Int. | speleal. Lo (1987), pp. 123-134

CARBONATE SURFACE SOLUTION
IN THE CLASSICAL KARST™

Franco Cucchi®, Fabio Forti®™ & Furio Finocchiaro®

RIASSUNTO

Le neesche attualmente in corso sulla dissaluzione delle rocce carbonariche sul Carso 4
Traeste indican che ["abbassamento medio delle superfic esposie agli agenni atmosferici #
di 0028 mmdanno con g piovesicd mediz B 1350 mm. 1 salon massioa (0,031
mmfanno] comperana at cidean meceocsistallind. quelli minime (00014 medanno) alle do-
lormie,

SUMMARY

The curzent research on the dissolution of carbonate rocks o the Karst of Trieste indi-
cares that the average degradanon of surfaces cxposed o ptmespheric ageats is 0.028
memdyear with o average tainlall of 13530 mm. The maxmmuam levels (0,031 mm i vear) cor
respond 1w miceo-crystalline limestenes. the mmimum valoes (0.014 mm/dvear) o dolom-
bes.

FOREWORD

For 9 years, at eight experimenral stations located in the Karse of Tric-
ste {see Fig. 1), direct measurements have been taken on the degradation
of the karst surface exposed to atmospheric agents,

The collection of darta, performed every six months, relies on a special
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micrometric insttument'™ resting on stainless-steel nails driven into the
rock (FORTI, 1981; sec Tig, 2 and 3).

The preliminary results of the research have been reported on several
oecasions (see enclosed bibliography}): the aim of this paper is to tllustrate
the available results graphically, to discuss the meaning of the measure-
ments briefly and to compare data with the results available in the relevant
literature, despite the different methods of data collection used.

MEASUREMENT STATIONS

Station nr, 1 is siruated near the Grota Gigante, next to the weather
station chosen (see CLIMATIC FEATURES), It lies on an outcrop of Creta-
ceous fossiliferous limestone (wackestone sensu Dunham, biomicrite scnsu
Folk) with a 15° slope. From the mineralogical point of view, the rock is
made up of Calcite {92.5% ), Dolomire (2.4% } with an insoluble residue
of 5.1%.
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{2} The wsitument is similar to char one developed in Bristol (HIGH & HANNA, 1970).
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Station nr. 2 can be found in the surroundings of Borgo Grotta Gi-
gante, standing on an outcrop of Cretaceous fossiliferous limestone {wac-
kestone sensu Dunham, biomicrite sensu Folk) with a 10° slope. From the
mineralogical point of view, the rock is composed of Caleite (91.0% ), Do-
lomite (2.5%) with an insoluble residue of 6.4%.

Scation nr. 3 is just 2 few centimeters away from station nr. 2 {and
therefore lies on the same lithotype), but in the middle of 2 “'kamenitza"’
15 cm in diameter.

Station nr. 4 is located on the flank of a vast doline. on an outcrop of
Cretaceous fossiliferous limestone with a 17° slope. The rock has the same
petrographic fearures as those of stations nrs, 2 and 3, with Calcite
{92.6%), Dolomitc {2.4%) and 5.0% of insoluble residuc.

Station nr. § is situated near the conurbation of Opicing on an out-
crop (sce Fig. 2} of Cretaceous limestone (wackestone sensu Dunham, in-
trabiomicrite sensu Folk} which, after mineralogical analysis, have resulted
to contain Caleite (91.9%), Dolomite (2.8%) and $,3% of insoluble residue.

Stacion nr, G 15 locaeed in 2 small valley on Cretaceous dolomites {ane-
dral dolomite from biomicrite recrystallization) which, afrer chemical ana-
lysis, have shown to be made up of Dolomite {85.6% ), Calcite (10.1%)
and 4.3% of mnseluble residue.

Station nr. 7 can be found on the eastern slopes of a ridge (Mount La-
naro) on an outcrop (see Fig. 3} of Creracenus limestone {mudstone sensu
Dunham. fossiliferous micrite sensu Folk) which, after chemical analysis,
turned out to be composed of Calcite (91.9% ), Dolomite (2.8%) and
5.3% of insoluble residue.

Station nr. 8 is located on the northern side of Mount Catso on the
night handside of the Val Rosandra, on a subhorizontal outcrop of Palaeo-
cenic hmestone {packestone sensu Dunham, recrystallized biomicrice sen-
su Folk) which are mainly made up of Calcite (93.0%) and Deolomite
{2.1%) with 4.9% of insoluble residue.

CLIMATIC FEATURES

The Karst of Trieste is characterized by a climate which is half way
berween the ''Mediterrancan type'" and the “‘Conunental type'”, with a
long and cold wanter, an unsettled spring and a hot summer extending
over part of the autumn.

An official weather station is located by the entrance to the Grotta
Grigante, 1.e. very near to the measurement points 1, 2 and 3. The relevant
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Fig. 2 - The micromerric insteument amd stanon ne 5

Big. 3 - The miccomersic insrrument and stacion or, 7



CARBONATE SURFACE SOLUITION 129

observations have been under way for twenty years: the text makes referen-
ce to them and from them the daily precipitation data, reported for each
of the various measurement stacions, ate drawn (GASPARO, 1080 ... 1987).

The average rainfall 15 1350 mm/year, with daily peaks of 103 mm re-
corded in autumn, in the month of November, The mimimum values are
recorded in winter, in the month of February, On average, there are 130
days per year when precipitation occurs, with a remarkable prevalence of
rain (rain: 31.5%; snow: 3.0%; hail: 1.1%: none: 64.4% ) (TOMMASI-
NI, 1979, GASPARO, 1980 ... 1988}

Humidity gencrally ranges within rather low values, with maximum
values in the late autumn and minimom values in July and August.

The average yearly temperature is 12° C, with minimum and maxi-
mum daily temperatures of -15* C and + 34° C respectively; durning the
winter months the average value 15 3.5, dunng the summer 19.5°,

The winds of the 1st Quadrant are the prevailing winds in terms of in-
tensity and prevalence. In particular, the bora (ENE) Is the most recurrent
wind, with an average frequency of 78 davs/year.

RESULTS

The diagrams illustrating the resules of the measurements are given
below (Figs, 4-11).

The measurements made in the various stations have been processed
s0 a5 to obtain information on the features of the degradation due to karse
phenomena.

It should also be undetlined that the extremely limited values of the
degradarion can easily lead 1nto errors when making measurements or, ra-
ther, they can somenimes produce measurements falling shore of expecra-
tions.

However, all measurements have been transposed 1into diagrams, as
very high depradation values or “accretion™ values are all the same mea.
ningful. Furthermore, instrumental or human errors are part of che expe-
rience.

During the 8 years of the experiment, 17-18 measurcments were ma-
de at each station, which made possible to calculate an average 0.028
mm/year degradation of calcareous surfaces. The minimum degradation
{0.018 mm/year) was recorded at station nr. 8, located on compact, fossili-
ferous, sparitic limestone; the maximum degradation {0.031 mm/year)
was recotded at station nr, 4, situated on compact, mucritic and pardally
fossiliferous limestone.
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In this respect, it should be mentioned that stations nrs. 2, 3 and 4
are located on rocks virtually having the same petrographic and mineralo-
gical fearures. The absolute minimum degradation measured ar station nor,
3 (0.012 mm/vear) is to be ascribed to the fact that the station hes on a
“kamenitza'' and, therefore, on a morphotype with a very limited vertical
evolution.

Data referring to station nr, 6, located on dolomitic rocks, confirm
the lower liability to karst phenomena of these lithotypes, although the re-
corded value {0.014 mm/year) is about 2.5 times lower than the values
concerning calcarcous lithotypes. These results have been corroborated by
a recent rescarch (STEFANINI er AL., 1983), consisting of a five-year ex-
posute to atmospheric agents of about 40 “*bricks'" of vanious carbonare 1i-
thotypes.

If the measurcments indicate a substanoial increase in the degradation
with the passing of time, it should also be recognized that when caleula-
ting the ratie between degradation {mm) and quantity of precipitation in
the period between measurcments (mm), the final result was nonetheless
unexpected (Fig. 12). In short, the result is thac there is no correlation bet-
ween guantity of fallen precipitation and corresponding degradation, so
much so that, for example, univocal degradations do not correspond to
fundamentally equal precipitations.

The fact that the expericnce on the site contrases with theoretical fore-
casts can have several explanations: different type and /or chemism of pre-
cipitations in the period consideted, different average temperature, pres-
sure, ete. Furthermore, and this subject will be dealt with later, there
could also be differences in the exposed surfaces, which go unnoticed at a
first observation. Preferring one explanation to another, however, seems
premature. In the continuation of the experiment, once the dara relating
to 10 years of homogeneous measurements have been collected for all sea-
tions, all possibilities will be considered, also making correlations with sea-
tions of repions characeerized by climatic features different from those of
the Karst of Trieste.

As evidence of the research carried out, the reported diagrams indica-
te the results of the measurements taken at all stations, including the ra-
tios between overall degradation and owverall precipitation.

With regard to the ratios between relative degradation and quantity
of precipitation in the period, only a few were chosen to represent non cort-
relabilicy.
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FINAL REMARKS

The data assurmned indicate that the current ratio of degradatian of
carbonated surfaces on the Karst of Triest is equal to nearly 2.8 mm every
100 years, implying an average weight loss due to surface erosion and cor-
tosion of 18 x 107 mg/sq.cm/day.

Such value 1s about one unic of magnitude higher than the value ob-
tained during the observations on ‘‘standard limestone tablets' perfor-
mecd under the aegis of the U.LLS, Commission on Karst Denudation
(GAMS, 1985},

The average weight loss of rock samples having the same features and
exposed to nearly identical morphological and climaric conditions, namely
samples taken in Juposlavia in the surroundings of Sesana and Divaca, is
more of less equal 1o 2.99 x 10° mg/sq.cm/day, although samples which
had been exposed to atmospheric agents at a height of + 250 em from
ground level expericnce a loss ranging from 7.59 x 107 to 11.32 = 107
mp/sq.cm/day (GAMS, 1083).

During an obsetvation, similar to the one performed by U.L.S. | made
on the Karst of Triest by using rectangular tablets having size of 6 = 3 em
(STEFANINI et AL., 1985). cotrosion was reported to cause average
weight losses equal to 3.5 » 107 mp/sq.em/day, which is very similar to
the results arrived at by Gams in the standard limestone tablets experiment,

The values are very similar to the one measured by KUNAVER (1979)
on Dachstein limestones of the M, Canin (YU), a hight alpine Karst with a
total rainfall of 3500 mm/year. Kunaver, using a Micro Erosion Meter, re-
ports a mean ratio of degradation 0.035 mm/ycar {maximum value 0.102
mm/ycar, tminirum .026 mm/!ycar).

Other observations, such as the works by CRATBEE and TRUDGILL
{1985}, have produced valucs which cannat be correlated owing to the dif-
ferent methods used: in general, the weighe loss values are substanoally lo-
wer than those reported by the Authors,

PERMA and SAURO {1979} reported that, following direct monito-
ring on Karstic samples in Trentino (Italy) a degradation of calcarcous sur-
faces in Ttalian alpine areas over the last 1,000 years can be assumed, ran-
ging from 0.2 x 107 o 35 = 10° mg/sq.cm/day, although the Authors
deem that average values of 10 = 107 mg/sq.cm/day are more likely.

The "arcficial"’ experiences, such as those performed on tablets,
“plaguettes’’, e, seem to yield dissolution values in default owing to the
non-natural features of the surfaces exposed to atmospheric agents: when
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samples are prepared in advance surface alterations, biological films, exter-
nal intercrystalline porosity, etc, are eliminated with the result that the
surface obtained substantially slows down the rate and extent of surface
degradation,

Therefore “'in situ’' observations on samples which have not been
previously prepared, are likely to yicld more reliable results even though it
must be acknowledged that the average weighe loss values are defined in-
directly and by means of methods which would have to be checked and
comparcd.
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