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1. INTRODUCTION
L.1. Vladimir fvanovich Vernadsky: Scientific Biography

Vladimir Ivanovich Vernadsky (1863-1945) is one of the greatest Russian naturalists.
He is regarded as onc of the founders of modern geochemistry, biogeochemistry and a
pioneer of radiogeology. In disciplinary terms he was also an expert of genetic
mineralogy and one of the outstanding Russian crystallographers. As a person of
encyclopaedic knowledge he is also regarded as one of the great thinkers of history and
philosophy of science. He was the founder (1932) of the Institute of History of Natural
Sciences and Technique of the Academy of Science of the USSR. In his works he tried
to combine the different branches of science, to elaborate an interdisciplinary approach
to the problems of natural sciences involving all actual investigations in the different
branches of science and science history.

The most valuable contribution to modern science of Vernadsky is, plausibly, his
theory of the biosphere. The author of the contemporary Gaia-theory James Lovelock
wrote: ,we (Lovelock himself and a btologist and co-auther of Gaia-theory Lynn
Margulis - G.L.) discovered him (Vernadsky) to be our most illustrious predecessor**
(Lovelock, 1986, p. 51). In other place L. Margulis (1995, p. 47) added: ,Indeed,
Vernadsky did for space what Darwin had done for time: as Darwin showed all Life
descended from a remote ancestor, so Vernadsky showed all life inhabifcd a materially
unificd place, the biosphere™.

Krumbein (1996) in his approach to the field of life as an expression of the intimate
relations of the geological system of Earth with its biological mega-ecosystem
cxpressed the view that Vernadsky was intuitively analysing the power of life without
knowing much about motecutar ecology.

Vernadsky was bom in 1863 in Sankt-Petersburg. His father Ivan Vernadsky (1821-
1884) was a professor of economics and statistics in the Alexandrovsky Lycee. In 1881
Vemadsky entered St. Petersburg University where he was a student of as brilliant
scicentists as the chemists A. Butlerov (1828-1886) and D. Mendeleev (1834-1907), the
botanist A. Beketov (1825-1902), the soil scientist and mineralogist V. Dokuchaev
(1846-1903), the zoologist N. Wagner (1829-1907) and the physiologist I. Scchenov
(1829-1905). The most influential of Vernadsky’s teachers was V. Dokuchaev who
became a supervisor of his magister and doctor theses. Dokuchaev was the founder of a
set of natural sciences. First of all, he created a scientific paradigm of the modern soil
science and founded contemporary genetic pedology considering soil as a product of the
interactive effects of all different environmental factors. Dokuchaev founded a
landscape science as a part of physical geography and created a concept of the natural
climate related zones. Moreover, it is recognised now (Timofeief-Ressovsky &
Tjurjukanov, 1966) that he was the first to declare the necessity of a new synthetic
science for studying ,.the genetic, eternaf and always lawful connection existing between
the forces, bodies and phenomena of mortal and living nature* (Dokuchaev, 1898). Thus
he can be also regarded as a fore-runner of Vemadsky’s theory of the biosphere.

In 1885 Vemnadsky completed his examinations for the degree of candidate of science
in mineralogy and ‘geognosia’. In 1888 he left St. Petersburg. He decided to study
crystallography under the supervision of the German scientist Paul Groth (1843-1927),
who was Professor of Mineralogy at the University of Miinchen. Vernadsky also took
an advantage of the presence of L. Sohncke (1842-1898) in Miinchen who was working
on the theory of crystallisation (Bailes, 1990, p. 38). Sohncke evidently influenced
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Vernadsky who mentioned Sohncke even in the latest perfod of his creativity when
working on his space-time theory.

In 1889 Vemadsky moved from Miinchen to Paris where he started to work
simultaneously with the chemist H. Le Chatelier (1850-1936) and the mineralogist F.
Fouqué (1828-1904). Le Chatclicr helped Vernadsky to find a dissertation topic and as
Vemadsky later recognised significantly influenced his scientific work. Le Chatelier
was working with the problem of erystalline polymorphism and indirectly influenced
Vemadsky’s biosphere and space-time theories.

In 1890 Vernadsky rciurned to Russia because A. P. Pavlov (1854-1929) Professor of
geology at Moscow University encouraged him to apply for a teaching position.

In 1891 Vernadsky completed the magister dissertation and in 1897 submitted the
doctoral dissertation in crystallography titled ,,On the Planes of Gliding". In 1902 he
became a Professor of mineralogy and crystallography of Moscow University. In 1903
Vernadsky published his first major scientific book ,The Fundamentals of
Crystallography*. However, it was not crystallography that made him a well known
scientisi. As K. Bailes calculated only about seven percent of his books and articles was
devoted to the study of crystals per se (Bailes, 1990, p. 69). In those times Vermnadsky
also wrote and published his first major articte in the field of history and philosophy of
science ,,On a Scientific Worldview" (Vemadsky, 1902).

Investigating the hislory of minerals of the Earth’s crust Vemadsky came to the idea to
study the paragenesis of chemicat elereents. Already in these years Vernadsky founded
a new scientific school detached from mineralogy and soil science. At that time the
American scientist F. W. Clarke (1847-1931) devcloped similar ideas which he
published in his ,,Data of Geochemistry™ in 1908. However, in contrast to Clarke
Vernadsky paid a lot of attention to the role played by living matter in the hislory of the
Earth’s crust and the atmosphere. In 1909 Vernadsky made a report to the Meeting of
the Russian Naturalists and Physicians about the basic principles of a new science -
geochemistry (Aksenov, 1994, p. 111). Vernadsky’s student A. Fcrsman (1883-1945)
gave the first regular course of general geochemistry already in 1911 (Vemadsky, 1988,
p. 345).

At the same time Vernadsky was beginning (o work in the field of radioactivity. In
1908 Vernadsky took part in the conference sponsored by the British Association for the
Advanccment of Science (he was a member of this Association since 1889) where he
met John Joly, one of the pioneers of the radioactivity research. Vernadsky was deeply
impressed by the report of Joly and already in 1909 organised the first radiological
laboratory in Russia.

In 1911, in protest against political repressions, Vernadsky resigned together with
other lecturers and profcssors of Mescow University from his position. After his
resignation Vernadsky moved to St.-Petersburg where he headed the newly established
mineralogical laboratory of the Academy of Sciences (Krout, 1983). One year later
Vemadsky was elected as a an ordinary member of the Academy of Science.

As early as in 1912 Vernadsky published an important article ,,On Gaseous Exchange
of the Earth's Crust”, where he emphasised that almost all of the Earth’s gases are
biogenic and involved in the cyclical processes. One has to keep in mind that these ideas
were publicised world-wide only in 1970-s by J. Lovelock with colleagues (e.g.:
Lovelock, 1972, 1979, Lovelock & Margulis 1974). Thus Vernadsky turned his mind on
biological phenomena, but in contrast to the general biological approach he was
beginning to think of life from the viewpoint of geology. Instead of the then existing
vague concept of life he started to claborate his concept of , living matter*.
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In 1910 Vemnadsky visited Eduard Sucss (1831-1914) in Vienna. Suess was the first
scientist to use the term ,,biosphere”. Already in 1911 this term appears in the works of
Vernadsky although without definition.

In 1914 the First World War broke out. Russia was short of some strategic minerals,
which had been supplied by Germany until then. In 1915 Vemadsky organised and
headed the Commisston for the Study of the Natural Productive Forces of Russia
(KEPS). KEPS later laid the foundations for many scientific mstitutions.

In 1916 Vemnadsky was working with biological literature and started to elaborate the
basic principles of biogeochemistry. In the spring of 1917 Vernadsky was told by his
physician that he was suffering from tuberculosis and advised to leave Petrograd (St.
Petersburg). During his short stay m the Ukraine, in the calmness of his Datcha
»Shishaky“, Vemadsky started to write the book (first ed.:Vernadsky, 1978) about the
role performed by living organisms in the geological history of Earth (Sytnik ct. all,
1988, p. 31). After the October revolution (1917) Vernadsky moved to Kicv where he
took part in organisation of the Ukrainian Academy of Sciences. He was elected as the
first president of this Academy in 1918. In the same year he initiated several
biogeochemical scientific investigations. At the initial stages of this work Vernadsky
formulated the following tasks (Lapo & Smyslov, 1989, p. 55): 1) to calculatc a
quantitative elementary composition of the different species; 2) to investigate the
geochemical history of silicon, copper, zinc, lead, silver and some other elements; 3) to
determine some other geochemical characteristics of living organisms like the average
weight and water content as well as the percentage of carbon in the organisms.

The first biogeochemical laboratory in the history of natural science was opened on
the base of a sugar plant laboratory. Vemadsky with assistants detected nickel in the

. lissue of mouse and nickel and cobalt in lichens. Vernadsky aimed at the creation of
biogeochemical tables of different elements for different organisms following the
example of F. M. Clarke who had created such tables for various types of minerais
(Bailes, 1990, p. 145). The experiments in this lab and in the lab of Kiev University
showed, for the first time, that cyanobacteria perform an important rote in the
decomposition of the kaolin corc of clay minerals.

In the summer of 1919 Vemnadsky workcd on the Dniepr biological research station
determining the quantity and chemical composition of various species in certain
districts. One of Vernadsky’s research assistants on the Dniepr station was Feodosij
Dobrzhanskij (Vernadsky, 1994%, p. 253) later one of the founders of the synthetic
theory of evolution known as Theodosius Dobzhansky. K. Bailes reports (1990, p. 145)
that during these months a nineteen-year-old student (Dobzhansky) walked twelve miles
from Kiev once each week with a knapsack of mail and groceries. Dobzhansky was
deeply impressed by the work with Vernadsky and in 1921 he wrote to Vernadsky: ,, To
work with You is nearly happiness to me* (Dobzhansky, 1990). During his stay in USA
Dobzhansky kept always in contact with Vemadsky’s work. In his ,,Genetics of the
Evolutionary Process” (1970) Dobzhansky quoted Vemadsky’s ,,The Chemical
Structure of the Earth's Biosphere and Its Environment*,(1965) which Vemadsky
considered the summation of his life"s work. |

The needs of the Academy of Science forced Vernadsky/to Icave Kiev for Rostov.
However, the hardships of the civil war confused his plags and he arrived sick with
typhus at Jalta (Crimea) via Rostov, Novorossiysk and Pheodosia in the Winter of 1920.
The Crimea of those times had become a refuge for many outstanding scientists like the
physicists A. Ioffe (1880-1960) and I. Tamm (1895-1971) or the geologist V. Obruchev
(1863-1956). All of them taught in the new Taurtde University in Simferopol.



Vemadsky was also teaching in this University and in September of 1920 he was chosen
as the new Rector. But already in November the Bolsheviks came to the Crimea and
Vernadsky was ordered to leave Simferopol for Moscow. In Spring of 1921 Vernadsky
returned to Petrograd and was promptly arrested by the Cheka (Emergency
Commission). The closest friend of Vernadsky the academician-oricntalist and
permanent secretary of the Academy S. F. Oldenburg (1863-1934) and other
outstanding personalities supported Vernadsky and he was released from prison.

After this Vernadsky continued research at the Murmansk biological station. As a
result of this work Vernadsky published the article Living Matter in the Chemistry of the
Sea (1923) where he for the first time represented his notion of living matter.

In 1921-22 Vemadsky organised the Radium Institute based on his radiological
laboratory in the Academy.

In December of 1921 Vernadsky received a letter from Rector of the Sorbonne
(University of Paris) with an invitation to teach a course on geochemistry. In July of
1922 Vernadsky arrived in Paris. His lectures were attended by two young scholars, the
palaeontologist P. Teithard de Chardin (1881-1955) and the mathematician and
philosopher Edouvard Le Roy (1870-1954). This meeting was very important both for
Vemadsky and for Teilhard and Le Roy (see 3.1.). Based on his lectures at the Sorbonne
Vernadsky published the book La Géochemie (1924) which was later translated to
German (1930). Vernadsky worked in France until November 1925. Vemadsky had
used this time very fruitfully. Besides the lecturing and publishing of La Géochemie, he
conducted research on the radioactive mineral curite for the institute of Marie Curie.
_--Supported by the foundation of R. Rosenthal (a French ,,pears king* of Russian origin)
Vernadsky laid the base-lines of his pathbreaking book The Biosphere (1920). In this
period Vernadsky (1923")for the first time used the term ,,biogeochemistry (Mochalov,
1982, p. 242). Vernadsky sets as the tasks of biogeochemistry: (1) exploring the
methods of defining of mass of different living organisms; (2) making a complete
chemical analysis of living matter; (3) making a complete quantitative analysis of the
organic and inorganic substances containing rare elements (V, Cr, etc.); (4) investigating
the role of living matter in formation and transformation of rocks and minerals.

Thus 1923 can be said to be the year of the birth of biogeochemistry (Lapo &
Smyslov, 1986, 1989).

In March 1926 Vemadsky returned to Leningrad (St. Petersburg, Petrograd).

K. Baifes (1990) and E. Kolchinskij & A. Kozulina (1998) based on the archival
materials ot the Bakhmeteff Archive at Columbia University arrived at the conclusion
that Vernadsky did make a considerable effort to remain in the West. However, he was
unable to obtain permanent funding of his biogeochemical research. Vernadsky came
back to the USSR realising that only there he could fulfil his scientific mission.

Back to the USSR Vernadsky published his ,,7he Biosphere' (1926) which later was
translated into French (1929) and in English (1998). This was the first outline of
Vernadsky’s theory of the biosphere. In ,,The Biosphere™ he tried to show that living
matter is an important geological force and that the biosphere is a regular part of a
Cosmic mechanism forming the ,,Image of Earth®.

In November 1926 Vemadsky established a Commission for the History of
Knowledge (1926-32) which later, after some reorganisations, was transformed into the
Institute of History of Natural Science and Technology (1946).

One year later Vemadsky read a report ,,The Geochemical Energy of Life in the
Biosphere* (1928") during a ,,Week of Russian Science* in Berlin. During this congress
Vemadsky met also A. Einstein (1879-1955).



In 1928 Vernadsky published an important article ,,The Evolution of Species and
Living Matter* where he for the first time introduced his views on evolution. Vemadsky
emphasised that only viewing the evolution biogeochemically one can explain why
some species are undergoing evolution while the other ones (persistents) are not. One
should approach the problem globally taking into consideration the overall
biogeochemical functions of living matter. In this article Vernadsky phrased the first
and the second biogeochemical principles (BGCP’s).

In the same year the official foundation of the Biogeochemical Laboratory of the
Academy of Science (BIOGEL) took place. BIOGEL worked in several directions.
Lapo & Smyslov (1989) describe some stages in the development of the work of the
laboratory.

In the first period of work most of the BIOGEL collaborators were determining the
average chemical composition of various individual species. On the next stage
Vemadsky planned to determine the average chemical composition of various
biocenoses. In 1931 BIOGEL began to work on the determination of rare and
radioactive elements in the organisms. The laboratory also studied the role of isotopes in
various organisms and different biogeochemical processes going on with the
participation of living organisms.

After the method of spectral analysis had been developed, BIOGEL studied the
biogeochemistry of the economically important minerals. In 1935 BIOGEL began
studies of the physiological role of somc chemical elements in endemic discases. As
early as June 1936 Vemadsky together with A. Vinogradov (1895-1975) made a report
at a meeting of the Moscow Therapeutic Society entitled ,,Geochemical Provinces and
Diseases. They concluded that the endemic diseases werc restricted to certain areas,
which Vemnadsky and Vinogradov called ,biogeochemical provinces*, and that they
resulted from the lack of certain chemical elements in the environment. This was
revolutionary work for the therapy of diseases or epidemics based on the lack of trace
clements.

BIOGEL claborated the basic methodology of biogeochemical research, and achieved
a great number of chemical analyses of living organisms. It was established that all
chemical elements take part in the life processes although in differing proportions. The
sum of this work was represented by Vinogradov in a series of papers The Chemical
Elemental Composition of Marine Organisms (1935, 1937, 1944).

Among other important tasks BIOGEL constructed the first Soviet instalment for
making heavy water, one pre-requisite of constructing atomic bombs.

Later the BIOGEL was transformed into the Vernadsky Institute of Geochemistry and
Analytical Chemistry.

The summer of 1929 Vernadsky spent in Germany and Czechoslovakia, where he read
Eddington’s ,,The Nature of the Physical World" (1928) which influenced Vernadsky
and tumed his attention to space-time problems of living matter (Aksenov, 1994, p.
388). Already in Novernber 1929 he made a report in the Leningrad Society of Natural
Scientists titled ,,The Study of Phenomena of Life and Modern Physics* where he
approached the problem of space-time biologically and introduced the term ,,biological
time* for the first time in the literature according to our knowledge.

The summer of 1931 Vernadsky spent in Peterhof (a suburb of Leningrad) working
much on the space-time problems (Aksenov, 1994, pp. 404-405). He planned to write a
book ,.About Life (Biological) Time* but did not finish this work. However, in
December 1931 Vernadsky made a report ,,Problem of Time in the Modern Science*
which later was published (Russian version: 1932'; French version: 1934', 1935).
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Simultaneously Vernadsky writes his fundamental ,.History of Natural Waters™ (1933-
1936). In this book he not only outlined a geological history of waters but also described
the global influence of the humankind on the water resources of the planct.

In 1932-33 Vemadsky travelled in various countries including Germany, France,
England, Poland and Czechoslovakia In Mimster he made a report (1932) Die
Radioactivitiit und die neuen Probleme der Geologie (Radioactivity and New Problems
of Geology) for the Deutsche Bunsen-Geselischaft fiir Physikalische Chemie. In
England Vernadsky communicated with Frederick Soddy (1877-1956) who fotinded a
theory of isotopes. The study of the isotopic composition and radioactive elements in
living matter was now an important line of Vemnadsky’s work. One has to keep in mind
that also this type of research was initiated almost 40 years before the main stream of
biological sciences.

Back fo Leningrad, Vemadsky tried to publish two books ,Living Matter* and the
German version of ,.The Biosphere”. However, the books did not appear because of
censorship. ,.Living Matter”” was published only in 1940 under the title ,.Biogevochemical
Essays®.

In February 1934 the closest friend of Vemadsky the permanent secretary of the
Academy of Science Sergej Oldenburg died. This death symbolised also the end of the
Petersburg period of the Academy of Science. Soon after the Academy and Vernadsky’s
Biogeochemical laboratory moved to Moscow. One year later Vernadsky settled in
Moscow.

Already in the beginning of the 30-s Vemadsky came to the idea of writing & book
where his holistic vicw on the nature would be expressed both' scientifically and
philosophically. By 1936 Vemadsky understood that his thoughts and scientific work
could be expressed in two different books, one of them more ,philosophical” and one
mostly scientific. Thus Vcmadsky began to work on his main works ,,The Chemical
Structure of the Earth's Biosphere and Its Environment'“ (1965) and ,,Scientific Thought
as a Planetary Phenomenon’ (1991). Vernadsky completed these works although he did
not write the final chapter of ,,The Chemical Structure®. Both books were published
only after Vernadsky’s death. ,.Scientific Thought' was published first in 1977 in an
abridged form. In 1936 Vernadsky writes in London, in the Library of the British
Museum, an article ,,On Logic of Natural Science™. In this article Vernadsky for the first
time used the term ,,noosphere” (Aksenov, 1994, p. 453) which was coined by E. Le
Roy in 1928.

In 1937 Vemadsky read a report ,,On the Significance of Radiology jor the
Contemporary Geology™ (1939) at the 17th International Geological Congress.

One year later Otto Hahn, Lise Meitner and Fritz Strassman split the atom that made
possible a chain reaction. In June 1940 Vemadsky received a letter fiom his son
(George Vernadsky), who taught in Yale University (USA). George Vemnadsky enclosed
a New York Times clipping of May 5, 1940 that summansed research using the energy
of chain reactions in the USA. V. Vemadsky immediately began to act, On July, 30 a
Uranium Commission was created within the Academy of Science. Vemadsky asked his
student V. Khlopin (1890-1950) to take chair of the Commission. Vernadsky and the
physicist A [offe werc elected vice-chairmen of the Commission. The member of the
Commission 1. V. Kurchatov (1903-1960), who worked under Khlopin in the Radium
Institute, began in the spring 1943 his work on the secret Soviet atomic weapon
program.

After the war with Germany broke out (22 June, 1941} Vernadsky was evacuated to
the health resort Borovoje in Kazakhstan. The two years in Borovoje were highly
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productive. Vernadsky wrote the important third issue of series ,.froblems of
Biogeochemistry* (1980) which he saw as his scientific will. He worked also on his
main wortk ,,The Chemical Structure...* where his basic claims, expressed first in ,,The
Biosphere™ were revised and developed. Unfortunately, Vernadsky did not complete the
final chapter of this book.

In August 1943 Vemadsky returncd to Moscow and in 1944 published his tast work
A Few Words About the Noosphere*, which he had written in Borovoje as well.

On 6 January 1945 Vernadsky died {rom cercbrat haemorrhage at the age of 82.

1.2. Intentions of this book

At present there are about 1000 works published on the activity of Vernadsky.
Practically all facefs of his scientific and social activity are elucidated. Among others,
there are three detailed scientific biographies of Vemadsky (Mochalov, 1982; Bailes,
1990, Aksenov, 1994). Some gencralising theoretical works on Vernadsky’s theoretical
legacy were also written. As carly as 1971 1. Mochalov defended his Doctor of Science
(Habnlitation) thesis Scientific and Philosophical Fundaments of V.I. Vernadsky's
Worldview.

Nevertheless it cannot be said that Vernadsky’s theoretical system is fully
investigated, rcconstructed, appreciated and critically analysed. Partially this can be
explained by idcological pressure and censorship in the USSR, partially by the
complexity and all-embracing kind of his scientific heritage. There are abeut 200
publications by Vemadsky in different tanguages directly connected with the themes
biospherc and living matter. There are almost 700 articles and books of Vernadsky
published in Russtan, French, German, English, Czech and other languages. Besides,
Vernadsky’s views evidently evolved during his life and not all of his scientific projects
were completed. E. Mayr (1982, p. 330) wrotc about one of Vemadsky’s scientific
predecessors G. Buffon (1707-1788): ,,Therc are few thinkers who are as difficult to
interprete correctly as Buffon”. One of these few thinkers was, without doubt, also
Vladimir Ivanovich Vernadsky.

Despite of the difficulties pointed oul above, in the present work I intend to show that
Vernadsky has tried to create a theorcticat system all parts of which are intimately
interconnected. Each part of this syslem is relatively autonomous but its significance
can only be fully understood in the context of the whole thcoretical system. At the same
time, I will subject this theorctical system to criticism and show some of its
Inconsistencies and contradictions. Vernadsky's theory of the biosphere will be
compared with other important biosphere theories in order lo define the place which
Vernadsky’s theory occupies between other global theories of 20th century. Also here
methodological criticism of Vernadsky's theoretical system will be applied.

In this context some remarks should be made about the terms ‘theoretical system’,
‘theory” and ‘concept’ as they are used in this book.

The term ‘theory’ will bc used in its broadest sense. Theory is said to be a complex
system of concepts which organises a certain class of phenomena (EPW, 1995;
Liebscher, 1997). Theory is created for describing the essential characteristics and laws
of the related ficld of knowledge. It is generally agreed that prediction (retrodiction) and
explanation are central functions of a scientific theory (Liebscher, 1997). The important
demand upon a theory is ils non-contradictoriness (Widerspruchslosigkeit) (Weyl,
1966).
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1t is much more difficult to find a clear definition of the term ‘concept’. Generally, the
mential representation of any object can be defined as a concept: ,Scientists form
concepts and idcas to represent things in themselves and theorise by means of the
resulling conceptual structures* (Tuomela, 1973, p. 8). The exact meaning of this tcrm
fluctuates and is assignable only in the context of a theory. The examples of concepts in
biology are natural selection, population, altruism and so on. E. Mayr (1998) claims the
importance of concepts in biology. Physical theories are usually based on laws,
biological theories on concepts. The latter is correet not only for pure biological theories
but generally for the related descriptive natural sciences inctuding Earth sciences.

In the present work also the term ‘theoretical system’ is used, which is generally said
to be a synonym of the term ‘theory’ (Liebscher, 1997). However, in the present work
this term is used to assign the attempts of Vemadsky to create a conceptual structure
embracing different sides of his theoretical activity. In short, ‘theoretical system’ mecans
here a group of interconnected theories.

There is no general agreement about the status and structure of Vernadsky ideas.
Vernadsky himself used the vague term feaching in relation to his main theoretical
constructions. Ghilarov (1995) writes about Vernadsky’s concept of the biosphcre.
Mirzoyan (1994) claims that Vernadsky created an original theory of living matter based
on the modern achicvements of the evolutionary theory, geochemistry, ecology and
physics. According to Mirzoyan, Vemadsky’s theory of living matter provides a
foundation for his teaching of the biosphere. From my viewpoint, such classifications of
Vernadsky’s theoretical heritage are not convenient because of the following reasons:
(a) The term ‘teaching” is vague and we arc not informed how the theory of living
matter correlates with the ‘teaching’ of the biosphere and other conceptual structures of
Vemadsky’s theoretical system. (b) Vernadsky approached living mattcr geochemically
and described the most important features of living matter by contrast to inert matter.
The biosphere comsists of living and inert ,,parts. Should we separate a ‘theory of living
matter’ and a ‘theory of inert matter’ which forms the btosphere ‘teaching’? (¢} Some
authors (Ghilarov, 1994; Zavarzin, 1997) reject Vernadsky’s concept of living matter
while accepting his biosphere theory in general.

For our purposes 1 propose the following conditional structiring of Vemadsky’s
theoretical heritage:

(1) The theory of the biosphere and its transition into the noospherc.
(2) The theory of space-time.
(3). The gencral philosophy (theory) of science.

In each theory Vemadsky creates a specific ferminology, postulates laws and makes
predictions (retrodictions) based on this theory. On this basis one may rather think of a
theory of space-time instead a concept of space-time. At the same time, all these
theories are intimately connected with each other and form a kind of megatheory or
theoretical system approaching the processes of Earth based on the phenomena derived
from geology, geochemistry, biogeochemistry, geophysics, biology and thc history of
science.
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2. RECONSTRUCTION AND ANALYSIS OF THE THEORETICAL
SYSTEM OF V. L. VERNADSKY

2.1. Space and time in the works of Vernadsky
2.1.1. Introduction

Vemadsky's theoty of space-time is one of the Yeast investigated sides of his theoretical
system, although some works elucidating the diversc aspects of this problem werc
recently published (Aksenov, 1996; Eliseev, 1989; Galimov, 1989; Aronov R. &
Terentjev, 1988). Bailes (1990, pp. 194-195) notes that the issue raised by Vernadsky
has become important in the recent years.

The ‘space-time’ theme has a special place in the work of Vernadsky for several
reasons. First, it seems to be extremcly abstract and speculative. During his work with
this topic, Vernadsky constantly went beyond the so-called method of ‘empirical
generalisation’ he declared as a basic principle of scientific work. Second, the concept
of space-time is directly connected with all basic principles of his theoretical system.
Third, Vemnadsky elaborates this theme taking into consideration several branches of
knowledge - biogcochemistry, biology, physics, mathematics, philosophy and the
history of science - and, thus, fries to approach the problem in a thoroughly
interdisciplinary manner. Besides, this topic has a special interest because Vemadsky,
during his work with it, constantly went bcyond the so-called method of ‘empirical
generalisation’ he declared as a basic principle of scientific work (Vemnadsky, 1988, p.
439).

I will reconstruct and interpret Vernadsky’s views on the space-time problem and
define the place of this problem in his theoretical system (i.e. the connection between
his treatment of the space-time problcm and other fundamental ideas). [ usc the term
‘reconstruction’ here, because, first, I was forced elaborating this theme, to deal,
partially, with disparate notations in Vemadsky’s published works; and, second,
Vemadsky investigated this subject mostly late in his life and so, unfortunately, did not
have time to express his thoughts clearly and completely. Besides, one should bear in
mind, that the scientific views. of Vemadsky on the nature of space and time changed
constderably towards the end of 1930’s and the beginning of the 1940’s. Therefore, the
‘reconstruction’ we attempt here is not only a hermeneutical but a logical reconstruction
of Vernadsky’s views as well.

2.1.2. Space

If we try to draw the logical portrait of the space-time problem from Vemadsky’s
viewpoint, then we better start with space because, with few exceptions, it is possible to
propose that Vernadsky madc the first and principal generalisations regarding space-
time thinking about the nature of space, and then extrapolated the inferences to the
nature of tume.

The notion on which Vernadsky based his initial reasoning is ‘the real space of the
naturalist’. To the latter, he opposed the notion of ‘the ideal space of geometry’. In his
work On the Border of Science. The Space of Natural Science and the Space of
Philosophy and Mathematics [which is dated 1927 by the editors}, Vernadsky (1988, p.
210} offered the following definition:



18

wThe real space of the naturalist coincides with the physical medium,} in which the
phenomena he deals with take place. It does when he expresses the phenomena
geometrically. If a naturalist is talking about a real space of nature, he is talking about the
geometrical structure of a physical medium. There is no ideal geometrical space for the
naturalist. it would be real for bim, if the abservations showed that space is isotropic,
homogencous everywhere*.

It is remarkable that Vemadsky still speaks in this comnection that -, there is no
necessity - to  talk about a special geometrical space, which is comnected with
tife“(Vernadsky, 1988, p. 212). He changed his mind later. This shows that in 1927
Vernadsky’s concept of space-time was still not elaborated. But he already proposes the
basic notion of thc rea! space of the naturalist, on which he later builds his
understanding of the problem.

The real space of the naturalist or physical space * [Helmholtz} (not to be confused
with the space of physics) differs from ideal geometrical space, first, by having a
structure, while geometrical space is a space of dimensions, not a space of structures
(Vemadsky, 1988, p. 216; Vermadsky, 1993, p. 377). This proposition invites sertous
objections. Yet we have to take into consideration that Vernadsky sees the structure of
real spacc as a complicated spatial organisation of natural bodies and processes which
cannot be reduced to the ideal space of geometry but can be, to a certain extent,
expressed geometrically. On the one hand, this reduction is impossible because of the
insufficient depth of the geometrical analysis of real space (Vernadsky, 1988, p. 257),
on the other hand, to the essential impossibility of completely reducing empirical reality
to logico-mathematical schemes (Vernadsky, 1988, p. 216).

To reveal the essence of the notion of the structure of real (physical) space, from
Vemadsky’s viewpoint, is not so casy. He used different terms in works which were
written at different times to characterise this phenomenon: a 'property of space’, a
‘geometrical structure of space’, and a 'structure of space’, and, ultimately, a 'state of
space’. He did not give, as a rule, clear definitions of the differences between these
terms. Therefore, I shall use the terminology preferred in the latest works of Vernadsky.
This will help to some extent to achieve terminological consistency.

One of the central terms reflecting the structure of real space is a state of space:
».Space has to be not only geometrically structurcd, but also must have different physical
states* (Vernadsky, 1988, p. 324). The notion of a state of space Vernadsky credited to
P. Curie who, in tumn, borrowed it from L. Sohncke (1842-1897). Vernadsky was sure
that noone among Curie's contemporaries had understood the real direction of Curte'’s
ideas. He based this conclusion not only on the latest works of Cunie but also quoted his
personal talks with Madame M. Curic: ,She thinks that it is i this notion (état de
1’espace) contained the synthesis of his thought“ (Vernadsky, 1965, p. 160). Vernadsky,
nevertheless, was sure that Curie was not able to elaborate this idea because of his
sudden death in 1906. Vernadsky saw his own work on space as a development of the
ideas of Curie. By an irony of fate Vemadsky also did not have enough time to complete
his work on the problems of space-time,

The notion of ‘a state of space’ makes it possible for Vernadsky to contrast his views
1o Kant’s concept of space: ,,Geometry is not a manifestation of human reason a priori*
(Vemnadsky, 1988, p. 260). On the contrary, it is the manifestation of the states of space

' The physical medium is treated by Vernadsky as a real medivm (environment), rather than a medium
of physics.
? Vernadsky often uses the terms real space and physical space interchangeably.
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that can be examined by an investigation of solids. The significance of the solids, in this
connection, is based on Vernadsky's idea that the other aggregate states of matter are not
so ‘receptive’ to the different space states.

Space is discrete and decply heterogeneous from the viewpoint of its states, because
“every particle of matter is surrounded by its peculiar state of space* (Vernadsky, 1988,
p- 291).

The sfate of spacc of a natural body is indicated by the investigation of its symmetry.
The prineciplc of symmetry is for Vernadsky one of the most fundamental principles of
nature (Vernadsky, 1994, p. 297; 1988, p. 220). It can be sad that the principle of
symmietry is for him a comer-stone of the problems to be discussed.

It is important to stress that the symmetry principle is fundamental also from the
viewpoint of its placc in the epistemological hierarchy that was built by Vernadsky.
According to Vernadsky’s terminology, this principle is an empirical generalisation of
the first kind. This means that this empirical generalisation is made directly on the basis
of the ‘raw’ facts (Vernadsky, 1988, p. 287). He writes (Vernadsky, 1988, p. 292):

»Symmetry is not an abstract notion that is deductively derived, as the scientists often
think. It is a result of empirical generalisation that has been worked out (first
unconsciously) over the centurics. {...] Symmetry characterises the different space

Thus, the examination of the different properties of symumetry is an approach to the
examination and the description of the different states of space.

For example, the state of a space that a scientist finds in homogeneous crystalline
matter can be characterised as an anisotropic state of space that is completely defined by
the laws of Euclidean geometry. The processcs which take place in such a kind of space
show the identity of lcfincss and rightness physically and geometrically.

The situation changes in the world of living organisms. Already L. Pasteur discovered
dissymmetry in the crystals of tartaric acid. Organic compounds, which are typical for
all kinds of living matter differ from compounds composing the inert (non-living) parts
of the Earth. Pasteur called these two categories: ,la nature vivante” and ,la nature
morte*. There are always two enantiomorphs, which could theoretically exist. In the
protoplasm of living matter one finds pure steric compounds. In the stereochemical
equattons of these compounds the atoms preferentially arrange in left-handed or right-
handed isomers instead of a statistical distribution as could seem to follow from
physical/chemical laws alone. Pasteur stated that the biochemical processes of living
matter and their crystallisation products demonstrate the preferential synthesis and
maintenance of left-turning or right-tuming isomers. He called this .phenomenon
molecular ,dissymétrie” and defined it as the demarcation line between living and
abiotic natural products (Pasteur, 1922, p. 343).

Both the crystallisation processes and the biochemical processes in the living
organisms demonstrate a non-identity of lefiness and rightness. The organogenic bodies
(for instance, petroleum) and the remains of organisms keep the same properties for
geological periods of time. We can find, also, the same in the enantiomorphic
phenomena. There is no proper non-identity of lefiness and rightness in the inert matter
(of abiotic ortgination), for example, in crystallography, although, the crystals are
produced in left- and right- forms (Vernadsky, 1988, p. 298).

It is well-known in econtemporary science that biological macromolecules diverge
from other polymeric structures. Proteins are constructed only by lefi-handed amino
acids, whereas DNA-RNA contain only right-handed sugars (Goldanskii & Semenov,
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1992). If Vernadsky had known about these facts, he would doutlessly have added them
to his arsenal of evidence.

The non-identity of right- and lef- forms in the living nature Vernadsky called t/e
Pasteur dissymmetry. Following Pasteur, he posed a question about the causes of that
phenomenon. Why does an organism build its body of left” or ,right” isomers and
consequently destroy the identity of lefiness and rightness?

The identity of lefiness and rightness is the gecometrical property of the Euclidean
space that was known already to Kant. The investigations of the crystaographers
Fedorow and Schénflies approve that inference: rightness and leftness are identical in
the crystalline space structures of abiogenic origin. Vernadsky concludes (1988, p. 270):
,It follows that identity of leftness and rightness is the geometrical property of the three-
dimensional Euclidean space®. This proposal leads Vernadsky (1988, p. 271) to the next
statement: ,, The lack of this idcntity and the cleancut prevalence of lefiness in the
material substratum of living matter and the prevalence of rightness in their functions
points out that the space that is occupied by living matter could not comrespond to the
Euclidean space™.

The concept of dissymmetry is a clue to Vernadsky’s space-time theory. Wc shall see
tater that his understanding of dissymmetry is not identical with the phenomenology of
Pasteur’s dissymmetry.’ Here it is important to stress that P. Curie extended the concept
of dissymmetry and introduced the notion of state of space.

P. Curie claimed that if some effects manifest a dissymmetry, then the same
dissymmetry must be observable in the causcs of these effects, although the contrast
does not hold. The effects can be more symmetric than the causes (Curie, 1908). Curie
connected this principle with the idea of a , state of space” (état de |’espace) and, thus,
postulated a dynamic (maybe it is even possible to say ‘hereditary’) character of
dissymmetry.

Vemadsky proposed a principle, which he called the Curie (or Pasteur-Curie, or
dissymmetry) principle: ,Dissymmetrical effects (phenomena) can be brought about
only by a dissymmecirical cause”. He realised that, if space is a kind of intelligible
reality, then the causes and their effects must find themselves in the same state of space,
i.e. they must be embraced by a certain state of space (Vernadsky, 1965, p.182). As E.
Eliseev (1989, p. 196) remarked later, the addition made by Vernadsky is so important
that the latter principle should be called the Curie-Vernadsky principle. This is also
correct, Vernadsky's dissymmetry is only a special case of Curie's asymmetry.

In the theoretical world of Vernadsky the principle of symmetry is refracted not only
by the prism of dissymmetry, but also by the character of symmetry in living matter. It
manifests itself, first of all, in the fact that the kinds of symmctry in inert matter is
restricted. In the living world one can observe bioobjects with axes of symmetry of S, 7,
8, 9 etc. orders not observed among the crystals. Already first crystallographers

* There is no terminological clarity in the use of the terms dissymmetry and asymmetry. J. Urmantsev
defimes asymmetry as an opposition to symmetry and separates it from both dissymmetry and
antisymmietry (Urmantsev, 1974). Alpatov holds that the term asymmetry occurred in this comtext
because Pasteur’s term dissymétric was translated in English, Russian and German as asymmetry
(Alpatov, 1957, p. 21). This conjecture seems to be the justified one, because, for instance, Japp (1898)
and I>’ Arey Thompson (1961) use asymmnetry as it were Pasteur’s dissymmefry. Moreover there are two
spellings of this term, namely, as dis-symmetry and dys-symmetry which has different shades of meaning
(Dictionaire Alphabétique et Analogique de lu Langue Frangaise). In the present work we use the term
dissymmeltry to stress the special meaning Vernadsky attached to this notion. We use here the prefix dis-
not dys- in order to follow the speiling of Pasteur.



justifiably pointed out that there are no regular dodecahedrons among the natural
crystals (Vemadsky, 1988, p. 262). At the same time, it is possible to reveal the axes of
the fifth and sixth order in living organisms (Vemadsky, 1988, p. 264). The up-to-date
level of biological science makes it possible to describe samples with even much higher
structural symmetry than Vemnadsky mentioned. Contemporary investigations show that
we can find in living matter not only dodccahedrons (Circorherma dodecahedra) but
also macrobioobjects with symmetry axes of 5, 7, 8, 9 etc. orders. Orders, which arc not
realised in the mineral world. The contemporary researcher of symmetry J. Urmantscv
holds that the macrolevel of symmetry also demonstrates the correctness of Vernadsky's
thesis of a specific character ot the biological space (Urmantsev, 1974, p. 219).

These phenomena - the orders of the structural symmetry on the macrolevel and
dissymmetry on microlevel - lead Vemnadsky to say that there is a clear-cut difference,
without transitions and exceptions, between the symmetry of the inert bodies of the
biosphere and the spatial-temporal organisation of living matter (Vernadsky, 1988, p.
284).

Moreover, Vermnadsky points out other important features that characterise the spatial
peculiarities of living matter: dispersiveness, stability, and curvilinearity.

Dispersiveness manifests itself in the sharp separateness of a living organism from its
environment. An organism 1is a constantly moving geometrical body sharply separated
from its environment. The only connection between the environment and the organism
is a biogenic (biologically controlled) migration of atoms.

Stabulity finds expression in the stability of a form in which the living being exists.
This form, as a matter of fact, is being constantly re-created i 2 dynamic equilibrium.
One can point out kinds of organisms the forms of which have been stable for hundreds
of millions of years.

Curvilinearity. The scientist should also take into consideration that an organism is
always separated from its environment by curved surfaces. This characteristic was
termed by Vemadsky curvilinearity. In this connection, D’Arcy Thompson (1961)
stressed that in mechanical (incrt) structures curvature (curvilinearity) is found in
flexible structures as the result of bending. Living natural bodies ,have not been bent
into their peculiar curvature, they have grown into it” (Thompson, 1961, p. 179).

All these peculiarities of the spatial organisation of living matter - the peculiar
properties of symmetry on the macrolevel, the dissymmetry of Pasteur, stability,
curvilinearity of surfaces and dispersiveness - make it possible to propose that the space
of living natural bodies differs principally from the space of their inert cnvironments.
He assumes that ,,the bodies of living organisms are determined by a gcometrical state
of the space they occupy, other than the Euclidean space of the inert natural bodies of
the biospherc® (Vernadsky, 1988, p. 273). Another concept of space thus emerges.

The infcrence is important for Vemadsky not only as one of the basic principles of his
scientific Weltanschauung, but also as a methodological consideration. It enables the
definition of a more precise boundary between bininert bodies and living organisms: ,,A
living organism, seen as a whole, although a bioinert natural body by its consistency,
differs sharply from a genuine bioinert body primarily because of the space that is
occupied by them (Vemadsky, 1991, p.168).

In 1938 Vemadsky thought that the geometrical propetties of the statc of space of
living matter corresponds to Riemann’s space. Later in the unfinished article ,,About the
Geological Significance of Symmetry” (dated 1941-1942), he rejected this idea
(Vernadsky, 1988, p. 284-285). This was partiatly because living matter has not only
spatial but also temporal peculiarities, which are not found in inert matter.



22 .

2.1.3. Time

Analysing the problem of time, Vernadsky, first of all, appeals to its irreversibility, i.e.
to the problem of the direction of time: , If we start to analyse the notion of time and try
to understand the World from the viewpoint of the time problem, it is apparent: whether
a process in time goes as easily forward as backward, i.e. whether a process is reversible
or irreversible* (Vernadsky, 1988, p. 223).

He holds that the processes giving rise to the inert natural bodies of the biosphere are
reversible, whereas the processes producing the living natural bodies are cvidently and
fundamentally irreversible (e.g., fission). This is the basic thesis of Vernadsky. The first
part of this thesis hints at the claims of some contemporary scientists and philosophers
of science that, taking into account only the fundamental physical laws, there would be
no intrinsic difference between the future and the past (Savitt, 1996, pp. 335-336). Not
only the laws of classical dynamics and electromagnetism, as well as of quantum
mechanics, are all expressed by time-symmetrical differential equations, but also,
according to P. Horwich, ,even the notoriously irreversible phenomena of
thermodynamics - processes of entropy increase which arc typically associated with
time’s arrow - can be reconciled ... with the isotropy of time* (Horwich, 1987, p. 55).

The question that is posed by Vemnadsky may be formulated as follows: does the
irreversibility which is apparently an essential attribute of biological time also apply to
the time of inert matter? We can consider some more questions in connection with this
problem. If the laws of physics are symmetrical in relation to, time but the laws of
biclogy are not, then do we have a basis to declare that there are two parallel times in
the universe? If this question nevertheless in consideration of the wholeness of the
universe sounds absurd, then what is the cause of this apparent double-temporality?

We can consider one more problem in this connection. As H. Frauenfelder (1987, p.
221-229) showed, contemporsry science is close to answening the question of
Schrédinger [1944] (1992, p. 3): ,,How can the evenls in space and time which take
placc within the spatial boundary of a living organism be accounted for by physics and
chemistry?“ 1f Frauenfeldcr is right, we can, from the viewpoint of physics and
chemistry, examine the timc-space properties of living matter. But, if we accept the
hypothesis of Vernadsky, the question occurs: how is it possible to describc the
temporal phenomena of living matter, which are dissymmetrical, by means of the laws
of physics if they are insensitive to the directionality of time?

In an attempt to answer these questions with the help of Vemadsky’s texts, we find
different ways to escape the problem of ‘double-temporality’.*

Vernadsky’s epistemological remarks can be referred to the first way of escaping this
difficulty. According to Vernadsky (1988, p. 231), we can understand the phenomena of
life better than the phcnomena of the abiotic physical world: “Being 2 part of life,
scientific thought has a great cognitive power in this field. It is not as powerful in
examining the other manifestations of the universe, remote from the organisms®. To
clanify this thesis we should keep in mind two other points. Vernadsky held scientific
thought to be a manifestation of nature, a function of the biosphere (see Ch. 2.2). This
assumption connects his numerous remarks about the specific character of the biological
sciences. The life sciences are essentially reflective in character because the human
being is both the object and the subject of investigation at the same time.

¢ It should be remarked that Vernadsky never posed the problem of double-temporality as we do. The
problem is following his inferences.
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The second importani point derives from the first. Since the scientific thought is a
function of the biosphere, it is adapted to the really cxisting conditions of the biosphere:
wThe logical laws of the natural scicnces arc different in the different geological layers
of the Earth (Vemadsky, 1988, p.280). The cognitive apparatus of human being is
adopted to the existence in the biosphere. In this respect the views of Vernadsky can be
compared with the ideas of K. Lorenz (1903-1989) - one of the forerunners of the
contemperary evolutionary epistemology - who claimed (1941) that the laws of “pure
reason”, including the categories of spacc and time, are based on the complex
mechanical structures of central nervous system developed in the course of evolution.
However, Vemadsky wen! furthcr, and stated that the laws of physics do not penetrate
reality as deeply as laws of descriptive natural sciences (e.g., the biospheric sciences).
For example, the laws of physics do not explain the unidirectionality of timec. This
thought could be expressed in the following thesis: statistical thermodynamics cannot
compete with the empirical generalisations of descriptive sciences because of its
abstract and symbolic character (as a mintmum it implies the use of mathematical
symbols). At the same time, the empirical generalisation of the life sciences are almost
direct representations of the concreteness of the world (Vernadsky, 1994, pp. 325-326).

If we move in this direction, we do. solve the ‘double-temporality’ problem, but we
lose the subject of our discussion, i.e. the real peculiarity of biolegical time: double-
temporality turns out to be an epistemological problem.

It is also possible to try an approach to the problem of co-existing ‘biological’ and
‘physical’ times by showing common properties of time in living and inert matter. This
is the direction of the relatively early works of Vernadsky. We solve the ‘double-
temporality’ problem by showing that there is no double-temporality in an observable
world, although the irreversibility of time of the physical world is not so evident as in
the world of life phenomena. We could do it, following Vemadsky, proceeding from the
principle: ,,Ttme is one of the essential manifestations of matter, the inseparable content
of it (Vernadsky, 1988, p. 229).

He points out some of the features of living and non-living matter which could be
considered as similar. 1If we approach the problem geochemically, the atoms show a
property that Vernadsky termed transitoriness [6pennocts). Every radioactive atom has
a certain time of existence and is connected genetically, in its origin, with the other
atoms. Vernadsky makes two empirical generalisations on this basis: ,Every kind of
atom has its place. This is the basic empirical generalisation. The other one is this: The
process of the regular transitoriness of the atoms goes inevitably and irrepressibly”
(Vernadsky, 1988, p. 230). The inference is that this process is irreversible. It is to be
expressed by polar vectors and characterised by a certain rhythm (Vernadsky, 1988, p.
230-231). At the same time, we know that the stable isotopes can exist infinitely if they
arc not influenced by external factors.

Biological time is also irreversible and can be expressed by a polar vector. Biologicat
time is expresscd as:

- atime of an individual being;

- atime of changing of the generations without changing of the life forms;

- a time of changing of the generations simultaneously with changing of the life
forms (evolutionary time).

Biological objects demonstrate the same rhythmical and polar properties. There are
also the indivisibles (individuals) of the unicellular biological organisms that have no
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limit to their existence as well as the stable isotopes (as long as they are not influenced
by external factors).

If we go this way, we find that the properties of time in living and inert matter are
similar. Vernadsky generalises thesc cycle of ideas in the work ,.The Study of
Phenomena of Life and Modern Physics* (1931), which was inspired by Eddington’s
»The Nature of the Physical World“ (1928). Vemnadsky adopted his principal
methodological approach - to connect the irreversibility of time with certain natural
processcs - and a while was determined to find a ‘time arrow’ in the physical world.
That is the second way to solve the double-temporality problem but, at the same time,
we also (as in the first case) lose the necessity of talking about a fundamental peculiarity
of biological time. Besides, the attempts to show the existence of nomological
(Mehlberg, 1961) temporal anisotropy in the physical world did not seem successful
back then, and the question remains moot (Savitt, 1996, pp. 347-370). Vernadsky seems
to have later discarded this approach, which he had outlined in his works at the
beginning of the 30-s.

Do we still see a chance to define the peculiarity of biological time?

In his latest works Vemadsky tries to do it by means of the four basic notions: natural
body, duration, symmetry and entropy. It is not the way to solve the double-temporality
problem completely, but it is the way to take the problem out of the biospherc and
consequently out of the domain of phenomena Vernadsky mainly deals with. The
hypotheticat methodological ground of this approach could bc interpreted in the
following way: assume that in the frame of the biosphere there are some fundamentaily
different kinds of natural bodies and fundamentally different kinds of processes in
which they participate. Then reducc the ‘times’ to the properties of these natural bodies.
Doing so, we could define the peculiarities of the diffcrent ‘times’. The ontological
consequences of this step will be for now ignored.

In this paragraph 1 treat the first three notions (natural body, entropy, duration) leaving
the problem of symmetry to be discussed in the next one.

The notion of a natural body is very important to the understanding of Vernadsky’s
theory. He defines natural body as every natural material-energetic phenomenon
separated in space and time from other natural bodies (Vernadsky, 1965, p. 161). Being
applied to the problem of biological time this notion allows to describe temporal
properties of the separate natural bodies of the biosphere (c.g., living organisms and
minerals of the abiotic origin) ignoring the ontological consequences of these
generalisations.

Another importani notion which appears in this context is duration. The term is
derived from the term ‘durée’ of H. Bergson (1859-1941). Vernadsky knew the work of
Bergson very well and doutlessly was influenced by it, although he naturally was not a
Bergsonian. Despite the methodological gulf between their approaches, it is easy to
understand the interest of the scientist to the philosopher. There are some common
points in their way of thinking.

I can mention some of them.®

* The concurrence of theirs (Vernadsky's and Bergson’s) views is also interesting, because Bergson
was a close friend of E. Le Roy, one of the creators of the ,soosphere™ concept. Le Roy was a hearer of
Vernadsky's lectures at Collége de France (1922-1926).
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- The assertion of Bergson that geometry can be applied only to solids (Bergson,
1969, p. 161-162) is similar to that of Vernadsky that space shows its properties
through the solids (crystals).

- The dualism of Bergson, a division of the world in two parts: living and non-living,
is, without any doubt, one of the points of contact. It is even possiblc to show the
terminological coincidence of their two theories. Bergson, for example, uses a term
‘la mateérie brute’ to define non-living matter (Bergson, 1969, p.154). This term is
similar to the Russian term 'kocuast Matepus’, which can be translated in English as
inert (sluggish, crude) matter.

- The idea of creative evolution is close to Vernadsky's views, because it compounds
the idea of directionality with a kind of indeterminism and because of the creative
character of evolution. Vernadsky (1988, p. 332) writes in the work ,,Or Living
(Biological) Time* (1931). ,,Time goes in one direction, the dircction of the outburst
of life and the creative evolution. The process is irreversible therefore this outburst
and this evolution is a fundamental requirement for the existence of the universe.
Time is a2 manitestation and a creation of this world process”.

1t is possiblc to point also to some other coincidences. But, first of all, we are
interested in the notion of duration which has played an important part in the
development of Vemadsky’s thinking.

Bergson (1969, p. 202) understands durée (duration) as time which is an essential of
life in contrast to the quantitative time of mathematics which is only a colleetion of
outward moments. In duration the unpredictability of life and the novelty of the present
is revealed. In line with this, thanks to duration life assumcs the characteristic of
freedom.

Vemadsky analyses briefly the evolution of the term duration to stress the aspects of
this notion which are interesting to him. J. Locke (1632-1704) introduced the English
version of the term (‘duration’) in 1693 when he found a difference between the time of
Newtonian physics and mental time. A duration reflects, according to Locke, a time of
the thinking being. The Newtonian time was a result of theoretical construction. The
time of Locke was a result of observation. This is important for Vemadsky, because
Bergson also built his theory on the basis of observation but on much morc considerable
empirical data. He treats duration also more broadly than Locke and beyond the frames
of psychological time. The latter forced him to abandon the absolute time of Newton. If
the time of Locke can co-exist with Newton’s time, the time of Bergson is certainly
incompatible with it: , Bergson’s time is a real time that manifests itself during the
creative evolution of life. It is manifested in scientific facts and phenomena and hence
can be perceived both in science and in philosophy* (Vernadsky, 1988, p. 332).

The timc of Bergson, in short, is 2 heterogeneous and irreversible time. Geological
history, the evolution of species and humanity turn out to be irreversible.

Vernadsky had held in 1931 that, according to new scientific data, that the notion of
duration can be applied also to physicat time (Vernadsky, 1988, p. 334). He later, by the
end of 30s, abandoned this proposal.

Vemadsky derived from his biogeochemical experience, that the processes producing
the inert natural bodies would show cyclic, reversible, undirected character i the
absence of living matter: ,,The same minerals and rocks came into being since the
Cryptozoic until nowadays* (Vernadsky, 1965, p. 325). The processes in which living
natural bodies arc involved (aging, changing of generations, evolution) show, in the
contrary, their evident irreversibility. Thus, in the frames of the biosphere we can
interpret the trajectories of processes in which inert natural bodies are involved as
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reversible and those in which living natural bodies are involved as irreversible
(Vemadsky, 1991, p. 176). At the same time we should bear in mind the restrictions
appended to this claim by the notion of natural body and the assumption that a human
being can think without serious corrections only within the biosphere.

Substantial irreversibility turns out to be proper only to living matter, because
evolution (an ireversible process) takes place only among the living natural bodies of
the Earth (Vernadsky, 1988, pp. 30,.175, 181, 286). Accordingly, Vernadsky should
have changed his mind about Bergson's duration and understood it as proper to living
matter in the biosphere.

Apparently, life as an embodiment of the vital outburst cannot have something in
common with increasing entropy. In the notes written 1941-1942 Vernadsky writes:
. Ttme, being expressed by a polar vector in physical-chemical and biological processes
in living matter, is irreversible; it does not go back. That shows that entropy will take no
place in the material medium of living matter* (Vemnadsky, 1988, p. 274). This thesis
should bc commented upon, although Vemadsky by himself did not give any clear
explanations of what he meant. It was usual in the time of Vernadsky to associate the
‘time arrow’ with the increase of entropy. This view was initiated by the discovery of
Bolzman's f{-theorem (1872) and represented in detait in the already mentioned book of
Eddington ,,The Nature of the Physical World”. Nevertheless, Vemnadsky connects the
irreversibility of time in living matter with the opposite idea, that living natural bodies
escape entropy. The latter was (approximately at the same time) remarked also by
Schroedinger (1992, p. 71), who noted that living organism ‘feeds on negative entropy’.
Vemadsky, plausibly, held that this ‘escaping entropy’ and an increasing 'negative
entropy’ can be connected with basic biological processes, such as growth, fission,
multiplication, mutation, and evolution which seem to be so evidently and
fundamentally irreversible. Besides, Vernadsky, as biogeochemist, could see that the
evolution of the biosphere is a movement to more perfect orderliness and stability and,
hence, not only the evolution of living matter, but the evolution of the whole biosphere
is an irreversible process. The cause of this irreversibility is the presence of living
matter in the biosphere.

Summarising and coming back to the problem of double-temporality 1 can say that
Vernadsky in his latest works understands the problem of irreversibility of time as
{ollows: trreversibility of time manifests itself in living matter much more clearly and
deeply then in inert matter, although irreversibility can be observed in the inert world as
well (Vemnadsky, 1965, p. 192). This means that there is a crucial difference between the
two kinds of irreversibility. One could say that the irreversibility of time of living
natural bodies in the biosphere is nomologically necessary, whereas the irreversibility of
time of inert processes appears to be nomologically contingent.® This difference follows
from the actuat difference between the processes taking place in the two kinds of matter
rather than from epistemological choices.

It was already stresscd that Vemadsky in his late works tried to restrict his claims to
the frame of the biosphere. If one would, nevertheless, try to interpret his claims from
the more general perspective, one could arrive at the conclusion that the whole Universe
is temporally dissymmetrical due to the presence of life. This extreme view is

® This kind of irreversibility (anisotropy of time) can be treated in the terms of H. Mehlberg (1961) as
nomological because of the use of the concept of law of nature it involves. In our case irreversibility
seems to be tied up with the fundamental laws of biology.
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represented by the Vernadsky researcher G. Aksenov (1996) who argues that, according
to Vernadsky, living matter is the causc of temporal dissymmetry of the Universe. It
would mean that the ‘time arrow” is detcrmined by the process of life.

2.1.3. Space-time

As we already stated Vernadsky’s theory of space and time did not emerge untit the last
years of his life: the end of the late 1930s and early 40s. Thus, for example, in 1938 he
concluded: ,,The biosphere is the Earth’s layer in which living natural bodies are
dispersed among the inert natural bodies. The state of space of the inert body is defined
by Euclidean, three-dimensional geometry. The state of space of a living natural body is
defined by Riemannean geometry. Hence, the biosphere looks as if numerous
Riemannean spaces were embedded in Euclidean space (Vemadsky, 1988, p. 274).

In the early 40s Vernadsky gives up this idea. He tries to break through the frames of
physical-mathcmatical schemes to the space-time of descriptive sciences. For this
reason he develops the notion of ‘the real space of the naturalist’ fo the logical limits.
Simultaneously, based on Bergson’s ideas, his understanding of time develops in the
same direction, indicated by the real data of the descriptive natural sciences. He, among
others, greatly appreciates Bergson because the latter realised that the real processes
which take place in living matter cannot be fully expressed by mathematical (physical)
schemes of time. The time that Vemnadsky tries to describe could be also called “the real
time of the naturalist’. Elaborating these notions, he realises thaf they can be developed
separately only to a certain cxtent and already in the work ‘Time’ [1930-31}.he
stipulates the properties of the space of living matter by the properties of biological time
{Vemadsky, 1988, p. 224). Later he also coins the ferm ‘real space-time’ (Vernadsky,
1965, p. 192). Vernadsky contrasts his understanding of space-time to the space-time
concepts in physics and mathematics. There are no mathematical models exactly
corresponding to the space-time constructed by the real time and the real space of the
naturalist: It is not the space-time {continuum} that includes time as the fourth
dimension of space, the space of mathematics (Palagij, Minkowski) or the space of
physics and astrophysics (Einstein)* (Vemadsky, 1988, p. 285).

Nevertheless there is a principle that makes scientifically possible the description of
the state of this space-fime. It is the principle of symmetry. Both time and space can be
interpreted through the prism of this principle. Vernadsky determined the space of living
matter as dissymmetrical. The spuace-fime of living matter could be also called
dissymmefrical, because Vernadsky connects the irreversibility of time with the
dissymmetry of space (Vernadsky, 1988, pp. 224, 284-285; Akscnov, 1996). From the
viewpoint the notions that characterisc, for example, fundamental spatial properties of a
natural body (e.g. symmetry) would reflect the properties of the space itself and
therefore the time, because, thanks to the inseparability of space and time, the
characteristics of spacc and time must be mutually transformable. Then, the question
‘Why is the time of living matter irreversible?’, can be answered ‘Because the space of
living matter is dissymmetric’.

The real space-time of living matter is described by polar vectors; it is
»enantiomorphic*; leftness and rightness are not identical in it. In space-time of the incrt
environment there is no manifestation of actual non-identity of leftness and rightness; it
obeys the laws of symmetry in this domain; the time of this space-fime shows
nomological isotropy; it is symmetric. Hence, there is an impassable boundary between
the states of space and time of living and inert natural bodies of the biosphere.
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Dissymmetry distinguishes, and as it werc, isolates living matter from the inert
environment. The only conncction between them is the biogenic (biologically catalysed)
flow of atoms.

The dissymmetry of space-time is one of the basic features indicating the dynamic
characteristics of living natural bodies. We could, for example, ask ourselves, whether
the leaves of a lime-tree dried for a herbarium are living natural bodies? The following
could be an approximate answer: although the pressed leaves manifest static space
dissymmetry on the micro- and macrolevel they demonstrate no dynamic dissymmetry.
Dissymmetry is a constant choice of the organism, a permanent process in the scale of
the whole biosphere. The bilateral biocontrolled flow of atoms does not take place in
this casc because there is no dynamically filled boundary between the space-time of the
pressed leaves and the space-time of the environment: ,,Death is the destruction of the
space-time of the organism* (Vemnadsky, 1988, p. 285).

2.1.4. Comments

The basic principles of Vernadsky’s space-time theory can be deduced, to a certain
extent, from the notions of the real space and the real time of the naturalist. His concept
can be schematised in the following limited logical sequence: real space - space-time -
dissymmetry of life. The second variant has equal validity: rea! time - space-time -
dissymmetry of life. Both variants are logically symmetrical, because the notion of rea/
space would inevitably lead us to the notion of real time and vice versa. Both notions
lead us to the real space-time, which can be contrasted to the space-time of physics
(Einstein) and mathematics (Vernadsky, 1965, p. 192). At the same time, either of the
variants lead, if we accept the theorctical premises, to the notion of dissymmetry. It
means approximately the following: if we, for cxample, call the time real/ and imply
(under this reality) the property of a certain process or a natural body, we would very
soon discover that there is no time in nature separate from space and all natural
processes occur in space and time. Vemadsky stresses many times that naturalists
implied while philosophers logically perceived space-time, long before the relativity
theory. To prove the independence of the space-time concept from the dominance of
physics, he undertakes a scientific-historical investigation and concludes: ,,The
separation of spacc and time is not supported by a single scientific fact” (Vernadsky,
1988, p. 321). Further, il we ask ourselves about the diffcrence of the diverse ‘times’,
bearing in mind ‘the reality ' of time, the answer would be apparent: the properties of the
proccsses would be considered as the properties of these times. We could do the same
thing manipulating the notion of space. Then, appealing also to the reality of space, we
could transmit the properties of space o the properties of time reversibly. Since the
principle of symmetry is one of the main principles of the Universe, and dissymmetry is
one of the inexplicable and impressive properties of living systems, it is reasonable to
construct the disparate pair symmetry - dissymmetry by gathering the proper empirical
data. If we assume that our space-lime is, also, the property of a process, it would turn
out that space-time exists in two absolutely different forms: symmetrical and
dissymmetrical. Hence, there are two sharply diffcrent space-times according to their
properties in the Universe.

Further, if we accept that space-time is the inherent property of our world, we would
have two worlds in one. The lattcr contradicts absolutely the scicntific Weltanschanung
of Vernadsky (1991, p.157). Wec can propose that in order to escape this paradox he
introduces in his latest works two theoretical assumptions. First, he holds that all of the
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equal standing (Vernadsky, 1991, p. 70). The sccond assumption is that there are three
realities in the field of our scicntific observation: cosmic, biospheric and the reality of
the microworld. This concept was in modemn science held, for example, by Krumbein
(1990) who speaks about macroscopic, mesoscopic and microscopic areas (Bereich) of
the Untverse. According to this, one can talk about three space-times (Vernadsky, 1991,
pp- 46, 68). So space-time becomes the “vertical’ dimension if we regard the opposition
living-incrt as a ‘horizontal’ dimension.

This is one of the possible ways to restrict the inferences from the frames of the
biosphere and escape the ontological consequences of his empirical generalisations on
the nature of space-time. For, even if we assume, following thc ,.carly” works of
Vernadsky (1931), that the space-time of thc whole Universe is assymmectric, it does
not help us to solve the problem of relations between dissymmetry and symmetry of this
asymmetrical World. That is why, in all probability, Vernadsky in his late generalising
works talks about the space-time phenomenon mainly as it is represented in the
biosphere.

Such concem for detail was, also, in accordance with his epistemological and
methodological principles.

Thus he inevitably amrives at thc notion of a natural body. The latter combines two
properties, being a real object of investigation and a logical category at the same time.
This allows Vemadsky (1965, p. 17) to restrict logically the scale of the problems
discussed by the himits of a natural body. The introduction of the notion of a natural
body allows the following: a) to restrict the scale of the discussed problems by to thc
limits of the biosphere;, b) to elaborate concepts of {iving and inert natural bodies which
are of great importance for his theoretical system; c) to approach spacc-time as a natural -
body; d) to bind the properties of space-time with thc propetties of any given natural
body. Vernadsky (1991, p. 155) wrote in this context, that ,scientific thought and
scientific work proved the necessity of recognising space-time as a real, all-embracing
and unified natural body, beyond which scientific thought (which deals with reality)
cannot, for the time being, exist (perhaps it follows from the nature of things)*. Space-
time as a natural hbody turns out to be an object and a fundamental category of thc
descriptive natural sciences.

Thus, the whole theoretical construction is based on the thesis of the reality of the real
space and time of the naturalist. The fundamental question it raises is the following: to
what extent do the properties of the natural processes (bodies) reflect the properties of
space-time?

In order to answer this question in relation to space we should come back to the notion
of state of space. Vernadsky uses the term ‘state of space’, plausibly, in two mcanings.
The first meaning can be called general meaning and corrcsponds to the general
~geometrical situation”. As pointed out by Eliseev (1989), the state of space of a natural
body is reflected by its symmetry. In this sense, ther¢ are so many states of space as
natural bodies exist (Vernadsky, 1965, p. 174). Inthe narrow sense, a ‘state of space’
corresponding to a certain natural body will-be determined by the basic principle of
symmetry. This principle declares that the state of space of a natural body will be
determined by the minimum symmetry in its structure (Vernadsky, 1988, p. 379).
Dissymmectry of life corresponds, probably, to the special case of symmetry breaking,
because it is complctely out of the traditional laws of symmetry of inert bodies. Taking
into account the narrow sense of the term ‘state of space’ and the special meaning of
dissymmetry of Pasteur, we can undcrstand why the state of space of a living natural
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body in general will be characterised as dissymmetrical, although some elements of its
structurc are symmelrical and asymmetrical.

In relation to time the following should be said. It is known that Vemadsky was
influenced by the Eddington’s theory of time, but he accepted the ideas of Eddigton in a
very peculiar way: Vernadsky was impressed not by the thermodynamic explanations of
the ‘time arrow’, but by the idea of associating of the properties of time (and
accordingly of space) with the properties of a fundamental natural process. For
Vemadsky as the first biogeochemist it was clear, that the processes, which take place i
the inert ‘part’ of our planet, in the absence of life, are completely reversible. On the
contrary, irreversibility is intrinsic only in the phenomena and processes of living
natural bodics. What Vemnadsky extracted from Eddington’s work is similar to what A.
Gruenbaum calls the Leibniz principle, but in an altered form. Gruenbaum (1974, p.
197) phrases the Leibniz principle as follows: o 1f two states of the world have
precisely the same attributes, then we are not confronted by distinct states at different
times but merely by two different names for the same state at one time*. In Vemadsky’s
case we could replace ‘world’ by ‘hiosphere’ and ‘two states with the same attributes’
by ‘imaginary inert geochemical processes in absence of living matter” or, under certain
circumstances, by ‘two inert natural bodies’. If somewhat imaginary inert gecochemical
processes of the geosphere in absence of lving matter have precisely the same
attributes, then we are not confronted with distinct incrt natural processes but with two
different observations of the same. processes in a reversible, undirected time. The same
can be said abont separate natural bodies: time of the inert natural body is reversible,
because ,uall physico-chemical processes of inert naturak bodies are reversible*
(Vemadsky, 1939"). If we apply the same approach to the time of living natural bodies,
we arrive necessarily at the concept of an irreversible time.

A similar line of thought can also be applied to the analysis of spatial properties. From
the viewpoint of Vemnadsky, the notions that characterise, for example, the fundamental
spatial properties of a natural body (e.g. symmetry) would reflect the propertics of the
space itself and thercfore of time, because, thanks to the inseparability of space and
time, the characteristics of space and time must be mutually transformable. Then, the
answer to the question ‘Why is the time of living matter directed and irreversible?’, can
be formulated ‘Becausc the space of living matter is polar’.

2.1.5. The place of the space-time theory in the theoretical system of V.I Vernadsky

A space-time copstruct can be treated more or less as substantial, as dynamic, or as
relational. We have to answer in this connection the question: why does Vemadsky
choose specifically final point of view in answering the question about ‘the relationship’
between space-time and matter?

His position is determined by the whole logic of his scientific evolution and is closety
connected with the all-important principles of his theoretical system. It is not difficult to
demonstrate this point because Vernadsky many times referred to it in his works of the
30s and 40s. This was a time peniod, in which his most significant theoretical books
weeientific Thought as a Planetary Phenomenon® (1938) and ,,The Chemical Structure
of the Biosphere of the Earth and of its Environment* (1940-1944) were writien.

The space-time theory of Vemnadsky is required to prove the thesis of the cardinal
difference betwcen living and inert matter and, hence, the indeducibility of the
biological processes from the separate set of physical-chemical laws. The problem of
the cardinal differcnce betwcen living and mert matter is, in its turn, connected with all
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theoretically important claims of Vemadsky’s theory of the biosphere: (i) the first,
second and third biogeochemical principles, (ii) the Redi principle, (iii) the concept of
the evolution of the biosphere, (iv) the classification of substances in the biosphere, and
(v) the noosphere concept.

The hereditary character of the dissymmetry of living matter is explained stepwise by
the Curie-Vernadsky (dissymmetry) principle. A dissymmetrical effect can be brought
about only by a dissymmetrical cause.” Hence, tatking about both ‘a cause’ and ‘an
effect’, we are tatking about dissymmetrical space-time as a cause and an effect in itself.

We can also say that the dissymmetry principle is comect if the transition from a
dissymmetrical space-time to a symmetrical one is impossible without the loss of its
own identity (substantial characteristic). However, such a transition from a
dissymmetrical state of space-time into a space-time of the incrt environment can be,
according to Vernadsky, constantly observed. It is death. The transifion from a
symmetrical state of space-time to a dissymmetrical state of space-time is impossiblc.

In the Vemadsky's theoretical system, the Pasteur-Curie principle brings about, with a
togical inevitability, what Vernadsky calls the Redi Principle: Omne vivum e vivo [all
life from life]’. The Redi principle (F. Red:i, 1626-1697), in tum, proves the
dissymmetry principle: we observe multiplication, hence, we observe the reproduction
of dissymmetrical space-time.” In other words, multiplication is required by this
principle. If there were no impassable boundaries between living and non-living matter,
we could observe abiogenesis, i.c. the origination of living matter from non-living
matter as & trivial process in the biosphere. The imcversibility of the biological
proccsses follows, also, the dissymmetry principle, because the space-time of living
matter, being dissymmetrical, is described by polar vectors.

The Curie-Vernadsky principle also requires the necessity of the spreading of life
which is accompanied by the production of free energy which Vemadsky calls
‘biogeochemicul energy’ and by biologically controtled migration of atoms (Vemadsky,
1991, p. 171). The energetic-spatial-tcmporal difference between living and inert matter
causes the biogenic flow of atoms which is the very subject of biogcochemistry and is
described by Vernadsky's biogeochemical principles. Thus, the biogeochemical
principles (see: 2.3.6.) describing the increase of biogeochcmical energy in the
biosphere (Krumbein & Lapo, 1996, p. 123) are also connected with his space-time
theory.

7 Vernadsky knew that a version of this principle was also formulated by F. R. Japp (Vernadsky, 1965,
p. 198) in the following form: ,.Only asymmetry can beget asymmetry" (Japp, 1898, p. 458). D’Arcy
Thompson, in his fundamental work about symmetry in nature, remarked concerning this proposition of
Japp: ,.In these last words (which, so far as chemist and biologist are concemed, we may acknowledge to
be true) lies the crux of the difficulty” (Thompson, 1961, p. 138). Nevertheless, Vemadsky called this
principle - the principle of Pasteur - Curie. This is, plausible, because of the widcly-spread belief in the
vitalistic views of Japp.

# Vernadsky made a mistake. The Redi principle sounds “ex ovo omnia” (all life from egg) (Jahn, 1998,
p- 228). Vernadsky used a version of this principle coined by Pasteur.

? The idea of an essential connection between self-replication and dissymmetry is, in a certain sense,
self-sufficient and can be included in opposing theoretical systems (see 3.1.). For example, V. Goldanskii
and his colleagucs go the same way working out the theory of abiogenesis: . The coexistence of two
typical properties of living systems that are unique from the standpoint of physics, namely, self-
replication and homochirality, and only these two properties, atready predetermines the path of pre-
biological evolution* (Goldanskii & Semenov, 1992).
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In the theoretical world of Vernadsky, the peculiarity of the biological space-time is
also connected with the evidently irreversible character of evolution and with the so-
called Dana generalisation (1. Dana, 1813-1895). Studying the Crustacea, Dana (1972,
pp. 1396-1397) formulated a principle: “the higher centralisation of the superior grades,
and the less concentrated forces of the interior... This centralisation is literally a
cephalization of the forces”. Vernadsky (1991, pp. 21-22) reformulated this principle
and stated that with the course of geological time the central nervous system of some
species appear to be more and more perfect (cephalization). Human reason and a new
level of organisation connected with it, are results of ccphalization. The process of
cephalization goes only in one direction and, hence, is expressed by the polar time
vector, i.e. it is irreversible. The thesis of the irreversibility of evolution, in its tumn,
plays an important role in the theoretical apparatus of the noosphere-concept of
Vernadsky (see 2.3.10. and 3.1.3.).

The impossibility of abiogenesis, as a general rule in the biosphere, also follows from
his space-time theory (Vernadsky, 1965, pp. 24, 201). That is why the view of some
authors, that Vernadsky by the end of his life was close to accepting abiogenesis, cannot
be well-founded (Yanshina, 1994, p. 654, Yanshina, 1996, pp. 94-100).

It is also easy to see that the space-time theory plays a central role in Vernadsky’s
definition of the biosphere as a bioinert natural body (Vemadsky, 1991, pp. 167, 168)
and not as an organism or super-organism as it is represented in the concepts of James
Lovclock (1996) and Elisabeth Sahtouris (1996).

Ignorance of Vernadsky's space-time theory leads to incorrect interpretations of the
important aspects of his theoretical system. For example, L. Margulis and D. Sagan
(1993, p. 47) ignorant of Vemadsky’s space-time theory claimed that ,,Vernadsky
dismantled the rigid boundary between living organisms and a non-living environment.*
That is correct only in the sense that living matter is the most powerful geological force.

I generally agree with E. Sahtouris’ view (1995), that Vemadsky’s ,,concept of living
matter is the same as Lovelock’s concept of ‘biota’ - the sum total of living creatures,
contrasted with the ‘abiotic’ or non-living environment.” I do not agree, however, with
her interpretation of the shades of meaning of these terms in the works of Vemadsky.
Sahtouris maintains that in Vernadsky’s concept of living and inert matter (biota and
non-living environment), the emphasis is on geological continuity on each as a
transformation of the other, whereas in Lovelock’s concept, the emphasis is on their
interaction as separate parts of a working system.

As we have seen, in Vemadsky’s work, the living and the inert natural bodies of the
biosphere are kept well separated from one another by the spatial-temporal specificity of
living matter. The border is clear and sharp. Two worlds (living and non-living) are
connected only by the biogenic flow of atoms (Vernadsky, 1988, p. 295). This flow of
atoms, as the constant interaction between two kinds of matter, is essential precisely
because of the separation of the two systems.

In conclusion, I would like to remark that the importance of the dissymmetry principle
for Vernadsky can also be seen from another point of view. If we assume that this
principle has the nature of a2 fundamental law, life would be a regular, non-sporadic,
perpetual phenomenon in the Universe (Krumbein & Lapo, 1996, p. 127, Aksenov,
1996, p. 49).



2.2. PHILOSOPHY OF SCIENCE IN THE WORK OF V. I. VERNADSKY

2.2.1. Introduction

It was noted already (Kolchinsky, 1990) that some theoretical concepts of Vernadsky
can be seen as inconsistent and controversial. Yet his philosophy of science is probably
the most controversial part of his theoretical system:
Our main concern in this chapter is the reconstruction of the approaches to the
- philosophy of science of Vernadsky pointing out the role that philosophy of science
plays in his whole theoretical system. Also some contradictions and inconsistencies in
Vernadsky’s philosophy of science will be shown.

2.2.2. The nature of science: scientific thought as ua planetary phenomenon

The concept of scientific thought as a natural planetary phenomenon is the basic concept
of Vernadsky’s philosophy of science and is directly or indirectly connected with alt
parts of his theoretical system. How did he come to this idea? The most accentuated
topics of Vemadsky were the idea of the cosmic nature of lifc (Aksenov, 1993) and the
noosphere concept. Vernadsky deeply believed in the parish of a noosphere (see 2.3.10).
Already in 1922, before he adopted the term ‘noosphere’ from Le Roy (during his
staying in Paris), Vernadsky wrote in a letter to his son: ,Besides, 1 believe and,
moreover, scientifically know about the coming of great changes in the content of life
‘due to the influence of the growth of scientific knowledge (Kolchinsky, 1998, p. 9).
Later he transformed this belief into the noosphere concept and tried to argue that this
belief can be proved by means of the natural sciences he dealt with.

Science plays the main role in the noosphere: ,,The main geologica! force creating the
noosphere is the growth of scientific knowledge” (Vernadsky, 1991, p. 43). The
noosphere is a realm of science. In this connection Vernadsky mentions, not without
reason, Plato’s concept of a city-state controlled by scientists. In Vemadsky’s case, the
whole planet tums out to be a “city-state’. The main objective of Vernadsky is to show
the inevitability of the coming of the noospherc and to attach to this process the
meaning of a natural process governed by natural laws. In line with this, he must
legitimise the dominant role of scientific thought in the noosphere. And here the claim
of the natural character of scientific thought is useful. The biosphere transforms itself
into the noosphere with the help of scientific thought and it is a natural process. The
more fundamental the role of living matter in the universe, the deeper the cosmic roots
of science turn out to be. This point connects the idea of the cosmic nature of life and
the philosophy of science of Vernadsky. In this context natural means for Vernadsky
also inevitable, lawful. The process of transformation of the biosphere by scientific
thought is a regular, directed process. In this point Vernadsky’s philosophy of science
overlaps his space-time theory, namely, the concept of dissymmetry of time.

Admittedly, one can pose the question: why is it scientific thought and not
phitosophical or religious thought that should most deserve our confidence? In order to
answer this question, Vernadsky created the concept of the demarcation of science and
non-science which I will discuss in the next section.

Vemnadsky presents his mature concept of science as a natural phenomenon most
extensively in the book ,,Scientific Thought as a Planetury Phenomenon' (1991, 1997),
written in 1936-38. However, he started thinking in this direction much earlier. In a
rough draft of the book about living matter (1916-17), he draws a parallel between the
geochemical influence of living matter and the human influence on the geochemistry of



34

Earth (Sytnik et. al., 1988, p. 252). Ten years later (1927) in the plan for the unfinished

article ,,On the Border of Science. Space of the Natural Sciences and Space of
Philosophy and Mathematics™, Vernadsky (1988', p. 215) made one more step and
noted: ,,Consciousness as a natural force*, This was 10 years before Vemnadsky used the
term ,,noosphere* for the first time and in the same year when the term was first coined
by Edouard Lc Roy (Lc Roy, 1927).

Vernadsky’s concept of science as a planetary phenomenon develops along three basic

lines:

1.

If one takes into consideration the results of scientific crealivity, science lics in the
coursc of the natural evolution of the biosphere. The evolution of the biosphere
moves in the direction of increasing the biogenic migration of atoms. Scientific
thought accelerates powerfully the biogenic migration of atoms. Hence, the
objective manifestations of science can be secn as. the continuation of the natural
course of the biosphere. Vernadsky (1965, p. 280) calls the biogenic migration
accelerated by science the biogernic migration of the third kind. From this viewpoint,
the history of humankind is interpreted as a natural phenomenon of great geological
importance (Vernadsky, 1991, p. 39; 1997 p. 54).

One can point out the analogies between the evolution of species and the evolution
of scientific thought (Vemadsky, 1991, pp. 43-44):

,,G. Sarton showed in his book, that since the VII century A.D. (taking into consideration
50-year periods and not only Western European civilisation but mankind in its entirety)
the growth of scientific knowledge was incessant. And sinee then, with short
intermissions, the rate of this growth was becoming swifter.

It is curious that this is the same type of growth curve that one observes in ihe
paleontological evolution of living animal matter, namely in the growth of the central
nervous system",

Scientific cognition as a geological process manifests ,,spontaneity*. This means
that it is not an artificial, consciously programmed process. An example, of
»Spontaneity* is the ,explosion” of scientific thought in the 20th century. The
»Spontaneity“ of this ,.explosion” should serve as evidence of its naturalness and,
hence, tawfulness: ,,‘The explosion’ of scientific thought in the 20th century was
preceded by the entire previous history of the biosphere and has its deepest roots in
that structure. It cannot cease and reverse® (Vemadsky, 1991, p. 40). Vernadsky
considers that in the growth of scientific thought in the 20th century, onc can see its
planetary, ,,alien to us“, character, He approachcs the growth of science as a
manifestation of the structure of the biosphere that reveals to us the new features of
its organisation (Vemadsky, 1991, p. 39; 1997, p. 54).

Along these line Vernadsky comes to the following conclusions:

1. Scientific activity is the force by means of which man changes the biosphere in
which he lives.

2. This manifestation of the change in the biosphere is an inevitable process
accompanying the growth of scientific thought.

3. This biospheric change is a natural process and takes place independently of
human will.

4. The appearance within the biosphere of a new modifying factor, that is, of the
scientific thought of humanity, is a natural process of the transition of the
biosphere into a new phase - the noosphere.

5. This reveals to us a new ,,law of nature™ (Vernadsky, 1991, p. 51; 1997, p. 69-70).
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Cur view is that this concept of Vernadsky follows his intuition rather than rationally-
based conclusions. None of the threc outlined ways of arguing were developed into a
mature conceptual structure.

Argument (1) can be called a ,biogeochemical argument*. I examine this argument in
the context of the noosphere concept in the section 2.3.10.

In order to examine this argument in the context of Vernadsky’s philosophy of
science, we can teverse the problem and pose the following question: what would the
claim of the ,nen-planetary”, ,anti-natural“ character of scicntific thought mean? No
natural scientist contests that the mental apparatus is the result of the evolution.
Vemadsky argucs that scientific thought is a natural (planetary) phenomenon because
the process of scientific creativity lies in the main stream of the evolution of the
biosphere. Hence, the origin and development of scientific thought must be determined
by planetary (cosmic) laws. Accordingly, scientific thought would appear ,,unnatural*
for Vemadsky, if it were opposcd to nature in its manifestations. Vemadsky could not
be unaware that such mantfestations took place. He witnessed the First and Second
Werld Wars. Science was placed at the service of obviously destructive forces.
However, Vernadsky believed that all these are temporary deviations from the main
stream of development of our civilisation, which he defined as the way to the
noosphere. Any living being shows elements of unnaturalness because it is opposed to
nature in the scnse that it has an ,,ideal purpose to concur with the whole planct and
adapt it to its own servicc. If it happened, it would be fatal for a species. Nevertheless,
any bacteria in the absence of natural restricttons would occupy the whole planet. L.
Margulis and D. Sagan (1997} provide an illustrative example of the ,innaturalness” of
natural processes in the history of the biosphere describing the ,,0xygen holocaust®.

Where Vemadsky’s philosophy of science evidently terns too speculative, however, ts
in holding that scientific thought is a natural and, hence, a /awfisl phenomenon. First, the
quantitative characteristics of the biogenic migration of atoms as they are say little about
the content of this process. The human mind differs from its environment with regard to
its reflective nature which give humans a certain freedom of choice. The evident
geological influence of humankind does not make the distance between man and naturc
shorter. Second, Vemadsky did not examine the question, whether the acceleration of
the biogenic migration should have natural limits (see 2.3.10 for the details). Couldn’t
an extremely accelerated rate of the biogenic migration of atoms lead to the beginning
of destructive processes? Shouldn’t a period of intensive acceleration be replaced by a
period of a stable rate of biogenic migration? Without answering these qucstions, we
cannot judge the naturalness or unnaturalness of the geological influence of man.

Argument (2) in its most general form is close to the ,,weak* Popperian (1974) version
of evolutionary epistemology. In both cases a parallel is drawn between the evolutionary
process and the development of science. Vemadsky, however, does not draw the
parallels with the processes of variation, selection and fixation as analogies to the
scientific evolution. Theories and hypotheses play a secondary role in Vernadsky’s
methodological hierarchy. He mentions irreversibility and acceleration as analogies
between the evolution of the biosphere and the evolution of science. However, these
analogies are quite weak and do not prove that scientific evolution is the continuation of
biological evolution. The analogies do not show that the two processes are akin,

Argument (3) is the weakest of the three outlined arguments. The ,.explosion” of
scientific creativity in the 20th century is indeed a spontaneous process. It was not
consciously programmed by humans. Yet this ,explosion” can be explained from
different viewpoints (e. g., theory of information, sociology) without resorting to
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geological explanations. This ,,cxplosion* cannot be seen as an evidence for naturalness
of scientific thought. It is also not an argument in favour of lawfulness of the origin of
scientific thought.

The basic problem of the whole complex of arguments is the vanishing of the border
between naturalness and unnaturalness. Indeed, if human thought is natural, then there is
nothing unnatural, nothing non-planetary on the planet Earth. Hence, there is no sense in
opposing planetary and non-planetary phenomena. The category ,.unnatural® loses its
sense. Distegarding such juxtapositions as Nature - Scientific Thought, Nature -
Technology leads to the impossibility of recognising the sovereignty of Nature.

Vemadsky’s claim (1991, p. 40) that man s ,,a definite function of the biosphere* and
that he ,,in all his manifestations is a definite lawful part of the biosphere structure® can
be compared with the concept of K. Marx that man is a function of the production
relations. In both cases one is faced with the evident contradiction between the free will
of man and his ,,functional* dependence on a superhuman phenomenon.

2.2.3. The demarcation of Science, Philosophy and Religion

The problem of the demarcation of science and non-science in the late (1930s - 40s)
works of Vernadsky appears in connection with two objectives: (a) to show the
privileged place of science among other forms of cognition and (b) to protect scicnce
against the encroachments of the Marxist-philosophers. However, in the relatively early
works, written by the beginning of the 20th century, Vernadsky cxamined: the problem:
of demarcation in ctose connection with the question of the mutual influence of science,
phitosophy and religion.

In 1902 Vemadsky wrote an article entitled ,,On Scientific Worldview* (Vemadsky,
1988', pp. 42-80). In this article he develops a relatively detailed concept of the
demarcation of scientific knowledge from philosophy and religion and introduces the
important notion of a ‘scientific worldview” (Weltanschauung). Scientific worldview is,
according to Vernadsky, a picture made of key scientific methodological principles, the
most important generalisations and discoveries, and the laws of logic and mathematics.
It is a certain attitude of the scientist toward the world which influences the
development of science as a whole. The scientific worldview of a certain epoch
inevitably contains errors. For example, the views of Ptolemeus on the Universe in his
epoch were false as we know now, but it was, nevertheless, a scientific worldview
(Vernadsky, 1988). Scientists, who worked in the frames of Ptolemean system, used
strictly scientific methods and developed an extensive technology of scicntific devices.

The most important aspects of our contemporary scientific worldview arose from
religion, philosophy, art, and cveryday social life. The aspiration of contemporary
science to express everything in numbers came from music. The search for numerical
harmony penetrated science in thc form of a concept of music through the school of
Pythagoras. Number plays in contemporary science the same mystic role as it played in
antic religious cults. Scientific reason rests on its laurels when it finds numeric
proportions. It ts noteworthy that Vemadsky (1988, p. 54) remarks in this connection
that the ,,mathematical constructions* are the ,,ideal creations of our reason*. Thus the
wide-spread concepts of contemporary science such as atom, energy, force, and heredity
penetrated science from the other forms of intellectual activity.

At the same time, Vernadsky emphasiscs that non-scientific views have remained in
science only because they went through the crucible of the scientific method. But what
does , scientific method* mean? Vernadsky writes about inductive and deductive logic,
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empirical evidence for every scientific statement, and the logic of facts. But why do
scientists believe in inductive logic? Vernadsky himself gives the cxample of
Copernicus and Nikolaus Cusanus, who believed that a sphere would continue its move
eternally being once moved, because the causc of movement is the form of sphere. It is
evident now that they provided the wrong explanation, but they achieved their degree of
vnderstanding utilising strict scientific methods. Why should we believe in scientific
method, if it provides the erroneous explanations? Surprisingly, this question does not
arisc in the early work of Vernadsky.

Examining the key conecpts of modern science, he comes to the conclusion that the
cessation of any creative function of the human mind (art, philosophy, religion) would
retard the development of science. He claims that in the historical perspective, we do not
know pure science without philosophy. Philosophy penetrates scicnce and will never be
replaced by science (Vernadsky, 1988).

The latter does not prevent Vemadsky from considering the principle difference
between scicnce, philosophy and religion. He claims that some aspects of the scientific
worldview are generally obligatory for all people, for every philosophy and religion.
Vemadsky considers these aspects as scientifically valid parts of a ,scientific
worldview*. In contrast to science, neither various philosophies nor religions can be
brought together to form a philosophical or religious unity.

All scientific claims which coincide formally with reality are obligatory for everybody
(Vernadsky, 1988, p. 66). Vernadsky gives examples of such scientific claims: some
statements of mathematios (2 x 2 = 4), the concept: that the Earth moves around the sun
and so on. It is notewortlry that some pages later, he gives an interesting example of an
evidently truc scientific concept: the wave theory of ether of O. Fresnel (1788-1827) and
T. Young (1773-1829). This theory is regarded now as unnecessary. The example shows
the main problem of Vernadsky's concept of scientific truth. In many cases it is difficult
to be sure that we havc enough evidence in order to say that our concept ,,coincide” with
reality.

This early version of Vernadsky’s concept of demarcation seems to be inconsistent.
For example, he states: ,,A triemph of any scientific concept and the including of it into
the scientific worldview do not prove its veracity* (Vemadsky, 1988, p. 71). Compare
the latter statement with what he claims on the same page: ,Scientific truths are
incontestable” (Vernadsky, 1988, p. 71). Moreover, Vernadsky’s claim of the
indisputability of scientific truths which formally coincide with reality, is tncompatible
with his own attitude to what he calls dualism. He claimed that a strictly objective
observation of the natural processes by a scientist is only a fantasy generated by the
everyday scientific work (Vernadsky, 1988, p. 48). In reality a scientist is a part of the
world he explores, a part of his research subject. But if a scientist is only a mutable part
of the mutable world, how could he produce the immutable truths?

Vemadsky draws the demarcation line between science proper and non-science, and
between science and philosophy in particular, somewhere inside of what he calls the
scientific worldview. He emphasised that it is sometimes very difficult to identify this
line: ,Peering and going into a sophisticated mosaic of contemporary scientific
worldview it is difficult to decide what in this worldview can be referred to as alien to
scientific areas of human thought and what can be regarded as a result of pure scientific
thinking* (Vernadsky, 1988, p. 416). All forms of spiritual activity play an important
role in the development of science. Philosophy plays an especially important role: ,,An
apparatus of scientific thought is crude and imperfect; it is improved, most of all, by
means of the philosophical work of human consciousness” (Vernadsky, 1988, p. 72). In
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line with this, Vernadsky stressed in 1902 the importance of philosophy for the
improvement of scientific methodology and places philosophy and religion partially
inside the scientific worldview.

The mature views of Vemadsky on the problem of demarcation are presented most
extensively in the book ,,Scientific Thought as a Planetary Phenomenon'. During the
years between these two works (1902-1938), Vemnadsky founded geochemistry and
biogeochemistry and created the biosphere and the noosphere concepts. It is intcresting
to note how his views on the subjeet changed over lime. :

In order to complete his biosphere-noosphere theory, Vernadsky needed a theory of -
science which could substantiate his claims aboul science as the unifying intellectual
basis of the noosphere. He wrote; ,,We now go through an epoch of a major break
through® (Vernadsky, 1991, p. 63) Vemadsky meant the transition to the noosphere.
Philosophical thought showed its incapability for scrving as a foundation of intellectual
and spiritual unity. There is only one science for the whole mankind, while the
phtlosophies are manifold and they have developed independently during the centuries
(Vernadsky, 1991, p. 81). Besides, a philosophy is closely connected with the type of
personality of tts creator. Because of this, philosophy cannot solve the problems:
»Philosophy never solves the enigmas of the world. It is looking for them™ (Vernadsky,
1991, p. 77, 1997, p. 103).

Also religious spiritual unity is said to be an utopta. Neither can political thought lead
to the unity of mankind. In the midst of spiritual crisis science manifested itself as a
candidate for the role of the unifying factor. It is the best candidate, because, according
to Vernadsky, science is an objective natural, geologicat foree. It is the manifestation of'
the totality of human thought in human society (Vemadsky, 1991, p. 47). By the
beginning of the 20th century, science manifested ifself in two forms: a) in a form of
logical obligatoriness and indisputability; b) in a form of ‘vniversality’ (from ‘the
Universe’) as a force creating the noosphere.

Vernadsky develops his initial vague idea of the indisputable aspects of the scientific
worldview into the concept of the indisputable aspects of science. The indisputability of
science is tied up with a relatively small segment of scientific knowledge, which covers
logic, mathematics and the apparatus of scientific facts and generalisations (Vernadsky,
1991, pp. 95, 96). Empirical generalisations build the foundation of science (Vernadsky,
1991, p. 96):

»The main significance of theories and hypotheses is iltusory. Notwithstanding their
enormous influence upon scientific thought and scientific work at a given moment, they
are always more transient than the indisputable part of science which represents scientific
truth and survives hundreds and thousands of years, and is perhaps even a creation of
scientific reason which transcends the limits of historical time (as something ,eternal®
invariable in geological time).*

>

In the course of time, theories and hypotheses will be replaced by empirical
gencralisations (Vernadsky, 1988', p. 281). At the same time, Vernadsky does not
constder these ,,indisputable scientific truths” to be absolute truths: ,.In science we do
not deal with absolute truths but with unquestionably exact logical conclusions and with
relative assertions whose cotrcctness varies within definite limifs. Within the limits,
these assertions are equivalent to the logically unquestionable inferences of reason*
(Vemadsky, 1991, p.116).

Scientific apparatus is defined by Vernadsky’s as follows: , I call ‘scientific apparatus’
a set of natural bodies and phenomena expressed with a quantitative or qualitative
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exactncss and created in the 18th, and mainly in the 19th and 20th centuries as a base for
all our scientific kmowledge” (Vernadsky, 1991, p. 67; 1997, p. 91). Scientific
apparatus, according to Vernadsky, was created in the last three centuries.

Logic, mathematics and scientific apparatus of empirical facts provide science with
mdisputable truths (Vemadsky, 1991, p. 93):

»There is one radical phenomenon that defines scientific thought and distinguishes,
clearly and simply, scientific results and scientific conclusions from the assertions of
philosophy and religion: this is the obligatoriness and indispuwiability of the correctly
made scientific conclusions, scientific assertions, concepts and.inferences®.

However, in contrast to the axioms of geometry, the obligatory nature of scientific
truths is not self-evident and must constantly be reconsidered. This is the content of the
everyday work of a scientist (Vernadsky, 1991, p. 94). This distinguishes science from
phitosophy and religion and this distinction puts science in 2 special place and defines
its place in the noosphere. Due to this, science should be free of any form of control by
philosophy or by religion.

With the exception of logic, mathematics, and scientific apparatus, the rest of science
shows no indisputability. Science as it cxists in reality is always penetrated by alien
philosophical, religious, soctal and technical concepts. The revision of these concepts is
the important task of the science history (Vemadsky, 1991, p. 47). In its entirely,
science is not a logically eoherent system of knowledge consciously determined by
scientists. It is essentially a dynamic fluctuating equilibrium: ,,The system of science
taken in its whole is always imperfect from the logical-critical viewpoint” (Vemadsky,
1991, p. 47). Only the rationalistic or mystic construction of the philosophical systems
may be really logically wel-balanced. Vernadsky (1991, p. 48) concludes: ,,Thus
science is far from being a logical construction or truth-searching apparatus. One cannot
perceive scientific truth by logic. It can be perceived only by life". Scientific thought
develops in the midst of life and is inseparably tied to it. A professional scientist is only
one of the creators of science. Sometimes the crucial hypotheses, (heories, and
generalisations were made by individuals who were led by considerations alien to
science. In this context, Vernadsky introduces the term ‘environment of science’. The
term implies not only scientific search of separate individuals alien to science, but atso
the influence on science of the important social and cultural events (e. g., the discovery
of America, the fall of the Persian Kingdom and of the Chinese empires, the victory of
the Christian churches). Thus, a part of scientific creativity proceeds from activity
outside the consciously organised scientific work. Science camnot exist without
simultaneously existing scientific organisation and scientific environment (Vemadsky,
1991, pp. 48-49). It also cannot exist without philosophy, because philosophical
analysis of the abstract scientific notions is necessary for the scientific investigation of
new research areas.

Thus, Vemadsky repeated some of his ctaims about the importance of philosophy to
the development of science which he made in 1902. However, in the 30s he tried to take
both philosophy and religion out of the context of science: ,,The primacy of scientific
thought in its area, that is in scientific research, always exists independently of whether
this primacy is recognised or not. Proper scientific statements are generally obligatory.
This does not depend upon our will”® (Vernadsky, 1991, p. 46).

In his concept of ‘scientific worldview’ (1902), the co-existence of science and
philosophy inside the scientific worldview was a norm of scientific development. In that
time Vernadsky stressed many times the impossibility of taking philosophy out of the
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realm and placed philosophy not inside of the scientific worldview but outside of
science, in the scientific environment. He abandoned his concept of thc ‘scientific
worldview’ in order to show more clearly the principle difterence between science and
other forms of cognition. This is tied up (1) with the role of science in the noosphere-
concept and (2) with attcmpts of Vernadsky to defend science from the invasion of
Marxist philosophers. ’

Our view is that the contradictory character of Vernadsky’s concept of demarcation
manifested itself in 1938 in the noosphere concept even more clearly than in 1902.

First of all, his claim of the indisputability of logic and mathematics can be opposed to
his views on the nature of scientific thought. Human reason is subject to evolution:
».Even now one may ascertain that the main principle of every philosophy, the
absolute immutability of reason and its effective inalterability, does not correspond to
reality (Vernadsky, 1991, p. 69; 1997, p. 93-94). According to Vemadsky, Homo
Sapiens is not the crowning point of creation, the owner of a perfect thinking apparatus.
He is only an intermediate link in a long chain of beings which cxisted in the past and
will exist in the future. For a naturalist, human reason is only a transtent phenomenon of
the cognitive apparatus in the biosphere (Vernadsky, 1991, pp. 100-101).

Such views of Vernadsky might lead him to extreme forms of relativism, but in the
case of Vemadsky, they co-exist pcacefully with the conclusion about the
indisputability of logieal and mathematical truths. Partly it is due to the specific concept
of logic which was elaborated by Vernadsky (see below: 2.2.4).

Further, Vernadsky’s views on demarcation contradict his own concept of scientific
thought as a planctary phenomenon. Scientific thought is, according to him, a function
of the biosphere. In line with this, he makes the inference that logic of natural science is
also a function of the biosphere and is closely connected with this geological envelope
(Vernadsky, 1988, pp. 282-283). This means that this logic, which Vemadsky
proclaimed as incontestable, should be adapted, first of all, for the cognition of that part
of reality where and when it functions. One cannot be sure that this logic provides us
with knowledge of more fundamental nature then theories and hypothesis. The
nempirical generalisations”* made by means of this ,logic™ must be as transient as
theories and hypotheses. Vernadsky seems to be aware of this. He writes: , They
[empirical gencralisations - auth.] eonstantly change and deepen with the course of the
development of natural science" (Vernadsky, 1988, p. 280). However, Vemadsky did
not pose the question: how may empirical gencralisations constantly change and be, at
the same time, constantly indisputable? What does it mean to be indisputable in that
sense? He also did not answer the question: why should we take the statements of
mathematics as indisputable? Are mathematical and logical theories and hypotheses
fundamentally different from theories and hypotheses of, for example, physics?

Thirdly, Vernadsky did not elaborate the problem of the connection between the
windisputable’ parts of science and its disputable parts, i.e. theories and hypotheses.
How could a science constituted by logic, indisputable statements of mathematics and
~empirical generalisations evolve? Vernadsky stresses that theories and hypotheses
sometimes help us to get cmpirical generalisations, but where is the border between the
cmpirically based theories and empirical generalisations? Why should we believe that
mathematics and logic are able to reflect ,,objective reality and operate properly with
empirical facts? After all, what does ,,empirical fact* mean? It is noteworthy that in a
little article written between 1920 and 1927, Vemadsky remarked (1988', p. 217):
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«Everyone of us knows how incomplete, insufficient and only partiafly reflecting of
reality are all mathcmatical and logical rules having been elaborated by centuries-old
scientific and philosophical work. Every attempt to achieve a complete logical definition
of the conditions for discovery of a scientific fact as well as the attempts to define what a
scientific fact is and what it is not doomed to failure®.

How can one reconcile the above with the thesis of incontestability of mathematics
(Vemadsky, 1991, p. 107)? Moreover, Vernadsky stressed many times that natural
sciencc as a whole must be logically incoherent, because owr logic is only a ,rational
net*, which we throw on reality.

Vemadsky does not answer these questions. He, plausibly, did not realise the
difficulties of his theory of demarcation, because he was concentrating on the
elaboration of the noosphere project. According to this project, he had to find a durable
foundation for the future consolidation of mankind in the noosphere. He saw science as
the candidaie to play this role. That is why the claims of science must be widely
acceptable, indisputable and detachable from the propositions of philosophy and
prophecies of religion. On the other hand, he had to show that science is a natural
phenomcnon and, hence, the appearance of the noosphere will be a natural, inevitable
process. Vernadsky was not succcssful in combining these two ideas within the
framework of his theoretical system.

2.2.4 Logic and Methodoefogy of Science

2.2.4.1. How does science obtain its knowledge?

The views of Vernadsky on logic and methodology of science are vague and sporadic
and it is difficult to reconstruct them and present them as a unified detailed concept. He
never had the aim to create a systematic logic and methodology of science, although he
planned to write a special articlc (Vernadsky, 1988', p. 437) on the subject and made
some extensive comments about it (Vernadsky, 1988', pp. 198-203). In his late works,
Vernadsky once again came to this problem and, thus, in his different works, one can
find his statemenis on the logic and methodology of science. I will, first, gather his
statements on the subject and they will be bnefly analysed.

Vernadsky (he mentions in this connection Ch. Peirce’s (1839-1914) Principles of
Philosophy) holds that there are two kinds of logic in science. The first kind of logic
originatcs with Aristotle. This is a logic of words, a logic of reasonings. This is a logic
of common sense elaborated by generations of the Greek philosophers. It has prevailed
in Western Europe for centuries.

The second kind of logic originates from Democritus. It is a logic of things, the logic
of natural bodies as contrasted to the logic of words. This logic describes the real
relationships between natural bodies and their place in the structure of natural science.
The meaning of a term (word) in this logic can evolve in the course of time, sometimes
with remarkable speed. For example, the meaning of the term ‘water’ in the usage of
Van-Helmont (1577-1644) differs from the term ‘water’ as we use it today (Vernadsky,
1965, p. 175). The example shows how one term can bave two different meanings and,
hence, what scems to be logical in operating with the first meaning of the word can be
illogical in operating with its second meaning. Following, the logic operating with the
concepts-things must be distinguished from the logic operating with abstract notions
(Vernadsky, 1991, p. 116). 1t is this logic of the concepts-things that is proper to
descriptive natural science. Vemnadsky claims that it is not what the philosophers, for
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example, J. S. Mill (1806-1873), call an inductive logic. Naturalists, who use this logic
spontaneously, come once again to this method examining natural bodies using
scientific symbols and terms. Vernadsky gives one more example of the difference
between the two forms of logic: the concept of space-time. Philosophers analysed the
properties of space and time by means of the analysis of the words ,,space* and , time".
Analysing these words, they could also come to the concept of space-time (Palagyj}), but
the statements of philosophy are not provable by mcans of philosophy itself. Onty
scientists succeeded in proving the existence of a real unified, all-embracing space-time;,
above all, by their everyday scientific work. Vemadsky sees in this point the difference
between the logical work of the scientist and that of the philosopher. The latter cannot
come out of the limits of the concepts-words (Vernadsky, 1991, p. 151).

In addition to Ch. Picrce, who has not elaborated the idea of the two logics
systematically, Vernadsky was evidently influenced by the idcas of H. Bergson.
Bergson stated (1969) that our logic has been developed on the basis of symbols
reflecting the relationships between rigid natural bodies. However, in contrast to
Bergson, Vernadsky extended this idea to all kinds of natural bodies.

Vemadsky's idea of the logic of concepts-things is based on his notion of empirical
generalisation. An empirical generalisation is a generalisation based on empirical facts
which does not go further than the facts themselves and follows the logic of the
relationships between the natural phenomena. Every new concept, which is put forward
by an .empirical generalisation is logically obligatory. If an empirical generalisation
coniradicts a theory, onc must change or give up the theory. Vemadsky distinguished’
two kinds of empirical generalisations. Generalisations of the first kind are extracted
from the ,raw material of empirical facts“ and have nothing in common with the
inductive logic of philosophy (Vernadsky, 1988', p. 287). This kind of empirical
generalisation composes, for example, the great bulk of crystallography as a modelling
of the ideal natural and synthetic crystats. The principle of symmetry and the periodic
system of D. Mendeleev are cxamples of empirical generalisations of the first kind.

Vemadsky did not give a clear definition of emptrical generalisations of thc second
kind. However, the whole way of his thinking shows that by generalisations of the
second kind he meant the generalisations made on the basis of empirical generalisations
of the first kind (generalisations made on the basis of the ,raw* empirical facts). An
example of such a generalisation is the folowing statement: ,,There are no transitions
between the living and inert bodies of the biosphere; thc boundary between them is
sharp and clear throughout geological history* (Vernadsky, 1991, p. 167). This
generalisation is based on some other empirical gencralisations such as the
generalisations of spatial, temporal, energetie, and chemical properties of living and
inert natural bodies.

Vemadsky also used the term ,,empirical principle®, which can be defined as the most
wgeneral” generalisation of the second kind. He stated that three empirical principles lay
in the foundation of the contemporary natural sciences (Vernadsky, 1980, p. 112):

- the Principle of conservation of mass (Newton, 1678),
- the Principle of the Cosmic nature of life (Huygens, 1695),
- the Principle of conservation of energy (Sadi Camot, 1824; J. R. Mayer, 1847)

Our view is that Vernadsky’s classification of empirical generalisations is very
conditional. If we thoroughly examine the process of generalising a group of scientific
Hlacts’, we find that one can classify generalisations into the first, second, third, ...
kinds. For example, in order to make a model (empirical generalisation) of any kind of
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crystals, one has to have at his disposal the generalisations of mathematics, the concepts
of isotropy and anisotropy, the concept of atom etc.

In Vemnadsky’s view, empirical gencralisations compose the foundation of science.
They are incontcstable and obligatory for everybody. At the same time, empirical
generalisations are not immutable. Vemadsky gives an example of the evolution of an
incontestable empirical generalisation: D. Mendeleev (1834-1907) discovered a periodic
system of the chemical elcments (1869} and it was a pure empirical generalisation, but
eight years after his death the discovery of H. Moseley (1887-1915) changed our
understanding of this generalisation by introducing the coneept of the isotope. Moseley
did not disprove the generalisation of Mendeleev, but made our understanding of this
gencralisation deeper.

Thus the foundation of science consists of empirical generalisations which are made
by means of the peculiar ,,Jogic of things*. In the absence of sufficient empirical data, 2
scientist can build theories and hypotheses, but they are only the provisional
manifestations of the scientific knowledge and play a secondary role in the development
of science. Only empirical generalisations constitute incontestable scicntific knowledge.
However, Vernadsky continues, the detailed examination of empirical generalisations.
shows that even they are only partially incontestable. If one follow this line, we find
that, ultimately, only an ill-defined core of empirical generalisation tumns out to be an
incontestable component of science. But how can this core be defined?

In addition, Vernadsky (1988', p. 280) claims that the laws of natural logic must differ
in the different geological layers of the ‘Earth. Our thinking apparatus is adapted to the .
biosphere and can perceive the reality outside the biosphere only in terms of
mathematical symbols. Onc cannot clearly imagine the things which are represented by
these mathematical symbols.

Vemadsky stressed many times that his logic of things should meet the requirements
of biogeochemistry and the biosphere theory. Specifically, he wrote, this logic should
take into account that the biosphere, as a whole, is reflected in every scientifically
significant hiospheric phenomenon (Vemadsky, 1988', p. 202). Vernadsky’s thinking
here tends in the direction of the general system theory and mathematical modelling of
the biosphere. But at his time, he could not complete this project. This approach to the
biospherical problems was applied later by his followers (Moiscev et al., 1985).

Some remarks should be made in connection with Vemadsky’s concept of the
structure of scientific knowledge.

The main problem of Vemnadsky’s concept of scientific knowledge is his definition of
the logic of things, which he refers to as the fundamentals of natural science. This view
implies that there is a ,,natural” logic of the relationships between natural bodies (things)
and that a scientist should ,,only* be constantly improving the methodology of reflecting
these ,real" relationships. However, 1t is not enough to declare that your basic method is
empirical generalisation. The more important thing is to prove that your concept
(cmpirical generalisation, theory, etc.) actually reflects the ,real logic of real things®.

Furthermore, Vemadsky’s concept implies the assumption that in the foundation of
our world lies a universal logic. Thus Vemnadsky's attempt to escape the metaphysical
claims of science by means of his ,natural logic“ lead back to necessity for a
metaphysical substantiation of his logic of things.

The belief that a certain logic forms the basis of the world (Vemadsky, 1988', p. 306)
is a metaphysical belief. Vemadsky declared that a science composed of empirical
generalisations cannot escape contradictions. The contradictoriness of science results
from the contradictoriness of the universe itself. However, if we admit that there is no
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connections between different things in the different parts of the universe, and if these
nreflections are altering together with the alteration of the world, can we define these
wreflections™ as knowledge?

The next problem is that Vernadsky’s theory of the biosphere does not correspond to
his own concept of the structure of scientific knowledge. He did not succeed in creating
a theory based on empiricat generalisations. Ultimately, he was forced to give the status
of empirical generalisations to the purely metaphysical claims. Now, fifty years after
Vernadsky, one can state that many of his ,empirical generalisations™ were not more
than scientific hypotheses with a poor empirical content or, even, metaphysical
statements. In the note ,,On the Geological Significance of Symmetry™ (1941-1942),
Vemadsky provides a kind of summary of his basic empirical generalisations. I provide
some examples of these ,.empirical generalisations”, to show that they were nothing
more than hypotheses:

- An invariability of the weathering processes is followed by the inference about the
constancy of the amount of living matter on the Earth throughout geological history
(Vernadsky, 1988, p. 285);

- In the living matter we can directly observe space-time (Vernadsky, 1988, p. 285).

However, the most illustrative example is Vernadsky’s statement that the logic of
natural scicnce is a function of the biosphere. He called this claim the basic empirical
generalisation.of his biosphere theory (Vcmadsky, 1988', p. 283). It is evident that there
are no ways to prove this claim by observation or by expcriment. At the same time, this
claim plays a central role in Vemadsky’s concept of the transition of the biosphere into
the noosphere.

The next point that Vemadsky failed to notice is that, if the logic of natural science is
a function of the biosphere, then one cannot treat empirical generalisations (made by
means of this logic) as incontestable. Moreover, this functionality transforms empirical
gencralisations into theoretical concepts. This was noticed by K. Popper (1968, p. 163):

“..We always operate with theories, some of which are even incorporated in our
physiology. And a sense-organ is akin to a theory: according to evolutionists views a
sense-organ is developed in an attempt to adjust ourselves to a real external world, to help
us to find our way through the world. A scientific theory is an organ wc develop outside
our skin, while an organ is a theory we develop inside our skn. This is one of the many
reasons why the idea of completely untheoretical, and hence incorrigible, scnse-data is
mistaken®.

Onc could note that Vernadsky never directly connected scientific knowledge with the
sense-data, however, the thought of Popper can be adopted for our purposes: if science
is an evolutionary-developed function of the biosphere, then its ,.empirical
generalisations* will be theoretical as well as , theories* and one loses the necessity to
distinguish between ,,theories” and ,.empirical generalisations*.

One more problem arises in this connection, If we accept that the cognitive apparatus
of science is a function of the biosphere, then we are in no position to make
incontestable empirical generalisations about the non-biospheric imperceptihle
mechanisms of the universe. On the one hand, in the terms of modern philosophy of
science, most of Vemnadsky’s claims about scientific knowledge are realistic. He
believed that empirical generalisations can be regarded as accurate descriptions of the
unobservable world as well. On the other hand, Vernadsky held that scientific thought is
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a function of the biosphere. The logic of science is different in the different geological
layers and is a ,rational net thrown on reality. In the latter case, Vernadsky provides
grist for the mill of instrumentalists, who hold that we cannot make firm judgements
about imperceptible mechanisms. (Note that the biosphere as a self-regulating system is
still an imperceptible mechanism.)

2.2.4.2. Life sciences and the problem of reduction

The problem of reduction in relation to the life sciences deals with the question of
whether biological phenomena, laws and theories can be accounted for by phystcal
scicnce (Rosenberg, 1985, p. 69). Vernadsky worked on the border between the life
sciences, chemistry, and geology and never numbercd himself among the biologists.
That is why it is specially interesting to look briefly over his views on the problem of
reductionism.

In the article ,,The Beginning an the Efernity of Life* (1922), Vernadsky contrasts his
position to the philosophical views of G.T. Fechner (1801-1887) and H. Bergson (1859-
1941). Bergson and Fechner declared the eternity of life as a principle in the Universe.
At the samc time, they held that, although life generally is an eternat phenomenon, life
in form of a living organism appeared at a certain time as a resuft of the world process.
From this, they disassociated the concept of life from the concept of the living
organism. This line leads te the idea of similarity befween living and inert bodies and,
ultimately, to the erosion of the principle of life. That is why Vernadsky, on the one
band, accepted the idea of etemity of life of Bergson but, on the other hand, stated that
there is an impassable border between living and mert matter, because lifc can exist only
in the dispersed form of living organisms. According to the philosophical systems of
Fechner and Bergson, one coutd expect a constant transition of living natural bodies into
inert natural bodies and back. However we have never observed transitions of inert
natural bodies into living bodies. Vemadsky emphasised that the idea of the beginning
of life is a purely philosophical idea.

He states that the philosophical atmosphere of the 19-20th centuries, which also
penctrated science, generated an idca of applying the methods and logic of physics and
chemistry to the investigations of living organisms and reducing the biological
processes to the processes of chemistry and physics. ,,This aspiration”, wrote Vernadsky
(1994, p. 95), “is not well-founded and did not follow the empiricat data of science. We
should look for the genesis of this view in the history of philosophical thought". Thus,
Vernadsky tied up his antireductionist position with the idea of the etemity of life and
the Redi principle. Later, when Vemadsky elaborated the main principles of his
biosphere-theory, his antireductionist views turned out to be tied up with the empirical
generalisations on the difference between living and inert natural bodies (Syinik et al.,
1988, p. 143) and, hence, with the basic principles of the biosphere theory. The idea of
the fundamental differences hetween living and inert natural bodies and the akin idea of
the non-reducibility of the properties of living matter to the properties of inert matter are
clearly expressed by Vernadsky also in his latest works (e.g., 1991, p. 167).
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2.2.5. The Empiricism and Positivism of Vernadsky
2.2.5.}. Empiricism

Here I defend the thesis that Vemadsky's philosophy of science is a version of radical
empiricism. At the same time, the radical empiricism of Vemadsky is inconststent
empiricism. }

Some authors have already noticed that the philosophical views of Vernadsky can be
classified as radical empiricism (Aronov & Terentjev, 1988, p. 72). These authors were:
strongly criticised by pointing to quotations from Vernadsky where he declares the
importance of theoretical knowledge for the development of science (Shinkaruk, 1988,
pp. 128-132). Here I participate in this discussion.

Radical empiricism was very popular among the natural scientists in the first third of
the 20th century. Its basic ideas were articulated by Ernst Mach (1838-1916). Some of
his ideas were further developed by the Ernst Mach Verein, which is better known as the
Vienna Circle. The claims that the only role of philosophy is clarification of the
meanings of stalements and that there are only two sources of knowledge, namely,
experience and logical reasoning are very close to Vernadsky’s views. I do not find any
traces of the direct influence of logical positivism on Vemadsky, but he was aware of
the writings of Mach and other radical empiricists. It is interesting to compare the views
of Vemadsky and Mach, becaunse it can shed light on the problem of closeness of
Vemadsky to radical empiricism.

Mach declared the description of onc’s sensations to be the only proper function of.
science. Prediction, explanation, and scientific laws and theortes are considered by
Mach as the forms of description. According to Mach, the law is as essential as the sum
of the separate facts. Causal explanations are only descriptions of real factual
dependencies between things. At the same time, Mach (1987, p. 271) distinguishes
direct and indirect descriptions. Theoretical knowledge Mach considers as the indirect
descriptions. Indirect description (theory) deals with a kind of theoretical substitution
(fact B) of an empirical fact (fact A). From this, according to Mach (1987, p. 278), it
seems to be not only desirable but even necessary to replace indirect descriptions with
direct descriptions as far as possible.

It is easy to sec similarities between the philosophical views of Vemnadsky and the
radical empiricism of E. Mach. Mach’s summansing (1987, p. 270) of the procedure of
the ‘scientific description’ seems to be very similar to Vernadsky’s definition of the
empirical generalisation of the first kind. In both cases, the scientifically significant
features of things are directly abstracted from raw facts by means of their comparison
(compare with Vernadsky’s example of empirical generalisation in crystallography). In
both cases, science tums out to be a one-dimensional strucfure, where all forms of
theoretical knowledge are seen as provisional and must be replaced in the course of
scientific development by pure empirical knowledge: empirical generalisations
(Vernadsky) or the direct descriptions (Mach). In both cases, the claims of science are
tentative but its method is impersonal. Clearly, Vernadsky never proclaimed anything
like Mach’s coneept of the elements and never directly reduced scientific experience to
one’s sensations. It is on this ground Mach never accepted the reality of atoms.
Vernadsky, on the contrary, based his concept on faith in their reality. Nevertheless, in
both cases, pure experience is the epistemic base. However, in distinction to Mach and
other philosophising naturalists, whom he mentions (c. g., A. Eddington: see below)
Vernadsky never detatled his concept of experience and observation. He stressed many
times thai the only source of true scientific knowledge is empirical generalisation.
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Empirical generalisation, in its turn, is the result of direct or indirect observations.
Direct observations can be made only in the biosphere and, hence, our knowledge of the
biosphere is the most deep and fundamental. Indirect observations cannot be directly
percetved and imagined by a scientist, buf can be expressed in mathematical symbols.
Vernadsky never exprcssed clearly his views on the nature of mathematical knowledge,
but the whole way of his thinking leads to the conclusion that mathematics should
operate wilh the abstracted features of real things“ as well, i.e. can be ultimately
reduced to scientific experience. Also the proper ,,logic of natural science” of Vernadsky
reflects the real relationships between natural bodies and, hence, can be seen as similar
to Mach’s descriptions of the real factual dependencies between things.

Vernadsky, evidently, did not grasp the similarities between his views and the ideas of
radical empiricism, although, as I alrcady noted, he was very aware of the works of E.
Mach and other scicntists and philosophers, who shared the ideas of radical empiricism.
One finds in Vemadsky’s writings references to, for example, K. Pearson (Vernadsky,
1994, pp. 57). M. Verwom (Vemadsky, 1994, p. 251) and Mach himself (Vemadsky,
1965, p. 176, Vernadsky, 1980, pp. 99, 152; Vernadsky, 1988, p. 69; Vernadsky, 1988",
pp. 240, 322, 329; Vernadsky, 1991, p. 222; 1994, pp. 257). However, Vemadsky never
refers to their views in connection with his philosophy of science. Moreover, he points
out that empirio-criticism does not correspond to scientific data and shows his sympathy
to the empiricism of Ch. Pierce and especially of Arthur Eddington (1882-1944). He
writes: ,,In distinct to empirio-criticism of Mach, the empiricism of Pierce as well as the
scientific thootry of knowledge of Eddington, correspond to the new scientific
achievements. The other new and old streams of philosophy disagree with these
achievements™ (Vernadsky, 1980, p. 99). In another place, Vemadsky (1965, p. 164)
states that Eddington transformed epistemology into a scientific (in contrast to
philosophy}) discipline by connecting its inferences with experience and observation.

One can wonder why Vemadsky, who was so accurate concerning the history of ideas,
never mentioned Mach in connection with his radical empiricism. Pcrhaps, he did not
realise the philosophical consequences of his views. Besides, Vemadsky was aware of
the anti-atomistic prejudices of Mach which could be a good reason for Vernadsky’s
branding of Mach’s empiriocriticism as not compatible with the scientific data. Looking
for philosophies corresponding to his own views, Vemadsky finds the epistemology of
Eddington and the philosophy of Peirce. He mentions Peirce’s |, Principles of
Philosophy" and his article written together with Christine Ladd-Franklin (1847-1930)
for the ,.Dictionary of Philosophy and Psychology (Baldwin, 1901). Vemadsky
probably knew that Peirce was the founder of pragmatism, which received recognition
due to the radical empiricism of W. James (1842-1910). In spite of some references to
Peirce, 1 do not find any traces of significant influence of pragmatism on Vernadsky's
philosophy of science.

As to Eddington’s epistemology, Vernadsky was probably attracted by Eddington’s
attempt to create an epistemology based on the researching of a specific natural science
(physics) and, of course, by the empiricism of Eddington. Vernadsky (1965, p. 164)
believed that Eddington created (or tried to create) a ,,scientific epistemology* derived
from scientific expericnce and observation. Indeed, Eddington (1949, p. 19) emphasised
that observation is the supreme court for the truth of physical knowledge. At the same
time, Vernadsky secmingly did not grasp the difference between Eddington’s and his
own views on the nature of scientific knowledge. In spite of his empiricism, Eddington
was convinced that the mind fits empirical data into a pattern determined by the nature
of the cognitive apparatus itself. At the same time, there are no traces of apriorism in the
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epistemology of Vemadsky. Vernadsky did not rcalise that the cmpiricism in
Eddington’s philosophy was restricted by apriorism and ,subjective selectivism*
(Eddington, 1949, p. 7). The difference between their views can be illustrated by their
attitude to the relativity theory. Eddington (1949, pp. 110-111) claimed that the special
relativity theory is true and occupies an especially honoured place among other theories
precisely because it is free of personal subjectivity and because it can be deduced a
priori from the epistemological facts. Vernadsky (1991, p. 68), on the contrary, stated:
»The theory of relativity is permeated by extrapolations and simplifications of reality,
by admissions, whose verification by scientific cxperience and scientific obscrvation
(from the viewpoint of the noosphere) remain for the time being impossible. Owing to
that, it occupies only a negligible place in current scientific research*.

Thus, I maintain that, in spite of Vernadsky’s critical remarks about Mach’s version of
empirtocriticism and declaring of sympathy toward the empiricism of Peirce and
episternology of Eddington, Vernadsky’s philosophy of science has some important
similarities to Mach’s radical empiricism and has much less in common with the
philosophies of Peirce and Eddington.

Vernadsky's ignorance of similarities between his philosophy of science and radical
cmpiricism can be explained as follows:

a) Vemadsky was inconsistent in his philosophical views and did not grasp the
closeness of his viewpoint to radical empiricism. Vemadsky (1991', p. 33)
classifiecd himself as a philosophical sceptic and believed himself te be purely
scientific and independent of any philosophy (Ghilarov, 1994).

b) Vemadsky was influenced by radical empiricism mostly indirectly, via the whole
philosophical atmosphere of the first third of the 20th century, when empiricism
was widespread among philosophically-aware natural scientists.

¢) As well as Mach, Vernadsky derived his views on the nature of scientific
knowledge to a great extent from his experience as an empirical scientist. As 1 have
shown, his concept of science was also influenced by his noosphere concept. But
some basic postulates of his philosophy of science were formulated long ago he
created the biosphere-noosphere theory.

The inconsistency of Vernadsky’s empiricism manifests itself in his views on the
nature-of scientific facts. According to him, the incontestable part of science consists of
three parts: the scientific apparatus of facts, logic and mathematics. However, a
scientific fact is not a fact of everyday life. A scientific fact is a mathematically-
processed and systematised fact (Vemadsky, 1980, pp. 108-109). Hence, any fact
constituting scientific apparatus already contains a large portion of theory and cannot be
seen as a purely empincal fact.

At the same time, Vernadsky (1980, pp. 92-93) believed that mathematics and logic
were ultimately transformed empirical knowledge as well. Thus mathematically-
processed empirical data lie in the foundation of mathematics. But what does this
‘mathematically-processed and systematised’ mean? In order to answer this question,
we should recognise that an empirical fact in the scientific apparatus is not completely
empirical, but a theoretically-processed fact. However, in this case, we are faced with
the difficulties of explaining the nature of theoretical knowledge as contrasted to
empirical knowledge. Vernadsky failed to explain the nature of theoretical knowledge.



2.2.5.2. Positivism

in the alrcady mentioned work ,,On Scientific Worldview* (1902), Vernadsky (1988, p.
61) defined positivism as a schemc which has nothing in common with reality. He
meant the positivism of A. Comte (1798-1857), whose philosophy Vernadsky had
thoroughly studied already in his youth. Comte claimed that the development of human
knowledge passes through three stages: the theological, the metaphysical and the
positive (scientific) stage. Vernadsky defines this ‘scientific’ claim of Comte as non-
scientific, because it does not correspond to observations of the real scientific process.
In rcality, all three of these forms of cognition co-exist with one another and, moreover,
science cannot be separated from philosophy and religion because of the unity of human
consciousness. Thus, already in 1902, Vernadsky dissociated himself from the
positivism of Comte. Nevertheless, an outstanding historian of Russian philosophy, V.
Zen’kovsky (1881-1962) (who was also a friend of Vernadsky), numbers Vemadsky
among the positivists (Zen’kovsky, 1950, p. 259) based mostly on the above mentioned
work (1902) in which Vernadsky declared himself to be non-positivist. Why does
Zen’kovsky refer to the philosophy of science of Vernadsky as positivism? The question
sounds even motre mtriguing if we note that Zen’kovsky was not aware of thc most
positivistic works of Vernadsky, his latest works, which were only recently published.
Our answer 10 this question is: Vernadsky understood positivism too narrowly, i.e. only
as the concept of three stages of A. Comte. He did not realise that his own vicw on
science and human history can be classified as positivisin in a broader sense. At the
same time, some important features of what is generally known as the positivistic
approach can be found in Vemadsky’s late writings.

- Vernadsky shared a positivistic trust in logical and mathematical methods.
However, as we have seen, his understanding of logic is quite original. He stated
that both the inductive logic of I. S. Mill and philosophical logic are alien to exact
science. However, he believed that proper logic and mathematics reflect the
properties of the real observable world.

- Vernadsky was convinced that only a science founded on empirical methodology
can answer the basic questions of the Universe, while philosophy can only help in
posing these questions and clarifying the terminological problems. Any philosophy
reflects the individual worldview of the philosopher and cannot form a basis for
incontestable knowledge (Vernadsky, 1991, p. 77). Thus, he also shared scientism
in common with the positivists, although in distinction to most positivists, he
believed that philosophy possesses a different method of cognition from scicnce.
The question arises in this connection whether the method of philosophy leads to
any knowledge if it expresses only the individual worldview of a philosopher? We
must kecp in mind that one finds in the texts of Vernadsky also statements
emphasising the important role of philosophy for the development of science. Thus,
in one of his latc works, Vernadsky (1988', p. 314) writes: ,Scientific thought
cannot function without philosophical work. It cannot intensively and deeply
elaborate scientific hypotheses, theories, and cosmological constructions. At the
same time, Vernadsky declares that not only philosophical achievements but also
scientific theories and hypotheses play a secondary role in science and that ,,in the
basis of natural science lie only scientific empirical facts and scientific empirical
gencralisations* and that in the course of scientific development, we must strive to
replacc scientific theories ,,with empirical facts and empirical gencralisations as
soon as possible” (Vernadsky, 1988', p. 281). Neither theorics nor hypotheses are
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characteristic to science and play, together with philosophy, a subsidiary role in
scientific development.

- Vernadsky’s scientism and, at thc same time, undisguised ,,anti-theoretism are
connected with his phenomenalism. As a rule, ,,empirically-substantiated empirical
generalisations, which compose the foundation of science, do not go further than

‘the phenomena. For example, summarising in ,,Scientific Thought...* the most
important empirical generalisations about living and inert matter, Vernadsky (1991,
p- 173).writes: ,,All the generalisations indicated here do not transcend the
phenomena that may be observed in the life of organisms and their complexes.
These generalisations do not refer to life and do not explain it. They only tic
together the facts and give logical inferences from the scientific description of
reality™.

- In the noosphere concept, Vernadsky combines thc claims of both social and
evolutionary positivism. He mentions the founders of the positivistic concept of
progress Ch. Lyell (1797-1875), Herbert Spenser (1820-1904), H. de Saint-Simon
(1760-1825), J. S. Milt (1806-1873), Jeremy Bentham (1748-1832) many times in
his works. The idea of an unlinear, continuous and necessarily progrcssive evolution
influenced Vernadsky’s theory of the directed evolution of the biosphere towards
the noosphere. The theory is geologically - and biologically - based, but leads as
well to declaring the inevitability of soctal progress connected, in its turn, with the
progressive development of science as a planetary phenomenon. The noosphere
tumns out to be the crown of biological and social evelution.

- Vemadsky viewed the Universe from the atomic viewpoint which makes his
position akin to the positivistic account. However, an important difference should
be pointed out. In the classic works of positivism, this account comes from the
nominalistic approach. In the worldview of Vernadsky, atomism is based on his
biogeochemical experience rather than conscious nominalistic beliefs.

Thus, I classify Vernadsky’s philosophy of scicnce as a positivistic philosophy,
although, as I pointed out, in the writings of Vernadsky one can find statements, which
are not in agreement with the most influcntial positivistic schools of his time. For
example, in contrast to E. Mach and the Vienna Circle, Vernadsky emphasised many
times the importance of philosophy for science and never directly declared that
metaphysics (philosophy) is meaningless or has no true claims to be considcred as
knowledge. At the same time, Vernadsky would doutlessly subscribe the conclusion of
Mach that metaphysics has no grounds for its claims for certitude (Cohen, 1970, p. 128),
while the proper scienlific method provides a certain incontestability. Does this mean
that science provides some incontestable knowledge of the external world, while
philosophy does not? A positive answer would reduce the importance of philosophy to
the role of an auxiliary instrument of science. This estimate of the importance of
philosophy was accepted cven by the extremely anti-metaphysically disposed logical

- positivists {Schlick, 1930). Some of the last statements of Vernadsky (1980, p. 87) show
that he was deeply dissatisfied with contermnporary philosophy and wanted to transform
philosophy into an empirical science.

2.2.5.3. Departure from positivism

In the case of Vemadsky, it is important to distinguish between his expressed
philosophical views on science and the philosophical position and methodology which
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Vernadsky practically applied i constructing the ,.cmpirical® parts of his theoretical
system.

Vemadsky considered himself a philosophical sceptic: ,,J am a philosophical sceptic.
This means that I consider that not one philosophical system (including our official
philosophy) has achieved that eternal applicability which science (and only in several
specific areas) has achieved“ (Vernadsky, 1933, transl. by K. Bailes, 1990, p. 163).

I considered Vemadsky's philosophical views as positivism. However, if we cast a
glance at his scientific practice, for example, at his theory of the biosphere, we find that
some concepts implicit in his theory are not as evidently positivistic as his philosophy
of science.

L. Kolakowski (1971, pp. 9-19) i the ,Die Philosophic des Positivismus"
distinguishes four important characteristics of positivism: phenomenalism, nominalism,
the thesis on the unity of scientific method, and the prohibition of value statements.
From this viewpoint, Vemadsky’s philosophy of science and his scicntific practice well
correspond to the third and fourth characteristics. As we have seen, he insisted on the
existence of a unified method, which is proper to all sciences. He also saw biosphericat
studies as an interdisciplinary domain, where all sciences could cooperate on the basis
of the unified scientific principles. Vernadsky evidentlty tried to escape making value
statcments in his theory. The whole theory of the noesphere is an attempt to provide
good geological and biogeochemical basis for social science. He tried to appeal to
objective empirical geological and biogeochemical laws. One of his favourite terms,
,Jawful*, reflects this intention.

The situation changes if we take into account the phenomenalism and nominalism of
Vernadsky. In his philosophy of science, phenomenalism and nominalism are in keeping
with the concept of empirical generalisation and the atomic view of inert and living
natural bodies which is basic to biogeochemistry. However, constructing the
,empirical parts of his theoretical system, namely the theory of the biosphere and its
evolution into the noosphere or the space-time theory, he transgresses the limits of these
two rutes of positivism. Phenomenalism is defined by stating that thcre is no real
difference between ,essence” and ,phenomenon”. Phenomenalism is followed by
nominalism, which means the prohibition of any knowledge derived from generat
notions independent of the separate objects (naturat bodies) being studied.

One of the classic examples of a positivistically unacceptable notion is the notion of
maiter (Kolakowski, 1971, p. 122), which is alicn both to the phenomenalistic and the
nominalistic approaches. The notion does not correspond to any real entity in the world.

Vernadsky’s notion of hving matter can also be interpreted as positivistically
unacceptable. One never observes living matter but only natural bodies spatially
separated from one another, closed living systems - organisms. There are no properties
“of living matter which would not be properties of living organisms. Thus, the notion of
living matter breaks simultaneously both rules of positivism: phenomenalism and
nominatism.

However, if we will have a look at this nolion from the viewpoint of those aims which
Vernadsky had in mind when elaborating this notion, we find that it appears more
positivistic again. Vernadsky introduced the notion ,living matter” fo escape the
concept of , life* closely connected with philosophy and religion. The notion ,.living
matter reflects the viewpoint of a new science created by Vernadsky - biogeochemistry.
The biogeochemist is interested, according to Vemnadsky, in the qualitative chemical,
atomic analysis of living matter (Lapo & Smyslov, 1989, p. 110) and sces the living
organism as a chemical substance, as a totality of atoms. This viewpoint, reducing living
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systems to the atomic level, can be seen as quite nominalistic. At any rate the concept of
living matter is said to be more positivistic than the vague concept of life.

The concept of the biosphere, which is basic to Vemadsky’s wholc theoretical system,
causes more difficulties in regard to positivism. The biosphere as a self-regulating
system cannot be directly observed. Also it cannot be directly derived from any
biogeochemical data. The important evidences of this self-regulating system such as the
ozone layer, the organogenic rocks, the biogenic and stable atmosphcre and so on, do
not make the biosphere observable. They only help to build some arguments in favour
of the existence of the biosphere. The notion of the biosphere cannot be directly derived
from any empirical generalisation or observation and, thus, can be seen as a departure
from the pure phcnomenalistic approach.

The same can be said about the noosphere concept of Vemnadsky (see 2.3.10.). Even if
we accept Vernadsky’s arguments, it would nevertheless be a purely theoretical
prediction far from a phenomenalistic ,.empirical gencralisation™. In his summarising
work ,,On the States of Space in the Geological Phenomena® (1980) Vernadsky (1980,
p. 111) formulates the ,basic empirical generalisation™ which lays the foundation for the
biosphere-noosphere theory: ,,The logic of natural science is closely tied up in its
foundations with the geological envelope where human reason appears...“. It is easy to
see that this ,,generalisation” is metaphysical rather than empirical and appears to be
alien to classical positivism.

These examples show that tatking about the positivism of Vemadsky, we should
clearly differentiate betwecn his theory of scilence and his real scientifie, theoretical
practice.
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2.3. VERNADSKY’s THEORY OF THE BIOSPHERE AND ITS TRANSITION
INTO THE NOOSPHERE

2.3.1. The Origin of the Term

It is difficult to identify the thinker, who for the first time expressed the idea that the
processes in living and non-living nature are intimately connected. The idea has
appeared from time to time since the 17th century.

One of the earliest and clearest expressions of the idea is found in the works of
Georges-Louis Buffon (1707-1788). He coined one of the central terms in the theory of
the biosphere - ‘living matter’ (1749) and posed the question about the general quantity
of living matter in the Earth. Buffon understood the leading role of living matter in the
Earth processes and pointed out that living matter can produce non-living matter as well
as use non-living matter to produce living structures (Buffon, 1984).

A firther step in the development of the concept of the biosphere was made by
Buffon’s pupil Jaen-Baptiste Lamarck (1744-1829). Lamarck considered the naturc as a
whole, emphasising the close interconnections of abiotic and biotic compounds
(Ghilarov, 1998; Ghilarov, 1999). He declared that all natural inorganic elements can be
found in living organisms and realised that an explanation for this was necessary. In
order to solve Lhis problem, Lamarck assumed that animals and plants perform a
decisive role in the forming of the Earth’s crust. In his Hydrogeology (1802), Lamarck
already proposed that the production of most minerals in the Earth’s crust is ticd up with
the processes of life. In this work he also proposed the term ‘biology’ which Lamarck
considered as a part of the ‘physics of the Earth® (physique terrestre). Lamarck
formulated the fundamental objective of what he called ‘physics of the Earth’ and what
we call now biospherology or geophysiology: ,,A sound physics of the Earth should
include alt the primary considerations of the Earth’s atmosphere, of the characteristics
and continual changes of the Earth’s external crust, and finally of the origin and
development of living organisms* (transl. by: Grinevald, 1996, p. 35). He understood
that living organisms played a major role in the history of the Earth and made a step °
toward a holistic view of the Earth. At the same time, he did not present this group of
thoughis as a conception and did not give a name to the phenomenon he discovered.

At approximatcly the same time, we find some attempts to give a proper namec to the
early geophysiological speculations. Alexander von Humboldt (1769-1859) coined the
term ‘Die Lebenssphaere’ for describing the sphere, where atmospheric and geological
processes are coupled with life processes. A little later, 2 German zoologist and
geographer, Friedrich Ratzel (1844-1904), proposed the term ‘Der Lebensraum’.

Thus the idea that there is an envelope surrounding the Earth which is characterised by
the presence of life was spread since works of Buffon and Lamarck. Nevertheless, the
different terms proposed for the description of the phenomenon were not widely
accepted.

At those times the term ‘biosphere’ already existed. It is known that early in the
nineteenth century the ‘Zellinhaltskoerper’, discovered with the help of the microscope,
were often understood in the light of Leibniz’ mionadology and were seen as the bearers
of the life functions. These ‘monads’ were named ‘the biospheres’ by A.F.T. Mayer
(1837) (Jahn, 1982, p. 361).

In modem science the term ‘biosphere’ is usually credited to Eduard Suess (1875, p.
159; 1909, pp. 739-740), who was a professor of palacontology and geology at the
University of Vienna. The term biosphere was used by Suess in passing and, as it
represented in his works, can be interpreted in the two ways: (1) as the sum total of
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living organisms and (2) as a geosphere which is created and organised by the processes
of life.

These two meanings of the term have been widely spread in the 20th century.
Plausibly, the most famous uscr of the term ‘biosphere’ in the first sense was P. Teilhard
de Chardin (1881-1955), who created an original concept of the biosphere-noosphere
evolution. This use of the téefm can also be sometimes found in current scientific
literature (Monod, 1971; KEL, 1978).

Perhaps the first Russian scientist to use the term ‘biosphere” was E. J. Petry (1854-
1899). He used thc expression in 1882 and understood it as the totality of alt organisms.
His pupil D. Koropchevsky (1842-1903) gave the first definition of the biosphere (in
Russia) as a “living cover’ of the Earth based on the works of F. Ratzel and G. Wagner
(1840-1923) (Vassoevich, Ivanov, 1977, p. 64).

The detailed theory of the biosphere was elaborated by V.L Vemadsky (1863-1945),
who had a personal acquaintance with Suess. Vemadsky gave the term of Suess a
quantitative meaning and elahorated a biosphere-noosphere theory, where the biosphere
appears as a self-regulating system and geological envelope. As George E. Hutchinson
(1970) stated: _lt is essentially Vernadsky's concept of the biosphere, developed about
50 years after Suess wrote, that we accept today®.

Paradoxically Vernadsky’s original concept of the biosphere is not actually known in
the West. Some of his important works became only recently available in English and
German (Vemnadsky, 1997; Vemadsky, 1997'; Veradsky, 1998). His main work, ., The
Chemical Structure of the Earth and its Environment", which he called , the book of my
life*, has not yet been translated into German or Enghsh. In Russia, the scientific
heritage of Vernadsky is well known. But even today, more then 50 years after
Vemadsky’s death, his scicntific heritage is actively discussed. New interpretations of
the important aspects of his biosphere theory continue to appear.

2.3.2. The biosphere as a geological envelope

In the theoretical system of Vernadsky, the concept of the biosphere is required by the
new branch of science created by him: biogeochemistry. Vernadsky began the
»Synthetic” biogeochemical works in 1916, but coined the term ‘biogeochemisrty’ and
formulated the basic tasks of this new science only in 1923 (Lapo & Smyslov, 1989, p.
56). Biogeochemistry studies the geological manifestations of life and considers
btochemical processcs in living organisms in relation to their impact on the geosphere
(Vernadsky, 1997, p. 156):

»The competence of biogeochemistry is defined, on the one hand, by the geological
manifestations of life taking place under this aspect, and on the other, by the internal
biochemical processes in the organisms - the living population of our planet. In both
cases (for biogeochemistry is a part of geochemistry) one may identify as study objects
not only chemical clements, i.e. the usual mixtures of isotopes, but also various isotopes
of one and the same chemical element*.

Neither living organtsms by themselves nor their environment abstracted from them
are the specific objects of biogeochcmistry. A biogeochemist is interested, first of all, in
studying the cyclic processes of the atomic exchange between living organisms and
their environment. The latter can only be described on the basis of a dctailed study of
the interrelations of living and inert matter in the space-time of Earth and throughout the
Earth’s history. How can the main subject of biogeochemical research be defined? It is
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not the organism (genus, species). It is not cven the sum total of living organisms (biota)
or the inerl environment. The interaction between the environment and living matter is
the characteristic research subject of biogeochemistry. Biogeochemistry never aims at
the organism level or at the environmental level separately. It concentrates, in the sense
of Vemadsky, on the biologically controlled flow of atoms, whick takes place in a
specific geological domain.

In order to define the research field of this newly created science, Vernadsky
introduced his interpretation of the term the &iosphere. He had used the term ‘biosphere’
since 1911, but first gave a clear definition in 1923, after the beginning of his
synthetical works in biogeochemistry (Vassoevich, Ivanov, 1977, p. 69, Vemadsky,
1923, pp. 38-39). The biosphere of the Earth appears as one of the geospheres occupied
and organised by life and thus can be seen as a geological envelope.

Being a geological envelope, the biosphere can be structured geolegically (Vernadsky,
1991, p. 120):

,,The biosphere appears in biogeochemistry as a peculiar envelope of the Earth clearly
distinct from the other envelopes of our planet. The biosphere consists of some
concentric contiguous formations surrounding the whole Earth and called geospheres.
The biosphere has possessed this perfectly definite structure for billions of years. This
structure is tied up with the active participation of life, is conditioned by life to a
significant degree and is pnmarily characterised by dynamically mobile, stable,
geologically durable equilibria which, in distinction from mechamical structures are
quantitatively fluctuating within certain limits in relation to both spaoe and time*.

Vemadsky (1965, pp. 107-108) tatks about the following geospheres’: the
troposphere, the hydrosphere, the and surface and the sphere of the subterranean life.

In connection with this geological interpretation of the biosphere, Vemadsky posed a
question on its spatial limits. Some researchers note that the different Vernadsky
definitions of the limits of the biosphere are not in conformity with each other
(Kolchinsky, 1990; Gegamjan, 1980). Accepting this criticism in principle, I
neverthcless attempt o reconstruct the views of Vemadsky on the subject
systematically.

The apparent contradictions between Vemadsky’'s estimates of the limits of the
biosphere are tied up with: (1) differing empirical data which Vernadsky had at his
disposal in the various periods of his creativity, (2) the usage of differing ruling
principles for the limits of the biosphere. One can abstract from the texts of Vernadsky
two basic principles.

First principle: the limits of the biosphere are defined by the presence of life. The
impossibility of life manifestations indicates the limits of the biosphere. At first
congideration, the principle seems to be clear. However, this statement represents a
necessary, but not a sufficient condition. The notion presence of life needs more precise
definition. Separate organisms can often be found outside of the average limits of the
biosphere. Does this mean that the biosphere is represented everywhere, where separate
organisms can be identified? To answer this question Vemadsky (1994, p. 372)
introduced the term field of life stahility, which exceeds the field of the biosphere. Field

' Vemadsky's use of the term ‘geosphere’ differes from most of its contemporary meanings.
According to the Glossary of Geology (1982), ‘geosphere” means: (a) = lithosphere, (b) the lithosphere,
hydrosphere and atmosphere combined, (¢) any of so-called layers or spheres of the Earth.
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of life stability, in turn, differs from field of life existence, which is defined as a field of
prolonged life existence connected with the muitiplication of organisms. The limits of
the biosphere are restricted by the ficld of life existence (Lapo, 1987, pp. 49-50, 56).
The disparity between the field of life existence and the field of life stability is
explained by the vertical and horizontal expansion of the biosphere over geological time
(Vernadsky, 1994, p. 365).

The second principle for defining the himits of the biosphere ts phrased by Vernadsky
(1565, p. 79) as follows:

,The primary identifying characteristic of the biosphere is the activity of living matter in
allk its processes. Hence, a substrate in which living matter exists can belong to different
geological envelopes. In spite of this fact, a substrate involved in the processes of living
matter is separated from its own envelope and should be classified as a substance of the
biosphere. We can observe this phenomenon in the biosphere for the following
envelopes: the stratisphere, the lower and the upper metamorphic envelopes and for the
granite cnvelope*.

The second principle supplements the first characterising the biosphere also as a
dynamic system. But it defines this system from another viewpoint. The first principle
shows the dynamics of living matter. In the second case, Vernadsky tatks about the
biologically controlied dynamics of the incrt parts of the biosphere.

The dynamies of inert matter, in this case, are manifested in the following processes:
,.inert matter of the Earth is dislocated over geological time towards the centre of the
Earth and back from the centre fo thc Earth’s surface™ (Vemadsky, 1965, p. 75). The
dislocation of substance of the geological envelopes does not make it possible to include
or exclude them from the biosphere categorically [eindeutig]. For example, we cannot
say that the whole stratisphere belongs to the biosphere, but we can say that the matter
of the stratisphere can be involved in biogeochemical processes and, accordingly, can be
classified as a part of the biosphere. The same approach can be applied to the
interpretation of the contradictory statements of Vernadsky about the granite envelope
of the Earth. Compare: “the granite envelope is an area of bygone biospheres”
(Vemadsky, 1965, p. 325) and ,,the granite masses belong to and are found in the
biosphere” (Vemadsky, 1965, p. 131). These apparently contradictory statements should
be understood as follows: the granite envelope of the Earth being a product of former
activity of living matter is, in general, the area of bygone biospheres. And, hence, can be
identified as a part of the framework of the biosphere; however, where masses of granite
are involved in the actual life activity (such as the bioinert weathering processes in
regions where the granite masses are close to the surface of the Earth, as in Scandinavia)
they must be classified as matter of the biosphere.

After this look downward, some words about the Earth’s atmosphere should bc added.
It is clear that, according to the second principle, the atmosphere of our planet belongs
to the biosphere. Vernadsky (1965, pp. 122, 126) described the troposphere as the
biogenic gaseous component of the biosphere, which consisis of three parts: the
overhead troposphere, the subterranean troposphere and the submarine troposphere. At
the same time the biosphere cannot exceed the imits of the field of life existence or as a
minimum the field of life stability. This means that there is a conditional atmospheric
border of the biosphere in the atmosphere. There are some references in Vernadsky's
works (1965, pp. 122, 125, 126) which show that this border occurs at the height of the
low layers of the stratosphere; but even the stratosphere can be involved in the biosphere
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due to human activity. It should be stressed that in the vocabulary of Vernadsky,
‘biogenic’ does not nceessary mean ‘belonging to the actual biosphere’.

The concepts of the two fields of life introduced by Vernadsky as well as his concept
of bygone biospheres show the necessity of a more complex classification of the
biospheric environment. Vernadsky did not clearly define a place for the biosphere
between other geological envelopes, which had, therefore, to be elaborated further. A
scheme of the relationship between the biosphere and other geospheres as accepted by
most of the followers of Vernadskian tradition (Kolchinskij, 1990, p. 10, Lapo, 1987', p.
59-60) was proposed by N. Vassoyevich and A. Ivanov (1977, pp. 72-75).

The part of the atmosphere above the biosphere (determined by the field of the
presence of life} is defined as an apobiosphere (ABS). The ABS is subdivided into two
subspheres: ABS, (= parabiosphere of G. E. Hutchinson) is a sphere below the ozone
layer corresponding to the field of life stability; ABS, is the abiotic part of the
atmosphere. Below the biosphere one finds the so-called metahiosphere or the area of
the bygone hiospheres, which occupies the metamorphic and granite envelopes (11-60
kmy). All these spheres, together with the biosphere, are called the megabiosphere, which
is defined as an area directly and indirectly influenced by living matter, including al}
products of life activity and all bygone biospheres.

2.3.3. The Biosphere as a Self-regulating System

Examining living matter from the geochemical viewpoint, Vernadsky (1994°) arrived at
the conclusion that the chemical compounds of the different species do not reflect that
of their environment, but, on the contrary, {iving matter has determined the geochemical
history of almost all the elements of the Earth’s crust in the process of making the
environment favourable to itself. Thus, living matter shapes the biosphere into a self-
regutating system. The biosphere being seen as a self-regulating systcm embraces both
the totality of living organisms (living matter) and their environment to the extent it is
involved in the actual processes of life, that is, including the troposphere, the ocean, and
the upper envelopes of the Earth crust, possibly down to the mantle.

Living matter is an active part of the biospherc and influences all geospheres. It
determines the structure and the regularities of the biosphere. The structurc of the
biosphere is expressed by the totality of dynamic equilibria which keep the biosphere in
a steady state. This structure Vernadsky calls opeanuzosannocms, which can be
translated into English as organisation. Vernadsky (1965, p. 236) coined this term in
order to distinguish his model from the theoretical constructions of mechanism, i.e.
mechanistic views of organisms and the world. He emphasised that his understanding of
organisation ts close to that of the English philosopher and mathematician A. Whitehead
(Vemadsky, 1965, p. 52). Organisation differs from mechanism, because in
organisation, the parts of the whole are determined but not fully determined by the
whole. At the same time, the concept ‘organisation’ also differs {rom the concept of
‘organism’, because in organisation two kinds of matter (living and inert) and,
correspondingly, two kinds of regularitics intcract. The structure of the biosphere is
described as a dynamic equilibrium: ,.No single point of this system is fixed during the
course of geological time. All points oscillate around some centre* (Vernadsky, 1997,
pp. 225-227).

An example of such dynamic equilibium is the tropospbere. The gases of the
troposphere are mostly biogenic. Vemadsky was of the opinion that this generalisation
had been anticipated by Boussingault (1802-1887) and Dumas (1800-1884). The
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dynamic equilibrium of, for example, oxygen shows that living matter is essential to the
maintenance of an optimal concentration of oxygen in the troposphere. This inference
can be generalised to the all basic gases of the atmosphere (Vernadsky, 1965, p. 238):

»All basic gases of the troposphere and of the higher gaseous envelopes - No, O3, CO3,
H2S, CHy, ctc., - are produced and quantitatively balanced by the total activity of living
-matter. Their sum total is quantitatively invariable over geological time...“. Vernadsky
infers that life, i.e_ living matter creates the troposphere and constantly maintains it in a
specific dynamic equilibrium®.

Thus the relationship between tiving matter and the troposphere can be expressed in
the following scheme:

LIVING MATTER <> THE TROPOSPHERE

This geologically perpetual form of dynamic equilibrium is an example of the natural
organisation of our planet (Vemadsky, 1965, p.230).

[t can be remarked here, that the 1-st Gaian principle of atmospheric regulation
(Lavelock, Margulis,. 1974) actually was derived by Vemadsky on the basis of his
biogeochemical research 50 years before Lovelock (Levit & Krumbein, 1999).

The same model can be constructed for the water envelope or hydrosphere of the
planet, for the soils and for the general geochemical environment: ,,Every organism is a
centre of free energy. In its totality, living matter transforms completely thc domain of
life - the biosphere" (Vemadsky, 1965, p. 232) and ,,determines all the basic chemical
regularities of the biosphere™ (Vernadsky, 1965, p. 241). Thus, the biosphere is a self-
regulating system, which transforms the environment not chaotically, but in accordance
with established regularities, which respond to the nceds of terrestrial life.

2.3.4. Substances of the Biosphere

In the works of Vernadsky, we can find three ways of classifying biospherical matter.
The most gencral classification implies three kinds of matter: living, inert and bioinert
(Vernadsky, 1965, p. 231). The basic division, however, is the division into inert and
living matter.

Living matter of the biosphere is the sum total of living organisms actually existing in
it. Living matter has its own structure (organisation) and can be seen as a function of
the biosphere (Vernadsky, 1991, p. 15). It is dispersed in the form of living organisms
and sharply separated from its inert environment (Vernadsky, 1965, p. 128). This kind
of matter plays the main role in the biosphere, being the most powerfut geological force
on Earth.

The second kind of biosphertcal matter is inert matter, i.¢. ,,a kind of matter produced
without the participation of living matter (Vernadsky, 1965, p. 59). Inert matter is the
cxact opposite of living matter. However, there is a perpetual material and energetic
exchange between living and inert matter manifested in the biogenic flow of atoms.

Bioinert matter represents the third basic kind of matter of the biosphere. This is a
substance ,,which is made by living organisms and inert processes simuitaneously and
represents the stable dynamic equilibria of both of them" (Vernadsky, 1965, 59).
Vernadsky called this kind of equilibrium complex dynamic equilibritm. The bioinert
natural bodies are of great importance in the biosphere. The forests, the fields, plankton,
benthos, soils, marine silt and sediments, alt terrestrial waters, etc, are examples of the
bioinert natural bodies. When living organisms dic, they also form bioinert bodies. The
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rotting of a macroscepic organism (biocenoses) is accompanied by an extremely
powerful biogenic migration of atoms and represents a kind of symbiosis of micro- and
macro- organisms. The process of rotting represents, according to Vemadsky (1965, pp.
265, 268) the second biochemical function of living matter in contrast to the first
biochemical function connected with the life cycle of the organism (breathing, cating,
multiplication). v

It is also important to note, that bioinert matter is not a kind of intermediate stage
between living and inert matter. There is an impassable boundary between living and
inert matter.

The next kind of classification, which can be found in the works of Vemadsky is
caused by the insufficient character of his tripartite classification (living, bioinert, inert).
There is a kind of matter which cannot be classified as living or bioinert, but which
nevertheless keeps an imprint of life. This kind of matter Vernadsky (1965, p. 127) calls
biogenic: ,,The stuff of the biosphere is sharply and deeply dissimilar: Lving, inert,
biogenic and bioinert matter*.

The above described system of classifying matter seems to be the most consistent one.

But Vemnadsky proposed one more system of classification which is worked out in more
detail:

1) living matter

2) biogenic matler

3) inert matter

4) bioinert matter

5) radioactive materials

6) separated atoms (isotopes)
7) matter of cosmic origin.

The latter system of classification has obvious shortcomings because of its
inconsistency (Kamshilov, 1979; Kolchinsky, 1990). There are no universal criteria of
classification in it. Matter in (1 - 4) is classified in accordance with its relation to living
matter. Radioactive isotopes (5) can be involved in the processes of both living and inert
matter. Isotopes can be radioactive and at the same time of cosmic origin (7). Besides,
according to Vernadsky, the biosphere constantly absorbs some cosmic matter entering
from outer space and emits some matter into space. It is sufficient in this account to cati
cosmic matter that matter which is of cosmic origin and was not absorbed by the
biosphere at the present moment. But this kind of matter cannot be treated as really
biospherical.

2.3.5, Living and Inert Matter

The opposition living-inert takes a very important place in Vernadsky’s concept. Every
significant theoretical statement of his theory is connected with this juxtaposition: (1)
the Pasteur-Curie principle, (2) the Redi principle, (3) the dissymmelry concept, (4) the
three biogeochemical principles and (5) the statement about the impossibility of
abiogenesis.

In the work ,Scientific Thought as a Planetary Phenomenon' (1991), Vemadsky
summarises the differences between living and inert maticr in a table. I present the main
statements of this classification.
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Inert matter

1. Inert matter is dispersed only to the extent it
is connected with living matter, i.e. with the
biosphere.

IL fnert natural bodies obey the symmetry
laws,

M. A new inert body is created by physical-
chemical, geological or biological processes,
without any reference to the earlier natural
bodies.

IV. The processes creating an inert natural
body are reversible in time.

V. There is no multiplication among inert
natural bodies. An inert natural body can be
created by synthesis.

VL. The number of inert natural bodies does
not depend on the size of our planet.

VII. The surface area and the volume of the
manifestation of the inert natural bodies are
not defined within the hmits of the planet and
their mass varies over geological time.

VIII. The minimum size of inert natural
bodies is determined by the dispersion of the
matter-energy (atom, elcctron, etc.). The
maximum size is determined by the size of the
planet (bioincrt natural body).

IX. The chemical composition of an inert
natural body is a function of its environment.
X. The number of chemical compounds
(molecules and crystals) in inert natural
bodies is limited.

XI. All natural processes among inert bodies
decrease the free energy of the environment.
XTI Isotopic mixtures do not change in inert
natural bodies of the biosphere.

Living matter

Living matter exists only in the dispersed
form, i.e. in the form of living organisms,
autarchic centres of energetic and physical-
chemical processes (Vernadsky, 1965, 128).
The solid substance of living organisms
{including dispersed particles of the colloid
mediums) obey the dissymmetry laws.

A living naturat body can only be begotten by
another living natural body.

The processes creating a living natural body

are irreversible.

A bving natural body is created by
multiplication, a complex biochemical
process. This process can go on only in a
peculiar state of space.

The number of living natural bodies depends
on the size of the Earth’s envelope, the
biosphere.

The mass of living matter fluctuatcs about a
constant value over geological time. It
depends on the quantity of solar encrgy
absorbed by living matter.

The minimum size of living natural bodies is
determined by respiration, biogenic migration
of gases etc. (Smadetcki principle). The
maximum size of a living natural body does
not exceed hundreds of meters and may well
depend upon some deep causes that define the
limits of the existence of the states of space
corresponding to a living natural body.

Living natural bodies create their chemical
compounds by themselves.

The number of the chemical compounds of
living natural bodies is theoretically
unhimited.

Living matter increases the free energy of the
biosphere.

The change of isotopic relations is perhaps a
specific property of living matter.

It is easy to see that the table is a result of Vernadsky’s work in the different branches
of his scientific activity: biochemistry, biogcochemistry, space-time theory, geology,
evolutionary theory. The inert-living dichotomy is tied up with the central aspects of
Vernadsky’s theoretical system. Most of them are discussed in the corresponding
chapters of this dissertation. Here I comment only points (V) and (XII) of the table.

It is commonplace now to consider that multiplication (self-reproduction) is not proper
only to animate systems. Ench Jantsch (1981, p. 3), the author of the self-organisation
principle stated: ,JIf metabolism, self-reproduction and the transfer of mutations were,
until recently, assumed to be unique characteristics of life, they may now be shown to
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hold equally for precellular systems of molecules™. In this connection it should be
remarked, that in the theoretical world of Vernadsky, multiplication is seen not as a
simple sclf-reproduction. Multiplication is a sequence of what Vernadsky calls the Redi
principle (omne vivum e vivo - all living from living) and tied up with the impassable
space-timc border between living and inert mattcr. If we leave for a moment the
question, whether muliiplication in the inert world really cxists, the problem can be
formulated as follows: there are some ways to produce an inert objeot including
multiplication, but there is only one way to produce an animate system, namely,
multiplication. Self-reproduction of living maiter cannot be interrupted for a moment
and then continued again at one’s own random choosing.

The second remark concerns the problem of the relationship between isotopes and
living matter. Vernadsky devoted some special papers to this problem, but it is quite
difficult to interpret unequivocally the ideas of Vernadsky about the relationship
between living matter and the stable and radioactive isotopes. From our viewpoint, one
can tatk about two aspects of this problem in his works.

In the work written in 1926, ,Isotopes and living matter, Vemadsky declared that
.the atoms forming living matter...can differ from those in the environment®, because:

- there is no abiogenesis in geological history;

- the chemical clements exist in living matter in a special form;

- there are much more homogenous chemical clements (i.e. consisting of the similar
atoms) in living matter in comparison with the composition of the environment;

- of the sharply differing geochemical historics of the chemical elements of inert and
tving matter (Vernadsky, 1926).

Generally, Vemadsky expected that the space-time dissymmetry of living matter
should somehow influence the distribution of isotopes in the animated nature.

At first, he thought that the situation with the isotopes would be analogous to the
situation with the homochirality of biological macromolecules: he expected that all
chemical clements of living matter would be ‘pure’ tsotopes and not mixtures of
isotopes. An organism has the possibility to choose between the diverse isotopes. In
1928 Vemadsky started experiments in order to prove this hypothesis. However both his
own experiments and the experiments of other scientists did not give decisive results.

In the 1940’s, Vemadsky already left the radical positions and reported that according
to the results of his laboratory, it is possible to talk about the characteristic modification
of isolopic mixtures in the processes of life and in inert processes under certain
circumstances. He wrote that the cxperiments of his laboratory show that isotopic
mixtures of chlorites and serpentines are modified by high temperature and pressurc
(increased quantity of O,,). Vernadsky (1965, p. 237) concluded: ,,in the life process of
the biosphere, the same phenomenon is manifested which one can observe in the inert
environment only at high temperature and pressure*.

This allowed to E.M. Galimov to state that the direction of Vernadsky’s thinking is
closc to some contemporary investigations in biogeochemistry. Galimov (1989, p. 343)
points out the regular thermodynamic isotopic distribution in biological systems caused
by the leading role of ferments in the chemical processes of living organism: ,,Actually,
ferments organise the space in which the movement of biological matter takes place in a
special way. Therefore it is possible to assume that the ideas and the notions of
Vemadsky have been realised (albeit in slightly different terms-and categories) in the
contemporary theory of biological fractionation of isotopes™. This shows again that
Vernadsky approached isotopes according to his space-time theory.
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To sum up: the table shows that there are living and inert natural bodies connected
only by a biogenic flow of atoms and there are no transitional forms between living and
inert matter. The table is a result of Vernadsky’s work in the different fields of his
theoretical system.

2.3.6. The main principles on which the biosphere theory is based

The biosphere is a stable dymamic equilibrium. Its main peculiarity is the presence of
living matter within this geological cnvelope. Living mattcr transforms solar encrgy into
free energy of the biosphere (,the biosphere can be treated as the area of the Earth’s
crust occupied by the transformers*). Inert substances are an essential component of this
process. Thus the basic principles of the biosphere theory should describe the relations
between the main components: living matter, inert matter and energy.

L. The principle of the quantitative invariability of life is a direct consequence of the

statement that the biosphere is a product and transmitter of solar energy. Vemnadsky
uscs this principle in all his significant works. One of the carliest references to this
principle can be found in the notation [,,On the constancy of living matter ] (1908):
,»The quantity of living matter is constant during the whole period of geological
history that can be explored” (Sytnik et all., 1988, p. 256).
On the one hand, this statement seems to be paradoxical, if one takes into
eonsideration the complex. processes of multiplication as well as vertical and
horizontal cxpansion of the biosphere. On the other hand, if the life energy, in faet,
is transformed solar energy, then it is logical to say that life should be constant as
far as its quantity is concemned. In the case of a permanent increase of life quantity
we should expect the existence of other trivial energy sources." Vernadsky did not
know in this connection about two facts. First, some researchers point out that
during the 3,5 aeons of life existence, the sun’s output of energy has increased by at
least 30 per cent (Lovelock, 1987, p. 19). Second, it is known at present that living
matter can use some endogenic terrestrial encrgy. The second discovery does not
destroy Vernadsky’s hypothescs in principle, because of the limited character of
endogenic energy sources, About the increasing output of solar energy, it should be
said, that it was assumed by Vemadsky that living matter transforms the optimal
quantity of solar energy. On the other hand, the thesis of the constancy of living
matter was not a dogma for Vernadsky and could be corrected on the basis of new
data and biogeochemical principles.

2. The biogeochemical principles (BGCP’s) portray the gencral picture of energy flow
in the biosphere. I present these principles in two variants, as they were forwarded
by Vernadsky in his various works."

" The same way of thinking was presented by Krumbein (1983) without knowing Vernadsky’s
arguments.

12 The first and the second principles were presented by Vemadsky, for the first time, in 1928 in the
report ,, The Evolution of Species and Living Matter” (Aksionov, 1994, p. 375). Vemadsky formulated his
BGCP’s evidently influenced by A. Lotka's Elements of Physical Biology (1925), however, Vemadsky
did not mention Lotka in this respect.
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First BGCP:
a) ,.Geochemical biogenic energy tends towards a maximum in the biosphere™
(Vemadsky, 1993', p. 372).
b) ,.Biogenic migration of the atoms of chemical elements tends towards a maximum
in the biosphere™ (Vernadsky, 1965, p. 283).

Second BGCP:
a) ,,Organisms survive in evolution endy if they increase biogenie geochemicat energy*
(Vemadsky, 1993, p. 372).
b) ,,The evolution of species (over geological time), tends toward the creation of stable
life forms in the biosphere and moves in the direction of increasing biogenic
magration of the atoms* (Vernadsky, 1965, p. 270).

The third BGCP can be treated as a logical conscquence of the first two principles. It
declares that over geological time, since the Cryptozeic era, the population of our planet
must have attained the maximum possible value (Vernadsky, 1965, p. 286).

Some remarks should be made in connection with the BGCP’s.

If one considers the second biegeochemical principle only from its quantitative aspeet,
then it, plausibly, needs some amendments. Thus Kolchinsky (1990, p. 116) based on
the works of W. Krumbein (Krumbein, 1978}, concludes the following:

W, Krumbein showed that in the products of activity of microorganisms, the
concentration of manganese is 1,200, 000, of iron is 650, 000, of silver is 24,000, of
vanadium is 420, 000 times more thari in their environment. Evidently there are no other
groups of orgenisms (including plants, fungi, or animals) which are capable of
concentraling these elements so intensively. In this connection, we should apply the
second biogeochemical principle only in the boundaries of kingdoms*.

This conclusion seems 1o be legitimate, if we contrast microorganisms (bacteria and
fungi) to macroorganisms, instead of contrasting microorganisms to fungi, plants and
animals. Vernadsky was awarc of the difference between the biogeochemical power of
microorganisms (bacteria, fungi) and macroorganisms (Vernadsky, 1965, pp. 267-268)
and that is the very reason why he contrasted the biogenic migration of the first to the
biogenic migration of the second kind.

It should also be remarked that other attempts were made in conternporary scientific
literature to describe the directedness of biospheric evolution in terms close to
Vernadsky’s terminology but ignorant of Vemadsky. For example, F. D. Por (1980,
pp-397-398) states: ,,Evolution of the global ecosystem towards a state of climax, with
rapid and optimal recycling of all the bioproducts, is the basic orthogenetic motor of
animal progress®. Nevertheless, the advantages of the radical Vemnadsky definitions are
evident: thcy arc more general and precise. They allow placing the problem in the
context of the Earth’s crust and taking into consideration all biogeochemical cycles and
crucial elements, not only the ‘recycling of the bioproducts’.

It seems that the three biogeochemical principles contradict the principle of constancy
of life. But they, plausibly, do not, if we assume that the maximum of biogeochemical
energy is a quantitatively definable value limited by the intensity of solar radiation and
quantity of chemical elements invelved in the life cycles. If so, then evolution, where
the first and the second kinds of biogenic migration dominatc and the intensity of solar
radiation is stable, must have a natural temporal limit. That means that species, whose
activity are connected mostly with the third kind of biogenic migration of atoms ~
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which simultaneously are capable of using accumulated forms of energy, should be
expectcd in the biosphere. The human species meets these prerequisites.

2.3.7. The evolution of the biosphere

The ideas of Vemadsky about the evolution of the biosphere originate from the
biogeochemical invcstigations which he started in 1916. As early as 1917-1918,
Vemadsky intensively claborated his concept of living matter from the biogeochemical
viewpoint. At this time, he had not yet coined the term ‘biogeochemistry’ and did not
even give a definition of the biosphere. Nevertheless, he seemed to clearly realise the
significance of his ideas for the evolutionary theory. In his diaries in the beginning of
the 1920s, Vernadsky compares himself with Ch, Darwin and remarks that his concept
of living matter should present another aspect of the evolutionary theory (Sytnik et. al.,
1988, p. 88). One of the assistants of Vemadsky in the early period of the
biogeochemical works, Th. Dobzhansky (1900-1975) (Vemadsky, 1998, p. 165;
Vernadsky, 19947, p. 253), became later one of the founders of the ,.evolutionary
synthesis* (Mayr, 1982, p. 119) and highly regarded the work of Vernadsky.

While investigating living matter, Vernadsky conducted work in the following basic
directions: (1) the quantitative composition of elements in certain groups of organisms;
(2) studying the (bio-) geochemical history of the chemical elements; (3} measurements
of geochemical energy in diffcrent species.

Based on the results of his experimental work, Vemadsky concluded already in the
beginning of the 1920s that his concept of living matter would influencc the
evolutionary theory. Studying the natural history of the chemical elements, Vernadsky
(1994, pp. 66-68) comes to the conclusion that living matter constantly changes the
environment and that there are no areas of the Earth’s crust, ocean and the atmosphere,
where one cannot find the manifestations of life [lectures of 1921]. Living matter, in its
turn, is dctermined by the “general laws of combination and spreading of atoms* and by
the peculiar geochemical factors (Vernadsky, Vinogradov, 1931, p. 149). A species,
according to A. Vinogradov, turns out to be a morphological system multiplied by a
geochemical determinant (Kolchinsky, 1989, p. 65). Projecting the idea of the co-
evolution of a species and its environment on a biospheric scale, Vemadsky
hypothesises that the whole external envelope of the Easth is subject to evolution, It is
noteworthy that already in his dianies of 1919, Vemadsky questions the legitimacy of
the analogy between the notions ‘biosphere’ and ‘organism’. In 1919, he answered this
question in the negative defining the planet as a mechanism and not as an organism,
(Vemadsky, 19947, pp. 128-129). Later Vernadsky changes his mind and appeals to the
notion ‘organisation’ in order to distinguish the biosphere both from mechanism and
from “trivial* organism.

In his Jate works, Vernadsky assumes that the biosphere is a self-regulating system
having its own evolutionary “interests. A leading force of the evolution of the
biosphere is living matter, which has its own process of evolution partially independent
from the needs of adaptation. Vemadsky (1991, p. 19) proposed that living maiter has
its own evolutionary process independent from the changes of the environment.

The biospherc as a whole behaves as if it has a peculiar evolutionary strategy: ,,We
can and must talk about the evolutionary process of the biosphere by itself“ (Vernadsky,
1991, p. 20; 1997, p. 30). The evolution of the biosphere is determined by the three
BGCP’s stated above. According to the BGCP’s, evolution goes in the direction of
increasing the level of self-regulation and stability. Onc of the basic methods of
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realisation of thesc ,.interests" of the biosphere is to increase the intcnsity and
complcxity of the biogenic migration of atoms. Evolution that satisfies these ‘interests’
tums out to be a multi-stage process and when it exhausts onc method, it rises to a
higher stage. Roughly schematising, one talks about the phase of biochemical evolution
{microorganisms) which was replaced by the stage of mainly morphological evolution,
which, in turn, was replaced by a kind of evolution, the main manifestation of which is a
cephafization process. As E. Kolchinsky (1990, p. 38) puts it: ,,Cephalization is for
Vernadsky a consequence of evolution in the situation of increasing complexity of
interactions between the organisms when the potentials of the biochemical and
morphological evolution were exhausted™.

The increasc of the dimensions of an organism was, at a certain stage, a powerful
instrument for intensifying the biogenic migration of atoms without increasing the total
biomass (quantity of living matter). The process of cephalization led towards more
complex behaviour of organisms and hence, in turn, to an increase of the biogenic
migration of atoms. It is clear from this scheme that the cephatizational stage of
evolution also must have its limits.

Vemadsky himself defines the statement on the directedness of evolution as an
empirical generalisation. The directedness of evolution is expressed by a polar time
vector and, hence, evolution is an irreversible process. The directedness of evolution,
according to the second biogeochemical principle, is expressed by the alteration of the
character of the biogenic migration of atoms: ,,According to the second biogeochemicat
principle, the evolution of a species must move in a certain direction, namely, in the
direction of increasing the biogenic migration of atoms. That means that evolution must
have a directionality (Vernadsky, 1965, p. 272). The second biogeochemical principle
is a geochemical version of Darwin’s principle of natural selection. It connects the
evolution of species and the evolution of the biosphere: ,,The evolution of species turns
into the evolution of the biosphere” (Vernadsky, 1997, p. 30).

Vemadsky emphasised that he approaches the principle of struggle for existence
statistically. Thus, on this level, the directedness of evolution is seen by Vemadsky
statistically. Kolchinsky (1989, p. 66) remarks that Vernadsky was alien to the
conceptions of a strictly (pre-)determined evolution. At the same time, a statistical
approach does not exhaust Vernadsky’s notion of directedness. Vernadsky (1991, pp.
24, 53) clearly connects the directedness of cvolution with the peculiar spatial-temporal
features of living matter, i.e. with dissymmetry (for details see 2.1.). The spatial-
temporal peculiarity of living matter guarantees the irreversibility of the evolutionary
process. Vernadsky also wrote many times about the lawful character of the evolution of
the biosphere. It was important for Vernadsky (1997, p. 31) to show that the (ransition
of the biosphere into the noosphere (see below) is a lawful process which has wiil
develop from the whole history of the biosphere:

»When man is guided by a scientific (and neither a philosophical, nor a religious) concept
of world, he ought to understand that ke is not an incidental, independent, from the
surrounding world - the biosphere or the noosphere - freely acting natural phenomenon.
He is the inevitable manifestation of a great natural process having lasted in a regular
way for at least two billions of years".

Vemadsky’s viewpoint on cvolution is close to what F. Ayala calls indeterminate
natural teleology. As Ayala puts it: ,Indeterminate or nonspecific teleology occurs
when the end-state served is not specifically predetermined, but rather is the result of
selection of one from among several available alternatives” (Dobzhanky et. al., 1977, p.
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500). Indeterminate teleology results from a mixture of stochastic and deterministic
events. Vemadsky (1997, p. 55) wrote that ,,the biosphere will transform (in one way or
another, sooner or later) into the noosphere. That is the way the noosphere created and
the final form of the noosphere is not predetermincd. The only thing which is
determined is the direction of the evolution of the biospbere. The biosphere evolves in
the direction of increasing stability, increasing degree of self-regulation and ultimately
transforms into the noosphere. )

Vemnadsky also posed questions about specific aspects of the biospheric evolution.
One of these issues is the problem of the evolution of the biogeochemical functions,
which was analysed in detail by E. Kolchinsky (1990). In keeping with our objectives, I
discuss only some general issues here.

A biogeochemical function is, according to Vernadsky, a role which a taxon performs
in the biespheric cycling of matter. The most generalised list of biogcochemical
functions includes five groups: 1) the gas function, regulating the gas-structure of the
atmosphere including submarine and subterranean gas conditions; 2) the concentration
function; 3) the oxidation-reduction functions; 4) the biochemical functions of
organisms generating biogenic migrations of atoms connected with feeding, breathing,
multiplication and destruction of organisms; 5} the biogeochemical functions of
mankind (Vemadsky, 1965, p. 237). All ,,natural” functions of the biosphere (1-4) can
be fulfilled by morphologically different unicellular organisms (Vernadsky, 1994, p.
459). - :

Some species are chemically and morphologically refatively immutable (persisterts, e.
¢., Lingula) and induce a biogenic migration of the first degree in accordance with the
first BGCP. This is a kind of stable background in the picture of atomic migration. The
second degree of biogenic migration is induced by evolving kinds of living organisms
(Vernadsky, 1965, p. 285). This second kind of migration process is subject to
evolutiomn.

Vermadsky’s classification of biogenic migrations is an evident and illustrative
cxample of the evolution of biogeochemical functions. Vernadsky classifies biogenic
migrations (1965, p. 267) into three kinds.

Biogenic migration of the first kind is a high-speed migration of atoms caused by
unicellular organisms. Microbes and fungi produce such a powerful migration of atoms
..that it scems to be incomparable with biogenic migration of atoms of the second kind*
(Vemadsky, 1965, p. 268).

The relatively slow biogenic migration of atoms caused by the multiplication and
growth of the multicellular organisms is defined as the biogenic migration of the second
kind. Tt shonld be remarked that it is more terminologically correct from the viewpoint
of contemporary science to oppose, in this context, microorganisms - macroorganisms
and not unicellular - multicellular organisms,

At first glance, it seems that the predominance of biogenic migration of the first kind
over the second kind contradicts the second biogeochemical principle. But there is no
contradiction here. One should take into account that the term increasing, which
Vemadsky used to formulate this principle, can signify both intensification of migration
and complication of the pathways of atomic migration.

Vemadsky further described a biogenic migration of atoms caused by the external
activity of living organisms. This is the biogenic migration of the third kind. Examples
of this kind of migration are: digging and burrowing organisms, birds, termites and the
technological activity of mankind (Vernadsky, 1965, pp. 267, 277).
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Biogenic migration of the first kind was the most powerful kind of atomic migration
in the biosphcre until the migration causcd by human reason occurred. Nevertheless
every kind of migration mentioned made the whole picture of biogenic migration more
complex and intense and hence led to a more stable state of the biosphere and improved
its adaptive capacitics. This is also an important example of the evolution of a
biogeochemical function because these three kinds of biogenic migration also reflect the
different stages of biospheric evolution. The first kind. of biogenic migration
corresponds to the eartiest stage of the evolution of the biosphere. The third kind of
biogenic migration started to play a dominant role in the biosphere only with the
appearance of IJomo Faber.

The example is also illustrative in that it shows that Vernadsky’s concept of the
evolution of biogeochemical functions serves to describe the main stream of biospheric
evolution: transformation of the biosphere into the noosphere.

There are also some other examples of the evolution of biogeochemical functions in
Vemadsky’s works, but it is not our objective here to give a detailed analysis of this
problem. The ideas of Vemadsky concemning the evelution of biogeochemical functions
were further claborated by his immediate followers (fle.: Samotlov, 1929; Vinogradov,
1935; 1944). In light of these considerations, the claim of M. McMenamin that
Vernadsky developed a Slavic version of substantive uniformitarianism (the theory that
nothing on Earth really ever changes) (McMenamin, 1998, p. 40) seems
unsubstantiated.

The problem of the origin of life is, for Vernadsky (1994, p..457), elevated to the
problem of the origin of the hiosphere: ,,Talking about the appearance of life on our
planet we are only talking about the appearance of the biosphere". Vernadsky’s theory
of the origin of the biosphere is not trivial even from a contemporary point of view. Let
us consider some aspects of this hypothesis.

One of the most criticised statements of this concept is the total rejection of
abiogenesis in the biosphere. Vernadsky was almost always of the opinion that
abtogenesis is impossible. To accept abiogenesis was for Vernadsky to destroy his
whote theoretical system, for example, his space-ttme theory. In his latest works, he
wrote: ,.there is no abiogenesis in the biosphere™ (Vermadsky, 1991, p. 176); ,.there are
no traces of abiogenesis” (Vemadsky, 1965, p. 59; 1980, p. 122).

As a rule, Vernadsky accompanies his statements of the impossibility of abiogenesis
with his favourite ending ,over geological time*. Geological time coincides in
Vernadsky’s conception with the time of the biosphere existence. That means that he
takes the problem, which was insoluble in the framework of contemporary science at his
time, out of the brackets of the history of our planet. In relation to the problem of the
origin of life, this approach means the following: there are no empirical grounds to solve
the problem of abjogenesis today, but we can pose the question: Which possibilities for
the origin of life are the most improbable? The statement of the impossibility of
abiogenesis means that, according to empirical data at Vernadsky’s time and his
theoretical system, abiogencsis is the least probablc way for the appearance of life. We
do not know any period in the Earth’s history, when no traces of living matter could be
observed (Vernadsky, 1965, p. 202). Vernadsky found no need for abiogenesis. One
finds neither indications of the beginning of life nor thosc of its ending (Vernadsky,
1965, p. 24).

Vernadsky tries to find support for his ,,negative” concept of the origin of life in the
history of scientific worldview. Already in the foreword to the first edition of ,The
Biosphere* (1926), Vernadsky (1994, p. 316) emphasised that the idea that life had to
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have a ,.beginning” comes from Jreligious and philosophical searches®. He proposed
that the very idea of the end and the beginning has been adopted as a thought-stereotype
of Christian theology. Vemadsky sees no necessity of applying these schemes to all
natural phenomena, including life.

Vernadsky’s space-time theory also plays an important role in his views on
abiogenesis (see 2.1.). Thus, he saw some important teasons for rejecting abiogenesis
and no convineing grounds for accepting it.

We know that there are some constant manifestations of reality in the Universe. Why
should not we tnclude , life* among them? Vernadsky (1991, p. 150) makes one of his
most risky proposals:

»Already now, the question of lifc in the Cosmos ought to be posed also in science. This
is caused by numerous empirical data fundamental for biogeochemistry and secmingly
indicating the fact that life belongs to such general manifestations of reality as matter,
energy, space, and time. In this case, the biological sciences, along with the physical and
chemical scicnces, are to be included in the group of sciences studying the general
phenomena of reality.“

A ‘positive’ part of his concept of the origin of life is elaborated in more detail. The
shortest way to introduce Vernadsky’s concept is to say that life appeared in the form of
the biosphere. In the article ,,On the Conditions of the Appearance of Life on Earth*
(1931"), Vernadsky reduces the problem of the origin of life to the problem of the origin
of the biosphere for the first tme. He presents two basic arguments: (1) the space-time
argument bascd on the principle of dissymmetry (Levit et all., 1999) and (2) the
biogeochemical argument. The principle of dissymmetry was analysed by us in 2.1.
Here I consider the second argument.

Vernadsky (1994, pp. 458-459) composes a table of the geochemical functions of life
or biogeochemical functions. In the table, he shows how the different biogeochemical
functions correspond to specific taxonomic groups. For cxample, the oxidising function
is carried out by autotrophic bacteria and thc function of destruction of organic
compounds by chemoorganotrophic bacteria and fungi. By analysing this table,
Vermadsky comes to three important conclusions:

1) All biogeochemical functions can be carricd out by unicellular organisms;

2) One cannot imagine an organism (species) which is able to carry out all these
functions;

3) In the course of geological time, different species may have replaced one another,
but the biogeochemical functions did not change.

As we already know, Vernadsky later changed his mind in relation to the latter
inference (3) and made the picture more complex by describing the evolution of the
BGC functions. But this did not change the basic idea: life can exist only in the form of
the biosphere, because the different BGC-functions have to be fulfilled simultaneousty.
Thus, Vernadsky (1994, p. 459) arrives at the conclusion that life can exist only when
all biogeochemical functions are represcnted: ,,The first appearance of life occwming in
the biosphere could not have been in the form of some separate organisms but in the
form of the totality of organisms corresponding to the geochemical functions of life.
Biocoenoses necessarily had to occur from the very beginning*.

Thus, Vernadsky. was on the side of the polyphyletic concept of the origin of life and
appealed to specific biogeochemical arguments in order to substantiate his views.
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However, we are faced with a new problem: if different spccies of unicellular’
organisms were necessary for carrying out different biogeochemical functions, then
these different species had to exist from the very beginning of geological time.
According to Vernadsky (1994, p. 459), evolution is a biospheric process and, hencc,
one should admit that this morphological diversity occurred somehow in a pre-
evolutionary way. In contemporary scicnce, a similar idea is defended by W. Krumbein
(1996), who defines this ,prc-evolutionary state' as a non-Darwinian evolutionary
domain.

Thus, we are back to the , negative side of the problem of the origin of life because
the assumption that life should appear immediately in the form of the biogeocoenoses is
also unacceptable. One can only assert that the morphological diversity of the first
unicellular organisms could not develop via a ,trivial“, biospherical, Darwinian
evolution. Even nowadays, one cannot exactly describe a mechanism for the appearance
of the pre-biospherical biodiversity.

2.3.8. Dissymmetry of the biosphere

Vernadsky created a theory of dissymmetry including the concept of spatial-temporal

dissymmetry of living matter. In the following, only Vemadsky’s concept of spatial

dissymmetry of the biosphere will be discussed. The problem of temporal dissymmetry

of the biosphere was discussed in 2.1.). This concept is a part of his theory of biological

space and implies two meanings of the term dissymimetry: (1) a2 phenomernon called the

dissymmetry of life (Krasnogorskaja, 1992, p. 25), of which the dissymmetry of

protoplasm (Pasteur’s dissymmetry) is a special case and (2) dissymmetry of the

biosphere.

On purely mathematical grounds, Vemnadsky constdered those objects as dissymmetric

which:

a) do not exactly coincide with their mirror images (geometrically, chemically, or
energetically);

b) can exist exclustvely or preferentially in spite of thermodynamic considcrations in
cither of the two enantiomorphic modifications (left and right);

c) exist in onc or two different modifications selectively and preferentially expressed
n bioge'nic, bioinert or living matter.

The dissymmetry of Pasteur is a peculiar case of the molecular dissymmetry of life.
Vemadsky talks of the dissymmetry of Pasteur when some chemical compounds typical
for a living natural body statistically can and should exist in two medifications but exist
only in one modification during the whole natural history of life (Vernadsky, 1965, p.
198). When the second modification is artificially synthesised, it differs from the natural
modification in its properties. Evidently, the latter statement is trivial and does not allow
us to talk about the dissymmetric character of space ‘occupied’ by living matter. In
otder to substantiate this idea, Vernadsky takes up the notion of the *state of space’ of P.
Curie in addition to Pasteur’s original articles. Vernadsky proposed a principle which he
called the Curie principle: ,,Dissymmetrical effects (phenomena) can be brought about
only by a dissymmetrical cause”. He realised that, if space is a kind of intelligiblc
reality, then the causcs and their effects must find themselves in the same state of space,
i.e. the causes and their effects may not leave the boundaries of their common state of
space (Vemadsky, 1965, p.182). It was remarked later, that the addition made by
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Vernadsky is so important that the latter principle should be called the Curie-Vernadsky
principle (Eliseev, 1989, p. 196).

Different states of space can be more or less separated, but also close to each other
(Vernadsky, 1965, p. 169). Symmetry is a criteria of a state of space: ,.Symmetry
characterises the different states of the Earth spacc (Vernadsky, 1965, p. 169). The
‘state of space’ of any natural body can be determined by the basic principle of
symmetry. This principle declares that the state of space of a natural body is determined
by the minimum symmetry of its properties (Vernadsky, 1988, p. 379). _

Thus the dissymmetry of Pasteur corresponds to a special case of symmetry-breaking
because it is completely outside of the traditional laws of symmetry of the non-living
naturat world. Using the terms ‘state of space’, the ‘basic principle of symmetry’, and
the characteristics of dissymmetry, we can perceive that the ,,state of space of a living
natural body* will be characterised as dissymmetric, although some elements of its
structure can be symmetric or asymmetric in a non-dissymmetric way.

The ,,space of life" or as a whole the  lifc field” is characterised by a dissymmetrical
state of space, where the lefiness ani rightness and other factors are not symmetrical
(identical) or statistically distributed (Vernadsky, 1997, pp. 217-218). In living matter,
the propertics of ‘lefthandedness’ and ‘righthandedness’ are not identical. The
dissymmetric state of space of living matter is of a hereditary nature and reproduces
itself during millions of years.

The problem of the dissymmetry of life implies not only the chemical dissymmetry of
protoplasm (dissymmetry of Pasteur). It further implies the dissymmetry of isotopes and
other atoms, which are selectively collected by living natural bodies. Age-dating of
organic matter as well as the attribute ,biogenic* of ccrtain types of ore deposits and
other natural phenomena are related to these novel types of dissymmetry introduced by
Vemadsky. The preferential selcction of certain isotopes and elements by biological
systems is only possible under the terms of extracting negentropy from sun energy.
Galimov (1989) states, that Vernadsky was the first to realise that dissymmetry applies
also to these essential factors of living systems. He wrote: , Actually, the ferments
organise the space in which the movement of biological matter takes place in a special
way. Therefore it is possible to assumc that the idcas and the notions of Vernadsky have
been realised (albeit in slightly different terms and categories) in the contemporary
theory of the biological fractionation of isotopes (Galimov, 1989). Vernadsky further
includes the question of the relative abundance of some biologically important
enantiomorphs in the discussion. He expanded the Pasteur-Curie prnciple of
dissymmetry into new atomistic (isotopic) and geometric directions. Furthermore, the
degree of morphological dissymmetry can be connected with the level of entropy.

Vemadsky realised that the chemical dissymmetry of Pasteur had to be distinguished
from morphological dissymmetry. He further proposed a connection between these two
kinds of dissymmetry. Experimental work in this line has been initiated by Gause
(1940). He studied left- and right- spiralled colonies of Bacillus mycoides which were
compared with the structures of enzymes.

Vernadsky’s ,,morphological™ and Pasteur’s ,.chemical“ (protoplasmic) dissymmetry
embrace the phenomenon of the dissymmetry of life.

Vemadsky, however, mentioned two main kinds of dissymmctry which can be
classified as: the dissymmetry of life and the dissymmetry of the biosphere. Vemadsky
postulated that dissymmetry also can exist outside of the immediate field of life of a
single organism. It will be, so to speak, a dissymmetry of the second order because it can
be seen as a consequence of the activity of all living matter on Earth (the biosphere).
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This ,,sccondary” dissymmetry is observable in the structure of biogenic substances
(e.g. organic fossils and organic matter as petroleum, coal and evaporative
hydrocarbons). This includes the question of how long a biogenic product such as
petroleumn would keep its dissymmetry elements after being released from the body of a
living being (spccimen, population). Racemization of aminoacids e.g. is a time/space
related physical/chemical phenomenon involving slow reacttons of radicals. This
racemization reaction, however, will only start and become significant when the
compound in question has been released from a given living natural body (cell,
organism, biosphere).

On the global scale, we find another phenomenon: Dissymmetry of the gcospheres:
»Not all geological envelopes and geospheres are ideally round”, although there are no
pure geological reasons for this fact (Vernadsky, 1965, p.110). Considering the form of
our geoid (or better bioid, bioplanet (Kattmann, 1991)), we can expect all geospheres to
be ideally round with the deviations caused by planetary (moon and planet or comet)
attractors etc.{Vernadsky, 1965, p. 114). Already {. Kant was struck by the deviations of
the planet Earth from the ideal spherical shape (Krumbein and Schellnhuber, 1990;
1992). Vernadsky analysed in detail the problem of dissymmetry of the biosphere and
even made a table of the dissymmetry of the Earth’s crust (Vernadsky, 1994, pp. 208-
209). However, he did not come clearly (1965) to the idea of connecting both of these
phenomena - the spatial dissymmeiry of living matter and thc dissymmetry of the
geospheres, albeit he held life 1o be the most influential geologicat force.

Within the biosphere as a bioinert natural body, living matter is an active, ruling force.
We could expect the brospherc to have some distinctive features of living matter and the
inert part of the Earth to show the traces of the influcnce of fossilised living matter or
bygone biospheres (¢.g. cyanobacterial stromatolites and their products such as coal, oil
and gas deposits).

If we do adopt the latter statement, we are faced with a new problem. According to
observations, the area of dissymmetry spreads down to the envelope below the granitic
layers of the crust. If the geological envelopes are dissymmetrical because they were
and are influenced by the activity of living matter, how ean the dissymmetry of, for
instance, the region beyond the physical/chemical conditions of life, namely, of the
granitc and basalt layers with temperatures above the critical point of water be
explained?

An answer to this question lies in the concept of bygone biospheres put forward by
Vernadsky. The Earth’s crust consists of several individual envelopes: the biosphere, the
stratisphere (Vernadsky’s term), the upper and lower metamorphic envelope, the granite
and finally basalt/and/or eklogite envelopes. All of them were at a certain time in the
past on the surface of the Earth, i.e. they are bygone biospheres (Vemadsky, 1965, p.
35; Lapo, 1987, p. 166). Vemadsky (1965, p. 75) explains this phenomenon by the
vertical dynamics of the Earth’s crust: ,,This [the Earth’s crust] is a geologically mobile
area of the planet, in which substance perpetually moves from the Earth’s surface
towards the centre of the Earth and, in the reverse direction, from the cenire to the
surface. All geological envelopes are ‘genetically’ connected with cach other and, being
taken as a whole, represent one single phenomenon®.

The dissymmetry of the geological envelopes and the geospheres can be seen as
caused by the presence of fossil and extant living matter on our planet. On the basis of
the work of Vernadsky, the question of a kind of ,living continuum® between the
dissymmetry of life and the dissymmetry of the present and past biospheres can be
posed. A precise mechanism for creating dissymmetry of the natural inert environment
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. by living matter, however, must still be analysed. D. Anderson came to astonishingly
similar conclusions: ,, There is the interesting possibility that plate tectonics™ (i.e. the
vertical and horizontal movement of parts of the crust and mantle which creatcs
dissymmetry in a theoreticaily 1dcally spherical planetary body in the sense of Kant)
»exist only on Earth because there is limestone generating life" (Anderson, 1984). The
whole biosphere as a bioinert natural body can be approached from the viewpoint of the
‘statc of space’. E. Elisecv remarked in this connection: ,,Now onc can say that different
states of the Earth’s spacc exist: these arc the states of space of the Earth’s core, mantle,
lithosphere, atmosphere, stralosphere* (Eliseev, 1989, p. 188). This could explain the
astonishing physical, morphological and dynamic deviations of Earth from other planets
of the Solar system by the creation of global biogenic dissymmetry.

2.3.9. Cosmism of the Biosphere

Vernadsky often writes that life is a planetary and a cosmic phenomenon. Sometimes he
uses these terms synonymously: ,,Considering life phenomena as living matter shows
that it is a planetary, i.e. cosmic phenomenon [Huygens principle]” (Veradsky, 1965,
'p. 227). Sometimes the term ‘planetury phenomenon’ is used to stress that some
properties of the biosphere arc defined by the properties of the Earth as a planet, for
example, by the form and shape of the geoid.

Cosmism of life in this context means the following:

a) Life is not just a haphazard phenomenon in the Universc;

b} Life on the planet Earth is not the only possible form of life in the Universe;

c) The general laws of the Earth’s biosphere are determined by fundamental cosmic
regularities; as Vernadsky stressed, we should look for a manifestation of cosmic
structure in the structure of the biosphere.

Vernadsky did not have a single empirical fact at his disposal to prove the principle of
Huygens. That is why he often mixes wishful thinking with reality and declares, for
example: ,, There are manifestations of life on Mars, without any doubt" (Vernadsky,
1965, p. 28).

The conviction of Vernadsky that life is a cosmic phenomenon is based on three main
arguments. First, the properties of life are determined by the phenomena of a cosmic
scale such as gravitation and solar radiation: ,,Studies of the morphology and ecology of
green organisms long ago made it clear that the whole green organism (both in its
movements and in its associations) is adapted, first of all, for its cosmic functton:
catching and transforming the sun’s ray* (Vernadsky, 1994, p. 329). In the late works,
Vemadsky generally talks about a dynamie equilibrium of material-energetic exchange
between the biospherc and Cosmos (Vernadsky, 1965, p. 329).

The second argument seems obscure to the contemporary scientist. Vemadsky (1994,
p. 321) writes that ,,a similarity of compounds of the exterior envelopes of celestial
bodies like Earth, Sun and stars™ show the essential (cosmic) character of lifc.

Third argument: the fact of the i.ncreasing significance of life in the proccsses of our
planet shows by itself that life is a cosmic phenomenon

The position of Vernadsky can be expressed in the following way: hfe\ls a cosmic
phenomenon because the existence of life on Earth is secured by fundamental cosmic



phenomena and because the uninterrupted increase of regular and lawful transforming
activity of life can be observed. In other words, the fact that life is ideally fitted into the
cosmic mechanism and plays a more and more significant role in it, shows the essential
character of life (Vemadsky, 1965, p. 228):

Wt is logically inevitable to assume that we can find the same phenomena {life -G.L.} on
other planets. The large scope of life and its significance on our planet does not allow the
contemporary naturalist to think that life is an accidental (as Wolles [1822-1913] said
‘providential’y phenomenon, which is not connécted with the planetary structure and is
not represented in the Cosmos except for Earth®.

If we take into attention that humans are also, according to Vemnadsky, a regular part
of the biosphere (see below: the noosphere concept of Vernadsky), this approach can be
classified as a version of the anthropic principle.

And in this connection some further remarks should be added.

Barrow and Tipler provide three versions of the anthropic principle (AP). (1) The
weak AP maintains that the observed physical and cosmological values are restricted hy
the requirement that carbon-based life exists. (2) The Strong Anthropic Principle (SAP)
is a more speculative statement namely that ,,The Universe must have those properties
which allow life to develop within it at some stagc in its history” (Barrow & Tipler,
1986, p. 21} (3) The Final AP: ,Intelligent information-processing must come into
existence in the Universe, and, once it comes into existence, it will never die out*
(Barrow & Tipler, 1986, p. 23). :

In the works of Vemadsky, ‘human living matter’ is not only an ‘observer’ but an
active substance in the Universe, which lawfully occurs, exists, and transforms its
environment. Vermadsky would probably recognise that the obscrvable Cosmos not only
permits an observer but requires living matter as a lawful part of its organisation.

Compare:"

Barrow and Tipler (1986, p. 28). ,The SAP of Carter has strong teleological
overtones. It suggests that ‘observer” must play a key role in (if not be the goal of) the
evolution of the Universe*.

Vemadsky (1994, p. 318-319): ,,Creatures on Earth arc the fruit of a complicated
cosmic process and are a necessary and lawful part of a harmontous cosmic mechanisn,
in which it ts known that chance does not exist™.

Thus, the views of Vemadsky are very close to what Barrow and Tipler call SAP.
Furthermore, as we will see in 2.3.10., the position of Vernadsky on the question of the
eternity of life and his noosphere concept allow to define his views on intelligent life as
a preview of the Final Anthropic Principle. According to Vernadsky, life is a
fundamentally eternal phenomenon. It creates its cnvironment and this process can be
spread to the whole universe (Aksenov, 1993, p. 87).

Compare:

FAP: ,Intelligent information-processing must come into exisience in the Universe,
and, once it comes info existence, it will never die out*,

Vernadsky: ,This is caused by mumerous empirical data findamental to
biogeochemistry and seemingly indicating the fact that life belongs to such general
manifestations of reality as matter, energy, space, and time.“ (Vemadsky, 1997, p. 194).
wScientific thought as a manifestation of living matter cannot be, in its very essence, a

“In companng the mdividual statcments one should bear in mind that Vemadsky wrote the works,
which are quoted here, in the 1930's.
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reversible phenomenon. It may be retarded in its development, but once having arisen
and revealed itself in the biosphere’s evolution, it bears in itself the possibility of
unlimitcd development in the course of time* (Vemadsky, 1991, p. 25).

The idea of the cosmic nature of life is connected with all the important parts of
Vernadsky’s theoretical system. One of the arguments in favour of the idea of the
eternity of life is his space-time theory (2.1.). Through the noosphere concept, this idea
is tied up with the philosophy of science and the main principles of the biosphere
theory. ' o

2.3.10. The Noosphere Concept

The noosphere concept of Vernadsky is a system of ideas about the future of the planet
Earth based on ‘empiricat generalisations’ of the biosphere theory. That is why it is
more correct to tatk about the theory of the biosphere and its tramsition into the
noosphere.

In spite of the extensive literature about the noosphere, there has been litile attempts
(Kutyrev, 1990; Ghilarov, 1994) to crtically analyse this concept. In this chapter, I
analyse the arguments of Vernadsky supporting his theory of transition of the biosphcre
into the noosphere.

In the noosphere concept, Vemnadsky formulates one of his most closely-held intuitive
convictions - his unlimited faith in the power of scientific thought. That is why the
noosphere concept is seen, from the viewpoint of Vernadsky himself, as a culmination
of his theoretical system.

He adopted the term ‘noosphere’ from E. Le Roy (Le Roy, 1927), who attended
Vernadsky's lectures at the College de France (1922-1926). Le Roy stated that
biological evolution is completed and with the appearance of man a new spiritual stage
of evolution has begun. Le Roy called this new evolationary stage the noosphere.

Vemadsky adopted only the term ‘noosphere’ but filled it with new content. He did
not believe that the biological evolution is over. Vernadsky stated that the evolution of
the biosphere goes in the direction of self-stabilisation by increasing the biogenic
migration of matter. This evolution passes various stages (see above). Vernadsky calls
the final stage of this process the noosphere. The most important characteristic of the
noosphere is that the instrument of its stabilisation appears to be human reason, or better
to say, scientific reason. Scientific thought is seen as a function of the biosphere or a
planetary phenomenon (Vermadsky, 1991). Vemnadsky’s noosphere is inseparable from
the biosphere and cannot be treated as a ‘thinking layer’. Being a natural body, the
noosphere includes living matter, the atmosphere, the lithosphere, the hydrosphere and
the products of human technological activity. ,,The explosion of scientific creativity* in
the 20th century (Vemadsky, 1991) is interpreted as a lawful phenomenon resulting
from the whole course of evolution. On the wave of this explosion, humankind turns
into the leading regulative factor in the biosphere. This responsible role makes it
incumbent upon human society to undertake the necessary social reforms like the
reconciliation and consolidation of humanity, elimination of war and hunger and a
process of democratisation (Mikulinskij, 1989). Onme can say that the biosphere
transforms itself into the noosphere by means of scientific thought. Science has a
planetary or, better, cosmic assignment. It transforms our planet and lifts it up to 2
higher degree of biospheric organisation. The transition of the biosphere into the
noosphere is a Jawful process and will take place with an inevitabilily derived by the
laws of nature (Vernadsky, 1991).
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One can distinguish threc basic statements of thc noosphere concept which are subject
to discussion:

1. Scientific thought is a function of the biosphere and thus a planetary (cosmic)
phenomenon. v

2. Scientific thought transforms the biosphere into the noosphere.

3. The coming of the noosphere is a lawful process.

Statement (1) can be, in its tum, divided into two subtheses:

1.1.The logic of science is ,deeply and inseparable tied up with the biosphere*
(Vernadsky, 1980, p. 111).
1.2. Scientific thought is a lawful geological phenomenon.

Vernadsky called thesis (1.1.} ,.the basic empirical generalisation for the biosphere™.
Yet this statement canmot be recognised as empirical generalisation. The statement is
difficult to confirm or to refute, because ,empirical” ts, first of all, observable or
experimental. It is difficult to imagine how thc connection between the logic of natural
seience and the biosphere can be proved by any immedtate observation or experiment.

Subthesis (1.2.) could be proved if one could point out the related geological
(biogeochemical) laws. .

The statement (2) has also two aspects. The biosphere as reorganised by science can
be seen both as reality and as utopia (Kutyrev, 1990). Thesis (2.1.), that man creates
artificial ecosystems replacing, the natural ecosystems in the course of time, is indeed a
direct empirical generalisation.

Thesis (2.2.), that the process of replacing natural ecosystems with artificial
ecosystems must lead ,to the triumph of reason and humanism" (Barsukov, Yanshin,
1988), seems to be a kind of utopia. Nevertheless, this claim can be substantiated if one
finds a way to reduce (2.2.) to (1.2.) and to prove (1.2.).

Statcment (3) can be proved if one specifies the laws determining the appearance of
the noosphere.

So far it 1s clear that Vermnadsky’s noosphere is not a scientific concept in its entirety.
However, we could save this idea, at least partially, if we could find in the persuasive
arguments the texts of Vemadsky in favour of statements (1.2.) and (3). In short, in
order to substantiate the noosphere coneept, we must, first of all, prove that science is a
lawful geological phenomenon inevitably tumning the biosphere into the noosphere.

In Vernadsky’s view, science is a lawful geological force. This claim is basic to the
noosphere concept. If scientific thought occurs to be a matter of mere happenstance, the
biosphere cannot be said to be lawfully turning itself into the noosphere by means. of
scientific thought.

In order to show the ,natural® character of the anthropogenic influence on the
biosphere, Vernadsky examines technological activity as a ‘black box’. He takes in
account only the chemical compounds and the velocity of the biogenic migration of
chemical elements.

According to the first and second BGCP’s, the biogenic migration of atoms in the
biosphere tends towards a maximum and the species (and forms of organisation)
increasing the actual biogenic energy should appcar. This means that the evolution of
the biosphere has a directedness. Scientific reason increases the biogenic migration of
atoms and thus lies in the natural course of the evolution of the biosphere. In
Vernadsky’s view, this is one of the arguments in favour of the lawful character of the
appearance of scientific reason (and the noospherc).
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The second BGCP is hardly acceptable as a universal scientific law. Indeed this
principle reflects a tendency toward increasing biogenic migration of the elements. Yet
it cannot explain the mechanism and the limits of the increase of biogenic migration.
One could point out that the second BGCP can be formulated as a version of the
principle of the struggle for existence: ,,In the course of the evolution, those species
survive which by means of their lives increase the biogenic geochemical energy
(Vemadsky, 1993', p. 372). However, this version of the second BGCP contradicts
Vemadsky’s own classification of the kinds of the biogenic migrafion. As I already
pointed out Vernadsky classifies these migrations into three kinds: (1) migration
induced by the activity of microorganisms; (2) migration induced by the metabolism of
metazoa; (3) migration induced by the mechanical activity of metazoa including
humankind. Biogenic migration of the first kind is much more intensive than the
migration of the second kind. However, if we accept the amendment of Kolchinsky (see
above) and agree that the second BGCP is valid only within thc framework of a
kingdom, then it loose its power as an: argument in favour of the noosphere.

After all, the first and second BGCP’s do not determine the optimal rate of biogenic
migration. They say nothing about the geophysiological functionality of the increasing
biogenic migration induced by the thoughtful activity of man. What follows from the
analysis of the relations between human activity and BGCP’s is the inference thai this
activity does not contradict the tendency indicated by these principles.

The first and second BGCP’s, being accepted, are followed by the inference that the
biosphere tends towards a maximum of active (kinetic) cnergy and that the forms of
organisation and species, or species associations which satisfy this requirement, should
occur in the biosphere. However, the principles do not specify which forms will occur,

The latter must be clarified by the third principle (conceming the directedness of the
evolution of the biosphere) or the empirical generalisation of J. Duna (1813-1893). This
generalisation connects the evolution of the biosphere to the development of a central
nervous system in some species (cephalization) (Vernadsky, 1991, pp. 21, 22). Human
reason and a higher level of biospheric organisation are the results of cephalization.

However, the Dana principle is a pure empirical generalisation and has little
explanatory power. The origin of the human brain as a material basc of scientific reason
does not contradict this empirical gencralisation. Yet this generalisation does not make
it possible to talk about the lawful origin of intelligence in the biosphere. Quite the
reverse: Many of the leading contemporary evolutionists (T. Dobzhansky, G. Simpson,
F. Ayala, E. Mayr), taking in account the likelthood of evolution to hunman-level
intelligence, hold, that , there is no indication in the geological record that the evolution
of intelligence is at al} inevitable* (Barrow & Tipler, 1986, p.133).

Vernadsky also tried to find evidence for his noosphere concept outside of the pure
biogeochemical cycle of thinking in his own space-time theory. Here I point out some
connections between the noosphere concept and the space-time theory of Vemadsky.

The essential key to the space-time theory of Vernadsky is dissymmetry (Levit et al.,
1999). The space-time of living matter is dissymmetric and the time of living matter
appears to be irreversible. This enables us to say that the space-time of the biosphere is
dissymmetric. This, in turn, means that the time of the biosphere and, accordingly, the
essential processes of the biosphere are irreversible. Vernadsky wrote:

~The irreversibility of the evolutionary process is the result of a characteristic which
distinguishes the living matter in the geological history of the planet from the inert natural
bodies and processes of the planet. One can see that irreversibility is tied up with the
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special qualities of the space occupied by the bodies with a special geometrical structure,
a special state of space (as P. Curie said)" (Vernadsky, 1991, p. 24).

If so, then the phenomena described by the BGCP's and the Dana principle appear to
be irreversible as well as the whole evolutionary process (Vemadsky, 1991, p, 24). This
should be an answer to the question about a theoretically possible reverse of the
evolutionary process described by the BGCP’s and the principle of Dana.

This hypothesis of Vernadsky gives nise to some doubts. The irreversibility of time
and the irreversibility of the evolutionary process are two different things. The only
condition which must be fulfilied to assure that we are dealing with absolutely
ireversible temporal phenomena (in the sense of Vemadsky), is the prohibition of
absolutely symmetrical temporal events. For example, a solid crystal in the solution can
be produced, then dissolved again and then reproduced as a crystal with thc same
crystalline structure. This process and the time in which this process takes place will be
reversible, according to Vernadsky. Examining living matter, we observe the opposite
picture. If we take into consideration, for example, a natural mutation, it would be clear,
that a rcturn of thc mmutant to the very organism from which it had separated is
impossible (even in case of reversible mutationsy. Vernadsky (1991, p. 17) stated that
»any single individual of living matter differs chemically from the others. The
methodologicat position of Vernadsky can be characterised as a version of the principle
of Leibniz as it represented by A. Gruenbaum (1974).

However, temporal dtreversibility of the life process does not guwarantee the
irreversibility of progressive morphological evolution. Irreversibitity of time is
insensitive to the directedness of the evolutionary process because both evolution and
degradation would be equally irreversible from the viewpoint of temporal symmetry.
That is why the space-time theory of Vemadsky, as it is, cannot be used as an evidence
for the trreversibility of the biosphere evolution and the inevitability of formation of the
noosphere.

In Vernadsky’s view, once scientific thought appeared, it inevitably led to the
noosphere. Partly, it is connected with the peculiar spatial-temporal properties of living
matter: ,,Scientific thought as a manifestation of living maiter cannot be, in its very
essence, a reversible phenomenon (Vernadsky, 1991, p. 25). This viewpoint was
already criticised above. )

According to Vernadsky, the irreversibility of the transition into the noosphere
appears to be a concept of social evolution based on the biosphere theory. The
statcments of Vernadsky concerning the irreversibility of the tramsition into the -
noosphere are the most debatable in his theory. One of the most illustrative examples
shall,be quoted:

»A civilisation of ‘cultural humanity’ (being a form of the organisation of a new
geological force created in the biosphere) cannot disappear or cease to exist, for it is a
great natural phcnomenon corresponding historically, or more correctly, geologically, to
the established organisation of the biosphere. Forming the noosphere, the civilisation
becomes connected through all its roots to its terrestrial envelope (biosphere), which has
never happened in the previous history of the mankind to a comparable degree*
(Vemadsky, 1991, p. 40).

This quotation clearly shows that Vernadsky commits the methodological error of
extending the methodology of natural science to the domain of social evolution. He puts
human reason on the same level as the other biospherical phenomena. Humans appear to
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be deprived of their freedom of choice. This way of thinking can be classified as a
verston of social determinism:

wAll the fears and reasonings of the philistines, representatives of the humanities, and
philosophy about the possibility of the fall of civilisation are tied up with an
underestimation of the power and depth of geological processes like the one we are now
expericneing, namely, the' transition of the biosphere into the noosphere™ (Vernadsky,
1991, p. 45).

This quoted passage can be interpreted as follows: Geological processes are natural
processes. Man, being a natural phenomenon, greatly influences. the geological
processes. Hence, this very influence also can be treated as a kind of natural process.
Nature cannot contradict itself. So civilisation (the transition of the biosphere into the
noosphere) cannot be interrupted. ]

Al processes which take place in nature without participation of man are called
natural independently from their ,,depth and power. Thus the biosphere was a natural
self-regulating system bcfore the appearance of hnmanify. With the appearance of
human beings endowed by consciousness and free will, one can talk about artificial
things and processes. Man creates, for cxample, simplified artificial biogeocoenoses,
which cannot survive without his help (Kamshilov, 1979).

Such biogeocoenoses cannot be classified as natural, Man could make all the natural
biogeocoenoses into artificial biogeocoenoses and destroy the natural equilibrium of the
biosphere. And the ,.depth and power* of the human influence on these biogeocoenoses
would not allow us to classify this catastrophe as a natural event.

It can be stated that not a singlc discovery of contemporary geology (palacontology,
paleoecology) contradicts a possible downfall of the , civilisation of cultural mankind*.

In order to understand how Vemadsky, a naturalist, could afford such an extravagant
prophccy, we must recall that human reason is for him, first of all, scientific reason.
Science, in its turn, is seen by Vemadsky as a natural phenomenon, which cannot be
anti-natural and is, according to this, amoral by definition. It looks as if scientific reason
escaped the First Sin, while the other parts of the human mind are evidently ,,post-
paradisic*.

The evolution of life on Earth is a lawful process which leads to the appearance of
human reason and scientific thought. Hence, scientific thought is a regular natural
terrestrial phenomenon. Now, it seems logical to say that scientific thought is a
planetary phenomenon which cannot destroy the planet which begot it.

This way of thinking ignores the fact that human thought is a phenomenon of a
peculiar nature and cannot be equated to the other manifestations of the biosphere. Even
if we accept that it is a regular, lawful manifestation of biospheric evolution, it would
not substantiate a thesis that it cannot perform a destructive role in the biosphere.
Theoretically, we can construct a model (mathematical, computer-model) of a system,
which will be destroyed by a regular (lawful) element of that system. Moreover, even if*
scientific thought is of a ,,supermoral* nature, Man as an owner of this thought is a very
unstablc and dangereus element in the system ‘man - nature’.

Thus, neither the planetary character of scientific thought (the lawfulness of its
appearance and formation) nor the power and intensity of human influence on
geological processes can bc used as arguments in favour of the irreversibility of
formatton of the noosphere.

We can consider one more problem which occurs in this connection: if human thought
is a planetary natural phenomena, it should be natural in alt its manifestations. One can
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ask how natural, supermoral, objective scientific thought can co-exist in the human
mind with subjective and often destructive philosophical, and religious thought? How
can man prove scientific thought is the most ‘natural’ of human ‘thoughts’?

In order to complete his noosphere theory, Vemadsky had to substantiate the
arnbitions of science to represent a directive force of the noospheric evolution. In the
other words he had to create his own ,,noospheric* philosophy eof sciencc. 1 analyse his
philosophy of science in the chapter 2.2.

The system of principles and generalisations created by Vemadsky to describe the
biosphere can be classified as a scientific theory. However, in our view, the concept of
the transition of the biosphere into the noosphere does not appear to be a scientific
concept, although Vemadsky claimed this concept to be scientific and empirical. The
arguments of Vernadsky which we find in all parts of his theoretical system are rather
speculative. The Dana principle is indeed an empirical generalisation, but it cannot be
used as an argument in favour of incvitability of the origin of scientific thought. The
second BGCP, even being accepted as an empirical -generalisation, does not give
support to the noospherc. The arguments following Vemadsky’s space-time theory are
also, as we have seen, methodologically inconsistent.

To sum up: the empirical basis of the biosphere theory does not support Vernadsky’s
claims about the inevitable and lawful transition of the biosphere into the noosphere.
This does not justify to treating the idea of the noosphere as a s¢ientific concept.
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3. THE THEORETICAL SYSTEM OF VERNADSKY IN THE
CONTEXT OF CONTEMPORARY SCIENTIFIC THOUGHT

3.1. THE BIOSPHERE AND THE NOOSPHERE THEORIES OF V. L
VERNADSKY AND P. TEILHARD DE CHARDIN

3.1.1. Introduction

Comparative investigations on the theories and terminology of Viadimir Vernadsky and
Pierre Teilhard de Chardin have been already discussed in the scientific literature
(Serafin, 1987; Grinevald, 1996; Fuchs-Kittowski & Krueger, 1997, Léther, 1998).

Although the ages of Teilhard de Chardin (1881-1955) and Vemadsky (1863-1945)
differed, they were at the comparablc level of scientific maturity concerning the growth
of their biosphere-noosphere theories. As we know Vemnadsky first presented his views
on the biosphere systematically when he published The Biosphere in 1926, although he
began using the term biosphere much earlier (1911). In his Essays on Geochemistry,
lectures written in Petrograd (St.-Petersburg) in 1921, Vernadsky used both of the most
important terms of his theory: living matter and the biosphere, although he made the
first clear definition of the biosphere in 1923. At the same time (1921), Teilhard used
the term biosphere in his ,,The Face of the Earth” for the first time (Grinevald, 1996, p.
41). From 1938-40 Teilhard wrote one of his basic works Le phénomene humain (1955)
(The Phenomenon of Man) wherc he presented the biosphere and the noosphere
concepts. At the same time (1936-38), Vernadsky wrofe his ,,Scientific Thought as a
Planetary Phenomenon®™ where he used the same terminology. Both scientists adopted
the term 'biosphere’ from the works of thc Austrian geologist Eduward Sucss (1831-
1914), who had coined this term in 1875. Developing the theorctical insights of Suess,
both scientists left the boundaries of descriptive natural science and tried to create all-
embracing theoretical systems including elements of philosophy, social sciences and
authorised interpretations of the evolutionary theory. The most general objective of the
two theoreticians were also similar: to prove the ,non-accidental” character of the
Earth’s biota by creating a global theory of life. Both thinkers aimed to combine
scparated segments of their contemporary science by creating an integral picture.

It is rcmarkable that both scientists derived global theoretical generalisations from
descriptive natural disciplines, and in general, were at a comparablc level of scientific
knowledge. Tetlhard was a professor of geology at the Institut Catholique in Paris, and
was known as a Jesuit Father, palaeontologist, and paleoanthropologist. Vernadsky was
a professor of mineralogy at the Moscow University, a geologist and crystallographer by
profession, and thc founder of biogeochemistry. Furthermore, the two scientists were
personally acquainted and arc said to be influenced by one another. K. Batles (1990, p.
162) reports that Vernadsky's lectures at the Sorbonne in the 1920s were attended by
Teilhard de Chardin and his close friend Edouard Lc Roy (1870-1954). The latter was
influenced by biogeochemical ideas of Vernadsky and mentioned Vernadsky many
times (Le Roy, 1927, pp. 142-143, 159, 163). Teilhard (e.g., 1959, p. 203) also quoted
Vemadsky in connection with his biosphere concept. Vernadsky (1965, p. 328) himself
wrote that Teilhard de Chardin and Edouard Le Roy elaborated the theory of the
noosphere based on his biogeochemical concept of the biosphere. Vernadsky, in tum,
borrowed the term ‘noosphere’ from lectures, writings, and from conversations with Le
Roy. Grinevald (1996, p. 41) writes: ,,Together, the two unorthodox Catholic thinkers
(Teithard de Chardin and Le Roy - auth.) discussed the new scientific idea of the
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biosphere and, in collaboration with the Russian scientist, Vladimir Vernadsky, then in
Paris, developed the notion of the noosphere®.

Both theoreticians helped to give birth to the biosphere and noosphere concepts,
however Vernadsky’s and Teilhard’s concepts of the biosphere and the noosphere differ
in crucial points. They based their theories on a comparable body of empirical data, and
pursucd similar general objectives. However, they created two different theoretical
worlds.

In this chapter I analyse the methodological similarities, and disparities between the
two theories, and point out that their divergence ean be connected with the differing
scientific and ideological experience of the two thinkers.

Comparative tables of the two theories are given as an appendix to the chapter to
clarify the general comparative picture of the two theories® final claims, and to avoid an
excessively detailed comparison that would overload the text.

3.1.2. The Biosphere, Living and Inert Matter, and the Evolution towards Intelligent
Life

The general methodological principle proclaimed by Vemadsky and Teithard de
Chardin can be expressed as purely phenomenalistic, being absolutely, and completely
scientific. For example, Teithard (1961, p. 300) writes about the “perfect scientific
legitimacy”™ of the views he has put forward.

Both thinkers sought to fit the presence of intelligent life on Earth into & scientific
worldview. The objective of Vernadsky and Teilhard de Chardin was to argue that
evolution toward intelligent life was a lawful process of cosmic significance. They also
saw evolution as a directed process.

a) ,Life ...is a controlled (dirigé) process™ (Teithard, 1961, p. 151).
b} ,We take the evolutionary process over geological time as a directed process™
(Vernadsky, 1965, p. 193).

For Tetlhard, in contrast to Vernadsky, prebiotic evolution was a directed process. The
directedness of the evolution of life meant, in both cases, a movement from the
primitive (rudimentary) forms of life and intelligence to their more advanced forms.
Teilhard. The idea of the directedness of evolution mmplies in both cases that the growth
of intelligence is a lawful process. As Vemnadsky puts it: ,He [man - auth.] is an
inevitable manifestation of a great natural process having lasted in a regular way for at
least two billion of years™ (1997, p. 31)

Both Vemadsky and Teilhard de Chardin paid a lot of attention to the already
mentioned Dana principle. J. D. Dana (1813-1895) had noted that in the course of
geological time, a certain part of the planet’s inhabitants acquired an increasingly
complex central nervous system (cephalization). Vemadsky connected this
generalisation with the trreversible growth of living beings' intellectual capacities in the
course of geological time. The irreversibility of the cephalization process was important
also for Teilhard de Chardin.

However, both scientists transformed this ,empirical generalisation” of increasing
cephalization into theoretical argumientation differently. Tcilhard, a palaeontologist,
endeavoured to explain the appearance of the reflective mind through the evolution of
organisms, and to predict its future development by transforming the whole history of
the universe into a ,,biological history”. Vernadsky, a biogeochemist, aimed to place
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humankind into a geological history by investigating the relationships of inert and living
matter.

Teithard de Chardin applied a ‘mathematical-like’ approach by extrapolating a straight
linc in a coordinate system from a field of positive values to a field of negative values.
He began at the atomic level and tried to represent the state of affairs as if the Dana
principle in the living world were a special case of the more general principle of the
evolution of matter.

Evolution begins with elementary particles which appear ,suddenly” and, from the
very beginning, manifest the ,.granular property of matter (Teilhard, 1961, p. 49).
n~Granulated” and still unified matter evolves towards more complex forms and, thus,
underties from the beginning ,the great biological law*. The universe is a ,closed
quantum® and nothing can appear which did not already exist. When a material body
moves with a velocity comparable to the velocity of light a correlation bctween mass
and vclocity becomes significant. In everyday life this correlation is insignificant, but
this does not mean that our everyday life breaks the laws of relativity. By analogy, an
evident presence of censciousness or ,,interior world* in the human being shows that
this property, in the terminology of Teithard ,the within of things™, must be inherent to
matter in general. Under the cover of inert matter, a ,biclogical layer exists and existed
from the very beginning. This means that the beginning of ,,biology“ and the beginning
of the initial granulated World were simultaneous events.

Teithard saw biological evolution as continuation of pre-biological cvolution, and the
growth of mind as regular process, in which there is a gradual concentration of the
«Within of things™. Intetligent life is a result of the lawful evolution of unified matter,
which from the beginning was dichotomous, having an interior and exterior side. It is
therefor extremely important for Tcilhard to show the similarity of living and inert
substances. He proclaims the abscnce of an impassable border between the two kinds of
matter. Hence, there must be transitional forms between life and non-life in the
theoretical system of Teilhard de Chardin. For him, a virus is an example of such a
transitional form.

To Vemadsky, it was clear, that the evident growth of the central nervous system
during evolution (the Dana principle) should serve as evidence for a conclusion
concerning the lawful character of intelligent life's origin on Earth. It was clear to
Vernadsky that one can trace the development of the nervous system from the most
primitive examples to its present forms, and that this development is connected
somehow to the growth of mind. At the same time, from his practical work as a
biogeochemist, Vernadsky knew that the intelligent part of the biospheric substance
(*human substance’ is an expression of Vernadsky} was inseparably connected with the
rest of Hving matter (totality of living organisms) and with the biosphere as a self-
regulating system including the inert environment. He knew that living and inert
substances manifest sharply different properties, and are therefor in principle different
kinds of matter. However, he saw the process of evolution as a wholly biospheric
phenomenon, so that all events can be seen as having their specific function in this
larger process. Vernadsky knew from his scientific experience, that the evolution of the
biosphere is caused by living matter, and called inert matter ,,inert* or ,sluggish
primarily because of its passtve character.

The growth of mind on Earth can be connected with the general properties of living
matter, This statement may be extended, in that, if living matter is of a unique nature,
then the human mind is a lawful phenomenor; if living matter is just a modification of
an inert substance, then life and man are accidental events. Thus, in contrast to Teilhard,
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it was important for Vemadsky to show the contrast between living and inert
substances.

Vernadsky, as well as Tetlhard de Chardin, aimed to prove that life is a regular, non-
sporadic, non-transitory phenomenon in our universe. The important generalisations and
theoretical statements in both theoretical systcms serve to prove this main assertion.
However at this juncture, Teilhard and Vemadsky proceed by difierent pathways:
Teilhard assumes, that life is an eternal, constant phenomenon, because each single
atom contains a rudimentary form of life inherent to all matter. In the Universe of
Teilhard, the atom has interior and exterior properties. Teithard (1961, p. 57) associates
the interior properties of the atom (,,within of things") with life (‘biological layer’), the
exterior properties (,,without of things“y with the world of physics and chemistry. An
atom can therefor be adopted by a living orgamism and become part of living matter.
Vemadsky proposcs, on the contrary, that life is non-transitory, because it is strictly
separated from the inert environmeni. From this statement follows the inference that life
is an etermal phenomenon. That is why Vemadsky, unlike Teithard, pays so much
attention to the problem of the distinctions between inert and living matter. According
to Vemadsky, living matter manifests spatial-tcmporal-energetic peculiarities which
separate it sharply from the inert environment (see 2.1.), and living matter is connected
with the inert cnvironment only through a biologically confrolied flow of atoms. The
bielogically controlled atomic exchange between living and inert substances is possible,
because an atom of this universe bears no peculiar living or non-living properties. It
would be iticorrect to assume that life:and non-life are already present on the atomic
level, because an atom achieves ils significance via its involvement in a two-level
system: inert emvironment - living organism. Which kind of space-time-energy
continunm our atom finds itsclf in is quintessential in the theoretical world of
Vemadsky. The biogenic exchange of atoms between the two states is necessary
because of the opposition of the two substances.

The biosphere, according to Vernadsky, is a geological stratum and, at the same time,
a self-regulating system including both living and inert constituents (see 3.1.). He
formulated this opinion based on the theoretical supposition of dichotomous matter and
from his experience as a biogeochemist. In contrast, the biosphere of Teithard de
Chardin is strictly constituted from the aggregatc of living organisms. As a
palaeontologist, he concentrated on the self-organisation of living matter and, as a
theologian, he thought about the future ,splitting” of biosphere and noosphere.
Therefor, the biosphere of Teithard is a step in the process of this evolutionary break.

The most significant differences in the theories of the biosphere of Teilhard de
Chardin and Vemadsky originate from their interpretations of the nature of life. Teithard
assumed abiogenesis occurred because it was in accordance with his concept of
dichotomous matter. Vernadsky did not assume abiogenesis occurred because from his
viewpoint it would be incompatible with the affirmation of the crucial substantial-
energetic difference between living and inert natural bodies. Teilbard concentrated his
efforts on investigating the similarities between the two kinds of matter because it was
important for him to demonstrate the material and spiritual unity of the world.
Vernadsky, on the confrary, sought to describe the fundamental border between living
and inert substances from the biogeochemical viewpoint, because this played an
important role in his understanding of life as a regular, non-sporadic, perpetual
phenomenon in the universe. Accordingly, Teithard did not see that geogenesis is an
effect of the presence of life on Earth. In his theory, geogenesis trausforms itself into
biogenesis, whereas Vernadsky stressed that lving matter is an acting part of the
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biosphere producing free geochemical energy. Geogenesis, according to Vernadsky is a
natural consequence of the presence of life on Earth. Thus, the difference between
Vernadsky’s and Teilhard’s views on the nature of life led them to different
interpretations of the biosphere. A complete list of the differences is summarised in
table N2.

3.1.3. The Noosphere

Both Vernadsky and Teilhard de Chardin claimed that evolution is a directed process,
and their schemes coincide approximately until the appearance of intelligent life. From
there Vemadsky’s and Teilhard’s evolutions diverge because they imply entircly
different goals. Vernadsky and Teilhard sketched two absolutely different pictures of the
noosphere, although both of them claimed to be strictly ,,phenomenalistic** and to base
their theories on pure ,.empirical generalisations®.

Vemadsky understood the noosphere as a lawful stage in the evolution of the
biosphere. The crucial characteristic of his last stage of biospheric evolution is the
dominance of scientific reason. Science influences, accelerates, transforms and takes
under its control the ,,natural“ biospherical processes. At the same time, science is also a
natural planctary phenomenon. From Vernadsky’s viewpoint the noosphere is not a2 new
»Sphere on the Earth’s surface, because all noospherical events take place in the frame
of the biospheric geological stratum. There is no mysticism in this view, anid Vernadsky
never discussed the temporal limits, or the possible end of the noosphere.

Teilhard’s viewpoint allows him to depict an imaginary cvolution of the noosphere.
The psychic, interior side of matter or so-called ,,radial energy” directs matter to higher
levels of organisation which culminate in the end of the evolutionary process. This end
is external to the evolution itself. The Earth’s noosphere will be replaced by a super-
mind and will coalesce into a so-catled Omega-Point. As Teilhard put it (1961, pp. 273,
287-288):

, This will be the end and the fulfilment of the spirit of the earth.

The end of the world: the wholesale internal introversion upon itself of the noosphere,
which has simultaneously reached the uttermost limit of its complexity and centrality.
The end of the world: the overflow of equilibrium, detaching the mind, fulfilled at last,
from its malenial matrix, so that it will henceforth rest with all its weight on God-Omega*“.
,»--the end of all life on our globe, the death of the planet, the ultimate phase of the
phenomenon of man®. ’

Teilhard saw the noosphcre as a transitional stage of evolution from the biosphere to
the Omega-Point. He describes the noosphere as a layer over the biosphere, because to
him it is the beginning of a separation process. Thc radial cnergy enters a stage of
visible dominance and partial separation on the way to total independence.

The Omega-Point concept in the theory of Teilhard follows logically from the
dichotomous characters of matter and energy which appear at the atomic level. The
interior side of matter, of atoms, implies the constant presence of Omega from the very
beginning of the universe. ,,A present and real noosphere goes with a real and present
centre* (Teilhard, 1961, p. 269). This is the principle of the insistent movement toward
the super-mind in the course of evolution and beyond the evolutionary mechanisms. The
transcendental Omega ,slips out“ of thc material, spatial-temporal world, finally
resulting in a pure state of being without any material constituents. Therefor, an cndless
life within the material world would be a theoretical impossibility for Teithard.
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In Vernadsky’s theoretical world, the idea of Omega would be unthinkable, because it
is incompatible with basic biogeochemical concepts. According to the first and second
biogeochemical principles, the biosphere evolves in the direction of increasing stability
and acceleration of the biogenic migration of atoms. To Vernadsky, human thought
appears in the noosphere as a lawful manifestation of biospheric evolution, which can
only be scparated from it in abstraction. He expresses in his noosphere concept that the
reflective mind will expand to contro] the whole geological stratum, and did not exclude
a further spreading of humans throughout the Cosmios. Therefor, Vemadsky's noosphere
has no theoretical end.

The noosphere conception of Teilhard de Chardin and the noosphere conception of
Vemadsky have nothing in common, outside of the tenmn ,the noosphere* used by both
theoreticians.

3.1.4. Methodological Remarks

The above comparison of the biosphere-noosphere theories of Vernadsky and Teilhard
de Chardin attempted to remain in the framework of the inner logic of these theories.
Herein methodological remarks will be made from a detached perspective.

If onc compares the phenomenological basis of the theories of Vernadsky and Teilhard
de Chardin with their deductions and predictions, one is faced with some
methodological inconsistencies. In both cases the theoreticians take the same basic
methodological liberty. :Without claiming an exhaustive definition of this preblem, it
can be formulated as follows: a certain phenomenon (process) which exists on Earth is
analogically extrapolated either in time or in space (or, even, in a spaceless-timeless
domain) without any convincing grounds. For example, Teithard’s biosphere-noosphere
theory implies that, if one can evidently observe intelligent life at present, one can
extend the phenomenon of inteltigent life which is observable today to the pre-biotic
past, the post-biospheric future and the timeless domain of the Omega-Point. Such
assumptions are not theoretically forbidden, but may be in contradiction to the basic
phenomenology principle of Teilhard, in that his inferences extend far beyond any
empirical data. Trying to substantiate the lawful, non-contingent character of the origin
of intelligence, Teilhard de Chardin clatmed: , It is impossible to deny that, deep within
ourselves, an ‘interior’ appears at the heart of beings, as it were seen through a rent.
This is enough to ensure that, in one degree or another, this ‘interior’ should obtrude
itself as existing everywhere in nature from all time.*"* In contrast, one could claim that
this ,.interior** (intelligence, soul, spirit) is intrinsic only to living beings and appeared
due to the play of chance. There are no scientific grounds for claiming that the origin of
intelligent life is tied up with the complexity of the organisation of matter without
taking into account what kind of complex structures bear intelligent lifc. There is also
no reason for claiming that the level of the human spirttual abilities will be powerfully
heightened in the future, The idea that one day the spiritual side of matter will separate
itself from its ,;material“ basis scems to be not only non-phenomenotogical, but even
non-logical, if one accepts that the disclosure of the ,.spiritual side” of matter is
accounted for by matter becoming more complex.

Similar methodological inconsistencies can also be found in Vernadsky’s theoretical
construction, which also claimed to be derived from ,,empirical generalisations". He
assumed that one observes the steady acceleration and complication of atoms’ biogenic

" Ibid., p. 56.
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migration in the course of evolution (first and second biogenic principles). One also
observes the increasing complexity of a nervous system and comnected with it, the
growth of intelligence, which, in its turn, continues the natural course of biogenic
migration. Hence, one can predict thesc processes will be continucd in the future (for
more details see 2.3.):

wThe noosphere, that is, the-biosphere reworked by scientific thought, produced by a
process that took place during millions, perhaps billions of years, and created the Homo
sapiens faber, is not a short-time and transient geological phenomenon. Processes which
took many billions of years, cannot be transient, cannot cease. [t follows that the
biosphere will transform (one way or another, sooner or later) into the noosphere, that is,
in the history of the peoples populating it, those events will happen which are necessary
for this transformation, and do not contradict it (Vernadsky, 1991, p. 40).

The problem of substantiating this ,.empirical generalisation* is that one may ask why
»the processes which took many billions of years cannot ceasc*? There is no empirical
grounds for accepting or rejecting this proposal, nor is there any grounds for trusting
Teilhard de Chardin’s claims (based on the same scientific data) that planetary evohution
»will cease™, because the planet will die (Teithard, 1961, p. 273).

Thus, both Vernadsky and Teilhard de Chardin take the same methodological liberty.
By declaring the principle of phenomenology, they make prophecies which go far
beyond any empirical generalisation.

A second interesting methodolegical paradox involves the problem of reduction. Both
thinkers, Vernadsky and Teilhard de Chardin, tried to appeal to the physical-chcmicat
level of argumentation in order to present their ideas as strictly scientific claims. Thus in
the epilogue to ,,7he Phenomenon of Man" Teithard (1961, p. 300) declares:

»Reduced to its ultimate essence, the substance of these long pages can be summed up in
this simple affirmation: that if the universe, regarded sidereally, is in process of spatial
expansion (...), in the same way and still more clearly it presents itself to us, physico-
chemically [underlined by me - auth.}, as in process of organic involution upon itself (...)
- and morcover this particular involution ‘of complexity’ is experimentally bound up with
a correlative increasc in polarisation, that is to say in the psyche or consciousness".

Both Vemnadsky and Teilhard de Chardin tried to bring physical-chemical arguments
into a discussion about the peculiarity of living matter in an inert world. In the case of
Teilhard de Chardin, it is contradictory to prove the fundamental difference of the
interior of things™ and the ,,extertor of things“ by appealing to the physical-chcmical
tevel, because it is logically paradoxical.

Vernadsky also makes this mistake when trying to appeal to geochemical laws by
discussing the inevitable coming of the noosphere. It is impossible, in principle, to
predict future social and spiritual events by appealing to geochemical regularitics of the
past.

Vernadsky and Teilhard de Chardin constru