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SUBSOIL STONE FOREST DISCOVERED DURING
THE CONSTRUCTION OF THE MOTORWAY (SE SLOVENIA)

Martin Knez, Tadej Slabe
Karst Research Institute, Research Center
of the Slovenian Academy of Sciences and Arts, Slovenia

Abstract

The monitoring of the construction of the motorway in SE Slovenia by karst researchers has
also proved to be of great value in the exploration of natural heritage through the deepe-
ning of knowledge about the formation and development of this part of the Slovenian karst.
Characteristic subsoil karst surface was formed under a cover of sediment of varying depth.
Subsoil formation of carbonate rock also marks the entire epi-karst and vadose zone. The
surface is carved into subsoil stone forests, the surfaces of the karren are smaller and nume-
rous hollow shafts are filled with fine-grained sediment. The outstanding characteristics of
the karst surface are primarily the result of large surfaces of stone forests, which are difficult
to detect prior to earthwork or geo-physical research. Most of the surface is above the un-
derground water level. There is only one exception of the motorway section, which was not
fully uncovered due to the construction method and because lower road beds were put upon
a special grounding. For this reason we could only research the karst formations that had
been shaped by water percolation through the karst surface. We did not find the characteri-
stic subsoil karren as those discovered during the earthwork along previous sections, which
were also formed by the fluctuation of underground water. Karst features discovered during
construction work give us insight into the characteristics and manner of formation of the
karst in the wider area of south-eastern Slovenia; they thus unveil yet another characteristic
of karstic natural heritage that was hidden from view, but which also provides guidelines for
planning activities on the surface.

Keywords: stone forest, subsoil formation of carbonate rock, Dolenjska karst, Slovenia
1 Introduction

The monitoring of the construction of the motorway in SE Slovenia by karst researchers has
proved to be of great value in the exploration of our natural heritage through the deepening of
our knowledge about the formation and development of this part of the Slovenian karst. This
characteristic subsoil karst surface was formed under a cover of sediment of varying depth.
Subsoil formation of carbonate rock also marks the entire epi-karst and vadose zone. The
surface is carved into subsoil stone forests (Figs. 1, 2), the surfaces of the karren are smaller
and numerous hollow shafts are filled with fine-grained sediment. The outstanding characte-
ristics of the karst surface are primarily the result of large surfaces of stone forests, which are
difficult to detect prior to earthwork or geo-physical research. Most of the surface is above the
underground water level. Karst features discovered during construction work give us insight
into the characteristics and manner of formation of the karst in the wider area of southern
Slovenia; they thus unveil yet another characteristic of our karstic natural heritage that is
hidden from view, but which also provides guidelines for planning activities on the surface.
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Figure1 Uncovering of subsoil stone forest

Figure 2 Subsoil shaped wider pillars of stone forest

2 Main characteristics of the landscape

The north-eastern part of the motorway section starts in the vicinity of a swallow hole of the
Igmanca stream at characteristic Dolenjska lowland. Lateral, changing and relatively thick
beds of sediment and soil cover the land. The underground water is close to the surface of
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the predominant Fluviokarst [1]. Here we find individual karstic features, among them minor
swallow holes, esatavellas and, to a lesser extent, an outcrop of carbonate rock. We have
detected thinner sediment beds and frequent outcropping of karstified rock, which mostly
disintegrates into small fragments. There is less surface water at that location since it flows
into the subsoil relatively quickly due to the inclination of the terrain, the thin sediment
beds and fragmentary cover of disintegrated rock. The stone forests and karren, which reach
various depths, are composed of compact and also tectonically very crushed rock. Where the
rock is not crushed and where compact blocks of limestone occur between the cracks, we
noticed stone teeth on the surface. During the earthwork, these had in many cases revealed
themselves as real stone pillars. Where the rock was tectonically cracked or crushed, we did
not find karren on the surface; however, at some locations rudimentary stone teeth hidden
beneath the soil immediately disintegrated during earthwork. A rare network of streams is
formed on the surface, but a substantial part of the source and side channels do not have
permanent flows. Minor springs of underground water are frequent and flow along narrow,
corroded cracks in the rock. Surface and subsoil karst features are rare. The surrounding
valleys are dry for most of the year, and streams and floods only occur after downpours. Per-
colating water feeds small but permanent sources. Fluctuation of the flow from these sources
is minimal and rarely more abundant, which reflects greater permeability and cavernosity.
Underground water flow is close to the surface, for which reason karst formations such as
this are called “shallow karst”.

Thick beds of Plioquaternary sediments on carbonate rock, especially on a moist surface,
are usually acid. It is not yet fully understood whether these sediments are autochthonous
or brought from the nearby dolomite surroundings. After comparison with the circumstances
in tropical karst, the opinion developed that in these valleys the thick layers of disintegrated
material could have been preserved only because of the high underground water level and
poor erosion, and thus developed into subsoil karst.

3 Karst features
3.1 Karren surface

Most of the surface of the higher-lying land is karren. The bottoms of dales are covered by
sediment beds. Two types of karren can be clearly distinguished. Karren in their original mea-
ning occurin areas that are not covered by sediment, but with thin layer of soil. They cover the
major part of the surface. The carbonate rock is dissected along the cracks, and on the rock
we can detect the traces of its former a) subsoil formation [2, 3] — these are relatively few, b)
and indirectly transformed by precipitation, the surface was overgrown and c) finely shaped
by bio-corrosive factors. The surface was mostly forested. Such karren existed on the surface
of the cone in the dale at the beginning of the motorway section.

Especially in one area we observed well-expressed bio-corrosive activities on numerous
karren outcrops of carbonate rock. The rock was more diluted by bio-corrosion on the shadier
sides. Moss mostly grows there while lichen can also be found on areas exposed to the sun.
Bio-corrosive processes do not take place equally on the entire surface of the rock, but selec-
tively. Most probably lithologically slightly different clasts in crushed and then cemented rock
are diluted to various depths or else there are different organisms in the various neighbouring
clasts. The contact areas between the various clasts are especially corroded, in some spots
up to several mm deep.

The major part of the forest-covered surface was dissected mainly by individual rocks of va-
rious sizes with partially similar traces of formation to the karren described above. They are
frequently defined by funnel-shaped mouths of larger subsoil channels. The rocks reach up
to one to two metres in height, with a narrowing on top and with large areas of soil between
them. The earthwork uncovered them as the tips of the larger areas of stone forests.
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3.2 Subsoil stone forest

Relatively large areas of subsoil stone forests illustrate the manner and long-lasting subsoil
formation of this part of the karst surface, covered by fine-grained sediment and soil. The stone
pillars are completely covered by the sediment and soil, ortheir tips protruding on the surface.
The configuration of the surface includes smaller or larger dolinas. The largest have a diame-
ter of several tens of metres. Some are filled with grey clay, the origins of which we are still
investigating. Both are dissected by subsoil stone forests.

The subsoil stone forests are composed of a dense network of more or less thickset and po-
inted pillars, which reach up to 8, sometimes even 10 metres, although most are lower. The
narrower pillars with a diameter of one to two metres have sharp or rounded spire, while the
thickest ones reaching up to ten metres (Fig. 3) in width have one or more spires or their tops
are composed of more or less curved crests. Among them in most parts are funnel mouths of
the perpendicular subsoil channels or horizontal subsoil channels.

Figure 3 Pointed top of narrower pillar

Subsoil rock features predominate in the rock relief of the pillars [2, 3], which indicates gra-
vitational flow of water from the surface. These are mainly subsoil channels. The most typical
are the vertical ones (Fig. 4) with diameters that can reach up to one metre, the largest of
which, as we shall explain below, can also be called subsoil shafts, which at the top develop
into funnel-shaped mouths. Surface water that flows from the soil along the rocks collects in
them. In cross-section the funnel-shaped mouths can take various shapes. They can be open,
semicircular or nearly round. Their shapes are often the result of the permeability of the rock
and the sediment contact along which the water flows downwards. Long, drawn-out formati-
ons of the mouth at less permeable connections causes the rock features to erode deeperinto
the rock. The water found its way through the rock less frequently and veritable funnels were
shaped. Smaller and curving channels are formed at less permeable connections or when
minor quantities of water collect on the surface. This is characteristic for smaller pillars with
tops that project out of the earth. Subsoil scallops are rare and generally indicate a well-per-
meable rock connection with the sediment that surrounds it, and moreover, we find elongated
notches on the pillar walls, which are traces of water accumulation at the less permeable part
of the connection and accelerated corrosion of the rock next to it.

TRANSPORT GEOTECHNICS
CETRA 2014 — 3" International Conference on Road and Rail Infrastructure



Figure 4 Subsoil channel

Close below the surface where the rock is covered with soil the rock surface of the stone
pillars is relatively smooth, while deeper, at the connection with the sediment that covers
the surface, it is coarse and often has a configuration of rounded pendants. The rock there is
weathered. The thickness of the weathered layer measures up to 1 cm. It is soft when moist,
butas itdries out after being exposed on the surface for a longer period and the water evapo-
rates from it, it hardens. The state of weathering of the top layer of the rock is the result of the
connection with the sediment, which is moist most of the time. The connection is relatively
less permeable, and the water that does permeate it only slowly washes the solution. The
connection with more permeable soil is correspondingly also more permeable.

3.3 Karst hollows

Uncovered hollows are generally the result of vertical water percolation through the epi-karst
and the vadose parts of the aquifer. The shafts can be classified as hollow and those filled
with sediment (Fig. 5). The latter are termed subsoil due to the similarity of their features with
subsoil rock, mainly with vertical subsoil channels.

The fifteen shafts, vertical and mostly simple with only one in level, the deepest measuring
24 m, three others deeper than 10 m, while the rest were less deep, with diameters reaching
up to 5 metres, but in most cases less, indicate here and there, greater permeability, allowing
dense vertical water percolation due to their expressed vertical cracks and vertical rock strata.
The shafts occur among the subsoil karren and forests. They do not reach the surface. Their
walls are carved with larger or minor vertical channels and often covered with a thin layer of
sediment, which causes their thiny dissection [2, 3]. The floors of the shafts are often covered
by sediment or sediment fills their lower part.

Subsoil shafts are more or less vertical hollows, similar to ordinary shafts, through which
water also percolates from the karst surface, but they are almost entirely filled with sediment,
with only individual vertical sections hollow. The water that flows through them deposits the
sediment that covers the surface. Their cross-sections are more or less round or extended at
the cracks and bedding planes. Their diameters reach two metres. Sediment filling facilitates
the shaping of their periphery, and notches appear at less permeable connections. Subsoil
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shafts are formed at local dense flow of larger quantities of water. They can develop from
subsoil channels. Their walls are carved with along-sediment rock features, which are the
traces of formation at the connection with fine-grained sediment. With greater permeability
in the karst interior, the subsoil shafts can be emptied.

Figure 5 Subsoil shaft along fault

Above-sediment channels often occur on horizontal bedding planes and in cracks, or networks
of anastomoses, the traces of paragenetic stratification. Thus, temporarily flooded areas occur
locally and the water, which carries fine-grained sediment and deposits, cuts its way upwards.

4 Conclusion

More and more, the unique natural heritage and development of the Dolenjska karst reve-
al themselves. The importance of the participation of karst researchers in planning major
activities in the environment and monitoring the work has been demonstrated once again.
Cooperation with the road constructors has set an excellent example for many years.

This time we were given the opportunity to follow the water precipitating into the epi-karst and
the upper part of the vadose zone, which were shaped under a relatively thick cover of sediment
and soil and where stone forests, shafts and subsoil shafts have been formed over large areas.
The scarcity of stone forests and special geomorphological karst features characteristic of
this part of the karst [4] demand that we prepare guidelines for further planning of activities
in the karst landscape.
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