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The Role of CO: in Gypsum Speleogenesis:
1° contribution

P. Forti* and E. Rabbi**

SUMMARY

Srarting from dicect observations carrled our inside gypsum caves around
Bologna (Italy), the auvthors develop a new theory about the role played by
OOy in gypsum karstification.

Such g theory agrees with the presence of calcite sinters inside gypsum ca-
ves withowt any source of calcium carbonate (cover or interbedding laver).

Moreover, slarting from this theory, gypsum speleogenesis has to be always
consideted as o hyperkarstic phenomenon (more than 3 componenis at the
equilibrivm),

INTRODUCTION

The opinion that gypsum speleogenesis is a parakarstic phe-
nomenon (Cigna, 1978, to be ascribed only to the solution of
calcium sulphate by percolating water, and therefore guite in-
dependent rom the OO contant of the waters (Picknett, 1976},
is generally accepted.

Such an opinion, despite its diffusion, does not agrees at all
with the direct observations, which day by day are carried out
in gypsurn karst around Bologna (Italy),

It is common here to see in caves which have no source (co-
ver or interbedded] layers of calcium carbonate, water can cause
at the same time the deposition of calecite sinter and the simul
tanecus dissolution of gypsum,

Starting from this fact, which is impossible to explain with
the current theory of gyvpsum speleogenesis, we decided to ana-
lyse critically the genetic hypothesis for gypsum caves.

In the present work, we started from the description of direct
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observations carried out in the gyvpsum caves of Bologna, and
then we analysed the physico-chemical conditions present when
gypsum dissolution and calecite deposition can occur, We found
that the role played by CO, in gvpsum speleogenesis is & very
important one, not only in the particular case of the caves of
Bologna, but also in the most general field of gypsum karsti-
fication,

DIRECT OBSERVATIONS

A few kilometers from Eologna in the gypsum formation of
the Messinian, there are over 150 caves, half of which contain
calcareous concretions, Frequently concretions are represented
by small areas of thin wall crusts, bul sometimes (as in Novella,
Coralupi, Pisoliti caves! the calcite {lows reach a length up to
20 meters and a thickness up to more than 30-50 centimeters.

The largest of such calcarsous formations are actually found
in caves within outcropping gypsum, so that it 5 impossible
for meteoric waters to dissolpe calcium carbonate in some over-
Iving formations {cover]) and then to bring this into the caves
Therefore, to explain the genesis of such calearsous concretions,
a statistical analysis of the physico-chemical conditions, in which
the calcite deposition occurs, has been carried out: we found

Fig. 1 - Novella cave: eroded gypsurn orwstals of the floor with overlying cal-
cite sintar by the same dripping water.
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that there are 4 common features [(ur all the concretions to he
taken into account,

Such conditions are to be regarded as necessary if the calcium
carbonate deposition is to be present. They are:

17 All the caves, which have calcite sinter, are developped un-
der a ground surface covered which woodland, with a soil laver
which is from 20 to 150 centimeters thick and lying directly on
gvpsum rocks. On the other hand, none of the caves have any
calcite sinter inside, if they are developped in gypsum withoul
s0il cover.

2b All caleite sinters are found a few meters within the cave,
that is extremely near to the surface; moreover they grow in
those places, which the percolating water reaches rapidly: this
is certified by small leaves, twigs and other materials introdu-
ced from the surface by the water.

3) All calcite sinters rest upen eroded or washed gypsum
crystals, or over a thin clay layer, which, in turn, rests on eroded
or washed gypsum crystals; moreover, most of the concrefions
are free from gypsum substratum, being connected only in a
few places in areas far from the direct circulations of the water.
Besides, it is common to see that water dissolves gwvpsum and
forms calcite sinter in the same place.

Fig, 2 - Novella cave; eroded grpsum crvstal inside calcite sinter: it (s oviden|
that calecium carbonate growth has followed the dissolution of gypsum,
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4} The pH of the concreting waters i3 always in the range
7.8-8.2, while those of the water unsaturated with respect to cal-
cite vary from 7.0 to 7.4,

DISCUSSION

The first condition which secems to be needed for producing
calcite sinter is the presence of woodland cover, which causes
a notable increase in CC contlent of the water, and at the same
time the presence of a humic basis and acids, so that the resual-
ting solutions can be buffored within pH of 7.8 to 8.2, which are
the values we measurad in the concretioning zones of gypsum
Caves.

Owing to the increase of the COy= ions, caused by the presence
of a high concentration of dissolved CO. along with a slightly
alkaline pl, calcium carbonate deposition is obviously favoured,

The second observed condition is the closeness to the surface
of all calcite concretions, which means that the water becomes

Fig. 3 - Tempin Cave: on the right there are some caleite orusts almost com-
pletely datechaed from gypsum: on the left and ze the bottom of the photo
we can =sec three parallel calcite hlades.
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oversurated with respect to CaCO, a few meters inside gzypsum
rocks. This fact clearly indicates that as soon as the water starts
dissolving gvpsum, ie as soon as a given concentration (lower
than the saturation one for gypsuml} of Ca—+ (before entirely
absent in the soluticn) is reached, the calocium carbonale de-
position immediately occurs and such a process stops aller a
few (10-20) meters.

Therefore a direct relation has to exist between gypsum so-
lutions and calcite deposition in gypsum caves. The dissolution
features of the gypsum beds below all calcite sinters are in agree-
ment with such a direct relation: in fact the starting step of the
concretioning process always is the gypsum dissolution together
with calcite deposition made by lhe same water (see fig. 1-2).
Owing to this double action il is sasy to explain the genesis, on
quite vertical walls, of calcite crusis, which are almost comple-
tely detached from gypsum substrala (see fig. 3), and also of
the calcareous parallel blades, which during their growth pra-
ctically follow the jprogressive withdrawing of the gypsum
walls, dissolved by percolating water (see fig, 41,

Moreover the presence of a thin clay laver beneath the con-

l'-‘_-.g_ 4 - Movella Cave: The largest solated ecaleite blade: it is over 16 melbers
high and over ¥ meters long, but only 10-15 centimeters thick, Ist distance from
prpsum wall is now abour 2 meters.
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Fig, 5 . Novelln Cave; Broken caleile flows showing clay layers inside.
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Fig, 6 - Novella cave: cross section of a calclte blade with clay laver inside
as aucleus.
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cretion and over the gypsum subsiratum is to be expected star-
ting from our theory.

In fact when the gypsum rock is dissolved, a small quantity of
clay remains, and if the water circulates slowly enougth, the
clay forms a thin laver between the gypsum and the calcite sin-
ter, Successively when the solution of the rock proceeds the clay
deposit is not enough to fill the void produced and therefore we
observe the growth of a calcite crust quile unattached lo the
E YRS,

Moreover this theory explains the presence, otherwise wvery
difficult to justify, of clay layers, which we commonly lind as
nuclei of caleite flows ar of calcite parallel Blades (cee figs, 561,

In fact when the gypsum rock is dissolved, a smoll gquantity of
tion and clay layer erosion; along with calcium carbonate de-
position and gypsum disselution; this process builds up a single
isclated calcite blade or many parallel blades,

[

Fig. 7 - Evolubionary steps in the formation of ealcite sinter blades nside gvp.
SUIT CAVes:

1 - Gypsum/? | Claysd - Caleite sinter #4 - Waler flow,

Slep A water [ow dissolves gypswmn wall and deposses caleium carbonate,,
wilh the creation of a thin clay laver betwesn gypsum and caleite sinter.

Step B: the clay produced by the solution of gypsum is not encush io fill the
void fomed the progressive withdrawlng of the gvpsutn wall leaves isolated
caleite blade, with or without cly laver inside (this due to vater stifness)
Step C: the same situation of step A is obtained; a new caleite blade is now
growing to form parallel blades,
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Moreover the difference in pH existing between concretioning
and unconcretioning waters of the same cave agree perfectly
with the present theory, In fact the lower the value of pH. the
tower the CO.= concentration has to be and therefore it is more
difficult for supernaturation to ocour with respecl to CaCO,,

In ihe cuncretioning waters, during the time that Ca++ ions

are removed from equilibrium by calcite deposition, solution of
gypsum takes place, so that the concentration of SC4= is increa-
sed while that of CO,= is lowered and that of Ca++ remains
quite the same. Owing to the fact that CO,= ion can cause hydro-
lysis while the SO,= can not, the developing of calcite deposition
leads to a lowering of pH, until an eguilibrium is reached and
calcite deposition stops,

All the experimental data agrees with the hypothesis of a di-
rect relation belween gypsum soclution and calcite deposition.
We decided, {herefore, to evaluate the influence of CO. concen-
tration in gypsum speleogenesis by means of theoretical calcu-
lations, starting {rom the experimental data found in gvpsum
caves near Bologna,

The system is well defined if the gyvpsum solution equilibrium
(K.=3.022x10% at 10° C; Marshal and Slusher, 18660 is added

to those necessary to define the CaCO, - H.O - CO, system (Pi-
chknett, 1978].

ATt

i b s

Fig. 8 . The equilibrium pattern for the system COp - HLO - CaC0, | CaS0, 2HO
at 102 ¢ gnd with respect to CO° and pH,
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Now we used the constants and the method outlined by Pi-
cknett {1973 1978), to compute the concentrations of the varicus
ions at the equilibrium for the system CaCO, - HO - CO, -
CaS50,2H,O at 100 C {which is very close to the actual tempe-
rature of the gypsum caves of Bologna) and at values of pH
varying from 6.6 and 8.4, Moreover we imposed the starting va-
lue for CA++ to be the sguare root of the sclubility constant
for gypsum and also that the 30.= to be always egual to the
sum of concentrations of CA++, CaC(Q,. This was because the
starting hypothesis was that all the calcium present has to de-
rive from gypsum solution.

The results of such an analysis, listed in table 1, were used
to trace cut the equilibrium curve for the system with respect
to CO, and pH [(see fig. 8). In this diagram the zone under the
curve represents solutions in which the CO, conceniration is
lower than the equilibrium one, so that, if calcite sinter is pre-
sent, the water will dissolve it and 30 cause gypsum deposition.

Cn the other hand, water with a composition in the region
over the curve, will deposit calcium carbonate and so will dis-
solve more gypsum than that stated for pure water,

MNow, if we consider pH values in the range of our measure-
ments and pCO,; valuses not too far from normal, we can imme-
diately deduce from the diagram of fig. B that in gypsum caves
water could never be aggressive with respect to calcite, and
this perfecly agrees with all the observations made in gypsum
caves near Bologna, where we never have seen redissolution
features over active or fossil calcite sinters.

Moreover, starting from table 1, it is possible to evaluate the
behaviour of water with a given value for CO; and pH, then it
comes in contact with gypsum; each time the quantities of
CaCO; and of CaS0, 2H,O which are to be dissolved or deposi-
ted to reach the condition of eguilibrium can be computed.

It is obvious that a large error would affect the simple tran-
sposition of the data obtained by these theoretical calculations
to the real cases of all the caves, because a cave water always
contains many dissolved salts beside calcite and gypsum, and
50 its behaviour is often quite different from the expected one
pbtained starting from the considered equilibria.

But it is important to emphasize that our results are effecltive
not only for gypsum c¢aves, but also for all the cases in which
the system CaCQ, - H,O - CO, - CaS0, 2H.O is preseni. Conse-
guently, keeping in mind that netural water always contains
some dissolved CO,, every time natural waler comes in contact
with gvpsum rocks, the equilibria outlined before have to take
place.

" Therefore, if we start from Cigna's classification of karstic
phenomena (Cigna, 1978), gypsum speleogenesis has to be clas-
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sified not has a parakarstic one {2 components in eguilibrium:
gypsum and water], but always as a hvperkarstic phenomenon
(more than 3 components in equilibrium: gypsum, calcite, water,
carbon dicxidel.

Owing to the fact that gypsum spelecgenesis is an hyperkar-
stic phenomenon, it is obvious therefors that the explanation
of all the genelic mechanism could be guite complicated, And
this facl justifies why In gypsum ¢aves it is still possible to see
morphologies and formations not well known or not yet com-
pletely explained.

RIASZIUNTO

La presenza di concrezioni calcaree alllinterno di grotie gessose del Bologne-
se, che sono del tutko prive di ung sorgente qualsiasi (copertura od interstratod
di questn minerale, ha spinto gli auteri & rivedere criticamente le teoris spe.
leogenatiche per il gesso.

Dall'analisl delle nsservazioni sperimentali eondotte in tutte le principall
grotte conerezionste del Bologness e daj caleoli teoriei fatdi risulta evidente
il runlo imporiante siocato dalla CO: nella earsificazione dei gessi

Tali risultati poi sono del futto gensrali e guitndi possong esserp applicats
non 20lo nel particolare casc delle Grotte Bolognesi, da cul sl era partltl, ma
alla generality dej casi di spelengenesi Eesssz,

Inoltre, grazie a questa tenria, & facile spicgare la genes; fino ad og@l ancora
non spiegata, di alcune coneresion; calearee delle grokte Bolognesi: guali le
latne isolate o parallele e la presensa al loro interno oi acgilla,

Chuale conseguenza logica di guesta teoria sl ha poi che | fenomeni spelen-
genetici in gessn debbono sempre esser considerati ipercarsicl (pid di 3 com-
ponanti all’equilthrio: gesso, caleare, acnoua o anidride carhonice) e non pa
racarsici (2 componenti all’equilibrio; gesso g acqual, come & stato Tabto fino
ad ogzi,

BIBLIOGRATHY

CIGHA, AA, 1976 A classification of Karstic phenomena. Int. J, of Spel, 10
{11: 3-10,

MARSHALL, WL, S8LUSHER, E., 1866. Thermodynamics of calcium sulphate
dihvdrate in acqueous sodium chloride solutions, 0-110=, I, Phys, Chem.
TO:4015-4027.

PICKNETT, R.G. 1373, SBaturated calcite solutions from 10 to 40e O a theore-
tieal study evaluating the sclubkility product and other constants, Trans,
Cave Res Grp, GEB, 15{21:67-80,

PICKNETT, R.G. 1976 The chemistry of cave waters. In: The scisnce of spe-
leplogy, Ford T.D. and Cullingiord CHTI ., Eds. Acad. Press, London:
213-266,



