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Classification of karst features in Mount Lebanon

F. Nader

" American University of Beirut / Spéléo-Club du Liban, Beirut, Lebanon

Abstract

The Republic of Lebanon is located between latitudes 32°34'N and
34°41°N, along the central-eastern coast of the Mediterrancan Sca. The
Lebanese land surface totals about 10,450km2, with some 7,000km2 (or
67%) of the territory covered with Mesozoic and Cenozoic karstified
carbonaie rocks. Basicaily, three distinct physiographic units character-
ize the Lebanese territories. These are: Mount Lebanon (or the Lebanon
- sensu stricto), the Anti-Lebanon and the Beqaa valley. The Lebanon
and Anti-Lebanon are two parallel mountainous ranges, trending north-
northeast-south-southwest; they are separated by a high-plain called the
Bekaa. Mount-Lebanon has average altitudes exceeding 2200m above sca
level for a length of 170km, forming an efficient obstacle for the westerly
Mediterranean winds. About 80% of precipitation falls from November
through February, while almost no rain occur from May to October (the
dry/recession period). There are 11 perennial streams flowing from the
high ranges of Mount Lebanon - mainly from typical karstic springs. The
karstic features that are présent in Mount Lebanon are characterized by a
broad diversity, due to the complex combination of various factors (e.g.
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climatic, tectonic, geomorphologic, topographic, hydrological) and the
relatively small dimensions of carbonate structures (e.g. high altitude pla-
teaus). Deep kasrtification in fractured carbonate strata at high altitudes
allows rapid infiltration contributing to a considerable reserve of ground-
water, which emerges eventually from karst springs as well as coastal
and submarine confined springs. Cave networks are inherently associated
with their location. Accordingly, coastal sea-caves and phreatic caves (the
latter forming lateral collectors of reserved groundwater) are discussed
separately from the relatively high altitude caves, which mainly fall in
two groups according to the corresponding rock formation and lithology
- deep, vertical caves in the monotonous Jurassic limestone sequences;
and labyrinth, lateral caves in the marl/volcanics and limestone interlay-
ered Cretaceous sequences. In addition, those caves that are present in
the eastern side of Mount Lebanon (facing the Bekaa) also show distinct
speleological and hydrogeological characteristics. The present contribu-
tion attempts to classify - for the first time - the various karstic features
present in Mount Lebanon. Keywords: Karst types, Speleogenesis, Lithol-
ogy, Precipitation rates, Labyrinth caves, Sinkholes, Lebanon
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Cave Ulica and the denudation of the karst surface - case study from Kras, SW Slovenia

A, Miheve
Karst research Institute ZRC SAZU, Posiojna, Slovenia
Abstract

In the Kras plateau, that is slowly rising, the hydrological zones in
karst are moving downwards. )

Caves were transformed and reshaped from phreatic to vadose. The
general karst denudation brought caves closer to surface. In many cases
denudation already thinned and removed the cover rock above the caves
creating unroofed caves that becomes a part of the surface topography.
The 120 m long horizontal cave Ulica Pefina has 10 m thick ceiling left. It
continues to 250 m long unroofed cave Ulica. By comparison of the mor-
phology of the cave and the surface above the cave and along the unroofed
part of the Ulica, we can infer on the type and intensity of the processes

in the caves and on the surface. Rough karren relief, with clints several |
meters high and small dolines show intensive corrosion and dissection of
the surface. The smooth cave ceiling and walls preserved in the cave show
no signs of corrosion or disintegration by percolating water. This can be
possible if the cave walls are case hardened by the percolating water that
deposits calcite into the karstified rock which surrounds the cave. This
has also effects on the very small inflow of the water into cave indicating
that the cave is to a great extent isolated from the epikarst vadose water
circulation. Key words: karst denudation, epikarst, unroofed cave, case
hardening, Slovenia
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The underground legend of Carbon Diexide heaviness
siovanni Badino

Dip. Fisica Generale, Universita di Torino © Associazione La Venta

Abstract

The interpretation of carbon dioxide traps as due to the “heaviness” of
this gas is discussed, with the fact that in spite of water vapour “lightness”
in comparison with air, no water vapour trap exists on the cave ceilings...
In fact the underground atmospheres with special composition are not due
to gravity but to the absence of any air movement around gas sources.

Introduction

It is well known that the measure of how much common is an idea,
does not contain information about its truthfulness. We are going here to
discuss a case.

A very common idea between cavers (and not only) is that “heavier”
gases tends to accumulate in depression and, especially, in the bottom of
caves. It is so widely known that the CO, accumulates at the bottom of
shafts, that so far nobody has discussed this idea. That is trivially false, an
underground legend.

Gas densities

A first indication that those who use this idea are simply repeating it,
without any reflection, is that they generally say that “the heavier gas ac-
cumulates”... Obviously 10 kg of Nitrogen are heavier than 2 kg of carbon
dioxide, or even 1 kg of Radon... The carbon dioxide is not heavier than
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O, or water vapour, it is denser than those gases.

Do denser fluids sink in the other?

In case of liquids the answer is complex, it is necessary to take into ac-
count many effects connected with the molecules interactions. The gases
behaviour is much simpler than the liquid sedimentation, because the gas
molecule do not interact each other, and they behave in some ideal way,
as also many solutions do. Each air molecule is free to diffuse in every
direction and it is easy to calculate the atmosphere structure at the equi-
librium. If the sedimentation, in the meaning of the people that declares
that “heavier” gases accumulate in depressions, does really exist, then we
would live in a carbon dioxide atmosphere in the few metres above the
seas, in oxygen up to the top of main mountains, in nitrogen above, to find
finally all the water vapour (and rains!) in the stratosphere. Is it true? No,
it is not. Neither the legend of carbon dioxide “heaviness”.

The gravitational sedimentation

Let us then discuss the gas sedimentation stratified in the gravitational
field (g=9.8 ms?) on a flat surface. The hydrostatic equilibrium impose a
pressure (P) variation with altitude z (positive upward) as

_C_Z_E___ Mmolg dZ

RT,

Where M, is the gas molar mass and R is the gas constant. It is easy to
integrate between the surface (z=0, P=P ) and (z, P(z)) to obtain

P =P, exp ~—-—A2m]"fg z
0

It gives an exponential pressure decrease with altitude. This equation
can be used to describes the upper parts of Earth atmosphere, from 10 to
80 km, where the temperature is quite constant.

It is not correct to use it in the lowest part of atmosphere because also
the temperature changes with altitude, but the equation describes very
well the chemical gas sedimentation in caves where the temperature is
quite constant.

The term in parenthesis must be dimensionless and then we can intro-

| __RT,
’ Mmolg

duce the scale length of a gas sedimentation in the gravitational field
We can now calculate the scale length at T =288 K.

Gas M [10° kg mol’] L [m] P(1000)/P, P(10000)/P,
Nitrogen 28 8700 0,89 0,32
Oxygen 32 7600 0,88 0,27
) Air 28.9 8500 0,89 0,31
376 Hydrogen 2 120000 0,99 0,92
Methane 10 24000 0,96 0,66
Water vapour 18 13600 0,93 0,48
Carbon dioxide 38 6400 0,86 0,21
Radon 222 1100 0,40 0,000113
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Atmospheres of pure gases in diffusive equilibrium stratify exponen-
tially, which means that each altitude increase of L causes a relative re-
duction to a factor &'=0.36... of pressure. For instance, in pure oxygen we
have to increase 7.6 km to reduce the pressure of 63%, in pure hydrogen
the rise have to be 120 km, in radon 1.1 km and so on.

The real atmosphere is a gas mixture, but the gases behave in inde-
pendent manner, they collaborate to create the final total pressure, but
the partial pressure of each one behaves as the others do not exist. So,
the atmosphere can be considered not only a different gases mixture, but
roughly also a different atmospheres mixture, each one composed by pure
gases. So, they have a tendency to separate each other on a tenths kilome-
tres scale-altitude, but the strong vertical mixing processes in the lower
layers (called “homosphere”, up to 80 km) prevents such diffusive separa-
tion and create a quite uniform chemical composition. Nevertheless it is
really true that in its upper layers (“heterosphere”) the Earth atmosphere
is arranged into four shells, the lower dominated by molecular nitrogen,
the second by atomic oxygen, the third by helium and finally by hydrogen
atoms [LUTGENS, 1998].

The gases scale lengths are around ten kilometres what means that,
also in perfectly calm atmospheres, it is possible to appreciate chemical
composition differences only working with large altitude differences. The
table says us that 1 km above the seas the different gases have essentially
the same pressure, we would not be able to detect the different “weight”
measuring the partial pressures, also in absence of vertical mixing.

Then some sedimentation does exist, but it works on kilometres... On

few metres it is impossible to detect any partial pressure variation between
gases due to their different densities, neither radon.

So, the water vapour and methane do not concentrate on the ceiling,
carbon dioxide and radon do not concentrate on the floor, unless we con-
sider cave altitudes of many kilometres.

The sedimentation idea, repeated thousands times from a caving book
to the other, is trivially false.

The carbon dioxide traps

But there is a problem, because we know that it is true. We have worked
in Tropics, we met caves filled with carbon dioxide, we have developed
techniques to work in these conditions, we have studied shaft equipments
to descend in holes where was possible to meet deadly atmospheres [AN-
TONINI, 1997]. Did we work for something that does not exist?

No, the problem does exist, but its classical interpretation is false, the
shafts are not filled by carbon dioxide because it is an “heavy” gas, but
because the carbon dioxide is produced at the bottom of the shaft in an
absolutely calm atmosphere.

Note that the false idea depends on the fact that the gas is potentially
deathful. If in the shaft there is a lake the air at the bottom is filled with
water vapour. We do not interpret this obvious fact as due to the “heavi-
ness” of water vapour (that, in any case, is less dense than air), but as
merely due to water presence. This is absolutely correct, the water vapour
is concentrated just near the water surfaces.




In exactly the same way, the carbon dioxide is concentrated just near
the “carbon dioxide sources”. And in the same way the gases of upper
atmosphere are concentrated near the source, in ionosphere the X and UV
solar radiations produce atomic oxygen and hydrogen, and they accumu-
late there.

The carbon dioxide comes essentially from putrefaction of organic
substances, that are much denser than the air, and tend to accumulate in
the lowest patts, as water does (but often water can flows away and often
the dead organic substances cannot). So, the carbon dioxide and water
vapour tends to accumulate in the depressions that often are more humid,
and sometimes deadly enriched with carbon dioxide.

There is something worst, but often neglected because not only the
carbon dioxide is dangerous at high concentration, also oxygen-poor at-
mospheres are deadly, independently by the presence of other gases.

Each carbon dioxide molecule comes exactly from the reaction of a
carbon atom with an oxygen molecule; then, in general, near the carbon
dioxide source we can meet a deadly presence of carbon dioxide and a
deadly absence of oxygen. So, the problem is double, if we have the or-
ganic compounds on left, we have to calculate the oxygen flux to the left
and the carbon dioxide flux to the right.

We have to make also a note about another smaller underground leg-
end, the idea that is possible to monitor the lethality of an atmosphere
looking if the acetylene light works well. We have two independent way
to produce a lethal atmosphere, high concentration of carbon dioxide, low
concentration of oxygen. The light burn if there is sufficiently oxygen,
that is all. So, in an atmosphere composed with 28% of oxygen and 25%
of carbon dioxide we die quickly with a wonderful light on head.

The gas diffusion in gases

Let us at first discuss why and how a gas diffuses in some direction.

it happens because the gas molecule are quite free to move and then
they move. If we consider a surface in the space, the molecules flow
through it in the two possible directions. If the number n, of molecule per
volume unit near one surface side is the same as n, near the other, the net
flux is almost the same, and no net gas transfer rate through the surface is
observable. But if n, is higher than n, then from the 1-side more molecule
will flow than from 2-side, and we then say that the gas diffuses through
the surface. ' '

1t is easy to see that the equation that describes the diffusion processes
are exactly the thermal transfer equation (Fourier and Laplace) because
also those describe a diffusion, the “heat” diffusion.

The total flux (molecules per second per square metre) through a dis-
tance Az that separates two gas volumes with ¢, and ¢, gas concentration
(kilograms per cubic metre) is given by

C,—C
F=b=%

The D, is the gas coefficient of diffusion, that depends on the gas vis-
cosity n, and density p, as

Where £ is a factor of order unity. From this we easily obtain the D,
dependence n the state variable
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The detail of diffusion processes are quite complex and generally only
the self-diffusion (the molecule diffusivity in a gas of identical molecules)
is described. The real case, in which different gases diffuses one inside
the other, have to take into account different molecule sizes, asymmetries,
masses, details of repulsion forces between molecules. A review of these
details can be found in the beautiful [JOST, 1952] but are not important
to us here.

We obtain that the diffusion coefficient changes reasonably, but the
variability is not so large. The table [JOST, 1952] gives this parameter at
TPNC.

Gas in gas D [m?s']
0,in0, 1.89x10°
N, inN, 1.98x10
C0,in CO, 1.04x10°
O, in air 1.78x105
CO, in air 1.38x10°
H,0 in air 2.36x10°

The diffusion equation are not simple to be solved in practical cases,

especially in transient condition, that is in the period in which the system 88

tends to stationarity. Nevertheless it is easy to show that in practical cases
very small carbon dioxide production in a not-mixing atmosphere can cre-
ate deathful concentrations near the source. The key role here is played by
the thermal uniformity of caves, that hampers air movements, and worst,
can create “traps” of cold air, because the “heavy gas sedimentation does
not exist, but the thermal sedimentation does. Complex, too...

It is possible to make estimation in this way. We can introduce the
maximum gas flux that can evacuated by diffusion along Az

D

— g
max p g Az
That tor carbon dioxide becomes
D, 22x107°
F, =161—£=220
Az Az

If the produced flux is greater than F__ the gas concentration around
the source will tend to saturation. So, we can obtain a perfectly toxic at-
mosphere of almost pure carbon dioxide thanks to a very small flux and
very calm conditions, at the bottom or at the top of a cave.

What about the “weight” of carbon dioxide? Nothing, it does not mat-
ter; exactly the same things can be said for an oxygen or nitrogen (or
methane, in coal mines) source to obtain pure gas atmospheres near it.

We can say this also for a water vapour source, but this gas is so far to
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be perfect at TPNC that saturation, condensation, enthalpy releases, ed-
dies and so on appear (the problem of its diffusion in stable atmospheres
is very complex).

The double diffusion

We are now ready to confront the problem of double diffusion. In gen-
eral we have not a carbon dioxide source, but some organic storage (veg-
etables) in contact with oxygen.

The oxidation and dismount of long organic molecules causes an En-
tropy increase, so it must happen: each carbon atom, each Hydrogen atom
of this deep storage will surely be bounded with oxygen, to flow away to
return to be wood, skin, milk... The flowing away is generally very quick,
helped by a numberless type of creatures that lives of the going away of
this died order and distribute it to the surrounding life: they are fungi, bac-
teria, birds, jackal, humans and so on. But when the organic compounds
stay in a very stable situation, far from these workers, as in a cave, only
the Second Principle can work. And work, slowly. By diffusion, by slow
air draughts, by small temperature differences.

We have an organic deposit S, with some mass M per square metre. To
mass is organic and its chemical composition is very roughly some C H
plus details. The putrefaction (oxidation) of these molecules is

0 2n

30,+CH, = CO,+H,0
3 L+ H,

That in term of masses gives

(34 M)+ M = (.1M),, +(1.3M),

In volume this means that the putrefaction of one kilogram of vegeta-
ble mass needs 12 cubic metres of air and emits 2 cubic metres of carbon
dioxide. But above all it needs the oxygen arrival on it.

It is reasonable to assume that the oxidation rate of compound is pro-
portional to the local oxygen concentration in S. The proportionality de-
pends on exposed surface, compound type, reactivity, temperature, pres-
ence or bacteria, total mass of S and so on. We do not want to calculate the
K, that is almost impossible, we only say that a K, does exist.

So, the flux of CO, from S becomes

F= K()Co,o

Where ¢, is the oxygen concentration on the compounds. We can also
assume that the free atmosphere that feeds oxygen to S, is also the same
that evacuate carbon dioxide (it is not a trivial assumption, but in general
it is true), so our free atmosphere is at Az from S.

At the equilibrium the system parameters do not depends on time (note
that this assumption is extremely important) and then we must have that
the evacuated CO, molecules rate exactly equals the incoming oxygen
molecules and exactly equals the carbon dioxide production. Here we are

going to call ¢, and ¢, the gases concentrations in S and ¢, and ¢,
those in the free atmosphere. It is easy, but quite long, to show that the
gas concentrations are reduced due to this two-ways diffusion flux. Let
us call F the oxidation rate of S in free atmosphere , then the general

formulas are

Cop =€ L L
0.0 OI ()l(1+1 8)(10 UAZ)

FAz 1

D, (1.38x10°

Cepo =
+2.5

0

The oxidation flux is reduced as compared with free atmosphere, and
correspondingly are reduced the concentration of oxygen as compared
with free air and also that of carbon dioxide as compared with that calcu-
lated before. It is interesting to see the behaviour of our results in extreme
conditions.

We have assumed a very stable atmosphere around S, but does it makes
sense? An oxidation always involves enthalpy releases (the reaction of
organic substances with oxygen releases 3x107 J/kg) and then temperature
increases and, finally, convective processes that transfer air much more
efficiently than diffusion does.

Is this enthalpy it able to mix the surrounding air on the Az that sepa-
rate S from the “free” atmosphere? It is not possible to answer without the
knowledge of system geometry.

If we consider typical temperature differences between the organic de-
posit and the cave around 0.1-0.5 K, we can estimate in few centimetres
per second the typical air flow velocities, in general much more efficient
than diffusion to evacuate so small carbon dioxide fluxes. The situation
that appear to be the most favourable to use this energy for convective
movements is when we have S on a vertical wall: the heated air forms
eddies in front of S and at the same time the water flows away from it
reducing its cooling role.

The worst situation is surely if S is on the roof (or, more reasonably,
in a closed ascending cave branch): the energy released create a thermal
scdimentation that traps air in the bubble, only diffusion can evacuate
gases from there, also if the entrance is quite large.

We may say that it is in general a very small energy release, but its
effects depends on system shape details: organic deposit orientation, reac-
tivity and depth, water presence in the deposit.

In any case, it appears that extremely low air fluxes are sufficient to
prevent the formation of carbon dioxide rich or oxygen poor atmosphere
inside caves, and really these conditions are quite difficult to meet.

Transient conditions

We cannot discuss here other detail like “thermal diffusion” or “Soret
effect”, but we have to spend some words about the volcanic carbon di-
oxide “rivers” that sometimes have been able to kill many people, and on
the general fact that if we have a cup filled with carbon dioxide we can
pour it in another cup, gravitationally. How can it be possible?

It is simple, are typical transient situations. A gas filled cup it is very
similar to a hot stone, which is going to cool, slowly, with similar diffu-
sion law.

This means that if we produce, in some way, the filled cup with an
external effort, its gas will hold there for some times, like the cold dir in
supermarket freezer, but the situation is not stable. The freezer situation




is stabilized by a continuous air cooling, the carbon dioxide trap can be
stabilized by a gas source (and we return to “stationary” physics), but if
these “sources” arc absent the system evolutes to a maximum entropy
state, one to uniform temperature and the other to complete mixing. In
this case the gas will then diffuse away to fill the Earth atmosphere, very
slowly, but meanwhile can be poured like a liquid or flow along a gallery
floor.

Hell
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Calibrated Holocene Paleotemperature Record for North America from Stable Isotopic Analyses of Speleothems and their Fluid Inclu-

sions
P.A. Beddows, R. Zhang, D.C. Ford, H.P. Schwarez

School of Geography & Geology, McMaster University, Hamilton, Ontario, Canada

Abstract

The secular variation of the oxygen isotope composition of speleothem
calcite provides a powerful but qualitative index of climate change. In
principle, it is possible to calculate the true temperature of calcite depo-
sition from the partitioning of oxygen isotopes between the speleothem
calcite and the formation water. The obstacle to completing this calcula-
tion is the need for samples of the original drip water from which the
calcite precipitated. We are now able to extract this drip water from fluid
inclusions trapped in the calcite matrix using new techniques partly devel-
oped by the McMaster working group. The oxygen of the fluid inclusion
water may have exchanged with the enclosing calcite after entrapment
and therefore should not be used as a direct measure of ihe iemperature of
formation. The deuterium/hydrogen ratio (dD) of the entrapped water will
be unchanged, however, allowing us to use the dD of the fluid inclusion
combined with the Craig-Dansgaard meteoric water line (assumed to be
valid over the Holocene) to reconstruct the initial 180 ratio of the drip
water. Using this with the d180 of the speleothem calcite we may then
determine the actual temperature of calcite deposition, a value which is of
great interest as it will be approximately equal the mean annual tempera-
ture above the cave in most instances. Validation of this method is being
provided by analysis of modern speleothem calcite combined with an an-

nual cycle of monthly bulk drip water samples, and instrumental records
of drip rate, temperature and total dissolved solids from 18 monitoring sta-
tions placed in six caves in 2004. The speleothem climate change records
including the calibrated temperature record will allow us to assess impor-
tant changes in regional climate through the Holocene along a west-east
transect that is broadly across the middle of the North American continent
and close to the modern mean position of the Polar Front. Towards this
end, two eastern and two western field areas have been selected for inten-
sive study. We will assess the gradient in d180 of the precipitation across
the western cordillera of North America (from Vancouver Island on the
Pacific coast to Bow Valley, Alberta) and thereby provide insight to the
evolution and shifting of storm tracks as'they move east from the Pacific
into the rain shadow of the Canadian Rockies. Contemporaneous records
from the mid-west (Indiana) and north-east (New York) will be used as
continent-wide points of comparison. The Pacific Coast site includes three
caves located over a range of altitude from sea ievel to 750m asi. Here we
hepe to observe shifts in the boundary between the northern and southern
Pacific gyres which would affect the isotopic evolution of precipitation
generating recharge to the caves. Results from the cave water monitoring
and isotopic analysis of speleothems will be presented from this ambitious
continental scale project begun in 2004.
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Origin of the Climatic Cycles from Orbital to Sub-Annual: Spelesthem data

Y.Y. Shopev, D, Stoykeva, L.T. Tsankov, D.C. Ford, C.J. Yonge

University Center for Space Research and Technologies, University of Sofia, Bulgaria

Abstract

We developed a new real- space periodogramme analysis algorithm
to calculate, compare and calibrate the real intensity of the cycles in spe-
leothem luminescence time series. We studied variations of the length of
these cycles with time by evolutive power spectral analysis. We studied
long cycles in luminescent speleothem records from Jewel Cave, South
Dakota, US and from Duhlata cave, Bulgaria 10000 km apart, covering
89300- 138600 yrs B.P. and the last 250000 yrs respectively. These so-
lar insolation proxy records contain orbital cycles of 41, 23 and 19 kyrs
and solar luminosity cycles with duration from several centuries to 11500
years. The most powerful non- orbital cycle is 11500 years cycle (as pow-
erful as the 23000 a. orbital cycle in our record). It was found previously
to be the most intensive cycle in the delta C-14 calibration record and was
interpreted to be of geomagnetic origin. Our recent studics suggest, that
this is a solar cycle modulating the geomagnetic field. We determined

the Solar origin of the cycles with durations of 11500, 4400, 3950, 2770,
2500, 2090, 1960, 1670, 1460, 1280, 1195, 1145, 1034, 935, 835, 750 and
610 years. It was done by their detection both in proxy records of spele-
othem luminescence, D14C and the intensity of the geomagnetic dipole. It
is well known that the main variations in the last two records are produced
by the solar wind. These millennial solar luminosity cycles can produce
climatic variations with intensity comparable to that of the orbital varia-
tions. We used the same digital analysis to calculate the intensity of the
cycles of the speleothem luminescence (representing cycles of solar radia-
tion or air temperature) in speleothems from Cold Water Cave, Iowa and
Rats Nest Cave, Alberta. Obtained power spectra demonstrate that many
speleothems recorded cycles of the soil temperature in the region with
duration of about 11 and 22 years. These are the well-known solar cy-
cles, which drive temperature changes in some climatic regions. Although
this solar cycles produce variations of the solar constant with amplitude
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of less than 0.4% cosmic rays influence on the atmospheric transparency
provides a mechanism of strong multiplication of solar variations on the
solar radiation at the Earth’s surface. Cosmic rays have strong modulation
by the solar wind, which roles their concentration at the Earth. It is proven
that luminescence of speleothems from Rats Nest Cave, Alberta reproduce
air temperature, but such records from this cave exhibit a strong cycle of
425 years, which is well known from D14C to be an important solar cycle.
So it should modulate air temperature as well as cosmic rays flux recorded
by D14C variations. The same records contain also the well- known cen-

tury and bi-century solar cycles. In addition to the annual cycle produced
by the Earth’s rotation we found sub- annual cycles with duration of 27,
23 and 14 days in an extremely high- resolution luminescent record from
Cold Water Cave, Iowa. Such cycles can be produced by the period of
rotation of the Sun, which produces similar variations in the solar wind
modulating cosmic rays flux. This period produces periodical appearance
of the active zones on the Sun, which are major emitters of solar wind so
produce strong variations of its density.
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Periodicity in environmental change revealed from New Zealand speleothems

P.W. Williams, D.N.T. King, J.X. Zhao, K.D. Collerson
Auckland University, New Zealand

Abstract
Spectral analyses of stable isotope values from New Zealand stalag-

-mites show distinct periodicities. A period of about 90 years is particularly

prominent. Speleothems analysed cover an interval of about 25,000 years
from the Last Glacial Maximum until the present. Chronological control
is provided by more than 40 TIMS dates.
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A census of italian sea caves
Graziano Ferrari

(No affiliation) Via Vignati 18, 1-20161, Milano, Italy - gwferrari@gwferrari.it

Summary

In 2001 CLEM, an independent research center in marine sciences,
performed a census of Italian sea caves. The aim was to gather a gen-
eral view of scientific knowledge about sea caves in Italy. Thanks to the
sponsorship of the Italian Ministry of the Environment, the census was
published in 2003. A large multi-authored book collects 50 papers on the
various aspects of sea caves scientific relevance. A bibliographic refer-
ence of nearly 1000 entries completes the book. An attached CD-rom con-
tains the book papers in html format and the actual census. 1048 caves are
registered, but many more are to be discovered.

Introduction

The scientific and environmental importance of sea caves is well
known. The European Commission enclosed sea caves in the list of en-
dangered habitats, that are worth a special protection status (LIFE Direc-
tive, 92/43/EC, Annex I).

However, scientific and environmental knowledge about sea caves in
Italy was dispersed among several sources: caving associations, divers,
cave-divers, sea biology researchers, geologists, archaeologists, sea-
bound environmentalist associations and so on.

In 1997, Fabio Cicogna proposed a data collection of all scientific as-
pects of sea caves. Sponsorship and funding from the Italian Ministry of
the Environment was granted to the project. The result is a large book with
an attached CD-Rom, published in 2003.

Fabio Cicogna and CLEM

Fabio Cicogna (1925-2004) was a philanthropic supporter of marine
science research. In 1978 he established CLEM (Centro Lubrense di Es-
plorazioni Marine - Lubrensic Center on Sea Exploration) in Massalub-
rense (Naples, Italy). CLEM was a non-profit organization; it sponsored
and supported a large number of research works and dissertations, mainly
on biology and ecology of marine habitats. From the beginning, the in-
terest in sea caves was relevant. Such interest stemmed mainly from the
parallel interest in red coral (Corallium Rubrum).

CLEM preduced two scientific books on red coral (with the sponsor-
ship of the Italian Ministry of Agriculture and Fishery), a media campaign
against the edible use of the date-shell (Litophaga litophaga) and the fea-
sibility study of the “Punta Campanella” protected marine area (Naples,
Italy).
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History of the census on sea caves

In 1997, the general interest in sea caves evolved into a more defined
project. Fabio Cicogna proposed to Prof. Paolo Forti (University of Bolo-
gna) and to the Italian Speleological Society to cooperate in a nation-wide,
multidisciplinary collection of information about Italian sea caves. At the
time, the author was the coordinator of the Cave Register Board of the
Italian Speleological Society. The National Cave Register Board, struc-
tured in regional branches, summed up data sheets about nearly 30.000
caves, but sea caves owed no special evidence.

Furthermore, exploration of sea caves is carried out by several groups
(cavers, university researchers, divers, etc.), and some of them do not re-
port to caving associations. A data collection was needed, with the cooper-
ation of all the involved groups. Fabio Cicogna and the author cooperated
in the definition of a detailed project.

The author left the Cave Register Board, but continued to arouse inter-
est in the project from the Cave Register and several regional and local
caving associations. In the meantime, Cicogna aroused interest from geol-
ogy and biology researchers and from Legambiente, a large environmen-
tal organization with a strong involvement in marine protection.

In 1999 the project was submitted to the Jtalian Minisiry of the Envi-
ronment, Sea Protection Directorate. It was approved and funded at the
end of 2000.

Development of the sea caves’ census

The project started effectively on 17 February 2001 and it was planned
to last for 18 months. Fabio Cicogna acted as project manager, with help
from the author. Prof. Paolo Forti supervised the geological section and
Prof. Carlo Nike Bianchi (presently at the University of Genova) coordi-
nated the biology / ecology section. The author was also in charge of the
actual data collection. These four people composed a project management
board, and they acted as the book editors.

The project result was designed as a multi-authored book collecting a
large number of scientific contributions about several aspects of sea cave
sciences. A specific section about technical issues was added (tools, tech-
niques, training, rescue). An attached CD-Rom was designed to contain
the papers printed in the book and the actual cave census data sheets, as
plain web pages. Furthermore, a small collection of representative images
and movies was added.

The editing work proceeded for about a year, with few problems.

On the register side, however, the Italian Speleclogical Society refused
to sign an agreement about cave register data. Sea caves’ data collection
proceeded anyway. It was based on a comprehensive bibliographical re-
search, performed in large part at the “Franco Anelli” Speleological Docu-
mentation Center, at the University of Bologna (thanks to Prof. Paolo Forti
and to Michele Sivelli). Further data were collected thanks to researchers,
divers, cave divers, diving centers.

Finally, the Italian Speleological Society agreed to share its data,
mainly thanks to the present coordinator of the Cave Register Board, Prof.
Paolo Mietto (University of Padova). This subsequent agreement, togeth-
er with Fabio Cicogna’s health problems, accounted for an overall delay
of 6 months in the project completion. 1048 single caves were identified.
A survey was available for 548 of them (429 directly from the survey
authors or from publications, 119 from the Cave Register). Publication of
each survey was explicitly permitted by the author, by the original publi-
cation ownership or by the Cave Register.

The book is not for sale. 1000 copies were printed; about 500 were sent
free of charge to: regional environmental management agencies, marine
protected arcas, central and local directions of the Harbor Master’s Of-
fice (“Capitanerie di Porto”), institutions and researchers involved in sea
cave studies, scientific libraries, central and local cave register offices,
national heads of the Cave Rescue Corp, members of the Cave Diving

Commission of the Cave Rescue Corp, single paper authors and single
data contributors.

The book structure

The book is designed as a collective work, with 54 authors contributing
a total of 50 single papers. All the contributions are in Italian, with a col-
lective summary in English. It was gathered and edited by C. N. Bianchi
and C. Morri. The following notes are abridged from the book summary.

The book starts with a Presentation by Dr. Aldo Cosentino, Director
General of the Sea Protection Directorate of the Ministry of the Environ-
ment. The Introduction by Fabio Cicogna and the list of authors follow.

The book is structured in seven largely independent parts. The first
part shortly retraces the history of exploration and scientific research on
sea caves.

Geology

The second part, coordinated by Prof. P. Forti, with considerable help
from Dr. F. Antonioli, is devoted to the geology, geomorphology and pal-
aeontology of sea caves.

Dealing with cavities of continerital origin and their marine evolution,
the authors maintain that the short period variations (induced by tides and
atmospheric pressure) may be disregarded because they have practically
no effects on speleogenesis. But other factors like ice melting due to cli-
matic variations, tectonic movements, elastic movements induced by gla-
ciostasy and isostasy, and also subsiding movement of the coastal plains
must be taken into consideration because they may heavily control the
evolution of caves along the seashore. Therefore it is important to know
the variation of the sea level zone by zone in detail because the effect
of isostasy, the tectonic behaviour and many other factors, may change
dramatically even within a few kilometers. The evolution of the sea caves
is normally proportional to the period the sea water remained in contact
with the hosting rock and therefore the largest of such cavities have been
normally observed where the average sea level has been relatively con-
stant in time.

On the basis of the definition given at the beginning, sea caves may de-
velop in any kind of lithology, but their genesis may be extremely differ-
ent. Therefore it is useful to split sea caves into two different categories:

° Marine ingression caves

° Sea caves (sensu strictu)

All the continental caves belong to the first group, their genesis be-
ing independent from the presence of the sea: they may be tectonic, eo-
lian, volcanic or karst cavities flooded by the sea when its level rose. The
marine ingression caused nothing else than the stop in the speleogenetic
evolution of such cavities.

A whole chapter is devoted to the caves of the second group, which
are said to be far more interesting from the genetic point of view: in fact,
their evolution has been directly controlled by the sea water, in a passive
manner (primary caves in a reef barrier), in a mechanical manner (littoral
caves made by marine erosion), or in a physico-chemical manner (mix-
ing water caves). The genetic mechanisms for ali these caves are shortly
discussed.

A further chapter deals with chemical and physical deposits. Cave
environment is extremely conservative; moreover nearly all the cavities,
and mainly the marine ones, may be partially or totally filled by physi-
cal and/or chemical materials. The mechanisms which are responsible
for sedimentations inside marine caves are briefly reported together with
the description of the most peculiar of such sediments. These physical
and chemical sediments have a fundamental importance for studying the
paleo-climatic and paleo-environmental evolution, in particular for the
recent Quaternary.
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Each cave is represented by a fact sheet with four main sections:

¢ Geographic, metric and position data.

Abrief description, usually taken from a publication.

* Surveys and photos, with references to authors and publications.

* Bibliography.

Each fact sheet is designed as a web page, to be displayed on PC with
a web browser (Netscape Navigator, Microsoft Explorer, etc.). The overall
register has a geographic structure, divided in Regions and in main sea
caving areas. The geographic structure allows an easy display of related
caves and most searches and selections.

Other available searches are: by Municipality, by name (or part of), by

development, by entrance elevation (or depth), by longitude, by latitude.

The collected data were also integrated within the SIDiMar, the geo-
graphic information system of the Ministry of the Environment Sea Pro-
tection Directorate.

The following table summarizes facts about Italian sea caves, divided
by Regions. Separate entries are provided for caves already included in
the National Cave Register and for caves not yet included in the Cave
Register (due to failure to transfer data to the Cave Register, or to missing
/ incomplete positioning or missing survey). Each specific data column is
further divided into caves with and without survey.

Caves Already registered Not yet registered
Region Surveyed Unsurveyed Surveyed Unsurveyed
Basilicata 17 17 9 8 0 0 0
Calabria 25 18 15 3 7 0 7
Campania 238 113 85 28 125 43 82
Friuli-Venezia Giulia 4 4 4 0 0 0 0
Lazio 103 38 12 26 65 0 65
Liguria 53 30 18 12 23 7 16
Puglia 201 185 132 53 16 9 7
Sardegna 247 156 155 1 91 7 84
Sicilia 108 23 12 11 85 12 73
Toscana 52 27 21 6 25 7 18
Ttaly 1048 611 463 148 437 85 352

Future developments

Since the present census is far from complete, the main objective is to
further push data collection, with more publications in the geological and
biological areas. The diving magazines often report references to unpub-
lished submerged caves. This means more field information from profes-
sional divers is needed.

The increasing interest in sea caves caused the definition of a law pro-
posal at the national Parliament. The proposal aims at the protection and
the exploitation of sea caves. Care must be taken not to exploit sea caves
before the proper scientific studies are performed. The risk is to over-use
or abuse little known resources.

A better approach would be the definition of a nation-wide plan of
local area research campaigns, aimed to collect a complete and detailed
knowledge of sea caves, area by area.

In this sense, a powerful help would come from the use of the multi-
beam side-scan sonar. This was the last Fabio Cicogna’s idea about sea

caves. Entrances as small as 0.5 meters wide can be identified at depths
down to 50 meters. The following pictures show the results of a test per-
formed in Salento (Lecce, Puglia).

Bibliographic references

Cicogna F., G. Bavestrello & R. Cattaneo-Vietti (eds.), 1999. Red Cor-
al and other Octocorals. Biology and Protection. Ministero per le Politiche
Agricole, Roma. 1-338.

Cicogna F., C. N. Bianchi, G. Ferrari & P. Forti (eds.), 2003. Le grotte
marine: cinquant’anni di ricerca in Italia. Ministero dell’ Ambiente e della
Tutela del Territorio, Roma. 1-505.

Cicogna F. & R. Cattaneo-Vietti (eds.), 1993. Red coral in the Mediter-
ranean Sea: Arts, History and Science. Ministero delle Risorse Agricole,
Alimentari e Forestali, Roma. 1-263.
; —

Figure 8 - Sonar profile and 3D digital terrain model of the Grotta delle Corvine entrance (Lecce, Puglia)
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...) deploy in a way similar to a typical cave rescue operation (long dura-
tion, many technician involved, several teams in parallel, several helicop-
ters, interaction with Public Corps, high media profile, ...). In this sense
and in the general management of a rescue organization, the experience
raised by the School for Cave Rescue Managers may be very useful to the
CNSAS as a whole.
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Abstract

Two snow cores from the Lo Lc¢ 1607 “Crepaccio superiore in media
Val Laghetto” ice cave were analyzed for their chemical and stable iso-
topes composition. The cave, located at an altitude of 1948 m a.s.l., con-
tains a snow deposit fed by windblown snow showing a yearly thickness
variability of some metres in connection with winter snow availability.

‘We compare data from the two snow cores data and discuss the char-
acteristics and significance of the observed enriched levels. A distinctive
pattern characteristic of the ablating top snow surface is described, with
particular attention to the behaviour of those ions typical of the carbonatic
environment (Ca®', Mg?") when compared to the other ions. These results
can be useful in developing a method for detection of buried ablation sur-
faces in cave snow cores. A first simple attempt to derive such a method
is proposed.

Intreduction

The entrance to thr Lo Lc 1607 “Crepaccio superiore in media Val
Laghetto” ice and snow cave is located at an altitude of 1948 m. a.s.l. on
the northern slope of Grigna Settentrionale (Central Italian Alps), in the
Moncodeno high altitude karst area (Fig. 1). Surface morphology of the
area is dominated by dolines, bare rock surfaces and karren. Buried karst
surface landforms testify of a time when the very poor present soil cover
was more abundant. Field work started in 1999 and developed from a
general survey of a selection of the many caves known to host ice deposits
to the coring of two snow cores year 2000. Further work on cave ice in
the area is summarized in Citterio et al. (in press); since autumn 2004 at a
nearby ice cave a large microclimatic system is collecting data both from
the epigean and the hypogean environments down to a depth of 100 m.

The Lo Le 1607 is a small cave in the infiltration zone of a karstic
system decapitated by glacial exaration (Bini & Pellegrini, 1998). The
cave has been surveyed in the past decades and the presence of perennial

ice and snow deposits is reported since the first surveys (published many §

years later by Bini & Pellegrini, 1998), which also show a now obstructed ¢ 1‘

down-going passage in the ice . The present setting of the cave is shown
in Fig. 2: the snow deposit at the bottom of the entrance doline has an un-
known depth and is directly and abundantly fed by snowfalls. Following
to the entrance of the cave and the steep debris slope is another snow de-
posit where accumulation is due to windblown snow. In summer 1999 the
deposit featured a statigraphy composed of more than one hundred layers
over a total thickness of about 2.5 metres. These layers were bounded
by irregular undulated surfaces produced by refreezing of a usually mil-
limetric wet snow level. The proximity to the cave entrance allows for
the relatively wide temperature oscillation needed for the development
of such features. The thickness of this deposit showed a rapid variability:
the few metres observed during summer 1999 were found to have reduced
to less than one metre when the cores have been drilled in summer 2000.
Nevertheless, the two short cores allowed precise sampling and high qual-
ity samples for chemical and isotopical analyses. At the time of drilling
the snow deposit was undergoing a strong ablation phasc also promoted
by sparse dripping from the cave roof.

The interest for ice and snow deposits in caves is mostly connected
with the attempt to use them as sources of past environmental data, both
for the last years or tens of years (in the case of deposits near to the cave
entrance) and for the last centuries or even thousands of years (at deeper
and more stable ice deposits). Dating by various techniques at some ice
caves have already confirmed the existence of cave ice deposits reaching
these ages (Serban et al., 1967; Achleitner, 1995; Citterio et al., 2005).
Nevertheless, for a snow or ice cave deposit to be a viable source of infor-
mation about the past, it has not only to represent a long time interval with
good resolution, but its stratigraphy also has to be clearly defined. Most
importantly, melting episodes resulting in stratigraphic gaps have to be
readily recognizable someway. Direct observation of vertical exposures
on the sides of the deposits are not always available or even reliable, and
the advantages of working on ice and snow cores back in a cold room calls
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Figure 2 - Plan and vertical cross maps of the Lo Le 1607 cave (simplified and updated
from Bini & Pellegrini, 1998).

for the development of practical methods for detecting ablation surfaces
buried by successive accumulation events. What makes this an even more
challenging issue is the present lack of a crystallographic and textural evo-
lutio model of snow in cave environments. Due to the different thermal
regimes of ice caves with respect to epigean snow covers, the well known
sequence of recrystallization stages involved in metamorphism of snow
into firn can be expected not to be immediately portable to hypogean snow
evolution (Persoiu, pers. comm.). Similarly, snow composition profiles
available from the nivological and glaciological literature may not be di-
rectly compared with findings from cave environment.

21-28 August 2005, Kalamas, Hellus

Figure 1 - Map of the Moncodeno area; the black dot marks the location of the Lo Lc 1607 cave.

Matherials and methods

Many technical details are involved both in field and laboratory opera-
tions on ice cores. The Environmental Sciences Department (DISAT) at
the University of Milano Bicocca is active in leading ice drilling projects
in Antarctica and the Alps; building on this expertise, research assets and
resources we cored a total of four cores in the Moncodeno area (Italy),
and a fifth onc in the Padis area (Romania) in cooperation with the Cluj
section of the Speleology Institute “E. Racovitd” of the Romanian Acad-
emy of Sciences. For the Lo Lc 1607 snow core, the same conventional
lightweight corer used in all of the other caves was selected. The drill head
is an aluminium ring bearing three hard metal alloy knives of selectable
shape and geometry. The stainless steel corer barrel has an internal diam-
eter of 10 cm, it is [ m long and it can accept up to 60 or 70 cm of ice
in every single run. Its external helicoidal trail drives the ice chips to the
upper part where two windows let them enter and collect in a chamber.
Rotation is provided by a 220 V, 1.5 kW low rpm electric engine and the
operator both supplies the thrust force and contrasts the torque manually;
a heavy duty power linc was used to connect to a 2.5 kW power unit
located near the entrance of the cave. The core was drilled from the top
surface of the snow deposit down to the coarse rock debris found at the
bottom of the snow deposit. The cold transport from the coring place was
a two steps process: first, the cores were immediately closed in plastic
bags, hauled to the surface inside sections of rigid PVC pipe to protect
them from handling shocks, and placed in insulated boxes cooled by solid
CO,; at the end of the coring operations the boxes were taken downvalley
with the help of two mules and finally to cold storage by car. Once in the
cold room of the University of Milano Bicocca the cores were cut with




a band saw and 5 cm thick continuous samples were cut for chemistry,
stable oxygen isotopes, pollen content and insoluble particles analyses.
This sampling procedure of the core, which produces a virtually continu-

. ous record of equal, regular, prismatic subsamples under controlled condi-
tions, is impossible to be reliably carried out in the field.

The chemical analyses have been carried out by ionic chromatography
on melted and 0.45 pm filtered samples at the Analytical Chemistry Dept.,
University of Firenze; the oxygen isotopes analyses have been performed
at the Geological, Environmental and Marine Sciences Dept., University
of Trieste.

Results

Chemical profiles (Fig. 3) show a pattern consistently present in both
the cores and for any of the measured ionic species: the topmost 5 cm high
sample is always more enriched than the sample immediately below it,
usually by three to five times. The strong enrichment of the topmost sam-
ple can be clearly observed in every plot. A strong peak in the Ca®" content
and a lower one for Mg?, typical ions of the carbonatic environment, can
be observed both in the 1650-1 and in the 1650-2 cores at a depth of 35
cm and 20 cm respectively. No significant enrichment in any other ion has
been found at these same depths. Cave samples show lower values than
samples from an old snow patch sampled in the cave area in June, 2001
(Tab. 1) with the exception of Ca** and Mg*", which are more abundant in
the cave samples.

Na' NH, K Mg* Ca® Cr NO; 807

ppb ppb ppb ppb ppb ppb ppb ppb
1607-1 core, average 48 17 35 65 8§44 72 27 71
1607-2 core, average 24 12 12 32 550 57 20 43
snow patch, val Laghetto, June 2001 85 259 30 24 445 258 970 505
Colle del Lys Glacier, summer average 49 206 31 21 243 111 437 505
Colle del Lys Glacier, winter average 27 35 19 9 86 68 149 245
Colle del Lys Glacier, year average 36 108 24 14 152 86 272 855

Table 1 - Major ions average content in the two snow cores (5 cm high continuous samples), in samples from a nearby epigean old

the Colle del Lys core (this last data set is from Radice, 2600).

When considering as a rough reference the averaged data from an Al-
pine glacier high altitude coring (Colle del Lys Glacier core, representing
the 1971 to 1997 snow accumulation), where seasonality has been found
to be particularly strong in NH,*, NO,” and SO, contents (Radice, 2000),
it can be seen that these same ionic species show the largest differences
between cave and epigean old snow patch data. The chemical profiles fol-

snow patch and in

low similar trends in the two cores (Fig. 3) but, despite having been cored
in two very near locations (less than one metre apart from each other)
the 1607-1 core has a higher ionic content. The correlation coefficient
matrixes for both cores are similar and Tab. 2 shows the correlation coef-
ficient matrix for the 1607-1 core.

Na* NH,* K* Mg? Ca> cr NO; SO,>
Na* - 0,99 0,99 0,84 0,15 1,00 0,81 0,99
NH,* 0,99 - 0,99 0,84 0,15 0,99 0,82 0,99
K 0,99 0,99 - 0,86 0,19 0,99 0,80 0,99
Mg 0,84 0,84 0,86 - 0,64 0,86 0,77 0,88
Ca?* 0,15 0,15 0,19 0,64 - 0,18 0,30 0,22
cr 1,00 0,99 0,99 0,86 0,18 - 0,81 1,00
NO, 0,81 0,82 0,80 0,77 0,30 0,81 - 0,85
SO 0,99 0,99 0,99 0,88 0,22 1,00 0,85 -

Table 2 - Correlation coefficients matrix for the 1607-1 core data.
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Figure 3 — Major ions content profiles along the two snow cores (5 cm high continuous samples). The strong enrichment of the topmost sample
can be clearly observed in every plot. Very strong peaks in the contents of Ca*" and Mg?", typical of the carbonatic environment, can be observed
at a certain depth in both the cores, while the other ions consistently feature a fairly constant content, without showing any enrichment at that
same depth (see the text for a discussion of this patterns). Concentrations in ppb, depths in cm.
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As can be seen from Tab. 2, while in general the correlation coeffi-
cients are quite high, the correlation coefficients of Ca* is very low with
any other ionic species except Mg?".

3180 values are remarkably constant along the core length(fig. 4), with
average values of -6.0 and -6.1 %o in the two cores. The chemical and
oxygen stable isotopes plots with depth show no correlation, being the
constant §"*0 values does not reflecting neither the generalized ionic en-
richment at the top of the core, nor the deeper Ca?' peak described above.

Discussion and conclusion

The main focus of our discussion will deal with the different nature
of the two levels of comparatively higher ionic content which have been
found in the two snow cores from the LO LC 1607 ice cave. Further dis-
cussion may deal with the lower content in most ionic species (notably in
the industry-related species such as 8O,>) with respect to the Colle del Lys
core, despite the fact that the latter is from a site located at much higher
an altitude, but this falls beyond the main purpose of this paper, which is
to investigate the feasibility of detecting stratigraphic discontinuities in
the snow deposit. The fundamental difference between the two enriched
levels, which are found one at the very top of the core and the other at
the depths of 35 and 20 cm in the 1607-1 and 1607-2 cores respectively,
is the enrichment in all ionic species opposed to the enrichment in Ca?
(and to a lesser extent, of Mg?") only. The common feature of both levels
is the complete absence of any corresponding signal in the oxygen stable
isotopes ratio data. In order to interpret the evidences found, it is nec-
essary to take into account the setting of the investigated snow deposit,
and its consequences on the accumulation, possible contamination and
ablation of the deposit. The coring location is a few metres inside the
cave and is not reachable neither by free falling snow nor by avalanching
snow because of the peculiar internal topography of the selected cave.
Accumulation is thus represented by windblown snow only, the strong
winds being also responsible for the presence in the cave of leaves from
the broadleaf forest a few hundred metres of altitude lower. This accumu-
lation process can also be expected to mix to some extent the snow before
it enters the cave, thus smoothing the chemical and isotopical differences
of the various snowfalls. Dusts are also likely to be blown into the cave
by the strong winds. The deep Ca®* and Mg* enriched levels are clearly
related to contributions from the carbonatic environment, either under the
form of aerosols due to water dripping and enriched in these ionic species
typical of the carbonatic environment or to the presence of light wind-
blown layers of carbonatic dust of local origin or finally to other means
of contamination of the snow deposit by rock derived content. It is also
likely that this process is acting slowly in nature, so that the Ca®* peak will
only develop during a temporary accumulation stop. The different depths
at which this level is found in the two cores i¢ an effect of the different

thickness of the snow deposit in the two coring sites and it is interesting
to observe that, when measured with reference to the bottom of the core,
they it is found at 10-15 cm in both of the cores. This last note actually
supports the described genetic model of the deep enriched layer, since it
is more likely that a roughly regular surface was produced by windblown
snow accumulation instead than by ablation. In facts, the ablation surface
at the time of coring was quite undulated and irregular.

As for the enriched surface level, we must exclude any process leading
both to isotopic fractionation or allowing for the preferential accumula-
tion of certain ions at the top of the deposit. Warm season ablation in the
cave can be considered as dominated by melting, being the humid, cold
and solar radiation shielded cave environment not favourable to signifi-
cant evaporation and sublimation processes. During the ablation season,
as was the case at the time of coring, the snow deposit is melting and
the surface of the snow gets enriched in ionic content without undcrgo-
ing any significant isotopic fractionation; this may be accompanied by
some amount of percolation through the first millimetres and centimetres
of snow by the slightly enriched meltwaters. During the frequent cloudy
weather some small and isotopically undetectable amount of condensation
on the snow surface may also take place from the humid air entering the
cave, but the dominant phenomenon seems to be acting concentrating in
the top surface the ionic content already present in the melting snow, since
the ratio between different ions remains roughly constant.

Unfortunately the short length of the two cores prevented from fully
investigating the occurrence and characteristics of a series of many high
concentration layers, but it is obvious that a new accumulation event
would have buried the surface level here descr