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Impacts of Visitors in Ventanas Cave, Piñar, Granada, Spain 
 
A. Fernández-Cortés, J. M. Calaforra and F. Sánchez-Martos  
Departamento de Hidrogeología y Química Analítica. Universidad de Almería. 04120 Almería  
 
Abstract  

A theatre spectacle with an attendance of 160 people took place at the “Cueva de 
las Ventanas” (Piñar, Granada) what has allowed us to evaluate the impact on the 
physical variables of the underground as a consequence of sporadic massive affluence 
of visitors in this cave. Control of 6 environmental parameters (CO2, temperature of 
the air, absolute humidity, relative humidity and human presence) was carried out 
with a log interval of one minute. The series for each variable have been processed to 
a graphic and correlation analysis with the purpose of characterizing the influence of 
the massive visit, and determining the environmental parameters and the most 
sensitive areas to the human presence. The environmental variable that presented a 
higher variation was the concentration in CO2 of the air, increasing 242 ppm during 
the show play. The thermal response of the cave after alteration was clearer in the 
nearest stations to the place of celebration of the event (increasing of 1.37 oC) that in 
the most distant station (+0.17 oC). Time of thermal recovery diminished and the 
temporary lag time increased from the entrance to the inner galleries of the cave. The 
variable that shown a more quickly recovery was the relative humidity as 
consequence of the vicinity of the scenario of the theatre to the cave entrance. The 
mean recovery time, considering the initial values of concentration in CO2 and of 
temperature of the air, has been evaluated in 6 hours.  
Key words: environmental monitoring, Granada province, show caves 
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Abstract  

The growing concern for our natural heritage and environmental quality means 
that Natural Areas are regarded as true eco-social assets. Karstic systems, and 
especially caves, can be considered in this way. Management of these Protected 
Natural Areas must resolve how to assess these sites in economic terms. The field of 
Environmental Economics has developed from traditional economic sciences to allow 
such valuations, with the aim of determining a market value for natural resources so 
that they can be incorporated and analysed using the normal tools of the economists. 
A contingent valuation study was carried out in the town of Sorbas (Almerfa province, 
southern Spain). This municipality contains the Natural Area of Gypsum Karst of 
Sorbas, one of the most significant natural heritage sites in Andalusia but one which 
is under serious threat from the gypsum quarrying industry. Results of the contingent 
valuation gave a value of 279.350 Є/year for tourist use of the Gypsum Karst Natural 
Site in its present state. In contrast, the value supposing zero usage (contribution for 
integral conservation) decreases to 41.340 Є /year. This suggests that the future of the 
Natural Area of Gypsum Karst of Sorbas must involve its development as a 
sustainable tourist resource. It is notable that although most of the people (sampling 
universe) completing the survey in the municipality of Sorbas consider mining to be 
compatible with management of the Protected Natural Area, but 60% would be 
willing to reduce the rate of gypsum exploitation in favour of conservation of the 
natural heritage site. The results and estimates obtained should be treated as a tool 
that can be used in future multicriteria analyses as part of the multidisciplinary studies 
that are required for environmental planning and management. 
Key words: contingent valuation, gypsum karst, social welfare, socioeconomic 
characteristics, Sorbas 
 
 
Surface Cover Infiltration Index: A Suggested Method to Assess Infiltration  for 

Intrinsic Vulnerability in Karstic Areas in Absence of Quantitative Data 
 

Levent Tezcan and Mehmet Ekmekci 
International Research Center for Karst Water Resources 

Hacettepe University, Beytepe, Ankara, Turkey 
 

Karst is a hydrogeological environment of a particular importance due to its 
value as a center of attraction not only for its water resources potential but also for its 
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scenic and economic potential there by increasing the intensity of human impact. The 
uniqueness of karst in this  regard, stems from its high sensitivity and vulnerability 
to imposed pressures and its distinctive response to these pressures. Therefore, a clear 
definition and formulation of the concept of ‘intrinsic vulnerability’ is essential for 
the design of vulnerability and/or management of the karstic system as a resource. In 
this regard, the recharge rate, the amount of water passing through the unsaturated 
zone into the aquifer, is among the the principal attributes of the intrinsic vulnerability. 
Where data and measurements are available for even large areas, recharge can be 
evaluated quantitatively on the basis of field measurements and water balance 
equation. However, particularly for countries suffering from lack of essential data for 
a quantitative evaluation of the net recharge rate, the recharge can be estimated using 
some derived parameters such as the so called ‘Surface Cover Infiltration Index’ 
proposed herein this paper.  

The Surface Cover Infiltration Index (SCI) is a relative index and is dependent on 
some selected lithological, structural, hydrological and morphological factors. Actual 
infiltration depends upon several meteorological, hydrogeological and topografical 
parameters, such as the effective rainfall, slope and cover of the terrain, fracture 
intensity, karstic features, and surficial lithology. However, in this descriptive 
approach, which does not intend to assess the actual infiltration in a quantitative 
manner, the term “infiltration” is used only to define the relative ability of the surface 
cover to permit water to seep through to the subsurface. 

A weighting and rating method is used for the assessment of the surface cover 
infiltration (SCI) of the areas of interest. Although the actual infiltration through a 
geologic unit depends on many factors, the surface cover infiltration index defined 
with the method developed here, is derived from four parameters which are 
considered to play a major role in giving a unit the ability of permitting water to seep 
into the subsurface under natural conditions. These are surface lithology, lineaments, 
karstic features and drainage density. 

In the SCI index system the area under examination is discretized into a grid of 
finite square elements (FSE). The size of the FSE’s is dependent on the scale of the 
map used in the study. However, the morphological and hydrogeological-structural 
complexity of an area equivalent to the size of the basic grid should be selected in 
order to maintain a reasonable balance between the need for a high resolution and the 
level of detail at which data is available. 

A series of geological, structural, hydrogeological and morphological 
characteristics are rated and weighted to determine a single index by which the 
assessment of the surface cover infiltration is performed. The raw or pre-processed 
data are obtained from geological, topographical and hydrogeological maps and aerial 
photographs. The monothematic maps (topographic, geologic, hydrogeologic 
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/morphologic and structural maps) should be discretized first into grids using the 
same grid size for each of these maps. 

Following a detailed description of the SCI index, a case study carried out to 
demonstrate the use of this method is also presented in this paper whose objective is 
to discuss and thus elaborate the suggested methodology. 

 
 

Comparative Evaluation of Covered Karst Sensitive Terrain to Pollution of 
Geological Environment 

 
Vladimir Tolmachev, Olga Maximova 

State Venture “Antikarst and Shore Protection”,  
Dzerzhinsk, Russia, 606023, Mayakovsky Str., 33; e-mail: karst@kis.ru 

 
The problem of evaluation of karst terrain sensitivity to pollution of geological 

environment exists while constructing and operating landfills, chemical plants and 
roads. 

We offer the way of evaluation with the use of marking expert method by the 
example of town Dzerzhinsk. Carbonate sulfate covered karst is developed in this 
region and it is complicated by suffosion processes. We ranged all landfills in this 
region according to their potential danger for groundwater.  
 
 Contamination of a Karstic Aquifer by Leachates from an Urban Solid Waste 
Landfill 
 
I.Vadillo, B. Andreo and F. Carrasco  
Department of Geology, Faculty of Science, University Of Málaga, 29071, Málaga, Spain 
(vadillo@uma.es)  
 
Abstract 

The contamination of a karstic aquifer by the leachate from the urban solid waste 
landfill at La Mina (Marbella, S Spain) have been monitored. Two hydrochemical 
behaviours at the contaminated points are observed: (1) contamination at the 
piezometers, measured as CI- and electrical conductivity, increase over time and it is 
associated with precipitation of carbonate minerals, evidenced by a reduction in the 
concentration of HCO3

-, Ca2+ and Mg2+; (2) at points near the landfill, contamination 
also increase, but CO2 from the landfill provokes an additional dissolution of 
carbonate minerals, a process reflected in the high concentrations of HCO3

-, Ca2+ and 
Mg2+. The distribution of the contaminated points were irregular, also seen in the 
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percentage values of leachate mixing, deduced with the hydrochemical modelization 
between leachate and karstic waters. The most distant piezometer presents the 
greatest impact (23.6% of leachate), whereas no traces of contamination were 
detected at one piezometer close to the landfill. The heterogeneity of the karstic 
media, with different types of storage (conduits, fractures/fissures and matrix) and a 
difference in density between the leachate and the groundwater must drive this 
uncommon distribution of contaminants.  
Key words: groundwater contamination, karstic aquifer, leachate, southern Spain, 
urban solid waste landfill 
  
Changes in Nitrate Concentrations in Spring Waters Due to Mixing of Surface 
and Ground Water in the Woodville Karst Plain, Northern Florida  
 
By B. G. Katz1, A. R. Chelette2, and T.R. Pratt2  
1U.S. Geological Survey, 227 N. Bronough St., Tallahassee, FL 32301  
2Northwest Florida Water Management District, 81 Water Management Drive, Havana, FL 
32333  
 
Abstract 
   Ground water in the Woodville Karst Plain is highly susceptible to contamination 
as a result of the numerous sinkholes and other karst features that allow for direct 
interactions with surface water. Since the early 1970's, nitrate-N concentrations have 
increased from 0.26 to 0.89 mg/L in Wakulla Springs and 0.06 to 0.19 mg/L in 
Riversink, major ground water discharge locations for the Upper Floridan aquifer. 
Two methods were used to better understand the hydrochemical response of springs 
in this area to changes in rainfall/recharge during 2000: (1) in-situ water-quality 
multi-parameter instruments that logged hourly measurements of specific 
conductance and temperature were installed in both springs, and (2) water samples 
were analyzed for chemical and isotopic tracers during baseflow conditions (February) 
and after a high-rainfall period (October). Following most small rainfall events (2.5 
cm or less) during January through July, specific conductance values in Wakulla 
Springs and Riversink showed little or no change. However, following several large 
rainfall events in August and September (57 cm total), specific conductance decreased 
from 310 to 250 uS/cm in Wakulla Springs and from 250 to 60 uS/cm in Riversink. 
Correspondingly, concentrations of nitrate decreased in both springs, but dissolved 
organic carbon increased, indicating an increased contribution from surface water. 
Based on binary mass-balance models, the maximum amount of surface water that 
mixed with ground water was estimated to be 20% for Wakulla Springs and 95% for 
Riversink during the high-flow period. 
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Development of a Counterterrorism Preparedness Tool for Evaluating Risks to 
Karstic Spring Water  
 
By Malcolm S. Field  
U.S. Environmental Protection Agency, National Center for Environmental 
Assessment (8623D), Washington, DC 20460  
 
Disclaimer: The views expressed in this paper are solely those of the author and do 
not necessarily reflect the views or policies of the U.S. Environmental Protection 
Agency.  
 
Abstract 

Terrorist attacks on the nation's drinking-water supplies remains a distinct 
possibility if not a probability. To guard against an attack, water managers must 
pursue a preparedness strategy that encompasses a range of operations (e.g., 
monitoring FBI warnings of potential attacks). One important aspect of a 
preparedness strategy is the need to define source water boundaries using standard 
delineation procedures. Of particular value are tracer tests conducted throughout the 
area for the purpose of defining recharge areas, solute-transport properties, and 
probable arrival concentrations. Because the hydrologic conditions and the mass of 
toxic substance (poison) will not be known until a release event actually occurs, 
release scenario simulations need to be conducted. The recently developed Efficient 
Hydrologic conduct release scenario simulations. The simulations can be used to 
predict toxic substance arrival times (time to leading edge, time to peak, persistence), 
axial dispersion, dilution, and arrival concentrations. By combining the 
EHTD-simulation results with risk-assessment analyses for acute exposures, water 
managers can develop a set of alternatives as part of an overall strategy for protecting 
human health. This set of alternatives could range from no action (i.e., no significant 
concern) to disconnecting the water- supply system, announcing a no contact warning, 
and arranging for the supply of an alternative water source. 
  
 
TRACERS  
Demystifying Ground-water Flow and Contaminant Movement in Karst Systems 
Using Chemical and Isotopic Tracers  
 
By Brian G. Katz  
U.S. Geological Survey, 227 N. Bronough St., Suite 3015, Tallahassee, FL 32301 
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In many karst systems throughout the world, ground water and surface water 
typically constitute a single dynamic system as a result of numerous solution features 
that facilitate the exchange of water between the surface and subsurface. The 
combined use of various geochemical and hydrologic tools has considerably 
enhanced our understanding of complex ground-water flow patterns and the mixing 
of ground water and surface water in diverse mantled karst systems. Naturally 
occurring isotopic and other chemical tracers (such as 18O and 2H, 222Rn, 87Sr/86Sr, 
13C, 15N, and major dissolved species) along with geochemical modeling were very 
effective in quantifying interactions between surface water and ground water in 
several diverse karst systems in northern Florida. This paper briefly describes results 
from selected studies of hydrochemical interactions between water from the Upper 
Floridan aquifer and surface water, including leakage from a sinkhole lake, and a 
recharge pulse from a sinking stream. Also presented are geochemical techniques that 
were used to determine sources of nitrate contamination and average residence times 
of ground water discharging from 24 large springs in the Suwannee River Basin. 
 
 
Stable Isotopic Study on Dripping Water in Nerja Cave (Málaga, Southern 
Spain), and its Comparison with Rainfall and Karst Spring 
 
C. Liñán(1,2), F. Carrasco(1), Andreo(1), C.Jiménez de Cisneros(1) and E. Caballero(3) 
(1)Grupo de Hidrogeología. Facultad de Ciencias. Universidad de Málaga. E-29071 Málaga, 
Spain  
(2)Fundación Cueva de Nerja, Carretera de Maro s/n, Nerja, E-29787 Málaga, Spain 
(3)Estación Experimental del Zaidín (CSIC), Profesor Albareda 1, E- 18008 Granada, Spain  
 
Abstract  

A study was made of the stable isotopes Oxygen-18 (18O) and Deuterium (2H) 
found in rainfall, in dripwater inside the Nerja Cave and in the water of the nearby 
Maro spring. The samples analysed all fit the Global Meteoric Water Line defined by 
Craig (1961). The rainfall, mostly of Atlantic origin, presents a varied isotopic 
composition, with the winter rainfall having a lower content of 18O. The dripwater, on 
the other hand, presents a lower 18O content during the summer and early autumn. 
During this period, moreover, the dripwater flow is greater, which is indicative of a 
seasonal lag between precipitation and the appearance of dripwater within the cave. 
Analysis of the flows of 18O in the unsaturated area confirms the seasonal lag, with a 
transit period of six to eight months between rainfall and the appearance of dripwater 
inside the cave. In periods of heavy rainfall, this period falls considerably, to about 
two months.  

86 



Key words: dripwater, Nerja cave, stable isotopes, transit period, unsaturated zone 
 
 
Experiences in Conservation of Marvels Cave, Aracena, Huelva, Spain 
                                                                                
W. Martín-Rosales(1), M. López-Chicano(1) and J. C. Cerón(2)  
(1) Departamento de Geodinámica. Campus Fuentenueva. E-18071 Universidad de Granada 
(2) Departamento de Geodinámica y Paleontología. Campus "El Carmen" E-21071 

Universidad de Huelva 
                                                                              

Abstract  
This work pretends to synthesize the results obtained with the conservation 

studies that we have overtaken in the Cave of Marvels during nearly five years. We 
revise the cave geological setting and the morphological and speleological most 
important aspects, together with a diagnosis of the state of preservation, based on 
petrographic studies of the speleothemes and of the degree of alteration by algae and 
lichens. We deeply treat the effects of the visitors and of the visiting policy, the effects 
of the traditional illumination system and the results of the progressive use of the cold 
light systems. We have made a first evaluation of the maximum capacity of visitors, 
based on metabolic production criteria, the volume of the most vulnerable spaces and 
the natural ventilation. A large part of the conclusions are based on the 
implementation of a continous network of thermohigrometry, and on the design and 
execution of punctual mesaurements of CO2, temperature and relative air humidity. 
Integrated in the interior of the Aracena village, this cave suffers other affections that 
proceed from the exterior, that we also comment in this study.  
Key words: human impact, speleothem degradation, tourist cave, visitors capacity                
 
 
 

Conservation and Protection of Caves and Karst in the National Parks 
 
By Ronal C. Kerbo  
National Cave Management Coordinator, U. S. National Park Service, PO Box 25287, 
Denver CO 80225  
 
Abstract 

Caves and karst features occur in 120 (81 contain caves and an additional 39 
contain karst) parks in all regions of the National Park System. Over 3,900 caves are 
currently known throughout the system. Eleven parks provide some type regular 
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guided tours of caves. The number of caves per park unit ranges from 10 caves as in 
the Chesapeake & Ohio Canal National Historic Park, to more than 400 caves--as in 
the Grand Canyon National Park. The National Park Service's national cave/karst 
program is coordinated by one person in a central office in Denver Colorado. 
Servicewide, as of 2002, even though 81 parks have significant cave or karst 
resources 21 people stationed in 14 park units are devoted to cave and karst 
management. 

A National Park Service cave management plan for an individual park should 
provide for the following: (1) The protection of natural processes in cave ecosystems, 
within karst landscapes. (2) Scientific studies and researches in or about cave and 
karst resources and systems to increase the park's scientific knowledge and broaden 
the understanding of its cave resources. (3) Detailed cartographic survey of caves and 
cave systems, and a detailed inventory of resources within cave systems. (4) 
Educational opportunities for a broad spectrum of park visitors to safely visit, study, 
and enjoy caves at a variety of levels of interest and abilities. (5) The establishment of 
regulations, guidelines, and/or permit stipulations that will ensure maximum 
conservation of cave resources. (6) Direction for cave restoration activities that 
remove unnatural materials or restore otherwise impacted areas. (7) The 
establishment of standard operating procedures in the maintenance and upkeep of 
developed cave passages and monitoring of natural environmental conditions and 
visitor use impacts. (8) The protection of related cultural resources, and (9) Ensuring 
the sustainable use of cave resources. 
  
 
 
Karst Development in Conglomerates of the Northern Alps and Consequences 
for Groundwater Protection 
                    
N. Goldscheider(1), N. Göppert(2), A. Pochon(1) and H. Scholz(3) 
(1)Hydrogeology Centre (CHYN), University of Neuchâtel, 11 rue Emile-Argand, CH-2007 
Neuchâtel, Switzerland (nico.goldscheider@unine.ch, alain.pochon@unine.ch) 
(2)Department of Applied Geology (AGK), University of Karlsruhe, Kaiserstr. 12, D-76128 
Karlsruhe, Germany (Nadine. Goeppert@agk.uka.de) 
(3)Chair of General, Applied and Engineering Geology, Technical University of Munich, 
Arcisstr. 21, D-82090 Munich, Germany (herbert.scholz@geo.tum.de) 
  
Abstract 

Coarse-grained conglomerates, which predominantly consist of carbonate 
components in a carbonate matrix, make up significant parts of the Sub-Alpine 
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Molasse zone at the northern margin of the Alps. Although these rocks are 
predisposed to karstification, due to their mineralogical composition, the karst 
development was often overlooked in the past and not taken into account sufficiently 
in groundwater protection zoning. Within the framework of the two studies 
synthesised in this paper, the karst development in carbonate conglomerates (and 
sandstones) and the consequences for groundwater protection were investigated in 
two test sites in the Austro-German and Swiss Alps. The relation between geological 
structure and karst landforms was analysed. Besides karren and dolines, closed 
depressions (small poljes) with a flat floor were observed. Estavelles and springs with 
high discharge rates and variations indicate the presence of an underground drainage 
network with fast reactions to hydrologic events. Tracer tests gave groundwater flow 
velocities up to 286m/h and flow path horizontal distances up to 7.7 km. A new 
method of groundwater vulnerability mapping was developed for highly 
heterogeneous fissured aquifers. This DISCO method takes into account 
discontinuities like fractures. 

It was applied in the Swiss test site; the resulting map served as a basis for the 
delineation of source protection zones. 
Key words: carbonate conglomerates, groundwater vulnerability mapping (DISCO), 
karst development, Sub-Alpine Molasse, tracer tests 
 
 
Comparative Estimate of Resistance to Drought for Selected Karstic Aquifers in 
Bulgaria 
 

T.Orehova 
NIMH-BAS - National Institute of Meteorology and Hydrology, Sofia, Bulgaria 

 
Water resources management requires adequate knowledge of groundwater 

system including the influence of climate change. The impact of prolonged 
precipitation shortage on groundwater resources was important during the drought of 
1982-1994 in Bulgaria. Evidently, groundwater in different degree is vulnerable to 
drought. Hydrogeological monitoring gives valuable information about groundwater 
systems. The purpose of this article is to determine relative resistance of selected 
aquifers in Bulgaria to a prolonged decrease of recharge using the Drought Resistance 
Indicator for Karstic Aquifers DRIKA. 

The drought resistance indicator has been defined for some karstic aquifers based 
on the method proposed in report of BRGM. The indicator that defines the relative 
resistance of karstic aquifer systems to drought is determined by fraction with 
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numerator the absolute minimal registered discharge of the spring, and denominator 
the average value of minimal discharges for the given period. 

The karstic aquifers are divided into four classes of increasing drought 
resistance: 
 

3,0≤DRIKA   - weak; 
45,03,0 ≤< DRIKA  - moderate; 

6,045,0 ≤< DRIKA  - good; 
6,0>DRIKA   - high. 

 
The data from National Hydrogeological Network located in the National 

Institute of Meteorology and Hydrology were processed. For the aim of this study, 
time-series of discharge for karstic springs were used. Stations showing significant 
impact of human activity on groundwater were eliminated. Vulnerability assessment 
of selected karstic aquifers was made for the 1960-2001 period, as well as for the two 
21-year periods. The stations studied showed different resistance to drought for such 
periods. 

The results show that most of the chosen karstic aquifers in the Danube zone of 
Bulgaria are weakly resistant. Only the greatest spring Glava Panega has moderate to 
good resistance. It has however specific formation - waters from neighbour watershed 
are transferred. All massifs are built from karstified limestones and are well drained. 

Karstic aquifers in the Black sea zone have a good to high resistance  - they are 
formed in marbles and limestone of T2+J3 and limestone of K2. Karstic aquifers in the 
Strouma river basin are of moderate to good resistance. They show little seasonal 
variation through the year. Karstic aquifers in Pirin and Rhodopes regions show 
moderate to high resistance. They drain thick massifs of Proterozoic marbles. 

Probably, the karstic aquifers in the Danube zone are more conductive and with 
less storage capacity compared to the aquifers in Pirin and Rhodopes regions, and 
therefore they are more vulnerable to drought. The better resistance of springs in the 
Struma river basin related with massifs built from limestones and dolomites is due to 
higher porosity and better storage capacity, as well as worse conductivity. 

The degree of the resistance to drought depends on geological and structural 
peculiarities of the karstic massif, from its area, etc. The value of the indicator 
depends on the observational period as well. Obviously, detailed study is necessary in 
this direction taking into account complicated hydrogeological conditions and 
intensive human impact in many areas. 

The conclusion is that most of studied aquifers in Bulgaria have moderate and 
weak resistance to the drought. They are vulnerable to droughts and need good 
management for effective use of groundwater resources. 
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Use of Dye Tracing to Determine Conduit Flow Paths within Source-Protection 
Areas of a Karst Spring and Wells in the Bear River Range, Northern Utah  
 
By Lawrence E. Spangler  
U.S. Geological Survey, 2329 Orton Circle, Salt Lake City, Utah 84119  
 
Abstract 

Drinking-water source-protection areas for wells and springs in fractured-rock 
terranes are often delineated by using analytical models and time-of-travel methods 
based on Darcian concepts. These methods, however, generally assume that the 
aquifers in these terranes behave as uniform, porous media at the scale of the study 
area. Source-protection areas and time-of-travel zones delineated for Dewitt Spring 
and two wells discharging from carbonate rocks in the Bear River Range in northern 
Utah were compared to results of dye tracing. Results of five tracer tests indicate that 
time of travel based on porous-media concepts can be substantially overestimated in 
hydrogeologic terranes where conduit flow paths are present. Ground-water travel 
times of less than 8 days and average velocities of as much as 2,000 feet per day were 
documented within the delineated areas. Source-protection areas in these terranes also 
may be under or over estimated when surface-water divides are assumed to be 
ground-water divides. As a result, dye tracing can be used to help delineate areas that 
do not contribute to springs or wells, and thus, minimize the area that is necessary for 
source-protection management. 

 
Climate versus History  

(Climatology and History of the 7-th c. European Epidemics –Revisited) 
 

Dimitar Dimitrov, FLS 
 
Target: the complexity of the cross-issues, concerning the physical and the social 
aspects of human response to climatic changes, and their impact on History. 
Theses: Modern science has conceptualized the character and chronology of the 
climatic changes, defining their role as a trigger-key for the outburst of epidemics. 

While the links between the prolonged periods of cold and rain and the two 
massive epidemics in Europe (7th c. and 14th c.) have been well established, the gap 
between the data offered by the climatologists and toxicologists on one side and the 
interpretation of historians on the other, still remains a mystery. 

This issue is particularly significant when we discuss the 7th c epidemics – the so 
called Justinian “Black dead”, because it coincided with the aftermath of the Great 
migration of people, which had a profound effect on the demographic and political 
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status-quo of Eastern and South-Eastern Europe. 
The conventional historical view, which maintains that the balance of the 

population structure changed in favor of the agricultural new-comer, at the expense of 
the nomadic arrival, has been challenged here with the use of sound evidences from 
the non-historian’s side – the toxicology. 
Conclusion: The author postulates that the exposure to a neutral science derives a 
new vision for this formative period of the Balkan socio-cultural developments, 
demonstrating a more realistic picture of its character. 
 
Use of Hydrogeochemistry to Display a Present Recharge of Confined Karst 
Aquifers. Case Study of the Doubs Valley, Jura Mountains, Eastern France 
 
J. Mudry(1), A. Charmoille(1), N. Robbe(1), C. Bertrand(1), C. Batiot(2), C. Emblanch(2) and J. P 
Mettetal(3) 
(1)Research team Geoscience: Deformation, Flow, Transfer. 16, route de Gray, 25030 
Besançon Cedex, France  
(2)Hydrogeology laboratory. 33, rue Louis Pasteur, 84000 Avignon, France  
(3)DIREN Franche-Comté 5 rue Sarrail, 25000 Besançon, France  
 
Abstract 

As early as the nineteenth century, boreholes have been drilled in the Jurassic 
limestones of the Doubs valley for industrial (paper mills) and drinking water 
supplies. In order to determine the relative recharge rate of these confined karst 
aquifers, we combined different long (3H, 13C, rMg/rCa,) and short (DOC, nitrates) 
residence time tracers. In the same limestone series, the natural outlets of unconfined 
karst aquifers have been sampled simultaneously, in order to evaluate the influence of 
the difference in residence time within the limestones. So we expected a shallow and 
unconfined cluster of fast flow, with a present tritium content, a negative carbon-13, a 
low rMg/rCa, a high DOC and a high nitrate contents, and a deep and confined slow 
flow cluster, with a low tritium content, an enriched carbon-13 ratio, a high rMg/rCa, 
a low DOC and a low nitrate contents. The position of the different boreholes in the 
scattergrams which combine these residence-time tracers gives information about the 
recharge ability of the aquifer. Several confined boreholes appear very close to the 
shallow cluster, meaning that these aquifers are easily recharged and are vulnerable to 
anthropogenic contaminants. On the contrary, a trend, with characteristics of old 
water can be observed. For this category of water, well- protected from the surface, 
we cannot be sure that a present recharge exists, and reduction processes can worsen 
the water quality, bringing heavy metals in solution.  
Key words: hydrogeochemistry, isotopes, karst, recharge, residence time 

92 


	Part III-4  Human Impacts and Protection of Karst Ecosystems
	Impacts of Visitors in Ventanas Cave, Pi?ar, Granada, Spain
	Environmental Economic Assessment for Sorbas Gypsum
	karst Natural Site, S. Spain
	
	Levent Tezcan and Mehmet Ekmekci

	Comparative Evaluation of Covered Karst Sensitive Terrain to Pollution of Geological Environment
	Vladimir Tolmachev, Olga Maximova

	Abstract
	Abstract
	Experiences in Conservation of Marvels Cave, Aracena, Huelva, Spain

	Conservation and Protection of Caves and Karst in the National Parks
	Comparative Estimate of Resistance to Drought for Selected Karstic Aquifers in Bulgaria
	
	
	Abstract



	Climate versus History
	\(Climatology and History of the 7-th c. Europea
	
	Dimitar Dimitrov, FLS



