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DISSOLUTION OF GYPSUM FROM FIELD OBSERVATIONS
Alexander Klimchouk, Franco Cucchi, Jose Maria Calaforra,
Sergey Aksem, Furio Finocchiaro & Paolo Forti

Introduction

Studies of dissolutional denudation rates in limestone karsts are relatively numerous, Although
there is a relatively long history of such studies, there are still many methodological problems
involved, s 15 illustrated by the veview provided by Ford & Williams (1989). Such problems are are
not specific 10 limestone karsts; they are also relevant in the context of the estimation of gypsum
dissolution rates, but 10 an even greater extent because of the higher dynamics, and hence the
higher spatial and time-rekited irregularity, of gypsum dissolution. Furthermaore, examples of regio-
nal estimanes and field measurements of gypsum dissclurion raes are relatively scarce.

There are two major approaches 1o the problem: 1) estimation of the rate of dissolutional
denudation on the hasis of determinations of solute load, and 2) measurement of dissolution
rates on the basis of weight or valume loss of samples, or based on direct measurement of the
micro-erosion due to dissolution. All these approaches have their own limitations, and the mea-
nings of results obtained by different techniques are specific 1o the method, and thus cannot be
compared directly,

Calculation of dissolutional denudation rates on the basis of solute load involves continuous
monitaring of discharge and concentration parameiers, and determination of value limits for the
particular basin. Al these charactenstics are commonly obtained using a variery of methodologies.
experimental designs and field installations, so that results from different regions are barely com-
patible. Furthermore, dissolutional denudation rate values derived from such studies give na, or
few, dhaa refating to the spatial distribution of the process throughour the 3.0 karst system. The
potentially grear varery of dissolution rates berween differemt environments (conditions of water-
rock interaction) within a karst system cannot be revealed by studies of this sor.

Regional estimates of dissolution denudation rare values from solute load studies have heen
made for various gypsum karsts in the former Sovier Union and elsewhere, but they cannor safely
be compared, due o differences of methodology and varable daa quality, More detiled discus-
sion of them provides litde of relevance o the understanding of cither the dissolution process
itself or the evolution of karst forms.

The usefulness of dissolution rate values denived on the basis of weight or volume loss of sam-
ples, or by direct micro-erosional measurements, is limited mainly because their extrapolation
through space is problematical. However, they do provide information that is valuable to the
interpretation of dissolutional processes in particular environments, and in relation to karst form
evolution. Such studies are more effective for gvpsum than for limestone karsts becaose of the
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much higher characteristic dissolution rates, which make the errors invalved inomeasurement
relatively insignificant and allow the dissolution dynamics w be monitored, even over comparati-
vely short timescales (Klimchouk & Aksem, 1985), These generalizations apply both o standard
samiple (rablet) methads and o micre-erosion meter (MEM) methods, which were initially develo-
ped for, and applicd extensively 1o, studies of imestone dissolution rates {Gams, 1981, Dahl,
P07 Trodgill er al, 1981 Space o al, 1985), Specific studies perlormed recently in the Ukraine,
aly ancl Spain have provided valuable information on the subject, and the results are reviewed
generally in this chapter,

1. Field measurement of gypsum dissolution rates

Relatively many experimental studies of gypsum dissolution have been carried out in areas of
different natural environment in the former Soviet Union (Skvortsoy, 1953 Oradovakaja, 1962
Lukin, 1979; Pechorkin, 1969; Gorbunova et al, 1986, 1993}, These studies were based on the wei-
ght loss of samples, but the samples were of different lithologies, sizes and shapes, and commonly
the results were reported in terms of percentage weight loss relative to the initial sample. For
these reasons it is difficult to derive sensible comparative values from the quoted results.

During the last decade, some research programs undertaken in the Ukraing, in laly and in
Spain have generated extensive datasets that support comparative consideration of dissolution
rate values obtained from different environments and by different methods. These dara are pre-
sentedd (see Table and Figure) and discussed briefly helow, in order to derive a general view of
gypsum dissolution rate charactenistics under specific natural condlitions. More detailed considera-
tions are provided for the Ukraine by Klimchouk et al (1988, 1991) and for Spain by Calaforea ¢t al
(1993) and Calatorra (1996}, and are partially published for Italy (Cucchi, Forti. & Marineri, 1996).

Strictly speaking, supposed measurements of samples weight or volume loss, or MEM measu-
rements of surface lowering, may reflect not only the effects of dissolution but also, w varving
degrees, the effects of mechanical erosion. The latter effects can contribute greatly in high flow
velociey environments, such as free-running streams, However, in most common environmenis
{where the rock is exposed to precipitation 2t the surface, cave condensation, percolation water,
in confined or unconfined aquiters) dissolution is assumed to be by far the dominant process
affecting rock degradation, especially when considering gypsum, with its high solubility and fast
clissolution kinetics.

1.1. Data from the Western Ukraine

Gypsum dissolution studies were performe in the Western Ukraine between 1984 and 1991,
using stanclard tablet methods, Thirtv-eight stinons were chosen, representing different environ-
ments (situtions of water-rock interaction in the three major intraseratal karse sewings: entrenche,
subjacent and deep-seated (see Chapters 14 and 1L9). The following environments were studied.:

1. Direct exposure o precipication at the surface;

2. Exposure to cave air in sones of condensation;

3. Forused vertical percolation from overburden o gypsum (via vertical dissolution pipes) in
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the vadose zone;

4. Unconfined aquifer in the lower pan of a gypsum sequence, 4s represented by cave lakes;

5. Confined aguifer in gypsum, and in underlying hasal sandy-carbonate beds (the water in
the latter provides upward recharge to the gypsumi. Tablets in this environment were placed by
means of horeholes that were open within the appropriate pan of the sequence.

Standard wahlers 40 o 45mm in diameter, 7 o Smm thick and weighing 18 to 29g, were made
from a single variety of massive micro-crystalline gypsum of Miocene age. Control measurements
were generally made every 3 months, but sometimes at other intervals ranging from 1 to 6
months, depending upon the actual dissolution dynamics and the accessibility of the sample.
Measurements at most stations were supplemented hy water sampling and subsequent determina:
tion of chemical composition and saturation index values with respect o gypsum. The dataset
includes more than SO0 measurements. Dissolution rate values that were onginally expressed in
units of mg cm! davd have been converted o mm a! imillimetres per vear) units of equivalent
lwering. to facilitate their comparison with other datasets.

1.2, Data from Spain

Between 1991 and 1994 study of pypsum dissolution was carried aut in the Sorbas region of
Spamn, ivolving both the standard wblet and MEM methods (Calaforer er al, 1993; Calaforra,
1996). During the first stage (1991-1992) rablers macde from Ukrinian Miovene gvpsum were used
al 13 stations representing different environments, including:

1. Direct exposure 1o precipitation at the surface;

2. Exposure 1o cave air in xones of condensation;

3. Perched cave lakes with occasional sluggish through Mow;

i, Ephemerd cave sireams:

5. Siphan atthe downstream end of the cave system {discharge)

For the second stage the program was expanded by installing more stations sind by deploying
tahlets of different varicties of Messinian and Triassic gypsum from Naly, o Gcilizate study of dis-
solutional effects upon different lithologies. Control measurements were carried out every 3
momths. Additionally, 22 MEM strions operated between 1992 and 1994, 0 sites representing
environments 1, 2 and 4 listed above,

1.3. Data from ltaly

Between 1993 and 1993, gypsum dissolution rates were measured by means of the micro-ero-
sion meter (Dahl, 1967; Forti, 1981; Trudgill et al, 1981; Spate et al, 1985) in surface environments
suffering direct expusure 1o precipitaton. The field experimental stations (providing measure-
ments from natural gypsum exposuresy were located in 17 different arcas on natural gvpsum our-
crops of 10 different gypsum Tithologies, 1o assess a variety of morphological and cimatic conci-
s within the range from 477 w0 36° Laiude, with annual average rainfall vilues hetween 300 and
Lastmm 2! Measurements were also carried out on samples of 12 different gypsum lithologies
exposed in 7 fiel] laboratories. The resulting dataser includes more than 3,000 measurements.
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Terlole
Gypsum dissolution rates in different regions and environments
;'1;:' Hepion Methad, envirmmment Dissolution rate, mm n-1 Source
B
el
VYariations Average
o tn value

1. Bussin. pre-Lirals | VE. river waters T3S | 1Al Pechorkin, 194

& Bussia. pre-Urals | RM. river waters 20 - MHHE Fechorkin, 1186

¥. Englumd. Ripeonn | BAL river waters BT 20N Jumws, 1997

o, W Ukraine TWL, surface, semples exponed fo Ih -1.48 s Klimchouk et al.,
precipilafions, Slpyp -4 38 1944

i Italy MEM, serface. aitcrops exposed 1o [ 3] 142 -i6i) | Cuecchi, Finocchiiny
precipitations, duta from field & Fam
sLtions

LN Traly MEM, surface, *ﬂillhrll:x eapustad i [ <020 -1.33 0.7 | Cuechi, Finocchiim
precipatitions. data from feld labs & Forti

iR Italy MEM, surface. rocks oxposed 1o ALG 1135 ALTR | Cuechi, Fimwehiieo
precipibaions. Triassic gypraim & Forli

B Tuly MEM, surface, rocks eaposed 1o . .97 ALkl Ciiechi, Finoechiirg
rreaplations, Messmnum gypsum & Foali

9. Spnan, Sorbas TWL, surface, samples cxposed 1o i -1.54 .28 | Calafores, 19454
[recipalation

1, Spam. Horbas MEM. surfiuce, cancrogs cxpaosed 2 A1LA3 1,43 | Culafoma, 199
[recipitatioi

. W Ukraine TWIL, foscuised percolation i the i] -1.52 h | Klimchouk et al,
vudu;l; sombe {vertical pipesy, Slgyp 194+
AL 13

12, | W, Ukruine TWL. uncenfined aguifer d cave -y.22 BERE ML | Btk et al,,
Lk b, upgeer Buver, Slayp 013 19

|3 W, Ukrnine TWIL. waceslined aquifer {ave S A1 -1.12 Elimchouk et al.,
lakg ) bulb waler, Slgyp (1002 19491

14. Spnain, Sorhas TWL, perched cave likes with ] (b 3eh N3 Caliaform, 1996
lemporal slugoish through Mow

15 S, Sorhs TWL, gemporal siream in o cave il 01,87 ETRTE] Calilomi. 144

s, Spnn, Sarkss MEM. temporal s in  cave +11.007 Al ETRT Calulorma. 19

7. Bpain, Sorbas TWL, Siphon an the downstreim i 2 002 | Caluforra, 19K
cid o the cave system (ischimrge)

15 | W. Ukraine TWL, confined aguiler in Lypsum, AT «1.22 022 | Culaforra. 19%
natural conditions. Slpyp -0.21

1%, W Ukraine TWL. confined squiler in gypsuim, 126 -3Ah 1.56 | Klimchook et al.,
disturbed condstions, Slaip -0.05 1524

K1) W, Uknuime TW L, comfined aquiter below <2 a% 2557 <1450 | Khimchook e al.,
aypaain [recharge o the gypsnm), [BE]
Sl <148

1 W, Ukraine TWL. cave air +(0113 RINIES .03 | Klimchaouk eal,,

19591

¥ Spom, Sorks TWL, cuve air 1] EINE e | Calulomm 149496

21 g, Sorhis MEM, cave nir +00, (10 A4S ALTD | Calulormie 1956

Aethods: BM = retreat imeasurements, ¥ L= voluee ks, TWE = ahlet werghi Toss, MEM = micro-erosion meter.

1.4.0

ther data

Three datasers chosen from other oecasional field observations of gepsum dissolution that are
scattered through the lireriure appear o be converuble into units thar allow their comparison,
They all represent the active surface river llow environment, which is analogous o the case of
allogenic recharge of a kst system, These data are based on measurement of the dissolutional
retreat of boulders sulmerged in river water, and the cutting back of gypsum cliff faces and fissure
walls in cliffs under the action of lowing water.
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Fig. 1. Gypsum dissalution res in different regions and covironments, Sombers on the baes corre-
sponud 1o the dataset numbers inthe Table, Methocds: BM = retreatl messurements, Y1 = volumge loss,

T = tabilet weight loss, MEM = micro-crosion meter.

2. Dissolution of gypsum in different environments

The Table and Figure below provide generalized summaries of the above datasets, grouped 1o
represent different environments and experimental methods. The dissolution rates are characteri-
ed by minimum, maximom and average values. Most groups include data from several stations. It
should be noted thar average values do not provide a consistent reflection of what they might
appear W represent, due o the dilferent ways in which they were determined. Some are values
that wverage a number of individual measarememts from one (@ different control perinds) or
more stations (dilferemt contol pericds and different locations), while athers represent averages
for s complete daaser, average values derived from individoal stations (as in the case of the Ialim
datasery, or values measured (in the case of MEM) or calculated (from the camulative weight loss
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ol tablers) for @ long period encompassing several intermediate control periods, Morcover, thou
gh the MEM lowering values are based on direct measurement, the values derived from tablet
experiments represemt calculated equivalent lowering. In addition, some environments (stations)
tlemonstrate seasonal variability of rates that reaches one or even two orders of magnitude, and
this variahility increases with decreasing contral intervals. These points reinforce the warming
expressed by Ford & Williams (1989) thar there i a need for great caution in attempting the inter-
pretation and extrapokauon of results through time and space. Finally, it must also be stressed that
the dissolution rates discussed here have nothing o do with the geomorphological concept of
overall surface lowering,

2.1. Localized surface flow (river waters)

Pechorkin (1969) reported dissolution rate values ranging from 7935 w 190-4mm !, thar
were derived from a five-year-long ohservation of specific gvpsum boulders i a small gulf of the
Bama river reservoir, in the pre-Urals, Russia, Another estimate from the same reservoir repre-
sents the rates of fissure widening in a gypsum cliff, and ranges bevween 200 and 3,000mm o,
depending upon the fissure orentation relaive o fow, and henee upon the actual Now velocity
i Pechorkin, 1986). Gypsum dissolution rates by river water were also derived from long-term
ohservations of the rate of undercutting of a gypsum ¢liff face on the river Ure, near Ripon,
England. The recorded values, between 100 and 200mm !, were confirmed by caleulations based
on ohservations of 2 dissolving gypsum block in the same mver Games, 19923, All three of these
estimates are largely coincident, though the upper limit of fissure widening in the Kama river cliffs
seems 1o he an overestimare, or may be related 1o special local conditions,

2.2. Direct exposure to precipitation

This environment is characteristic of all the Ttalian datasets, which are derived from a wide
range of climatic conditions, ranging from semi-arid (490mm a'! of precipitanon) in Central Sicily,
1o Mediterranean and 1ending towards continental in the Trieste area (with 1,350mm a'! of preci-
pitation. This is supplemented by data from the arid Sorbas area in Spain (230mm a! of minfall,
B of which oceurs on only 3 10 4 davs ), and from the temperate continental Ukraine (640mm &
Vol precipitation, 20-25% of which is in the form of snow}.

Comparison between the MEM and tablet method is possible only on the basis of daa from
the Sorhas ared, where both techniques have been used (datasets 9 & 10), The abler method
shows values roughly 1.5 times greater than the MEM, both for the maxima and the averages.
However, the method factor does not account entirely for this difference, as the measurement
pericdds of each method only overlap partially: the total rainfall in 1992 (the principal yvear of the
tahlel exposure) was much lower than in 1993, when maost of the MEM measurements were car-
STRIRVTIR

Differences hetween minionom and masimum svalues are up o ovo orders of magnitude for
the Ukeaine and Spain, and 4.0 w 6.0 times for Taly (datasets 3 & 6). The lower variation apparent
in 1taly is expliined by the Ger thar the range is hased on averaged values from 4 number of sta-
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tions, while the datasets from the Ukraine and Spain represent ranges of individual values {for
imermechate control pedods) from single siations.

Yariations of average values between Tralian stations, and of individual short-term values in the
Ukrainian and Spanish stations, are strongly related (o the amount of precipitation. The correlation
between lowenng (D, mm) and the amount of liquid precipitation for the corresponding peiod (W,
mmj is 0911 for the long-term set of Talian data from different stations, and 0.721 for the short-
term set of Ukminian data from a single station (n the Tater case the daa for imermediate conteol
periods arc analyzed). The relationships are approximated by the fullowing equations:

laly: D {mmy = (LB00725 * W (mm) + (L1815
Ukrine: D (mm) = 0000470 # % {manp - (L0429

It is remarkable that the extreme and average values of dissolution raes ohianed from the
tablet methad in the Ukeine (dacser 4) and in the Sorhas area of Spain (dataser 9) are essentially
the same, despite the striking climatic differences. This can be explained partially by acknowled-
ging that snow precipitation in the Ukraine has lintle dissolutional effect on wblets. The average
dissolution rate walues from the lalian dmasers are 2.5 to 3 times higher than those Trom the
Ckraine and Spain.

The Ttalian data demonstrate that the differences hetween MEM measurements at field sta-
tions {expased rocks faces; dataser 33 and at field laboratonies (exposed gypsum samples; datiset
fy are relatively insignificant when compared o the variations between stations (climatic condi-
tions), Triassic gypsum {dataser 7) dissolves more readily than Messinian gypsum (duaset 8,
thowgh again, the difference appears to be lower than the tpical varations hetween localities.

2.3. Focused percolation in the vadose zone

Situanions where focused downward percolation water enters gypsum heds from overlving for-
mations are wypically found in entrenched intrastratal karsts. Such percolation is responsible (o
the develapment of charcienstic vertical dissolution pipes in gypsum (see chupters L3 & 191
Gypsum dissolution in this environment has been studied 4t several stions in the Wesiern
Ukraine. The dissolution rate values vary greatly hetween stations and seasons, reflecting the
highly irregular percolation regime and the local peculiarities in water-rock interaction conditions,
The datt included in the Table (dataset 1) corresponed 10 conditions where dripping water
Nowed for about 1w 2m along the gypsum walls in the upper part of 4 pipe hefore coming into
comtact with i tahler.

2.4. Unconfined aquifer in gypsum

This environment has been studied at four stations in the Podols’ky region of the Western
Ukeaine, where the lower pan of the gypsum sequence forms an unconfined aquifer within wide
inter-valley massifs. The aquifer is characterized by hydraubeally interconnected cave lakes (with a
sluggish regional flow) tha are located in the lowermaost parts of the cave systems. These Likes are
also connected hyvdrauhically 1o the underlving basal sandy-carbonate aquiler. Hydrochenieal siu-
dhies suggest tha there is a distinet siratification of the lake water due o the effects of grvicional
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separation, The average TDS content (mainly sulphates) changes from 142g L1 in the LTSt
water layer to 2,132 L1 in the halk water below a depth of 20 to 25¢m. There is 4 corresponding
decrease of average saturation index with respect o gypsum from -00.21 to -(LD2. Stations with
rahlets within the uppermost kyer demonstrate relatively intense dissolution (mates ranging from -
3.22 to -18.17; average -1040mm aly, while dissolution mies in the bulk water are commonly
ahout ten times lower (ranging from 4005 1w -6, 16 mm !, with an average value of -1.12mm a1,
Variations, which are particularly noticeable in the bulk water, are not time-related, but spatial
{hetween different staions), reflecting different intensities of circulation inindividoal lakes.
Recorded seasonal variations are small and display no obyvious regularitics, though dissolution
rates in the uppermost layer have demonstrated significant Auctuations between some vears. For
instance, the average value for 1995 (6.35mm a1 y was roughly half of those recorded for 1995 and
1997 (12.30hand 13.50mm a! respeciively).

2.5. Perched cave lakes

Results relanng 1o lakes perched in the vadose zone were provided by three tablet stations in
the Sorhas area of Spain, where intermittent through-flow oecurs during sporaclic rainy periods.
The average dissolution rate of this environment (0,03 a1 dataset 14) is not quite representative,
hevause dissalutional activity is minimal during most of the year, hut greatly enhanced during
short pertods of rin and concomitant through-Mow,

some cve lakes mothe Western Ukrsine are perched on clavey Bl and not connected o the
aquifer. This is an environment of almast stagnant water, with TDS content of 20 10 2.5¢ L and
Slavp that fluctuates close 10 zero, commonly assuming positive values. Dissolution rates (not
included in the Table) vary slightly below and above zero, hetween limits of -0.01 w0 +0.01 a1,

2.6. Ephemeral streams in caves

It is difficult to interpret dissolution rates in free-running cave waters due to highly iregular
flows and chemical regimes. In the Sorbas area of Spain through-Aow in gypsum oceurs only after
infrequent rainfall evems. The tablet staion in this environment produced highly viriable values
of imermediate (3-monthly) measurements ranging from (o -0.87mm a'!, with an average rate of
D.05mm !, The highest recorded rare is the lowering equivalent of the tablet weight loss during
a4 3-month period, within which most of the dissolution was associated with a single minfall event
(120mm of rain during 24 hours), Assuming that 90% of the measured dissolution occurred
during 3 days of high Mow related w that evenr, then the calculared dissolution rate value of -
180.1mm a'! is compatible with dissolution rates for surface river water.

MEM measurements in the same environment display smaller dissolution rate variations
{+0.07 to 0.40mm ™! ; the farmer value indicating deposition, perhaps of CaCO;). and a higher
average value of 0 16mm a'l,

[t is remarkable that even at the downstream end of the cave system, in a siphon located close
ey the discharge point of the Cueva del Agua, notable dissolution has been recorded, averaging -
(02 mmal
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2.7. Confined aquifer in gypsum

This environment can he regarded as the most significant in terms of dissalution rates within
aypsum karst, considering that intrastratal deep-seated and subjacent karsts are the predominant
gypsum karst types (see Chapter Lay. It has been studied extensively in the Western Ukraine,
where a confined aquifer in gypsum is connected hydraulically with, and receives its recharge
from, the underlying regional sandy-carhamate aquifer. Water in the gypsam attains varving dissol-
vedl sulphate concentrations, depending upon the intensity of cross-formational circulation ancd
the configuration and “maturity” of the cave systems in the gypsum, This explains why water che-
mistry and dissolution rates may vary substantially hetween localities (horeholes) even within a
single area. The varations referred 10 below reflect such spatial differences, Groundwater dyna-
mics and chemistry do not display notable seasonal vacstons under such conditions.

Wing stations in the Nikolaevsky area are charscterized by an average TDS content of water of
136 171 Slgvp 021, and gypsum dissolution ries varving from 0,16 to -1.22Zmm a7, with an
average value of -0.22mm a’t In the Jazovsky arca (3 stations) the average TS coment is higher,
and Skgyp is lower than in the above area | 182y LV and .06 respectivelyy, but the gypsum disso-
lution rtes are substantially higher (varving from 026 o -3.46; average -1.56mm a1 j, Hence,
despite the hydrochemical conditions seeming 1o he more Grvourable for gypsum dissolution in
the Nikolaevsky area, the average dissolution rates are seven times higher in the Jarovsky area.
This can he explained by the hydrodynamic conditions being severely disturbed within the
Jazowvsky area, where massive underground water abstraction oceurs throughout the vear to provi-
de de-warering of a large open-cut sulphur mine (see Chaprer 1.9), resulting in substantial increase
of flow velocities. Data of numerous tracing experiments conducted by A, Klimchouk and S.
Aksern (unpublished) suggest thar flow velocides in the confined aquifer range between 25 and
7im day'! under natural conditions in the Nikolaevsky area, while they range between 400 and
250m Llu:ﬂ'l in the Jazovsky area. More substantial kueral Mlow companent within the gypsum
maty account for higher sulphate concentrations in the Jarovsky arca, but higher flow velocities
cause greater dissolution rates there, as compared with the Nikolaevsky arca. The above dissolu-
ton rane resubs demonstrate a great influence of flow velocities on dissolution rates in gypsum,
through changing the rate constant K werm (sce section 4 in Chapner 1.2)

Dara from another three tablet stauons in the Jazovsky arca characierize gypsum dissolution in
waters of the sandy-carbonate aquifer, which underlies the gypsum sequence in the Western
Ukraine. These data correspond to the situation where water dissolves gypsum along the lower
contact of the strtum, and/or enters the gypsum via fissures, Waters in the hasal aquifers, with a
TS coment ranging from 0.4 10 0.6 17 and average Slgyp = -1.70, dissolve gypsum at rates ran-

ging heween <248 and -23.57mm a'! {average value = 9. 16mm al),

2.8, Cave air

As condensation in cave air is regarded as being an imporant speleagenetic agent (see
Chaprer 13), it was appropeiate to attempt 1o study dissolution rates for gypsum exposed to cave
i in zones where apparent condensation occurs, This was done using ablets in the Western
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Ukraine (dataset 21 and using tablets and MEM m the Sorbas area of Spain (datasers 22 and 23),
The data Trom ablers are essemially the same from both regions. The difference hetween extreme
values fully corresponds 1o seasonal variations (this also applies 1w data from the MEM methud).
Al stations within transitional zones between external and internal climates higher ranes are recor-
ded for warm periods, while during cold perods neither dissolution nor precipitation takes plice.
This agrees perfecily with the theoretical course of condensation processes (see Chapter 1.3).
However, data from one station within the local condensation zone in the deep internal part of
the Optimisticheskaja maze cave in the Western Ukraine, display the oppuosite trend.
Condensation there is caused by air exchange between two extensive cave series through a single
pussage; this exchange is governed by rules that differ from those governing interiction between
eaternal and cave atmospheres.

The dissolution rates obtained for this environment by MEM measurements are much higher
than those from tablets. This can perhaps be explained because condensation oceurs more inten-
selv on the surface of the host rocks than on small samples, which tend to equilibrate more
rapidly 1o the temperature of in-Mowing air.

3. Additional discussion and conclusions

The recent studies described above provide important information on gypsum dissalution
rates in commaon natural enviconments. There are dramatic rate variations berween different enwi-
ronments, many of which are also characterized by high rate variations with respect 1o tme.

Dissolution rates of gypsum and carhonates can be compared directly when obtained by the
same methad under the same conditions, as in the fickd lboratory in Trieste, laly, where hoth
carbonate and gypsum samples have been exposed o precipitation, The results suggest that ave-
rage rtes of dissolution of gypsum samples (0,68 w1 14mm aty are roughly 30 to 70 times grea-
ter than dissolution rates of carhonate samples (0.010 to 0.035mm a'!), which agrees broadly with
theoretical expectations.

Karstological interpretaions of the dissolution rate daa should rake into account a spatial
distribution of corain conditions of water-rock intersction within a karstified formaton, This
depends Jargely upon hydrogeological settings and tvpes of karst according to its evolution and
the presence of cover-beds. The typology of karst is considered in Chapter L4, Inteasteatal karst is
b far the predominant ype of gypsum karst. There are no reliable data 1o allow evaluation of dis-
solution rates in its “voung”, deep-seated, sub-tvpe. However, considering its poordy develaped
secondany porosity and sluggish fow conditions, velatively low dissolution rates and, consequen-
tly, prolonged time-spans for initiation and early development of karst systems can e assumed. In
shallower artesian conditions, where Gow is considerably intensified and karest systems yre already
quite well developed, dissolution rates are high, as evidenced by the data from the Western
Ukraine. Comsidering these high rates, which are relatively uniformly distributed through the well-
developed surface of hydraulically open paths in and around gypsum, such an environment can
probahly e regarded as thar experiencing the most intense karstification. There should be no
significan climatic and seasonal variability of dissoluton rates in this environment,
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In karst types with extensive vadose zones and unconfined aquifers (intrastraal entrenched
and exposed karst tvpes), dissolution within the rock becomes highly localized along certain per-
colation or free-running flow paths, and along the water whle zone, Despite rates heing locally
ligh, such dissolution does not contribute much o overall karstficadon processes. [nrastieal
eotrenched karsis, where gyvpsum is areally protected by some degree of cover, can survive throu-
gh quite prolomged geological timescales, producing spectacular karst laindscapes due o focused
morphogenesis. Localized dissolution plays a major part in karst morphogenesis, creating charae-
weristic underground and surface forms.

Expused wvpsum massifs are subjected o intense dissolution, distibuted relatively uniformly
aeross the extermal surface; this is another environment of intense overall karstificagon, When
exposed] to meteonc agents in climates that provide a substantial amount of liquid precipitation,
gepsum outcrops probably cannot survive for more than few huadred thousand vears. This agrees
with the ohserved fact that exposed gvpsum kaests are not common m areas of temperate and
humid climate, Dissolution rates in this environment are prone (o Lrge seasonal vanations.

Condensation waters may produce substantial dissolution in ventilated karst massifs.
However, condensation is not spread uniformly throughour the caves, hut is Jocalized mainly
within transitional micro-chmatic sones near the surface, and occurring mainly during the warm
seasons. Although dissolution caused by condensation may have @ speleo-marphogenetic role, it
cannt be reparded as an important factor i karss development.

Localized Iree-running water, such as allogenic mvers or local streams [ormed on poorly fissu-
red gepsum outerops or on remnants of insoluble sediments, dissalve gypsum at extremely high
rates. Clearly, the curing down of a gypsum sequence, or the develupment of a through-cave pas-
sage by such sereams should be a peologically mstantancous event. However, this dissolutional
environment is so localized spatially that it does not contribute notably o overall kaestification.
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