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In the past decade plenty of data available helped the scientists to
draw more accurate conclusions, referring to karst morphology. Yet, in
nine cases out of ten morphological processes are explained by deduction
drawn from the observation of the developed forms. The description of mea-
surements in recent formations of karst is only occasional and long term
monitoring is scarce in literature.

Methods of chemistry, physics, geology and other branches of sciences
greatly contribute to the revelation of new aspects, dealing with the gene-
tics of karst. But in most cases morphological observation needs special
methods to be developed which provide us with the possibility of moni-
toring in the site of the investigation. The application of laboratory analysis
is difficult to carry out in the field and data thus gained are not objective.

While I was observing the development of karst formations I worked
out some methods on theoretical and experimental basis. None of these
methods take a lot of money and the results achieved are accurate enough.

My observations in which I applied new field-work methods concern
the revelation of the formation of dolines, the process of solution in rock
and all processes related to them.

The investigated area was chosen by bearing in mind that the results
should be accurate enough and that the area should represent a temperate
zone karst area. In this way all data gained can be applied to any similar
phenomenon and generalization can be made. In the following I give a
detailed description of three methods to be applied in field-work.

1. Registration of downflow and percolation on the slopes of dolines

The investigated area, just like any other of the same kind in temperate
zone or semi-tropical areas, is mostly covered by a thin layer of clay which
belongs to the terra rossa soil group. In some places the layer of red clay is
replaced by open rock outcrops or other soils (black forest soil of karst
areas), but in general it is a covered or half covered karst area. The slopes
of the several number of dolines are covered by a thin, while the bottom by
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a thick layer of clay (2—20 metres). The survey of the recent development
of dolines can not be carried out without observing the flow of water in the
catchment area of the dolines, which are the slopes themselves. We can
neither neglect the erosional and corrosional effect of water. To study all
these I have chosen an area clearly representing the features of half cover-
ed karst areas.

The most important respects of choosing the area were as follows:

1. The structure of rock on the slopes should correlate with the general
petrological state of karst rocks.

2. The thickness and composition of deposits and soil on the karst
should be the average.

3. The inclination of slopes should be an average but segments of
different slope angles must alterate.

4. The area to be surveyed should be one, well demarcated hydrolo-
gical unit.

5. The ecology of the area and the surroundings should not be distur-
bed and no anthropogene impact can be tolerated.

6. The equipment used during the observation should be set up with-
out any basic interference in the water system of the area. The
area should be accessible by the observer under any weather
condition.

The selection of the right doline needed an earlier survey of more
than a hundred dolines. The following parameters had to be examined:

a) Amount, distribution and intensity of precipitation.

b) Surface water runoff and deposits taken hold of.

¢) The quantity of infiltrating water towards the deepest point of
the doline and the average carbonate solution capacity of the in-
filtrating water, which was determined by taking samples from the
water.

Thestructure, registrating runoff and infiltrating water,was built mostly
from natural materials and I tried not to disturb the natural surroundings.

The investigated area was a 646 sq. metre western slope of a doline
(Fig. 1). The upper border of the slope was a sharp ridge between two doli-
nes while the boundaries on both sides were clearly marked by karr rocks
rising high above the surface, preventing the inflow of water from the
neighbouring areas. The boundary at the bottom was artificially determined
right along a line where the thin layer of clay on the slope mingles with
the thick layer of clay on the bottom of the doline.

In this line a ditch was dug as deep as the limestone bedrock (Fig.2).
The 28.3 metre long ditch revealed the layers of the soil and clay deposits.
I took samples of the soil and the structure was never disturbed. The exa-
mination of the soil samples took place in laboratory.

The site of the ditch was determined by the examination of several
preliminary hole drillings (Fig. 3). The soil dug out of the ditch was tempo-
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Fig. 1. The investigated area
1. Slope of doline 2. Ditch with pipe duct (@) and with drain pipe (b) 3. Shelter

Fig. 2. Longitudinal profile of the ditch
a) Bottom of doline b) Terra rossa sediment ¢) Soild) Surface with vegetation

rarily piled up far from the investigated area. The ditch was dug to catch and
conduct downward filtering water in the soil of the slopes into a tank. The
outer wall of the ditch was covered by PVC, the edge of which was turned in
order to lead infiltrating water back on the bedrock. At the bend of the
PVC sheet a closely perforated drain pipe was put in a ballast (flint-gravel-
sand) bedding to catch and drain the infiltrating water. This bedding pre-
vents the choking of perforations in the drain pipe. At the deepest point
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of the ditch a forking of PVC drain pipe conducts water into the tank.
Above the ballast the ditch was filled in with the original soil, taking care
of the right order and compactness of layers.

Fig. 3.

1. Slope of the rock 2. Thin layer of deposits and soil 3. Downflow of infiltrating water 4. Precipitation
5. Surface runoff and erosion of deposits 6. Bottom of doline 7. Ditch 8. Tank No 1. 9. Tank No 2.
10. Registration equipment 11. Registration equipment (ombrograph) 12. Thick layer of clay

On the top of the ditch a pipe duct collected the surface runoff. The
pipe duct was covered from above, so that the direct rainfall should not
add up to the amount of water of the surface runoff. On the side of the slo-
pe the pipe duct was connected with the soil in the level of the original
surface and thus gave way to the drainage of water into the second tank.
(Fig. 4).

The tanks were put in a 2 by 3 metres covered shelter, which is in the
thick layer of clay in the bottom of the doline. The shelter is timbered.
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Fig. 4. Cross section of the ditch

1. Limestone 2. Infiltrating water 8. Deposit filled back 4. Drain pipe 5. Ballast 6. Pipe duct 7. PVC-
cover

In each tank there is a sensitive equipment registering the level of wa-
ter in the tank. The colledted water can be let out by a tap but in case
the tank fills up too quickly, it is emptied automatically though a self-
discharging siphon. The registration is continuous. The drain pipes leading
into the tanks are also supplied with a water sampling unit.

The tanks are big enough to receive the water of a heavy rainfall
without being emptied.

Erosional deposits collect partly in the pipe duct and partly in the
tank. Soil and terra rossa layers (black forest soil and humuous terra rossa)
vary to a large extent. Their structural characteristics (Table 1), water
absorption capacity and permeability (Table 2) indicate that the speed of
water percolation differs from site to site on the slope.

The figures of permeability by layers show that there is hardly any
infiltration in areas where there is no humuous soil, thus runoffis heavy.
In other places rainfall of high intensity is also absorbed by the rock and
downward seepage is heavy. It is particularly true where the thick hu-
muous layer is on a thick layer of red clay. In the first case the rock of the
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Table 1.
Structural characteristics of the deposits in the investigated area
Specific Py Total pore | Volume ﬁ,'éﬁ'igt?ﬁn Permeability
Number gravity without volume weight capacity mm/hour
20 i
1a 1,93 43,0 57,0 0,832 2 = 1500
2a 1,3 58,0 42,0 0,76 3 =1500
3a 2,25 57,8 42,2 1,29 18’37" 71
4a 1,66 62,0 38,0 1,03 — 805
5a 2,05 56,8 43,1 1,16 3h 36’57 impermeability
5b 2,77 47,11 52,89 1,30 54'12" impermeability
6a 1,89 70,40 29,60 1,33 - 400
6b 2,10 62,7 37,25 1,33 23’ 37
Ta 2,05 66,9 33,01 1,37 - 86
b 2,39 59,3 40,7 1,41 10724" 93
8a 2,00 61,9 38,1 1,24 243" 363
8b 2,34 60,1 39,9 1,41 21'9” 85
9a 2,76 50,1 49,9 1,38 36740 45
9b 2,49 52,2 47,8 1,30 27'8"” 68
10 a 2,13 60,0 40,0 1,27 - 620
11a 2,4 55,7 44,3 1,32 551" 169
12a 1,37 81,9 18,1 1,12 s 1063
12b 1,90 53,0 47,0 1,01 - 540
13a 2,47 59,2 40,8 1,16 5 1324
14 a 1,68 59,0 41,0 0,99 3 =1500
15a 1,69 52,6 47,8 0,89 2 =1500
Table 2.
Permeability of layers of humuous soils and red clay according to the position
mm/hour
B
6l G b 8| 8| - |s0s| Eula00| — |30 620 160 |1068 1324 g | 8
| 5 1k

Terra rossa ... - - | 71| — — | 37| 86| 68 — - — — —




SOME METHODS TO OBSERVE KARST CORROSION 145

slope is not at all solved, in the second it is strongly solved, while in the
third we can expect a modest corrosion of the rock. After a while these
changes can contribute to the morphological changes of the slope. The data
obtained also helps to plan the dimensions of the measuring system.

II. Quantitative analysis of karr-development

An increasing number of typical karr formations is known from the
various climatic zones. The pertaining studies reveal much about the fac-
tors of karr development, there are, however, but few measurement data
characterizing the growth process of karr grooves. The analyses to be pre-
sented in the following have served two objectives:

1. To obtain data about the speed of contemporary karr development
by means of systematic measurement for several years of the solution of
the sides of the karr furrow.

2. To study the role of humic soil at the bottom of the karr groove in
karr development.

In order to achieve these objectives the measuring spot was selected
on a well soluble Triassic limestone rock surface with karrs, evolved on
the steep (609,) slope of northward exposition of a deep doline. From the
edge of the doline, in the direction of the slope there extended a pair of
parallel karr furrows, each more than three meters long and well developed
within the temperate climatic conditions. This site has proved adequate
for carrying out the analyses. The measuring device was prepared so as to
collect the whole amount of precipitation dripping on the sides of the karr
furrows, and to detect its dissolved carbonate content and lime-agressivity
by means of quantitative analysis. It was essential to ensure that no amount
of water would get into the karr furrow from other surfaces, and thus
the dissolved lime-content would origin from the solution of the sides of the
karr furrow only. This condition was provided owing to the fact that the
pair of karrs selected for measurement strated from the top of the slope,
at the edge of the dolina. The furrows had V shape in cross-section, i.e.
grew narrow towards the bottom, they ran in parallel, and their length
was about the same, which yielded possibilities for comparison.

For collecting the water flowing on the sides, the bottom of the fur-
rows (where their width was less than 3 cm) was filled with concrete in
accordance with the slope, their lower end was closed down by means of a
concrete barrier. Thus a channel was achieved in both furrows, which led
the water flowing on the sides of the karr to the barrier, from where it
flew through a filter and an undergroud PVC conduit into plastic samp-
lers and a PVC tank of appropriate capacity to receive the total water
quantity, all placed in the collecting spacesunk in the slope. In order to avoid
that the water flowing on the sides of the karr solve, by means of its re-
maining agressivity, from the material of the concrete surface, this latter
was covered with synthetic resin. The applied synthetic resin of two com-
ponents and of mesh structure had been selected after several years’ ex-
periments. Before its application the bottom of the karr furrow and the

10 ANNALES — Sectio Geographica — Tomus XIII—XIV.
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concrete channel had been cleaned with wire brush and treated with HCI
solution. On the surface thus prepared the synthetic resin held fast, and no
repairing was needed for about three years. As the preliminary experiments
had proved in advance, the water maintained its natural chemical featu-
res while flowing on the synthetic resin cover into the closed collecting

barrier

Fig. 5. The surface extent of the walls of the two inverstigated karr channels. Seale 1:10

I. Karr filled in with deposits in the original order of layers of soil
II. Karr without soil
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system. By means of underground channeling, collecting and storing it
was possible to collect precipitation and melting snow in winter too,
without trouble.

In the course of these preparations the original condition of the rock
surfaces with karrs, moss and lichen cover remained intact.

For defining the rate of solution per surface unit it was necessary to
measure the extension of the side surfaces of the furrows. In view of the
roughness of surfaces this measurement was made by means of detailed
mapping (Fig. 5.), and by the application of a smooth layer of material
disposable without trace.

In one of the parallel furrows the humic soil taken out before filling
the bottom with concrete was reposited. Thus in this furrow the flowing
water underwent chemical change while filtering through the soil at the
bottom. In the other furrow the solution power of water was identical with
its overground, natural solution power. The difference in the lime aggres-
sivity of waters flowing from both furrows indicates the role of soil in lime
solution (Fig. 6.).
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Fig. 6. The two karr channels and the gauging equipment

a) concrete basement b) synthetic resin cover ¢) soil filled back d) concrete bar to catch the water
e) filter /) PVC-pipe g) viater sampling unit %) tank
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III. Analysis of the solution of rock surfaces

Water flowing from well delimited rock surfaces of definite size can
be collected and examined. For this purpose it is essential to build a water
collecting device so as to ensure that the original solution process and the
quantity and composition of flowing water are not changed.

1. Measuring method of the solution of cliffs

Two cliffs of measurable size, standing side by side were selected ac-
cording to the above mentioned aspects. At their lower end the cliffs were
engirdled by concrete collecting ditches with synthetic resin cover. The
total amount of water solving the surface of cliffs flew into the ditch, and
from there, through a filter and underground conduit into a sampler and
tank placed in an underground closet with door on the top. The first cliff
(no. I.) yielded data about lime solution, whereas the other (no. II.), where
the original soil surrounding the cliff was reposited in the concrete ditch
about the chemical changes of water filtering through the soil.

Fig. 7. Two limestone columns with ditches
I—II. Rock columns a) ditch b) synthetic resin cover ¢) soil filled back d) PVC-pipe e) tank

2. Measuring method of the solution of flat rock surfaces

Water flowing from the delimited flat surface of a solitary rock was
collected in a concrete trough with synthetic resin cover, sunk in the soil
at the foot of the rock. From there it flew into a tank. The whole collect-
ing device was covered thus ensuring that the collecting system recei-
ved the water flowing from and corroding the rock surface only. (Fig. 8.)

In case of all the three methods elaborated for the analysis of carst
corrosion and carst infiltration processes the following aspects of obser-
vation were applied:

a) Observation is a continuous process within regular periods for
several years.
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b) The regular series of measurements are carried out weekly, but in
the periods of maximum precipitation and snow melting extra
measurements may be carried out.

¢) Water samples are analyzed partly on the spot (pH value, tem-
perature, dissolved carbonate content, CO, content), and partly
in laboratory (pCO,, organic material content, Fe, Mg, Mn, CI, S
content, microelements).

Fig. 8. Concrete canal
a) solved rock surface b) concrete canal ¢) synthetic resind) PVC-pipee) tank
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PE3IOME

HEKOTOPBIE METO1bl HABJIIO AEHWI KAPCTOBOW KOPPO3UH
KAPCTOBOI'O ITPOCAUMBAHMS

B unTepecax Toro, 4rodbl TEOPETHYECKHE BBIBOJbLI KapCTOMOP(OreHeTHYECKOro Xa-
paxrepa B 00Jblieif CTENCHM OCHOBBIBAJIMCHL HAa TPHMEHEHHH KOJMYECTBEHHLIX METO0B
MeeeloBaHMi, CPOYHOIT 3ajaveil SIBISIETCS OCVIIECTBJIEHHE CHCTEMaTHuecKkuX Habione-
HUif M perMcTpalsi COBPEMEHHBIX IMPOLECCOB pas3BUTHst Kapera. IloctosinHoe M3yueHHe
pasBHTHsI HEKOTOPBIX (opM KapcTa TpeOver pa3palboTKM CrienialibHbIX METOA0B HalJio-
jeHuii. ITo OTHOMIEHHIO K TTPHMEHSIEMBIM METoaM HaOJIIoeHHIT BbIABHTaeTcs1 TpedoBaHue,
uTo0bl TOCPEACTBOM HX CTaj0 BO3MOYKHBIM J(pepeHIpoBaHHOE M3MEPEHHE BIIMSIHIS
BayKHBIX (aKTOPOB B pasBHTHM (QOPM Kapcra M uToObI HCI0JIb3YeMasl MeToiMKa He HCKa-
yKajla TapaMerpbl OTJEJbHBIX IpoieccoB. Ha ocHOBaHHMM DE3VJILTaTOB MHOrOJIETHEr0
IKCMEPHMEHTAJILHOTO TIPUMEHEHHsT Psila MeTooB Haluoaenuii criocod M3MepeHuii, pas-
paboTaHHBI JUIst TPEX Pa3MuHBIX (OPM Kapera (0JIMHBI, KapPOBOro KaHaJjla H 0roJiéHHoil
CKaJIbHOIT TIOBEPXHOCTH), MOYKHO CUMTATH MPHEMIIEMBIM JUISI TIPOBEAECHHST CHCTEMaTHYECKHX
H3MepeHuii.

1. Msmepenne 1mpocauuBaeMoCTH, MMOBEPXHOCTHOrO CTOKA M 9PO3UH CKJIOHA JIOJIMHDL.

HamepsieMast TEPPHTOPHST MOYKET ObITh TaKHM CKJIOHOM J0JIMHDBIL, CBOIICTBA KOTOPOI
0Tpa)kaloT o0uWie XapaKTepHble UepThl TCPPUTOPHH. Ba)kKHLIM YCJIOBHEM SIBJISIETCS TO,
4TOOBI TIOUBLI 1 CKJIOHOBBIE OTJIOXKEHMSI, MMOKPHIBAIOLUIME H3MEPSIEMYIO TEPPHUTOPHIO, He
HMEJIH PHPOJIOrHYECKOil CBSI3M € COCEIHMMH VyacTKaMH CKJjioHa. Ha rpanuue ckiioHa u
JHA J0JMHBL COOPY KeHa TpaHIUest, BbIIOYKEHHas MOJMBUHHIXI0PUAHOI MAEHKOI, KOTO-
past HaKarJMBaeT BOJY, MPOCAUMBAEMYIO Uepe3 CKIIOHOBDLIE OTJIOXKEHHSI H 9Ta BOJa 3aTeM
uepes JIPeHa kKHVYIO TPYOY OTBOJUTCS B NPUEMHBIT DaK, rje npudop perucTpupyer ypoBeHb
npocaunBaeMoct. TToOBEPXHOCTHBIIT CTOK IM0 CKJIOHY JIOJIMHBI M VBJIeKaeMble MpH ITOM
OTJIOXKEHUST HAKATIMBAIOTCST B CIIENMAJILHOM TPHEMHHKE, COOPYIKEHHOM HaJl TpaHueei,
OTKY/Ia 3aTE€M OTBOJSITCSI B APYroit Moj3emMHblil perucrpanvonnslii 6ax. Cucrema oGopy-
JIOBaHa TaioKe NPUOOPOM JUIst B3SITHST TIPOO BObI M oMOporpaom.

11. Msmepenite crereHH PacTBOPUMOCTH OOKOBBIX CTEH KappoBoro Kanajia: BHH3Y
0TOOPaHHBIX JUIST M3MepeHHii KappoBbIX 00PO3 KPYNHOro0 pasmepa ¢ MOMENIbI0 GeToHa
COOPYIKACTCsl ClelHalIbHbIIT KaHall, CTCHKH KOTOPOro MOKPLIBAIOTCS MOJNdPUPHOIT CHHTE-
THUECKOIT cMoJ10i1. Bosa, pactBopsiioliiasi 60KOBbIE CTEHKH KappoBoii 60po3jbl, uepes oToT
KaHaJl TIoNajiaeT B MoA3EeMHBIIT NpHEMHBII 0aK, rjie NPoU3BOAUTCsT 0TO0P NPod BojbL B Ka-
HaJ1 BTOPOiT KappoBoii G0po3jbl, KOTOpast MapasijieibHa NepBoii 1 Coopy)KeHa 1o j00HbIM
00pa3oM, eCTh BO3MOYKHOCTH TOMECTHTh TIPEXKHION TOrBY M TakMM 00pa3oM creKalouiast
BHI3 BO/la, 1pOCAvNBasiCh uepe3 MouBy, 10C¢/j1e COOTBETCTBYIOUMX aHAJM30B OTparkaeT Te
IHAPOXUMHYECKHE M3MEHEHHST, KOTOPhIC MPOM30LULIH B [104BE.

I11. MamepeHue PpacTBOPHMOCTH OFOJIEHHBIX CKaJIbBHBIX II0BEpPXHOCTEH: BHU3Y
CKJIOHA TOYHO M3MEPEHHOH CKaJIbHOI TOBEPXHOCTH HAa VPOBHE IMOYBLI COOPYYKACTCs
MOKPHITBIH CHHTETHYECKOIT CMO0JI0iT GETOHHBI K0100, KOTOPLIH HaKarjIMBaeT CTEKAIOLYI0
Bojay. B masbHeifuieM Boja TNomajaer B 3aKPbIThIil NPHEMHUK W HE TIOJBEPraeTcst Jalib-
HEHUIMM XMMUYECKHM H3MCHEHHSIM,

B M37105KEHHBIX METO@X M3MePeHHii 001MM SIBJISIETCST TO, UTO OHM TPEOVIOT e)KeHe-
JIeJIBHBIX HaO0JII0/IEHNIT, SIBJISIIOTCST TTPOCTBIMM 11 IEHIEBO OCYIIECTBUMBIMI M HE 03Haualor
OTpHI@TEIHHOE BMELIATEIBCTBO B T€ NPOIECCH, KOTOPLIE Mbl XOTHM H3MEPHTh.



