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THE CARBON DIOXIDE OF THE AIR OF
SHALLOW CAVES 1IN MOUNTAINOUS AREAS

Ek Camille M. Advisory Secretary of
the UIS, liege, Belgium

RESUME: I air des grottes peu profondes reflete fortement, dans les régious
montagneuses. les conditions climatiques de la surface. ¢ est pourquoi il
est fra'qunmment pauvre en COp, parfois meme plue pauvre que l'atmoaphére
libre "standard" (300'ppm) dans les montagnes des zones froides et tempe-
ress. Ceci n'implique nullement que la dissolution soit négligeable en mon-
tagne: les grandes quantita's d ‘eau qui peuvent a‘y concentrer peuvent, au
moins par endroits; largement compenser la pauvrete en C02. Ie travail est
base sur des mesures faites dans les montagnes de la Laponie audoise, dans
les Tatra polonaises, la Dorsale hongroise, et dans les Alpes frangaises
et italiennes,

1.Introduction. Carbon dioxide diffuses from air to water and reversely ac-
cording %o Henry 's Law; hence the interest, for the study of limestone dis=-
solution, to know the partial pressure of C02 in the air,

The climate of mountains is generally severe; the scarcity of vegetal
cover and its low activity induce low COp partial pressure in the 80il air,
and this results in a frequent low chemical aggressivity of water towards
limestone.

In a series of missions, from 1964 to 1986, we measured COp of the air
(and also the Bolution of limestone, that will not be discuesed hers). It is
a8 summary of some measurements carried out in cave air that is presented here.

2. The analyzes. The measurement of C02 in the air is carried out with a gas
analizer in which a reagent (hydrazine) combines with COp, in presence of a
redox colowred indicator. The method and the techniques are desecribed in EK
GEWENT (1985), Before, an electrolytic field device had been used by us, ba-
sed on the electrolysis of a NaCl solution which had absorbed CO2; this me-
thod was more accurate, but the device was much heavier and the measurements
much alower (EK, 1981),

a. In the Scandinavian Mounteins of Lapland. Some 36 measurements were carri-
ed out in July, in caves of Swedish Lapland, in latitude 68° Morth, between
350 and 1100 m a.s.1. The CO, values never exceed 850 ppm in fissures and
450 ppm in chambers and passage-ways: 200 ppm was recorded twice close to the
surface of an underground stream (fig.1). The mean of all measurements is

385 ppm (: o = 150). ‘

b. In the Polish Tatra. Four caves in the Polish Tatra were investigated in
April, during the period of snow melting, at altitudes ranging from 1000 to
1200 m a.8.1.; 41 samples analyzed displayed a CO2 content of 200 to 1100 ppm,
with a maximum of 2000 ppm in a fissure. Values below 300 Ppm were observed

8 times at least, in cold places.

In Jaskinia nad Raptawicka I, for instance, at 1200 nm 8.8.1., ice sta-
lagmites were observed on the floor and the lower part of the atmosphere of
the cave displayed a very low CO, content (fig.2), Larger amounts of CO, were
Tound at the same time in Polish caves at lower altitude (EK et al., 1969),
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¢.In the Hungarian ridge. In four caves of the southern slopes of the Hunga~
rian ridge, some 70 analyzes were carried out in July, showing contents from
400 %o 1800 ppm, snd Some exceptional values up %o 33.000 ppm. The lower al=
titude, the general southern exposition of the glopes of the ridge explain in
great part the higher CO2- contents of the cave atmosphere (a8 examplified
in fig.3y Bee also EK et al., 1986). Very low amounts of CO, were registered
by PODOR, 1981) in ice caves in the same country; ¥hese values were Sometimes
pelow the one of the stapdard free atmosphere (300 ppm). Fig.3 shows the
contents measured in a cave of the Bukk Mountain.

d.In the Ligurian Alps, Italy. The Caverna delle Pate is located in a cliff,
at 2 km from the sea, &% 260 m 8.8.1.; 24 messuremenis carried out in the
cave displayed values from 350 to 1500 ppm (fig.4); these low values can be
correlated with the eirculation of the air in the cave and with the relative
distance of the COz source: the soil of the plateau hanging high over the
cave entrence (GEWELT and BK, 1983). Pigure 4 chows that the two higher con—
gents (1500 ppm) ere confined in fiscures at the far end of the cave.

o.,In the Prench Alps. It is by water analyzes that we have shown in the
French Alpa the lack of COz in the glacial melt—waters, due to the escape
of CO2 dui'ing jce compasilon and ice movement (C.EX, 1964 ), This was later
on confirmed in the Dolomites (c.EK, 1966) and in the Tatra (C.EK e% =i
1969). All these water analyzes back the idea that the scarcity of U0z in
the ice anl its meli-wabers induce, in the high mountains and in the cold
mountains particularly, & weak aggressivity of water towards limestone.

3,Discussion. Analyzes carried on by a smell group of Polish, Hungarisn and
Belgien regesrchers show thet the air of shallow caves of mountainous areas
frequently display & low COp content, and sometimes a Very low one.

pifferent factors can induce very different results in very deep caveg.
In shallow caves, the air ig COp- poor because the vegetation of the studied
areas is scarce o¥® displays a low activity level. Coptrarily to a frequent
assumption ice and snow generally do not constitute important CO2 gas—hol=
ders (BEK, 1964 and 1966).

This does not mean thad solution 1z never active in the mountaine: the
tremendous amount of water sometimes collected can carry out an impertant
solutional work and generate huge cavese. In such cases, moreover,sclution
is frequently pelped by mechenical erosion, but it is clear that corrosion
is present.

1%+ must be here emphasized that the present papeTr only intends to be
a summary of the researches on COp of 8 small team including moet of the
people cited in the rsferences, and is by no means (for lack of space) a
review of the general problem.

REPERENCES:

EK, C.,1964.Note sur les esux de fonte des glaciers de la Haute Maurienne.
Leur action sur les carbonates. Rev. belge de Geogr.88: 127-156.

EK,C., 1966.Flable meaaiviie' dee eaux de fonte des glaciers: 1 example
4o la Marmolada (Dolomites). Ann. Soc.geol. Belg., 89:177-188,

EK, C.,1981.Mesure du COp dans 1°air des grottes. Comparaison québec-Bel-
gique. VIIT Intern.Congress of Speleol., USA, 2: 672-673.

EK, C., GABRIS, G., HEVEST, A. and LENART, L., 1986. Teneur de 1 air de
quatre groties de Hongrie. Neuvieme Congres Intern.de Speleol.,
parcelone, 1: 89-93.

EK, €., and GEFELT, 1985. Cerbon dioxide in cave atmospheres, New results

70



in Belgium and cemparison with some other countries. Earth Surface
Processes and Landforms, 10: 173-187.

EX, C., GILEWSKA 3., KASZOWSKI L., KOBYLECKI A., OLEKSYNOWA K. and OLEKSY-
NOWNA B., 1969. Some analyses the COp content of the air in five
Polish caves. Zeit. fur Geomorph., Neue Folge, 13: 367-286.

FODOR, I.,1981. A barlanggok eghajlati es bioklimatologiai sajarossagai.
Aksdemiai Kiado, Budapest, 191 p.

GEWELT, M. et C.BEK., 1983. Ie COp de 1'air d ‘une grotte des Alpes lig-ures..
Bull. Soc. geogr. de Idege, 19: 107-117. |

|

s N

o

 — .
LOWER CAVE AT BJORKLIDEN JASKINIA NAD RAPTAWICKA , TATRA
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Fig.1.lower cave at Bjorkliden (Swedish lapland). Cross-section (BK and
GEWELT, 1985).A11 figures show CO2 conkent of the air, in ppm.

Fig.z.Jaalrci?in ned Reptawicka, in the Koscieliska (Polish Tatra), Iong-
pRofile. ..

Pig.3.letrasi - Vizes - barlang, in the Bukk Mountain (Hungarian Ridge).
Map by LENART (see EK e% al., 1986).

Fig.4.1la Caverna delle Fate, near Finale Ligure (Iigirian Alps, Italy).
Map (GEWELT and EK, 1983).



