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      Abstract


      The potential and explored lengths of the shafts of the Bakony Region were studied. Shaft patterns were distinguished with the help of shaft maps and potential shaft lengths were calculated considering preforming geological structures and the thickness of the vadose zone. The average depth and average specific length of the explored shaft lengths were calculated in some areas of the Bakony Region. It can be established that potential shaft length depends on the thickness of the vadose zone, on the spatial position of the preforming geological structures and on the length compared to each other of the shaft parts that developed along them. The explored shaft lengths may exceed the potential shaft lengths since in addition to the above mentioned things, lengths depend on the type of the shaft pattern which is affected by the water-filled state of the shafts. In the Bakony Region there are some karst areas where the value of the explored average shaft depth and of the explored average specific length is large, while these values are smaller in other areas. The first group involves those areas where the characteristic features of the karst favour more frequent shaft floods. This flood results in paragenetic shaft development. The flood may originate from surface water, karst water and from both of the simultaneously. The chance of flood of surface origin depends of the morphology of the surface. There is a great chance of karst water flood if the thickness of the vadose zone is small, the rise of the karst water level is large, and the elevation difference of the shaft floor and the karst water level is small. In the various karst areas of the Bakony Region, shafts can be put into three types according to their genetics: Surface flood development type, karst water and surface flood development type and the tectonic development type. The type of shaft development is determined by the characteristics of the block bearing the karst area.
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      Introduction


      Objective and shaft characteristics in the mountains


      The aim of this study is to classify the shafts of the Bakony Region from a genetic point of view considering potential and actual shaft lengths and shaft patterns and then to describe the development of these types. The knowledge of these may be significant in the above mentioned karst areas, but in other karsts too (for instance on glaciokarsts where this cave type is widespread) for speleologists dealing with cave exploration and for those studying shaft genetics and karst development.


      Shaft length may be potential, actual, explored and specific length. By potential length we mean the length that can be determined by calculation, the length that a shaft can theoretically reach during its development (growth) in case of a given vadose zone thickness and a given preforming geological structure. The actual length is the current length of the shaft, while the explored length is the known length of the shaft. If shaft development takes place along the preforming structure in the whole expansion of the vadose zone, to which a shaft development of a suitable duration and intensity is necessary, the actual length of the shaft is identical with the potential shaft length. The estimation of actual cave lengths is not without antecedents. There were some efforts for the estimation of cave sizes (lengths) at inflow caves. Thus, based on the appearance period of the dye in the springs during the dye tracing procedure [1], and the stored amount of water [2]. The specific shaft length is the shaft length belonging to the 1-metre vertical depth growth which is the quotient of the total length and the depth and it can be potential, actual and explored specific length.


      When studying the potential shaft length, the data of explored shaft length are available. According to these data, the specific explored length of the shafts in the Bakony Region that were involved in the study are very different (Table 1). Hereinafter, we are looking for an answer how some factors (the thickness of the vadose zone, the spatial position of the preforming geological structure, the structure of the shaft) influence various specific exploration lengths.


      Cave development and cavity formation may happen in the vadose zone and the phreatic zone on karst. The caves of the vadose zone are the shafts, the vertical expansion of which is large, but their horizontal expansion is relatively small. From a morphological point of view, the caves of the vadose zone can be simple and stepped [3], according to a development environment, primary vadose caves, drawdown vadose caves and invasion vadose caves are distinguished [4]. In the phreatic zone, the cavities are horizontal or nearly horizontal and their pattern may extend from a straight to a zigzag development [4,5].


      The shafts can develop by dissolution or erosion [4]. The latter develop during the further development of already existing phreatic passages [4]. The shafts develop along surfaces which interrupt the continuity of rocks, at which the water film moving downwards the developing shaft walls becomes slowly saturated and preserves its solution capacity reaching a large depth [3]. The formation of shafts is promoted by open fractures [6] and the permanent, continuous water supply. Such a way of water supply may be for example the meltwater of glaciers [7], the meltwater of the snowfill of the shafts [8] and the meltwater of snow origin flowing onto the floor of temperate solution dolines [9].


      The geology of the Bakony Region


      The Bakony Region (4300 km2) which is constituted by the Bakony Mountains (2200 km2) and the surrounding environs with a lower elevation. The Bakony Region is situated in the Carpathian Basin. A mantle plume developed under the Carpathian Basin which thinned out the lower crust and this resulted in isostatic subsidence and created a sialic basin [10]. The sialic basin separated into partial basins by further subsidence. Such partial basins (structures) also surround the Transdanubian Mountains that bear the Bakony Region: In NW the Little Hungarian Plain and in SE the Great Hungarian Plain. The mountains is part of the Transdanubian Mountains. It is a karstic mountains with the largest area in Hungary. It is a meso region which is separated into micro region groups called Northern Bakony, Southern Bakony, Balaton Uplands, Bakonyalja and the Keszthely Mountains. The Bakony Region is regarded as the uppermost, non-metamorphic member of the Austro-Alpine Nappe [11]. The Transdanubian Mountains (Alpaca Macrostructural Unit) got into its present position from a southern alpine surroundings with a NE shift by the time of Miocene [10,12]. The Bakony Mountains is a low block mountains (its highest mountains is the Kőris Mountain 704 m). Its Triassic floor is limestone (Dachstein Formation) and mainly the main dolomite with a thickness exceeding 600 m (Main Dolomite Formation). The mountains have an asymmetric synclinal structure [11,13]. In its SE part, older (Silurian, Devonian and Permian) rocks crop out onto the surface, while in its NW part the Paleozoic rocks subsided into the depth. Neritic limestones developed in an archipelago environment in the axis of the synclinal after a Jurassic pelagic environment. The thickness of Cretaceous and Eocene limestones is some 10 metres and they may be interrupted with clay, marly limestone and with clayey coal beds [14-16]. Karstification took place in the mountains several times: Thus, in the Upper Triassic [17], in the Jurassic [18] and in the Cretaceous [19]. During the tropical karstification of the late Cretaceous age the mountains was transformed into a tropical karstic peneplain [20].


      During late Oligocene and early Miocene age, the peneplain was covered with delta gravel (Csatka Gravel Formation) [21]. Since the end of Cretaceous age the mountains have been dissected by blocks. As a result of the oscillation movement of the blocks, the mountains is built up of adjacent blocks with various geomorphic evolution, different degree of uncoveredness and different elevation [22]. Blocks of lower position (intermountain basins and grabens) occur between more elevated blocks. Some elevated blocks may be dissected by epigenetic-antecedent gorges with cave-openings of phreatic origin [23].


      Because of the various elevation of the blocks, the gravel cover was partially or completely destroyed in their area. The gravel cover or directly the calcareous surface became overlain by loess.


      In the area of some blocks of the Southern Bakony, Pliocene basaltic volcanism took place [24]. The basalt (Tapolca Basalt Formation) constitutes basalt covers, which is the most widespread on Kab Mountain and here it contributes to karstification.


      The characteristics of the karst of the Bakony Region


      According to the coveredness of the karst, Gvozdetskiy [25] distinguished bare karst, soil-covered karst, covered karst and buried karst. This latter is a karst where no karstification occurs because of the large thickness of the cover. Hevesi [26] differentiated two varieties of covered karst: Cryptokarst (the cover is impermeable) and concealed karst (the cover is permeable).


      Bare karst, soil-covered karst, concealed karst, cryptokarst and buried karst also occur in a mosaical expansion in the mountains. This can be attributed to the fact that the cover did not become denuded or it was destroyed to a various extent from their blocks of various geomorphic evolution and expansion. The areas of bare karst and soil-covered karst do not have a significant expansion. A cryptokarst and allogenic karst, mixed allogenic-autogenic karst is the basalt-covered terrain of Kab Hill where karstification has intensive, particular and unique features [27-29]. A cryptokarst is the inner part of the basalt cover where the basalt thins out, however where limestone crops out (at the margin of the basalt cover and at some sites inside) it is of mixed allogenic-autogenic type.


      In the mountains, concealed karst has the largest (most frequent) expansion and it is the most characteristic. Concealed karst develops at sites where the cover is constituted by loess, clay, clayey sediment and their varieties with limestone debris [30-32]. Their most significant concealed karst areas are Tési Plateau, Kab Hill (terrains exempt from basalt cover), the environs of Márvány valley, the area between Som Hill and Száraz-Gerence valley, Hárskút basin (Figure 1) and the block built up of Middle Cretaceous limestones (Zirc Limestone Formation) (Mester-Hajag, Égett Hill). The above mentioned bear 535 out of 691 subsidence dolines of the mountains.


      On concealed karst its surface karst features are subsidence dolines (mainly suffosion dolines), on the cryptokarst of basalt cover, caprock dolines and at the margin of the basalt cover, ponors. On the soil-covered karst at the margin of the mountains (Tapolca karst), some solution dolines and collapse dolines also occur. Karren are represented by subsoil karren for example near Dörgicse, but smaller karren features occur on bare karst, on dolomite (Kádárta).


      The karst water of the mountains can be classified as main karst water and karst water storeys. The main karst water (it is mainly stored by the main dolomite) is uniform and extends to the whole area of the Transdanubian Mountains. The karst water storeys of the mountains developed at local impermeable beds above the main karst water which occur in larger and smaller development at different elevations. At the beginning of the 20th century, preceding the artificial lowering of karst water level, the main karst water level was between 117-120 m at the margin of the mountains based on the elevation data of karst springs and karst moors at the margin of the mountains (at the northern margin of the Northern Bakony it was 140-180 m, while it rose above 200 m at the south-eastern part of the mountains) [33-35]. Since the karst water level rises towards the inner part of the mountains, the reconstructed karst water level reached a maximum elevation of 290 m [36], and 260-280 m [37]. The fluctuation of karst water level and thus, the thickness of the epiphreatic zone may be significant. According to Böcker's data [38] it can exceed 100 m (near Hárskút). A karst water storey (high karst water) developed in the Cretaceous and Eocene limestone blocks surrounding Pénzesgyőr (for example Mester-Hajag), and on Kab Hill. Based on the data of karst springs, the karst water level may be at an altitude of 360-480 m in the Middle Cretaceous limestone blocks surrounding Pénzesgyőr (Mester-Hajag, Égett Hill). Its elevation alternates between the above mentioned values depending on the elevation of the bearing block.


      The caves of the Bakony Region may have developed in a vadose or phreatic environment. The latter are predominantly relict caves that became exposed during valley down cutting [23,29] but spring caves which developed at emergence sites also occur (caves under the town of Tapolca). The shafts of the vadose zone are the deepest caves of the mountains, but the longest can also be found among them except the cave system under the town of Tapolca. The number of explored caves (including inactive caves) in the mountains is more than 100.


      The shafts are of dissolution origin, the role of erosion is subordinate in their development. This is proved by the solution depressions of shaft walls, the ridges left behind dissolution, prepared fossils, half tubes or blind shafts [29]. Their erosional development was not favoured by the presence of loess and the lack of gravel in their environment. The shafts occur in three kinds of morphological environments which are the following.


      - They are situated below subsidence dolines thus, in a concealed karst environment [29]. This environment is the most common in the mountains. Such shafts can be found for example on the Tési Plateau and in the Hárskút basin.


      - They occur under ponors. In this case the development environment is mixed allogenic-autogenic karst [28]. Such shafts are found on Kab Hill. The erosional effect is small in case of these shafts too because of the low inclination of the surface of the basalt cover and the lack of gravel.


      -The shaft are below former ponors. In this case the development environment of the shaft was mixed allogenic-autogenic karst, but today it is concealed karst. The shaft was formed under a ponor (now a subsidence doline). Such shafts may occur on Tési Plateau [23]. On Tési Plateau the gravel cover is absent, but its former presence is referred to by the gravel pieces occurring in some depressions and shafts. In case of some shafts, as for example at Alba Regia cave an erosional effect can also be detected [39].


      According to our measurements and the analysis of the shaft maps [40,41] the shafts of the mountains developed along fractures (fault) and/or bedding planes (Table 2). Shafts are built up of various shaft element thus, main shaft, tributary shaft and blind shaft. The main shaft is the longer shaft element of the shaft. The tributary shaft is the shorter element of the shaft which reaches the surface though. The blind shaft is a shaft element that does not reach the surface. By the combination of various shaft elements, different shaft structures may develop. The shaft structure preformed primarily by the geological structure may be the following (Figure 2).


      - Simple shaft which developed along fracture (fault) or bedding plane. A simple shaft is the shaft of the subsidence doline marked G-5/a (Figure 3A) and the Csillag shaft (Figure 3B).


      - Storeyed shaft some parts of which were formed along the bedding planes of beds situated above each other (the shafts are not necessarily situated above each other), but they coalesced. Such a storeyed shaft is for example the AlbaRegia cave (the shaft of the depression marked I-44, Figure 4).


      - A complex shaft is a shaft some sections of which developed along fractures (faults), while its other sections were formed along bedding planes. The latter sections connect those that developed along fractures. In case of this type, blind shafts are common. A complex shaft is the cave of Homód Valley (the shaft of the depression marked Ho-1, Figure 5A), a Gyenespusztai-Zsivány cave, Egérfogó cave (Figure 5C, the shaft of the depression marked I-66/b), Csengő shaft (the shaft of the depression marked I-110, Figure 5B).


      - The shaft system has a main shaft and tributary shafts. The tributary shafts are connected to the main shaft. A shaft system is the Háromkürtő shaft (the shaft of the depression marked I-12, Figure 6), Kisharaszti shaft (the shaft of the subsidence doline marked Gy-12).


      - In case of a branching shaft, the bifurcating shaft creates a bunchy system below the karstic depression. In case of this type, main shafts, tributary shafts and blind shafts also occur. Such a shaft is for example the shaft of Öregköves ponor (Figure 7B) [29] and the cave of Tábla Valley (Figure 7A).


      - A shaft develops with a phreatic passage part if the shaft of the vadose zone connect onto or to the phreatic passage that is situated below it. Such a shaft is the Kessler Hubert cave in the Keszthelyi Mountains [42].


      The depressions bearing the shafts become truncated with the denudation of the superficial deposit bearing them [23,29]. In this case the shafts are transformed into destroying, senile features. Such a feature is for example the Gyenespusztai-Zsivány cave (Hárskút basin), Ördög-lik of Kőris block, Cseresi shaft (near Zirc), as well as Nagy Pénz-lik and Kis Pénz-lik (Som Hill). The inactive shafts became filled to a large degree therefore, they were ignored when calculating specific lengths.


      Method


      The potential shaft length is equal to the thickness of the vadose zone if the shaft developed along a preforming structure of vertical position and if the development of the shaft may happen until the karst water level, while if the development surface is not vertical, it can also be larger than that. Its value can be calculated in the following way in case of a shaft development surface different from a vertical position since in this case the shaft and the vertical straight line drawn from its entrance, and the horizontal line drawn between the shaft floor and the vertical straight line forms a rectangle triangle (Figure 8a):


      sinα =  h L


      L =  h sinα


      where L is the potential shaft length,


      h is the thickness of the vadose zone,


      α is the inclination of the fracture (fault) or bed along which the shaft developed.


      The thickness of the vadose zone (Figure 9) depends on the surface elevation of the block bearing the shaft and on the elevation of the karst water level. The expansion of the vadose zone (h) can be given if we take the elevation difference between the block surface bearing the shaft entrance and the base level of erosion of the mountains (karst spring at the margin of the mountains), which we call the vadose zone of the mountains (h1). It can also be given in a way that we compare the block surface elevation to the main karst water level situated in the block. This is the local vadose zone (h2). Finally, where there is a karst water storey in the block (because of the intercalated non-karstic beds), its value can be calculated by elevation difference between the elevation of the block surface and the level of the karst water level, which we call a vadose zone above the karst water storey (h3). Since the majority of shafts does probably not reach the margin of the mountains (except they are situated very close to it) its value depends rather on the elevation of the karst water level that developed in the bearing block (h2). Thus, for example in case of the most elevated doline group of the mountains (Eleven-Förtés doline group) the value of h1 is 535-495 m, since the elevation of the doline group is 675 m and in its vicinity, in the northern part of the mountains, the emergence of the karst water level is 140-180 m [33]. However, as compared to the karst water level below the block, where the karst water level is 230 m [36] its value (h2) is smaller, 445 m. It is probably that in the mountains, h2 values are relevant. We obtained the main karst water level data being necessary to the determination of h2 values by reading the elevation values (contour lines) giving the reconstructed karst water surface that can be read from the karst water level map of the Transdanubian Mountains [36]. We took 500 m as the value of the maximum local vadose zone thickness. However, considering that the majority of the dolines is situated much lower with a shift of 100 m we also calculated h2 with values of 400, 300, 200 and 100 m.


      Both according to geological maps and our measurements, bed inclinations are not large in the mountains. (The largest measured dip was 42º, but based on the data of the maps inclinations of 10º - 20º are the most characteristic). Therefore with a shift of 10º and with bed dips of 10º, 20º, 30º and 40º we calculated shaft lengths that developed along bedding planes. According to geological maps, dip angles of fractures (faults) occur between 30º and 90.


      Consequently, shaft lengths along fractures (faults) were calculated considering dip angles of 30º, 40º, 50º, 60º, 70º, 80º and 90º.


      Calculations were made to simple shaft lengths which develop in case of vadose zone thicknesses between 100 m and 500 m, along the bedding planes of beds with an inclination of 10º - 40º and along fractures (faults) with a dip of 30º - 90º (Table 3). The length of complex shafts were given to vadose zone thicknesses between 100 m and 500 m in a way that we arbitrarily calculated the length of the shafts that developed along bedding planes and fractures (faults) to rock beds with a vertical expansion of 50-50 m (with the above mentioned fracture and bedding plane inclinations) and then we summed up these values (Figure 8b, Tables 4 and Table 5).


      For this, we determined the length of the shaft (Lf), that developed along a fracture (fault) with an inclination of α1 and which belongs to the vadose zone with a thickness of 50 m (h50) and then the length of the shaft (Lb) that was formed along a bedding plane with a dip of α2 which belongs to the vadose zone with a thickness of 50 m (h50).


      sin α 1 =  L S0 L f


      L f =  L 50 sin α 1


      sin α 2 =  L 50 L b


      L b =  L 50 sin α 2


      In case of a complex shaft, the total length of potential shafts can be calculated as follows.


      L= h 100 ( L f  +  L b )


      Complex shaft length was calculated (in case of a vadose zone thickness of 100 m and of given dip angles) for a given shaft length with equal values and then for shaft lengths with different values (Figure 8c and Table 6). To this, vertical projection values (Lfv and Lbv) belonging to fractures (Lf) and bedding planes (Lb) were determined:


      L fv = L f ⋅ sin α 1


      L bv = L b ⋅ sin α 2


      The sum of Lfv and Lbv will be he. Based on this, a quotient can be formed (A), that gives how many of the given shaft lengths (Lf and Lb) occupy the width of the given vadose zone. Therefore, A can be formed in the following way:


      A=  h h e


      With knowledge of A, the potential length of a complex shaft belonging to a vadose zone with a given width is calculated in the following way:


      L= A( L f  + L b )


      The potential specific shaft length and the explored specific shaft length can be calculated for both simple and complex shafts. The former in way that we take the quotient of the potential shaft length and the vertical value belonging to it. The latter in a way that we form the quotient of the explored shaft length and the vertical value belonging to it (Table 1). As the shafts continue beyond the explored section (and this latter length is unknown) of course the actual specific shaft length cannot be given.


      The data of explored caves were compared in some karst areas of the Bakony Region thus, their average vertical size, their average specific length as well as the elevation differences between the shaft floors and the karst water level with the help of the data of the shafts included in the cave cadastral database of the mountains [43]. The data of 83 explored shafts of the mountains were used for this reason. The shafts of some concealed karst areas excluded from the study were left out from data processing (for example Porvai basin) and some caves of Tési Plateau which were impossible to determine whether they could be regarded shafts or not.


      Results


      In case of simple shafts, potential shaft lengths increase with the growth (increase) of the vadose zone thickness and with the decrease of the inclination of the shafts (Table 3). In case of shafts with a small dip of 10º and a vadose zone with a thickness of 100 m, the maximum potential shaft length is 588.23 m, while it is 2941.18 m in case of a thickness of 500 m. In case of shafts with an identical spatial position, the degree of length increase is the same with the growth of the vadose zone thickness: As many times the thickness of the vadose zone increase, as many times the potential shaft length increases. Thus, for example the potential length of shafts with a spatial position (inclination) of 30º grows by 200-200 m as the thickness of the vadose zone increases by 100-100 m. The smaller dip the shaft has, the larger the extent of growth is during the increase of the vadose zone. Thus, in case of a shaft with vertical position, the degree of the increase of shaft length is 100-100 m during the growth of a vadose zone with an expansion of 100 m. However, in case of shafts with an inclination of 10º, the degree of increase is 588.24 m. In case of a small vadose zone thickness of 100 m, the change of the shaft length is between 294.13 m (at an inclination change of 10º and 20º) and 2.04 m (at a dip change of 80º and 90º) with the change of the spatial position of the shafts, but the length increases to a larger and larger degree with the decrease of the inclination. In case of an increasingly larger vadose zone thickness, the increase of the shaft length is increasingly larger with the decrease of the shaft inclination. Thus, in case of a vadose zone thickness of 500 m, if the shaft inclination decreases from 30º to 20º, the change of the potential shaft length is 470.59 m, while in case of a vadose zone thickness of 100 m, if the inclination decreases from 30º to 20º, the change of shaft length is only 94.11 m. In case of the same vadose zone thickness, with the change of the spatial position of the shaft, the degree of length change is somewhat larger than in case of a shaft with the same spatial position, but in case of a vadose zone with changing thickness. Thus, in case of a vadose zone with the same thickness, the quotient of the shaft length with the smallest inclination and of that with the largest dip is 5.88 (at a vadose zone with a thickness of 100 m, the quotient of the lengths with a dip of 10º and 90º), while in case of a shaft with the same inclination, but in case of a different vadose zone thickness (100 m and 500 m) the value of length quotients is 5.00.


      With the exception of simple shafts having a dip of 10º, the length of complex shafts is larger than that of simple shafts in case of a vadose zone thickness of 100 m. In case of a simple shaft with an inclination of 20º, the potential shaft length is 294.11 m, while in case of a complex shaft, if the inclination of the section with bedding plane is 10º and the section along the fracture has a dip of 30º, the potential shaft length is 394.00 m (Table 3 and Table 4). However in case of a vadose zone thickness of 500 m, at sections with an inclination of 40º situated along the beds, the length of the complex shaft is only longer than the length of the simple shaft when the dip of the shaft sections of the complex shaft situated along the fracture is larger than 50º. (In case of a simple shaft and an inclination of 50º, the length is 649.35 m, while in case of a complex shaft it is 715.30 m.) Consequently, if the inclination of simple shafts is small, then the length and specific length of complex shafts is exceeded by the length and specific length of simple shafts. In case of complex shafts, at sections along fractures with the same inclination, as the steepness of the section along the bedding plane increases, their total length decreases. Thus, in case of a vadose zone thickness of 100 m, as the steepness of the shaft section that developed along a bedding plane increases from 10º to 40º if the sections along fractures have a dip of 30º, the potential total length decreases from 394.00 m to 178.12 m (Table 4). The total shaft length decreases similarly, if the steepness of the shaft sections that developed along fractures increases. However, in this case the degree of the decrease is smaller. When the sections along fractures are increasingly steeper (from 30º to 90º) and the steepness of the sections along the bedding plane is 10º, then the decrease of potential shaft length is only 50 m in case of a vadose zone with a 100 m thickness.


      In case of shaft sections with the same position, also in case of complex shafts, the growth of the vadose zone thickness determines the increase of the total length of shafts. As many times the vadose zone thickness increases, as many times the total length grows. Thus, in case of shaft sections along bedding planes with a dip of 10º and those along fractures with a dip of 30º, the total length is 394.00 m, while in case of 500-m thick vadose zone, this value is 1970.59 m (Table 4 and Table 5).


      The specific potential shaft length values change as the steepness of the shaft sections along fractures and bedding planes changes, but their values do not depend on the change of the vadose zone thickness (Table 3, Table 4 and Table 5).


      In case of given dip angles, when some shaft parts are of the same length, if the degree of stepped nature increases (in this case we change the length of shaft parts, but to a similar extent) the potential length of complex shafts does not change (Table 4). However, if the lengths of different shaft sections changes as compared to each other, the potential length of shafts and also their specific potential shaft length changes (Table 4). The total shaft length increases if the length of the shaft part with a smaller inclination increases as compared to the shaft part with a larger dip.


      The h2 (local vadose zone thicknesses) values for the various karst areas of the mountains were given (Table 7). It can be seen that this value is larger than 400 m in case of the Eleven-Förtés doline group. Its value is probably smaller here too since the thickness of limestone was calculated as 339 m taken the bed inclination of the nearby dolomite outcrop into consideration. The cavity formation of the dolomite constituting the bedrock of limestone is of lower degree and thus, the chance of shaft development is also smaller in the rock. Therefore when determining the h2 value, only the thickness of the limestone was considered.


      Therefore, the thickness of the local vadose zone below the various karst areas of the Bakony Region is 200 m-400 m. The values on the Middle Cretaceous limestone blocks (for example Mester-Hajag, Égett Hill) and on Kab Hill are smaller than this value.


      Thus, considering the elevation of the springs at the margin of blocks (the spring with the most elevated position has an altitude of 482 m), the elevation of karst water level may reach 482 m on Mester-Hajag (the elevation of its surface is 450-503 m), while this elevation is about 350 m according to Kálmán, Pethő [44]. (Therefore, the vadose zone thickness is about 21-68 m in the former case, and it is 50-100 m in the latter.) In both cases, karst water storeys developed because of local impermeable intercalations.


      Presuming simple shafts, in case of a preforming structure with an inclination of 20º and at a vadose zone of 200 m, the value of potential shaft length is 588.23 m, and in case of a vadose zone of 400 m this value is 1176.47 m. On Kab Hill, in case of a preforming structure with the same position, but calculating with a vadose zone of 100 m this value is 294.11 m. In case of a preforming structure with a dip of 70º at vadose zones of 200 m-400 m, the potential shaft lengths are between 212.77 m and 425.53 m (on Kab Hill, calculating with a vadose zone of 100 m this length is 106.38 m). In case of the development of complex shafts, at a vadose zone with a thickness of 200 m, in case of shaft parts with equal lengths that developed along fractures of 70º and bedding planes of 20º the potential shaft length is 400.5 m, and it is 801.00 m in case of a vadose zone of 400 m. In case of a vadose zone of 100 m (Kab Hill), at shaft parts with this same position, the potential shaft length is 200.25 m.


      Potential shaft lengths are also limited by the small lateral expansion of the blocks of the mountains. The majority of the blocks of the mountains has an expansion of some 100 m and 1-2 km. For example for the development of a simple shaft with a 1000 m length and an inclination of 30º in any block, it is a precondition that the block must have an expansion of at least 866 m in the direction of the shaft. Among the blocks there are only two with a larger expansion: Tési Plateau (in NS direction 8 km, in EW direction 16 km) and Kőris Hill (its NS and EW expansion is about 6-6 km). The area of Kab Hill is of relatively significant expansion, but the majority of it is covered by basalt.


      If we look at the explored shaft lengths of the various karst areas of the Bakony Region, they can be put into the following groups according to their average depth, the position of shaft floors as compared to the karst water level, their number, and their average explored specific length (Table 7 and Table 8).


      Where the average depth and the average specific length of the shafts is large, and the frequency of shafts is also relatively large in the bearing area. In these areas, the elevation difference of the shaft floors (or of some shafts) and of the karst water level and also the vadose zone thickness is small. Kab Hill and Tési Plateau belong to this group. The average, explored specific shaft length of these two karst areas is 3.31. There is a relation between the vertical size and specific length. Thus, if we look at the shafts of Tési Plateau deeper than 50 m, their average specific length is 5.32, while in case of all investigated shafts of the plateau, this value is 2.73.


      Where the average depth and average specific length of the shafts is small, and the shaft frequency of the bearing area is also small. In these areas, the thickness of the vadose zone and the elevation difference between the shaft floors and the karst water level is large. Kőris Hill (the environs of Márvány Valley, the Eleven Förtés doline group) and the surroundings of Kőris Hill (the area between Som Hill and Sz

    

  

