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Abstract

Caves are among the EarthÕs most important
minerogenetic environments and now over 300 miner-

als are known to develop inside natural cavities. It is surely
true that speleothems are the major aesthetic attraction of a
cave, but their scientific importance is even higher. In fact,
speleothems proved to be the best archive to reconstruct
paleo-climates, paleo-environments and paleo-seismicity
within the Quaternary.

Most of the research has been done by using the char-
acteristics of the calcium carbonate speleothems. Yet, re-
cently it has been proved that other cave minerals may be
considered important markers for palaeo-environmental
studies.

The present paper presents a short, updated overview
of the principal palaeo-environmental studies which can be
performed by using cave speleothems, particularly the non
carbonate ones.

Key words: Speleothems, karst minerology, paleosismicity,
paleoclimate, paleoenvironment.

Introduction

It is well known that the major tourist attraction of
caves is their speleothems. Calcium carbonate (cal-

cite and/or aragonite) formations represent more than
90% of the total, but over 300 cave minerals are pres-
ently known (Hill & Forti 1997) and many others will
be unveiled in the near future.

The current knowledge of cave minerals, which
started only a few decades ago, has been based on
the systematic study on very few caves (some 500)
which have been specifically investigated from the min-
eralogical point of view.

In the last 20-30 years it was clearly shown that
speleothems represent the most powerful tool to study
the Quaternary, because they are useful to reconstruct
the evolution of climate and of the environment, as
well as the seismic activity, allowing also for their ab-
solute dating (Forti 2002, Antonioli et al. 2003).

Until recently, only carbonate speleothems were
utilized for such studies, but a few years ago it was
recognized that many more environmental data may
be extracted from other chemical deposits in caves.
Therefore, studies started to take into consideration
minerals like gypsum, sulphur, opal, dolomite, etc...

After a short summary of the possible studies based
on carbonate formations, this paper presents an up-
dated overview of paleo-climatological and paleo-en-
vironmental studies which can be extracted from other
cave minerals.

Paleo-climatic and paleo-environmental recon-
struction from calcium carbonate speleothems

The idea that carbonate formations may be proxy
for paleo-environmental reconstruction is rather

old (Becker, 1929), even if only in the last 20-30 years
it was worldwide accepted, thanks to the improved
technology in the textural and chemical analyses of
speleothems.

Now it is well known that climatic and paleo-cli-
matic data may be extracted simply by studying the
morphology of speleothems (Franke 1965, Jakucs
1977). Anyway, much more information comes from
their geochemical analysis or from the study of the
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trapped impurities (Bertolani-Marchetti 1985). Even
more accurate data may be obtained from fluid inclu-
sions, which allow for a quantitative reconstruction of
the chemical content and temperature of the water from
which a given speleothem layer grew.

Another very important field which was recently
developed thanks to speleothems, is seismology and
paleo-seismology (Quinif 1998, Forti 2004a).

Finally, a key property of the speleothems is fun-
damental for any paleo-climatic and paleo-environ-
mental study: the possibility of an easy dating. The lay-
ered structure of any speleothems allows an immedi-
ate ÒrelativeÓ chronology, while the carbonate forma-
tions may be easily utilized to transform it into an Òab-
soluteÓ one up to over one million years BP thanks to
some routine techniques (Ford 1997, Shopov et al.
1994).

Speleothems and sea level variations

It is well known that sea level changed dramatically
within the last 500 Kyrs mainly due to variation in

thickness and extension of the ice sheets.

Speleothems, developed within caves close to the
sea level, are probably the easiest tool to reconstruct
in detail the eustatic variations (Antonioli, 2003). The
presence of continental formations inside submerged
caves (Fig. 1), or of submarine deposits within present
day dry caves, allow not only to define the amount of
variation in the sea level, but also to date within few
years this variation.

The morphology of the speleothems and paleo-
climates

The climate exerts control over the external and/or
internal shape of some speleothems, among them

stalagmites which allow easiest paleo-climatic analy-
ses. It was proven (Franke, 1965) that the equilibrium
diameter of a stalagmite is controlled by the quantity
of water dripping over it and this is the reason why in
a single cave stalagmites of the same age, but with
extremely different diameters may coexist. Utilizing this
property, it is very easy to perform paleo-climatic study.

In fact, if in a single cave or  in all the caves of a given
area, there are stalagmites showing a progressive or
sudden shortening of their diameter towards their tips,
it is evident that in the last period the net infiltration
decreased. This means that the climate of the area be-
came dryer (Fig. 2, left). The inverse process (from
dry to wet) is not so easily observed because the natural
evolution of the stalagmite growing layers masks the
increase of the diameter (Fig. 2, right).

Another example of the climatic control over
speleothemsÕ morphology is given by glaciations.

During a glacial, without any liquid water inside
the caves, no deposition may occur and therefore, all
the speleothems stop their growth, restarting only at
the beginning of the following interglacial.

These alternations normally lead to the develop-
ment of peculiar forms only within the growing layers.
But in a few occurrences, peculiar telescopic (Fig. 3)
stalactites have been reported (Jakucs, 1977). They
consist of alternations of scarcely cemented clay-silt

Fig. 1: Longitudinal section of a stalagmite from a submerged
cave of Argentarola (Italy): the lithodomous drilling on the
continental formation and the marine overgrowth are evi-
dent ( photo Antonioli).
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layers overgrowing normal calcite layers, the kind of
deposit being controlled by the climate. In fact, during
most of an interglacial, calcite stalactites developed
but they interrupted their growth at the beginning of a
glacial. When a new interglacial started with a surface
completely depleted of vegetation, the seeping water
was poor in CO2 and rich in clay and silt. Therefore,
these materials were deposited over the stalactites,
but in a short time the vegetation recovered thus the
amount of CO2 in the seeping water rose while the silt
lowered. As a consequence, the ÒnormalÓ deposition
of calcium carbonate progressively substituted the sedi-
mentation of clay and silt and a new calcite layer de-
veloped.

Another effect of glaciations (Kempe, 2005) is
the breakdown of a large number of speleothems in-
duced by ice movements inside the cave. This phe-
nomenon may be misinterpreted as caused by a strong
earthquake: in reality it is often possible to discrimi-
nate between breakdown induced by glaciations and
the seismic ones analyzing the peculiarities of the bro-
ken speleothems.

Inclusions and paleo-climates

All the growing speleothems trap inside their struc
ture different solid and/or fluid inclusions. Pollens

and fluid inclusion proved to be particularly useful for
paleo-climatic studies.

Pollens are used to broadly define the intervals in
which they were actively growing and also to recon-
struct the evolution of the environment of the region
where the cave is located (Bertolani Marchetti, 1985).

The definition of the paleo-climate is better
achieved by studying the fluid inclusions. In fact, the
analysis of the trapped water gives a quantitative re-
construction of the hydrochemistry at the moment of
the deposition of the hosting layer and defines exactly
its temperature of deposition, which is in turn strictly
linked to that of the surface.

Fig. 2: Climatic control of the stalagmite shape. Left: stalag-
mite which experienced a sudden lowering of the feeding
water (D and d equilibrium diameters, A wet period, B dry
period). Right: stalagmite which experienced a sudden in-
crease in water supply (D and d equilibrium diameters, A
dry period, B wet period) in this case the climatic variation
cannot be observed directly because the evolution of the
growing layers masks the dry period shape.

Fig. 3: Sketch of telescopic stalactite, developed due to
aglaciations (after Jakucs, 1977).
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Stable isotopes and paleo-climate

In the crystal lattice of a speleothem there are ele-
ments like O, C, etc... which exist as different stable

isotopes of different atomic weight, the ratio of which
is constant.

Any phase change induces the heavier isotopes to
concentrate in the solid and/or liquid phases, while the
lighter migrates into the gas phase. Therefore, the other
environmental parameters being constant, the higher
the cave temperature, the evaporation will result higher
and the heavier isotopes will concentrate themselves
within the speleothems thus allowing for paleo-climatic
analyses.

Oxygen is the element which provides best re-
sults, because rather all comes from the seeping wa-

ter, while only a few parts per million comes from the
CaCO3 of the hosting rock and from the CO2 of the
atmosphere (Ford, 1997).

Speleothems and paleo-seismicity

In the last few tens of years speleothems became
the most powerful tool to study the earthquakes of

the past. Data may be extracted from broken forma-
tions and still-standing stalagmites (Forti, 2004a).

But breakdowns are often induced by local events,
unrelated to seismic activity and the use of a statistical
analysis of the breakdowns is normally enough to solve
this problem.

Fig. 4: Effect of the flow of an ice tongue inside a cave: the
speleothems (A) were broken (B) and transported by the
ice flow (C) and left on the floor when the ice melts where
new formations may develop over them (D).

Fig. 5: Inside large chambers the lateral expansion of ice
may break speleothems; later, when ice melts, the frag-
ments may result in instable equilibrium (after Kempe 2005,
modified).
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Sometimes, in those areas interested by glacia-
tions, the seismic induced breakdowns may result very
similar to those caused by ice tongs (Kempe 2005).
Anyway, it is often possible to discriminate amongst
these two induced breakdowns: the speleothem frag-
ments produced by an earthquake may be moved only
by gravity, while an ice tongue transports the fragments
coherently with its flow (Fig. 4). Moreover, the bro-
ken speleothems in unstable equilibrium (Fig. 5) are
surely a product of a glaciation, because in no circum-
stances an earthquake may lead to unstable deposits.

Another method to study paleo-seismicity is by
analyzing in detail the inner structure of the stalagmites,
which may be regarded as long period recorders of
the verticality (Schillat, 1977).

The seismic study based on speleothems allows
to go far back in time, and therefore to define the stron-
gest possible event for a given area with an accuracy
far higher than with the traditional seismic analyses.
Therefore, such studies are very useful to define the
seismic hazard.

Speleothems and chronology of the events

The layered structure of a speleothem auto-
matically gives a relative chronology of the re-

corded events. In fact, the upper lamina is always
younger than the lower ones.

Often each layer corresponds to a year, but some-
times it does not. For this reason the growing layers
are utilized only to integrate other dating methods
(Shopov et al. 1996).

Speleothems and rainfalls

By far, the majority of the speleothems layers are a
consequence of the seasonal climate changes and

therefore correspond to a year. But sometimes the
structure of speleothems evidences a frequency of lay-
ers much higher.

Normally, it happens where the speleothems are
very close to the surface and the dripping completely
stops between one rain and the next. In this case, when

the dripping restart normally, a new layer starts devel-
oping.  In this manner, up to 20-30 different layers
may develop in a single year.

Therefore, a detailed analysis of such speleothems
allows to reconstruct in detail the rain pattern for a
given area for all the period of development of the
studied formation (Cazzoli et al. 1988).

A completely different situation is that of the cave
pearls recently found in an abandoned mine in Mexico
(Forti 2004b) These speleothems, unique to the world,
completely lack a layered structure.  Probably, their
development  was constant over the 50 years of sup-
posed growth without any effect of the seasonal cycles.

The hot desert climate of that area may explain
this phenomenon.  In fact, the hot, and humid air en-
tering the mine galleries induce fast condensation over
the walls, which after seepage, induce dripping that
feeds the pearl nest. Due to the fact that rainfalls are
practically absent, all the  water of the mine comes

from condensation and therefore its CO2 content is
absolutely constant without seasonal fluctuations, which
in turn characterize the meteoric seeping water.

Fig. 6: Cuatro Ci!nagas desert: an aragonite cave p earl
developed in 50 years due the seepage of condensation
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Cave minerals and paleo-environments

Until a few years ago, all the paleo-environmental
studied, were based only on carbonate

speleothems. Therefore, the single analyzed minerals
were calcite and aragonite.

Recently, it has been discovered that many other
cave minerals may supply important data to define the
environment in which they were deposited.

It has been proved that sometimes the amount of
rain and its pattern may control the kind of mineral
being formed (Woo et al. 2000, Calaforra et al. 2007,
Dalmonte et al. 2004, Forti & Rossi 2005).

Finally, today some cave minerals may be regarded
as perfect proxy of the physical-chemical conditions
existing inside the cave at the time of their deposition
(Forti & Mocchiutti 2004).

Mineralogical composition and paleo-climates

The climate may influence the kind of forming min
eral.  This process is particularly evident within

gypsum caves where it is common to see calcite and
gypsum speleothems growing together.

The two genetic processes (Calaforra et al. 2007)
leading to the deposition of calcium sulphate and car-
bonate are different. The evaporation, which controls
the deposition of gypsum, is ruled by the temperature
and the relative humidity of the atmosphere. The in-
congruent dissolution, inducing the deposition of cal-
cite, is controlled by the CO2 water content, which in
turn is ruled by biological activity in the overlying soil
and/or by the amount of organic matter within the seep-
ing water.

Therefore, in a given gypsum cave, the presence
of a single type of deposits (CaCO3 or CaSO4) or,
more frequently, the prevalence of one of this mineral
with respect to the other is strictly controlled by the
relative efficiency of the two genetic mechanisms which
compete against each other.

Gypsum deposition, being controlled by evapo-
ration, will prevail in the hot arid hot areas.  In fact, the
largest display of gypsum formations are reported from
the desert of New Mexico (USA) and Sorbas (Spain),
but widespread speleothems are also present along
the coast of the Southern Mediterranean Sea. In all of
these areas the vegetation is scarce or absent and there-
fore, the CO2 content of seeping water is very low
and consequently, carbonate formations are extremely
rare or completely lacking.

On the other hand, where the gypsum outcrop is
covered by a thick vegetation and well developed soils,
due to high CO2 content,(such as in Continental Eu-
rope, Northern Italy, Cuba) the seeping water allows

for the development of large CaCO3 speleothems and
scarce or absent gypsum formations.

It is therefore evident that the mineral prevailing
within a gypsum cave may be regarded as a proxy of
the climate during the development of the mineral it-
self. If the speleothems of a given gypsum cave sud-
denly changed their composition (from dominant cal-

Fig. 7: Relationships between gypsum/calcite formations
within gypsum karst and climatic variations (after Calaforra
et al., 2007).
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cite to dominant gypsum or the reverse; from domi-
nant calcite or gypsum to no deposit at all) it is rea-
sonable that it happened because the climate of the
area changed.

It is then possible to schematize the climatic in-
duced variation in the speleothem deposition within a
gypsum cave (Fig. 7). But it must be stressed here
that some of the climatic changes induce variations that
may be preserved for a relatively long span of time,
while others may not be. This happens because gyp-
sum and calcite have completely different characteris-
tics.  In particular, the higher solubility and erodibility
of gypsum does not allow its preservation over a long
time interval.

In any case, the mineralogical study of the
speleothem developed in gypsum caves may result an
important tool for paleo-climatic reconstructions. But
the use of this methodology is restricted to the last
100 Kyrs, because this is the average time of degra-
dation of a gypsum outcrop (Cucchi et al. 1998).

Also, the speleothems developed within limestone
caves may experience mineralogical variations con-
trolled by climatic changes, but the correlation is by
far more complex. For instance, the deposition of cal-
cite or aragonite may be controlled by climatic changes.
In general, calcite prevail when the deposition is driven
by CO2 diffusion ( in temperate humid climates) while
aragonite becomes dominant where evaporation is the
main process (hot arid climates).

The mineralogical composition
and the fluctuation of the groundwater

Recently, (Forti et al. 2007) it has been proved
that the chemical composition of speleothems may

sometimes be strictly related to fluctuations of the
groundwater level.

Detailed analyses of a pseudo-stalagmite devel-
oped inside the Cueva de las Espadas (Naica, Mexico)
(Fig. 8) have shown the alternation of gypsum, arago-
nite, calcite and finally, of silt.

The observed mineralogical changes allowed for
a detailed reconstruction of the variation the ground-
water level of the thermal aquifer of Naica underwent
in the last few thousand of years (Forti et al. 2007).

The first stage in the development of the pseudo-
stalagmite (Fig. 9A), consisting of a gypsum macro-

crystal, corresponds to a thermal saturate condition.
The beginning of the deposition of acicular aragonite
is a clear evidence that CO2 had the chance to diffuse
within the thermal water. Therefore, the conditions of
the cave were partially aerated (Fig. 9B). After a time
interval of a few thousand years, the groundwater level
rose and saturation conditions were re-estabilished,
thus gypsum deposits covered the aragonite (Fig. 9C).
This alternation continued (Fig. 9D & E) and finally,
thermal water definitively left the caves allowing for
meteoric water seepage, which gave rise to the thin
calcite crust (Fig. 9F). Finally, in 1910, the starting of
the mining work dewatered  the cave completely, caus-
ing the deposition of the clay and silt (Fig. 9G).

Cave minerals and variation in the rain pattern

Sometimes, the variation in the amount, or even only

Fig. 8: Vertical (1) and horizontal (2) sections and graphi-
cal restitution of the pseudo-stalagmite grown inside the
lake of the Cueva de las Espadas: A gypsum, B aragonite,
C gypsum, D aragonite, E gypsum, F calcite, G clay and
silt.
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thedistribution of the rainfall, may induce a change in
the deposited cave mineral.

This effect has been described for the lava tubes
of Jeju Island, South Korea (Woo et al. 2000). These
caves are absolutely peculiar because they host wide-
spread CaCO3 speleothems (Fig. 10), which is the
direct consequence of the presence of a thin layer of
calcareous shell fragments covering the whole island
and of an overlaying thick soil.

The study of the cave corals has shown that they
were originally composed of calcite and aragonite, but
they presently consist almost completely of opal.

The corrosion of calcium carbonate and its simul-
taneous substitution with silica is the direct conse-
quence of the increase of the rainfalls. This increase

enhanced the seepage thus avoiding the possibility that
all CO2 would be neutralized by dissolving CaCO3

while crossing the thin layer of broken shells. As a
consequence, the water reaching the caves was still
aggressive with respect to calcium carbonate, while
its acidity lowered the solubility of silica. Thus, opal
started to substitute calcite and/or aragonite in the struc-
ture of the cave corals.

Even the simple variation in the distribution of rain-
falls, recently observed in many areas of the world
due to  Òglobal changeÓ, is able to produce mineral-
ogical changes within speleothems. In the Bologna area
(Italy), in the last few decades, the rainfalls concen-
trated  two periods, thus causing the appearance of
two ÒdryÓ seasons.

Fig. 9: Evolutionary steps of the pseudo-stalagmite: A- development of a pseudo-hexagonal twin gypsum crystal from thermal
waters (T<59°C) in saturate conditions; B - lowering of the groundwater level which caused the partial emersion of the cave
with consequent deposition of calcium carbonate (aragonite) due to CO2 diffusion from the cave atmosphere into the solution;
C - uplifting of the thermal water which restored the total saturation of the cave; D ± lowering of the groundwater with partial
emersion of the cavity; E ± uplifting of the groundwater with restauration of the cave saturation; F ± definitive lowering of the
thermal water and development of the calcite crust due to meteoric water seepage; G ± total fossilization of the cave due to
mining activities and consequent sedimentation of wash load.
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The very fast hydrodynamics of the gypsum caves
of Bologna is characterized by a short exhaustion curve
and a rather null base level. Therefore, now the caves,
or at least part of them, became completely dry for
long periods and peculiar speleothems, like dolomitic
moonmilk (Fig.11) squeezed from micro-fractures
(Forti et al. 2004) or calcite rafts in small completely
dry pools (Forti, 2003).

The deposition of these two carbonates, where
calcium sulphate practically does not form, is the con-
sequence of the complex chemical equilibrium which
needs a dry cave atmosphere or the capillary uplifting
of water normally trapped within small fractures of the
gypsum rock.

Nevertheless, these chemical deposits are
ephemeral.In fact, as soon as the normal hydrological
pattern is restored, they are rapidly dissolved and/or
eroded and therefore, even if being surely proxy of
actual micro-climatic variations, they cannot be used
to study the same changes which occurred in the past.

Cave minerals and geochemical environment

The equilibrium allowing for the deposition of any
kind of mineral is strictly controlled by the physico-

chemical conditions of the environment in which the
mineral is forming.  Thus, the presence of a given
chemical compound may theoretically allow to recon-
struct the boundary conditions at the time of its depo-
sition inside the cave and therefore, that mineral may
become a paleo-environmental proxy. Anyway, this
kind of correlation is not easy and, until now, only a
few minerals have been used for paleo-environmental
reconstruction.

This is the case of elementary sulphur within the
hypogenic caves.  It was shown (Forti & Mocchiutti
2004) that its deposition is strictly controlled by pH,
which in turn partially depends on the available quan-
tity of H2S to be oxidized to H2SO4.

Normally, gypsum deposits develop inside the
hypogenic caves due to the reaction between H2SO4

and the limestone walls. Rarely do elementary sulphur

Fig. 10: Calcite formations of Dangcheomul lava tube (Jeju island, South Korea) (Photo Woo).
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deposits occur, but there are always overlying gyp-
sum speleothems and not limestone. The presence of
gypsum is fundamental because it avoids a direct con-
tact between condensation water and limestone.
Therefore, the produced H2SO4 cannot be neutral-
ized and the water becomes strongly acid (Fig. 12).
Moreover, its SO4

= concentration rapidly increases.
Both these factors hinder the oxidation of H2S to
H2SO4 and therefore the specific bacteria ruling this
reaction (Thiobacillus thioxidans, Solfolobus) stop
their activity. But the condensation process  brings new
H2S, which is now oxidized to elementary sulphur
thanks to specific micro-organisms (Thiobacillus
thioparus, T. thiotrix), which have now have the
chance to become active lacking any competition in
these new boundary conditions.

If the rate of supply of H2S falls, the process of
deposition of sulphur may stop, and gypsum deposi-
tion immediately restarts. Therefore, in a limestone
cave the presence of active and/or fossil sulphur de-
posits is a proxy of high concentration of H2S in the
cave atmosphere at the moment of their development.

Crystal size and morphology and ecosystems

The crystal size of any mineral is always controlled
by the same factors: super-saturation of the solu-

tion and environmental stability. The higher the super-
saturation the higher the nucleation probability and
therefore, development of new crystals is enhanced
with respect to the growing of the already existing el-
ements.

In order to develop huge crystals, super-satura-
tion must be kept very low to enhance the crystal ac-
cretion (a bidimensional process) with respect to the
new nucleation (a tridimensional process), but this is
not enough. It is also necessary to maintain such con-
dition will be maintained over long periods of times.
This is the case of the giant gypsum crystals of Cueva
de los Cristales within the Naica mine (Fig. 13). There,
a thermal aquifer without natural springs assured the
environmental stability in the last million years, while

Fig. 11: The dolomitic moonmilk of the Spipola cave (Italy): its
development was ephemeral and occurred after a very
long dry period.

Fig. 12: Mechanism allowing the evolution of sulphur depiosts
over gypsum formations in sulphide rich limestone caves.
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the extremely low super-saturation was kept constant
by the solubility disequilibrium among gypsum and an-
hydrite at trempratures slightly lower than 58°C (Garc’a
Ruiz et al. 2007).

Sometimes the shape and the dimension of even
very small crystals may allow to detect sudden varia-
tion of the environmental conditions.This is the case of
Cueva de las Velas in the Naica mine (Bernabei et al.
2006), where thin, peculiar skeleton gypsum crystals
developed just for a few days immediately after the
artificial lowering of the groundwater started to dewa-
ter this cave (Fig. 14).

Cave Minerals and speleogenetic evolution of
complex karst systems

Many other cave minerals allow for a rough re-
construction of the paleo-environments in which

they had the possibility to develop.  The hydrated ox-
ides-hydroxides of Fe and Mn are surely among them.
Their deposition is strictly related not only to the envi-
ronmental parameters of the cave, but also to the sur-

face, from where the seeping water came (Forti &
Rossi, 1989).

Moreover, sometimes they supply data to recon-
struct the evolution of complex karst systems, as in the

case of  the Naica caves (Forti et al. 2007, Bernabei
et al. 2006), where it was possible to reconstruct the
minerogenetic sequence as well as the sequence of
speleogenetic mechanisms.

Finally, a multidisciplinary research project started
a few years ago inside the Santa B‡rbara cave,
Iglesiente mining district (Italy) (Forti et al, 2005,
Pagliara et al. 2007). The idea is to reconstruct not
only the evolution of such a cave, but also the paleo-
environments of the Iglesiente over several tens of mil-
lion years on the basis of the different rare cave miner-
als present within its speleothems.

Final Remarks

This short paper on the main paleo-environmental
studies performed using speleothems is surely not

exhaustive, but it is enough to give a general overview
of the the research done and its possibilities.

It is certain that in these last few years  caves have
proven to be among the most interesting minerogenetic
environments in the world. Moreover, their chemical
deposits are fundamental tools not only to study the
recent Quaternary but they are also accurate record-
ers of the actual climatic dynamics.

Fig. 13: A general view of the giant gypsum crystals in
Cueva de los Cristales at level -290 (photo La Venta/S&F
Archives).

Fig. 14: Cueva de las Velas: filaments of skeletal gypsum
over a big crystal. Their development was induced by mine
dewatering (photo La Venta/S&F Archives).
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Surely, in the near future the importance of the
speleothems as paleo-climatic, paleo-seismic and
paleo-environmental proxy will greatly increase.
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