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MAJOR SCIENTIFIC ACCOMPLISHMENTS

Introduction

Professor Umberto Cordani was born in Milano, Italy, on 17 May 1938.  He went to Brazil in 1949 with his family, where he has resided since then, and took the Brazilian nationality after his graduation in 1960. His undergraduate studies in Geology were conducted at the University of São Paulo (USP), and immediately after graduation he was hired as an instructor at the Department of Geology of the same University. Since 1961, his complete career, until the position of Full Professor, was developed at the USP. He is now retired, since 2008, but keeps an agreement with his Department, within the Institute of Geosciences, where he is still active as Senior Professor.
In 1963 he specialized in Geochronology at the University of California, Berkeley, under the guidance of John Reynolds, a most respected Professor of Physics. In the same year, with a substantial grant from the NSF, Prof. Reynolds brought to Brazil a complete K-Ar laboratory to be installed at the University of São Paulo. He remained in Brazil during most of 1964, with ample time to transfer his know how to the Brazilian group. Therefore, at that time, Prof. Cordani became responsible for the Laboratory of Geochronology of the USP. 
His PhD thesis, presented in 1968, dealt with K-Ar measurements of volcanic rocks of the Brazilian oceanic islands, Fernando de Noronha and Trindade, with a view to test the sea-floor spreading hypothesis for the South Atlantic. The results confirmed the young ages of the volcanic rocks, in agreement with the proposed idea. Concomitantly, in 1964-65, under the suggestion of Prof. Reynolds, the Brazilian group, in which Professors Fernando de Almeida and Geraldo Melcher were included, as well as the younger colleagues Koji Kawashita, Gilberto Amaral and Paul Vandoros, was involved in a very fruitful partnership with the Massachusetts Institute of Technology, led by Patrick Hurley, in order to test the theory of continental drift by means of geochronology. The idea was to measure the ages of many different rocks of Northeastern  Brazil and West Africa, to verify the possibility of correlation of age provinces, at the largest scale. Rb-Sr measurements were performed at the MIT and K-Ar measurements at São Paulo. The results were outstanding, and the article published in 1967 in Science was decisive for the confirmation of the theory of continental drift. Both scientific outcomes, the young ages of the South Atlantic islands and the positive correlation of age provinces of Brazil and Africa, were crucial for the final establishment, in 1967-68, of Plate Tectonics, the new paradigm which brought about a complete scientific revolution in the Geosciences.
Since that time, Cordani has remained the leading scientist in geochronology and isotope geology in South America. His scientific formation included a post-Doctoral position in 1970-71 at the Université Libre de Bruxelles, where he was introduced to the Rb-Sr method, to be set up later in São Paulo. In 1973 he obtained his next academic position at the USP (Professor Livre Docente) with a thesis work extending the Brazil-Africa correlation to eastern Brazil and south-western Africa. The next step in his academic career was the full professorship at the Institute of Geosciences of the USP, in 1981.

Scientific achievements

The main field of Prof. Cordani’s research is the application of the techniques of geochronology and isotopic geochemistry to investigate many different aspects of the Earth’s history. In the case of South America, locus of interest of Prof. Cordani and co-workers, he took the opportunity of being responsible from the beginning of the São Paulo Geochronology Laboratory, to develop an important local scientific group. Therefore, the scientific outcome of Prof. Cordani is almost entirely based on the results obtained during more than 50 years in the Center of Geochronological Research of the University of São Paulo, dealing essentially with South American rocks. Concurrently, he was keen to promote close collaboration with congeneric laboratories, aspiring always to work at the frontier of knowledge.

At present, the complete CV of Prof. Cordani includes about 170 research articles in scientific journals with referee, as well as many other published in relation with scientific meetings, and about 30 books or book chapters. As indicated above, besides the initial research subject, related to continental drift and sea floor spreading, the main line of research followed by Prof. Cordani and co-workers was the use of geochronology and isotope geology in key areas of South America, in order to contribute to a better understanding of the tectonic evolution of that continent. Many projects were carried out in this respect by the São Paulo group, often in collaboration with colleagues from other Brazilian institutions and from neighboring South American countries.

1 - Regional research in South America

For the Brazilian Shield, Prof. Cordani is author or co-author of uncounted regional works, based on the application of the available geochronological methods on rocks selected because of their geological importance. The first articles were made using the K-Ar and Rb-Sr methods, available in the 60’s and 70’s, on rocks of the northern and eastern regions of Brazil, to characterize the timing of the Brasiliano orogeny, and to compare it with its counterpart in Africa, the Pan-African orogeny. This was followed by studies on several geological units of the São Francisco Craton, where the oldest rocks of South America were found in central Bahia. Many geochronological results were also obtained for other areas of the shield, from Espirito Santo to Rio Grande do Sul, and the outcome of such work was the confirmation of the great extensions, in those regions, occupied by rock units formed or modified under the influence of the Brasiliano orogeny. 

In the 70’s, in association with a large geological mapping program in the Amazon region, the RADAM Project of the Ministry of Mines of Brazil, many age determinations were carried out at the São Paulo laboratory, always by the K-Ar and Rb-Sr methods. These results led to the definition of a few very large age provinces, and to the characterization of  their position within the Amazonian Craton, at the largest scale. The old Archean age of the Carajás district was indicated, and it was shown that younger age provinces were formed successively in time, from northeast to southwest. Prof. Cordani suggested then, for the first time, a mobilistic approach for the evolution of Amazonia that was later confirmed by additional age measurements, and by complementary geologic data.

A few periodic syntheses of the tectonic evolution of the Brazilian Shield were made, at continental scale. The first one was presented by Cordani at the First Geochronology Conference (Edmonton, Canada) and published in the Canadian Journal of Earth Sciences (1967). Subsequent ones were made and the respective articles were published in the Geologische Rundschau (1973), in a book on the South Atlantic Ocean and its margins (1973), and in papers in the Revista Brasileira de Geociências (1982), Episodes (1988) and Precambrian Research (1991).

During the 80’s and 90’s, more robust geochronological methods became available, such as the U-Th-Pb methods and the Sm-Nd method. Their application to Brazilian rocks, in a general way, confirmed and improved the ideas that had been put forward by Cordani and co-workers on the tectonic evolution of the shield. Several articles were published in this period, published in Precambrian Research, International Geology Reviews, Journal of South American Earth Sciences and other journals. At the occasion of the International Geological Congress (Rio de Janeiro, 2000), Prof. Cordani acted as the lead editor of a major book “Tectonic Evolution of South America” which still stands as an authoritative reference volume for this continent. 

For the Andean region, Cordani was the project leader of the very important Project 120 of the International Geological Correlation Program (IGCP, sponsored by UNESCO and IUGS), named “Magmatic evolution of the Andes”. The project lasted from 1975 to 1985, and the São Paulo laboratory worked in partnership with a few foreign geochronological laboratories (Buenos Aires, Berkeley, Dallas). The project was very successful, and involved many researchers, especially from Chile, Argentina and Colombia, but also from Venezuela, Peru, Bolivia and Ecuador, promoting for the first time a complete integration of geoscientists throughout South America. On Andean subjects, a few articles were published in the Journal of South American Earth Sciences (2006), Tectonophysics (2010), Andean Research (2016), and others.
In recent times, with the acquisition by the USP of important geochronological equipment, such as the SHRIMP and the LA-ICP-MS instruments, Prof. Cordani made use of them to date, by the U-Pb method, hundred of zircon crystals taken from granitoid rocks of many South American regions. In a special way, rocks from the poorly known areas were chosen, in order to improve the geochronological knowledge of the continent. The Amazonian Craton was the main target, among other areas of the continent. Some important work was produced and published in the Journal of South American Earth Sciences (2010), the Brazilian Journal of Geology  (2013 and 2016), the American Journal of Sciences (2010 and 2013), Lithos (2014) and Nature Communications (2014). The most important outcome of this work was the 2nd edition of the Tectonic Map of South America, at the 1:5 million scale, produced under the aegis of the Commission of the Geologic Map of the World. This endeavor took more than 12 years, and was carried out under Professor Cordani’s coordination, together with Prof. Victor Ramos from Argentina. Cordani was responsible for the Brazilian Shield, and Ramos for the Andean Belt. More than 50 researchers from all parts of South America cooperated with their regional expertize for the making of the map.
2 - Methodological research in geochronology

Since the beginning of the São Paulo Geochronology Laboratory, Cordani was interested in the improvement of the available methodologies and interpretations. The first line of research was planned by Prof. Reynolds himself, and was intended to be the main methodological reference of the laboratory. At that time the K-Ar method was applied practically only on separated minerals, and there were skepticism on the use of the method on very fine rocks, in which mineral separation was not feasible. The first project selected for the recently installed São Paulo laboratory was exactly to date very fine grained volcanic rocks, the basalts and related rocks of the Paraná Basin, of great importance for the Brazilian geology. It was therefore important to check the validity of age measurements when performed in whole-rock samples of these volcanics. Experiments were done in many samples of the Paraná basalts, the results of which were published on Geochimica et Cosmochimica Acta, and had a great impact in the pertinent literature. Since then, the K-Ar equipment of the USP produced thousands of age determinations, and still is a major reference for the São Paulo laboratory. More recently, with the installation of the 40Ar -39Ar  facilities, additional work was carried out to investigate the interpretative possibilities of the new method when dealing with whole-rock ages of volcanic rocks, employing laser fusion and incremental heating of the samples.

Another line on methodological research was about Rb-Sr whole-rock determinations in argillaceous rocks. Sedimentary rocks are usually not adequate to be dated, because they are formed by fragments of preceding rocks, formed at different times. Nevertheless, it was known that in some cases shales, rocks formed essentially by clay minerals, yielded ages that were geologically significant. Given the interest demonstrated by Brazilian Oil Company, Petrobrás, Cordani started a careful investigation of the subject, working in collaboration with his colleague Koji Kawashita and some geologists of Petrobrás. Working with the Rb-Sr method on shales of different sedimentary formations, a few successful attempts were obtained, and models were elaborated to explain the natural processes involved. Three main articles were issued in a publication of the American Association of Petroleum Geologists (1976), in the Giornale di Geologia (1985), and in the Geological magazine (2004).

3 - South America within supercontinents

Wegener envisaged and described the first supercontinent, Pangea, in the beginning of last century, but the theory of a supercontinent cycle, including formation followed after some time by fragmental dispersion, is quite new, starting in the late 80`s. Reconstructions are based on geological correlations and on paleomagnetic measurements, which attest the horizontal mobility of the lithosphere. 
Pangea was in existence around 300 million years ago. However, before Pangea, in Proterozoic times, other supercontinents are described, such as Gondwana and Rodinia. Prof. Cordani was keen to include South America in the proposed reconstructions of Gondwana and Rodinia, since the onset of the supercontinent theory. His medal lecture to TWAS, in 1996, was indeed on continental drift and supercontinents. More recently, his ideas were presented in the already mentioned synthesis of the year 2000, regarding South America, included in the volume on “Tectonic Evolution of South America”. Later, in 2003, he and co-workers made very innovative propositions in two important articles published in the journals Terra Nova and Tectonophysics. The Terra Nova paper was the most cited one for that journal in the year 2004, and the Tectonophysics paper was the most cited for that journal in the period 2004-2007. 

International scientific role

Professor Cordani has a deep international involvement in Science. Following the large repercussion of the geochronological work related with the Brazil-Africa correlation, and because of his prominence within the geological community, he has been invited to become a member of many international commissions. The most important ones are: (1) Radiogenic isotopes group of IAVCEI, 1973-77; (2) Sub-commission on geochronology of the Stratigraphy Commission of IUGS, 1974-80; (3) Scientific Committee of the International Geological Correlation Program, UNESCO-IUGS, 1980-85; (4) Bureau member, International Lithosphere Project, IUGS-IUGG-ICSU, 1981-85; (5) Scientific and Technical Committee, UN International Decade of Natural Disasters Reduction, 1990-95. Moreover, his great involvement in the international scenery fostered his election to the most important non-governmental organization in the geosciences, the International Union of Geological Sciences (IUGS), first as Vice-President (1984-1988) and immediately after as President (1988-1992).

Within the IUGS, he was instrumental to stimulate an increased participation of geologists from the developing world in international programs. He was also very sympathetic with the global environmental issues that were becoming very popular in the 80’s. During his mandate as IUGS President, an important IUGS commission was founded, called Commission of Geology for the Environment, with the objective to strengthen the geological activities in society, enhancing the importance of Geology as a whole. As IUGS President he was elected to the ICSU Board for the period 1990-1993, and had the opportunity to participate on behalf of ICSU of the UNCED-92, the UN Conference on Environment and Development, held in Rio de Janeiro in 1992. In addition, he stimulated the Brazilian geological community to make a bid to hold in Brazil the International Geological Congress (IGC), for the first time in South America. This was accepted by the general assembly of the IGC in 1996, and the 31st International Geological Congress was held in Rio de Janeiro, in the year 2000. Cordani was chosen by the Brazilian Committee of Geology to chair the 31st IGC organizing committee, and was made President at the occasion of the congress. The 31st IGC saw the presence of about 4200 geologists from all parts of the world, about one third of which from Brazil. The congress was a fantastic opportunity for South America to interact in the international arena, and brought about a great deal of development for the geological communities of Brazil and the neighboring countries.
The great involvement of Prof. Cordani with the International Union of Geological Sciences and with the International Council of Scientific Unions made him aware of the role of geology in society, and of the importance of the Earth Sciences as a whole for the global issues of the environment and development. Several articles have been produced by him linking geology with the human sciences. Possibly the most relevant one was his presentation, published later in the journal Episodes, as one of the key lectures, delivered to a large audience, at the 31th International Geological Congress, in 2000, on “The role of the Earth Sciences in a Sustainable World”.

Positions at the USP and as Visiting Professor

Among many positions held within the University of São Paulo, Professor Cordani was director of the Institute of Geosciences (1987-1991) and director of the Institute of Advanced Studies (1993-1997). He was also chairman (1998-2001) of an important central coordinating body of the university, the Commission of International Cooperation. At different opportunities he was member of the advisory or executive bodies of two of the main governmental funding agencies, the National Council of Scientific and Technological Development (CNPq), and the São Paulo State Agency for Research Support (FAPESP). As a full member of the Brazilian Academy of Sciences, he was also coordinator of its Earth Science Sector (1986-93), and was elected to the Board of the Academy between 1993 and 1999.

At the Institute of Geosciences of the USP, besides his roles in teaching and research, Prof. Cordani had an important role towards formation of human resources for scientific work. He undertook supervision of 26 graduate students that obtained their degrees, 15 of which for their PhD theses and 11 for Ms.Sc. dissertations. Moreover, he was responsible for many technical visits in the geochronology laboratories, as well as several research themes for the final report of undergraduate students in Geology at the USP, and many fellowships to undergraduate students in scientific initiation.

During his academic life, Professor Cordani became Visiting Professor at many prestigious universities, always in connection with scientific collaboration projects: University of Chile (1972), University of Texas at Dallas (1974), University of Milan (1986), University of Aveiro, Portugal (1997), University of Aix-Marseille III (2001), Cornell University (2006). Four of these Visiting Professorships were especially important for the development of scientific activities and interpretative procedures that were later performed in São Paulo: (1) the University of Oxford, 1982, where Prof. Cordani was involved with the Pb-Pb method; (2) the University of California at San Diego (La Jolla), 1984, where he worked on the Sm-Nd method; (3) the Australian national University, 1991 and 1994, where he worked on the U-Pb method using SHRIMP; and (4) the University of Strasbourg, 2004, where he worked on the problem of dating sedimentary rocks.

Conclusion

The above described contributions of Prof. Umberto Cordani make him a most distinguished candidate for the TWAS-Lenovo Science Prize in the area of the Geological Sciences. In a quick summary, he has introduced and developed geochronology and isotope geology in Brazil and has greatly contributed to a better understanding of South American geology. Moreover, because of his high-level international activities, he has left a considerable impact on the world geoscientific community.
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