unique
chambers (grit chamber, floatable baffle wall, and low/high flow control)
that are each designed for a speciftc function. The grit chamber separates
the floating and sinking pollutants that first enter the system by a gentle
swirling motion. The gravitational separation allows the settleable solids
to conically pile on the chamber floor. Over time, as storm intensities vary,
the grit chamber increases the swirling action appropriately to maintain
a high removal rate of sediments. The floatable baffle wall stops float-
ing pollutants, such as, debris and hydrocarbons from flowing through
the system while allowing the debris-free water to flow beneath the wall
and into the final chamber. The final chamber’s low/high function is to
control the discharge rate at varying storm intensities. During low inten-
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Abstract

Thermal differences between cave entrances and the surrounding
landscape have long been known. Cavers traditionally ridge walked in
cave-likely temperate regions.in cold mid-winter with a falling barometer
in order to visually detect ‘fog-plumes’ of escaping subterranean air from
crevices in order to locate caves. We are experimenting with a high-tech-
nology solution to this cave detection method by applying infrared ther-
mography, a useful tool in fire detection, human body location and other
building examination remote sensing to the surface of the earth. Early
trials during the spring of 2005 with a Therma CAM™ B20 HSV infrared
(IR) camera, even under foliage-filled and warm atmospheric conditions,
produced promising results in initial trials in New Mexico, Missouri and
West Virginia. Further research is underway at Fisher Cave, Franklin
County, Missouri.

This research began by documenting temperatures of cave openings
and surrounding substrates. Atmospheric, ambient conditions (tempera-
ture, relative humidity, specific humidity and dew point) were recorded
inside the cave, at the entrance and at intervals up to 183 meters. Normal
images were contrasted with thermograms that showed full temperature
gradients of the openings. At 118 meters, the opening could no longer
be seen with the naked eye. The thermograms showed distinct images of
cave openings. Trials continued to 388 meters. In excess of 300 meters,
thermograms showed the distinct cave opening of Fisher Cave. At 388
meters, the thermograms showed signatures that could be that of a cave
entrance. The initial results indicate that individual cave entrances have
separate and unique temperature gradients. Thus, individual cave ther-
mograms are a “fingerprint” or sighature of that cave. Thermograms can
be used to isolate and identify caves entrances from surrounding terrain.
Once standardized procedures are established, thermograms may become
an important tool for cave location and exploration.

Introduction
Thermography is a type of infrared imaging. Thermographic cameras

detect radiation in the infrared range of the electromagnetic spectrum and
produce images of that radiation. Since infrared radiation is emitted by all
objects at ambient temperature, thermography makes it possible to “see”
ones environment with or without visible illumination. The amount of
radiation emitted by an object increases with temperature. Thermography
allows visualization of variations in temperature. With a thermographic
camera warm objects stand out well against cooler backgrounds.

Thermographic technology has advanced considerably in the last few
years. Current uses include building-energy audits, building diagnosis,
medical applications, fire detection, military night vision, computer heat
scans, industry, surveillance and other utilitarian uses where heat produc-
tion and dissipation are a factor. We hypothesize this technology can be
used under the correct conditions to locate potential caves by taking ther-
mograms of land masses such as hillsides and valleys while looking for
heat signature changes in the images which would reveal cave openings,
swallets, seeps and other karst features.

Overview of Theoretic Thermography.’®

There are three methods by which heat flows from one object to
another-radiation, convection and conduction. IR viewers are concerned
with radiation effects, but the others cannot be neglected. In radiation,
electromagnetic energy is actually emitted by an object or gas.

Heat measurement devices are either contact or non-contact devices.
Infrared Imagers observe and measure heat without being in contact with
the source and rely largely on radiation. The infrared camera used in this
experiment generates a digital false-color image of the view being exam-
ined using IR sensors in the place of normal visual-range detectors. Ther-
mography makes use of the infrared spectral band. At short-wavelength
end the boundary lies at the limit of visual perception, in the deep red. At
the long-wavelength end it merges with the microwave radio wavelengths.
The unit relationship between the different wavelength measurements is:
10000 A=1000nnm =1 p=1 pm.




The Infrared Spectrum

Every animate or inanimate body that exists emits infrared energy
from its surface. This energy is emitted in the form of electromagnetic
waves that travel with the velocity of light through a vacuum, air, or any
other conductive medium. Whenever waves fall on another body, which
is not transparent to the eye, they are observed and their energy is recon-
verted into heat. The difference between a cold or hot body is the level at
which it both emits and absorbs energy. If the body absorbs more energy
than it radiates, it can be considered cold. If the body tends to emit more
energy than it absorbs, it is considered hot. The state of being hot or cold
is a dynamic state. If a body is allowed to equilibrate with its surround-
ings, the emission and absorption will become equal and the body will be
neither hot nor cold.

Measurement Principles

All materials above absolute zero emit infrared energy. Infrared ra-
diation is part of the electromagnetic spectrum and occupies frequencies
between visible light and radio waves. The infrared part of the spectrum
spans wavelengths from 0.7 micrometers to 1000 micrometers (microns).
Within this wave band, only frequencies of 0.7 microns to 20 microns are
used for practical, everyday temperature measurement.

Though IR radiation is not visible to the human eye, it is helpful to im-
agine it as being visible when dealing with the principles of measurement
and when considering applications. In many respects, IR and visible light
arc similar. IR energy travels in straight lines from the source and can be
reflected and absorbed by material surfaces in its path. In the case of most
solid objects that are opaque to the human eye, part of the IR energy strik-
ing the object’s surface will be absorbed and part will be reflected. Of the
energy absorbed by the object, a portion will be re-emitted and part will
be reflected internally. This also applies to materials that are transparent to
the eye, such as glass, gases and thin, clear plastics, but some of their IR
energy will also pass through the object. These phenomena contribute to
what is referred to as the emissivity of the object or material.

Materials that do not reflect or transmit any IR energy are know as
“blackbodies” and are not known to exist naturally. However, for the
purpose of theoretical calculation, a true blackbody is given a value of
1.0. The closest approximation to a blackbody emissivity of 1.0, which
can be achieved in real life is an IR opaque, spherical cavity with a small
tubular entry. The inner surface of such a sphere will have an emissivity
of 0.998.

Different materials and gases have different emissivities, and emit IR
at different intensities for a given temperature.

Theoretical Basis for IR Temperature Measurement

Thermography (infrared thermal scans) uses specially designed infra-
red video or still cameras to make images (called thermograms) that show
surface heat variations.

The formulas upon which infrared temperature measurement is based
are old, established and well proven. Theoretic physical laws invoked by
thermography include:

1. Planck’s Equation: Describes the relationship between spec-
tral emissivity, temperature and radiant energy.

) 27he’ Wait
Wi = . N 10‘6[ Af,um (Eq. 1)
/1(6 d ~1) .

A

where: W, is the blackbody spectral radiant emittance at wavelength
A, ¢ is the speed of light, h is Planck’s constant, k is Boitzmann’s constant,

ociely

T is the absolute temperature (K) of a blackbody and A is the wavelength
in pm.

2. Stephan Boltzmann Law: The hotter an object becomes the
more infrared energy it emits.

Wy, = T [Fatt/m?) (Eq.2)

where the total radiant emittance is integrated from A = 0 to A=co.

3. Wien’s Displacement Law: The wavelength at which the
maximum amount of energy is emitted becomes shorter as the
temperature increases.

Ponax = giﬁ [,um] (Eq. 3)

4, Kirchoff’s Law: When an object is at thermal equilibrium, the
amount of absorption will equal the amount of emission.

a=g (Eq. 4)
The theoretic functioning of the thermographic camera is best ex-
plained by the following diagram?:

Ei]

fen =1

Figure 1. Schematic showing a generic thermographic imaging situation. 1: Surround-
ings; 2: Object; 3: Atmosphere; 4: Camera.

Assume that received radiation power W from a blackbody source of
temperature T on short distance
Generates a camera output signal U that is proportional to the
power output (power linear camera). We can then write Equation 5:
1 1-¢ 1-T

Uul‘!j = ;TLI\'OI - _;‘l] refl = ”‘El] atm (Eq. 5)

Where the operator has to supply values for object emittance €, rela-
tive humidity, T, object distance (Dobj), the effective temperature of the
object surroundings, or the reflected ambient temperature T_, and the
temperature of the atmosphere T .2

Speleology and Thermography

The natural meteorological conditions of temperate latitude caves
make infrared thermographic investigation possible. Differences in tem-
perature and humidity make cave entrances discrete from the surface, and
visible to thermography. As the inside of the cave maintains a constant
temperature and the outside ambient temperature fluctuates with the sea-
sons the cave entrance temperatures are normally different then outside
conditions. It is this premise that directs this research. Moore and Sullivan

.put this most succinctly:
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“The air in most caves is nearly saturated with water vapor - in other
words, the relative humidity is close to 100 percent. This is so because
seeping water moistens the ceilings, wall, and floor and that the air must
pass by as it moves slowly through the cave. The constant temperature
of the inner part of the cave permits this high humidity to be maintained
indefinitely.

Near the entrances to caves, however the humidity may be lower,
partly because the outside humidity is usually lower, and partly because
the cave temperature differs from the outside temperature.

In the summer, warm air entering a cool cave soon becomes saturated
without absorbing water from the cave walls. In the winter the air be-
comes warmer as it enters the cave, and for a short distance its relative
humidity falls.”*

Research assumptions:

1. Cave cntrance substrate temperatures are normally different
from other outside substrate temperatures. The air blowing
from a cave or into a cave is at a different temperaturc and
humidity level than the outside ambient temperature and hu-
midity.

2. Cave humidity alters moisture on cave entrance substrates
compared to other surface substrates.

3. An infrared camera measures and images the emitted infrared
radiation from an object. Since radiation is a function of object
surface temperature it is possible for the camera to calculate
and display this temperature.

4. Cave entrances can have their surface temperatures displayed

by thermo imaging infrared camera.

~ Trial Location

Fisher Cave is a lantern-toured show cave located in Meramec State
Park, Franklin County, Missouri, USA. The cave entrance is approximate-
ly 3 mhigh by 11 m wide, gated, and easily accessible. This wide mouthed
cave entrance allows ample atmospheric exchange. The cave entrance is at
a slightly oblique angle to its containing bluff, making it ‘vanish’ visually
within a short distance, despite proximity to a parking lot. These factors
selected it as our experimental site. One set of thermogram/normal photos
is included from the mouth of Carlsbad Caverns for comparison.

Materials

The camera used for this research is the Therma CAM™ B20 HSV,
which is the most sophisticated of the infrared-thermographic image
cameras made by the FLIR Company. A steady tripod was necessary to
get accurate signatures.

Nikon D1X Camera and lenses.

Delmhorst HT 3000 A Thermo Hygrometer & Dickson TH 550 Ther-
mo Hygrometer to measure temperature, humidity and dew point at cave
entrances and distances from the entrance.

Data Log Recorders (HOBO brand: timed temp, dew point, reiative
and specific humidity at prescribed intervals and distances from the en-
trance.)

Fluke 52 1T Thermometer and Thermocoupler to measure temperature
readings of the substrates at cave entrances and stream water tempera-
tures.

Methods

Radiation measured by the IR camera not only depends on the tem-
perature of the object but is also a function of emissivity. Radiation also
originates from the surroundings and is reflected by the object. Radiation
from the object and the reflected radiation will also be altered by atmos-
pheric adsorption. We consulted C. Warren Campbell on our methods. '

To measure temperature accurately, one must compensate for the
cffects of different radiation sources. This is done clectronically and
automatically by camera. The following parameters must be supplied for
the camera:

o The emissivity of the object

e The reflected temperature

o The distance between the object and the camera

e The relative humidity

These parameters were established for the IR camera with the use of
handheld thermo hygrometers at the cave entrances. Data loggers were
then set up to ensure accurate monitoring during the thermography, and
to provide data for the FLIR camera manufacturer, which is in process
of establishing standard emissivity tables for limestone based on this
research.

Results

Measurements at the entrances of known caves for temperature, rela-
tive humidity and dew point were taken at different distances from the
entrance for the caves and locations. The data were used to calibrate the
B20 HSV. A tripod was required for steady images as the B20 HSV does
not have a fast “shutter speed.”

On May 11, 2005 with a cloudy sky and recent light rain, Fisher Cave
had a entrance temperature of 16.4 C (61.6 F) with Relative Humidity
(RH) of 66.8%, Dew Point (DP) 10 C (50.2 F) with a substrate at entrance
temperature of 19.2 C(66.5F). Ambicnt conditions at 15.2 m (50 ft.) from
the entrance-were 15. 6C (60.1 F), RH of 62.4% DP C (46.2 F). At 182.9
meters from the entrance (600 ft.): Temperature 26.4 C (79.5 F) RH 20
DP (68 F)

At 118 meters, the opening could no longer be seen with the naked
eye. The thermograms showed distinct images of cave openings. Trials
continued to 388 meters. In excess of 300 meters, thermograms showed
the distinct cave opening of Fisher Cave. At 388 meters, the thermograms
showed signatures that could be that of a cave entrance

Thus, individual cave thermograms are a “fingerprint” or signature
of that cave. Thermograms can be used to isolate and identify caves en-
trances from surrounding terrain. We found taking the thermograms was
easier if the remote control was removed from the camera and used to ad-
just the setting and take the shots, as it helped reduced camera shake. The
resulting thermograms and corresponding visual images are reproduced
in Appendix I.

We found we will need to compensate for the following conditions in
future trials: a) Shooting thermograms through tree foliage will pick up
reflective signatures off the leaves. b) Shadows on hills do not show the
same temp gradient as actual cave openings. c) Images without a tripod
arc susceptible to camera shake thereby altering the image result.

Analysis of the Results

We believe thermography shows great promise as a cave entrance
location method. Thermograms will expedite field work in locating
cave sites, especially in temperate climates, where the mean annual tem-
perature (and therefore the temperature of the cave air) is stable but local
surface atmospheric conditions reflect wide seasonal variation. The ability
of a thermogram to penetrate vegetative cover (once we learn to norm for










is the principal media of heat exchange between the internal and external
parts, is variably influenced by the highly complex structure of the karstic
system. In here, we propose a simple schematic model to show the internal

- external climatic relation by understanding their working systems.
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Considering the complexity of the study, the unique way to resolve the
set of unknown variables is to install various sensors in different stations
all along the internal morphology of the hypogean cave. This will allow
to collect necessary data to understand and establish the hypogean micro-
climatic conditions.
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Fig.1 - Map of the LO LC 1650 cave. A) The 30 m deep shaft at the entrance of the cave. B) Meandering tunnel. C) Top of the ice deposit. D) Map of tunnel of the ice deposit. E)

The 25 m. deep shaft. Locations of the monitoring system sensors that are described in the text are indicated with their relative depth. On the right side the monitoring system plan is

sketched.
Abbreviation Parameter Instrument Data range Accuracy Resohstion
g Y
Anemometer 0...360°
TR RM Young mechanical, 20
vD Winddirection | 5103 wind | 355° electrical 3 )
Monitor (5° open)
Anemometer
. RM Young 0...134 mph + 0.6 mph
vv Wind speed 05103 Wind | (0..60ms") | (+03ms) -
Monitor
_y Starpyranometer 2 _ 2
RG Global radiation G Schenk 8101 0...1500 Wm - 1 Wm
. Rotronic At 23°C
. B -40°C. ..+60° -
T Air temperature Hygroclip §3 40°C...+60°C +0.2°C
. C Rotronic N At 23°C
TH Alr humidity Tygroclip $3 0...100 %RH 4 1.5 %RH -
) : Campbell TC -73°C +0.365°C
TC f[‘;:n;‘;:ul‘f he n; ?)iZuple -73°C...50°C 20°C £ 0.1°C -
il
probe 50°C £ 0.25°C
Hypogean air Metek
uUs direction and ultrasonic wind 0...45 m/s - 0.0l m/s
speed sensor USA-1

Fig.2 - Table that shows symbols utilized to identify the monitoring stations with some of their technical characteristics.
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To compare the hypogean with the epogean climatic conditions, a
meteorological stations is installed near the entrance of LO LC 1650, at
an altitude of 2030 m.

Installation of the meteorological station has permitted to measure;

- the air temperature and humidity with the Rotronic Hygroclip

S3 termohygrometer,

- global solar radiation with a Schenk 8101 global radiometer,

- wind direction and velocity with an RM anemometer. Meas-

ured data are collected by a data logger Campbell CR10X 2M.

The monitoring system sensors in the internal part of the cave are sys-
tematically distributed to establish a network so that a complete data could
be collected from the surface to the depth of 121 m. The acquired data are
registered by two data loggers Campbell CR10 2M, located at the mean-
dering tunnel, -31 m. and the tunnel deposit at -99 m (Fig.1). Air tempera-
ture is measured at 7 positions with 4 Campbell TC 105T thermocouples
and 3 Rotronic Hygroclip S3 thermohygrometres that measures also air
humidity. Rock temperature is measured by 2 Campbell TC 105T thermo-
couples inserted in to the rock at a depth of 10 cm and 40 cm. Temperature
of the ice deposit is measured with one Campbell TC 105T thermocouple
that is fixed at the surface of the deposit. Wind direction and velocity are
measured using the Metek USA-1 ultrasonic anemometer.

A general map of the LO LC 1650 cave is shown on Figure 1, with the
locations of the installed instruments, both in vertical section and planar
view. The main aim of the distribution of these instruments is to measure
the microclimatic conditions at various parts of the cave and to identify
their respective climatic variation with the external climatic changes.
Sensors network around the ice deposit is quite dense, hence climatic
conditions that preserve the ice deposit could be better monitored. The
thermocouple instatled in the rock measures the thermal gradients of the

rocks near the ice deposit. This permits to evaluate quantitatively the
events that are manifested and to identify the major agents that affect the
ice deposit The principal role of the thermocouple that is installed on the
surface of the ice deposit is to control the periods of ablation, conservation
and accumulation

of the ice deposit. Abbreviated words and letters representing the in-
stalled measurement stations are listed together with some of their techni-
cal characteristics in the table of Figure 2.

Initial data collected during the first cold season

In this preliminary phase, we limit our study to the analysis of the air
temperature, air humidity, rock temperature and surface of the ice deposit
temperature. Diagrams in Figures 3a through 3f show the air temperature
variation registered at various hypogean stations (TC 7, TC 6, TC_S,
TT 2, TT 1 e TC_1) in comparison to the meteorological station (TT4).
Plots of the two curves in comparison have different scales to show clearly
the hypogean trend. Scales on the right side of the graph correspond to the
hypogean and on the left side to the epigean temperatures.

It can be noted that graphs of 3a and 3b have the same scale that is uti-
lized in the epigean temperature plot. In fact, at TC_7 and TC_6 stations,
that are located at 15.75 m and 33.75 m down from the entrance, were
significantly affected by the epigean temperature, as it can be observed
from the intensity and the time overlap. Hypogean temperature variations
should be attentively observed during the end of a cold season when the
epigean temperatures start to rise. The mild increase of the hypogean tem-
perature should be related to the water of the melting ice that enter in to
the cave, in fact the tendency is to equilibrate at about 0°C.
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Fig 4 - Air temperatures and humidity trends in vertical profiles. Each line represents
average temperature, monthly mean humidity value with increase of depth of various
stations.

Station TC_5 is located at a depth of 53.75 m, within the 50 m deep
shaft after the meandering tunnel shown in Figure 1. Trend of the tem-
perature shows these environmental variations and hence the reference
scale is also changed (F1g. 3¢). Epigean “cold” temperatures could be still
sensed, although there are some delay. The slightly increasing trend of the
hypogean temperature at the end of the cold season is appreciable.

Temperature variations registered at the station of TT 2, located at
a depth of 92 m near the ice deposit, are shown in Figure 3. “Cold” epi-
gean events can be still observed although the effects are more delayed.
Temperature increase during the cold season are less marked as compared
to that of TC 5 station, this is due the presence a nearby ice deposit. On
Figures 3¢ and 3f, plots of TT 1 and TC_1 are shown, that are located
under the ice deposit at a depth of 102 m and 121 m respectively. On these
plots it can be only effects of only the important “cold” epigean events can
be observed, and delays of some days are again appreciated in this case.
The first thermal profiles are shown in F igure 4, that were measured dur-
ing the cold season. Plots represent mean monthly temperature in respect
to the depth of the cave. The first points of every plot at the depth of 6 m.
belong to the mean temperatures of epigean station. Each station shows
different thermal characteristics with depth and variable environmental
conditions. In fact along the meandering tunnel, as shown on Figure 3,
effects of the epigean temperatures are reflected both in their intensity and
temporal overlap. The shaft of 50 m depth reacts differently to the epigean
events, that is, intensity decrease and major delay of “cold” impulses. At
the base of the shaft, the ice deposit has created a new environment that
is conditioned by the ice itself. Hence below the level of the ice deposit,
the monthly mean data show a zone with a different trend. Profile of the
month of March is particularly interesting. The mean epigean temperature
shows a moderate increase indicating the beginning of the end of the cold
season. Where as the mean monthly temperature at the station of TC 1 at
a depth of 121 m, shows the lowest mean temperature of the season.

Diagrams of Figures 3g, 3h, and 3i show the relative humidity trend
registered at the stations of TH_3, TH_2 and TH_1 at the depths of 34 m,
92 m, and 102 m, respectively. All the plots are made in comparison to
the meteorological station (TH_4). Evaluating the 3 diagrams, it can be
noted that, like during the cold season, the relative hypogean humidity is
also affected by the epigean humidity. In fact, during the end of the cold
season values increase due to the percolating water into the cave melting
from the surface ice. The low relative humidity value registered at the
stations of TH_1 and TH_2 as compared to that of TH 3, are indicators
of sublimation condition that take place near the ice deposit by either the
direct contact of the ice itself or the cave wall near the ice deposit.

The above situation could be better observed in Figure 4, where
diagrams show the vertical profile trends of the air humidity. Each plot
represents the mean monthly air humidity in relation to the depth of vari-
ous stations.

In Figure 31 rock temperatures at depths of 10 and 40 cm are plotted
against the epigean temperature variations. As it can be noted from the dia-
gram, during the “cold” events the rock is affected by the air temperature at
least in the first 40 cm. Studies are on progress to evaluate the rates of delay,
considering the above mentioned stations and the nearest station TT 2.

The variation diagram of Figure 3m shows the temperature fluctua-
tions on the surface of the ice deposit. This trend is compared to the epi-
gean temperature variations. This station is particularly interesting since
it may indicate the periods of ablation of the ice deposit. We have limited
data of the cold season, but some indications are obtained. The deposit has
suffered from many “cold” events with delayed manifestations (typical
of its environment). A mild increase towards the end of the cold season,
different from the other heating trends registered during the cold season,
may indicate a progressive melting of the surface ice and percolation in
to the ice cave deposit. The short interruptions of this trend may create
favourable condition for the formation of new ice.
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THE PROPAGATION OF THE SEASONAL HEAT WAVE INTO CRYSTAL AND FANTASY CAVES (Bermuda)

Arrigo A. Cigna, 581, Fraz. Tuffo
1-14023, COCCONATO (Asti), Italy

Abstract

Crystal and Fantasy caves were monitored since some years both for
air and water temperature. Such temperatures vary along the year due to
the influence of the seasonal changes outside. Here the results of a study
on the propagation of the heat wave from the surface sea water to the
pools of water inside the caves are reported.

Keywords: Bermuda, show caves, environment, heat wave

Introduction

Some boys, who found a hole in the ground, discovered Crystal Cave
in March 1905. A couple of year later the owner of the land visited the
cave and decided to develop it. On January 8™, 1908 the cave was opened
to the public who could walk on a pontoon bridge. Four year s later, a tun-
nel was excavated in order to have an easier access to the cave.

1n 1907 another cave was discovered in the vicinity of Crystal cave and
was opened to the public in 1912 only intermittently, as Wonderland cave
until 1931. The cave was reopened on June 30", 2001 as Fantasy cave
after its redevelopment involving the replacement of the lighting plant and
the improvement of the original staircase and trails.
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Fig. I - Map of Bermuda showing the location (*) of the Crystal and Faniasy Caves.

Temperature Measurements

Air and water temperaturcs were measured weekly, in Crystal cave
since October 1998 and in Fantasy cave since November 2001. Not-
withstanding the large error affecting each measurement because the

thermometers have a scale divided in degree Fahrenheit where the values
may be estimated with an uncertainty of about 0.5°C, the long series of
data allowed the achievement of some interesting results.

Bermuda Weather Service kindly supplied air and surface seawater
temperatures. According to the actual data, the information was trans-
formed from the original °F into °C. A sinusoidal best fit was calculated
for each series of values with the FitSin Programme (Giorcelli, 1998). The
generic equation of a sinusoid being:

y=A+B*sin(2n(x+9)/T)

where y is the temperature (°C), A is the average temperature, B is a
coefficient equivalent to one half the amplitude of the sinusoid, x is the
time (days), ¢ is the phase delay with respect to x = 0 (1st January 1998)
and T is the period (= 365 days).
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Fig. 2 - Water temperatures (°C) measured in Crystal Cave vz. days form Jan. 1%, 1998.
A sinusoidal best fit is reported.
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Fig. 3 - Air temperatures (°C) measured in Crystal Cave vz. days form Jan. I, 1998. 4
sinusoidal best fit is reported.
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Obviously the temperature wave, originated outside by the seasonal
variation, propagates into the cave through different mechanisms (water,
air) with a delay and attenuation depending on the mechanisms involved
for each station. In Fig. 1 and 2 the diagrams of water and air in Crystal
cave are reported.

Table 1 - Delays of the heat wave between outside and the caves

Station Date of de Date of Max Delay
(days from 1/1/1998) | (day of the year)
Outside, surface seawater 225 August 13 -
Outside, air 224 August 12 -
Crystal Cave, water 268 August 137 43
Crystal Cave, air 244 September 1% 20
Fantasy Cave, water 265 September 227 40
Fantasy Cave, air 230 August 18% 5

In Table 1 the delays of the heat wave between outside and the caves
are reported. The date of the “summer” peak and the delay with respect to
the outside peak are given both as days from January 1*, 1998 and as days
of the year. A first examination of these data shows that the temperatures
of the surface seawater and air outside vary synchronously. Water tem-
peratures in both caves varies with a delay of about 40 days, i.e. this is the
times required by the heat wave to propagate from the outside sea into the
caves through the anchialine environment.

For the air temperature, it takes 20 days of delay with respect to out-
side to have the summer maximum in Crystal Cave while only 5 days are
found for Fantasy Cave. This means that air temperatuie inside the caves
depends mainly on the air exchanges along the access to the caves. The
air circulation in Crystal Cave is dominated by a two entrances system,
consisting in the long tunnel descending into the cave and the original
entrance. In fact an air current is evident in the region immediately below
the natural entrance, while the rest of the cave, occupied by a tidal lake
remains relatively isolated. For Fantasy Cave, on the other hand, the delay
is shorter on account of a minor thickness of the rock layer above the cave
and an immediate connection with outside.

Conclusion

Notwithstanding the very poor quality of the thermometers used for
the measurements into the caves, and therefore a relatively great uncer-
tainty of each measurement, it was possible to calculate a sinusoidal best
fit, which allowed the estimation of the delay of the propagation of the
heat wave. This delay, which was practically the same for both caves,
supports the hypothesis of rather similar connection between the caves
and the sea.

On the other hand the evaluation of the attenuation of the heat wave
was not possible, as it is evident from the distribution of temperature val-
ues in Fig. 1 and 2. In fact there are frequently clusters of such values, in
correspondence of integers of the thermometer scale. The attenuation of
the heat wave would have supplied another piece of information on the
cave climatology as it was obtained, e.g., in Kartchner Caverns, Arizona,
US (Cigna, 2001)

The new monitoring systems operating in both caves since March
2005 with data loggers, will ensure better records of temperature (and CO,
concentration in Crystal Cave) both from the point of view of continuity
as well as the smaller error associate to each measurements. Therefore in
the next future more reliable evaluations of the cave environment will be
drawn.
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The caves of Thrace region ( Northwestern Turkey)
K. Tork, L. Nazik, K. Tuncer, E. Ozel

Abstract

The karstic rocks are mounded in the certain areas on the Thrace
Region. The karstification is denser on the Yildiz (Istranca) Mountains
through the Black Sea cost of the Thrace Region. The karstic belt stretches
out with in the Paleozoic and Jurassic marbles and in the Eocene lime-
stone that cover the marbles from the western and southern of the region.
The Eocene age of limestone continues through the NW-SE direction and
have more caves than the marbles. The litostratigraphic, tectonic proper-
ties, the Quaternary rejuvenation and erosion-karstic base level relation
are effective on the karstification of the area. The Thrace caves have heen

at the base of the paleo polje and uvala (polycyclic) of Pliocene epoch and

the base and the hillside of the Quaternary epoch. The extension of the
most of the caves are horizontal and through the limestone-schist contact
on the area. That’s why the karstification is limited with the Eocene age
of limestone thickness (100-150 m). The Pabug and Kazan Rivers have
been effective fluvial systems on the karstification of the Eocene age of
limestone at the eastern of the basin. The hydrological system in the caves
is controlled by these two rivers. The caves have one layer in spite of the
polycyclic development processes at the Eocene age of limestone. But the
caves of the older rocks as Jurassic and Triassic marbles have more layers.
And the Pliocene relief systems are widespread on the explored 25 caves

at The Yildiz (Istranca) Mountain and close area.
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The effect of the relief systems of the Beysehir lake and the Kembos Polje basins on the cave development of the area

L. Nazik, K. Tork, K. Tuncer, E. Ozel

Abstract

The Beysehir Lake and the Kembos Polje Basins are located at
the northern part of the Central Taurus Region. The area geologically
consists of the naps, autochthonous and the metamorphic complexes.
The geomorphologic and the hydrological properties of the area formed
with the tectonic lines on the N-S and NE-SW dircctions. The each of
the basins have no outlet from the surface to the main drainage system.
They connect to the Manavgat River Basin with the cave and the conduit
systems. The Beyschir Lake and Kembos Polje Basins contain the
relief systems of Middle-Upper Miocene, Pliocene and the Pleistocene
Epoch. These relief systems that have been on different altitudes are
scparated to each other with certain borders. The very dense and the
polycyclic karstification developed according to the primary (origin) and
the secondary (shaping) factors of the area. The investigated 80 caves
divided to the three zones according to the relief systems. The relief
system of the Miocene epoch represented with the 1600-1750 m and the

upper altitudes (western of Beysehir Lake, Anamas-Dedegdl Mountains,
Seyran Mountain and Ipeler Mountain). Through the tectonic lines the
vados vertical pits and the sinkholes developed at the bottom and the
edge of the paleokarstic depressions of the Miocene surface. The most
of the caves are on the altitude range between 1250-1400 meters in the
Pliocene relief systems. The caves of the Pliocene relief system mostly
extend on the semi horizontal-horizontal directions and describe the
polycyclic development with the more than one cave layer. These caves
that totally fossilised on the upper layers are hydro logically sinkhole and
spring situated. The Eocene flysch and the faults had been effective on the
caves that developed according to the Beysehir Lake Basin. The youngest
caves of the area located at the range of 1150-1250 meters where the
morphological and karst base levels have been closed to each other in the
Pleistocene relief system. The mechanical erosion of the rivers had been
effective on the development of the active and semi active caves that are
line as one layer (monocyclic development).
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The geological and morpholegical origine and distribution
L. Nazik, K. Tork, K. Tuncer, E. Ozel

Abstract

Turkey had been formed with different tecto-genetic units and 1/3 of
Turkey covered with the soluble carbonate rocks (limestone, dolomitic
limestone and dolomite) and sulfate (gips). The karstic regions and caves
were formed according to the parameters which changes at close distance
between regions at the above of the rocks which are as certaine belts. The
initial parameters (chemical contents of the rock, stratigraphic position,
petrographic and structural properties and climate) and the formative
secondary factors (geomorphological, hydrological and hydrogeological
properties and vegitation) have been effective for the development of the
caves. The caves of Turkey grouped at five karst region according to the
theire forming and developing properties and inner cave formation. 1.
The caves of Taurus Mountain Belt a. The caves of Western Taurus karst
region b. The caves of Central Taurus karst region ¢. The caves of Eastern

Taurus karst region 2. The caves of Central Anatolia karst region 3. The
caves of Southeastern Anatolia karst region 4. The caves of Western
Anatolia and Thrace karst region 5. The caves of Blacksea mountains
karst region a. The caves of Western Blacksea karst region b. The caves g

of Central and Eastern Blacksea karst region The Taurus Mountain Belt ¢

has the most continiuty and evidenty karst region betveen these regions.
That’s why it is the most dense place for the cave developing. The caves
in this region have polycycle development properties and have the caves
deeper than 1000 m and longer than 10 km. and for these reasons called as
holokarst region. The other karst regions which are Western Anatolia and
Thrace, Blacksea Mountains, Southeastern Anatolia and Central Anatolia
called as shallow karst regions because of to have the carbonate rocks
deposits as a lens betveen the impermeable rocks.
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Karst and rock Phantems (fantbmes de roche) in the Netherlands
Herman de Swart

Speleo Nederland, Scientific Commission » Koolstraat 56, NL 2312 PT Leiden,

tel: ¥*31 71 5236580 = e-mail: hermandeswart@casema.nl

Abstract

Although in the Netherlands very little karst and only a few natural
caves are present, because of the fact that the 98% of the country is cov-
ered with soft Pleistocene or Holocene sediments, in the southern part,
in the Cretaceous chalk, a great number of rock phantoms (fantémes de
roche (Quinif, 1998)) can be observed and studied. These phenomena
precede the actual formation of karst, and play an important role in cave-
formation, in older rocks too.

98% of the Netherlands consists of Pleistocene and Holocene sedi- -

ments: gravel, sand, clay and bog. A large part of the country is formed
by ‘polders’ or diked land. In two rather small areas we find older rocks
(Carboniferous and Cretaceous) and even some karst: subterranean drain-

the Netherlands

age, dolines, limestone pavements and karren, swallow holes and springs,
and some little caves, the longest 140 metres in length (de Swart, 1996 and
2001, and references herein).

In the province of Limburg, south of the line Maastricht/Heerlen/Aken
in the most southern part of the Netherlands and continuing to the west in
Belgium, Cretaceous limestone was deposited, a calcarenite, locally inac-
curately called ‘marl’. The Maestrichtian formation (Upper Cretaceous)
has here its type locality (Felder & Bosch, 2000). This limestone is very
soft and can thereby be quarried away easily. This has been done since
the Middle Ages, in large underground and surface quarries. In this area
these underground quarries are called ‘marl caves’. The limestone is used
as blocks for building purposes, in the cement industry, and as agricul-
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tural lime. In this way large underground systems were formed. A recent
inventory (Orbons, 2005) describes 287 underground quarries, with 556
entrances, with a total surface of 386 hectares, and an estimated length of
600 kilometres!

Recent studies (De Swart, 2005, Willems, 2004), following an exten-
sive underground reconnaissance - that is still in progress - show that these
several hundreds kilometres of underground quarries, as well as several
of the open air limestone quarries, contain a relatively large number of
so called rock phantoms or ‘fantémes de roche’, an isovolumic chemical
(biochemical or bacteriological?) alteration of the limestone, preceding
the formation of caves and other karst phenomena (Quinif, 1999, Quinif
& Quinif, 2002). And although the number of caves in the Netherlands,
discovered in these artificial ‘caves’ is very small, due to the fact that
the limestone is very soft and consequently caves formed in these rocks
quickly ‘collapse’ through crumbling of the ceiling and walls,
number of rock phantoms was discovered. Some were naturally emptied
when the quarries were dug (and so form caves), but the majority is still
intact and shows the change in chemical composition of the rock and con-
sequent change in colour of the quarry walls. The ‘marl caves’ therefore
give us an opportunity, on several millions of square meters, to study the
first stages of cave formation!

a large
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Karsts and caves of the Shan Plateau Myanmar (Ex-burma)

By Claude MOURET

claude. mouret@wanadoo.fi * La Tamanie F-87380 Magnac - Bourg

Résumé

Le plateau Shan occupe environ 600 x 500 km dans I’est du Myanmar.
Situé au-dessus de 1000 metres d’altitude, il est largement constitué de
carbonates paléozoiques et mésozoiques, parmi lesquels se trouve une
grosse proportion de dolomie secondaire. Dolomie et calcaire donnent
lieu & des paysages karstiques trés différents. La dolomie produit des re-
liefs arrondis en creux et en bosse, drainé par un systeme fluvio-karstique.
Le calcaire monire les formes classiques de ces régions, avec de nom-
breuses dolines. L’escarpement du plateau donne lieu a des vallées qui
s’approfondissent en gorges, avec parfois de gigantesques chutes d’eau
précipitant des travertins.

Les cavités sont encore modérément connues malgré plusieurs cam-
pagnes d’exploration. La plus longue, Mundewa Guh, développe 1770 m
explorés. La profondeur maximale atteinte est de -70 m.

Abstract

The Shan Plateau is approximately 600 x 500 km large. Located at
an elevation in excess of 1000 m a.s.L,, it is largely made up of Paleozoic
and Mesozoic carbonate, including a larger part of secondary dolomite.
Dolomite displays round-shaped landscapes in a fluvio-karst setting.

Limestone shows a characteristic morphology with numerous dolines.
The scarps around the Plateau determine high waterfalls -with common
travertines- along progressively deepening and narrowing valleys. Caves
are moderately known despite several exploration campaigns. The longest
explored cave is Mundewa Guh and it is 1770 m long. The deepest cave
is -70 m.

In 1995, the author and his wite restarted cave exploration in the Union
of Myanmar and, until august 1998 (around 25 caves mapped), investi-

gated regions as diverse as the Hpa-an and Mawlamyine (Moulmein, NB-
traditional names are between brackets) areas in northern Thanintharyi
(Tenasserim), the southern part of the Rakine (Arakan) Mountains, the
Central Plains (man-dug caves in Bagan (Pagan) and near Monywa), the
edge of the Shan Plateau from the north of Mandalay to the region of
Kyaukse, the Mogok region, and the Shan Plateau. On the Plateau, were
explored the areas around the cities of Pyin-Oo-Lwin (Maymyo), Lashio,
Muse, Kalaw and Taunggyi, and a number of other, spotty, areas (Fig. 1).

During the late part of 1998, another exploration campaign was con-
ducted by Philippe Bence, Florence Guillot and Stéphane Maifret, based
among others on information provided by the author. In this sense, the two
series of work are fully in the continuity of each other.

General setting

The Shan Plateau is approximately 600 x 500 km large and located
in the eastern part of Myanmar. It is mainly made up of Proterozoic to
Mesozoic formations with local Late Cenozoic to Quaternary deposits.
Its surface morphology evolved at least during Cenozoic to Quaternary
times, over tens of million years. This evolution resulted in a likely sig-
nificant eroded thickness on the Plateau. Himalayan movements related
to the collision of Greater India with mainland Asia resulted in its uplift
and the formation of deep incisions by the rivers. The iongest canyon on
Earth is on the Shan Plateau, along the Thanlwin (Salween) River. While
longest canyons trend North to South in the central part of the Plateau,
more radial patterns are present along the Shan scarp to the West and the
Northern edge around Mogok.

The plateau ranges above 1000 m a.s.1., up to 1500 m in average. How-
ever, it reaches 2641 m near the Chinese border. 6 peaks rise above 2500
m a.s.l. and 39 above 2000 m. Besides, the Central Plains are at around
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100 to 200 m only. So, the Shan Scarp is like a wall at the edge of the
plains. Rivers commonly show decep falls and gorges behind the scarp and
along the incised part of their upstream valleys (as around Pyin-Oo-Lwin
for instance).
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Fig. 1: Location map of the Shan Plateau in Myanmar (Mouret, 1998; Mouret et
Lebreton, 2003)

Climate

The climate seems to be known at a limited number of measuring sta-
tions. Accessible data is scarce, though it is sufficient to characterise the
Shan Plateau at the edge of the dry belt of the Central Plains. The Plateau
has a dry season from November to May, which is cool up to mid-march
then het up to May The rainy scason lasts the rest of the year, with an
intermediate temperature which is due to the large degree of cloudiness.

Two stations can be used to illustrate climate characteristics in the
studied area, i.e. on the western part of the Plateau. At Taunggyi, the aver-
age yearly rainfall depth is 1518 mm, to be compared on one hand to the
2677mm at Yangon (Rangoon) near the coast close to the Ayeyarwady
(Irrawaddy) delta or to the 4759 mm at Mauwlamyine (Moulmein) on the
rainy coast line of Andaman Sea, and on the other hand to the 600-700 mm
in the dry belt of the Central Plains. Temperaturc can drop down to a few
degrees Celsius, even zero, during the night from December to February,
though it can reach 25°C during the day. In April, it can rise up to 35°C
but it does not drop below 20°C at night.

At Kalaw, rainfall depth is in average 1323 mm per year (min. = 942
mm; max = 2083 mm; standard-deviation = 273 mm). For temperature,
equivalent figures are 24.5, 15.1,32.9 et 3.0 °C.

Wind regime is known at Mandalay, a city at the foot of the Shan
Scarp. Wind comes from the North and Northeast from November to
January, South-Southeast and Southeast from February to October (Do-

bby,1950).
Geology

The sedimentary formations of the Shan Plateau start with Upper
Cambrian strata overlying metamorphic rocks (gneiss with cipolinos
and micaschists formed under high pressure conditions). Carbonates are
present in the Ordovician and some shaly limestone exists in the Silurian.
However, the bulk of the carbonate on the Plateau is made up of pervasive
dolomite that cuts through Devonian to Triassic carbonate, with some
isolated limestone remnants. Its thickness may be several kilometres
thick, according to some authors (Bender, 1962); at least, it is very thick.
In the studied area, the Permo-Triassic alone is more than 1000 m thick.
This carbonate is named Shan Dolomite Group, but the dolomite is less
abundant in the upper part. Its internal structure is poorly known and non-
carbonate lateral equivalents may be present at places. Internal uncon-
formities are reported but poorly documented. Some Jurassic carbonate is
reported (Bender, 1984).

Undated Cretaceous is present as red beds. Its distinction with terra
rossa sensu lato remains to be clarified. Mesozoic formations participate
in the folds present in, at least, the western part of the Plateau. A very long
stratigraphic gap lasts up to the Late(st ?) Cenozoic to Quaternary times,
during which fluvial and lacustrine sediments were deposited in tectonic
lows, e.g. in the Lake Inle area.

Tectonics of the Shan Plateau are related to successive microplate
collisions in the Paleozoic and the Triassic. In the Late Triassic, occurred
the Indosinian collision, after which Asia is made up of one sutured set of
plates. The main deformation is related to the India-Asia collision in the
Cenozoic, specially in the Neogene and to the associated right-lateral mo-
tion of India vs. Asia in front of the Shan Plateau.

Late right-lateral North-South trending normal faults affect the pla-
teau, as along the pull-apart basin which contains the world-famous Lake

Inle. These faults are possibly responsible for the high CO, contents in [

Mundewa Cave, which opens along the graben edge.

0ld chemical analyses (in Cchibber,1934) confirm the abundance of
MgCO,, with a content commonly reaching 29 to 45%. However, genuine
limestone is proved with MgCO, values of 1.37% for example.

Density measurements have shown values of 2.72 to 2.84, which cover
most of the range between pure limestone (d = 2.71 if no porosity) and
true dolomites (d = 2.85 if no porosity).

Karst morpholegy

Karst morphology does not cover the whole Shan Plateau, because
carbonate does not cover it entirely. Except the cipolino areas in Mogok
region (Mouret, 1998) which exhibit some spectacular karst morphology
(lapies with pinnacles up to 8 m high, crypto-lapies with rundkarren, large
dolines), which is indeed out of the Shan Plateau proper, and some areas
in Ordovician carbonate, where karst morphology is probably not well de-
veloped (by comparison with Northern Thailand), the nearly entire karst
morphology is related to the Shan Dolomite Group.

Dolomite karst is dominant in the landscape, but it cannot be separated
from smaller inliers of limestone with a typical polygonal tropical karst,
which are commonly protruding in the morphology. These two morpholo-
gies, quite different at first sight, are indeed fully complementary and
make the Shan Plateau an especially interesting karst area.

The morphology is overall a fluvio-karst, and limestone areas inte-
grated in the whole pattern. Along the main rivers and over the whole
of the region the valleys progressively deepen downstreamward. Cliffs
and gorges develop as in the Gogteik Gorge between Pyin-Oo-Lwin and
Lashio. The base level for the plateau is set by the Central Plains at the
edge of the famous Shan Scarp, which is around several hundred to more
than 1000 metres high, and by the Thanlwin {Salween) River gorge, said
to be the longest gorge in the world.
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Dolomite karst

Dolomite karst itself determines the fluvio-karst. The morphology is
largely characteristic, smooth, rounded hills and rounded valleys. Lo-
cal scarps are present on the hills. Such a landscape is related to rock
properties. Dolomite is made up of dolomite crystals, rhomboedra, which
are shedding a significant intergranular porosity. Disintegration of often
poorly cemented crystals near the surface is a more powerful phenom-
enon than dissolution. Dolomitic sand formation is the result, a classical
fact. Progression of the disintegration front is irregular, as it depends on
lithological heterogeneity, such as crystals size, degree of cementation
and cement dissolution or even, at a more local scale, tectonic crushing of
the rock formation, proved by slickenslides often observed by geologists.
Progtession front is clear in quarries, where dolomitic sand is exploited
“by hand”, as workers leave harder parts untouched, which protrude
across the sand. These crypto-pinnacles are commonly squat; they often
reach several metres high and are rarely coalescent. However, they cannot
resist weathering for long, as we observe many more crypto-pinnacles in
quarries than exhumed pinnacles at surface.

Such features and especially the sandy nature of weathered dolomite
preclude the formation of the usual karst morphology, typical of limestone
which do not disintegrate. Karren and pinnacles may be present, but they
are usually much less typical in dolomite and restricted to the best ce-
mented (or where the cement has selectively been less dissolved) areas.

However, cliffs along valleys or on slopes (in this case, they usually
have a limited lateral extent) are the main locii for rock exposure. Sand
initially on top of the cliff has commonly been washed away, so rocks on
the lower part of upper slopes directly connect cliff tops.

Fluvio-karstic valleys are usually very wide in the upstream part and
display the concave, rounded, cross-section already mentioned. Hill tops
themselves are shaped as surbased rounded cupolas. Further downstream,

® valleys get progressively deeper and lateral cliffs start appearing. They
progressively get higher as the valley goes, together as the valley section
becomes more squared.

Underground drainage may exist nevertheless, as observed examples
prove it, but it is less developed than in limestone, because dolomitic sand
is choking passages, if possibilities of export are limited: in these pas-
sages, karst permeability is partly or entirely replaced by a porous type
permeability which allows only a lower flow velocity and flow yield. Ero-
sion rate is severely decreased in this way. Karst passages are better open
where dolomiitic sand can be exported to the outside, as near springs and
in through caves. Most of known caves are related to conditions favour-
able to sand export out of endokarst. However, large river sinks with large
flows may exert a stronger dissolution in the upstream parts of massifs,
where CO, of biological origin is abundant.

The dolomitic sand blanket at surface is obviously favourable to infil-
tration and surface vegetation is rather sparse. Infiltration water can dis-
solve rock but what power of dissolution remains below the sand ? How
laterally continuous is the sand ? The existence of large voids is so far
not proved, for instance by large collapse areas already known. Probably,
dolomitic sands are able to hide the smaller collapses.

Vauclusian springs are known to exist, probably in dolomite, but the
access to them is currently forbidden.

Polygonal karst in limestone. Relations with dolomite karst
Limestone areas show polygonal karst, a fact already put in evidence
by Dunkley et al (1989). Such karst landforms are often choked at surface
by shaly sediments, but they are water absorption zones, with vadose
features. The way of restitution of water is still unknown. Some sectors
at least, as to the West of Pindaya, correspond with anticlines and are
morphologically higher than dolomite lands. Underground drainage is
necessarily directed towards the dolomite, either laterally or by vertical to

oblique infiltration. Either springs exist in the valleys or there is a feeding
of the dolomite aquifer. On the edge of the Shan Plateau, because of the
higher hydraulic gradient, anticline flanks are prone to karst units with a
major difference in elevation.

In small limestone units surrounded by dolomite, limestone drainage
can be only towards the dolomite aquifer, because dolomite porosity
is not favourable to karst springs at the contact between the two rocks
(stratigraphic barrier).

Caves

Around 20 caves were explored and surveyed on the Shan Plateau. The
longest is Mundewa Guh (guh means cave) near Taunggyi, with 1770 m
surveyed (Fig. 2) and the second is Leikte Guh near Kalaw, with a 960 m
length (Bence et al, 1998), then we find the main cave at Padah Lin with
450 m (Mouret, 1998), Peik Kyin Myaung Guh (in Pyin-Oo-Lwin region)
with 447 m (Bence et al, 1998) and Myinmethu Guh with 330 m (Dunkley
etal, 1989). So far explored cave depths are not so deep: Leikte Guh is the
deepest and it reaches a -70 m depth.

Mundewa Guh (near Taunggyi) is a system with a dry passage level
which opens in the cliff along the fault bounding to the East the graben of
Lake Inle (Mouret, 1998) and an active one with a small stream (Bence
et al, 1998). The outlet of the stream is located some 25 m lower than the
dry entrance. The whole cave system is high above the lake level. In the
upstream part of the stream, there is the very high CO, content in the air
already mentioned (exploration was stopped because of it). It was ob-
served just after the end of the rainy season, in November 1998.

Leikte Guh (close to Kalaw) is a river sink. There is a main passage
around 6 to 10 metres wide and two smalier choked side passages. One
of them is a polluted tributary and the other one a passage oriented to-
wards the upstream. The end of the cave is a sump at - 70 m (Bence et
al, 1998).

Padah Lin main cave is a fossil passage located at a relatively low
elevation on the flank of the Shan Plateau, at an elevation around 400
metres, 50 km to the SE of the small city of Kyaukse. It is an overall wide
passage, but it shows a succession of narrower part, several metres large,
and of chambers 20 to 30 m wide and high, with some openings to the sky
(Mouret, 1998).

Peik Kyin Myaung Guh is a spring cave with a significant flow rate,
located at the base of a cliff. The river originates from a boulder choke in
a side passage and connects the main passage , whereas the main passage
itself continues up to a narrow passage.

Myinmethu Guh (to the SE of Kalaw, South of Aungban) is a through
cave collecting in a vertical sink a small, temporary flowing, surface
stream. Passage size is several metres wide.

So far explored caves are either fossil caves at high relative elevations
(Pindaya Cave, north of Kalaw) or lower on the slopes (Mundewa Cave).
Some are sinks (Leikte Cave) or springs (Peik-Kyin-Myaung). Entrance
deep shafts have not yet been explored. There are also famous travertine
caves in the Gogteik Gorge (Cchibber, 1934). Close to the Shan Scarp,
there are also caves, as Dattaw Cave near Kyaukse which is a top side
collapse of a large chamber, or the fossil Shwemale Cave in the remnant
hill among the foothills to the North of Mandalay.

Prehistoric paintings are present in Padah Lin I Cave, one of the Padah
Lin Caves. It is the only case so far known in the country.

Caves in Mogok are dug out for rubies and sapphires (Mouret, 1998).
Caves of the Shan Plateau are widely used, commonly for religious pur-
poses, but also for tourism, some for guano or nitrate exploitation and
occasionally for various purposes.

As in all parts of Myanmar, caves are commonly used as Buddhist
shrines. The most spectacular is Pindaya Cave with its thousands of Bud-
dha statues of all shapes and sizes, its gilded or painted pagodas and the
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abundant use of gold leaf. Very spectacular also is Peik Kyin Myaung Guh
with statues displayed over several hundred metres, gilded pagodas and, at
the end part of the main passage, so many copies of Lord Buddha’s boddhi
tree: there is like a forest in the cave. There are also Shwe-Ohn-Min Cave
near Kalaw, Schwemale, Dattaw (Mouret et al, 2003), Myinmethu and so
many others shedding lot of Buddha statues and shrines of many kinds..
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About processes governing speleogenesis in the rocks

By Claude MOURET

claude.mouret@wanadoo fr * La Tamanie F-87380 Magnac - Bourg

Résumé

La plupart des roches peuvent recéler des grottes, qu’elles soient,
sédimentaires, ignées ou métamorphiques. Toutefois, la taille et le dével-
oppement des grottes varient beaucoup d’un type de roche a I’autre. Nous
présentons ici les trois facteurs principaux de creusement spéléogéné-
tique, de fagon générale: dissolution/ corrosion, altération géochimique
et désintégration granulaire/ érosion. Ces trois facteurs de creusement
nécessitent la présence d’un export des matériaux dont le départ est néces-
saire pour que le vide se développe et apparaisse en tant que tel: export
en solution, par entrainement de grains ou par effet mécanique gravitaire.
Dans la quasi totalité des cas, la présence de 1’eau est nécessaire a quelque
degré, soit pour la destruction de la roche, I’export ou les deux. Méme les
effets gravitaires et ceux du vent sont accentués, sinon largement préparés,
par la présence d’eau.

De nombreux facteurs géologiques interviennent,outre ceux tecto-
niques et hydrogéologiques bien connus, comme les alternances de bancs
de résistance contrastée, les expositions aériennes interrompant momen-
tanément la sédimentation, la diagenese classique, les effets hydrother-
maux lors des phases d’enfouissement.

Abstract

Most of rocks may host caves, whatever they are sedimentary, igne-

ous or even metamorphic. However, the size and overall length of caves

g largely differ from a type of rock to an other. We comment here three main

factors of rock destruction, which are dissolution/corrosion, geochemical
weathering and grain disintegration / erosion. Rock export is necessary
and it occurs as mineral solutions, grain transport or gravity effect. In most
of cases, water is necessary to some extent. Even gravity and wind effects
are accentuated and even largely prepared par water.

Any geological factors also play a role, in addition to the well known
tectonic and hydrogeological ones, such as alternation of beds, or inter-
vals, of contrasted resistance, aerial exposures during short interruptions
of sedimentation (relative sea level falls), classical diagenesis or deep
burial effects.

Most of the rocks (sedimentary, igneous and metamorphic) may have
caves, but the related passage developments vary significantly. In a given
rock, the number, the size and the location of the caves depend on rock
nature and fabric, and on the geological, geomorphologic and climatic
settings.

Water is nearly always necessary to speleogenesis, even with regard
to a number of gravity-driven processes. Even the wind, under arid
conditions, cannot fully exert its action if the rock has not previously or
sub-contemporaneously been weakened by some weathering-related and
capillary phenomena.

1. Rock destruction and rock export

Both destruction and export are necessary to cave formation. Rock de-
struction mainly includes rock dissolution and corrosion, rock geochemi-
cal weathering and erosion-grain disintegration.

Export by water and/ or gravity processes (sliding, solifluction, fall,
undermining...) may enhance or in some cases slow down rock destruc-
tion, depending on climate and morphology. Wind plays a role in carry-
ing arenas or other kinds of particles and small grains away from small
caves.

1.1. Rock destruction

Rock dissolution/ corrosion by acidic water (whatever acidity origi-
nates from CO, dissolution in the soil, organic acids, bacteria action,
volcanic gases, oil-related or hydrothermal solutions), is active at a sig-
nificant scale on a limited number of rocks:

- carbonates, with significant differences from limestone to dolo-

mite, siderite, etc.,

- metamorphic carbonates, such as marble and cipolino,

- evaporites, which are highly soluble.

- largely calcite-cemented sandstones and conglomerates with non-

carbonate grains or elements.

Nevertheless, corrosion by organic acids also occurs, but at a very
limited scale, with siliceous minerals such as quartz and feldspars.

Geochemical weathering includes a minor amount of pure dissolution,
and mainly a lixiviation/ geochemical transformation of weaker minerals
in non carbonate, non evaporitic, rocks which can be sedimentary (sand-
stone, conglomerate), metamorphic (micaschist, gneiss...), igneous either
crystallised at depth (granite, diorite, syenite, gabbro, pegmatite, etc.) or
volcanic (basalt, andesite, dacite, rhyolite, etc.). As weathering depends
on water availability, it depends on climate and seasonal effects and on re-
gional morphology as well. Rainy paleoclimates are important especially
in arid regions, where rock weathering was more developed a few millen-
nia ago. Weathering is facilitated when rock drainage is poor, as in flat and
low lands, while aprons, plateaus edges or pitons are not so weathered.

Usually, feldspars (and certain rock fragments in sandstones and con-
glomerates) are the weak components of the rocks (sandstones, igneous
rocks, volcanic and metamorphic rocks), but ferro-magnesian minerals
are weak as well. Dissolution and weathering may lead to a neoforma-
tion of clay minerals (variable according to drainage conditions) and
mineral destruction starts and accompanies rock weakening. Geochemical
weathering action interacts with mechanical weakening. Acidic solutions
penetrate the rock better where grain contacts are loosened and where
microfracturing occurs. There is always a balance between discontinuities
opening and weathering, because water must penetrate the rock but it must
also remain a sufficient time for chemical reactions are effective.

Salt migration in the rock commonly creates mechanical exfoliation
which results in void enlargement, specially near surface. Capillary ef-
fects needs only a small quantity of water and largely weaken the rock;
preparing a ground for rock disintegration and desquamation

Bacteria may exert an additional destructive action through corrosion
or more complex interactions with the host rock.

Rock disintegration concerns crystals or grains. It depends on the na-
ture of rock, on the size of the crystals (dacites often have large crystals of
biotite or hornblend and in this case disintegrate much more than basalts
or rthyolites) and on the pattern they form with other minerals. It facilitates
water penetration into the rock and may have a direct impact on weather-
ing. Too small-grained rocks usually do not show significant grain disin-
tegration. Thermal action (alternations of cold and hot, frost...) is able to
enlarge already existing voids (for instance in some granite caves). Rock
overburden leads to generate rock shelters, as in siltstones and shales
interbedded below massive sandstones.

Erosion is directly linked to grain disintegration and freed crystals or
grains can be easily carried away, provided there is available space for
that (connected fenestrae, conduits, open fractures, open stratification
surfaces, outside slope, etc.). Erosion probably occurs in karst conduits to
a higher extent than it is usually thought. In passages behind river sinks,
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transportation of solid particles by water may erode cave walls and the
fine-sized particles generated in this way are subsequently more easily
dissolved. Near the outlets, erosion (if conditions for it are encountered)
is enhanced by stronger current; eroded particles are easily exported. The
water breakthrough and specially the cave breakthrough between sink
points and outlets lecad to a well developed passage association able to
generate long cave systems.

Rock massifs existing as topographic highs can be affected by gravity
deformation leading to decp open cracks within them, which form some-
times long caves. '

1.2. Rock export

Rock export is made as a mineral solution or by the way of particle
transportation. Dissolution is predominant in carbonates and evaporites.
Grain disintegration and particle export is dominant in sandstones. Weath-
ering and capillary effects dominate in metamorphic and igneous rocks
and liberate particles which can be exported by water and gravity over
a commonly short distance (before it is reworked and exported at long
distance. Small caves in grained rocks form more easily along fractures if
gravity-related export processes are present.

At a large scale, geometric setting plays a large role in grain export,
specially if it is associated with a favourable geological pattern: e.g. strata
surfaces in a sandstone gently sloping towards the local hydraulic base
level. Rock export occurs downstream at first and progressively moves
upstreamward. In the sub-basaltic caves in Western Borneo, such an
export is the major reason why caves have formed in silici-clastic beds
below basaltic andesites.

2. Other factors of cave formation

Many factors play a role with respect with cave formation, which is
classically established. However, we would like to review here some fac-
tors which have been less studied. They are reviewed, for sedimentary
rocks, from sedimentation to diagenesis and deformation, and for other
rocks mainly under the aspect of lithological contrasts.

Beds succession may enhance speleogenesis, whenever a harder,
thicker, more resistant bed (or interval) overlies a less resistant one.
For instance, roofs of large chambers and even of large passages may
be made up of the thicker beds of a thickening up sedimentary sequence
in carbonate, or made up of a more cemented carbonate lithology or of a
different carbonate (siderite beds interbedded with some limestone series
for example).

In non carbonate environments, caves often form because there is a
stronger bed above easily erodible rocks. It is the case in volcanic and
volcano-sedimentary environments (basalt above sandstone or above
sandstone-shale alternations, welded breccias above sandy volcano-sedi-
ments...), in sedimentary silici-clastic settings (cemented thick sandstone
above thinner, finer-grained, less cemented one), in laterite profiles (caves
formed below the iron crust), etc.

Speleogenesis also occurs where a formation concentrates water
towards peculiar points or areas of weaker strata, as a poorly porous,
fractured, sandstone above an underlying fractured carbonate. Structural
conditions may enhance this.

Harder beds also play a role as potential barriers to horizontal flows
along their non fissured or faulted parts. Water is forced to follow them
until it meets a fracture or a sedimentary or diagenetic wedge which allow
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From 2001 to 2004: paleontslogical excavations in the Grotta inferiore dei Covoli di Velo (Veneto - Italy)

Roberto Zorzin®, Fabio Bona™ *, Massime

(* Museo Civico di Storia Naturale di Verona,

The cave bear

The cave bear (Fig. 1) had its origin from the kind Ursus etruscus
mostly spread in Eurasia during the middle-superior Villafranchian. From
this progenitor, in fact, two phylogenetic lines are evolved: one in Europe
have gave origin to U. spelaeus in the middle Pleistocene (around 350.000
years ago), passing through the kind U. deningeri, and the other one in
Asia to U. arctos {the actual brown bear), which has spread then also in
Europe and in America (Kurten, 1968).

This animal, very diffused during the superior Pleistocene, from a
geographical point of view, can be considered a limited kind to the Eu-
ropean continent. Its area of distribution extended him from the south of
England as northern limit, to central Italy as southern limit, while to the
west it reached the north of Spain and to the east the Caspian Sea (Kurten,
1972). From the point of view of the altimetric distribution, the kind Ursus
spelacus has been found up to the quota of 2800 meters altitude, really in
Italy, in the cave of the Conturines.

¥ *Universita degli Studi di Milano)

20.000 and the 18.000 years ago). One of the hypotheses on the causes
of the disappearance of U. spelacus is that this kind had already reached
the last glaciation with few exemplary and that the strong stiffening of the
climate and the consequent environmental changes made the retrieval of
food extremely problematic and hindered the meetings among the indi-
viduals (Kurten, 1976).

Covoli Di Velo - Grotta Inferiore

The zone where the karst system of the Covoli di Velo finds is one of
the most interesting of the center oriental Lessini Veronesi, both from the
geologic and paleontological point of view. These hollow are situated in
the so-called Valle del Covolo, tributary of the deep incision of the Valle
di Progno di Illasi, among the excavations of Velo Veronese and Selva di
Progno.

The karst system of the Covoli di Velo (Fig. 2) is formed of three prin-

Civoli di Velo

Covoli di Yelo
(Upper Cave)

Figure I - Pup and adult cave bear skeletons (Kurten, 1972).

The cave bears introduced a notable but variable ransom: the forms
suited for glacial periods, in fact, middly possessed superior dimensions
in comparison to the forms of the interglacials periods; besides, evident
was also the difference of ransom among males, which were bigger than
females. A fundamental characteristic of this animal was the specializa-
tion of the teeth for a predominantly vegetarian dict.

The forms of cave bear were spread in forest environments of lowland
during the glacial periods while in the interglacials, in which the tempera-
ture was milder, they could climb to tail quota in hollow of mountain or to
more elevated latitudes. In these karst caves they looked for shelter during
the winter lethargy, then they went out and wandered freely during the
spring with the purpose to get themselves the necessary resources to face
the cold following winter. The almost totality of belonging rests to Ursus
spelaeus has been recovered really in these hollow, where the bones of the
dead bears during the winter period are preserved until today. Interesting
seems to be the fact that in some caves the number of the males could
overcame a lots that of the females while in others could happen the con-
trary. This could be interpreted as test of the existence of hollow mostly
frequented primarily by the females with pups and populated hollow by
the males. According to Kurten, the males for example, preferred ampler
caves, while the females small and sheltered caves, which constituted a
sure shelter for pups. '

The cave bear probably extinguished in western Europe before the
moment of maximum aridity of the last glaciation (around between the

Figure 2 - Planimetry of the karst system of the Covoli di Velo with excavation sectors
in the terminal room (details G. Rossi and R. Zorzin).

cipal hollows (“Grotta superiore”, “Grotta inferiore” or “Grotta dell’orso”
and “Covolo dell’ Acqua”) and of some smaller holiows. The caves, that
primarily introduee an horizontal course, develep to an altitude which
is almost between the 860 and the 890 ms s.l.m., inside the calcarenitis
oolitiche in benches, locally also intensely dolomitizzate, lumachelle to
ostreidi, rolled micriti and micriti with clayey interleavings, belonging to
the formation of the “Grey Limestones of Noriglio” (Jurassic inferior).

Overall around 545 meters of karst system, of which 364 ms belong to
the system of the Grotta superiore-Grotta inferiore, 65 ms to the Covolo
dell’ Acqua, 40 ms to the Covole dell’ Atrio and the remainders 75 ms to
the smaller hollows, has been explored.

The hollows are rich of alluvial sedimenis and they are all inactive hy-
drologically, except the Covolo dell’ Acqua, characterized by a perennial
water circulation with strong variations of course. The accessible parts of
the complex and the presumable connections among hollows are limited
from the huge alluvial deposits and that of collapsc, that clog the galleries
in various and discontinuous way (Rossi and Zorzin, 1999).

The hollow has a total development of 195 ms, to a large extent com-
putable to the principal branch, being entirely the secondary ramifications.
Few over the entrance, besides very narrow, the gallery, in light descent,
assumes a very ample rectangular section. In this line the paleontological
deposit has been removed reaching an underlying sterile level constituted
from materials of collapse.
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Figure 4 - Up on the left, planimetry of sector A; up on the right, vertical section of sector A in relation to squares B2 and B3, down on the lefi, planimetry of sector B on the roof of

level Z2; down on the right, vertical section of sector B in relation to square M (figures by F. Bona).

Liv. 0

Liv. 1

it is the most superficial level, primarily constituted by a big
body of landslide, with angular pebbles of various dimen-
sions, very big too. The matrix among the pebbles is clayey of
brown color. This level reaches a maximum depth of 90 cms.
Here few bones are been recovered, between them we signal
some finds of ibex, important for the paleoenvironmental in-
terpretations.

it is composed from clayey slime, finely rolled. Alternated to
foils of maximum thickness of a millimeter, of yellow color
and constituted in bigger slime part, there are others black,
probably due to accumulation of organic substance in a mo-
ment of stasis depositional in calm waters. Besides, lenses of
sand which included pebbles of some mms of diameter are
present. The thickness of the level 1 reaches the 40 cms. This
level is entirely sterile from the macropaleontological point of
view.

Liv. 1b it is characterized by shreds of clayey slime stratified and

Liv. 2

mixed between big blocks of landslide of non inferior dimen-
sions to the 50 cms and pebbles of smaller dimensions. It can
be interpreted therefore as the liv. 1, but in which the foils of
clayey slime have been deformed by the blocks coming from
the overhanging landslipe. Also its thickness is of around 40
cms. This level results to be extremely poor of paleontological
finds.

it results constituted by angular pebbles of eterometric dimen-
sions. The matrix is clayey of dark brown color. The pebbles
are prepared in an horizontal way, in order to create some
separate plains. To the actual state of the searches, three prin-
cipal “paleo-surfaces of stamping” have been individualized,
characterized, in addition to pebbles, also from the presence
of bones, set, they too, in horizontal position, and from an in-

crease of the sandy fraction and clayey aggregate. Where these =
plains are recognizable, the matrix, in addition to be composed
of sand and clayey aggregate, shows a blackish coloration,
with a certain probability, due to the accumulation of organic
substance coming from the decomposition of the soft parts of
the dead animals. Alternated to these surfaces there are slow of
clayey slime with foils of maximum thickness of a millimeter.
This level is the richest from the paleontological point of view.
On the three “surfaces” individualized, in fact, numerous long
bones have been recovered and also a big fragment of skull
belonging to Ursus spelaeus, further to a metatarsus of wolf
(Zorzin and Bona, 2002).

Stratigraphy of the sector B

Instead since 2002 and in the two following paleontological excava-
tions (2003 and 2004) was dug in the other area, sector B. Here 9 ms? of
earth have been considered, these too separated as those of the sector A in
squares of | m?, initialed with letters and numbers (L1, L2, L3, M1, M2,
M3, N1, N2, N3), and around 2,70 ms depth has reached.

The stratigraphical levels envoy in light till now with the excavation

are two:

Liv.Z1 it is an horizon constituted by finely rolled clayey slime.
The foils, of maximum thickness of a millimeter, of yellow
color and constituted from slime, are probably formed for ac-
cumulation of fine material, transported by a course of water
and settled in calm waters. Alternated to these, there are other
black foils, due to accumulation of organic substance in a mo-
ment of depositional stasis in calm waters. Besides, the pres-
ence of a thick granulometric lens, constituted from gravelly
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epifisis are not still settled completely to the diafisis. If we consider those
of adults, in which the epifisis are usually melted perfectly to the diafisis,
in reality, we see how a good part lacks of the extremities. Many teeth
have emerged from the excavations of the Covoli di Velo, the major part
of them is perfectly preserved; only in some cases they miss some root or
even more they rarely show a crown and cusps consumed. A thought, must
be made particularly on the canine tooth some of which introduce some
notable dimensions.

Few are, instead, the finds belonging to other kinds (Fig. 7). [n 2001 a
first premolar of cave hyena (Crocuta crocuta spelaca), a fourth left meta-
tarsus of wolf (Canis lupus), two right metatarsus and a right tibia of ibex
(Capra ibex) have been recovered; in 2002 an incisive, a molar, a fragment
of basin, a left tibia, a left femur and a left metatarsus of ibex have been
discovered; in 2003 a right femur of wolf has been found while in the last
excavation only a strong left metacarpus of ibex has been identified.

To these rests we have to add different rests of micro-mammals be-
longing to some kinds of rodents and bats, now in phase of study and re-
covered through a job of sifting on samples of earth picked in the sector A
and in the sector B during the excavations. Particularly, till now, the levels
1 and 2 some area A and the level Z1 of the B have been investigated.

Preliminary results on the population of ursus spelaeus of the covoli
di velo

The morphological characteristics and the morfometric analysis of the
recovered finds (Accordini, 2003-2004) confirm the exclusive presence,
among the kinds belonging to the kind Ursus, of the kind Ursus spelacus
Rosenmiiller & Heinroth. For the specific determination and the measure-
ment of the finds various texts have been used and different authors have
been consulted (Hue, 1907; Schmid, 1972; Torres, 1988; Von den Driesch,
1976; Perego, 1993). The measures drawn by the finds of the Covoli have
been compared at first with the data concerning the Spanish populations
of U. spelaeus published by Torres (1988). From the comparison the re-
sult is that the dimensions of the bears of the Covoli are inclusive inside
the maximum and least values typical of this kind. Particularly, as bony
elements for the morforetric study, for the comparison with other popu-
lations and for the construction of graphs we have used the long bones.
Comparing the long bones, we notice how the least values of these ones
are much more inferior than the Spanish ones. This can be explained by
the fact that in the charts of the Covoli di Velo the measures of all the finds
of the excavation have been inserted, considering not only the adults but
also pups and young cave bears, that lower notably the average, while
Torres has entirely used for its data only adults, If only the data of the
adults are compared also the least measures, they reenter in the interval of
the Spanish values. Besides we have to consider, to one side, the specific
variability and, to the other side, the fact that Torres has cropped and
envoyed together the measures of a lot of Spanish populations of Ursus
spelaeus: so, the average and the specific variability result very ampler in
comparison to those of a single population.

Minimum number of individuals

Thanks to the femurs, the type of more abundant bone in the excava-
tion, we have calculated the least number of individuals that makes us sup-
pose has populated the cave: this results to overcome the 80 individuals,
value that, of course refers to the levels till now investigated. The method
used to calculate this value is that of Krantz (1968): considering the bone
found with more frequency, the least number of individuals is given by
the sum of the number of pairs of this bone recognized as befonging to the
same animal adding all those separated lefts and rights.
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Figure 8 - Dispersal diagrams explaining the distribution of the individuals in the four
considered age classes (1" winter cubes, 2% winter cubes, youngs, adults) with long
bones (femur, tibia, humerus, ulna and radius). The antero-posterior diameler of dia-
physis is collocated on ordinate axis, the transversal diameter on abscissa axis.

Classes of age

During the excavation we have recognized bears belonging to different
stadiums of development. We have tried to divide the bony elements in
groups cotresponding to different phases of development (Bona, 2004),
recognizable qualitatively for the followings osteological characteristics:
dimensions, porosity and degree of calcification, welding of the cpifisis
with the diafisis. Four classes of age for our subdivision have been con.
sidered:

1. first winter pups: it coincides with the animal’s birth; bones
are very small, calcification is only sketched, degree of poros-
ity is very elevated and epifisis are only sketched;

2. second winter pups: the aspect of bones is similar to that of the
preceding class but their dimensions are bigger, they introduce
a bigger degree of calcification and porosity, epifisis are not

settled;

3. youngs: bones can reach the dimensions of the adults but the
epifisis are still not completely fused to the diafisis;

4. adults: bones have the epifisis completely settled to the diafi-
sis.

The most of the long bones recovered during the excavation are frag-
mentary, mainly missing some epifisis. This is above all due to the fact
that the most of them belongs to pups and young cave bears, in which the
epifisis are not settled to the diafisis yet. As consequence, onty the trans-
versal diameter and the antero-back diameter of the diafisis of the most of
our finds have been measured. Just using these two parameters we were
able to build some graphs (one for every type of considered bone) which
show the distribution of the individuals of the Grotta inferiore in the four
classes previously described (Fig. 8).

At this point we have calculated the percentages of the individuals
belonging to the various classes of age identified in the whole excavation.
According to the femurs and the humeruses, the most abundant bones in
the excavation, we have reached the followings data: 30,3% pups first
winter; 27,7% second winter pups; 22,9% youngs; 19,1% adults. As we
can see, the major part of the bears is constituted by pups which have not
overcorne the first winter of life (from been just born up to few months
of age) and so they have never gone out to the outside of the cave, and by
pups which have died during the second winter passed in cave (from few
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less to few more than one year). Good is also the percentage of the young
individuals while scarcer is that of the adults. So, if we consider overall
the pups, we can notice a rate of bigger mortality among these in compari-
son to the youngs and much more in comparison to the adults: in fact, we
note as the general percentage of the pups is higher in comparison to those
of the youngs and adults, reaching 58%.

In general, however, the percentages point out a mortality distributed
in almost similar proportions between the four classes of age in which it
was decided to divide the studied individuals.

1t is done, besides, an attempt to see if mortality had suffered some
variation among the surfaces of the Z2, considering that the bones, due to
their horizontal position, had not been remixed during the time, but that
they belonged indeed to those surfaces. In effects, a certain diminution
of the mortality of the adult individuals and an increase of the pups was
noticed passing from the surface 5 {o the 1. It is difficult, however, o ex-
plain if this increase of the childish mortality was caused by some climatic
changes or something else.
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Figure 9 - Dispersal diagrams explaining the sexual dimorphism with long bones
(femur, tibia, humerus, ulna and radius). The antero-posterior diameter of diaphysis is
collocated on ordinate axis, the transversal diameter on abscissa axis.

Sexual dimorfism

The sexual dimorfism in the cave bear is evident especially in some
parts of the skeleton as the skull, the long bones and, concerns to teeth, the
canine tooth. The males are bigger than the females of the same age.

Still considering the long bones, already used for the division of the
individuals in classes of age, it has been possible to get important informa-
tion on the quantity of males and females, that have frequented the cave.
Obviously this quantity is related to the levels investigated till now. The
graphs of dispersion built before on the base of the transversal and antero-
back diameters of the long bones have also been used again in the study of
the dimorfism. In such context, however, they have been considered only
the adult individuals (Fig. 9).
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the finds into two principal groups: a group down to the left constituted
by a series of values distributed in a more homogeneous way, probably
attributable to females, and a group up to the right formed by few finds
of bigger dimensions, and separated by the precedents, attributable to
males. This separation can be seen well in the graph of the femurs and the
humeruses, while it is less clear in the other graphs where few other finds,
hardly attributable to a sex, put in the middle of the two groups mentioned,

can be counted. Even, in the diagram of the tibias and the ulnas it is very
difficult to distinguish the female group from the masculine one, because
of the homogeneous distribution of the values. From the data that we have
available till now, however, we can affirm as the general number of female
individuals is higher than the masculine one. Calculating the percentages
of the males and the females according to the femurs (since they seem to
be the clearest example) we can get the following data: 81,3% females
and 18,7% males.

Conclusive considerations and future perspectives

The stratigraphical excavations effected in 2001, 2002, 2003 and 2004
showed the potentialities from the paleontological point of view of the
Covoli di Velo, a karst system that in past, before the razzies made by
unauthorized burrowers, had to contain, a big quantity of finds, as testified
in the writings of many authors.

The four paleontological excavations have interested two sectors of
the terminal room of the cave: the sector A, next to the west side of the
room and the sector B, along the east side. Through the granulometric
analysis, the stratigraphy of the two areas of excavation was established,
distinguishing the levels 0, 1, 1b and 2, for the sector A and the levels Z1
and Z2, for the sector B.

The determination of around 1500 skeletal rests has not shown a big
variety of the material recovered by the excavations: a morphological and
morfometric analysis of the finds, in fact, has permitted to establish that
almost of of all them belongs to the kind U. spelacus.

The fauna of macro-mammals that has been recognized in the Grotta
inferiore of the Covoli di Velo is composed, besides the cave bear, also
from Canis iupus, Capra ibex and Crocuta crocuta speiaea. These kinds
unfortunately are represented by few skeletal elements.

If the carnivores are excluded, that are generally little indicative from
the point of view paleoenvironmental, the presence of the ibex, instead,
could be enough meaningful, pointing out some particular paleoenvirom-
mental conditions, with a cold and arid climate in the open zones. Particu-
larly, one sprout of interesting reflection is furnished by the recovery of
this animal (liv. 0, 1b, Z2 sup.1, Z2 sup.3) to an altitude of 880 ms s.L.m.
This results to be very low, knowing that this kind today lives in rocky
zones above the limit of the wood, to an altitude between the 1.600 and
the 3.000 ms s.l.m., hardly recognizables with the actual environmental
conditions of the Covoli di Velo, surrounded by the forest. However, the
expressed considerations about the presence of the ibex refer exclusively -
to the rests found to the roof of the Z2, since the levels 0 and 1b of the sec-
tor A, from first observations on the field, they would seem to be, at least
partly, rehandled and so not entirely reliable.

It was previously mentioned to the analyses of the micro-mammals,
that we know they’re very useful to furnish us information for possible
paleoenvironmental and paleoclimatic reconstructions. Just for this rea-
son in the last excavation for every square and level of the Z2 we picked
samples of ground that will be analyzed soon to esteeming if there are
micro-mammals, already found in the level Z1 with similar analysis on
picked samples of earth in 2003. If these analyses had to have positive
result, that is, if it had to be confirm the recovery of micro-mammals in
good quantity in the investigated levels, after an accurate determination of
the present kinds and the percentages related to such kinds in the sector B,
we could get perhaps interesting news on the cave.

Another interesting initiative that we have decided to undertake is to
develop some pollen analyses: three samples of ground have been picked
in the sector B to three different depths to sound the presence of pollens
in the levels of the area of excavation and eventually to clarify of what
type of pollens are. In fact, the granules of pollen, remaining stuck to the
fur, were transported in cave by the bears and, when they had died, these
pollens could keep in the muddy sediments of the karst hotlow. The vari-










of the roots is missing. The external cones are pointed and straight on their
labial side, the paracene is well developed and the metacone bears longi-
tudinal palatinal crest. There is a small parastyle, while there is trace of a
cingulum like metastyle. The morphotype scems o be a simple one.

Sub-order Feloidea SIMPSON, 1931

Family: Hyaenidae GRAY, 1869

1) Genus: Crocuta KAUP, 1828

Crocuta spelaea intermedia M. de SERRES, 1828

Material: Mandible fragment with D, - D, PEC 15 dex.

Description: Of the brachygnath mandible most part is preserved with
the D, and D, both slightly worn {fig. 4.1). Of the D, the protoconid is
intense, and there are an anterior and two posterior small accessory cus-
pids. Of the milk carnassial, the paraconid and protoconid are pointed, the
metaconid is absent and the large talonid is bicuspid as the hypoconid is
reduced, but well developed the entoconid and hypoconulid, The M, is
unerupted.

2) Genus: Pliohyaena KRETZOI, 1938

Pliohyaena perrieri CROIZET & JOBERT, 1828

Material: Cranium with dC®sin, D? - D* sin+dex, P* dex, M! sin PEC
28,2 mandible fragments with D, - D,, M, PEC 14 dex and 13 sin, D, PEC
35 sin, D, PEC 44 sin.

Description: The skull is almost well preserved and it bears almost all
the slightly worn milk teeth and the unerupted left carnassial and the right
M as well. The I* dex and the C* sin are under eruption (fig. 3). The milk
canine is slender, with an intense posterior and an anteropalatinal crests
with a well developed cingulum on the base of the latter. There are only
the alveoli of the single root D'. The D? is clongated and its longitudinal
axis is directed palatinal. There are a small anterior and a well distin-
guished posterior accessory cuspid and an intense palatinal cingulum. The
D¢ is the laigest tooth with well separated parastyle, Jong metastyle and a
very low protocone in the middle. On the basis of the amphicone there is
an intense triangular cuspid. The molar like D* is small, triangular, trans-
versally developed.

Of the hypsognath mandible, most part is preserved with the slightly
worn D), D, and D, (fig. 4.2,3). Of the leng D, the protoconid is intense
and posterior inclined, and there are anterior and posterior accessory cus-
pids. Of the milk carnassial D, that is clearly distinguished the paraconid
and protoconid are less pointed, the metaconid is present and the large
talonid is tricuspid as the hypoconid, hypoconulid and entoconid are well
developed, with the latter one being the most strong. The M, is unerupted,
with the metaconid well distinguished. It must be noted that in all milk
teeth there is an intense labial cingulum. Only two isolated well preserved
teeth have been found (fig. 5.5,6). The dimensions of the specimens are
given in tab. 1.

[able 1. Plichyaensa perrieri - Crecuta spelaea intermedia PEC
Measurements of milk teeth (in mm)

Pliohyaena perricri
Cranium PEC 28 PEC35
LdCs 8.12 LD, 16.99
BdCs 5.90 BD, 7.35
LD'alv. 6.50 PEC 44
BD'alv. 6.40 LD, 19.89
LD? 16.00 BD, 3.82
BD? 7.54 LD i 15.15
LD’ 25.50 LD, ta 4.61
BD? 14.00 HD crown 10.82
LD* 9.60 Md PEC14, PECI3 n X min max S v
BD* 15.64 LD,-D, 2 50.00 49.50 50.50 -
LM! 7.40 LD, 2 13.65 13.60 13.70 -
BM! 1417 BD, A 6.25 6.20 6.30 -
Ldiasterna 2.87 LD, 3 17.20 16.90 17.60 0.35 2.03
LD'alv.-D* 52.00 BD, 3 7.56 7.50 7.76 0.11 1.46
LdCrant.-M'post. 85.00 LD, 3 20.50 19.90 21.00 0.56 2.73
LdC-D* 67.49 BD, 3 8.47 .40 8.60 0.12 1.43
LD=D? 42.76 Crocuta spelaga intermedia
LD? 16.00 PECIS
BD? 7.83 LD,D, 43.00
Lp? 25.70 LD, al.9.60
BD* 15.53 BD, al.5.20
LD 9.68 LD, 12.90
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From the distinction of the dI*, D* and D, in rights and lefts the MNI
(minimum number of individuals) can be calculated to 355 individuals
based on dI® (the left ones) and 400 (not reliable, based on milk canines
with the total 1600 rights and lefts plus uppers and lowers divided to
4)(tab. 5).

Table 5. Ursus ingressus LAC: Distinction of the dI, D* and D, in
rights (dex) and lefts (sin)
for calculation of the minimum number of individuals (MNI).

Category of Teeth Number of lefts (sin) | Number of rights (dex)
dr 355 340
D 120 120
D, 139 146

Discussion, Conclusions

e Three caves of northern Greece present the most important milk
teeth material of Pleistocene: the Petralona cave (PEC) with
hyaenids and bears, the Agios Georgios, Kilkis cave (SGK) with
hyaenids and Loutra Arideas Bear-cave (LAC) with bears.

¢ The most important remarks are preliminarily shown in table 6, as
the research is in progress.

* InMiddle Pleistocene Petralona Cave, the material representing the
hyaenids comprises well preserved skull with almost all the slightly
worn milk teeth and the unerupted left carnassial and the right M!
as well as mandibles with the milk cheek teeth that give evidence,
parallel to adults, the two genera crocuta and hyaena to be distin-
guished. For example the presence (Pliohyaena) or not (Crocuta)
of the metaconid in the lower carnassials M, follows the milk
carnassials D, respectively. For the bears only the upper carnassial
can be compared with that of LAC and the main remark is that the
morphotype is more complicated in LAC specimens than that from

+ The Agios Georgios-Kilkis cave is the unique, up to now, exclu-
sively hyaenid den of Greece, as the most specialized scavenger
- Crocuta crocuta spelaea- the real cave hyaena, lived in. The pres-
ence of the milk teeth, the coprolites and the food remains establish
the habitation. In other caves with Quaternary faunas, the presence
of the most common cave-bear is notable. A sample of hyaena tooth
(upper carnassial) enamel was ESR dated giving an age in the range
12.242,5 Kyr BP. This indicates Greece as a refugee for the hyae-
nas, when they were largely excluded from northern and central
Europe during last glacial. Further more, post cranial bones with
infused epiphyses were found.

¢ The Late Pleistocene Loutra Arideas bear-cave is very rich in

paleontological material of ursid milk teeth. Thus the site can be
considered as the unique place of Greece where so abundant and
well stratified deciduous teeth from 189 excavated layers (Scm of
thicknéss each) have been collected.

The abundance of the milk teeth, in spite their fragility, is very remark-
able.

The majority of the tooth and bone remains belong to juveniles and
sub-adults, while very few belong to very old individuals and few to
adults.

Among the material there are specimens such as skull and mandibles
with deciduous teeth and postcranial bones, especially metapodials with
the distal epiphysis infused. Therefore all ages from juvenile to senate
individuals are represented. The majority of the tooth and bone remains
belong to juveniles and sub-adults, while very few belong to very old
individuals and few to adults, indicating thus an extremely high incidence
of young and neonate mortality.

The study of the milk teeth proved the presence either of u
bears.

There are many bear carcasses as a result of death during hibernation.
All this evidence establishes the inhabitation. On the other hand, many
milk teeth must have been brought into the cave with the sediments.

The morphotype of the milk carnassials from Loutraki is similar to

PEC. those from Gamssulzenhéhle (Austria).
Table 6. Some morphological characters on milk teeth of Pleistocene carnivores from Greek caves for comparison
. . Crocuta spelaea . . .
\ U. deningeri intermedia Pliohyaena perrieri | Crocuta crocuta spelaca Ursus ingressus
Petralona Agios Georgios, Kilkis | Loutra Arideas Bear-cave
Middle Pleistocene Latest Pleistocene Late Pleistocene
Mandible brachygnath hypsognath
D*occlusal More squarish More rounded
More pointed and Lesser pointed and
paracone-metacone B .
diverged lesser diverged
Morphotype Lesser complicated More complicated

D, protoconid

Lesser intense

More intense

Lesser intense

More erect Inclined posterior More erect
Anterior and two . . Anterior and two
. . Anterior and posterior, .
Accessory cuspid posteriors, cleatly more developed posterior small
all small arty clop clearly lesser developed
D. paraconid and protoconid Pointed Pointed Lesser pointed
4P P Open angle - Lesser open angle More open angle
metaconid absent present absent
Bicuspid:
. hypoconid reduced, but Tricuspid
1 N .
talonid entoconid & hypoconulid | All well developed Not developed
well developed
. labial intense
cingulum . .
in all milk teeth
Morphotype Lesser complicated More complicated
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Table 1. Ursus ingressus LAC: Measurements of the milk teeth (in mm) (L=length, B=breadth)

n min - max X Sp-1 \4
Ldr’ 12 1.77-2.95 2.44 0.32 13.15
Bal’ 12 1.57-2.68 221 0.35 15.58
Ldl’ 103 3.02-4.63 3.85 0.32 9.46 .
Bdi’ 103 2.72-4.97 3.35 0.32 8.24
Ldr 671 4.03-6.62 5.23 0.38 7.30
BdI® 671 4.01-6.77 5.05 0.42 8.31
LdC 1507 5.08-9.58 731 0.60 8.23
BdC 1507 3.96-7.25 5.52 0.45 8.23
LD? 6 2.10-2.76 2.40 0.25 10.60
BD? 6 1.99-2.65 2.25 0.26 11,75
Lp’ 26 3.97-7.30 6.21 0.62 9.96
BD? 26 3.07-4.17 3.72 0.26 7.04
LD* 124 920-12.85 11.13 0.74 6.69
BD* 124 | 642-11.60 7.56 0.64 8.43
Ldl, 52 1.45-2.73 2.17 0.29 13.54
Bdl, 52 1.21-2.09 1.73 0.21 11.87
LdlL, 27 3.50-4.76 4.02 0.29 725
Bdi, 27 2.42-3.83 2.94 0.36 12.32
Ldl, 173 4.10-6.32 5.21 0.47 9.12
Bdl, 173 3.02-5.33 4.05 0.37 9.23
LD, 6 2.12-2.82 243 0.29 11.80
BD, 6 2.12-2.57 2.29 0.18 7.97
LD, 59 2.98-6.49 498 0.94 18.94
BD, 59 2.38-4.02 3.29 0.38 11.69
LD, 242 1021-14.98 12.76 0.77 5.10
BD, 242 5.03-9.70 6.31 0.58 9.17
LDt | 252 5.67-9.85 8.47 0.62 7.36
4 2.83-5.91 4.60 0.53 11.58

Figure 10. Ursus ingressus LAC:
Representative material of the mitk
carnassials showing the variability

of their morphotype.

Left: Two upper rows: D
occlusals, and two lower rows: Dy
lingual and labial views.
Right: occlusals of the upper and
lower carnassials
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Figure 13b.  D* sin with the occlusal morphology
from Repolusthdhle (1), Conturineshshic (2),

Figure 13a. Ursus ingressus, Loutra Arideas Bear
Cave: D* LAC 12557 sin, with the occlusal

morphology. Gamssulzenhdhle(3) and Nixloch (4). Abb.: Hy:
hypocone, 1C: lingual cingulum, Me: metacone,
Mitst: metastyle, Pa: paracone, Past: parastyle, Pr:
protocone (RABEDER, 1983).
[x1] o ‘
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Figure 14a. Ursus ingressus, Loutrd Arideas Bear
Cave: D, LAC 12560 sin, with the
occlusal morphology.

Figure 14b. D, sin with the occlusal morphology from
Repolusthdhle (1), Conturineshshle (2), Gams-
sulzenhshle(3) and Nixloch (4). Abb.: Ed:
entoconid, EHd: enthypoconid, Hyd: hypoconid,
Med: metaconid, Pad: paraconid, Prd: protoconid
(RABEDER, 1983).

Table 2. Ursus ingressus LAC: Wear stages of cave-bear deciduous canines

Westbury
Wear Number of ANDREWS Odessa
stage Description specimens & KURTEN
dC) LAC TURNER 1976
1992
A Unerupted o B8 132 22 13
g2
B Erupted Z & 500 10 26
C Unworn 83 32
D Slightly wear 130 39 165
E Heavy wear Ed 600 80
¥ Worn with resorbed 3 155 g
root
Unerupted, when the crown is formed but the root 1s not; erupting, when some root development
has taken place; unworn, when the root is fully formed but the crown has no wear; slight to moderate
wear; heavy wear.
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From the distinction of the dI°, D* and Dy in rights and lefts the MNI (minimum number of individuals) can be
calculated to 355 individuals based on dI” (the left ones) (tab. 3).

Table 3. Ursus ingressus LAC: Distinction of the dI®, D* and D, in rights (dex) and lefts (sin)
for calculation of the minimum number of individuals (MNI).

Category of Teeth Number of lefts (sin) Numb(e(;‘e(;t)' rights
dr 355 340
D* 120 120
Dy 139 146

The following scatter diagrams of length and width of the milk teeth accomplish the distinction between upper and
lower jaw (Fig. 15-18) that is better shown on the milk carnassials.
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Figure 16. Scatter diagram of L=length and B=breadth of
the dI%, dI,, which shows less the distinction between
upper (A) and lower (+) second deciduous incisors.

Figure 15. Scatter diagram of L=length and B=breadth of
the dI', dI,, which shows the distinction between upper
(+) and lower (A) first deciduous incisors.
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Figure 17. Scatter diagram of L=length and B=breadth of
the D, D; which shows the distinction between upper

(®) and lower (+) third milk premolars.

Figure 18. Scatter diagram of L=length and B=breadth of
the D“, D, which shows clearly the separation between
the upper (A) and lower (+) milk carnassials.

Conclusions
e The Late Pleistocene Loutra Arideas bear-cave is very rich in paleontological material of ursid milk teeth. Thus
the site can be considered as the unique piace of Greece where so abundant and well stratified deciduous teeth
from 204 excavated layers (Scm of thickness each) have been collected.
o  The abundance of the milk teeth, in spite their fragility, is remarkable.
e Among the material there are many postcranial bones, including metapodials, with their epiphysis infused.
Therefore all ages from juvenile to senate individuals are present.
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e The majority of the tooth and bone remains belong to juveniles and sub-adults, while very few belong to very
old individuals and few to adults, indicating thus an extremely high incidence of young and neonate mortality.

e  The study of the milk teeth showed the presence either of unborn bears.

e There are many bear carcasses as a result of death during hibernation. All this evidence establishes the inha-
bitation. On the other hand, many milk teeth ware brought into the cave within the sediments.

e The morphotype of the milk carnassials from Loutra Arideas Bear Cave is more similar to that from
Gamssulzenhthle (Austria) than that from Conturineshhle (RABEDER, 1995).

o  Finally only 3 caves of northemn Greece present significant carnivore milk teeth material of Pleistocene: the most
important Late Pleistocene Loutra Arideas Bear-cave (LAC) with bears between latest Pleistocene and Middle
Pleistocene, the Middle Pleistocenc Petralona cave with hyaenids bears and the latest Pleistocene Agios
Georgios, Kilkis cave with exclusively hyaenid remains (TSOUKALA 1989, 1992a, b, 1994, 1996,
TSOUKALA et al. 1998, 2001, TSOUKALA & RABEDER 2005).
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The paleontological research in Grevena (fig. 1) started in 1990,
when a student discovered elephant remains in an old stream, in
a building plot close to his house. After preliminary visits for
substantial field seasons, in 1992, 1994
and 1995 were devoted to systematic excavation of the site.

reconnaissance, three

s Pedosodkinndn? svdigus PILD, B GAUT,
Aol Sravend, locality GRE

Fig. 1. Map of Greece with the Grevena Prefecture and

the localities with the proboscidean remains
depicted. GRE: Ambelia locality, Grevena town.
MIL: Milia area and SGP: Priporos, Agios Georgios

These resulted in abundant fossilized elephant
remains, apparently all pertaining to a single
skeleton. The excavated area, in which the elephant
was discovered, is situated on the outskirts of
Grevena town, in “Ambelia”(GRE), 585m of
altitude above the sea level, which is the
metropolitan center of Grevena Prefecture, in

western Macedonia, 190 km west of Thessaloniki. A

Fig. 2. Complete view of the excavated area with remains of

Elephas (Palacoloxodon) antiguus in the Ambelia Tocality (GRE)

partial skeleton of straight-tusked elephant, Elephas
(Puluevloxodon)  anmtiquus  FALCONER &

deposits (TSOUKALA ‘& LISTER 1998). The

CAUTLEY (1847) was excavated from Pleistocene

material was found in unconsolidated sands, close to
the surface, so the remains are in a rather poor state
of preservation, because of the waters, but mainly of
the roots of the plants that penetrated the fossils and
resulted in great damage. Very few, mainly the
metapodials, were well preserved. Only two other
fossils were found in association with the elephant:
two teeth- an upper (Ml‘z) and a lower molar M, of
a large bovid. This skeleton included substantial
portions of the skull, mandible, vertebral column,
ribs, the two scapulas, fibula, carpals, tarsals,
metapodials and phalanges (fig. 2) represent a large,
adult male of about 40 years. Three samples of
elephant tooth enamel were ESR-dated (by Dr. Y.
Bassiakos- Nuclear Center for Scientific Research,
N.C.S.R. “DEMOKRITOS”, Attiki), giving an age in
the range 160-170 + 25 Ky. BP, i.e. Oxygen Isotope
Stage 6. This is very important because indicates

Wislha, Grevons, bocality MIL 1

Greece as a refugee for temperate, woodland-adapted

large mammal species at a time when they were
largely excluded from northern and central Europe.

Fig. 3. Complete view of the excavated area with fossil findings of
the mastodont Mammut borsoni in the Milia locality (MIL )

The second excavated area, in which the mastodont Mammut borsoni HAYS, 1834 (Proboscidea) was discovered, is
situated on the outskirts of Milia village, 15 km northeast of Grevena town. The excavations in the Milia locality (MIL)
(fig. 1) brought to light proboscidean partial skeleton of the mastodont material (fig. 3), which was found in unconsoli-
dated sands of the Aliakmon river Pliocene deposits, close to the surface, so the remains are in a rather poor state of

preservation.
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Abstract

The hybrid Kiinyugawa-dam Cave is situated in the Kii Penin-
sula of Honshu Island, about 10km southeast of Hashimoto City in
Wakayama Prefecture and rediscovered in 2001. The cave is devel-
oped into the black slate and mafic volcanic rocks of the Upper Cre-
taceous System, Hidakagawa Group of the Shimanto terrane. It is the
peculiarly hybrid cave system which linked the closed mine cave and
the natural tectonic cave. Mineralogical identification was made by X-

ray powder diffraction method and revealed nine minerals five classes -

as follows ; Carbonates (aragonite, calcite), Oxide (goethite), Silicates
(clinochlore, illite), Sulfates (brochantite, glaucocerinite, gypsum) and
Sulfide (pyrite).

The closed mine cave was well mineralized by the leaching which
derived from the cupriferous iron sulfide ore deposits. And the natural
tectonic cave was decorated with the carbonate minerals. Brochant-
ite, clinochlore, glaucocerinite and pyrite are reported as new findings
from the cave environment in Japan.

Zusammenfassung

Die hybride Kiinyugawa-damm Hohie wird in der Kii Halbinsel
von Honshu Insel, etwa 10km Stidosten von der Hashimoto Stadt in
der Wakayama Prifektur aufgestellt und die Wiederentdeckt 2001.

Diese Hohie wird in der schwarzen Schiefer und in die mafisches
vulkanischen Felsen der Oberen Kreide System Hanazono Formation,
Hidakagawa Gruppe, Shimanto terrane entwickelt. Es ist das eige-
nartig hybride Héhlensystem, das geschlossene Grube Hohle mit der
natiirlichen tcktonische Hohle verband.

Die Mineralogische Kennzeichnung wurde durch die Rontgenst-
rahlpuder-Beugungmethode gebildet und die neun Mineralien der finf
Kategorien aufdeckte, wie folgt ; Karbonates (Aragonit, Calcit), Ox-
ide (Goethit), Silicates (Clinochlore, Illit), Sulates (Brochantit, Glau-
cocerinit, Gyps) und Sulfide (Pyrit).

Die geschlossene Grube Hohle wurde gut durch das Auslaugen
mineralisiert, das von den kupferhaltigen Eisensulfid-Erzablagerun-
gen ableitete. Und die natiirliche tektonische Hohle wurde mit den
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Fig. 1. Location map of the hybrid Kiinyugawa-dam Cave, Japan.




Karbonatmineralien verziert. Brochantit, Clinochlore, Glaucocerinit
und Pyrit werden als neue Entdeckungen vom das Hohleklima in Ja-
pan berichtet.

Introduction

The hybrid Kiinyugawa-dam Cave is located in the Kii Peninsula
of Honshu Island, Central Japan. It lies within the Hiko valley, a south-
ern tributary of the Kiinyugawa-River, neighboring dam construction
site, about 10km southwest of Hashimoto City in Wakayama Prefec-
ture (Fig. 1).

The cave is first mentioned to a document in 1935 for the “stalactite
cave” by the Research Group of the Historic remains, Scenic beauty
spots and Natural monuments in Wakayama Prefecture. However up
to this day, the speleological investigation has not been conducted.
Systematic reexploration of the cave was conducted by Kiinyugawa-
dam Investigation Office of the Kinki Regional Department Burcau
at 1998-2001 and with the resulted that report for details of the spe-
leological fields. The authors were carried out an investigation of the
geological and mineralogical parts in this project. The hybrid Kiinyu-
gawa-dam Cave is relatively short, with only 250m passages, but it
consists of a complex network of the closed mining passages (artificial
“cave”, Hill et al., 1997) and the entranceless natural tectonic cave.
The study has resulted in the identification of hybrid cave units and its
mineralogical data of heretofore undiscovered in Japan.

Geological Settings

Geologically the hybrid Kiinyugawa-dam Cave region belongs to
the Hanazono Formation of the Shimanto terrane, which is composed
predominantly of black slate, with some intercalation of sandstone,
mafic volcanic rocks(greenstones), chert, red slate, acidic tuff and
limestone (Kurimoto, 1982). The greenstones are occasionally con-
taining bedded cupriferous iron sulfide deposits. In Kiinyugawa-River
district, the cupriferous iron sulfide deposits were mined from the
mid-eighteen century to 1924(7). The Hanazono Formation has the
general strike of NE-SW, dipping 30 to 70 degrees to north and south
and showing complexly folded structure. And the upper Cretaceous
(Coniacian~Campanian) radiolarian fossils have been reported from
chert beds.

Cave description

The hybrid Kiinyugawa-dam cave is measured at total length of
about 250m and height of 40m, with width ranging from 0.5m to
maximum of 6m. The main entrance(No.1)-about 0.8m wide and 0.7m
high- located at the altitude of about 290m above sea level of the right
bank of Hiko valley, and the other entrances(No.2 and No.3-both 1-2m
long and 1m wide) located at the altitude of about 330m a.s.l. on the
same slope on the hill.

In plan view, the closed mine complex sequence of adits exhibit
a hook shaped rectilinear pattern of two main directions. The main
mining adits belong to two entrances(No.2 and No.3) stretched the
strike direction ore beds(ENE-WSW) about 65m in greenstones and
the other adit which dug in the search for ore beds which has shown
cross at right angle in black slate(NNE-SSW) about 55m from the
entrance No.1. The entranceless natural tectonic cave located parallel
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to the strike direction of main mining adits and connected with NNE-
SSW adit at the point of about 30m from the entrance No.1.

In cross scction, the cave consists of three levels. The closed mine
adits consists of two levels, the lower horizontal adit(at an altitude of
293m-297m a.s.1.) and the upper network adits(at an altitude of 318m-
328m a.s.l.) and they are connects with vertical shaft. The entrance-
less natural tectonic cave(at an altitude of about 301m-308m a.s.l.)
occupies the middle level and the vertical shaft of closed mine directly
penetrates its east part of cave passages (Fig. 2).

The entranceless natural tectonic cave embedded in the intense-
ly folded black slate, about 45m long, width Im and 6m~20m deep
wedge or lens shaped cross section. Isoclinal fold has axial plain paral-
leled to bedding plane of black slate. The surface shape of the ceiling
and floor of the natural cave passage indicates that the space of pas-
sage was emplaced by spread out bedding plain of black slate. There
is a large possibility that the black slate in this area was subjected to
stresses resulting in the creep type landslide and leading the entrance-
less open space (natural tectonic cave) in black slate bed.

Speleothems

The lower level adit continued from the entrance Nol, tunneling in
black slate, partially covered by flowstone and cave corals of the fine
white calcite. On the middle level of cave which the entranceless natu-
ral tectonic cave, various speleothems are recognizable on the walls ;
such as flowstone, soda-straw, stalactite, column, curtain, helictite and
acicular crystals.

MAP VIEW
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Fig. 2. Map of the Kiinyugawa-dam Cave, Japan.
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Brown and greenish blue colored speleothems; such as flowstone,
curtain and microgour are distributed on the walls about 10m south
from the Entrance No.2. Near by, an ore-rocks were dug out and
dumped up to outside of the passage.

Inside the closed mine, the point of about 20m west from the en-
trance No.3, it is still now possible to see outcrop of the bedded cuprif-
erous iron sulfide deposit at greenstones walls and the brown and blue
colored flowstones are found at the walls.

Mineralogy
Samples were collected from the entranseless natural tectonic cave

Table 1. Identified minerals in the hybrid Kiinyugawa-dam Cave.

and the closed mine cave (artificial cave). Mineral assemblages were
established using X-ray powder diffraction method and revealed nine
minerals belong five classes.

Two different geneses of the unusual minerals of the hybrid Kiiny-
ugawa-dam Cave are related to the normal-true cave and an artificial
cave speleogeneses.

Minerals derived from black slate (natural-true cave) are contain-
ing normal speleogenetic Carbonates (aragonite and calcite). Miner-
als derived from ore-rocks (artificial cave), Oxide (goethite), Silicates
(clinochlore, illite), sulfates (brochantite, glaucocerinite, gypsum) and
sufate (pyrite) have been identified. Table 1 lists all the speleominerals
identified, chemical composition and occurrences.

Minerals Chemical composition Occurrence

(Carbonates)

Aragonite CaCO1 white colored helictite and acicular crystals

Calcite caco, \Cf:)};t;e colored flowstone, soda-straw, stalactite, column and cave
(Oxide)

Goethite FeO(OH) brown colored coating and crust

(Silicates)

Clinochlore (Mg,Fe) Al(Si,ADO, (OH), bluish green crystal

Illite Ei%ﬁfﬁ?é),;\dgfe) {SLADO,, pale brown and brown colored crust and clay

(Sulfates)

Brochantite Cu,SO,(OH), greenish blue and brown colored flowstone, curtain and microgour
Glaucocerinite CuAl80,(OH) , * 3H,0 greenish blue and brown colored flowstone, curtain

and microgour

Gypsum CaS0, *2H,0 transparent tabular crystal

(sulfide)

Pyrite FeS, greenish blue and brown colored flowstone

Conclusive Remarks

The hybrid Kiinyuugawa-dam Cave is peculiarly hybrid cave sys-
tem in Japan which linked with the closed mine cave (artificial cave)
and the entraceless natural tectonic (creep type landslide) cave.

The natural tectonic cave contains normal speleogenic carbonate
minerals (aragonite and calcite) originate from meteoric water and
calcite veins in the black slate. The entranceless closed mine cave
(artificial cave) speleogenesis that oxide (goethite), silicates (clinoc-
hlore and illite), sulfates (Brochantite, glaucocerinite and gypsum) and
sulfide (pyrite) minerals resulted from the action of ore leachate on the
walls of greenstones.
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Abstract

This work summarizes main results of the operation of the Interna-
tional Program “Luminescence of Cave Minerals” of the commission on
Physical Chemistry and Hydrogeology of Karst of UIS of UNESCO in
the field of activators of speleothem luminescence. It discusses Activa-
tors of Luminescence in Speleothems as a source of major mistakes in
the interpretation of luminescent paleoclimatic records. It demonstrates
existence of 6 types of luminescence of speleothems and cave minerals in
dependence of the type of the luminescence center and its incorporation in
the mineral. 24 different activators of photoluminescence of speleothem
calcite and 11 of aragonite are studied. This paper demonstrates that it
is impossible to produce reliable Paleotemperature or Past Precipitation
records from luminescence of speleothem without establishing the or-
ganic origin of the entire luminescence of the particular sample.

Introduction

Absorption of excitation energy by a mineral leads to rising of elec-
trons from ground state to an excited level. Sooner or later these electrons
falls down to a lower level while emitting light. If the emission proceeds
only during the excitation than it is called “fluorescence”, if it proceeds
later (usually seconds or minutes) than it is called “phosphorescence”. In
the later case falling of electrons from the excited state proceeds through
intermediate levels (thus taking more time), so the energy of the emitted
light is less than the energy of fluorescence (i.e. colour of the emitted light
is shifted to the red). Some luminescent centers produce only fluores-
cence, but other both fluorescence and phosphorescence of minerals.

The type of luminescent centers determines the colour of lumines-
cence. Colour may vary with changes of the excitation sources, because
they may excite different luminescent centers existing in the mineral.
Every luminescent center has its own excitation spectra Shopov, 1986),
temperature dependence and conditions of excitation. One colour of lu-
minescence sometimes may be produced by a single luminescent center
or by a combination of two or several centers. The decay rate of lumines-
cence (time for visible disappearance of the luminescence afterglow after
switching off the excitation source) may vary from virtual zero for fluo-
rescence to minutes or hours for phosphorescence. It is also characteristic
for every luminescent center. Brilliance (brightness) of luminescence is
function of the concentration of luminescence centers. It is almost linearly
proportional to concentration of luminescent centers in transparent or
white calcite, but can be substantially decreased by light absorption in
colour centers of clay and other coloured inclusions or colour admixture
ions in less-pure calcite.

Easiest and the most efficient method of excitation is irradiation by
UV light sources producing photoluminescence and when luminescence
is usually spoken about it is with this kind of excitation in mind. Phos-
phorescence of speleothems in caves can be seen by irradiating of spele-
othems with a photographic flash with closed eyes, with following rapid
opening of the eyes after flashing. This simple technique is useful for the
previous diagnostics of cave mineral and the selection of samples for
laboratory analysis. Such “Visual Luminescent Analysis” (VLA) has been
widely used in caves (TARCUS, 1981), usually with a photographic flash
but also with other simple devices such as portable UV lamps with short
wave UV (SWUV) and long wave UV (LWUV). However data obtained
by the VLA method are subjective and the determination of luminescence
activators is not possible. In fact attempts to determine activators of the
luminescence with VLA and chemical analysis leads to incorrect results.

It is known that almost 50 cave minerals have the capacity for exhibit-

ing luminescence, but only 17 had been actually observed to be lumines-
cent in speleothems so far (Shopov, 1997).

This paper summarizes main results of operation of the operation
of the International Program “Luminescence of Cave Minerals” of the
commission on Physical Chemistry and Hydrogeology of Karst of UIS of
UNESCO in the field of activators of speleothem luminescence (Shopov
1989a).

Origin of luminescence of Spelcothems

Many speleothems exhibit luminescence when exposed to ultraviolet
(UV) or other light sources. In dependence of the type of the luminescence
center and its incorporation in the mineral we distinguish following types
of luminescence of speleothems and cave minerals:

1. Luminescence of electron defects of the crystal lattice:

Such type is the luminescence of CO,* ion in speleothem calcite under
UV or electron beam excitation (Ugumory & Tkeya, 1980). It probably ex-
ists in any speleothem, but have lower quantum gain than the other types
of luminescence in speleothems, so can be observed only in their absence.
In cathodoluminescence petrography it is called “background lumines-
cence”. It is as intensive as older is calcite (Ugumory & Tkeya, 1980),
because this center is produced only by ionising radiation from decompo-
sition of natural radio- nuclides and have lifetime of millions of years. In
ion crystals (such as chloride, fluorite or sulphide minerals) luminescence
of this type is produced by admixtures of metal ions substituting the cati-
ons in the crystal lattice of the minerals. In this case the admixture cation

must have different valency than the structural cations (Marfunin, 1979), | .

so it cause compensation of the charge by trapping of free electrons or
traps (which are activators of the luminescence of ion crystals).

2. Luminescence of admixture ions substituting structural ions in the
erystal lattice or incorporated in cavities of this lattice:

Such type is the luminescence of most known luminescent centres in
calcite, which are inorganic ions: Mn?, Fe**, Pr¥*, Tb*, Er**, Dy*, Eu®,
Eu*, Sm** and Ce®* (Tarashtan, 1978, Marfunin, 1979, Gorobets, 1981,
Shopov, 1986, Shopov et al., 1988, Richter et al., 2003). This type of
luminescence increases its intensity with decreasing of the temperature.
This kind of luminescence exhibits strong quenching by Fe*, Ni and Cu-
ions substituting structural cations in the crystal lattice, which adsorb the
luminescence emission and re- emit it in the infrared region of the spectra
(Marfunin, 1979).

3. Sensitizes luminescence of admixture ions substituting structural
ioms in the crystal lattice:

Pb?" have UV luminescence in calcite with no visible emission but it
sensitizes the luminescence of Mn?*, which produce short-time orange-
red phosphorescence in hydrothermal calcites (Marfunin, 1979, Shopov,
1997). Such sensitized luminescence of these ions can be observed only
if both they substitute a structural cation in the crystal lattice. Mn* in
calcite does not have strong absorption lines in UV, so it does not exhibit
luminescence in infiltration calcites. Pb?" have very strong UV- absorp-
tion lines in calcite and transfer its excitation energy to Mn?* through the
crystal lattice. It produces strong orange-red phosphorescence of Mn?* in
calcite. This type of luminescence decreases its intensity with decreasing
of the temperature, due to the reduction of the energy transfer through the
temperature vibrations of the crystal lattice.

i4ith Internutional Congress of Speleoiogy -




Hellenic Speleological Sociely

4. Luminescence of molecules, ions or radicals adsorbed inside of the
lattice:

Such luminescence can be produced both by:

a. inorganic (like wranil jon- UO,™) or

b. organic molecules (Tarashtan, 1978, Shopov, 1986, Shopov et al.,
1988, White and Brennan, 1989, Shopov, 1997, 2002). In some cases they
both produce luminescence of the same speleothem (fig.1).

This type of luminescence decreases its intensity with decreasing of
the temperature, because energy transfer through the crystal lattice be-
came impossible at low temperatures.

Usually luminescence of organics in speleothems is attributed to fulvic
and humic acids (White and Brennan, 1989) but free acids could not exist
in the alkaline karst environment. They react with the limestone producing
their calcium salts in which form they exist in speieothems. The process
of their chemical extraction from speleothems in order to study them con-
verts them in free fulvic and humic acids.

Luminescence organics in speleothems can be divided to 4 types:- (1)
Calcium salts of Fulvic acids, (2) Calcium salts of humic acids, (3) Cal-
cium salts of huminomelanic acids (Shopov, 1997) and (4) Organic esters
(Gilson et al., 1954). All these four types are usually present in a single
speleothem with hundreds of chemical compounds with similar chemical
behavior, but of different molecular weights. Concentration distribution
of these compounds (and their luminescence spectra) depends on type
of soils and plants over the cave, so the study of luminescent spectra
of these organic compounds can give information about paleosoils and
plants in the past (White, Brennan, 1989). Changes in visible colour of
luminescence of speleothems suggesting major changes of plants society
are observed very rare.

Rt

5. Luminescence of inclusions of other minerals:

Inclusions of other luminescent minerals can produce luminescence
inside calcite speleothems. Most frequently these are inclusions of moon
milk minerals. Such is also the green-yellow luminescence of magursilite
clusters (Tarashtan, 1978) in speleothem calcite (Shopov, 1989b).

6. Luminescence of fluid or gas inclusions- Gas inclusions containing
oil and gas products (hydrocarbons) had been observed to produce
blue fluorescence and phosphorescence in speleothem calcites from
Gaudalupe Mts., USA under SWUV or flash excitation (Shopov,
2001), but orange fluorescence under LWUYV excitation.

All six types of luminescence centers are observed to produce lumines-
cence of speleothem calcites under UV excitation.

Different types of excitation may excite different luminescent centers.
Some or all of them may luminesce in a single speleothem (Shopov, 1997,
2001, Richter et al., 2003).

Activators of Luminescence as Source of Mistakes in Interpretation of
Luminescent Paleoclimatic Records

Recently some researchers attribute all luminescence in calcite spele-
othems to organics (e.g. Baker et al, 1993) without any reason to do so.
But 14 (58% of all known) activators of speleothem luminescence are
inorganic. Minerals are not pure chemical substances and contain many
admixtures. Usually several centres activate luminescence of one sample
(table 1) and the measured spectrum is a sum of the spectra of two or more
of them (fig.1). Luminescence of minerals formed at normal cave tem-
peratures (below 40° C) is usually (but far not always) due mainly to mo-

- lecular ions and absorbed organic molecules. Luminescence of uranil- ion

(UO,*) is also very common (fig.1) in such speleothems (Shopov, 2001).
Luminescence of other inorganic ions sometimes dominate luminescence
spectrum of speleothems.

Before 1983 all luminescence in calcite speleothems was attributed
to inorganic ions (Kropachev et al. 1971, Mitsaki, 1973, Slacik, 1977,

Turnbull, 1977, Ugumory & Ikeya, 1980, Rogers and Williams 1982, Hill
and Forti, 1986)

All paleoenvironmental luminescence (paleoluminescence) meth-
ods (Shopov, 2004) use only luminescence of organics in Speleothems.
Therefore it is necessary to determine that all luminescence of the sample
is due to organics before using a speleothem for any paleoenvironmental
work. Detailed spectral measurements of the luminescence are absolutely
necessary to determine luminescent compounds in any speleothem. This
requires the use of a luminescence spectrometer, plus an Electron Spin
Resonance (ESR) spectrometer or chromatograph (Shopov, 1989a,b).
Lasers and Raman spectrometers used for measurements of luminescent
spectra allow also determination of the luminescent mineral or inclusion
in the speleothem, because the narrow Raman lines appearing in lumines-
cence spectra at high resolution scanning are characteristic for different
minerals.
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Figure I. Luminescence of speleothem calcite under excitation by 365 nm (up) and 405
nm (down) lines of Hg- lamp. The narrow lines of luminescence in both spectra are
produced by uranil- ion (UQ,”*) while the broadband luminescence is due to organics.
UV excitation of UO,?" is far more efficient than this of organics so it predominates in
the spectra at 365 nm excitation.

In many calcite speleothems all or a significant part of the lumines-
cence is produced by inorganic ions (Shopov, 1986, Shopov et al., 1988).
Sometimes they even have annual banding (photo 1) due to variations of
acidity of the karst waters, causing variations of the solubility of some
inorganic luminophores (Shopov, 1997). Uranium compounds have such
migration behavior. We found some speleothems demonstrating fine
fluorescence banding produced by uranium impurities in the speleothem
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(photo 1) under short-wave UV light (Shopov, 2002). Fine fluorescence
banding under long-wave UV light is produced by rare carth clements in
the same sample. This banding can be annual or even sub- annual. Such
luminescence banding is usually considered to be annual (if produced by
organics) and have a number of paleoclimatic and dating applications
(Shopov et al., 1997). Phosphorescence of this sample (not shown) sug-
gests that there are no any luminescent organics in the middle (darker) part
of the spelcothem, but there are some in the outer part of the sample.
Statements that Sr causes violet luminescence of carbonate spele-
othems (e.g. Kropachev et al. 1971), Zn greenish- white luminescence
of calcite stalactites (Turnbull, 1977) and Cu- causes pale-green and blue
luminescence of calcite and aragonite (e.g. Rogers and Williams 1982)
are in error. St and Zn- ions do not have electron transitions in the vis-
ible region of the spectra and therefore cannot activate luminescence in
carbonates, but Cu is known to cause quenching (reduction of lumines-
cence) induced by other cations (Tarashtan 1978). Cu?" can excite only
infrared luminescence of some sulfides. Also, interpretations of the visible
luminescence of calcite as Pb- activated (Slacik, 1977) are not correct,
because Pb in calcite emits only UV light (Tarashtan 1978, Shopov et al.
1988). Such wrong interpretations had been obtained by correlation of the
intensity of luminescence with the concentration of these elements in spe-
leothems without proper measurements of spectra of their luminescence.
Luminescence of the high- temperature hydrothermal minerals is due
mainly to cations becausc molecular ions and molecules destruct at high
temperatures. The orange-red luminescence of Mn* in calcite (table 1)
sensitized by Pb*” can be observed only in hydrothermal calcite, because
Pb?* has very big ion radius and can substitute Ca?" in the crystal lattice of
calcite only at high temperatures, so it can be used as an indicator of the
hydrothermal origin of the cave mineral (Shopov, 1989 a, b). Therefore, if
calcite has only orange-red, short time phosphorescence, it is sure to have

formed in high-temperature, hydrothermal solutions (>300° C). But if it
has long-time phosphorescence in addition to the red- orange one, then
it is a low-temperature hydrothermal calcite (Shopov, 1989a,b). Calcites
formed by low-temperature hydrothermal solutions have fluorescence or

short-life phosphorescence due to cations and long phosphorescence due.

to molecular ions (Gorobets, 1981). Minimal temperature of appearance
of this orange- red luminescence was estimated to be of about 40°C by
Dublyansky (in press) by fluid inclusion analysis in hydrothermal cave
calcites, but our direct measurements of luminescence of calcites in
hot springs shows that even at 46°C such luminescence do not appear
(Petrusenko et al., 1999). It probably appears at over 60°C. Luminescence
of hydrothermal calcite formed at lower temperatures looks similar to usu-
al speleothem luminescence (photo 1). Such luminescence data visualize
the changes of the temperature of mineral forming solutions and are com-
parable with the stable isotope data used conventionally for this purpose
(Bakalowicz et. al., 1987, Ford ct al., 1993).

Conclusions

Before using of any speleothem for paleoenvironmental luminescence
measurements it is necessary to determine that all luminescence of the
sample is due to organics. Otherwise interpretation of the data can be
completely wrong and there is no way to prove or disapprove it without
further measurements on the same sample to establish the organic nature
of all its luminescence.
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Table 1. Activators of Luminescence of Speleothems

Lug;rilj::;;;lce Excitation Emission color /;g:: Origin Reference
Calcite:

1.Esters Hg-lamp biue long infiltration Gilson ct al. (1954)
2.0rganics, N, -Laser blue long infiltration Shopov et al. {1983)
3.Calcium salts of
Fulvic & humic Ar-L., Xe yellow-green long infiltration Shopov et al. (1989)
acids
:ﬁslm& humic | sy blue-green long infiltration White, Brennan (1989)
5.0rganics Ar-L., Xe -lamp blue-green long infiltration Shopov (1989b)
6.0rganics N,-Laser yellow-green long infiltration Shopov (198%b)
7.0rganics LWUYV, Hg yellow long infiltration Shopov (1989b)
8.0Organics SWUV, LWUV yellow-orange |long infiltration White, Brennan (1989)
9.CO* N,-Laser blue infiltration Ugumory, Ikeya (1980)
10.UQ,* SWUV green no infiltration White, Brennan (1989)
11.U0,» N,-L., Hg -lamp green no infiltration Shopov (1989b)
(lrizigrzs?l?te?)* N,-L., Hg -lamp | green- yellow |no infiltration Shopov (1989b)
13.0Organics Hg, Xe -lamp bluish <15s hydrothermal Shopov et al. (1996)
14, *Mn2* Ar-L,N-L., Xe orange-red 0.1s h-t.hydrothermal Mitsaki, 1973;White, 1974
15. *Hydrocarbons | Xe -flash lamp violet long epithermal Shopov et al (1996)
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16.Fe’ Ar- Laser dark- red ? hydrothermal Shopov, 1988

17.Pb* SWUV uv hydrothermal Shopov, 1985

18-24*, Rare Earth |LWUV, SWUV various 5 Shopov, 1985, 1988

Elements *"-ions electrons ’ Richter (2002)
Aragonite:

25.0rganics Hg-lamp blue long infiltration Shopov (1989b)

26.0rganics Hg-lamp blue-green long infiltration Shopov (1989b)

27.0rganics N,-Laser blue-green long infiltration Shopov (1989b)

28.0rganics N,-Laser green long infiltration Shopov (1989b)

29.0rganics Hg-lamp yellow long infiltration Shopov (1989b)

30.Organics SWUV, LWUV blue-green long infiltration White, Brennan (1989)

31. U0 SWUvV green no infiltration White, Brennan (1989)

32.? Hg (LWUV) orange ? ? White, Brennan (1989)

33.Mn? LWUYV, e-beam yellow-green short ? Shopov, 1988

34.Sm* LWUYV, e-beam red ? Shopov, 1985

35.Eu** LWUYV, e-beam blue ? Shopov, 1988

Comments to table 1:

* - luminescence of Rare Earth elements in calcite is well described in (Tarashtan, 1978, Shopov, 1986, Shopov et al., 1988, Richter, 2002), so is not included in the table

7
ence 1o

*]2- Tavashtan (1978) attributed this spectrum of |
*]4- also in (Shopov et al., 1988, White and Brennan 1989)

ence of clusters of the mineral magursilite adsorbed in calcite;

*15- hydrocarbons present only in fluid inclusions in calcite, formed I km below the surface by waters heated by Earth thermal gradient (epithermal solutions) in a cave in Carlsbad

Caverns region. Guadeloupe Mts., New Mexico, US (Shopov et al., 1996)
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Hierarchy of minor mineral bodies

Minor mineral bodies (MMBs) are simple enough to be studied purely
by mineralogic techniques. They are classified according to their com-
plexity of structure and texture. However, the hierarchy scheme of MMBs
is not the same as the classification of speleothems into types and subtypes
as was done by Hill and Forti (1997). “Speleothem” is a descriptive term
and can only be used to indicate the morphology of a MMB. The hierarchy
scheme for MMBs is outlined in Table 1.

Only the most important of these MMBs are discussed herein; for a
more detailed discussion of this topic refer to Self and Hill (2003). In
Table 1, the term level is used when MMBs of one level are built from
MMBs of a previous level or levels.

Order is used as a subdivision within a level and shows the level of
complexity of the MMBs. Second-order MMBs are built from MMBs
of the previous level, but in a more complicated manner than first-order
MMBs. For example, multiaggregates (level 2, second order) are not built
from aggregates (level 2, first order); they are built from individuals (level
1, either first or second order), but in a more complicated manner.

(0) ZERO LEVEL: Subindividuals. The fundamental building block

. for all minor mineral bodies is the mineral individual (level 1). Simple

(first-order) individuals are single crystals having no structure other than
a crystallographic network. More complex (second-order) individuals, on
the other hand, are composed of a number of different crystalline units
known as subindividuals. Subindividuals also have no structure except for
their crystallographic network, but they are at least partly separated by free
space or a line of dislocation from neighboring crystal blocks. Inasmuch
as subindividuals do not exist independently from each other, they are as-
cribed to a hypothetical “zero level” in the MMB hierarchy. A zero level is
needed because complex (second-order) MMBs of the first level must be
formed from MMBs of a previous level, not from first-order MMBs of the
same level. Subindividuals (in the sense used here) are termed crystallites
by some mineralogists, but in ontogeny the preferred use of this term is for
the initial stage of crystallization of mineral individuals.

1.(1) FIRST LEVEL: Mineral Individuals. Individuals are mineral
bodies that grow from a single crystal nucleus or embryo (crystallite),
during one phase of crystallization, and which have a “through” crys-
tallographic structure (Godovikov et al., 1989). Crystallites are minute
crystal grains that represent the initial stage of crystallization, and which
act as seeds for further crystal growth. When crystallites are widely sepa-
rated from each other, they grow freely into separate first-level mineral
individuals. But when they grow close together, there is competition for
growth space and a second-level MMB (a mineral aggregate) is formed.
It should be emphasized that mineral individuals are not speleothems
(except in a few special cases): they are the building blocks from which
speleothems are made.

(1.1) First-Order Individuals. In the simplest case, mineral individu-
als are single crystals having no other structure except a standard crys-
tallographic network, which is determined by the mineral species itself.
First-order individuals can be described by their isometric, columnar,
acicular, filamentary, or tabular habit, or by their eubedral, subbedral, or
anhedral form. An example in a cave would be an individual calcite spar
(non-druse) crystal.

{1.2) Second-Order Individuals. Second-order individuals are single
crystals that subdivide or split into a number of subindividuals, single
crystals that have their growth inhibited on some crystal faces or edges,
single crystals that incorporate crystallites into their crystal lattice, or sin-
gle crystals that are twinned (Shafranovskiy, 1961). In some cases second-
order individuals can look as if there is a co-growth of several crystals,
but this is an illusion. Subindividuals of second-order individuals are not
separate from each other: they grow from the same nucleus and have a
joined crystallographic network (Fig. 1). Second-order individuals grow

in response to certain environmental conditions, particularly oversatura-
tion - a common occurrence in caves due both to CO2 loss and evapora-
tion of thin films.

(1.2.1) Split Crystals. When a crystal individual splits apart during
growth, it forms a number of subindividuals, a sheaf-like structure, or in
its final form, a spherulitic structure (Fig. 2). Different minerals have a
different “splitting ability” depending on their crystal structure. Arago-
nite has a higher splitting ability than calcite under usual cave conditions,
and therefore it is almost always found in caves as split acicular crystals.
Splitting may be due to a crystal receiving extra molecules in its layers
(mechanical splitting), or to when certain ions (e.g., Mg as well as Ca) are
present in the parent solution (chemical splitting) (Grigor’ev, 1961). Ac-
cording to the level of supersaturation or impurity concentration (which
can change during growth), splitting will take on different grades, which
results in a number of subforms for split crystals.

(1.2.1A) Spherulites. Spherulites are second-order individuals having
either a radial or curving radial structure due to the splitting of crystals.
If growing in free space, they are spherical in form; if nucleated on a
substrate, they grow as hemispheres. Spherulites are composed of straight
subindividuals, but often the subindividuals themselves continue to split.
If part of the growth surface becomes mechanically blocked, the unob-
structed “rays” will continue their growth in the form of a new spherulite.
This composite body is still a mineral individual, not an aggregate.

Spherulites are widespread in caves as components from which many
speleothems are built.

(1.2.1B) Spherulite Bunches. Spherulite bunches are composed of
subindividuals that grow from a single nucleus to form a stalk (a well
connected bunch) or a splay of crystals (a poorly connected bunch). This
shape depends on the growth speed of crystais: siow growth results in well
connected bunches, fast growth in poorly connected splaying bunches.
Examples of speleothems built from spherulite bunches are most kinds of
helictites and some kinds of anthodites and frostwork. Spathites and bead-
ed helictites are sequences of spherulite bunch splays, with new bunches
growing from subindividual “rays” of the previous bunch in the manner
of a daisy chain.

(1.2.1C) Discospheraulites. Discospherulites are spherulites that have
preferred crystal growth in two, rather than three, dimensions. Some kinds
of cave rafts display discospherulitic growth, where the surface of a cave
pool confines crystal growth to a plane and supersaturation allows for
split growth.

(1.2.1D) Spheroidalites. Spheroidalites are spherulites with nonsym- -
metrical structure (Godovikov et al., 1989). They have elongated and
curved subindividuals, whereas spherulites have straight subindividuals.
Most coralloids display spheroidalitic growth.

(1.2.1E) Spherocrystals. Spherocrystals are chemically split second-
order individuals, so perfectly split that boundaries between subindividu-
als are at a molecular level, and physical properties (such as cleavage)
become generalized across the whole crystal (Shubnikov, 1935). This
results in growth surfaces that are smooth and bright in appearance (e.g.,
botryoidal malachite or chalcedony; Fig.3). Although spherocrystals are
composed of subindividuals, the separate fibers are not visible even un-
der microscopic examination. However under crossed nicols (polarizers),
spherocrystals display a “Maltese cross” extinction.

2.(2) SECOND LEVEL: Mineral Aggregates. Mineral individuals
very seldom occur singly; they grow multiply over a substrate surface
as mineral aggregates. Aggregates are much more than simply a group
of individuals of the same mineral species growing together: interaction
between individuals directly affects and limits the growth of each crystal.
During such “group” or “common” growth, there is competition between
the mineral individuals constituting the aggregate. Most speleothems are
mineral aggregates.

Most aggregates form where growing individuals compete for space
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by physically contacting one another. In such a situation, contact faces
develop between neighboring individuals, leaving a group growth front
comprised of the crystallographic terminations of many individuals. How-
ever, aggregates do not necessarily have to be in direct physical contact
for competition to occur. An example of indirect competition for the sup-
ply solution is when growth is in a plastic substrate such as porous clay,
where interaction between crystals is due to the closure of feeding pores
in the clay as a result of crystallization pressure. When growth is in a
capillary film environment, there is competition for the loss of solvent
molecules and interaction is by convection of water vapor and CO2 be-
tween individuals. The mineral individuals constituting an aggregate have
contact faces when they are in direct competition, but display true crystal
faces when they are in indirect competition.

Competitive growth on a substrate surface normally leads to a reduc-
tion in the number of individuals constituting the aggregate, a situation
called selection. The most influential process during the early stages of
crystal growth is geometric selection. The: crucial elements of geomet-
ric selection are (Fig. 4): (1) initiation of separate centers of crystallite
growth, (2) the beginning of competition of these crystal individuals for
growth space, (3) selection and a reduction in the number of competing
individuals according to a geometric rule, and (4) continued growth with
no further selection. There are several geometric rules for selection, but
perpendicularity to the substrate is the most common. This rule applies to
most mineral veins and to many common varieties of speleothems (e.g.,
dripstone, flowstone, pool spar).

(2.1) First-Order Aggregates. In ontogeny, first-order aggregates
are simply termed aggregates, while second-order aggregates are termed
multiaggregates. Aggregates can be defined as intergrowths or co-growths
of individuals (either first- or second-order) of the same mineral species,
which develop simultancously on a common growth surface and which
possess a homogeneous texture. Texture is the distinctive pattern of crys-
tal boundaries that is produced by competitive growth. Aggregates are
subdivided according to their texture.

(2.1.1) Parailel-Columnar Aggregates. Examples of parallel-co-
lumnar texture, sometimes known in the West as “palisade fabric” (Folk,
1965), dominate the collections of amateur mineralogists. Mostly these
are groups of crystals with well-formed terminations, taken from vugs in
simple mineral veins, If visible to the naked eye, these crystal aggregates
are called druses, where each crystal is a mineral individual within a com-
posite aggregate of crystals. These individuals only have crystaliographic
faces on their end terminations, with their sides being contact surfaces
with other individuals (Fig. 4). Each druse crystal has had to compete with
other individuals, and is a survivor of geometric selection at the aggregate
druse growth front.

(2.1.2) Spherulitic Aggregates. Spherulitic texture is a variant of
parallel-columnar texture whereby the substrate, instcad of being flat
or slightly irregular, is sharply convex. Geometric selection produces
crystals growing perpendicular to the substrate, but the curvature of this
substrate produces a radiating fan of crystals rather than a roughly parallel
growth of crystals. Cave pearls are a common type of spherulitic (core)
aggregate.

(2.1.3) Radial-Fibrous Aggregates. Radial-fibrous aggregates are an
important variation on both parallel-columnar

and spherulitic aggregates where some (or all) of the individuals have
begun to split. They make up the texture of many speleothem types, in-
cluding flowstone and dripstone. Commonly they are interlayered with
parallel-columnar (or spherulitic) aggregate crystals in these speleothems
(Fig. 5). The change to radial-fibrous texture is due to a decrease in solu-
tion supply in a capillary thin-film environment. If the solution supply de-
creases further, radial-fibrous texture may lead to interruptions in growth
and/or contamination of the growth surface.

(2.1.4) Branching Aggregates. A great variely of aggregates grow

by evaporation in a capillary film environment. These include coral-
lites, crystallictites, and many intermediate forms, Branching aggregates
are aggregates of crystals displaying a compound branching form. The
competition in the case of branching aggregates is indirect and includes
competition between nearby branches on the same bush. Molecules of
solvent (water vapor and COZ2) leaving one branch adhere to neighboring
branches, thus slowing their growth. For this reason, competing branches
never touch each other and the strongest growth is always out towards the
open void of the cave (Fig. 6). For a single aggregate, there is competition
between individuals but not selection. The situation changes when these
aggregates grow fogether in close proximity. Substrate selection very
strongly favors growth from protrusions, and aggregates situated there
develop rapidly.

3.Less favorably sitnated aggregates find it increasingly difficult to
lose solvent molecules, and their growth is suppressed or distorted away
from nearby large bushes.

{2.1.4A) Corallites. Corallites are the product of thin capillary water
films that have a condensation origin or appear because of the slow spread
of water due to very weak trickling. Prime examples of corallites are thin-
film-generated varicties of coralloids (popcorn and cave coral). (Note that
corallite is an ontogeny term and should not be confused with the spele-
othem type “coralloid” of Hill and Forti, 1997.)

(2.1.4B) Crystallictites. Crystallictites are branching aggregates built
from faced crystals {Serban et al., 1961; Moroshkin, 1976). They form in
a capillary film environment as an analog of corallites, but without the
splitting of individuals that is characteristic of corallites. The branching of
crystallictites is usually noncrystallographic - it is due to branching of the
aggregates themselves. A full range of intermediate forms exists between
corallites and crystallictites, where different degrees of crystal splitting
are displayed. Aragonite frostwork is a prime example of a crystallictite
(Fig. 6).

(2.1.5) Fibrous Aggregates. Fibrous aggregates are built from fila- |
mentary individuals and grow from a porous substrate that may be solid
(such as the cave walls or breakdown blocks within a cave) or plastic
(such as cave sediments, particularly clays). Fibrous aggregates are al-
ways composed of soluble minerals such as gypsum, epsomite, mirabilite,
or halite. The reason why no calcite “flowers” and “needles” exist is be-
cause carbonate solutions simply do not carry enough solute. The growth
mechanism of fibrous aggregates is purely by evaporation of the solvent
and takes place close to the ends of pores in the substrate. The unique
feature of fibrous aggregates is that they grow from the base, with new
growth pushing the previous growth out into the cave void. This growth
mechanism means that selection between individuals is impossible and
there is only competition between pores. For growth from a solid sub-
strate, the pores feeding the center of an aggregate often have a stronger
supply than those feeding the periphery, leading to different growth rates.
For well connected aggregates such as gypsum flowers, this causes the
aggregate to burst into separate curving “petals”. For loosely connected
aggregates such as hair, the fibers may become tangled so as to form “cot-
ton”. For growth from a plastic substrate such as cave clay, competition
between pores leads to a very different situation. The capillary pressure
and the crystallization pressure together press the substrate, causing only
certain favorable pores to remain open while other surrounding pores col-
lapse. This is a very specific type of sclection for plastic substrates and
explains the wide separation between individuals (e.g., sclenite necdles)
in this environment compared with growth from a solid substrate.

(2.2) Multiaggregates. Multiaggregates are an intergrowth or co-
growth of different types of aggregates that form simultancously and syn-
genetically in the same crystallization cnvironment. They can be either
polymineral or polytextural, as compared to simple aggregates, which are
always monomineral and texturally homogeneous. A common polymin-
eral multiaggregate found in many caves is calcite popcorn from which
grows aragonite frostwork that is often tipped with a magnesium-rich
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mineral such as hydromagnesite. All three mineral species form simulta-
neously from the same capillary solution and in the same crystallization
environment. Stalactites are a polytextural multiaggregate comprised of a
monocrystalline tube with a crown of skeleton crystals, plus a spherulitic
aggregate outer layer.

(2.3) Pseudoaggregates. Some speleothems are disordered and have
no “through” structure. They cannot be considered as true aggregates and
do not fit into the hierarchy of MMB. However, these anomalous mineral
bodies can take part in the formation of higher levels of the MMB hierar-
chy (koras and ensembles), and so behave as if they were some form of
aggregate. Such anomalous mineral bodies are called pseudoaggregates.A
consistent feature of pseudoaggregates is that the original place of nuclea-
tion of any crystal individual is different from its final resting place on a
substrate. This produces a chaotic arrangement of crystals, for which no
“through” structure can exist. For tufaceous deposits and some types of
moonmilk, the crystallization displacement is usually quite smail. But in
the case of cave cones, where sunken cave rafts accumulate at the bottom
of a pool, this distance can be measured in meters.

(3) THIRD LEVEL: Assemblages of Aggregates. Above the level
of aggregate, there seemed to be a class of MMB that had the samc sense
of texture as an aggregate, but lacking the structure of an aggregate. This
new and more complicated type of MMB was given the name kora by
Russian speleologists. A kora is an assemblage of texturally similar ag-
gregates, growing together at the same time and in the same crystallization
space, and forming under the same environmental conditions. An example
is the “stalactite-stalagmite kora” where different forms of stalactites, sta-
lagmites, draperies and flowstones grow together and simultaneously in a
dripping water environment.

(4) FOURTH LEVEL: Assemblages of Koras. On the fourth hierar-
chy level is an ensemble. The ensemble concept is fundamentally different
from that of other terms used in MMB hierarchy: it involves a cycle of
regular changes through time 4.that takes place in the crystallization en-
vironment as a whole (Stepanov, 1971). An ensemble is usually described
as a “diagnostic set” of minerals or spelcothems or ag the “mineralogic
landscape” of a cave or cave passage. Each cave or cave system has only
a limited number of ensembles.

Table 1. Hierarchy of Minerals Ontogeny
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(1.2.1A) Spherulites
(1.2.1B) Spherulite bunches
(1.2.1C) Discospherulites
(1.2.1D) Spheroidalites
(1.2.1E) Spherocrystals
(1.2.2) Skeleton crystals
(1.2.3) Twin crystals
(1.2.4) Screw crystals
(1.2.5) Block crystals
(1.2.6) Complex
(2) SECOND LEVEL: Assemblages of individuals
(2.1) Aggregates
(2.1.1) Parallel-columnar aggregates
(2.1.2) Spherulitic aggregates
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(2.3.1) Tufaceous mineral bodies
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(3.1) Koras
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Identification of Cave Minerals by Raman Spectroscopy: New Technology for Non-Destructive Analysis

William B. White

Moaterials Research Institute and Department of Geosciences, The Pennsylvania State University, University Park, PA 16802 USA

Introduction

The identification of minerals from caves poses some unique prob-
lems. Some, such as calcite and gypsum, are common, occur as large
crystal grains, and can often be identified from visual inspection. Others
are fine-grained, nondescript powders that require instrumental analysis.
Some cave minerals are not stable when removed from the cave. Their
stability demands the cool, damp cave environment and they readily de-
compose into other compounds when brought into the warm, dry surface
environment. For many delicate spelesthems, specimens should not be
removed from the cave at all, or if samples are removed, they become
scientifically valuable specimens that should be analyzed in the ieast de-
structive way possible so that the specimens can be preserved for possible
future study.

Beyond visual inspection and examination by binocular microscope,
the analytical tool of choice is powder X-ray diffraction. X-ray powder
patterns provide unique fingerprints that can be matched against catalogs
of standards. X-ray powder diffraction has the drawback that samples must
be ground to a fine powder for measurement. Grains, which may consist
of different minerals, are mixed together. Possible decomposition in the
ambient atmosphere is enhanced. A further limitation of X-ray powder
diffraction is that there is no easily interpreted relationship between the
diffraction lines and the chemical composition of the sample. The patterns
can be calculated from the crystal structure of the mineral but the calcula-
tion proceeds from the known structure to the diffraction pattern, not the
reverse. Other characterization tools such as the scanning electron micro-
scope and energy dispersive X-ray spectroscopy have important uses but
there remains a need for additional tools for cave mineral investigations.

The purpose of the present paper is to describe the application of Ra-
man spectroscopy to cave mineral investigations and to point out certain
special teatures that address some of the shortcomings described above.
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Fig. 1 Schematic Raman spectrum. Note that Raman lines appear at both higher and
lower wavenumbers from the exciting (Rayleigh) line. Usually, only the low wavenum-
ber side is displayed, with the wavenumber of the exciting line set equal to zero.

Principles of Raman Spectroscopy

Raman spectroscopy is an inelastic light scattering experiment. If a
transparent specimen is illuminated with an intense, monochromatic light
source such as a laser, light is scattered from the specimen in all direc-
tions. For many specimens, the scattering will be due to flaws, inclusions,
and other sources of cloudiness. If the sample is truly transparent the in-
tensity of the light scattered perpendicular to the beam will be extremely
weak but not zero. Most of the scattered light, called Rayleigh scattering,
will have the same wavelength as the incident laser beam. However, a
very small fraction of the scattered light will interact with the specimen,
set its molecular structure into vibration, and appear in the scattered light
as a weak component with shifted wavelengths. The wavelength shifts
are a measure of the vibrational frequencies of the chemical bonds in
the specimen. This weak component is the Raman effect. If the scat-
tered light is passed through a monochromator to display the component
wavelengths, the Raman scattered light appears as side bands on the much
more intense central peak of the Rayleigh scattering (Fig. 1). The usual
convention is for Raman spectra to be plotted in units of wavenumbers, *
cm-1, the inverse of the wavelength in units of centimeters measured from
the wavenumber of the exciting laser line taken as zero. In these units, the
wavenumbers of the Raman bands are proportional to the frequencies of
the vibrations of the molecules or crystals.

Although the Raman effect was discovered in 1928 it did not at once
produce a new analytical technique. The problem is that the Raman effect
is extremely weak; Raman scattered intensities are on the order of 10-10
of the intensity of the exciting source. The Raman signal is easily lost in
stray light and measurement on other than perfectly transparent samples
was impossible. Two inventions were made in the 1960’s: the laser as
an ultra-intense excitation source and double (or triple) monochroma-
tor optics to extract the desired signal from the stray light. With these
improvements, routine spectra could be measured on cloudy crystals,
colored crystals, and even opaque crystals, exactly what was needed for
the analysis of minerals. A number of further extensions of the technology
have been made, two of which are discussed in this paper.
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Fig. 2. The optical system of a microfocus Raman spectrometer. Only the laser steering
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ble monochromator, the detector (PMT = photomultiplier tube), and computer system
are only roughly indicated.




The number, wavenumber, and intensity of the Raman bands are deter-
mined by the symmetry and arrangement of the atoms within the unit cell
and by the strength of the bonds that hold them together. Raman spectra,
therefore, are closely related to infrared spectra. The physics of these in-
teractions is complex but well known (Wilson, Decius and Cross, 1955;
Long, 1977). For present discussion, the Raman spectrum can be con-
sidered a fingerprint with no need to be concerned with the underlying
physics.

Microfocus Raman Spectroscopy

Because Raman spectra are measured with visible light lasers, it is
possible to bring the exciting beam through the optics of an ordinary mi-
croscope, extract the scattered beam back through the microscope, and
thus make measurements on individual crystal grains to the resolution of
the microscope - about 2 um (Fig. 2). For spelcothems, this means that
the mineralogy of multimineralic speleothems can be examined one grain
at a time without damage to the specimen itself. Alternatively, one could
prepare thin sections of speleothems for examination under the polarizing
light microscope and also for grain-by-grain mineral identification by Ra-
man Spectroscopy.

Some stalactites in cross-section show alternating bands of calcite and
aragonite. The appearance of both minerals in this relationship has impor-
tant climatic implications but if the banding is on a fine scale, band-by-
band mineral identification is difficult. By placing a section of stalactite
on the microscope stage, the laser beam can be focused on the individual
layers and the mineral identified.

The Raman spectra of calcite and aragonite are shown in Fig. 3. Note
that the high wavenumber features are very similar but the low wavenum-
ber features are different. The high wavenumber bands are the internal vi-
brations of the carbonate ion which is an essential part of both calcite and
aragonite structure. The low wavenumber bands arise from vibrations of
the ionic arrangement within the crystal so these are distinct and allow the
identification of calcite, aragonite, or a mixture of both. A full theoretical
analysis of the calcite and aragonite spectra is given by White (1974). It
should be noted that Raman spectroscopy is not useful for distinguishing
calcite from dolomite. These two minerals have, except for the ordering
of Ca2+ and Mg2+ ions in dolomite, the same crystal structure and thus
essentially identical spectra.

Because the samples to be measured are simply placed on a micro-
scope stage, the microfocus Raman spectrometer allows the possibility of
using a water-immersion lens so that crystals can be measured immersed

in an aqueous solution. Mirabilite, Na2S04.10H20 is a commonly occur-
ring sulfate mineral. It is stable in a saturated solution but unstable in the
ambient surface atmosphere where it decomposes to anhydrous Na2SO4,
the mineral thenardite. With the water immersion lens, it was possible
to obtained a good quality spectrum of mirabilite immersed in its own
saturated solution (Fig. 4).

Fiber Optic Raman Spectroscopy and Portable Spectrometers

The most recent improvement in technology, and the one that inspired
the present paper, is the fiber optic Raman spectrometer. The essence of
the device (Fig. 5) is a laser source (a solid state laser operating at 785
nm), a set of optics based on an Echelle grating and a charge coupled
device (CCD) array as a detector.

The result is an instrument that produces a plot of scattered intensity as
a function of wavenumber with no moving parts. Instead of a microscope
and fixed sample chamber, this spectrometer uses fiber optic cable to con-
nect the laser, the sample probe, and the spectrograph. The probe contains
a highly efficient narrow band-pass filter that eliminates the need for a
second monochromator to discriminate the Raman signal from stray light.
The spatial resolution of the probe is less than that of the microscope but
has the advantage of being flexible so that spectra can be measured from
any object regardless of its size. Further, because the instrument is small,
has no moving parts, requires no cooling water for the laser, has modest
power requirements, and has no delicate focusing optics, it can be adapted
for field use. It would not be impossible to transport the instrument into a
cave for in-situ measurements.

The quality of signal obtained from the fiber optic probe spectrograph
is illustrated with the spectrum of gypsum (Fig. 5). The peaks are sharp and
in agreement with single crystal measurements (Berenblut et al., 1971).
The intense peak at 1008 cm-1 is the symmetric stretching mode of the
S042- tetrahedron. Although this peak is similar to the 1084 cm-1 band in g
calcite, the wavenumber shift is significant and represents the distinction |
between a tetrahedral molecular unit and a triangular one. The high wav-
enumber modes are characteristics of the specific molecular anion. One
could identify an unknown mineral as a carbonate or a sulfate even in the
absence of reference spectra for the identification of the specific mineral.

An additional capability of the fiber optic probe is illustrated in Figure
6. Epsomite, MgSO4.7H20, is stable in closed containers but tends to
dehydrate to hexahydrate, MgS04.6H20 under ambient conditions. The
Raman probe has a working distance of 5 mm. It can be focused on a chip
of epsomite contained in a glass vial. The broad feature near 1400 cm-1 is
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Fig. 4. Raman spectrum of mirabilite crystal in Na2SO4-saturated water.

related to the glass as confirmed by focusing the probe on the glass itself.

Conclusions

The purpose of this paper was to call attention to the cave and karst
community of new possibilities for the analysis of cave materials. It has
been demonstrated that both the microfocus Raman spectrometer and
the new fiber-optic probe Raman spectrometer are useful devices for the
determination of speleothem mineralogy. Although the probe device has
not yet been taken into a cave, it’s weight, compactness, lack of need for
cooling water, and low power consumption bring in-cave analyses to the
threshold of possibility.

The Raman spectrum serves two purposes. First, the pattern of Ra-
man bands can be used purely as a fingerprint. Minerals can be identified
by simply matching the observed spectrum against a catalog of reference
spectra. In this sense, Raman spectra are used in the same way as powder
X-ray diffraction patterns. However, the bands of a Raman spectrum re-
late directly to the bond strengths and atomic masses of the sample. Thus,
molecular groups such as the carbonate ion, the sulfate ion, the hydroxyl
ion, and water of crystallization can be recognized directly even if no
reference spectra are available.
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Vashegyite, ideally Alll (PO4) 9 (OH) 6 + 38H20 or
Al6(P0O4)5(0OH)3+23H20, occurs as dull (chalky) white irregular nodules
up to 1.5-2.5 cm in diameter within the fresh guano deposit from the
Gaura cu Muscd Cave (Locvei Mountains, SW Romania). It is friable and
usually covered by a millimeter-size sandy clay film. It was characterized
by means of X-ray diffraction, thermal, scanning electron microscope
(SEM-EDS), infrared spectroscopy, and by chemical analysis. Under
SEM, vashegyite shows m across) flattened on (001) with?euhedral and
subhedral crystals (up to 10 {010} and {001} being the prominent forms.
An EDS inspection of the vashegyite crystals surface indicate the presence
of the following elements: Al, P, Si, S, radiation)?and Fe. Indexing of the
X-ray powder pattern (Philips X-pert, CuK gave orthorhombic symmetry
with the following calculated parameters are a = 10.75(6), b = 15.029(9),
¢ =22.444(5) A, and V = 3626.433(4) A3; strongest lines are 11.21 (100,
002), 7.52 (77, 020), 6.9 (28, 112), 6,25 (72, 022), 3.297 (40, 312), 2.909
(60, 330), and 2.44 (15, 062). Vashegyite IR absorption bands are com-

parable in position and relative intensity to bands in the spectra of other
Al phosphates (variscite, wavellite, etc.). The most important absorption
bands (cm-1) are at 3400 and 3200 (H20, OH stretching), 1635 (H20
bend), 1384 3, antisymmetric stretching), 729 (Al-OH2 mode?), 1165,
1115, 1007 (PO4: 2(OH 4, in-plane bending). The Raman?or OH out-of-
plane band), 603, 525, 482 (PO4: spectrum of vashegyite displays The
TGA curve indicates major losses between 40 and 200°C corresponding to
the removal of water molecules (endothermic peaks at 56, 82, and 128°C
on the DTA curve). Although the TGA curve do not shows any significant
weight loss, the DTA curve displays an endothermic effect at 860°C sug-
gests the expulsion of OH groups and recrystallization responsible for for-
mation of AIPO4. The mineral occurs with some clay minerals, crandallite
and ardealite. When the study of vashegyite will be completed, a sample
of the type material will be deposited in the Mineralogical Museum of the
“Babeg-Bolyai” University in Cluj, Romania.
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The contemporaneous and restricted presence in this cavity of glauber-
ite, sideronatrite and thenardite, sulfates normally found in arid regions
along the west coast of South America, notably in Chile, of North America
and Europe (Palanche et al, 1951) may be easily explained by the peculiar
shape of the cave. In fact B31 cave is characterized by a wide entrance and
two large chambers and therefore the climate inside it is completely con-
trolled by the desert outside, while all the other studied caves have small
inlet holes if compared with the underground development and therefore
their internal average humidity constantly exceeds the equilibrium value
for the development of such minerals.

The two organic compounds weddellite and whewellite observed only
in Murubbeh cave are surely related to the presence in the cave floor of a
high quantity of organic remains ( bones, excrement): it is difficult to say
if they are by-products of human activities (people using the cave for a
picnic and leaving all the remains inside) or if they were produced by the
mineralization processes of guano and remains of wild animals which nor-
mally utilize the cavity as shelter. It is worthy of mention that palygorskite
has been detected in all the studied caves, where it was often associated
with halite. This mineral was recently described in detail for the Ghar Al
Hibashi lava tube in Saudi Arabia (Forti et al., 2004).

Palygorskite is characterized by an open crystal structure (Artioli et al.,
1994), which allow ionic exchange (Bridley, 1981). It is present in several
different environments, from marine and lacustrine to soils and paleosoils
and to carbabonate crusts, but it is rather rare in cavern environments (Hill
& Forti 1997). ‘

On the contrary Palygoskite is worthy of mention, because it appears
rather common in the desert caves of Saudi Arabia and in one of them
(B31 Cave) there is perhaps the best display of this mineral inside a natu-
ral cavity.

This first and short overview on the cave minerals of limestone caves
of Saudi Arabia put in evidence that the desert caves of the As Sulb Pla-
teau are a really interesting minerogenetic environment: in fact, despite
the paucity of analyzed samples, 14 different cave minerals have been
detected, some of which are rare for the cavern environment and one (si-
deronatrite) has been here reported for the first time as a cave mineral.

A more detailed study will surely increase the number of cave minerals
and perhaps some new cave minerals will be detected: but the problem is
that presently it is not sure that these caves will last for enought time. to
be studied.

In fact it must be stressed that the caves of As Sulb Plateau are really
endangered by both natural processes and anthropic actions. Presently the
more dangerous are the natural processes: in fact the desert sand is rapidly
entering many caves, some of which have been filled up in the last few
years.

But the vandalism carried out by visitors (actually limited to a few
horizontal caves) has undergone a rapid increase in the last few years: for

this reason the Saudi Geological survey is planning to gate some of the
most important caves of the As Sulb Plateau in order to preserve the spele-
othems and other interesting things therein, for future research and study.
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Abstract:

Tributary of the left side of the Séo Francisco river, the Rio Peruagu
Basin is an important site for archaeological and geomorphological stud-
ies in the Central Brazil. From its springs in the sandy detritic layers of
the Sdo Francisco-Coché border, the Peruagu River flows out to its con-
fluence with the main river, 100 km farther. In its middle watercourse, it
has dug a very impressive karstic relief with canyon into the limestone
layers. Resulting in these magestic epikarst and endokarst forms the com-
plex evolution begins to be understood. The morphological observation of
this great canyon and of the associated forms (caves, sediment deposits,
landforms, ...) has placed in a prominent position various complex ele-
ments, revealing several phases of the karst evolution. From this, appear
two great digging phases stored in 50 m and separated by a complex stage
of inundations attributed to the roof collapsing of the great gallery which
opened the canyon and the Terra Brava polje too. Consequently i) testi-
monies of a first drainage stage (Janeldo I) are hanging and detached of
the current geomorphological context, and ii) adapted forms to inundation
phases (Terra Brava) iii) or/and water level lowering (Janeldo II) can be
identified. The karst system evolution during the Cenozoic is explained in

- a conceptual model which can be extended to other karst systems of the
Sdo Francisco middle stream, showing the regional value of the agents
responsible for this evolution.

Introduction

The River Peruagu Basin develops on the left margin of the Rio S&o
Francisco (fig.1), north of the Minas Gerais state (Brazil). In its lesser
course, the river cross through the Bambui limestones, of Proterozoic age,
lying over the basement of the Sdo Francisco craton, opening an impres-
sive karst landscape with very deep collapse dolinas over a fluvio-karst
drainage (fig.2). For over 17 km, it develops a large canyon interrupted
by great tunnel caves [Piléo & Kohler, 1991]. Always local people was
attracted by these features, from early aboriginal tribes to archaeologists
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Fig. 1: Location of the Peruagu River Basin, in Minas Gerais state
(Brazil).

and tourists [Prous, 1992]. Geomorphological study is recent with the ear-
ly research of Pil6 [1997]. At the end of the nineteen nineties, we realised
a multi-field approach [Rodet et al., 2002] reaching to a new proposal for
the karst evolution of this area [Rodet & Rodet, 2001].

Most of the Central Brazil develops in the S&o Francisco Craton formed
during the Pre-Cambrian [Almeida & Hasui, 1984]. In Minas Gerais state,
it is including the carbonated sequences of the Bambui group formed
at least 580 My ago [Dardenne, 1978]. Over these unities, the detritic
Urucuia Formation (upper Cretaceous) was occasionally deposited after
a hiatus of few hundreds millions of years [Projeto RadamBrasil, 1982].
The basement only points to the surface in the middle basin area where the
erosion cut off the sandy cretaceous covering layer. The canyon develops
into the limestones, in the lesser part of the Pernagu Basin, between the
middle basin with basement rocks and the junction with the main val-
ley of the So Francisco River [Pilo, 1997]. Basin, in Minas Gerais state
(Brazil). During 17 km, the river has dug into the limestone layers a 200
m deep canyon with vertical walls. Six times, the river sinks into galleries,
resulting in impressive arches or great tunnels developing several kilome-
tres. The biggest caves are the “Lapa do Brejal’ and over all the ‘Lapa do
Janeldo’, with a 100 m high roof in a gallery of over 50 m wide.

) : PeruaguCavesﬁj
National Park “

i stady nrea
basement . S

Fig. 2: the Peruagu River Basin and the Canyon Compartment.

1. Two main karst epening stages: Janeldo I and Janeldo I

Upstream, the river cross first through the Brejal cave for several hun-
dred metres. Near the resurgence, the cross section shows (fig. 3): i) a roof
half-tube, ii) an hanged residual old river deposit at the base of the roof
channel, iii) a large basal gallery with a small river. That demonstrates at
least two stages of gallery excavation, the upper one being the most recent
[Rodet et al., 2004b]. Downstream, the river cross through the Janeldo
gallery, the largest cave of the Peruacu karst (fig. 4). The present sinkhole
is a small gallery of about few metres diameter, dug fifty metres under
the upper entrance. This fossil entrance is bigger, around fifty metres di-
ameter. Few tens metres after the entrance, the two passages joint into a
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a large karst network which joined the alluvial plain, while concentrating
on its course, several tributaries. resulting from losses into cover layers.
Little by little these layers have been involved into the powerful under-
ground drainage (fig. 7.3 - juvenile karst stage). A filling of the main
drainage between Terra Brava and the S@o Francisco valley is responsible
for a complex stage of overflood surface allowing the development of the
polje of Terra Brava (fig. 7.4 - mature karst stage). Then an underground
capture of this area by a small river allows the re-opening of the drainage
network and the return of an effective erosive incision (palaeo terraces of
the river Peruagu).

The covering layers continue to creep into the endokarst within col-
lapses which punctuate the larger drains, at the origin of the digging of a
great number of gullies or vogorocas contributing to the dismantling of the
cover and carving incisions into the carbonated substrate (fig. 7.5 - rejuve-
nated karst stage), resulting in a ruiniform evolution of the karst landscape

(pitons and towers, hums, ...). Tectonics is of an high importance in this
evolution but the numerous faults are not indicated to not complicate too
much the scheme. It results to a fluvio karst drainage favourable to the hu-
man implantation with very numerous rock shelters in slope and clift, and
with a lot of lodgings of mineral resources used for stone tools, illustrating
a perfect integration of primitive human groups in a karst region [Rodet
etal., 2002].

4. Theoritical karst evelution model

The theoretical model of the karst evolution in the Peruagu Basin
[Rodet et al., 2003, 2004a, 2004b] can be presented in three main stages
(fig. 8).

1 - Janeldo I: former water level, identified in the upper part of the
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Fig. 8: theoretical evolution model of the Peruagu River Karst

main conduit of the Janeldo cave, in connexion with the Minotauro gal-
lery and the Bichos’ cave and the Rezar’s cave. It seems that a former
Troncos cave was excaved on the right merge of the River Peruagu, later
transformed into a canyon. The current Troncos cave has been opened
during the third evolution stage (Janeldo II).

2 - Terra Brava: damming of the drainage by several collapses of
the cave roof between the Janeldo main gallery and the confluence to
the main valley (S8o Francisco), giving the great dolina dos Macacos’s
shafts, infilling all the caves connected on the river drainage from the Re-
zar to the Brejal, opening a multiphased polje in the Terra Brava site, and
digging a ceiling half-tube in the roof of the Brejal’s cave. The elevation
of this half-tube is similar to water infill testimonies in the Arco do André
cave (Pild, pers. comm.).

3 - Janeldo II: important subsidence of the water level (over 50 m),
digging out the lower part of the canyon (residual bench), cutting the
connexion between Bichos and Rezar. The river retrogressive erosion
opens the lower part of the Janeldo’s gallery, taking away elements of
the collapse and infillings, and leaving a residual bridge out. Around the
Terra Brava polje, caves as Bonita, Suspiro and Indio are definitely de-
connected out of the drainage, hanging over the depression with piping
effects into their terrigenous infills. Upstream, the Troncos cave has been
opened as its lateral canyon fossilised. The Brejal cave is dug down again,
hanging a part of its filling over the basal gallery. The river profile is cut
by several rapid zones, illustrating that this third stage is always working
on today.

Conclusion

The karst of the Peruagu offers a complex and old evolution, directed
by three main stages. The first period, Janeldo I, concerns the genesis
and the development of the karst network. The second period illustrates
the passage from the karst drainage to the fluvio-karst drainage, when
caves open and give the impressive canyon. The resulting great collapses
are responsible for several cave damming phases and surface drainage
adaptations, like lake with peripheric corrosion (Terra Brava polje) and
underground adaptations (Brejal ceiling half-tube). An important region-
al subsidence influence the water base level and all the karst system in
the Sdo Francisco valley from Bahia state to Minas Gerais state [Biten-
court, 1998 ; Bitencourt & Rodet, 2001]. This neotectonics was attribute
to the Cenozoic Period, and is identified as responsible of the rejuvenated
karst period, illustrated by the second digging stage of the Peruagu karst
(Janeldo IT). Further studies will been realized to refine the chronology‘
and to try to date the main events.

References:

Almeida F. & Hasui Y. - 1984. O pré-Cambriano do Brasil. Edg.
Bliicher, Séo Paulo, 378 p.

Bitencourt A.L. V. - 1998. Morphogenése, Quatemalre et archeologle
en milieu karstique : le site du Morro

Furado, Serra do Ramalho (Bahia) - Brésil. These de’l’Université de
Caen, Centre de Géomorphologie du







e Z1-78 August 2005, Kalamps. Hellus

0-34

Explorations and Geomorphology of the Velebita-Dva Javera Cave System on North Velebit Mt. in Croatia - World’s Deepest Subter-
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Abstract

The North Velebit massif according to the recent exploration results is
speleologicaly the most important Dinaric karst region. Over the last 14
years about 300 caves were discovered and explored. The system Lukina
jama - Trojama (-1392 m) and Slovacka jama (-1301 m) are the deepest
caves in Croatia and rank as 16th and 21st deepest caves in the world.
Furthermore, significant depths were reached in the Meduza (-679 m),
Patkov gust (-553 m), Ledena jama (-536 m) and Jama Olimp (-531 m)
caves. The karstification processes are dominantly controlled by vertical
groundwater circulation through the deep unsaturated zone built up of
fractured carbonate rocks. As the result about 97 % of explored caves may
be classified as pits with long vertical sections as their major morphologi-
cal characteristic. For instance, the 553 m deep pit Patkov gust practically
consists of one vertical shaft, the final part of Meduza represents a 390 m
deep vertical shaft. Vertical sections longer than 200 m can be found in
almost all deeper caves.

The intense vertical karstification processes and genesis of extremely
deep speleological objects in this area are confirmed by the last explora-
tions in the Velebita pit. This 580 m deep cave system morphologically
has a 513 m subterranean (internal) vertical section, which is the world’s
deepest known subterranean shaft.

Introduction

The discovery of the cave Lukina jama in 1992 in the North Velebit
Mt. area started off intensive speleological researches. In the period from
1992 to 2004 more than 250 caves were explored in this arca. The cave
system Lukina jama - Trojama (-1392 m) and cave Slovacka jama (-1320
m) are the deepest speleological objects in Croatia and are the 16th and
21st deepest cave in the world. Another 5 caves deeper than 500 m were
explored; Meduza (-679 m), Patkov Gust (-553 m), Ledena Jama (-536
m), Olimp (-531 m) and Lubuska Jama (-521 m). During the Croatian-

4

Fig. 1 Simplified geological map of the North Velebit area. Legend.: 1) alluvium deposits; 2) calcareous breccias of Upper Palaeogene; 3) Cretaceous carbonate rocks; 4) Jurassic
carbonate rocks; 5) Triassic carbonate and clastic rocks, 6) summary amplitudes of vertical neotectonic movements (in metres); 7) reverse faults, (1) Velebit fault; 8) novmal faults, (2)
Bakovac fault, (3) Lomska duliba fault; 9) anticline axis; 10) geological boundary; 11) coastal spring; 12) submarine spring (viulja); 13) sinkhole; 14) deep caves, (1) Lukina jama,
(2) Slovacka jama, (3)Meduza, (4) Velebita, (5) Patkov gust, (6) Ledena jama, (7) Olimp, (8) Lubuska, (9) Paz, (10) Markov ponor; 15) area of Velebit complex barrier; 16) relative
barrier; 17) general groundwater flow direction; 18) groundwater flow direction tested by tracing.




French expedition, the aim of which was to continue the explorations in
cave Meduza, members of the speleological department of the mountain-
eering socicty “Velebit” found the entrance into cave Velebita, called after
the society and the mountain range where the cave is situated. The cave
was explored to the depth of -376 m in that same year. The explorations
continued in August 2004 and went to the depth of -580 m. The second
entrance into the cave (cave “Dva Javora”) was also found and explored.

Geological, hydroegeologic and geemorphologic setting of the terrain

North Velebit Mountain is built of rocks dating from the Jurassic
period to Palacogene. The Jurassic period is represented by carbonate
sediments in which limestone predominate but there are also dolomites in
them. The Cretaceous sediments have been arranged on the border parts
of North Velebit Mt. in the direction of the Lika region (hinterland of the
massif) and in the coastal part too. They consist of limestone, carbonate
breccias and dolomites. In hydrogeologic sense, rocks from the Jurassic
and the Cretaceous period are highly permeable.

Palaecogene is represented by “Jelar” carbonate breccias widely spread
in northern and western parts of Velebit. In the southern part of North
Velebit Mt. these sediments cover the entire profile from sca coast on the
west to the Lika region on the east side of the mountain. Jelar breccias
are very significant due to their singular submissiveness to karstification
processes, KUHTA (2001). Areas having the most intensively developed
karstic morphology, as well as entrances into all deepest objects on North
Velebit, are found in the area built of these rocks. 1t also frequently hap-
pens that shafts or entire caves stop on the point of the contact of Jelar
sediments and Jurassic carbonate rocks; thus the bottom of the big shaft in
cave Velebita is rather close to this contact. The data on the thickness of
Jelar sediments up to 300 m are mentioned in Literature, BAHUN (1974),
although during explorations of cave Velebita the contact of Jelar breccias
and Jurassic rocks was identified on the depth larger than 500 m.

Geological structure of North Velebit Mt. also conditions hydrogeo-
logic situation inside the massif. Since low permeable rocks, which are
found on the very surface in the Middle and Southern Velebit, are much
deeper here, the sea level becomes the erosion base of karstification. As
a consequence of such situation there is present a deep unsaturated zone
with dominantly vertical water flows in north Velebit massif. Only two
deepest caves Lukina jama and Slovacka jama in their bottom parts reach
recent and sub-recent levels of saturated zone where systems of horizontal
channels occur. When waters which fall on a permeable terrain as precipi-
tations reach the saturated zone, they join the waters form the River Gacka
and the River Lika. These two rivers sink underground next to east borders
of north Velebit and their waters spring on the numerous coastal springs
and vruljas along the western border of a Velebit massif.

As a consequence of such situation, the most singular feature of spe-
leological objects in the area of north Velebit is their verticality. Thus cave
Patkov Gust is a 553 m deep shaft from its top to the bottom which makes
it the second deepest shaft in the world. The 513 m deep shaft “Divke Gro-
movnice” in the cave system Velebit - Dva Javora is the deepest known
shaft in the world having no outside entrance. We should also mention 390
m deep shaft “Bojim, bojim” in the cave Meduza. Shafts deeper than 200
m can be found in majority of more significant caves on North Velebit.
Precisely these characteristics make area of the North Velebit Mt. unique
in the world.

Morphology of the Velebita - Dva javora cave system

The entrance into the cave Velebita is located on steep western slopes
of the central part of the North Velebit Mt. It is hidden by collapsed rock
blocks and it is hardly noticeable. A narrow passage leads into the first

shaft 35 m deep. On its bottom, there is another narrow passage, called
“Striborov Prolaz”, leading into the second 25 m deep shaft. The system
becomes rather indented in this part. Meanders prevail, out of which some
end in narrowings (Pal¢iCev Meandar), and some in shafts (Malikova
Igrarija, Perunov Meandar). Besides the shaft “Divke

Gromovnice”, these shafts terminate on depths between 110 and 150
m. A narrow meander continues from the shaft “Perunov Odvojak” to the
depth of around -160 meters and terminate with a narrowing. Perunov
Meander provides the entrance into the shaft “Divke Gromovnice”.

The higher entrance into the shaft “Divke Gromovnice” can be reached
from cave Dva Javora. The entrance into cave Dva Javora is located
around 65 m north-west and 7 m lower than the entrance into Velebita
cave. Cave Dva Javora is also morphologically complicated. Narrow
meanders and shafts alternate. On the depth of -55 m meander “Zrekova
Precka” is separating from the 80 m decp shaft; the higher entrance into
the shaft “Divke Gromovnice” is reached by traversing this meander. In
the opposite direction, the cave continues with narrow meanders and
smaller shafts all the way to a hall on the depth of around -120 m. This
hall provides the entrance into the final 98 m deep shaft.

The shaft “Divke Gromovnice” in about first hundred meters has an el-
liptic diameter of an average size 8 m by 3 m. On the depth of -210 m from
the entrance into the Velebita cave several smaller shafts join together into
a single shaft with approximate size 40m by 15 m. After that part the shaft
has a similar form all the way to its bottom on the depth of -580 m. The
bottom is slanting and is covered in big stone blocks.

Geological and hydrogeological features of the cave system
The Velebita - Dva javora cave system is almost entirely developed in

Palacogene Jelar carbonate breccias. The contact between Jelar breccias [

and Jurassic limestone is found to be at approximately 530 m of depth.
The bottom part of the cave is developed in well bedded Jurassic lime-
stone and the very bottom is covered with Jelar breccias blocks which
were transported by gravity from upper parts of the shaft.

Jelar breccias have massive structure, and the discontinuities in them
are connected exclusively to faults and joints. The dominant stretching
orientation of fractures is NNE-SSW and less distinctive E-W. Dip angles
are mostly between 70 and 90°. Discontinuities mostly have relaxation
character with compact walls and without fractured zones. Precisely
such discontinuities character enables the creation and the stability of big
underground spaces in the cave. The mentioned discontinuities are con-
nected to a younger neotectonic straining phase.

During explorations, larger groundwater flows were not noticed in the
cave. Water flows are present in the form of dripping water and a thin
water film on the walls of shafts. In the hall on the bottom of shaft “Divke
Gromovnice” there is a concentrated small capacity groundwater flow
which is sinking further among stone blocks. During heavy precipitations
larger groundwater flows having mostly vertical character probably occur
in the cave. Their occurrence and duration are directly connected to out-
side precipitations or periods of intensive snow melting.

According to the analogy with Lukina and Slovacka caves, the level
of a phreatic zone under Velebita cave is located on between 50 and 100
m above sea level. Taking into consideration this presumption, there is a
perspective of reaching the depth of around 1500 m in the cave.

The cave genesis

The genesis of the cave system Velebita - Dva javora is connected to a
vertical water flows in'a vadose zone through karstification prone carbon-
ate rocks. The bottom of the cave is situated high above phreatic zone. The
massive structure and a steep to vertical angle of the main discontinuities
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The ‘karstic delta’ concept, as a morphological expression of climatic variations of the base level in coastal areas - the example of the East-

ern English Channel region (Normandy, France)

Joél Rodet, Benoit Laignel, Nicolas Massei, Matthieu Fournier, Jean-Paul Dupont
UMR 6143 CNRS, Laboratoire de Géologie, Université de Rouen, 76821 Mont Saint Aignan Cédex, France, joel.rodet@univ-rouen.fr

Abstract:

Coastal output karst systems offer a very well developed network of
galleries with a complex organization resulting of the hydrological base
level variations. In the Eastern English Channel, the lower Seine river
valley has been successively and cyclically from the middle Pleistocene,
bay bottom, estuary and river. Consequently, numerous base level varia-
tions were recorded by functionnal karst systems, as the Caumont karst
network: its exacerbeted gallery development results directly from the
underground drainage adaptation to the altitudinal and lateral constraints
of these variations.

Introduction

The ‘karst delta’ is a concept introduced for the first time, at least in the
french karst research, by Rodet [1982], in his study of the chalk karst on
the littoral area of Normandy (France), and developed by the same author
in 1992. This concept is about dissolutional caves on the sea border, not
about true sea caves [Bunnell, 2004]. The Normandy coast offerts nu-
merous dissolutional sea caves (Rodet, 1992a], ones of them with a very
complex network organization [Rodet & Lautridou, 2003].

Normandy is a particular region in which the impressive spatial devel-
opment of the karstic forms and system organisations formed under the
influence of the Quaternary sea-level changes, can be seen. The plateaux
of the Lower Seine limit the depth of incision of the great valley, be-
tween the confluence of the River Andelle and the estuary in the English
Channel (fig. 1). The Quaternary evolution is complex and recorded in the
karst development. The upper part of the valley always was a river (ter-

restrial environment) when the downstream part, more or less important,
was included in the estuary, or even marine during transgression, or a
river environment during regression. This was dependent on global sea-
level fluctuations [Lautridou et al., 1999]. These changes resulted in large
modifications of the hydrological base-level and in consequence of the
karstic drainage. This study contributes to the chronological reconstruc-
tion of the Quaternary evolution in the Lower Seine.

In this way, the Caumont area, 120 km distant from the coastal zone
along the River Seine, at an elevation of only 4 m, is under the direct influ-
ence of the tidal zone (fig. 3). The geomorphological study of quite 8 km
of galleries ought to define the function and the chronology of each con-
duit and to propose a genesis sketch of a complex output karst network.
It presents different drain levels and drainage diffluences in a diachronic
functioning of a three dimensional delta scheme, fixing the ‘karst delta’
concept. Regressive periods incite to the spring outflow, responsible for
regressive downward incision in the substratum.

Upstream to downstream, forms follow from the filling erosion to the
new gallery opening, through drawing-off and ground incisions opening a
‘key-hole’ section. In relation with the downward velocity, it opens a wide
gallery (slow descent) or a strait gallery (quick descent), with morphology
of a ‘canyon’ and direction linked to the structure (tectonics), and vertical
slope when the direction changes suddenly.

Transgressive periods involve an alluvial infilling with dam effect re-
sponsible for the spring overflow, with submersion of the palacoconduits
and roof equilibrium domes and intrakarst sedimentary stocking [Fourni-
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Figure 2 - The deltaic karst network of Fagnet Cape. I- high level at 8 m NGF; 2-
medium level at + 6m; 3- base level at 3 m; 4- lower level at 0 m. This karst system
adapted during the eemian transgression, from its base level at +3 m, to two upper
levels (+6 and +8 m), before 1o be deconnected suddenly by the weichselian regression
effect (lower level at 0 m).

er, 2004]. Diffluences demonstrate the karst adaptation to the drainage
area evolution, more specifically near springs. They can happen as during
transgression phases (high base level) than during regressive cnes (low
base level).

The distance from its origin reduces the pertubation on the network
functioning and morphology. Upstream, bigger phases only appear,
whereas downstream morphological adaptations of minor phases are reg-
istred. That places in a prominent position the notion of ‘encasing’; a big-
ger form upstream divided in various smaller forms downstream, valid as
for conduit stages than for gallery diffluences.

The large underground network, known to exceed 7 km, includes a
number of different conduits, with several connections, developed in a
complex organisation scheme. This results from the adaptation of under-
ground drainage to the various variations of the hydrological base-level
(fig. 4) rather than from the geomorphological variations of its hydrologi-
cal basin (fig. 5). In fact, the considerable distance of this network from
the sea-cliff erosion, protected the Caumont underground system, with its
rich evidence of complex Quaternary evolution. This explains why the
modern coastal zone, subjected to the erosional effect of a rejuvenated
shore-linc, does not provide such impressive karst examples (Cap Fagnet
- fig. 2) like those at Caumont (fig. 3), which is protected by its upper
estuarian location [Rodet, 2004].

A ‘karstic delta’ needs of an important and stable flood to hold the
connexion between the conduits against the ruptures resulting of the base
level variations. It necds too of a place protected of the sea border erosion
to conserve the different phase testimonies. A location in a deep coastal
valley like the Lower Seine (Caumont) is a better protection than on the

shoreline (Cap Fagnet) where the destruction of an old karstic delta net-
work can results in the complex morphology of an indented coastal area
(Etretat - photo. 6).

Conclusion

In fact, it is possible to distinguish the ‘littoral’, a geomorphological
zone where the sea and the continent confront each other, and the ‘litto-
rallity’, a temporal concept of a conflict between marine and continental
processes, that migrates in relatively space with the temporal evolution of
the relative mean sea-level during the Quaternary. In this way, a continen-
tal cave can be seen on the coastline never retouched by the sea. It can also
be seen far away from the modern coast, in the side of a deeply incised
valley like the Lower Seine, there a karst network wholly subjected to
Quaternary fluctuations of the sea-level. This is why it is very important to
distinguish the present coastal zone from that influenced by previous Qua-
ternary sea-level changes. The ‘karstic delta’ concept can be extended to
all the regions under influence of important sea level variations {climatic
and tectonic origins) like in the Mediterranean Sea during the Cenozoic,
and where the present transgression is responsible for the reservoir sub-
mersion (Fontaine de Vaucluse, greek Almyros, etc.).

References

Bunnell D. - 2004. Littoral caves. Encyclopedia of caves and karst
science, J. Dunn ed., Fitzroy Dearborn: 491- 492.

Fournier M. - 2004. Structure et fonctionnement du systéme karstique
du Hannetot replace dans le contexte géomorphologique de la basse val-
lée de Seine. Actes des Journées Européennes de I’AFK 2003, Rouen:
106-116. ]

Lautridou J.-P,, Auffret J.-P, Baltzer A., Clet M., Lécolle F., Lefebvre §

D., Lericolais G., Roblin-Jouve A., Balescu S., Carpentier G., J.C. D., ® A

Ochietti S. & Rousseau D.-D., 1999. Le fleuve Seine, le fleuve Manche.
Bulletin de la Société Géologique de France, 170 (4) : 545-558.

Rodet 1. - 1982. Contribution a I'étude du karst de la craie : 'exemple
normand et quelques comparaisons. PhD thesis, Géographie Physique,
Université de Paris I “Panthéon - Sorbonne™: 427 p.

Rodet J. - 1952a. La craie et ses karsts. Ed. CNEK & Groupe Seine,
Centre de Géomorphologie du CNRS, Caen: 560 p.

Rodet J. - 1992b. Le karst dans 1’évolution quaternaire de Ia Basse
Seine (Normandie, France). Karsts et évolutions climatiques, J.-N. Salo-
mon & R. Maire eds., Presses Universitaires de Bordeaux: 363-382.

Rodet J. - 2004. Karst et craie en Normandie : une approche géo-
graphique - chalk and karst in Normandy : a

geographical approach. Actes des Journées Européennes de I’AFK
2003, Rouen: 16-31.

Rodet J. & Lautridou J.-P. - 2003. Contréle du karst quaternaire sur la
genése et 1’évolution du trait de cote d’une région crayeuse de la Manche
(Pays de Caux, Normandie, France). Quaternaire, 14 (1) : 31-42.

Rodet J., Massei N., Laignel B., Dupont J.-P. - 2003. The karstic
delta as a morphological consequence of base level variations. Example
of a chalk karst system in the western Paris Basin (Normandie, France).
Climate Changes : the karst record IIT, Montpellier, 11-14 may 2003,
abstract: 139-140.

Rodet J., Massei N., Laignel B., Dupont J.-P. - 2004. The karstic delta
as a morphological consequence of base level variations. Example of a
chalk karst system in the western Paris Basin (Normandy, France) - le
delta karstique, expression des variations climatiques du niveau de base.
Exemple d’un systeme karstique de la craie de I’Ouest du bassin de Paris
(Normandie, France). Actes des Journées Européennes de I’AFK 2003,
Rouen: 64-65.

clional Congress of Speleclogy -









= Hellenic Speleoloyical Sociely

igﬁmuu%

§ RS R
' i @
g i

i

{‘mem’fg

s
tﬁmo

L

Fig. 4 - Vertical organization of a karstic delta network [afier Rodet et al., 2004]. 1 : original water base level at + 16 (upstream) /+ 14 m NGF (downstream) - photo 1. 2 : small rising
of the water level up to 18 m with downstream (a) the duplication of the main conduit - photo 2. 3 : great rising of the water level up to 24 m, giving development of (b) phreatic lifting
passages - photo 3, and on the top the development of (c) small galleries. Downsiream, the uplift of the basal drainage results in a (d) vauclusian spring. 4 : the quick and important fall
down of the water table to - 14 m (over 38 m deep) is responsible for a new equilibrium profile with a retrogressive erosion dynamic into the karstic drainage, underlined from upstream
to downstream, by a (f) cutting passage into the gallery sediments, then the (g) filling withdrawing till a (h) water fall. Near the exsurgence, (i) shafis are common. 5 : the ultimate rising
to + 4 m due to the flandrian transgression, by effect of a (j) karstic damming, is responsible for the storage of water in a (k) great underground reservoir with alluvial infilling - photo
4. A new () spring level floods over the dam, and a new (m) equilibrium profile is realised between the original drainage (1) and the modern spring level - photo 5.
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(235.6 ky + inf./-75) until present days (74.5 ky +19.7/-16.6 ; 37 ky +13.9/-11.8 ; 16.4 ky +111.1/-16.4; 0 ky).
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Figure 5 - Karst diffluences as an underground drainage adaptation fo the geomorphological evolution [afier Rodet et al., 2003]. Only three successive siages of several are shown.
Ur/Th dating performed at the CERAK (Mons, Belgium) using speleothems mainly calcite flowstones, allows to consider that karstic delta functioning started in the middle Pleistocene
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Genesis of a karst system in the Lower Meuse chalk district (Belgian-Dutch border)
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Abstract:

Different karst phenomena were intersected by underground and open-
air quarries in Cretaceous chalks of the Belgian-Dutch border zone along
the Meuse river. Dolines and more than one thousand solution pipes were
observed. Solution pipes can attain a depth of sixty meters. These may in-
tersect endokarst features: sub-horizontal galleries developed along joints,
round galleries without visible fissure and sponge networks. Occasionally,
surfaces sculpted by cupolas and arched cavities stopping upwards were
observed. At deeper levels, pluridecametric nodes of weathered chalk are
developed under the base water level. All these karst features indicate a
three stage genesis for the karstic system. The first stage occurred in the
phreatic zone, independent of the surface climate. Weathered nodes, gen-
erally in relation with fissures, develop and may lead to opening conduits.
The second stage is related to valley incision and the emersion of a karst
system above the piezometric level. Locally, this ‘primokarst’ can initiate
subhorizontal cave features as axis of drainage. In the same time, a vertical
input karst (solution pipes or ‘organ pipes’) develops and often intersects
the caves at deeper levels. Waterflood is affecting these drainage axis, and
fine sediments can fill the cave galleries. The third stage is the discon-
nection of the different forms, raised above the base level. Only input by
infiltration waters is controlling the further evolution of these forms.

Introduction

At the Belge-Dutch border (Fig. 1) near the city of Maastricht, a series
of surface quarries and artificial caves have exploited chalk and calcaren-
ites of Maastrichtian to Campanian age (Upper Cretaceous). These have
intersected typical karst, features like caves, alveoli, solution pipes, ceil-
ing pockets, nodes of weathering. Their study enables to reconstruct the
genesis of a polyphased karst system. Drains within the chalk prove that
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Fig. I: Localisation of the studied area

underground drains, hence karst can develop in a rock type characterised
by a very high porosity.

1. Physical environment

The studied area in East Belgium and South Netherlands (Dutch Lim-
burg) is characterised by a rolling plateau on deeply drained Cretaceous
chalks under loess cover. Saint Peter’s Mountain (Montagne Saint Pierre,
Sint Pietersberg) is a separate part of the Hesbaye plateau isolated between
the incised valleys of the Geer and Meuse rivers, due south of their conflu-
ence in the city of Maastricht. The altitude of the plateau lies between 153
and 100 m above sea level, up to 70 m above the alluvial plains.

The studied forms develop in the Gulpen and Maastricht Formations
(Campanian to Maastrichtian age), exposed over 100 m. The upper unit
(Maastricht Formation) consists of macroporous calcarenites, subdivided
by hardgrounds. Flint nodules already appear in the Maastricht Forma-
tion. The lower unit (Gulpen Formation) consists of very fine calcarenites
grading into chalk with many flint beds in its upper part (Lanaye and g
Lixhe Members) overlying more pure chalks with and without small flints |
in its lower part (Vijlen and Zevenwegen Members). The ENCI quarry
exposes all these strata. Impervious marls of the Vaals Formation separate
the chalk from deeply weathered and kaolinised Carboniferous limestones
(Felder & Bosch, 1998, 2000).

Young Paleocene carbonates and continental deposits are not pre-
served on Saint Peter’s Mountain. The next deposit consists of Oligocene,
marine Tongrian sands (St Huibrechts Hern Formation) were deposited
on the area. On Saint Peter’s Mountain they are mainly preserved within
dolines. From the Pliocene, the Meuse river drainage system came into
existence and progressively incised down to its actual level, as testified
by peneplanation levels and gravel terraces. The high terrace of the Meuse
river covers the older formations with an alluvial gravel during the Middle
Pleistocene. These coarse and loamy river deposits armour the underlying
Cretaceous chalk and lead to a local relief inversion. During the Weich-
selian glaciation, about ten meters of loess were deposited, burying the
pre-existing landscape.

Underground quarries extensively exploited the middle part of the
Maastricht Formation (Nekum and Emael Members), where most obser-
vations of endokarsts and roots of solution pipes were made. Our study fo-
cuses on the three main Belgian quarries (lower Petit-Lanaye, upper Petit-
Lanaye, Caster). They are located between the Albert Canal and the Dutch
border. Additional observations are made in the ENCI quarry, to the north
of these caves on Dutch territory. The underground passages are about 6
m wide for 10 m high (Fig. 2). Their form a network exceeding 100 km of
galleries. The quarries of lower Petit- Lanaye and Caster are located 10 to
25 m under the plateau surface. In the quarry of upper Petit-Lanaye, part
of the ceilings is only some meters below the plateau surface. The ENCI
quarry allows observation of the basement of Saint Peter’s Mountain. The
floor of the excavation is 30 m below the Meuse river (5 m above sea
level). All these places present a privileged three-dimensional observation
of the deseribed karst phenomena.
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2. Progressively with the lowering of the aquifer, the node of corro-
sion between vadose and phreatic water progresses downwards. The slow
and regular descent of the water table causes a calibration of the solution
pipes. The local hydraulic gradient develops. Alveoli, nodes of weathered

chalk or caves are further expanding.. According to their degree of or-
ganisation, they can evolve into drainage systems, able to mobilize the
fine elements.

3. The valley continue to incise, followed by the aquifer. The weather-
ing residuc emerges above the water table and is not supported any more
by hydrostatic pressure. It is compacted and induces further subsidence
on the surface.

4. Anthropogenic exploitation of the carbonate rock destabilizes some
of the most important karst phenomena, causing mining depressions on
the surface of the plateau.

It can be concluded that there exists a high density of karst phenomena
in chalk. It influences in a major way the geomorphological evolution of
Saint-Peter’s Mountain. The study of the various forms clearly points to
the genesis of karst phenomena within microporous carbonates, and thus
to the development of drains, which could have negative incidence on
geological risks and water pollution. Further studies will have to specify
the exact conditions of the initiation and distribution of drainage systems
identified within the Saint-Peter’s Mountain, in particular by comparison
with the better documented karst phenomena developed in chalk of Nor-
mandy (France) (Rodet, 1992).
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Abstract

A significant number of caves in the stable cratonic area of eastern
Brazil display well-developed “primary” paragenetic features (i.c. fea-
tures generated during cave phreatic development and not during later

sedimentation processes) that indicate that paragenesis was a dominant
process of speleogencsis. However, a survey of cave geomorphological
studies elsewhere in the world indicate that paragenesis is usually con-
sidered to be a relatively minor speleogenctic process, syngenesis being
considered as the “normal” type of phreatic cave development.
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Paragenesis in eastern Brazil is favoured by a combination of geomor-
phic and hydrological conditions such as: (i). high rates of pedogenesis
under tropical conditions yield thick soil sequences that commonly mantle
the karst. Thus, nearly all karst areas contain abundant soil cover that can
be eroded towards phreatic conduits; (ii). low clevation terrain and thus
very low hydraulic gradients that prevent fine grained sediment to be re-
moved from phreatic cave passages during conduit development; (iii) low
denudation rates / uplift rates and thus low water table lowering rates. Any
evolving conduit will stay for a prolonged time under phreatic conditions
before interception (due to both upward paragenetic ceiling migration and
water table lowering) by the water table. Paragenesis may also benefit
from deeper initial flow routes.

We propose a model in which, given sediment availability, paragenetic
development will be the dominant mode of speleogenesis in tectonically
stable areas under slow denudation / uplift rates. Central Brazil and areas
of Africa, Australia and parts of Europe are prime candidates for parage-
netic caves. Paragenetic caves will tend to be rare or absent in bare karst
terrains in tectonically active areas such as in high mountain karst areas
in Europe.

1. Introduction

A survey of caves in several Brazilian karst areas, but mostly in the
Lagoa Santa, Caatinga and Iraquara areas (Fig. 1), has demonstrated that
the majority of caves display features previously recognised as due to
paragenetic processes such as:

1. Presence of pendants (Bretz, 1942; Renault, 1968). 2. Presence of
anastomoses or half tubes (Bretz, 1942; Renault, 1968). 3. Presence of
parasitic wall tubes (Lauritzen and Lauritsen, 1995). 4. Presence of wall
grooves (Farrant, 1995). 5. Lack of guiding fracture or bedding plane at
ceiling level (Pasini, 1967). 6. Lack of a precursor phreatic tube on the
ceiling (Lauritzen and Lauritsen, 1995; Farrant, 1995). 7. Downstream
propagation of meanders (Ewers, 1985). 8. Phreatic canyon or triangular
passage cross section (Farrant, 1995). 9. Active paragenctic passages in
the phreatic zone (Worthington, 1991).

Observations in several karst areas in eastern Brazil have allowed the
recognition of the following additional distinctive features of paragen-
esis:

10. Lack of scallops. The velocity required for scallop length to match
passage sinuosity (and thus become indistinguishable) is too slow to allow
for sediment removal and should therefore favour paragenesis if there is
sediment availability.

11. Meander junctions at ceiling level occur through an ascending me-
ander. This feature demonstrates that water flow was occurring mostly at
ceiling level at time of junction.

12. Anastomotic canyons are the predominant type of cave pattern. In
low dip situations this should be the prevalent type of paragenctic cave
pattern. Variable passage cross section duc to changes in sediment volume
can keep several passages simultaneously competitive.

13. General absence of joint fed speleothems. When compared with
vadose caves, paragenctic caves may exhibit less speleothems due to
the general absence of vertical joints at ceiling level. Furthermore, the
overall volume of a paragenetic passage spends more time in the phreatic
zone and under sediment cover than a typical vadose cave, restricting the
chance of speleothem precipitation by water percolating through joints.

The caves located along the stable cratonic area of east central Brazil
have shown similar styles of cave development, despite major differences
in lithology, hydrology and present climate. Paragenetic processes are
evident in the majority of caves examined. It will be proposed that the
mode of conduit development after initiation is controlled by large-scale
denudation rates which are dependent on the tectonic setting.

2. Controls on paragenetic development
2.1. Sediment availability

The first requisite for paragenesis is the availability of sediment for
transport into the cave system. In castern Brazil, bare bedrock floors are
extremely rare, nearly all caves having their floor covered by sediment de-
posits usually of unknown thickness. There has been no worldwide survey
on the frequency and extent of soil cover in karst areas, but covered karst
predominates in most of the karst arcas in the Americas, especially in cast-
ern United States, northern Mexico, Central America and some islands
of the Caribbean such as Cuba, and most of South America. Soil cover
predominates in many karst areas of Europe, such as in England, parts of
France and Italy, and in most of tropical Asia sites. It scems apparent that
sediment derived from the soil is commonly available in most karst areas
of the world. Possible exceptions to this situation would be very pure
limestones in barren karst arcas with very limited sediment supply such
as in some alpine settings, mixing zone karst areas, or hypogenic settings
where deep flow is not surface derived.

2.2. Depth of conduit initiation

Deep initial flow routes will enable a given conduit to have the nec-
essary vertical amplitude for paragenctic upward ceiling migration. The
depth at which a cave will originate below the water table has been sub-
ject to considerable debate in the past on conceptual grounds (see review
in White, 1988) but even recently few quantitative advances have been
made. Folding and faulting may promote deeper ground water routes
(Palmer, 1987). For the sake of simplicity, a homogeneous carbonate
aquifer, without significant folding or faulting and without impermeable
beds that can cause confined and artesian aquifers will be assumed. This is
the common situation in eastern Brazil cratonic carbonate areas.

Although there is a number of ways of determining depth of present
or past ground water circulation such as water temperature in spring
outlets (Worthington and Ford, 1995) or empirical relationships that
equate catchment length and dip of the strata (Worthington, 2001) few
direct observations have been made. Borehole logging and packer testing
frequently show the presence of dissolution openings at depths up to 3000
m (Ford and Williams, 1989), often with capacity for water circulation.
Direct observation of flooded passages by cave divers worldwide confirm
the common existence of deep flow routes in carbonate systems, to depths
well in excess of 100 m below the water table (Farr, 1991). The vertical
range of a paragenetic passage provides an alternative method of deter-
mining minimum flow depth of cave passages. This is represented by the
elevation difference between the bedrock floor of the passage and the ceil-
ing. Considering that some water table lowering must have occurred since
the beginning of the paragenetic development, this parameter provides a
minimum depth of initiation below the water table. Vertical paragenetic
amplitudes up to 50 m have been reported in the literature (Renault, 1968).
At Lapa Doce cave in the Iraquara Karst, the vertical paragenetic range
is 11 m as measured at several sites with an ultrasonic tape. In the Lagoa
Santa Karst, it may exceed 15 m in some caves. According to Worthington
(2001) depth of ground water flow in unconfined aquifers is related to D
=0,18 (L sin 6)*” where D is the mean depth of flow in metres below the
water table, 0 is the dip of the carbonate strata and L is the flow path length
in metres. [n much of eastern Brazil, low dip (up to 10°) and long flow
paths (up to 20 km in a straight line) would translate in depths up to 110
m, but commonly below 50 m, a value that is in general accordance with
cave diving reports for the area.

2.3. Rates of upward paragenetic evolution

After breakthrough has been achieved, provided the water table re-
mains above the passage during the period of enlargement, there will be
two alternatives for further development of a flooded conduit. In a situa-
tion where there is no supply of sediment, or where water velocities are
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too high to allow for sediment deposition, a p tube will develop.
Such a wbe will grow indefinitely until modified by breakdown or drained
by water table lowering, Given the existence of flooded passages at great
depths (in excess of 100 m) we should expect the common occurrence of
very large phr s. Although While (1988) and Worthington (1991)
have acknowledged the existence of phreatic tubes > 40 m in diameter,
such very large passages appear to be more the exception than the rule.
The second style of development is through paragenesis. Cave divers have
commonly reported that phreatic caves normally have a sediment mantled
floor (Worthington, 1991). It thus appears that sediment filled passages
are at least as common than sediment-free phreatic tubes.

atic tube

Ground water flow velocities decrease with lower hydraulic gradients.
In the subdued relief of eastern Brazil low hydraulic gradients should be
expected, resulting in very low conduit velocities, below the threshold for
sediment transport. Considering the nearly global availability of sediment
in karst systems, the ubiquitous existence of input points linking sediment
sources to underground passages, and the slow water flow velocities in
subsurface conduits, paragenesis should be a common mode of cave evo-
tution in the phreatic zone.

During paragenesis, the floor of a phreatic passage is armoured by
sediment. Dissolution, if it occurs, s unlikely to be significant at the
sediment-bedrock interface because it will be limited by replacement of
reactant and evacuation of products. The sole sections of bedrock avail-
able for conduit enlargement are the upper wali ceiling. The cave will
then evolve upwards towards the water {able. Rates of upward conduit
migration are an important component in determining the magnitude of
vertical paragenetic range, the mtb of loop ehmmntxon and possibly the
development of flat water table roofs. There has been no previous study of
this problem. However, if a p etic passage is considered to be a half
tube with a sediment Hoor, the relation of Palmer (1991) can be applied:

S$=31.36 Q(C-C)/plp ; where: S is the rate of paragenetic
upward migration; Q is discharge of water through the passage; C is the
solute concentration (C, = C at upstream cnd of passage); p is the wetted
perimeter; L is the passage length and p,_ is the rock density

average rates of 100 m/Ma for conduit
bedrock removal after breahhrougl but variations o; an ord?r of mag-
nitude on either side are possible. Taking
measure

Dreybrodt (1990) has estimated av

the Lagoa Santa Karst (Au
for springs in the lraquara Karst, a range between O 0:3 2 m”s appears
reasonable. Length of un wnd flow paths should be in the range 1
- 20 km, resulting in Q/L ratios below 20 w”-/f Poixwmg Palmer (1991)
these values wouli represe in the range of 1000 m/
Ma. Typical maxi ystoms averages about
100-1060 m/Ma (Palmer, 199

2.4. Water table lowerinug rates in karst reglons

The end of the phreatic regime in a cave system happens when the wa-
ter table reaches the tm of the passage, and dissolution becomes concen-
trated on the floor. It is thus imporfant to rw*fxn tify the r'afcs of water table
lowering, because f;hc e W lable for
paragenesis. Water table lowering will be considersd as a xriatn ¢ measure
in relation to a fixed point 1n the bedrock (or a cave system within the
bedrock). This is because tectonic uplift can « ly change relative water
table positions within the bedrock, while the water table elevation relative
to a outside datum (such as sea level) could remain virtually unchanged.

1on rates in cratonic or low velief areas are
1 rates based on fluvial incision rates
in karst are given in Table 2. 1t is assumed that surface lowering rates are
compatible with water table lowering rates. Furthermore, fluvial down-

cutting rates, together with other techniques of punctual measurements,
are assumed to provide reasonable approximation of regional scale water
table lowering rates

Long-term regional denudat
reported in Table 1 while denu

The data demonstrate that denudation rates in cratonic or low relief
arcas are typically in the range 1 - 50 m/Ma, with several areas (mainly
in the best studied sites in the plaing of Australia) having values below 10
m/Ma. These data demonstrates that denudation rates in stable tectonic
setiings can be an order of magnitude lower than in mountainous or in
tectonically active regions.

3. A denudational model of cave evolution

It has been demonstrated that conduits commonly carry sediment de-
posits. It has also been shown that ground water velocities, especially in
low relief areas with low hydraulic gradients, may fall below the threshold
of sediment transport. Under such conditions, the minimum requirements
for the initiation of paragenetic development should be present in many
if not most karst settings. Two further variables should be taken into ac-
count. Because paragenetic passages evolve upwards towards the water
table, there should be enough vertical amplitude for a passage to develop,
i.e., the deeper the passage is, the more “room” for upward paragenetic
development there will be. Areas with steeply dipping carbonate should in
theory be more favourable for paragenetic development. However, a ma-
jor control affecting this opportunity for upward development is the rates
of water table lowering. The rate is very slow in eastern Brazil permitting
an extended period for paragenesis, despite the shallow dip of the carbon-
ate which limits depth of paragenetic development.

Water table lowering rates in mountainous or tectonically active areas
are an order of magnitude higher than in stable cratonic settings. In the
latter regions, caves would tend to remain for a much longer time in the
phreatic zone. It has also been demonstrated that upward paragenetic mi-
gration rates should be at least an order of n”amitudc higher than water
table lowering rates in tectonically stable, low relief areas, but should
match these rates in mountainous settings. Fig. 2 illustrates these relation-
ships. For any given initial conduit depth, the time available for upward
paragenetic migration would be greatly incrcased in karst areas with low
water table lowering rates. On the other hand in areas with very fast water
table lowering rates, such as mountain ranges, the cave passage could be
intercepted by the water table before significant paragenetic development
had occurred.

From this denudationa! mode! of cave development, paragenetic
caves should predominate thre water table lowering rates are slow,
such as in cratonic settings or in low relief continental interiors. Prime
candidates are the ancient tablelands of interior South America, Africa
and Australia. At the other extreme, areas with very high denudation rates,
such as mountain ranges or areas with active tectonics, should show pre-
dominanily vadosc passages and little paragenetic development. Many
karst areas, however, fall between these extremes, and could display both
paragenctic and syngenetic development styles, depending on initial flow
depth, sediment availability and local geomorphic factors.

The above model, developed at a regional scale of cave systems, is
also applicable to individual passages in caves. It has been suggested by
Palmer (1991), Worthington (1991), Dreybrodt {1990) and others, that
cave passages can play the role of local base levels for tributary conduits,
in the same way that major rivers do for large cave systems. It is thus pos-
sible that a tributary can evolve paragenetically towards a vadose trunk
passage. This is supported by the observation of paragenctic passages
within otherwise predeminantly vadose caves, such as in Gruta do Padre,
Brazil, Ogof Draenen, Wales, among others.

4. References

Atkinson, T.C.; Rowe, P.J. 1992. Applications of dating to denudation
chronology and landscape evolution. In Uranium Series Disequilibrium.
Applications to Earth, Marine and Environmental Sciences (Ivanovich,
M.; Harmon, R.S. ed.). Clarendon Press, p. 669-703.

Auler, A.S. 1994. Hydrogeological and hydrochemical characteriza-

s gf Sus .m D0y e



Helienic Speleologicnl Sociely

tion of the Matozinhos-Pedro Leopoldo karst. MSc Thesis, Western Ken-
tucky University.

Auler, A.S. 1999. Karst evolution and palacoclimate in eastern Brazil.
PhD Thesis, University of Bristol.

Bretz, J.H. 1942. Vadose and phreatic features of limestone cavernas.
Journal of Geology 50: 675-811.

Dreybrodt, W. 1990. The role of dissolution kinetics in the develop-
ment of karst aquifers in limestone: a model simulation of karst evolution.
Journal of Geology 98: 639-655.

Ewers, R.O. 1985. Patterns of cavern development along the Cumber-
land Escarpment. In Caves and Karst of Kentucky (P.H. Dougherty ed.).
Kentucky Geological Survey Special Publication 12: 63-77.

Farr, M. 1991. The darkness beckons. Cave Books.

Farrant, A.R. 1995. Long-term Quaternary chronologies from cave
deposits. PhD Thesis, University of Bristol.

Ford, D.C.; Williams, P.W. 1989. Karst geomorphology and hydrol-
ogy. Unwin Hyman, London.

Lauritzen, S.E.; Lauritsen, A. 1995. Differential diagnosis of parage-
netic and vadose canyons. Cave and Karst Science 21: 55-59.

Palmer, A.N. 1987. Cave levels and their interpretation. National Spe-
leological Society Bulletin 49: 50-66.

Palmer, A.N. 1991. Origin and morphology of limestone caves. Geo-
logical Society of America Bulletin 103: 1-21.

Pasini, G. 1967. Nota preliminare sul ruolo speleogenetico
dell’erosione “antigravitativa”. Le Grotte d’Italia 4: 297-322.

Renault, P. 1968. Contribution a I’etude des actions mécaniques et sédi-
mentologiques dans la spéléogenése. Annales de Spéléologie 23: 529-596.

White, W.B. 1988. Geomorphology and hydrology of karst terrains.
Oxford University Press, Oxford.

Worthington, S.R.H. 1991. Karst hydrology of the Canadian Rocky
Mountains. PhD thesis, McMaster University.

Worthington, S.R.H. 2001. Depth of conduit flow in unconfined car-
bonate aquifers. Geology 29: 335-338.

Worthington, S.R.H.; Ford, D.C. 1995. High sulfate concentrations in
limestone springs: an important factor in conduit initiation? Environmen-
tal Geology 25: 9-15.

10°8

ATLANTIC
OCEAN

Figure 1. Location of study area. LS - Lagoa Santa Karst; I - Iraquara Karst; C - Caatinga Karst.
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Tectonically stable
low relief areas
Rw<<<Rp

so Hp>Hw
water table =0

Hw
; =1

Rw

Hp

Tectonically active
mountainous areas
Rw>Rp

SO Hp<Hw

Hw

Figure 2. Model of cave development in relation to water table lowering rates. Rw = Rate of water table lowering, Rp = Rate of paragenetic upward migration; Hw = Amount of water

table lowering between =0 and t=1; Hp = Paragenetic vertical range.

Table 1. Denudation rates for cratonic and low relief interior settings. Estimates extrapolated over diverse timescales. This list is by no means a

complete list. AFTA - Apatite fission track analysis. References in Auler (1999 p. 26).

Location Method

Rate m/Ma

West Australian Craton Geomorphological criteria

Southeastern Australia Incision rates
Guyana Craton Fluvial geochemistry
West African Craton Cosmogenic
Mount Roraima, Guyana Craton Cosmogenic
Southeastern Australia, Yilgarn Weathering rates

Africa, Lake Chad Fluvial geochemistry

SE Australia, Snowy River AFTA
Southeastern Brazil, Parana AFTA
- Guaporé Craton, Brazil AFTA
Interior Sdo Francisco Craton AFTA
Interior Sdo Francisco Craton AFTA

0.1-0.2
1-10
10
3-8
1
1-2
8
15-18

15-50
20-40

Global average rate

Mountainous areas/highlands

43
500
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Table 2. Compilation of fluvial downcutting rates in karst terrains. Adapted from Atkinson and Rowe (1992) and Farrant (1995). See references

in Auler (1999 p.37).

Location Rate (m/Ma)
Cueva del Agua, Spain ¢. 300
Nahanni River, Canada <800

Green River, Kentucky 70-90
Matchlight Cave, Tasmania <100-200
Exit Cave, Tasmania <60
Yorkshire Dales, England 120/> 50/ <200
Elwy Valley, Wales 120

Creswell Crags, England 65

Perlait River, Malaysia 8

Cheddar Gorge, England 190/60 /200
Crowsnest Pass, Canada 115-130
Bearjaw Cave, Canada 290-510
Castleguard Cave, Canada 50-130

Location Rate (m/Ma)
Arige Valley, France 120-210
Manifold Valley, England 55
Derwent Gorge, England <190
Mammoth Cave, USA 40
Cheat River, USA 56-63
Buchan Karst, Australia 3-4
East Fork Obey River, USA <20
Wee Jasper, Australia 26
Greenbrier River, USA 46
Santana Cave, Brazil 42
Wyandotte Cave, USA 60
Clearwater Cave, Malaysia 190
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“Folia Drakou” Cave (Potamoi, Drama, Macedonia, Greece)
Geological and Speleological study - Preliminary report
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Abstract

The “Folia Drakou” cave is situated in the broader area of the Pota-
moi village, in the Prefecture of Drama (Macedonia, Greece). The region
belongs to the Sidironero geological unit of Rhodope massif. The cave
has been formed into marbles, sipolines and gneisses. The speleogenesis
of the cave and the anthropological findings are first presented. Char-
acteristic shapes of karstic tubes, breakdown formations, human bones
(cranium) and ceramics are singularly described.

Introduction

The “Folia Drakou” cave is located in the Despatis basin, close to the
Potamoi village of Drama Prefecture, 100km NE from the city of Drama.
In the broader area of Potamoi village a number of karstic caves were
developed. The most interesting karstic formation is the “Folia Drakou”
cave in which archaeological and anthropological findings have been
observed. The cave presents passages with characteristic shapes, which
are formed along the tectonic and stratigraphic discontinuities as well
as breakdown morphology. The first visit for reconnaissance to the cave
took place by the archaeologists in 1982. Since 2004 the cave has been
explored and mapped twice by members of the Department of Northern
Greece of the Hellenic Speleological Society.

Geological Setting

The broader area of the “Folia Dragou” cave belongs to the Rhodope
Massif, which is distinguished into the Sidironero and Pangeon Unit, both
consisting of metamorphic rocks. The Sidironero complex consists of a
Paleozoic sequence mainly filled with gneisses and intercalations of or-
thogneisses, two-mica paragneisses, augen-gneisses, amphibolites, mylo-
nites and thin embedding layers of marbles, migmatites. Plutonic bodies

have intruded in the area. The cave is formed within marbles and gneisses
close to the thrust zone, where the upper Sidironero unit thrusts over Pan-
geon unit, with a 101° strike and a SW dip following the riverbed of Nes-
tos (Fig. 2, Falalakis, 2004).

\Despatis River

Folia Drakou
*

Nestos River

Aam 2 %

Figure 1. Map of northern Greece with the Drama avea, the Potamoi village and the
location of the Folia Drakou Cave.




Figure 2. Geological map of the broader area of the Potamoi village (based on Falalakis, 2004).
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Figure 3. Ground plan and cross sections of the Folia Drakou Cave (Potamoi, Drama, Macedonia, Greece).

There are three phases of folding, including isoclinal folds NE-SW,
asymmetric conjugated folds trending from NE-NW to ENE-WNW and
open folds trending NW-SE. The second folding event is associated with
the development reverse faults striking NE-SW, which predominate in W.
Rhodope (Kilias & Mountrakis, 1990). The stress field is nowadays char-
acterized by the maximum tensional axis having a direction from NNW-
SSE to NNE-SSW, with the last one being dominant. The seismicity of the
area is rather sparse. The tension is characterized as oblique, normal with
a dextral component of slip (Mountrakis & Papazachos, 2003).

Archaeological setting

The region of Potamoi has always been a crossroad for different civi-
lizations. Human activity in this arca is evident for a very long period.
Archaeological research has brought to light findings that date since the
prehistoric age up to the Late Roman era (Peristeri, 2002).

Excavations were contacted in the area (Koukouli, 1967, 1976, Peris-
teri, 2002) by the 18" Ephoria of Classical and Prehistoric Antiquities. The
excavations concerned mostly tombs that were dated by numismatic evi-
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Archaeological Excavations in Hourriyeh Cave (Qadisha valley - Lebanon)

F. Beyano, C. Mattay, H. Abdul- Nour
Association Libanaise d Etudes Spéléologiques (ALES), Beirut, Lebanon

Abstract

The Qadisha Valley iocated North of Lebanon is listed on UNESCO’s
world heritage sites for its natural values and the remarkable troglodyte
Christian dwellings going back to the Middle Ages. In Marsh 2000 the
Lebanese Association for Speleological Studies (ALES), discovered
within a cliff in the lower part of the Qadisha Valley, a 22 m sub-horizon-
tal cave accessed by a 5m deep narrow shaft and containing human bones,
snail shells and ceramics. The archaeological artifacts and bones that are
visible on the surface showed no modern disturbance. A preliminary di-
agnosis of the ceramic remains showed that it could be dated back to the
end of the Early Bronze and beginning of the Middie Bronze Age . This
unique discovery in a region already famous for its Christian heritage, and
thoroughly disturbed by “treasure hunters”, triggered three campaigns of
joint archaeological excavations by the General Directorate of Antiquities
of Lebanon (DGA) and the ALES Caving Organization, in collaboration
with a multidisciplinary committee of scientists, and was able to shed the

light on human activities going back to the Neolithic and to the Bronze
Age. Typological analysis of the finds and radiocarbon dating revealed
three main phases of human use of the cave from the late Neolithic to
the Early Middle Bronze period. Occupation layers and two mortuary
practices were identified: - The earliest goes back to the late Neolithic
with occupation layers including a hearth, a trampled surface and pot
fragments. - In the early Bronze Age, the cave was fransformed to a burial
place where inhumation was practiced and skeletons from children and
adults were uncovered. - At the end of the Early Bronze and the beginning
of the Middle Bronze Age, a change of mortuary practices was clearly
attested with the presence of a great amount of incinerated human bones
associated to a large quantity of ceramic vessels. It is important to note
that incineration as a mortuary practice going back to the beginning of
the Middle Bronze Age, is attested for the first time in Lebanon and rarely
menticned in the neighboring countries; some of the ceramic vessels as-
sociated to this period were only attested in the coastal site of Byblos
located 40 km southwest







mate. Beside the deer only remnants of snails, birds, a mouse and a turtle
have been found up to date (KUSS 1967, 1973, 1975; WEESIE 1984).
Predators are lacking in the Pleistocene fauna. Today, only one wild living
Mammalian species of predators exists on the island, the Stone Marten
(Martes foina). )

Cave descriptions
As examples, two of the more interesting caves of Kar-pathos are

Table 1: Caves on the islands of Kasos und Karpathos.

Hellenic S

presented, one being an old Christian church and the other one the longest
cave of the island known to us.

The cave church Agios loannis near Avléna at the north-western part of
Karpathos is probably the most visited underground structure of the whole
archipelago. A considerable portion of the underground volume seems to
be carved out of the rock in former times and it is diffi-cult to determine
natural and artificial parts. The cave lies at the tip of Cape Vrukunta near
the antique town Vry-kous, from which relics of walls and tombs are pre-
served. It is very likely that the artificial parts of the cave were formed in

No. Name of the cave Longitude Latitude Altitude Total length
Kasos
1 Stilokaméra E 26°54°277 N 35°23°26” 255 19m
2 Ellinokamara E 26°54°40” N 35°23745” 150 20 m
Karpathos
3 Hohlenkirche Agios Iodnnis E 27°10°22” N 35°47°51” 15 2m
bei Avléna
4 Héhlenkirche Agios loannis E 27°09°45” N 35°37°03” 90 72m
bei Spéa
5 Kuss-Hohle E 27°05°32” N 35°34°53” 70 2m
6 Ziegenhorst E 27°06°45” N 35°34°39” 190 23m
7 Hirschhéhle E 27°06°56” N 35°33°18” ' 70 14 m
8 Achatahshle E 27°12°39” N 35°33’12” 70 56m
9 Marderhohle E 27°12°38” N 35°33°11” 70 50m
10 Fledermaushshle E 27°11°15” N 35°31°44” 70 102 m
11 Grillenspalte E 27°11°14” - N 35°31°44” 70 35m
12 Pfeilergrotte E 27°14°28” N 35°30°02” 5 26 m
13 Seglergrotte E 27°14°48” N 35°29°43” 0 98 m
Explanations:
No. Same number as in fig. 2 Latitude According to the Italian topogra- phical maps 1:
Name of the cave  For detailed information see JANTSCHKE & 25000 (1932-1934)
RATHGEBER (2005) Aliitude Floor at the entrance (in metres above sea-level)
Longitude According to the Italian topogra- phical maps 1: Total length For detailed information see JANTSCHKE &

25000 (1932-1934)

these times and that the church has only been occupied and rearranged in
Christian times. Even parts of the trail from Avléna down to the festival
ground above the cave are likely to be very old. As a replacement to a
usual chapel tower, a rock cross was erected directly above the cave and
the bells hang in a wooden frame nearby. Stairs are leading down to the
entrance in the upper third of the steep cliff. A tiny harbour in the neigh-
bourhood functions as a transfer point in festival times.

At the entrance, some seating possibilities invite the guests to take a
rest.

From the small and white painted entrance some more stairs lead down
into an impressive dome with hot, sticky air and the ever lasting smell of
incense. The room hosts a shrine, a part of an antique column and a bap-
tistry in the form of a cross. This basin is fed, like two similar, but simpler
ones, with dripping water from the roof. Candle holders and metal votive
panels are installed at the walls. In the southeast corner of the room a tiny
shaft drops into the dark, protected by stonewalls and “sealed” with many
crosses and candles.

Concerning the foundation of the church a legend exists, saying that
in the times of Byzantine emperors the inhabi-tants of Vrykous decided to
build a church, but they did not know where. Three times it happened that
an icon of Saint John, bound for the new church, vanished from the town

RATHGEBER (2005)

and was found inside the cave. Therefore people followed the will of Saint
John and the church was build inside the cave.

The 28 th of August every year, several hundred people from Olimpos
and Diaféni are celebrating a festival in the honour of Saint John the Bap-
tist, singing, dancing and staying there for two nights.

The great entrance of the Bat Cave (Fledermaushohle, Hohle Tsour-
laki, Tsoulaki’s Cave, Tzoullaki Spilaon) is situated about 2 km southeast
of Apéri and 4 km north-west of Pigadhia. It lies in a little valley about 70
m above sea-level. The cave is developed in Cretaceous Dolomites of the
Olonos-Pindos-Series and shows a total length of 102 m. The dolomitic
banks of the rock are tectonically deformed into a saddle structure, where
the cave follows a series of parallel faults to the north. In the steep north-
ward dipping strata the nearly black dolomite contains different layers
of whitish grey flintstone, which are now sticking out of the walls as an
insoluble com-ponent.

Directly behind the entrance the main room of the cave is 26 m long, 9
m wide und up to 8 m high. On the floor, beneath an only 10 cm thick bed
of small stones and earth, fine layered clay points to a formation in quiet
wa-ter. Near the western wall of the main room remnants of a building
were observed, partly covered with flowstone and therefore of an older
age. At the right hand end of the main room, a fissure forms a small, high
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REMARKS ON THE PROBLEMS OF THE PALAEOLITHIC TERMINOLOGY

Dr Nickos A, Poulianos

Ministry of Culture, Ephorate of Palaeoanthropology - Speleaology, Ardittou 34b, Athens 11636. Aegean Un., Medit. Studies, Rhodes, Anthropological
Association of Greece, 5 Daphnomili, Athens 11471. Greece. E-mail:ww.aee@vip.gr

Abstract

Very often Paleolithic manufacts and tools are found in cave deposits,
especially in Europe. The related scientific fields are comparatively recent
as they are little more than a century old. Thus the terminology associated
with this research is not yet fully established and/or standardized and such
an effort still requires further studies. In this paper some terms of primor-
dial importance are discussed. For example, the word “culture” is defined
as the sum of the bio-social adaptations to the environment. The need of
defining different, contemporaneous or not, distant or mixed cultures and
their limits is presented, as well as the meaning of the word “tool”. Also
discussed is the use of other problematic terms such as: industry, retouch,
by-product, sub-product, edge, ridge, flat, linear, bulb, natural flake,
simple detached flake, premeditated and/or Levalloisian flake, degree of
curvature, chopper, hachoir, bladelet etc.

The development of the Paleolithic scientific discipline is compara-
tively recent. Ancient philosophers (p. ex. Anaximandros, 610-550) first
tried to give an explanation of human origins, expressing the opinion that
they might be common along with fishes and other animals. Lucrecius
(97-55) supposed that teeth, nails and hands were initially used as tools,
while subsequent implements were made of wood, stones and bones. It
is only after almost 2,000 years when similar questions appeared on the
scientific horizon. Thus, a significant step was made during 19" century
by an amateur named Jacques Boucher de Perthes (1788-1868), who un-
earthed the Achelean Palaeolithic culture in France. Since then however
the most important discoveries, offering a possibility of modern interpre-
tations of Palaeolithic period, concern last few decades.

Due to its “young age” Palaeolithic terminology is not yet satisfacto-
rily determined and the present paper is dedicated to promoting a further
investigation. First, a commonly accepted definition of culture is needed,
which is perhaps best cxpressed as a sum of bio-social adaptations to the
environment. Therefore each culture reflects such adaptations, although
the criteria of passing from one culture to another and/or their stages,
periods, phases etc, are not yet established in an absoiute (i.c. objective)
manner. For example: Did North American Indians participate to a single
culture, stage etc or to many? At the present time, a mathematical model
is almost impossible to provide. Questions abound: What criteria should
be used to distinguish one culture from another? Is it for instance satisfac-
tory to set a sum of 10% of changes concerning technological, produc-
tive means and spiritual (linguistic, religious etc) factors, as the absolute
standard to the passage from one cultural stage to another? Theoretical
multidisciplinary analysis accompanied by examination of data even be-
yond the available bibliographical elements should lead to the answers.

Industry (e.g. the way of transforming row material), culture, civi-
lization (cf. above), tradition (e.g. continuity and evolution of cultural
elements), cultural stage, phase etc (e.g. social and technological level of
a culture), cultural complex (e.g. combination of traditions and cultural
stages within a limited geographical area and time span) are also terms of-
ten used arbitrary and a more precise distinction aniong them is required.

Similar uncertainties arc connected to the meaning of the word tool.
Many animal classes, as well as humans (contemporary or previous evo-
lutionary stages) use implements without any material preparation and/or
flaking. Practically they cannot be distinguished and for this reason the
term “handy tool” or “pre-tool” is proposed. Concerning the distinction
between human manufacts and tools, not all specialists agree for their
terminological use. The word tool usually means an object of the environ-

ment that is deliberately detached and shaped for the elaboration of other
objects (of living origin or not), known or unknown way of use (i.e. hunt-
ing included). Furthermore, such an elaborated object is retouched and
must be met in a repeating way and not as an isolated sample in prehistoric
sites. Beyond these criteria the words implements or manufacts are used
(within which all toels are included). However confusion still remains
concerning some tool types, as for example the unretouched choppers and
many blades, suggesting that a reconsideration of relative definitions cur-
rently used appears necessary.

The same uncertainty is observed for terms such as chips, by-products
(e.g. tools produced by chance, not deliberately), debris, etc, to which
the term “sub-product” (c.g. a rejuvenation core flake, Kernscheibe) must
be probably added. A clarification among natural, simply fabricated, pre-
meditated (note: prepared is a problematic, often misleading term) and/or
Levalloisian flakes (perhaps “pholidota” or “folidota”, single “pholido-
t0”) is also necessary, since the latter may be duc to more or less sophisti-
cated technologics, but not always clearly to which one. Furthermore tool
types and technologies appear inconvenient to be based on geographical
names. Besides the aforementioned choppers, hachoirs and bladelets need
to be defined more precisely. Bladelets that are less than 10 mm wide and
less than 40 mm long are proposed to be called “mini-blades” or “nano-
blades”.

There are nonetheless describing terms of tool parts, which according
to the author’s opinion, should be rearranged in more details. The word

bulb must be abandoned because it is confusing and should be replaced by ¢
the word conchoid (since this tool part may even be flat, however never

presenting the form of a bulb). Also border retouch must be distinguished
from the face retouch of a tool.

The words border, arise, ridge, lip and edge may be used in a synony-
mous way. However, for practical reasons it is more suitable to use them
exclusively in specific cases, i.e. without overlapping terminologically.
Thus the following proposals are made: a) “border” to indicate only the
implements’ margins, b) “arise” to indicate only the ridges (i.e. in between
channels) of cores, ¢) “ridge” to indicate only the flakes’ and blades’ dor-

sal edges due to arises, not to retouch, d) “lip” to indicate only the tool’s .

scars borders, and e) “edges” to indicate only working ones.

Many times the words flat and linear are erroneously used, since such
features are very rare indeed. It is therefore more appropriate to replace
them in most of the cases by terms such as “flattish” and “strait-tending”.

Finally, the curvature degree portrayed by the scars of a tool (i.e. fulfill
by lines, designing) is proposed according to Figure 1.

0 Figure 1. The curvature degree of a tool’s scars portrayed from
1 0 to 5+, which correspond to scars’ indexes from 1 to 40+
(length x width x depth of scar x 100 divided by tool's volume).
These indexes practically show the volume percentage that
e SCAYS OCCUPY O @ manufact. Obviously it is possible to use the
3 intermediate curvature degrees arbitrarily, without any further

absolute definition

Reference:
Poulianos A. Nickos (2005) - Introduction to Palaeolithic technology
and typology (in Greek). Ed. Kardamitsa. Athens.
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Abstract

A long discussion regarding the chronology of the Petralona cave find-
ings (human, animal fossils, manufactures, etc) has been ongoing since
the skull of a prehistoric man was found 45 years ago. Both relative and
absolute datings have been very controversial among various scholars.
The relative datings have suggested that the findings date back to the
Early Middle Pleistocene. Absolute datings such as U/Th, ESR, TL, ami-
noacids, palacomag, etc have led to several measurable results which arc
not always concordant. A synthesis of up today efforts and an interpreta-
tion of the contradictory results are given herewith.

Stratigraphy and relative datings

On September 16™ 1960 a human skull of a male individual was found
at Petralona cave covered by stalagmitic sinter. Its age, along with the
faunal remains, was initially attributed to the Upper Pleistocene (50,000~
70,000 years ago). During 1968 A. Poulianos (1968, 1971) started exca-
vating the site and, according mainly to palacolithic - stratigraphic data,
the age of the Petralona findings were reassessed at about 0,5-0,9 m.y.a.
He also founded in 1971 the Anthropological Association of Greece

g which has taken the initiative of the site’s investigation. Summarizing

the present evidence, the following picturc is obtained: In the northern
cave compartment 34 geological layers have being revealed, while in the
southern compartment only those beneath the 11* stratum. On the ground
surface of the southern compartment, in a chamber named Mausoleum,
the Petralona man was found who therefore lived during the formation
of the 11% layer (or at most the 14%). Two are the main stalagmitic layers
developed in the cave stratigraphy which concern absolute datings: the 1°
(upper) and the 10™. The faunal evidence, despite several discordances,
confirmed the aforementioned chronology given by A. Poulianos. Note:
Because of space limitation in the present paper, palaeolithic, statigraphic
and faunal data are not further discussed (for more details see A. Poulian-
0s, 1982a and N. Poulianos, 1989, 1995).

Absolute datings

Specialised laboratories have used different methods in order to
achicve the absolute chronology of various materials coming from the
Petralona cave sediments. A summary of the up today results follows.

Uranium / Thorium

Sample No. 75022 was the first to be dated with the U-234/Th-230
method, by Prof. H. P. Schwarcz (see A. Poulianos 1977). This sample
comes from the 1 stalagmitic layer of Section Alfa and its age was calcu-
lated to be of about 0.3 m.y.a. Surprisingly another sample coming from
the 10" layer of the same Section was calculated to be at a younger age
(~0.2m.y.). The second sample should indicate an elder age compared to
the first one. This contradiction is a good example of the difficulties and
the limits of the absolute dating methods used for spelaeothems. Regard-
ing the surface stalagmitic material of the Mausoleum, the maximum pos-
sible estimation of the method was made, i.e. 0.35 m.y.a.. More material

was subsequently dated to improve the accuracy of the results. Schwarcz
et al. (1980) analyzed a number of samples.

A sample collected by H. P. Schwarcz himself, from the lower part of
a stalagmitic column of Section Alfa, was dated at 277.000+160.000 or
277.000-70.000 years, containing a concentration of 0.11 ppm of Uranium.
Another sample presented a younger age because the analogy between U-
234/Th-230 was 0.8 ppm, and a third sample over-passed the equilibrium
value indicating an “infinite” age (>350.000 years). A micro-section taken
from a higher level of the same stalagmitic column showed to be of a more
recent age (69.000 + 21.000 years), while two other samples, taken from
adjacent columns of Section Alfa, presented values extraordinarily high
(8.4 and 2.7 ppm). According to Schwarcz et al. (1980), these samples,
curiously, did not seem to be chemically disturbed and the uncertainties
of the chronological results were attributed to the relatively low Uranium
content. The same authors pointed out the large isotopic variation in the
samples, despite being only 4 cm apart and coming from the same stalag-
mitic layer. They concluded that it was impossible to have a precise result
for the middle part of the 1% layer, while its lower part indicated an age
that reached the limit of the method, i.e. 0.35 m.y.a.

Samples from the 10® layer of Section Alfa indicated again an age of
about 0.2 m.y.a. Another sample from the same layer, which contained
very low Uranium concentration, corresponded only to 0.14 m.y.a. These
results are contradictory with previous findings and thus Schwarcz et al.
(1980) considered the estimated age of this layer to not be representative
of its actual age. An explanation regarding the results of this stratum must
probably lie with the fact that it has been influenced by a more recent
sinter flowstone. This flowstone probably followed the limestone wall of
the cave in Theophrastus hall, penetrating the empty space that was cre-
ated between its wall and the sediments in post deposition times, during
arid periods when the phenomenon of sediments’ subsidence occurred.
The travertine floor of the Mausoleum that is mainly composed of two
surface stalagmitic layers (i.e. the 1% and the 10%), was found to be of an
age between 0.28-0.6 m.y.a. (the later extrapolated), i.e. focusing on a
medium of 0.45 m.y.a.

Other results were provided by Henning et al. (1980) for 22 samples,
which were mainly dated by the U-234/Th-230 method. The numbering
of the samples follows the order in which they were collected. Gener-

ally samples coming from the 19 laver showed various chronclogics, from
ally samples coming from the 1" layer showed various chronologics, from

65.000 to more than 350.000 years ago. The latter value also corresponds
to the Mausoleum surface. Again these estimations are a compromise be-
tween the more recent stalagmitic formation and the limit of the method.
The samples 4, 5, 11, 13, and 17 which correspond to the layers 11-16/20,
present very similar isotopic analogy indicating their close chronology.
This result is in accordance with the biostratigraphical data.

Liritzis (1980) tried to extend the limit of 0.35 m.y.a. by calculating the
analogies between Th-230/Th-232 and U-234/U-238. However, extrapo-
lating the datings he indicated that the standard errors might reach even
1-2 sigma (30-60%)). Liritzis’ (1980) results regarding the chronology and
the gamma dosimetry are summarised below:

a) The 1% layer gave an age between 0.075 and >0.35 m.y.a.

b) The intermediate travertine of Section Alfa (10" layer) showed a

medium age of about 0.3 m.y.a., presenting an extrapolated maxi-
mum estimation of 0.75 m.y.a.
The middle-upper portion of the stalagmitic travertine from Mau-
soleum revealed an age between 154.000 - 250.000 years and the
lower one between 400 - 650.000 years. The travertine from the
adjacent Mediterranean hall in the upper part was estimated at
about 159.000 years and the middie-lower from 350.000 to 600.000
years. Here, the remarkable coincidence of the values of chemi-
cal and chronological compositions of both travertine layers of the
Mausoleum and the Mediterranean halls must be noted, confirming
again the stratigraphical observations.

o
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Liritzis (1980) also noted a vacuum of the calcite formation between
0.2 and 0.35 m.y.a., which was attributed to this period’s climatic changes,
correlated to the Shackleton & Opdyke (1976) stages 6-10. Furthermore
Liritzis (1980) affirmed that the sinter formation of the 1% and the 10®
layer proceeded mainly during 0.07, 0.17-0.2, 0.35, 0.45 and 0.6 m.y.a.
This result is a very interesting observation for Pleistocene palacocology,
palaeoanthropolgy, as well as palacontology, because indicating the main
world’s humid periods during the last half m.y.a.

In respect to the above datings, it is possible to give a hypothetical ex-
ample regarding the deposition of remains within the various stalagmitic
layers: A fossil is just penetrating the surface of a travertine of 0.6 m.y.a.
and it is covered by sinter of 0.45-0.2 m.y.a. If the age of the fossil is con-
sidered by dating the stalagmitic material that surrounds it with a mean of
about 0.3 m.y.a., a wrong chronology would be given. It would be even
more wrong if it was dated at 0.2 m.y.a. The correct chronology of the
fossil, instead, should be the dating of its deposition at the stratigraphical
level, i.e. that of at least 0.6 m.y.a.

Thermoluminescence (TL)

In ideal cases and for materials relatively recent, the standard error of
this method is about 10%. Beyond an age of 0.3 m.y.a. the standard error
increases considerably.

According to Ikeya (1977), the minimum age obtained by this method
for the surface stalagmite of Section Alfa-1 is 0.25 m.y.a. The same meth-
od was applied by Liritzis (1979, 1980) on feldspatic sands embedded in
burned out argyle from the 4* layer. The results indicated a maximum age
of 0.67-0.7 m.y.a. Liritzis (1980, 1986) did not consider these results to
be representative of the actual age. Thus, he indicated an age of 0.3-0.35
m.y.a. as more probable because this is the dating usually obtained for the
1% layer as it is closer to the 4™ one. The author’s opinion though is that for
the first time by the absolute datings was revealed that the 4™ layer tends
to have an age of 0.7 m.y.a.

Fission track detection

Dating the stalagmite of Section Alfa-1 by the fission track method did
not provide reliable results (Tkeya 1977). This is again due to the fact that
the U-238 concentration is very low (0.12 ppm), a value which is much
lower than that obtained by the gamma ray spectroscopy of the Ra-226
(0.57 ppm). M. Ikeya hypothesised that this difference may be due to Ra-
don, which is not derived from Uranium. Ikeya (1977) thus concluded that
the Petralona stalagmites could be dated by this method only if it were to
have an age of more than 3 m.y.a.

E.S.R. - Electron Spin Resonance

E.S.R., a dating method discovered by Ikeya (1975, 1978a) at Jamagu-
ci University, was first applied to date prehistoric remains from Petralona
cave. E.S.R. requires the sample to be exposed to gamma rays. The effects
of the rays on the irradiated points are recorded and the spin angles of
the out-coming electrons are measured. Its advantages compared to other
radiometric methods used in caves are: 1) only a small sample amount is
needed (10-20 mg), 2) theoretically its maximum age limit is much higher
compare to other methods, and 3) lately, it has been perfected and may
also be used as a method which does not destroy the samples.

Initially E.S.R. was applied on a cross section at the base of a stalag-
mitic column from Section Alfa-1. The central part of the sample pre-
sented a white colour, while the rest of it, towards its periphery presented
a brown one. Their contact point was calculated to have an age of about
68.000 years and a radial increase of 0.2 micromillimeters/year. Assuming

that the increasing rhythm was stable, a minimum age of 0.25 m.y.a. for
the centre of the stalagmite was calculated. Similar results were obtained
by Ikeya (1977) on stalagmitic samples from Akiyoshi cave in Japan lead-
ing him to conclude that a world-wide simultaneous change of climate
humidity occurred.

Precisc measurements regarding the radiation per year (annual dose)

of the Petralona cave were needed for better cstimations of age. This
parameter was initially obtained by introducing sensitive capsules of
Phosphorum and CaSO4 (Tm) inside the cave sediments. They showed an
external dose of 50 mr/year, corresponding to a total annual dose of 200
mr/year (Ikeya 1977). Furthermore, Tkeya (1978b) dated another sample
from the surface of Section Alfa, which gave an age of 0.34 m.y.a., on the
basis of a total annual dose of 0.2 rad/year and the external dose of 87 (+
20) mr/year.

Next, Tkeya & A. Poulianos (1979) presented datings of ashes at-

tached to stalagmitic material coming from the layer 23-24 of the newly
excavated Section Gamma (see also A. Poulianos 1980a). The stalagmitic
material was probably affected by the same fire that produced the ashes.
The archaeological dose (before exposing the samples to radiation) was
calculated to be of about 210-230 Krad. Considering the annual dose of
0.2-0.3 rad/y, an absolute dating of 0.7-1 m.y.a. was indicated. However, it
was observed that the ashes radiated more than the stalagmites. Thus, the
value of the (average) annual dose of 0.2 rad/year could be in fact higher
by 0.1 rad/year, or even half (i.e. 0.1 rad/year, see Ikeya & A. Poulianos
1979).

A large variation in the obtained values was again observed within the

same sample. This variation, according to Ikeya (1980), is probably due to
the variation quantity of the radionucelotides contained inside the samples
which influence the values of the annual dose. The eventnal carbonate
impurity of the stalagmitic material, probably due to a re-crystallisation
process and to its porous structure, prompted Ikeya to claim the need of
further rescarch. As regards the 10™ stalagmitic layer of Section Beta, the
same author considered an age of 0.67 m.y.a. as more probable.

More E.S.R. results were presented by Henning et al. (1981b). They

used five samples, three of which (b, d, e) had been already dated by the
U/Th method (Henning et al. 1980, 1981a), an act criticised by Karakosta-
noglou (1981a, b) on the level of professional ethics, mainly because they
did not previously contact and/or notify the director of the excavations.
Since Henning et al. (1981b) did not indicate the precise cave location of
the samples (b, d, e), a comparison of the chemical composition between
Henning et al. (1980) and Henning et al. (1981b) suggests that they be-
long to the southern abovementioned cave compartment (Mediterraneum-
Mausoleum). The five samples in detail are:

a) Calcite covering the human skull, dated at 0.2 m.y.a., which ac-
cording to Henning et al. {1981b) indicates the minimum possible
age of the Petralona man.

b) Upper level of the stalagmitic floor (Mediterranean - Mausoleum),
again at 0.2 m.y.a.

¢) Bone fragments of the human skull, which were removed along
with stalagmitic material during cleaning, are dated at 127.000
years (between a minimum of 0.1 m.y.a. and 2 maximum of 0.16
m.y.a.). It must be however noted that unfortunately the quantity of
the removed bone fragments is not indicated.

d) A calcite sample taken 3-4 mm below sample (b), was dated at 0.2
m.y.a., which according to Henning et al. (1981b) should indicate
the maximum age of the hominid (although no explanation pro-
vided). On purely stratigraphical reasoning, this dating indicates
instead the minimum age, while for the same reasons the maximum
age is obtained from sample (e).

Calcite sample taken 30-40 mm below sample (b), dated at 650 +

280.000 years.

It is evident that 4 out of 5 datings of Henning ct al. (1981b)
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show more recent chronologies than those suggested by previous
researchers (along with those of Henning et al., 1980, 1981a). Ac-
cording to Tkeya (1982) this discrepancy is due to different con-
clusions of the total annual dose of radioactivity received by the
samples; thus p. ex. considering the annual external dose as double,
the absolute age falls down to half.

A discussion on the various aspects of these datings was brought up
in “Nature”:

A. Poulianos (1982b) drew the attention to the stratigraphical and
cultural position of the Petralona man, which along with the study of the
carnivore remains (see Kurtén & A. Poulianos, 1977, 1981) indicated an
age corresponding to the end of the Lower Pleistocene (~0,7 m.y.a.).

Liritzis (1982) noted that he also had discovered more recent ages, but
only in the upper and external parts of the Mausoleum concretions.

Tkeya (1982) stated that his E.S.R. method was further perfected be-
yond the first datings, discussing also the influence of Radon on the sam-
ples. The age of 0.6 - 0.7 m.y.a. for the Petralona man (even on the basis of
the results obtained for the internal annual dose by Henning ct al., 1981b)
was indicated as the most representative and very close to that determined
for Mauer (see also Tkeya & Miki 1981, Ikeya 1990a, 1990b, 1993).

PRV

Kurtén (1982) pointed out that the calcite covering the skull cannot be

more ancient than the skull itself, since Henning et al.’s (1981b) sample-a’

(200,000 years) is indicated to be of an older age than sample-c (127,000
years). After all, it is obvious that a skull may not be “intruded” into clder
stalagmitic material in relation to the time the individual was alive.
Henning et al. (1982) in a reply which did not disrespect the above A.
Poulianos, Liritzis, Tkeya, Kurtén statements but which was nevertheless
misleading, wrote the following in the same volume of “Nature”:
1) Henning etal. (1982) claimed to be “the first to date samples of the
recent brown calcite’s surface”.
It is enough to recall the comparison done by Tkeya (1977) of the
brown and white regions of the Petralona stalagmite to those of
Akiyoshi cave to realise that Ikeya was the first to identify the
brown coloured stalagmitic material of 68,000 years old.
2
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“The postcranial remains, published by A. Poulianos {1980c), do
not belong to a human” (although Henning et al., 1982, never stud-
ied them) and they accused A. Poulianos of contradiction, since he
“in 1971, stated that the postcranial skeleton was lost for the sci-
ence”.

Here, I would like to note that when the 1977 excavation proceeded
in the Mausoleum for the identification of its stratigraphy, to the
excavators’ amazement many abandoned fossils (although in a bad
state and fragmented) were found inside the sediments. These fos-
sils were either free or attached to stalagmitic concretions, enabling
A. Poulianos (1980c) to study them. These same bone fragments
were further investigated and verified to be human by the medical
jurisprudent Jamarellos (see in A. Poulianos, 1981), who had the
opportunity to examine them. Among with the damaged fossils, an
electric battery of 1960 was also abandoned (belonging to the site’s
Anthropological Museum collections). This fact verifies the care-
less way of colleting data during the year of the Petralona man’s
discovery. According to a statement made in a notary office by the
late Christos Sariannidis (i.e. the person who found the skull, also
an experienced worker of excavations), several postcranial human
bones were initially collected and many were broken in situ dur-
ing 1960. Therefore it is truc that at least for the major part, the
posteranial bones are lost for the science while others may appear
somchow in the future. Efforts today focus on the recollection of
the lost information as much as possible. Besides the above, this
specific Henning et al. (1982) reply is misleading because it has
little to do with the absolute datings discussion, provoking further
confusion on the subject.
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3) “The more recent brown coloured (very thin layer of) stalagmitic
material (sample a), is in direct contact to the skull, meaning that its
age is 0.1-0.16 years”.

Such a statement could have merit if the entire skull was covered
by similar sinter at the time when Henning et al. (1981b) studied it.
Unfortunately after the removal of most of the stalagmitic material
(1960-1978), the only part of the skull which remained covered was
that of its base. In fact: a) the upper part of the skull was covered
by a much thicker sinter formation than at its base (judging from
the first photos), and b) the travertine fragments found inside the
disturbed Mausoleum soil are composed by both brown (thin) and
white (thick) stalagmitic layers. These findings very likely indicate
also that the skull was covered by brown and white sinter. Thus,
before the subsidence of the cave sediments, since the skull was
laying on the ground, the first (white) stalagmitic layer which
concretioned it on the sidewall, could only cover its upper part.
After the subsidence, the skull remained hanging and stuck on the
wall and its base which was no longer laying on the ground, was
exposed to the more recent brown sinter. Thus brown sinter could
finally cover the skull even at its base (i.e. without any white sta-
lagmitic crust in this part of the skull).

“Sickenberg (1964) attributed the Petralona fauna to the age of
Riss/Wurm”.

In his revision, Sickenberg (1971) corrected his 1964 estimation
attributing the Petralona fauna to the Biharian age after the A.
Poulianos 1968 excavations. Chosen bibliographical data do not
really help anyone understanding the cave’s scientific issues.

“The dosimetry considered by Ikeya (1977) to obtain the age is dif-
ferent from that of Ikeya (1980)”.

Prof. M. Ikeya always indicated two possible values for the an-
nual dose, as well as the need for further measurements and perfec-
tion of E.S.R. method.

The difficulties of the dating results have being also summarised by a
number of scholars who nevertheless did not analyze the details and/or in-
clude all of the available bibliographical data (see Wintle & Jacobs, 1982,
Cook et al. 1982 and Griin, 1996).

A study published by Shen Guanjun & Yokoyama (1986) contradicted
the resuits of Henning et ai. (1981b). Their main conclusion was that all
the cave sediments along with the lower part of the 1% stalagmitic layer
have an age not less than 0.35 m.y.a. This study was based on samples
taken in 1982 by A. Poulianos, Prof. H. de Lumley and the author.

However, in order to obtain a more precise estimation of the annual
dose, in 1983, a few months before a violent and illegal interruption of
Poulianos excavations at Petralona, a geophysical team of Thessaloniki
University, guided by Prof. S. Charalambous, collaborated with Anthro-
pological Association of Greece. Modern dosimeters were introduced in
various cave halls. A year later some of the dosimeters were replaced by
new ones for further verification and study (i.e. regarding not only obser-
vations of a complete year, but also for even longer periods of time). The
Papastefanou et al. (1986) results were quite different from those indi-
cated by Henning et al. (1981b, 1982) and were closer to those determined
by Ikeya (1980) and Ikeya & Miki (1981).

Tkeya (1990a, 1990b) noted that the Greek researchers, being polite
had not calculated the E.S.R. chronology. Thus, based on their study, M.
Ikeya observed the following:
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1) The annual dose of 0.1 and 0.2 rad/year as previously determined
corresponds to an age of 0.68 and 0.34 m.y.a. respectively. There-
fore, it was just enough to verify the exact dose. ’

2) The most probable dose seems to be that of 100 mrd/y, since the
Uranium content is very low and the external dose of the gamma
rays was calculated to be 50 mrd/y in Tkeya (1977), 87 mrd/y in
Tkeya (1978b) and about 40 mrd/y in Tkeya & Miki (1981). Also,




the total dose received by the bones is between 10 Krad/year, for
bones of the 16th layer covered by a very thin stalagmitic layer, and
86 Krad/y for bones found in the Mausoleum soil not covered by
concretions (Ikeya 1978b).

3) The internal dose of 21-43 mrd/year is observed and accepted by all
the authors, Henning et al. (1981b) included, who wrongly estimat-
ed the annual dose of 170-190 mrd/year, instead of 100 mrd/year.

4) Papastefanou et al. (1986) measured the external dose of the
gamma rays to be of an average of 35 mrd/year for the entire cave
and 68 (+5) mrd/year for the surface of the Mausoleum. The above
values are close to the 40-50 mrd/year given by Ikeya (1977) and
Tkeya & Miki (1981).

Tkeya (1990) concluded that the average rhythm of the annual radiation
dose received by the samples at Petralona, in most of the cases, is of about
0.1 rad/year. This value is calculated by using the medium dose of 56 mrd/
yeat, which is obtained by adding 21 mrd/year of the internal dose (from
Henning et al., 1981b) to the most probable external dose of 35 mrd/year
(from Papastephanou et al., 1986). This gives an age of 745.000 years for
the human skull. Since it was however covered by stalagmitic concretions,
the dose of 56 mrd/year, absorbed by the skull, nceds to be reduced down
to 49 mrd/year, resulting in an age of about 590.000 - 675.000 years (see
also Ikeya, 1993).

Amineacid epimerization

Another relatively recently developed method measures the aminoacid
content inside fossil remains (see Bada 1971, Bada & Schroeder, 1975).
This technique is based on the fact that the aminoacids present in the
proteins and the bones of the living organisms are exclusively made as
enantiomers in the form of L. During fossilisation the racemization proc-
ess takes place and gradually they are converted to the corresponding
enantiomers of the form D. Thus in the fossils, the enantiomers L and D
tends towards 50% equilibrium as their age increases.

This method during the *70s could date materials of an age no more

than 0.1-0.2 m.y.a. For this reason such an attempt proceeded by Bada
(referred in A. Poulianos, 1980a) on an Ursus mandible fragment was not
fruitful. Likewise the related results of Melentis (1980) and Protsch et al.
(1982) must also be dismissed. Nonetheless, Protsch (1983, 1986) himself
recognized that for its major part the Petralona scientific questions were
already solved by A. Poulianos. During the ’80s, through the epimeriza-
tion of isoleucine (see Belluomini & Bada 1985), the dating capabilities of
the method were increased to ~1 m.y.a. with a standard error of ~30%

Temperature is the major factor that influences the epimerization
process. Consequently, before determining the D/L enantiomeric ratio
of a sample, it is very important to verify that it has not been exposed to
any heating. Otherwise the samples present a high degree of epimeriza-
tion and provide inaccurate estimations (i.e. of more recent chronology).
Other parameters such as pH and humidity have minimal influence on
the velocity of the epimerization reaction. However, it is always best to
consider their effects.

For the dating of various Petralona layers, the epimerization method
was conducted on enamel samples of animal teeth that did not present any
signs of heating. The average surrounding temperature out of the cave, of
16,5° C was used for the dating (on the basis of National Meteorological
Service, 1987, Thessaloniki airport), which almost coincides with the
inner average cave temperature (A. Poulianos, 1980a). The dating calcu-
lation (table 1) was calibrated by isoleucine epimerization measured on
elephant teeth from Isernia (Italy), site that is dated by palacomagnetism,
as well as by K/Ar at about 0.7 m.y.a. (Coltorti et al., 1982).

The results from Petralona indicated an age between 0.5 and 0.7
m.y.a., with an average of 0,.6 m.y.a. (Belluomini et al., 1990). However,
the calibration of the method still needs some improvement since strata
14-16 appeared slightly younger than the 11%. Also, it is probable that
the temperature difference calculated between Petralona and Isernia (~ 4°
C) might be a little less, thus approaching even further the age of the two

sites. Such a hypothesis is strengthened by the similar faunal composition &

of the two sites (see N. Poulianos, 1989, 1995).

Table 1; Datings of animal fossil teeth from Petralona and Isernia by the isoleucine epimerization; from Belluomini et al. (1990).

Site Sample Layer Enantiomeric analogy Age (years x 1000)
Petralona 203D120a - Section Beta 11 0,20 530 - 650
Petralona M1 (Mausoleum) 11 0,22 600 - 700
Petralona 809 - Section Gamma 14-16 0,18 480 - 600
Isernia Elephas antiquus 0,15 730
Palacomagnetism not observe any negative sample and that, according to A. Poulianos

Earth’s change of magnetic polarity is one of the dating methods
widely applied in archaeometry. The first two related results arrived by
mail in Athens almost at the same time: a) From S. PapamarinoXpoulos in
25-5-1977 (specialised next to Prof. K. Greer in Edinburgh), on samples
taken by A. Poulianos, S. Papamarinopoulos and the author from Sections
Alfa & Gamma. b) From V. Bucha in 15-5-1978 (Geophysical Institute
of Prague), on samples taken by the excavators in Section Beta (see A.
Poulianos, 1980d).

Negative (i.e. reversed) palacomagnetic declinations have been ob-
served mainly in the layers 24/25 of Sections Beta & Gamma. Although
not well marked, another appears in the 11" layer of Section Beta. Layer
26 presents again normal polarity.

Papamarinopoulos (1978) for the first 16 layers of Section Alfa did

(1980d), is probably due to the fact that its layers were excavated many
years before sampling (i.c. at 1968). Alternatively, “fresh” samples from
the undisturbed soil of the inner Mausoleum (layers 11-16) presented an
unstable palacomagnetism (A. Latham, personal communication, August
1989). These samples were taken by himself and A. Poulianos, and the
results were similar to those observed by Bucha for the 11* layer of Sec-
tion Beta. Another attempt to measure the palacomagnetism of the layers
1-16 from Section Alfa, by Papamarinopoulos et al. (1987), gave again
the same results to those of Papamarinopoulos (1978). Unfortunately it
is unknown whether the Papamarinopoulos et al. (1987) samples are the
same with those published by Papamarinopoulos (1978) or they are new
ones, since the Anthropological Association of Greece was illegally ex-
pelled from Petralona cave during the years 1983-1997. It is also unclear
why Papamarinopoulos et al. (1987) stopped sampling beneath layer 16 or
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did not eventually publish the relative results in case that proceeded any
further (i.e. beneath layer 16).

The above palacomagnetic “behaviour” may be interpreted as: a) the
layers above the 11™ belong to the Brunhes epoch and the unstable unit
of layers 11-23 is announcing the beginning of the Matuyama epoch, as
it was similarly observed in other sites, p.ex. Stranska Skala {see Kukla,
1975); and b) the unstable unit of layers is only that of 11/16-18. It is very
difficult to verify the data coming from the eroded layers 19-23 because of
the presence of many sands. If the very humid palaeocological period, re-

flected in the layers 19-23 (Elaeochorian), represents a universal phenom-
enon, similar interpretative difficulties must be expected in other sites too.
According however to data from micromammals, layer 24/25 corresponds
to an age of 0,73 m.y.a., fitting well to Brunhes/Matuyama boundary. As
far as the normal polarity of the layer 26 is concerned, there is yet one
more uncertainty: this evidence indicates either the Jaramillo event (0.9
m.y.a., initially supported by Papamarinopoulos, 1977) or a normal polar-
ity within Matuyama, which had escaped observations at other sites.

Table 2: Summarized dating results of Petralona cave sediments & fossils.

LAYER LEVEL/FUSED SECTION AGE (yrs x 1000) METHOD
1 SUP. Alfa 0-70 U/TH, ESR
1 MED. Alfa 250 U/TH, TL, ESR
1 INF. Alfa >350 U/TH, E.SR.
4 Alfa max. 670 TL
10 (1) Alfa 2200 /TH, E.S.R.
10 Beta >350 U/TH, ES.R.
10 Beta 670 ESR.
10 Beta 350 - 670 U/TH (EXTRAP.), E.S.R.
10 (+1) MEDITER. >350 U/TH, E.SR.
10 (+1) MAUSOL. 300 - 600 U/TH, ESR.
11 Beta 530- 650 AMINO ACID
11 MAUSOL. 600 - 675 AMINO ACID, ESR, PALAEOMAG
14-16 Beta 600 - 700 AMINO ACID
24-25 Beta, Gamma 730 PALAEOMAG., E.S.R
26 Beta >730 -7 PALAEOMAG.
28 -34 Beta ? -

From the above discussion it is possible to conclude that the absolute datings applied to materials from Petralona cave are between (.35 m.y.a. and 1

m.y.a., mainly focussing on the time interval of 0.6 and 0.7 m.y.a.. The
surface stalagmitic travertines are however influenced by the formation
of more recent concretions. The Petralona skull also appears to have an
age of about 0.7 m.y.a. These absolute datings are in concordance with
recent palaeoanthopological (mainly palacolithic), palacocological and
palaeontological studies.

More future analyses arc greatly anticipated. The help of the Greek
Ministry of Culture and the International Scientific Community may be
of significant importance. As always, the Anthropological Association of
Greece remains welcoming to collaborations with institutions and schol-
ars all over the world.
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The Palaeobotany of Caves in the Aegean
F. Megaloudi

Aeegan University, Departement of Mediterranean Studies, Rhodes Greece

Abstract

Caves are of great importance in Palacobotany because they provide
excellent conditions for the preservation of organic remains. In such en-
vironments, macroscopic plant remains may be preserved through desic-
cation, mineralization, or, more commonly, carbonization, depending on
the environment of the cave. In most cases, the anaerobic conditions of
cave deposits prevent decay and soft plant remains that are rarely pre-
served in open-air sites, survive well. These remains provide substantial
information about past human use of the sites as well as the surrounding

environment. The aim of this presentation is to point out the importance
of palacobotanical research in Caves and Rock shelters This purpose will
be illustrated through the example of two case studies: the Palacobotanical
research in Sarakinos Cave (Boiotia) and in Leodari Cave in Attica. The
methods, the potential and the limits of Palacobotany in Cave deposits are
presented. A review of the data currently known for the macro-botanical
remains retrieved from Caves and Rock-shelters throughout the Aegean
region will conclude this presentation.
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Biospeleology of Juxtlahuaca Caves: 20 years later
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Laboratorio de Ecologia y Sistemdtica de Microartrépodos, Departamento de Ecologia y Recursos Naturales, Facultad de Ciencias, UNAM. Ciudad
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Abstract

The Cave of Juxtlahuaca is one of the most interesting cave systems
in Guerrero State, Mexico. Because of the speleological formations, the
archeological ruins in this cave have been used as a tourist attraction and
they have many visitors each year, and it has been modified to make the
access easier for the tourists.

A total of 99 species (including protozoa, arthropods and mammalian)
was recorded from this cave during the studies performed during the 80’s.
It included 40 new records for the cave and some new species for sci-
ence.

After this period, the biospeloelogical studies were stopped, and to
make the cave access easier for the tourist to visit, several works were
done including stairs, masonry and the installations of electric wires to
illuminate it. These changes have affected the natural conditions within
the cave. Actually the electric installations are not in use any longer, but
the wires have been there for the last 15 years.

Because of the bioespeleological importance of the cave and the
changes it has had in the last 20 years, we decided to carry out new
expeditions and to study the fauna and compare it with the information
we have from the previous publications. The result is that this time we
recorded 83 taxa from the cave, from which at least 55 are new records for
the cave. These include one Nematomorpha (Gordioidea), one species of
Schizomida (probably a new genus), one Amblypygi, five of Araneae, two
Psocoptera, two Homoptera and one Neuroptera.

When we compare the current results with previous work, we can
observe a reduction of the springtails and mites species, the total absence
of ticks (Antricola sp.). It is to notice that the number of species of Chi-
roptera which visit this cave has also been reduced.

Introduction

Subterranean environments, such as caves, caverns and other subter-
ranean formations, have been closely related to the humankind history.
This is why they have been of interest for different research projects in
different areas such as geology, geochemistry, archaeology, ethnology and
biology (Camacho, 1992; Culver et al. 2003; Hapka and Rouvinez 1997;
Jennings 1985; Steel 1997).

Due to the peculiar characteristics of these environments, the study
of cave fauna is fascinating, and different kinds of studies can be done,
such as morphology, physiology and biological adaptations of the ani-
mals, which enable them to grow and develop in these places. Despite the
development of the speleology at recent times, some authorities estimate
that about 90% of the caves have never been used for biological studies.
Even more, they claim that there should be about 90% of caves to be dis-
covered as they show no visible entrance or communication to the exterior
(Krajick, 2001).

Many caves, in different regions of the world, have an important tour-
ist development and they attract thousands of visitors. More than 1,200
subterranean formations have been recorded in Mexico; some of them
represent the deepest cave records in the world (Lazcano, 1985; Arias
2001). Others are frequently visited by tourists, anthropologist, archae-
ologist, speleologist and biospeleologist, because of their natural forma-
tions, humans’ remains, ceremonial traditions, and their fauna. Evidences
of man occupation in prehispanical times have been found in many caves
in Mexico, where rituals were performed and caves were considered as
magic places, and there are many human vestiges such as mural paintings,
ceramic, buries, etc. (Stone, 1997; Kiinne & Strecker, 2003).

The Grutas de Juxtlahuaca, in Guerrero state, are a very good exam-
ple of this kind of caves, they have many beautiful formations, mural
paintings of great archeological importance and a very interesting fauna.
Therefore, it is one of the most visited caves by tourists, biologist and
geologist, and they are still preserved.

The presence of cave paintings, which are from about 900 to 300 years
BC, confirm the Olmecs presence in this cave and probably are the most
ancient in the New World (Roy, 1974). The first expeditions to this cave
were carried out in 1958 by Andrés Ortega. Because of the speleological
formations, the archeological ruins in this cave have been used as a tourist
attraction and they have many visitors each year, therefore, it has been
modified to make the access easier for the tourists.

During the 80’s, Hoffmann et al. have begun the biospeleological work
in these caves. These contributions were taken for the publicaticn of the
“Manual de Bioespeleologia”, which was issued in 1986, and includes in-
formation about several caves from Morelos and Guerrero states, includ-
ing Juxtlahuaca. A total of 99 species (including protozoa, arthropods and
mammalian) was recorded from this cave (Palacios-Vargas et al. 1985). It
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Fig. 2. Species number at this study and relation with the previous records from Juxtlahuaca Cave Guerrero.

number of ectoparasites was 11, however, there were 20 free living
species, which were not found again.

This indicates that there was a high rate of change of the species as-
sociated to the bat’s guano, maybe because of the modifications of the
environment of the cave. It is important also to mention that the number of
bats recorded in the cave is lower than before, there are only 5 from the 10
species recorded 20 years ago. Nevertheless, our expeditions were done
by the main entrance, but there is another entrance no for tourism where
other species were collected on 1985 (Galicia, 2004).

Light, CO, and relative humidity are factors which affect directly the
animals living inside the cave. Probably the work done in 1985 and 1986
for the installation of electric light and the increased number of visitors,
have had a direct effect on the guano communities, mainly on the microar-
thropods from Hell’s Room. Alterations of the environmental conditions,
mainly because of the light and the tourists, have been demonstrated in
several tourist caves, where the tourist action produce a proliferation of
the algae and other elements which affect the spelothems. So the conser-
vation of the paintings and the archaeological evidences, and rescue the
optimal conditions for the development of troglobites and troglophiles,
is very important in order to preserve the biodiversity (Baker & Genty,
1988; Hoyos et al., 1998; Pulido-Bosch et al., 1997).

The conditions inside the cave have been restored. However, there are
still some remains of the electric installations since they were never totally
removed, even the electric light is not used anymore. The Hell Room,
has similar conditions of temperature and humidity (T 26-30°C, HR 60-
100%); as it was 20 years ago (T 27-34°, HR up to 97%; Palacios-Vargas
et al., 1985), but it has to be noted that the bat species have changed, so
there have been some modifications of the guano and the communities
that can live in this biotope.

There is a remarkable amount of new records of the insects that can be
found now, comparing with the nine species that were previously recorded.
Among the new records there are one Staphylinid beetle, one homopteran
and two species of Psocoptera (never cited before from caves), families of
Hymenoptera as Ichneumonidae (1 species), and Formicidae (6 species),
and 5 species of Dipterans. There are other new records in other groups,
such as Amblypygi, Symphyla, several Araneae, some mites, 3 isopodan
and one Nematomorpha: Gordioidea, among others.

These results show that Juxtlahuaca is one of the best known caves
from the view of bioespeleology and the study of the modifications that
have been experienced by the cave communities give important informa-
tion to understand the population’s dynamics and the energy flows in the
caves and the changes in the species, which have undergone. This infor-
mation can help to plan the adequate use of the cave for a better preserva-
tion.
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NEMATOMORPHA
GORDIOIDEA
MOLUSCA
GASTEROPODA
Subuiinidae
Subulina porrecta
ARTHROPODA
CHELICERATA
ARACHNIDA
ARANEAE
Clubionidae
Linyphidae
Nesticidae
Nesticus sp.
Sicariidae
Loxosceles mixteca
Pholcidae
Physocyclus bicornis
Coriinidae
Corinna sp.
Dictynidae
Dictyna sp.
Gnaphosidae

PSEUDOESCORPIONIDA
Tridenchthoniidae
Tridenchthonius juxtlahuaca
AMBLYPYGI
Phrynidae
Paraphrynus mexicanus
Paraphrynus azteca
SCHIZOMIDA
Hubbardinae (undeterminated genus)
ACARIDA
MESOSTIGMATA
Ameroseiidae
Phytoseiidae
ca. Iphiseius sp.
undeterminated genus
Machrochelidae
Machrocheles sp.
Glyptholaspis sp.
Laelapidae
Geolaelaps sp.
Polyaspididae
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Dipolyaspis sp.
Table 1. Cont.

Uropodidae
Trichouropoda sp
METASTIGMATA
Argasidae
Ornithodoros sp.
ASTIGMATA
Guanolichidae
Neoguanolichus sp.
Glycyphagidae
ca. Ctenoglyphus
Undeterminated family
PROSTIGMATA
Cunaxidae
Cunaxoides nicobarensis
Palaeus ca. minutus
Palaeus ca. whartoni
CRYPTOSTIGMATA
Pthiracaridae
Oppiidae
Graptoppia sp.
Ramusella sp.
Malaconothridae
Malaconothrus sp.
Sphaerochthoniidae
Sphaerochthonius sp.
Mesoplophoridae
Mesoplophora sp.
Haplozetidae
Rostrozetes sp.
Scheloribatidae
Scheloribates sp.
Arceremacidae
Tecteremaeus sp.
Galumnidae
MANDIBULATA
CRUSTACEA
MALACOSTRACA
ISOPODA
Armadillidae
Cubaris sp.
Squamiferidae

Trichorhina sp.
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Table 1. Cont.

MYRIAPODA

INSECTA

CHILOPODA
SCUTIGEROMORPHA
Scutigeridae
Scutigera linceri
DIPLOPODA
Pyrgodesmidae
Myrmecodesmus colotlipa
Spirostreptida
Spirostreptidae
Orthoporus guerreronus
SYMPHYLA
Scolopendrellidae
‘ Symphyllela sp.

DIPLURA
Campodeidae
Juxtlacampa juxtlahuacensis
COLLEMBOLA
Entomobryidae
Seira bipunctata
Pseudosinella sp.
Lepidocyrtus sp.
Paronellidae
Troglolaphysa sp.
THYSANURA
Nicoletiidae
Anelpistina boneti
BLATTARIA
Blaberidae
Blaberus craniifer
Blattidae
Periplaneta australiasae
ORTHOPTERA
DERMAPTERA
PSOCOPTERA
Psoquillidae
‘ Psoquilla marginepunctata
Lachesillidae

Lachesilla picticéps
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Table 1. Cont.

COLEOPTERA
Carabidae
Elateridae
Staphylinidae

Thoracophorus brevicristatus

Tenebrionidae
HOMOPTERA
Cicadelloidea
Cicadellidae
NEUROPTERA
HYMENOPTERA
Ichneumonidae
Formicidae
Ponerinae
Cryptopone sp.
Myrmicinae
Aphenogaster rudis picea
” Pyramica zeteki
Cyphomyrmex sp.
Solenopsis geminata
Formicinae
Camponotus sp.
DIPTERA

Phoridae (two undeterminated genus)

Trichoceridae

Cecidomyiidae

Streblidae

Psychodidae

CHORDATA
MAMMALIA
CHIROPTERA

Mormoopidae
Mormoops megalophylla
Pteronotus parnelli

Phyllostomatidae

Glossophaga soricina

Leptonycteris curasoae

Natalidae

Natalus stramineus
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of the embryo, and then fixed the injected embryos and assayed them
for tyrosinase activity. We observed a subset of the Dil labeled cells that
also showed tyrosinase activity. Second, migratory cells that originated
from isolated cavefish neural tubes in culture were assayed for tyrosinase
activity. We discovered that these cells are tyrosinase positive. The results
support the conclusion that tyrosinase-positive melanoblasts are derived
from the cavefish neural crest.

Discussion

We conclude that cavefish neural crest cells migrate properly into the
epidermis but the melanoblasts they produce cannot convert L-tyrosine
to L-DOPA by active tyrosinase and thus do not completely differentiate
into melanophores. The reason that L-DOPA cannot be produced from
L-tyrosine by active tyrosinase is unknown, although it is likely to be
related to a deficiency in transport of the amino acid substrate into the
melanosome. Whatever the reason for this deficiency, it has evolved in all
of the cavefish populations we have examined, including those that have
been derived independently from a surface fish ancestor [3], suggesting
extreme biochemical convergence in the evolution of albinism among
Astyanax cavefish.

In lacking the ability to convert L-tyrosine to L-DOPA, albinitic cave-
fish populations resemble the most common type of albinism in humans:
oculocutaneous albinism type I (OCAZ2), a form of tyrosinase-positive
albinism [12]. OCA2 tyrosinase-positive albinism is caused by mutations
in the oca2 gene, the human homologue of the mouse pink-eyed dilution
(p) gene, which encodes a 100 kDa integral membrane protein of the
melanosome [13]. Although its precise function is unclear, the OCA2/P
protein has been proposed either to facilitate L-tyrosine transport into
the melanosome or to generate a proton flux regulating melanosome pH,
which is important in melanin synthesis.

As mentioned earlier, tyrosinase-positive albinism is controlled by a
recessive mutation in a single cavefish gene [8]. Recently, QTL analysis
has indicated that mutations in the oca2 gene are also responsible for
tyrosinase-positive albinism in several different Astyanax cavefish popu-
lations [14]. Thus, these studies have uncovered molecular convergence
between a cavefish trait induced by the dark cave environment and a hu-
man syndrome: OCA?2 albinism. Cavefish eye degeneration is caused by
increased bilateral separation of the eye primordia mediated by Hedgehog
signals emanating from the anterior embryonic midline [7]. Interestingly,
widely set eyes, similar to the cavefish embryonic eye phenotype, char-
acterize another human syndrome, hypertelorism. The implication is that
mutations leading to these phenotypes occur frequently in animal popula-
tions, including cavefish and humans. Defects in pigment and eye devel-
opment that result from these mutations are effectively neutral in the dark
cave environment, and thus can be passed from generation to generation
without dire consequences.

Although we now have increased insight into the genetic and bio-
chemical basis for cavefish albinism, several important questions remain
to be answered that should be a focus for further research on the loss of
pigmentation in cave animals. First, do all cave animals show OCA2 tyro-
sinase-positive albinism or as in humans have different types of albinism,
including those equivalent to human OCALI tyrosinase-negative albinism
and OCA3 and OCAA4 tyrosinase-positive albinism [12], evolved in the
cave environment? Second, assuming that OCA2 tyrosinase-positive al-
binism is widespread in cave animals, why has this particular step in the
melanogenic pathway been selected for modification during repeated epi-
sodes of regressive evolution? One possible explanation is that the oca2
gene is particularly sensitive to mutation [15], perhaps because of its large
size (345 kb in humans), chromosomal location, or exclusive function in
melanogeneis. Another intriguing possibility is that oca2 may be a pleio-
tropic gene with multiple effects in development. Accordingly, OCA2/P

Hel

could function at a pivotal fork in the melanophore development pathway
in which a loss of function mutation downregulating pigmentation may
reciprocally enhance an unknown adaptive trait(s), which is beneficial to
survival in the cave environment.
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Abstract

The subterranean biodiversity in the Cozumel Island was analyzed in
this work in order to know his current status. We review three sinkholes in
the western coast from Cozumel Island, and we registered the geographi-
cal position, the main abiotic parameters (temperature, salinity, pH, and
oxygen dissolved), the animals from each sinkhole and we obtain the
survey map. The principal taxa collected were crustaceans founding De-
capoda, Isopoda & Amphipoda, also we found Pisces, Annelida and Porif-
era, in this work and we registered for first time the existence of organism
from Echinodermata Phylum in anchialine caves and Thermobaceans and
Decapods from Genus Barburia (Crustacea), in Cozumel Island. This
work showed that the biodiversity in subterranean environment is higher,
and the conservation of this systems in necessary, because almost all fauna
registered is unique.

Introduction

The biodiversity in underground is few times valuated, however in
different countries several authors has been demonstrated that in general
the subterranean environments bearing a high biodiversity. In Mexico the
underground environments are well represented by caves with different
origin, and we can found dry or humid caves, volcanic or dissolution
carbonate caves, freshwater, marine or anchialine caves. This type caves
are very closer to coast and in Mexico are found mainly in the Yucatan Pe-
ninsula, and has been namely from old times by Mayas people as cenotes
or sinkholes (Alvare7 et al., 2000).

In the Yucatan Pemnsula has been previously with scientific aims
(Back et al., 1978; Alcocer et al., 1998; Sanchez et al., 2002; Alcocer et
al. 1999; Schmitter-Soto et al., 2002; Yager, 1987, Illife, 1993 y 1992;
Kallmeyer y Carpenter, 1996; Sudrez-Morales et al., 1996; Escobar-Bri-
ones et al., 1997). But only few caves has been explored and described in
Cozumel Island, there are some isolated studies from this Island. For this
reason, the aims from present work is show the species from macro and
micro organisms from three sinkhole (cenotes) in the Cozumel Island and
show the environmental conditions and the form or kind of each cenote.

Material and methods

Cozumel Island have 482 km? from extension, and is located at
20°48°00” & 20°16°12” of north latitude and between 87°01°48” &
86°43°48” from western longitude. This Island is on the north-eastern
area from Yucatan Peninsula in the Mexican Caribbean Sea, and their
main sources from water are in the Cenotes and Subterranean water table.
The sinkholes (cenote) that were studied in this work are: El cenote Tres
Potrillos, El Aerolito, and Sistema Cocodrilo (Fig. 1). The organisms were
sampled handled in several surveys to each cenotes. Also were collecied
using tramps during 24 hours with chicken as bait. The animals were
identified to species level and some organisms only to genus or class.
During these surveys we measured the physical and chemical parameters
(temperature, salinity and pH of each cenote.
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Results

a) Cenote Tres Potrillos
This cenote have a maximum depth of 40 m in vertical, and have a
small passage at 12 m with a longitude of 40 meters approximately.
This conduct has formations such as stalagmites and stalactites. In
this cenote we recorded the follow organisms. The temperature was
from 23 to 20 °C and salinity values from 5 to 27 ppt.
i) Procaris sp.
u) Barburia s sp.
iii) Mayawekelia sp.

b) Cenote Acrolito o Sistema Purificacion
This system has 6100 m from longitude. Have a connection with
Caribbean Sea at 240 m from main entrance. Their conducts were
formed mainly by rocks dissolution. Show formations from stalag-
mite and stalactite, and also have speleothems. The sediments are
clay and mud. The water temperature were en average from 25°C,
and showed a halocline at 7 m of depth, this change were from 6 ppt
to 28 ppt. The species collected in this sinkhole were:

i) Procaris sp.

ii) Yagerocaris cozumel

iii) Bahalana sp.

iv) Echinoidea

v) Asteroidea

vi) Ophiurodea

¢) Cocodrilo System
This sinkhole is located on the east side of Island. Have two main
entrances with threc meters of deep. Posterior have a main passage
that have stalagmites and stalactites formations. The water temper-
ature has been between 20 and 22° C. The salinity values were from
7 to 32 ppt. In this cenote the sulphur content was very significative
although we not evaluated. In this cenote we recorded the foilow
taxas:
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i) Tullumella sp.
i) Poecilia sp.

Discussion

Is evident that the species richness and endemism from each sinkhole to
crustaceans group is high, and there are species o members of each genus
in almost the cenotes surveyed now by us. However, there are aspects in
where is necessary to make emphasis, first, the organisms in underground
environments are represented by crustaceans mainly, although there are
another phyla as Pisces, Echinodermata (that is represented by animals
from class different), Porifera and Annelida only from Aerolito Cenote
the major diversity registered in this environments were from salt area,
at 28 ppt, and few fishes on freshwater zone. The temperature is lower
in comparison with external temperature. However, as we can see in the
results although in this work only we reported three natural and underwa-
ter caves from Cozumel Island, and some species has been described and
reported from this systems, still there are lot work, since from Cozumel is
poorly know, in general only from some anchialine systems the scientific
know the water characteristics (Back et al., 1978; Hall 1936; Alcocer et
al., 1998; Sanchez et al., 2002; Alcocer et al. 1999; Schmitter-Soto et al.,
2002) whilst that the so much authors has focus efforts on described the
sites and the fauna that in this environments living, making some notes on
biology and ecology from these specialised organisms (Yager, 1987; Illife,
1993 & 1992; Kallmeyer y Carpenter, 1996; Suarez-Morales et al., 1996;
Escobar-Briones et al., 1997; Suarez-Morales & Reid, 1998). Also, there
are few studies on hypothesis that answer the evolutionary questions from
these animals in relation with geological history from this area (Holsinger,
1986; 1989; Wilkens, 1982 & 1986).
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Biospéléologie, sommeil paradoxal (REM)et Monde souterrain
Dr.CHAMA A,

Unité de médecine du travail

Secteur sanitaire d’Es-Sénia (Oran,Algérie)

Avec la découverte de I’EEG par Berger en 1924, il était possible
d’explorer le sommeil et d’arriver a des résultats scientifiques sur la phys-
iologie du cervean particuliérement le fonctionnement de 1’organisme
humain de fagon objective. Les premiers travaux scientifiques

Sur le sommeil commencérent par des chercheurs américains Kleit-
man et son éléve Aserinsky en 1936 aux USA qui rapportent la présence
les mouvements oculaires lors du sommeil qu’ils appelérent le Rapid Eye
Mouvment (REM) et qui suivirent les travaux de William Dément en 1953.
La nouvelle s’entendit en France et les travaux expérimentaux sur le chat
par le professeur Michel Jouvet,neurophysiologiste ont permit de con-
firmer les résultats des chercheurs américains sur le REM et aboutit 4 une
découverte scientifique du sommeil paradoxal grice & 1’enregistrement
par EEG suivi de 'EOG (élélctrooculogramme), 1’éléctromyogramme
(EMG) et la fréquence cardiaque (ECG),fonction respiratoire,

Ces études sur le sommeil et son exploration par les méthodes
d’enregistrement électrique ont été couronnés de succés et ont vu enfin
en 1968 & une standardisation des états de vigilance et une classification
internationale des stades de sommeil par A.Rechstachaffen et A.Kales.

Malgré son importance et le role que devra jouer dans la pathologie et
le programme d’éducation ,le sommeil a suscité de I’intérét surtout dans
les recherches en neurophysiologie et d’autre disciplines qui ont trait a
explorer ’homme dans d’autres dimensions.

Les études sur la physiologie et la chimie du sommeil par Michel
Jouvet et aussi les travaux de Parmeggiani sur la régulation des fonctions
physiologiques du sommeil chez I’homme.

La recherche sur le rble des neurotransmetteurs , substances ac-
tives dans le sommeil dans certains de ses stades ont étudiées avec des
hypothése sur le 16le des stades de sommeil et la théorie mono-amin-
ergique.

Le sommeil et plus particuliérement le sommeil paradoxal ont été
étudiés sous 1’angle de la phylogénése chez I’homme et les espéces hu-
maines (mammiféres, reptiles...).

Cela n’a pas manqué d’autres disciplines philosophiques et religieuses
a étudier le sommeil et I’activité onirique (Upanishades, écritures saintes)
et trouvérent un terrain parfois d’entente avec les théories scientifiques ,
parfois I’écart comblé d’hypotheses et de réflexions .

Derni¢rement la génétique trouva une place de choix dans I’étude du
sommeil dans sa profondeur et surtout le sommeil paradoxal grice aux
recherches expérimentales chez les jumeaux homozygotes et chez les
animaux (rats).

Le progres scientifique a souligné la place de la chronobiologie ou
études des rythmes biologiques tel que les études du Professeur Alain Re-
inberg . I’étude du sommeil a été présenté comme I’illustration de choix
pour vérifier le bien fondé des rythmes biologiques

Qui ont mis en cause le principe d’« homéostasie » et la notion de
« constances biologiques » considérées erronées en médecine par les
chronobiologistes.

On ne peut évoquer la place de cette jeune discipline en perpétuel
croissance tant dans sa démarche et de sa fiabilité en médecine pour
expliquer le fonctionnement de I’organisme humain sans souligner le
réle qu’a joué une autre discipline : la spéléologie ou science des cav-
ernes et plus particuliérement les expériences hors du temps du célébre

_spéléologue frangais Michel Siffre qui démontra qu’en dehors du repere
temporel c’est-a-dire en isolement 1’organisme humain adopte un rythme
biologique circadien non pas de 24 heures mais d’environ 25 heures avec
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un décalage horaire d’une heure environ .Le séjour de Michel Siffre dans
le monde souterrain a eu un écho médiatique considérable sur la notion du
perte de la notion du temps et aussi le rythme original de I’homme.

La science vient de découvrir que le rythme biologique de I"’homme
est inné. :

La recherche de I’horloge biologique a été sérieusement étudiée pour
découvrir le sicge de ce « quartz » et pour un meilleur fonctionnement
de ’homme. Plusieurs approches ont élucidé Tant6t neurophysiologiste,
phylogénétique ou introspective ..

Ces expériences menées dans le monde souterrain ont non seulement
révélé leur utilité dans la connaissances des rythmes biologiques mais aus-
si leurs aspects psychologiques. Dans son journal ,Michel Siffre raconte
les réves lors de son séjour souterrain et témoignent de son tempérament.

Les études sur les expériences hors du temps ont mérité leur place
dans les études spatiales menées par la NASA pour évaluer les perform-
ances psychomotrices et les erreurs de comportement surtout chez les
pilotes,cosmonautes et navigateurs dans les vols trans-méridiens out
le décalage horaire existe comme dans le monde souterrain. Il s’agit
d’améliorer les rythmes du travail & bord des sous-marins nucléaires et de
maintenir la vigilance du personnel navigant en cas de décalage horaire.

Cet aspect de rythmes biologiques a permit non seulement d’évaluer
I'impact sur la santé de "’homme mais de souligner Iaspect préventif :
Hygiéne du sommeil pour préserver la santé de I’homme & travers la rela-
tion étroite de I’homme par rapport & son environnement comme il était
classique de discuter sur la stratégie de la prévention mais un autre facteur
qui ne manque pas d’intérét qui est le facteur temps.

A travers cette optique élargie et lucide que nous essayerons de présent-
er notre étude pour cerner les interactions entre I’homme,environnement
et temps qui traduit tout 1’intérét des expériences hors du temps et de la
biospéléolgie.

En médecine du travail , ou le role a préserver la santé de I"homme
dans son aspect physique, mental,social et ergonomique n’a pas manqué
de souligner I’identification des risques professionnels physiques,chimiqu
es,biologiques mais aussi le facteur temps a été considéré comme une nui-
sance & ne pas négliger. Les études sur le travail de nuit, posté ou alternés
ont montré I’impact de 1’horaire de travail sur la santé des travailleurs
(accidents du travail, erreurs du comportement,désordres du sommeil et
troubles psychologiques et végétatifs..).

Conscient de ce risque en milieu du travail,certains pays développés
ont établit une législation du travail .Les aptitudes psychomotrices et
sensorielles sont menacées lors du travail de nuit (a citer ’exemple des
accidents du Titanic en 1912, Bhopal en Inde en 1984, Tchernobyl en
URSS en 1986 et enfin Béle en 1986..). ‘

Le role des rythmes biologiques en médecine du travail et la « patholo-
gie de la nuit » nous a motivé a présenter combien est grande la carence
en matiére du role du sommeil chez les préventeurs et dans le programme
de prévention. A consulter les carnets de I’enfant ou les dossiers des
visites médicaux périodiques des travailleurs pour constater 1’absence
d’information sur le sommeil et tout particuliérement celui qui exerce la
nuit ou travail posté.

A vrai dire ’hygi¢ne du sommeil est rudimentaire malgré la grande
avancé de la physiologie du sommeil.

Lors de notre participation au 19°™ Congrés national de spéléologie
a Bologna (Itale) en 2003 nous avons discuter la place des rythmes bi-
ologiques en médecine et la durée du sommeil en dehors du repére tempo-




rel dans le monde souterrain qui cst de 24,72 heures avec un coefficient de
3%) que nous baptisé le coefficient de correction ou de resychronisation
par rapport au monde ambiant .A travers notre étude intitulée « Histoire
de « Ashab al-kahf »

(Les Gens de la caverne) , horloge biologique et vie hors du temps,a
travers les données de la chronobiologie, nous avons souligné la dimen-
sion de I’homme dans sa composante temporo-spatiale.

Parallélement aux données scientifiques puisées de la chronobiologie
et de la spéléologie et plus particulicrement les expériences hors du temps
de Michel Siffre, nous n’avons pas hésité a élargir I'intérét que peut porter
les Ecritures Saintes ou philosophiques tel que les Ecritures indoues ou
Upanishades sur les états de vigilance ,éveil, sommeil et réve (Lanteri)ou
grédce & la découverte du sommeil paradoxal, I"activité onirique et le som-
meil qui ont prit une dimension dans le débat scientifique.

Les Ecritures Saintes ,la Sourate « Al-Kahf» et plus particuliérement
« I"Histoire de « Ashab al-Kahf» du Saint-Coran nous a permit d’arriver
a des résultats comparables du décalage horaire & celui de Miche Siffre
avec une nette précision (voir notre étude en réference) mais de discuter
la nature du sommeil des Gens de la Caverne resté énigmatique jusqu’a ce
jour et que c’est grace aux données sur le sommeil et la chronobiologie et
la spéléologie que nous essayerons de répondre dans une approche globale
et synthétique basée sur la comparaison entre les écritures saintes et les
données scientifiques.

Notre étude bibliographique sur le sommeil et son impact sur la santé
de ’homme et les différentes variations qui en émanent , souligne le réle
du sommeil paradoxal (REM) comme un second ¢tat qui immerge lors du
sommeil et qui doit mériter toute 1’attention tant sur le plan physiologique
de la vie intra-utérine (sommeil agité) ,du nourrisson,de I’enfant jusqu’a
’adolescent et ’homme adulte et ses variations et méme en médecine du
travail ol peu d’études se sont intéressées malgré son role comme répara-
teur des fonctions psychiques, mémorisation ..

Dans les expériences hors du temps, il a été souligné les modifications
des paramétres biologiques tel que cortisol , température,mélatonine,som
meil et vraisemblablement le sommeil paradoxal...

11 est rapporté aussi que I’enfant in utéro et méme les quatre premiers
mois aprés la naissance,le nouveau-né vit en décalage horaire avec un
rythme biologique circadien de 25 heures environ dans un environnement
indépendant ( surtout le métronome lumiére) et le nouveau né commence
4 s’adapter progressivement au monde ambiant avec une nouvelle organi-
sation du sommeil sur un mode tempore! de 24 heures et qui traduit selon
certains auteurs la maturation et le développement cérébral.

A cbté de I'intérét que nous avons porté sur le sommeil paradoxal
dans la science ct les écritures saintes, nous nous sommes pos¢ la ques-
tion si existe un décalage horaire dans le monde maritime comme 1’a fort
souligné Michel Siffre dans les conditions suivantes :

1.Le monde souterrain

2.Le monde spatial

3.Les vols trans-méridiens

En médecine du travail, les études menées sur les caissons et plongée
sous-marine et plus particuliérement les études du Commandant Jean
‘Yves Cousteau n’ont pas été¢ d’un grand sccours pour discuter la présence
ou non d’un éventuel décalage horaire en dehors du repére temporel.

Notre recherche a aboutit & un choix d’un milieu sensiblement compa-
rable au monde souterrain : le milieu utérin { liquide amniotique)ou existe
I’absence de lumiére, bruit , température constante,enfant en apesanteur
et une « dormance »de 1’enfant qui traduit une véritable indépendance du
milieu. La recherche d’un décalage horaire était I’objectif ainsi que le
rythme biologique de 25 heures ?

Nous nous sommes intéressés a la durée de la grossesse physiologique
qui est de 266 jours

(en prenant en considération le premier jour de I’ovulation qui est
uniquement 14 jours/mois

C’est-a-dire en excluant la phase folliculinique qui est de 14 jours).La
durée extréme de I’accouchement est de 296 jours ce qui donnera un rap-
portde 1,03 .

D’oli 1,03 X 24 heures= 24,72 heures

Ce qui revient a dire que la grossesse physiologique dure neuf mois
et dix jours et que ces dix jours représentent probablement le décalage
horaire sur neuf mois ou qui traduirait un décalage horaire de 0,72 heures
/jour .

Par conséquent, pourra t-on conclure que l’enfant « vit hors du
temps » dans le ventre de sa mere comme dans les « expériences hors
du temps » dans le monde souterrain. Existe-t-il un éveil internc chez
I’enfant ? Pourquoi cette « dormance » in utéro ? Est-ce qu’il existe une
activité onirique ? Autant de questions qui se posent ?

Nous espérons que notre communication qui a porté sur le sommeil
paradoxal et sa portée dans la biologie, pathologie mentale et les dif-
férentes approches scientifiques,religieuses et philosophiques et d’autres
disciplines tel que la biospéléologie ct la chronobiologie et la médecine du
travail permettra de résoudre non seulement le sujet du sommeil mais du
fonctionnement de 1’organisme en entier a travers une approche holistique
et saisir enfin le mystére du réve,de la longévité et la quatriéme dimension
du temps ?

Mots - clés:

Sommeil paradoxal, monde souterrain, expériences hors du
temps,décalage horaire,chronobiologic,Michel Siffre, Michel Jouvet
,horloge biologique,Histoire des gens de la caverne (Saint-Coran),éveil
interne,Upanishades ;médecine du travail,vic intra-utérine.

Versets coraniques:

Sommeil paradoxal: résolution musculaire, clignement des
paupigres.

«Tu aurais cru qu’ils veillaient et cependant ils dormaient, nous les
retournions tant6t & droite et tantdt a gauche » (verset 17/sourate « ai-
kahf).

Décalage horaire : 0,72 heures/jour

« Or,ils demeurérent dans leur caverne trois cents ans, ils en ajoutérent
neuf » (verset 25/Sourate-kahf).

Références:

1. Ouvrages de médecine du travail et travail de nuit
. Ouvrages sur le sommeil
. Ouvrages sur les rythmes biologiques

PNV ]

. Ouvrages sur la Spéléologie et Expériences hors du temps de
Michel Siffre

5. Etudes sur le sommecil paradexal, génétique et vieillissement.

6. Le Saint-Coran et commentaires (Tafsir)

7.Interprétation des réves par Ibn al-Qayyim

Tableau 1.Codification des 5 stades du sommeil chez I’homme adulte

Figure 2 :sommeil paradoxal en fonction de I’ ge

Tableau 3.Le sommeil paradoxal selon le modele de Parmeggiani

Figure 4 . L’horloge biologique selon Jouvet et Sommeil paradoxal

Tableau S : le décalage du sommeil chez le Nouveau né
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Progressive lowering of the water table in the Grand Canyon, Arizona, Usa as recorded by cave and mine deposits

CAROL A. HILL and VICTOR J. POLYAK

Earth and Planetary Sciences, University of New Mexico, 200 Yale Blvd. Albuguerque, NM 87131, carolannhill@aol.com

Abstract

Speleothem and ore deposits in Grand Canyon (GC) caves and mines
record the progressive lowering of the water table over time. The se-
quence of significant deposits and events in the GC is: (1) Ore mineraliza-
tion (Cu-U) episode. Sulfide ore mincralization, as exposed in the breccia
pipes/mines of the GC, formed in the reduced zone, possibly during the
Laramide when H2S migrated up deep basement faults and monoclinal
structures. Uranium precipitated in the redox zone and calcite spar formed
paragenetically with ore mineralization. Time: Paleocene to Eocene? (2)
Hematite/goethite episode. The oldest cave deposits are manganese and
iron oxides (hematite/goethite) containing minor halite and trace-metals
(e.g., As, Ba, Pb). These deposits fill small solution cavities in the Redwall
Limestone exposed by cave passages. These metal-rich deposits formed
when ascending warm saline waters mixed with descending oxidized cold
waters in the deep phreatic zone. Time: Oligocene? (3) Calcite spar epi-
sode. Calcite spar crystals are found lining the walls of a number of GC
caves. Since they line cave passages, they must be younger than these pas-
sages. Large calcite spar crystals are known to form from low-temperature
hydrothermal solutions under quiet phreatic conditions. Time: Miocene?
(4) Mammillary-replacement gypsum episode. Mammillaries, consisting
‘of microcrystalline fibrous calcite, are a speleothem type that forms in the
shallow-phreatic zone just below the water table. Replacement gypsum
rinds form at or just above the water table where degassing H2S reacts
with wet limestone. These two cave deposits can be used to determine
past water table positions in the Redwall Limestone as well as incision
rates for the GC. Time: Middle Miocene-Pliocene in the western GC to
Pliocene-Pleistocene in the eastern GC to the present in Marble Canyon.
(5) Subaerial speleothem episode. Speleothems such as stalactites and
stalagmites record when GC caves became air-filled. Many of these
speleothems are very old, surpassing the limit of U-series dating. Time:
Pliocene-Recent. U-Pb and U-series dating of mine calcite, calcite-spar
cave linings, water-table mammillary calcite, and subaerial speleothem
calcite should provide an absolute time scale for the history of water table
lowering in, and incision of, the Grand Canyon.

Introduction

The purpose of this study is to understand the evolution of the Grand
Canyon with regard to the progressive lowering of the water table over
time, and with regard to the age of incision of the canyon itself. In order
to accomplish this goal a number of caves and mines within the Grand
Canyon arca were visited (Fig. 1). Caves (artesian type only) visited dur-
ing the course of this study were: Cave of the Domes, Babylon, Crystal
Forest, Tse’an Bida, Tse’an Kaetan, Bat, Moria, Mother, Diamond, Grand
Canyon Caverns, Cathedral, Indian, Cave Spring, Dusty, Falls, IMAX,
Chuar Butte, Muav, and Rampart. Mines visited were: Orphan, Grand-
view, Grand Gulch, Savanic, Ridenour, Riverview, Pigeon, Snyder, Hack
Canyon, Ryan, Petosky, Mackin, Anita (Emerald), Copper Queen, North-
star, and Eaststar. Two main types of caves exist in the Grand Canyon
area: (1) unconfined (vadose) caves, and (2) confined (artesian, phreatic)
caves (Huntoon, 2000a,b). Unconfined caves in the Grand Canyon are
simple linear drains in the vadose zone where water recharges at the sur-
face of the Kaibab Plateau and moves under high gradients down along
faults (or master joints parallel to faults) to the Redwall-Muav aquifer,
and where discharge is mainly from the base of the Muav Limestone to
the Colorado River. This modern vadose circulation system has given rise
to the great North Rim caves such as Roaring Springs and Thunder River.

However, no vadose caves were visited during this study because they
do not contain deposits within them that record the geologic history of
the Grand Canyon. They are caves that discharge to the modern Grand
Canyon and thus postdate the incision of the canyon. Confined caves
in the Grand Canyon come in two varieties: modern and relict. Both of
these constitute what is known as the “Redwall artesian aquifer.” Modern
confined caves are hydrologically active caves that give rise to springs
along the Marble Canyon section of the Grand Canyon. They are maze
caves that are saturated and inaccessible. Relict confined caves formed
like modern confined caves (i.e., under artesian conditions in the phreatic
zone), but they have been dissected and dewatered by canyon erosion
from west to east over time. Relict Redwall artesian caves are extremely
important to understanding the geologic history of the Grand Canyon
because they contain remnant deposits that record events that occurred
both before and during the incision of the canyon. These cave deposits are
(from oldest to youngest): (1) hematite/goethite, (2) calcite spar, (3) mam-
millaries-replacement gypsum, and (4) subaerial speleothems (Hill et al.,
2001). A specific cave may have only one of these deposits, two or three
of these deposits (Fig. 2), or all four of these deposits, but in all cases the’
relative sequence of these deposits is consistently the same.

Copper-uranium ore mineralization episode

Some of the highest-grade uranium ore in North America resides in the
breccia pipes of the Grand Canyon (Mathisen, 1987). These pipes were
mined in the late 1800s-early 1900s for copper and in the 1950s-1960s
for uranium. The breccia pipes have their bases in the Redwall Limestone
and they stope up into the Paleozoic section and even into the Mesozoic
section where these rocks have not been removed by erosion. The ore
deposits of the Grand Canyon not only contain copper and uranium, but
also a number of different sulfide minerals and pyrobitumen. Wenrich and
Sutphin (1989) suggested a paragenetic sequence for these different ore
minerals. The rare-metal sulfides (Ni, Co, As) + pyrite-marcasite formed
early in the zone of reduction, and then somewhat later the sulfides of
copper, lead and zinc also formed in the zone of reduction. Even later the
ore-mineral uraninite probably formed in the redox (reduction-oxidation)
zone, typical of “roll-front” type uranium deposits, and still later minerals
were deposited in the zone of oxidation. Thus, this paragenetic sequence
of minerals records the progressive lowering of the water table over time
through the breccia pipes. The general model proposed by this study for
the breccia-pipe ore deposits of the Grand Canyon involves two-fluids,
where a shallow meteoric oxidizing fluid carrying copper and uranium
(as carbonate complexes) from a recharge arca to the south mixed with a
deep-sourced saline and reducing fluid containing dissolved H2S, CO2,
and metals (Fig. 3). In this model, the proposed source of uranium and
copper is stratabound uranium-copper deposits once present in above-ly-
ing Mesozoic rock (still located in the arca cast of the Grand Canyon), and
the proposed source of reductant is hydrocarbons in the Precambrian Su-
pergroup basement. Time of mineralization is debatable. Ludwig and Sim-
mons (1992) performed U-Pb dates on uraninite from a number of mines
and found that these ages congregate in the Triassic - although a number
have greater or lesser age values. On the other hand, Beitler et al. (2003)
placed the timing of migration of H2S up along monoclines in Southern
Utah in the Laramide (Paleocene-Eocene), where this reductant bleached
the Navajo Sandstone along monoclinal and anticlinal structures. There-
fore it is also possible that Laramide monoclines in the Grand Canyon arca
were avenues for reductant (H2S) ascending from Precambrian basement
faults into breccia pipes.




Hematite/goethite episode

The first event recorded in Grand Canyon caves is the hematite/goethite
episode. These deposits occur in cavitics within the Redwall Limestone,
exposed by later cave passage dissolution. Sometimes these deposits
are composed of the higher-temperature iron-rich mineral hematite, and
sometimes by lower-temperature goethite. Usually this material is high in
manganese, and also in the trace elements of As, Ba, Co, Cu, Mo, Ni, Pb,
and Zn. Some deposits contain halite. The mechanism for the precipita-
tion of hematite/goethite is shown in Figure 4. Thermal waters rising from
depth are often saturated with CO2. Water mixed with gas (H2S, C0O2)
has a slightly lower density than normal water, so it rises along joints
and cools. This cooling caused the dissolution of the Redwall Limestone
by the “cooling corrosion” mechanism of Bogli (1980). In addition, the
mixture of low TDS, low CO2, shallow meteoric waters with high TDS,
high CO2, deep-seated waters creates'a solution that dissolves limestone
in the mixing zone. This process is called “mixing corrosion” (Ford and
Williams, 1989). Dissolution of carbonate (limestone) consumes H +
and thus raises the pH allowing for the precipitation of hematite/goethite
within the cavities created by the mixing-corrosion mechanism. In turn,
the precipitation of hematite/goethite under oxidizing conditions gener-
ates acidity according to the following reaction:

2Fe, + 0.5, + 2H,0 = Fe2 , +4H " (1)

The acidity produced in this reaction further dissolves cavities in the
limestone. Therefore, the creation of space for the hematite/goethite and
the chemistry of its precipitation goes on simultaneously. Time of this epi-
sode is uncertain, but it may date from the Oligocene or Early Miocene.

Calcite spar episode

After the precipitation of hematite/goethite the water table continued
to descend until the Redwall Limestone was within the maximum solubil-
ity regime of calcite (Fig. 5). As convective water rises and cools, the
solubility of calcite gradually increases so that cave passages dissolve
in the deep “solutional zone.” This usually occurs somewhere between
~250-550 m below the water table (Dublyansky, 1995, 2000). It was in
this regime that the artesian-phreatic cave passages formed. As the water
table descended further, Grand Canyon caves formed in the “solutional
zone” were shifted into the “depositional zone” where the solubility of
calcite dropped sharply and solutions changed from aggressive to precipi-
tative (Fig. 5). Since the loss of CO2 is very slow in the phreatic regime,
spar crystals had a chance to grow slowly and large, lining previously
formed cave passages (Fig. 6). Spar crystals up to 56 cm long have been
found lining Grand Canyon caves. These crystals exhibit carbon-oxygen
isotope values, fluid inclusion temperatures, and fluorescence (orange to
non-fluorescent) that indicate a low-temperature hydrothermal regime,
probably somewhere between ~90°C to 30°C.

Mammillary-replacement gypsum episode

Mammillary linings. As the water table dropped to the level of the
Redwall Limestone, the deposition of calcite changed from large spar
crystal linings to microcrystalline fibrous “mammillary” linings (Fig.
7). Mammillaries are a type of speleothem that forms within a 100 m or
50 of the water table, most usually within ~50 m to 0 m (Hill and Forti,
1997). In the shallow phreatic zone near the water table the loss of CO2
is much faster than in the deep phreatic zone (Fig. 5); therefore, a rapid
precipitation of fine-grained fibrous calcite occurs in this regime. The
size of crystals in mammillaries typically varies from several millimeters
to a few centimeters. Mammillary coatings are very common in Grand
Canyon caves, and some coatings line entire caves or cave passages (e.g.,
Mother Cave).

Mammillary speleothems are important to the study of the Grand Can-
yon because they denote the approximate position of the paleo-water table

and can thus be used to date canyon incision from one end of the canyon
to the other. Three separate pieces of evidence support a near water-table
origin for mammillaries: (1) the fine-grained nature of mammillaries, (2)
the common association of mammillaries with calcite rafts and folia - two
speleothem types believed to form at the water table (Hill and Forti, 1997),
and (3) the occurrence of mammillaries forming today near the water table
along with folia (e.g., in Devils Hole, Nevada; Kolesar and Riggs, 2004).
Far below the water table mammillaries cannot form, and above the water
table the growth of mammillaries ceases (Fig. 8).

Preliminary dating of mammillaries in Grand Canyon caves indicates
that their age is beyond the U-series method (>0.5 Ma). In most instances,
the uranium concentration is high enough, and the lead concentration is
low enough, for the U-Pb method to be suitable for dating these water-
table/canyon incision speleothem indicators. Preliminary results for a
mammillary sample from Grand Canyon Caverns on the western end
of the Grand Canyon indicate that the water table was at the Redwall
level there sometime during the Middle Miocene (~19 Ma) (Polyak et
al., 2004). This timing is consistent with the incision record from the dat-
ing of basalt flows on the western side of the Grand Canyon by Young
(2004). Preliminary dating results from a Bida Cave mammillary sample
on the eastern end of the Grand Canyon indicate that the water table was
at the level of the Redwall in this part of the canyon sometime during the
Pliocene (~2-3 Ma).

Replacement Gypsum. While mammillary speleothems form near or
just below the water table, replacement gypsum rinds form just above the
water table where H2S reacts with wet limestone to form gypsum accord-
ing to the following equations:

HS+20, o H + HSO4" < 2H*+S504%(2)
sulfuric acid

2H "+ 804 %+ CaCO, « Ca® + 804>+ H 0 + CO, (3)
sulfuric acid limestone gypsum

In the case of Grand Canyon caves, this episode was minor in contrast
to the sulfuric acid origin of caves in the Guadalupe Mountains of New
Mexico (e.g., Carlsbad Cavern and Lechuguilla Cave; Hill, 1990). This
episede probably formed in response to Basin and Range-age tectonic ex-
tension, where H2S from the Precambrian basement ascended to the level
of the Redwall Limestone along master joints parallel to faults. Proof that
the gypsum rinds in Grand Canyon caves is of replacement, rather than
speleothemic, origin is their enrichment in the light isotope of sulfur (4 34
S =-17.9%o to +5.8%o, avg. -3.7% for 9 values), whereas Permian gypsum
in the overburden averages about +14-15%o).

In some caves replacement gypsum can be seen directly overlying
mammillary speleothems (e.g., Cave of the Domes, Mother Cave). In
these cases this sequence of deposits records the lowering of the water
table through the cave itself. The mammillary coating formed just below
the water table, while later in time as the water table dropped through the
extent of the cave, the gypsum rind formed just above the water table in
the subaerial zone from the replacement of limestone (eq. 3).

Subaerial speleothem episode

After Grand Canyon caves became air-filled, they became decorated
with subaerial speleothems such as stalactites, stalagmites, and flowstone.
U-series dating has shown that many of the speleothems collected in
Grand Canyon caves are very old - that is, beyond the U-series dating
method. Today the caves of the Grand Canyon are dry and very few
speleothems are still actively growing. Periods of substantial growth of
speleothems likely represent climatic episodes of increased precipitation.
For example, a stalactite collected from Bat Cave was deposited sometime
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Figure 8. Mammillary coatings form near the water table where there is a rapid degassing of CO2. After the water table descends through the cave, the coatings no longer grow but
are well-preserved in the cave environment,
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explanation).

—  71-28 August 2005, Kalamaos. Hellas =




0-49

Karst on Cayman Brac

R. Tarhule-Lips, D.C. Ford

McMaster University, Hamilton, Canada )

Abstract

Cayman Brac is a good example of a small oceanic carbonate island
that has experienced cycles of submergence and emergence during the
Tertiary and Quaternary. It is well karstified at the surface and under-
ground. During three Tertiary cycles, carbonate rocks were deposited,
uplifted and karstified, buried as paleokarst with caymanite fillings. The
island was then uplifted with a minor tilt, and Quaternary limestone de-
posited on its coastal platform. It is girdied by cliffs with a marine notch at
+6 m, the Sangamon (125 ka) high sea stand. Phytokarst is well developed
on the coastal platform and the interior plateau. Caves occur all over the
island. Most prominent are (i) Notch caves, developed at or 1-2 m above

the Sangamon notch, and (ii) Upper caves, at varying elevations higher
in the cliff faces. Notch caves and some upper caves accord to the flank
margin model of speleogenesis for small islands, but speleothem dating
indicates that many at the Notch are, in fact, >400 ka in age, having devel-
oped at a previous high sea stand. There has been speleothem deposition
and dissolution in all caves. Major dissolution and bedrock facetting is
attributed to cycles of condensation corrosion, which are modelled from
field meteorological and hydrochemical data. “Bellholes”, (a rare, very
distinctive negative form in caves) are attributed to microbial activity
utilising condensation watets in entrance twilight zones.
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Looking back with Cupolas

A. Osborne

University of Sydney, Sydney, Australia

Abstract

Since the last conference at Brasilia in 2001, I have been focussing on
the morphology and natural history of cupolas. I have not set out to solve
the problem of the origin/s of cupolas, rather my aim has been to find
out what cupolas are like, which speleogens are associated with them, in
what settings (geological, geomorphic and speleomorphic) they occur and
when in the history of speleogenesis do they originate. I now recognise
five general types of cupolas (elliptical cupolas, cathedrals, hemispherical
cupolas, conical cupolas, and spherical niches) and a range of speleo-
gens and passage types that are frequently associated with cupolas. 1t is
clear that our visual perception of cupolas is quite misleading. Detailed
measurements and oriented images are essential to avoid this problem
Last year I wrote, “cupolas appear to be common features of uncommon

caves”. Now I am not so sure. Cupolas are common features of thermal,
artesian and other per-ascensum type caves and of flank-margin caves.
The examples I have studied in detail have generally been in caves that
are suspected of having non-meteoric origins. However, I continue to see
and receive reports of cupolas in many “normal”, stream type caves, for
example in Postojna Cave in Slovenia and the caves of the Demanovska
Valley of Slovakia. These cupolas are not, however whole chambers, but
partial features preserved in the cave ceiling. While much research is re-
quired to test the idea, it seems possible that at least some of the cupolas
in the ceilings of stream caves may be relics from earlier periods of non-
meteoric speleogenesis that have been intersected by more recent stream
cave development. If this is the case then cupolas may be skylights to the
past and not just dark domes in the cave ceiling.
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Filling deposits of an ancient alluvial cave system in the alpine karst of Mt. Canin

(Julian Alps, NE Italy)
Paoro Paronuzzr ' - Davioe Lenaz »3 « Rivo SEMERARO *

! Dipartimento di Georisorse ¢ Territorio,Universita degli Studi di Udine, Via Cotonificio 114, 33100 Udine, Italy
2 Dipartimento di Scienze della Terra, Universita di Trieste, via E. Weiss 8, 34127 Trieste, Italy
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Abstract

The Canin carbonate mountains (Julian Alps, NE Italy) show clear
evidences of karstic systems developed at different depths with total
thickness of about 1200-1300 meters. One of the oldest karstic levels
is constituted by mainly horizontal galleries present from an altitude of
about 1980 - 2010 m.

This study illustrates first results from a combined sedimentology and
mineralogy work on filling sand-loam deposits present inside the Grotta a
Nord del Monte Ursic (5430/FR 2996 at 2005 m a.s.l.) where nordstran-
dite [A{OH),] have been previously found. It’s a gallery cave with small
transversal sections (about 10-15 m?); the main axis is horizontal and it
is almost completely filled by thin sand-loam alluvial sediments. Filling

deposits are mostly constituted by thin and loam sands yellowish-brown
to reddish brown in colour. The deposits are present as thick laminated
sequences where thin sandy and sand-loam levels (2-20 mm thick) are
interbedded with millimetric calcite laminae including a small clay frac-
tion. The thickness of these sandy-calcitic laminae is about 3-4 m.

Thin sands and loam sands forming the laminae are mainly constituted
by calcite grains (35-85 %) while the siliciclastic fraction, even if with
random percentages, ranges between 20-60%. Even if the cavity devel-
ops within dolomite rocks, the clastic dolomite fraction is lower than
the calcite one (5-20%) and in the lowest levels misses. Within sandy
sediments, the main siliciclastic mineral is represented by quartz (5-30%).
Nordstrandite, kaolinite, chlorite, muscovite/illite and interstratified clays
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(smectite) are present. Nordtrandite is present in all the samples as sub-
rounded transported grains and ranges between 2 and 10 %. Presence of
nordstrandite could be referred to intense pedogenetic processes devel-
oped on calcareous substrata rather than to speleogenetic processes.

Staurolite, Cr-spinel, pyrite, amphibole, tourmaline and rare garnet in
order of abundance are present in the heavy mineral assemblage of sandy
fraction. The presence of these minerals suggests that they derived from
clastic external supplies involving the erosion of pre-existing sedimentary
covers.

It is to notice that the Cr-spinel-pyrite-tourmaline-garnet association
suggests the dismembering and weathering of the Upper Cretaceous
Flysch of Bovec where these minerals are present and their deposit in the
cavity could be probably due to a fluvial transport. Presence of amphi-
bole and staurolite within the heavy mineral assemblage points out to a
metamorphic source. As they are not present in the flysch of the area it is
supposed that they could be related to a different supply. It is still unclear
if this supply refers to completely dismembered Oligo-Miocene molasses,
Pliocene deposits or an aeolic supply.

1. Introduction

Canin Massif with its mountains reaching an elevation of about 2500
meters, is located in the western Julian Alps, between Italy and Slovenia.
It is characterised by huge karst phenomena and develops along a 17 km
main ridge ENE - WNW directed towards the Canin Mt and then follow-
ing an ESE to WNW direction. A 5 km secondary ridge from Canin Mt
follows SSE direction. The massif suffered glaciation during Pleistocene
and a small glacier still exists in its Italian side, below the main peak of
Canin Mt.

One of the larger European alpine karst develops in this carbonate
massif, especially in the Calcare del Dachstein Formation. A network

¢ of different cavity levels, at least 17 have been recognised and among

them there are 5 considered as mega-levels, sometimes connected by
pits, produces cave systems reaching depth of more than 1500 meters.
Subterranean karst is represented by syngenetic conduits, erosion shafts,
meanders and canyons. In some levels there are also large galleries and
huge chambers (Semeraro, 2000; Cucchi et al., 2002). Endokarstic filling
deposits are scarce, but it is not difficult to find swallowed morains in
depth. It is more difficult to find alluvial deposits or speleothems.

Recently, Cancian & Kraus (1999) noticed the presence of nordstran-
dite AI(OH), in a filling deposit inside the Grotta a Nord del Monte Ursic,
in the Canin massif. The mineralogical analysis carried out on two silty
loam samples demonstrated the presence of phyllosilicates, quartz, feld-
spar, calcite and dolomite. By considering the peculiarity of the finding
and its possible implications on the evolution of Canin karst, two field
trips have been organised (2001 and 2002) to study the filling deposits
both from sedimentological and mineralogical viewpoint.

2. Cave morphelogy and speleogenesis

The Grotta a Nord del Monte Ursic 5430 / FR 2996, found in 1983,
is located on the northern slope of the Canin massif (Italian side). There
are two entrances, closed each other, at 13° 27’ 03,0” longitude and 46°
22’ 18,4” latitude, located at about 1999 and 2002 meters a.s.l.. Its depth
is 62 meters and the cave develops for a length of about 89 meters. The
cave is located in a gully excavated within the rock slope of Ursic Mt.
(2543 m). The cave develops in the “Dolomia Principale” Formation
(Norian), here represented by whitish dolostones, fine-grained, massive,
with concoidal fracture. Layering is oriented 80°/20° concordant with the
faulted N-dipping uniclinal constituting the southern part of the massif.
The cave probably originated as a consequence of an ancient standing of
the phreatic level. In fact, the cave is related with a paleo-level of cavities
present between 2030+1980 meters a.s.1., where conduits with calcite and
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sandy-silty deposits are present (Semeraro, 2000).

Geomorphological study allows us to subdivide the cave into three
parts. The first one (points 1-2-3 in the map) is represented by an initial
gallery, about 30 meters long, ending in a chamber slightly larger (3); the
morphology is substantially homogeneous: a rock roof zone about 3-4
meters large, 1-3 meters above the bottom constituted by filling deposits.
The second (4-5-7-8) is a narrow conduit, about 28 meters long, starting
from the NW side of the hall and continuing toward a vertical pit, partially
filled by collapses. The third (5-6) is constituted by a 48 meters long pit
with collapsed rock blocks on the bottom. The map of the cave shows a
curvilinear shape - almost ring- or meander-like -, so that the terminal
conduit is closed to the initial gallery, at about the same level.

Main gallery (1-2-3) represents the oldest part of the cave. The whole
roof zone shows a phreatic morphology, but the presence of crusts of thin
filling deposits cemented on the roof and the walls and the fact that they
are not related to the joint system suggests a paragencsis (Lauritzen &
Lundberg, 2000). The N-wall shows scallop-like shapes, about 20 cm
long, and a notch, while southern wall is wedge-related. The gallery
shows an almost constantly overlapping ovoid section and is about 4-6
meters high.

Ovoids are unitary macro-shapes, similar to entrenchment (erosione
regressive) typology described by Dematteis (1965). Ovoid sections are
caused by their close overlapping along a low-dipping inclined axis.
There was an evident filling phase occluding almost entirely the main
gallery. The filling phase was caused by thin (up to sandy fraction) mate-
rial flooding, due to a slow movement of water, alternated with rhythmic
growing of calcite beds and laminae. This phase could have set off the
paragenesis.

Lately the main fracture (110°/60° oriented, and other k3 system frac-
tures) enlarged, determining the formation of the phreatic conduit at the
expenses of the filling deposits. This conduit is clearly over imposed on
the main gallery morphology. According to this, a major energy of water
circulation, testified by the presence of sand deposits on the bottom, set
off. It is possible that, during this phase, a lowering of water table, com-
bined with massif erosion, caused the pit formation on k3 system fracture.
The pit, by driving waters to major depth, deactivated cavity, fossilising
it.

More recently, the slope pulling-back determined the present entrance.
Thermocrioclastic phenomena began, provoking collapses that are present
within 10 meters from the entrance. Within this arca, cross-section shows
a strong structural control caused by rock breakdown and fracture expo-
sures.

3. Sandy-silty filling deposits

Inside the initial gallery, at about 20 meters from the cntrance, sandy
and loam deposits, yellowish-brown to reddish-brown in colour (7.5YR
5/6, Munsell Soil Color Chart), are present. Loose sediments are widely
present along the gallery between the points 2 and 3 (see map) for about
15 meters. They fill almost completely the cavity, forming both the pave-
ment cavity and some thin concretions covering the dolomite side walls.
The sandy-loam deposits are present till the larger sector of the chamber
(3) constituting its bottom and scems to continue towards major depth fol-
lowing the actually closed NNE gallery development. Successive erosion
determined the outcropping of deposits, provoking their partial removal
and their presence as relict plates and encrusting on the walls. According
to the cross-sections of the gallery the maximum thickness of these depos-
its could have been about 4 - 6 meters.

In correspondence with the relict plates present at the N-NE end of the
chamber (3) it is possible to notice a well developed thin layering, where
thin sandy and loam sediments are interbedded with silty sandstones and
calcite laminae. Sandy-loam layers are mainly 0.5 - 2 cm thick, while
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calcite laminac are 1-4 cm forming layers with more or less irregular sur-
faces. The thick layering is gently concave and inclined (5-15°) towards
the centre of the gallery. Laminae generally shows regular, smooth and
sometimes undulated surfaces. Contact within the deposits and the lamine
is sharp. Sometimes, within the thicker layer it is possible to recognise
a gradation due to some 1-3 mm thick strata formed by a calcite - fine
sandstone - silty sand sequence. Within the thicker sandstone layer (3-4
cm), irregular calcite nucleuses caused by intergranular precipitation are
present.

The internal structure of the deposit seems to be related to sedimen-
tary processes instead of secondary intergranular cementation processes.
These processes, even if present, are influenced by the original layering
of the deposit and increase their importance closed to the cavity wall/de-
posit contact. In this position calcite figures such as dolls, spherical and
cllipsoidal concretions caused by intergranular secondary cementation
(Sarigu, 2002) can be found. Due to this fact it is more difficult to find the
layered structure of the deposit when observing the wall crusts. In fact,
water flows along the walls aids the formation of secondary cementation
provoking the modification and cancellation of the original layering.

Sedimentological and mineralogical analyses of filling deposits have
been performed on three sampling sequences: the first one is a wall crust
in the terminal chamber (3) (240 cm, U1-U16 samples), the second is a
relict of strong layered deposits (B section; about 25 cm, U109-U100 sam-
ples), the third is represented by surface pavement deposits (C section:
U203-U200 samples) in order to compare the different characteristics of
filling deposits.

Deposits always present thick laminae (ritmites) where thin sand and
loam layers (5-40 mm) are interbedded with sandstones and calcite lami-
nae sometimes with a small clay component. Alternate clastic and calcite
cyclic sedimentation can be attributed to a low-energy fluvial environ-
ment. Episodes of water flow transporting silts and sandy loam into the
cave system are present and are alternate with inactivity period causing
speleothems formation. This mixed clastic-chemical deposition seems to
be quite peculiar and is not comparable with most known Quaternary cave
sedimentary sequences. The monotonous character of the sequence and
its internal structure suggest a constancy in the sedimentary environment
responsible of the deposition. The progressive filling of gallery system
continued without break tiil the compieie closure of the cavity. By con-
sidering the characteristic of the deposits and their thickness it is possible
to suggest that deposit formation occurred in a time range spanning from
20000 to 50000 years.

Originally sandy loam deposits probably filled the gallery, this fact be-
ing confirmed by the presence of other totally filled cavities found nearby
the Grotta a Nord del Monte Ursic. A similar situation is documented by
the cavity relict, completely filled, located about 280 m to the WSW of
the here studied cave. Here, it is possible to see the cross-section of a
small cavity (about: 1.20 x 2.00 m) developed within dolomites, with
layer thickness of about 1-3 m and 40°/20° oriented. This deposit is quite
similar to those found inside the Grotta a N del Monte Ursic, being the
sandy loam fraction removed by atmospherics. Even in this cave ritmites
are well recognisable, with planar-ellipsoidal low-dipping (60°/20-25°)
laminae and thin layers.

4. Mineralogy

X-ray diffraction patterns were obtained on powdered sandy samples
and on oriented samples for silt and clay fractions using a STOE-D500 X-
ray diffractometer at room temperature. Cuko radiation was used through
a flat graphite crystal monochromator. Sands were obtained by sieving
samples and cleaning them in ultrasonic bath. After drying at about 50°C,
grains were observed under a binocular microscope.

In the coarser fraction few samples from section B were analysed. Cal-
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cite, quartz and dolomite (in one sample only) were recognised in differ-
ent amounts.

As regards the silt fraction all the samples were analysed. In section
A, calcite, dolomite, kaolinite, muscovite, chlorite and quartz have been
recognised. Carbonate minerals represent about 90% of the samples. In
section B, the same minerals are present, but carbonate minerals are less
evident than in section A. Dolomite is missing in the lower levels. In this
section nordstrandite, AI(OH),, occurs. In Fig. 2 the percentages of main
phases in silt fraction of samples from section B are represented. In sec-
tion C, calcite, interstratified clay minerals, kaolinite, muscovite, chlo-
rite, quartz and nordstrandite are present. Nordtrandite is present in all
the samples as sub-rounded transported grains and ranges between 2 and
10 %.

As regards the clay fraction all the samples were analysed. It seems
that clay fraction is below 10% of pelitic fraction. In section A, the same
minerals of the silt fraction are present with higher amounts of clay min-
erals. Sometimes brushite, CaHPO,2H,0, is present and it is probably
related to bat guano. In section B, calcite, dolomite, kaolinite, muscovite,
chlorite and quartz have been recognised. In section C, calcite, interstrati-
fied clay minerals, kaolinite, muscovite, chlorite and sporadic nordstran-
dite occur.
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Fig. 2: Percentages of main mineralogical phases in B section

Fe-oxide and -hydroxides represent the main constituents of the heavy
mineral magnetic assemblage. Among these, at least five other mineral
phases have been recognised: blue-green amphibole, staurolite, Cr-spinel,
garnet and tourmaline (green to brown; probably shorl-dravite series). In
section A, the most abundant mineral is staurolite, followed by Cr-spinel
and amphibole, garnet and tourmaline are sometimes present as traces.
In section B, staurolite and amphibole are the main phases with only rare
Cr-spinel and tourmaline. Few grains of oxidised pyrite occur in different
levels.

Tables 1 and 2 refer to the number of heavy mineral present in the
heavy mneral assemblage and their percentages. It is to notice that only
two high levels show a number of heavy minerals higher than 100 and
there are two samples with about 30 crystals. All the other levels are very
poor.




Table 1: Number of grains in the heavy mineral (HM) assemblage and total number of heavy minerals in each sample.

Sample amphibole staurolite tourmaline garnet pyrite Cr-spinel Total HM
109 6 6
108 2] 79 10 1 2 4 117
107 20 94 8 3 2 127
106 4 30 34
105 4 8 12
104 3 8 11
103 3 15 1 19
102 3 3
101 3 13 16
100 13 15 2 2 32

Table 2: Percentage of heavy minerals (HM) in each sample.

Sample amphibole staurolite tourmaline garnet Ppyrite Cr-spinel Total HM
109 100 100
108 17.9 67.5 8.5 0.9 1.7 35 100
107 15.7 74.0 6.3 24 1.6 100
106 11.8 88.2 100
105 333 66.7 100
104 2713 72.7 100
103 15.8 78.9 53 100
102 100 100
101 187 81.3 100
100 40.6 46.9 6.3 6.3 100

5. Conclusions

The sedimentological and mineralogical study of filling deposits of
the Grotta a Nord del Monte Ursic constitutes an important knowledge
in order to reconstruct the evolution of Canin Mt karst system, and es-
pecially as far as regards the genesis of the oldest gallery system. The
integrated geomorphological - sedimentological - mineralogical analyses
show the existence of a very ancient karstic phase when a fluvial network
was active and responsible of the formation of a huge system of gallery
cavities. This network, mainly sub-horizontal, is recognisable at an alti-
tude of about 2030+1980 as a system of relict passages - completely filled
- that have been exhumed by Late Pleistocene and Holocene erosion. Due
to the extreme fragmentation of passages it is quite impossible to define
the main direction of the drainage of this ancient system, nevertheless it is
cvident that in this area all the drainages are directed towards NE.

Many aspects suggest that these passages began to develop in ancient
times, maybe since the Pliocene time: first of all, fossil cavities are not
related with present topographic and hydrographic elements and outcrop
on rock slopes. The sedimentological and mineralogical features denote a
sedimentary environment quite different with respect to the well known
Pleistocene and Holocene stratigraphic cave sequences. The peculiarity
of these deposits is also confirmed by the presence of nordstrandite grains
in clastic sediments. This fact has not been reported in this alpine sector
or nearby. It is possible that nordstrandite derived from the erosion of
mature soils (bauxites) formed on calcareous-dolomitic bedrock. Succes-
sively, nordstrandite grains, removed by an alluvial system have been set-
tled down within the well developed fluvial karst system of Canin Mt. All
these facts suggest that the ancient galleries and their filling deposits are
related with a karst system developed during Pliocene, when morphologi-
cal and climatic context were very different from the present.

As far as concern mineralogy, the presence of quartz and muscovite
between the main phases points out to a metamorphic source. This seems

also suggested by the presence of amphibole and staurolite in the sand.
They are not present in the flysch of the area (Ku§éer et al., 1974; Lenaz
et al. 2000), so that a different origin has to be considered. It is still un-
clear if this supply refers to completely dismembered Oligo-Miocene
molasses, Pliocene deposits or an aeolic supply. On the contrary the Cr-
spinel-pyrite-tourmaline-garnet association suggests the dismembering
and weathering of the Upper Cretaceous Flysch of Bovec where these
minerals are present (Kuscer et al., 1974; Lenaz et al. 2000) and their
deposit in the cavity could be probably due to a fluvial transport.
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Abstract

Limestone pedestals (Karrentische) are believed to develop by dif-
ferential corrosion beneath and around a protecting boulder. Here, we
develop mathematical models for the size of limestone pedestals as a
function of time and the properties of the perched boulder. These proper-
ties are the shortest horizontal axis of the boulder, its shape factor and the
rate of condensation corrosion beneath it. Because the shiclding effect will
decrease with increasing pedestal height, pedestals will, over time, attain
a finite, steady-state height. The time needed to aquire the steady-state
height is considerable, and probably longer than the Holocene (10,000
years) for most sites. The present-day height of pedestals in a given site
is dependent on up to 3 different parameters that are likely to vary within
a pedestal population. Hence, the model also explains the variability ob-
served in pedestal heights within a site. A method for estimating the total
denudation by means of measurable pedestal properties was developed
and tested with favorable outcome on pedestal populations at the Svar-
tisen karst, north Norway and in north-west Spitzbergen.

Limestone Pedestals.

Limestone pedestals (Karrentische, Bogli 1960) develop underneath
boulders. The perched block can either be an allogenic, non-karstic rock
type (for instance, a glacial erratic in alpine karst) or it can be an in situ
piece of the local limestone (autogenic). The formation of a pedestal is
due to differential corrosion between the arca bencath the boulder and
the surrounding area, Figure 1a. The corrosion rate beneath the boulder is

lower than elsewhere because the boulder acts like an umbrella and pro-
tects the limestone surface below from the action of corrosive precipita-
tion, Pedestals are mostly found in glaciokarst settings, where the growth
process was zeroed by glacial erosion when the erratics were laid down.

In the karst geomorphological literature, much attention has been
given to the height of pedestals, and to their significance as measures of
total denudation in bare and alpine karst settings (Ford & Williams 1989,
Bogli 1961, Peterson 1982, White 1988). The average or maximum height
of pedestals have been taken as equivalent to the total denudation; this is
rarely the case. Here, we develop a simple mathematical model for ped-
estal growth, which aims at determining the total denudation of the area
outside the pedestal (Lauritzen 1997). This growth model also explains
the variability observed in pedestal heights.

Qualitative properties of pedestals

The following observations are based on alpine sites in Norway and
Spitsbergen. Within the same area, pedestal heights reveal a rough posi-
tive correlation with the size of the perched boulder, although there is a
considerable spread and linear models do not work (e.g. Finnesand 2002,
2003). There appears to be a lower threshold for pedestal growth, because
pedestals are absent beneath small boulders.

The top surface of the pedestal, beneath the boulder, is always rugged
and pitted, indicating that corrosion is going on even under the largest
boulders. (The largest boulder observed by the author was