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BIOGENIC SPELEOTHEMS: AN OVERVIEW '

Paolo FORTI 2

ABSTRACT

The idea that spelecthems may be somehow influenced by living organisms is rather old, but
specific studies have only started in the last few decades and presently there are only a couple
of systematic paper on this topic. The role of micro-organisms is perhaps the best investigai-
ed even if it is not fully understood, while studies over upper organisms and spelecthems in a
covern environment are scarce and details are not always given on the involved genetic mech-
anisms.

The aim of the present paper is to give an updated overviesw on these topics in order to enhanee
the interest of the scientific community. In fact the complex biochemical reactions mvolved in
the development of the different cave deposits, though still not well undersiood, clearly have
an interest and an importance far exceeding the simple speleogenctic interest,

Keywords; Chemical deposits in caves, micro-organisms, plants, upper animals

RIASSUNTO

L'idea che la formagione di depositi chimiel secondari in grotta possa essere in gualche modo
influenzata da organismi viventi & abbastanza amica, ma solo da poche diecine di anni sono
partiti studi specifici sullargomento e a i’ oggi esistono solamene un paio di lavori gener-
ali in questo campe,

Il ruolo giocato dai microrganismi & sicuramente guello meglio studiate anche e si & ancora
ben lungi dall averlo definito in maniera puntuale; al contrario il rucle giocate dagh organis-
mi superion el evoluzione dei depositi chimicl secondan di grotta # ancora mollo poco
investigato e nei pochi lavori presenti in bibliografia raramente vengono forniti denagli soi
mMECcanismi genetici.

La scopo del presente lavoro & quello di dare una panoramica aggiomata su questi argomenti
anche allo scopo di sumentare 1" interesse della comunit scientifica su questi temi. In Faiti le
complesse reazioni biochimiche che contrallano 'eveluzione dei differenti spelectemi, la
maggior parte delle quali sono ancors del wito non studiate, hanno ceramente un interesse e
un'impornanza che travalica di gran lungo il semplice swudi spelecgenctico.

Parole chiave: Depositi chimici in grotta, mircorganismi, piante, animali superion
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I - Introduction

The idea that the development of the secondary chemical deposits in caves may be
somehow influenced by living organisms is rather old (SHAW, 1997} the shape and
the internal structure of some speleothems (stalactites, stalagmites, coralloids. ..}
suggested to the early visitors of caves the possibility that they grow as plants even
though the corrent idea was that minerals (and therefore also the speleothems) were
living organisms but at a lower level with respect o plants or animals until the sec-
ond half of XVII century,

In the second half of the XVIT century a scientist pul forth the idea that speleothems
are true “rock plants” (BEAUMONT. 1676), the development of which is very sim-
ilar 1o that of the normal trees.

The theory was later perfected in 1704 by ] P TOURNEFORD who wrone:

“LThat certain rocks poreish dremselves in the same
way as planis. Perhaps they reproduce also in the same
wav..... Mt there are seeds winich graduwally swell up
evred develop the repilar structire which is perfuaps hid-
den beneatli thelr surface... Thus the congelations grow
up from seeds,”

These are the reasons why in the
XV century some of the most com-
mon types of speleothems were often
represented just as part of a tree: with
stuluctites as roots, stalagmites and
columns as irunk, helictites as leaves
or flowers (Fig. 1).

Since the second part of XVIIT centu-
ry the progress in chemical studies
allowed the detection of the main
mechanisms by which caleite and
other minerals deposit in caves and
consequently any possible biogenic
interaction in speleothem evolution
wis rejected for over one century,

Fig. 4 - The speleathems of the Amiparos
cuve ({ireece ) represented as fiving plants
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But the increase of scientific abservation inside caves which characierised the XX
century allowed the opporunity 1o reconsider all the matter and therefore in the lust
50 wears the possibility that living organisms (mainly microorganisms) may same-
how control the development of chemical deposits in caves was once again taken into
consideration.

Today the fact that living organisms may influence. and in reality ofien control the
external shape andfor the chemical composition of the speleothems is generally
accepted. Nevertheless systematic studies on this topic have never been done, except
for a few dealing with microbiology (SASOWSKY & PALMER. 1994; NORTHUP
et AL 1997),

Research in this specific field started only fifty years ago, but their development pro-
gressively enhanced the role played by micro-organisms in the genesis and the evo-
lution of secondary cave minerals, Therefore at present someone even doubts that
caves may host speleothems developed without the active andfor passive control by
living organisms.

The role of micro-organisms is perhaps the best investigated, a least for some of the
most important reactions, even if it is far from being fully understood. Sdies over
upper organisms and spelothems in caves are scarce and normally refer only on the
occurrence of biologically contrelled chemical deposits saving nothing on the
involved genetic mechanisms,

The aim of the present paper is to give an updated overview on these topics in order
tr enhance the interest  of the scienufic community in the swdy of the biogenic
speleathems.

II - The role of micro-organisms

Presently, it 15 well established that microorganinsms can directly cause hiomineral-
ization through enzymes, or they can produce substances that lead to the precipita-
tion of minerals {e.g. by changing the pH in their surrounding ) or they may become
the privileged support to nucleation.

The microbial processes in caves often invalves redox reactions. The microbial play-
ers are viried: aerobic (chemiolithotrophs) microorganisms, which obtain energy
dircetly from the oxidation  of inorganic compound, but also anacrobic (het-
erotrophs) organisms which obtain energy from the oxidation of organic matter and

fur eycle™, where both sulfur-oxidizing and sulfate reducing bacteria are involved
thig. 2.
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Fig. 2 = The sulfur cvele and the main micro-organisms imvedved i if

1 - The “sulfur cycle™

The microbial reactions of the “sulfur cycle™ are perhaps the best studied and have
been proved 1o cause the development of a ot of cave minerals: native sulphur, gyp-
sum and iron oxides-hydroxides are the most common speleathems developed by
them, but plenty of others {Tab. 1) have been reported in literature (HILL & FORTI
1997: FORTI 1989, 1996},
Sometimes the large amount of oreanic matier produced in the “sulfur eycle” allows
for the evolution of speleothems (pseudo-stalactites) consisting of single organic mal
imucus), which are normally called “mucolites”™ (Fig. 31
Apant those related to the “sulfur cycle”, many other kinds of biomineralization can
occur in the cave environment: the most important of which are:

& The Salpeter evolution

® The Phosphate deposition

® The Guano digestion



Fig. 3 - A mucofite in the sulfide
Fich parr of the Frasassd Karst
Svstem (fralv)
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Tabl {- Minerals divectly refated to Swiphur Cvele
Miperals | Genetic mechanisms
| Sulphur anaerobic reduction of sul phates
_ aerohic oxidation of sulphides
bl = \direct reaction of H2504
2 Gypsum 5
B ~ |over limestone or dolostone )
3 Caleite incongruent dissolution of |
= |sulphates |
Fe-Mn Gaethite, Hemaiite, Magnetite, final products of the sulphide |
4 [oxyhydrosides| Lepidocrocite Brounive, Prmfusive,  |oxidation I
Romanechite, Hawsmannite...
Metallic Buarite, Anglesite. Brochantite, final producis of the suphide
5| Sulphates | Fibroferrite, Javosite, Halotrichite |oxidation in presence of
Melanterite, Razenite, Zaherite... |metallic ions
Metallic Sidderite, Auricalcite, Azurite, final products of the sulphide
6 | Carbonates | Malochite, Corvssite, Bosasite,  |oxidation or of the mobilization
| Hyelrozincite... of sulphates in carbonate enviconment
7| Metallic | Hopeite. Parahopeite. Tarbuitie, |final products of the sulphide oxidation
Phosphates | Schalzite, Tinticite, Sampleite... |in presence of guano and/or bones
T__Up.ﬂ ' - deposition induced by pH lowenng
during the sulphide oxidation
9| Sulphides | Pyrite, Marcasite.... anaerobic reduction of sulphates
107 Silicates Allaphane, Endelfite... deposition in strongly acidic

environment induced by sulphide
oxidation




44 Pala HIRTL

2-The salpeter evolution

Actually it is well known that the deposition of saltpeter (nitrocaleite) and all the
other cave nitrates, is driven by nitrifying bacteria, but in the early times of cave sci-
ence. there were several supposed origins for nitrates in caves. Among them the most
curious referred to the uplifting of  nitric gas from deep inside the carth
(ZIMMERMARNN, 1789). or postulated the deposition by electric currents
(GIOVENE, 1819y, Only in 1839 the Danish Lund put forth the hypothesis that:

“Satperer carth fin caves) derives from surface orgenic matter, "

Anyway this theory ook over 150 years to be demonstrated: in fact only in 1981 C,
HILL established that:

- iitrates deached from the surface soils, transpaorted o
caves by seeping waters, are deposited Iy the aid of the nitrogen
bercreria Nitrobacier,, "

Moreover it is presently proved that the same mechanism may also leach nitrates
from guano, rat droppings, urine and deposit them into cave earth.

Therefore it is only in very peculiar cave environmenis (like the volcanic caves) that
salpeter may have a inorganic origin related o weathering of basaltic rock (HILL &
ELLER. 1977},

3-The phosphate deposition

The sources for PO, jons w produce minerals in caves are normally represented by
bones andfor guano deposits inside the cave,

The reaction between phosphoric acid cave walls, clay and sand in the Noor and/or
ather minerals dispersed in the hosting rock is absolutely an inorganic process, but
the transformation of organic phosphorous into POy jons seems to be always, or at
least often. driven by the micro-organisms ruling the complex mineralization (main-
ly oxidation) processes of the organic mat inside a cave,

Therefore  probably almost all of the known cave phosphates are at least partially
biogenic products.

Anyway no specific study on this topic has been done until now,
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4-The guano digestion

Mineralization of guano is a complex mix of different reactions, many of which are
surely biologically driven. The previously described, related to the sulphur cyele, the
saltpeter and phosphate evolution are among them and surely the most important: all
of them oceurring inside guano deposits.

Anyway micro-organisms may reasonably control many other processes, |ike those
causing the deposition of

® Halite
® Gypsum

® [ron and manganese oxides-hydroxides

Until present no specific siudy on the eventual biologically driven guano reactions
has been done. Anyway recently. in a different context (without guano) it was possi-
ble to demonstrate that the iron oxides-hydroxides depositing inside Odyssey Cave,
Bugonia, Australia are surely a biogenic mineralization; here the bacteria Lepotirics
spp and Gallionella sp were prooved o precipitate ferribydrite with characteristic
morphologies (CONTOS 2001, CONTOS e AL 2001 ).

5-Biogenic speleothems in silica-Rich cave environments

The presence of high silica content in the cave wall andfor sediments may allow the
development of peculiar micro-organisms which may in turn give rse o biogenic
mineralizations.

In some voleanic caves of Japan (KASHIMA er A7 1989 the development of sev-
eral silica coralloids and helictites have been found to be strictly related to the pres-
ence of colonies of diatoms {genus Mefosira). In fact these speleothems consist
mainly of skeletons of such organisms that are cemented by a few of silica. Their
presence is strictly confined in the first part of the caves where a little of the external
light ¢an still reach the colonies of Mefosira, because they need the energy supplicd
by the light 1o live. The light control is evident nen only by the fact that these
speleothems develop only in the threshold zone but also by their shape. which is
always pointing lowards the cave entrance.

Beside this proven occurrence of biologically controlled speleothems in silica rich
cave environment. there are several other cases in which a biogenic origin seems 1o
be highly probable.
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Filamentous organic structures have been reported in opal comalloids from quartzite
caves in Venerueln (URBANI 1996, ONAC er AL 2001) and in opal-sulphur
spelecthems in a gypsum cave of Sicily (Forti & Rossi. 1987} (Fig. 4).

Moreover in - many of the lava tubes of the Pico Island {Azores) weathering of
basaltic rock caused the evolution of a widespread amorphous silica moonmilk
(Fig.5), extremely rich in organic matter {over 20%, unpublished data by the author),
thus suggesting thal the weathering process is probably driven by micro-organisms.
In the same iskand there are gigantic opal foswstones (up 1o 3-6 meter long and over
I m thick}) inside the Argar do Carbalo voleanic cave, which seem to derive from the
diagenesis of the previously described silica moonmilk and. therefore, should be con-
sidered biogenic speleathems.

Figd — Santa Minfa ovpsum cave
(Sfciivh an opal-sufplue. fowstone
developed due te the biolegical oxi-
dizing veaction of the sulpluie cvele.

Fig. 3 Amorphous vitica momenilk
from q lava tube of e Pice islond
{Agorest: the speleotiem is very rich
(. organic maner s Suggesimg
some bingemic mechanisms aelive i
ifs eveoltition,
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6-Biogenic Carbonate Speleothems

It is presently well accepted that by far the large majority of carbonate speleothems
developing in a cave environment are absolutely inorganic, anyway at least some of
these deposits undergo biological control,

Fungi, Algae and bacteria have all been implicated in the precipitation of carbonate
dripstones but until recently it was not proved if these micro-organisms helped active-
ly {by driving the chemical process) or passively (serving as crystallization nucleus) in
the deposition, or if they where just accidentally buried there, which seems to be the
rather more Commaon GCoumence.

Perhaps the best example of these processes are represented by the gigantic stromu-
tolitic stalactites developing worldwide just at the entrance of many caves mainly in the
tropical area. The algae colonies responsible for their development needs strong light
1o survive and therefore such formations are present only up to the threshold zone.
Over a score of several 1ens of years, a extensive documentation of the microbial pre-
cipitation of calcium carbonate exists in non cave carbonate/travertine literature
{EHRLICH 1996}, their direct involvement in cave carbonate deposition have only
been demonstrated very recently (CONTOS er Af, 2000 a,b; CONTOS 2001 ). In her
experiments CONTOS proved the active role played by bacteria in precipitating cal-
cite crystals, and also experimentally evidenced that micro-organisms in Nullarbor
caves (Australia) control also the shape of the generated caleite crystals, which are
far different from those of the inorganic precipitated ones.

Fungal hyphae may act as nuclei for erysiallization and a site for attachment for crys-
tals. Algae can trigger the precipitation of caleium carbonate from solution, and may
subsequently trap and bind the panticles o carbonate speleothems. This may occur as
the algae change the microclimate by respiring carbon dioxide and consequently
causing the CaCO4 to precipitate, Anyway due o their photosynthetic nature, except
in show-cave environments, algae will only contribute to carbonate deposition at the
entrance and twilight region of the caves, being responsible for the evolution of the
well known stromatolithic sialactites, which may sometimes reach even gigantic
dimension in the tropical areas. Finally bucteria which utilize carbon dioxide (like
Thothiriv in the sulphur eyele) have been proved o cause accelerated carbonate
spelesthem growth,

Ameng carbonate speleothem wypes, moonmilk is that which most frequently seems
i he originated through microbiological reactions. In fact the two most common
mechanisms for the evolution of moonmilk (HILL & FORTI. 1997) are:

I - Biochemical corrosion of the bedrock by organic acid produced by microorgan-
isms (Arthrobacier, Flavabacreriim, Pseudomenas)
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2 - Active precipitation of moonmilk by bacteria (Macromonas Bipunetata)

Finally it is important 10 note that mocroorganisms should be fundamental also in the
deposition of moonmilk made by different minerals: not only in the case of the amor-
phous silica already cited. but also when the moonmilk is made by gypsum. amor-
phous silica, etc. (FORTI, 2000} even if no specific swudies have been done on this
LOpiC db present,

III - The role of plants and animals in the evolution of speleothems

If the actual knowledge on the role played by microorganisms in speleothem evolu-
lion are surely not exhaustive but fairly good, the situation is completely different
when considering the effect of plams and animals over the secondary chemical
deposits in caves. In fact, in these two fields the research is extremely scarce and the
available few papers always deal with spot observations without any attempt 1o con-
sider the topic from a general point of view,

Presently it's well accepted and enogh documented througout the world that plants
tmainly roots) and remnants of animals (spider nets. bones el ) may passively
improve the development of speleothems by enhancing capillary migration of waters
to places where evaporation may occur,

Anyway, in most cases, an active involvement of plants and animals in the evolution
of spelecthems is siill speculative.

1-The inflluence of roots on speleothem growth

The roots apparatus is the single portion of a wree which may somehow interact with
spelesthem evolution,

The interaction may affect bith the morphology of the spelecthem (passive effect)
and its chemical composition (active effect).

Anyway, plants cannot normally directly control the mechanisms of chemical depo-
sition deep into the caves, because they need light 1o survive and their roots can hard-
Iy reach depths of several 1ens of meter, On the contrary in the show caves, where
light is artificially supplied. plants often become not only a element of disfigurement
but also they may lead to a halt in the calcium carbonate deposition or even caose the
corrosion of speleothems, due 1o the acid secretion of their roots.

A peculiar lithogenetic (active) effect induced by plants was described in the gypsum
area of Bologna (FORTL1983); with the life activity of plants causing a concentrat-
ed local incresse of CO close to the rools apparatus that allows the development of
the incongruent dissolution of gypsum (Fig. &) which leads to the evolution of car-
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bonate speleothems to form lavers inside gypsum flowers or even thin, pure caleite,
flowstones (Fig. 7).

The morphological (passive) efflects induced by roots over spleothems are much
more frequent and evident: in fact when roots enter cave voids their surface may
become a preferential area for the flow of the seeping water and, if the suitable envi-
ronmental conditions (diffusion of CO- but also evaporation} exist, for calcium car-
bonate deposition. This mechanism causes the evolution of peculiar stalactites and
columns, with a tilted often anastomized shape. over which several pseudo-helictites

solublty product
Tor gypsum during
cangeent dissoluton

Cat* solubilifed gypaum

solubility product
Ior gypaurm aher the
inpongruent dessolulion

solubiity product
| for calcile
: gypsum
i incongruent
{ dissolution
L

L

Fig. 6 - The incon- i
grneend disselution of 8 iy
gypswm: when o A
COy Al water
flows over gypsem
the sefroraifon paiet
with  respect o
Cal’td, is redched
quicker  thus  the
deposition of calcite
catives an additional i
velluliilizatinm of

Lypsum.

Fig. 7- Calcite-gyp-B
st fowers over pyp- WSS
sten voek sear Belogna {ftalv): the deposition of caleire 15 caused by the localized increase of
Ok cloge 1o the roots,
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grow (Fig. 8) these speleothems, growing
over Toots, have been observed with the
same characteristics all over the world and
are normally called “rootsicles” (HILL &
FORTI 19497,

Finally. in the wel tropical environment,
the root apparatus of large trees may
become the main driving factor for the
evolution of those peculiar speleothem,
called “Showerhead”, which were firstly
described inside Brazilian caves (LING,
1989) and then observed in many other |
tropical areas.

Showerheads are cone-shaped, stalactitic
speleothems from which a steady or inter-
miltent shower of waler can emerge: in
many cases they develop along large fis-
sures widened by the presence of roots
which in tuwms are partially or totally
transformed into rootsicles.

Fig. 8- Calcire romsicles from a gypsum
cave near Bolopng {(fraly)

2-The influence of animals on spleleothem growth

When considering the influence of animals on the chemical cave deposits | it must be
clear that lithogenetic phenomena like corals or others biogenic structures growing
inside sea caves cannot be considered speleothems, because a cavern environment is
normally not fundamental for their genesis andfor evolution. Therefore on the basis
of the existing literature it should be stated that the influgnce of animals over
speleothems is extremely scarce,

In reality it is highly probable that even wpper living organisms should be able to
influence specific speleothems inside peculiar cave environments, therefore the lack
of papers on this lopic would be the consequence of the scarcity of specific observa-
tions instead of the rarity of the event,

Most of the existing papers deals with marine caves in which the biogenic caleite
overgrowih on pre-existing continental (inorganic) speleothems (Fig. 9} is induced by
gerpufids (ANTONIOLL er AL, 2001 ).
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Anyway this kind of overgrowth rarely gives rse to specific new speleothems, nor-
mally just enlarging the pre-existing speleothem, the morhology of which results rea-
sonably unaffected,

Sometimes, if the environmental conditions are suitable, the biogenic deposition
induced by sepurdids may allow for the development of single biogenic formations,
the most characteristic of which are presently the “biogenic trays” observed inside
the Lu Lampiune cave in Apulia (ONORATO #r AL, 2001 ),

The speleothems inside this cave consist of big (up to 2 meters long and 40 cm in
diameter) clearly deflected stalactites: in fact their tip always points towards the dom-
inant water flow inside the cave (Fig., 10} the resulting growth direction changes
from subhorizontal close to the cave entrance o rather vertical in the cave botiom.
The shape of these speleothems is not conical but flattened with the major axis being
3-4 time greater than the smaller one and with the tip larger than the base,

The analysis of the internal structure evidenced the absence of even a small pre-exist-

Fig. 9- Semdids overgrowth on
submerped  stalactites  (photo
fry Fubrizio Antonioli)

Fig. N The biogemic travs of Li Lampinne cave, Apuelia,
fraly (photo Raffaele Onovate, C.5.5. Apogon)
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ing continental stalactite (Fig.
11}, being towally developed due
o a biogenic deposition in the
miarine environment,
Morphologically  they  are
extremely similar o the gypsum
trays described inside the caves
of New Mexico (CALAFORRA
& FORTI, 1994), In both these
pccurrences the deposition is
controlled by the same agent
(they develop against the flow
direction). the fluid being the
only difference (water in the Lu
Lampiune cave and air in the
Mew Mexico caves) (Fig. 121
Practically the direction of evo-
lution of these hiogenic stalac-
tites is controlled by the ser-
pufids, which must Oler the  Fip. 1 - Longiadinal section of a trays from Lo

water 10 obtain the necessary Lampiune cave (left: internal part: rightiexternal sur-
Sace s all fix strucinree iy ofeariv hingenic

Lu Lampiune Cave

Al biogenic trays
s “y aximum water flow

] rock

cross seclion

Lo ingroase

£
= T
|
L]

Nevwr ot

i directon

T

fiow direction

vertioal section cross seclion

Fig, [2 - Schematic secrions of Lu Lampiune cave where the water flow conteol over the stage
and the direction of the Blogenic travy is evidens.
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trophic support. and therefore tend to direct just upstream the water flow. The api-
cal part is flattened and enlarged with respect to the basal section of the stalacutes
for the same reason: in fact the trophic support is maximum at the apex rapidly
deercasing wward the base, thus allowing the enlargement of the tip and avoiding
the radial growth of the other part of the trays.

Until now a rather large single biogenic flowstone made by upper living organisms
has been described from a continental karst system  in the southern part of Iraly
(POLUZLL & MINGUZZL 19958}

The YVallone Cufalo gypsum cave (Verzino, ltaly) is an active sinkhole with a river
flowing inside. It hosts a rather large flowstone consisting of a gently terraced cal-
cite erust up 1o 50 cm thick, 4-5 m wide and some tens of meters long, covering the
cave floor along the subter-
ranean stream (Fig, 13). lis
complex genesis has been
referred to the large com-
munily of larvae of 4
troglobic insect (Tricapiera
Waormaldiay, once living
inside the cave over wide
anthropogenic organic mat-
ter {olive oil factory wasic
discharged every vear into
the cavey, Their life
processes caused the pro- Fig. 13 - The biogenic flowstone af the Valtone Cufulo
duction of large amounts of avpsem cave { Colabria, fraly),
CO, which in wrn reacted ;
with the water saturated in
gypsum  thus cagsing the
deposition of calcite just
around  the worms. The
final morphology of the
Mowstone was the result of
a combined action of larvae
living uctivities and kinetic
energy  of  the flowing
water: in fact until the lar-

vae were alive the tubes
were bended upstream to
catch as much fresh water

Fig, 14 - A plose-up view of the biogenic siructere of tie
fowstone af fig. 13; all the mhes are berded wpsiream
as possible (Fig. 14), but Hres affowing the omvae t receive fresh water,
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after their death &/for evolution the further deposition of CaCO4 was controlled by
the kinetic energy of the water transforming the upper part in a normal flowstone
evolving downstream.

It is hard 10 believe that the Vallone Cufalo would be the only cave in the world in
which the envirenmental conditions are suitable for an active upper living organism
control over speleothems, therefore it seems reasonable that chemical deposits
should develop due to the presence of animals in many other caves.

IV - Final Remarks

This short, and surely not exhaostive, overview on the biotic influence over the gen-
exis and the evolution of spleothems clearly put in evidence the very important role
played by living organisms, mainly micro-organisms, over the lithogenetic cave
processes (speleothems and cave minerals evolution). The complex biochemical
reactions involved in the development of the different deposits, though still not com-
pletely understood, clearly have a more interest and imponance far exceeding the
simple spelecgenetic interesl.

Mormally they are low-enthalpy reactions and their knowledge is fundamental to
improve our understanding of the natural mechanisms by which even orebodies of
economic interest are formed and then mobilized. But the study of biologically dri-
ven speleathems is also fundamental to enhance the knowledge over peculiar envi-
ronments like the chemioautotrophic ones, which are presently not well known
despite their scientific interest. 1t is therefore reasonable to expect an increase in the
co-operation between biologists and geochemists in the near future in order to obtain
a fast improvement in the study of these phenomena.

In conclusion it can now be stated that:

Speleothems definitely does not develop via vegetative growth. ..
But without biogenic control caves shauld be very poorly decorated!!!
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