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Foreword 

Escalating interest in the hydrology of carbonate terranes by the scientific community and the general 
public requires access to the published material available on this subject. Responsibility for compiling 
and publishing a comprehensive list of karst reports was previously accepted by the Work Group on 
the Hydrology of Carbonate Terranes of the U.S. National Committee for the International 
Hydrological Decade who worked with the Alabama Geological Survey, USA. As a result of those 
efforts two reports were published as bulletins: (1) Bulletin 94-A, Geological Survey of Alabama, 
Hydrology of Umestone Terranes - Annotated Bibliography of Carbonate Rocks, published in 1970; 
and (2) Bulletin 94-E, Geological Survey of Alabama, Hydrology of Umestone Terranes, Progress of 
Knowledge About Hydrology of Carbonate Terranes with an Annotated Bibliography of Carbonate 
Rocks, published in 1975. 

The Intemational Association of Hydrogeologists (IAH) is a scientific and educational non-profit 
international organization established to exchange hydrogeologic information and to advance the 
science. IAH, which promotes cooperation between scientists who are working on hydrogeologic 
problems, is affiliated with the Intemational Union of Geological Sciences (lUGS). 

The principal activities of IAH are to: 

Promote intemational interest among scientists in hydrogeologic studies. 
Sponsor hydrogeologic meetings. IAH has held more than 23 scientific conferences in the 
past 20 years. 
Publish hydrogeologic reports. For example: Karst Hydrogeology, 1977; Hydrogeology of 
Great Sedimentary Basins, 1976; Hydrogeological Map of Europe, and Methods for 
Evaluation of Ground Water Resources, 1979. 
Establish commissions to investigate topics of concern to hydrogeologists. The work of IAH 
is accomplished by several speCial Commissions. 

During a meeting of the Karst Commission of the Intemational Association of Hydrogeologists (IAH) 
in Cambridge, England, on September 8, 1985, the Association voted to issue the third volume of the 
Annotated Bibliography in the Spring of 1986, and additional volumes of the bibliography every other 
year. This bulletin represents the second of this new series of IAH bulletins on karst terranes. 

The first and second karst bibliographies, Bulletins 94-A and 94-E of the Alabama Geological Survey, 
were published under the direction of Philip E. LaMoreaux who was at that time State Geologist of 
Alabama. The Alabama Geological Survey was contacted, and by letter, released future rights to 
publish the bibliography to the Karst Commission of IAH. (July 23, 1985, letter to Dr. P. E. 
LaMoreaux from Emest A. Mancini, State Geologist and Oil and Gas Supervisor.) 

The Karst Commission of IAH is comprised of scientists from many different research agencies 
around the world. Coordinating closely with the preparation of this issue of the bibliography were 
Henri Paloc, France; Andre Burger, Switzerland; David Burdon, Ireland; Vladimir Kovalevsky, Moscow; 
Dan Dancau, Romania; Budimir Filipovic, Yugoslavia; Petar Milanovic, Yugoslavia; and James F. 
Quinlan, United States. Current (1987) members of the Karst Commission of IAH are as follows: 

Avias, J.F 
7200 UCEL par Aubenas 

Back, W. 
U.S. Geological Survey 
Mail Stop 432 
Reston, Virginia 22092 

France 

USA 



Boecker, T. 
Aluterv-FKI 
Pozsonyi ut 56 
H-1133 Budapest Hongrie 

Boni, C. 
Istituto di Geologia 
Citta Universitaria 
Piazzale delle Scienze 
1-00100 Roma Italia 

Bono, P. 
Istituto di Geologia 
Citta Universitarta 
Piazzale delle Scienze 
1-00100 Roma Italia 

Burdon, J. 
Rathclare House 
Buttevant, Co. Cork Ireland 

Burger, A. 
Berthoudes 58 
CH-2000 Neuchatel Switzerland 

Castany, G. 
3 Residence du Petit Chambord 
F-92340, Bourg-la-Reine France 

Daoxian, Y. 
Institute of Karst Research 
Guida Road 
Guilin, Guangxi Chine 

Drew, D.P. 
Trinity College 
Dublin 2 Ireland 

Drogue, C. 
laboratoire d'Hydrogeologie - USTL 
Place Eugene Bataillon 
F- 34060 Montpellier Cedex France 

Guenay, G. 
Karst Water Resources Research 
Center Project Engineering Faoolty 
Hacettepe University 
Beytepe, Ankara Turkey 

Gunn, J. 
Department of Env. and Geogr. Studies 
Manchester Polytechnic 
Chester Street 
Manchester MI 5 DG United Kingdom 
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Hoetzl, H. 
Geologisches Institut 
Universita et Karlsruhe 
Kaiserstrasse, 12 
7500 Karlsruhe Federal Republic of Germany 

Issar, A.S. 
Head Water Resources Unit 
Ben-Gurion University of the Negev 
Sde Boqer Campus Israel 

Kiraly, L. 
Centre d'Hydrogeologie 
11, rue Emile-Argand 
CH-2000 Neuchatel 7 Switzerland 

Komatina, M. 
Geozavod 
Karadjordjeva 48 
11000, Beograd Yougoslavie 

Kovalevsky, V. 
Institute of Water Problems 
Academy of Sciences of the USSR 
Chernogriazskay 13/3 
Moscow-Sadovay USSR 

Kullman, E. 
Geologicky ustave D. Stura 
Mlynska dolina 1 
809 40 Bratislava Tchecoslovaquie 

LaMoreaux, P.E. 
Editor-in-Chief 
Annotated Bibliography of Carbonate Rocks 
P.O. Box 2310 
Tuscaloosa, Alabama 35403 USA 

LeGrand, H.E. 
U.S. Geological Survey 
331 Yadkin Drive 
Raleigh, North CaroNna 

Lopez, J. 

USA 

Departamento de Geologia y Geoquimica 
FaQJltad de Ciencias 
Universidad Autonoma 
Canto Blanko 
Madrid Espagne 

Mali nowsky , J. 
Nadalinskiego 50/52 N11 
02581, Warszawa 

Mangin, A. 
Laboratoire Souterrain du CNRS 
09410, Moulis 

Pologne 

France 
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Marinos, P .G. 
Democritos University of Thraki 
School of Engineering 
Xanthi Greece 

Mijatovic, B. 
Institut de Recherches 
Geologiques et Geophysiques 
Geozavod 
Karadjordjeva 48 
11000 Beograd Yougoslavie 

Milanovic, P. 
Karst Water Research Institut 
Strumicka 197 
11000 Beograd Yougoslavie 

Paloc, H. 
President, Karst Commission 
Directeur du Service 
Geologique Regional 

Languedoc-Roussillon BRGM 
1039, rue de Pinville 
F-34000, Montpellier France 
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Uplands Research Lab. 
Box 8 
Mammoth Cave, Kentucky 42259 USA 
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0001, Pretoria RepubUc of South Africa 
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The next issue of the bibliography will be published in April 1990 and contributions will be greatly 
appreciated. They should be forwarded to: 

Dr. Philip E. LaMoreaux, Editor-in-Chief 
Annotated Bibliography of Carbonate Rocks 
Karst Commission 
Intemational Association of Hydrogeologists 
P.O. Box 2310 
Tuscaloosa, Alabama 35403 USA 
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Introduction 

Constructive and thorough discussions on karst are carried out by a broad circle of interested 
scientists and researchers. Various regional symposia and colloquia have been organized worldwide 
over the past 20 years by IAH, lASH, FAa, and UNESCO within the International Hydrologic Decade 
(IHD) and International Hydrologic Programme (IHP). The IHD included a Commission for the study 
of carbonate rocks in Mediterranean countries, and Since 1970 a permanent Commission for karst 
hydrogeology exists within IAH. 

The reasons for such an increasing interest in karst include the rapid technologic development of our 
civilization; problems of water resources and their systematic study, rational utilization, and protection; 
and management of hydrological and hydrogeological systems. Karst occurs in many parts of the 
globe (frequently covering a substantial part of the national territory of individual countries), whose 
water supplies represent the sole or most important natural resource which directly affects their social 
and economic development. Under such conditions, the problems of study, utilization, and protection 
of water resources, or using contemporary terminology, management and control of water resource 
systems obtain an exceptional importance. This has resulted in an increasing effect on the 
orientation of research. 

Umestone areas comprise approximately one-fifth of the earth's surface. These rocks are extremely 
complex physically, produce a great variety of topographic and geologic conditions, and have been 
the subject of much research by geologists, geomorphologists,. speleologists, geophYSicists, and other 
scientific disciplines. The literature regarding Umestone is diverse and the subject has been 
published in a wide range of articles in newspapers and scientific and technical journals. During the 
past few years several major reference and text books have been published on this subject and are 
listed as follows: 

Back, W. and LaMoreaux, P.E., editors (1983) - V.T. Stringfield Symposium - processes in 
karst hydrology. A selection of papers presented at the symposium in honor of V.T. 
Stringfield during the annual meeting of the Geological Society of America, Atlanta, GA, U.S., 
1980: Journal Hydrology, G1 :1-3, 355 p. 

Boegli, A. (1980) - Karst hydrology and physical speleology [translated by June C. Schmid]: 
Berlin and New York; Springer-Verlag. 

Burger, A. and Dubertret, L., editors (1975) - Hydrogeology of karstic terrains: Paris; IAH, 
190 p. 

Dilamarter, R.R. and Csallany, S.C., editors (1977) - Hydrologic problems in karst regions; 
international symposium, Bowling Green, KY, U.S., 1976: U.S.; Western Kentucky University, 
479 p. 

Herak, M. and Stringfield, V.T., editors (1972) - Karst; important karst regions of the northern 
hemisphere: Amsterdam; Elsevier Publishing, 551 p. 

Jakucs, L. (1977) - Morphogenetics of karst regions [translated byB. Balkay]: U.S.; John 
Wiley, 283 p. 

Jennings, J.N. (1971) - Karst: U.S., Boston; M.I.T. Press, 252 p. 

LaMoreaux, P.E.; Wilson, B.M.; and Memon, B.A., editors (1984) - Guide to the hydrology of 
carbonate rocks [studies and reports in hydrology, no. 41]: UNESCO, 345 p. 

Milanovic, P. (1981) - Karst hydrogeology [translated by J. J. Buhac]: U.S., Colorado; Water 
Resources Publications, 434 p. 

Petrik, M. and Herak, M., editors (1969) - Krs Jugoslavije (Carsus lugoslaviae): Zagreb; 622 
p. 
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Sweeting, M.M. (1972) - Karst landforms: U.S., New York; The MacMillan Press Ltd., 363 p. 

Yevjevich, V., editor (1981) - Karst water research needs: U.S.; Water Resources 
Publications. 

Yevjevich, V., editor (1976) - Karst hydrology and water resources; proceedings of the U.S.­
Yugoslavian Symposium, Dubrovnlk, June 1975: U.S.; Water Resources Publications, 2 vol., 
873p. 

Zoetl, J. (1974) - Karsthydrogeologie: Wien and New York; Springer- Verlag, 291 p. 

Umestone terranes are generally characterized t)y broad rollng plains; however, in some areas they 
are characterized by steep bluffs, canyons, and vaU8ys. Owing to th~ variabilty in topography and 
solubility of Umestone under diverse clmatic concItions, man's development in lmestone areas has 
often been difficult. In some limestone areas there are fertile soils, valued for the production of large 
quantities of food; in. other areas, the surface of t~_ lmestone rocks Is. eroded and barren. In some 
areas, ground-water supplies are abundant; in others, supplies are sparse and difficult to locate. It is 
perhaps this diversity of geologic, topographic, and hydrologic conditions that makes the study of 
carbonate rock terranes so fascinating, complex, and challenging. 

During the past 20 years. under the auspices of the Work Group on the Hydrology of Carbonate 
Terranes of the International Hydrological Decade,. and the WQrking Group on the Hydrology of 
Umestone Rocks in the Medite.rranean Basin of the FAO/IHD, much emphasis has been placed on 
the study of carbonate rocks.. In addtion to individual project activities, there have been over 25 field 
conferences, formal meetings, and congresses, at which results of reSearch on the hydrology of 
carbonate rocks have been discussed Indicating the interest In this subject since the last bibliography 
was published in 1975. A list of these follows: 
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Symposia and Conferences on Hydrology of Carbonate Rocks 

Location Title Sl2Qnsor(s} Date 

St. Petersburg, 3rd MultidiscipUnary University of Cemral Florida, Oct. 
Florida USA Conference on Sinkholes and Florida Sinkhole Research 1-4, 

the Engineering and Institute 1989 
Environmemal Impacts of Karst 

Guilin City, 21 st Congress, Karst Inter. Association of Oct. 
Guangxi Zhaung Hydrogeology and Karst Hydrogeologists 10-15, 
Region, China Environmemal Protection 1988 

Melbourne, 4th Inter. Symposium on Inter- Imer. Assocation for Sedimem 1987 
Australia actions Between Sediments Water Science 

and Water 

Vienna, Austria Imer. Symposium on Isotope Inter. Atomic Energy Agency 1987 
Techniques in Water 
Resources Developmem 

Tomar, Portugal 4th Inter. Meeting of Applied University of Usbon, Cemer of 1987 
and Environmemal Geology, Geology and Departmem of 
"Karst Systems of the Atlamic Geology 
Border" 

Orlando, Florida 2nd Multidisciplinary Confer- University of Cerltral Florida, 1987 
USA ence on Sinkholes and the Florida Sinkhole Research 

Environmemal Impacts of Karst Institute 

Athens, Greece 5th Inter. Symposium on Institute of Geology and 1986 
Underground Water Tracing Mineral Exploration and Inter. 

Working Group on Tracer 
Methods in Hydrology 

Cairo, Egypt Imer. Symposium,"Water for Universal Movement for 1986 
Mankind in the Year 2000" Sciemific Responsibility; 

UNESCO 

Spain Inter. Symposium on the 1986 
EusKadi's Karst 

Beytepe, Ankara, Imer. Symposium on Karst Karst Water Resources 1985 
Turkey Water Resources Research Cemer, Hacettepe 

University and UNESCO 

Puerto Rico Friends of the Karst Meeting 1984 

Orlando, Florida First Multidisciplinary Florida Sinkhole Research 1984 
USA Conference on Sinkholes Institute 

Havana, Cuba Inter. Workshop on Karst UNESCO Division of Water 1983 
Hydrology of the Caribbean Sciences 
Region 
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Location Title Slmnsor,{s} Date 

Bucharest, 1 st Symposium on Theoretical Institutul de Speologie "Emil 1983 
Romania and Appled Karstology Racovita", Emreprise for 

Geological and Geophysical 
Prospecting 

Havana, Cuba Imernational Workshop on UNESCO Division of Water 1982 
Karst Hydrology of the Sciences 
Caribbean Region 

Bari, Italy Utilizazione delle-Aree 1982 
Carsiche - 2 Simposio 
Imernazionale 

Neuchatel- 3eme Colloque d'Hydrologie en Univ. Besancon 1982 
Bescancon, France Pays Calcaires 

Bowling Green, 8th Inter. Congress of Imernational Union of 1981 
Kemucky USA Speleology Speleology and National 

Speleological Society 

Besancon, France 1 er Colloque National sur la la CPEPESC 1981 
Protectiondes Eaux 
Southerraines Karstiques 

Trieste, Italy Utilization of Karst Areas -- Union Int.de Speleologie, 1980 
Imernational Symposium Societa Speleologica Italian a 

Symposium - Table Ronde Assoc. Francaise de 1980 
Franco -- Allemande Karstologie 

Atlama, Georgia V.T. Stringfiled Symposium -- Geological Society of America 1980 
USA Processes in Karst Hydrology 

Washington, D.C. Research Needs in Hydrology National Science Foundation 1980 
USA and Water Resources of 

Karstified Carbonate Terranes 

Oymapinar, Turkey Imer. Symposium on Karst State HydrauHc Works, United 1979 
Hydrogeology Nations Developmem Program 

Budapest, Hungary Irlternational Symposium on Hungarian Speleological 1978 
Karst Hydrology Society, Hungarian Geological 

Society, and Hungarian 
Meteorological Society 

Tarbes, Frane Le Karst: Son Originalite I'AGSO a Tarbes 1978 
Physique; son Importance 
Economique 

Bowling Green, Inter. Symposium on Western Kentucky University 1976 
Kentucky USA Hydrologic Problems in Karst 

Regions 
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LQSSation Title SQQnsor,s} Date 

Budapest, Hungary Hydrogeology of Great Hungarian Geological Institute, 1976 
Sedimentary Basins Imer. Association of Hydrolog-

ical Sciences, and UNESCO 

Besancon - 2eme Colloque d'Hydrologie en Univ. Beasancon 1976 
Neuchatel, France Pays Calcaires 

Ljubljana, 3rd Inter. Symposium of Yogoslav Committee for Inter. 1976 
Yugoslavia Underground Water Resources Hydrological Program 

Dubrovnik, U.S.--Yugoslavian Symposium Bilateral U.S.-Yugoslavian 1975 
Yugoslavia on Karst Hydrology and Water Research Project on Karst 

Resources Hydrology and Water 
Resources 

Huntsville, Alabama 12th Inter. Congress, Inter. Inter. Association of 1975 
USA Association of Hydrogeol- Hydrogeologists 

ogists--Karst Hydrogeology 

Kranj, Yugoslavia 8th Conference, Slovenia 1974 
Speleologists and Karst 
Explorers in Serbo Croata 

Hannover, Sinkholes and Subsidence-- Inter. Association of 1973 
Germany Proceedings of a Symposium Engineering Geology 

Olornouc, 6th Inter. Congress of Inter. Union of Speleology 1973 
Czechoslovakia Speleology 

Besancon, France 1 er Colloque d'Hydrologie en Univ. Besancon 1971 
Pays Calcaires 
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Organization, Composition, and Availability of Annotations and Indexes 

Annotated bibliographic citations are listed alphabetically by principal author and numerically by 
document number. 

The annotated citations are followed by secondary author, location, and subject indexes. The subject 
index is preceded by a key to level terms used. The location index is by country, and secondarily by 
individual state. Each index lists the pertinent citations by document number. 

The bibliography primarily represents citations for the past two years (1986 through 1987) from the 
following data sources: a computer controlled search of the American Geological Institute (AGI) 
GEOREF database, which contains the AGI publications; Bibliography and Index of North American 
Geology (1961-1970); Bibliography of Theses in Geology (1965-1966); Geophysical Abstracts (1966-
1971); Bibliography and Index of Geology Exclusive of North America (1967-1968); and Bibliography 
and Index of Geology (1969 to the present). Manual searches of the Index to Scientific and 
Technical Proceedings, and U.S.G.S. Water Resources Abstracts were also conducted. In addition, 
numerous manual searches of the published literature were made. 

To assume that any bibliography on the subject of karst hydrology is comprehensive would be a 
mistake. However, a concerted effort has been made to compile as many works on the subject 
matter as possible from 1986 to 1987 for this issue. The omissions of published literature discovered 
during future work on this project will be included in the next issue to be published in 1990. 

A rnultidisciplined staff of geologists, hydrologists, geophysicists, and geochemists were aSSigned to 
the project. The project also benefited from the cooperation of many individual scientists and 
numerous organizations throughout the world. As a result, this bibliography is primarily composed of 
references to geology, hydrology, geochemistry, and geophysics of carbonate rocks. 

Special acknowledgements are made to Dr. Esad Prohic and Dr. Josef Zoetl whose contributions to 
the Annotated Bibliography, Volume 4, are sincerely appreciated. 

The manuscript processing was provided by the following staff of P.E. LaMoreaux & Associates, 
whose efforts are acknowledged and appreciated: Nancy Green, Librarian; Barbara Metternich, 
Computer Programmer; Ann McCarley, Computer Programmer; LaBridgette Ellis, Computer 
Programmer; and Vicki Sanders, Computer Programmer. 

The bibliographical material is stored on diskettes of an IBM computer at P.E. LaMoreaux & 
Associates, Post Office Box 2310, Tuscaloosa, Alabama, 35403, USA This stored information is 
available in whole or in part and may be obtained in printout form. 
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Special Contributions 

The following persons have contributed their time, energy, and interest to compile individual works 
representative of karst research in their respeetive countries. The Commission deeply appreciates 
their efforts and is grateful for their contributions. 

Mr. George O. Bachman 
Consultant 
4008 Hannett Ave., N.E. 
Albuquerque, New Mexico 87110 
USA 

Dr. Henry S. Brown 
North Carolina State University 
Dept. of Marine, Earth and 
Atmospheric 
Box 8208 
Raleigh, North Carolina 27695-8208 
USA 

Dr. David J. Burdon 
Minerex Umited 
Northumberland House 
Northumberland Avenue 
Dun Laoghaire 
County Dubin 
Ireland 

Professeur Andre Burger 
Centre d'Hydrogeologie 
University de Neuchatel 
11, rue Emile Argand 
CH 2000 
Suisse 

Dr. Dan Dancau 
Institutul de Speologie 
"Emile Racovita" 
Str. Frumoasa NR. 11 
Seetorul6 
Bucuresti 12 
Romania 

Dr. Budimir Filipovic 
Rudarsko Geoloski Fakulet 
Oour Grupa Za Hidrogeologiju 
11000 Beograd 
Djusina br. 7 
Yugoslavia 

Dr. Petar Milanovic 
Geological Engineer 
Karst Water Research Institute 
L. Vukalovica 3 
89101 Tebinje 
Yugoslavia 

Dr. Henri Paloc 
BRGM 
1039, rue de Pinville 
F 34000' Montpellier 
France 

Dr. JarnesF. Quinlan 
U.S. Department of the Interior 
National Park Service 
Box 8 
Mammoth Cave, Kentucky 42254 
USA 

Dr. Tony C. Waltham 
Civil Engineering 
Trent Polytechnic 
Nottingham NG1 4BU 
Great Britain 

Dr. Josef Zoetl 
Institute for Geothermics and 
Hydrogeology 
A-4293 Gutau 40 
Austria 

Other valuable contributions were regrettably received too late for inclusion in this volume and will be 
preserved for incorporation into the next edition. 

Philip E. LaMoreaux 
Editor-In-Chief 
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The term "karst" has been used in the generic sense only since the 19th century. There are, 
however, descriptions of karst dating from antiquity, when caves and underground rivers were a part 
of Greek mythology. 

Greek and Roman philosophers saw the general water cycle In karst hydrology and ultimately 
came amazingly close to modem ideas. The Middle Ages, however, brought a relapse into darkest 
superstition. The situation improved radically in the 18th century when the Enlightenment brought 
about rapid developments in the natural sciences, including the earth sciences. 

In the 20th century, karst research has prospered with modem scientific empiricism and 
mathematical logic. The results include such new techniques as isotope hydrology and models. 

Speleology has developed into a very popular new field that has also developed a variety of 
new techniques. As a science, however, it cannot be separated from karst research and karst 
hydrology. 

INTRODUCTION 

Long before the word "karst" came into use, karst phenomena were being described. In 
prehistory and early antiquity, the karst· phenomena that most fascinated humans were caves, large . 
karst springs and streams that disappeared into the underground (ponors and katavothrons). 

In prehistoric time, caves provided humans with living space and protection; by the Later 
Paleolithic they were the scene of remarkable artistic activity. Cave paintings and drawings range 
from primitive scribbles to creations bearing witness to rematkable artistic talent (Figure 1). The dif­
ficult underground entrances to the chosen lving areas (for which other entrances have often been 
added for tourists) and the preference for sites with underground water or exits to nearby surface 
streams, indicate that the cave dwellers farriHarized themselves thoroughly with the entire cave 
system. This interest in caves and karst streams is an early' root of speleology and karst hydrology. 

In Europe, the caves with prehistoric drawings and murals are mainly in the karst regions of 
western and southern France, in the Pyrenees and in northern Spain, i.e. outside of the sphere of 
influence of the Pleistocene glaciers. In NQrthem Europe and North America, cave pictures are 
seldom connected with karst phenomena (5. Kuehn, 1952). 

WRITTEN TRADITION DATING FROM ANTIQUITY 

The first written reports concerning karst phenomena date from antiquity. Due to the 
influence of antiquity on European culture, attention is drawn mainly to relevant reports by Greek and 
Roman scholars. There are a remarkable number of such references. 

Deciphering of cuneiform, however, brought the surprise that the first karst-hydrological 
research known to have been planned and recorded in writing was an expedition led in 852 BC by 
the Assyrian King Salmanassar III to the headwaters of the Tigris (Opitz, 1929, p.60). A source of 
the Tigris rises as a karst spring and near its origin flows through a rock tunnel that formerly was 



viewed erroneously as the source cave. Above the tunnel there are two more large caves with thick 
stalagmites up to 6 m high (geographical position approximately 40' E. 38° 3Q'N. in what is now 
northern Turkey). As early as 1100 BC. TJglatpilesar I visited the entrance to ihe rock tunnel and 
had his royal likeness and an inscription hewn upon it. 

Salmanassar III immortalized his visit to the cave in 852 BC not only with his likeness and an 
inscription. but also left a picture of his expedition· on strips of bronze on the wing of a portal in his 
palace in Imgur-Ellil. the later Balawat (approximately 40° go'E. 36' 20'N. now in northern Iraq). The 
pictures show the parade of warriors. the sacrificial animals and their slaughter. The upper strip 
includes the first known representation of stalagmites. and the lower one. the entrance to the cave 
and torchbearers standing in the water awaiting the arrival of the king. Sculptors hew the· royal 
likeness in rock at the cave entrance (Figure 2). 

The most i"1lOrtant contributions to karst history in antiquity are. however. as mentioned 
above. to be found in Greek and Rpman writings. Large parts of Greece are taken up by karstifiable 
rocks and even today. most of the rural population of Greece is famiNar with the more remarkable 
karst phenomena. The term "katavothron" for the site where a surface stream dsappears into the 
underground (swallow hole. ponor or the ambiguous term "sinkhole") is of Ancient Greek originY) 
Karst phenomena come to playa· role in Greek mythology. The cave is the entrance to the 
underworld (Hades). reached after crossing the river Styx with the help of the ferryman Charon. (2) It 
is very Hkely that the place upon which this Image is based is an inaccessible cave and gorge 
location at an altitude of some 2.000 m in Chelmos. a massif in the northern Central Peloponnesus. 
The area is unpopulated and. even today. is avoided by shepherds (d. Philippson. vol. III, 1959. 
p.219-221 ). 

D. Pfeiffer (1963) has collected descriptions of kar$t hydrological phenomena in antiquity. 
The attest report known to him of a katavothron is the description by Sophocles (496-406 BC) of the 
disappearance of the river Inachos (today Aspropotamus. SW Greece). its underground course and 
its reemergence. This report has. however, only reached us second hand in a quotation by the 
geographer Strabon (63 BC-28 AD). 

Strabon provides us with the most important karst hydrographical information dating from 
antiqUity. He was born around 60 BC in the Greek town of . Amasia in what was then the Roman 
province of Pontus in Asia Minor (now Tumey). traveled extensively in the Med,iterranean area and 
settled in Rome in 29 BC. He compiled a large historical work in 47 volumes; this work has been 
lost. His "Geographica" in 17 volumes has been preserved in its entirety. It is based on the work of 
Strabon's predecessors and material from his own travels and is the most important geographical 
work from this period. Strabon lived to be very old and died in 28 AD. 

An example of knowledge handed down to younger generations are the karst springs of 
Timavo which were known as early as about 500 Be to the Greek geographer Skilax of Karyanda 
(Pfeiffer. 1963. p.16). Their relationship to the present Reka sinkhole near Skozian (St. Kanzian) on 
the Yugoslavian-Italian border east of Triest was first recognized by Poseidonios (135-50 Be) of 
whom Strabon (Geographia V. 1) says: 

(But Poseidonios says that a river. the Timavius. runs out of the mountains, falls down into 
an (underground) cave, and then, after running underground about a hundred and thirty stadia, 
makes its exit near the sea (Strabon, Greek-English, Geography, 5, I. 8-9). 
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A distance of 130 stadia would be about 25 km; the actual distance of the Timavo springs 
from the Reka sinkhole is some 40 km. This is nonetheless a remarkable karst-hydrological finding, 
considering that this matter is still the object of research today (Figures 3 and 4). 

Vergil (70-19 BC) also sang of the Timaws springs in Istria in his Aeneid (First Canto, 242-
246); he was followed by a series of Greek and Roman naturalists who deScribed the Timavus 
(Polybius, Cornelius Nepos, Martial, Lucanos and others). 

Strabon devotes himself in his 8th book to the karst phenomenon of the poljes as well. 
Undrained basins in the Peloponnesus, Ike the poljes of Stymphalia and Pheneos interested him as 
much as the variations in level of the Kopais Lake, that was first drained at the end of the 19th 
century to improve the agricultural situation. 

The connection between the katavothra in the polje of Pheneos to the Ladon spring 
(Peloponnesus, Greece) was also recognized in antiquity, as was the problem of blockage of the 
katavothra and hindrance of the flow of winter floods as well as catastrophic increase in spring output 
when the blockage in a katavothron broke up (Strabon, Book 8, quoting a report by Eratosthenes, 
276-194 BC, d.). 

The Jordan spring had also attracted interest by the beginning of the Christian era. K.H. 
Roegner (1979) mentions the report of the Jewish historian Josephus Flavius (37 AD to 
approximately 100 AD) wrote, • ... The probable source of the . Jordan is the Paneion (3), which, 
however, itself is supplied by underground flow from the so-called Phiale. This is located on the 
road near Trachonitis (4) ••• Because of its round shape this water basin is called Phiale ... The Tetrarch 
of Trachonitis showed that the source of the Jordan must be here ... He had chaff thrown into the 
Phiale, that reappeared in the Paneion,· which had earlier been thought to be the source of the 
river ... the visible oourse of the Jordan begins at the cave here" (Josephus Flavius, History of the 
Jewish War, II, 10, 7). 

This is in fact a written report of a groundwater tracing experiment. But we cannot be so 
sure that the experiment was actually successful; there are two reasons for this uncertainty: a) E. 
Orni (1976 , p.119) sees in the Phiale (today Berekhat Ram) a crater lake comparable to the maar 
lakes in the Eifel in Western Germany, while K.J. Roegner (1979, p.59) assumes a collapse doline in 
the Cretaceous limestone under the basalt cap. b) Modem experience has shown that floating 
bodies (pieces of wood, chaff, etc.) are not suitable tracers and (with the exception of miaoscopically 
small Iyoopodium spores in suspension) insoluble materials have never been used successfully as 
tracers. 

It should be noted that in antiquity, the general theories on the "element" of water were not 
significantly influenced by karst phenomena (e.g. springs and movement· of underground water). 
Water was one of the four elements in Greek philosophy (water, earth, fire, air). These theories 
were mainly developed by Empedokles (490-430 BC) and Aristoteles (384-322 BC), who had already 
recognized the water cycle, i.e. ocean - evaporation - precipitation - runoff, although intermixed with 
mythical ideas about some details (underground discharge). 

To my mind, some of the most important information on karst hydrology that has not yet 
been recognized as such, came from Lucius Annaeus Seneca (4 BC-65 AD). Seneca was the most 
important Roman philosopher and writer, and a last great Classical intellect in the moral swamp of 
the early Roman Empire. Caligula (12-41 AD) made him a senator, while Claudius (10 BC-54 AD) 
had him exiled to Corsica at the instigation of his wife MessaHna. Eight years later, however, 
Seneca was recalled to Rome. He was tutor to Nero (37-68 AD), upon whom he had at first a 
favorable influence and by whom he was made consul; oWing to intrigues on the part of his 
opponents, he was later sentenced to death and committed suicide. 

In Book 11\ of his "Naturales Questiones", Seneca concerns himself mainly with water and its 
many differences in temperature, specific gravity and coror~ He concentrates on water in the ground 
and only occasionally mentions the sea. The hypotheses of his Greek predecessors are presented 
in his work either with no remarks or brief comments. In his work, Seneca found the varying specific 
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gravities of waters as a function of dissolved minerals and thus discovered the relationship of water 
to rock, which is the basic prerequisite for the process of karstification. He relates the solution 
process to the development of large underground caves and so explains the disappearance and 

. reappearance of streams (Book III, 26, 3). 

The interesting epoch of the history of karst bibliography in antiquity ends with the later 
Roman Empire. It is my belief that Seneca's tragic death was also the end of the magnificent world 
of ideas that was Classical philosophy in a free dominion of thought. The cloud of Intolerance whose 
bloody beginning we see in the persecution of Christians by Nero, cast a long shadow over the 
coming centuries. The end Of. antiquity, generally taken to be the fall of the Roman Empire in the 
West in 476 AD, was, for our purposes, actually Seneca's death. 

KARSTWATER IN THE MEDIEVAL VIEW 

Two factors influenced medieval science and thus descriptions of karst hydrology: classical 
tradition and the Bible. 

The widening of the ancient world to include west, middle and northem Europe had rrttle 
effect, as written records were long only kept in Latin, and the art of reading and writing was mainly 
limited to monasteries. 

In this period, karst hydrography first reappeared in mythology, with the description of the 
river of paradise by Severian of Cabala (bom 409 AD), based presumably on the disappearance of a 
river into the ground. These imaginative pictures are far below the level of classical Greek mythol­
ogy. Both the encyclopedia "Ubri originum seu ethymologiarum" (20 volumes) by lsidor of Sevilla 
(560-636) and the 22 volumes "De universo" by Hrabanus Maurus (776-856) fail to five up to earlier 
standards. . 

Unfortunately, we know too Httle about what was happening in the important Arabian culture 
of this period. There was, for example, the famous Arabian writer Abdul-Hasan Ali Mas'udi (+ 956), 
who Dved at the time of Harun AI Raschid and traveled extensively in Asia and North Africa. 
Translations of his numerous works are few and difficult to obtain. There were intensive relations 
between Damascus and the Frankish Kingdom under Karl the Great (742-814), who surrounded 
himself with scholars, which must have led to cultural exchange. 

An encyclopedia of the knowledge of the time was compiled around 970 AD by members of 
the Arabian order of the "Brothers of Purity" in the form of 51 tracts. There is an early manuscript of 
this work (Paris Codex, 11th century), which in the 19th century was translated into German by 
Friedrich Heinrich Dieterici(1861, second edition 1876), an Oriental scholar living in BerNn. These 
Arabian monks also write of caves inside of mountains and springs discharging the water stored in 
the caves. The few examples available to us of Arabian natural science from this period suggest 
that they had reached a rruch higher level than Europeans had achieved at the time. The large 
number of medieval manuscripts dealng with the circulation of water have nothing to do with karst 
hydrology. There is only work that is of cartographic interest. 

Maps in antiquity tended to present the whole world as it was known at the time (e.g. map 
by Hekataios around 500 BC, map by Ptolemy around 150 AD). These maps show the major rivers 
that were known at the time, but rarely their sources (an exception is the map of the Earth by 
Eratosthenes around 220 BC with what he thought to know the sources of the Nile). I beHeve there 
is reason to mention here the Tabula Peutingerlana, the only major medieval atlas. 

Among the priceless treasures of the Hofbiblothek in Vienna are 11 sheets of parchment 
known as the "Peutingersche Tafel" (Tabula Peutingeriana). Until it was divided .into 11 sheets in 
1863, this was a roll of parchment 34 cm wide and 6.82 m long. This map roll is the only remaining 
copy of an original drawn in Roman times (second to fourth centuries AD). The copy dates from the 
11th or 12th century. It was discovered in 1507 by the Viennese humanist Konrad Celtes and was 
later bequeathed to Konrad Peutinger, city clerk in Augsburg. (5) 

4 



The unknown Roman cartographer drew on world maps of his era as well as itineraries 
giving distances for Roman legions and traveling merchants. The purpose of the itineraries was 
served both by roll format and intentional distortion (bodies of water are reduced in size). It is a 
matter of karst-hydrological interest that while rivers are generally very much neglected on the Tabula 
Peutingeriana, it does clearly show the Fonte Timavi (Timavo springs). 

THE MODERN ERA UP TO THE 18TH CENTURY 

Modem history began with the monumental event of the discovery of America by Christopher 
Columbus in 1492. This also had far-reaching effects on natural science. Antiquity had known the 
world to be spherical and this view was propagated by Anaximander (611-547 BC), then Pythagoras 
(582-507) and Plato (427-347) down to Seneca (4 BC-65 AD). The Middle Ages insisted that the 
world was flat. After Columbus, the world was round again and the circumnavigation of the globe by 
Ferdinand Magellan in 1519-22 brought about a corT1>letely new concept of the world which among 
other things devastated the Roman Catholic Church (the Reformation began in 1517). 

At the beginning of the modem era it took some time before general hydrographic views 
began to irT1>rove, but finally individual phenomena began to be observed and described carefully. 
Melchior Goldast describes in Chapter XV of his work "Suevicarium rerum scriptores aliquot" the 
Blautopf, one of the largest karst springs in Germany, in the section "De Blauio flumine et eius 
origine, et de loco Blauburensi, et de monastiri institutione, et aliis condependentibus".111 

D. Pfeiffer (1963., p.47) tells us that earlier authors (e.g. F. Faber, 1441-1502) believed that 
the dolines on the plateau of the Swabian Alb, "ubi videntur rnultae foueae quasi calices in funde per 
fo ratae (i.e. where once can see many containers buried like pots), were the catchments for the 
large spring outlets. So far as I know, this is the first mention of the dolines as a karst 
phenomenon; the designation doline is of course much more recent. 

In the 16th and 17th centuries, descriptions of karst phenomena in the classical karst of the 
Austrian Monarchy become more frequent. Interest is mainly focused on the polje landscape in the 
hinterlands of Ljubljana and there particularly on the Zirknitzer Po Ije , partly for economic reasons. 

In his "Cosrnographia", Sebastian Munster (1489-1552) describes the varying water level in 
the Zirknitzer Polje "where in summer one sows com and in the winter catches fish". Nikodemus 
Frischlin (1547-1590) even wrote a Latin ode to the Zirknitzer Lake, "De lacu Circnitioad Casparum 
Godesch, Circnitianum Carmen" (D. Pfeiffer, 1963, p.49, taken from Valvasor, 1689, vol.4, p.450). In 
this context, Pfeiffer handles the considerable literature relating the water balance of the poljes to the 
general hydrology and water balance of the Earth (p.50-69). He shows what strange things happen 
when karst phenomena are generaHzed without regard to the geological structure. It is hard to 
believe that A. Kirchner (1665) correctly related the fluctuations in the Zirknitzer Polje to the seasons, 
but also believed that were underground streams connecting the seas, the seas to the continents and 
finally the poles to each other. 

It was not generally recognized that there were differences in the hydrographic situations in 
karstified and nonkarstified areas. Thus, until the 18th- century, karst groundwater was not given any 
special position in the general groundwater questions. 

THE 18TH CENTURY 

In the 18th century the transition from irrational fantasy to realistic karst hydrology began. 
Publications at the beginning of the 18th century first show a relapse into confused thinking far below 
the level attained in antiqUity. Three authors, J.C. Sulz,r (1746), J.J. Scheuchzer (1746) and F.J. 
Buck (1768) all believe that rivers have their sources in water enclosed in mountains after the Great 
Flood. 

The change to realistic karst hydrology had an economic basis. The yearly flooding of the 
poljes disrupted cultivation of a large part of the area around the Zirknitzer Polje. The fact that there 
were many such karst phenomena. in the former Habsburgian Duchy of Krain led to intensified inves-
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tigations of the matter (Figure 6).(7) In 1748, Johannes Antonius Nagel was sent as Imperial Court 
mathematician to study the poljes and caves in Krain (for his report to Kaiser Franz I; see 
references). Nagel reports position and perlodc extension of the Zlrknitzer Lake, outlets and ponors. 
His explanation that the lake had a number of Inputs with catchments above the level of the lake, is 
correct. But his finding that the underground "discharge appears at St. Canzlan" Is incorrect. 

There is another description by Franz Anton von Steinberg (1761) which Is generally correct, 
but his pictures show a number of errors and he apparently gave free rein to his imagination. 

Between 1 n8 and 1789 Balthasar Hacquet described in his four-volume work "Orydographia 
camiolica, oder Physikalische Erdbeschreibung des Herzogtums Krain" (Physical Geography of the 
duchy of Krain) a number of karst-hydrological phenomena and discussed Steinberg critically. 

Hacquet (1778) concerned himself not only with the phenomenon of the Zlrknltzer Lake but 
also went far beyond it. He discussed the solution of lmestone and noted that even after prolonged 
rainfall there was no surface runoff from the mountains. But he interprets not only the solution but 
also the precipitation ("incrustationes") in the form of drlpstones and calcite incrustations, and 
recognizes the fact that 'he joints can be closed by clay and marl", as "all lmestone mountains that 
do not show excessive height" are covered with residual red clay. All that is missing are the terms 
"karst" and 'erra rossa". As Hacquet also assumed an extensive groundwater level In fimestone, 
which was supposed to be connected hydraulically to the related receiving streams, I should like to 
deSignate him as the "father of karst hydrology", who anticipated problems that were still the subject 
of controversy in the 20th century. 

Tobias Gruber is on a par with Hacquet. Gruber's work "Brlefe hydrographischen und 
physikalischen Inhalts aus Krain" was directed to Ignaz Edler von Born and subsequently publshed 
(1781). Gruber also developed his most important theoretical considerations from the Interpretation 
of the karst-water phenomena of the Zlrknitzer Lake. His drawings based thereon are the first to 
come close to the actual karst-hydrographiC situation, and to show no artifice. 

In Figure 7, T. Gruber remarks that in the dry season, water flows off via the paths BBB 
under the bottom of the lake. When, however, these paths are suddenly filled and the water is 
under pressure, it breaks with "incredible force" out of holes CCC. But when the pressure drops, it 
sinks back into the holes CCC. Gruber assumes a uniform groundwater body under the lake. He 
does not believe it possible to create a water balance for the Zirknitzer Lake, although that "could 
lead to many useful conclusions". He says that the size of the catchment, the depths of precipitation 
and evapotranspiration, the amount of water flowing off under the basin and the locations of the 
watersheds are all unknown, meaning that he recognized that they aid not coincide with the 
orographic altitudes. His perception is to go down in history. The major step achieved in the period 
when Hacquet and Gruber were active was the realization of the special position of karst 
groundwater. 

No one has yet spoken of "karst phenomena", but that event is coming closer, as we can tell 
from a letter by Gruber. After reporting the "unbefievable number of dolines on the surface of the 
mountains", he raises the question (p.107): 

~Urin l1'in'um ~t~alr\)tt id} bltre (!iarnr~aft lirtj~ ,tSom 
!onbt Jetain 1 1)al$ gah,r ar~irai9tt {jriaur I !Jflritn I unl 
flft !)Almatit~t 3tirflr. itt IIDn d1tidjtr 0rr~llffrn~m btr 
(!Ir~irJl~ .. unb -strmartrn. ~it~ r~rn f~ .l'irtr. ~~d)e 111ft''" 

trn bartnn "Dn ~mft'eJt tltrT~rtll1atlf 1 llub naQ ""tnt 
grbntren il6tr lCrinertn unttrltbir~tn J!auf l1'irbrt Cludgt~ 
fpitn. !JUd}tS ~ mlunbtrwrrfe brr ~amCl~t! 

(Why do I only say this of Krain? The mountains of Friaul, Istria and the Dalmatian coast 
are the same kinds of mountains and rocks. That so many streams are swallowed by joints therein 
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and then spat out again after a greater or lesser underground course -- nothing but wondrous works 
of the Almighty!) 

THE ULTIMATE BREAKTHROUGH OF NATURAL-SCIENTIFIC THOUGHT 
IN THE 19TH CENTURY 

Although they had already become obvious, serious questions and studies of the karstification 
process only appeared decades after Hacquet and Gruber. 

The Frenchman Abbe Paramelle was the first to attempt in 1856 to determine the extent of 
underground karstification and so indirectly to determine the path of groundwater in karst. This was 
followed by the attempt by F. Pfaff in 1872 to quantify limestone solution. He determined that a 
Hmestone slab exposed to the weather erodes by 1n2 mm yearly, or by one meter in 72 000 years 
(i.e. 0.013 mmlyr). This value is within the Umits that are valid today, depending on cHmate (cf. 
Table 1, J. Zoetl, 1979, p.191.(I) 

By including the large polje landscapes in Dalmatia and the Croatians and Bosnian 
hinterland, E. Tietze (1873) broadened the scope of study which had previously emphasized the clas­
sical karst in the hinterland of Triest and around Adelsberg and the Zirknitzer Polje; with reference to 
these areas, he spoke of "karst formation" in general. The proper name "karst" designating a certain 
mountain range (see Figure 6) was eponymous for this type of geomorphologic-hydrogeological 
landscape. 

K. Wessely (1876) is the first to mention this new meaning of the word "karst" directly, saying 
"Karst?--Actually that used to be only the name for that rocky, barren area that the traveler hurries 
through above our large maritime commercial city of Triest, but today "karst" is the general 
designation of all those areas that had the misfortune to degenerate like the above-mentioned into a 
rocky desert" (1876, p.153). 

The root for "karst" is the Indogermanic word "kar" , i.e. German "Fels", or English "rock". 
The Italian is "carson, the Slovene, "krs". 

According to P. Skok (Westermanns Lexikon der Geographie, vol. II, p.726), this word could 
also be derived from the lIIyrian "carsus" (Illyrians: Inclogermanic tribe, at the beginning of the 
Christian era there was a Roman province of lIIyria; later, from 1806-1849 it was a kingdom within 
the Austrian Empire). 

A closer geographical delimitation of the "classical karst" is found in Meyers 
Konversationslexikon, 5th ed., vol.lX, 1896, p.966: "among the karst ridges, two are especially 
noticeable in Austria. The more northern consists of the "Temovaner Wald" (Ternovan Forest) 
between the rivers Isonzo, Wippach and Idra with the Mersawetz as the highest peak (1508 m), the 
"Birnbaumer Wald" (Birnbaum Forest) south of the former and the plateaus of the Windisch Mark. 
The more southern, lower range is the actual or Triestine karst which to the south drops 350 m to 
the sea at Triest" (ct. Figure 6). This latter area is still deSignated as "karst" in modern atlases (ct. 
Goldmanns Grosser We Itatl as , Wilhelm Goldmann Verlag, Munich 1955, p.88 and 108). 

Karst research in the 19th century was importantly influenced by the political situation, which 
in turn was still undergoing the effects of the 18th-century Enlightenment. In the Austrian Empire, 
the influence of the French Revolution (1789-1799) was felt in the "enlightened absolutism" in which 
the Emperor perceived himself to be the first servant of his Empire (Josef II., regent from 1780-
1792).(0) The Revolution of 1848 brought to an end the last phase of absolutism under Mettemich. 
Austria-Hungary was now a conventional monarchy, and after the occupation of Bosnia and 
Herzegovinia, which ended the ineffectual Turkish domination of those regions, was in possession of 
a further open field for karst research. The new efforts toward economic development of these 
regions, now the so-called "Dinaric Karst", employed unrestricted natural sciences, whose practioners 
were often possessed by a "pioneer spirit" typical for the age. 
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State interest in this area was focussed not only on agriculture in the poIjes, but also on 
reforestation of further karst regions (E.V. Guttenberg, 1882), and the opening up of the land by 
construction of roads and railroads (the first railway from Inner Austria to Triest was built in 1850-
1857). In many cases, civil engineers were confronted with karst situations that required explanation 
and practical measures. The Croatian geographer J. Roglic (University of Zagreb) wrote, "It Is 
normal that perialpine Vienna, at that time one of the leading scientific centers in the world, also 
became the center of geomorphologic investigations, especially those conceming the karst" (1972, 
p.1). 

The situation is typically represented by an official request by the· commander of this area, 
which was under militaryadrrinistration, to the Office of the Director of the Imperial Geological 
Institute, that " a clear, generally corJ1)rehensibie presentation of the geological conditions of the area 
be made, with special consideration of the particular hydrographical characteristics of the area, as it 
is the intention of the Imperial commanding general to alleviate possible on the basis of scientific 
studies the emergencies in that region that result from occasional water shortages." (Tietze, 1873, 
p.28). 

E. Tietze then produces a sober geological description of the areas with consideration of the 
available 6terature and the basic Uthology, along with a discussion of tectonics and stratigraphy that 
is surprisingly sophisticated for its time. For the first time, we see a scientific· discussion of the 'erra 
rossa" (p.40 f), and a treatment of limestone and dolomite solution according to criteria still valid 
today. The striking difference between arid highlands with plentiful precipitation and large springs at 
the foot of the massifs presented by Tietze as the most difficult problem in the practical solution to 
the question of water supply; 60 years later, O. Lehmann (1932) presented this ~rst-hydrographic 
contrast" as a major discovery. The care that Tietze took in his work is seen in his finding that the 
temperature of large karst springs is often under the average annual temperature of the places where 
they are found (ct. J. Zoetl, 1957, 1961). Tietze's treatment of the dolne is extensive and clearly 
separates the wheat from the chaff (he rejects the idea of "plutonic activities" and explosion funnels). 
The poljes are an especially important phenomenon for him (p.53 f). In accordance with the 
assignment, he also deals with the problems of water supply. His socioeconomic considerations are 
remarkable, and they are still relevant for karst areas today. to The reader is surprised to find that 
Tietze is able to distinguish between bare and covered karst (p.62, 63). Concerning water problems 
in poljes see also W. Putik (1887, 1888). 

His suggestion for planning regional water conduits on the one hand and the building of large 
cisterns on the other has local and chronological components and takes the distribution of 
precipitation into consideration. 

Tietze again published extensively in 1880, discussing mainly the opposing ideas on the 
development of the poljes and the "karst funnels and giant vessels" (dolines), as well as the karrens. 
He also mentioned A. Schmidl (1854), who was first to differentiate funnel-shaped dolines from karst 
shafts (Slovene "jama"). 

F. Simony devoted an entire chapter (1886, p.226 f) to the karrens and thereby also 
compared the Northern Umestone Alps to the karst phenomena. 

Karst research in the second half of the 19th century was, however, primarily devoted to the 
"Dinaric Karst" in western Bosnia.(tt) Very contradictory positions came to be taken by geologists of 
the Viennese School, and especially by E. Tietze and E. Mojsisovics et al. (1880). The summarizing 
work of J. Cvijic (1893) marked the end of the 19th and the beginning of the 20th centuries. 

KARST RESEARCH OUTSIDE OF THE CLASSICAL KARST 
IN THE 18TH AND 19TH CENTURIES 

Discussion of the development of the dolines began in France earlier than in the classical 
karst. J. Virlet (1834) explained the dolines in the southern Jura as effects of the collapse of roofs 
of subsurface cavities, an opinion that was also supported in general~zed form by J. Fournet (1852). 
J. Paramelle (1856), who performed a number of studies in the classical karst, has already been 
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mentioned. He compared the underground karst drainage with a surface drainage system, equating 
karst drainage to the cave livers, an opinion that E.A. Martel (1910) later also shared. 

The Vaucluse spring (latin "yalRs clausaW
) at the beginning of the Sorgue Valley in the South 

of France became famous earfy on. Initially however, this fame was due less to .karst research than 
the fact that the Italian lyricist and scholar Francesco Petrarch (1304-1374) had bought a Httle house 
at the spring. Petrarch, who had a close relationship to the Pope in exile in Avignon, wrote his 
loveliest verses here. The discharge of the Vaucluse has been observed systematically since 1853, 
and in the 19th century its name was used generically to describe karst springs with pronounced 
variations in discharge. 

Early French karst research, however, tended to emphasize speleology. 

Early German karst literature has already been mentioned within the context of the general 
history of karst in Middle Europe (F. Faber in the 15th century). In the 18th century, G.H. Behrens 
(1703, reprinted 1899) described an episodic lake (Hunger Lake) that appeared at different times with 
different quantities of water in the Harz near AUgsdorff; he suspected an underground connection 
with a limestone cave. 

Outside of. the classical karst, the most discussed karst phenomenon of Middle Europe is 
surely the loss of water' by the Danube where it crosses the Swabian Alb. The water reappears in 
the Aach spring, a tributary of the Rhine (Figure 8). 

The conclusion of this chapter will be devoted to the first comprehensive piece of karst 
research of the Kingdom of Serbia, today a part of Yugoslavia. Cvijic cooperated closely with the 
most important Middle European geographer at the time, Albrecht Penek, who was at the University 
of Vienna. Penek published a periodical, "Geographical Proceedings" ("Geographische 
Abhandlungen"), which presented Cvijic's monograph on karst as Vol. V, 3 (1893, Figure 9). This 
fifth volume of these Proceedings was dedicated by the publisher to Friedrich Simony, the grand 
master of geography and founder of the first Department of Geography at the University of Vienna 
(1871); by doing so, he strengthened the position of karst research within the natural sciences. 

Cvijic's work gave systematic treatment to karrens, dolines, karst rivers, karst valleys, poljes, 
the Adriatic coast and the distribution of karst phenomena. He also used the literature available at 
the time (see his footnotes, p.221-225). The karrens at that time had as yet received little attention 
as a karst phenomenon. While Simony (1847, p.225) baek in his time considered various solution 
forms of the water flowing over the rock surface (ct. also the literature of the 20th century, esp. A 
Boegli, 1978), Cvijic considered as karren only what today is thought of as rillen karren. The desi­
gnation "karren" was assimilated into most languages, although in French, the term taken over by 
Renevier (1890, p.499), "Iapiez", continued in general use. Cvijic corrected such false concepts as 
the limitation of karren formation to certain altitude levels in the Alps, and mentioned such formations 
in the Jura, Maehren and in Mediterranean karst areas. Cvijic's belief that there is no karren for­
mation under vegetation has, however, since been disproved. 

In the chapter on dolines, Cvijic was first concerned with the definition and the terminology. 
The English term "sinkhole", very popular today, will be discussed in the section on literature of the 
20th century. The term "jama" (shaft) is no longer used for dolines. As a geomorphologist, Cvijic 
was especially concerned with the form of dolines (p.226-257), and their local distribution is present­
ed impressively (p.260-261), although he does not explain it. As to their formation, using more than 
60 items of literature, Cvijic was the first to reach the correct conclusion that these are usually 
solution forms, although wno one can deny that in a karst area with underlying caves, occasional doli­
nes can be caused by collapse" (p.271). Among those cited by Cvijic are: A. Schmidl, 1854, W. 
Putik, 1887, EA. Martel 1891, E Tietze 1880, A. Boue, 1861 and De Launay and Martel 1891. In 
his chapters on karst rivers ("Karstfluesse") and karst valleys ("Karsttaeler"), Cvijic limited himself to 
individual descriptions and made no distinctions among the large karst springs that were mentioned 
repeatedly. As the geomorphologist Cvijic did not devote a separate chapter to the special subject of 

. karst hydrology, the hydrological problems are not apparent and springs, ponors and estavelles do 
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not appear In this work organized according to a geomorphological point of view. Karst-hydrological 
questions are mainly expressed in the chapter on poljes (p.291-313). 

KARST RESEARCH AND AUXILIARY RESEARCH IN THE 20TH CENTURY 

COrrosion. the Solution PfOC88HI In Karstlflable Rocks 

We have already mentioned the surprisingly early attempt to quantify lime solution of the 
surface of rocks. 

The carbonate rocks lmestone (CaCOJ and dolomite (MgCa(COz)z) have lmited solubility 
that mainly depends on the COz content of the water, the purity of the carbonate rock, its joint 
pattern and tectonics, temperature and climate (F. Bauer 1964; J. Corbel, 1959; J. Dresch, 1968; A. 
Gerstenhauer, 1972; H.S. Hamed et al. 1941; J.-J. Miserez, 1971; D.F. Morehause, 1968; H. Paloc, 
1964; M.M. Sweeting, 1964, 1972; M.M. Sweeting and A. Gerstenhauer, 1960). 

A. Boegfi, 1978 (p.29-SO) includes an exhaustive treatment of solution processes in carbonate 
rocks. A major finding here is the confirmation of the correctness of the division, made previously by 
E. Tietze (1873, p.62-63), between "bare" karst and karst that is covered by soil and vegetation. I 
have suggested (Zoetl, 1974, p.1-9) that a distinction be made between the latter and karst that has 
other rock sequences lying upon it. Boegfi also corrected the overemphasis that O. Lehmann (1932, 
p.16 ff) had placed on "ur-caves" (oversized crevices present before karstification), and also provided 
an explanation for the rapid karstHication of moist tropical areas. A. Grund (1903) believed 
mistakenly that dolomite was not capable of karstification, but he corrected himself (1910) in view of 
criticism by W.V. Knebel (1906). His recognition of corrosion caused by mixing of different karst 
waters, so-called "mixing corrosion" (Mischungskorrosion) made Boegli world famous (1964; see 
references; A. Burger, 1975, p.75-89). 

The corrosion of carbonate rocks is a reversible chemical process, i.e. when the COz content 
in water drops, dissolved carbonate rock precipitates out In the form of sinter or calcareous tuffa. 

Very special formations are to be found in a sediment area of Quaternary sinter covering 
over 600 km2 and some tens of meters thick north of the Turkish city of Antalya (Hydrogeologic map 
of Antalya Travertine Area, 1 :50 000, DI-UNDP Project TURI77/Oq5, Ankara, 1977), or in the sinter 
dams of the Plivitz Lakes in NW Yugoslavia. Other areas see J. Avias and L. Dubertret (1975, p.33-
35). 

The corrosion of gypsum and rock salt is a reversible physical solution and its result is 
deSignated as gypsum or salt karst, respectively (for solution process see 8Oegli, 1978, p.13 and 15). 

Geographically and chronologically, gypsum and salt were "deposited to quite dHferent 
extents, depending on the respective distribution of land and sea and according to the climate" 
(Eastern Alps see E. Spengler, 1951, p.304; Gypsum Karst of Pre Alps, G. Goetzinger, 1957). D. 
Pfeiffer and J. Hahn (1972, p.196) estimate the salt deposits alone in middle and northern Germany 
at some 100,000 km3

, corresponding roughly to the distribution of limestone in West Germany. 

The most fascinating report on saline waters or brines (mineral content of the water higher 
than ocean. water, Le. 35 g,1<g or 36 gil) at great depths and their movements may well be the 
deSCription of deep subterranean aquHers of the Angara-Lena basin by E.V. Pinneker (1967, p.289-
310). There are also important descriptions of gypsum and salt karst in Siberia (J.V. Popov et al. 
1972, p.387). 

Gypsum as a transformational product of anhydrite is very jointed and on account of the high 
solubifity tends to cave formation, as we" as rapid decay. The caves are usually smaller than those 
in carbonate rocks; remarkable exceptions are the Optimisticeskaja and Ozernaja Petschera in 
Podolia which 80egfi (1978, Table 17.1, p.243) classified as the third- and fourth-longest caves in the 
world (119 and 103 km). Karren In salt and gypsum do not last long and they are usually only to be 
found in arid areas with rare, episodic precipitation (Zoetl, 1974, p.10, Fig. 2, and Priesnitz, 1969). 
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The subterranean solution processes cause slow subsidence of the overlying rock and the result is 
solution dolinas and small basins, or also collapse dolines. For subsidence rates see F. Reuter 
(1973); corrosion forms in the caves are treated by K. Gripp (1912), A. Brandt et al. (1976) and A. 
Voelker (1973). 

Irreversible chemical solution forms in siHcate rocks in warm, moist climates are· called 
"pseudokarst" (W. Klaer, 1956; H. Wilhelmy, 1958). They have to do with karst as does the so­
called "thermokarst" (M.M. Zhukov, 1963), that is not used to apply to karstification processes in the 
permafrost zone, but rather to forms resulting from the freezing and thawing cycle. 

A final reference with regard to "hypersoluble" rocks (salt, gypsum), "hyposoluble" rocks 
(pseudokarst) and "thermokarst" is the article by Jacques Avias and Louis Oubertret (1975, p.31-40, 
with references). The term "thermokarst" even in the sense that it is used here, is to be rejected. 
Karst is karst, and that is it. 

Karst Hvdrology 

The monograph "Oas Karstphaenomen" by J. Cvijic (1893) was little concerned with the 
problems of drainage of karstified mountains, but was followed--also in A. Penek's Geographical 
Proceedings- by A. Grund's extensive work, "Die Karsthydrographie" (1903). There, the author carne 
to the conclusion that evenly distributed "karst water" with vertical and horizontal flow, flows above 
the stagnating "ground water" to the base level of erosion. Grund assumed a surface rising from the 
sea land inward, under which all the joints would be filled with stagnant water (1903, p.173). He 
made a number of inaccurate generaHzations, which provided his later opponents with so much 
material that the maln principles of his theories were buried by their criticism (W. Knebel, 1906, W. 
Lozinski, 1907, L.A. Sawicki, 1909, G.A. Perko, 1909; L. Waagen, 1910). 

F. Lukas edited posthumous works of E. Richter (1907) that were also concerned with water 
movement in karstified mountains. Richter was in general agreement with Grund but suggested, 
among other things, that ground water in karst in Grund's sense should better be called "joint water" 
(p.476). 

In my opinion, however, it is better to limit "joint water" to noncarbonated rocks or joints that 
have not expanded by solution. In karst areas, the term "karst water" would be the most suitable. 

The geography of Istria gave N. Krebs (1907) the opportunity to compare the views of Grund 
and Knebel with his own findings. Krebs' view was that even if some veins dominated and assumed 
the appearance of streams, these waters were nonetheless connected underground (p.56 f). 

In opposition to Krebs (and Grund), as early as 1908 F. Katzer took the position that the 
basic element of karst hydrography was the underground streams. Shortly thereafter (1909), Katzer 
went into detail on the problems of karst hydrography and categorically rejected extensive 
connections between karst ground waters (p.43). So far as he is concerned, there can be "no 
fixed.borders" for the altitude of" underground karst streams and their outlets (p.79). Katzer again 
took up the distinction between bare and covered karst and also distinguished between shallow and 
deep karst; these concepts became established in the karst literature. Katzer and Grund thus 
represented the two extremes in a lively ciSaJssion that went on for years. Both of them supported 
their arguments with extensive works of P. BalYf (1896). 

Uke N. Krebs (1909) and J. Cvijic (1909), L.A. Sawicki (1909) also treated the special 
question of cyclical development in karst. Not only were new ideas on the development of karst 
hydrography presented and opposed with vehemence and bitterness. E.A. Martel (1910) rejected a 
groundwater level ("nappe d'eau de fond", p.128) in karst in an extended discussion of Perko's 
article. This is not surprising to any one who is familiar with the underground river of Bramabiau in 
the Grands Causses; the study of this area was the life work of E.A. Martel. 
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Fruitless exchanges between Waagen (1911) and Grund (1912), as well as between Katzer 
(1912) and Grund (1912) were followed by publications by I:i. Bock (1913) favoring the underground 
stream theory. 

One of the most interesting studies at the time was certainly that of K. Terzaghi in the 
Croatian karst (1912113). In this very precise work, Terzaghi preferred Grund's karst water theory 
(p.317), but was correct in rejecting, among other things, Grund's assumption that karstified 
mountains are uniformly jointed down to great depths (p.318). The discussion finally died down, 
without any synthesis of the extreme positions. 

The greatest and longest-lasting influence upon karst hydrological thought in the German­
speaking world was exerted beyond doubt by O. Lehmann's "Hydrogtaphie des Karstes" (1932). 
Lehmann's hypotheses can be summarized, as follows: Karst runoff is usually through rocky 
subterranean caves in readily soluble rocks and occurs whenever the following kinds of cavities exist, 
or develop tectonically: (1) Broad primordial fissures with diameters of the order of magnitude of me­
ters, (2) Supercapillary and large capillary joints and pipes. Furthermore, Lehmann was convinced 
that karst water flows in individual ways, water levels do not exist in karstified rocks, and that there is 
no relation between karstwater flow· and base level of erosiOn. > Lehmann's "Hydrographie des 
Karstes" did manage to almost paralyze karst-hydrological research in central Europe (W. Krieg, 
1954, 1955; E. Amberger, 1955; H. Trimmel, 1955). 

This led to the pubNcation of contributions to th.e problems of karst hydrography with special 
consideration of the question of the base level of erosion (J. Zoetl, 1958). Research methods new at 
the time were a great help in· that work. The hypotheses of Lehmann (1932) were ultimately laid to 
rest with "Karst hydrogeologie" by J. Zoetl (1974). A. BoegH (1978) said of this work in the 
intro<;iuction to his "Karsthydrographie and physische Spelaeologle" that "for the first time, the 
untenability of the hypotheses of O. Lehmann has been so presented as one might wish. Thus a 
spell has been broken which for a long time divided progress but at the same time stimulated 
contradiction and thus inspired new work". 

In the time after O. Lehmann, the karst research in Central Europe lost its leading role. 

Selected historical references and recent bibliographies with emphasis to the worldwide 
progress in the development of karst research are presented by P.E. LaMoreaux, H.E. LeGrand, and 
V.T. Stringfield (1975, p.41-52). 

Karstwater Tracing Techniques 

The use of artificial markers to trace subterranean karst waters has a history of its own, 
which at the same time is the history of the SympoSia on Underground Water Tracing (SUWT). 

If we neglect such unsuitable attempts as the use of straw, chaff, saWdust, etc. then the first 
large, quantitative karst water tracing experiments were the injections of sodium fluorescein and 
potassium chloride (1878) into sinkholes of the Danube (W. Kaess, 1969, p.215-246). 

Another tracing experiment was performed in November 1908 using a different Danube 
sinkhole further downriver near Fridingen (Figure 8). In this case, 500 hundredweights of sodium 
chloride were injected. This effort, performed some 80 years ago, produced what were probably the 
first documentary pictures of an artificial karst water tracing (Figure 10). Previous to that, two dyeing 
tests with injections of5 kg each of sodium fluorescein into a sinkhole in the municipality of 
Tuttlingen had failed in 1904 because the amount of dye used was too small (W. Kaess in H. 
Batsche et al., 1970, p.141). 

There was also CUriosities, such as the use of marked eels in the Reka, that actually 
emerged in Timavo. Plant spores were used first in the year 1926, when club moss (lycopodium 
clavatum) spores were used as a tracer (G. Vornatscher, 1962); these spores only later came into 
common use for this purpose. In 1927, G. Kyrle made unsuccessful experiments with sodium 
chloride, fluorescein dye, cork shavings and wooden beads in the Lurbach cave system in the Cen-
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tral Styrian Karst. This work would have never become as well known as it did, if the preparation, 
performance and results had not been described in such detail (G. Kyrle, 1928). The conclusion 
from these failed experiments simply provoked a discussion and repetition of the experiment. The 
economic and political cirrumstances in the 1930s and 1940s delayed this repetition until 1952, when 
it was performed under the leadership of V. Maurin from May 10 to May 15 (V'. Maurin, 1951, V. 
Maurin and J. Zoetl, 1959). 

This was the first karst water tracing experiment in Central Europe after World War II, and it 
was an historical event for all involved. It was only possible at the time because the American 
MarshaU Plan for Central Europe also subsidized scientific research. Eight hundred kg of commercial 
salt were injected into the lurbach system. W. Back and J. Zoetl (1975, p.116, Fig. 59) indicate the 
result of this and later experiments in this area. 

New methods sought improved detection of known tracer materials as well as application of 
new tracers. Initially only the sodium fluorescein .uranin became established as a fluorescence tracer. 
To determine the catchment and protected area of springs supplying water to Vienna (First Viennese 
High Spring Aqueduct), F. Dosch injected 9 kg of Oranin into a doline in the central plateau area of 
the Schneeberg karst massif. In order to detect smaller concentrations, he extracted the fluorescein 
with ether; it could then be detected more sensitively with the quartz lamp (F. Dosch, 1956). This 
method was time consuming and an experienced eye was needed to determine concentrations by 
comparing water samples with prepared col1l>8rison solutions using the quartz lamp (G. lukas, 1959, 
p.94-105). At the time, fluorometers were still wishful thinking for smaller laboratOries. Between 
1928 and 1953, experience was also being collected elsewhere. K. Kisskalt (1940) was Involved with 
the quantitative determination of dyes and salts injected into ground waters. E. Dudlch applied these 
methods to the solution of hydrological problems in the Baradla cave near Aggtelek (Hungary, 1932). 
l. Popp (1953) also worked with dyes and salts, and G. Richter (1944) reported comparisons of the 
use of dyes and salts in the Wartstein springs (Germany). Viewed retrospectively, it is interesting to 
note that as early as 1907 and 1908, Timeus and Vortmann were doing studies in the Istrian karst 
with lithium chloride and even with radioactive substances (V.G. Timeus, 1912). These experiments 
were not repeated, in the case of Ithium salt because it was so much more expensive than NaCI· or 
KCI. less was also known at the time about the dangers of radioactive materials and so Timeus 
used pitch blend, the only radioactive substance available at the time, with its long-lived uranium and 
radium, in quantities that, calculated from Timeus' data, must have been a miHion times greater than 
what would be permissible today (H. Mitter, 1959, p.122). Mitter (Ioc. cit.) also mentions that later 
on, "work was done very carelessly", relying on the fact that there was a great dilution underground 
between sinkhole and springs; in this context he mentions R. Hours (1955), A. Montens (1953/54) 
and E. Sons (1952/53). 

Lycopodium spores, in contrast, turned out to be a safe tracer material that has come to be 
used throughout the, WOrld. The first use of these spores in 1926 (Vornatscher, 1962) had in the 
meanwhile been forgotten and in 1954, A. Mayr presented the use of club-moss spores as a new 
method for following underground waterways. The difference between lycopodium and other tracing 
materials that had been used up to then is that the spores do not dissolve but form an emulsion as 
sond bodies. Due to their small size (average diameter 33 micrometers), they remain suspended in 
water and do not float (cf. J. Zoetl, 1974, p.56-60). Their breakthrough in karst hydrology came with 
the development by M. Dechant of permanent staining for the spores in five different colors (Dechant, 
1959, p.145-149; 1967, p.241-247; cf. also J. Zoetl, 1957, p.107-117; V. Maurin and J. Zoetl, 1969, 
p.125-139; A. Hofer, 1959, p.140-144; J. Zoetl, 1961, p.108-123; J.G. Zoetl, 1967, p.235-239; F. 
Bauer, 1967, p.243-265; J.G. Zoetl, 1979, p.56-60). 

When they were introduced, drifting spores were the only tracer that, when with different 
colors, permitted multiple injections simultaneously, i.e. under the same hydrological conditions, in a 
large area. The first large-scale application of dyed lycopodium spores was a study of the eastern 
part of the Dachstein massif (Northern Limestone Alps) covering 284 km2

, and this put on the map 
(J. Zoetl, 1957). The experiment was repeated more elaborately in 1958 and confirmed the results 
obtained the first time (Figure 11). There were a few slight improvements in the spore-drift method 
in the next years (the material in the plankton nets was changed from silk gauze to nylon). Only 
recently have new dye techniques been developed (dyeing of the spores with fluorescein dyes); this 
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makes them easier to count and has improved detection by a factor of one thousand in some in­
stances (M. Bricelj et al.. 1980). 

Regular contacts that were developing among experts practicing groundwater tracing were an 
important contribution to the. further development and application of ground water tracing techniques. 
What was originally proposed as a panel meeting tumed into the first "Specialists' Conference on the 
Tracing of Subterranean Waters" in Graz, Austria from March 28-April 1, 1966. It was attended by 
125 participants from the Federal Republic of Germany. Czechoslovakia, German Democratic 
Republic, France, Yugoslavia, the Netherlands, Poland, Rumania, Sweden, Switzerland, the USSR, 
Hungary and Austria. Also present were official representative of the FAO. the IAEA, the national 
committees for the International Hydrological D8(:ade, and the Union Intemationale de ,Speleologie 
(Paris). The theoretical part of the meeting (31 papers and extensive discussion) was followed by 
two field tests. These involved one sinkhole in each of two smaller karst areas in the Central Styrian 
karst west and north of the city of Graz, respectively. Geological and hydrological data were avail­
able for both. Different tracers were injected into them simultaneously and the output at the spring 

. outlets measured. These were "combined tests" that were not to explore karst systems that were 
already known, but to compare the efficiency of the different tracers. Since the weather-dependent 
range of passage times of the subterranean water from the injection point to the outlet was already 
known, it was also possible to use isotopes as tracers. This is usually only possible in small areas 
and for special purposes, due to the potential danger to the environment. In the two test areas, the 
following tracers were used: test area Buchkogel--alkyl-benzolsuHonate, tritium. chrome-51, NaCl, KCI, 
suHorhodamine G, lycopodium spores of violet color. Alkylbenzolsulfonate was injected by scientists 
from the University of Erlangen (FRG). It was tested not only for its quafities as a tracer, but also .. 
for its ecological effects. The results obtained in this study contributed to the fact that this 
substance, a so-called "hard" detergent, was discontinued by industry and replaced by "soft" deter­
gents. 

The application of 5 Ci of tritium was supervised by experts from the Bundesversuchs- und 
Forschungsanstalt Arsenal in. Vienna and evaluated in conjunction with radiologists from the 
"Forschungsstel-Ie fuer Radiohydrometrie" in Munich (since 1987 known as the Institute fuer 
Hydrologie of the Gesellschaft fuer Strahlenforschung (GSF) Munich, FRG). Tritium has also ceased 
to be used as an artificial tracer, with the exception of special studies (dam construction projects for 
reservoirs in karstifiedrocks). The factors involved here were the dosage and radiation stress to the 
environment, as well as the desire to conserve the usefulness of natural Tritium in precipitation as a 
source of information. 

The chrome-51 in the form of chrome-51-EDTA was made available by the Chalmers 
University, Goeteborg (Sweden, production by E. Edroth and J.V. Liljenzin, see G. Knutsson, 1967). 

With regard to the use of isotopes as artificial tracers, it must be mentioned that in a first 
comparative test as preparation for the meeting, T. Papdimitrcpoulos tested the "activation-analytical 
method" in the Buchkogel area in Graz (K. Buchtela. et aI., 1964, p.6-11). Nonradioactive bromine 
was used in the form of NH .. Br. The water samples were irradiated with neutrons in a reactor to 
make the bromide radioactive and measurable. This activation-analysis method with different EDTA 
complexes had seemed Hke a good idea; the radioactivity could be measured very precisely and the 
injection did not involve radiation stress. As new traCers were developed, however, this method fell 
into disuse owing to its disadvantages; the need of a rector, compHcatlons with regard to 
transportation, etc. 

Zeiss had made available a spectral photometer with flame attachment for use at this 
meeting, making it possible to measure the cations sodium and potassium separately when they had 
been applied together. Total chloride output was also measured in addHion to the cations. The 
second test area used at the meeting in 1966 in Graz was Semriach-Peggau, and tritium, 1-131. 
manganese EDT A, spores and uranin (sodium fluorescein) were injected. 

. Iodine was measured in a' flow-through container directly at the spring outlet, in collective 
samples and later with a gamma spectrometer. Tritium was detected with sample measurements in 
a liquid scintillation counter. 
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Manganese application and measurement were supervised by the Atominstitute of the 
Austrian universities (K. Buchtela). The sodium salt EDTA was added to manganese as a suHate in 
aqueous solution to form a complex bond with manganese. The activation analysis was performed in 
the research reactor in Vienna. -

As a drifting medium 10 kg of brown-dyed lycopodium spores were injected at the location 
used for all the other tracers. Utilizing the very complete observation capacity, green lycopodium 
spores were also injected into another ponor: An extended application of sodium fluorescein was also 
tested successfully at this meeting. I still have no Idea as to how the news of this proposed meeting 
in 1966 reached the USA. In any case, William B. White (Pennsylvania State University) submitted a 
contribution entitled "Modification of fluorescein dye ground-water tracing techniques" for publication 
(Proceedings, 1967, p.151-158). In this article, White describes what he calls the Dunn method of 
charcoal detection. It is based on -the fact that charcoal adsorbs sodium fluorescein and does not 
give it up again to water. The charcoal can be stored dry for an indefinite time; the dye is then 
extracted with a solution of potassium hydroxide in ethanol. The Dunn method was also tested by 
T.D. Turner (1958) in the karst of central Pennsylvania. This method is especially significant for 
tracing experiments involving springs in remote places. This method was then taken up by A. Lalle­
mand and H. Paloc (1964); F. Bauer (1967, p.169-178) then came to rely on their work and 
subsequently made a number of practical improvements (Normed nylon-yam bags that can be 
suspended in the water; drying, transport and extraction of fluorescein with a mixture of 96% alcohol 
and 15% KOH solution, 1 :1. The fact that it is only a semiquantitative method is made up for by 
unlimited suspension (= observation) time and the accumulation of even the most minute concentra­
tions of the solution from the water. Tracer hydrology would be unthinkable today without this 
method. 

This first Specialists' Conference on the Tracing of Subterranean Waters in Graz in 1966 led 
to contacts that have been surprisingly enduring. 

Just a year later, in 1967, representatives of nineteen institutions in the FRG, Yugoslavia and 
Austria agreed to work together on open questions on seepage of Danube waters in the Swabian Alb 
with modem precision methods. Long-term hydrological and isotopiC measurements carried out from 
1967-1969 formed the basis for an extensive combined karst water tracing experiment in fall of 1969 
(H. Batsche et al., 1970, p.5-165). The results brought new information on the subterranean 
distribution of infiltrating water from the Danube (see Figure 8). The successful use of aromatic 
substances remained a curiosity (H. Batsche et ai, 1970, p.118-120; W.A. Schnitzer and W. Wagner, 
1967, 1969). 

The Second Specialists' Conference on Groundwater Tracing Techniques in 1970 in Freiburg 
im Breisgau, FRG, presented the results of the long-term preliminary studies in 1967-69 and of the 
karst water tracing experiments in 1969 in the Danube-Aach region. At the final session, the 
proposal of the Yugoslavian delegates to devote the next joint studies to the "classical karst" was 
accepted unanimously. The Yugoslavian Committee for the International Hydrological Decade (IHD) 
assumed responsibility for the organization of the Third International Symposium on Underground 
Water Tracing (3rd SUWT). The organizing committee included specialists from the Karst Research 
Institute of the Siovenian Academy of Sciences and Arts in Postojna (Institute za raziskovanje krasa 
SAZU) and the former Hydrometeorological Institute in Slovenia (Meteroloski zavod Slovenje, 
Ljubljana). The president of the committee was the Minister of Slovenia, Boris Mikos. The working 
group included specialists from 14 institutions in Yugoslavia, Austria, FRG and Switzerland. The 
studies made were the most extensive international cooperative effort to date on the hydrogeology 
and hydrology of the classical karst, i.e. the catchment area of the Ljubljanica River. The results 
were published in English (ads. R. Gospodaric and P. Habic, 1976), German (eds. R. Gospodaric 
and J. Zoetl, 1976) and Slovenian (eds. R. Gospodaric and P. Habic, 1976). 

Technical results of this cooperation were a new spectrofluorimetric analytic method 
developed for four fluorescent dyes (uranin A, eosine, amidorhodamine G-extra, and rhodamine FB 
(Behrens, 1971, 1973; Zupan, 1970, p.125; Rochart et aI., 1975). Tinopal CBS-X proved successful 
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as a new tracer (Behrens; Zupan and; M. Zupan, 1976, p.125-129). Tinopal, an optical brightener, 
was used and tested here for the first time. 

A new technique for fluorimetric determination of water samples containing a mixture of 
fluorescein traces in different concentrations was discussed by F.P. Bub, H. Hoetzl and K. Wisser 
(1979, p.129-141). Preliminary separation of the tracers is achieved with high pressure fiquid 
chromatography, as used in analytical chemistry. 

The high points to date in the study of karst terrains for preparation of a tracer symposium 
were the "Karsthydrologische Untersuchungen mit natuerlichen und kuenstlichen Tracem im 
Neuenburger Jura" (Karst-hydrological studies with natural and artificial tracers in the Neuenburger 
Jura, I. Mueller and J.G. Zoetl, eds., 1980, p.5-100) and "Hydrologische Untersuchungen im Karst 
des hinteren Muotatales· (Hydrogeological studes in the karst of the upper Muota Valley, A. Boegli 
and T. Harum, eds., 1981). Both of these karst areas are in Switzerland, but their geological 
structure and hydrological behavior are very dfferent. The studies were the result of joint field work 
on the part of teams from Austrian, Federal Republic of Germany, Swiss and Yugoslavian institutions 
which had cooperated in the 2nd and 3rd SUWT and had agreed to prepare the 4th SUWT, which 
was held in Bern, Switzerland in 1982. The long experience of the Centre d'Hydrogeologie of the 
University of Neuchatel under the direction of A. Burger and the assistance of the Swiss National 
Fund for the Advancement of Science made possible optimal planning, performance and evaluation 
of the very expensive measurements of environmental isotopes and the combined artificial tracer 
studies, especially in the karst of Neuenburg Jura (ct. I. Ml,Ieller et al., 1980, p.17-47; A. Gospodaric 
et aI., 1980, p.87-90, l. Kiraly et aI., 1980 p.92-95). These investigations became a guide-fine for 
modern karst hydrological studies. 

The 5th SUWT in Athens, Greece in 1986 emphasized the results of joint karst 
hydrogeOlogical studies in the central and eastern Peloponnesus by experts from Greece, Austria, 
FRG, Switzerland and Yugoslavia (A. Morfis and H. Zojer, eds., 1986). Time and expense of this 
large-scale project show the limits of these efforts. A decision to limit joint research to a particular 
subject in a certain place is most likely to insure the further existence of this unique institution. 

Isotope Hydrology and Karst 

Systematic measurements of environmental· isotopes in water for hydrological and thus also 
for karst hydrological research began in the 1950s and progressed most rapidly after the atmospheriC 
H-bomb tests (1962, 1963). 

Measurement of the radioisotope tritium (T or 3H, half life 10.26 years) as well as of the 
stable isotopes deuterium (0, 2H) and oxygen-18 Cia) is routine today and is of increasing 
importance in karst research. Carbon-14 measurements from deep ground waters stored in the 
Paleokarst provide invaluable data for estimating storage capacity and the balance of deep ground 
waters. 

A survey of the development of isotope methods applied to ground-water hydrology is to be 
found in A. Nir (1967) and J.A. Gat (1974, 1976, and 1981). 

Around 1960, the International Atomic Energy Agency established a Section of Isotope 
Hydrology. Under the direction of Dr. H.C. Bryan R. Payne, this relatively small department tumed 
out to be a logical place for the large national research institutes throughout the world to share their 
experience. Delegates to the first symposium on isotopes in hydrology in Vienna discussed karst 
water research mainly in the sessions five and six, on geochronology and environmental studies (J.C. 
Fontes, A. Letolle, P. Olive and B. Blavoux, Proceedings 1967, p.401-413; J. Guizerix, A. Margrita, 
M. Launay and P. Rugy, Proceedings, 1967, p.433-449; G.H. Davis, T. Dincer, T. Florkowski, B.A. 
Payne, and T. Gattinger, Proceedings 1967, p.451-467). An important detail was the finding that wa­
ter from large karst springs contained the same amount of the stable isotopes deuterium and oxygen-
18 as are found at the median altitude of the catchment. This finding, due to the effects of altitude 
and temperature, confirms statements made in 1957 on the basis of numerous temperature 
measurements in karst springs in the Dachstein area (J. Zoetl, 1957, p.182-205, 1961, p.161). 

16 



The first "Guidebook on Nuclear Techniques in Hydrology" (Technical reports series No. 91) 
appeared in 1968. The topic of Section 1.3. (p.5-14) is "environmental isotopes". Figure 2 of this 
section shows the variation of tritium concentration in precipitation in Valentia and Vienna from 1961-
1965 as an example that "in most areas it is possible to establish correlations between stations and 
thus reconstruct possible past history for a location from data accumulated in other stations" (p.8). 
Furthermore. carbon-14. silicon-32 and the noble gas radon are described briefly and practical advice 
for water sampling is given. 

The tritium content of precipitation is useful in the calculation of the water in karst areas. As 
the hydrogen atom tritium is a part of the water molecule. absorption into the ground does not cause 
any value change. In the karst water body. there is a mixture of different tritium contents from 
individual precipitation events; springs in shallow karst generally have values around the monthly 
average of precipitation. A summary of annual tritium variations and long-term trends is given in C. 
Job (1970. p.217-223). 

The second major symposium on the use of isotopes in hydrology was held by the IAEA in 
cooperation with UNESCO in March. 1970 in Vienna (Proceedings Isotope Hydrology 1970). The 
study presented at this by R. Margrita. J. Evan. J. Flandrin and H. Paloc of the water balance of the 
Fontaine de Vaucluse catchment is an excellent example of the importance of isotope hydrolog.y in a 
karst area (Proceedings. 1970. p.333-346). Further karst water case studies using isotopes were 
presented by D.B. Bredenkamp and J.C. Vogel (Proceedings. 1970. p.349-370) and U. Siegenthaler. 
H. Oeschger and E. Tongiorgi. G. Magri and G.S. Tazioli provide an interesting contribution on 
radon in karst waters of dolomitic and calcareous aquifers in Apulia (Proceedings 1970. p.835-844). 
Further references to case studies in the IAEA Proceedings are G. Durozoy et al. (1965). J. Evin et 
al. (1967). J. Flandrin. A. Margrita. and H. Paloc (1967). J.F. Enslin (1967). J.F. Enslin and J.P. Kriel 
(1967). 

Of the many projects processed internally by the Section of Isotope Hydrology of the IAEA. 
only a few have been published. The few exceptions are extraordinarily instructive. T. Dincer and 
B.A. Payne provided excellent material on karst areas in southwest Turkey (1971. p.234-245). with 
special emphasiS on the question of economic effects of a possible decrease in the water level of the 
Beysehir lake on the output of the giant springs on the Manavgat River. T. Dincer and J. Payne 
(1971. p.245) and F. Sentuerk et al. (1970. p.153-161) treated similar problems with regard to 
springs of the Koepruecay River. 

The clarification of the water balance of the "Totes Gebirge" karst massif in the Northern 
Limestone Alps in Austria is a good example of applied isotope hydrology over a period of years (T. 
Dincer, B.A. Payne, C.K. Yen and J. Zoetl, 1972). 

The isotope hydrological studies by J.A. Gat in the phreatic coastal aquifer of Israel and in a 
largely confined limestone aquifer are of more than local interest (Proceedings, 1974 Symposium. 
p.51-59; see also M. Magaritz, 1973). 

At the symposium in Neuherberg in 1978. jointly organized by the IAEA and UNESCO, U. 
Schotterer et al. presented a paper on isotope study in the alpine karst region of Rawil. Switzerland 
(Proceedings 1979, p.351-365). The results are comparable to those from Totes Gebirge. 
Schotterer et al. calculated models of two possible reservoir mechanisms. Further references are A. 
Wildberger et al. (1978), U. Siegenthaler and U. Schotterer (1977), and U. Siegenthaler et al. (1.970). 

A number of papers on environmental isotopes were presented at the symposium on isotope 
hydrology in 1983 (IAEA Proceedings. Vienna 1984). Thus authors published papers in" these 
proceedings on the SwiSS Jura (U. Siegenthaler. U. Schotterer. I. Mueller, p.153-172). central Italy (P. 
Celico et al., p.173-192), Greece (LL. Leontiadis et al .• p.193-206). central Europe (L. Eichinger et 
al .• p.271- 289), Mali (T. Dincer et al.. p.341-365). Other relevant papers were presented- by I. 
Mueller (1982), P. Moerchler et al. (1982), U. Schotterer and I. Mueller (1982), P. Celico (1983). C.F. 
Boni (1973). P. Celico (1978). C. Bartolomei et al. (1980). P. Celico (198t)~ B.M. Zuppi (1974). LL. 
Leontiadis (1980, 1981), G. Kallergis and LL. Leontiadis (1983). B.A. Payne et al. (1976). K. 
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Rozanski, C. Sonntag and K.O. Muennich (1982), K.O. Muennich and J.C. Vogel (1967), C. Sonntag 
et at (1979). 

In the rather long intervals between sYrJ1)Osla, the Section of Isotope Hydrology holds a 
number of panel meetings at which karst problems are also covered. 

The isotope hydrology of large areas was an important part of studies on karst terrain as 
preparation for extensive karst water tracing experiments. Tritium and carbon-14 measurements in 
springs in the Danube infiltration area showed that the spring waters were mixed waters including 
three components: Danube water, accumulated precipitation water with a storage time of less than 
one year, and water in the deeper karst water body with a mean residence time of more than ten 
years (M.A. Geyh and J. Mairhofer, 1970, p.63-81). The interpretation of tritium, deuterium and 
oxygen-18 measurements in the catchment of the ljubljanica was more difficult, as the springs are 
affected to very different extents by surface runoff from the poljes (H. Moser, V. Rajner, D. Rank and 
W. Stichler, 1976, p.88-107). An excellent interpretation of tritium and 0-18 and 0-16 measurements 
in the Areuse catchment (Neuenburger Jura, Switzerland) is given by U. Schotterer and U. 
Siegenthaler (I. Mueller, l. Kiraly, U. Schotterer and U. Siegenthaler, 1980, p.31-37). Measurements 
of the content of deuterium, 0-18 and tritium In water samples by H~ Moser, W. Stichler, D. Fank 
and V. Rajner showed the proportions of direct and delayed water flow in the total flow in the upper 
Muota Valley in the Swiss Umestone Alps (1981, p.155-171). Studies using environmental isotopes 
in the area of the Feneos basin and the ladon spring on the PelopOnnesus (Greece) were published 
by G. Probst, P. Ramspacher and H. Zojer (1986, p.113-115) and H. Hoetzl, H. Moser, T. Roeckel, 
and W. Stichler (1986, p.144-148). 

The references mentioned are only a small sample of examples of use of radiohydrometric 
methods in karst hydrology. Inclusion of all the case studies that have been performed throughout 
the world would exceed the scope of this project. But these methods show two typical character­
istics: the brief interval from their introduction to their full establishment in karst hydrology, and the 
expansion of their appHcation from the solution· of isolated problems, to their use in a worldwide 
measurement network to solve regional problems. Carbon-14 measurements became an important 
tool for studies of the Paleoclimate (Fontes, 1983). In conclusion, it should be mentioned that 
beyond the use of environmental isotopes in karst hydrology, studies of the direct infiltration of 
radioactive fission products into the karst water bodies are becoming increasingly irJ1)Ortant. In the 
event of thermonuclear explosions or reactor accidents, these isotopes can be introduced into the 
water cycle via the atmosphere and can be more damaging to karst waters than to open surface 
waters. K. Aurand, G. Matthes and R. Wolter (1971) studied the content of strontium-90, ruthenium-
106 and caesium-137 in various waters used for supply purposes. 

The newest contribution is the attempt to use the uranium isotope disequilibrium as a natural 
tracer to show water origin. 

Karst landforms 

The description of karst landforms is the synthesis of information gathered in the course of 
scientific studies. 

The attempts of Majorie M. Sweeting (1972) in this direction have so far been the most 
successful. With the assistance of 25 co-authors, M. Herak and V.T. Stringfield (1972) produced a 
description of important karst regions in the northern hemisphere containing interesting information on 
karst terrain in different countries, i.e. within political boundaries. Another synthesiS is found in the 
cooperative efforts of 15 authors in a volume edited by P. Fenelon entitled "Phenomenes Karstiques" 
(1968), the fourth in the series Memoires et Documents of the Centre National de la Recherche 
Scientifique, Paris, published by J. Dresch. 

Basic solution process and small landforms on the surface of the earth (karren, doUnes and 
uvals) are covered by H. Boegli (1978, p.13-63, including plentiful references), M.M. Sweeting (1972, 
p.24-102 with references), H. Roques (1964, 1968). 
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There has as yet been no systematic description of the poljes. B.F. Mijatovic says, "Even 
today disagreements exist in the interested scientific circles on the genesis and evolution of karst 
poljes in Dinarides" (1984, p.93). This is correct, however it is difficult to follow Mijatovic when he 
writes: "They (i.e. karst poljes) are known over the entire Alpine orogene range, from Pyrenees to 
Middle Asia, as well as on some larger Atlantic and Pacific islands (Jamaica, Cuba, Java, Bomeo) , 
but the most outstanding representatives in the Dinarides (1984, p.87). 

It does not seem possible to "lump" intramontane karst plains with subterranean drainage in 
tropical areas together with forms in the Alps pr Dinaric karst. Poljes are not all alike, and the most 
outstanding landforms change and depend on basic tectonics and climate. For tectonics of the 
Dinarides see B. Ciric (1960-1963. p.565-582; 1974, p.341-391; 1984, p.18-41), T. Dragasevic (1973-
74, p.14-15), L. Kober (1952), M. Herak (1972, p.29-58, 1986, p.1-42), A. Sarin (1984, p.42-52), M. 
Herak, S. Bahun and A. Magdalinic (1969, p.72-78). The geological prOfiles in B.F. Mijatovic (1984, 
p.104, 105) are so much generalized that they only vaguely suggest the actual tectonic relationship 
(for comparison see Fig. 52 in M. Herak, 1972, p.49). For information on the geological prerequisites 
for the formation of poljes in Slovenia, see A. Melik (1955), I. Rakovec (1955, 1956), P. Habic (1976, 
p.27-38). 

As classical geomorphological forms, the poljes in Greece, whether on the mainland 
(Joannina, Evinos) or in the Peloponnesus, are by no means inferior to those in Croatia (A. 
Philippson, 1930, 1959; 0.1. Burdon, 1963, 1965; J. Dercourt, 1964; H. Eckl, 1979; G. Kowalczyk et 
ai, 1977; E.A. Martel, 1892, 1901; O. Maull, 1921; K. Petrovic, 1958; B. Reichert, 1986; D. Renz, 
1940;0. Richter, 1974; D. Richter and Mariolakos, 1972, and T. Roeckel, 1986; B. Sikosek and W. 
Medwenitsch, 1965). 

The Swiss Jura shows a completely different relationship between karst basins without ouUets 
and tectonics than is found in southeastem Europe. And the numerous, generally small poljes in the 
Apennines also have their own distinctive character (G. Nangeroni, 1957, 1960; H. lehmann, 1959; 
A. Sestini, 1963; J. Demangert, 1965; S. Belloni et aI., 1972, p.108-109). 

Closer study of the literature shows that the phenomenon of the poljes is determined by 
different local geological and climatic factors. In this review, the karst basins of Jamaica, Cuba, Java 
and Bomeo that Mijatovic (1972, p.87) counts as poljes are to discuss within the context of tropical 
karst landforms. 

Thinking with regard to karstification of coastal regions is still unclear. J. Roglic (1969. p.35) 
writes that, "Water circulates even at great depths, and quite independent of sea level, while on the 
karst shores submarine springs (vrulje) are common." 

There are indeed submarine springs, hundreds of them, not only along the coast of 
Yugoslavia, Albania and Greece, but around the entire Mediterranean, the Persian Gulf, etc. They 
were also described early by J. lorenz (1859). 

Understanding of the geomorphology of the coastal karst depends primarily on knowledge 
and study of the local effects of the eustatic variations in sea level and tendencies of the sea level to 
rise. The sea had and still has a determinative effect as the base level of karstification but it is dif­
ficult to unravel the different stages, especially since local tectonic lifts and subsidences also confuse 
the picture. The level of the Tyrrhenian terrace extending around the Mediterranean is a valuable 
aid to orientation for the Quaternary Period (P. Woldstedt, 1961-1965, 1969; Keller, 1963; T. Nilsson, 
1983). Today there is a variety of karstification horizons and submarine springs of varying depth and 
size. S. Alfirevic (1969, p.202) showed that in some cases, these used to be former sur1ace dolines. 
Their variety in discharge can be explained by their hydraulic function, which varies with seasons and 
tides (Herak, 1972, p.15 and 65; Stringfield, 1969). The problems of coastal karst have received 
attention all over the world (E.C. Pirkle. V.T. Stringfield, 1969; E. Pirkle, W.H. Yoko, and C.W. 
Hendry, Jr., 1970; Donald J. Colquhoun and Mark J. Brooks, 1986; A. Guilcher, 1969; G. Hope, 
1983; E.A. Colhoun, 1983; T. Nilsson, 1983; R.J. Russel, 1961; S.P. Chatterjee, 1961; E.D. GiU, 
1961; T. Nakang, 1961; D. Ait and H.K. Brooks, 1965; MacNeil and F. Steams, 1950; H.D. Tjia, S. 
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Fu;i and K. Kigoski, 1977; H. Felber et ai, 1984; H. Hoetzl et aI., 1974). An important paper 
concerning brackish karstic springs was written by M. Brenik (1973). 

This completes the transition to the most remarkable of all the karst landforms, the tropical 
karst. These are karst areas in the humid tropics, predominated either by "cone karst" as in the 
cockpit countries of Jamaica, Puerto Rico and Cuba, or by "tow~r karsr, as in China, Vietnam, and 
Thailand. M.M. Sweeting has paid particular attention to these forms (1970, p.270-300). The 
following are the most important contributions to the literature. The important il11)Ulses generated by 
H. Lehmann (1936) were followed by H. Lehmann 1953, 1954, 1956, 1960; J.N. Jennings and M.M. 
Sweeting, 1963, 1968; A. Gerstenhauer, 1960, 1966; H.R. Versey, 1959; H.T.L. Verstappen, 1960, 
1964; J.N. Jennings, and M. Bik, 1962; D. Balazs, 1962, 1968; G.E. WiHord and J.R.D. Wall, 1965; 
1966; M.C. Brown, 1966; J.F. Gellert, 1960; H. Wissmann, 1954; H. Flathe and D. Pfeiffer, 1965; J. 
Silar, 1965; C.F.T. Aub, 1964; V. Panos and O. Stelel, 1968; F.D. Miotke, 1971, 1973; W.H. Monroe, 
1964; C.J.H. Paton, 1963; F. Biondel, 1929; P. Birot, J. Corbel and R. Muxait, 1968; P.W. Williams, 
1971; F. Voss, 1970; H.V. Wissmann, 1954. 

Karst in the arid tropics is mostly relict or fossil or so-called paleo-karst, with the exception of 
very small rillen karren formed by the solution of thaw. Nonetheless, large subterranean karst paths 
in the desert (e.g. eastern Arabia) can signifICantly replenish old subterranean water supples (H.V. 
Wissmann, 1957; H. Felber et al., 1978; cf. southern Africa, A.B.A. Brink and T.C. Patridge, 1965; 
J.F. Enslin, 1967, 1969). 

Regionalization of karst can be made from different point of view (M. Komatina, 1975). It is 
obvious that climate is one of the most effective factors (Figures 12a, b, c, d). 

Speleology 

From the very beginning of our historical consideration of karst forms, we have seen a 
special interest on the part of man in caves. Systematic scientific research developed step by step 
and relatively soon used its own working methods. It is, however, going too far to separate caves 
from the concepts of "karst phenomena" and "karst research", as Cvijic in fact did, and J. Trimmel 
(1968, p.29) attempted to do theoretically. Caves in carbonate, san and gypsum are a form of 
underground karstification process and speleology is an adjunct of karst research and not vice versa. 

The scientific work begins either in connection with the following of underground waterways 
or with surveying of underground cavities. 

According to H. Trimmel (1968, p.201), one of the oldest preserved cave maps is that of the 
"Veteranic Cave" west of Orsola on the former Hungarian-Turkish border. The map was made in 
1698 because of the strategic position of the cave. For surveys made in the 17th centuries, see H. 
Trimmel Ioc. cit. 

The first known temperature measurement was made by Nagel in 1747 in the Geldloch on 
the Oetscher (Lower Austria; H. Tri,nmel, p.202). Only in 1796 did it become known that bone 
remnants from cave bears came from animals that had Bved in the caves and had not, as previously 
supposed, been deposited in a flood ttlat originated in the tropics and swept over Central Europe. 

From the second half of the 18th century onwards, cave surveys go hand in hand with study 
of new cave systems all over the world. Because these efforts were not directly related to karst 
research--people went into caves just for the sake of the cave--a lot of important information was 
lost. It is typical for the situation that an outsider, the philosopher Immanuel Kant (1724-1804) in 
Koenigsberg, Germany, evaluating rather scanty material of karst-hydrographic nature in his lectures 
printed in 1801 and 1802, came to some quHe correct conclusions with regard to the development of 
caves. The well-read speleo/ogist Trimmelfails to mention the Frenchman Abbe Paramelle, who 
based his thoughts on the extent of underground karstification on springs and known caves; he also 
neglects the publications of the superlative cave explorer H. Bock (1913), who classified speleology 
under landscape development. The separation of speleo/ogy from 'karst research by G. Kyrte, the 
founder of an Institute of Speleology at the University of Vienna in 1922 was a stillbirth. 
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This digression requires supplementation. There is no doubt that speleological work 
demands a special structure. Cave expeditions cannot be made alone. The exploration of the karst 
phenomenon cave calls for trained and well-organized groups of idealists, as it demands exertion, 
sacrifice, risk and perseverance on the part of those involved. The result of these facts is that 
numerous regional and national speleological organizations have been formed. 

Active local groups are the single most ir11>Ortant factor in the advancement of cave research. 
They in tum require practical experience and special equipment from clothing to measuring devices. 
E.A. Martel (1890) made a special contribution by developing and compiling equipment for speleolo­
gists. But he was a practicing speleologist as well as a researcher and natural scientist with a 
European reputation and well deserves the monument dedicated to him in his beloved Grand Cau­
sses. 

In the Soviet Union, karst and speleological conferences are held by the Soviet Academy of 
Sciences. The most ir11>Ortant Yugoslavian institution dealing with speleology is located in Postojna in 
the midst of the classical karst with the name "Karst Institute" (Institute zaraziskovanje krasa Sazu). 

Speleologists of course are also concerned with the cave as a biotope (blospeleology, 
anthropospeleology) and with economic exploitation of caves, but these are not reasons to separate 
speleology from study of karst. 

Here, however, the bibliography must go its own way. The large number of amateurs and 
volunteers surveying and describing individual objects led to large numbers of popular scientific 
efforts that go far beyond the scope of karst research. The enormous physical exertion was often 
rewarded in the naming of caves and cave and sinter formations; this often gives speleological 
reports a unique romantic flavor. 

In publishing a karst bibliography, it rwst be borne in mind that there already are two major 
speleological bibliographies: The "Bulletin Bibliographic Speleologique" (Switzerland) has been 
published for years and has included more than 25,600 citations to date in French, English and 
German; and there is also the "Intemationale Bibliographie fuer Spelaelogie", Vienna 1954-1971 with 
almost 17,000 titles from 35 countries in the original languages. Most of the major works cited in 
these bibliographies are concerned with caves as karst phenomena. 

James F. Quinlan is noted for his contributions to cave research in general in the USA, and 
the Mammoth Cave in particular. We have him to thank for mention of the translation, "Problems of 
the Study of Karst of the Russian Plain", eds. N.A. Gvozdetsky and A.G. Chekishev (1966), which in­
cludes a bibliography of pertinent Russian karst literature from 1961-1965. The small periodical 
"Caves and Karst", published by the Cave Research Associates, includes Quinlan as one of its 
editors and would deserve more extensive distribution. 

I should like to let Alfred Boegli have the last word on the question of speleology and karst 
research. Boegli's major contributions stem on the one hand from his research on solution 
processes in karstifiable rocks, and on the other from his study of the Hoelloch, the longest surveyed 
karst cave in Europe (135 km).(12) This cave is located in the Schwyzer Umestone Alps east of the 
Vierwaldstaetter Lake in central Switzerland (A. Boegli, 1970, p.12). In his work, "Karsthydrographie 
und physische Spelaeologie" (1978, p.lll), Boegli writes: "Karst hydrography and physical speleology 
are thus two sides of the underground karst phenomenon and should be viewed from one uniform 
viewpoint." Boegli also sees the aspects mentioned above of scientific study on the one hand and 
observation and documentation of caves by ambitious amateurs on the other; without the 
contributions of the latter, the scientist would never have the necessary material and work force. 

FINAL REMARKS 

A study of the history of karst research shows that it is easier to find the early roots of the 
subject than to untangle to most recent growth. The greatest problems are posed by the rapid 
development of karst research in relation to the explosive development of technology within the last 
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decades. An example of this is the importance of isotope hydrology, which was virtually unknown 
before World War II and then within 30 years developed into one of the most important allied 
sciences for karst hydrology. It all comes to a gradual end In the introduction to the BibHography of 
carbonate rocks, Vol.IlI (LaMoreaux 1986). 

Some of the very newest techniques were not included in this review as tfley are still in a 
developmental stage; remote sensing is one such technique. Furthermore it was not possible to 
include the significant work of P.T. Milanovic (1981) on technical and engineering geology in this 
historical survey. The same appUes to the numerous papers e<flted by V. Yevjevich (1976) in the 
Proceedings of the Yugoslavian Symposium. Dubrovnik, June 2-7, 1975. The titles were published 
by P.E. LaMoreaux, J.M. Tanner, P.S. ShoreDavis, Vol. III (1986). 

As is currently true for virtually every scientific and technical discipline today, there is more 
literature available than can possibly be surveyed. 

Early on in the history of karst, we noted a connection between science and philosophy that 
unfortunately is less evident today. Nietsche remarked- that time is motion. We live our short lives in 
an age where things seem to keep going faster and faster. Geology is a science of time and motion 
and their effects on our physical world. We should be reminded of the deHcate system of checks 
and balances that keeps that world viable for us. 
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FOOTNOTES 

(1) 

(2) 

(3) 

(4) 

(5) 

Oral information provided Dr. Ernst Doblhofer, professor emeritus of classics: The word 
"katavothra" is not found in this form in classical Greek but its meaning is readily apparent, 
i.e. swallowing or gulping down, etc. Vothra could be identical to the Be'~v used by Stra­
bon (also ~a&>v or B£'~tk>v further development to Bo'1%a and Modem Greek VOTHRA). 
The Indogermanic word root from B£~1%ovis "quer", i.e. "verschlingen" (swallow). 

The Old High German word "hel" in Germanic mythology is also the common root of the 
German words "Hoelle" (hell) and "Hoe hie" (cave). 

Probably a shrine to the Greek god Pan in the later Roman Caesarea Philippi and present 
town of Banyas in northern Israel. 

Area in southern Syria. 

A number of copies were made between the 16th and 18th centuries, causing considerable 
damage to the parchment. An invaluable aid in the study of the parchment (the Codex Vin-
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(6) 

(7) 

(I) 

III) 

(10) 

(11) 

(12) 

dobonesis 324) is a complete facsimile in the original scale published by the Akademische 
Oruck- und Verlagsanstalt, Graz, Austria. 

"On the river Blau and its source on the locality of Blaubeuren and the establishment of the 
monastery and other related matters". 

Krain comes from the word krajina, border. Slavs first settled there in the sixth century. Karl 
the Great made the area part of his kingdom. It came under Habsburg rule in 1135 and with 
the exception of the period of the Napoleonic wars, 1809 - 13, when it was a part of 
France, was an "Inner-Austrian" land. From 1849 - 1919 it was administered as an 
"independent Crown land" (duchy). Since the Peace of St. Germain (1919) it has been a 
part of northwest Yugoslavia. Until 1944, it included a self-contained German-speaking are~, 
the Gottscheer Land (Figure 6).-

J. Corbel (1957) calaJlated for various regions in Iceland a surface erosion by limestone 
dissolution between 0.120 and 0.010 mm, P. Williams (1963) 0.025 mm, R. Moser in the Alps 
(1956, 1967) 0.010 - 0.015 mm, A. Boegli (1978) 0.014 -0.081 mm aboveground and 0.010 -
0.057 be Iowground, and J. G. ZOetl (1979) 0.025 mm for Yorkshire par year. 

This intellectual awakening was worldwide. Voltaire (family name Francois-Marie Arouquet, 
1694 - 1n8) and Jean-Jacques Rousseau (1712 - 1778) provided the philosophical basis for 
both the American (1776 - 1783) and French Revolutions (ct. Lafayette, 1757 - 1834, and 
Joel Barlow, 1754 - 1812). Thomas Paine (1759 - "1809), an advocate of freedom of inquiry, 
found a patron in Thomas Jefferson (1743 - 1826). The natural sciences were freed of 
religious remnants of outdated, literal interpretations of biblical traditions. According to the 
German philosopher I manuel Kant (Koenigsberg, 1724 - 1804), humanity only came of age 
with the Enlightement. The Age of Enlightement was succeeded in the 19th century by the 
Romantic era, but continued to exert a major influence in the natural sciences. 

E. Tietze, 1873, p. 61: "One must consider the loss in time and working power due to the 
fact that a large part of the population of entire localities needed seven hours a day, 
including the necessary rest at the spring, for themselves and some of them draft animals 
just to get the most minimal amount of water." 

The expression "Dinaric Karst" came from the name of the Dinara, a mountain range in 
excess of 1900 m a.s.l. The Dinara is self-contained, bare and karstified and trends NW-5E 
along the Yugoslavian (Dalmatian) Ardriatic coast. 

The Hoelloch is the second-longest cave system in the world, after the Flint-Mammoth Cave 
system with 322 km of surveyed passages as of 1977. The Mammoth Cave has been found 
to be connected to the Flint Cave System, creating a unified cave system see Boegli, 1978, 
Table 17.1) 
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FIGURES 

Figure 1 
Reindeer. Prehistoric drawing (Magdalenian) in the Font de Gaume cave, ESE of the town of Eyzies, 
Dordogne, western France. The drawing is scratched into the rock and shaded with red clay and 
charcoal. From F. Eppel, 1963, p.14 (see also color picture and precise description in H. Kuehn, 
1952, p.33). 

Figure 2 
In 832 Be, Assyrian soldiers with their King Salmanassar III explore the water cave of the Tigris near 
Lidje and the overlying large cave with stalagmites. Shown on bronze strips decorating a doorway of 
the palace in I rngur-Elli I (from D. Opitz, 1929, p.59) . 
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Figure 3 
The River Reka (know in antiquity and in modem Haly a the ·Upper Timavo·), its entrance into the 
Skozijanska jama (San Canziano caves) and the springs of aurisina and Lower Timavo north of Tri­
est (from 5, Belloni et ai, 1972, p,119). A = map; B = profile; t = theoretical hydrostatic level during 
high water; m = average maxirrum; n = minirrum hydrostatic level. 
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Figure 4 
View from the Majorcic cave (upstream from the main Skozijanska jama) toward the entrance of the 
River Reka into the cave system (photograph : P. Habic). 

Tabula PeuJinqeriana 

Figure 5 
Section of the Tabula Peutingeriana with the Timavo springs (Fonte Timavi , indicated with a circle) . 
From I. Miller, 1962. 
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Sketch of the Duchy of Krain in the 19th century, simplified after the "Krain Kuestenland" map ("Coa­
stal Krain" in Meyers Konversationslexikon, vol. 10, p.618-619, LeipzigNienna, 1896. Since 1919, 
this area has in its entirety belonged to NW Yugoslavia. Polje series: Lo = Loz polje, C = Zirknita 
(Cerknisko) polje, P = Planina polje (Planinska P.), L = Logasko polje, T = Ternowan Forest, BW = 
Birnbaum Forest, G = Goerz (Gorizia), S = St. Kanzian (Skozijanska jama, or San Canziano caves) , 
R = Reka River (It. Upper TImavo), GS = Gotschee. 

gure 7 
"Durchschnitt des Gebirges, urn das An- und Ablaufen des Zirknitzer See zu erklaeren" (T. Gruber, 
1781, p.131) ("Profile through the mountains to explain the flooding and drainage of the Zirknitz 
Lake"). This picture comes close to modern standards in accordance with the "progress in the 
natural sciences in the last few years in Austria" (Ignaz Edler von Born in the preface to R. Gruber, 
1781 , p.2) . Photoenlargement, University Library, Graz, 1972. 
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Figure 8 
The Danube crossing the karst of the Swabian Ab;' Due to water losses between Immendingen and 
Beuron, the river bed is dry after long periods of drought. The water reappears in the Asch spring, a 
tributary of the Rhine. 

54 



DAS 

I(ARSTPHANOMEN. 

VERSUCH 

~IORPHOLOGISCHEN MONOGRAPHIE 

D'" JOVAN CVIJIC 

GEOGRAPBISCRE ABHANDLUNOEN. 

PROF. DR.. ALBRECHT PENCK IN WI EN. 

WrEN. 
ED. HOLZltL. 

Figure 9 
Title page of the first monograph on the subject of karst by J. Cvijic. 

Figure 10 
Solution of salt (sodium chloride) for injection into a sinkhole in the Danube below Fridingen on 
November 11, 1908. Photographer unknown. Copy of Fig. 3 from W. Kaess, 1969. p.226. 
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Figure 11 . 
Results of the first karst water tracing with dyed lycopodium spores in the Dachstein massif. Northern 
Limestone. Alps. Austria. 1957. 

Karst landforms: 
12 a) Plateau of the karst massif of the Tennengebirge (average altitude 2,400 m a.s.L). 

Northern Limestone Alps. Austria. Photograph : B. Toussaint. 1971). 
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12 b) Flooded area of the Livanjsko polje in the Dinaric Karst. The "Dinara" is in the back­
ground. Photograph : J.G. Zoetl, 1961 . 

12 c) Tower karst in Guilin, China. Photograph : J.G. Zoetl, 1983. 
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12 d) Fossil karst in arid tropics. Desert of the As Summan plateau, Saudi Arabia. 
Photograph : J.G. Zoetl, 1986. 
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Pollution Assessment In Carbonate Terranes -- A Review 

INTRODUCTION 

Esad Prohic 
Institute of Geology 

Sachsova 2, POB 283 
41000 Zagreb, Yugoslavia 

This review is concerned with the evaluation of pollution problems in carbonate terranes resulting 
from activities of man upon the carbonate environment. The annotated bibliography, which is the 
integral part of this review, represents citations from 1986 through 1987 as the fourth in the series, 
Hydrology of Limestone Terranes: Annotated BibHography of Carbonate Rocks. Not all references 
concerning pollution problems in carbonate terranes published during the years prior to 1986 were 
necessarily included in the previous Volumes I through III of the Annotated 
Bibliography of Carbonate Rocks, although there are some citations included under the topic of 
quality of water or ground-water contamination. In Volume Four, the numerous data regarding 
pollution in carbonate terranes were limited to the last decade, in which by far the most papers about 
the problem in question were published. This review is an extension of pollution data cited in 
Volume'" in which as many as 36 pollution-related citations were mentioned. 

The introductory chapter of "Pollution Assessment in Carbonate Terranes" is necessary due to the 
lack of general information about pollution in specific carbonate drainage ages. To the author's 
knowledge, no book exclusively deals with the aforementioned problems, although there are 
numerous case studies and books which include pollution studies in carbonate environments as a 
part of general studies concerning pollution assessment in aquatic and/or terrestrial environments. 
Selected books partly dealing with pollution in carbonate terranes are cited in the references at the 
end of this chapter. 

Ground-water pollution exists in nearly all sedimentary terranes and in many areas of metamorphic 
and igneous rocks groundwater is in contact with carbonate minerals during at least part of its flow 
history (Freeze and Cherry, 1979). It is thus hard to strictly define "carbonate" groundwater. For the 
purpose of this review and annotated bibliography, the deSignation "groundwater in carbonate 
terranes" will refer to groundwater which derives its compoSition, physicochemical parameters, and 
present state mainly from interactions with carbonate rocks, i.e. Hmestones and dolomites. In this 
definition we do not include any measurable values, thus estimation is subjective. 

Pollution studies are generally very complex and usually comprise a variety of parameters to be 
monitored and measured together with mutual, multiple, component interactions. Before considering 
carbonate rocks per se, it is necessary to briefly diSQJss the definition of pollution, types and sources 
of poHutants, and ways of evaluating past, present, and future pollution and its behavior pattern in 
the natural ecosystem. As we become familiar with the general framework, the "carbonate-system 
pollution mosaic" develops. 

GENERAL REMARKS 

Purpose and Scope 

Unlike the rest of wildlife, Homo saPiens has used its senses to choose the most beautiful places for 
settlements, and has used its intellect to find a place to satisfy his natural sense of being practicable. 
Man has chosen places along waterways, near the mouths of rivers, and in closed environments 
which enable him to trade, travel, utilize the natural goods and gifts of nature, as well as to rid 
himself of used, undesirable, and unnecessary products of his life. Once chosen for its beauty, 
human environments progressively degrade in beauty and quality, and in many cases becomes 
hazardous for humans. As man continually seeks to change his environment, improvement of 
environmental quality is a crucial consideration. Unfortunately for some ecosystems, it is too late for 
improvement. However, environmental problems of most ecosystems can be alleviated if man 
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becomes aware of the severity of these problems. "Minamata disease" in the early 1950's (mercury 
poisoning) or "itai-itai disease" (cadmium poisoning), for example, are extreme cases of 
environmental ills, which, alas, are becoming more commonplace. The cadmium concentration level 
in the Rhine River has risen more than 1 00 times within the last 80 years. Some famous 
recreational areas have been closed due to serious changes in environmental quality. Some areas 
established to improve human health, nevertheless, have become dangerous to man's health. 
Wastes directly introduced into the environment can change its quality, as can other activities of man, 
such as the diminishing of natural surface- and ground-water flows, built-up dams, deepening of 
navigable channels, and extension of useful space of harbors (Salomons and Forstner, 1980). All of 
these actions can lead to intensification of pollutant activity in the natural ecosystem. This is why all 
of man's activities leading to any change of environmental parameters must be examined carefully 
with complete scientific and human responsibility. 

Contamination and Pollution - Deflnftlon 

Pollution is interdisciplinary and is a very complex problem. Therefore, no definition can be 
universally applicable to all individual cases. Whitehead and Lack (1982) cited some authoritative 
statements about the definition of pollution pubHshed since 1952. These authors proposed the 
acceptable definition of pollution to be as follows: . 

"Any modification either natural or artificial, which, directly or indirectly, changes the 
quality of water and disturbs or destroys the balance of ecosystems and natural 
resources, so that it (1) causes hazards to public health, (2) detracts from the 
convenience, efficiency and well-being of man and his communities, and (3) impairs 
the beneficial uses of water." 

A shorter definition is given by Fried (1975): 

" ... a modification of the physical, chemical and biological properties of water, 
restricting or preventing its use in the various applications where it normally plays a 
part." 

More important than the definition itself is the introduction of a distinction between "contaminant and 
contamination" and "pollutant and pollution" which have different meanings in various published 
papers. The State of Califomia, for example, in a 1950 law, defines contamination as the 
"impairment of water quality by sewage or industrial waste causing an actual hazard to public health 
or an equivalent effect." This law regards pollution as anything which "adversely and unreasonably 
impairs the beneficial use of water even though an actual health hazard is not involved." In some 
European and' African countries, contamination of water is Hnked with biological agents which play a 
role in transmissible diseases. In these countries, pollution is connected with physical agents or 
chemical substances which cause health hazards or impair the uses of water (Whitehead and Lack, 
1982). According to Walker (1969), the pollution of groundwater was defined as "an impairment of 
water quality by chemicals, heat, or bacteria to a degree that does not necessarily create an actual 
public health hazard, but does adversely affect such waters for normal domestic, farm, muniCipal, or 
industrial use," The term "contamination" denotes impairment of water quality by chemical or 
bacterial pollution to a degree that creates an actual health hazard to public health through poisoning 
or the spread of disease. In contrast, Freeze and Cherry (1979) stated the following: 

"all solutes introduced into the hydrologic environment as a result of man's activities 
are referred to as contaminants regardless of whether or not the concentrations reach 
levels that cause significant degradation of water quality. The term pollution is 
reserved for situations where contaminant concentrations attain levels that are 
considered to be objectionable," 

In this review, we follow the statement proposed by later authors. 
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Types of Pollutants and General Issues 

Considering the number of chemical compounds which" are known and recorded in Chemical 
Abstracts (more than 3 million), the nurmer of chemicals which have become serious pollutants is 
comparably small. According to Hutzinger and others (1977), the most important question for every 
environmental scientist is: 

"What makes a chemical compound a pollutant; what features make some chemical 
real or potential environmental hazards and others not?" 

There are many statements with respect to that fundamental question. According to the Chemical 
Substances Control Law in Japan, a country suffering very much from heanh injury through 
environmental pollution, all new chemical substances introduced Into the environment must not have 
more than one of such hazardous properties as non-biodegradability persistence or a high degree of 
bioaccumulation or chronic toxicity (Sasaki, 1977). Many, if not all, governments have issued a Hst of 
hazardous substances, along with the allowable level of concentrations and the Umits above which 
some substances can be regarded as a pollutant. However, there are only arbitrary levels for 
temperature, oxygen concentration, pH, hardness of water, and other modifying factors which can 
effect greatly the toxicity of the pollutants. Therefore, it appears that the most accurate definition of 
"pollutant" is by Hutzinger and others (1977), which is: 

". . . a chemical compound is more likely to be a serious pollutant if it fuHllls most if 
not all, of the following criteria: large (industrial) production, use which makes 
environmental leakage likely, high dispersion tendency, pronounced persistence, 
tendency to bioaccumulate and hig~ toxicity." 

All of these criteria relate to: (1) the intrinsic toxic property of the chemicals, and (2) three rate 
factors related to behavior of the environment (ecokinetics), i.e. rate of release into the environment, 
rate of disappearance from the environment, and rate at which the compound or its degradation 
product becomes available to an organism in question (Hutzinger and others, 1977). 

According to Forstner and Wittmann (1979), two groups of substances in particular have a lasting 
effect on the natural balance in an aquatic system: (1) nutrients, which promote unrestricted biologic 
growth, and in tum, oxygen depletion, and (2) sparingly degradable ("refractory") synthetic chemicals 
and other waste substances which often induce multiple effects on aquatic ecosystems. The latter 
group includes, among others, trace metals, which are by far the most dangerous because trace 
metals are not usually eliminated from the aquatic ecosystem by natural processes, unlike most 
organic pollutants: and secondly, most metal pollutants are enriched in mineral and organic 
substances. Most toxic metals tend to accumulate in sediments from which they may be released by 
various processes of remobilization. Then through the biologic chain the toxic metals reach humans 
and cause chronic and acute ailments. 

Assuming deleterious effects of pollutants to be excess plant production, deoxygenation, and toxiC or 
similar deleterious physiological effects on organisms, Connell and Miller (1984) divided pollutants 
into six main groups as follows: (1) organic matter; (2) plant nutrients; (3) toxic substances (including 
trace metals); (4) suspended solids; (5) energy (including thermal discharges); and (6) pathogenic 
microorganisms. These six classes provide a good basis for ciscussion of the overall interaction of 
pollutants with ecosystems. Ukewise, san intrusion in coastal regions of carbonate terranes must be 
included as an additional source of pollution. 

Concerning sources of pollution, the very first step is to distinguish diffused non-point and point 
sources. Non-point sources (for example, atmospheric sources) originate from vast regional areas, 
while point sources (for example, land disposal sites or mining effluents) are essentially localized. 
Forstner and Wittmann (1979) dean with metal pollution of the environment in distinguishing the 
following five different sources: (1) geologic weathering, (2) industrial processing of ores and metals, 
(3) the use of· metals and metal components, (4) leaching of metals from garbage and solid waste 
dumps, and (5) animal and human excretions which contain heavy metals. Regarding ground-water 
pollution, Fried (1975) was able to distinguish four main origins: (1) industrial, (2) domestic, (3) 
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agricultural, and (4) environmental. In that context, industrial pollution is carried to the aquifer by: (a) 
used waters which contain chemical compounds and trace elements (radioactive pollution can also be 
transported in this manner), (b) rain infiltrating through . waste disposals, . and (c) accidents, such as 
the breaking of a pipefine. .Domestic poNutionls carried to the aquifer by: (a) rain infiltrating through 
sanitary landfills; and (b) accidents such as the breaking of septic tanks.. Agricultural pollution is due 
to irrigation water or rain carrying away chemicals. Environmental pollution Is mainly due to sea­
water intrusion in coastal aquifers. 

Freeze and Cherry (1979) cited the following as sources of contamination of groundwater: (1) land 
diSposal of solid wastes, (2) sewage disposal on land, (3) agricultural activities, (4) petroleum leakage 
and spills, (5) disposal of radioactive waste, (6) deep.well disposal of liquid wastes, and (7) other 
sources in which they inctuded contamination from salts in vidnity of roads, activities of the mining 
industry, seepage from industrial waste lagoons, etc. In the author's opinion, the best elaboration of 
the sources of pollution was given by Whitehead and Lack (1982) as follows: 

A. Sources capable of control at a point (point sources): 

1) Household and domestic wastes 
2) Industrial wastes 

a) organic 
b) inorganic 
c) heat 
d) radioactive substances 

3) Surface wastes from impermeable areas 
a) inadvertently discharged pollutants 
b) avoidably discharged wastes 

4) Wastes from specifically drained sites 
a) suspended solids from construction sites, quarries, and mines 
b) runoff from spoil heaps 
c) leachates from lined ,andfill sites 
d) mine drainage water (dissolved pollutants) 

5) Illegal discharges 

B. Diffuse (non-point) sources: 

1) Contaminated. ground water and natural drainage flows 
2) Resuspended sediments 
3) Contaminated rainfall and atmospheric fallout 
4) Accidental discharges, unpredictable in time and space. 

A new group, which probably will be included, is dredged and fill materials, i.e., sediments removed 
from the bottom of streams, rivers, lakes, and coastal waters; fill materials are transported via ship, 
barge or pipeline and discharged to land or water. Dredging activities can cause serious problems in 
site (disturbing the system by resuspension, changing the pH and Eh parameters of the ecosystem), 
leading to release of some trace metals to over1ying water, and in the disposal site due to 
accumulation of contaminated sediments in a restricted area of water or land. 

There are several other attempts concerning the sources of pollution, but they follow, more or less, 
the sources cited above. 

Pollutant Behavior and the Environmental Fate of Pollutants 

In the previous section, pollution potential was discussed as the conditions which chemicals ITlJst 
fulfill to be treated as a pollutant. However, there is another important subject in pollution studies 
which must be considered -- the receiving capacity or medium for accepting the particular 
pollutant(s). For a given input, the concentrations found in the receiving medium are affected by (1) 
the dilution and dispersion occurring within the problem area, (2) the reactions occurring between 
pollutants, and (3) chemical and biological interactions with the surrounding environment during 
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transportation (Whitehead and Lack, 1982). The very first requirement for a chemical to be treated 
as a pollutant is its availability, i.e. bloavailability, which means that the chemical in question must be 
present in. dissolved form in time and space of consumption. 

Subsequently, another important feature of pollution is residence time of the pollutant in an aquatic 
system. The equation which enables us to predict whether a certain chemical tends to remain 
solubilized or to adhere to the particulate material is given by Barth (1952): 

Where: 
A 

dAldt .. 

T 

the total amount of the element in suspension or solution in a specific water 
body, and 
is the amount introduced into the water body within a specific interval of time. 

It has been noted that in most rivers equilibrium cannot be completely achieved between the solution 
and the soUd phases due to the short residence time. Nonetheless, the use of contaminated water 
for drinking water purposes is often possible only because of the tendency of most of the heavy 
metals to adhere to solid particles, in particular, when the metal concentration is markedly high 
(Forstner and Wittmann, 1979). Thus, the "conservative" or "non-conservative" behavior of pollutants 
in the aquatic system depends on numerous factors during the transport and deposition of pollutants. 

According to Connell and Miller (1984), the transport and transformation of pollutants in the 
environment are related to physicochemical properties of pollutants, transport processes in the 
environment, and pollutant transformation processes. The introduction of a chemical into the 
environment will result in intercompartmentaJ transfers to estabHsh equilibrium which is dependent on 
the physicochemical properties of the substance. The distribution of pollutants in aquatic 
environments is strongly influenced by a number of interactive transport processes, such as 
volatilization, precipitation from air, teaching, and runoff. Some transport processes, such as 
volatiUzation, decrease the concentrations in water, whereas other processes increase the 
concentrations. In addition, soil and sediments play major roles in the transport and removal of 
environmental pollutants by providing sorption surfaces, acting as buffer systems, and serving as 
sinks for pollutants (Connell and Miller, 1984). Although sediments have been characterized as a 
"sink" to pollutants in fresh-water ecosystems, two-directional exchange does occur across the 
sediment-water interface. The magnitude of exchange in both diredions is clearly dependent on both 
the character of the sediments and the overlying water; the ratio of the sedimentary input to losses to 
the water varies from ecosystem to ecosystem. The inpuHelease equilibrium is strongly influenced 
by: (1) the mineral composition of the sediments; (2) grain-size distribution; (3) types of bonding 
among elements and sedimentary corT\lOnents, and (4) physicochemical parameters, mainly pH and 
Eh at sediment-water interface. Although the whole metal (or other pollutant) concentration in the 
sediment can be surprisingly high, only a limited part of it can be involved in relatively short-time 
geochemical processes at the sediment- water boundary. However, these small quantities may 
represent a substantial environmental impact based on their associated bioavailability and toxicity. 
Therefore, with regard to the study of .polluted sediments,' the bonding strength of particular pollutants 
in the sediment must be clearly established, together with the type and amount of pollutants which 
can be released to contaminate the aquatic bio- system, as well as environmental circumstances. 
The latter assumption is associated with the prediction of environmental changes which can disturb 
the input-release equilibrium toward the significant release of pollutants from sediments to the 
overlying water body. Speciation or partitioning pattern of chemicals, both in sediments and water, is 
very important with regard to bioavailability, toxicity, and transport of particular pollutants. The 
characteristic partitioning pattern of elements in carbonate rocks will be discussed in more detail in 
the section on pollution in carbonate sediments. In this section, the main sites of elements in 
sediments are briefly discussed. According to Engler (1980), with regard to elemental partitioning, 
the following categories of sediment components should be considered: 
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1. Interstitial water, 
2. Mineral exchange phase, 
3. Reducible phase (hydrous oxides of iron and manganese as weH as hydroxides of Fe and 

Mn), 
4. Orgaric phase, and 
5. Residual phase. 

A particular element or molecule can then be present (partitioned) in a sediment in one or more 
locations. Possible locations include: (1) the lattice of crystaline minerals, (2) the interlayer position 
of phyllosilcate (clay) ninerals, (3) adsorption on mineral surfaces, (4) association with hydrous iron 
and manganese oxides, (5) absorption or adsorption with organic matter, and (6) dissolved in the 
sediment interstitial water. These represent a range in the degree by which an element may become 
released to the overlying water from stable components in the mineral lattices (inert for the aquatic 
system) to soluble compounds in the sediment interstitial water, which are readily mobile and thus 
the most dangerous to aquatic Ite and directly or indirectly via food chain to humans. At least five 
major processes control the release of metals from sediment to overlying water (Forstner, 1979): 

1 . Elevated salt concentrations, 
2. Changes In redox conditions, 
3. pH changes, 
4. Presence of corJ1)lexing agents, and 
5. Biochemical transformation. 

When trace metals enter natural waters and become part of this system, their distribution processes 
are controlled by a dynamic set of physicochemical interactions and equilbria (Stumm and Morgan, 
1981). The solubility of trace metals in natural waters is principally controlled by pH, type and 
concentration of Iquids and chelating agents, and oxidation state of the nineral components and the 
redox environment of the system (leckie and James, 1974). 

In this section, the main processes are discussed with regard to governing the behavior of pollutants, 
mainly trace metals, in the aquatic ecosystem. Usually more than one process acts simultaneously 
which emphasizes the deficate question of providing the most useful analytical approach for 
measuring the environmental parameters and i"1)act of particular pollutants upon the ecosystem. 

Pollution Monitoring 

The previous section dealt with the ecological relationships between pollutants and the environment; 
The present section is concemed with environmental pollution management. The effective 
management of pollution requires knowledge of the detrimental effect that occurs in the natural 
environment and the pollution factors causing these effects (Connell and Miller, 1984). According to 
Holdgate (1979), a knowledge of the following factors is needed for an effective monitoring program: 

1. The specific pollutants entering the environment, and their quantities, sources, and 
distribution; 

2. The effects of those substances; 
3. Trends in concentration and effect, and the causes of these changes; 
4. How far these inputs, concentrations, effects, and trends can be modified, and by what 

means and what cost. 

One of the major problems encountered with the measurement and evaluation of toxic substances in 
sediments and water is that pollutants rarely occur alone. More often, one is faced with a 
combination of different pollutants with a varied ratio of chemical speciation. These combinations 
may exert a synergistic or antagonistic effect on aquatic organisms, with the effect varying widely 
among species as to tolerance or susceptibility to pollution (Jennet and others, 1980). Unfortunately, 
the analyses of most toxic pollutants are performed for each individual element with no evaluation of 
combined effects of pollutants. Another important consideration is the duration of exposed effects on 
aquatic organisms and human health, and the question of short-and long-term effects. 
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In concise form, this problem is summarized in the United Nations Environmental Programme (UNEP) 
Report (19n) as follows: 

The present concern about chenical pollutants in water is not so much with the acute 
effects on human health (although they do occur), as with the possible long-term effects of 
low level exposures which are often unspecific and difficult to detect. In addition to the 
possible effects of ingestion and other direct water contracts, chenicals may· influence 
man's health indirectly by disturbing the aquatic ecosystems or by accumulating in aquatic 
organisms used as human food. Investigations need to be undertaken on the long-term 
effects of the various contaminants with considerations of their chemical and biochemical 
transformation which may take place. 

Quantitative and qualitative measurements of pollution in one ecosystem can be done in several 
ways. Measurement strategies can be classified into three main groups, according to: 

1. Method of measurement and observation, 
2. Object of measurement, and 
3. The part of the ecosystem that is measured and observed. 

According to the first strategy, the pollution measurement can be divided into (Whitehead and Lack, 
1982): 

1. MONITORING: The continuous, standardized measurement and observation of the 
environment; 

2. SURVEY: A series of intensive programs of finite duration, designed to measure and 
observe the environment in detail for a specific purpose; and 

3. SURVEILLANCE: The continuous specifIC observation and measurement of the 
environment relative to control or management. 

Within the environment itseH, the objectives of environmental management, in relation to monitoring, 
can be met by fOCUSing on two aspects: 

1. Monitoring the pollutant in different parts of the environment, generally described as factor 
monitoring; 

2. Monitoring the effects of the pollutant on the natural ecosystem and associated biota, 
described as target monitoring (Connell and Miller, 1984). 

With regard to the part of the ecosystem in which the pollution is tracing, one can distinguish air 
monitoring, water monitoring, sediment monitoring, and biomonitoring. For advantages and 
disadvantages of each type of monitoring, the reader is referred to Forstner and Wittmann (1979) or 
Connell and Miller (1984). 

All above-mentioned strategies in measurement and observation of pollution effects on the 
environment are suitable for evaluating the environmental impact of various pollutants. The choice of 
a particular approach depends on the nature of the pollution problem. 

POLLUTION PROBLEMS IN CARBONATE DRAINAGE AREAS 

Introduction 

In addition to the general sources and methods of pollution cited in previous sections, the carbonate 
drainage areas exhibit some very specific pollution patterns. In general, pollution in carbonate 
terranes can be regard as occurring with very high probability, mainly due to the following: 

1. In many areas the soil is thin (or may even be missing) which results in poor filtering and a 
rapid passage of surface water to the ground. 

2. There are practically no fine-grained aquifers so that natural purification (self-purification) of 
water through mechanical processes is not probable. 
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3. The size of. the voids in aquifers is large and allows water to flow through with high 
velocities. Polluted water may therefore require only a short time to oover the distance 
from its point of entry into the ground to the point of its emergence -- perhaps a few days 
only. . This time span is usually not sufficient for the achievement of biological self­
purification processes. 

4. Due to the frequency, multiplicity, and ubiquity of fissures and of their interconnections, 
possible pollution may be suspected from the surface, even at small distances from the 
point of water emergence (Herak, 1972). 

These features, together with features specific to aquifers in coastal regions (salt intrusion) or shallow 
aquifers (improperly designed abandoned wells), encourage us to emphasize that carbonate drainage 
areas are probably the most dangerous for severe pollution to occur. Natural depressions, common 
in areas of karst topography, appear convenient for solid waste disposal, especially household and 
domestic wastes. There are numerous examples of karst depressions being used in this way, 
ignoring the fact that there are practically no differences in disposal of garbage to the bottom of 
dolines or pits or directly to the groundwater. So, speleologists and tourists investigating and visiting 
caves and pits are faced not only with the beauty of the underground world, but with the products of 
civilization, such as cans, plastics, dead animals, and so forth. 

Pollution in carbonate terranes can be traced in several ways, two of which are air monitoring and 
biomonitoring. These methods are probably not convenient for carbonate drainage areas. Air 
monitoring is suitable in the vicinity of large cities and industrial zones and is not specifically 
associated with carbonate terranes. The latter method, biomonitoring, is primarily associated with the 
observation and measurement of pollutant levels in marine or brackish organisms, rarely in fresh­
water organisms. Although most method of pollution monitoring are associated with carbonate rocks 
and water passing over and through these rocks, they are, however, beyond the scope of this 
review. The remaining ones, i.e. sediment and water monitoring, will be the points of our discussion 
and will include carbonate rocks (limestones and dolomites), and water (surface- and groundwater) in 
carbonate-bearing rocks. 

Pollution in carbonate terranes is influenced by introduction of anthropogenic and industrial materials 
into the system and by specific interactions at (carbonate) sediments or mineral-water interfaces. For 
better understanding of later interactions, it is necessary to treat both phases (i.e. sediment and 
water) separately. 

Pollution Recorded In Carbonate Sediments 

Determination of the concentration of heavy metals in sediments has become a common means of 
assessing the extent to which an area is impacted by anthropogeniC input (Santschi and others, 
1984; Roy and Crawford, 1984; Dominik and others, 1984; Armannsson and others, 1985; Prohic, 
1984; Prohic and Juracic, 1987; Prohic and Kniewald, 1987). 

Chemical analysis alone, without taking into account the petrography and the origin of sediments, can 
lead to over-estimation of the anthropogenic contribution of a particular heavy metal (Whitehead and 
others, 1986). Sediments, if they are not of man-made origin, are products of large- scale chemical, 
mechanical, and physical breakdown processes. It is therefore necessary to collect as much relevant 
information as possible on the origin of sediments, their physicochemical and mineralogical 
characteristics, and on environmental factors controlling weathering, transport, and deposition 
processes (Prohic and Juracic, 1987). 

One of the major tasks in determining the extent and the source of pollution by means of trace 
element concentrations in carbonate sediments is to estimate the natural concentration of the specific 
element, which should represent the "pre-industrial" level. Concentrations above this value are 
presumed to be anthropogenically influenced. Estimates of the natural concentration for the specific 
element in carbonate sediment are not straightforward because they depend on: a) changes in the 
chemistry of the source region; b) physical and chemical conditions during weathering, transport, and 
deposition; c) diagenesis; and d) the chemistry and movement of groundwater (Forstner, 1983; Plant 
and Raiswell, 1984; Armannsson, 1985). Additional factors which complicate the situation and may 
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lead to considerable variations are parameters in host sediments such as grain size, mineral 
composition, and organic content (Parker, 1982). Because all the necessary data are not accessible, 
several methods have been suggested to establish background values for trace elements (Forstner 
and Wittmann, 1979; Forstner, 1982), e.g. to take as a background value: 

(a) Average shale corJ1)Osition, 
(b) Fossil sediments presumed to be a source rock, 
(c) Recent deposits in relatively unpolluted areas, and 
(d) Dated sedimentary cores, where all the events are recorded, taking the values from deeper 

parts which are time-defined as "pre-lndustrlal." 

Assurnng the average shale corJ1)Osition as the background value, although very popular with some 
authors, is only conditionally acceptable for carbonate matrices. Carbonate systems are known to 
exhibit large variations in the matrix, its mineral compoSition, and the type and quantity of organic 
content. Trace element levels in shales are generally higher than in carbonate sediments (except for 
elements which tend to substitute Caz

+ in carbonates) mainly due to the adsorption onto a clay 
mineral surface, and due to organic-metal interactions. 

The source rock in karst areas is difficult to estimate, due to specific hydrology. Consequently, using 
background values for the trace element concentrations from fossil sediments may lead to erroneous 
estimates. Moreover, changes during weathering, transport, and deposition may alter primary 
material significantly, and therefore the background value is not easily established. 

If the composition of the recent deposit in a relatively unpolluted area is used as a background value 
for pollution assessment, completely erroneous conclusions may be reached, if the geology and 
petrography of the drainage area is not considered (Whitehead and others, 1986). The example of 
the natural, relatively high concentration of chromium in southern Adriatic, which is due to chromium­
bearing basic and ultrabasic rocks in the source region, was given by Paul and Meischner (1976). 

The fourth method of determining background value appears to be the most realistic. In dated 
sedimentary cores, surface layers exposed to pollution and deeper layers with deposits belonging to 
the "pre- civilization" time with no anthropogeniC influence can be analyzed simultaneously. 
Therefore, if there are no dramatic changes in the source region, transport medium, and the basin 
itself, the values from the layer deposited a few hundred years before can be presumed as 
background values. Some problems can arise if changes in grain size or mineral corJ1)Osition occur 
with depth. In such cases some standardization must be done (Forstner and Wittmann, 1979; 
Salomons and Forstner, 1980; Ackermann, 1980). To rnnimize the grain-size effect, the best method 
is to analyze the fraction below 321J.1.m (or 21J.1.m) because most heavy metals are bound to that 
fraction. Only exceptionally the coarser fraction does have significant trace element concentrations. 
Additional information is needed on the geochemical behavior in order to understand the post­
depositional migration of the investigated trace elements (Prohic and Juracic, 1987). Useful 
information about natural and anthropogeniC concentration levels for selected trace elements in 
Dinaric karst areas (Yugoslavia) can be found in the following papers: Prohic, 1984; Prohic and 
Juracic, 1987; Prohic and Kniewald, 1987; Juracic and others, 1984; Jelaska and others, 1984; and 
in several unpublished reports by Prohic and collaborators. 

In tlie study of pollution effects in carbonate sediments, carbonate minerals are usually not regarded 
as scavenging agents for heavy metals (Mn, Zn, and possibly Pb being notable exceptions) due to 
the similarity of their ionic radii with the Caz

+ ion. Furthermore, the surplus of metal contaminants 
introduced into the aquatic system as anthropogenic input usually exists in comparatively unstable 
chemical forms and is not incorporated into the crystal lattices of minerals (Forstner and others, 
1982). The extent of heavy metal sorption on carbonates has been a source of conflicting opinion 
for many years (Forstner and Wittmann, 1979). Currently, more information has become known 
about the processes of carbonate sorptions. It appears that the surface energy of carbonate 
minerals is generally sufficient to effect adsorption, at least in the order of magnitude observed for 
clay minerals such as kaolinite (Suess, 1973). Data obtained by Deurer and others (1978), Prohic 
(1984), Prohic and Kniewald (1987) and Juracic and others (1984), among others, imply that 
coprecipitation with carbonate minerals may be an important mechanism for a number of metals, i.e. 
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zinc, manganese, lead, etc. For some elements, similarity in ionic radii with the Caz
+ ion supports 

this idea. However, for those in which the ionic radii clffer greatly from that of· Caz+, and which are 
associated with carbonate minerals (Prohic, 1984, Prohic and Kniewald, 1987), some additional 
mechanisms of carbonate scavenging must be determined. The presence of organic or inorganic 
(mainly Mn-oxides or hydroxides) coatings on the surface of the carbonate mineral particles may 
enhance their adsorptive properties. This may explain some "unusuar carbonate minerals-metals 
associations. However, for particles smaller than about 111J11l or of spedfic surface area greater than 
a few square meters per gram, surface energy may become sufficiently . large to influence surface 
properties. Similarly, the free energy of a sold may be influenced by lattice defects such as 
dislocation and other surface heterogeneities (Stunm and Morgan, 1981). Both conditions, small 
particle size and surface heterogeneities, can be expected to occur in carbonate drainage areas, 
especially in areas of intensive mechanical activities together with corrosion processes. These two 
forces, however, are the main forces in creation of most, if not all, morphological forms in karst 
terranes. 

An undisturbed sedment sink can contain a historical record of chemical conditions. If a sufficiently 
large and stable sink can be found and studied, the investigator can estabHsh area baseline levels 
with which existing condtions can be compared. Under changing environmental or physicochemical 
conditions (like pH, Eh, dissolved oxygen, bacterial action), sediment-bound trace metals can dissolve 
into the water column, possibly enter the food chain, and have a significant environmental impact; or 
several inert or otherwise environmentally harmless inorganic constituents can degrade, or react with 
others, to form soluble and potentially toxic forms. Finally, bottom. sediments of rivers and streams 
should be regarded as a major, if not the major, source of suspended sediment. Under changing 
hydrologic conditions (such as a heavy storm or spring runofl), a Iocalzed pollution problem can 
suddenly become widespread and result in significant environmental impact (Horowitz, 1981). 
Sediment-chemical data are a requisites for the development of a comprehensive understanding of 
the impact of trace metals on water quality, as well as transport modelling, for estimating 
geochemical cycles and for establshing· theavailabilty of various trace metals in an ecological 
system. To date, according to Forstner and Salomons (1980), the principal problems with regard to 
the presence of contaminants in sediments in the environment are: 

The potential availability of the contaminants in the sediments for aquatic life 
("bioavaUability"), and 
The problem whether remobilzation occurs, and if so, under which circumstances. 

The above-mentioned problems cannot be solved by trace metal analyses of the bulk sample alone. 
Use of the total metal concentration as a criterion to assess the potential effects of sediment 
contamination implies that all chemical forms of a given metal have an equal impact on the 
environment, which is highly Improbable (Tessier and others, 1979). Sequential extraction 
procedures, as opposed to bulk sample analysts, allow dfferentlation of the relative binding strength 
of the trace metals to the various groups of sold phases by successive leaching with chemicals of 
increasing "strength" and "selectivity" (Kersten and Forstner, 1985). Although this procedure is more 
time consuming and may involve ir:xx>mplete selectivity of the reagents used, it does provide much 
more data on the origin of pollutants, their pathways, biological and physicochemical availability, and 
possible rernobilization, than bulk sample analysis does. 

Another advantage is that the chosen fractions are likely to be affected by various environmental 
conditions. This means that one may, to a certain extent, simulate natural conditions in the 
laboratory which become rather important in dscussing the possible environmental impact of heavy 
metals in sediments. The critical review of sequential extraction procedUres that are used can be 
found in specialized papers, e.g. Salomons and Forstner, 1980; Forstner, 1982; Forstner, 1983; 
Forstner and Patchineelam, 1980; Forstner and others, 1982; Prohic, 1984; Rapin and Forstner, 
1983. Most of the published papers of sequential extraction analysis deal with polluted clastic 
sediments, and relatively few attempts have been made to evaluate partitioning effect in sediments of 
carbonate catchment areas (Deurer and others, 1978; Prohic, 1984; Prohic and Kniewald, 1987; 

. Juracic and others, 1984). In these papers, the authors present elaborate schemes for analysis of 
carbonate sediments. 
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Although the following assumption is not true for all carbonate systems, for simpHcity, the sediments 
in carbonate drainage areas can be treated as monomlneralic, i.e., composed entirely of carbonate 
minerals, calcite, and dolomite. For remobiHzation of elements bound to carbonate phase to occur, 
the simplest approach is to consider the conditions or change certain environmental parameters, 
which can lead to dissolution of carbonate phase, accompanied by release of associated metals to 
overlying water. Dissolution of CaCOa can occur as a consequence of: 

Introducing the CO2 into the system; 
Decreasing in temperature (if CO2 is not present) or increasing the hydrostatic pressure (if 
partial pressure of CO2 is kept constant); 
Decreasing in salinity; 
Powering the pH (acidification), etc. 

Consequently the opposite process, CaCOa precipitation, can lead to purification of water and must 
be taken into account as well. According to Mueller and others (1972), the conditions for CaCOa 
precipitation can be classified as follows: 

CO2 loss or extraction as a result of changes in the pT conditions or by plant assimilation, 
either by macrophyta or by microphyta; 
Evaporation concentration; or 
Mixing of different water bodies. 

With respect to the coprecipitation of trace elements in carbonate, the third possibility is of special 
interest. If an alkaline water body comes into contact with and becomes mixed in river water with 
normal Ca2

+ and HCO; levels under neutral pH conditions, the pH will increase. Consequently, the 
solubility product of calcium carbonate is drastically reduced and CaCOa is precipitated in the mixing 
zone, carrying heavy metals from solution with it (Forstner and Wittmann, 1979). 

In the preceding disaJssion, it was shown that aquatic systems that are physically dynamic are also 
chemically dynamic. The key to understanding and predicting metal transport and environmental 
availability is the identification and quantification of the metal associations in sediments and the 
reactions among sediment, water, and biota. Because aquatic system are chemically dynamic, the 
goal of water-quality projects Should be not only to describe existing conditions at some point in time 
and infer their effect on the environment, but also to attempt to predict Hkely occurrences later when 
physicochemical conditions change (Horowitz, 1935). In the preceding discussion, some changes 
were outfined which likely can disturb the equilibrium in carbonate drainage areas, thus emphasizing 
the role of carbonate sediments as possible non- ultimate sink for pollutants, namely heavy metals. 

Pollution Assessment In Water 01 carbonate Drainage Areas 

Pollution in Natural Waters--Introduction 

The geochemistry of natural waters deals with the distribution and mobility of chemical species and 
compounds at or below the earth's surface and dynamic mutual interactions of the atmosphere, 
lithosphere, hydrosphere, and biosphere. The quaHty of natural waters depends on the mineralogical 
composition of the aquifer and adcitional inputs due to man's activities. During the movement of 
water through an aquifer, its composition will gradually change due to dissolution of rocks, chemical 
reactions with solids, liquids, and gases with which they come into contact during various parts of the 
hydrological cycle. These reactions generate various geochemical parameters, i.e. pH, Eh, ionic 
strengths, and microbial processes. which are created by these parameters. These assumptions are 
valid for all natural systems and especially for systems which involve the relatively easily soluble 
rocks, as carbonates are. 

In this discussion, the expression "natural waters" is used in order to denote that, as far as water 
quality and water pollution are concemed, there is practically no distinction between surface and 
subsurface (ground) waters. As was cited by Greenfield (1971): 'he line of demarcation between 
ground water is indistinct." It is not a line but a continuum, variable from place to place and time to 

./ 
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time. Groundwater becomes surface water and vice versa. Both are parts of the same system, the 
hydrosphere. This connection and interchange is nowhere so obvious as in karst terranes because 
of the close relationship between rivers and groundwater, characterized by abrupt losses of' stream 
into fissures and ponors (swallow-hole) to recharge groundwater" and equally abrupt discharges of 
groundwater back into the surface flow system (Kudetin, 1984). 

Several decades ago the increased awareness of the wlnerability of aquifer systems to pollution 
initiated comprehensive studies of the water quaity of large American. and European rivers. It is 
difficult to imagine that prior to the last 1 Oto 20 years ther~ were no studies of ground-water 
pollution. The simple descriptions of ground-water aquHers ill the . past -- often defined only in terms 
of bulk hydraulic gradients -- are no longer sufficient to define the' physical, geochemical, and 
microbial systems which control the propagation and attenuation 0' pollutants in groundwater (Young, 
1~85). Pollution of groundwater is, however, more serious than subsurface water pollution. Because 
of heterogeneities inherent in subsurface systems, It Is more difficult to predict the path and rate of 
pollutant movement, primarily due to: 

Complex geochemical reactions and transport mechanisms in subsurface waters are not well 
understood; 
Time required for the subsurface pollution to be detectable; 
Long time required for pollutants to be flushed from ground water in order to establish 
previous conditions; 
Cost of ground-water systems to be replenished. 

Knowledge of these factors is necessary to minimize the effects of existing agricultural, industrial and 
municipal activities upon ground- water quality. 

As stated in EPA's Project Summary by Lobel (1986) 

". . . in the United States, approximately 56 quadrillion liters of water are stored within 
0.8 kilometers of the land surface. Ground ~~er supplies about 25 percent of all 
fresh water used.. Fifty percent of U~S" citlzEms 'obtain all or part of their drinking 
water from ground water; and 95 percent of ruraJ households depend totally upon It. 
COmmercially, groundwater is' extensively e""loyed in agricultural practices, 
particularly for irrigation, and in various, industries." 

Although less poisoning occurs from drinking water than via the food chain, the amount of 
groundwater used per country Is alarming. 

Chemical Quality of Ground Waters in Carbonate Aquifers 

Regarding groundwater in areas consisting exclusively of carbonate rocks, the most i"l>Ortant 
controlling processes which influence the chemical quality of groundwater before it reaches the spring 
orifice or well head, according to Langmuir (1984), are: 

1. The composition of the atmospheric precipitation which becomes ground-water recharge; 
2. Evapotranspiration 10s$8s from ground-water recharge and shallow ground waters; 
3. The acidity and degree of'undersaturation of ground-water recharge and ground water with 

respect to the carbonate rocks; 
4. The availability and solubiHty of carbonate and associated rocks including halite, gypsum, 

and anhydrite; , 
5. Rates of solution of these rocks and contact time of the ground water with them; 
6. Hydrologic processes such as dilution by fresh ground-water recharge and mixing of 

dissimilar ground waters; 
7. Anthropogenic processes, including ground-water pollution by Hquid wastes or leachates 

from solid wastes. 

Only the last two processes are usuaHy' regarded as degrading the quality of groundwater in 
carbonate terranes. Moreover, the dissolution of carbonate rocks is not considered as a process 
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which significantly contributes to water quality state (or only, for example, for Mg and impurities such 
as Sr and Fe). However, as inclcated in section 3.1, calcite trace metal associations, mostly by 
coprecipitation and partly by adsorption processes, can be significant in the case of several trace 
metals, i.e., Zn, Pb, Cd (for more detailed data of amounts of trace metals present in calcite, the 
reader is referred to Deurerand others, 1978;, Prohic, 1984; andProhic and Kniewald, 1984). 
Additionally, pure limestones anddolonites are rare' in nature and primarily' contain considerable 
amounts of insoluble residwm, :ooR1JOS8d chiefly of clay minerals andiron and manganese oxides 
and oxihydrates of low crystallinity, together with variable amounts of organic matter and sedimentary 
sulfides, particularly pyrite. Although the noncarbonated fraction of limestones and dolomites rarely 
exceeds 5 to 10% of total rock, it can play a notable role in binding trace metals because of the 
great tendency of these substances toward adsorption of toxic trace metals due to a large. charged 
surface area (clay minerals and,Mn and Fe- compound) and/or accessible functional groups (organic 
matter). The binding strengths among metals and those substances usually are not strong thus 
metals can easily be released to overlying or underlying water in amounts likely to be treated as 
dangerous for the ecosystem. In any case, the problem inherent in pollution studies is the 
qualification, versus quantification, of data. 

In general, the toxicity and/or bioavailability of trace metals in the aquatic ecosystem is associated 
with the partitioning pattern, i.e. speciation of a particular metal in the water (the extreme cases 
being mercury, copper, and zinc speciation-toxicity relationship; see for example, Stumm and Morgan, 
1981, Forstner and Wittmann, 1979, among others). This is true not only for heavy metals, but for 
gaseous and organic compounds, as well. Increased concentrations of dissolved Nz and NzO are not 
detrimental to drinking water. but, in contrast, NOt at concentrations above 45 mgtl, renders water 
unfit for consumption by human infants. If water contains more than 450 mg/I of N03, it is unsuitable 
for consumption by livestock (Freeze and Cherry, 1979). Species of the individual metal present 
affect not only the toxicity and bioavailability but the mobility of the particular metal in aquatic system. 
Another very important environmental parameter is to predict how far from the point of emission a 
particular metal can be expected and/or if that distance is large enough for dilution to decrease the 
environmental impact of the particular chenical. For limestones and dolomites deposited in the 
reducing condition, which is very common in carbonate basins (lagoon type or carbonate rocks from 
a restricted shelf) see, for example, Fluegel (1982), the content of organic matter can be appreciably 
high; in extreme cases involve bituminous timestones or dolomites. Many organic substances have 
extremely low solubility in natural waters. This, in general, limits the' possibility for appreciable 
migration of large quantities in groundwater. However, because many of these substances are toxic 
at very low concentrations, solubility constraints are often not capable of totally preventing migration 
at significant concentration levels. 

In general. the most dangerous organic substances present in ground water are those that are 
relatively soluble, nonvolatile and nondegradable ("refractory" organic substances). Most organic 
substances are toxic, and they can include appreciable amounts of loosely-bound heavy metals which 
can be easily desorbed during the oxidation of organic matter. 

Umestones and dolomites originated from reducing environments, except organic matter, as' a rule, 
comprise sedimentary sulfides, mostly pyrite, usually finely dispersed in a carbonate matrix of micrite 
type. Coprecipitation of heavy metals (Zn, Ni, Co, etc.) with pyrite is a very common process, thus 
pyrite can be regarded as a very irl1>Ortant heavy metal scavenging agent which significantly 
partakes in the accumulation- release metal processes in carbonate rocks. In addition to the 
coprecipitation effect with heavy metals, pyrite present in carbonate rocks can playa very important 
role in regulating pH of the system. The oxidation of the sulfide of the pyrite to sulfate (which can 
be done when pyrite is exposed to air and oxygenated water) released dissolved ferrous iron and 
acidity into the water. Subsequently, the dissolved ferrous iron undergoes oxygenation to ferric iron, 
which then hydrolizes to form insoluble "ferric hydroxide," releasing more acidity to the water, so the 
concentration of sulfate or 'acidity in the water can be directly correlated with the amount of pyrite 
that has been dissolved (Stumm and Morgan, 1981). The decompoSition of pyrite is among the most 
acidic of all weathering reactions because of the great insolubility of Fe (III). The dissolution of pyrite 
can have an environmental impact due to: (1) release of coprecipitated heavy metals, and (2) 
lowering the pH which can prolong the dissolution' of calcite and dolomite, and increase the mobility 
of metals already present in the water. The process of pyrite oxidation is usually associated with 
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mining effluents (usually coal mining) which are, certainly, the most pronounced origin of pyrite. It 
would, however, be a great mstake to neglect the role of sedimentary pyrite which is already present 
in carbonate rocks as a diagenetic or post-clagenetic product. 

In previous discussions it was shown that the trace metals-organic matter- adsorption (or 
coprecipitation) capabilty of groundwater in carbonate terranes may greatly vary due to the pH-pE 
regime; H man's activities disturb that regime, a zone that had a strong capability for trace metal 
adsorption may lose this trait 'and the reverse situation, i.e. desorption, can occur. 

Once released in groundwater, chemicals can be spread in the aquatic media following very 
complcated physical and chemical forces and processes. For more detailed data about transport 
mechanisms of pollutants in groundwater. the reader is referred to Fried, 1975. or Freeze and 
Cherry, 1979. 

Calcite and Dolomite Dissolution in Groundwater 

In the previous section, the controllng processes in carbonate ground- water geochemistry were 
discussed. The main factors which. Influence the calcite and/or dolomte dissolution in groundwater 
are now discussed. More detailed study of that subject can be found in Plummer and others (1978), 
Stunvn and Morgan (1981~), Langmuir (1984). and In many other papers which the reader can find 
cited in the mentioned papers. 

According to Plummer and others (1978). three mechanism reactions in calcite dissolution are 
operating simultaneously: 

1. CaC03 + H· - Ca2
• + He03

2
• 

2. CaC03 + H2C03 
- Ca2

• + 2HCO,t" 

3. CaC03 + ~O - Ca2
• + HC03 + OH 

The above-mentioned mechanism reactions and a Iterature review, allow determination of the main 
factors which govern the calcite (and dolomite) to be as follows: 

1. Partial pressure of CO2; 

2. pH; 
3. Tel1ll8rature; 
4. Hydrostatic pressure; 
5. Mixing of different carbonate grout:ld waters; 
6. Miscellaneous factors (impurities in calcite and dolomite, imperfection of crystalS, particle 

size, origin). 

By far the most important factor in calcite-dolomlte solubilty is partial pressure (i.e. concentration) of 
COz. There are numerous investigations found in the literature about the relationships between 
carbonate minerals solubifity and partial pressure of CO2• In general, the solubilty of calcite and 
dolomte increases with the cube root of the CO2 pressure (Stumm and Morgan, 1981). The partial 
pressure of waters in equiHbrium with the atmosphere (pCOz - 10-3.5 atm) is different from the CO2 

pressure in waters in contact with soils. Because of respiration by organisms, the COz corf1)Osition 
in soils is up to a few hundred times higher than that in the atmosphere. Consequently, water which 
passes through soils in its path to the subsurface has greater corrosion activity toward the calcite. 
As the soil cover in karst terranes greatly varies, often being completely absent, some additional 
factors of water corrosion activity must be taken Into account. However, the connection between 
surface and subsurface through numerous fissures, joints, and cavities allows the COz consumed in 
the dissolution processes to be easily replenished from the surface. 

The influence of pH on calcite and dolomite solubility was discussed in previous chapters. Generally, 
. the decrease in pH increases the carbonate minerals solubility. 

74 



The solubilties of many inorganic salts increase with temperature, but a number of compounds, such 
as calcite and dolomite, decrease in solubiHty with an increase in temperature (Stumm and Morgan, 
1981). Consequently, if the ground-water chemistry is controlled almost entirely by interactions with 
carbonate minerals, it is possible for differences in temperature along the flow paths to cause 
decreases in total dissolved solds. Water moves from recharge areas in which temperature can be 
low, to deeper zones at higher temperatures, and then back to shallow colder zones in the discharge 
areas. For waters that become saturated with respect to calcite and dolomite in the recharge areas, 
the deeper zones would be calcite or dolomite precipitation zones. Furthermore in the colder 
discharge areas, dissolution would once again occur (Freeze and Cherry, 1979). Of course, this is a 
very simple approach since many· other factors can be involved together with the presence of 
"strange" ions and because differences in temperature in carbonate aquHers need not to be notable 
regarding the calcite-dolornite solubility. Although very simple, this mechanism can explain the 
regional relationship between carbonate minerals solubility and temperature of water. 

Pressure, in general, does not greatly influence the carbonate minerals solubility, especially not low 
pressure. For example, the solubility product of CaC03 will increase with increased pressure by 
approximately 0.2 logarithmic units for a pressure of 200 atm (Stumm and Morgan, 1981). 

Mixing of groundwaters of different origin and compoSition is very common in carbonate aquifers. 
Mixing also occurs between ground-water recharge and groundwater in the capillary zone or at the 
water table (Langmuir, 1984). The most important consequence of mixing of carbonate groundwaters 
is that water resulted from mixing has greater corrosivity than component waters, and thus can cause 
additional dissolution of present carbonate rocks. This process is vaRd and possibly very important in 
creating subsurface cavities but has some qualifications which are summarized by Langmuir (1984). 

Impurities present in calcite may retard its dissolution. Insidious trace quantities of organic matter 
and phosphate inhibit the dissolution of calcite in undersaturated water; Finely divided solids have a 
greater solubility than large crystals. The same effect on solubiRty can be assumed for lattice defects 
such as dislocations and surface heterogeneities. Also there are some opinions that calcite of 
biogenetic origin is more soluble than calcite of inorganic origin. 

In contrast to calcite, dolomite sotubiHty in natural waters is not well understood, especially the 
conditions under which dolomite precipitates in nature. However, there are some opinions (i.e. 
Langmuir, 1984) that dolomite and dolomite with calcite are more soluble than calcite itsen. 

Sources of Pollution in Carbonate Groundwaters 

In Section 2.3, the main pollution sources in groundwater were indicated. Most, H not all of them, 
can be regarded as sources of pollution In carbonate groundwaters, but not with the same response. 
With regard to response or frequency, the pollution sources in carbonate ground waters can be 
divided as follows: 

1. Pollution sources which have not, or have only exclusive influence on the carbonate 
ground-water quality; 

2. Pollution sources of the same frequency as in other aquifers of different composition; 
3. Pollution sources almost exclusively present in the vicinity of carbonate rocks and carbonate 

groundwater. 

Radioactive waste disposal and deep-well injection of liquid wastes belong to the first group. 
Because of the chemical and physical inconvenience of carbonate rocks, it is a generally accepted 
strategy not to store such type of wastes in them (unless we speak of "evaporite karst terranes"). 

Most sources of pollution belong to the second group. This is, for example, sanitary landfills or land 
disposal of solid wastes and sewage disposal on land, together with agricultural activities and main 
drainage water. Unfortunately, the former activities are very common in carbonate terranes, either as 
legal or illegal discharges. According to Freeze and Cherry (1979), it is estimated that 90% of the 
industrial wastes that are considered to be hazardous are landfilled. The leachate from sanitary 
landfills contains large numbers of organic and inorganic pollutants, in suitable hydrologic conditions, 
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which reach groundwater. Physical and chemical processes are sometimes incapable of causing 
appreciable attenuation of many of the toxic substances enrolled with the leachate plume. The case 
histories of such pollution in carbonate terranes can be found for example in Apgar and Langmuir 
(1972) and LeGrand (1984). Natural depressions, so numerous in karst terranes, become very 
common in senilegal or illegal waste dsposal sites. Most of the sinkholes, pits, and ponors 
(swallow-holes) announced as phenomena, are today far from being. "natural." S. Bozicevic (1986) 
presents a comprehensive review of illeoal clscharges of wastes in karst depression of Dinaric karst 
areas in Yugoslavia. Snith and Atkinson (1979), among others, warn us of dangerous practices to 
dispose of wastes in carbonate depressions. But is that enough? These are primarily domestic 
wastes from nearby temporary or permanent settlements. But there are several examples of disposal 
of industrial wastes in ponds in the vicinity of factories. The ponds are sometimes improperly 
grouted, or improperly designed. In karst terranes, "red mud" left after recovering alumina from 
bauxite is commonly deposited in the karst depressions. Even if it is properly grouted, these ponds 
usually are not covered and wind can spray very concentrated hazardous chemicals (NaOH among 
others) over a great distance (Bozicevic, 1986). Another common and dangerous practice is to 
spread sewage sludge on agricultural or forested lands from which it very easily reaches the 
groundwater. Agricultural activities can greatly influence ground-water quality. Among the main 
activities that can cause degradation of ground- water quality are the usage of fertilizers and 
pesticides and the storage or disposal of Ivestock or foul wastes on land (Freeze and Cherry, 1979). 
N03 originating from such activities was detected in many carbonate groundwaters (the reader is 
referred to the bibUography in the second part of this book). One of the most difficult aspects. of 
aquifer protection in all types of rock aquifers, as well as in carbonate terranes, is the control of 
abandoned wells. Likewise, improper well construction can cause shallow groundwater or surface 
water to migrate downward into the aquifer (Bouwer, 1978). Prohic (-1984) and Juracic and others 
(1984) supposed the source of lead in recent estuarine carbonate sediments in the Dinaric karst area 
to be from the combustion of leaded gasoUne from nearby . highways, and a probable source of 
enriched copper from antifouling copper paints used for ship bottoms. Dredging activities, which can 
seriously change environmental stabllty, are today very common practices in carbonate water 
courses, as they are in other terranes. 

In the third group of pollution sources, we include the sources which are likely to occur exclusively or 
almost exclusively, in carbonate terranes. The best known source of that kind is salt-water intrusion 
common in coastal regions. SaIne-water aquifers undertie up to two-thirds of the land area of the 
continental United States, so the problems of water encroachment are not United to coastal areas 
(Bouwer, 1978). Simply, when groundwater is pumped from aquifers that are in hydraulc connection 
with the sea, the gradients that are set up may induce a flow of salt water from the sea toward the 
well (for salt-water intrusion in coastal areas see, for example, Mijatovic, 1984), or in the inland areas 
it can be induced by a phenomenon known as upconing (see, for example, Bouwer, 1978). 
Furthermore, carbonate groundwater is usually hard water and for drinking purposes the TDS ('otal 
dissolved solids") must be lowered with the aid of. some "softener". But it is possible that a "water­
salt softener" can be a serious ground-water pollutant, as well (Hoffman and Fetter, 1978). 

The most important and most widespread of man's activities which can degrade the carbonate 
ground-water quality have been mentioned. There are several other point and non-point sources 
which can have local, but sometimes even regional, significance upon the water quality. 

The Task of carbonate Ground-Water Protection - Alternatives and Avenues 

As stated by Orloci and others (1985), there are four groups of alternatives to cope with the 
problems of water pollution: 

1. To tolerate pollution and purify water at each specific withdrawal or use; 
2. To tolerate pollution and improve water quality within the water source by dilution or other 

measures; 
3. To collect and treat the polluted waters before entering the recipient; 
4. To control the sources of pollution. 

According to OrlOO and others (1985), 
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"the first, second and third alternatives are relatively easy to administer, but their costs are 
becoming prohibitively high as the number of pollutants increases and diversifies. 
Acceptable long-term solutions can only be found by proper reliance on the fourth 
alternative, i.e. by, the gradual introduction and extension of non-polluting or low-pollution 
technologies with a view of reaching and maintaining a reasonable balance and proper 
combination among the four groups of alternatives according to the overall sodal and 
national interest. II 

In the author's opinion, in addition, the prediction of pollutant behavior in the subsurface is one ot the 
most important avenues in ground-water protection program$. The relative influences of various 
processes and conditions on the behavior of a pollutant can. vary, dramatically affeCting the accuracy 
of predictions (Lobel. 1986). thus the ultimate aim of subsurface study is to develop definitive 
information concerning the behavior of the pollutant in groundwater to provide a vaUd scientific basis 
for protection of Its quality. According to Hounslow (1985), the three basic aspects of this type of 
study are: 

1. The prediction of the impact on ground-water quaUty ofpoUutants in the environment; 
2. The optimization of existing conditions so as to enhance the attenuating biotic or abiotic 

processes affecting pollutant 'in subsurface environiwnts; 
3. The development of cost-effective methods of rehabilitating contaminated aquifers. 

An additional important task for ground-water protection programs is to evaluate the receiVIng 
capacity of a medium for given pollutants and ground- water pollution potential. The former 
evaluation is the last conclusion after complex and detailed studies were performed. Regarding the 
latter evaluation, the reader is referred to an interesting approach of quantifications of ground-water 
pollution potential which was presented by Canter (1985). 

However. the less expensive and sometimes the easiest approach to ground- water protection is the 
control of pollution sources. Until more is known about subsurface properties and their interactions 
with $pecific pollutants, source control remains the primary method for preventing ground-water 
pollution (Lobel. 1986). One of the most critical aspects of preventing carbonate ground-water 
pollution is the identification of the recharge areas. Once it is established. hazardous wastes must 
be excluded from such areas, and in such areas protection of aquifers is vital. In carbonate 
terranes, waste disposal in any morphologic form which has a hydrologic connection with the 
subsurface (as a matter of fact. most if not all sinkholes. ponors. and pits satisfied this condition) 
should be completely avoided. Salt-water encroachment can be prevented by regulating the spacing 
and withdrawal rates of wells (see for example, Todd, 1959). 

When potential sources of pollutants are discovered, action should be undertaken to develop 
monitoring networks that will identify any effective disposal practices that could affect ground-water 
quality. Vadose-zone sampling equipment should be placed close to waste sites so pollutants can be 
detected as soon as possible -- preferably before entering the local ground- water system. Once a 
pollutant reaches the ground water, scientists should be consulted to determine the direction and rate 
of movement in the subsurface environment (Driscoll, 1986). 

After pollution in groundwater occurs. a decision must be made whether to rehabilitate the aquifer or 
find alternative ground-water resources. However, in many instances, the renovation cost may 
exceed the community's ability to pay for it, but when new water resources are not available. the 
costs for restoration become secondary. The decision to attempt restoration of a polluted aquifer is 
rarely simple or clear-cut. Technical feasibility is only one aspect to consider and is often not the 
most pressing one. EconOmiCS, health, social, political, and other factors must be weighed against 
one another (Lobel. 1986). But it must not be forgotten that cleanup of polluted aquifers is difficult, 
time-consuming, expensive, and occasionally dangerous. depending on the fate of pollutants. 
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CONCLUSIONS 

In this review, the hazard of introducing chemicals into an aquatic ecosystem is emphasized. 
Attention is focussed primarily on carbonate terranes; in areas composed mostly of carbonate rocks 
there is a high probability for pollution to occur, and the environmental impact of chemicals can be 
very significant· due to physical and chemical parameters of carbonate rocks together with the 
common practice of using such terranes as waste-disposal sites. It Is obvious that wastes must be 
stored in some way and somewhere, but with greater responsibility and with a cort1)letely scientific 
approach to the problem of finding clsposal sites and monitoring effects of disposal upon the 
environment. The chosen method of disposal must not be the easiest way of disposing of man's 
undesirable products, but necessarily the safest one. The cost, surely, must be. taken into acx:ount, 
but not as the first consideration. Prior to making any decision, the responSibility, not only for ours 
but of future generations, must be recognized. It depends fully on us what world we are going to 
leave future generations. Don' let them curse usl 

So, as was cited by Fried (1975), 

"Pollution has become the ever-increaslll3 monster that threatens our civilization (what is left 
of it, at least), the Moloch that will eat us. This Is what the information media say, and 
perhaps they are right; then again, perhaps they are wrong, or at least· too . pessimistic. We 
feel that the real danger is not pollution, but the ignorance of pollution problems." 
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Based on the general morphology and the morphometric study of the 
Pleistocene gravel in the Padis zone, the role played by the periglacial 
formations in the configuration of one of the most typical karst zones from the 
Romanian Carpathians and in the constitution of closed basins is established. 

102. Bleahu, M. (1971) - The Karstic Peneplanes in the Romanian Carpathians and Their 
Evolution, Studia Geomorphologica Carpatho-Balcanica, vol.V, p.41-46, 7 p. 1 fig., Krakow 
(in French). 

The relationship between the karstoplains arld peneplains in the Carpathians 
is established; the cave formation and underground networks are correlated. 
Three main speleogenetic periods are considered to have existed: the 
Miocene, Pliocene and Pleistocene. 

103. "Bleahu, M. (1974) - Karst Morphology: Geologic and Geographic Conditions of Karstification. 
560p., 184 fig., 101 photos: Editura Stiintifica, Bucharest (in Romanian). 

This is a treatise of karst morphology, with emphasis on formation processes. 
After an introduction in which the principles of. classical karst are presented, 
the karstic phenomenon is defined; a short history of karstology and specific 
features of karstic phenomenon are presented. There follow four parts, each 
devoted to one of the factors conditioning the karstic process: (1)physico­
chemical factors, (2)lithological factors, (3)mechano-tectonic factors and 
(4)hydrogeological factors. The last factor covers half of the book, comprising 
the following subchapters: Origin of Water in Karst; Types of Water Drainage 
through the Limestone Massifs; Mechanism of Formation of Endokarstic 
Networks; Hydrogeologic Working of the Karstic Systems (with an exhaustive 
presentation of hydrogeological and speleogenetic models). The book 
contains a reference list of 1,000 titles grouped on various problems. This is 
one of the most comprehensive treatises of karstology in the world. 

104. Bleahu, M. (1982) - Karst Relief, 296p., 60 fig., Editura Albatros, Bucharest. 

This is a complete book on karst and caves emphasizing morphological 
aspects. The first part of the book reviews karstification processes, while the 
second part, which is the most important, deals with the endokarst. In 
addition to the classification of caves and speleogenetic processes, forms of 
the karstic void are discussed in detail. Cave entrances, passages (hOrizontal 
and transverse sections), halls, shafts and complex. networks are classified. 
A complete presentation of corrosion, erosion and imcasion forms is made, 
followed by speleothem-types, and a presentation of the fillings and 
breakdowns that lead to the termination of the karst void. The third large 
section of the book is devoted to exokarst. . The negative forms (Iapies, 
sinkholes, uvalas poljes, karst valleys) as well as the positive forms are pre­
sented. The karst types (morphological, structural,' climatic types) are further 
presented. One chapter deals with the karst evolution and another one with 
the non-calcareous karst and the pseudokarst. The book ends with a chapter 
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referring to the econonic importance of karst. On the whole, the book is very 
concise, presenting all the aspectS of the karst relef in a rigorous, genetic 
classification system. To date, this Is the most thorough book on all karst 
forms that has been published. . 

105. Bleahu, M. (undated) - Karst of Romania In "Karst - Important Karst Regions of the Northern 
Hemisphere, Elsevier, M.Herak and V.T. Stringfield (edit.), p.341-353, (in English). 

This is a general presentation of the karst of Romania regarding 
lithostratigraphic and sedimentological problems; the tectonic setting; the 
phases of karstification and evolution of karst areas; morphological features; 
and karst developed on salt gypsum and volcanic rocks. 

106. Bleahu, M.; and Lascu, C. (1975) - Topolnita Cave, Editura Sport-Turism, Bucuresti, 75p., 80 
photographs (in Romanian with German, French and EngHsh abstracts). 

This is an illustrated album which shows one of the biggest caves in 
Romania. The text describes the stages of exploration, as well as "the wide 
range of karstic features along the 16 km of passages. The black-and-white 
and color photographs show characteristic aspects of the cave. A map is also 
enclosed. 

107. Bleahu, M.; and Povara, I. (1976) - A Catalogue of the Caves in Romania, Consiliul National 
pentru Educatie Fizica si Sport, Bucuresti, 53p.(in Romanian). 

Using for the first time the decimal system of claSSification, applied to the 
geographic division of the country, this work makes an inventory of the 
roughly 2,000 karstic cavities known in Romania by 1975. 

108. Bleahu, M.; and Rusu, T. (1964) - Proposals for Conventional Signs to be Used in Karstic 
Areas Cartography - Exokarstic Phaenomena, Studii Tehnice si Econonice, Seria F, 5, p.157- . 
178, 142 figures (in Romanian). 

This work includes 142 cartographic signs that represent exokarstic forms 
concerning elements of lithology, hydrology, speleology, tectonics, etc. 

109. Bleahu, M.; Decu, A.; and Decu, V. (1963) - The Zaton-Ponoare Hydrological System (Baia 
de Arama): Rewe de Geologie et Geographie, T.VII, No.1, p.147-156, 7 fig., Bucharest (in 
German). 

This is a study of a complex hydrographic system from the South Carpathians 
with two closed basins which drain underground through a common drain, the 
Bulba cave. Surface and underground elements are described and the 
underground drainage system is discussed. 

110. Bleahu, M.; Decu, Anca; and Decu, V. (1964) - Topolnita Cave, Ocrotirea Naturii: 8, 1, pp. 
73-98; 13 photos. (In Romanian). 

The paper presents the Topolnita Cave during the period its galleries were 
10,700m long; by that time, It was the longest cave of Romania. Today, its 
galleries are 20,500m long, thus making it the third longest cave in Romania. 
The genesis of this cave is very Interesting as it has been excavated within 
a relatively reduced volume of calcareous rock. The authors discuss the 
location and arrangement of the cave. 

111. Bleahu, M.; Decu, V.; Negrea, St.; Plesa, C.; Povara, I.; Viehmann, I.; Diaconu, G.; 
Constantinescu, T.; Goran, C.; Valenas, I.; Boroneant, V. (1976) - Caves of Romania: Editura 
Stiintifica si Encyclopedia, Bucurestu, pp. 415; 186 figures representing a map of Romania's 
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karst; plans of location, plans of caves, 33 drawings of cave animals, 50 photos (In 
Romanian). 

The book includes an introduction and two parts. Part I consists of the 
history of cave knowledge; the karst geology and geography; palaeozoology 
and anthropology; Hving subterranean fauna; caves and their preservation. 
Part II presents 141 of the most interesting caves (selected according to 
biospeleological, hydrological and climatic criteria and the beauty of spel­
eothemes), as well as of the karst areas in which these caves ,are situated. 
The information given for each cave are historical data, location and access, 
description. and visiting requirements. An alphabetic index of the caves . 
described or mentioned in the text and selected references end the book. 

112. Blessing. H.M. (1976) - Karstmorphologische Studien in den Berner Alpen: Tuebinger Geogr. 
Stud .• No. 65. 

113. Boccaletti. M.; FlcearelD, G.; Manetti, P.; and Turi, A. (1969) Analisi stratigrafiche, 
sedimentologiche e petrografiche delle formazioni mesozoiche della Val di Uma (Prov. di 
Lucca): Italy; Mem. Soc. Geol. Ital.. Vol. 8. p. 847 - 922. 

Passega diagrams are used to interpret the depositional environments of 
Mesozoic calcarenites. 

114. Boegli. A. (1956) - Der ChemislTlJs der Loesungsprozesse und der EinfluB der 
Gesteinsbeschaffenheit auf die Entstehung des Karstes: Rep. Comm. Karst Phenomena IGU, 
New York. p. 7-17. 

115. Boegli, A. (1956) - Grundformen von Karsthoehlenquerschnitten: Stalactite. Z. Schweiz. Ges. 
Hoehlenforsch., p. 56-62. 

116. Boegli, A. (1960) - Karsthydrographische Untersuchungen im Muotatal: Regio Basiliensis, p. 
68-79. 

117. Boegli, A~ (1963) - Hoehlenkarren: 3. Inter. Kongr. Spelaeol. Wien 1961, p. 25-27. 

118. Boegli, A. (1963) - Korrosive Bildungsbedingungen von Hoehlenraeumen: 3. Inter. Kongr. 
Spelaeol. Wien 1961, p. 29-33. 

119. Boegli, A. (1964) - Die Kalkkorrosion, das zentrale Problem der Verkarstung: Steir. Beitr. 
Hydrogeol. 1963/64, p. 75-90. 

120. Boegli, A. (1964) - La corrosion par melange des eaux: Inter. J. Spele. I, p. 61-70. 

121. Boegli, A. (1964) - Le Schichttreppenkarst, un exemple de complexe glacio-karstique: Rev. 
Belg. Geogr. 1 :2, p. 64-82. 

122. Boegli, A. (1965) - The role of corrosion by mixed w.ater in cave forming ill Problems of 
Speleological Research: Proc. Inter. Spele. Conf., Brno, CSSR, 1964, p. 125-131. 

123. Boegli, A. (1968) - Hoehlenniveaus und Hoellochniveaus: 4eme Congr. Inter. Spele., 
Ljubljana 1965. p. 23-27. 

124. Boegli. A. (1969) - Diskussionsbeitrag zu Ek: Abondance du gaz carbonique dans les 
fissures des grottes: 5 Inter. Kongr. Spelaeol., Stuttgart. p. 1412. 

125. Boegli, A. (1969) - Neue Anschauungen ueber die Rolle von Schichtfugen und Klueften in der 
karsthydrographischen Entwicklung: Geol. Rundsch. 58 .. p. 395-408. 
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126. Boegli, A. (1969) - Shafts: Aetes 3eme Congr. Suisse Spale. 1967, p. 17-18. 

127. Boegli, A. (1970) - Le Hoelloch et son karst: Ed. la Baconniere, Neuchatel (Suisse) (French 
and German version). 

128. Boegli, A. (1971) - KarStdenudation - das AusmaB des korrosiven Kalkabtrages: Regio 
BasiUensis 12:2, p. 352-361. 

129. Boegli, A. (1973) - Studie zur Hydrographie der Poljen: Geogr. Z., Beih., p. 84-88. 

130. Boegli, A. (1976) - CO2-Gehalte der Luft und Kalkgehalte von Waessem im unterirdischen 
Karst: Z. Geomorphol. Suppl. 26, p. 153-162. 

131. BoIHger, W.; and Burri, P. (1967) - Versuch einer Zeitkorrelation zwischen Plat­
tforrnkarbonaten und tiefmarinen Sedimenten nit Hilte von Ouarz-Feldspat-Schuttungen 
(mittlerer Maim des Schweizer Jura): Basel; Eclogae geol. Helvet. 60:2, p. 491-507, 4 figs. 

132. Bonacci, O. (1985) - Hydrological investigations of Dinaric karst at the Krcic catchment and 
the River Krka Springs (Yugoslavia): Journal of Hydrology, Vol.82, No.3/4, p.317-326. 

The relationship between catchment surface- and groundwater and the spring 
water of a karst river in Yugoslavia was investigated'. Discharge decreases 
from the spring to the outlet (waterfall at the river's spring). Only in flood 
situations (some 30-60 days a year) are normal hydrological relations found 
with discharge increasing towards the outlet. The river dries up regularly 
every year, with the number of days of zero flow increasing from the spring 
towards the outlet. A high degree of interdependence between groundwater 
levels in the catchment and the discharge of the, springs has. been 
demonstrated. Analytical expressions for the discharge curves as a function 
of the groundwater level have been defined. Two zones with turbulent 
conduit flow have been discovered, one at the surface and the second about 
30-100 m under the surface. 

133. . Bonem, A.M. (1977) - Comparison of cavities and cryptic biota in modem reefs with those 
developed in Lower Pennsylvanian (Morrowan) bioherms: Proc. Third Inter. Coral Reef 
Syrnp., Miani 1, p. 75-80, 4 figs. 

134. Boni, M. (1979) - Zur Palaeogeographie, Mineralogie und Lagerstaettenkunde der 
Palaeokarst-Erze in Sud-West Sardinien (Iglesiente-Sulcis): Dissertation, Univ. Heidelberg, 
260 p. 

135. Boni, M. (1982) - Paleokarstic ores in SW Sardinia: Some conclusive remarks: Res. Asso. 
Min. Sarda. 87, p. 91-115. 

136. Boni, M. (1984) - Fluid inclusion as a contribution to genetic and paleoenvironmental 
problems for the post-Hercynian karst ores in Iglesiente-Sulcis: 5th Europ. Reg. Sed. 
Meeting Marseille, Extended Abstract, p. 66-67. 

137. Boni, M. (1984) - Syngenetic and epigenetic ores in SW Sardinia: Examples from the 
Malacalzetta (IgleSias) mining area in Wauschkuhn, A., Kluth, C., and Zimmermann, A.A., 
editors, Syngenesis and EpigenesiS in the Formation of Mineral Deposits: Germany, F.A., 
Heidelberg; Springer-Verlag, p. 401-411. 

In the Malacalzetta-S. Benedetto area, Iglesiente, SW Sardinia, there are both 
"syngenetic" and "epigenetic" ore bodies. The "syngenetic" ores are situated 
at various levels in the shallow-water carbonates of the Lower Cambrian 
Gonnesa Formation. "Epigenetic" vein filfings, which probably originated from 
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further remobilization of the "syngenetic" ore~, are related to main tectonic 
fineaments of the late Hercynian age. 

138. Boni, M. (1985) - Les gisements de type Mississippi Valley du Sud-Ouest de la Sardaigne 
(halie): Une synthese: Chron. Rech. Min., n. 47, p. 7-34. 

139. Boni, M. (1986) - The Permo-Triassic vein and paleokarst ores in southwest Sardinia: 
Contribution of fluid inclusion studies to their genesis and paleoenvironment: Germany, F.R.; 
Springer-Verlag, Mineralium Deposita, Vol. 21, p. 3 .. 62. 

The author discusses new fluid inclusion data on the temperatures, salinities 
and composition of mineraUzing fluids in gangue and ore minerals in late- and 
post-Hercynian veins and paleokarsts, both in the Iglesiente and Sulcis areas 
of southwest Sardinia. 

140. Boni, M.; and Amstutz, G.C. (1982) - The Permo-Triassic paleokarst ores of southwest 
Sardinia (Iglesiente-Sulcis): An attempt at a reconstruction of paleokarst conditions !!! 
Amstutz, G.C., EI Goresy, A., Frenzel, G., Kluth, C., Moh, G., Wauschkuhn, A., and 
Zimmermann, R.A., editors, Ore Genesis: The State of the Art: Germany, F.R., Heidelberg; 
Springer-Verlag, p. 73-82. 

The authors present a case study of an· area in southern Sardinia where 
karstification took place at various intervals, producing superimposed karst 
systems and local sulphide-barite concentrations. Included in the paper are 
descriptions and genetic discussions of Ba-Pb-Zn-Ag ore bodies in karst 
cavities, with emphasiS on the textural evidence for synchronous karst-age 
deposition. 

141. Boni, M.; and Koeppel, V. (1985) - Ore-lead isotope pattern from the Iglesiente-Sulcis area 
(SW Sardinia) and the problem of remobilization of metals: Germany, F.R.; Springer-Verlag, 
Mineralium Deposita, Vol. 20, p. 185-193. 

In SW Sardinia, syngenetic to syndiagenetic Pb-Zn ores occur in Cambrian 
carbonates, along the unconformity between the Cambrian and Ordovician, in 
Permo-Triassic karsts and in vein-type deposits related to late Hercynian 
granites, which also contact-metamorphosed some Cambrian deposits. Most 
of the Cambrian ores contain isotopically similar or identical leads, whereas in 
the younger deposits the isotope ratios vary and suggest that especially the 
lead of Permo-Triassic ores may consist to a large extent of remobilized 
Cambrian, possibly also OrdoviCian, ore lead plus a Hercynian component. 

142. Boni, M.; Cocozza, T.; Gandin, A.; and Perna, G. (1981) - Tettonica, sedimentazione e 
mineralizzazioni delle brecce al bordo sud-orientale della piattaforma carbonatica cambrica 
(Sulcis, Sardegna): Mem. Soc. Geol. h. 23, p. 111-122. 

143. Bosdoc, T. (1981) - Preliminary observations concerning the drainages in the Northern Poieni 
Plateau, Carst: 1, p. 5-10, 4 figs., in Romanian. 

The discharge of the karstic plateau of Poieni takes place as perched springs 
at the contact with the underlying crystalline schists. Until now, only short 
caves, acting as overflow paths have been discovered. 

144. Bosdoc, T. (1984) - Genetical observations on some gravitational sliding caves in Metaliferi 
Mountains: Bulletin Speologic Informative, 8, p. 5-11, 4 figs., in Romanian with English 
abstract. 
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The author discusses the genetic and morphological features of gravitational 
sliding caves. Analysis of the two caves of Metafiferi Mountains, the origin of 
which may be ascribed to the phenomenon, is presented. 

145. Bosdoc, T. (1985) - Considerations on the Syngenetic Waterfall Cavities: Bulletin Speologic 
Informative, 9, fasc. 1, p. 7-12, 4 figs., in Romanian with English abstract. 

The author discusses cavities of reduced dimensions from Metaflfieri and 
Trascau Mountains, occurring under some waterfalls from the karstic areas. 
Genetic factors mentioned are the frontal and lateral displacements of the 
waterfall related to the travertine deposition and erosion at the bottom of the 
waterfall. 

146. Bosellini, A; and Rossi, D. (1974) - Triassic carbonate buildups of the Dolomites, Northem 
Italy: U.S.; Soc. Econ. Paleont. Min., Spec. Publ. 18, p. 209-233. 

147. BoselUni, A; and Winterer, E.L. (1975) - Pelagic limestone and radiolarite of the Tethyan 
Mesozoic: A genetic model: Geol. 1975, p. 279-282, 2 figs. 

148. Botosaneanu, L.; Decu, V.; and Rusu, T. (1964) - The third international speleological 
expedition in the People's Republic of Bulgaria: (August 15-27, 1963). Trav. Inst. Speol. 
"Emil Racovita", Bucharest, III, 4110430, 13 figs., (in Romanian). 

Karstic zones and forms in the western part of Stara Planina (Belogradcic-the 
Magura Plateau, Ciren-Bozijat Most, Vratza-the ledenika Plateau, Karlukovo­
Projofna, the Isker-Lakadnyk pass) are presented and several data are 
supplied in connection with speleological organization in the People's Republic 
of Bulgaria. 

149. Botoseneanu, L.; Negrea, Alexandrina; Negrea, St.; Decu, Anca; Decu, V.; Bleahu, M.; 
Balogh, E.; Puscariu, Val.; Rusu, T.; Sencu, V.; Viehmann, I. (1967) - Research of the caves 
of Banat and Oltenia: (Romania, 1959-1962). Editions du CNRS, Paris, pp. 397; 182 figs., 
representing: karst distribution maps; plans of location and of caves; 2 tables; 42 photos 
(Recherces sur les grottes du Banat et d'Oltenie: (Romaine, 1959-1962). (In French). 

The authors deal with the exokarst and 173 caves of two of the most 
speleologically important regions of Romania. Part I presents the exokarst 
and 73 caves of Banat (Western Carpathians, Banat Mountains) and 12 karst 
areas; Part II is a treatise of the exokarst and 100 caves of Oltenia (Southern 
Carpathians, Mehedinti Plateau and Mountains and 9 karst areas; Caves 
more than 1000m long include Comarnic (4040, today 6201), Buhui 
(3217/6547), Popovat (1120), Tolosu (1075/1847) and Guru Ponicovei (1666) 
(Banat); Topolnita· (10,700/20,500), Bulba (3240/5160), lazului (2200/4400), 
E.A Martel (2000/4133), din Dealul Curecea (2200/4000), Closani (1100), 
Vacilor de la Closani (1033). The presentation of each cave includes 
synonymies, analytic bibliography, exploration data, location and access, de­
SCription, deposits, genesis, climate, tropic resource, and biospeleology. 
Besides a general bibliography, each part includes a speCial bibliography. 
Moreover, each part ends with a synoptic table and conclusions. 

150. Bouladon, J. (1984) - Syngenesis and epigenesis at the largentiere (Ardeche, France) Pb­
Zn-Ag deposit !n Wauschkuhn, A., Kluth, C., and Zimmermann, A.A, editors, Syngenesis and 
Epigenesis in the Formation of Mineral Deposits: Germany, F.R., Heidelberg; Springer­
Verlag, p. 422-430. 

The largentiere (Ardeche) Pb-Zn-Ag deposit is made up of a relatively Iow­
grade syngenetic ore, on which the mining started in 1962, and a much richer 
epigenetic ore, mined along with the former since 1970. The amounts 

100 



present of both types are similar. It is likely that the coexisting two types of 
ore result from several phases of deposition connected with 
paleogeographical evolution. 

151. . Bourg, A.C.M. (1983) - Role of fresh water/sea water mixing on trace metals adsorption 
pheno~na in Wong, C.S.; Burton, J.D.; Boyle, E.; and Bruland, K., editors, Trace Metals in 
Sea Water: United States; Plenum, New York, p.195-208. 

152. Bouroullec, J.; and Deloffre, R. (1976) - Relations facies-environment au Cretace moyen en 
Aquitaine occidentale: France; SNPA 10:2, p. 535-583. 

Vraconian, Cenomanien, various environments (supratidal zone, lagoons, 
deeper marine). Good photographs of thin-sections. 

153. Bouroullec, J.; and Deloffre, R. (1977) - Support sedimentologique a I'interpretation 
diagraphique: Example d'un paleorivage jurassique aquitain (France SW) in Elf-Aquitaine: 
Essai de caracterisation desimentologique des depots carbonates 2, Elements d'interpretation, 
p. 151-157, figs. 24-30. 

154. Bouroullec, J.; De Ioffre , R.; and Rao, C.P. (1978) - Caracterisation statistique des 
environment et de leur polarite en plate-forme carbonatee application au reservoir albo-aptien 
de Lacq: Pau; Bull. Cent. Rech. Explor.-Prod. Elf-Aquitaine 2:2, p. 219-336, 11 figs. 

155. Bozicevic, S. (1969) - Examples of possibilities to exploit waters from speleologic sites for the 
water supply in 5 Intemationaler Kongress fuer Spelaeologie, Stuttgart, West Germany: 
Germany, F.R., Munich; Verband der Deutschen Hoehlen- und Karstforscher e.V., p. Hy7/1-
Hy7/6. 

Dinaric karst covers a large region of Yugoslavia. A permanent supply of 
potable water in this area is a major concem. Increased attention is being 
given in Istria, Gorski Kotar, Uka, Dalmatia, Herzegovina, Montenegro, and 
the Adriatic Islands to the observation and recording of hydrogeological 
phenomena such as caves, cavems, and sinkholes. During these 
explorations, possible supplies of subterranean water have been identified. 

156. Bozicevic, S. (1980) - Application of radiocarbon dating in chronology of morphologiC changes 
in karstic caves: Yugoslavia; Azika, 12:S2, 163. 

A systematic measurement of speleothems age in the karstic regions would 
help to establish the geochronology of, as well as climatic changes in, the 
Dinarides. 

157. Bozicevic, S. (1980) - Swallow-hole zones and their natural extensions in limestone deposits: 
Yugoslavia; Bull. Spele. Soc., "Bosansko-Hercego-Vacki Krs"-Nas Krs, 1 :9, p.33-59 (in Srbo­
Croatian, with summary in English). 

The authors reviews the results of an investigation on the currently active 
swallow holes which are usually inaccessible in their remote sections due to 
considerable flood material deposits. 

158. Bozicevic, S. (1981) - Morfoloskaa razlika izmedu jame i jamskog sistema te pecine i 
pecinskog sistema (Morphological difference between a pothole and a pothole system) in 
Osmi Jugoslovenski Speleoloski Kongres, Beograd, 1981 (8th Yugoslav Congress of 
Speleology, Belgrade, 1981): Yugoslavia; p. 225-227 [summary in English]. 

The problems of morPhological and geological deUmitation of the notions 
"pothole" and "pothole system" are discuss~. Attention is given to the 
necessity of distinguishing the categories of the spelaeological phenomena. 
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159. Bozicevic, S. (1982) - The scientific importance of the tourist caves in Croatia: Le Grotte 
d'itala, Vol. 4, p.115-119. 

Bone fragments of diluvial cave-bear, lion, and hyena were found in several 
caves of Croatia, which are today tourist caves (Cerovacke, Vetefnica, etc.). 
In addition, several other Croatian tourist caves contain archaeological and 
biological findings having scientific value (Vranjaca, Sipun, etc.). 

160. Bozicevic, S. (1984) - Hydrogeology of the lost River Gacka in the Dinaric karst after 
completion of hydroelectric power plant Senj: Yugoslavia; Yugoslavije, 11 :2,p. 13-70. 

By its hydrologic features, the River Gacka ranks among lost rivers typical of 
the Dinaric karst. The objective of the present paper has been a comparison 
between the original state of the lost River Gacka and the present situation in 
this part of Croatian karst. 

161. Bozicevic, S. (1984) - Review of speleological explorations In the area of the Croatian karst 
!!! Mais, K., Mrkos, H., and Seemann, R., editors, Akten des Intemationalen Symposiums zur 
Geschichte der Hoehlenforschung Wien 1979: Wien; Herausgegeben vom Landesverein fuer 
Hoehlenkunde In Wien und Niederoesterreich, Wissenschaftliche· Beihefte zur Zeitschrift "Die 
Hoehle" 31, p. 14-15. 

162. Bozlcevic, S. (1986) - Pollution of pits and sink-holes in Dinaric karst of Croatia, Yugoslavia 
!!! 19th Congress Inter. Asso. Hydrogeologists, Karlovy Vary 8.-15., Symposium on Ground­
Water Protection Areas: Czechoslovakia; 7 p. 

The territory of Dinaric karst, with its specific surface and underground 
features, is referred to as the "locus typicus" of the world's heritage. This 
paper is the author's contribution to the efforts to prevent pollution of other 
karst regions of Europe and the rest of the world, such as has happened In 
some areas of the Dinaric karst in Yugoslavia. 

163. Bradner, R.; and Resch, W. (1981) - Reef development in the Middle Triassic (Ladinian and 
Cordevolian) of the North Umestone Alps near Innsbruck, Austria: Soc. Econ. Paleontol. Min. 
Spec. Publ. 30, p. 203-231. 

164. Braithwaite, C.J.R. (1973) - Settling behavior related to sieve analysis of skeletal sands: 
U.S.; Sedimentology, Vol. 20, p. 251-262. 

165. Brand, U.; and Velzer, J. (1981) - Chemical diagenesis of a multicomponent carbonate 
system - 2: Stable Isotopes: U.S.; Joum. Sed. Petrol. 51 :3, p. 987-997, 7 figs. 

166. Brandner, R. (1978) - Tektonisch kontrollierter Sedimentationsablauf im Ladin und Unterkam 
der westfichen Noerdlichen Kalkalpen: Innsbruck; Geol. Palaeont. Mitt. Innsbruck, Bd. 8, 
Festschrift W. Heibel, p. 317-354, 14 Abb., 5 Taf. 

167. Brandner, R. (1981) - Unveroeff: Taetigkeitsbericht "Projekt Pb-Zn in den Noerdlichen 
Kalkalpen": Innsbruck; Geol. -Palaeont. Inst., Univ. Innsbruck. 
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numerous and characteristic are the sCattered settlements. The economic 
profiles of the settlements lying in kafStic areas are confined to farming, 
forestry and partially industrial oocupatipns. At present, a process of de­
population of the karstic areas, entaired by' complex causes, is in full 
progress. 

240. Cocean, P. (1984) - Elements of Detailed Morphology of the Ursilor Cave (the Bihor 
Mountains), Crisia, Oradea, 14: 581-586, figs., 1-6 (in Romanian). 

The contribution of gours and of the pjane-horizontal roof, which are 
considered particular elements, to the overall morphology of the cavity is 
underscored. 

241. Cocean, P. (1984) - The Economic Potential of the Karst in the Apuseni Mountains, the 
Publshing House of the Academy of the Socialist Repubfic of Romania, Bucharest, 156 
pages, figs., 1-38 (in Romanian). 

The author presents an original approach to interactions between man and 
karst. Morphological, hydrographic, clmatic and pedological conditionings are 
highlighted, and emphaSis is placed on capitafizing karst (farming, industrial 
works, forestry, tourism, water supply). Optimal solutions are recommended 
for efficient exploitation. Anally, the imbalance caused by man's· impact upon 
karst is discussed. 

'242. Cocean, P. (1984) - The Location of the Caves in the Apuseni Mountains According to 
Anitude, Studies and Research of Geology, Geophysics and Geography, the Geography 
Series, 31: 81-84, figs., 1-2 (in Romanian). 
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Single-floor caves . ~ . be correlated with erosion platforms. The only possible 
correlation is between these platforms and the caves that make up the endokarstic 
systems or galleries that form rII.IftifIoored caves. 

243. Cocean. P.; Rusu. T. (1984) - Genetic Types of Gorges in the Apuseni Mountains Karst, 
Theoretical and AppIed Karstology, Bucharest. 1: 91-98 (in French). 

There are four calegoriesof gorges In the Apusenl Mountains karst: 
(1)epigenetic. (2)undefgroundkarstic capture. (3)anlecedent and (4)pertpheral 
subsidence. Contributions are also. made to the definitiOn of the gorges of 
underground karstic capture and of peripheral subsidence. 

244. Cocaan. P.; Rusu. T. (1984) - The Karstlc plateaus of the Codru-Moma Mountains. Trav. Inst. 
SpeoI. -Enil Racovita. - Bucharest. 23: 81-88, figs .• 1-2 (In French) 

The authors demonstrate that the karstlc plateaus of Vascau and Dumbravita 
de Codru In the Codru-MomaMountalns were remodelled Ike IWstoPlains In 
the Miocene and respectively Pliocene. Emphasis Is placed upon the great 
density and variety of exo- and endokarstic fonns which characterize their 
present morphology 

245. Cojocaru. Mircea; Diaconu. G. (1973) - Method -of Graphic Interpretation of Data Obtained by 
Cave Bearing with Theodolite with the Help of Digital Corf1)Uter. Trav. Inst. Speol. -Enil 
Racovita.- Bucharest. Tome XlU. p. 357-368 (in French). 

A method is outlned whereby the bearing of caves Is achieved with the help 
of a digital computer.. Thl$ method is illustrated in a gallery segment of the 
Topolrita cave. the Mehedinti Plateau. Romania. 

246. Collins. J.A.; and Smith. L. .(1976) -Lithostratigraphic controls of some Ordovician sphalerite 
in Amstutz. G.C .• and Bernard. A.J .• editors, Ores in Sedments: Germany, F.R .• Heidelberg; 
SprInger-Verlag, p. 79-91. 

Carbonate lithofacies analysis of sphalerite-hosting strata in the Western 
NewfQUndland Lower· Ordovician St. George Formation was used to ascertain 
wily nineralzatlon occurs where it does. The host rock was deposited In two 
cyclically alternating carbonate bank environments. which produced dolonitic­
mottled biointrapelsparite interbedded with dolonite. 

247. CoUlnson. J.D. (1978) - Lakes!!! Reading. H.G .• editor, Sedimentary Environment and Facies: 
Oxford; Blackwell Science Publ., p. 61-79, 16 figs. 

248. Coman, D. (1979) - Essay on the Ecological Interpretation of the origin of Caves, Trav. Inst. 
Speol. -Enil Racovita,- Bucharest. 18: 191-199 (in French). 

On the basis of bibliographic studies and Individual research work, the author 
ascribes the origin of the karst and of the caves to a system of ecological 
relations in which the major part is played by the heterotrophic and 
chemolthotrophic microflora. 

249. Coman, D. (1984) - The Karst - BIogeochemical Aspects, Theoretical and AppNed Karstology, 
Bucharest, 1: 23-28. 

The author's arguments support the idea that the process of karst and cave 
formation Is a· resul of phenomena of biogeochenical· alteration of rocks, with 
the main role played .. by the heterotrophic and chemolithotrophic nicro-flora. 
ElI1>hasis is placed on biochemical reactions of very rapid oxidation of certain 
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minerals which lead to tile formation of carbonic.and sulfuric add, essential 
,'factoi'S'lrf'th& genesis ofl<arst'and caves. 

250. Coman, D.; Craciun, V. (1978), - The Vintulul Cave, the Sport-Turism Publishing House, 
Bucharest, 44 pages 'and 81 photographs (in ROmanian with French ~rid Germar1 versions). 

The authors report the discovery and exploration of the largest cave In 
Romania' (33 km' long) and outIne, with the: hf)fp of blacR~and-whlte and color 
photographS, tnorphologlcafaspecl8 of this cavtty, which featuresiSpeCtacular 
labyrtnthie meanders twat' ~re considered, l!'Iernationally 'lJ!lI~: .' 

251. Combes, P.-J~ (1978) - Karstprecoce et karst secondaire de troisieme horizon de bauxite 
dans la z0n8du Pamas8e, (Greo~) !!lAugUStithlS, S.S~, editor, ,4th International Congress for 
the Study of Bauxites, Alumna 'and Alutnlnum, Volume 1, Bauxites: 'Athens; Natl. Techn. 
Univ., p. 101-113, 6 figs. 

'Sc>lutioristructures are' described andHlustrated. 

252. Combes, P:-J.'(1978) - Nouvelles dOnnees sur les'relatlons entre la paleogeographie et la 
gltologie des bauxites due trolsleme horizon dans la zone·du ParriaSse (Grace) in 
Augustlthls, 5.5., editor, 4th Intemational Congress for the Study of Bauxites, Alum.lna arii 
Aluminum, vOlume " Bauxites: Athens; NatL Tech~~ Univ., p.,92-100, 5 figS. 

Bauxites were deposited tn' the 'Middle Cretaceous in aka:rst developed by 
the emergence of a Bahamas-type carbor:late platform. 

253. Conley, C.D.; and OlWis, J.C.(1973) - Carbonate petrography by pattem recognition: U.S.; 
Bull. Amer. Asso. Petrol. Geol. 57:2, p. 399-406, 3 figs. 

254. Constantinescu, T.-A Map of Underground Water Circulation In the Piatra Craiului Massif, 
Trav. Inst. Speol. "Emil Raoovlta," Tome XXIII~ p. 75-19, 'Bucharelstj 1984 (In French). 

The major aspects of underground. water circulation in the massif (In the 
Southem Catpathlans) are 'presentecl.' Two hydrogeological basins are shown 
to -exist,·as follows: the Prapastiile Zamestilor basIn;iA'the North, and the 
DimboYiCioara basin in the South, both extending East of the morphological 
boundaries of· the Platra 'Cralufui massif. 1lhe rnorphohydrographlc map 
including elements of Geology shows :filter alia:- the 'major demonstrated and 
presumed underground drainage directions; the main areas of karstic springs 
and water losses; the two hydrogeological basins which include four hydro­
graphic basins. 

255. Constantinescu, T. - Remarks on the Caves Situated Between the Rivers Suslta Verde and 
Sohodol (the Vulcan - Southem Carpathian Mountains), TraY.lnst.: Specl. "Emil' 'Raoovlta," 
Bucharest, Tome XIV, p. 169-188, Bucharest, 1975, 7 diagrams and 3 tables (in French). 

Thirty caves, the lengths of which vary from 8 to 750 m, are presented and 
their significance as indices In deCiphering the paleog$ography of the region 
is underscored. The author uses tables and maps to show the main karstic 
springs, water losses, and underground drainage directions. 

256. Constantinescu, T. - The Evolution of the Hydrographic Network in the Dimbovicioara Valley. 
Note " Theoretical and Applied Karstology, 2 1986, 3 figures (under print). 

This first work high tights the. satient geographic and geological features of the 
Dimbovicioara chute - a highly tactonized karstic' area" with altitudes ranging 
from' 700 to 2,230 m. The second part refers to the genesis and evolution of 
the Dimbovicioara valley, with emphasis on the important role played by 
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tectonics (in the formation of the Podul Dimbovitei graben in particular) and 
by, karatlc ~... (underg~und water circulation) ,in the. evolution of the 
hydrographic network' and in the organization of the hydrographic basin of the 
OImbovicioara river. 

257. Constantinescu. T. ~ The Evolution of the Hydrographic Network iftthe, Prapastiile Zamestilor 
Karstic Area, Trav. lnat. Speol. -Eml Aacovita: Bucharest. Tome XVI. p.217·228. Bucharest. 
1977. 8 figures (in French). 

The ,evokrtion of the hydrographic network isoutHned and three stages of 
transformations are shown to have pccurred' in parallel with the major 
morphological and sculptural stages in the Southern C~rpathians. The 
changes of the last stage. in particular. were obviously faciUtated by karstic 
processes. respectively by underground water. circulation. An exalJ1)le is the 
Prapastiile Zamestilor gorge. '" The upper, half of the gorge was molded by an 
eplgeeaream which gradually infiltrated into limestone ,forming an 
underground stream"with a cave. Following the destruction. at the cave. after 
the collapse of its roof. the current gorge was ,formed .. The COfI1)Iexity of the 
respective phenomenon is shown in stages by sketches.· 

258. Constantinescu. T.- The Karst in the Piatra Craiului. 'The Partiwlarities of the Genesis and 
Evolution of the Karst. Note 1. Trav. Inst. Speol. "Emil Aacovita: Tome XIX. p. 203-217. 
Bucharest. 1980, 2 figures and 3 tables (in French). 

Considering that'the Piatra Cralului Massif (in the, Southem, Carpathians) 
contains a karst with a number of particular features, this first note is devoted 
to aspects specific to the' genesis and evolution of the karst, with, reference to 
structural implcations, the overall morphology of the massif, and weather con­
cItions. Tectonic activity !s shown to be', the cause of the respective 
particularities. The work includes a map showing the distribution of Umestone 
within the massH. 

259. Constantinescu, T. - The Karst of Petricica (the Piatra, ,Craiului Massif - the Southern 
Carpathians). Trav. Inst. SpeoI."Emil Aacovita," Bucharest, Tome XV, p. 233-245. Bucharest, 
1976. 5 figUres and 2 tables (in French). 

A presentation is made of karst in the Piatra Craiului MassH. Emphasis is 
placed on the fact that the exokarst is poorly represented (several. sinkholes 
areas, lapies and gorgeS). while the endokarst (caves and underground 
circulation) is more interesting. 'The map of karst is supplied, and synthetic 
tables are given concerning the fluorescein colorings performed by the author. 

260. Constantinescu, T. - The Pi.ra Craiului Massif. The Genesis and Evolution of the Torrents 
on the North-Westem al'ld Northem Slopes; Pleistocene Glaciation. Theoretical and AppUed 
Karstology. 1, 1984, p. 99-106, 3 figs., (in French). 

Torrents on the north-westem and northern slopes are shown to be teatures 
of relief specific to the massif which have not been mentioned in Romanian 
geographic literature so far, for which the author suggests the term of 
"vIactIsca" ("vladustl-,J)lural) - a torrent formed offimestQne with,the drainage 
basin a former cirque and the drainage channel very deep. widely open in the 
upper part and narrow and vertical in the lower part; polygenetic character 
(glacial. periglacial. karstic). At the same time, the phenomenon of 
pleistocene glaciation in the massif is also mentioned for the first time. The 
work includes maps, ,and sketches for interpretation. 

261. Cook. D.J,; Aandazzo, A.F.; and Sprinkle, C. (1985) - Authigenic fluorite in dolomitic rocks of 
the Floridan aquifer: U.S.; Geology, Vol. 13, p. 390-391. 
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fluorite In Eocene carbonate mudstone of F1ortd818 reported for the first time. 
fluorite occurs wtIhInprimary gypsum nodules at • depth of 235-240 m below 
the surface. Water chenUlry Inclcates undersaturatlonfor gypsum and 
fkIortte. and their survival Is attributed to a lack of groundwater circulation. 
FIuortte probably formed penecortemporaneously with gypsum In a sabkha 
environment from eeawater-conoenlrated brine.' An addtlonal source of 
fkJorid& may have been .. vial transport' of . Salts weathered from 'Appalachian 
volcanic rocks. 

262. Cook. P.J.; and McElhinny. M.W. (1979) - A reevaluation of the spatial and tefY1)OraI 
dstrlbutlon of seclmenlary phoSphate deposits In the light of plate tectonics: U.S.; Economic 
Geology. Vol. 74. p. 315-330. 

A new coq»llatlon of paleolatitudes of sedmentary phosphate deposits using 
worldwide . paleomagnetic data confirms the hypothesis that·· the majority 
formed at low-latitude locations. It Is proposed that there Is no· dred genetic 
Ink between pedods of volcanism. orogenesis. fonnatlon of evaporites, and 
episodes . of phosphogenests. Models are developed to explain the different 
seclmentary sequences that develop In north-south and east-west seaways. 

263. Coplen. T.B.; and Schlanger, S.O. (1973) - Oxygen and carbon Isotope StudIes of carbonate 
sedments from Site 167, Magellan RIse, Leg 17: U.S.; Inltial·Rapt. Deep Sea Drillng Project 
17, p. 505-509. 

264. Corbel, J. (1959) - Erosion en terrain calcalre: Ann. Geogr. 366, p. 97-120. 

265. Corbel, J. (1959) - Vllesse de reroslon: Z. Geornot'Phol. p. 1':'28. 

266. Costantlnescu, T. - Geomorphological and SpeIeo~1 Remarts on the Northern Part of the 
Platra Craiukli Massif,' Trav. lnat. Speol. "Emil Racovtta,- Bucharest, Tome XII, p.279-302, 
Bucharest, 1973, 18 figs., and 2 tables (in French). 

After a brief geomorphological characterization, 29 small caves situated on 
the north-westem and northern· slopes are presented. It Is pointed out that 
the morphological structure cId not encourage the fonnation of large caves. 
Due to stratification, the position of strata, and marked inclnation of the 
slopes, the waters I~.rated into the mass of lmestone and reemerged to the 
surface after a short underground route. 

267. Courbon, P.; and Chabert, C. (1975) - Les grandes cavites mondlales: Spelunca 4, p. 5-8. 

268. Courel, L.; Seddoh, K.; and Zoungrana, G. (1977) - Evolution du socIe antemesozolque: 
Place de Ia carbonatatlon et des mineralsations sllceuses fluorees et barltees: Cas du 
Charallals et de Bromals (Massif central francais): Bul. BRGM Sect. II 4, p. 259-264. 

269. Cox, F.C. (1978) - An Industrial classification of lmestone for use In reserve and resource 
Investigation: Abstracts, Tenth Inter. Congr. Sed., Vol. 1, p. 135-136. 

270. Cox, F.C.; and Bridge, D.McC. (1977) - The lmestone and dolomite resources of the country 
around Monyash, Derbyshire: Description of 1 :25,000 resource sheet SK 16: Institute Geol. 
Sci., Minerai Assessment Report, No. 26, 137 p., 13 figs., 9 pis., 1 :25,000 geol. map. 

this report on the Carboniferous limestone of this area of Derbyshire is 
based on specially collected samples from 23 cored boreholes and 15 major 
exposures as well as earler records. The lmestones are classified on the 
basis of their CaCOa content and the accompanying map shows the 
dstributlon of the recognized categories of limestone; The resuns of 
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investigations of chemical and mechanical properties are presented, with 
outlne borehole logs and statistical analysis of the data. 

271. Craciun, V. (1973) - Granulometric Analyses of the Accretions In Several Caves of the lad 
Valley Basin, Trav. Inst. ~I. "ErTil Racovita," Bucharest, 12: 349-355, figs., 1-2 (in French). 
(1975), Granulometric Analyses of the Accretions In Caves In the lad Valley Basin, 
Proceedings of the 6th International Congress of Speology, Olomouc, 1: 393-399, one figure 
(in German). 

A brief description is presented of sedmentation' conditions and the interpreta­
tion of the results of the graoolometric analysis of the accretions in four caves 
in the lad Valley karst (the Padurea Craiulul Mountains). 

272. Craciun, V. (1973) - Several Considerations on 'the Accretions in the caves of the ApuSeni 
Mountains, Uvre du cinquantenaire de I'lnstitut de Speleologie "Emil Racovita," the PubUshing 
House of the Academy of the Socialst Republic of Romania, Bucharest: 643-646, figs. 1-2 (in 
French). ' 

Granulometric characteristics of accretions in seven caves situated in the 
Padurea Craiului, Bihor and Rocina Mountains are compared. 

273. Craciun. V. (1984) - Phenomena of Endokarstic Condensation in the Eocene Umestone of 
the Manastireni-Bica Area (Cluj), Theoretical and, AppIed Karstology, Bucharest, 1: 139-145, 
one figure (in French). 

This Is a presentation of the morphological, Hthological and structural 
characteristics of an Island of Eocene lmestone and the particular features of 
a karstic spring at Its edge, whose source of supply may be endokarstic 
condensation to a large extent. 

274. Craciun, V.; Racovita, G. (1975) ~. The Pojarul Politei Cave, the Sport-Turism Publishing 
House, Bucharest, 108 pages and 71 photographs (In Romanian with French and German 
versions). 

This Is an album Includng Images from a cave that Is a natural monument 
due to its rich and 'diversified calcitic crystalzatlons. Brief reference to the 
genetic affilation of the cave to the Scarfsoara karstlc system (the Bihor 
Mountains) and a general deSCription of the cavity and of the main types of 
concretions are made. Emphasis is placed on the need to preserve this 
Important karstic feature. 

275. Craig, H. (1953) - The geochemistry of stable carbon isotopes: Oxford; Geochim. 
Cosmochim. Acta 3, p. 53-92. 

276. Crnicki, J. (1978) - Structure controlled bauxite dePOSits of Dalmatia (Yugoslavia) !n 
Augustithls, S.S., editor, 4th Inte~lonal Congress for the Study of Bauxites, Alumina and 
Aluminum, Volume 1, Bauxites: Athens; Natr. Techn. Unlv., p.114-128, 3 figs. 

2n. Cronan, D.S. (1980) - Underwat,r minerals: U.K., London; Academic Press, 362 p. 

278. Curl, R.l. (1972) - Minimum diameter stalactites: Nati. Spele. Soc. Bull. 34, p. 129-136. 

279. Curl, R.l. (1973) - Minimum diameter stalagmites: Natl. Spele. Soc. Bull. 35, p. 1-9. 

280. Cussey, R.; Gro.sdidler, E.; Sulplce, l.; and Umbach, P. (1977) - Un exemple de 
sedimentation carbonatee de plate-forme: Le sommet du Jurassique moyen du Bassin de 
Paris in En-Aquitaine: Essai de caracterisation sedimentologique des depots carbonates 2, 
Elements de'interpretation, p. 180-194, figs. 45-51. 
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281. Cvijic, J. (1893) - Das Karstphaenomen: Geogr. Abh. p. 215-319. 

282. Cvijic, J. (1918) - Hydrographie souterraine et evolution morphologique de karst: Rec. Trav. 
Inst. Geogr. Alpine 6, p. 376-420. 

283. Cvijic, J. (1960) - La geographle des terrains calcaires: Acad. SeatHt Sci. Arts, Monographies 
CCCXLI, Beograd. 

284. Dandurand, J.L.; Gout, R.; Hoefs, J.; Menschel, G.; Schott, J.; and Usdowski, E. (1982) -
Kinetically controlled variations· of major OOrJ1)Onents and carbon isotopes in a calcite­
precipitatingSplfng: Chem. Geol., Vol. 36, p. 299-315. 

285. Dannr, W.R. (1976) - Umestone resources of southwestem British Columbia!!! 11th Industrial 
Minerals Forum, Special Publication Montana Bureau Mines Geology, Vol. 74, p. 171-186, 16 
figs. 

The largest deposits of Umestone in southwestem British Columbia are of 
Pennsylvanian, Permian, and Late Triassic age. These deposits OCaJr in 
four, distinct, geological provinces and are thought to have originated in the 
Pacific Ocean as island arcs or ridges, which moved eastward to become part 
of the North American continent In mid-Mesozoic time. 

286. Davies, D.K. (1968) - Carbonate turbidities, Gulf of Mexico: U.S.; Joum. Sed .. Petrol. 38, p. 
1100-1109. 

287. Davies, G.A. (1970) - Algal lamnated sediments, Gladstone Embayment, Shark Bay, Westem 
Australia in Logan, B.W., Davies, G.R., Read, J.F., Cebulski, D.E., editors, Carbonate 
Sedmentation and Environments, Shark Bay, Westem Australa: U.S.; Amer. Asso. Petrol. 
Geol. Mem. 13, p. 169-205. 

288. Davies, G.A. (1979) - Dolomite reservoir rocks: Processes, controls, porosity development In 
Moore, C., editor, Geology of Carbonate Porosity: U.S.; Amer. Asso. Petrol.GeoI. Short 
Course, p. C1-C17. 

289. Davies, G.R.; and Krouse, H.R. (1975) - Carbon and oxygen isotopic oorJ1)Osltion of late 
Paleozoic calcitic cements:· Canadian arctic archipelago - prelminary results and 
interpretations: Ottawa; Geol. Survey Canada Paper 75, 1 B, p. 215-220. 

290. Davies, W.E. (1966) - The earth sciences and speleology: U.S.; National Spele. Soc. Bull. 
28, p. 1-14. 

291. Davies, W.E.; and Chao, C.C.T. (1959) - Report on sediments in Mammoth Cave, Kentucky: 
U.S.; U.S. Geol. Survey .. 

292. Davis, A.O.; and GallowaYl N.J. (1981) - Atmospheric lead and zinc deposition into lakes of 
the Eastem United States !!l Elsenreich, S.J." dors, Atmospheric pollutants in natural 
waters: United States; Ann Arbor Science, p.401-408. 

293. De Camargo, W.G.R. (1978) - The determination of iron and manganese content of diaspore 
by x-ray diffraction powder photographs (abstract) in Augustithis, S.S., editor, 4th Intemational 
Congress for the Study of Bauxites, Alumna and Aluminum, Volume 1, Bauxites: Athens; 
Natl. Techn. Univ., p. 129-130. 

It is suggested that diaspore, goethite, and groutite may form an isomorphous 
series. 
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294. defreitas, M.H.; and Wolmarans, J.F. (1984) - Dewatering and settlement in the bank 
compartment of the Far West Rand, South Africa !!l Water. In Mlrjng and Underground Works 
(EI Agua en Ia Mineria y Trabajos, Subterraneos), Vol. I, p. 619-635. 

The common form of settlement that 8COOlT1J8nied the· dewatering of karstic 
dolomites above the mines in the Bank Compartment is· illustrated. Detailed 
surveys of settlement and water levels have been used to study the time 
dependency of . settlement, illustr~ns of which . are provided. A test 
embankment, buill to load an area where _lement had ceased, produced 
no further settlement. It Is concluded that settlement time curves, when used 
with a knowledge of basic subsurface conditiOns, provide a relable basis from 
which to assess present day surface stabilty. Ground above faults and 
sinkholes requires special assessment. 

295. De Voto, R.H. (1983) - Central Colorado karst~Ued lead-zinc-silver deposits (Leadville, 
Gilman, Aspen, and others), a late Paleozoic Mississippi VaHey-type district in KI$varsanyi, 
G., Grant, S.K., Pratt, W.P., and Koerig, J.W., editors, International Conference on 
Mississippi Valley Type Lead-Zinc Deposits: U.S.; University of Missouri-Rolla, p. 459-485. 

The Pb-Zn-Ag depQslts within the Lower and Middle Paleozoic strata of 
central Colorado (Leadville, Gilam, Aspen, and others) occur principally in 
Late Mississippian karst-solution features within dolomites and, to a lesser 
extent, Hmestones. Reid relationships, mineral assemblages and paragenesis, 
fluid-inclusion data, and Isotope studies· suggest that the met .. ls and brines 
were derived within the Pennsylvanian sedimentary sequence and that the ore 
minerals were deposited under different temperature conditions and at 
different depths from deposit to deposit. 

296. Dean, W.E. (1981) - Carbonate ·nineral and organic matter in sediments of modern north 
temperate hard-water lakes: U.S.; Soc. Econ. Paleon. and Mineralogists, Special Publ. 31, p. 
213-231. 

297. Deb, M.; Joshi, A.; and Deshmukh, M.G. (1978) - Some observations on the mineralogy, 
geochenistry and genesis of bauxite deposits on khondaltes, Eastern Ghet region, India !!l 
Augustlthis, S.S., editor, 4th International Congress for the· Study of Bauxites, Alumina and 
Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., p. 1008-1033, 17 figs. 

298. DeBoer, R.B. (1977) - On the thermodynamics of pressure .. solution: Interaction between 
chemical and mechanical forces: U.K., Oxford; Geochim. Cosrnochim. Acta 41, p. 249-256. 

299. Degens, E.T.; and Epstein, S. (1964) - Oxygen and .carbon isotope ratios in coexisting 
calcites and dolomites from recent and ancient sediments: Oxford; Geochim. Cosmochim. 
Acta 28,p. 23-44. 

300. Dehm, A.M.; Klemm, D.O.; Mueller, C.; Wagner, J.; and Weber-Diefenbach, K. (1983) -
Exploration for antimony deposits in southern· Tuscany, naly: Mineral Deposita 18, p. 423-
434. 

301. Deike, G.H. (1967) - The development of caverns of the Mammoth Cave region: U.S.; 
Pennsylvania State University, Thesis. 

302. Delfaud, J.; and Gauthier, J. (1968) - Contri~ion a Ia CQnncussance de I'environment de 
deposits carbonates de plate-forme: Caracteres geochimiques et sedimentologiques du 
Jurassique Nord-Aquitain: Pau; Bull. Centre. Rech. Pau, SNPA 2:2, p. 347-383, 2 piS., 8 
tbls., 7 figs. 
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303. Delgado, F.; Estevez, A.; Martin, J.M.; and Martin-AIgarra, A. (1981) - Observadones sobre la 
estratigraffa de la formacIon carbonatada de los Mantos ~jarrldes (Cordilleras Beticas): 
Estudlos Geologicos 37, p. 45-47. 

304. Demangeot. J. (1968) - SUr une courbe de dssolution des calcaires en montagne 
meclterraneenne:· CNRS, Mem. Doc. 4, p. 185-193. 

305. Demovic, R. (1974) - Geochemie'der mittel- und obertriassischen' Kalke des slowakischen 
Karstes, der Klfzna- lind der Choc-Oecke: Bratislava; Geol. Zbomlk Siov. Akad. Vied. 25:2, 
p.335-354. 

306. Demen, W.H.; and Norton, H.A. (1'977) - Geology and geochemistry of bauxite depoSits in 
the lower Amazon basin: U.S.; Econ. Geology, Vol. 72, p. 82-89. 

307. Deurer, R.; Forstner, U. and Schmoll, G. (1978) - Selective chemical extraction of carbonate-
associated trace metals in recent lacustrine sediments: Urited States; Geochem. 
Cosmochlm. Acta,' New York, Vol. 42, p.42~27. 

308. Diaconu, G. (1974) - Considerations on the Presence of Anhydride in the Diana Cave, Baile 
Herculane, Romania, Travauxde I'lnstitut de Speologie "Emile Racovitza," 13, p. 191-194 (in 
French). . 

By means of infrared analysis, calcium sulfate in the fonn of both gypsum 
and anhydride is Identified in Diana Cave, Baile Herculane, Romania. 

309. Diaconu, G. (1976) - Considerations on the Genesis of Calcitic Mondmilch in Caves, Travaux 
de I'lnstitut de Speologie "Emile Racovitza," 15, p. 227-230 (in French). 

Discussing the genesis of· mondmilch, the author distinguishes two main 
types: primary 'mondmilch, formed directly by the generating solution, and 
secondary mondmilch. formed by fonner concretionary crusts or even bY the 
supporting rock, i.e. limestone. 

310. Diaconu, G. (1978) - Closani Cave. Genesis' and Evolution. Travaux de I'lnstitut de 
SpeoIogie "Emile Racovitza," 18, p. 185-191 (in French). 

An interpretation of the genesis and evolution of the cave from Closani is 
made after complex observations of karstic morphology, hydrography, geology 
and tectonics. 

311. Diaconu, G. (1979) - A classification of Speleothems, Travaux de I'lnstitut de Speologie 
"Emile Racovitza," 18, p. 215-218 (in French). 

A classification of speleothems according to a single criterion, their 
morphology, is given. 

312. Diaconu, G. (1980) - Closani Cave. Remarks on the Current Chemism of Infiltration Waters. 
Its Relationship with local Thennal Values in the Endokarstic Cavity, Travaux de I'lnstitut de 
Speologie "Einile Racovitza," 19, p. 219-225 (in French). 

A number of conclusions are proposed conceming the current chemistry of 
Infiltration waters in the passages of Closani Cave from Mehedinti Mountains. 
Vaterite was Identified in the clay of several water Influxes. 

313. Diaconu, G. (1983) - On the Gypsum-Aragonite Mineralogical Paragenesis in Several Caves 
from Romania, Travaux de l'ln&titut de Speologie "Emile Racovitza," 22. p. 81-90 (in French). 
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The author's viewpoint is presented on the gypsum-aragonite mineralogical 
paragenesis in several vaces from Romaria, with· emphasis on the role 
played by Hydronium (HaO·) ions in the genesis of aragonite. 

314. Diaconu, G. (1984) - Considerations on the Genesis of the Clays on the Umestones of 
"Ciosani Area,- MehednUMountains, theoretical and AppIed Karstology, 1, p. 13-22 (in 
French). 

Relying upon chemical and spectral analyses, the hypothesis is proposed that 
the clays on lmestone In the Closani' Area are allochthonous. . Assessments 
are made of the role of the -piezoelectric fieler in clay fixation on lmestone. 

315. Diaconu, G. (1984) - Graphic Assessments on the CoorclnaUon Polyhedron of the Crystaline 
Structure of Aragonite, Travaux de rlnstitut de Speoloc;e -Emile 'Aacovitza,- 23, p. 57-65 (in 
French). 

In his note, the author starts from the values of the x, y and z coordnates of 
the elements Ca,C' and 0 and makes' a graphic representation of the 
ele.mentary cell of aragonite and the coordination polyhedron CaO,. 

316. Diaconu, G. (1985) - A Graphic Representation of the Elementary Cell of Calcite and of the 
Coorclnation Octahedron, Travaux de I'lnstitut de Speologie, -Emile Racovitza, - (in print), (In 
French). 

The authors presents a graphic representation in elevation; profile, plane and 
space of the elementary ceO of calcite. Furthermore, an image Is proposed of 
the coorcination octahedron of calcium and oxygen. 

317. Diaconu, G. (1985) - The Ust of Minerals that Form Speleothems, Theoretical and AppIed 
Karstology, 2 (in print), (in French). 

The author offers a 1st of minerals. described in natural caves grouped in 
ctasses and sub-cIasses accorclng to their chemical col11'Osition. To the 1st 
is added a selective bibliography, each mineral being assigned a number (or 
several numbers) that'refers It to pertinent wOrk (or works). 

318. Diaconu, G.: Hann, H. P. (1974) - Remarks on conic Stalactites in the Muierilor Cave, Baia 
de Aer, Uvre du Cinquantenaire de I'lnstitut' de Speologie -Emile Racovitza,- Ecltura 
Academiei RSR, p. 621-632 (in French). 

The structure and the mineralogical composition of several stalactites sarJ1)led 
from Muierilor cave are desCribed. A hypothesis' is put forth concerning the 
genesis of aragonite crystals identified in the. channel of stalactites. 

319. Diaconu, G.: Medesan, AI. (1973) - On the Presence of Pickeringite in Diana Cave (Baile. 
Herculane, Romania), Travaux de I'lnstitut de Speologle -Emile Racovitza,- 12, p. 303-309 (in 
French). 

By means of X-ray,lnfrared, dfferentlaltherrnal and chemical analyses 
pickeringite, a mineral In the hallotrichlte-pickerilVte series, is detected in a 
natural cavity for the first time. 

320. Diaconu, G.: Medesan, AI. (1975) - Dahllte Speleothems in the Muierilor Cave, Baia de Fler, 
Romania, Travaux de I'lnstftut de Speologle -Enile Racovitz8,- 14, p. 148-156 (in French). 

Dahllite, a mineral responsible for the numerous morphologically different 
speleothems In the Mulerilor Cave, Bala de Fler, Is identified by means of x­
Ray, infrared, differential thermal and chemical analyses. 
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321. Diaconu. G.; M ..... an. AI.;¥iehmann. I., (1977) - A New Mineralogical Paragenesis In 
Fagului '. Cave, ·,Bih,Qr County (Huntlte.Aragonite, Calcite, Travaux. de I'lnstitut de Speologle 
"Emile Racovltza," 16, p" 203-210 .(inFrenc~). 

A mondnilQh sample taken fl'()m. Fagulul Cave, Blhor County. ·proved to be an 
intereatlngmlneraloglcal association of huntite. hydromagnesite; aragonite and 
calcite determined by means of X-ray and infrared analyses. 

322. Diacony, V.; Bulgar,. AI.; Oaneea, V. (1984) - The use of tra,.~r f"llCtion In establshlng the 
water circulation characteristics in the karst, Theoretical and· Applied, Karstology, 1, p. 223-
230. 

The Interpretation of· the response of a karst system to, an . Instantaneous 
tracer r.... (fluorescein or 'potassium dichromate) in terms of the transfer 
function is determined as the Fourier transform of the output tracer 
concentration variation. This allows the use of the data .resulting from tracing 
operatiOns in determining the attenuation factor and· the time .Iag for 
transmission of the discharge variation between the input and output. points. 

323. Dickson, J.A.D.; and Coleman, M.l. (1980) - Changes in carbon and oxygen isotope 
composition during lmestone genesis: Oxford; Sed. 27, p. 107-118, 5 ,figs. 

324. . Dietrich, J.E.; and Pi net , M. (1978) - Nouvelles precisions sur les nodules nickelferes du 
gisement de Blanquette W pres Ie Thoronet (Var.) !n Augustithis, S.S., editor, 4th 
IntemationalCongress for the Study of Bauxites, Alumina and Aluminum, Volume 1, Bauxites: 
Athens; Natl. Techn. Univ., p. 1~1-143, 5 figs. 

The nickelferous nodules typically consist of three concentric zones: a core 
of bauxite with boehmite and diaspore is $Ucceeded by a series of concentric 
layers more or less rich in. niccolte (NiAl) and a rim of bauxite with 
chalcopyrite, sphalerite, and secondary niccolte. 

325. Djokic, V.; KaieZic, M.; and Voros. I. (1978) - New aspects of bauxite geology in Montenegro, 
YUCJOS:l8~a !!! Augustithls, S.S., editor, 4th International Congress for the Study of Bauxites, 
Alumina and Aluminum, Volume 1, BauxitEts: Athens; Nati. Techn. Univ., p. 144-163, 5 figs. 

326. Doebl, F.; Mowahed-Awal, H.; Rothe, P.; Sonne, V.; Tobien, H., Weiler, H.; and Weiler, W. 
(1972) - En "Aquitain" Profil von Mainz-Weisenau. (Tertiaer, Mainzer Becken), Mikro­
faunistische, sedimentpetrographische und geochemische Untersuchungen zu seiner 
Gliederung: Germany, F.R.; Geol. Jb. A 5, 141 p. 

This is a report on a late Tertiary Hmestone-mart sequence. 

327. Donath, F.A.; Carozzi, A:V~; Fruth, l.S.; and RiCh, D.W. (1980) - Oomoldic porosity 
experimentally developed in Mississippian QOItic lmestones: U.S.; Joum. Sed. Petrol. 50:4. 
p. 1249-1260. 7 figs. 

328. Donavan, R.N. (1975) - Devonian laa.estrine imestones at the margin of the Orcadian Basin, 
Scotland: LOndon; Joum. Geol. Soc. london 131,p. 489-51.0. 

329. Done, A. (1984) - The cave in the Cuciulat auarry~ Buletinul CSER, Bucharest, 8, p. 82-92, 2 
maps, 3 pages with photos (In Romanian). 

A historical survey of exploration and· tbe description of a 1,707 m cavity 
which contains the first paleolithic paintings dscovered in Romania. 
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330. Dorhofer, S. {1974} - Mikrofazielle Untersuchunget dar Kalkstelne des Mundener Mergels von 
Thuste: West Germany; Unveroeff. Diplomarb. TV Hannover, 4O.p. 

Upper Jurassic, Westphala. Differentiation of microfacies types with factor 
and' cltJsteranalyses' (use of distance and correlation coefficients produces 
similar resufts). . COfT1)arison of groupings baSed' on sedimentary and 
dlagenetlc'criteria ,with a method analYsis that dsrlgatds· ciagenetic criteria 
produces a clearer separation into facies units, henc,e, a ,clearer interpretation. 

331. Doyen, L.(1976) - The manganese ore deposit of Kisenge-Kamata (western Katanga): 
Mineralogical and sedimentOlogiaO rispects of the primary ore !II Amstutz, G.C., and Bernard, 
A.J., ecitora, Ores in Seclments: ; Germany, F.R:,Heidelberg, Springer-Verlag, International 
Unon of Geological Sciences Series A, No.3, p. 93-100. ' 

Criteria are offered' for a . sedimentary brigln of the manganese deposit of 
Klsenge-Kamata. It is of Precambrian age· and has undergone a mesozonal 
metamorphism. The primary ore belongs to two types, a silcate type and a 
carbonate type, both of which alwayS" contain graphitized carbon. The 
carbonate ore frequently contains stromatolitic structures. 

332. Dragan8SQJ, A. (1976) - Lower Cretaceous carbonate and carbon8te-evapor1te-sedimentation 
In the East-Wallachian Sector of the -Moesian "Platform (Eastern' Romania Plain): Romania; 
An. Inst.GaoI. Geofiz. Vol. 48,p. 5-56. . ' , 

Upper TithonianILower Berriasian to ,the Valal1Oinian. Micritic imestories of 
the Inner sheH. Carbonate-evaporite -sequence in tidal zones. Good 
photographs of thin-sections, particularly of Favreina limestones and 
pelsparites. ' " " 

333. Drake,. J.J.(1983) - The effects of geomorphology and seasonality on the chemistry of 
carbonate groundwater: U.S.; Joum. HydrolOgy 61, p. 223-236. 

334. Drake, J.J.; and Wigley, T.M.L. (1975) - The effect of cimate on the chemistry of carbonate 
groundwater: U.S.; Water Resources Aes. 11, p. 958-962. ' 

335. Drittenbass, W. (1979) - Sedtnentologie' urftfGeochemie von Eisen-Mangan-fuhrenden 
Knollen und Krusten im Jura der Trento-Zone (ostAche Sudalpen, Nordltallftn): Eclogae geol. 
Helvet. 72:2, p. 313-345, 10 figs. 

336. Drogue, C.; Daoxlam, Y.; Bldaux,' P;; and Zhou, S.Y. (1986) -Structural conditions of the 
carbonate aquifers in southern China (Guangxi Province, Guilln area): Comptes Rendus de 
l'Academie des Sciences (Series 2), Vo1.302, No.15, p. 975-978. 

The Devonian-Carboniferous lmestones and dolomites of the Guangxi area 
constitute karstic aquifers whose fissural structure originates from three 
tectonic episodes of the Mesozoic anct' Cenozoic Ages; The fracture trends 
which have a probabIe'hydrogeologic role are al$Ofdentifiable by ERTS. The 
aquifers are of interest· as; a potential resource,· at weHas from the point of 
view of their origins and hydraulic characteristics.' , 

337. Dubois, P. (1961) - Les circulations souterraines dansi les cafeaires de la region de 
Montpelier: Bull. Bur. Rech. Gaol. Min., 31. 

338. Dubois, P. (1964) - Les drculations souterrai'nes dans les karsts barres de Bas .. Languedoc: 
3eme Congr. Inter. Spele. 1961, H.2, p. 167-174. 
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339. Duhovnik, J. ('967) -, Facts speaking for and against a syngenetic origin of the stratiform 
deposits of lead and zinc !n Brown, J.S., editor,Genesis of Stratiform Lead-Zinc-Barlte­
FIuortte Deposits In Carbonate Rocks: U.S.; Economic Geology, p. 108-125. 

340. Dunham, K. (1983) - Ore genesis In the engtah,Pennines: A .fluorltic subtype!!! Kisvarsanyi, 
G., Grant, .'. S.K., Pratt, W.P., and Koenig,. J.W., ecItors, IrHmatIonal Conference on 
MiSsissippi Valley Type·Lead-Zinc Deposits: U.S.; University of Missouri-Rolla, p. 88-112. 

A case Is made for recogrUing as a fIuoritic subtype of the MissiSsippi Valley 
geOOs the liinois-Kentucky, Central Kentucky, Sweetwater and Pennine fields. 
Unlke the great, Pb-Zn producers, all these have major fluorite and are 
fracture-controlled, and several reveal hot spots, possibly related to de'P 
crustal Igneous acIIvity. 

341. Dzulynsld. S.' (1976) - Hydrothermal karst and Zn-Pbsulflde ores: Soc. Geol. Pologne 
Amalea ~, p. 217-230 (Englsh summary]. 

342. Early, Ch.F.; and ·GoodeII, H.G. (1968) - The sedments of Card SouOd, Florida: U.S.; 
Journal of Sedmentary Petrology, 38:4, p. 985-999. 

The size ,of carbonate particles decreases towards the sea, but Increases 
near smaII,'coraI reefs located parallel to the shoreline. Very few carbonates 
in the Inner bay area, but much quartz sand with a wide spectrum of sorting. 

343. Ede, D.P. (1975) - Umestone drainage systems: The Netherlands, Amsterdam; Elsevier 
ScientifIC, Jout:n. Hydrology, Vol. 27, p. 297-318. 

This paper describes the form of a nu~r of Umestone drainage systems on 
the Gower Peninsula. South Wales. The effect of system morphology on 
seasonal variation in flow pattem and solute load at spring sites' is examined 
and the systems ordered according to the degree of development of the 
conduit flow component and the integration of percolation Inputs. 

344. Edmunds, W.M.; CMen, M.; and Tate. T.K. (1976) - Estimation of induced recharge of river 
water into chak boreholes at Taplow using hydraulic analysis, geophysical logging, and 
{l8OChemical methods: U.K.; National Environmental Resources Council, Institute of 
Geological Sciences Report 76/5, 38 p. 

The authors discuss and compare three different techniques used to identify 
the, component of induced recharge entering chalk boreholes from the River 
Thames. 

345. Egemeier, S.J. (1981) - Cavem development by thermal waters: U.S.; NSS Bull., 43:2. p. 
31-51. 

Caves containing flowing thermal springs, although rare,·· are geologically 
ifl1)Oltant for a number of reasons. Arst,the soIutional processes now 
fonning thermal spring caves may have played a role in the. development of 
many caves that no longer contain flowing springs. Second, ,the study of 
depositional processes in thermal spring caves may provide information on 
the formation of some ore bodies. 

346. Ekdale, A.A.; Ekdale. S.E.; and Wilson; J.L. (1976) - Numerical analysis of carbonate 
microfacies in the.CUpido Umestone (Neocomian-Aptian), Coahuila. MexiCO: U.S., Joum. 
Sedmentary Petrology. 46:2, p. 362-368. 

Samples, evaluated on the basis of 16 thin-section criteria, were subjected to a 
ck.ister analysis, where only the presence or absence of criteria were noted. The Q-
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mode leads to a differentiation of 15 groups (microfacies). A comparison of sa",,*, 
similarity based on the ordination method inclcated the possible Original relationships 
between the MF types. . 

347. EI Aref, M.M. (1984) - Strata-bouod and stratiform iron sulfides, sulfur, and galena in the 
Miocene evaporites, Ranga, Red Sea, Egypt (with special er11Jhasis on their dagenetlc 
crystallization rhythnites) !!! Wauschkuhn, A.; Kluth, C.,.and Zimmermann; R.A., editors, 
Syngenesis· and epigenesiS in the Formation of Minerai Deposits: Gennany, F.R., 
Heidel)erg; Springer-Verlag, p. 458 .... 67. 

The sulfides and sulfur minerals of the Ranga occurrences form three 
geometric types:' <a) stratabound·· rhythmic type of pyrite/marcasite associated 
with cryptalgal calcite, barite, and quartz; (b) stratiform to strata-bound 
rhythmic type of sulfur associated with anhydrite, calcite, and bitumen; and (c) 
strata-bound authigeilC galena growing In karst cement. The systematic 
Investigations lead to conclude that the Iron sulfides and sulfur of the rhythmic 
types are of syndagenetlc origin, deposited with their gangue associations by 
generations of fractional crystallzation In shallow marine environments. 

348. EI-Naggar, Z.R.; A!-Rifaiy, tA. (1973) - Stratigraphy and microfacies of the type Maggwa 
formatiQn of Kuwait, Arabia, Part 2, Mishrif Umestone Member: U.S.; Amer. Asso. Petrol. 
Geol. Bull. 57:11, p. 2263-2279. 

349. Elf-Aquitaine (1975) - Essai de caracterisation sedimentologique des depots carbonates (An 
attempt at sedimentological characterisation of carbonate deposits) 1.Elements d'analyse 
(Analytic elements): France; Boussens-Pau: Elf-Aquitaine, 231· p. 

This very well illustrated book, which was originally the working basis for 
French petroleum .g80logists, provides a quick introduction into the 
dstinguishing features of carbonate rocks In thin-sections, the possibilities for 
classification as well as a few characteristics of fabrics. 

350. Elias, M.; Donaldson, M.J.; and Giorgetta, N. (1981) - Geology. mineralogy. and chemistry of 
lateritic nickel-cobalt deposits near Kalgoorle, Western AustraHa: U.S.; Econ. Geology. Vol. 
76. p. 1775-1783. 

351. Ellenor. D.W. (1975) - Sedimentology of the Middle Devonan Timor Umestone. Northeastern 
New South WaleS. Australa: The Netherlands; Sed. Gaol., Vol. 13, p. 125-152. 

14 profiles with a sample interval 1.5 m were taken. 697 thin-sections were 
analyzed for 13 MF criteria per thin-section and subjected to point-counting 
analyses. 5 facies types and several subtypes were dfferentiated by cluster 
analysis. 

352. Eliot, H.A.; and Huang, C.P. (1981) - Adsorption characteristics of some Cu(lI) oorT1>lexes on 
alumlnosilcates: Water Res .• Vol. 15. p.849-855. 

353. Emrich, K.; Ehhalt. D.H.; and Vogel. J.C. (1970) - Carbon isotope fractionation during the 
precipitation of calcium carbonate: Earth Planet. Sci. L.etter 8. p. 363-371. 

354. Enos, P. (1977) - Tamabra lmestone of the Poza Rica Trend, Cretaceous, Mexico: U.S.; 
Soc. Econ. Paleont. Min. Spec. Publ. 25. p. 273-314. 

355. Epstein, S.; Buchsbaum, R.; Lowenstam. H.; and Urey, H.C. (1953) - Revised carbonate­
water isotopic temperature scale: U.S.; Bull. Geol. Soc. Amer. 64. p. 1315-1325. 

356. Epstein, S.; Graf, D.L.; and Degens. E. T. (1963) -Oxygen isotope studies on the origin of 
dolomites In Isotopic and Cosmic Chemistry: Amsterdam; North Holland Publ.. p. 169-180. 
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357. Erdosh, G. (1979) - The Ontario Carbonate ProVince and its phosphate potential: U.S.; 
. Economic Geology, Vol. ·74, p. 331-338. . 

The only known concentration of carbonate cof1l)lexes In North America is In 
northemOntarlO and western Quebec,. In a petrographic province here named 
the Ontaflo'Carbonate Province. The complex contains a uniqUe, very high 
grade ntlidUai "PhOsphate deposit asaociat*' , with a weU-developed karst 
topography now burled under glacial lake clays. During karat development, 
carbonates were dissolved from the carbonatit., and· t'MIduai mineralS, mainly 
apatite, were concentrated In sink holes and troughs. Sorting and reworking 
of· apatIt.rich residuum by surface and subsurface water' formed 
concentrations of nearly pure apatite sand, locally several tens of meters 
thiCk. . . 

358. Erickson, R.L.; Mosier, E.L.; Viets, J.G.; Odland, S.K.; and Erickson, M.S. (1983) -
Subsurface geochemical exploration In carbonate terrane-midcontinent. U.S.A. !!! Kisvarsanyl. 
G .• Grant. S.K.; Pratt. W.P .• and Koenig J.W .• dors, International Conference on Mississippi 
Valley Type Lead-Zinc Deposits: U.S.; University of Missouri-Rolla. p. 575-583. 

Geochemical studes of subsurface Cambrian strata In the Rolla 1° x ~ 
quadrangle. Missouri. completed In 1980, and current geochemical studies In 
the Springfield 1° x Z' quadrangle. Missouri. indicate that Insoluble residues 
are a useful and informative geochemical sample medium in a carbonate 
environment. 

359. Ernst. L. (1964) - ZUr Frage der Mischungskorrosion: Die Hoehle 15. p. 71-75. 

360. Evans. I.; and Kendall. C.G.St. (1977) - An interpretation of the depositional setting of some 
deep-water Jurassic carbonates of the Central High Atlas Mountains. Morocco: U.S.; Soc. 
Econ. Paleont. Min. Spec. Publ. 25. p. 249-261. 15 figs. 

361. Fabian. C. (1984) - The karst phenomena study from the theory of systems point of view. 
Theoretical and Applied Karstology, 1, p. 29-34, 5 figures. 

The author's purpose is to demonstrate that the karst system is an available 
one and to argue that the petrographic subsystem inside such a karst system 
plays an Important part in the evolution of the latter. We consider that the 
state of stress and strain of the lmestone. especially the strike of the tension 
joints. determines the development of the cave. Caves from Rodna 
Mountains .and from Apuseni Mountains are cited as examples. 

362. Fabian, C.; Vlehman, J. (1979) - The morphogenesis of the limestone balls in the Tausoare 
Cave (The Rodna Mountains. Romania).' Proceedings of the "Emil Racoita" Speleological 
Institute, Bucharest, XVIII, p 209-214. 5 figures. (In French). 

A presentation Is made of the two types of ImestOne balls discovered in the 
Tausoare Cave endokarst: free balls. lying on the cave floor at a depth of 
200 m, and balls inlaid in the lmestone wall of the cave. The authors 
conclude . that the balls were formed through a process· of paleokarstic 
alteration. 

363. Farkas, L.; Maksimovic. Z.; and Panto. G. (1985) - X-ray powder data and unit cell of natural 
hydroxyt-bastnaesite-(Nd): Neues Jahrbuch fur Mineralogie Monatshefte. Vol. 7. p. 298-304 
lPosto; I poseban otisak). 

A natural Nd-rtch hydroxyl-bastnaesHe sample from Zagrad (Yugoslavia) was 
investigated by electron microprobe and X-ray powder diffraction methods. Its 
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chemical composition is roughly (Nd,La,Pr)(F,OH)C03• Results of the 
analyses are listed and compared to earlier data. The reported hexagonal 
syrrmetry was confirmed, and reliable cell parameters were calculated from 
the measured data. 

364. Faure, G.; Assereto, R.; and Tremba, E.L. (1978) - Strontium isotope composition of marine 
carbonates of Middle Triassic to Early Jurassic age, Lombardic Alps, Italy: Oxford; Sed. 25, 
p. 523-543, 4 figs. 

365. Fay, M. (1976) - Riffnahe Resedimente im Raum Kelheim: Uthogenese, Genese und 
stratigraphische Bemerkungen: Stuttgart; N. Jb. Geol. Palaeont. Abh. 152:1, p. 51-74, 5 figs., 
2 tbls. 

366. Feely, H.; and Larson, R.J. (1979) - The chemical composition of atmospheric deposition: 
Environmental Measurements Lab Quarterly, EML 363, Appendix. 

367. Fenninger, A. (1970) - Faktorenanalyse nordalpiner Malmkalke: Austria; Verh. geol. 
Bundesanst, Vol. 4, p. 618-636. 

Upper Jurassic carbonates from shallow water, sills, and basins. 365 samples, 
15 criteria; point counting method; cluster analysis (R-Mode) and factor 
analysis accentuate variable interrelationships and thus permit a better rating 
of the criteria as facies indicators. 

368. Fenninger, A.; and Holzer, H.-L. (1978) - Die Genese der Dolomitsandstein-Folge des Grazer 
Palaeozoikums: Wien; Mitt. Oesterr. Geol. Gesellschaft 69, p. 109-162, 10 piS., 11 figs. 

369. Fenninger, A.; and Holzer, H.L. (1972) - Fazies und Palaeogeographie des ober-ostalpinen 
Maim: Austria; Mitt. Geol. Ges. Wien 63, p.52-141. 

Summary of the studies of the Upper Jurassic facies of the Upper Austro­
Alpine unit, with a detailed investigation of microfacies. Deals with all the 
essential sequences developing in shallow water (e.g., Plassen limestones), 
on sills (e.g., Steinmuehl lmestones), and in basins (e.g., Oberalm beds) as 
well as sediments from the transitional environments between these 
depositional areas. 

370. Fennu M.U. (1971) - Therrnomineral Waters in the Western Part of the Central Dobrogee and 
the poSSibilities of their turning to account; Studii tenice si economice IGG, seria E, Nr. 9, p. 
79-94. 

Hydrogeological investigations carried out along the Dobrogean slope of the 
Danube led to the statement that two important lines of thermomineral springs 
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A vadose collapse origin cave, developed in crystalHnelimestone interbred 
with amphibolites is described. 
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Congress for the Study of Bauxites. Alumina and Aklrninum. Volume 1. Bauxites: Athens; 
Natl. Techn. Univ .• p. 2()4..255. 31 figs. 

Although previous studes hypothesize the derivation of bauxites of eastern 
Madha Pradesh. Inds.· from the Deccan· lavas. it is now suggested' that they 
were derived from arkosic sandstone/shale of Gondwana age. Model and 18 
chemical analyses are given. 
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on Mississippi Valey Type Lead-Zinc Deposits: U.S.;· University of Missouri-Rolla, p. 403-
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Mississippi Valley type (MVT) deposits account· for aU of . the lead, zinc, 
cadmium and a sIgniftcart amount of the silver currently produced In northern 
Canada. This production comes from deposits associated with a Middle 
Devonian barrier reef cofY1)lex of the Pine Point clstrlct. the Polaris deposit in 
Ordovician Thumb Mountain Formation In the Conwells lead-zinc district and 
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Data concerning the history of explorations and items of information in 
connection with the new clscoveries made in a pothole with a level difference 
of 268 m. 

461. Giurgiu, I. (1985) - Caves in Salt in the Vrancea Subcarpathians. Buletinul CSER Bucharest, 
9, p 5-35. 28 maps, -sketch, 14 photos (in Romanian) 

Comprehensive description of the exo- and endokarst In salt in the Meledic 
plateau, the Jgheabu Valley, and at Sarile. The author presents information 
on the largest cavity in salt in the world (cave 6S at Minzalesti, 1,257 m). 
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The authors discuss one of the most interesting caves in Romania from an 
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Bucharest, 7, p 7-22, 2 maps, 1 fig., 4 photos (in Romanian) 

A description is presented of a cavity which is 2,121 m long and 226 m deep. 
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This Is the first speleological inventory of an area which includes 104 cavities. 
Noteworthy features are the cave In the Cuciulat quarry (1,707 m) where the 
first paleolthic paintings In Romania were discovered, the-pothole at Gura 
Cerului, where a 52-m waterfall was discovered, and the cave at Cetatea Ci­
ceulul, the longest cavity In sandstone In Romania (273 m). 
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Clociovina cu Apa Cave In view of Its therapeutical utilzation. Buleti..,1 CSER, Bucharest, 5, 
p 257-278, 14 tables (In Romanian). 

This report is a thesis read at the Medical Institute of Bucharest. The 
conclusions of the study show that the cave is suitable for the treatment of 
complaints of the respiratory system. 
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469. Godney, D.E. (1977) - Non-equllbrium fradlonation of the stable Isotopes of carbon and 
oxygen during precipitation of calcium carbonate by marine phytoplankton: U.S.; PhD Thesis, 
Univ. of Hawaii, 146 p. 

470. GodwIn, Col.; Sinclair, A.J.; and Ryan, B.D. (1982) - Lead Isotope models for the genesis of 
carbonate-hosted Zn-Pb, shale-hosted Ba-Zn-Pb, and silver-rich deposits in the northern 
Canadian Cordillera: U.S.; Econ. Geology, Vol. n:1, p. 82-94. 
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473. Goran, C. (1976) - The Evolution of the hydrographic Network in the Topolnita-Epuran Karstic 
Area (The Mehedinti Plateau), Travaux de I'lnstitut de Speologie "Emile Racovitza", 15, p 
197-206, 6 figures, (in French). 

The author presents a regional study of paleogeographic and geomorpho­
logical evolution from· the moment of limestone emersionuntil the current 
configuration of the reHef·of one of the most interesting and representative 
underground karstic complexes in Romania. 

474. Goran, C. (1978) - The Karst of the Mehedinti Plateau. I. The Northem Part, Travaux de 
"Institut de Speologie "Emile Racovitza", 17, p 165-183, 2 figures, 2 plates, (in French). 

The author describes' one of the most important karstic a,reas in Romania 
which analyses with the help of a color 1 :20,000 map, the. morphology of 
surface and underground relief in correlation with various drainage directions. 
A detailed study of the genesis of the' Zaton-Bulba karstic complex as found 
in Romania led to a general model of underground network organization in 
relation to the morphological evolution of afferent karstic valleys. 

475. Goran, C. (1981) - The Karst of the Mehedinti Plateau. II. The Central-Northem Part. Note 1., 
Travaux de I'lnstitut de Speologie "Emile Racovitza", 20, p 217-226. (in French). 

The author presents morphological and hydrographic aspects of the exokarst 
in the central-northem part of the Mehedinti Plateau, with emphasis on the 
conditions of karst formation on the compartmentation and current distribution 

; of karstic forms. 

476. Goran, C. (1982) - The systematic catalog of the Romanian caves. Cons. National pt. Ed. 
Rz. Sport, Bucharest, 496 p. (in Romanian). 

6816 caves included in the catalog of karst in Romania are grouped in three 
large sections. The author makes an inventory of known caves in each 
territorial (karstic) unit, according to the decimal system of classification. 
Thus, a cave is classified accordIng to a catalog number 6 of the unit and to 
its own number. In the case of caves modelled in "other rocks" a lithological 
specification is also added. (01-caves in salt, 02 .. in gypsums, 03-in 
conglomerates, 04-in grit stones, OS-in volcanic agglomerates, 06-in magmatic 
rocks, 07-in crystalline schists and. OS-in loess). For each cave, the following 
parameters are outlined within synthetic tables by the order number, field 
marking of the code number, name and synonyms, location, number of 
entrances, altitude of the entrance, absolute altitude, relative altitude, mapping 
situation, hydrological type, length, negative level difference, positive level 
difference, information source and date, and bibliography. The alphabetical 
catalog includes' all the names of caves and their synonyms with their 
respective number. Romania's speleogram is an all-country synthesis by 
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4n. Goran, C. (1983) - Types of Karstic Relief in Romania", Travaux de I'lnstitut de Speologie 
"Emle Racovitza", 22, p 91-102, 5 figures, (in French). 

Deciphering the laws of the present distribution of limestone and dolomite in 
Romania, the author suggests a new classification of karstic reHef on the 
basis of a genetic-evolutive criterion. As a result of post-sarmatian evolution, 
nine types of karstic reHef with specific' features (unitary-perched karstic 
plateaus, transverse-perched and unitary-lowered plateaus; unitary calcareous 
bars, both (ragmented and levelled; isolated calcareous massifs occurring on 

136 
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calcareous bars and isolated massifs). 
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Relevant Speleometric Index, Theoretical and Applied· Karstology, 1, P 83-90, 3 figures, (in 
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The author suggests a new speleometric index - the extent index - and 
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480. Graf, J.L., Jr. (1983) - Rare earth elements in carbonate rocks and minerals from the 
Viburnum Trend, southeast Missouri in Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, 
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University of Missouri-Rolla, p. 131-139. 

Rare earth element (REE) pattems of carbonate rocks and minerals from four 
Viburnum Trend deposits show that carbonates precipitated from or 
recrystallized by the . ore solutions· are Significantly depleted in light REE 
relative to the host rocks. 
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482. Grant, N.K.; and Bliss, M.C. (1983) - Strontium isotope and rare earth element variations in 
non-sulphide minerals from the Elmwood-Gordonsville mines, central Tennessee i!:! 
Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, J.W., editors, International Conference 
on Mississippi Valley Type Lead-Zinc Deposits: U.S.; University of Missouri-Rolla, p. 206-
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Isotope data show the effect of the dissolution of host carbonates during 
sulphide crystallization, and also the changes in the ore fluid system when the 
pulse of fluid With elevated 875r/8'5r ratiOS ended, and the remaining fluids 
evolved through local isotopic chemical exchanges with the host carbonates. 
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A comparison of the Recent sedimentary condtions off the Florida coast with 
the Lower Cretaceous 8 Abra reef in Mexico and the carbonates of the 
Lower Cretaceous Edward formation In Texas, which Is known only from 
boreholes. The reeulls of factor· analyses, which considered . all the data 
available, and factor analyses, which considered only the more' Important 
faunal element, were In almost col1l>lete agreement. 

486. Grogan, R.M.; and Bradbury, J.C. (1967) - OrigIn of the stratiform fluorite deposits of 
southern linois In Brown, J.S., ecItor, . Genesis Of Stratiform Lead-Zlnc-Barite-Fluorite 
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erzhoefflgen Muschelkalk (Mltteltrias) dar Ostalpen: Berln; Berlner Geowiss. Abh. A, 3, p. 1-
70, 5 pis., 34 figs., 10 tbls. 
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microbial strains !n Augustithis, S,S'r editor,· 4th International Congress for the Study of 
Bauxites, Alumina and Aluminum, Volume 1, Bauxites: Athens; Natl. Techn. Unlv., p. 271-
278. 

493. Grundmann, W.H., Jr. (1977) - Geology of the Vibumum No. 27 mine, Viburnum Trend, 
southeast Missouri: U.S.; Economic Geology, Vol. 72, p. 349-364. 

The No. 27 mine les at the northem end of the Viburnum Trend near a 2.5-
mile-long granite formation 3 miles west and basinward of the main ore trend. 
Mineralization, primarily associated with clastic structures, occurs almost 
exclusively In the ~e stromatoltic reef horizon of the dolomitic Bonneterre 
Formation. 

494. Gruszczyk, H. (1982) - The genesis of the zinc-lead ore deposits of Upper Sllesia, Poland !!1 
Amstutz, G.C., EI Goresy, A., Frenzel, G., Kluth, C., Moh" G., Wauschkuhn, A., and 
Zimmermann, R.A., editors, Ore Genesis: The State of the Art: Germany, F.R., Heidelberg, 
Springer-Verlag, p. 92-96. 

From the evidence accumulated to date, it appears that at least two deposit­
forming stages can be clstlngulshed, as follows: stage I in which ds­
seminated ores formed synchronously with dolomites; and stage II in which 
further concentration of primary ores and secondary alteration of the primary 
dolomites occurred. 

495. Gruszczyk, H.; and Basta-Grzywacz, M. (1984) - The lithology and mlneralzation of Upper 
Silesian zinc-lead ore deposits !!1 Wauschkuhn, A., Kluth, C., and Zlmmermam, R.A., editors, 
Syngenesis and Epigenesis In the Formation of Mineral Deposits: Germany, F.R., 
Heidelberg; Springer-Verlag, p. 431-437. 
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h has been found that in the Silesian-Cracow ore district mineralzatlon Is 
Intimately associated with Ithology. Ore bodies occur In zones In which 
dolomites grade into limestones. Such Inferences may prove useful in further 
prospecting for ores not only In the Silesian-Cracow ore di$b1Ct but also In 
other areas where carbonate rocks occur and where there Is lateral transition 
between dolomites and lmestones. This is also In accord with the hypothesis 
of syngenetic origin of ore-bearing dolomites and primary ore concentrations. 

496. Gruszczyk, H.; and Paulo, A. (1976) - Transitional zone in the carbonate Triassic of the 
OIkusz area (in PoBsh): Wrart Gaol. 20, p. 737-749. 
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phenomena In Taurus Mountains J!! Proceedings Turkish 50th AnnIversary Congress Earth 
Sci., Mineral Resources Explor. Institute, Ankara, p. 392-409, 8 figs., 1 geol. map. 

The bauxite deposits of Turkey are mostly found in the western part of the 
central Taurus Mountains. They occur beneath an unconformity surface, 
overlain by Maestrichtian lmestones and underlain by lower Cretaceous or 
Cenomanian limestones. Two structural types are distinguished in more than 

-60 small deposits. 
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Bol. Geol. Min 93:2, p. 146-156. 

501. Gunnesch, K.A.; and Baumann, A. (1984) - The Atacocha Oistrict, Central Peru: Some 
metallOgenetic aspects in Wauschkuhn, A., Kluth, C., and Zimmermann, editors, Syngenesis 
and Epigenesis In the Formation of Mineral Deposits: Germany, F.A., Heidelberg; Springer­
Verlag, p. 448-456. 

The Atacocha District is located in the eastern. Cordillera of Central Peru, 20 
km north of Cerro de Pasco. Pb-Zn ores of Ihree mines (Machcan, 
Atacocha, and Milpo) have been investigated. On the basis of geometric 
criteria, four types of ore can be distinguished: (1) straIa-bound ore lenses in 
carbonate rocks (Pucara); (2) discordant bodies (veins or veinlets) of 
sphalerite/galena/pyrite; (3) irregular bodies in the contact zone of Tertiary 
intrusions sedimentary rocks; (4) disseminations of sphalerite, galena, and 
pyrite in the sandstone of the Goyllarisquizga Group. 

502. Gunnesch, M.; and Jaksch, H. (1984) - Fluid inclusion studies in fluorite at Milpo mine 
(Atacocha district), central Peru J!! Wauschkuhn, A.; Kluth, C.; 'and Zimmermann, A.A, editors, 
Syngenesis and epigenesis in the' formation of mineral deposits: Heidelberg, West Germany; 
SprInger-Verlag, p. 328-341. 

Auid inclusions in fluorite from Milpo mine (Atacocha district) central Peru 
provide interesting observations on the hydrothermal phase in these deposits. 
Mixing phenomena of fluids with different densities occur. 
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503. Gurnee, R.H. (19n) - Exploration of the Tanarna l!! Sloane, B., editor, Cavers,Caves, and 
Caving: U.S.; Rutgers University Press, p. 369-392. 

504. Gustafson, L.B.; and WilHams, N. (1981) - Sediment-hosted stratiform deposits of copper, 
lead, and zinc: U.S.; Econ. Geology, 75th Anniversary Vol., p. 139-178. 
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of the East Iran Pb-Zn deposits in Wauschkuhn, A., Kluth, C., and Zimmermann, R.A., 
editors, Syngenesis and Epigenesis in the Formation of Mineral Deposits: Germany, F.A., 
Heidelberg; Springer-Verlag. 

Former investigations in Iranian Pb-Zn and Cu deposits led to the 
interpretation whereby they formed as products of Mesozoic-Tertiary 
metallogenetic processes. Recent research work suggests, at least for Pb-Zn 
deposits of eastern Iran, an origin by Paleozoic sedimentary ore mineral 
formation. 

506. Hadzi-Popvic, S.; and Cicmil, S. (1978) - Les bauxites de region de Niksic (Montenegro), 
leurs caracteristiques minerogeochimiques et les problemes des roches-meres i!! Augustithis, 
S.S., editor, 4th International Congress for the Study of Bauxites, Alumina and Aluminum, 
Volume 1, Bauxites: Athens; Natl. Techn. Univ., p. 279-296, 2 figs. 

Contents of trace elements are discussed. 
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in relation to mineralogic and granulometric compositions of surface sediments in the karst 
estuary- (River Krka estuary, Yugoslavia): Yugoslavia; Estuarine, Coastal and SheH Science, 
Vol. 21, p. 701-709. 

The investigation of mineral, granulometric and chemical composition of 
sediments of the River Krka estuary (Yugoslavia) were performed in order to 
elucidate the origin of the sediments and the pattern of sedimentation. 

508. Hadzisehovic, M.; Komatina, M.; Zupancic, M.; Stamenkovic, V.; Stepic, R.; Bed-Uzarov, D.J. 
(undated) - Study of the groundwaters using the environmental tritium and hydrochemical 
data in the Belgrade region: . Yugoslavia; "Boris Kidric" Institute, Geozavod, and Belgrade 
Water Supply, 18 p. 

A study of tritium content and some physico-chemical parameters was 
performed to investigate the interconnection between surface and atmospheric 
waters and underground waters in the Belgrade area. Samples of 
precipitation at Zeleno Brdo-Belgrade meteorological station, water from the 
Danube and Sava Rivers, and underground water (Ranney walls and 
piezometers) were analyzed. The 3H content, the content of dissolved ions, 
total hardness, and ·electrical conductivity were measured. 

509. Hager, J. (1980) - Sorption of manganese and silica by clay and carbonate: Marine Chem., 
Vol. 9, p. 199-209. 

510. Hagni, A.D. (1982) - The influence of original host rock character upon alteration and 
mineralization in the Tri-State district of Missouri, Kansas, and Oklahoma, U.S.A. in Amstutz, 
G.C., EI Goresy, A., Frenzel, G., Kluth, C., Moh, G., Wauschkuhn, A., and Zirrmermann, 
A.A., editors, Ore Genesis: The State of the Art: Germany, F.A., Heidelberg; Springer­
Verlag, p. 97-107. 

Genesis and character of strata-bound ore deposits in the Tri-State district 
(Missouri, Kansas, and Oklahoma, U.S.A.) depend upon the interrelated 
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sedimentary, tectonic, karstic, and rTineralizing processes that affected the 
host rocks. 
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and Riggs, C.O., editors, Permeability and Groundwater Contaminant Transport: U.S.; Amer. 
Soc. for Testing and Materials Special Technical Publication 746, p. 221-242. 

Existing concentrations of radionuclides and arsenic in a uranium tailings 
pond arid groundwater, and hydrogeologic and mass transport parameters 
were utilized in a Galerkin-based finite element mass transport model to 
predict future migration potential for discrete chemical species. Field and 
laboratory data and the resuHs of computer modeling indicate that movement 
of chemical species of interest at the subject site is mitigated by chemical 
reaction with in situ SOlis including precipitation, coprecipitation, and ion 
exchange. 

513. Hakansson, E.; Bromley, R.; and Perch-Nielsen, K. (1974) - Maastrichtian chalk of north-west 
Europe - a pelagic shelf sediment: Oxford; Inter. Asso. Sed. Spec. Publ. 1, p. 211-234. 

514. Halasi, G. (1978) - Contributions to the Knowledge of the Karst of Moneasa Area, Nymohaea, 
§, p 373-382, 6 figures, in Romanian with French abstract. . 

A complex karst area, including classical drainage features, such aspoljes, 
dry perched valleys, the water of which was captured underground by large 
cave systems, overflow cavities, is described. 

515. Halasi, G. (1980) - The EndokarsticSystem Caprelor Pothole-The Cave from Izbucul 
Pescariei (Caprioara Umestone Area), Buletin Information, 4, p 66-71, 4 figures, in Romanian. 

A little limestone surface hosts a complex karst system, with several springs, 
the yields of which are discussed correlatively with those of the swallets. In 
spite of the reduced yields (a few liters per second), a 12 m rise of the water 
was observed in the pothole leading to the underground stream. 

516. Halasi, G. (1981) - Ponor Cave (Drocea Mountains), Buletin Speologic Informative, §, p 29-
34, 2 figures, in Romanian. 

The yields variability and the breakthrough times of a karstic drainage system 
are discussed. 

517. Halasi, G. Ponta (1984) - Subterranean drainage in the upper part of the Sighistel Valley 
(Apuseni Mountains), Theoretical and Applied Karstology, 1,239-242. 

The Sighistel karst area is about 15 km and contains several springs and 
swallets. Maps for more than 6,000 m of caves in Sighistel valley are 
presented. The drainage network is revealed by a dye tracing experiment, 
which was used to demonstrate the connection between two caves whose 
entrances were 410 m apart. 

518. Halasi, G.; Enodi, loan.; Lascu, Cristian.; Sirbu, Serban (1985) - An Archaeological Discovery 
in the Izubucul Toplitei Cave Trav. Inst. Speol. "Emil Racovita", Tome XXIV, p 105-110, 
Bucharest. 
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A recent discovery beyond a sump I. of a Bronze Age necropolis containing a 
variety of cub objects, human skeletons, tools and pottery is under research. 

519. Hallam, A. (1967) - Sedimentology and palepgeographic significance of certain red limestones 
and associated beds in the Uas of the Alpitle Region: Uverpool; Scottish Joum. Geol. 3, p. 
195-220, pis. 1-2. \ 

520. Halliday, W.R. (1962) - Caves of Califomia: Seattle; Selbstverlag. 

521. Ham, W.E. (1952) - Algal origin of the "Birdseyes" limestone in the McUsh Formation: U.S.; 
Oklahoma Acad. Sci., Proc. 33, p. 200-203. 

522. Hancock, J.M. (1963) - The hardness of the ~rish chalk: Dublin; Irish Natl. Journ. 14, p. 157-
164. 

523. Hancock, J.M. (1976) - The petrology of the chalk: London; Proc. Geol. Soc. 86, p. 499-535. 

524. Hancock, J.M.; and Kennedy, W.J. (1967) - Photographs of hard and soft chalks taken with 
scanning electron microscope: London; Proc. Geol. Soc. London 1643, p. 249-252. 

525. Hancock, J.M.; and Scholle, P.A. (1975) - Chalk of the North Sea!!l Woodland, A.W., editor, 
Petroleum and the Continental Shelf of Europe, 1: New York; Wiley, p. 413-425. 

526. Hankanson, L. (1980) - An ecological risk index for ·aquatic pollution control: A 
sedimentological approach: Water· Res., Vol. 14, p.975-1001. 

527. Hanor, J.S. (1978) - Precipitation of beach rock cements: Mixing of marine and meteoric 
waters vs. CO2 degassing: U.S.; Joum. Sed. Petrol. 48, p. 489-502. 

528. Harbaugh, J.; and Demi rmen , F. (1964) - Application of Factor Analysis to petrologiC 
variations of Americus limestone (Lower Permian), Kansas and Oklahoma, State Geological 
Survey of Kansas Special Distribution Publication #15: U.S.; State Geological Survey of 
Kansas, 52 p. 

30 cm to 1.5 m thick unit followed over 450 km; 97 samples from 27 
localities; pointcounting analyses; check of the variation occurring within and 
between the samples by factor analyses (Q-mode and R-mode) and trend­
surface analyses. 

529. Harbaugh, JW. (1966) - Mathematical simulation of marine sedimentation with IBM 
7079n094 computers: U.S.; Computer Contrib., Vol 1, 52 p. 

530. Hardie, L.A., editor (1977) - Sedimentation of the Modern Carbonate Tidal Flats of Northwest 
Andros Island, Bahamas: U.S.; John Hopkins Univ. StUd. Geol. 22, 202 p., 9 figs. 

531. Harmon, R.S.; and Hess, J.W. (1982) - Ground water geochemistry of the Burnsville Cove 
area, Virginia !!l White, W.B., editor, Burnsville Cove Symposium: U.S.; National 
Speleological Society Bull., Vol. 44, No.3, p. 84-89. 

The chemical composition of 56 surface and ground waters from the 
Burnsville Cove area suggests that solution of carbonate rock in the Sinking 
Creek drainage basin has largely occurred during sustained contact of the 
water with a CO2 reservoir of about 102

.
5

_ atm partial pressure. 

532. Harmon, R.S.; White, W.B.; Drake, J.J.; and Hess, J.W. (1975) - Regional hydrochemistry of 
North American carbonate terrains: U.S.; Water Resources Res 11, p. 963-967. 
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533. Harris, F.W.; and Martin, W.O. (1979) - Benthic community development in Hmestone beds of 
the Waynesville (Upper Dillsboro) Formation (Cincinnatian Series, Upper Ordovician) of 
southeastern Indiana: U.S.; Journal of Sedimentary P~trology, 49:4, p. 1295-1306. 

Vertical and lateral changes in composition within 13 individual limestone 
beds are investigated using certain variables and discriminant analysis. 
Differences can be recognized for the tops, bottoms, and centers of the beds 
indicating changes in comrrunity successions. 

534. Hart, B.T. (1981) - Trace metal complexing capacity of natural waters: A review: Environ. 
Tech. Lett., Vol. 2, p.95-110. 

535. Hatt, B.L. (1978) - An interpretation of the carbonate geology exposed in the decline at Gays 
River: Dalhousie Univ., Unpublished M.Sc. Thesis, 134 p. 
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Bauxites, Alumina and Aluminum, Volume 1, Bauxites: Athens; Natl. Techn. Univ., p. 297-
311,9 figs. 

538. Hay, R.L.; Pexton, R.E.; Teague, T.T.; and Kyser, T.K. (1986) - Spring-related carbonate 
rocks, Mg clays, and associated minerals in PHocene deposits of the Amargosa Desert, 
Nevada and Califomia: Geological Society of America Bulletin, Vol.97, No.12, p.1488-1503. 

The Amargosa Desert of Nevada-California is a spring-fed structural basin 
containing large amounts of Pliocene carbonate rocks and Mg clays deposited 
in playas, marshland, ponds, and flood plains. The nature and environments 
of chemical sedimentation and diagenesis in the stratigraphic unit containing 
the large Mg-clay deposits was studied. Pliocene basin-filled deposits dated 
at 2.4 to 3.2 Ma were subdivided into three Hthofacies designated Tpa, Tid, 
and Tpl. Tpa is chiefly limestone and was deposited in varied environments, 
including ponds and flood plains. Tpl is almost entirely Mg clays, limestone, 
and dolomite, which were deposited in playas and associated marshland. 
The paleohydrology was inferred from the distribution, composition and 
morphology of chemically deposited sediments. Isotopic data from authentic 
minerals in the different facies provided a basiS for estimating the relative 
evaporative concentration of water in the different environments. 

539. Haynes, S.J.; and Mostaghel, M.A. (1982) - Present-day precipitation of lead and zinc from 
groundwaters: Min. Depos., Vol. 17, p. 213-228. 

540. Heckel, P.H. (1972) - Possible inorganic origin for Stromatactis in calcilutite mounds in the 
Tully Umestone, Devonian of New York: U.S.; Journ. Sed. Petrol. 42:1,p. 7-18, 6 figs. 

541. Heckel, P.H. (1974) - Carbonate buildups in the geologic record: A review: U.S.; Soc. Econ. 
Paleont. Min. Spec. Publ. 18, p. 90-154, 9 figs. 

542. Hem, J.D. (1972) - Chemistry and occurrence of cadmium and zinc in surface water and 
groundwater: United States; Water Resources Research, Vol. 8, p.661-679. 

543. Hemleben, Chr.; and Reuther, C.-D. (1980) • Allodapie limestones of the Barcaliente 
Formation (Namurian A) between Luna and Cea· Rivers (Southern Cantabrian Mountains, 
Spain): Stuttgart; Neues Jahrbuch Gaol. Palaeont. Abhandlungen 159:2, p. 225-255, 20 figs. 
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544. Herak, M. (1983) - Some ideas and dilemmas conceming the genesis and tectonics of the 
Adriatic and Peri-Adriatic areas in Babic, L.J., and Jelaska, V., editors, Contributions to 
Sedimentology of Some Carbonate and Clastic Units of the Coastal Dinarides: Yugoslavia, 
Zagreb; 4th LA.S. Regional Meeting, Split 1983, EXOJrsion Guidebook, p. 7-11. 

Four major stages of geologic events are distinguished: (1) structural 
preparation of the basement of the carbonate platform to be developed 
(Hercynian and Triassic events), (2) persistence of the carbonate platform 
(Upper Triassic-Upper Paleogene), (3) formation of nappe-systems (Upper 
Paleogene-Neogene), and (4) post-nappe tectonics (Neogene-Quaternary). 

545. Herak, M. (1984) - Geotektonski okvir speleogeneze: Yugoslavia; 9th Yugoslavian Congress 
of Speleology, Proceedings, p. 111-129. 

Determination of the geotectonic nature of speleologic phenomena is 
proposed in order to anticipate some specific features which are the 
consequence of formation of different karst types. The tecto-genetic 
classification in orogenic and epi-orogenic karst types is recommended as 
suitable for explanation of the diversity of general speleogenetic conditions. 

546. Herak, M. (1986) - A new concept of geotectonics of the Dinarides: Yugoslavia; Acta 
Geologica 16, Prirodoslovna Istrazivanja 53, p. 1-42. 

The author proposes that two major geotectonic units, the Outer and Inner Di­
narides, are actually four paleoenvironmental and paleodynamics belts 
extending continuously from the Peloponnesus to the Southern Alps. 

547. Herak, M.; Scavnicar, B.; Susnjara, A.; Durdanovic, Z.; Krystyn, L; and Gruber, B. (1985) -
The lower Triassic of Muc - Proposal for a standard section of the European Upper 
Scythian: Austria; Sch. Erdwissen. Komm., Band 5, Seiten 93-106. 

In the Zmijavac valley (Muc, Mt. Svi laja , Croatia, Yugloslavia) four informal 
lithostratigraphic units are distinguished. The third unit, being fithologically 
well defined, without breaks ·of sedimentation and rich in fossils (ammonoids, 
pelecypods, gastropods, foraminifers and conodonts) has been studied in 
detail. Two biostratigraphic zones have been distinguished, characterized by 
TiroHtes cassianus and Tirolites carniolicus, respectively. Due to obvious 
Hthostratigraphic and biostratigraphic features, this unit Is proposed as a 
standard section of the Upper Seythian within the Werfen facies of the 
Western Tethys area. 

548. Herrero, J.M.; Velasco, F.; and Fortune, J.P. (1982) - Estudio preliminar sobre las 
mineralizaciones de hierro y . de plorno-cinc-fluor en ambiente carbonatado del oeste de 
Vizcaya: 801. Soc. Espanola Mineralogia 5, p. 183-190. 

549. Heyl, A.V. (1983) - Geologic characteristics of three major Mississippi Valley districts ill 
Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, J.W., editors, International Conference 
on Mississippi Valley Type Lead-Zinc Deposits: U.S.; University of Missouri-Rolla, p. 27-60. 

Three of the most important Mississippi Valley districts are (1) Upper 
Mississippi Valley, (2) southern IIHnois-western Kentucky, and (3) southeast 
Missouri districts. The three districts are characterized by very large areal 
extent; very large individual deposits; ore deposition in hard rock; structural 
and stratigraphic control of most deposits; open-space fillings by most ores, 
although replacements are important in southeast Missouri, as are veins in 
lIIinoi~-Kentucky; deposition in certain favorable strata, but ores are not 
stratabound, nor are they stratiform in detail; subtlely complex mineralogy of 
the ores, which can no longer be called "unusually Simple"; (8)markedly 
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radiogenic J-type lead in the galenas deposited epigenetically by heated i 
concentrated brines; (9) presence· of mantle-cierived alkalic igneous rocks in 
southeast Missouri; similar mantle-derived alkalic plutons are genetically 
related to the ores in Illinois-Kentucky, but not to those in the Upper 
Mississippi Valley; (10) dissolution of large volumes of the carbonate country 
rock by active ore solutions. 

550. Heyl, A. V., Jr. (1974) - Some fluorite-barite deposits in the Mississippi Valley in relation to 
major structures and zonation!!! Hutcheson, D.W., editor, A Symposium on the Geology of 
Fluorspar: U.S.; Kentucky Geol. Survey Ser. X. Spec. Publ. 22, p. 55-57. 

551. Hidasi, J. (1978) - OoHtic textural elements in Hungarian bauxites!!! Augustithis, S.S., editor, 
4th International Congress for the Study of Bauxites, Alumina and Aluminum, Volume 1, 
Bauxites: Athens; Natl. Techn. Univ., p. 312-332, 14 figs. 

552. Hill, C.A. (1976) - Cave minerals: U.S.; Natl. Spale. Soc., Huntsville, AL, USA. 

553. Hoagland, A:D. (1967) - Interpretations relating to the genesis of east Tennessee zinc 
deposits: U.S.; Economic Geology, Monograph 3, p. 52-58. 

The most important zinc deposits in Tennessee occur in a narrow 
stratigraphic zone about 200 feet thick in Lower Ordovician dolomitized 
limestone and dolomite. The author suggests that genetic theory would be 
advanced significantly by regional geochemical study. 

554. Hoagland, A.D. (1971) - Appalachian strata-bound deposits: Their essential features, geneSis 
and the exploration problem: U.S.; Economic Geology, Vol. 77, p. 805-810. 

Zinc deposits of Appalachian type were formed in nearly horizontal strata and 
were subsequently folded and faulted by Appalachian orogeny. In their 
original, nearly horizontal position they closely resemble deposits of the 
Mississippi Valley with which they are usually classified. With the exception 
of the Austinville-type deposits, which are not consic;iered herein, the subject 
deposits are related to a Lower Ordovician paleo-aquifer. 

555. Hoagland, A.D. (1976) - Appalachian zinc-lead deposits 1n Wolf, K.H., editor, Handbook of 
Strata-Bound and Stratiform Ore Deposits: The Netherlands, Amsterdam; Elsevier Scientific, 
p.495-534. 

Appalachian zinc-lead deposits and the classic Mississippi Valley deposits of 
the mid-continent are similar .in many respects. A fresh look at the history of 
sedimentation, environment, and physiography of the region is generating 
concepts of the genesis of Appalachian deposits r9rallel to, and to a 
considerable extent dependent on, the new ideas re.lated to the character and 
genesis of the classic Mississippi Valley-type deposits in the mid-continent 
region. 

556. Hodgson, W.A. (1958) - On the origin of calcite~'illed cavities in the British Dinantian 
limestones: Eclogae geol. Helvet. 51, p. 649-656. 

557. HolI, R. (1977) - Early Paleozoic ore deposits of. the Sb-W-Hg formation in the eastern Alps 
and their genetic interpretation !!!Klemm, D.O., a.nd Schneider, H.J., editors, Time- and 
Strata-Bound Ore Deposits: Germany, F.R., Heidelberg; Springer-Verlag, p. 170-198. 

A widespread, strata- and time-bound metal deposition with W, Sb, and Hg 
provides an example· of metallogeny at a convergent plate margin in the 
eastern Alps probably from Upper Ordovician to Silurian time. 
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558. Honer, M.E. (1976) - Umestone resources of Alberta!!! 11th Industrial Minerals Forum, 
Special Publcation Montana Bureau Mines Geology, Vol. 74, p. 37-50, 10 figs. 

Six areas in the Rocky Mountains and foothills of southwestern Alberta 
contain deposits of high-calcium Hmestone. The quality and locatiOns of the 
deposits are diSQJssed. 

559. Horton, R.A., Jr.; Geissman, J.W.; and De Voto, R.H. (1983) - Late Paleozoic dolomitization 
of Leadville lmestone and implcations for genesis of Pb-Zn-Ag deposits (abs.): U.S.; Amer. 
Asso. Petrol. Geol. Annual Convention pn press]. 

560. Hose, H.R. (1978) - Mediterranean karst bauxite genesis and plate tectonics during the 
Mesozoic !!! Augustlthis, S.S., editor, 4th Intemational Congress for the Study of Bauxites, 
Alumina and Aluminum, Volume 1, Bauxites: Athens; Natl. Techn. Univ., p. 333-341. 

It is suggested that Mediterranean karst bauxites were formed on island arcs 
when oceanic microplates were in collision due to the anticlockwise rotation of 
the African plate toward the European-Asian plate during the Mesozoic. 

561. Hoskin, Ch.M. (1968) - Magnesium and strontium in mud fraction of recent carbonate 
sediment, Alacran Reef, Mexico: U.S.; Bull. Amer. Asso. Petrol. Geol. 52:11, p. 2170-21n, 5 
~~ . 

562. Howard, P.F. (1979) - Phosphate: U.S.; Economic Geology, Vot. 74, p. 192-194. 

There are three types of phosphate rock, namely, sedimentary phosphorites 
of marine origin, apatite-bearing alkaHne igneous complexes, and phosphOrites 
of guano origin. Of these, the sedimentary phosphorites have historically 
dominated the world production scene. Simunaneously, igneous complexes 
have been gaining and guano-origin deposits have been diminishing in 
production during the last two decades. 

563. Howard, P.F.; and Hough, M.J. (1979) - On the geochemistry and origin of the 0 Tree. 
Wonarah, and Sherrin Creek phosphorite depoSits of the Georgina Basin, northem Australia: 
U.S.; Economic Geology, Vol. 74, p. 260-284. 

The early Middle Cambrian phosphorites of the Georgina Basin were 
deposited in shallow nearshore marine environments varying from lagoonal, 
estuarine, littoral, to intertidal. There are three distinct types of phosphorite: 
mudstone, replacement, and pelletal. The latter two were formed by 
diagenetic phosphatization of carbonate skeletal sands, bioclastic and micritiC 
Hmestones, and dolomites. By comparison, the mudstone phosphorite, which 
predominates in the three deposits studies, shows little textural evidence of 
such an origin and has been accepted as an orthochemical sediment. How­
ever, this paper proposes a diagenetic origin identical to the other types. 

564. Hsu, K.J. (1984) - A nonsteady state model for dolomite, evaporite, and ore genesis !!! 
Wauschkuhn, A., Kluth, C., and Zimmermann, R.A, eartors, Syngenesis and Epigenesis in the 
Formation of Mineral Deposits: Germany, F.R., Heidelberg; Springer-Verlag, p. 275-286. 

Considerations of the magnitude of the material transport suggest that the 
solutions transporting ions for dolomite, evaporite, and ore~geneses (Alpine 
type) must have moved vertically through a sedimentary pile. Laboratory 
experiments demonstrated ascending ground-water movement induced by 
evaporite pumping. 

565. Hsu, K.J.; and Jenkyns, H.C., ed"rtors, (1974) - Pelagic sediments: on land and under sea: 
England; Spec. Publ. Inter. Asso. Sedimentologists 1,447 p. 
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These are the proceedings of an international symposium held in Zurich, 
Switzerland, in 1973 about Recent and Ancient pelagic sediments, including 
studies of the genesis of chalk, silidfication, and chert formation as well as 
carbonate solution in the deep sea. Theoretical models are presented of the 
origin of nodular imestones as well as of the connection between "plate­
stratigraphy" and various carbonate solution levels throughout geologic time. 

566. Hubbard, D.A., Jr.; Giannini, W.F.; and Lorah, M.M. (1985) - Travertine-marl deposits of the 
Valley and Ridge province of Virginia - A preliminary report: U.S.; Virginia Minerals, 31 :1. 

Travertine and marl deposits of Virginia's Valley and Ridge province are the 
result of precipitation of calcium carbonate from fresh water streams and 
springs. Travertine is white to light yellowish brown and has a massive or 
concretionary structure. Buildups of this material tend to form cascades or 
waterfalls along streams. Marl refers to white to dark yellowish brown, loose, 
earthy deposits of calcium carbonate. Deposits of these carbonate materials 
are related and have formed during the Quaternary period. This preliminary 
report is a compilation of these materials. A depositional model is proposed. 

567. Hudson, J.D. (1975) - Carbon isotopes and limestone cements: U.S.; Geol. 3, p. 19-22. 

568. Hudson, J.D. (1971) - Stable isotopes and limestone lithification: London, England; Geol. 
Soc. London Quart. Journ. 133, p. 637-660. 

569. .Hudson, J.D.; and Jenkyns, H.C. (1969) - Conglomerates in Adnet Limestones of Adnet 
(Austria) and the origin of the "Scheck": Stuttgart; Neues Jahrbuch Geol. Palaeont. 
Monatshefte 1969/9, p. 552-558, 2 figs. 

570. Hugman, R.H.H.; and Friedman, M. (1979) - Effects of texture and composition on 
mechanical behavior of experimentally deformed carbonate rocks: U.S.; Amer. Asso. Petrol. 
Geol. Bull. 63/9, p. 1478-1489, 4 figs., 6 tbls. 

571. Hunter, J.C.; and Gutierrez, AA (1985) - Exploring for ground water in fractured carbonates: 
East-central New Mexico ill Proceedings of the Assodation of Ground Water Scientists and 
Engineers:. Western Regional Ground Water Conference, January 15-16, 1985, Reno, 
Nevada, p.274-280. 

Much of the region east of Sandia and Manzano mountains near Albu­
querque, New Mexico is underlain by gently-dipping limestones of the Madera 
Formation (Pennsylvanian). Bulk porOSity, storativity and conductivity of these 
rocks are very low, and many wells in this area produce only 1 gallon per 
minute or less. A few wells (located in narrow, discrete fracture zones) are 
considered good producers with specific capacities of 7 - 10 gallonslminutelft 
of drawdown. Wells in these fracture zones also have storativities and 
conductivities several orders of magnitude greater than in the unfractured host 
rock, and static water levels as much as 100 ft higher than adjacent wells. 
Pump-test results from wells in fractures show that drawdown in proportional 
to the square root of pumping time, as predicted by mathematical models. 
Hydrologically significant fractures fie in an orthogonal pattern (N. 80 W. and 
N. 30 E) with a spacing of 1/4 to 1 mile, and are typically 10 - 50 ft. wide. 
Prospective fracture zones are located by an iterative process which 
combines data from aerial photograph analysis and field mapping with 
potentiometric-surface and well productivity surveys. Lineaments mapped on 
aerial photographs are field-checked, and the productivity of wells located in 
or near these zones is examined. Lineaments which are associated with 
highly productive wells become the primary targets for exploratory drilling. 
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Use of these methods has recently lead to the completion of a successful 
well (85,000 gallons/day) for a community of 250 in this area. 

572. lIIing, L.V. (1959)- Deposition and diagenesis of some Upper Paleozoic carbonate sediments 
in western Canada: 5th World Petrol. Congr. Proc. Paper 2, Sect. I, p. 23-50. 

573. losof, V.; Coman, D.: lanc, R. (1974) - Notes on the Presence of Allophane in the Vintului 
Cave in the Apuseni Mountains, Trav. Inst. Speol. "Emil Racovita", Bucharest, figures 1-5 Qn 
French). 

This is the first work to pinpoint the presence of allophane in caves, on the 
basis of chemical, X-ray, infrared and thermal (DTA, TG, .DTG) analyses. The 
process of formation of this mineral in the Vintului cave, the largest 
underground cavity in Romania , is explained. 

574. Irwin, H.; Curtis, C.; and Coleman, M. (1977) - Isotopic evidence for source of diagenetic 
carbonates formed during burial of organic-rich sediments: london, England; Nature 269, p. 
209-213. 

575. lurkiewicz, A.; Mitgrofan, N. (1984) - On Karstic Cavities Vertical Distribution Regularities in 
Southern and South-Western Paudures Crainului Mountains, Theoretical and Applied 
Karsto logy , 1, 1984, P n-82, 2 figures, 2 tables, in English with Romanian abstract. 

In most cave developments and potholes, vertical extents are determined by 
local base level. Taking into account some 50 major caves and potholes from 
southern and south-western Padurea Craiului Mountains, a correlation is 
proposed between pits bottoms, cave floors and karstic springs elevations on 
the one hand and the erosional levels derived from surface drainage network 
evolution on the other hand. 

576. Jaanusson, V. (1961) - Discontinuity surfaces in limestones: Uppsala; Bull. Geol. Inst. Univ. 
Uppsala 40, p. 221·241. 

sn. Jacka, A.D.; and Brand, J.P. (19n) - Biofacies and development and differential occlusion of 
porosity in a lower Cretaceous (Edwards) reef: U.S.; Journ. Sed. Petrol. 47:1, p. 366-381, 11 
figs. 

578. Jadoul, F.; and Omenetto, P. (1980) - Diagenetic evolution of ore-bearing internal sediments 
in karst cavities: Examples from the Triassic of the Bergamasc Alps (Gorno District, northern 
Italy): Neues Jahrb Geol. Palaontol. Monatsh 1980, p. 17-32. 

579. Jakues, L. (19n) - Genetic types of Hungarian karst: Karst es Berlang [Budapest]: Spec. 
Issue, p. 3-18. 

580. James, J.M. (1981) - The relationship between the availability of organic carbon and cavern 
development in the phreatic zone: Proc.8th Inter. Congress Spele. I, p.237-240. 

581. James, W.C. (1980) - Umestone Channel Storm Complex (lower Cretaceous), Elkhorn 
Mountains, Montana: U.S.; Journ. Sed. Petrol. 50:2, p. 447-456, 8 figs. 

582. Jankovic, S. (1984) - Strata-bound low temperature Pb-Zn-Ba±F depoSits in carbonate rocks 
of western Asia: Geotectonic setting and main metallogenic features !nWauschkuhn, A., 
Kluth, C., and Zimmermann, A.A, editors, Syngenesis and Epigenesis in the Formation of 
Mineral Deposits: Germany, F.A., Heidelberg; Springer-Verlag, p. 373-390. 

Strata-bound Pb-Zn-Ba±F depoSits and their geotectonic setting in western 
Asia are described. The various zones display common features, including 
mineral associations, regional structural control, and shape and size of 
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regional metallogenic units. Zonation of nineral distribution as well as 
correlation with other regional metallogenic units are considered. 

583. Jaquet, J.-M. (1973) - Analyse statistique de la variation verticale des descripteurs dans la 
formation de Vions (Berriasien superieur, Jura meridional): Switzerland; Arch. Sci. Geneve, 
26:1, p. 246-283. 
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Samples collected from two overtumed bauxite layers in Les Codouls were 
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Vlasenlca revealed the presence of neodimian goyazite. a mineral of the 
crandalite group. Its composition lies between goyazite, florencite. and 
crandalite, and can be described as Cn24.Fc33~A.~' The first analysis of this 
mineral in bauxites is presented and the-gene~s Is-discussed. 

727. Maksimovic, Z.; Scavincar, B.; and Dangic, A. (1983) - The origin of karstic bauxites from the 
Vlasenica area, Yugoslavia: Travaux ICSOBA, Vol. 18. p. 29-38. 

The origin of karstic bauxites from a bauxite-bering area in Vlasenica is 
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The authors refer to the discovery of mirabilite and epsonite in the Tausoare 
Cave. Results were obtained by optical analyses, X-ray spectroscopy, atomic 
absorption, infrared absorption, differential thennal analysis, thermogravimetric 
analysis as well as diffracto-metric analysis. 
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Ozark lead Company orebody lies at right angles to the depoSitional strike of 
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Central California margin phosphorites are a potential natural resource. 
However, their patchy distribution and occurrence at relatively great water 
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The deposits of Cioclovina Cave, formerly exploited for phosphates, were 
stucled with respect to sedimentology. The bo~om arenitic layer, with cross­
deposition, was due to a flow of 1.1 mlsec velOcity and a depth of 0.12 m. 
The subsequent lutitic layer is ascribed to fossiMzation of the passage when 
deposited organic matter Increased, leading to the formation of the 
phosphates. The presence of hominids in the cave is testified by local coal 
fragments. 
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Based on an excavation 1.7 m deep in Cave No. 1 from Luna Hill deposits, 
the author was able to determine three layers. The two lower layers included 
only blocks of arenitic material, which originated from the host rock, thus 
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mostly hunic matter. The author inferred from the upward, block dimension 
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the. ceiHng. 
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indicate any transport, the author conclude that the present-day appearance 
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ceilings passing from a supported plate to a ring structure, by entrance 
pitting). 
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The origin of ions in groundwater of the westem and central Galilee aquifer is 
attributed to the dissolution of carbonate rock. Similar chemical compositions 
have been obtained in laboratory experiments that simulated natural 
conditions. The field and experimental data Indicate the time dependency of 
ionic composition. A linear correlation was· found between the Mg2+ concen­
tration and the aquifer decay time. The kinetic factors of the W.C.G. ground 
water were found to resemble other carbonate-aquifer waters, e.g., in 
Pennsylvania and Virginia. 
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"E.Racovita", Bucuresti, 7, p 87-90, 1 plate, in Romanian with French abstract. 

The interaction between the salt exploitation by water injection, followed by 
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The authors discuss a 200 m thick limestone sequence, and 907 samples 
with a sample interval 22 em. Other topics include: Thin-sections; frequency 
and clasticHy indices of crinoid fragments, ooids, lithoclasts, and terrigenous 
quartz as well as frequency indices . of bryozoans and brachiopods, 
agglutinated foraminifera and peloids. A computer printout of data is 
provided. A comparison of the nurmer of MF types produced by "continuous" 
sample taking, and sample intervals of about 20 cm produce statistically 
signifICant differences. 

830. Oancea, V.; Diaconu, V.; Bulgar, AI. (1984) - The application of the numerical filters in the 
determination of the hydrological parameters of the karst system. Theoretical and Applied 
Karstology, 1, P 231-234, 1 table. 

The transfer function of the karst system can be expressed analytically as a 
transfer function for a multistage, filler., This approach allows the 
determination of some characteristic' parameters of the karst system 
considered as a sum of subsystems, each ot· which represents a stage, of the 
filter. Thus, a rruch more detailed structure of the karst systems can be 
obtained. 

831. Ocean, P. (1985) - The Karstic Level Surfaces of the Apuseni Mountains, Trav. Inst. Speol. 
"Emil Racovita," Bucharest, 24: 97-104, figs. 1-2 (in French). 

From a morphogenetic point of . view, the karstic areas in the Apuseni 
Mountains are grouped into three karstoplains: the Ciumerna-Scarisoara 
(1,200-1,400 m), of paleogenic age, the Vascau-Zece Hotare (600-800 m), of 
Miocene age, and the Dumbravita (400-500 m), of pliocene age. They may 
be correlated with the cave levels of the karstic systems or with the gallery 
levels in multifloored caves. 

832. Ocepek, D.; and Salopek, B. (1978) - Grindability of ,bauxite ores and some structural 
properties in Augustithis, 5.5., editor, 4th International Congr,ss for the Study of Bauxites, 
Alumina and Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., p. 657-673,9 figs. 
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Greece in Augustithis, 5.5., editor. 4th International, Congress ,for the Study of Bauxites, 
Alumina and Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., p. 674-687, 10 figs. 

834. Ohle, E.L. (1980) - Some considerations in determining the origin of ore deposits of the 
Mississippi Valley type-Part II: U.S.; Economic Geology, 75:2, p. 161-172. 

Any genetic theory explaining the origin of ore deposits of the Mississippi 
Valley type rrust be in accord with all aspects of thA geologic setting that 
existed at the time the deposits were formed. The basinal brine theory is no 
exception. Unfortunately there is still great disagreement among geologists 
on most facets of the mechanism, such as the source of the metals, the 
timing of their release, the origin of the saline solutions, how the metals are 
carried, the causes of depoSition, or why it occurs where it does. The facts 
and speculations about all of these are discussed, with the conclusion that a 
great deal of additional research is needed before the hypothesis can be 
totally accepted. 

835. Omenetto, P. (1979) - Significant ore fabric relationships in the lead, zinc, fluorite, and barite 
deposits of the Triassic province (Italian southem Alps): Ann. SQc. Geol. Belgique 102, p. 
512-529. 

836. Oraseanu, I. (1986) - Considerations on the hydrogeology of Vascau Plateau. In Theoretical 
and Aoolied Karstolooy, 2 (in press) 
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Morphological and hydrogeological investigations. results of tracing 
experiments. hydrologic data and chemical analysis of the karst cold and 
thermal waters and of the gas outflowing from certain springs are used In 
drawing a unitary hydrogeological Image of the Vascau karstlc plate~u. 

837. Oraseanu. I. (1986) - Partial Captures and Diffluence surfaces: ExarJ1)les from the Northern 
Karst Area of Padurea Cralulul Mountains !n Theoretical and AppIed Karstology. 2 (in press). 

Starting with examples from the Padurea Craiului Mountains karst. 
methodological considerations needed for determining the hydrogeological 
balance of karstic areas led the author to define the concept of karstic basin 
diffluence and the notion of diffluence surface. with specification of their role 
and place in the structure of hydrogeological karstlc systems. 

838. Oraseanu. I.; and Gaspar. E. (1981-1982) - Radioactive tracer-based research concerning the 
establshrnent of the area of supply of the underground river in the Vintului Cave (Padurea 
Craiului Mountains). In NyrJ1)haea. VIII-x. 379-386. (In Romanian). 

Research work conducted by using radioactive tracers allowed the authors to 
determine the hydrological relationship between waters infiltrated through the 
Recea sinkhole and the active area of the Vintului ~ve. For the first time. 
information is provided on the contribution of the subaerial course to the 
recharge of underground flow that traverses the longest cave in Romania 
(31.5 km). 

839. Oraseanu. I.; Anghel. E.; Gaspar. E.; and Dinescu L. (1978) - Experimental studies by means 
of radioactive tracers in view to establsh more precisely the hydrogeological conditions of the 
Ghelar and TeHuc ore deposits. In Studii tehnice sl economice. IGG. seria E. N 13.44-52. (In 
Romanian). 

The authors emphasize the efficiency of utiUzing radioactive tracers when 
studying mining hydrogeology. Labelling surface waters with a radioactive 
tracer allows an analysis of underground waters from a mine. Concomitantly. 
valuable data regarding the velocity and circulation of water may be obtained. 

840. Oraseanu. I.; Bulgar. AI.; Gaspar. E.; Terteleac. N. (1984) - Hydrogeological study of 
Dimbovicioara Passage !n Theoretical and Appled Karstology 1. Bucharest. p.153-164. 

A corJ1)rehensive. hydrogeological study was performed in a 230 km. essentially 
carbonatic area of Piatra Craiului Massif. Based upon classical hydrogeologic 
research. microtectonic observations. radioactive and chemical tracers and 
hydro meteorological data. surface and groundwater balance is calculated. the 
hydrogeological basins of the main springs are deUmited. the relation between 
infiltration and runoff is established. and underground water resources are assessed. 

841. Oraseanu. I.; lurkievicz. A. (1982) - Phenomena of karstic capture in the eastern part of the 
Padurea Craiului Mountains. Trav. Inst. Speol. "Emil Racovitza". T. XXI. P 69-76. 2 maps. 4 
fig. (in French). 

In this work. which is markedly theoretical in character. the authors start from 
observations made on karsts in Romania and suggest the introduction of two 
new concepts: basin karstic diffluence and karstic diffluence area. 
Furthermore. a new model is proposed concerning the succession of 
processes that accompany the underground capture phenomenon and which 
may eventually lead to the formation of karstic capture depressions. 
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842. Oraseanu, I.; lurkievicz, A.; Gaspar, E.; Pop, I. (1984) - On the hydrogeological conditions of 
bauxite accumulations in the Racas-Sclavul Pies karstic plateau (Padurea Craiului Mountains) 
Theoretical and Applied Karstology, 1, p 147-152, 1 map, 2 fig. 

On the basis of hydrogeological studies, complemented by tracer labellings 
as well as hydrometeorological observations, the major flow directions of 
underground waters in the Racas-Sclavul Pies karstic plateau were 
determined. Furthermore, solutions were suggested for the exploitation of 
bauxite deposits in the area at a minimum hydrogeological risk. 

843. Orban, T.; and Mitrofan, H. (1981) - PossibiHties of IdentHying the Tectonic Fractures by 
Means of Resistivity and Seisnic Measurements, Studl si Cercetari de Geologie, Geofizica si 
Geoarafie, seria Geofizia, 19, p 123-128, with 6 figures, in Romaninan with English abstract: 

The authors make an analogy between geophysical measurement results in a 
karst area of Anlnei Mountains and the experimental photoelastic model of 
compressional stress variation around a fault, presented by DUDA, 1965 . 

844. Orgeval, J.J. (1976) - Les remplissages karstiques mineraises: Example la mine des Malines 
(Gard, France): Soc. Geol. France Mem., hors serv., Vol. 7, p. 77-83. 
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(Cenomanien-Turonien inferieur) du secteur du Djebel Bou Grine: Congo Natl. Sci. Terre, 
Tunis, Sept. 1981, Comptes Rendus [in press]. 

846. Orghidan, Tr.; Puscariu, V.; Bleahu, M.; Decu, V.; Rusu, T.; Bunescu, A. (1965) - A Map of 
Karstic Regions in Romania, Trav. Inst. Speol. "Emil Racovita", Bucarest, IV, 75-104, 5 maps 
and 6 figures (in Romanian). 

A first map of karstic regions in Romania is presented (scale 1 :500,000) 
which indicates the age of karstifiable forms and the geographic location of 
the 984 caves and swallow holes known to date, which are included in a tist 
compiled according to geographic units. 

847. Osborne, R.H. (1967) - The American Upper Ordovician Standard, VIII. R-mode factor 
analysis of Cincinnatian limestone: U.S.; Journ. Sedimentary Petrology, 37:2, p. 649-657. 
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classification of typical Cincinna~ian calcarenites: U.S.; Journ. Sedimentary Petrology, 39:2, p. 
769-776. 
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limestone frequencies in the Kope and Fairview Formations, Hamilton County, Ohio: U.S.; 
Joum. Sedimentary Petrology, 43:1, p. 137-146. 

850. Ott, W.F. (1969) - Zur Geologie des Sulzfluh-Kalkes (Maim) in Graubuenden und Vorarlberg: 
Unpublished Thesis, Technische Hochschule Darmstadt. 

851. Ozoray, G. (1976) - The scientific and economic value of karst studies in Alberta: Canada; 
The Albertan Geographer, No. 12, p. 43-60. 

The main karst areas of Alberta are the deeply buried karst underlying the 
Athabasca oil sands, about 23,000 km2 (9,000 sq. mi.); the adjoining drift­
covered karst of the Devonian subcrop area, about 26,000 km2 (10,000 sq. 
mil of the 35,000 km2 (13,500 sq. mi.) subcrop; the mountainous, partly alpine 
karst of the Cordilleran region, about 17,500 km2 (6,750 sq. mi.). 
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852. Paarlberg, N.lo; and Evans, lolo (1977) - Geology of the Fletcher mine, Viburnum Trend, 
southeast Missouri: U.S.; Economic Geology, Vol. 72, p. 391-397. 

Fletcher mine is situated on a buried Precambrian ridge that stood as a 
topographic high during Upper Cambrian Bonneterre deposition. 
Mineralization occurs mainly as open-space and fracture fillings, with minor 
replacement of dolomite. 

853. Padalino, G.; Pretti, S.; Tamburrini, D.; Tocco, S.; Uras, I.; VlOlo, M.; and Zuffardi, P. (1976) -
Ore deposition in karst formations with examples from Sardinia l!:! Amstutz, G.C., and 
Bernard, A.J., editors, Ores in Sediments: Germany, F.R., Heidelberg; Springer-Verlag, 
International Union of Geological Sciences Series A., No.3, p. 209-220. 

Economic concentrations of bauxite, barite, fluorite and ores of iron, lead, and 
zinc were investigated in karst formations in Sardinia; they occur in addition to 
the known strata-bound and vein-type deposits of this major mining region. 
Three main periods of karst development and karst ore accumulation are 
recognized: the earliest of Cambro-Ordovician age; a second one. of post­
Hercynian age; the last of Alpine and post-Alpine age. Reworking of earlier 
karst ore was observed in different IocaHties and took place during different 
periods. Hercynian granite intrusion has locally converted some karst fillings 
into skarn. Details on the ore sedimentation in the karst of different periods 
and areas are presented on four scales (regional, mine, hand-specimen, and 
mineral or microscopic). 

854. Palciauskas, V.V.; and Domenico, P.A. (1976) - Solution chemistry, mass transfer and the 
approach to chemical equifibrium in porous carbonate rocks and sedirnents: U.S.; Geol. Soc. 
Amer. Bull. 87, p. 207-214. 

855. Palmer, A.N.; Palmer, M.V.; and Queen, G.M. (19n) - Speleogenesis in the Guadalupe 
Mountains, New Mexico; Gypsum replacement of carbonate by brine mixing: Proc. 7th Inter. 
Spele. Congr. Sheffield, p. 333-336. 

856. Palmer, A.N.; Palmer, M.V.; and Queen, J.M. (19n) - Geology and origin of the caves of 
Bermuda ill Proc. 7th Inter. Spele. Congress, Sheffield: British Cave Research Asso., p. 336-
339. 

857. Palmer, M.V. (1976) - Ground-water flow patterns in fimestone solution conduits: U.S.; State 
Univ. New York, Oneonta, MS thesis. 

858. Palmer, R.; and Williams, D. (1984) - Cave development under Andros Island, Bahamas: 
U.S.; Cave Science 11:1, p. 50-52. 

859. Pantic-Prodanovic, S.; and Radosevic, B. (1978) - Geological section of Triassic at Gomje 
Polje, Crna Gora, Yugoslavia!!! Augustlthis, S.S.,· editor, 4th International Congress for the 
Study of Bauxites, Alumina and Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., 
p. 688-703, 2 figs. 

860. Parkeh, P.P.; Muller, P.; Dulski, P.; and Bausch, W. (1977) - Distribution of trace elements 
between carbonate and non-carbonate phases of lmestone: Earth Planet. Sci. Letter 34, p. 
39-50. 

861. Parnell, J. (1983) - Ancient duricrusts and related rocks in perspective: A contribution from 
the Old Red Sandstone !!! Wilson, R.C.L., editor, Residual Deposits: Surface Related 
Weathering Processes and Materials: U.K., London; Blackwell Scientific, p. 197-209. 
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862. Pascal, A. (1979) - Utilisation des elements traces dans la caracterisation des paleomilieux 
sedimentaires urgoniens basco-cantabriques (Espagne): Lyon; Geobios. Mem. spec. 3, p. 
331-345, 4 figs. 

863. Pasini, G. (1973) - Sull'importanza speleogenetica dell'erosione antigravitativa: Le Grotte 
d'itafia 4, Vol. IV, Bologna. 

864. Passaris, E.K.S. (1978) - .Finite element analysis applied to rock mechanics problems in 
underground mining of bauxite in Augustithis, 5.5., editor, 4th International Congress for the 
Study of Bauxites, Alumina and Aluminum, Volume 2, Bauxites: Athens; Nat!. Techn. Univ., 
p. 704-717, 6 figs. 

865. Pavfin, B.; and Fritx, F. (1984) - Protection of the karstic springs system in Golubinka against 
contamination by the sea· water (La protection du systeme des sources karstiques de 
Golubinka contre la contamination par la mer), in Water in Mining and Underground Works 
(EI Agua en la Mineria y Trabajos Subterraneos), Vol. I, p. 227-235. 

Golubinka Karst spring, which is located in the central region of the Yugoslav 
coastline, has been protected by hydraulic engineering structures against 
saline water influences, which were notable during the dry summer season 
when the availability of potable water was particularly important. The 
engineering solution found for this problem was based on geologic, 
hydrogeologic and morphogenetic analyses and exploratory works helped by 
speleologic surveying of the spring branches performed by expert divers. 

866. Pedersen, T.F.; and Price, N.B. (1982) - The geochemistry of manganese carbonate in 
Panama Basin sediment: Oxford; Geochim. Cosmochim. Acta 40, p. 59-68. 

867. Pennsylvania Drilling Company (undated) - Hydrogeology in carbonate terranes: U.S.; 
Pennsylvania Drilling Company, Pittsburgh, 14 p. 

The intelligent development of ground-water supplies should be based on 
sound geological and hydrological studies of an area. Such studies should 
lead to the selection of well field locations and to an understanding of the 
hydrauliC behavior of often complex geohydrologic systems, and should shed 
fight on the problem of precise well location particularly where joints, 
fractures, or solution openings are of prime importance. 

868. Peppas, Sp.; and Xydous, G. (1978) - Scheduling, planning and organizing in the "A.E.M. 
Bauxite Parnasse" Company .in Augustithis, 5.5., editor, 4th International Congress for the 
Study of Bauxites, Alumina and Aluminum, Volume 2, Bauxites: Athens; Nat!. Techn. Univ., 
p. 718-733, 8 figs. 

869. Persoz, F.; and Remane, J. (1976) - Mineralogie at geochemie des formations a la limite 
Jurassique-Cretace dans Ie Jura et Ie Basin vocontien: Basel; Eclogae. geol. Helvet. 69:1, p. 
1-38, 25 figs., 2 tbls. . 

870. Peryt, T.M. (1978) - Sedimentology and paleoecology of the Zechstein Limestone (Upper 
Permian) in the Fore-Sudetic area (western Poland): Amsterdam; Sed. Geol. 20, p. 217-243. 

871. Pfeffer, K.-H. (1967) - Beitraege zur Geomorphologie der Karstbecken im Bereiche des Monte 
Velino (Zentralapennin): Frankfurter Geogr. H. 42. 

872. Pfeffer, K.-H. (1973) - Flaechenbildung in den Kalkgebieten in Ergebnisse der Karstforschung 
in den Tropen und im Mittelmeerraum: Geogr. Z., Beih. Wiesbaden: Franz Steiner, p. 111-
132. 
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873. Pfeffer, K.-H. (1976) - Probleme der Genese von Oberflaechenformen auf Kalkgestein: Z. 
Geomorph. N.F., Suppl. 26, p. 6-34. 

874. Pia, J. (1933) - Die rezenten Kalksteine: East Germany; Min. Petro.y. Mitt. N.F., 
Ergaenzungsband, 420 p. 

The author has presented an extensive description of the genesis of 
"abiogenous", -Physiological" (origin controlled by plants), and "organic" 
lmestones. Of particular interest is the treatment of terrestrial and freshwater 
carbonates. 

875. Plcknett, A.G. (1977) - Rejuvenation of aggressiveness in calcium carbonate solutions by 
means of magnesium carbonate: Proc. 7th Inter. Congr. Spele. Sheffield, p. 346-348. 

876. Plcknett, A.G.; Bray, L.G.; and Stenner, A.D. (1976) - The chemistry of cave waters !!! Ford, 
T.D., and Cullingford, C.H.D., editors, The Science of Speleology: U.K., London; Academic 
Press. 

877. Pigott, C.D. (1965) - The structure of limestone surfaces in Derbyshire: Geogr. Journ.131, p. 
41-44. 

878. Piller, W. (1981) - The Steinplatte reef complex, part of an Upper Triassic carbonate platform 
near Salzburg, Austria: U.S.; Soc. Econ. Paleont. Min. Spec. Publ. 30, p. 261-290, 23 figs. 

879. Pinchemel, P. (1954) - Les plaines de craie du nordouest de Paris: Paris; Colin. 

880. Pingitore, N.E. (1978) - The behavior of Zn2+ and Mrf+ during carbonate diagenesis: Theory 
and application: U.S.; Journ. Sed. Petrol. 48:3, p. 799-814, 5 figs. 

881. Pinzaru, T.; and Mac, I. (1973) - Morphohydrographic Observations South of Cluj, Bulletin of 
The Society of Geographic Sciences of the Socialist Republic of Romania, III, p 122-131 (in 
Romanian). 

A document concerning relief features on the right-hand slope of the Somesul 
Mic valley, South of the town of Cluj, is presented with respect to 
micromodelling. Noteworthy features are lacustral folds, which result from 
clastic-karstic processes that occurred on sands Slightly bound with calcium 
carbonate. Micro-sinkholes are an outcome of the dissolution of gypsum 
intercalated with Tortonian-Sarmatian depositions. 

882. Pisota, I.; Trufas, V.; Ciumplileac, Gh. (1969) - The Lakes form Sianic-Prahova and Telega, 
Hidrobiologia, 10, P 243-254, 9 figures, in Romanian with English abstract. 

A set of 14 salt lakes situated in the flooded excavations of ancient salt 
mines are considered with respect to genesis, water budget, salinity, 
temperature, and hydrooptical properties. 

883. Pittman, E.D. (1971) - Microporosity in carbonate rocks: U.S.; Amer. Asso. Petrol. Geol. Bull. 
55:10, p. 1873-1881, 9 figs. 

884. Playford, P.E. (1980) - Devonian "Great Barrier Reef" of Canning Basin, Western Australia: 
U.S.; Amer. Asso. Petrol. Geol. BUll. 64:6, p. 814-840, 27 figs. 

885. Plesa, C. (1966) - The Crisul Repede Pass - A Guide: The Meridiane Publishing House, 
Bucharest, 35 pages and 12 figures (in Romanian). 

The author has prepared a complex guide to the Crisul Repede Pass (the 
Padurea Craiului Mountains) which has been dedicated as a natural 
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monument. The author describes several caves, the most important among 
which is the cave at Vadu-Crisului, one of the oldest caves to have been 
opened to tourism. 

886. Plesa, C. (1978) - Original Data on Several Caves in the Padurea Craiului Mountains, 
Nymphaea, Oradea, VI: 265-278, figures 1-12 (in Romanian). 

Six caves are described for the first time and their maps supplied. 
Furthermore, another cave lying In the Padurea Craiului Mountains, whose 
map has not been known before is described. All of them are small-size 
caves. Noteworthy is a cave containing a gallery with a difference of elevation 
of roughly 4 m below the surface stream bed. The blospeleological 
importance of the caves is also analyzed. 

887. Plesa, C. (1981) - The Cave at Magura, The Sport-Turism Publishing House, Bucharest, 66 
pages and black-and-white and color photographs (in Romanian, with English, French and 
German versions). 

The author has prepared an album of and guide to one of the most beautiful 
caves dedicated as a natural monument In Romania. The work contains a 
historical survey of the cave, data concerning the inhabitants and the 
Sighi stelu lui valley, a detailed description of the cave, as well as data on the 
rich fossil and current terrestrial and aqueous fauna. 

888. Pohl, W.; Amouri, M.; Kolli, 0.; Scheffer, R.; and Zachmann, D. (1986) - A new genetic 
model for the North African metasomatic siderite deposits in Mineral Deposits, Vol. 21, p . 

. 228-233. 

Based on published accounts of the diagenetic evolution of evaporite diapirs 
and geological, preliminary geochemical, and fluid inclusion data a new 
genetic model is presented for the North African metasomatic siderite 
deposits. 

889. Polsak, A. (1981) - Upper Cretaceous biolithitic complexes in a subduction zone: Examples 
from the inner Dinarides, Yugoslavia: U.S.; Soc. Econ. Paleont. Min. Spec. Publ. 30, p. 447-
472, 20 figs. 

890. Ponta, G.; Strusievicz, R.; Simon, G. (1984) - Subterranean stream piracy in the Jiul de 
Vest - Cernisoara karst area-Romania in Theoretical and Applied Karstology, 235-238. 

The authors discuss geological and tectonic factors influencing karst 
hydrogeology of the Jiul de Vest-Cemisoara karst area of the western part of 
South Carpathians (Retezat, Godeanu and Vulcan Mountains). Labelling with 
In-EDT A of 13,350 m of limestone is discussed. 

891. Pop, E. (1949) - Nitrified Bacteria in the Scarisoara Cave, Scientific Bulletin, Series A, 
1(9):899-907, the Academy of the Socialist Republic of Romania, one figure (in Romanian). 

Two free stones, one a smooth stone covered with a black film, and the other 
a cauliflower-shaped, grey stone, inside the'"Ghetarul de la Scarisoara" ice, 
lying in a warm merocliatic area with a Constant temperature of 2 degrees 
celcius, were saJl1)led. The samples were inseminated on two media of 
Winogradsky culture for nitrosobacteria and nitrobacteria, which entailed a 
process of nitrification. The Piceini reaction was positive for all four samples 
and a little more intense for the cultures derived from the black film. The 
authors' research work attests to the role played by autotrophic bacteria in the 
formation of the first layer of organic detritus in caves. 
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892. Pop, E.; and Ciobanu, I. (1950) - Pollen-Analyses in the Ice at Scarisoara, Anals of the 
Academy of the People's Republic of Romania, the Geology-Geography Series, Technical and 
Agricultural Sciences, 3(2):23-50, figures 1-4, diagrams I-III (in Romanian). 

Pollen analyses were performed on 29 samples taken from the layers of 
impurities which alternate with ice layers in the descending cave of 
Scarisoara. The respective analyses showed that the whole ice body, which 
is more than 18 m thick and has a volume of 40,000 m3

, was deposited in 
the last post-glacial forestal phase, including the beech-tree, being 
approximately 3,000 years old. Analysis of five samples taken from the base 
of ,K;e deposits in Focul Viu cave, Bihor county, show contemporaneity with 
the lower layers at Scarisoara. There is a historical paraJleism between 
these ice bodies and the oligotrophic sphagnacetes in Romania, which 
indicates that they were formed in the sub-Atlantic post-glacial period. 

893. Pop, G.; and Marza, I. (19n) - The Eocretaceous Paleokarst of Padurea Craiului Mountains 
(the SociaUst Republic of Romania) and its Significance in the Mechanism of Bauxite 
Genesis, Sci. Geol. Bull., 30(1):51-58, Strasbourg. 

A study of the eocretaceous paleokarst of Padurea Craiului and of the 
textural· peculiarities of bauxite ore contained within suggests new elements of 
interpretation of the indirect genesis and double evolution of these ore 
deposits. The authors assert that the sinkhole-like cavities are obvious 
analogies with the forms of the actual tropical karst-plains of Central America, 
especially the cavities of the "Aston" and "Caguanes" type from Cuba, 
described by A.N. Jimenex (1967). The authors consider these cavities to be 
accumulations of traps for allochthonous lateritic products and favorable sites 
for their bauxitization. 

894. Pop, Gh.; and Racovita, Gh. (1973) - Contributions to the Problem of the Genesis of Conic 
Karsts!!! Sierra de los Organos (Cuba), Uvre du cinquantenaire de I'lnstitut de Speleologie 
"Emil Racovita": The Publishing House of the Academy of the SociaHst Republic of Romania, 
Bucharest, 529-549 (in French). 

After a critical survey of the theories proposed with respect. to the formation 
of the relief of rnogotes characteristics of karst in the western part of Cuba, 
the authors discuss vertical fragmentation of calcareous massifs through 
corrosion, a process which implies particular mechanisms and appears to be 
a morphocUmatic feature specific to tropical karst modelling. 

895. Porth au It, B. (1979) - Profil geochimique de la plate-forme urgonienne au bassin vocontien 
(Sud-est de la France): Lyon; Geobios. Mem. spec. 3, p. 347-359, 2 tbls., 5 figs. 

896. Pouit, G.; and Bois, J.-P. (1986) - Arrens Zn (Pb), Ba Devonian depoSit, Pyrenees, France: 
An exhalative-sedimentary-type deposit similar to Meggen: Germany, F.R.; Mineralium 
Deposita, Vol. 21, p. 181-189. 

The Arrens deposit outcropping over 5 km on both limbs of a syncline 
displays specific characteristics: abundant barite with lateral Zn (Pb) zoning, 
exceptionally thick subreef footwall limestone overlain by black siltstone, 
abundant Ba silicate, in particular celsianite, locally cymrite, and siliceous, 
sedimentary-hydrothermal gangue. As all the mineraUzation of the Pyrenees 
Paleozoic, the deposit is of the exhalative or hydrothermal sedimentary type 
and bears some similarities with other exhalative deposits throughout the 
world. 
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897. Povara, I. (1973) - Contributions to the Investigation of the Thermomlneral Sources of Baile 
Herculane, Travaux de I'lnstitut de Speotogie "Emile Racovitza", 12, p 337-348, 7 figures, (in 
French). 

Discharge conditions and temperatures are analyzed of seven the rrnomine ral 
emergences in the northern part of Baile Herculane spa, whose emergences 
are supplied cold water from a karstic aquifer stored in Jurassic-Cretaceous 
imestones. 

898. Povara, I. (1976) - Notes on the Origin of the Waters of Izvorul Cernei Resurgence, the 
Sourthern Carpathians, Romania, Travaux de I'lnstitut de Speologie "Emile Racovitza", 15, p 
207-216, 6 figures, (in French). 

Through discharge measurements and fluorscein tracing, the author 
investigated the hydrogeological catchment area of one of the largest karstic 
emergences in Romania, in the upper basins of the rivers Cerna Jiul de Vest. 

899. Povara, I. (1980) - Notes on Underground Water Circulation in the Limestone of the Cerna 
BaSin, Travaux de I'lnstitut de Speologie "Emile Racovitza", 19, p 237-241 (in French). 

A presentation is made of the general features of underground waterflow 
through limestones from the hydrographic basin of Cerna River located in the 
south-western part of Romania. Rve large structural units, with different 
hydrogeologic behavior, are distinguished. 

900. Povara, I. (1984) - Speleologlc Topography and Cartography, in "Elements of Scientific 
Speleology", 1, 46 P 30 figures, (in R~manian). 

Starting from introductory notions of topography and cartography, the author 
discusses successive stages to be followed in organization, field 
measurements performing, values processing, and cartographic material for 
karstic cavities drawing. The measuring instruments, as well as the 
processing and representation methods described in detail. 

901. Povara, I.; and Diaconu, G. (1974) - The Course of the Process of Cefifraction in the 
Underground Media, Travaux de I'lnstitut de Speologie "Emil Racovitza", 13, p 139-146, (in 
French). 

The authors discuss the effects of gelifractionon the limestone and on 
speleothems in underground cavities. The genesis of a particular form of 
stalactite, the "stalactite with facets", as a result of the gelifraction process, is 
explained. 

902. Povara, I.; and Lascu, C. (1978) - Notes on Underground Water Circulation in the Graben of 
Cerna, Travaux de I'lnstitut de Speologie "Emil Racovitza", 17, p 193-197, 2 figures, (in 
French). 

A particular type of deep drainage along the faults delimiting the graben of 
Cerna is presented. There are two karstic aquifers separated by a granitic 
body: the southern compartment, where a flux of thermomlneral water exists 
(Baile Herculane), is supplied by a northern oompartment with predominantly 
cool waters. 

903. Povara, I.; Cosma, R.; Lascu, C.; Bulgareanu, V.-A.C. (1982) - A Particular Case of Karst in 
Salt Deposits (Slanic-Prahova, Romania), Travaux de I'lnstitut de Speologie "Emil Racovitza", 
21, P 87-93, 3 figures, (in French). . 
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The authors discuss karst and pseudokarst developed on the salt massif at 
Slanic-Prahova; underground water circulation was determined by means of 
tracing experiments with fluorescein through salt. 

904. Povara, I.; Diaconu, G.; Goran, C.(1972) - Prelminary Remarks on the Caves Influenced by 
the Thermo-mineral Waters In the Baile Herculane Area, Travaux de I'lnstitut de Speologie 
"Ern I Raoovitza", 11, p 355-365, (in French). 

The authors describe several, particular hydrological and mneralogical 
aspects which were observed in five caves influenced by thermo-mneral 
waters. 

905. Povara, I.; Gutt, W.; Zakarias, A. (1981) - Epuran Cave, Editura Sport Turism, Bucuresti, 
24p., 48 black-and-white and 38 color photographs, (in Romanian with English, French and 
Gennan abstract). 

This is an illustrated album which shows one of the most beautiful caves in 
Romania. .In this pictorial collection, the authors emphasize the major stages 
of exploration and research of the cave which is 4.5 km long. 

906. Povara, I.; Marin, C.; (1984) - Hercule Thermo-mineral spring in Hydrogeological and 
Hydrochemical Considerations, Theoretical and Applied Karstology, 1, p 183-194, 8 figures, 
(in English with Romanian abstract). 

The authors present the variations in temperature, discharge and chemistry of 
the Hercule Thermomineral spring (Baile Herculane), the main discharge of an 
extensive synclinal structure developed in Jurassic-Cretaceous Hmestone. 
These variations are explained by the mxture of ascendent thermal waters 
with cold waters from rivers and infiltrations at the level of the natural drain of 
the aquifer (the Hercule cave, accessible on 94 m). A general scheme is out­
&ned to explain aquifer supply and the mixture of two types of underground 
waters. 

907. Povara, I.: Schmidt, N.: Petcu, A. (1970) - Morphospeleological Observations in an Area 
Situated Between Oravita and Ciciova Montana (Banat), Uvre du Centenaire "Ern I G. 
Racovita", Editura Academei RSR, Bucuresti, p 621-626, (in French). 

The authors present 11 karstic cavities developed in two Jurassic-Cretaceous 
Hmestone bars (syncline flanks) in the Banat Mountains. Several 
morphological and speleogenetic conclusions are presented. 

908. Powell, R.L. (1975) - Joints in carbonate rocks in south-central Indiana: U.S.; Proceedings, 
Indiana Academy of Science, Vol. 84, p. 343-354. 

The author presents detailed maps of joints for about 40 sites in carbonate 
rocks of Mississippian age in south-central Indiana. Joint orientation data, as 
displayed by conventional rose histograms, are by themselves inadequate for 
engineering and geologic applications. The maps show joint spacing and 
other details of pattern and orientation. 

909. Pratt, W.P.; Walker, K-M.; Jenson, S.K.; Francica, J.R.; Hastings, D.A.; and Trautwein, C.M. 
(1983) -Mineral-resource appraisal of the Rolla 1° x 2° quadrangle, Missouri: Manual vs. 
digital (computer-assisted) synthesis in Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, 
J.W .• editors, Intemational Conference on Mississippi Valley Type Lead-Zinc Deposits: U.S.; 
University of Missouri-Rolla, p. 584-595. 

The distribution of known OCQJrrences of lead and zinc sulfides in carbonate 
rocks in the midcontinent suggests that much of this region is conducive to 
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Mississippi Valley-type deposits. The regional assessment procedure used in 
the Rolla quadrangle can be used effectively as -part of a prospecting strategy 
for the midcontinent. 

910. Pravdic, V.; and Juracic, M. (1986) - The environmental capacity approach to the control of 
marine pollution from land-based sources: Yugoslavia; Rapp. Comm. Inter. Mer. Medit., 30:2, 
p.131. . 

The strategy based on environmental (assimilative, receptive, absorptive) 
capacity of the marine environment to deal with contaminants is being 
suggested for use in a sensitive region of the Yugoslav eastern Adriatic, the 
Krka River estuary. 

911. Pray, L.C.; and Murray, R.C., editors, (1965) - Dolonitization and limestone diagenesis - A 
Symposium: U.S.; Soc. Econ. Paleont. Min., Spec. Pub\. 13, 180 p. 

The editors present selected articles about the calcite-aragonite problem. 
Topics include recrystalHzation and diagenesis of limestones; Recent 
dolomitization (Bonaire, Persian Gulf, Bahamas); interrelationships between 
facies, diagenesis and properties of reservoir rocks (Upper Jurassic, NW 
Germany). 

912. Preka, N.; Preka-Lipold, N.; Avdagic, I.; and Kurpjel, B. (1986) - Self-purification capability of 
karst underground watercour$8s with respect to the pollution of the Mediterranean Sea: 
Water Science and Technology, Vol. 18, No.9, p.257-265. 

The resuHs of the organic self-purification process that occurs in karst 
underground watercourses are reviewed. Investigations were conducted in 
two tests between 1974 and 1984. The first test involved the underground 
section of a river in an area of shallow karst in Slovenia; the second test was 
in the deep karst area of Eastern Herzegovina. Fundamental studies of the 
change in BOD loadings resuHed in determination of the value of the oxygen 
consumption rate coefficient in karst groundwaters. To determine the change 
in loadings, the Upstream-downstream method was applied, while the travel 
time was defined using a tracer. An identical value of the deoxygenation 
coefficient was found when observing the changes in the daily loads at the 
exit profile only. This knowledge enables estimation of the influence of karst 
springs and coastal sea protection measures. 

913. Prohic, E.; (1986) - Heavy metal distribution in recent sediments of the Krka River estuary -
an example of sequential extraction analysis of carbonate sediments in Dinaric karst area, 
Yugoslavia: Yugoslavia; Paper presented at the IX Inter. Symposium, Chemistry of the 
Mediterranean, 1-7 May 1986, Primosten, Yugoslavia, 24 p. 

The sequential extraction procedure is applied to the study of speciation of 
heavy metals among various phases in recent estuarine sediments of a 
carbonate drainage area in Dinaric karst of Yugoslavia. 

914. Prohic, E.; and Juracic, M. (1985) - Sedimentation pattern and heavy metals distribution in a 
peculiar karst estuary (eastern Adriatic): Yugoslavia; Rapp. Comm. Inter. Mer. MOOit., 29:2, 
143 p. ' 

The Krka River estuary is located in a typical karst region (northern Dalmatia) 
characterized by specifiC morphology and hydrography. To deternine the 
sedimentation pattern and spatial and temporal distribution of heavy metals, 
sediment cores along the estuary were investigated. 
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915. Prohic, E.; and Juracic, M. (1987) - Heavy metals in sediments - problems concerning 
determination of the anthropogenic Influence, study in the Krka River estuary (eastern Adriatic 
Coast, Yugoslavia): Germany, F.R; Environmental Geology and Water Sciences pn press]. 

Factors that govern heavy metal concentration in sediments were examined 
by a combined analytical, geochemical, and geological approach. Constraints 
encountered in the determination of the anthropogenic influence are 
discussed. The region examined was the Krka Rivr estuary located in the 
typical karst region of the eastern Adriatic, Yugoslavia. 

916. Prox, A. (1984) - On the Genesis of the Piatra Craiulul Naturwissenchaftliche Forschungen 
uber Siebenburgen, Volume 2, p 337-354, figures 1-7, Bohlau Verlag Koln Wien (in German). 

For several decades the author has been exploring potholes in the Platra 
Craiului massif (Transylvania, Romania) to dscover an access route to a 
hypothetical network of caves that might have been located deep inside the 
permeable mesocretaceous conglomerates. Contrary to the opionions held by 
previous investigators, the author discredits the contribution of a major karstic 
process to the genesis of the potholes, especially of those on the eastern 
slope of the massif. Strong orogenetic forces produced numerous faults 
which cross the whole mesocretaceous complex. The swallow holes are 
determined to be large, deep, and half-open faults. 

917. Purdy, E.G. (1963) - Recent calcium carbonate facies of the Great Bahama Bank, 1. 
Petrography and reaction groups: U.S.; Journ. Geology, 71 :3, p.334-355. 

Examinations of 218 Recent sediment samples Impregnated and studied in 
thin-sections, point-counting analyses, and correlation analyses were 
conducted. As a result, the author identified "reaction groups", defined as 
groups of sedimentary constituents which react similarly to environmental 
changes. 

918. Purser, B.H., (1980) Sedimentation et diagenese des carbonates neritiques recents, Tome 1: 
France: Soc. Editions Technip., 366 p. 

The authors deals with sedimentation and diagenesis of Recent neritic 
platform carbonates. Special attention Is given to diagenetic phenomena. 
Chapters include particles, matrix, and sedimentary textures; structures and 
sedimentary sequences of the littoral environment; submarine diagenesis of 
carbonate sediments; diagenesis of carbonate sediments in the continental 
environment; conclusions and possibiHties for the interpretation of Ancient 
carbonates. 

919. Purser, B.H. (1973) - Relations entre les caracteristiques lithologiques et petrophysiques des 
roches carbonatees: France, Paris; Publ. Inst. Franc. Petrole, No. 21558, 243 p. 

920. Purser, B.H., editor, (1973) - The Persian Gulf: Holocene carbonate sedimentation and 
diagenesis in a shallow epicontinental sea: Germany, F.R.; Springer-Verlag, 471 p. 

The editor presents the results of investigations on Recent and Subrecent 
carbonate sedimentation in the Persian Gulf. 

921. Puscariu, V.; Rusu, T.; Viehjann, I. (1964) - Caves in the Caras Karst, Trav,. Inst. Speol. 
"Emil Racovita", Bucarest, III, 83-129, 32 figures (in Romanian). 

After a brief historical survey of research work, the authors discuss physico­
geographic conditions of the area in which the Cara gorge evolves. 
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Assessments are made on its genesis and evolution. Exokarstic forms are 
presented and nine underground cavities are described in detail. 

922. Putnam, B.A., III; and Norman, 0.1. (1983) - Genetic model for the Hansonburg Mississippi 
Valley-type mineralization in New Mexico, based upon fluid~inclusion studies and paleotectonic 
interpretations 1n Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, J.W., editors, 
International Conference on Mississippi Valley Type Lead-Zinc Deposits: U.S.; University of 
Missouri-Rolla, p. 526-535. 

The Hansonburg deposits are located on the eastemmost margin of the Rio 
Grande rift in New Mexico. Field observations of the mineralization indicate 
ore characteristics which relate to preexisting sedimentary structures within a 
reef-facies limestone. 

923. Quinlan, J.F.; and Ewers, A.O. (1985) - Ground Water Flow in Limestone Terranes: 
Strategy, rationale, and procedure for reliable, efficient monitoring of ground water quality in 
karst areas 1n Proceedings of the Rfth National Symposium and Exposition on Aquifer 
Restoration and Ground Water Monitoring, May 21-24, 1985, The Fawcett Center, Columbus, 
Ohio, p.197-234. 

Observation wells drilled to monitor pollutants in most Rmestone terrains are 
Hkely to miss detecting them, and to be a waste of time and money, because 
it is extremely improbable that such wells will intercept the conduits through 
which pollutants move. Groundwater flow and pollutant flow in most karst 
areas is not described by the radially dispersive characteristics of flow in 
granular or fractured media. Most flow in karst aquifers is turbulent, occurs in 
discrete conduits that are dendritic or trellised, is analogous to the flow of 
surface streams, and terminates in springs which have water quality 
representative of the mean of the groundwater basin. Surface streams are 
fed by infihration water stored in interstream areas. Similarly, cave conduits 
are fed by diffuse Darcian flow through fine fractures. Flow is convergent in 
the upper and middle reaches of surface stream networks and cave conduit 
systems. In the lower reaches of both, however, flow is commonly divergent 
and in distributaries. Waste disposal sites should not be located in karst 
terrains. But if one is, the design of a groundwater monitoring network for a 
site in a maturely karstlfied area should include: (1) locating all springs, 
streams in sinkhole bottoms, and major streams in caves, (2) dye-traCing to 
establish connections between the disposal site, springs, and underground 
streams, (3) monitoring of such connected points, (4) monitoring of at least 
one spring shown by dye-tracing not to be connected to the site, as a control, 
and (5) dye-tracing to delineate groundwater basin boundaries. 

924. Racovita, E. (1927) - Remarks on the Natural Glacier Called "Ghetarul de la Scarisoara", 
Bulletin of the Society of Sciences of Cluj, 3:75-108, figures 1-10, diagrams !-IV (in French). 

The first monograph of the most important ice cave in Romania. After a brief 
historical survey, the geographic location is shown and each cavity sector 
described in detail. Several chapters deal with the morphology of the various 
types of cave ice and the seasonal variations in their structure, with emphasis 
on the fossil character of the massive ice deposition conserved in the center 
of the cave. Reference is made to the thermal particularities of the cave, on 
cave fauna: furthermore, the special interest aroused by this remarkable 
karstic feature is highlighted. 

925. Racovita, G.; and Craciun, V. (1970) - Considerations on Seasonal Variations in the Ice 
Formations of the Ghetarul de la Scarisoara" Cave, Uvre du centenaire "Emil G. Racovita", 
the Publishing House of the Academy of the Socialist Republic of Romania, Bucharest, 587-
616, figures 1-10 (in French). 
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A balance-sheet of five annual cycles of monthly measurements of the 
dynamics of ice stalagmites and a comparison of periodic variations that 
characterize permanent and seasonal ice formations are ·presented. Long­
term tendencies are evident in the evolution of these two types of formations, 
and the phase contrast between the dynamics of the stalagmites and the 
dynamics of the massive ice deposition are high Hghted. 

926. Racovita, G.; and Craciun, V. (1970) - Notes on Topoclimate in the Vadu-Crisului Cave, 
Trav.lnst. Speol. "Emil Racovita", Bucharest, 9:61-80, figures 1-10 (in French). 

This is a presentation of the annual topoclimatic balance in a cavity with 
bidirectional aeration established on the basis of a complete series of 
measurements performed in 24-hour cycles. An approach to daily and 
seasonal variations in the temperature of the air, relative humidity, aeration 
velocity and water vapor pressure. The significance of the phenomena at the 
cave mouth is highlighted. 

927. Racovita, Gh. (1967) - New Contributions to the Study of the Topo-climate of the "Ghetarul 
de la Scarisoara" Cave, Annales de Speleologie, 22(4) 757-786, FIGURES 1-7 (in French), 

The author presents the results of a study of the topoclimatic characteristics 
of the cave, set according to three annual cycles of periodical measurements. 
An analysis is made of the influence exerted by outside meteorological factors 
on the underground climate. The author discusses an approach to the major 
physical phenomena occurring in the underground atmosphere (condensation, 
evaporation, freezing effect) and their influence on the dynamics of the 
underground ice deposition. 

928. Racovita, Gh. (1972) - On the Correlation Between the Evolution of the Climate and the 
DynamiCS of the Underground Ice Depositions in the Scarisoara Cave, Trav. Inst.Speol. "Emil 
Racovita", Bucharest, 9:373-392, figures 1-11 (in French). 

The author discusses quantitative relationships between the dynamics of the 
ice formations and the topoclirnatic factors of the cave and between the letter 
and outside meteorological factors. Relationships between weather conditions 
and the intenSity of cave glaciation are also highlighted. Correspondence 
between micro stratigraphic elements of underground ice deposition and 
climatic fluctuations of the past 250 years are elucidated. This work 
represents the first attempt to quantitatively interpret the paleoclimatic 
information contained in the structure of the respective depoSition. 

929. Racovita, Gh. (1973) - On the Physical Characteristics of the Medium of the Caves in Cuba, 
Resultats des expeditions biospeleologiques cubano-roumaines a Cuba, the Publishing House 
of the Academy of the Socialist Republic of Romania, Bucharest, 1 :55-68, figures 1-18 (in 
French). 

This report is a brief analysis of topoclimatic factors in correlation with the 
genetic and morphological elements characteristic of 21 caves explored in 
Cuba and a presentation of the thermo hygrometric measurements performed 
in the respective caves. 

930. Racovita, Gh. (1977) - Climatological Research in the Valea Lesului Cave, Trav. Inst. Speol. 
"Emil Racovita", Bucharest, 16:183-201, figures 1-13 (in French). 

The author discusses the topoclimatic balance of a cavity with unidirectional 
aeration on the basis of monthly measurements performed for one and one­
half years. Mathematical analysis is presented of theoretical curves which 
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model annual and seasonal thermometric variations. Determination of 
conditions measured and computation of aeration velocity and 
evapocondensation are discussed. 

931. Racovita, Gh. (1979) - Current Requirements for the Protection of the Apuseni Mountains 
Caves, Nature and Environmental Protection, 23(2):127-134, figures 1-8 (in Romanian). 

This report is a synthesis of the scientific considerations which should 
underlie the protection of major speleological features in the Apuseni 
Mountains Caves karst. Hydrogeological, morphological, crystallographic, and 
biological elements are discussed. 

932. Racovita, Gh.; and Cradun, V. (1981) - A TopocHmatic Study of the Fata Apei Cave, Trav. 
Inst. Speol. "Emil Racovita", Bucharest, 20:157-178, figures 1-4 (in French). 

This study is a survey of the results obtained during two annual cycles of 
measurements of underground topoclimatic factors; mathematical modelling of 
tefT1)erature variations is included. 

933. Racovita, Gh.; Rusu, T. (1968) - The Use of the Self-Reducing Tacheometer in Cave 
Mapping: Trav. Inst. Speol. "Emil Racovita", Bucharest, VII, p 233-242, 5 figures (in 
Romanian). 

The use of this device in underground topography and a new method of 
graphic representation, specHic to the profiles that are obtained, are outlined. 

934. Racovita, Gh.; Viehmann, I. (1966) - Observations on the Dynamics of Ice Stalagmites at the 
IoGhetarul de la Scarisoara - Sala Biserica", Trav. Inst. Speol. "Emil Racovita", Bucharest, 
5:43-65, figures 1-15 (in Romanian). 

Results are presented of a first series of periodic measurements concerning 
dynamics of ice stalagmites in the cave at Scarisoara (the Bihor Mountains). 
The roles of temperature and percolation water discharge in the seasonal 
evolution of these formations is highlighted. Explanatory considerations are 
made with respect to several elements of morphodynamics (primary and 
secondary inclusions in the ice, alveolar structure, and stalagmites with 
bilateral symmetry). 

935. Racovita, Gh.; Viehmann, I. (1984) - On the Role of Underground Condensation in the 
Genesis of Ice Stalagmites, Trav. Inst. Speol. "Emil Racovita", Bucharest, 23:89-97, figures 1-
4 (in French). 

An assessment is made of the effect of condensation water in the genesis 
and dynamics of ice stalagmites in the cave at Scarisoara (Bihor Mountains, 
Romania). Factors responsible for location of these formations in the glacial 
zone of the cave are discussed. 

936. Radke, B.M. (1976) - Hierarchical classification and vector ordination in the distribution of 
limestones in the Fairfield Group, Canning Basin, Western Australia: Australia; Journ. 
Austral. Geology and Geophysics, 1:1, p. 63-76. 

Upper Devonian and Lower Carboniferous limestones are differentiated by 
multivariate analysiS of thin-section data and rare elements. 

937. Randazzo, A.F.; Stone, G.C.; and Saroop, H.C. (1977) - Diagenesis of middle and upper 
Eocene carbonate shoreline sequences, central Florida: Amer. Asso. Petrol. Geologists Bull. 
61, p. 492-503. 
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938. Rao, C.P. (1981) - Criteria for recognition of cold-water carbonate sedimentation: Berriedale 
timestone (Lower Permian), Tasmania, Australia: U.S.; Journ. Sed. Petrol. 51 :2, p. 491-506, 
10 figs. 

939. Rao, C.P.; and Carozzi, A.V. (1971) - App6cation of computer techniques to the petrographic 
study of oolithlc environments. Ste. Genevieve Umestone (MISsissippian), south em llinois and 
eastem Missouri: Switzerland; Arch. Sci., 24:1, p. 17-55. 

Frequency and clasticity indices were determined for 800 thin-sections of 
Mississippian age. The authors differentiated 8 MF types as well as 
autochthonous and allochthonous ooids. Trend analyses were conducted by 
the investigators to indicate the relationships between clasticity and frequency 
indices of ooids and non-ooids. 

940. Rao, C.P.; Mann, C.J.; and Carozzi, A.V. (1973) - Factor analysis testing microfades and 
interpreted envirorvnental factors: Ste. Genevieve Umestone (Mississippian), illinois and 
Missouri: U.S.; Joum. Geology, 81 :1, p. 65-80. 

Factor analyses (Q-mode) show that four factors explain approximately 87% 
of the data appearing In microfacies types and In postulated energy types. 

941. Rathjens, C. (1960) - Beobachtungen an hochgelegenen Poljen 1m suedlichen dlnarischen 
Karst: Z. Geomorphol., p. 141-151. 

942. Reddy, M.M. (1977) - Crystallization of calcium carbonate In the presence of trace 
concentrations of phosphorous-containlng anions--I, Inhibition of phosphate and 
glycerophosphate Ions at pH 8.8 and 25°C: U.S.; Joum. Crystal Growth 41,p. 287-295. 

943. Reddy, M.M. (1978) - Kinetic inhibition of caldum carbonate formation by wastewater 
constituents in Rubin, A.J., editor, Chemistry Wastewater Technology: U.S.; Ann Arbor 
Science, p. 31-56. 

944. Renard, M. (1972) - Interpretation des teneurs en strontium des carbonates du Lutetien 
superieur a Saint-V~ast-Ies-Melo (Oise): mise en evidence de la valeur de cet element 
comme Indicateur des conditions de diagenese et de sedimentation des carbonates: Paris; 
Bull. Inf. Asso. Geol. Bassin Paris 34, p. 19-29. 

945. Renault, Ph. (1961) - Caractere des vagues d'erosion selon la rnorphologie des conduits 
karstiques: 3eme Congr. Inter. Speleol., Vienne, Vol. 2, p. 105-114. 

946. Reulet, J. (1977) - Reservoir calcaire de plateforme marine (formation Mishris, Moyen Orient) 
in EH-Aquitaine: Essai de caracterisation sedimentologique des depots carbonates: Pau; 
Elements d'interpretation 2, p. 169-180, figs. 39-44, pI. 17. 

947. Rhodri Johns, D. (1978) - Mesozoic carbonate rudites, megabreccias and assodated depoSits 
from central Greece: Oxford; Sed. 25, p. 561-573, 6 figs. 

948. Riech, V. (1978) - Zur Coelestinbildung im germanischen Muschelkalk Sueddeutschlands: 
Germany, F.A., Hannover; Gaol. Jahrbuch 0 29, p. 3-n, 6 piS., 21 figs., 4 tbls. 

949. Riggs, S.A. (1979) - PhosphOrite sedimentation in Florida-A model phosphogenic system: 
U.S.; Economic Geology, Vol. 74, p. 285-314. 

Some phosphatic sediments occur in many places in the geologic column and 
form in many environments on the sea floor in response to "normar 
conditions and processes of sedimentation. However, that portion of the 
Miocene which contains the extensive phosphorites and associated 
anomalous mineralogies of the Hawthorn Group represents a very "abnormal" 
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period of sedimentation. This phosphogenic system was characterized by a 
specific tectonic setting, structural framework, and an abnormal set of 
environmental conditions; the consequences represent one of the most 
extensive and important phosphate deposits in the world. 

950. Riggs, S.R.; Snyder, S.W.; Hine, A.C.; Snyder, S.W.; Ellington, M.D.; and Mallette, P.M. 
(1985) - Geologic framework of phosphate resources in Onslow Bay, North Carolina 
continental shelf: U.S.; Economic Geology, Vol. 80, p. 716-738. 

High-resolution Uni boom , sparker, and 3.5 kHz subbottom seismic profiles, in 
combination with 9-m vibracores from Onslow Bay. de6neate a belt of 
Neogene sediments· whioh crop out· on the North CaroHna continental,shelf 
around the east flank of the mid-Carolina platform high. The broad, 
southeast-trending basement high has controlled the general distribution of 
Cenozoic sedim~nt sequences within the mid-Atlantic continental margin. 'This 
newly discovered continental shelf phosphate province could become 
economically feasible to mine in the near future when rapidly expanding 
demand for fertilizers and agricultural'products, combined with ever-increasing 
land-use pressures, produces an unacceptable escatation in the cost of 
mining land-based reserves. 

951. Rincon, A.; Lopez de Azcona; and Alvarez, C. (19n) - Estudio geomatematico de las rocas 
carbonatadas de Ia provincia de Segovia: Spain; Estudios Geol. Vol. 33, p. 581-587. 

The authors report the results of an investigation of the distribution of rare 
elements in limestones by factor analysis. 

952. Ripley, E.M.; Lambert, M.W.; and Berendsen, P. (1980) - Mineralogy and paragenesis of red­
bed copper mineralization in the Lower Permian of south central Kansas: U.S.; Econ. 
Geology, Vol. 75, p. 722-729. 

953. Roark, P. (1985) - Development of groundwater in karst zones of Somalia in Symposium on 
Tropical Hydrology and 2nd Caribbean Islands Water Resources Congress, Proceedings of 
the Intemational Symposium, May 5-8, San Juan, Puerto Rico, 1985, p.3-6. 

The development of groundwater in the karst formations of semitropical 
Somalia is characterized by generally low yields and water of high mineral 
content. Well yields vary considerably between sites and surface indicators of 
karstification and are important factors in locating well sites. Hydrogeologic 
data is minimal and much of the initial project efforts were devoted to 
collecting baseline information. 'In order to reduce the· high incidence of 
inoperable wells which is characteristic of many rural development situations 
shortly after the technological inputs of well constr !ction are completed, 
emphasis was placed on increasing local village participation in the design 
and operations. Local participation integrated with a program of regular 
maintenance is expected to increase the well life and reduce long-term costs. 
Costs of groundwater development comparable to the Somalia situation can 
be expected to be high and primarily reflect high capital outlays for equipment 
capable of deep drilHng in remote areas. 

954. Robinson, M.; and Clayton, R.N. (1969) - Carbon-14 fractionation between aragonite and 
calcite: Oxford; Geochim. Cosmochim. Acta 33, p. 997-1002. 

955. Rogers, R.K.; and Davis, J.H. (1977) - Geology of the Buick mine, Viburnum Trend, 
southeast Missouri: U.S.; Economic Geology, Vol. 72, p. 372-380. 

The Buick orebody consists of lead, zinc, and copper sulfides in solution­
induced collapse breccias. The breccias occur in dolomitized, shelf-facies 
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calcarenite of the Upper Cambrian Bonneterre Formation. The shelf facies is 
underlain by digitate algal stromatoHtes and overlain by shale of the Davis 
Formation. 

956. Roglic, J. (1960) - Das Verhaeltnis der Fluserosion zum Karstprozes: Z.o Geomorphol. 4, p. 
116-128. 

957. Roglic, J. (1964) - Les Poljes du karst dnarique et les modHications cUmatiques du 
quaternaire: Rev. Belg. Geogr., p. 105-125. 

958. Rothe, P.; Hoefs, J.; and Sonne, V. (1974) - The isotopic composition of Tertiary carbonates 
from the Mainz Basin: An example of isotopic fractionation in "closed basin": Oxford; Sed. 
21, p. 373-395, 6 figs. 

959. Rouvier, H.; Perthuisot, V.; and Mansouri, A. (1985) - Pb-Zn deposits and salt-bearing diapirs 
in southern Europe and North Africa: U.S.;-Economic Geology, Vol. SO, p. 666-687. 

Many diapirs with Triassic evaporite successions in southern Europe and 
North Africa are accompanied by strata-bound Pb-Zn mineral deposits. Study 
of North African and southern European deposits has led to a genetic model 
of diapir emplacement and associated Pb-Zn mineralization. The source of 
these metals is unknown. The transport of the metals is provided or 
faciUtated by the brine from adjacent Triassic evaporites. Deposition of 
sulfides occurs where the deep fluids meet the upper beds. These deposits 
can be remobifized with each new phase of diapir growth. 

960. Rudnicki, J. (1979) - Role of convection in shaping subterranean karst forms: Kras in Spele. 
2:11, p. 92-100. 

961. Rudnicki, J. (19S0) - Subsurface karst processes in coastal areas: Studia Geologia 
Polanium, Vol. 65, 60 p. 

962. Ruiz, J.; Kelly, W.C.; and Kaiser, C.J. (1985) - Strontium isotopic evidence for the origin of 
barites and sulfides from the Mississippi Valley-type ore deposits in southeast Missouri-A 
discussion: U.S.; Economic Geology, Vol. SO, p. n3-nS. 

963. Rusu, T. (1967) - The Caras Gorge, Nature Protection, 11.1,37-50, S figures (in Romanian). 

After a brief physico-geographic characterization of an area in which the 
gorge evolves, the gorge is described and assessments are made concerning 
its genesis and evolution and the caves on its slopes. 

964. Rusu, T. (1968) - Research of Karstic Morphology and Hydrography in the Upper Basin of 
Valea Rosia (the Padurea Craiului Mountains), Trav. Inst. Speol. "Emil Racovita", Bucharest, 
VII, p 11-44, 25 figures (in Romanian). 

After a survey of genesis and evolution of the hydrographic network which is 
effected by karstic captures, 39 caves, swallow holes, potholes, and springs 
are described, and the results of fluorescein labelfings performed by the 
author are outlined. 

965. Rusu, T. (1973) - The Evolution of the Karstic Valleys in the Padurea Craiului Mountains, 
Trav. Inst. Speol. "Emil Racovita", Bucharest, XXII, p 311-335, 15 figures (in French). 

After a survey of several physico-geographic aspects of this natural area, an 
analysis is made of the factors involved in the general evolution of the valleys 
in the karst. On the basis of several concrete examples and current 
morphohydrographic elements, the author concludes that the evolution of 
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karstic valleys involves four more important stages, as follows: active or 
primary valleys, tef11)Orary active valleys,. dry valleys, and sinkhole-like 
valleys. 

966. Rusu, T. (1973) - The Genesis and Evolution of the Hydrographic Network of the Padurea 
Craiului Mountains, Uvre du cinquantenaire de I'lnstitut de Speleologie "Emil Racovita", the 
Publishing House of the Romanian Academy, p 575-589, 3 figures (in French).! 

An hypothesis is presented with respect to genesis and evolution of the 
hydrographic network in that geographic unit, and three more important 
stages are distinguished, as follows: a primary stage of organization of the 
hydrographic network, a neogenic stage of bending of the valleys towards 
peripheral sedimentation basins, and a Pleistocene-Holocene stage of 
rebending of valleys in the direction of water withdrawal from those basins. 

967. Rusu, T. (1975) - The Karstic Capture Depression of Pusta Calatea (the Padurea Craiului 
Mountains). Trav. Inst. Spec!. "Emil Racovita", Bucharest, XIV, p 157-168, 6 figures (in 
French). 

The author asserts that certain karstic depressions are considered poljen and 
refers to genesis and evolution of the depression at Pusta Calatea, which is a 
peculiar form created under the impact of an underground-capture stream 
around the swallet of the Miniera valley. Consequently, the term "karstic 
capture depression" is suggested to define many features of relief. 

968. Rusu, T. (1976) - The Genesis and Evolution of the Karstic Capture Depression at Ponoare 
(the Padurea Craiului Mountains), Trav. Inst. Speo!. "Emil Racovita", Bucharest, XV, p 217-
232, 6 figures (in French). 

Several physico-geographic aspects are outlined, and an analysis is made of 
genesis and evolution of the hydrographic network and, implicitly, of the 
depression at Ponoare. Several more important stages are determined 
according to paleoclimatic conditions, as follows: ante-Pleistocene, 
Pleistocene, Holocene, and Recent. 

969. Rusu, T. (1977) - The karstic capture depreSSion at Carmazan-Zecehotare (the Padurea 
Craiului Mountains): Bucharest, Romania; Trav. Inst. Speo!. "Emil Racovita", 16, p.229-242. 

After a survey of the major physico-geographic aspects, genesis and evolution 
of this karstic depression are analyzed, the rnorpho- hydrological sub-units in 
its composition are described, and karstic forms it includes are described. 

970. Rusu, T. (1978) - General considerations on the karstic capture depressions in the Padurea 
Craiului Mountains: Bucharest, Romania; Trav. Inst. Speol. "Emil Racovita", 17, p. 157-164. 

The author surveys karstic capture depressions and underscores differences 
between poljen and other types of karstic depressions. 

971. Rusu, T. (1978) - The genesis and evolution of the depression at Acre (the Padurea Craiului 
Mountains): Bucharest, Romania; Trav. Inst. Speol. "Emil Racovita", 17, p. 145-156. 

Several physico-geographic aspects are surveyed, genesiS and evolution of 
the depression at Acre are analyzed, and main karstic forms in this 
geographic area are described. 

972. Rusu, T. (1979) - The karst in the Padurea Craiului Mountains, abstract of a doctoral thesis: 
LHhography, the "Babes-Bolyai" University of Cluj-Napoca, 25 p. 
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On the basis of investigations conducted from 1961 to 1978, the author 
discusses karst in this. geographic unit. The report is organized into the 
following chapters: A Historical Survey of Research Work, A Physico­
Geographic Characterization of the Padurea Craiulul Mountains, The 
Morphohydrography of the Exokarst, The Morphohydrography of the 
Endokarst, and the Capitafization and Conservation of Karstic Relief. The 
work is one of the most comprehensive studies on a karstic region in 
Romania. 

973. Rusu, T. (1981) - The underground drainages of the Padurea Craiului Mountains: Bucharest, 
Romania; Trav. Inst. Speol. "Emil Racovita", 20, p. 1987-205. 

The major stages of the evolution of the hydrographic network in the Padurea 
Craiului Mountains are outlined and general considerations are made on 
underground water circulation. Forty-four known underground drainages and 
49 presumed drainages are analyzed. The work concludes with several 
considerations on the current stage of the evolution of the hydrographic 
network and with recommendations on the way to use karstic waters. 

974. Rusu, T. (1981) - The Ursilor Cave at Chiscau (the Apuseni Mountains): Romania; Revue 
Roumaine Geology, geophysique et geographie, Geographie, 25:2, p .. 183-204. 

The work includes a brief historical survey and refers to morpho-hydrography 
of the cave. The genesis and evolution of the karstic system to which it 
belongs are analyzed according to the paleogeography of the region. 

975. Rusu, T. (1982) - An introduction to karstology I: Romania; "Karst" Bulletin, the CEPROMIN 
Club of Amateur Speleologists, Cluj-Napoca, 2, p. 2-19. 

This work is intended for amateur speleologists and all those wishing to 
enrich their knowledge of karstology and speleoiogy. After a brief historical 
survey of the development of karstology a number of notions are advanced in 
connection with karstifiable rocks (origin, claSsification, distribution) and the 
types of karst in Romania are analyzed. The work ends with a glossary of 
specialty terms. 

976. Rusu, T. (1983) - An introduction to karstology II: Romania; "Karst" Bulletin, the CEPROMIN 
Club of Amateur Speleologists, Cluj-Napoca, 3, p. 26-46. 

Reference is made to karst-formation processes and water circulation in karst. 
Factors which determine the development of karst are analyzed, and the 
major exokarstic forms (Iapies, sinkholes, uvalas, karstic lakes, potholes, 
karstic springs, karstic valleys, karstic capture holes and depressions, and 
poljen) are described. The author concludes with a concise glossary of 
specialized terms. 

9n. Rusu, T. (1984) - A study of karstic relief: Romania; The Cave, 1, Bulletin of the "Emil 
Racovita" Student Speleological Group, Cluj-Napoca, p. 7-13. 

This work is intended for amateur speleologists and is a handbook for all 
those who wish to research karstic regions. The author includes 
recommendations on collection of information and bibliographic data; 
extensive research; proceSSing of experimental results; and the proper 
elaboration of a study. 

978. Rusu, T.; and Racovita, Gh. (1971) - The Damis-Ponoras karstic complex (the Padurea 
Craiului Mountains): Bucharest, Romania; Trav. Inst. Speol. "Emil Racovita", 10, p. 15-42. 

196 



The authors. analyze genesis and evolution of the hydrographic network, 
highlight the role of karstic captures, describe. the mode of formation of two 
karstic capture depressions (Damis and Ponoras), and outline the major 
karstic forms inJheir respective areas. 

979. Rusu, T.; and Racovita, Gh. (1981) - The Ursilor Cave at Chiscau: Nature and 
Environmental Protection, 2:1, p. 57-71. 

A brief description of physioo-geographic features and morphology of Ursilor 
Cave et Chiscau is the basis of an analysis of the major aspects related to 
the genesis and evoJution of this cavity. The topoclimatic, biospeleological, 
and paleontologic features of this cave are outlined, and emphasis is placed 
on the need to preserve underground natural feature unaltered - by tourist 
activities. 

980. Rusu, T.; Bleahu, M.; Dan, J.; and Mantea, Gh. (1957) - Research of karstic morphology in 
the "Groapa de la Barsa" (the Bihor Mountains): Romania; Studies and Research, the 
Geology-Geography Series. 3-4, 8, Cluj, p. 399-419. 

On the basis of topographic surveys, the authors discuss exo- and 
endokarstic forms in this geographic unit and the relationships between them 
and local tectonics. 

981. Rusu, T.; Racovita, Gh.; and Coman, D. (1970) - Contributions to the study of the karstic 
complex at Scarisoara: Ann de Speol, 25:2, p. 383-408. 

On the basis of tacheometric methods in Romanian speleological research, 
the authors outline. evolution of .the Ghetar-Ocoale karstic system and define 
the concepts of "system" and "karstic complex". Emphasis is placed on 
genesis of the Ghetarul de la Scarisoara Cave with respect to local tectonics 
and paleoclimatic oonditions. MorphometriC parameters of underground ice 
deposition are assessed, and hypotheses are proposed on the conditions in 
which it was formed. 

982. Rusu, T.; Racovita, Gh.; and Craciun, V. (1970) - The Toplita-Ciur-Tinoasa karstic system 
(the Padurea Craiului Mountains): Romania; Livre de Centenaire "Emil Racovita", The 
Publishing House of the Academy of the Socialist Republic of Romania, p. 627-650. 

The genesis and evolution of the elements that comprise this karstic system 
are outlined. The Ciur-Izbuc Cave (where several footprints of prehistoric 
man were disoovered) and Ciur-Ponor Cave are described in detail. 

983. Rusu, T.; Racovita, Gh.; and Craciun, V. (1974) - The cave at Mezaid, physico-geographic 
aspects, the genesis and evolution of the cavity: Bucharest, Romania; Trav. Inst. Speol. 
"Emil Racovita", 13, p. 147-173. 

Presentation of physico-geographic aspects is followed by a description of 
karstic forms in the Mezaid Valley basin and a reoonstitution of the genesis 
and evolution of this important cavity. On the basis of detailed tacheometric 
surveys, morphohydrography of the cave, topometric parameters, and 
relationships with exokarstic forms are discussed. 

984. Rusu, T.; Racovita, Gh.; and Craciun, V. (1981) - The Meziad Cave: Bucharest, Romania;. 
Sport-Turism Publishing House, 39 p. ' 

This is an album of photographs of one of the best known tourist caves in 
the Apuseni Mountains. The introduction to this work includes a brief 
historical survey of research work, a description of the geographic location, 
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and a presentation of the cave. Including elements of genesis and evolution 
and references to current and fossil fauna. 

985. Rusu. T.; Viehmann. I.; Racovita. Gh.; and Craciun. V. (1969) - Footprints ,of prehistoric man 
in Romania's caves: Nature Protection. 13:2. 191-200. 

The authors discuss morphology of the Toplita-Ciur-Tinoasa karstic system (in 
the Padurea Craiulul Mountains). which includes the Ciur-Jzbuc cave. the first 
underground cavity where footprints of paleolithic man were found (probably 
dating back to the solutrean). and evidence of activity of the cave bear. The 
possible use of this cave as a shener for prehistoric man is suggested. 

986. Rutter. E.H.; and Schmid. S.M. (1975) - Experimental study of unconfined flow of Solnhofen 
limestone at 500°C to 600°C: U.S.; Geol. Soc. America Bull.. 86:2. p. 145-152. 

Resuns of 25 uniaxial creep. stress-relaxation. and constant strain-rate tests 
between 500°C and 600°C on cylinders of Solnhofen limestone are reported. 
The resuns of different experimental techniques employed on unconfined rock 
were found to be consistent and were comparable with data from high­
temperature triaxial tests on the same rock. 

937. Sagri. M. (1979) - Upper Cretaceous carbonate turbidites of the Alps and Apennines 
deposited below the calcite compensation level: U.S.; Journ. Sed. Petrol. 49:1. p. 23-28. 3 
figs. 

988. Sahasrabudhe. Y.S. (1978) - Geochemistry of bauxite profiles on different rock types of 
central and westem India!!! Augustithis. S.S .• editor. 4th International Congress for the Study 
of Bauxites. Alumina and Aluminum. Volume 2, Bauxites: Greece. Athens; National Technical 
University. p. 734-751. 

989, SahU. R.; Giot. D.; Orgeval. J.J.; Lenindre. Y.M.; Sureau. F.; and Snoep, J. (1981) -Schema 
des principaux evenements diagenetiques affect ant les series sulfato-carbonatees associees 
aux mineralisations plomb-zinc due Jebel Kebbouch, Jebel Lorbeus et Jebel Dogra 
(Gouvemorat du Kef. Tunis). Essai d'interpretation diagenetique: Congo Natl. Sci. Terre. 
Tunis, Sept. 1981, Comptes Rendus [in press). 

990. Sakai, H.; and Matsubaya, O. (1971) - Sulfur and oxygen isotopic ratios of gypsum and barite 
in the black ore deposits of Japan: Soc. Mining Geol. Japan, Spec. Issue 2, p. 80-83. 

991. Sakar. S.; Bhattacharyya. A.; and Chanda. S.K. (1980) - Recognition of hardgrounds and 
emersion surfaces: A new criterion: U.S.; Journ. Sed. Petrol. 50:1. p. 83-89. 7 figs. 

992. Salatic. D.; and Deusic. S. (1978) - De la separation de la boehmite d'avec la kaolinite par 
flottation in Augustithis. S.S .• editor. 4th International Congress for the Study of Bauxites. 
Alumina and Aluminum. Volume 2. Bauxites: Athens; Natl. Techn. Univ .• p. 752-764.3 figs. 

993. Salomons. W.; and Mook. W.G. (1976) - Isotope geochemistry of carbonate dissolution and 
reprecipitation in soils: Soil Sci. 122. p. 15-24. 

994. Samama. C. (1976) - Ore depoSits and continental weathering: A contribution to the problem 
of geochemical inheritance of heavy metal contents of basement areas of sedimentary basins 
in Amstutz. G.C .• and Bernard. A.J., editors. Ores in Sediments: Germany. F.R., Heidelberg. 
Springer-Verlag. International Union of Geological Sciences Series A. No.3. p. 247-265. 

From the study of recent or old weathering profiles. it appears that each 
heavy element can either be leached out toward a basin or enriched and 
provisionally accumulated within weathered covers according to the major 
weathering process acting upon continents. Based upon geochemical 
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analysis of three regional examples, the author concludes that only heavy 
elements accumulated during a weathering" period are found in economic 
deposits in the resulting sandstone formations, and that geochemical 
evolutions or zonations may derive from climatological evolutions or zonations. 

995. Sampo, M. (1969) - Microfacies and microfossils of the Zagros area, Southwestern Iran (from 
Permian to Miocene), Intern. Sed. Petrogr. Ser. 12: The Netherlands; Brill, 102 p. 

The author presents microfacies information based on profile studies of 
carbonate sequences in the Southwest (Triassic to Pleistocene) and Northeast 
(Pre-Permian to Pleistocene) Zagros range. A differentiation is made 
between "faunal zones" according to benthonic and pelagic foraminifera as 
well as algae, particularly from the Jurassic to the Miocene. Good fossil 
identifications and detailed photographs of foraminifera in thin-sections are 
provided. 

996. Sangster, D.F. (1976) - Carbonate-hosted lead-zinc deposits !n Wolf, K.H., editor, Handbook 
of Strata-Bound and Stratiform Ore Deposits, Volume 6: The Netherlands, Amsterdam; 
Elsevier Science Publishing Co., p. 447-456. 

997. Sangster, D.F. (1983) - Mississippi Valley-type deposits: A geological melange ill 
Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, J.W., editors, International Conference 
on Mississippi Valley Type Lead-Zinc Deposits: U.S.; University of Missouri-Rolla, p. 7-19. 

A review of the world's major depoSits of the Mississippi Valley type (MVT) 
and districts of this type reveals a great diversity in their regional and local 
geology. The author examines six geological features in nine world-class 
MVT districts and concludes that the differences among these districts are 
sufficiently significant as to preclude formulation of a unifying descriptive or 
genetic model. As a tesult of this analysis, it is proposed that MVT deposits 
be divided into three sub-types (cratonal, basinal, platforms) based on metal 
ratios and local geological features. 

998. Sarin, A.; and Hrelic, D. (1984) - Vcjena hidrogeoloskih suojstava karbonatnih naslaga na 
temelju gustode ponikava u niskom: dijelie visokog Krsa Hrvatske: Yugoslavia; Zbor. ref. VIII 
Jug. Sil11>. hidnd. inz. geol., Vol. 1, p. 117-125. 

The drawing of dolines density maps as a tool in the hydrogeologic 
cartography of karst terrains has been strongly recommended for the 
preparation of the Basic Hydrogeologic Map of Yugoslavia, scale 1 :100,000, 
that will be prepared during the next 25 or more years. 

999. Sarin, A.; and Urbiha, H. (19n) - Cartographic novelty in a hydrogeologic map of Croatia ill 
Inter. Asso. Hydrogeologists Memoires, Vol. XIII, Part 1: U.K., Birmingham; p. B29-838. 

A Hydrogeologic Map of Croatia, scale 1 :200,000, covering an area of 56,538 
knf, is being prepared. A new and important classification of thennomineral 
waters is appUed. Through its use and by means of graphic solutions, 
thermomineral and other hydrogeochemical characteristics of mapped areas 
can be determined. The quality of water for domestic use and for irrigation of 
both ground and surface waters is indicated by various diagrams and 
symbols. 

1000. Sarin, A.; Korolija, B.; and Hrelic, D. (1985) - The most favorable conditions for the ground­
water supply on small karst islands: The island of Korcula, Croatia - a case study: Italy; V 
Inter. SYI11>. Groundwater, p. 17-21. 
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The authors deal with a type of island where the· concfrtions for major ground­
water occurrences are most favorable. 

1001. Samtheim, M.; andWaJger,E~ (1973) - Classification of modem marl sediments in the 
Persian Gulf by factor analysis 1!! Purser, B.H., editor, The Persian Gulf: Germany, F.R.; 
Springer-Verlag, p. 81-98. 

A study of 38 features of 170 bottom samples are studied by factor analysis, 
using the a and R modes, leading to a definition of mappable facies units. 

1002. Sartoni, S.; and Crescenti, U. (1962) - Recherche biostratigrafiche nel Mesozoico 
dell'Appennino meridionale: France; Giom. Geol. 29:2, p. 161-304. 

Zonation of the carbonate sequences (Uas to Paleocene) in ten cenozones 
(fossil assemblage zones) and three subzones is presented. Good 
paleontological identifications and exact descriptions are provided. Today a 
"classic", this· reference work should be supplemented by Crescenti, 1966, 
Boll. Soc. Geol. Ital, Vol. 85. 

1003. Sarvary, I. (1975) - How can the size of "cavemment" in karstic rocks be estimated?: Proc. 
6th Inter. Congr. Spele. III, Olomouc, 1973, p. 267-272. 

1004. Sass-Gustkiewicz, M. (1983) - Zinc-lead ore structures from Upper Silesian region in the 6ght 
of solution transfer 1!! Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, J.W., editors, 
International Conference on Mississippi Valley Type Lead .. Zinc Deposits: U.S.; University of 
Missouri-Rolla, p. 20-26. 

The strata-bound Zn-Pb sulfide ores from the Upper Silesian district occur in 
flat-lying Triassic carbonates and were emplaced after sedimentation and 
6thification of host rocks. Ore bodies show evidence of a prolonged transfer 
of hot, aggressive, and nineralizing solutions. Two, types of transfers are 
considered: (1) non-integrated flow through inter- and intragranular 
discontinuities, and (2) integrated circulation through distinct transmissive 
conduits. 

1005. Sass-Gustkiewicz, M.; Dzulynski, S.; and Ridge, J.D. (1982) - The emplacement of zinc-lead 
sulfide ores in the Upper Silesian district-A contribution to the understanding of Mississippi 
Valley-type deposits: U.S.; Econonic Geology, Vol. n, p. 392-412. 

The authors discuss the manner in which Upper Silesian zinc-lead ores of 
Mississippi Valley type were introduced into, and depoSited within, the ore­
bearing dolomite, the host rock of the ores. 

1006. Saw, AI. (1967) - The relief in the Chelle Turzii Region and its economic usefulness: Studia 
Universitatis Babes-Bolyai, the Geologia-Geographia Series, Fasciculum 2, p. 115-119. 

Besides economic aspects, the controversial genesis of Turzii Gorge is 
discussed and new arguments are presented in support of epigenesis and the 
role played by underground karstic relief. 

1007. Savu, AI.; and Haidu, I. (1984) - On the genesis and evolution of limestone klips in the 
Trascaului Mountains: Studia Universitatis Babes-Bolyai, Geologia-Geographia, p. 30-36. 

The authors present a critical approach to the genesis of the alignment of 
Jurassic, calcareous I islandsl in the mass of Cretaceous flysch. Opinions of 
their interpretation as remains of overthrust nappe, overthrust folds, and 
olystolites are invalidated, and the authors suggest that they are klips directly 
linked to the presence of alignments of ophiolites which serve as supports 
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and whose eruptions make a bilateral fold in the ocean--type crust of local 
sialtic blocks. A small number of the more than 50 calcareous islands 
located along two major directions (alignments) could represent olystolites. 

1008. Savu, AI.; and Zagreanu, I. (1976) - Karstic waters and cardiovascular complaints: Romania; 
Revue Roumaine de Geology, geophysique et geographie (Geographie) , Romanian 
Contributions to the 23rd International Congress of Geography, Moscow, 1976, p. 121-125. 

An analysiS is rnade of the calcium content of several Vauclusian-type springs 
in mesozoic limestone (with insignificant concretions) and values of 65 rng 
and respectively 160-242 mgtl are assessed. Two groups of apparently 
healthy individuals who drink calcium-free water and, respectively, water with 
a high calcium content are investigated. With respect to the latter group, a 
high incidence of lithiasis and cardiopathy is noted. 

1009. Scanlon, B.A.; and Thraiklll, J. (1987) - Chemical similarities among physically distinct spring 
types in a karst tenain: Journal of Hydrology, Vol. 89, No. 3/4, p.259-279. 

In karst regions where correlations between physical characteristics of springs 
and temporal variations in spring water chemistry was used to infer physical 
attributes of karst systems. Springs were tested in the Inner· Bluegrass Karst 
Region of central Kentucky where previous dye-tracing studies have identified 
two physically distinct spring types: local high-level springs discharging from 
shallow flow paths and major low-level springs discharging from a deep 
integrated conduit system. Representative· high-level and major springs were 
sampled over a 16-month period and analyzed for major dissolved 
components. Both spring types showed similar variations in temperature, 
calcium, magnesium, bicarbonate, and hardness. No' systematic differences 
in ironic concentrations or in saturation indices with respect to calcite and 
dolomite were apparent. Che"mical similarities between high-level and major 
springs during low flow are attributed to recharge of major springs by 
percolation and by high-level springs and to the occunence of most chemical 
reactions near the recharge zone rather than in the deep conduit system. 
During high discharge, most recharge to the major springs is surface runoff 
which produces low ionic concentrations. Similarly low ionic concentrations in 
the high-level springs result from rapid flow through the soil-rock zone and 
short flow distances. These relationships indicate that spring water chemistry 
is not only a function of conduit size but also an indicator of recharge type 
and amount and flow path length. Differing flow path lengths to major and 
high-I~vel springs counteract the effect of varying conduit size between the 
two spring types and result in similar ionic conoentrations. These data 
indicate that spring water chemistry cannot be used· to predict physical 
characteristics of karst aquifers in the Inner Bluegrass Region. The physical 
and chemical attributes of springs in the Inner Bluegrass were compared to 
those of springs in the Nittany Valley of Pennsylvania. A reported high 
correlations between physical and chemical characteristics of springs in the 
Pennsylvania karst system reflects geological and structural controls not 
present in the Inner Bluegrass Region. 

1010. Scavnicar, S. (1978) - New data on the insoluble residuum of limestone ill Augustithis, S.S., 
editor, 4th International Congress for the Study of Bauxites, Alumina and Aluminum, Volume 
2, Bauxites: Athens; Natl. Techn. Univ., p. 765-772. 

1011. Schadlun, T.N. (1976) - On the origin of "kies"-ore and Pb-Zn deposits in sediments ill 
Amstutz, G.C., and Bernard, A.J., editors, Ores in Sediments: Germany, F.A., Heidelberg; 
Springer-Verlag, International Union of Geological Sciences Series A., No.3, p. 267-273. 
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A brief summary of the data obtained by numerous investigators on the sulfur 
isotope deposition from stratifonn copper-zinc and lead-zinc deposits from the 
USSR occurring in sedimentary and volcanogeric-sedimentary rocks is 
presented in this paper. The problems of the genesis and the source of 
metals and sulfur are still open to discussion. The COmparisoh of the 
character of isotope composition variations and certain features of the ore 
textures and structures suggest that the origin of ores took place during two 
periods - sedimentary or diagenetic and metasomatic or magmatathermal. 

1012. Schafer, P.; and Senowbari-Daryan, B. (1981) - Facies development and paleoecological 
zonation of four Upper Triassic patch-reefs, Northem Calcareous Alps near Salzburg, Austria: 
U.S.; Soc. Econ. Paleont. Min. Spec. Publ. 30, p. 241-259, 10 figs. 

1013. Schairer, G.; and Lupu, M. (1969) - Mikrofazielle Untersuchungen in untertithonischen, 
geschichteten Kalken von Kapfelburg bei Kelhelm in Bayem: Muenchen; Mitt. Bayer, 
Staatssammlung Palaeont. hist. Geol. 9, p. 183-199, pis. 11-12, 8 figs. 

1014. Schellmann, W. (1978) - Behaviour of nickel, cobalt and chromium in ferruginous lateritic 
nickel ores: . Bull. Bureau Recherches Geologique Minieres, ser. 2, sec. 2,p. 275-282. 

1015. Schlager, W. (1980) - Mesozoic calciturbidities in Deep Sea Drilling Project hole 416 A: 
Recognition of a drowned carbonate platform: U.S.; Initial Rept. Deep Sea Drilling Project 
50, p. 733-749, 14 figs. 

1016. Schlager, W. (1981) - The paradox of drowned reefs and carbonate platforms: U.S.; Geol. 
Soc. of Amer. Bull. (in press). 

1017. Schlager, W.; and James, N.P. (1978) - Low-magnesian calcite Hmestones forming at the 
deep-sea floor, Tongue of the Ocean, Bahamas: The Netherlands, Amsterdam; Bed. 25, p. 
675-702, 19 figs. 

1018. Schmidt, W.; and Coe, C. (1978) - Regional structure and stratigraphy of the limestone 
outcrop beit in the Florida Panhandle: U.S.; Florida Bureau Geology, Rept. Inv. 86. 

1019. Schmidt, W.; Hoenstine, R.W.; Knapp, M.S.; Lane, E.; Ogden, G.M., Jr.; and Scott, T.M. 
(1979) - The limestone, dolomite and coquina resources of Florida: U.S.; Florida Department 
of Natural Resources, Bureau of Geology Report 88, 54 p. 

The authors summarize the known data relating to the occurrence of the 
limestone, dolomite, and coquina resources of the State of Florida and the 
uses of these commodities. Preparation for this report included geological 
field reconnaissance, examination of well cuttings and core samples, analysis 
of data from private industry, and comprehensive fiterature search by the 
Florida Bureau of Geology. The study may be considered an up-tO-date 
"state-of-the-art" report including uses and the locations of economic deposits 
of limestone, dolomite, and coquina in Florida. 

1020. Schneider, H.-J.; Moeller, P.; Parekh, P.P.; and Zimmer, E. (1977) - Fluorine contents in 
carbonate sequences and rare earths distribution in fluorites of Pb-Zn deposits in east-alpine 
mid-Triassic: Min. Oepos. 12, p. 22-36. 

1021. Schneidermann, N. (1970) - Genesis of some Cretaceous carbonates in Israel: Jerusalem; 
Israel Journ. Earth-Sci. 19, p. 97-115, 13 pits., 5 figs . 

. 1022. Schneidermann, N. (1973) - PelagiC limestones of the central Caribbean, Leg 15: U.S.; Initial 
Rept. Deep Sea Drilling Project 15, p. 773-793,8 pis. 
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1023. Schnitzer, W.A.; and Wagner, W. (1969) - Welche Anforderungen muessen Geruchsstoffe 
fuer Karstwassermarkierungen erfuellen?: Vom Wasser 35, Weinheim, Chemie, 1969, p. 227-
236. 

102.4, Scholle, P.A. (1971) - Diagenesis of deep-water carbonate turbidities, Upper Cretaceous 
Monte Antola flysch, Northern Apennines, Italy: U.S.; Joum. Sed. Petrol. 41 :1, p. 233-250. 

1025. Schotle,P.A. '(1971) - Sedimentology of fine-grained deep-water carbonate turbidities, Monte 
Antola flysch (Upper Cretaceous), Northem Apennines, Italy: U.S.; Gaol. Soc. Amer. Bull. 82, 
p.629-658. 

1 

1026. Scholle, P.A. (1974) - Di~genesis of Upper Cretacaous chalks from England, Northem Ireland 
and the North Sea: .U.t<., Oxford; Inter. Asso. Sed. Spec. Publ. 1, p. 1n-220. " 

1027. Scholle, P.A, (1977) - Chalk diagenesis and its relation to petroleum exploration: Oil from 
chalks, ~ modem miracl~?: U.S,; Amer. Asso. Petrol. Gaol. Bull. 61, p. 982-1009. " 

1028. Scholle, P.A. (19n) - Deposition, diagenesis, and hydrocarbon potential of "Deeper-Water" 
limestones: U.S.; Amer. Asso. Petrol. Geol. Continuing Education Course Notes Ser. 7, 27 p. 

1029. Scholle, P.A. (1978) - A color illustrated guide to carbonate rocks constituents, textures, 
cements, and porosities: U.S.; Memoirs Amer. Asso. Petroleum Geologists, Vol. 27, 241 p. 

A very interesting introduction to thin-section analysis of carbonate rocks. 
Chapters: Skeletal Grains, Other Carbonate Grains, Other Minerals, 
Carbonate Cements, Carbonate Textures, Porosity Classification. 

1030. Scholle, P.A. (1979) - Porosity prediction in shallow versus deep water limestones -primary 
porosity preservation under burial conditions: U.S.; Amer. Asso. Petrol. Gaol. Course Note 
Ser. 11, p. 01-09. 

1031. Scholle, P.A.;" and Arthur, M.A. (1980) - Carbon isotope fluctuations in Cretaceous pelagic 
limestones: Potential stratigraphie and petroleum exploration tool: U.S.; BUll. Amer. Asso. 
Petrol. Gaol. 64:1, p. 67-87, 12 figs. 

1032. Schroeder, E.A. (1979) - Le calcaire de Caniego: Temoin du'un montee du diapir de Valle 
de Mena (PrOvince de Burgos Espagne) dans l'Albien superior: Cuademos Gaologia lbemia, 
Vol. 5, p. 221-225. 

1033. Schroeder, J.H.; and Siegel, F.R. (1969) - Experimental dissolution of caldum, magnesium 
and strontium from Holocene biogenic carbonate: A model of diagenesis: U.S.; BUll. Amer. 
Asso. Petrol. Gaol. 53:3, 740. 

1034. Schroeder, J.H.; Miller, D.S.; and Friedman, G. M. (1970) - Uranium distributions in recent 
skeletal carbonates: U.S.; Joum. Sed. Petrol. 40:2, p. 672-681, 12 figs. 

1035. Schroll, E. (1984) - Geochemical indicator parameters of lead-zinc ore depoSits in carbonate 
rocks !.!1 Wauschkuhn, A., Kluth, C., and Zimmermann, A.A, editors, Syngenesis and 
Epigenesis in the Formation of Mineral Deposits: Germany, F.R., Heidelberg; Springer­
Verlag, p. 294-305. 

Geochemical characterization results are presented of chemical and isotopic 
data. Strata-bound lead-zinc deposits hosted in mostly carbonate, 
sedimentary rocks, can be divided into genetically. different groups showing 
many varieties: sedimentary, Alpine-type, Mississippi Valley-type, 
volcanogenic sedimentary type, etc. Differences of geochemical parameters 
between syngenetic and epigenetic ore nineraHzations, between Alpine-type 
(Bleiberg) and Mississippi Valley-type are discussed. 
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1036. Schulz, O. (1964) - Lead-zinc deposits in the Calcareous Alps as an example of submarine­
hydrothermal formation of mineral deposits in Amstutz, G.C., editor, Sedimentology and Ore 
Genesis: Amsterdam; Elsevier, p. 47-52. 

1037. Schulz, O. (1978) - Kolloforme ZnS-Lagengefuege und ihre Genese in Karbonatgesteinen: 
Oesterr Akad Wiss., Schriftr. Erdwiss. Komiss. 3, p. 159-168. 

1038. Schulz, O. (1982) - Karst or thermal mineralizations interpreted in the fight of sedimentary ore 
fabrics in AmsMz, G.C., EI Goresy, A., Frenzel, G., Kluth, C., Moh, G., Wauschkuhn, A., and 
Zimmermann, R.A., editors, Ore Genesis: The State of the Art: Germany, F.R., Heidelberg; 
Springer-Verlag, p. 108-117. 

In the wake of recently obtained data on Zn-Pb-Fe-Ba-F-enrichments on 
erosion surfaces and paleokarsts in carbonate rocks, there is a tendency 
toward unjustified generaHzation of ideas, beyond immediately straightforwarcl 
interpretations. Some illustrative examples of features suggesting paleokarst 
formation are given, and critical statements are presented concerning mineral 
deposits in Sardinia, Algeria, the Karnian Alps, Gailtal Alps, and Kitzbuehel 
Alps. 

1039. Schulz, 0.; and Vavtar, F. (19n) - Sedimentary magnesite fabrics within the sparry 
magnesite deposit Hochfilzen (Tyrol) ill Klemm, ~.O.; and Schneider, J.J., editors, Time- and 
strata-bound ore deposits: Springer-Verlag, p. 260-272. 

In the fine-spathic magnesite deposit of Burglkopf near Hochfilzen (northern 
zone of greywackes, Tyrol) a matter-concordant, locally limited, apparently 
lense-shaped intercalated layer of magnesite, hematitie and sericite has been 
discovered. The findings suggest a generally synsedimentary to diagenetic 
origin of the magnesite deposit. 

1040. Schulze, K.-H. (1975) - Mikrofazielle, geochemische und technologische Eigenschaften von 
Gesteinen der Oberen Herrsumer Schichten des Korallenoolith (Mittleres bis Oberes 
Oxfordium, NW-Oeutschland) Zwischen Weser und Leine: Germany, F.R.; Geo. Jb., 0 11, p. 
3-102. 

Semi-quantitative evaluation of more than 1700 thin-sections was performed 
by comparing geochemical and technological data. The technological pro­
perties of rocks, particularly weathering criteria, are correlated with 21 
microfacies types. 
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carbonates: Stuttgart; Contrib. Sed. 3, 100 p., 11 piS., 35 figs. 
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Lagerstaetten in der westlichen Sierra de Gador (betische Intemzone, Provinz Almeria), 
Spanien: Muenstersche Forsch. Geol. Palaeontol. 43, p. 47-92. 

1043. Scoffin, T.P. (1972) - Cavities in the reefs of the Wenlock Limestone (Mid-Silurian) of 
Shropshire, England: Geol. Rdsch. 61 :2, p. 565-578, 12 figs. 

1044. Scoffin, T.P.; Alexandersson, E.T.; Bowes, G.E.; Clockie, J.J.; Farrow, G.F.; and Milliman, J. 
D. (1980) - Recent, temperate, sub-photic carbonate sedimentation, Rockall Bank, Northeast 
Atlantic: U.S.; Journ. Sed. Petrol 50:2, p. 331-356, 19 figs. 

1045. Semeniuk, V. (1971) - Subaerial leaching in the limestones of the Bowan Park Group 
(Ordovician) of Central Western New South Wales: U.S.; Journ. Sed. Petrol. 41 :4, p. 939-
950, 9 figs. 
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1046. Sen, Z.; and alDakheel, A. (1986) - Hydrochemical facies evaluation in Umm Er Radhuma 
Umestone, Eastern Saudi Arabia: Ground Water GRWAAP, Vol.24, No.5, p. 626-635. 

Hydrochemical characteristics of the Umm Er Radhuma (UER) aquifer in the 
eastern part of Saudi Arabia, were investigated by means of extensive data 
processing in the form of spatial variations, histograms, equivalents per million 
percentage histograms, linear relationships between various composite 
variables and equilibrium studies. Equilibrium studies of groundwater 
chemistry of the UER aquifer indicate that most waters are of calcium suHate 
or sodium chloride types. The aquifer is almost completely oversaturated with 
calcite but partially undersaturated in the northern part with anhydrite. The 
graphs developed should prove of use in groundwater studies in other parts 
of the world. 

1047. Sencu, V. (1968) - "Muntele de Sare": Bucharest, Romania; Sianic-Prahova. Ocrot. Nat., 
12:2, p. 167-179. 

The authors presents a detailed analysis of the karst of the "Muntele de 
Sare", a natural reserve and part of the salt massif from Sianic-Prahova, and 
the exokarst located on the insoluble rocks which cover the salt karst. 

1048. Sencu, Vasile (1963) - Research in karstic phenomena round the locality of Anina (Banat): 
Probleme de Geografie, 10, p. 155-180. 

Caves and karstic captures are discussed with respect to their geneSis and 
evolution. 

1049. Sencu, Vasile (1964) - Research in the karstic phenomena in the southern part of the locality 
of Anina (Banat): Geology, Geophysics, Geography, the Geography Series, 11, p. 149-162. 

Caves and karstic captures are discussed with respect to their genesis and 
evolution. 

1050. Sencu, Vasile (1965) - The karst on halite in Romania: Romania; Romanian Review 
Geology, Geophysics, Geography, the Geography Series, 9:1, p. 45-58. 

The topic addressed by the author include: distribution and shape of salt 
deposits in Romania; morphology and genesiS of karst on salt; a classification 
of karstic formations in natural karstic forms (Iapies, karstic holes, karstic 
solution and crumbled sinkholes, caves); and anthropic karstic forms (karstic 
cavities, crumbled salt pits, karstic shafts, karstic galleries, and underground 
solution basins). 

1051. Sencu, Vasile (1966) - Geomorphological remarks on the karst on the Cirsei Hill (Banat): 
Romania; Geology, GeophysiCS, Geography, the Geography Series, 13:1, p. 99-106. 

Exo- and endokarstic forms are discussed with respect to their genesis and 
evolution. 

1052. Sencu, Vasile (1967) - "Cazanele Dunarii": Romania; Geomorphological remarks, Geology, 
Geophysics, Geography, the Geography Series, 14:2, p. 161-171. 

Exo- and endokarstic forms, karstic captures, and their evolution are studied. 

1053. Sencu, Vasile (1967) - Contributions to the study of water supply in the Town of Anina from 
the neighboring eastern karstic area: StUd. Univ. Babes-Bolyai, Geology-Geography Series, 
Fascicle 2, Cluj, p. 207-213. 
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Karstic waters and karstic captures in correlation with exo- and endokarstic 
forms are studied for water supply. 

1054. Sencu, Vasile (1967) - The morphology and formation of Marby Sianic-Prahova: Romania; 
Romanian Review Geology, Geophysics, Geography, the Geography Series" 11 :1, p. 49-65. 

The karstic forms situated on the salt mountain proper (the biggest salt 
mountain in the world), as well as on the insoluble rocks that cover the 
karstified salt are studied. Rectilinear and dendritic lapies, organ pipes, 
natural bridges, vertical shafts, crumbled sinkholes, karstic solution valleys, 
caves, karstic holes and crumbled salt pits are to be found on salt. Karstic 
collapse sinkholes and karstic subsidence valleys are found on the insoluble 
rocks with salt in the bedrock. 

1055. Sencu, Vasile (1968) - The map of the karst and the clastic karst in Romania: Romania; 
Romanian Review Geology, Geophysics, Geography, the Geography Series, 12:1-2, p. 35-41. 

The authors presents a color map (1 :1,000,000) including karstic and clastic­
karstic formations (crystal limestone and dolomite, mesozoic limestone and 
dolomite, neozoic limestone, gypsum, salt, tuff and volcanic agglomerations, 
sandstone and calcareous conglomerates, Ioessial depositions with calcium 
carbonate) . 

1056. Sencu, Vasile (1970) - Karstic phenomena in tectonic breccia: Romania; Romanian Review 
Geology, Geophysics, Geography, the Geography Series, 14:2, p. 2n-280. 

A cave in crystal limestone and a tectonic breccia made of crystal limestone 
are studied. 

1057. Sencu, Vasile (1970) - Valleys of sinkholes in the karst of the Banat Mountains: Romania; 
Geology, Geophysics, Geography, the Geography Series, 17:2, p. 177-185. 

The valleys of sinkholes are formed through the alignment of sinkholes under 
the impact of the general topography of the relief, through contact between 
calcareous rocks of various origins, contact between calcareous and non­
calcareous rocks, and tectonic lines. The transverse profile acquires various 
shapes (according to the morphology of the sinkholes) and the longitudinal 
profile is undulated. 

1058. Sencu, Vasile (1971) - The "Ochiul Beu" Lake (the Anina Mountains): Romania; Geology, 
Geophysics, Geography, the Geography Series, 18, p. 231-237. 

A karstic lake conSisting of a sinkhole and supplied by an underground karstic 
spring. 

1059, Sencu, Vasile (1972) - The Comarnic and Popovat Caves: the Publishing House of the 
Academy, 60 p. 

Exokarstic forms and their evolution, the genesis, hydrography and evolution 
of caves, as well as speleothems are approached. Eight figures and a color 
map (1 :25,000) are prepared by the author to indicate karstic phenomena. 
Abstracts in French and German. 

1060. Sencu, Vasile (1972) - The map of the karst in the Lacva Mountains (Banat) according to the 
international list of conventional signs: Romania; Romanian Review Geology, Geophysics, 
Geography, the Geography Series, 16:1, p. 41-42. 
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The author presents a color map (1 :50,000) of karst on the basis of 
international, conventional signs adapted to R0r11ania's territory. 

1061. Sencu, Vasile (1972) - The Runcu Gorge: Romania; Geomorphological Remarks, Geology, 
Geophysics, Geography, the Geography Series, 19:1, p. 81-92. 

The author discusses exo- and endokarstic forms and successive captures of 
the Runcu river favored by the tectonics of calcareous rocks. 

1062. Sencu, Vasile (1973) - The karst, scale 1:1,500,000, Nera Gorge, scale 1 :50,000, the Vulcan 
Mountains, . scale 1 :50,000, and the loess Sinkholes in the Mostistea Plain, scale 1:100,000: 
Bucharest, Romania; Atlas of the Socialist Republic of Romania, Sheet 111-4, the Karst, the 
Publishing House of the Academy of the Socialist Republic of Romania. 

The color map of the karst in Romania which shows the karstifiable rocks 
totalling 49,527 sq. km (20.85 percent of the country's area) of which: crystal 
limestone and dolomite - 4,602 sq. km (1.94 percent· of the country's area), 
salt - 150 sq. km (0.06 percent of the country's area), sandstone and 
calcareous conglomerates - 975 sq. km (18.44 percent of the country's area). 
Detailed maps exemplify several types of karst. 

1063. Sencu, Vasile (1973) - The karstic waters in the mining area of the Town of Anina (Banat): 
Livre du cinquantenaire de I'lnstitut de Speleologie "Emil Racovita", p. 591-604. 

Colorings with fluorescein highlight the routes of underground karstic water 
and their areas of supply. 

1064. Sencu, Vasile (1975) - The karst of the Mehedinti Mountains: Romania; Romanian Review 
Geology, Geophysics, Geography, the Geography Series, 19:1, p. 35-47. 

This karst area is situated at an altitude of roughly 1,300 m and is strongly 
influenced by tectonics. A wide range of forms are displayed (Iapies, 
sinkholes, uvalas, faults, hanging dry karstic valleys, blind valleys, karstic 
captures). Noteworthy features are Medved and Crovul Mare sinkholes, 
1,000 m and 500 m, respectively, in diameter and 170 m and 150 m, 
respectively, in depth. A color map (1 :50,000) is used by the author to 
indicate karstic forms. 

1065. Sencu, Vasile (1977) - Conventional signs for the map of the karst: Aetes du 6 Congres 
International de Speleologie, Olamanc, 7, p. 107-114. 

Map legend symbols of karst are adapted to Romania's territory according to 
international conventional signs for karsts. 

1066. Sencu, Vasile (1977) - The karst in the Anina mining field: Romania; Geology, ~eophysics, 
Geography, the Geography Series, 24:2, p. 199-212. . 

This limestone feature is 1,200 m thick and covers the high-grade coal (pit 
coal) deposit which is mined at Anina in the Banat Mountains at the deepest 
mine in Romania and Europe (1,100 m deep). Various karstic forms are 
discussed and, through wells, karstic holes were identified at a depth of 500 
m below sea level. ColOrings with fluorescein were used by the author to 
determine several hydrokarstic blocks. A color map (1 :30,000) is presented 
by the author to indicate all karstic forms. 

1067. Sencu, Vasile (1979) - The karst in the Danube Pass: Bucharest, Romania; Speleology, the 
"Iron Gates" Group, the Publishing House of the Academy, p. 11-28. 
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The influence of limestone on the Danube river bed, the karstic morphology 
of the four calcareous areas in the pass, karstic captures and the age of the 
karst are studied. 

1068. Sencu, Vasile (1982) - Remarks on the cherristry of karstic waters in the Anina Mountains: 
Romania; Geology, Geophysics, Geography, the Geography Series, 24, p. 42-49. 

The author studied the calcium carbonate load in waters that flow through 
limestone, the hardness of water in karstic exurgences, and the aggres­
siveness of karstic waters in a calcareous area extending 600 sq. km. 

1069. Serban, M. (1961) - The Rotunda--A new form of underground water flow, in Die Hohle, 12 
(2/3):115 (in German). 

Underground meanders are shown to be produced by the same fluid mechanics law 
that cause the meanders of epigeous streams. The argumentation relies on the 
poignant geometric similarity between the two types of meanders and on the fact that 
both surface and underground waters develop only in the stream sections with small 
slopes. Highly developed are the fixed meanders in the Vintului Cave at Suncuius 
which conserve all the phases in the historical evolution and represent more complex 
features of relief; thus, the term rotunda is suggested. 

1070. Serban, M. (1970) - Compared morphology of the ice stalagmites in the cave at Scarisoara in 
Trav. Inst. Speol., "Emil Racoavita," Bucharest, 9:35-60 (In French). 

Ice stalagmites are considered to be periglacial formations of cave glaciation 
which developed at the limit between the cold and warm meroclimate inside 
the cave. Their morphology differs from one place to the other depending on 
local microclimate. Bilateral symmetry is determined by air currents while lull 
zones favor the development of radial-symmetry stalagmites. Low 
temperatures generate slender columns of white, opaque ice and those close 
to O°C create transparent spherical heads. The Scarisoara cave is dis­
tinguished by ice monocrystals in the spherical heads of stalagmites. 

1071. Serban, M. (1984) - On the meanders in the Vintului Cave (the Padurea Craiului Mountains), 
Theoretical and Applied Karstology, Vol. I, pp. 107-116 (In French). 

Meanders of the fossil karst-formation level corresponding to the first floor of 
the cave are described. The study of transverse sections highlights an 
alternation between the elliptical and rectangular form of the pressure major 
distributor which may be observed in the gallery roof. The alternation 
indicates a possible existence of an undulation in the vertical plane of the 
major distributor, which is similar to the model G.H. Deike established 
concerning Mammoth Cave in 1967. 

1072. Serban, M.; Blaga, L.; Blaga, Lucia; Chifu; Alexandra; Ciobotaru, Tamara (1967) -
Contributions to the stratigraphy of ice depoSits in the Scarisoara ice body. 

1073. Serban, M.; Coman, D.; Viehmann, I., (1957) - Speleological Research in the Apuseni 
Mountains (Romania). Ceskoslovensky Kras, 10(1):11-15,8 figures (in French). 

The introduction to this work contains a brief presentation of the karstic 
regions in Romania. The case complex is described which was generated by 
the underground-drainage valley at Ocoale, Alba county, consisting of the 
caves "Ghetarul de la Scarisoara" and "Pojarul Politei", as a primary stage of 
karstic evolution and the cave at Sesuri as a secondary phase and current 
drainage - a cavern in which scallops in the Romanian karst are observed for 
the first time. A description is also made of the Bihor county sinkholes of 
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Cetatile Ponorulul and the Neagra Cave in the Barsa Hole whose 
morphological features include the hydrodynamic effects of meanders, erosion 
levels, and scallops. 

1074. Seman, M.; Domsa, M., (1985) - On the Micro-Relief of Corrosion in the Vintului Cave (the 
Padurea Craiului Mountains, Romania) and the Morphogenesis of the Plane Roof in the 
Forced Conduits, Theoretical and Applied Karstology, Volume 2, figures 1-9, the "Emil 
Racovita" Speleological Institute, Bucharest (in French). 

Scallops and flutes in the cave were measured to assess flow velocities in 
fossil conduits. A discharge equation and the width of the conduit, which 
Indicates that the greatest widths are caused by the highest discharges, were 
estabfished for six transverse sections. Applying assessed velocities to the 
morphological study of phreatic conduits, the conclusion was drawn that 
eccentricity of the elHpse-shaped transverse section increases with the rise in 
kinetic energy of the stream until extremely flat sections, which create the 
plane roofs of a dynamic nature, are generated. 

1075. Serban, M.; Heitmann, H., (1961) - Notes on the Flora in several caves in the Western 
Carpathians of Romania, Die Hohle, 12 (213):87, Wien (in German). 

This is an abstract of a paper read at the Third International Congress of 
Speleology, Vienna, Austria. The microcHmatic conditions specific to cave 
mouths are often expressed by floral features. The entrance sinkhole of the 
Scarisoara ice cave makes the spring plant Doronicum bloom only in July. At 
the mouth of the cave at Caput, Bihor county, and of several caves near 
Garda de Sus, Alba county, Viola biflora was found, which does not grow in 
surrounding areas. Cortusa matthioli was found at the mouth of "Coiba" cave 
on the upper Garda valley at an altitude of 900 m, which compares with 
1 ,400 m in open spaces on the Piatra Boghii Mount. 

1076. Seman, M.; Viehmann, I., (1961) - Explorations of the caves and the Karst in the Western 
Carpathians and the Rodna Mountains (Romania) from 1947 to 1960, Die Hochle, 12(2/3):65-
66, Wien (in German). 

This is an abstract of a paper read at the Third International Congress of 
Speleology, Vienna, Austria. Reference is made to the following features: 
(1) the ice cave at Scarisoara and two neighboring caves - Projarul Politei, 
with exceptional stalagmitic formations; (2) the cave at Sesuri, which is 180 m 
deep and at the time of its exploration, in 1950, the deepest cave in 
Romania; (3) the caves at Padis (Bihor, Mountains) at Coiba-Mare on the 
upper Garda valley; (4) Vintului Cave at Suncuius with fixed meanders; and 
(5) Izvorul Tausoarelor cave (in the Rodna Mountains) ",ith the greatest depth 
in Romania of 341 m. 

1077. Serban, M.; Viehmann, I., (1961) - The Hology of Underground and Surface Streams, Die 
Hohle, 12(23/):115, Wien (in German). 

This is an abstract of a paper read at the Third International Congress of 
Speleology, Vienna, Austria. On the basis of studies of several caves in 
Romania the conclusion is reached that there is a certain parallelism between 
underground and surface waterflows. The existence of a profile of equilibrium 
is accepted for underground rivers too. If the morphology of the upper 
course is dominated by tectonics, the influence of the hydrological factor 
shows in the lower course of underground drainages. The fixed meanders 
and the plane-horizontal roofs are salient features of the lower course. The 
terraces of underground rivers are called karstic terraces. The authors 
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consider this feature with respect to a particular form of subterranean 
undercutting. 

1078. Serban, M.; Viehmann, I., (1963) - Cxoactbo Mekay 0 Emh 1m Obepxhocth M Pe H M 
Otokam Obepxhocth M Pe H M Otokam. The similarity between underground and surface 
streams, novelties in Karstology and Speleology, 3:80-81, The Academy of Sciences of the 
USSR, Moscow (in Russian). 

The authors favor contribution of the hydrodynamic factor to the 
morphogenesis of underground water drainages. This is based on the 
development of meanders and erosion levels and on the existence of profiles 
of equilibrium in caves, thus attesting to a similarity between underground and 
surface waterflows. 

1079. Serban, M.; Viehmann, I., in collaboration with Corman, D.; Pintea, M., and Fronescu, I., 
(1974) - The lalomita Cave, results of the Speleological Expedition of December 1953, 
bulletin of the "Emil Racovita" Circle of Speleology, 3:50-51, with an enclosed map, the 
University Centre of Bucharest (in Romanian). 

A map is supplied of the lalomita cave which lies in the Carpathians 
Mountains, the Bucegi massif, and has a total length of 804 m. The cave 
receives tourist interest as it is located in one of the most frequently visited 
regions in Romania. It was formed during a diaclase with an inclined position 
which was highlighted by four successive water losses, all situated on the left­
hand side of the primary underground drainage. On the terminal side of the 
cave, the active stream reaches crystalline shales in the autochthonour of the 
Bucegi. 

1080. Serban, M.; Viehmann, I.; Bals, S.; Bordea, S., (1961) - The Neagra Cave in the Karstic 
Region of Padis (Romania) and its importance: Die Hohle, 12(23/):66, Wien, (in German). 

This is an abstract of a paper read at the Third International Congress of 
Speleology, Vienna, Austria. The Neagra Cave at Padis, which has a total 
length of 1,200 m and was explored in 1952 and 1956, contains a stream 
with three active and one fossil tributaries which feature meanders, erosion 
levels, and a plane-horizontal roof, all formed under hydraulic action of the 
stream. 

1081. Serban, M.; Viehmann, I.; Coman, D., (1961) - Caves in Romania, the Meridiane Publishing 
House, Bucharest (in Romanian, with abstracts in French, German, Russian, and Magyar), 33 
p., 143 photographs. 

This is an album of photographs grouped by the following themes: 
landscapes from karstic regions, surface karstic formations, underground 
streams, underground karstic formations, cave exploration, stalagmitic 
formations, cave ice, aspects of speleological research and various caves in 
Romania. The photographs are accompanied by a text dedicated to Emil 
Racovita (1868-1947), the initiator of biospeleology (1904) and the founder of 
the Speleological Institute of Romania (1920). The authors also outline 
achievements from Cluj between 1947 and 1960. 

1082. Serban, M.; Coman, D.; and Givulescu, R., (1948) - Recent discoveries and observations 
concerning the Natural Ice Body called "Ghetarul de la Scarisoara", Bulletin de la Societe des 
Sciences de Cluj, 10:174-210, figures 1-13, diagrams I-IV (in French). 

Results are outlined of explorations conducted in 1947 under the aegis of the 
Speleological Institute in Cluj, which determined the size of the ice body in 
Chetarul de la Scarisoara Cave which has a volume of 40,000-55,000 cu.m 
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and extends 5,550 sq. m. The ice body is stratified and includes packs of ice 
layers alternating with strata of impurities which. indicate climatic cycles. The 
study of the flanks of the ice deposition leads to an understanding of its 
evolution in time. The case is equally remarkable due to the groups of ice 
stalagmites with annual evolution. 

1083. Shanmugan, G.; and Benedict, G.L. (1978) - Fine-grained carbonate debris flow, Ordovician 
basin margin, Southern Appalachian: U.S.; Journ. Sed. Petrol. 48:4, p. 1233-1240, 7 figs. 

1084. Sharma, T.; and Clayton, R.N. (1965) - Measurements of 0'8/0'8 ratios of total oxygen of 
carbonates: Oxford; Geochim. Cosmochim. Acta 29, p. 1347-1353. 

1085. Shaw, R.P. (1983) - Karstic residual fluorite-baryte deposits at two localities in Derbyshire'in 
Wilson, R.C.L., editor, Residual Deposits: Surface Related Weathering Processes and 
Materials: U.K., London; Blackwell Scientific, p. 245-249. 

1086. Shaw, T.R. (1979) - History of cave science: The scientific investigations of limestone caves, 
to 1900: Crymych; Anne Oldham. 

1087. Sherrill, M.G. (1978) - Geology and ground water in Door County, Wisconsin, with emphasis 
on contamination potential in the Silurian dolomite: U.S.; U.S. Geol. Survey Water-Supply 
Paper 2047, 38 p. 

1088. Shinn, E.A. (1969) - Submarine lithification of Holocene carbonate sediments in the persian 
Gulf: Amsterdam; Sed. 12, p. 109-144. 

1089. Siciu, N. (1983) - Thermic waves propagation through limestones: Buletin Speologic 
Informativ, 7, p. 21-45. 

One of the most important controls of rocks karstification is climate. 
Temperature is probably the primary, controlling factor, thus, the study of ther­
mic wave propagation through a karstic medium is of prime importance. 

1090. Siegel, F.R. (1961) - Variations of SrlCa ratios and Mg contents in recent carbonate 
sediments of the northern Florida Keys area: U.S.; Journ. Sed. Petrol. 31 :3. 

1091. Siegel, F.R. (1967) - Properties and uses of the carbonates in Chilingar, G.V., Bissell, H.J., 
and Fairbridge, R.W., editors, Carbonate Rocks: Amsterdam-London-New York; Elsevier, 
Dev. Sed. 9B, p. 343-393. 

1092. Siemag Transplan (1978) - Wear characteristics and flow properties of bauxites in pipelines in 
Augustithis, S.S., editor, 4th International Congress for the Study of Bauxites, Alumina and 
Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., p. 773-782. 

1093. Sijaric, G. (1978) - Mineralogical investigations of the bauxites from Crvene Stijene (Bosnia) 
ill Augustithis, S.S., editor, 4th International Congress for the Study of Bauxites, Alumina and 
Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., p. 783-796, 4 figs. 

1094. Silar, J. (1968) - Vliv epeirogenetickych pohybu na vyvoj hydrogeologickych struktur krasu 
jihovychodne od Banske Bystrice (The influence of epirogenic movements on the 
development of hydrogeological structures in the karst region SE of Banska Bystrica): 
Czechoslovakia; Casopis pro Mineralogil a Geologii, r. 13, c. 3, p. 325-332 [summary in 
English). 

Relationships between the geological evolution, origin of karst phenomena, 
and formation of hydrogeological structures in the basin of Poniky SE of 
Banska Bystrica (Czechoslovakia) are discussed. 
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1095. Silar, J. (1969) - Krasove hydrogeologicke struktury a aktualni otazky jejich vyzkumu a vyuziti: 
Czechoslovakia; Ceskoslovensky Kras, Vol. 21, p. 23-27. 

Hydrogeological structures in karst and some topical problems of research 
and use were investigated. 

1096. Silar, J. (1976) - Radiocarbon ground-water dating in Czechoslovakia-first results: 
Czechoslovakia; Vestnik Ustr. ust. Geologickeho, Vol. 51, p. 209-220. 

Carbon-13 values of bicarbonates in water, of travertine and gaseous CO2, as 
well as carbon-14 activities of plant samples around CO2 vents have been 
determined to be a possible source of contamination of organic matter by 
non-active carbon near structures bearing CO2 of deep origin. 

1097. Silvestru, E. (1984) - The relationship between tectonics and karstification in the cave from 
Izvorul Tausoarelor (Rodna Mountains): Theoretical and Applied Karstology, 1, p. 35-42. 

The author presents the importance of tectonics in the karstification of the 
limestone area from Tausoare (Rodna Mountains), using the tectonogram of 
the limestones and several morphological details. A correlation is attempted 
between the types of cracks and the role played by each one in developing 
underground drainage. A possible explanation is proposed for 
pseudomeanders. 

1098. Silvestru, E.; and Viehman, I. (1982) - A study of compared micro-tectonics in the karst of the 
Rodna Mountains (Romania): Bucharest, Romania; Proceedings of the "Emil Racovitza" 
Speleological Institute, 21, p. 63-67. 

The authors describe techniques used to process data of micro-tectonic 
measurements conducted in three caves in the Rodna Mountains. The 
tectonic origin and synchronism of the emergence of fissures that created the 
karst in local limestone are established. 

1099. Simion, G.; Ponta, G.; and Gaspar, E. (1985) - The dynamics of underground waters from 
Baile Herculane, Cema Valley (Romania): Annales de la Societe Geologique de Belgique, T. 
108, p. 245-249. 

Thermomineral water resources of the Cerna Valley come from three different 
hydrogeological origins: (1) cold waters coming from hydrogeological 
structures located in the upstream part of the Cerna system; (2) hot waters, 
coming from the depth and thermalizing cold waters; and (3) mineralized 
waters coming from a structure probably located outside the Cerna basin, 
which mineralize warm waters. 

1100. Sinkovec, B.; and Sakac, K. (1982) - The Paleogene bauxite of Dalmatia: Yugoslavia, 
Zagreb; Travaux d'lCSOBA, Vol. 17, p. 293-331. 

To determine the genesiS of bauxites in Dalmatia, a paleogeographic 
investigation of accessory minerals, trace elements, and macroelements in 
bauxites and possible parent rocks was performed. On the basis of data 
obtained, it was concluded that the most probable parent material for Early 
Paleogene bauxites originates predominantly from the footwall Cretaceous 
limestones, while the parent material for Late Paleogene bauxites is 
diversified and originates from the footwall carbonate rocks and eolian 
material of volcanic and terrigenous origin. 

1101. Sinkovec, B.; and Siftar, D. (1979) - Types and origin of gibbsite in bauxite depoSits of 
Croatia, Yugoslavia: Yugoslavia, Zagreb; Travaux d'lCSOBA, Vol. 15, p. 91-98. 
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214 



1117. Souilos, G. (1985) - Research on the unity of karstic aquifer systems after examples of 
Hellenic karst (Recherches sur I'unite des systemes aquiferes karstiques d'apres des 
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reactions leading to the formation of residual deposits, and if infiltration has 
been operative over a sufficient period of time whole rock changes may also 
be detected. Reactions involving different sedimentary fractions (resistate, 
hydrolysate and precipitate) are considered with respect to infiltration into the 
Permo-Triassic sandstones and the Chalk of England. 

1119. Spector, A.; and Pichette, R.J. (1983) - Applications of the aeromagnetic method to lead 
exploration in S.E. Missouri ill Kisvarsanyi, G., Grant, S.K., Pratt, W.P., and Koenig, J.W., 
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optimal development requires the knowledge of water movement. A 
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The Viburnum mineralized area lies near the southern edge of the central 
stable region of the North American craton. Erosion of the Precambrian 
preceded establishment of basins and uplifts in early Paleozoic time. Shelf 
deposition prevailed in the Late Cambrian and Early Ordovician, followed by 
emergence and erosion resulting in the post-Knox unconformity. Silurian and 
Devonian deposition were followed by severe erosion, and Lower Missis­
sippian strata were laid down on a rough karst surface. 
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(1) the building of a reef or the creation of an algal mat affects the physical 
and chemical environment of sedimentation, and (2) organiSms can participate 
directly in chemical processes, either actively or passively. 

1168. Trufas, C, (1970) - Dracului Lake and Cave, Terra, ~, p. 43-45, (in Romanian). 

Dracului Lake was formed in the hollow of a "Vaucluse"-type spring and has 
at present ceased its activity; its flow is being diverted toward a new 
emergence point. The lake constitutes an underwater entrance toward a 
probable network of passages and underground streams. 

1169. Trufas, C., (1970) - Observations concerning the Karstic Phenomena from Pestera-Pui, 
Saraetia, §, Deva, p. 57-60 (In Romanian). 

An approximately 2 knf karst area was formed as a consequence of the 
piercing by a brook of a Jurassic limestone strip, from beneath Mio-Pliocene 
deposits. 
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1170. Trufas, V., (1960) - The Lake Invirtita from Mucsoara, Natura, ~, p. 78-81, 4 figures (in 
Romanian). 

The lake bowl is a depression of suffosion and subsidence in gypsum with 
interstratified sandstones. Morphometry, temperature, and hydrologic 
characteristics of this regime are discussed. 

1171. Trufas, V., (1966) - Observations of Karstic Morphology in Piatra Lesului area, Lucrarile 
Institutului de Soeolooie Emil Racovita, ~, p. 261-273, 9 figures, (in Romanian with English 
abstract). 

The author discusses the genesis of the gorge, water losses and rises, and a 
set of caves in the walls of the gorge. 

1172. Tsekhovsky, Yu. G. (1978) - Lateritic-soil lithogenesis as a leading process of secondary 
laterization of bauxites!!! Augustithis, S.S., editor, 4th International Congress for the Study of 
Bauxites, Alumina and Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. Univ., p. 905-
918, 2 figs. 

1173. Tucker, M.E. (1973) - Sedimentary and diagenesis of Devonian pelagic limestones 
(Cephalopodenkalk) and associated sediments of the Rhenohercyne Geosyncline, West 
Germany: Germany, F.R, Stuttgart; N. Jb. Geol. Palaont. Abh. 142, p. 320-350, 24 figs. 1 
tbl. 

1174. Tucker, M.E. (1974) - Sedimentology of Palaeozoic pelagic limestones: The Devonian Griotte 
(Southern France) and Cephalopodenkalk (Germany): Oxford; Spec. Publ. Inter. Asso. Sed. 
1, p. 71-92. 

1175. Tucker, M.E.; and Kendall, A.C. (1973) - The diagenesis and low-grade metamorphism of 
Devonian styliolinid-rich pelagic carbonates from West Germany: Possible analogs of Recent 
pteropod oozes: U.S.; Journ. Sed. Petrol. 43, p. 672-687. 

1176. Tucker, W.E. (1971) - Subsurface disposal of liquid industrial wastes in Alabama-A current 
status report: U.S.; Ground Water, 9:6, p. 10-19. 

Four subsurface disposal wells have been drilled and completed in Alabama: 
Stauffer Chemical Company, Mobile County; Ciba-Geigy, Inc., Washington 
County; U.S. Steel Corporation, Jefferson County; and Reichold Chemicals, 
Inc., Tuscaloosa County. A general discussion of the geology, drilling, 
completion, and testing techniques is presented with respect to the Coastal 
Plains geological province and Paleozoic sediments of the Warrior Basin. 

1177. Tufar, W.; and Strucl, I. (1984) - The Sasa lead-zinc deposit (MacedoniaNugoslavia) and its 
position in the Serbian-Macedonian ore province in Wauschkuhn, A., Kluth, C., and 
Zimmermann, RA, editors, Syngenesis and EpigeneSis in the Formation of Mineral Deposits: 
Germany, F.R, Heidelberg; Springer-Verlag, p. 412-421. 

Numerous genetically and temporally different lead-zinc deposits occur within 
the Serbian-Macedonian ore province. These depoSits are not related 
genetically to widespread Tertiary magmatism, but are, in fact, time-bound 
and strata-bound, stratiform, syngenetic ore mineralizations which have been 
affected by subsequent regional metamorphism. As a result, the deposits 
show mineral transformations, redepoSition, mobilization, and recrystallization 
of their primary mineral constituents. 

1178. Tulucan, T. (1979) - Martel Cave, Buletin Speologic, 1, 7 figures (In Romanian). 
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The relationships between a temporarily flooded cave, rainfall, and the 
drainage system are considered. It appears that only a short segment 
(approximately 100 m) of the 4 km-Iong passage effectively drains water, 
while the rest of it is subject to seasonal water level fluctuation. 

1179. Tu rcanu , N.; and Lascu, C. (1980) - Underground flow through the gneiss of the lovan 
foundation barrage (the Cema Valley) through the method of labeling with dye tracers: 
Proceedings of the "Emil Racovita", Speleological Institute, XIX, p.243-246 (French). 

The authors describe the method used to pinpoint velocity and direction of 
flow through open fissures in gneiss in the foundation of a barrage resulting 
from the leviation of altered filling in a tectonized area. 

1180. Tumsek, D.; Buser, St.; and Ogorelec, B. (1981) - An Upper Jurassic reef complex from 
Slovenia, Yugoslavia: U.S.; Soc. Econ. Paleont. Min. Spec. Publ. 30, p. 361-369, 6 figs. 

1181. Underhill, H.W. (1969) - Carbonate scale in Roman and modem canals in the Jordan Valley: 
The Netherlands, Amsterdam; Joum. Hydrology, Vol. 7, p. 389-403. 

An outline of the chemistry of carbonates in groundwater is followed by a 
discussion of chemical analyses of two springs in West Jordan. The 
relationship between scale precipitation in man-made. works and its formation 
under natural conditions is noted, and the authors conclude the paper with an 
historical footnote on the probable origin of the scale-filled Roman canal at 
Ain Feseyl. 

1182. United States Geological Survey; and U.S. Bureau of Mines (1968) - Mineral resources of the 
Appalachian region: U.S.; Geological Survey Professional Paper 580,492 p. 

This report is a compilation of information on the mineral resources, mineral 
industry, and geology of the Appalachian region, U.S.A 

1183. Urbani, F. (1976) - Polish-Venezuelan Expedition studies Sarisarinama caves: Natl. Spele. 
Soc. News, USA 34:1, p. 194-195. 

1184. V.-AC. Bulgareanu; V. Feurdean; AI. Gutu; Emilia Olteanu; A Bogorodita; D. Hannich (1984) 
- Relations between the fresh- and salt waters circulation and the geodynamics of the Ocna 
Sugatag karstosaline and anthroposaline lake area (Maramures district): Theoretical and 
Applied Karstology, 1, p. 165-171, Bucharest. 

The authors deal with statistical interpretation of the distribution of natural 
deuterium contents and propose a circulation pattem of fresh and saline 
waters (ground-, lake, and surface waters). Statistical analysis is made with 
respect to terrain sinking rates and a developed gap system, which is flooded 
and partially endokarstic, belonging to the old salt mines (in English, 4 figs., 1 
tab., 10 ref.). 

1185. Vadeanu, T. (1981) - Cociului Cave (Padurea Craiului Mountains): Carst, V. 1, p. 11-13 
(Romanian). 

The author describes a reception cave which is 391.5 m long and has an 
86.5 m unevenness. 

1186. Vadeanu, T. (1982) - Possibilities of using metric wave communication between the outside 
and the underground in karstic areas: Buletinul CSER, Bucharest, 7, p. 113-126. 

The author discusses experiments with interesting results which show the 
possibility of communicating through electromagnetic waves. 
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1187. Valenas, L. (1976) - A general view on the Bihor Mountains Karst: Nymphaea, V. 4, p. 21-
58 (Romanian, with French abstract). 

Theoretical concepts concerning erosion, corrosion, phreatic and vadose 
genesis, rates of karstification and karst network organization are illustrated 
by field examples from the well-developed karst of Bihor Mountains. 

1188. Valenas, L (1977) - Morphology of the karst from Groapa de la Barsa (Bihor Mountains): 
Travaux de I'lnstitut de Speologie "Emil Racovitza", V.16, p. 243-257 (French). 

This is the first monograph of a karst area from Bihor Mountains, focussing 
on the closed depression Groapa de la Barsa (2.42 km2 surface), which at 
the date of the paper included 16 cavities, with a cumulated length of 14,880 
m of passages (the longest of them, Neagra-Zapodie cave system, 10,879 m 
in 1977). The surface and underground karst are described from an organic 
viewpoint. 

1189. Valenas, L. (1977) - Problems of karstic morphology in Groapa de la Barsa (Bihor 
Mountains): Nymphaea, V.5, p. 157-199. 

A closed karst depression of 2.42 km2 is drained by 17 epigean watercourses, 
resulting in a drainage density of 5.34 kmlkm2

• The underground capture of 
these courses occurs in a network of caves more than 15 km long, developed 
mostly along various systems of fractures, under epiphreatic conditions. The 
structural position of the limestones favors occurrence of a perched aquifer, 
collecting the waters of the karstic system. 

1190. Valenas, L. (1978) - Morphology of the Pothole from Cuciulata (Bihor Mountains): 
Nymphaea, V.6, p. 363-368 (Romanian, with French abstract.) 

The morphology and hydrology of the Pothole from Cuciulata (186 m depth, 
925 m length) are discussed. The Cuciulata Pothole is a descending cavity, 
developed along a lithologic contact between karstifiable and nonkarstifiable 
rocks. Erosion in the endokarstic environment is considered. 

1191. Valenas, L. (1978) - The morphology of the System Coiba Mica-Coiba Mare-Izbucul Tauz 
(Bihor Mountains): Nymphaea, V.6, p.329-362. 

This paper concerns the karst from Casa de Piatra-Tauz (2.9 km extension). 
Lithologic, structural, hydrogeologic, and morphologic data are furnished. Coiba Mare 
cave, the most important phreatic network in Romania, is shown to have undergone 
an evolution analogous to that described by Ford, 1971, for the phreatic caves of 
Mendip. 

1192. Valenas, L. (1979) - A complex study of the area Craiasa Valley-Virtoape Valley, with special 
regard to Ursilor Cave (Bihor Mountains): Nymphaea, V. 7, p.139-176 (Romanian, with 
French abstract). 

This is a report on Ursilor Cave (1500 m development) and on its surrounding 
area. Lithologic, structural, hydrologic, and geomorphologic relief evolution 
trends and economic geography data are discussed. 

1193. Valenas, L. (1979) - Morphology of the Cave Spiacych Rycerzy Nizna (Western Tatra, 
Poland): Nymphaea, V.7, p.243-250 (Romanian, with French abstract). 

The author includes a series of data concerning the morphology and 
morphometry of a cave (240 long) from Western T atra. The cave is 
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considered to be an old resurgence, fossilized as a consequence of the block 
uplift of Western Tatra in the upper Pleistocene. It is also estimated that the 
age of the endokarst of the Polish Tatra is post medium-Pleistocene. 

1194. Valenas, L. (1981) - New investigations of physical speleology in Padurea Craiului Mountains: 
Nymphaea, V.8-9, p.265-316 (Romanian, with French abstract) 

34 new cavities are described. Combined with those discoveries published by 
1978, these new discoveries result in a length of 17,936 m, which is a 
quarter of the natural passages know in Padurea Craiului Mountains by 1981. 
The endokarst is considered to be post medium Pleistocene. External 
morphological conditions favored the development of kilometric sections, 
penetrable from the outflows. The Padurea Craiului Mountains are similar to 
Bihor Mountains with respect to the 1:1 proportion of the active versus fossil 
passages in a cave more than 1 km in length. The cavities where access 
was possible only by means of mining galleries are also investigated for the 
first time, and their origin is considered phreatic. 

1195. Valenas, L. (1983) - Preliminary considerations concerning the problems arisen by the active 
tectonics in the cave from Piriul Hodobanei (Bihor Mountains): Nymphaea, V.10, p.183-194 
(French, with Romanian abstract). 

1196. Valenas, L. (1984) - Considerations on the chemistry of the karst waters from Dedegol Dag 
(Western Taurus, Turkey): Crisia, V. 14, p.587-594 (French, with Romanian abstract). 

The author discussed problems which have arisen regarding drainages from 
Dedegol Dag Massif and geochemistry of native karst waters. It is shown 
that the waters are highly aggressive with respect to both calcium and 
magnesium. As a consequence, the drainages are considered as vadose, on 
major fracture lines. 

1197. Valenas, L. (1984) - The complex study of the karst from the area Izvorul Ursului-Piriul Sec 
(Bihor Mountains): Crisia, V.14, p. 559-580 (Romanian. with French abstract). 

This is a monograph concerning a karst area; multidisciplinary data, such as 
lithology, structure, karst water geochemistry, and endokarst morphology, are 
discussed. 

1198. Valenas, L. (1985) - The morphology of the cave from Izvorul Gabor (Padurea Craiului 
Mountains): Crisia, V.15 (French, with Romanian abstract). 

The author discussed the morphologic and hydrogeologic problems 
concerning the cave from Izvorul Gabor (2707 m length) with regard to its 
lithological and structural framework. The part played by the cave as a first 
order drain for the underground capture of an epigean watercourse as it 
benefits another subaerial stream is outlined. A post-medium Pleistocene age 
is proposed for the cavity. 

1199. Valenas, L.; and Drimba, G.H. (1978) - Physical speleology investigations in Padurea Craiului 
Mountains: Nymphaea, V.6, p. 279-382 (Romanian, with French abstract). 

This is the first report on the endokarst of Padurea Craiului Mountains (1400 
knt) on which the authors present an interpretation of a multidisciplinary 
approach concerning results obtained by the investigation of 21 representative 
cavities (12,483 m, combined length). The authors conclude that the endo­
karst from Padurea Craiului is of relatively recent age--post medium 
Pleistocene. 
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1200. Valenas, L.; and lurkiewicz, A. (1985) - The morphology of the cave from Hoanca Apei (Bihor 
Mountains): Crisia, V. 15 (Romanian, with French abstract). 

The authors discuss the morphology, morphometry, and hydrogeology of the 
cave from Hoanca Apei (1839 m long). 

1201. Valenas, L.; and Zygmunt, J. (1980) - Contributions to the knowledge of the karst of the 
Dedegol Dag Massif (Western Taurus, Turkey): Buletin Informativ, V.4, p.7-23 (Romanian, 
with French abstract). 

Morphology and water geochemistry of the karst of Dedegol Dag is 
discussed. The authors infer from a karst circulation model, based on 
interpretation of geochemical data, that the karst drainage system is fast, 
vadose, alpine type. 

1202. Valenas, L.; Bleahu, M.; Brijan, P.; and Halasi, G. (1977) - The speleological inventory of 
Bihor Mountains: Nymphaea, V.5, p. 209-355 (Romanian, with French abstract). 

A statistical study of the number of cave entrances, the cave lengths and 
active versus fossil passages is performed for the karst area of Bihor 
Mountains. It appears that the descending caves, situated on high plateaus, 
average three times as long as the ascending caves on valley borders. It 
also appears that the outflow caves are mostly local and much shorter than 
active caves from the plateaus. 

1203. Valenas, L; and lurkiewicz, A. (1981) - A complex study of the karst from the Suncuius-Misid 
Area (Padurea Craiului Mountains): Nymphaea, V. 8-9, p.311-378 (Romanian, with French 
abstract). 

This paper is the first monograph of Suncuius-Misid area (which includes the 
longest cave from Romania, Wind Cave which was 31,030 m in 1981). 
Multidisciplinary research was conducted with respect to the following 
features: lithology, structure, hydrogeology, karst water geochemistry, and 
exo- and endokarstic morphology. The endokarst of 64 caves was 
inventoried, and the authors discuss karstic drainages through the liassic 
impervious rocks. During the geochemical study, the authors discovered the 
existence of extremely acidic waters, outflowing from pyrite occurrences. The 
age of the karst as a whole is considered post-medium Pleistocene. 

1204. Valenas, L; Halasi, G.; and Czako, L. (1983) - The morphology and the hydrology of the 
underwater passages from Girda Valley Basin (Bihor Mountains): Nymphaea, V.10, p.195-
205 (French, with Romanian abstract). 

A series of morphologic and hydrogeologic data concern sumps from Girda 
Valley. The lithologic-structural framework in which the sumps are located is 
also discussed. A general drainage model of the karst systems to which the 
sumps belong is presented. This paper is the first one in Romania in which 
a debate is presented on the problems related to active tectonics in the 
endokarst. Seven morphologic forms of active tectonics observed in the cave 
from Piriul Hodobanei (22,042 m) are described. The observed forms 
possess active tectonics, subsequent to the organization of the underground 
network, which are considered to be "active mechanics". 

1205. Valeton, I. (1972) - Bauxites: Amsterdam, The Netherlands; Elsevier, 226 p. 

1206. Valeton, I. (1983) - Palaeoenvtronment of lateritic bauxites with vertical and lateral 
differentiation ill Wilson, R.C.L., editor, Residual Deposits: Surface Related Weathering 
Processes and Materials: U.K., London; Blackwell Scientific, p. 77-90. 
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Formation of lateritic bauxites of the type described in this paper occurs 
worldwide in Cretaceous and Tertiary coastal plains. A model is developed to 
account for element distributions in lateritic bauxites in terms of ground-water 
levels and flow. It is shown that many high-level bauxites were ,formed in 
coastal plains and were subsequently uplifted to their present altitude. 

1207. Vazny, H. (1978) - Trace elements as indices of conditions of sedimentation of carbonate 
deposits: Poland, Warsaw; Przeglad Geol. 3:299, p. 176-180, 3 figs. 

1208. Veevers, J.J. (1969) - Associations of fossils, grain-types, and chemical constituents in the 
Upper Devonian and Lower Carboniferous limestones of the Bonaparte Gulf Basin, 
Northwest-Australia: U.S.; Journ. Sed. Petrol. 39:3, p. 1118-1131, 4 figs. 

1209. Veihmann, I. (1959) - Contribution to the investigation of stalagmitic formations in caves, Dari 
de Seama ale Sedintelor COmitetalui, Geologic, V.42, p.579-610 (Romanian). 

Twelve types of stalagmitic formations, frequently found in caves, are 
discussed. Physical, chemical, and crystallographic causes that might explain 
their genesis are studied. Examples taken from various caves are analyzed. 

1210. Veizer, J. (1977) - Geochemistry of lithographic limestones and dark marls from the Jurassic 
of southern Germany: Germany, F.R., Stuttgart; Neues Jahrbuch Geol. Palaeont. 
Abhandlungen 153:1, p. 129-140,6 figs., 1 tbl. 

1211. Veizer, J.: and Demovic, R. (1973) - Environmental and climatic controlled fractionation of 
elements in the Mesozoic carbonate sequences of the western Carpathians: U.S.; Journ. 
Sed. Petrol. 43:1, p. 258-271, 10 figs. 

1212. Veizer, J.; and Demovic, R. (1974) - Strontium as a tool for facies analysis: U.S.; Journ. 
Sed. Petrol. 44, p. 93-115, 9 figs. 

1213. Veizer, J.: and Hoefs, J. (1976) - The nature of 180 /160 and 13C/12C secular trends in 
sedimentary carbonate rocks: U.K., Oxford; Geochim. Cosmochcim. Acta 40, p. 1387-1395. 

1214. Veizer, J.; Demovic, R.; and Turan, J. (1971) - Possible use of strontium in sedimentary 
carbonate rocks as a palaeoenvironmental indicator: The Netherlands, Amsterdam; Sed. 
Geol. 5, p. 5-22, 9 figs. 

1215. Verdeil, P. (1961) - Principes generaux de la karstification: Spelunca, Mem. 1, Aetes 3e 
congr. Natl. Spele. Marseille, p. 42-56. 

1216. Verdeil, P. (1962) - Les phenomenes d'intermittance dans les reseaux karstiques: 2e Congr. 
Inter. Spele. Bari 1958, Vol. 1, p. 62-78. 

1217. Vgenopoulos, A.G.; and Kanellos, G.K. (1978) - Preliminary study of the bauxite occurrences 
of Vroderon (Fiorina), northern Greece ill Augustithis, S.S., editor, 4th International Congress 
for the Study of Bauxites, Alumina and Aluminum, Volume 2, Bauxites: Athens; Natl. Techn. 
Univ., p. 919-936, 5 figs. 

1218. Videtich, P.E.; and Matthew, R.K. (1980) - Origin of discontinuity surfaces in limestones: 
Isotopic and petrographic data, Pleistocene of Barbados, West Indies: U.S.; Journ. Sed. 
Petrol. 50:3, p. 971-980, 4 figs. 

1219. Viehmann, I. (1958) - The stalagmitic formations in the caves of the Scarisoara Karstic 
Complex (Romania): Memoires du Colloquium International de Speleologie de la Federation 
Speleologique de Belgique, Bruxelles, p.73-80 (French). 
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Stalagmitic formations in the Ghetarul de la Scarisoara and Pojarul Politei 
caves and the pothole at Sesuri are described. Concretions are located in 
passages of the respective caves. Emphasis is placed on rare formations, 
such as the "flour" of micro pearls, cave pearls of various types, eccentric 
calcite crystals, which are called "cristalictite", and depositions of mondmilch. 
The "permanent drip" phenomenon, an essential factor in the genesis of 
eccentric crystals, is described. 

1220. Viehmann, I. (1959) - Contributions to the investigation of the genesis of Giant's Cauldrons: 
Speleologia, Biuletyn Speleoklubu Warszawskiego, Nakladem Speleoklubu Warszawskiego, 
Warsaw, 1 :3, p.145-1n (French). 

A brief historical survey is made of research into the morphogenesis of 
Giant's Cauldrons, which are classified. A series of explanations and 
hypotheses are supplied concerning the morphogenesis of this type of karstic 
relief. Several examples from the Apuseni Mountains are presented. 

1221. Viehmann, I. (1962) - Cave Pearls in Gehtarul de la Scarisoara, Dari de Sema ale Sedintelor 
Comitetului Geologic, 41 (In Romanian). 

The author presents the morphogenesis of spherical, polyhedric and flat 
pearls, of micro-pearls, and of pearis with nests. The author refers to the 
water-freezing phenomenon to explain the· presence of a large amount of flour 
and micro-pearls in the cave. 

1222. Viehmann, I. (1962) - Observations on the Morphogenesis of Giant's Cauldrons, Dari de 
. Sema ale Comitetului GeologiC, 46,505-521 (In Romanian). 

Research work into the morphogenesis of giant's cauldrons is surveyed. 
Several experiments with dyes and floats, which permit eddy currents to be 
identified, are described. A number of typical examples of Romanian karst 
are cited. 

1223. Viehmann, I. (1964) - Notes on the genesis of lapis, Dari de Seama ale Comitetului Geologic, 
49, pp. 271-288 (In Romanian). 

The author analyzes the causes behind genesis of lapis, their evolution and 
morphology, and their classification. Romanian examples are cited. 

1224. Viehmann, I. (1966) - A description of stalagmitic formations in the lalomita Cave, comunicari 
de Geologie-Geografie ale societatii Stiinte Naturale si Geografie a RPR, P. 61-66 (In 
Romanian). 

Several particular stalagmitic formations in the lalomita cave (Bucegi 
Mountains) were studied, and the. causes of certain anomalies in their 
development were elucidated. Effects of changes in the floor or in supports 
of stalagmites are described. 

1225. Viehmann, I. (1966) - Fluorescein tracing experiments in the investigation of the hydrography 
of the karst (I), Hidrotehnicall, 1, pp. 37-42 (In Romanian). 

Methods of underground water tracing are reviewed, and the fluorescein 
tracing technique is described in detail. Results of tracing experiments 
performed in the karst of Romania are discussed. 

1226. Viehmann, I. (1967) - Pojarul Politei Cave in Ocrotirea Naturii, 11 :1, pp. 61-74 (In Romanian). 
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The abundance of stalagmitic formations and crystallizations in Pojarul Politei 
cave is emphasized. A map of this cave is suppUed. 

1227. Viehmann, I. (1976) - Essay of the classification of underground cave forms, Proceedings of 
the 6th International Congress of speleology, Olomouc, Academic Praha, III, pp. 289-293 (In 
French). 

The author classifies the relief of the endokarst in several excavation 
formations (cave forms and constitutional forms) and filling forms, including 
fluviatile, ice, clay, biomorphic, and detritic forms and speleotherms. 

1228. Viehmann, I. (1976) - Ten years of periodic research in an ice cave, 5carisoara Cave, 
Romania, Proceedings of the 6th International Congress of Speleology, Olomouc, Academia 
Praha, pp. 323-327 (In French). 

Ghetarul de la 5carisoara Cave was studied eleven months each year over a 
10-year period. Observations were made and climate and glaciology 
recordings performed. Partial and preliminary results are outlined. 

1229. Viehmann, I. (1984) - Considerations on the karst of Israel: Theoretical and Applied 
Karstology,1, pp. 117-122 (In French). 

The author focusses on the Nahal 50req cave, although the salt caves on the 
Dead Sea shores as well as the artificial caves (anthropogenic cavities) at 
Beit Govrin are discussed. 

1230. Viehmann, I. (1984) - The stalagmitic formations in the Ghetarul de la 5carisoara Cave, 
Pestera, 1, pp. 31-38 (In Romanian). 

The author describes the distribution of stalagmitic formations in the chambers 
of the cave, their composition and classification, and then analyses, 
crystallizations and concretions in detail. 

1231. Viehmann, I.; and Constantinescu, T.; and Diaconu, G. (1970) - Caves, karstic phenomena, 
and the hydrological situation in the susita Verde valley, Trav. Inst. speol. "Emil Racovitza," 
Bucharest, IX, pp. 9-33 (In French). 

Twenty caves located on the slopes of Susita valley in the Vulcan Mountains 
are described. 

1232. Viehmann, I.; Cristea, M.; Serban, M.; and Ghitea, 5. (1980) - The morphology of the Cetatile 
Ponorului Karstic Complex, Apuseni Mountains, Romania, Travaux de I'lnstitut de speologie 
"Emil Racovitza," 19, pp. 261"-274 (In French). 

The authors describe morphogenesis of two gigantic sinkholes and the 
catchment vertical shaft at Cetatile Ponorului. Underground hydrography is 
correlated to surface physiography. 

1233. Viehmann, I.; Plesa, C.; and Rusu, T. (1964) - The cave at Vadu-Crisului, Lucrarile Institului 
de speologie "Emil Racovita," 3, pp. 49-81 (In Romanian). 

A number of physiographic considerations are advanced with respect to karst 
in the Vad area, where a substantial number of karstic forms and linear, 
sinkhole depressions are found. The two caves included in karstic systems 
generated by waters in Pestireu Valley are described in detail. 
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1234. Viehmann, I.; Racovita, Gh.; and RiSCU1ia, C. (1970) - Traces indicating the presence of the 
man and of the cave bear in Ciur-Izbuc Cave in Padurea Craiului Mountains, Livre du 
centenaire "Emil Racovita": Editura Academieii RSR, Bucuresti, pp. 521-527 (In French). 

The footprints of paleoHthic man and of traces of activity of the cave bear 
preserved in Ciur-Izbuc Cave are discussed by the authors. 
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Greater Antilles 

Cuba 
590 894 929 

Jamaica 
1109 

Puerto Rico 
1 1164 1265 
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Lesser Antilles 

Barbados 
1128 1218 

Barbuda 
1267 

Yugoslavia 
90 132 

159 160 
325 507 
596 597 
640 682 
723 725 
769 859 
914 915 

1122 1123 
1177 1180 

Bosnia 
646 

Croatia 

155 
161 
508 
598 
715 
726 
889 
998 

1124 
1246 

156 
162 
546 
632 
717 
727 
910 

1100 
1134 

91 999 1000 

Montenegro 
506 

Zaire; Kantanga 
(see Africa) 

157 
276 
547 
636 
721 
768 
913 

1101 
1165 
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Subject Index Key 

ENVIRONMENTAL GEOLOGY 

Construction 

Engineering Methods 

Flooding 

Land Use/Resource Manaaement 

Pollution 

Waste Disposal 

Subsidence (Collapse) 

Urban Karst 

Water Supply 

GEOLOGY 

Caves/Speleoloay 

Geomorphology 

Alpine Karst 

Artic Karst 

Coastal Karst 

Dolines 

Genesis 

Glaciers 

Landform Evolution 

Historical Geology 

Marine Karst 

Pseudo Karst 

Salt 

Sandstone 

Solution Features 

Structural Geology 

Tectonics 
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. Tropical Karst 

Lakes 

Mineraloay 

Reefs 

Sinkholes 

~ 

Waterfalls 

HYDROLOGY 

Geothermal Sources 

Hydroaeology 

Drainage 

Geochemistry 

Ground-Water Movement 

Ground-Water Withdrawal 

Recharge 

Sedimentation 

Carbonate Stratigraphy 

Solubility 

Temperature 

Water Level 

Modelina 

Water Quality 

INVESTIGATIVE METHODS 

Fluorescent Tracina 

Geophysical Surveys 

Magnetics 

Microscopy 

Radiocarbon Datina 



Remote Sensing 

Resistivity 

Spectral AnalysiS 

Statistical AnalysiS 

LIFE SCIENCES 

Archaeology 

Biogeochemistry 

Biology 

Botany 

~ 

Paleontology 

Zoology 

RESEARCH 

Geographical Survey 

History 

~ 
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Subject Index 

ENVIRONMENTAL GEOLOGY 
411 826 404 155 156 157 158 159 

161 162 169 173 178 
Construction 183 187 211 212 227 

73.7 768 767 769 235 236 240 242 245 
248 249 250 255 266 

Eogineeriog Methods 271 272 273 274 278 
40 537 592 658 736 279 290 291 301 308 

737 751 756 767 868 309 310 311 312 313 
1015 1111 317 318 319 320 321 

329 345 361 362 371 
Flooding 386 392 396 397 398 

1 218 232 736 407 423 454 460 461 
462 463 464 465 466 

Land Use/Resource Management 467 476 478 503 515 
99 237 239 241 269 516 518 520 545 552 

270 493 632 806 827 556 573 575 578 580 
586 599 602 603 604 

Pollution 605 608 668 670 707 
79 91 162 217 402 747 . 780 781 783 786 

425 426 511 512 526 795 802 811 812 813 
534 539 542 589 592 815 819 820 838 846 

·597 598 614 663 674 855 856 858 863 876 
685 686 687 688 689 885 886 887 892 893 
910 912 913 914 915 900 901 904 905 907 
943 1261 916 921 924 925 926 

927 928 929 930 931 
Waste Disposal 932 934 935 963 964 

1087 1111 1176 974 9n 979 983 984 
985 1003 1043 1048 1049 

Subsidence (CollaQse} 1051 1052 1053 1056 1059 
16 241 243 259 294 1067 1070 1071 1073 1074 

474 772 1169 1170 1232 1075 1076 1078 1079 1080 
1233 1266 1081 1082 1086 1097 1098 

1116 1140 1152 1153 1156 
Urban Karst 1163 1168 1171 1178 1183 

91 1185 1191 1192 1193 1194 
1195 1197 1198 1199 1200 

Water SUQQI~ 1202 1203 1209 1219 1221 
79 155 218 632 953 1224 1226 1227 1228 1229 

1000 1053 1281 1230 1231 1233 1234 1235 
1236 1237 1238 1241 1250 
1251 1256 1258 1262 1264 

GEOLOGY 1268 1269 1273 1278 
105 158 253 290 325 
353 468 493 535 852 Geomomho'og~ 
955 1029 1030 1091 1169 37 43 66 88 103 

1182 104 190 191 207 217 
219 221 234 238 240 

CaveslSpeleology 250 261 262 263 266 
8 27 37 39 54 276 284 286 288 289 

75 85 96 97 98 293 295 297 306 308 
100 102 104 106 107 311 312 333 362 475 
108 110 111 122 144 477 579 613 817 823 
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Geomomho!2gx {continued} 

851 859 871 901 929 Glaciers 
945 963 975 976 981 924 925 1070 1072 1228 

1061 1116 1120 1171 1188 1235 1236 
1189 1190 1193 1201 1222 

landform Evolution 
Alpine Karst 27 50 80 285 301 

45 101 102 109 144 361 588 602 605 960 
145 174 185 197 237 1263 
238 239 242 243 244 
255 257 258 259 260 Historical Geology 
271 314 ·360 364 369 220 541 554 
3n 417 419 430 447 
449 454 460 461 464 Marine Karst 
465 517 543 546 557 5 15 19 52 57 
558 575 581 649 626 58 63 74 81 82 
780 786 831 837 838 92 152 182 286 525 
841 851 855 885 886 530 536 664 678 679 
893 907 931 964 965 746 752 771 773 774 
966 967 968 969 970 
971 972 973 978 980 Pseudo Karst 
982 984 987 1007 1012 903 

1024 1025 1054 1057 1058 
1060 1064 1066 1068 1071 Salt 
1073 1074 1076 1079 1106 882 903 1047 1050 1054 
1114 1142 1152 1185 1187 1229 1265 
1188 1189 1190 1191 1192 
1194 1195 1197 1198 1199 Sandstone 
1200 1202 1203 1204 1211 861 
1220 1224 1231 1232 1237 
1238 1252 1285 Solution Features 

8 16 36 55 97 
Arctic Karst 192 251 278 279 407 

394 395 514 1057 1142 1219 1221 
1226 1230 1278 

Coastal Karst 
10 53 937 961 1161 Structural Geology 

38 39 44 48 50 
Dolines 89 95 550 571 576 

998 8n 1018 

Genesis Tectonics 
51 58 67 75 . 89 80 256 336 544 545 

110 147 223 224 235 546 560 582 587 747 
236 248 258 260 310 781 785 820 843 922 
323 340 393 472 474 1056 1061 1064 1097 1098 
544 553 554 559 564 1114 1258 
565 569 604 613 623 
627 634 648 656 659 Tropical Karst 
707 717 727 739 753 1164 
754 782 783 834 856 
874 888 894 898 916 lakes 
921 966 979 981 983 247 292 296 307 328 

1006 1007 1011 1021 1048 710 739 882 1058 1168 
1049 1051 1052 1059 1094 1170 1184 
1100 1101 1102 1147 1165 
1209 1220 1222 1223 1251 
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Mineral~ 
2 9 10 11 12 864 869 888 896 904 

13 14 20 21 22 909 911 922 942 947 
23 28 29 30 31 952 954 955 959 962 
43 46 47 49 51 988 989 990 992 994 
63 66 67 72 n 996 997 1004 1005 1010 
83 87 88 135 136 1011 1014 1017 1019 1020 

137 139 140 141 146 1021 1026 1035 1036 1038 
147 148 149 150 168 1039 1050 1055 1066 1067 
169 173 174 179 188 1068 1085 1092 1093 1099 
193 194 195 197 199 1100 1101 1102 1109 1115 
200 205 213 215 221 1121 1133 1134 1135 1136 
222 225 226 230 233 1137 1138 1145 1146 1148 
246 251 252 261 269 1158 1159 1165 1172 1177 
270 274 276 277 285 1182 1205 1206 1217 1223 
288 289 293 295 296 1239 1240 1244 1245 1246 
297 299 300 306 309 1248 1259 1260 1262 1264 
313 314 315 316 317 1266 1287 1288 1292 
318 320 321 324 325 
331 339 340 341 347 Reefs 
350 354 356 358 363 --2 19 36 55 133 
371 372 382 384 388 163 180 181 201 204 
390 391 393 395 397 376 3n 387 410 457 
409 414 415 416 419 459 485 561 577 615 
420 421 422 443 444 638 683 704 752 770 
445 449 455 456 459 779 789 804 878 884 
470 472 480 482 483 1012 1016 1043 1107 1108 
484 486 487 490 492 1180 1253 1280 
494 495 498 501 502 
504 505 506 507 510 Sinkholes 
522 523 524 528 537 514 579 
538 543 548 549 551 
552 553 555 556 557 ~ 
558 559 560 562 563 132 143 273 284 515 
564 566 573 578 582 538 585 636 669 865 
591 593 606 607 611 906 1009 1117 1181 
612 616 617 618 619 
620 621 622 623 626 Waterfalls 
627 628 629 634 641 145 
643 644 645 646 650 
652 654 655 656 660 
661 663 664 665 666 HYDROLOGY 
667 671 675 681 682 32 712 883 1162 1196 
692 694 696 698 699 1204 1270 
701 706 708 709 710 
714 715 716 717 718 Geothermal Sources 
719 720 721 722 723 186 345 370 735 906 
724 725 726 727 729 1070 
730 731 743 744 745 
750 753 754 755 756 H~drQgeo~ 
758 759 760 763 771 1 45 103 160 232 
772 773 774 775 776 257 277 298 334 336 
777 778 787 788 789 344 372 373 374 380 
795 796 797 801 802 403 427 473 508 588 
803 805 806 818 827 603 635 640 669 680 
832 833 834 835 842 734 765 768 769 784 
844 848 852 853 859 809 814 816 817 836 
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H~dr2Qeo~ (continued} Sedimentation 
837 839 840 842 857 40 41 52 53 56 
867 890 898 920 1017 84 86 93 105 113 

1022 1026 1041 1045 10n 157 164 182 187 189 
1078 1080 1082 1088 1094 190 191 202 203 206 
1095 1104 1105 1106 1110 208 213 214 215 216 
1117 1130 1166 1274 1281 219 220 222 225 226 
1289 230 233 234 246 247 

252 262 263 280 287 
Drainage 291 299 300 307 323 

99 109 143 343 516 327 330 331 332 339 
517 738 751 761 902 342 349 351 354 357 

1178 360 367 369 379 380 
385 386 387 389 398 

Geochemistry 400 410 411 412 413 
3 4 6 7 24 420 421 422 431 442 

25 31 38 42 59 444 447 457 458 481 
78 84 86 87 151 489 496 504 507 513 

165 170 1,96 205 223 519 526 529 530 536 
224 275 292 297 298 547 561 562 569 572 
319 333 334 352 358 574 576 594 595 596 
363 373 374 424 429 600 601 611 642 647 
508 509 527 531 532 653 666 676 678 682 
539 541 550 555 567 683 690 693 695 696 
568 570 574 580 596 697 699 700 704 705 
609 624 640 641 642 711 712 728 729 746 
660 662 672 673 674 763 764 765 770 775 
716 718 733 734 735 796 798 803 807 808 
750 761 779 788 790 810 811 812 821 822 
797 801 816 854 860 828 829 847 848 849 
862 866 875 876 880 853 854 866 870 880 
896 936 942 950 958 911 914 917 918 920 
993 1008 1031 1033 1034 937 938 949 991 1001 

1040 1046 1084 1090 1115 1025 1027 1028 1033 1036 
1122 1143 1144 1156 1157 1038 1039 1041 1044 1072 
1162 1164 1181 1196 1207 1083 1085 1088 1090 1110 
1210 1211 1213 1218 1247 1113 1121 1122 1123 1124 
1259 1263 1265 1267 1125 1128 1129 1132 1135 

1137 1145 1155 1173 1174 
Ground-Water Movement 1175 1177 1207 1212 1213 

17 68 69 70 78 1214 1218 1243 1250 1261 
90 98 122 132 185 1272 1275 1276 1282 1283 

254 256 322 343 432 1285 1288 
433 434 435 436 437 
438 439 440 473 571 Carbonate Stratigraphy 
587 633 635 762 840 202 253 326 348 
857 899 902 912 923 549 565 566 567 
973 976 986 1063 1069 568 601 639 

10n 1131 1141 1153 1179 
1184 1187 1206 1225 1270 Solubility 

17 41 68 69 70 
Ground-Water Withdrawal 95 96 695 791 792 

294 793 794 883 993 

Recharge Temperature 
90 344 446 658 1157 186 355 370 416 679 

897 986 1089 
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Water Level LIFE SCIENCES 
612 

Archaeology 
Modeli[!g 462 518 985 1103 1234 

529 589 620 625 628 
665 701 702 762 798 BiQgeoch~mi§t~ 
830 864 881 930 932 249 287 376 889 891 
939 951 1141 1161 1167 

Water aualit~ Biolog~ 
6 7 24 25 26 214 469 492 521 577 

614 657 923 999 1118 610 891 1167 

Botan~ 
INVESTIGAnVE METHODS 686 687 688 689 892 

1246 1075 

Fluorescent Traci[!g Ecolog~ 
3 183 322 432 433 442 680 870 

434 435 436 437 438 
439 440 441 839 890 Paleontolog~ 

1063 1104 1179 1225 33 34 35 378 533 
540 547 599 609 697 

Geo(;!h~sical Surve~s 995 1002 1208 
644 933 1138 

~ 
Magnetics 586 819 

1119 1186 

Microsco(;!~ RESEARCH 
524 693 7n 378 1158 

Radiocarbon Dati[!g GeQgra(;!hical Surve~ 
156 178 1096 1123 1124 106 107 111 148 149 

1212 1214 1274 159 161 188 212 357 
476 887 909 1062 1081 

Remote Sensing 1093 1146 1148 
48 

History 
Resistivit~ 1086 1140 

784 785 843 
Ma(;!s 

S~ral Ana~sis 108 254 846 908 998 
800 999 1055 1060 1062 1065 

1149 1150 1151 
Statistical Anal~si§ 

180 207 245 330 346 
351 367 385 528 583 
584 595 615 651 702 
705 829 830 847 917 
936 939 940 951 1001 

1046 1112 1130 1160 
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