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Chapter 1.8

GEOMORPHOLOGICAL ASPECTS OF GYPSUM KARST AREAS
WITH SPECIAL EMPHASIS ON EXPOSED KARST
Ugo Sauro

1. Medium- and large-sized forms

Medium- and large-sized gypsum karst lindforms are similar in many respects o those found
on carbonate karst, However, there are also some dilferences. This chapter will review the typical
landfosrmes of gepsoam karst, stressing the similarities and the differences when compared with care
Borate karst forms, and discussing their momphogenetic pecaliaritices.

In gypsum karst areas it is also commaonly possible to recognise landforms produced by ero-
sion due o surface flow and the effects of Muvial deposition, both of which are 1w some degree
related to the presence of lenses and Layvers of other rock tvpes. Landforms produced by different
typees of lanedslides are also present,

Among the typical karst landforms, the following have been recognised:

1y dulines,

2y hlindl valleys,

3} polje-like depressions,

4} subsidence and collapse basing in rocks that overlie gypsum,

1.1. Dolines

Gypsum Rarst includes doling tvpes that are similar 1w those developed in carbonate werring,
Authors who have described the geomorphology of gypsum karst areas have listed the following types:

17 shallowy, Tar Qoored, dolines,

21 saucer-shaped dolines,

31 howlshaped dolines,

41 funnel-shaped dolines,

5) pit-like dolines

6y asymmetrical slope dolines,

7y multiple or compusite forms formed by the fusion of two or several simple forms,

8) chains of dolines, and corridors derived by the fusion of many dolines,

0y intermediate forms berween dolines and small blind valleys.

Dolines exhibit a wide range of sizes: diameters vary from a few metres o several hundred
metres; depths range from a few decimetres w nearly one hundred merres (Fig, 1),

It is noteworthy that very small dolines are present only where pure gypsum crops out, and
the depressions are adjacent o each other, constituting a honeycomb karst. Populations of very
small dolines have heen described m the alian Dolomites by Bini (1983) and in the western Alps
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Fig. 1. Seanergram showing the imer-relations of depth wo maximum diameter of some deline populations
in gvpsum karst areas of Taly. The scales are logarithmic (log .. The dacare derived from S (1987)
ancl Meneshel gn Agnest et al, 19899 Some of the Lrger forms are blind valleys The population with larger
forms st of Yena del Gesso, while the mediome-sized and smaller forms are those of the S Ninfa pli-
tedu in Sicily, where o detailed morphometric analysis as been performed.

Py Capello (195%). Tvpical populations of honeycomb doline karst, with dolines ranging in diame-
ter from o few metres to several tens of metres are known in the Baisun-Tau mountain aren,
herween the Uzbekistan and Tagikistan republics (Bernabei & De Vivo, Eds, 1992), and in the Alps
of Albania i Bassi & Fahbri, 19900).

Intermediate fearures between karst and Muvial foems are probahly beter recognizable on
wypsin than in mast carhonate terrans. Many dolines also show the characteristics of small blind
villeys. These forms are generally elongated to follow regional surface slopes. They display a signi-
fcant difference between maximum depth {difference in elevation between the highest point of
the watershed and the honom of the depressiony and minimum depth (difference in elevation
hetween the lowest paint of the rim of the depression and its floor). Basin shape is asymmetrical,
with 3 more extended slope on the aphill side and a nacrow but generally steeper shope on the
dlomenhill side,

Chains of dalines tha are Cearly the result of the “drying up” of Tuvial valleys are also casily
recognizble, I general the dolines within these multiple features are elongated along the axis of
thee Cham (Fie, 3)

Lyang between the different Torms and Teateres associated with dolines o “nested” insicde
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Fig, 2. View of 3 gypsum plateaw in the Baisun-Tau mountain area, berween the Uzbekistn and Tagikisian
repuilics, The honeveomb structure of the karst depressions is evident (Photo of *1a Vena™ Association.
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hasins, are examples of small Tuvial incisions {such as gorges and canyon-like valleys), differemt
tvpes of karren, pits or shaits, cive entrances and swallow holes.

1.2. Blind valleys

several different types of blind valley have been recognized in gypsum karst:

- valleys that are cut into insoluble sediments, such as clays or other clastic materials, and end
at the contact of these rocks with gypsum outcrops, where a swallow hole is active {examples are
numerous in the Norhem Apennines, Northern Caucasus, the Baisun-Tau mounting of ceniral
Asi. and elsewhere):

- valleys with an upstream part lving on insoluble sediments, continuing for several tens or
hundreds of merres incised into gypsum outcrops, until ending at a swallow hole (as demonstra-
ted by some valleys in Sicily, such as lo Sfondato, near Porto Empedaocle);

- valleys cur completely or almost completely across gypsum outcrops (also demonstrated by
some valleys in Sicily, such as the Valle del Biviere, in Santa Ninfij;

- small valleys, or valley-dolines, cut completely within gypsum outcrops, which continue
downstream as chains of dolines (some vallevs in Sicily in the Samta Ninfa area; see also the sub-
chapter on dolines above).

1.3. Polje-like depressions

Polje-like landforms aee also present in gypsum karst areas, Most of them are open, but some
are partially closed around “ponars”. Examples include the polie of Bambini in Greece, the open
palaco-polie of Sant Maximin in France (Nicod, 1993, and some of the poljes in Sicily (such as il
Pantano, 1o the west of Siculiana Mare). In the Alps a glaciokarstic polje has been descnibed (polje
of La Valoire; Nicod, 1976). Polje-like depressions in inerastratal gypsum karst areas are described
Iy Golwrnova (1979 See also Chaprer 1140,

1.4 . Subsidence and collapse basins in rocks overlying gypsum

Some “karst-like forms” are induced upon non-karstic rocks by intrastratal karst development
within gypsiferous and/or saliferous rock units. Il underground water is able to reach such
pypsum or rock salt, dissolution oceurs and there is a loss of volume, creating voids in the buried
sequence. As a result, hoth subsidence and collapse phenomena may take place, locally resulting
in visible effects ar the 1opographic surface.

Comman forms that originare due o subsidence are closed basins. These may be very large
but shallow, ;md many of them are occupied by lakes. In Sicily there are numerous fakes of this
tvpe, with surfaces ranging from a few hundred square metres o about 2km? (Agnesi et al, 1987,
Trevisan & Di Napoli, 1937} The lakes are susceptible o undergoing rapic changes in shape and
size caused hoth by progression of the subsidence and by erosional processes. The Pergusa lake,
near Enna in Sicily, has an area of 183km? and a masimum depth of anly 4.6m.

Landiorms that originate due o collapse are generally much smaller, but commaonly show a
higher depth/diameter ratio. In the bruided bed of the Taghamenta Biver (Southern Alps), many
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collapses have occurred during the present century. The fargest described was about 40m in dia-
meter and 20m in depth (Gortani, 1963}, More derails of karst landforms in areas of intrasoratal
karst, and mechanisms of collapse development, are provided in chapeer 1.10.

2. Positive and/or residual forms

Among the positive andsor residual Landforms that result from the imeraction hetween active
processes (tectonic forces, gravity, weathenng and denudational effects) and passive influences
{lithological and structural guidance), the following may be listed:

17 outliers,

Iy vome-like hills

31 domelike hills,

41 mesaelike tabular blocks,

5 phitcaus,

&) breceia pipe hills,

2.1. Outliers

Outliers are tsolated remnants of gypsiferous rock units that are left siting upon underlying
clay rock units after the parent mass breaks into fragments that slide apart. Some of them are
spectacular parallelepiped-shaped or pyramidal hills, such as the Rocea di 3. Paolino, of Sutert in
Sicily.

2.2. Cone-like hills
Cone-like hills are relatively small hills that develope inside honeycomb karst, and are compa-
rahle in appearance with the conical karst of carbonate regions,

2.3. Dome-like hills

Dome-like hills are more or less hemispherical hills, comprising homaogencous gypsum mas-
ses, Thelr origin is not vet clear, but it probably relates to owage of gypsum in response 1 one-
sidect unloading during exposure, and inhomogeneous stresses impased by wectonics (see
Chaprers 1.1 and 19y, Unusual weathering processes affecang the uppermaost gypsum layers might
also play a part in ther development., Some dome-like hills have also developed due w the pro-
tective effect of thin gvaponitic limestone cap rocks, which prevent dissolution of the underlying
gypsum (Agnesi ¢l al, 1989).

2.4., 2.5. Mesa-like tabular blocks and plateaux
The mesa-like tabular hlocks and the gypsum plateaux are relatively large expanses of gypsum
with nearly horizontal upper surfaces, generally delimited Laterally by erosional or fault scarps.
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2.6. Breccia pipe hills

Brecens pipe hills are areas of relaively high relief that result from the selective denudation of
breccias composed of different rock wpes, The breccias oniginate due 1o collapse of gvpsiferous betds
andd other rocks into cavities formed within deep-seated gypsum beds. Such breccias commonly have
i pipe-ike form and locally they can offer more resistance to erosion than do the surrounding rocks.

3. Morphogenetic aspects of dolines and dry valleys

Morphogenetic processes producing karst landforms in gypsiferous rocks are similar to those
that are active in carhonate 1errains. The following types of doline have been distinguished:

1y normal solution dolines;

2) dolines originated by the evolution of a swallow hole;

3) dolines originated by collapse phenomena;

4y alluvial and/or piping dolines;

5y subsidence hasins and dulines,

Whereas in many carbonate areas most dolines appear to fit within tvpe 1), in areas of expie
sed gyvpsum most dolines seem refated to type 23 On gypsum outcrops water infiltration tends 1o
relate to 3 few welldefined sink points, and not to a dense system of small openings s is more
comman on carbonmates, Probably there are two main drainage system elements: nearly horizonal,
influenced by clay Livers and lenses, and neary vertical, guided by joint {and other) fissures. The
tvpical honeveomh patterns are probably related o the lareer,

The structures of epikarsts developed in carbonate and in gypsum sequences are dissinilar. In
gypsum, most fractures are sealed near the surface, so most surface water penetrates and fows
through a few medimesized and large cavities. This characteristic is also indicared by the negligi-
ble storage capacitics of gypsum epikarst and by the very shor tme kg between precipitation and
ek discharge from the underground drainage systems.

Thus, the configuration of slopes within a doline in gyvpsum is influenced hoth by normal
stope processes and by chemical erosion i the soilrock or rock/atmosphere interfice. However,
the rock surface s not 3 real barner 1o the water: some warer is able w penetrate for 3 distanee of
hetween a few centimetres and a few metrers o the interstices between erystals. Imerstitial
water favours lass of mass, exchange of salis and recrystallization of the gypsum, and contributes
1o surface lowering in general,

In literature deseribing gypsum karst, many authors have expressed astonishment at the
engulfment capacity of swallow holes in blind valleys and dolines. In many blind valleys there are
Large quantinies of clay and gypsum fragments that are removed by steeams during floods, s dif-
ficult 1o understand why this material does not obstruct the underground channels, which appear
to renain constantly active, even when they comain large amounts of fill. Amang the possible
explanations [or such drainage capacity it is important o remember the process of mass wastage
dhue oy the dissolution of gypsum clasis and also, perhaps, a possible auto-lubricant capacity provi-
thed b mistures of gypsum, solvent water and clay (Marinelli, 1917, Ghosts of gvpsum pebbles
have been observed i the cave deposits of Santa Ninfa in Sicily (Bini, 19891, Dissolution of origi-
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Fig. 4. Longitudinal profile of a chain of dolines following the path of a former blind valley in the Santa Xinki
platean (Sicilvi, I is seen how the dliudes of the doline bottoms decrease upstresme The fiest aod mest
agtive closed basin of the chain s an mtermediate form, between a small blind valley o g doline. The form |
ol the anderground drainge network is bypothetical and reflecs the possible influence of cly Beds and |
benses. Smalk springs fed by the karst systen have probably induced 2 landslide on the scarpoo the left.

mal gypsum pebbles produced pebble-shaped voids, increasing the porosity of the deposits and
facibtating their erosion during floods.

In many alignments or chains of dolines, each doline scems o have onginated due to deve:
lopment of 2 swallow hole at the end of a blind valley. The first daling in the chain o develop i
that ar the downvalley limit, while the farthest upvalley doline is the youngest and represents the
end of a small, still-active blind valley,

The phenomenon of swallow paint reteear within blind valleys in carbonate areas has been
described in many areas, mcluding the Classical Karse On gypsum, it is commonly clearly ohserva-
ble that the slope of the longitudinal profile along 2 chain is counter w that of the old valley foor,
This means that the altitudes of the lowest paints of the botoms decrease from the oldest to the
voungest dolings ina chain (Agnesi etal, 1959 Sauro, 1995, Fig. 4.

In the Vena del Gesso of the Northern Apennines other interesting aspects of blind valleys and
duline evolution are recognized. For instance, a palaco-erosion surface cuts & homoclinal sequen-
ce that meludes o thick gypsum formation. The latter rock unit is more resistant to erosion than
adjacent units and tends o emerge as 4 structural ridge, perbaps best deseribed as a “hevelled
cuest”, dipping towards the plain of the Po, The ridge is dissected by the major valleys that provi-
de water gaps through it, but some local water courses endh as blind valleys an the contact with the
gypsum ridge. Large and deep dolines are present an the ridge itsclf.

4. Genetic aspects of subsidence and collapse basins
The evalution of subsidence and collapse basins is worthy of individual study in each morpho-
structural situation, but only two examples are considered here, The first is that described by
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Frg. 5. The subsiclenee basin of Freola Like in Sicily is the result of the subsidence of o Lower Pleistecens
calearenite fommaticn, The wderhang gypsum, cut by an erosion surface, is partly dissolved by the waters
ol the Debia River, which wfilizred along the course of an entrenched meander (from Trevisin & De
Napoh, 1937).

Trevisan & Di Napoli (19371, in the Preola Lake depression in Sicily, The lake hasin s developed
within Lower Pleistocene marine calcarenites, slightly more than T in thickness, that cover an
erosion surface cut by a2 manne transgression. This erosion surface cuts across @ homoclinl
sequence that includes abour a hundred metres of gypsum, The Delia River valley bas entrenched
imo the gypsum. Along the course of the river bed lateral circulation has favoured preferential dis-
solution of gypsum helow the calcarenite cover, with consequent subsidence of the overlying
beds and development of a closed basin (Fig. 5.

The second example is of collapse basins on the bed of the Taglamento River in the Southern
Alps. Here there are gypsum lenses covered by fluvial deposits, most of which are pehble-tomina-
tedl and locally cemented tw form conglomerates, Underground water within the fAuvial deposits
dissolves the underlving gvpsum, ereating cavities that induce sudden collapses, with concomitant
development of ephemerdd “alluvial dolines™ in the river hed,

5. Aspects of doline plateaux evolution

Twar main models for the evolution of doline plateaus in gypsum can be deseribed by, referen-
cered to real situations observed in Sicily. In the Santa Ninfa plueau, which consists of 3 gemnly
sloping homoclinal surface delimited on three sides by scarps, some remnant outcrops of the
denuded overlving rock unit remain. This is the Trubi Formation, which consists of marly limesto.
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nes and clav. A fluvial network developed here before the underlving gypsum was exposed. This
network was superimposed upon the underlying gypsum, with subsequent development of 2
sequence of blind vallevs and doline chains. Now both forms co-exist, but in some areas the doli-
nes have colonised the entire surface and have now coalesced 1o produce a type of honeyeomb
karst. The evolutionary sequence passed from a fluvial morphology, through an entrenched kaesi,
intor a denuded karst

On the Serra Ciminna plateau, which is a nearly tbular surface delimited on all sides by scar-
s, gypsum is covered (an least locallyy by permeable sand and pebble deposits. The top of the
gipsum is an erosion surface that was affected by karst processes hoth during the previous phase
of exposure and alter the covering episode. Water can circulate within the cover rock o dissolve
the underlying gypsum. Uplift of the plateau has favoured the enlargement of fissures and the
development of kareen and dalines. The slopes of some dolines comprise tabular karren-covered
surfaces separated by large grikes, and in other places there are miniature stone forests with rock
pedestals several metres high.

N detailedd study of 2 plateau with tepical honeveomb patterns of dolines has heen descnbed.
It seems that in some plateau areas (such as in the Alps of Alania there is 2 nearly ovlindrical it
at the hattom af each basin, It may thus be supposed that during the lase stage of denudinion of
the vverlying formations {limestones or athers permeable rocks) @ dense and regular network of
small vertical pits (pipes) developes, probably guided by the joint network in the gypsum, This
network of vertical cavities allows evacuation of gypsum solutions and sustains doline evolution.

Research deseribed in this chaprer was carded out with the help of contributions from the Ministry of
University amel Scientilic Rescarch (MURST 0% and 6%
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