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Abstract 

 
Isotopic investigations combined with geothermal applications represent powerful tools for the exploration 

of groundwater potential as a drinking or geothermal resource. This Ph.D. Thesis combines both approaches, 

environmental and radioactive isotopes together with temperature data in deep aquifers, in order to enrich 

and update the knowledge concerning the aquifer recharge processes in the Aquitaine Basin (France) and the 

aquifer recharge processes and geothermal potential in the Bohemian Cretaceous Basin (Czech Republic). 

Stable isotopes (
18

O, 
2
H, 

13
C) combined with radioisotope data (

14
C, 

3
H) are used to estimate the recharge 

timing and climatic conditions prevailing during the infiltration from the Late Pleistocene up to modern time. 

The character of groundwater recharge and regime are necessary to generate relevant source data for the 

accurate modelling of complex groundwater systems. Three groups of groundwater recharge types can be 

distinguished throughout Europe ï (i) continuous recharge and (ii) interrupted recharge during Last Glacial 

Maximum and (iii) a group corresponding to particular recharge conditions. 

The contrasted geographic and climate conditions at both study sites in France and the Czech Republic have 

entailed a great heterogeneity of the recharge conditions and processes. Southern France, with generally mild 

climatic conditions during the last 40 ka BP, did not experienced considerable hiatus in groundwater 

recharge. The residence time of groundwater in the Bohemian aquifers is estimated about 11 ka BP at the 

maximum but the depletion in the stable isotopes suggests that this groundwater originates in the melting of 

the north European ice sheets after the Last Glacial Maximum period, i.e. 18-20 ka BP. Further 

investigations on both stable and radioactive carbon isotopes indicated numerous groundwater interactions 

within the reservoir that were used to delineate the carbon origin within the Bohemian aquifers. 

Information on groundwater geochemistry was supplemented in the Czech case study by geothermal data in 

order to improve our knowledge of groundwater flow and dynamics. More than one hundred of temperature 

records from well-logging measurements were used to assess the geothermal gradient in the Bohemian 

Cretaceous Basin which is the most promising heat accumulation within the country. Many phenomena can 

affect the thermal field in the region. Vertical groundwater flow and variations in the lithology and the 

topography lead to a complicated areal distribution of the geothermal gradient and the heat flux which is 

dominantly controlled by groundwater. Shallow tectonic structures and numerous volcanic rocks exercise an 

influence on groundwater flow and therefore exert a secondary effect on the thermal field. The geothermal 

investigation provided useful information on the geothermal resources within the region but also represents 

an important tool for understanding groundwater flow, and for constructing realistic hydrogeological models 

in such a complex geological, tectonic and geothermal context. 

 

Key words: deep aquifers, isotopic hydrogeology, residence time, geothermal potential, heat flux 
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R®sum® 

 
Les ®tudes isotopiques coupl®es avec des informations g®othermiques peuvent constituer des outils 

pertinents pour lôexploration des eaux souterraines en tant que ressources en eau potable ou g®othermiques. 

Ce travail combine les deux approches, isotopes de lôenvironnement et radioactifs associ®s ¨ des donn®es de 

temp®rature sur des aquif¯res profonds, dans lôobjectif dôenrichir et dôam®liorer la connaissance des 

m®canismes de recharge (Bassin dôAquitaine, France) ainsi que des m®canismes de recharge et du potentiel 

g®othermique (Bassin Cr®tac® de Boh¯me, R®publique Tch¯que). 

Les isotopes stables (
18

O, 
2
H, 

13
C) utilis®s conjointement avec des radioisotopes (

14
C, 

3
H) sont utilis®s pour 

estimer lô®poque de la recharge ainsi que les conditions climatiques qui pr®valaient lors de lôinfiltration 

depuis la fin de Pl®istoc¯ne jusquô¨ nos jours. D®finir le type de recharge et les conditions dô®coulement est 

n®cessaire pour parvenir ¨ mod®liser de faon satisfaisante et fiable les grands syst¯mes aquif¯res profonds. 

Trois types de recharge ont ®t® d®finis en Europe - (i) continue, (ii) interrompue lors du dernier maximum 

glaciaire (LGM) ï un troisi¯me type (iii) correspond ¨ des situations particuli¯res de recharge. 

Les conditions g®ographiques et climatiques tr¯s diff®rentes rencontr®es en France et en R®publique Tch¯que 

ont engendr®es une importante h®t®rog®n®it® des conditions et processus de recharge. Le sud de la France, 

avec un climat relativement doux depuis les derniers 40 ka BP, nôa pas enregistr® dôinterruption de la 

recharge. Le temps de s®jour des eaux souterraines en Boh¯me est estim® ¨ environ 11 ka BP au maximum. 

Cependant, lôappauvrissement des teneurs en isotopes stables enregistr® sugg¯re une recharge li®e ¨ la fonte 

de la calotte glaciaire Nord Europ®enne apr¯s le dernier maximum glaciaire (LGM), autour de 18-20 ka BP. 

Des investigations sur les isotopes du carbone min®ral dissous des eaux souterraines du bassin de Boh¯me 

ont montr®es dôimportantes interactions avec diff®rentes sources de carbone qui ont ®t® identifi®es. 

Pour le site dô®tude tch¯que, les informations apport®es par la g®ochimie ont ®t® compl®t®es par des donn®es 

g®othermiques afin dôam®liorer la connaissance des flux et de la dynamique des eaux souterraines. Plus 

dôune centaine dôenregistrements diagraphiques de temp®rature ont ®t® utilis®s pour estimer le gradient 

g®othermique. Plusieurs ph®nom¯nes viennent perturber le gradient g®othermique de la r®gion. Les flux 

dôeau souterraine verticaux et les variations lithologiques et topographiques sont ¨ lôorigine dôune 

distribution complexe du flux de chaleur, ®tant majoritairement conditionn® par les ®coulements souterraines. 

Les discontinuit®s peu profondes et les nombreux pointements volcaniques exercent aussi une influence 

importante sur lô®coulement souterrain et donc aussi sur le potentiel g®othermique du r®servoir. Les 

investigations sur la g®othermie ont ainsi fourni des informations fondamentales sur le potentiel 

g®othermique mais aussi sur les conditions dô®coulement des eaux souterraines. La prise en compte de ces 

informations sôav¯re n®cessaire afin de proposer des mod¯les math®matiques dô®coulement r®alistes. 

 

Mots cl®s : aquif¯re profond, hydrog®ologie isotopique, temps de s®jour, potentiel g®othermique, flux de 

chaleur 
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Shrnut² 

 
Kombinace metod izotopov® hydrogeologie a geotermiky je vĨznamnĨm n§strojem pro prŢzkum 

podzemn²ch zdrojŢ k z²sk§v§n² pitn® vody i geoterm§ln² energie. Tento postup byl v pŚedkl§dan® pr§ci 

pouģit pro splnŊn² hlavn²ho c²le - zpŚesnŊn² a obohacen² dosavadn²ch znalost² o procesech nap§jen² hluboko 

uloģenĨch kolektorŢ v Akvit§nsk® p§nvi (Francie) a o infiltraļn²ch a geoterm§ln²ch dŊj²ch v Ļesk® kŚ²dov® 

p§nvi (ĻR) s vyuģit²m pŚ²rodn²ch a radioaktivn²ch izotopŢ a teplotn²ch ¼dajŢ. 

Stabiln² izotopy (
18

O, 
2
H, 

13
C) se spolu s radioaizotopy (

14
C, 

3
H) pouģ²vaj² k odhadŢm stŚedn² doby zdrģen² 

podzemn² vody a k objasnŊn² klimatickĨch podm²nek v dobŊ infiltrace v ļasov®m ¼seku od konce 

Pleistocenu do dneġn² doby. Pro vytvoŚen² vŊrohodnĨch hydrogeologickĨch modelŢ rozs§hlĨch 

kolektorovĨch syst®mŢ je nezbytn® spr§vn® pochopen² reģimu proudŊn² podzemn²ch vod a 

charakteru doplŔov§n² podzemn²ch zdrojŢ. V EvropŊ byly rozpozn§ny tŚi zpŢsoby dotace sr§ģkovĨch vod do 

kolektorŢ ï (i) prŢbŊģn® doplŔov§n², (ii) pŚeruġen® doplŔov§n² bŊhem posledn²ho glaci§ln²ho maxima 

(LGM) a (iii) doplŔov§n² kolektorŢ podl®haj²c² specifickĨm podm²nk§m. 

Rozd²ln® geografick® a klimatick® podm²nky ve Francii a Ļesk® republice vedou k odliġn®mu charakteru 

nap§jen² kolektorŢ podzemn²ch vod. V jiģn² Francii, kde panuj² relativnŊ m²rn® klimatick® podm²nky, 

nedoġlo za posledn²ch 40 tis²c let k vĨznamnŊjġ²mu pŚeruġen² nap§jen² kolektorŢ. V Ļesk® kŚ²dov® p§nvi 

byly z dŢvodu bl²zkosti severoevropsk®ho ledovce podm²nky infiltrace komplikovanŊjġ². Maxim§ln² doba 

zdrģen² podzemn²ch vod dosahuje 11 tis²c let. Tento odhad doby zdrģen² se vġak vztahuje k dobŊ infiltrace 

do horninov®ho prostŚed² a nikoliv k obdob², ve kter®m doġlo ke sr§ģkov® ļinnosti. N²zkĨ obsah stabiln²ch 

izotopŢ totiģ naznaļuje, ģe infiltrovan§ voda poch§z² z t§n² ledovcŢ pokrĨvaj²c²ch severn² Evropu, ke 

kter®mu doġlo po posledn²m glaci§ln²m maximu, pŚed 18 ï 20 tis²ci lety. Studium izotopŢ uhl²ku obsaģenĨch 

v podzemn²ch vod§ch Ļesk® kŚ²dov® p§nve pomohlo popsat prob²haj²c² chemick® procesy v kolektorech, a 

t²m pŚispŊt k objasnŊn² pŢvodu rozpuġtŊn®ho uhl²ku v podzemn²ch vod§ch. 

V Ļesk® kŚ²dov® p§nvi bylo kromŊ geochemickĨch dat vyhodnoceno v²ce neģ teplotn²ch z§znamŢ 

z karot§ģn²ch mŊŚen², kter® byly vyuģity k vĨpoļtu geoterm§ln²ho gradientu. Teplotn² pole je v t®to 

geoterm§lnŊ vĨznamn® oblasti naruġeno vertik§ln²m proudŊn²m podzemn²ch vod, rŢznorodou petrografi² a 

topografi². To vede ke sloģit®mu ploġn®mu rozloģen² tepeln®ho toku Ś²zen®ho proudŊn²m podzemn²ch vod, 

kter® odr§ģ² tektonickou stavbu ¼zem² a ļetnost vĨskytu vulkanitŢ. PopsanĨ vĨzkum pŚinesl nov® informace 

o geoterm§ln²m poli, ale tak® ¼daje dŢleģit® pro konstrukci realistickĨch hydrogeologickĨch modelŢ. 

 

Kl²ļov§ slova: hlubok® kolektory, izotopov§ hydrogeologie, doba zdrģen², geoterm§ln² potenci§l, tepelnĨ tok 
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Foreword 

 

This study initiated in October 2007 was carried out in the framework of the Co-tutelle Ph.D. 

program both at Charles University in Prague (Institute of Hydrogeology Engineering Geology and 

Applied Geophysics), and at the Universit® Bordeaux 1 (GHYMAC G®osciences Hydrosciences), 

assuming 6-months intervals to alternate between both institutions. 

 

The idea of this project was initiated when the Grant Agency of the Czech Republic attributed to 

Charles University a financial grant designated to optimize the sustainable development of 

groundwater resources in the Bohemian Cretaceous Basin. The emerging project needed several 

independent studies requiring an extensive team consisting of experts from various scientific fields 

such as geology, tectonics, geochemistry, hydrogeology, hydrogeophysics, etc. This thesis covering 

the field of hydrogeophysics and hydrogeochemistry clarifies conditions of heat distribution and 

groundwater flow conditions in the concerned area in the Czech Republic. 

 

The study was extended to France and particularly to the Aquitaine Basin thanks to the financial 

support of the French Ministry of Foreign Affairs, through the French Embassy in Prague, who 

granted this project and attributed to Hana Jir§kov§ a joint supervision Ph.D. allowance. 
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¶ RNDr. Martin Proch§zka ï provision of temperature data and consultation on hydrogeology, 
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¶ Mgr. Petr DŊdeļek ï correction on the effect of topography and consultation on geothermal 

gradient and heat flux of the Bohemian Cretaceous Basin 

 

¶ RNDr. Miroslav Kobr ï consultation on lithology within the Bohemian Cretaceous Basin 

 



  LIST OF PUBLICATIONS 

x 

 

List of publications originating from this work  

 

PAPER 1 

Jir§kov§, H., Huneau, F., Celle-Jeanton, H., Hrkal, Z., Le Coustumer, .P., 2009. Palaeorecharge 

conditions of the deep aquifers of the Northern Aquitaine region (France). Journal of Hydrology, 

368, 1-16. [doi:10.1016/j.jhydrol.2009.01.017] 

 

PAPER 2 

Jir§kov§, H., Huneau, F., Hrkal, Z., Le Coustumer, .P., Celle-Jeanton, H., 2010. Carbon isotopes to 

constrain the origin and residence time of groundwater in the Cretaceous Basin of Bohemia (Czech 

Republic). Applied Geochemistry [doi:10.1016/j.apgeochem.2010.05.012] 

 

PAPER 3 

Jir§kov§, H., Proch§zka, M., DŊdeļek, P., Kobr, M., Hrkal, Z., Huneau, F., Le Coustumer, P., in 

press. Geothermal assessment of the deep aquifers of the northwestern part of the Bohemian Basin, 

Czech Republic. Geothermics. 

 

PAPER 4 

Jir§kov§, H., Huneau, F., Celle-Jeanton, H., Hrkal, Z., Le Coustumer, P., accepted for publication. 

Insight into palaeorecharge conditions of European deep aquifers. Hydrogeology Journal. 

 

http://dx.doi.org/10.1016/j.jhydrol.2009.01.017
http://dx.doi.org/10.1016/j.apgeochem.2010.05.012


  LIST OF CONFERENCES 

xi 

 

List of conferences 

 

Jir§kov§, H., Huneau, F., Hrkal, Z., Le Coustumer, .P., Celle-Jeanton, H., 2008. Paleo-

hydrogeology of the deep aquifers of the Northern Aquitaine Region (France). 36
th 

International 

Association of Hydrogeologists Congress, Toyama, Japan, 26 October -1 November 2008 (poster) 

 

Jir§kov§, H., Huneau, F., Hrkal, Z., Celle-Jeanton, H., Le Coustumer, P., 2009. Carbon isotopes and 

groundwater dating in the north-western part of the Bohemian Cretaceous Basin (Czech Republic). 

37
th
 International Association of Hydrogeologists Congress, Hyderabad, India, 6-12 September 

2009 (oral) 

 

Jir§kov§, H., Proch§zka, M., Datel, J., Kobr, M., Hrkal, Z., 2009. Geothermal conditions in the 

western part of the Bohemian Cretaceous Basin (Czech Republic) deduced from the well-logging 

measurements. 10
th
 Czech-Slovakian international congress in hydrogeology, Ostrava, Czech 

Republic, 31 August ï 3 September 2009 (oral) 

 

Jir§kov§, H., Huneau, F., Celle-Jeanton, H., Le Coustumer, P., Hrkal, Z., 2010. Deep aquifers as 

archives of palaeorecharge conditions in Europe. 23¯me R®union des Sciences de la Terre 

Bordeaux, 25 - 29 October 2010 (oral) 

 

Jir§kov§, H., Huneau, F., Celle-Jeanton, H., Hrkal, Z., Le Coustumer, P., 2010. Insight into the 

Pleistocene palaeorecharge conditions of confined aquifers throughout Europe. Hydrology 

Conference 2010, San Diego, CA, USA, 11 - 13 October 2010 (oral) 



  TABLE OF CONTENT 

xii  

 

Table of content 

 

Declaration .......................................................................................................................................... ii  

Acknowledgements ............................................................................................................................ iii  

Abstract ................................................................................................................................................v 

R®sum® ............................................................................................................................................... vi 

Shrnut² ............................................................................................................................................... vii  

Foreword .......................................................................................................................................... viii  

Collaboration team ............................................................................................................................. ix 

List of publications originating from this work ....................................................................................x 

List of conferences ............................................................................................................................. xi 

Table of content ................................................................................................................................. xii  

List of Figures .................................................................................................................................. xiv 

List of Tables ......................................................................................................................................xv 

List of Annexes ................................................................................................................................ xvi 

Abbreviation list .............................................................................................................................. xvii  

 

1 INTRODUCTION ........................................................................................................................1 

 

2 STUDY SITES .............................................................................................................................6 

2.1 Bohemian Cretaceous Basin (BCB) .......................................................................................7 

2.1.1 General setting ..............................................................................................................7 

2.1.2 Geology and hydrogeology ...........................................................................................8 

2.1.3 Groundwater management and use .............................................................................13 

2.2 Aquitaine Basin (AB) ...........................................................................................................15 

2.2.1 General setting ............................................................................................................15 

2.2.2 Geology and hydrogeology .........................................................................................16 

2.2.3 Groundwater management and use .............................................................................18 

 

3 METHODOLOGY .....................................................................................................................22 

3.1 General approach..................................................................................................................22 

3.2 Isotopic investigation ï Aquitaine Basin case study ............................................................23 

3.3 Isotopic investigation ï the Bohemian Cretaceous Basin case study ..................................24 

3.4 Isotopic investigation ï Europe ............................................................................................24 

3.5 Geothermal application ï case study BCB ...........................................................................25 



  TABLE OF CONTENT 

xiii  

 

 

4 ISOTOPIC INVESTIGATION ..................................................................................................26 

4.1 Introduction into isotopic hydrogeology ..............................................................................26 

4.2 Stable isotopes of water ï tracers of palaeorecharge ...........................................................26 

4.3 Groundwater dating ..............................................................................................................28 

4.3.1 Carbon isotopes...........................................................................................................28 

4.3.2 Tritium isotopes ..........................................................................................................29 

4.4 Purpose of isotopic investigation .........................................................................................29 

4.5 Palaeorecharge conditions of the deep aquifers of the Northern Aquitaine region (FR) .....31 

4.6 Carbon isotopes to constrain the origin and residence time of groundwater in the 

Cretaceous Basin of Bohemia (Czech Republic) ...........................................................................48 

4.7 Insight into palaeorecharge conditions of European deep aquifers......................................64 

 

5 GEOTHERMAL APPLICATIONS .........................................................................................100 

5.1 Geothermal potential of groundwater ................................................................................100 

5.2 Geothermal investigation in deep aquifers of the Bohemian Cretaceous Basin ................102 

5.3 Geothermal well-logging....................................................................................................103 

5.4 Assessment of the lithological properties...........................................................................104 

5.5 Geothermal assessment of the deep aquifers of the north western part of the Bohemian 

Basin, Czech Republic .................................................................................................................106 

 

6 CONCLUSIONS ......................................................................................................................137 

6.1 Recall of objectives ............................................................................................................137 

6.2 Objective compliance .........................................................................................................137 

6.3 Application in practice .......................................................................................................141 

6.4 Perspectives ........................................................................................................................143 

 

7 REFERENCES .........................................................................................................................145 

 

ANNEXES ........................................................................................................................................... I 

 

 



  LIST OF FIGURES 

xiv 

 

List of Figures 

 

Fig. 1.  Basic information on the study sites. .......................................................................................7 

Fig. 2.  Delineation of the Bohemian Cretaceous Basin and the study area within the geologically 

complex Czech massive. ......................................................................................................................8 

Fig. 3.  Simplified schema of the study area in the Bohemian Cretaceous Basin showing main 

geological units and fault structures. ....................................................................................................9 

Fig. 4.  Distribution of hydrogeological balance units within the study zone. In Czech ï names of 

hydrogeological departments. Modified from Herļ²k, 1999. .............................................................11 

Fig. 5.  Aquifer / aquitard distribution of bu3. Modified from Herļ²k, 1999. ....................................12 

Fig. 6.  District distribution in North Bohemia and values of groundwater extraction. Data acquired 

from Severoļesk® Vodovody a Kanalizace (North Bohemian Water Supply and Sewerage 

Company), unpublished data. Extraction for industrial and agricultural purposes is reported to 2001, 

extraction for domestic purposes is reported to 2005. ........................................................................14 

Fig. 7.  Delineation of the Aquitaine Basin and the study area in France. .........................................16 

Fig. 8.  Simplified scheme of the study area in the Aquitaine Basin showing the main geological 

units and the fault structures. ..............................................................................................................17 

Fig. 9.  District distribution in Poitou-Charentes and values of groundwater extraction (RPDE, 

2006). ..................................................................................................................................................19 

Fig. 10.  Evolution of groundwater extraction between 1988 ï 2006 (RPDE, 2006). .......................20 

Fig. 11.  The meteoric relationship for 
18

O and 
2
H in precipitation (Clark and Fritz, 1999). Data are 

weighted average annual values for precipitation monitored at stations in the IAEA global network, 

compiled in Rozanski et al. (1993). ....................................................................................................27 

Fig. 12.  Photograph of high sensitive probes for temperature measurements. ...............................103 

Fig. 13.  Illustrative photographs taken during the well-logging measurements. ............................103 

Fig. 14.  Degree of sand ratio in the sedimentary rocks within the study area with indicated gradual 

transition from high-sandy sediments into clayey sediments from northeast to west. Numbers of 

boreholes refer to Annexe 1. ............................................................................................................104 



  LIST OF TABLES 

xv 

 

List of Tables 

 

Tab. 1.  Comparison of data character AB, BCB and selected European aquifers. ...........................23 

Tab. 2.  List of activities composing the project concenrnig the re-balance of groundwater reserves. 

Grey filling highlights activities which are relevant to include results of this work. .......................142 

 



  LIST OF ANNEXES 

xvi 

 

List of Annexes 

 

Annexe 1 .............................................................................................................................................. II  

Annexe 2 ............................................................................................................................................ VI  

 



  ABBREVIATION LIST 

xvii  

 

Abbreviat ion list 

 

AB  Aquitaine Basin 

BCB  Bohemian Cretaceous Basin 

BUAS  Beneġov-Đst² aquifer system 

bu  Balance unit 

DIC  Dissolved inorganic carbon 

DRIRE Direction R®gionale de l'Industrie, de la Recherche et de l'Environnement (Regional 

Directive for Industry, Research and Environment) 

GMWL  Global Meteoric Water Line 

ka  Thousand of years 

LGM  Last Glacial Maximum 

PDB  Pee Dee Belemnite standard for carbon-13 

pmC  Percent of modern carbon 

RPDE  R®seau Partenarial des Donn®es sur lôEau (Water Data Partnership Network) 

SMOW  Standard Mean of Ocean Water 

SDAGE Sch®ma dôAm®nagement et de Gestion des Eaux (Land use Planning and Water 

Management) 

TOE  Tonne of Oil Equivalent 
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1 INTRODUCTION  

 

The quest for a sustainable development is a key concept in water resource management and is the 

strongest driving force of the water industry. The consensus definition of sustainable development 

is the process that ñmeets present needs without compromising our ability to meet those of the 

futureò (Environmental and Energy Study Institute Task Force, 1991). The concept of sustainable 

development captures the conservation ethic which has been on central stage at many recent global 

and national environmental and water conferences. As water conflicts increase, water managers 

need a broad understanding of the principles of the water cycle and ecology, and they must 

understand how to make and interpret basic water computations and practical aspects of water 

science and engineering. 

 

Water meets many problems endangering the water resource sustainability. By the entry of the 

Czech Republic into EU and implementation of its Acts in the field of the water management, the 

Czech Republic agreed on the regular and continuous quantitative and chemical groundwater 

monitoring within the country. In France, in the Czech Republic and everywhere in Europe, the 

water quality of aquatic environments has deteriorated in recent years. The European Parliament has 

reacted by adopting the Water Framework Directive in 23 October 2000. It requires member states 

to achieve good status of all water bodies (rivers, lakes, coastal waters, groundwater) in 2015, e.g. 

sustainable management of water resources; prevent any deterioration of aquatic ecosystems; ensure 

adequate supplies of drinking water quality; reduce the pollution of groundwater by hazardous 

substances. 

And so, many cities of the world are currently very actively engaged in actions for the improvement 

of the environmental conditions. Increase in population coupled with social and economic 

development decrease the water availability per person at global and national levels. However, the 

lack of data often complicates a reliable groundwater resources evaluation. 

 

The groundwater supply is generally provided from shallow and deep aquifers. Although shallow 

aquifers are far more accessible for the exploitation, they often represent only low quality 

groundwater source as climate changes and various catastrophic events may be immediately 

reflected in the aquifer properties in terms of quality and quantity. Among the most common 

catastrophic events in European conditions are severe droughts and floods. Both France and the 

Czech Republic have already experienced such situations. Shallow aquifers are also inherently 
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vulnerable to a wide range of human impacts. The development of mechanized pumping 

technologies in the mid-twentieth century has induced widespread drawdown externalities, 

including the depletion of the all-important shallow aquifers. All these imperfections make shallow 

aquifers unsuitable for a sustainable development.  

On the other hand, groundwater from deep confined aquifers, well protected from surface processes 

and influences, represents an important strategic resource that often replaces conventional water 

supply from shallow reservoirs and/or from crystalline rocks. For that reason it is not surprising, 

that the exploitation of deep aquifers has significantly increased during the recent decades. 

 

Problems concerning the abstraction of high-quality drinking and thermal water do exist 

everywhere throughout the world. Pumping areas are often very extensive and influenced by 

various human activities driving the groundwater - surface water interactions and hence 

endangering the groundwater quality. Groundwater problems range from simple cases of managing 

individual wells or small regions to problems covering vast regions, such as the Ogallala Aquifer in 

the USA (Rosenberg et al., 1999; Fryar et al., 2001), Guarani Aquifer in South America (Sracek and 

Hirata, 2002; Wendland et al., 2007; Rabelo and Edson, 2009; Gastmans et al., 2010), Nubian 

Sandstones (Lloyd, 1990; Moneim, 2005) or Great Artesian Basin in Australia (Pestov, 2000; 

Zhang et al., 2007). Such significant hydrogeological systems demonstrate that due to their 

strategic, social and economic importance, it is indispensable to make a coordinated use of water 

resource for drinking supply, agricultural, industrial and geothermal purposes. The surface of 

European aquifers is generally of smaller scale but of the same importance from the socio-

economical point of view and should be therefore the subject of an effective water management. 

 

Apart from the supply of potable water, the investigation of deep aquifers becomes very challenging 

with the increasing demand for renewable energy sources as well. Geological and hydrogeological 

properties represent limiting factors determining the effective groundwater geothermal potential. 

Groundwater and its dynamics radically control the geothermal potential of sedimentary basin. 

 

The sustainability of potable and thermal water resources is the main challenging issue during my 

Ph.D. studies and stands behind all my investigations presented in this thesis. I focused on two 

European hydrogeologically significant aquifer systems both dating from the Cretaceous: 

 

- The Bohemian Cretaceous Basin in the Czech Republic 

- The Aquitaine Basin in France 
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They both represent a multi-layered aquifer system suffering from intense groundwater exploitation 

for numerous purposes. The exploitation in those systems is crucial for the population of both 

countries demanding a sufficient amount of high-quality water. Although there is not currently any 

catastrophic situation concerning the water supply in neither of the studied areas, the water quality 

deterioration and the drop of the groundwater levels has been already registered at many places. 

Water management authorities have to consider hydrogeological models to propose the most 

adequate management solution for a sustainable development. However, well developed 

hydrogeological models should not omit the changeable groundwater dynamics, the factor of 

groundwater recharge variability and oscillations since the Late Pleistocene that significantly 

influenced the modern groundwater regime. The detailed knowledge on the palaeorecharge 

conditions is crucial for the groundwater planning in order to evaluate the present-day aquifer 

capacity and sustainability and to achieve optimal solutions for groundwater use. But, the accurate 

information on these criteria is often somewhat missing or not fully understood and is therefore 

difficult to be included in the proposed models. 

 

As a consequence, the need for the knowledge on the character of groundwater recharge during the 

Late Pleistocene was challenging for this study aiming at clarifying the regime of groundwaters and 

the palaeorecharge conditions in the AB and the BCB with an emphasis on the 

continuity/discontinuity of the recharge processes during the last 40 ka. Applied methodology at 

each site was selected according to the reconnaissance level and the data density. The isotopic 

hydrogeology methods were applied in both the BCB and the AB while the investigation on the 

geothermal sustainability was performed in the BCB only. 

 

Both approaches used in the thesis are introduced in the Chapter 3 devoted to the presentation of 

the methodology for four case problems and the procedure of their solution. Although the brief 

introduction to the used dataset is given in this chapter, all details are developed and described 

furthermore as a part of the publications making part of Chapter 4 and Chapter 5 for isotopic and 

geothermal studies, respectively. 

 

Chapter 4 describes techniques of the isotopic study and includes the introduction of three case 

studies aiming at determining the groundwater recharge pattern and its relation to climatic changes 

and human activities. The isotopic investigation of the important potable water accumulations was 

initiated in the Aquitaine Basin (AB) clarifying the recharge history using isotopes of hydrogen, 
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oxygen and carbon. Carbon isotopes were especially useful during the study in the Bohemian 

Cretaceous Basin (BCB). The basin was studied not only for the estimation of the residence time in 

aquifers, but also for the assessment of the origin of carbon which is dissolved in groundwater. The 

results from France and the Czech Republic were put in the European context focusing on the 

recharge heterogeneity within the European continent as a consequence of a climatic instability 

during the Late Pleistocene period. 

A great part of northern Europe was covered by thick ice sheet during the Late Weichselian period 

preventing aquifers from the recharge processes. The existence of the recharge gap is closely related 

to the palaeoenvironmental (permafrost) and palaeoclimatic changes (variations of temperatures, 

amount of precipitation, change of evaporation conditions and increasing aridity) during the late 

Weichselian period which finished by the Pleistocene-Holocene transition approximately 10 ka BP. 

In the Late Pleistocene, the major ice sheets spread rapidly. Although it is considered, that the 

maximal position ï Last Glacial Maximum (LGM) - was reached at ca 18 ka BP (radiocarbon age) 

or 21 ka BP (calendar age), various scenarii have been proposed according to different studies. The 

southern Europe (including the AB) was generally free of these palaeoclimatic features, aquifers in 

the northern and central European aquifers (including the BCB) had suffered from the climatic 

instability in last 40 ka. The relationship between climate and the mean annual stable isotope 

contents of precipitation (Dangaard, 1964; Rozanski et al., 1992) provides valuable information 

about palaeoclimatic conditions. Environmental isotope techniques have been largely used in the 

whole domain of water resources development and management. The stable isotopes oxygen-18 

(
18

O) and deuterium (
2
H) as well as the radioactive isotope tritium (

3
H) are rare components of the 

water molecule. Together with other isotopes, such as carbon-13 (
13

C) and carbon-14 (
14

C), they 

offer a broad range of possibilities for studying processes within the water cycle (Clark and Fritz, 

1999; Mazor, 2004). Although these isotopes allow us to recognize the palaoclimatic fingerprint in 

groundwaters, various processes occurring in aquifers tend to erase the recorded climate 

fluctuations. 

 

Chapter 5 describes the geothermal methods applied in the BCB which is, apart from being the 

important drinking water supply reservoir, the most extensive accumulation of thermal water. The 

area in the northwest of the Czech Republic, particularly the Beneġov-Đst² aquifer system (BUAS), 

with current exploitation of thermal water, is the most promising area for geothermal development 

in the Czech Republic. However, the uncontrolled exploitation can lead to falling temperatures and 

changes in the quality of the groundwater resources in the future. That is why the geothermal 

sustainability assessment of the BCB enriched the isotopic investigation primarily focusing on the 
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sustainability of the potable water resources. Heat energy is generally distributed in two different 

ways ï conduction and convection. Geophysical measurements, i.e. well-logging methods can 

provide fundamental information useful for geothermal gradient assessment. Notably, well logs 

represent an excellent tool for illustrating the effect of groundwater dynamics on the geothermal 

gradients controlling heat transfer. Until now, several heat flux estimations within the whole BCB 

existed. Anyway, the detailed study provides precise information measured in recently drilled 

boreholes. More than one  hundred of well-logging measurements were used for interpretation and 

heat flux calculation. In sedimentary formations, convective heat transfer often dominates over the 

conductive and many actions have to be undertaken to obtain accurate heat flux values. The BUAS 

system, which is a closed hydrogeological unit including recharge, storage and drainage zones, 

confirms the close relation between the groundwater dynamics and the geothermal gradients 

controlled by heat transfer. 

 

As described previously, the work is divided into several parts referring to separate case studies 

either in France or in the Czech Republic, dealing with isotopes and geothermal gradient. Each case 

study was more or less focused on a particular problem, but it was shown that the application of 

both approaches, isotopic and geothermal, was very useful for the clarification of encountered 

unclear phenomena. Many new questions appear using only one methodology, but they might be 

answered if both methodologies are considered together, which was the idea of the work. 
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2 STUDY SITES 

 

Two sites have been studied ï the Bohemian Cretaceous Basin (later referred as BCB) in the 

northwest of the Czech Republic and the Aquitaine Basin (later referred as AB) in the southwest of 

France. Both sedimentary basins have many common features, one of them being very important 

sedimentary structure of the country exploited for drinking and geothermal purposes. As the basin 

surface is very extensive, only part of each basin presented subject of matter, namely the north-

western part of the Bohemian Cretaceous Basin and the northern part of the Aquitaine Basin. 

Managerial control over the groundwater resource development and the protection of sedimentary 

formations is often poor and leads to uncontrolled aquifer exploitation and contamination. Both 

study sites represent a great interest for hydrogeological sciences and a key role for the groundwater 

exploitation which is constantly very intense and therefore challenging for detailed investigations. 

Then, the choice of the study areas was adapted to the data availability and notably the scientific 

gaps and uncertainties which are necessary to be clarified in the field of sustainable development 

and groundwater regime. 

 

Many common points concerning geology, hydrogeology and water use, might be found for the AB 

and the BCB. The geographical situation of both sites is presented in Fig. 1. Both areas are also 

exposed to different geographical and climatic conditions, which is important to consider further 

during the isotopic studies. That is to say, the AB is exposed rather to ocean atmospheric circulation 

affecting the isotopic composition of precipitation, essential for isotopic studies. The BCB is an 

example of the aquifer evolution in continental conditions. Basic information concerning both areas 

is summarized in Fig. 1. 

 

As many of the study site details concerning general, geological and hydrogeological conditions 

make part of the enclosed publications, the following information on both study sites rather aims to 

provide an overall idea on the characteristic features for each site and avoids the repetitive character 

of the thesis. 
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Fig. 1.  Basic information on the study sites. 

 

2.1 Bohemian Cretaceous Basin (BCB) 

 

2.1.1  General setting 

The BCB is the most extensive continuous sedimentary basin of the platform cover of the 

Bohemian Massif, as showed in Fig. 2 (the BCB is marked in bright yellow colour). It extends over 

an area of about 14 600 km
2
, of which 12 490 km

2
 lie within the territory of the Czech Republic. 

The study focuses on its north-western part around Beneġov nad Plouļnic² and Đst² nad Labem. The 

Beneġov-Đst² aquifer system (BUAS) is limited unit covering approximately 1 600 km
2
 which is 

rather small in comparison with the entire basin structure. The aquifer system is situated in the 
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Beneġov syncline which is a distinct structure intersecting the central zone in a W-E direction. This 

small unit became the subject of interest for geothermal sustainable development. However, this 

area was extended up to 6 000 km
2
 for isotopic groundwater investigations. Hatched part in Fig. 2 

outlines the investigated area within the BCB. Study area is limited by borders with Germany and 

Poland. Its limits generally correspond to mountain ridges which make the study area altitudinal 

very variable in the range between 100 and more than 700 m a.s.l. The topography is accounted for 

strongly developed volcanic relief. 

 

 

Fig. 2.  Delineation of the Bohemian Cretaceous Basin and the study area within the geologically complex 

Czech massive. 

2.1.2 Geology and hydrogeology 

The BCB is very distinct geological unit as it is a largest basin structure of the Upper Cretaceous 

age in the Bohemian Massif. The study area is considered to be the most complicated portion of the 

BCB since it is true for its geology, lithology, tectonics and hydrogeology as well.  

 

The simplified schema highlighting main geological units and tectonic features is displayed in 

Fig. 3. 

 



  STUDY SITES 

9 

 

 

Fig. 3.  Simplified schema of the study area in the Bohemian Cretaceous Basin showing main geological 

units and fault structures. 

 

The basement is formed by partially metamorphosed Proterozoic and Palaeozoic rocks, locally 

pierced by intrusive rocks. The basement is in some places covered with Permo-Carboniferous beds 

of both sediments and volcanic rocks (Klein, 1979). 

The BCB was formed by the reactivation of a fault system in the Variscan basement of the 

Bohemian Massif during the mid-Cretaceous (UliļnĨ, 1997, 2001). Oldest sediments are of Permo-

Carboniferous age, extended primarily throughout the southern and central part of the study area 

(Kr§snĨ, 1973; Fediuk, 1996). They are formed mainly by claystones, siltstones, greywackes, 

arkoses and conglomerates. During the Mesozoic period, the sediments accumulated from the Early 

Cenomanian or even from the Late Albian to the Santonian. The Upper Cretaceous sediments in this 

region show a particular dominance of sandstones, locally very rich in quartz (up to 99%) over 
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other rock types. Nevertheless, detailed evaluation of lithology throughout the study area need to be 

carried out, notably for thermal conductivity coefficient evaluation (Chapter 4.11). Six litho-

stratigraphic units can be distinguished, from the oldest to the youngest respectively: Late Albian, 

Cenomanian (marine deposits), Lower Turonian, Middle Turonian, Upper Turonian, Coniacian and 

Santonian. 

 

Tertiary sediments and frequent small occurrences of intrusive rocks forming volcanic hills and 

mountains markedly affect the surface. The occurrence of volcanic rocks is scattered principally 

throughout the northwestern area. 

The sedimentary filling within BUAS typically ranges between 200 ï 400 m, but reaches up to 1 

200 m in the vicinity of the city of DŊļ²n (Herļ²k et al., 1999) representing the deepest part of the 

entire BCB structure. 

As a rule, the sediments fill the Beneġov syncline which is the most extensive ductile deformation 

structure in the area. In the central part of the syncline, the Turonian base reaches -650 m, the 

deepest in the BCB (Herļ²k et al., 1999). 

Tectonics considerably affected the sedimentary succession. The study area is pierced by many 

faults of local and regional importance. The most important fault structures are displayed in Fig. 3. 

The Saxonic block-fault tectonics has substantially influenced the development of the Bohemian 

Massif after the end of the Variscan orogenesis, when the Bohemian Massif became a rising 

consolidated block (MalkovskĨ, 1976). The principle directions of displacement zones are SWïNE 

(Erzgebirge) and NWïSE (Sudetic). Although many faults are not active anymore, they have to be 

included within any geothermal considerations. 

That is to say, that such extinct fault structures do not necessarily indicate direct geothermal effects, 

but they might be of a great significance in the areas with a developed groundwater dynamics as a 

groundwater is a dominating medium for the heat transport. Existence of fault structures is often 

well observed usually on a piezometric map. 

Despite the predominance of not active tectonic structures in the study area, the potential active role 

of OhŚe (Eger) Rift is one of the most discussed in the tectonics in the country. According to 

KopeckĨ, 1978, the OhŚe (Eger) Rift zone was active from Oligocene until Pleistocene. It is the 

most dominant structure in western Bohemia. The exact position and extension of the OhŚe (Eger) 

Rift is still argued and needs to be clarified. This structure has to be particularly taken into account 

within any geothermal studies as the surrounding area likely shows elevated geothermal potential. 

Many distinct volcanic features are identified within the OhŚe (Eger) rift, while the volcanic activity 

in the Labe (Elbe) zone is less obvious. The maximum tectonic vertical movement has been 
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observed along the Kruġn® Hory fault. The vertical shift is estimated to be about 800ï1500 m. 

Ductile deformations of the Cretaceous sediments (folds) are present across the entire basin with 

fold structures in WïE direction formed in the initial phases of the Saxonian tectogenesis. 

 

Detailed hydrogeology of the BCB has been summarized in Hydrogeology of the Bohemian 

Cretaceous Basin (Herļ²k et al., 1999). This work introduces the division of the BCB area into 10 

hydrogeological balance units (bu) as documented in Fig. 4 delineating the study area. The BUAS is 

included in bu3 although its broader surroundings belong also to bu1, bu2 and bu4. (Fig.  4). 

The most investigated structural element has been the bu3 involving a depressed block structure 

called ñStŚedohorsk§ kraò covering approximately 75% of the bu3 surface area (1 500 km
2
). 

Separating the surface into three profoundly different structures, the existence of this tectonic 

depression has great consequences on the hydrogeological regime. 

 

 

Fig. 4.  Distribution of hydrogeological balance units within the study zone. In Czech ï names of 

hydrogeological departments. Modified from Herļ²k, 1999. 
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The entire aquifer system of Beneġov nad Plouļnic² and Đst² nad Labem areas is characterized by 

subhorizontal aquifer distribution. Aquifers are generally composed of sandstone which 

predominates in the infiltration zone located in the north eastern part of the aquifer system (see 

Chapter 4.11) near the Luģice fault zone. 

 

 

Fig. 5.  Aquifer / aquitard distribution of bu3. Modified from Herļ²k, 1999. 

 

Aquitards are generally composed of fine-grained sediments (mostly marlites, siltstones, sandy 

claystones and claystones) with very low permeability. Aquifer and aquitard distribution of bu3 in 

the BCB is displayed in Fig. 5. While aquitards are described directly, a system of alphabetical 

symbols has been developed to facilitate a distinction of aquifers that often communicate together 

or are formed within several geological layers. The basin in the study area is on the regional scale 

divided into three main aquifers: (1) A - a basal confined aquifer formed by the Cenomanian 




























































































































































































































































































