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Chapter 1.9

WEATHERING CRUST AND KARREN ON EXPOSED GYPSUM SURFACES
Tommaso Macaluso & Ugo Sauro

Abstract

The evaluion of pypsum bare rock surfaces is the result both of volume changes of the outer
rock laver and mass wasting by dissolutiona] processes. Some unusual weathering processes indy-
ce an increase in the volume of the outer gypsum laver, resulting in the development of 4
"weathering crust” and of characteristic forms such as small ridges and hubbles. However, the
more typical erosional forms are dissolutional ones of kareen type, which are commonly intercon-
nected, or superimposed upon the previously described forms.

In this chapter a classification system is proposed and discussed, within which the magnitude,
orcder and geometry of the different karren forms are outlined, and the related lithofacies and
miain morphogenetic processes are examined.

1. The special geo-dynamic environment of exposed gypsum surfaces

Bare rocky surfaces develaped upon gypsum are of interest due 1o the unusual, and as yer
poorly studied, weathering phenomena that they illusirate. Most rocky surfaces on gypsum are
expused as 1 consequence of soil erosion induced by the effects of forest clearance, fires, ur over-
grzvang b sheep and goats.

On many gypsum surfaces there is a distinet “weathering crust”, characterized by polygonal fis-
suring and other small- and mediume-sized forms that indicate the phenomenon of volume increa-
se within the outer rock mass for a thickness between a few decimerres and several metres.
Develapment of this crust s not related to the hedding or other structural features, but it seems
to rellect the progression of a “weathering front” governed by the local wpography. Within the
crust there is clear evidence of a tendency towards the sealing both of pre-existing and of newly
formed fissures. This property of “sel-sealing” explains the scarcity of grikes on most exposed
gvpsum surfaces,

Differenmt morphological tvpes that have onginated due to these weathering processes have
heen recognized, the best known of which are pressure ridges and gypsum bubbles {Macaluso &
Sauro, 199743, In Sicily intermediare-sized forms, between mega-bubbles and dome-like summits,
some tens of metres in diameter and several metres high, have been found (fig. 1)

The dome-like summits of many hills in gypsum are reminiscent hoth of some types of insel-
berg summits in grnitic rocks, and of the form of mega-bubbles in gypsum. Development of
these dome-like forms is probably caused by the creation of isotropic stress fields. In this way the
weathering erust minimizes the influence and effects of pre-existing structural elements, such as
hedding planes and various lractures.

The causes of this change in the character of the outer rock lavers are not yer fully under-
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Fig. | - Morphological tvpes recognised on the on the "weathering crust”™ of the exposed rocky surfaces of
Sicily: a1 the rocky polveons, often with bended fringes, b the gypsum bubbles, o) the pressure ridges, d)
the pressure humps, e the pancakes, £ the pressure pans and the pressure hall pans, g the steps.

stond. One process that could play 4 role in the volume increase s recrystallization of the outer
gypsum fayer. Such gypsum recrystallization is probably linked to a seasonal evcle of pore water
supply, typical of the Mediterranean climatic regime. The water solutions moving inside the pores
are also expression of a mass rranster of salts, thar may favour the aceretion of the crystals. In addi-
tiem 10 this essentially chemico-physical process, various types of biological activity may also have
an impraetant robe in gypsum weathering and recrystallizion.

2. Forms produced by dissolution

Generally the most common weathering forms on gypsum surfaces are dissolutional ones of
karren wype. Most karren are relatively small forms. However, they are first and foremost an
expression of the individual stvles and settings of the natural processes that are active during
landform evolution. So, it is imporant 1o analyze them, hecause each karren tvpe coincides with a
lacally unique micra-environment that is defined by a specific physico-chemical mechanism.
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Simple dissolution hy water is the fundamental process driving the development of karren in eva-
poritic rocks,

The classification of karren in evaporitic rocks adopted here is derived partly from that descri-
bed in previous papers (Macaluso & Sauro, 1996; 1997b), The forms recognized are distinguished
on the hasis of their size as nano-farms, micro-forms, small forms and meso-forms, The adopred
size seale is relative and mostly derived from the literature; it is not based on the standardised
physical scale,

2.1. Nano-forms

The nano-forms are those in which all dimensional parameters are hetween a few microns and
less than T (Moses, 19963, Whereas in carbonate rocks most nano-forms are the result of bio
logical activity, in gypsum some of them are linked directly 1o the size and structure of the
gvpsum crysials (Fortd, 1996),

2.2. Micro-forms

Microrforms dre defined here as those forms in which ar least two of the three dimensional
parameters (ength, width, depth) are of the order of one tw a few millimetres. The volume of a
micro-form is generally less than one cubic cemimetre.

Micro-forms are represented by microerills, micro-ridges, micro-mesanders, micro-pits and
micro-concuies. Micro-rills are very small, neady linear grooves, one to o nillimerres wide, up o
several centimetres long and less than two millimetres deep. Their cross-profiles are U-shaped
with emly 1 slightly concave bonom, and with sub veriical and locally overhanging sides. Bundles
uf micrerrills are commonly well developed on very fine-grained lithofacies. Miceo-ridges are very
smill riclges, about one millimetre wice, and herween a fesw millimetees and severd centimetres
long. Microemestnilers are very similar 1o micro-rills, though they can be farger. The main differen-
ce is in their patterns, which show typical meanders, consisung of loops with curvatures between
a few millimetres and about one centimetre radius. An asymmetry is evident between the two
siches of the loops, with a steeper slope on one side. These forms are commuonly arganized into
sub parallel bundles on sloping rocky surfaces. 1solated examples may be found on the flooes of
issolution runmnels.

Micro-oaps consist of very small twisting grooves without significant continuity. This morpho-
gy perhaps reflects the crossing of many forms, conferring a scrollwork appesrance on some
small rocky surfaces. Micro-pits are small, nearly circular hollows, with a diamerer less than one
centimetre, separated by prominent and commonly asymmetrical sharp edges. Some of these
firms muay be compiarable with the mini-craters described below, Micro-conduits are rarer forms
that have heen ohserved on laminated balatino gypsum, especially in coastal covironment.

2.3, Small dissolutional forms
Small dissolutional forms are defined here as those in which at least two of the three dimen-
sional parameters are measured in centimetres but are in general less than one merre, The small



I8 MACALUSO ET SAURO

Fig, & - Minute rain eraters on gypsum. The slopes of the minue eraers show miceonills {(Vereann, Calibriz,

Tialy.

forms include mini- rmin crmers, rillenkarren, mini-spitz (o minespike, dissolution levels, heel
print karren, scalloplike karren, meandering rills, dissolution runnels, meandering runnels and
flared runnels,

Beside these forms there are some that are the result of the miluence of pioneer vegetation
These 1ake the form of small knabs and enclosures thar reflect the protective influence of lichen
colonies. Other forms of boxwark tvpe are the result of selective dissolution on gypsum expsu-
res tht are crossed by veins of different minerals,

Mini- rain craters (called “rain pits” by some authors) are crater-like depressions, easily rec
gnized on very fine-grained gypsum, Their borders are nearly elliptical or polygonal, with 1 diame-
ter of 12-30mm and a depth of 1-30mm, Their cross profiles are parabulic with rounded buttoms,
steep sides and sharp crests, These basing are generally located on the summits of rocky blicks
and spikes, just upslope of the band of rills. They are commonly organized in multiple honey-
comb complexes that loak like miniature versions of 2 polveonal doline karst (fig. 2}

Rills, which are the most widespread of the small forms, may occur gathered into compleses
on bare rock surfaces. These furrows, ringing hetween a1 few millimetres and several centimernes
in wicdth and depth, are similar 1o grooves cut into wood by @ gouge (2 chisel with 2 concavo-con-
ves cross section). They originate st watersheds, or just downslope of the mini-crater zone, and
extend across distances of some centmetres 10 several decimetres. Their cross-profiles are puara-
holic, while their intervening crests are sharp, The dimensions are governed by the lithology, the
slope gradient and the microclimate, Widths are generally less than 20mm and depths vary
between 4 and 15mm (Fig. 3).
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Fig. 3 - Assemblages of alls star
ting from o marrow crest, On the
crest a few minute min cralens
are also recognizable (Yerano,
Calabria, Iy,

"-‘:|n| -spitz [nr minute-spike) are miniature peaks with ~Jn:lm points, that develop in the nodal
points between the borders of contiguous rills and/or mini- rain craters. They are common hath
in alzbastrine and Taminated balatino gypsum and also in salt, where they show the highest relief
energy, These paints cannot be considered elementary forms in themselves, but are the conse-
quence of the interference of elementary forms such as mini-craters and/or rills,

Dissolution levels (Ausgleichfliche in German) are nearly horizontal surfaces of vadous sizes,
that are not related w the hedding planes. Such levels are produced by diffuse dissolution from a
homogeneous water sheer lowing slowly across the surface. Their development is linked w
slackening of the erosional Mux, governed by local factors such as slight changes of gradient and
impediments to downslope Now,

Heel print karren {Trittkarren in Germany are small hollows with a nearly fat bottom, that are
apen in the downslope divection and delimited upslope by steep horse-shoe-shaped scarps, simi-
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Fig- 4 « Gvpsum pavement initially developed under i cover of permesthle sediments subsequently remo-

verl by erosion (Serr Ciminna, Sicily)

Lar in appearance o the heel prints of a boot. The upper edges of these scarps are commonly the
lowest rims of the plainar bevels of higher heel prims. In fact, heel prints can occur in swarm-Jike
assemhlages, comparable in appearance to those of crescentic dunes.

Scallop-like karren are forms comparable with heel prins, but they do not show such a sharp
differentiation between the back scarp and the planar botom. Scallops show a large variability of
widths and lengths,

Meandering rill forms are clearly linked 1o the transfer of warer from small reservoirs within
the suil or from belts affected by the splashing of waves on coastal gypsum cliffs. They are compu
rahle with the decantation flutings of Ford & Williams (198%),

Runnels are steep-sided and round houomed grooves, distnctly larger than dissolution rills,
They present a large variahility hoth in their cross dimensions and in their planar development (or
extension). Most of these forms show a U shaped cross-profile, some with overhanging sides. On
gently sloping surfaces their trend is commonly sinuous or meandering (Mianderkarren in
German), while on steeper slopes they tend o hecome linear.

Flared runnels are larger runnels, commonly with nearly flar bottoms and steep sides, that
developed starting from the depressions of rounded Karren, following soil erosion.

Small knobs and enclosures reflecting the proteciive influence of lichen colonies are also com-
mion on some sifaces. The enclosures present circular patterns and surround closed depressions
al pan fype.

Berween the boxwork tvpe forms, or related 1o them, the following types resulting from selec-
tive: disselution have heen observed: a) polvgon pans or closed depressions, complerely encircled
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by small dikes or veins of less soluble material; by dissolution levels odginaed by the damming
influence of less soluble veins downstream of the developing form.

2.4. Meso-forms

Meso-forms are defined here as forms in which ar least two of the three dimensional parame-
ters are between i metre and ten metres.

The must typical meso-forms are dolines, which are not discussed here. Rundkarren assembla-
ges, some gypsum pavements, and some wpes of stone pinnacle are typical karren meso-forms,

Fields of rundkarren are quite common on gypsum. The iniral development of these assem-
hlages of forms may he linked 1o interface dissolution related 1w differences in the thickness and
permedhility of the cover. On semi-covered rundkarren the development and preservation of
spikes is chue to the upper parts imercepting only direct rainfall, while inside the depressions, par-
ty filled by permeable regolith, there is much more water, derived from the slopes above. The
form size is governed both by lithofacies and by the natre of the cover. Small-sived rundkarren
are also present on some pypsum omcraps, but these must be classificd as small forms,

Gypsum pavements represent extensive assemblages of more basic forms. Many 1ypes are
recognized, including rills and runnels gypsum pavements on pseudo-structural slopes of macro-
crvstalling gypsum, rill, heel print and runnel pavements on domelike hill ops of alabastrine
gypsum, and “gypsum-Tischen™ (rables”™) with relatively T surfaces delimited by grikes (Fig. 4).

Unusuzal Laindscapes compatible with the pinnacle karst of carhonae areas have also been
found. Their origin is probably linked w interface dissolution due o water fow inside a cover of
lonse, porous sediments, such as fuvial or coastal sands, The development of 4 "ervprokarst”, with
Lirge grikes and corridors, favours "subsidence™ of ovedying marerial. Such forms have been
ohserved inareds affected by accelermed erosion or quarmviang activin.

3. Genetic aspects

The development of micro-rills and micro-ndges mav he explained by densiey flux differentia-
tion inside sheets of solvent warer tha Mo slowly across rocky surfaces, 1is not unusual for sol-
vent water to move upwards, drawn by capillary tension exerted ar an evaporation front
{Laudermilk & Woodlord 1932; Ford & Lundberg, 1987; Ford & Williams, 1989) and sometimes,
possibly, driven by wined during rainfall.

Micro-meander development is probably Tinked o mechanisms similar to those that operate
during the outgrosth of micro-rlls, by trickles fed by small wirer reservaies insice soil turves (the
decamtation forms of Ford & Williims, 19595, or, in coascal eovionments, by trickles from rocky
surfaces sprinkled with wave water. The presence of small granules, such as soil particles and
sancl. that interrupt the fow, seems to typify the conditions for micreemeander development.
such granules, lodged against small irregularities within develaping grooves, oharruct the flow and
promaore the formation of meanders (Agnesi et al, 1986), Micro-meanders may also evalve as cove-
redd forms, in the botom of soil-filled runnels,

Among the small forms, the genesis of mini- rin craers is probably due 1o “splash dissolu-
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MINI-CRATER

RILL

Fig. 5. The genesis of mini- riin cra. |
ey is probably due w splash disso- |
lution” {ligure above). The impact of |
raindrops focuses dissolution in the
inner part of the depressions. Yery
small drops resulting from the
impacts and the water collected on
the crater loor are ejected by succes-
sive impacts. This exchange of the
inner warer s causes @ mass -
sfer of the ions in sulution,

From the genetic promt of view nlls
secin 1o be analuguus o mincrens
ifigure below; nonetheless, in the
criters the dissolution focus s poing
centred, linked to water droplet
impacts, while in the rills there s 2
linear baned of aceelerated dissolu-
tion, relare] wes very thin water Lyver
flowing along the bottom of the |
depression,
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tion” that oceurs on the summits: here the impact of mendrops focuses dissolution in the inner
part of the depressions. Very small drops resulting from the impacts and the water collected on
the crater floor are ejected by successive impacts. This exchange of the mner water also causes 4
mass trmsfer af the jons insolution (Fig. 5).

Mini- rein craters must not be mistaken for “micro-pits”, described by Ford & Willams { [959),
which comespond (o the micro-honevcombs (or “miceo-alveoli”y of biologicsl corrasion (De Fanti,
1971 Folk enal, 1973 Permg & Saurn, 1978).

From the genetic point of view rills seem to be analogous 10 mini-crters; the analugy being
defined by the close correspondence hetween the diameters of the minute-cruters and the widths
of the rills Nonetheless, i the craters the dissolution focus is point centred, linked to water dr
plet impacts, while in the rlls there s a linear band of accelerated dissolution, related 100 very
thin water ayer flowing along 1he hentam of the depression (Fig, 51

Dissolution level development is linked with a slackening of the solvent flux, contralled by
local factors such as gentle gradients and impediments to downslope low.

The development of heel print kareen may he explained by changes in the speed of sheer
water fow over the rock. In the early development stages the changes are probably due w surface
irregularities. Onee formed, a heel print causes an acceleration of the Qux along the small scarp,
and a consequent draw of the water in the upstream direction. When the Tow reaches the bewel
helow it slows down, especially along the interface with the rock, and the water sheet thickens
The rack surface along the scarp cames into contact with a larger supply of water molecules.
Thus, the scarp withdraws quickly and consequently the upper horder of the bevel also enlarges
UpSIream.

Mini-meanders of similar size w alls have heen abserved on steeply inclined surfaces of Lami-
nated balatino and macro-crystalling gypsum. These forms were odginated by wansfer of water
fram small reservoirs within the soil or rock fssures.

Runnels ariginae from concentruted water Tows. The crvstalline structure of the rock may
influence the evolution of some runnel wvpes. In partcular, nnels on macro-crystalline gvpsum
with iso-oriemed crystals tend 1o clongate along the direction of the crysials” long axes and thus,
lowally, they steay from the obwious trend of the topographical slope, Widths and depths of run-
nels are also influenced by the size of the ervstals. Some runnels may reach a merre in cross-sec:
tion, and should then be viewed as small gorges (meso-forms).

Forms reflecting direct waner penctration into the rock, such as fissures, grikes and small pits
and shafis, are widespread in carbonates but rare in evaporitic rocks, Fissures in evaporites rarely
evolve into grikes, because they are scaled by precipitates or by soil sediments, Any large grikes
that ¢ form are generally refated w nitially open fractures caused by tensional slackening or by
pressure following 2 volume increase within the upper “gypsum weathering coust”. The widening
of large grikes and corridors may also occur due w interface circulation below very permeable
cover rocks, such as sands and gravels,

“Anti-gravitational” pits and shafts are noL present in evaporites, because a pre-existing net of
epikarstic cavities is generally lacking. In fact the development of anti-gravitational features in car-
honates stans from a pre-existing net of grkedike fissures and bedding planes. The few small pits
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that have been observed in evaporites were generated by subsidence and/or by crystal disintegra-
tion [ollowing up-arching of the upper gypsum Tvers.

For these reasons epikarst in gypsum is very different from that i carbonate rocks. In general
the secondany porosity of the epikarstic zone is modest, but in some cases it is possible o find s
sures, These are normally nearly completely sealed ar the surface, but relatively open sume metres
helow. ¥ery few open cavities exist between the surface and these deeper fissures.

4. Problems of classification and final remarks

The hasis of the classification followed here is shown in the tble, and itis hoped thar it will
stimulate discussion. 1t is certainly possible that different descriptive, morphographic, genetic or
mixed criteria could be wilized. The mised criteria chosen here are as close as possible o those
that underdie the widely accepted classification of karren in carbonate rocks. At the same time
they stress the uniqueness of dissolutional forms in evaporitic mocks, the effects of lithology and
stracture, sand the becl influence of micro-environmental conditions.

The more abvious differences between kareen in evaporitic rocks and those in carhonates are:

- in gypsum, karren evolution is governed by specific weathering phenomena as well as by the
dissolutivmal process;

- fractures in gypsum only rarely evolve as fissures and grikes that open to the surfice; pits and
shafts are rare, so epikarst is miged;

- rumnels dare not very commuon on gypsum, especially on macro-crysalling gypsum, where
Aevelopment is Jocally guided by the orentitions of the long ases of crvstals;

- hiological processes related to pioneer vegetation and soils do not Rcilitate gypsum dissolu-
tion and may instesd perform a protective function on the rocky surface, as do some lichen colo-
nies,

- stone heaps and chaotic blockfelds (e, wpical on some cathanate karst areas, are mis-
sing in evaporite lindscapes, though some types of pavements and pinnacle karstare present.

Despite these differences there is a marked overall similarity between most of the dissolutio-
nal formes found on carbonaes and those found on gypsum, in particular between hydrodviami-
cally governed forms, such as mini- rain craters and rills, On this basis it is possible o infer that
the differences between the physico-chemical process of carhonate corrosion, in which three pha-
ses are engaged, and the two phase process of simple gepsum and sal dissolution are irrelevant
from the viewpaoint of the appearance of the fundamental forms. Most of the differences hetween
the morphological evolution of carbonate environments and that of the gpsam environment e
probably linked 10 the different roles plaved by pedogenetic and biological processes,

Resesarcl was carried out according 1w the 40% and 0% programmes supported by MURST (University
and Scientfic Rescarch Governmental Agencyy, as 40% Mountains and Plains: evolution of the reliel in aly
andd in the Mediterzanean Begion, human impact aod morphodyiamic processes in kst sres.
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