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ABSTRACT

The Bauxite mining activity in Ghiona has resulted in the deterioration of the natural environment of the area. These deteriorations also include the changes in the relief and the geomorphs which are mainly due to the use of the surface exploitation method for the mining of bauxite. The abandoned mines and especially the surface exploitations show, as far as the morphological characteristics are concerned, significant similarities with the karstic forms of the relief, which are called “dolines” and are responsible for the formation of a ”pseudokarst” relief in the area. This work presents: (a) the evolution of the “pseudokarst” relief in the northeastern side of Ghiona Mountain and (b) the effects – changes in the natural environment, the geological – geomorphological characteristics and the relief in the study area, from the mining activity of bauxite.
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ΠΕΡΙΛΗΨΗ

Η εξορυκτική δραστηριότητα βωξίτη στον ορεινό όγκο της Γκιώνας, έχει προκαλέσει αλλοιώσεις στο φυσικό περιβάλλον της περιοχής. Στις αλλοιώσεις αυτές περιλαμβάνονται και οι μεταβολές που έχει υποστεί το ανάγλυφο και οι γεωμορφές, οι οποίες οφείλονται κυρίως στην εφαρμογή της επιφανειακής μεθόδου εξόρυξης των κοιτασμάτων βωξίτη. Τα εγκαταλειμμένα μεταλλεία και ειδικότερα οι επιφανειακές εκμεταλλεύσεις, παρουσιάζουν, ως προς τα μορφολογικά χαρακτηριστικά, σημαντικές ομοιότητες με τις καρστικές μορφές του αναγλύφου, τις αποκαλούμενες «δολίνες» και διαμορφώνουν στην περιοχή ένα «ψευδοκαρστικό» ανάγλυφο. Στην εργασία αυτή παρουσιάζονται: α. η εξέλιξη του «ψευδοκαρστικού» αναγλύφου, στη βορειοανατολική πλευρά του όρους Γκιώνα και β. οι επιπτώσεις - μεταβολές που έχουν υποστεί το φυσικό περιβάλλον και τα γεωλογικά - γεωμορφολογικά χαρακτηριστικά και το ανάγλυφο της περιοχής έρευνας, από την εξορυκτική δραστηριότητα βωξίτη.
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1. INTRODUCTION

Strictly speaking, the Karstic types of the relief are the types that are formed as a result of the solvent action of water on calcareous rock. This karstic relief is characterized by valleys with closed cavities of various shapes and dimensions, due to the absence of surface hydrographic network and the presence of too many underground caves. Main conditions for the creation of karstic forms, are the presence of easily water soluble rocks and the heavy rainfall which alter the soil mechanical behaviour of the calcareous rocks. (Theodoropoulos and Zamani 1972, Psarianos 1986, Mariolakos et al. 1987, Monroe and Vicander 1989, Papapetrou-Zamani 1990, Papadopoulou-Vrynioti 1996, Castiglioni 1997, Papadopoulou-Vrynioti and Kotsis 2004).

Monroe (1970) uses the term “pseudokarst” to define those areas that have landforms that resemble the Karstic areas which though are not the product of karstic processes. Castiglioni (1997) uses the term “parakarstic” phenomena for those processes and landforms that are created from the weathering and erosion of the non calcareous rocks, while he calls “pseudokarstic” the landforms that resemble the karstic ones but originate from quite different processes. Also the term “doline” determines the natural closed cavities of various dimensions and shapes (cylindrical, conical, bowl-or dish-shaped) which in most of the cases drain through underground ways. Usually the dolines have a diameter of 10 up to 1000 meters and depths from 2 to 200 meters.
In the study area where we have the presence of bauxite ores and these are mined mainly using the surface and underground mining method, there are large areas, that show extensive karstic phenomena mainly due to the calcareous background. These surface exploitations of the bauxite ores, which increased significantly during the decade of the seventies exhibit significant similarities to the natural karstic forms of the relief which are called “dolines”. For this reason the term “pseudodolines” was used in order to describe these artificial landforms.

The impacts to the natural environment and especially the changes in the geological – geomorphological characteristics of the north eastern side of the Ghiona Mountain, in combination with the increase in number of surface exploitations of the bauxite ores and of the “pseudokarst” relief, constitute the object of this study.

2. MATERIALS AND METHODS  
2.1 Research site location - Geomorphology
This study deals with the surface bauxite exploitations that are found in the northeastern side of the Ghiona Mountain. More specifically, the study area is located within the bounds of the imaginary triangle with points of intersections being Liritsa Crest (altitude 2.007 m) and the villages Kastelia (430 m) and Mariolata (340 m).

The morphology of the relief of the greater area is shaped by the Mount of Ghiona which has as highest point the Pyramida Crest (altitude 2.507 m) west of the study area and by the secondary lower highest points Plativouna (2.316 m), Vraila (2.177 m), Liritsa (2.007 m), Pigadoulia (1.024 m), Kastrinou (1.424m), Tsouka (1.099 m), Stirfari (805 m), and Alefando (829 m). The natural banks of the northeastern side show significant morphological slopes with deep crevices alternating with rounded and deeply karstic crests and are differentiated depending on the nature and position of the geological formations, going from limestone (slope 60-85%) to flysch (slope 20-60%). Lower down we have subsequent limestone elavations ending in alluvial areas of the plain that extends between Mariolata – Gravia – Kastelia and Brallos.

2.2 Methods used for the mining of bauxite
The mining of bauxite in the greater area is done: (a) from the surface, using the method of "upright grades" by uncovering the deposits during which procedure vertical or step mining fronts are formed until the surface of the ore, while at the same time the non usable materials are removed, (b) underground using the method of “chamber and poles” during which galleries are opened up in order to reach and obtaining the ore, (c) in several cases a combination of the above mentioned methods is applied.

The basic criterion upon which the method used for mining is chosen is economic considerations and it is determined from the ratio l = volume of unused materials (m3) / Bauxite weight (tn). When l < 5, it is economic viable to use surface mining, while when l > 5-6, then the underground mining is preferred. Nowadays in order to comply with environmental legislation (L. 998/79 and L. 1650/86), in deciding which method to use, amongst other things one has to seriously consider environmental criteria that ensure the protection of the environment since land restoration is now imperative.

2.3 Characteristics of “pseudodolines”
“Pseudodolines” are artificially formed landforms which in their entirety form the “pseudokarstic” relief and which exhibit significant similarities to the natural karstic forms of the relief that are called “dolines” but differ in the way they were created.

The main similarities of the “pseudodolines” to the natural dolines are: 
· They are both closed or semi closed cavities of various forms and dimensions that exceed a height the 30 meters. This height corresponds to the excavation front and the volume of the calcareous formation that is removed as unused material. In certain cases the height of the excavation frond exceeds 200 meters as it is in the case of the large mine “Koukouvista 5”. The diameter of  “pseudodolines” on the top of the cone varies from 50 -250 meters. 

· These “pseudodolines” are located on calcareous formations which constitute the roof and the floor of the bauxite mines. 

· As far as the hydrogeological characteristics are concerned, the “pseudodolines” present significant similarities to the natural dolines due to the calcareous composition of their walls and their floors and due to the capability of these formations to show an increased permeability and thus their ability to drain the surface waters through underground karstic ways. In many cases where we have similar underground bauxite exploitations, these tunnels facilitate the drainage of the surface waters and act as artificial drainage networks, thus substituting the natural drainage.

The main differences are:

· They differ in the way they were formed. The natural dolines are landforms that are created by the solvent action of water on calcareous rocks, while the “pseudodolines” are created as a result of human activity and specifically from mining activities.

· They differ from the natural dolines in the stepwise development of the slopes of their cavities, resembling a flight of stairs, which result from the artificial levels formed from excavation works and the removal of unused materials during the bauxite mining activities. It was observed that in the older mines the angular shapes of these levels tend to become rounded as a result of the intense action of external factors which, assisted by the long periods of snow coverage during winter time, enforce the erosion-decay phenomena of calcareous slopes of “pseudodolines”. These phenomena are more intense where we have weak soil mechanic characteristics due to existing discontinuities in the rock, or cases of serious breakage, where the rock is broken to pieces.  

· The depositions of unused materials in or outside the cavity of the “pseudodoline” are characteristic of man made interference.
2.4 Investigation method
In order to record the existing environmental situation in the near and the greater area of study, we used topographical and geological maps as well as vegetation maps. Also for the recording of the time evolution of the number of mines as well as the assessment of impacts and the changes in the natural environment and especially the geological – geomorphological characteristics of the area, we used air photographs of the Hellenic Military Geographical Service (H.M.G.S.) of the years 1945, 1960, 1970 and 1986, in scale 1: 42.000, 1: 30.000, 1: 15.000 and 1: 30.000 respectively. 

The data from the aerial photographs were combined with data from the evolution of the phenomena that arised from observations in the area that are related to natural and man made activities in the mining area which have to do with the formation of cavities “pseudodolines” and formations due to depositions of unused material. Observations were carried out over time, every five years during the months of February, June and September, for the time between 1989 – 2004 and every month, from January to May 2005, at ten (10) “fixed points – witnesses” in selected places at the mines of “Maganiara”, “Kranies”, “Koukouvista 5”, “Paliampela” and “Alefando”.

3. RESULTS - DISCUSSION   
3.1 Bauxite mining and its impact to the natural environment - The creation of “pseudokarstic” landforms
The result of the surface mining method for the mining of bauxite, was significant changes over the time in the relief and the landforms which originated mainly from the stepwise excavation fronts and from the cavities formed from the process of revealing the ore and the depositions of the unused materials. In the rapid deterioration of the characteristics of the relief and the creation of the “pseudokarstic” landforms also contributed the use of improved drilling machines as well as the use of contemporary  heavy duty machinery which mine and transport with great speed large quantities of ores and unused materials. This “pseudokarstic” entity extends and covers large parts of vegetation free slopes, forests and forest areas and consists of alternating excavations “pseudodolines” depositions and an extensive road network constructed in order to make the mines accessible.

The expansion of the surface exploitations was limited significantly after to the implication of Laws 998/79 and 1650/86 according to which the development of surface mining was prohibited, while Environmental Impact Assessment Studies and the enforcement of environmental restrictions became compulsory when it came to mines that were found in forests and forest areas. The exploitation and development of the deposits was counterbalanced with the application of the underground method of mining. Also the restoration of land of the abandoned mines was judged as imperative. The data and references relating to the temporal evolution of the mining activity of Bauxite in the Northeastern side of Ghiona, from the beginning of the 20th century, verify the fact that mining activity, in combination with forest fires, illegal woodcutting, and grazing, constitute the main burden in the ecosystems of northeastern Ghiona.
The main impacts to the natural environment of the study area due to the bauxite mining activity and especially due to the surface exploitation methods used are described in detail below, and these are:

(a) Changes in the geological – geomorphological characteristics of the area and the formation of “pseudokarstic” landforms. These changes are due to the artificial formation of cavities “pseudodolines” heaps from the deposition of unused materials and the construction of an extensive road network in order to make the mining sites accessible, which are mainly represented by the disorder in the morphology of the relief and the creation of  “pseudokarstic” landforms, changes in the erosion- deposition characteristics of the ground and the creation of  acquired unstable ground conditions or changes in the geological order of the rocks as well as in their cracking, dislocation, compaction or overlapping of the surface layer of the ground and the geological formations. More specifically, as far as the increase in the erosion rate of the ground, this is due to the large size of excavation fronts. The excavation fronts that constitute the walls of the “pseudodolines” show artificially formed upright slopes on the order of 80-90%, in relation to the already existing relief and in combination with the deforestation of the land, are responsible for the changes in the direction of movement and the natural flow rates of the surface waters which flow in the uphill parts of the basins, according to the conditions of the water level flow. Those conditions are also amplified by the construction of the extensive road network in order to reach the mines with new slopes in the road surface (7-10%) and longitudinal excavations that force the resulted ground waters to alter their natural direction of flow due to condensing and waterproofing of the road and follow its grade or to overflow above the filled in slope. This results in the amplification of the erosion phenomena of the in-depth/ ravine causing and backstepping erosion. (Tsochos 1997, Vavizos and Mertzanis 2003).

(b) Changes in the surface and underground waters. These changes have to do with the differentiation of their flow direction or their course, their quality and quantity as well as changes in the rate of absorption of the surface waters or drainage routes, or the rate and the quantity of land washings. An important point in the above mentioned changes is the differentiation of the natural characteristics of water drainage. The steep slopes of the excavations in the excavation fronts, that is in the walls of the “pseudodolines” and the deforestation in the area result in the increase of both the quantity and rate of the outflow of the surface waters and the restriction of penetration in these locations. The opposite phenomenon, that is the increase of penetration, is seen in the bottom of the artificial cavities and of the “pseudodolines” as well as in the depositions of unused materials, especially in those cases where these cover large areas and their condensing and granulometric graduation  allows it. (Papaspirou et al. 1983, Kaminari et al. 1989, Mertzanis et al. 2004)

(c) Landscape deterioration of north eastern Ghiona, due to the differentiation of the character of the relief and the creation of visual changes as a result of the destruction of its natural characteristics (vegetation, soil, rock formations). The destruction of the natural characteristics is accompanied by the disappearance of the visual characteristics of the natural environment (lines, texture, colour) and their replacement with new man made visual characters of intense coloration, geometrical lines and shapes, different texture and sizes that dominate the landscape, due to the removal of volumes from the excavation sites and the depositions of unused materials in heaps downhill. (Brofas 1987). 

(d) Changes in air quality, due to the creation of dust and the emission of exhausts from the heavy vehicles that transport the ore and the unused material, as well as during the excavation procedures of the bauxite mining (excavation, drilling, blasts), which can also create health problems to the people working there as a result to their continuous exposure to them. (Crounse et al. 1983). 

(e) Changes in the microclimate, due to uncovered surfaces of the excavation fronts and the deposition of unused material which act as heat collectors and result in high temperatures in the area, especially at midday during summer. This phenomenon is also blamed for the loss of a fir plantation due to dryness in a mine in Ghiona (Brofas 1989). 

(f) Creation of noise and vibration due to blasts and excavation procedures which are noisy with negative effects to the workers, the inhabitants and also to the wild life. 

(g) Changes in the flora and the fauna and most importantly the destruction of the dwellings (Veresoglou 2002) and the shrinkage of forests and forest areas and grazing land due to the creation of successive vegetation free areas as a result of excavations and deposition of unused materials. (Adamakopoulos et al. 1988). An important point to consider is the disappearance of the multiple functions of the part of the forest that became extinct. Those functions are wood production and secondary products, the protection of the soil against erosion, the effects on water balance, the supply of food for the necessities of wild life, the climatic balance and aesthetic considerations (Brofas 1987). Alongside the excavation procedures, multiple fires have worsened the negative effects in the fauna of the area, as many nesting and food supply spots for a variety of species disappeared taking along with them those species too, thus limiting the kinds of those species. 

3.2 Development of the surface exploitations of bauxite and of the “pseudokarstic” landforms

Nowadays, the relief of the area is characterized by the “pseudokarstic’ landforms which appear to have a lot of “pseudodolines”, that come to 0.15 per km2. More specifically the number of surface exploitations with similar characteristics to the “pseudodolines” is for the years 1945, 1960, 1970, 1986, 1989, 2004 and 2005, to 1, 11, 18, 26, 26, 26 and 27 respectively. 

The rate of evolution of the number of surface exploitations of bauxite show an increasing tendency for the time from 1930 until the end of the 1980’s while from that time onwards and up to date this tendency falls. This fact is attributed to the implication of environmental legislation (L. 998/79 and L. 1650/86), which significantly restricts the surface exploitations of bauxite and at the same time makes mandatory the restoration of land at the end of mining activities. A similar evolution is seen also in the size of surface exploitations which in their majority were made wider as time went by and reached sizes of excavation fronts and depositions of unused material of over 150 meters high and the longest diameter approximately 200-250 meters. Also we estimate that the surface that the unused material take up has a size more than 3,5 times the size of the quarry - excavation. Indicatively we refer to the case of “Koukouvista 5” mine, which when calculating the excavation front and the unused material depositions, the size of the derangement exceeds 0,3 km2 (height 350 m and width 950 m approximately).
4. CONCLUSION
The way that the bauxite was mined until now in the northeastern side of the Ghiona mountain, mainly using the surface exploitation method, consists the most significant burden to the ecosystems in the area and resulted in the deterioration of the characteristics of the relief and the formation of a peculiar environmental entity that is characterized by the strong presence of “pseudokarstic” geomorphs and “pseudodolines”. This “pseudokarstic” entity consists of alternating: (a) excavations and cavities “pseudodolines”, which originated mainly from the scaled bauxite mining excavation fronts, (b) heaps in the ground created from the deposition of unused materials from the mining operations and (c) a dense road network that was necessarily constructed, in order to make the mining sites accessible. The “pseudodolines” formed show a significant similarity to the natural karstic forms of the relief, what is called “dolines” but differ in the way they were formed. 
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