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1. INTRODUCTION
L1. Vladimir Ivanovich Vernadsky: Scientific Biography

Vladimir Ivanovich Vernadsky (1863-1945) is one of the greatest Russian naturalists.
He is regarded as one of the founders of modern geochemistry, biogeochemistry and a
pioneer of radiegeology. 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 modemn science of Vemadsky is, plausibly, his
theory of the biosphere. The author of the contemporary Gaia-theory James Lovelock
wrote: ,,we (Lovelock himself and a biologist and co-author 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,
Vemadsky did for space what Darwin had done for time: as Darwin showed all life
descended from a remote ancestor, so Vernadsky showed all life inhabited a materially
unified 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
expressed the view that Vernadsky was intuitively analysing the power of life without
knowing much about molecular ecology.

Vernadsky was born in 1863 in Sankt-Petersburg. His father Ivan Vemnadsky (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
scientists 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. Sechenov
(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, eternal 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 Vernadsky’s theory of the biosphere.

In 1885 Vernadsky completed his examinations for the degree of candidate of science
in mineralogy and ‘geognosia’. In 1888 he left St. Petersburg. He decided to study
crystatlography 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 period of his creativity when
working on his space-time theory.

In 1889 Vermadsky 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 Chatelier helped Vernadsky to find a dissertation topic and as
Vernadsky later recognised significantly influenced his scientific work. Le Chatelier
was working with the problem of erystalline polymorphism and indirectly influenced
Vernadsky’s biosphere and space-time theories.

In 1890 Vernadsky returned 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 crystatlography 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
scientist. 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 Vernadsky
also wrote and published his first major article in the field of history and philosophy of
science ,,On a Scientific Worldview* (Vernadsky, 1902).

Investigating the history of minerals of the Earth’s crust Vernadsky came to the idea to
study the paragenesis of chemical elements. 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) developed 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 history of the
Earth’s crust and the atmosphere. In 1909 Vemadsky 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. Fersman (1883-1945)
gave the first regular course of general geochemistry already in 1911 (Vernadsky, 1988,
p-345).

At the same time Vernadsky was beginning fo work in the field of radioactivity. In
1908 Vernadsky took part in the conference sponsored by the British Association for the
Advancement 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 professors of Moscow 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
Vernadsky 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 elaborate his concept of , living matter®.

It

In 1910 Vemnadsky visited Eduard Suess (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 Vernadsky organised and
headed the Commisston for the Study of the Natural Productive Forces of Russia
(KEPS). KEPS later laid the foundations for many scientific institutions.

In 1916 Vernadsky 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 in the Ukraine, in the calmness of his Datcha
»Shishaky”, Vernadsky started to write the book (first ed.:Vernadsky, 1978) about the
role performed by living organisms in the geological history of Earth (Sytnik et. all,
1988, p. 31). After the October revolution (1917) Vernadsky moved to Kiev 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 calculate 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 inx 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

. tissue 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 minerals
(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 role in the
decomposition of the kaolin core of clay minerals.

In the summer of 1919 Vernadsky worked 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 Vernadsky’s work. In his ,,Genetics of the
Evolutionary Process* (1970) Dobzhansky quoted Vernadsky’s ,,The Chemical
Structure of the Earth’s Biosphere and Its Environment*, (1965) which Vemnadsky
considered the summation of his life’s work.

The needs of the Academy of Science forced Vernadsky/to leave Kiev for Rostov.
However, the hardships of the civil war confused his pla.;{s 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. Toffe (1880-1960) and I. Tamm (1895-1971) or the geologist V. Obruchev
(1863-1956). All of them taught in the new Tauride 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
Commussion). The closest friend of Vernadsky the academician-orientalist 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 matrter.

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 Edouard Le Roy (1870-1954). This meeting was very important both for ,

Vermadsky 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). Vemnadsky worked in France until November 1925. Vernadsky 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 (1926). 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. Bailes (1990) and E. Kolchinskij & A. Kozulina (1998) based on the archival
materials of 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 ,,The 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 Vernadsky read a report ,, The Geochemical Energy of Life in the
Biosphere* (1928") during a ,,Week of Russian Science” in Berlin. During this congress
Vernadsky met also A. Einstein (1879-1955).

1>

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. Vernadsky
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 probiem globally taking into consideration the overall
biogeochemical functions of living matter. In this article Vemadsky 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 Scienee (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 economicaily important minerals. In 1935 BIOGEL began
studies of the physiological role of some chemical elements in endemic diseases. As
early as June 1936 Vemadsky together with A. Vinogradov (1895-1975) made a report
at a meeting of the Moscow Therapeutic Society entitled ,,Geockemical Provinces and
Diseases. They concluded that the endemic diseases were restricted to certain areas,
which Vernadsky 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 epidemies based on the lack of trace
elements.

BIOGEL elaborated 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 turned his attention to space-time problems of living matter (Aksenov, 1994, p-
388). Already in November 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™ (1?33-
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 planet.

In 1932-33 Vemadsky travelled in various countries inciuding Germany, Franct?,
England, Poland and Czechoslovakia. In Miinster he madt_e a report (1932) Die
Radioactivitiit und die neuen Probleme der Geologie (Radioactivity and New Problems
of Geology) for the Deutsche Bunsen-Gesellschaft fiir Physikalische Chemie. In
England Vernadsky communicated with Frederick SOflfiy (1877-1?56) _who founded_a
theory of isotopes. The study of the isofopic composition and radieactive elen.;ents. in
living matter was now an important line of Vernadsky’s work. One has to k_eep in mind
that also this type of research was initiated almost 40 years before the matn stream of
biological sciences. N

Back to Leningrad, Vernadsky tried to publish two books ,,Living Matter* and the
German version of ,,The Biosphere®. However, the books did nqt appear becausg of
censorship. ,,Living Malter* was published only in 1940 under the title ,,Biogeochemical
Essays®.

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

Already in the beginning of the 30-s Vernadsky came to the idea of writing 2 book
where his holistic view on the nature would be expressed both scxen.tnﬂga}fy and
,,philosophically”. By 1936 Vemnadsky understood that his thoughtg and sc?len‘t‘lﬁc work
could be expressed in two different books, one of them.more',,phllosophlcal and one
mostly scientific. Thus Vernadsky began to work on his main works .,,Th.e Chemical
Structure of the Earth’s Biosphere and Its Environment"* (1965) and ,,Scientific Thought
as a Planetary Phenomenon* (1991). Vernadsky completed these works although h.e did
not write the final chapter of ,,The Chemical Structure®. Bo?h books were pubnshed
only after Vernadsky’s death. ,,Scientific Thought** was pubhshe(_i first in 1977 in an
abridged form. In 1936 Vemadsky writes in London, in the Library of the British
Museum, an article ,,On Logic of Natural Science®. In this article Vemadsky 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 for the
Contemporary Geology* (1939) at the 17th International Geologlc@l Congress.

One year later Otto Hahn, Lise Meitner and Fritz Strassmgn split the atom that‘ made
possible a chain reaction. In June 1940 Vemadsky received a letter from his son
(George Vernadsky), who taught in Yale University (U SA). George Verna:dsky enclosed
a New York Times clipping of May 5, 1940 that summarised 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. Vernadsky asked his
student V. Khlopin (1890-1950) to take chatr of the Commjssﬁon. Vernadsky and the
physicist A. loffe were elected vice-chairmen of the Commission. Th.e rpember of'the
Commission 1. V. Kurchatov (1903-1960), who worked under Khlc_)pm in tl}e 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 evacuatgd to
the health resort Borovoje in Kazakhstan. The two years in Borovoje were highly

15

productive. Vernadsky wrote the important third issue of series ,,Problems of
Biogeochemistry” (1980) which he saw as his scientific will. He worked also on his
main work ,,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 Vernadsky returned to Moscow and in 1944 published his last work
»A Few Words About the Noosphere*, which he had written in Borovoje as well.

On 6 January 1945 Vemadsky died from 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 facets of his scientific and social activity are elucidated. Among others,
there are three detailed scientific biographies of Vernadsky (Mochalov, 1982; Bailes,
1990, Aksenov, 1994). Some generalising theoretical works on Vemadsky’s theoretical
legacy were also written. As early as 1971 I. Mochalov defended his Doctor of Science
(Habilitation) thesis Scientific and Philosophical Fundaments of V.I. Vernadsky's
Worldview.

Nevertheless it cannot be said that Vemnadsky’s theoretical system is fully
investigated, reconstructed, appreciated and critically analysed. Partially this can be
explained by ideological pressure and censorship in the USSR, partially. by the
complexity and all-embracing kind of his scientific heritage. There are about 200
publications by Vemadsky in different languages directly connected with the themes
biosphere and living matter. There are almost 700 articles and books of Vernadsky
published in Russian, 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) wrote about one of Vernadsky’s scientific
predecessors G. Buffon (1707-1788): ,,There 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 out above, in the present work I intend to show that
Veradsky has tried to create a theoretical system all parts of which are intimately
interconnected. Each part of this system is relatively autonomous but its significance
can only be fully understood in the context of the whole theoretical system. At the same
time, I will subject this theoretical system to criticism and show some of its
inconsistencies and centradictions. Vemadsky’s theory of the biosphere will be
compared with other important biosphere theories in order to define the place which
Vemadsky’s theory occupies between other global theories of 20th century. Also here
methodological criticism of Vemadsky’s theoretical system wilt 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 be 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 field 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 its non-contradictoriness (Widerspruchslosigkeit) (Weyl,
1966).
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It is much more difficult to find a clear definition of the term ‘concept’. C_ienqrally, the
mental representation of any object can be defined as a concept: »Scientists form
concepts and ideas to represent things in themselves and theorise bY means 'of the
resulting conceptual structures® (Tuomela, 1973, p. 8). The exact meaning of this term
fluctuates and is assignable only in the context of a theory. The examples of concepts in
biology are natural seleetion, population, altruism and 50 on. E. Mayr (1998) claims the
importance of concepts in biology. Physical theories are usually .basefi on 1avys,
biological theories on concepts. The latter is correct not (_)nly f(?r pure blolqucal theories
but generally for the related descriptive natural sciences 1pcludmg E§rth sciences. )

In the present work also the term ‘theoretical system’ is used, Whlf)h 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 Vernadsky to create a cgnceptual s!:ructure
embracing different sides of his theoretical activity. In short, ‘theoretical system’ means
here a group of interconnected theories. .

There is no general agreement about the status ?nd stmcture of Verr}adsky 1d§as.
Vernadsky himself used the vague term teaching in relation to his man th_eoretxcal
constructions. Ghitarov (1995) writes about Vemnadsky’s concept .of the biosphere.
Mirzoyan (1994) claims that Vernadsky created an original theory of l.lvmg matter based
on the modern achievements of the evolutionary theory, gepqhemlstry, ecology and
physics. According to Mirzoyan, Vernadsky’s theory of lllvmg matter _prov.ldes a
foundation for his teaching of the biosphere. From my viewpoint, such claSS}ﬁcauons of
Vernadsky’s theoretical heritage are not convenient: because of the foltowing reasons:
(a) The term ‘teaching” is vague and we are not informed how the theory of living
matter correlates with the ‘teaching’ of the biosphere and otl_xef conceptual structures of
Vernadsky’s theoretical system. (b) Vernadsky approached living matter gegchemlcally
and described the most important features of living matter by confrast to inert mater.
The biosphere consists of living and inert ,,parts®. Should we separate a ‘Fheo7ry of living
matter” and a ‘theory of inert matter” which forms the biosphere ‘teachmg ?. (c) Some
authors (Ghilarov, 1994; Zavarzin, 1997) reject Vernadsky’s concept of living matter
while accepting his biosphere theory in general. - . i

For our purposes 1 propose the following conditional structuring of Vernadsky’s
theoretical heritage:

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

In each theory Vernadsky creates a specific terminology, postulates laws anq makes
predictions (retrodictions) based on this theory. On this basis one may ra?her 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 phenomen; derived
from geology, geochemistry, biogeochemistry, geophysics, biology and the history of
science.
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2. RECONSTRUCTION AND ANALYSIS OF THE THEORETICAL
SYSTEM OF V. 1. VERNADSKY

2.1. Space and time in the works of Vernadsky

2.1.1. Introduction

Vemadsky’s theory of space-time is one of the teast investigated sides of his theoretical
system, although some works elucidating the diverse aspects of this problem were
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 extremely abstract and speculative. During his work with
this topic, Vernadsky constanily 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, Vernadsky elaborates this theme taking into consideration several branches of
knowledge - biogeochemistry, biology, physics, mathematics, philosophy and the
history of science - and, thus, tries 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 beyond the so-called method of ‘empirical
generalisation” he declared as a basic principle of scientific work (Vernadsky, 1988, p.
439).

I wilt 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 problem and other fundamental ideas). I use 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 Vernadsky on the nature of space and time changed
considerably 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 Vernadsky’s
viewpoint, then we better start with space because, with few exceptions, it is possible to
propose that Vernadsky made the first and principal generalisations regarding space-
time thinking about the nature of space, and then extrapolated the inferences to the
nature of time.

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:
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,The 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 qf 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 him, if the observations showed that space is isotropic,
homogeneous everywhere*.

It is rémarkable that Vemadsky still speaks in this connectioq that there is no
necessity to talk about a special geometrical space, which is connectqd with
life“(Vernadsky, 1988, p. 212). He changed his mind later. This shows that in 1927
Vernadsky’s concept of space-time was still not elaborated. Bth he already proposes th.e
basic motion of the real space of the naturalist, on which he later builds his
understanding of the problem.

The real space of the naturalist or physical space 2 [H'elmholtz} (not to be con_fused
with the space of physics) differs from ideal geometr}cat space, first, by having a
structure, while geometrical space is a space of dimensans,, not a space of structures
(Vemadsky, 1988, p. 216; Vernadsky, 1993, p. 377). This proposition invites serious
objections. Yet we have to take into consideration that Vernad§ky sees the structure of
real space as a complicated spatial organisation of natural bodies and processes which
canriot be reduced to the ideal space of geometry but can be, to a certan extent,
expressed geometrically. On the one hand, this reduction is impossible because of ‘the
insufficient depth of the geometrical analysis of real space (Vema@sky, 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 (physwal) space, from
Vemadsky’s viewpoint, is not so easy. He used different terms in works which w‘ere
written at different times to characterise this phenomenon: a ’prqperty of space', a
'geometrical structure of space’, and a 'structure of space’, an_d, 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 1s a.state of space:
,,Space has to be not only geometrically structured, but also must have different physxcal
states™ (Vernadsky, 1988, p. 324). The notion of a state of space Vernadsky credited to
P. Curie who, in turn, borrowed it from L. Sohncke (1842-1897). Vc_erna('isky was sure
that noone among Curie's contemporaries had understood the real direction of Cunejs
ideas. He based this conclusion not only on the latest works of Curie but also quoted his
personal talks with Madame M. Curie: ,She thinks that it is in this notion (éta.t de
1"espace) contained the synthesis of his thought™ (Vernadsky, 19§5, p- 160). Vemadsky,
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 Vernadsky also did not have enough time to complete
his work on the problems of space-time. o

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

i\

¥ The physical medium is treated by Vernadsky as a real medium (environment), rather than a medium
of physics. )

2 Venadsky 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 deeply heterogeneous from the viewpoint of its states, because
“every particle of matter is surrounded by its peculiar state of space* (Vemnadsky, 1988,
p- 291).

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

It is important to stress that the symmetry principle is fundamental also from the
viewpoint of its place 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
uncensciously) over the centuries. [...] Symmetry characterises the different space

Thus, the examination of the different properties of symmetry 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 processes which take place in such a kind of space
show the identity of leftness 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-turning 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 leftness and rightness. The organogenic bodies
(for instance, petrolenm) 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 origination), for example, in crystallography, although, the erystals are
produced in left- and right- forms (Vernadsky, 1988, p. 298).

It is well-known in contemporary science that biological macromolecules diverge
from other polymeric structures. Proteins are constructed only by left-handed amino
acids, whereas DNA-RNA contain only right-handed sugars (Goldanskii & Semenov,

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

The identity of leftness and rightness is the geometrical property of the Euclidean
space that was known already to Kant. The investigations of the crysta}logrgphers
Fedorow and Schénflies approve that inference: rightness and leftness are identical in
the crystalline space structures of abiogenic origin. Vernadsky f:oncludcs (1988, p. 270):
It follows that identity of lefiness and rightness is the geometrical property of the three-
dimensional Euclidean space®. This proposal leads Vemadsky (1988, p. 271) to th; next
statement: ,,The lack of this identity 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 correspond to the
Euclidean space*’. )

The concept of dissymmetry is a clue to Vernadsky’s space-time theory. We shall see
later 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 causes of these effects, althoqgh the contrast
does not hold. The effects can be more symmetric than the causes (Curie, 1908). Curie
cormected this principle with the idea of a , state of space’ (¢tat de _l'espace) and, thus,
postulated a dynamic (maybe it is even possible to say ‘hereditary’) character of
dissymmetry. .

Vernadsky proposed a principle, which he called the Curie (or Pasteur-Curie, or
dissymmetry) principle: ,Dissymmetrical effects (phenomena} can be brot}ght jabput
only by a dissymmetrical cause”. He realised that, if space is a kind of inteltigible
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 (V ernadsky, 1965., p.1§2). 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 ir} liying matter. 'It
manifests itself, first of all, in the fact that the kinds of symmetry mn inert matter 1s
restricted. In the living world one can observe bioobjects with axes of symmetry of 5, 7,
8, 9 etc. orders not observed among the crystals. Already first crystaliographers

3 There is no terminological clarity in the use of the terms dissymmetry and asymmetry. J. Urmantsev
defines asymmetry as an opposition to symmetry and separates it from both dissymmetry and
antisymmetry (Urmantsev, 1974). Alpatov holds that the term asymmetry occurred i this context
because Pasteur’s term dissymétrie 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 D’Arcy Thompson (1961) use asymmetry as it were Pasteur’s dissymmetry. 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 la Langue Frangaise). ln the present work we use the term
dissymmetry to stress the special meaning Vernadsky attached to this notion. We use here the prefix dis-
not dys- in order to follow the spelling of Pasteur.

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

These phenomena - the orders of the structural symmetry on the macrolevel and
dissymmetry on microlevel - lead Vernadsky 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, Vemnadsky 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 is 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.

Stability 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 in a 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 Vernadsky curvilinearity. In this connection, D’Arcy Thompson (1961)
stressed that in mechanical (inert) 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 environments.
He assumes that ,,the bodies of living organisms are determined by a geometrical state
of the space they occupy, other than the Euclidean space of the inert natural bodies of
the biosphere” (Vernadsky, 1988, p. 273). Another concept of space thus emerges.

The inference is important for Vernadsky 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 bioinert 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” (Vernadsky, 1991, p.168).

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

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

He holds that the processes giving rise to the inert natural bodtes. of the bl(_)sphcre are
reversible, whereas the processes producing the fiving natural. bodies are evidently and
fundamentally irreversible (e.g., fission). This is the basic thesx§ of.Vernadsky_. The first
part of this thesis hints at the claims of some contemporary sc;ent:sts and philosophers
of science that, taking into account only the fundamental ph_yswal 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 _equatlons, but also,
according to P. Horwich, ,even the notoriously irreversllble phengmena AOf
thermodynamics - processes of entropy increase which are typically associated with
time’s arrow - can be reconciled ... with the isotropy of time* (Horwich, 1987, p. 55).

The question that is posed by Vernadsky 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
biology 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
wniverse 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, contemporary science is close to answering the question of
Schrodinger [1944] (1992, p. 3): ,,How can the events in space and time whigh take
place within the spatial boundary of a living organism be accounted for by phyglcs and
chemistry? If Frauenfelder is right, we can, from the viewpoint of physics and
chemistry, examine the time-space properties of living matter. But, if we accept the
hypothesis of Vernadsky, the question occurs: how is it possible to describe 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” A

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 phenomena of the abiotic physical world: “Being a 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
clarify this thesis wé should keep in mind two other points. Vemadsky held scientific
thought to be a manifestation of nature, a function of the biosphere (see Ch. 2.2). ’Ijhis
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.

4 1t 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 important point derives from the first. Since the scientific thought is a
function of the biosphere, it is adapted to the really existing conditions of the biosphere:
,»The logical laws of the natural sciences are different in the different geological layers
of the Earth” (Vernadsky, 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
contemporary evolutionary epistemology - who claimed (1941} that the laws of “pure
reason”, imcluding the categories of space and time, are based on the ecomplex
mechanical structures of central nervous system developed in the course of evolution.
However, Vermnadsky went further, 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 time. 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 minimum 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
fose the subject of our discussion, i.e. the real peculiarity of biological 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 Vernadsky, proceeding from the
principle: ,,Time 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. If we approach the problem geochemically, the atoms show a
property that Vernadsky termed transitoriness [6pensocts). 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 thythm (Vernadsky, 1988, p.
230-231). At the same time, we know that the stable isotopes can exist infinitely if they
are not influenced by extemal factors.

Biological time is also irreversible and can be expressed by a polar vector. Biological
time is expressed 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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fimit to their existence as well as the stable isotopes (as long as they are not influenced
by external factors). L )

If we go this way, we find that the properties of time in living and inert mafter are
similar. Vernadsky generalises these cycle of ideas m the WQrk »The Study ?f
Phenomena of Life and Modern Physics* (1931), which was inspired by }Eddlr%gtqn s
The Nature of the Physical World“ (1928} _V_er_nadsky' adop?ed his ‘prmc:pal
methodological approach - to connect the irreversﬂ:}hty of tn’nfa with certain natural
processes - and a while was determined to find a ‘Qme arrow’ in the physical wgrld.
That is the second way to solve the double-tempora!lty problem but, at the same time,
we also (as in the first case) lose the necessity of talking about a fundamental pecuhapt);
of biological time. Besides, the attempts to show the existence of nomologlcﬁa;l
(Mehlberg, 1961) temporal anisotropy in the Physwal world did not seem success
back then, and the question remains moot (Savitt, 1996, pp. 3‘}7-37.0). Yemadsky seems
to have later discarded this approach, which he had outlined in his works at the
beginning of the 30-s. o ' o

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

In his latest works Vernadsky tries to do it by means of the four basic notions: natufal
body, duration, symmetry and entropy. It is not the way to solve the doubh?-temporahtz'1
problem completely, but it is the way to take the problem out pf the biosphere %r;l
consequently out of the domain of phenomena Vernadsky mainly deals with. he
hypothetical methodological ground of this approag:h could be interpreted. in tne
following way: assume that in the frame of the biosphere there are some fundamentally
different kinds of natural bodies and fundamentally dlfferf:nt kinds of processes i
which they participate. Then reduce the ‘times’ to the propertle§ pf th?se natural bod_lesi
Doing so, we could define the peculiari.ties ot;i the different ‘times’. The ontological

of this step will be for now 1gnorea. _ )
COIIrllsfl%‘;?a‘l:rngraph 1 trea}: the first three x&qtiogs (nat;lral body, entropy, duration) leaving
of s etry to be discussed in the next one. . X
th;l?éorl:cljit(l:n of };mnxztz%l body is very important to the undfarstandmg'of Vernadsky’s
theory. He defines patural body as every natu:ral material-energetic phenomenon
separated in space and time from other natural b_odles .(Vemadsky, 1965, p. 161). Bemgl
applied to the problem of biological time this notion allows to _descrxbe _temporad
properties of the separate natural bodies of the blosphen? (e.g., living organsms an
minerals of the abiotic origin) ignoring the ontological consequences of these
ions. .
ge:z?tlllzit i(r’:llportant notion which appears in this context is duration. The term 1s
derived from the term ‘durée’ of H. Bergson (1859-1941). Vernadsky knew the work of
Bergson very well and doutlessly was influenced by it, althf)ugh he natural.ly 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.
1 can mention some of them.’

5 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 noosphere” 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 possible to show the
terminological coincidence of their two theories. Bergson, for example, uses a term
‘la materie brute’ to define non-living matter (Bergson, 1969, p.154). This term is
similar to the Russian term 'kocHas MaTepust’, 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 ,,On Living
(Biological) Time** (1931): ,,Time goes in one direction, the direction 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 a manifestation and a creation of this world process®.

It is possible 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 Vernadsky’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 assumes the charactefistic of
freedom.

Vernadsky 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 Vernadsky, because
Bergson also built his theory on the basis of observation but on much more 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 time of Bergson, in short, is a 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 physical time (Vernadsky, 1988, p. 334). He later, by the
end of 30s, abandoned this proposal.

Vernadsky 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 are 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 irrev_ers_ible
(Vernadsky, 1991, p. 176). At the same time we should bear in minfi 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 I.iv_ing matter, because
evolution (an irreversible process) takes place only among thf{ living natural bodies of
the Earth {Vernadsky, 1988, pp. 30, 175, 181, 286). Accordingly, Vernadsky shopld
have changed his mind about Bergson’s duration and understood it as proper to living
matter in the biosphere. o

Apparently, life as an embodiment of the vital outburst cannot have somethmg in
common with increasing entropy. In the notes written 1941-1942 Yemfidsky writes:
,.Time, 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 w111. take no
place in the material medium of living matter (Vernadsky, 1982.3, p. 274.). This thesis
should be 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 as:socxate the
“time arrow’ with the increase of entropy. This view was initiafed by the discovery of
Bolzman’s H-theorem (1872) and represented in detait in the already mentioned book of
Eddington ,,The Nature of the Physical World™. Nevertheless, Vert}afisky connects t.he
irreversibility of time in living matter with the opposite idea, that living natural bodies
escape entropy. The latter was (approximately at the' same time) remar'ked also b’y
Schroedinger (1992, p. 71), who nofed that living organism ‘feeds on negative entropy’.
Vernadsky, plausibly, held that this 'escaping entropy’ and an increasing 'nega!:lve
entropy’ can be connected with basic biological processes, such as growth, fission,
multiplication, mutation, and evolution which seem to b_e so evidently and
fundamentally irreversible. Besides, Vernadsky, as biogeochemilst, could see t'hat the
evolution of the biosphere is 2 movement to more perfect orderliness and stabl!lty and,
hence, not only the evolution of living matter, but the evolution of the whole blos;?hgre
is an irreversible process. The cause of this irreversibility is the presence of hiving
matter in the biosphere. .

Summarising and coming back to the problem of double—temporal?ty .I can say that
Vernadsky in his latest works understands the problem of irreversibility of time as
follows: irreversibility of time manifests itself in living matter much more clearly and
deeply then in inert matter, although irreversibility can be obsejrved' in the inert world as
well (Vernadsky, 1965, p. 192). This means that there is a crucial difference betweep .the
two kinds of irreversibility. One could say that the irreversibility of time of hiving
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 actual difference between the processes faking place in the two kinds of matter
rather than from epistemological choices. .

Tt was already stressed that Vernadsky in his late works tried to restrict his claims to
the frame of the biosphere. If one would, nevertheless, fry to interpret his claims from
the more general perspective, one could arrive at the conclusion that the whole Ur}iverge
is temporally dissymmetrical due to the presence of life. This extreme view 1s

6 This kind of irreversibility (anisotropy of time) can be treated in the terms of H. Meh]berg (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 cause of temporal dissymmetry of the Universe. It

would mean that the ‘time arrow” is determined by the process of life.

2.1.3. Space-time

As we already stated Vernadsky’s theory of space and time did not emerge until the Iast
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® (Vernadsky, 1988, p. 274).

In the early 40s Vernadsky gives up this idea. He tries to break through the frames of
physical-mathematical 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 Vernadsky tries to describe could be also called ‘the real
time of the naturalist’. Elaborating these notions, he realises that they can be developed
separately only to a certain extent and already in the work ‘Time’ [1930-31] he
stipulates the properties of the space of living matter by the properties of biological time
(Vernadsky, 1988, p. 224). Later he also coins the term ‘real space-time’ (Vernadsky,
1965, p. 192). Vemadsky 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)** (Vernadsky, 1988, p. 285).

Nevertheless there is a principle that makes scientifically possible the description of
the state of this space-time. 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 space-time of living matter could be also called
dissymmetrical, because Vernadsky connects the irreversibility of time with the
dissymmetry of space (Vernadsky, 1988, pp. 224, 284-285; Aksenov, 1996). From the
viewpoint the notions that characterise, 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 space 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 maftter is described by polar vectors; it is
enantiomorphic*; leftness and rightness are not identical in it. In space-time of the inert
environment there is no manifestation of actual non-identity of lefiness and rightness; it
obeys the laws of symmetry in this domain; the fime of this space-fime shows
nomeological 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 Were, isolates livin_g matter from the inert
environment. The only connection between them is the biogenic (biologically catalysed)
flow of atoms. o .

The dissymmetry of space-time is one of the basic features indicating the dynamic
characteristics of living natural bodies. We could, for example, ask Qurselves, 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 miero- and macrolevel they demonstrate no dynamic dissymmetry.
Dissymmetry is a constant choice of the organism, a permanent process in the scale gf
the whole biosphere. The bilateral biocontrolled flow of atoms does not take place in
this case 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* (Vernadsky, 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—t?me -
dissymmetry of life. The second variant has equal validity: real time - space-time -
dissymmetry of life. Both variants are logically symmetrical, beqause the notion of .real
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 spacc?-txme_of physics
(Einstein) and mathematics (Vernadsky, 1965, p- 192). At the same time, either of the
variants lead, if we accept the theoretical premises, to the notxon'of dxssymmet.ry. 1t
means approximately the following: if we, for example, 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 natgral
processes occur in space and time. Vernadsky stresses many times that natura.h.sts
implied while philosophers logically perceived space-time, long before the _relat1v1ty
theory. To prove the independence of the space-time cpncgpt from the dominance of
physics, he undertakes a scientific-historical invgstlgatlop a.nd confludes: ., The
separation of space and time is not supported by a smgle scientific fact_ (Verr‘le}dsk):,
1988, p. 321). Further, if we ask ourselves about the difference of the dwerse_ times’,
bearing in mind ‘the reality’ of time, the answer would be a'pparent: the properties of the
processes would be considered as the properties of these times. We cou.ld do the same
thing manipulating the notion of space. Then, appealing also to the realz?y of space, we
could transmit the properties of space to the properties of time rcverSIbly. Since th_e
principle of symmetry is one of the main principles of the Universe, ar'xd.dlssymmetry is
one of the inexplicable and impressive properties of lving systems, it 15 reasonab_lg to
construct the disparate pair symmetry - dissymmetry by gathering the proper empirical
data. If we assume that our space-time is, also, the property of a process, 1t W(?uld turn
out that space-time exists in two absolutely different fo@s: symmfatncal an@
dissymmetrical. Hence, there are two sharply different 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 latter contradicts absolutely the scientific Weltanschauung
of Vernadsky (1991, p.157). We 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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scientific descriptional systems (for example, all from the correct geometries) are of
equal standing (Vernadsky, 1991, p. 70). The second assumption is that there are three
realities in the ficld of our scientific observation: cosmic, biospheric and the reality of
the microworld. This concept was in modern science held, for example, by Krumbein
(1990) who speaks about macroscopic, mesoscopic and microscopic areas (Bereich) of
the Universe. 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-inert 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 the ,early” works of
Vernadsky (1931), that the space-time of the whole Universe is assymmetric, 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, i accordance with his epistemological and
methodological principles.

Thus he inevitably arrives at the 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 limits 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 the
himits of the biosphere; b) to elaborate concepts of living and inert natural bodies which
are of great importance for his theoretical system; c) to approach space-time as a natural -
body; d) to bind the properties of space-time with the properties 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 body turns out to be an object and a fundamental category of the
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 meanings.
The first meaning can be called general meaning and corresponds 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). Inrthe 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).
Dissymmetry of life corresponds, probably, to the special case of symmetry breaking,
because it is completely 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 understand 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
structure are symmetrical and asymmetrical. )

In relation to time the following should be said. It 15 known that \g«;rgzc‘isry V;az
influenced by the Eddington’s theory of time, but he accepted the ideas o 1 lgt?:nls 2
very peculiar way: Vernadsky was impressed not by the thennodynanpc ex;; a?a e
the ‘time arrow’, but by the idea of associating of the I?'l'lopel’tlesl o lmses 'For:
accordingly of space) with the properties of a fundamental natulrlg h]:g)((;e k,ice or
Vernadsky as the first biogeochemist it was clear, that the processesl, whic ake pon in
the inert ‘part’ of our planet, in the absence of life, are completg y reversi .f n (h
contrary, irreversibility is intrinsic only in the ph.enome’na an 'pr(?Ce_SISGSt o ¥ Ag
naturat bodies. What Vernadsky extracted from Eddington’s work is similar to lv; 71 .
Gruenbaum calls the Leibniz principle, but in an altered form. Gruent;laum (ld h, p.
197) phrases the Leibniz principle as follows: ,,..If two states of the w:n;i d asgz
precisely the same attributes, then we are not confronted by dlstn_lct itates\/ at di d:;e’,
times but merely by two different names for the sarr‘xe state at one time®. In er:};i b tyss,
case we could replace ‘world’ by ‘biospher_e’ and ‘two states with th? same ;1 e‘;t ein
by ‘imaginary inert geochemical processes i absence of hv;ng matter” or, un e1;1 c iiél
circumstances, by ‘two inert natural bodies’. If sqmewhat imaginary inert Igeot;:l em! !
processes of the geosphere in absence of' l{vmg matter have precise g t e.t satiyn
attributes, then we are not confronted with dx;tmct meﬁ' natural processes bul ,F:ll (o)
different observations of the same processes in revers;ble, undirected time. The sg;x;e
can be said about separate natural bodies: time Qf the inert natural' body is revers.lb ; e,
because all physico-chemical processes of inert natu.rak bodlle.s are re\{egsxd _ eS
(Vemnadsky, 1939"). If we apply the same approa.cbl‘xl t(z_the time of living natural bodies,

i ily at the concept of an irreversible time. ) _
wi\asrirrlr‘l,iia?el(ijgzss? gought can affo be applied to the ar_lalysis of spatial propertlgs. Frcirr;
the viewpoint of Vernadsky, the notions that characterise, for example, the ﬁ;n_ am?n tse
spatial properties of a natural body (e.g. symmetry) would 'reﬂect t}tl)e?l})rop? 1e:c(; the
space itself and therefore of time, because, thanks to the inseparability o S]?h th
time, the characteristics of space and time m}xst be mutu?lly trmsfomable. o e;r’;, e
answer to the question ‘Why is the time of living matter c’hrectcd and irreversible?’, can
be formulated ‘Because the space of living matter 15 polar’.

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

-ti construct can be treated more or less as substantial, as dynamic, or as
;A;l?sxg?;r;xealt.m\;e have to answer in this connectign the quest.ion: why ‘does Ve_mads'k):
choose specifically final point of view in answering the question about ‘the relationship

-time and matter? . .

be}tlv':: ;2;[:;23; itslrcriletermined by the whole logic'of his sci'entiﬁc evolution and is closety
connected with the all-important principles of his t.heoretlcal system. ¥t is not difficult }tlo
demonstrate this point because Vernadsky many times referfed'to it in his wqus of the
30s and 40s. This was a time period, in which his most significant theqretlcal books
,Scientific Thought as a Planetary Phenomenon” (1“938) and ,,The Chemlf:al Structure
of the Biosphere of the Earth and of its E.nvironr.nent (1940-1944) were written. dinal

The space-time theory of Vernadsky is required to prove the _thesm qf ‘tl'.xe car m}?
difference between lving and inert matter and,_ hence, Fhe indeducibility of t ef
biological processes from the separate set: of physwal-.ch?m‘lcal laws. The probh?r;l ou
the cardinal difference between living and inert matter is, in 1fs turn, connected with a
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theoretically important claims of Vernadsky’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; talking about beth ‘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 comrect 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 inert environment can be,
according to Vernadsky, constantly observed. It is death. The transition from a
symmetrical state of space-time to a dissymmetrical state of space-time is impossible.

In the Vernadsky's theoretical system, the Pasteur-Curie principle brings about, with a
logical inevitability, what Vernadsky calls the Redi Principle: Omne vivum e vivo [all
life from life. The Redi principle (F. Redi, 1626-1697), in turn, 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 & ftrivial process in the biosphere. The irreversibilify of the biological
processes 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 Vernadsky calls
‘biogeochemical energy’ and by biologically controlled migration of atoms (Vernadsky,
1991, p. 171). The energetic-spatial-temporal difference between living and inert matter
causes the biogenic flow of atoms which is the very subject of biogeochemistry and is
described by Vemnadsky's biogeochemical principles. Thus, the biogeochemical
principles (see: 2.3.6.) describing the increase of biogeochemical 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 concerned, we may acknowledge to
be true) lies the crux of the difficulty” (Thompson, 1961, p. 138). Nevertheless, Vemnadsky called this
principle - the principle of Pasteur - Curie. This is, plausible, because of the widely-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 colleagues 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, already predetermines the path of pre-
biological evolution™ (Goldanskii & Semenov, 1992).



32

In the theoretical world of Vernadsky, the peculiarity of the bio'logicaldspz;c:}f-glnexes (15
also connected with the evidently irreversible character of evolution an vaarla e
called Dana generalisation (J. Dana, 1813—18_95). Studym_g tl_le Cr\fls}tflcea, pan: rades,

1396-1397) formulated a principle: “the higher centralisation of the superior g u \
zrlzd the less concentrated forces of the interior... This centralisation 1ksli hter_:;\lc? 12
cephalization of the forces”. Vernadsky (1991_, pp- 21-22) reformulateé tt S pr; Solr)n ¢
and stated that with the course of geological time the c§ntral nervous sys er:ng e

ecies appear to be more and more perfect (cephalization). Human reason a neof
Tgvel of organisation connected with it, are results of cephahz:;t;orll), T;}ﬁc pf)(;:fs;me

. - . v e p
izati ly in one direction and, hence, Is expressed by the pol
Cep?ahzia;loif; igs.ofrsre(z/r;r};ible. The thesis of the irreversibility of evolution, in 1is turn,f
;f:yzr’al; 'important role in the theoretical apparatus of the noosphere-concept o
2.3.10. and 3.1.3.). _ o

V%X:s ?:nky (sss?f)ility of abiogenesis, as a general rule in the bxqsphcre, also foltowfs fron;
hi » acelitoime theory (Vemadsky, 1965, pp. 24, 201). That is why the view o somt
atlih?rs that Vernadsky by the end of his life was close to accepting abiogenests, canno
be we]lzfounded (Yanshina, 1994, p. 65?’ Ya?}fm?;,pllzgg’ ;)géi;:lor?ie i Vemadsky's

It is also easy to see that the space-time theo e 167, 108)

iti iosphere as a bioinert natural body (Verna _ky, , PP- ,
gﬁglf;:(t)lto :soafnﬂ;igt:noisfn or super-organism as it is represented in the concepts of James
nd Elisabeth Sahtouris (1996). ) ) .
L(;Vel)orzlr(lé; 909f6</aerligai;§'s space-time theory leads to incorrect mtelipretit(;ogs gf the

o i i ‘ le, L. Margulis a . Sagan

i theoretical system. For example, /

important aepects ovant ’ i h claimed that ,,Vernadsky
i f Vemadsky’s space-time theory d - y
O, B st rond bount ivi isms and 2 non-living environment.
i led the rigid boundary between living orgam :
%ﬁ:tl ?rs!tczrrect or;gly in the sense that living matter is the r;ost pgwkeyr’ful geﬁic;ef}ixtczlffl?‘l;?:g
i is’ vi 1995), that Vernadsky’s ,,co
I generally agree with E. Sahtouris’ view ( 995), | coneept of s
i ’ f ‘biota’ - the sum total of living es,
matter is the same as Lovelock’s conce.:pt of °t ; h reanres,
i ‘abiotic’ 1 ent.“ I do not agree, however,
contrasted with the ‘abiotic’ or non-hvmg environm fonc o daky.

i i f meaning of these terms in the wor :

her interpretation of the shades o ert _ o
i intai i ? t of living and mert matter
Sahtouris maintains that in Vemadsky 's concep! ng and e ota and
i inuity on eac!

-livi vironment), the emphasis is on geological ¢ n ¢ :
g:&:é:ﬁiﬁii Iof the other, whereas in Lovelock’s concept, the emphasis is on their
i i arate parts of a working system. ) .
m:;a\?vt;ol?a?/sessegen in%/emadsky’s work, the living and the inert naturz;l1 bodxt?; oifyt};?

i ’ from one another by the spatial-temporal speciiic
biosphere are kept well separated 1al ey are

ivi i d sharp. Two worlds (living an t

living matter. The border is E:lear an e g oy This fow of

by the biogenic flow of atoms We'ma sky, 1988, p- - \

;?;nn?t:g t(;lI::chor}),stant intgeraction between two kinds of matter, is essential precisely

: f the separation of the two systems. ) .
beicnagcs)i;usion e%)would Iike to remark that the importance of the ;llssymmetxz 1:;1;01;})}1}2
'y h . : m
an also be seen from another point of view. if we assu .
forgn?:/i;l;ga}?as‘ls(yth‘; nature of 2 fundamental law, life would be a regular, noln-ZI;(oradxs,
l;oerpetl.lal phenomenon in the Universe (Krumbein & Lapo, 1996, p. 127; Aksenov,

1996, p. 49).
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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 a 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 all
parts of his theoretical system. How did he come to this idea? The most accentuated
topics of Vernadsky were the idea of the cosmic nature of life (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), Vemadsky 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 geological force creating the
noosphere is the growth of scientific knowledge* (Vemadsky, 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 Vernadsky’s case, the
whole planet turns out to be a “city-state’. The main objective of Vernadsky is to show
the inevitability of the coming of the noosphere 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 Vemadsky’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
philosophical or religious thought that should most deserve our confidence? In order to
answer this question, Vemnadsky created the concept of the demarcation of science and
non-science which I will discuss in the next section.

Vernadsky presents his mature concept of science as a natural phenomenon most
extensively in the book ,,Scientific Thought as a Planetary 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
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Earth (Sytnik et. al., 1988, p. 252). Ten years later (1927) in the p_Ian for the‘:i ugﬁmshe(}
article ,,On the Border of Science. Space of t{te Natural Sciences and S‘ztzace a;wd
Philosophy and Mathematics®, Vernadsky (.1988 , p- 215) m?de (\);16 m(;)sr;: uzgd nd
noted: ,,Consciousness as a natural force*. This was 10 years before Verna f};s used the
term ,,noosphere* for the first time and in the same year when the term was fi
by Edouard Le Roy (Le Roy, 1927). S :
yVemadsky’s concept of science as a planetary phenomenon develops along three basic
lines: - 2 . -
1. If one takes into consideration the results of SCientl’fI:}E creatllwtt‘y, sm;xg::: l;)?z Sl;,lhi rz
‘ i iosphere. The evolution of the
course of the natural evolution of the bxosp -  EVO sph
moves in the direction of increasing the bxggemg migration of atoms}.IScwntlttﬁz
thought accelerates powerfully the biogenic mlgtrla:tlon gf ::?Omns;)f ) ;:CS;MaI
jecti i i i be seen as the continu
objective manifestations of science can : ' . naral
i 65, p. 280) calls the biogenic migraf
course of the biosphere. Vernadsky (19 5, calls ic i
accelerated by science the biogenic migration of the third kind. From this vxe\lifpo.lnti
the history of humankind is interpreted as a natural phenomenon of great geological
i ernadsky, 1991, p- 39; 1997 p. 54). . ' .
2 gnnr;ogs (;)Zi(lz out thléyanalogies between. the evolution of species and the evolution
' ienti  43-44):
entific thought (Vernadsky, 1991, pp. 43 o . .
oésgfrl':on showedgilrlx his book, that since the VII century A.D. (taking »mto. cqnmder.atwn
gO-.year periods and not only Western European civilisation but mnhnd n lts'ermrety)
the gro{vfh of scientific knowledge was incessant. And since then, with short
isst i i ifter.
intermissions, the rate of this growth was beconting swi -
It is curious that this is the same type of growth curve that one observes in the1
paleontological evolution of living animal matter, namely in the growth of the central
TVOUS System". ) L .
3 rSlecientiﬁ(}:, cognition as a geological process manifests ,,spontaneity*. This rlnean?
. that it is not an artificial, consciously programmed process. An examp e,T }(1)
spontaneity” is the ,explosion” of scientific thought in the _20th century. The
”spontaneity“ of this ,,explosion should serve as ev1denc§ of its naturalness and,
i’lencc lawfulness: ,,"The explosion’ of scientific thought in the' 20th century was
prece:ied 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). Vemadsl.cy
considers that in the growth of scientific thought in the 20th century, one can see its
planetary, ,,alien to us“, character. He approaches the growth of science as a
manifesta’tion of the structure of the biosphere that reveals to us the new features of
its organisation (Vernadsky, 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
2. VTvlt:iiSChthnlz}/eesst‘ation of the ch_ang.e in the biosphere is an inevitable f)rocess
3. %igzrlezzgizizhiﬁghi: f:«‘1S crlxzrtll'i'gf gﬁis and takes place independently of
4. t'11};1?:221)):yvei;‘lr'ance within the bi.osphere of a new modifying factor, that is, of the

scientific thought of humanity, is a natural process of the transition of the
5. t%ﬁ?riifaﬁ?foi??iﬁ&ffa; }clj" E:t(:xsril‘l‘e(rs.emadsky, 1991, p. 51; 1997, p. 69-70).
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Our view is that this concept of Vernadsky follows his intuition rather than rationally-
based conclusions. None of the three 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 reverse the problem and pose the following question: what would the
claim of the ,,non-planetary”, _anti-natural® character of scientific thought mean? No
natural scientist contests that the mental apparatus is the result of the evolution.
Vernadsky argues 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 Vernadsky, if it were opposed to nature in its manifestations. Vemadsky could not
be wnaware that such manifestations took place. He witnessed the First and Second
Woerld 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 wnnaturalness because it is opposed to
nature in the sense that it has an ,,ideal purpose® to concur with the whole planet and
adapt it to its own service. If it happened, it would be fatat for a species. Nevertheless,
any bacteria in the absence of natural restrictions would occupy the whole planet. L.
Margulis and D. Sagan (1997) provide an illustrative example of the ,,unnaturalness* of
natural processes in the history of the biosphere describing the ,,0xygen holocaust*.

Where Vernadsky’s philosophy of science evidently turns too speculative, however, is
in holding that scientific thought is a natural and, hence, a lawfil 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 nature
shorter. Second, Vemnadsky 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 questions, 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. Vernadsky, 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 itreversibility 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 ,.explosion* cannot be seen as an evidence for natur_al.nessf
of scientific thought. It is also not an argument in favour of lawfulness of the origin o
ientific thought. . o
SC’II(':he basic pr%)blem of the whole complex of arguments 15 the vgmshmg 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 1o 1sense: .1tn
opposing planetary and non-planetary phenomena. The category ,,unnatu;la Nostes its
sense. Disregarding such juxtapositions as Nature - Scientific Thought, Nature -
Technology leads to the impossibility of recognmsing th_e sovere}gnty of NaFure_h ‘ord
Vernadsky’s claim (1991, p. 40) that man is ,,a definite function of the biosp ere” an
that he ,,in all his manifestations is a definite lawful part of the blqsphere structure™* can
be compared with the concept of K. Marx that man 1s a ﬁxx}ctlon 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 - 40;)
works of Vernadsky appears in connection with two ‘objectwes: (2) to show the
privileged place of science among other forms of cognition and (b) to protect lscwn(l:e
against the encroachments of the Marxist-philesophers. However, m th.e refatively ebzlxr y
works, written by the beginning of the 20th century, Vernadsky ex_ammed the problem
of demarcation in ctose connection with the question of the mutual influence of science,
i religion.
p};lriofgggyva:‘r;xadsl%y wrote an article entitled ,,On Scie(ttiﬁc Worl_dview“ (Vemadskﬂzl,
1988', pp. 42-80). In this article he develops a relatively .de_talled ct_)ncept of the
demarcation of scientific knowledge from philosophy and rehglo_n apd lntroduc.es tpe
important notion of a ‘scientific worldview’ (Welt.ansghauung). Scxen?lﬁc wprlfiwew ;ls,
according to Vernadsky, a picture made of key scientific methodologlcal principles, the
most important generalisations and discoveries, and the laws of Iogl'c anq mathemafics.
It is a certain attitude of the scientist toward the Worlq which mﬂuepces the
development of science as a whole. The scientific worldview of a certain epo}fh
inevitably contains errors. For example, the views of Ptolemeus on tt'le Umverse in his
epoch were false as we know now, but it was, nevertheless, a scientific worldv1ev;
(Vernadsky, 1988). Scientists, who worked in thc? frames of Ptolemgan .system,_ use
strictly scientific methods and developed an extensive tec}mo}ogy of sme_ntlﬁc devices.
The most important aspects of our contemporary sc1ent1ﬁc_ wprldvxew arose from
religion, philosophy, art, and everyday social life. The 'aspxratlon of contempor.aq;
science to express everything in numbers came from music. The search for numer;caf
harmony penetrated science in the form of a_concept of music tt}rough thc? schood?
Pythagoras. Number plays in contemporary science .the same mystic ro_le as it playe in
antic religious cults. Scientific reason rests on 1S laurels when it ﬁpds numeric
proportions. It is noteworthy that Vernadsky (1_988, p- 54}) remarks in this “connectmn
that the ,,mathematical constructions® are the ,,ideal creattons of our reason. Thus the
wide-spread concepts of contemporary science such as atqm, energy, force, and heredity
penetrated science from the other forms of intellectual act1v1‘ty. ) ) )
At the same time, Vernadsky emphasises that non—scientxﬁcf views have remained in
science only because they went through the crucible of the sc1ept1ﬁc method. But wh_at
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 example of
Copernicus and Nikolaus Cusanus, who believed that a sphere would continue its move
eternally being once moved, because the cause of movement is the form of sphere. It is
evident now that they provided the wrong explanation, but they achieved their degree of
understanding utilising strict scientific methods. Why should we believe in scientific
method, if it provides the erroneous explanations? Surprisingly, this question does not
arise in the early work of Vernadsky.

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

The latter does not prevent Vemadsky from considering the principle difference
between science, philosophy and religion. He claims that some aspects of the scientific
worldview are generally obligatory for all people, for every philosophy and religion.
Vernadsky 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 mathematics (2 x 2 = 4), the concept that the Earth moves around the sun
and so on. It is noteworthy that some pages later, he gives an interesting example of an
evidently true 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 have enough evidence in order to say that our concept ,coincide™ with
reality.

This early version of Vernadsky’s concept of demarcation seems o be inconsistent.
For example, he states: ,,A triumph of any scientific concept and the including of it into
the scientific worldview do not prove its veracity (Vernadsky, 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 incompatible
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 immautable 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 tmproved, most of all, by
means of the philosophical work of human consciousness™ (Vernadsky, 1988, p. 72). In

o W TR
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i i i i i f philosophy for the

line with this, Vernadsky stressed in 1902 the 1mp91ftance of philosoy )
improvement of scientific methodology and places philosophy and religion partially
inside the scientific worldview. .

The mature views of Vernadsky on the problem of demarcation are prfsg)tefi m;f;
extensively in the book ,,Scientific Thought as a Planetary Phenomenonh. Prtmg the
years between these two works (1902-1938), Vemadsky founded geoIc el’l’llf Ty an
biogeochemistry and created the biosphere and the .noosphere concepts. It is interesting .
to note how his views on the subjeet changed over tme. :

In order to complete his biosphere-noosphere theory, Vernadsky n@edgd a tthioq; of
science which could substantiate his claims about smer;(l:le as the t}xlmf}rmg 1;11; ebcr ::k

i : through an epoch of a nx
basis of the noosphere. He wrote: ,,We now go po ‘
through* (Vemadgky, 1991, p. 63) Vernadsky meant the transition to the poo}slpherei
Philosophical thought showed its incapability for sc;rvm}g1 as ahfolunda;l;l)l?i Ii)(f H::,i ! ;c“tlsé
iri i i i the whole m ,

d spiritual unity. There is only one science lor . _
;l;lilosg)phies are manifold and they have developed independently dunng»the centune?
(Vernadsky, 1991, p. 81). Besides, a philosophy is closely connected with the ty{)e 0'
personality ,of its creator. Because of this, phitosop_hy cannot solve t‘l‘le prob: der;(ls.
Philosophy never solves the enigmas of the world. It is looking for them* (Vemadsky,
1991, p. 77; 1997, p. 103). o N

Alsopreligious spri)ritua} unity is said to be an utopza..l\'lelthf:r can poh_tlcal th(?ught lead
to the unity of mankind. In the midst of spiritual crists science manifested itself as an
candidate for the role of the unifying factor. It is the.best candxda'te, becausc?, accqrdmgf:
to Vernadsky, science is an objective natural, geological foree. It is the manifestation }?
the totality of human theught in human society (Vem:adsky, 1991, p. .47)- By ef
beginning of the 20th century, science manifested ifself in two ff)rms: §) ’m a fom} 1(:

logical obligatoriness and indisputability; b) in a form of ‘universality’ (from ‘the

i *) as a force creating the noosphere. o o
UI\]IIZ:ng)ky develops his inifial vague idea of the mdlsputqble aspects o{ the scn_eptlﬁc
worldview into the concept of the indisputable aspects pf science. The mdlspu.tablhty of
science is tied up with a relatively small segment of scientific knowlledige, which covers
logic, mathematics and the apparatus of scientific facts and ggneraltsa_tlons (Vernadsky,

1991’ pp. 95, 96). Empirical generalisations build the foundation of science (Vernadsky,

1991, p. 96):

,The main significance of theories and hypotheses %s iltusory. Notyvithstanding their
enormous influence upon scientific thought and scicntxﬁf: work aF a given momen_t, tltney
are always more transient than the indisputable part of science which represents sc1§nt1ﬁcf:
truth and survives hundreds and thousands of years, and is perhaps even a creation o“
scientific reason which transcends the limits of historical time (as something ,eternal®,
invariable in geological time).“

urse of time, theories and hypotheses will b_e replaced by empirical
g;rrllergifsa(t:ioons (Vernadsky, 1988, p. 281). At the same time, Vernadslfy does n(;)t
consider these ,,indisputable scientific truths“ o be absolute tmths: HIn science we ( tﬁ
not deal with absolute truths but with unquestiox}ab_ly exact' logca} ,concl.us%ons anq wi
relative assertions whose correctness varies within definite limits. Within the limits,

these assertions are equivalent to the logically unquestionable inferences of reason

Vemadsky, 1991, p.116). L ,
( Scientiﬁ():, apparatus is defined by Vernadsky’s as follows: ,.I call ° SCl.entlﬁC apparatus
a set of natural bodies and phenomena expressed with a quantitative or qualitative
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exactness and created in the 18th, and mainly in the 19th and 20th centuries as a base for
all our scientific knowledge” (Vemadsky, 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 indisputability 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
phifosophy and religion and this distinction puts science in a 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 exists in reality is always penetrated by alien
philosophical, religious, social and technical concepts. The revision of these concepts is
the important task of the seience history (Vemadsky, 1991, p. 47). In its entirety,
science is not a logically coherent system of knowledge consciously determined by
scientists. It is essentially a dynamic fluctuating equilibrivm: ,, The system of science
taken in its whole is always imperfect from the logical-critical viewpoint* (Vernadsky,
1991, p. 47). Only the rationalistic or mystic construction of the philosophical systems
may be really logically weH-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, theories, 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 tmplies not only scientific search of separate individuals alien to science, but also
the influence on science of the important social and cultural events (e. g., the discovery
of America, the fall of the Perstan 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 cannot exist without
simultaneously existing scientific organisation and scientific environment (Vernadsky,
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, Vernadsky repeated some of his claims about the importance of phitosophy 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 Vemadsky stressed many times the impossibility of taking philosophy out of the
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context of science. By contrast, in 1938 hefer;l‘phagsectl ];Icle ‘E:rrlr:iz:cgwoi i:lzr:;zi cllr; xct)sf
realm and placed philosophy not inside of the scienfyi Rty
science, in the scientific environment. He abm}dqned l_ns concept of the .e ific
worldview’ in order to show more clearly the principle difference between Sclench :
» f cognition. This is tied up (1) with the role qf science in the noosphere
zgrl:::regt)?nsdoa) vgvrilth attempts of Vernadsky to defend science from the invasion of
18- > o .
M(z;ilxrl Swtireﬂv‘:l?ss czg:t the contradictory character of Vemadsky’s concept of dfgnol;rcatlon
manifested itself in 1938 in the noosphere concept even more clearl.y than 1: ,Sed o
First of all, his claim of the indisputat;lillity (I)ltt' 10}%1;1 z;r;d g:;zinil:ns(fb?::{ ti oé?:mﬁon-
is vi ienti ought. Hu ‘ :
mSEV;ee: Sng?v tgiemrlrt?;; (a,sfcz(;:z;gltzﬁat theg main principle‘ of every philosophy, the
;g‘solute immutability of reason and its effective inalterability, does \rllot cn()lrsr;spoHng ”:(0)
reality* (Vernadsky, 1991, p. 69; 1997,‘ p- 93-94). Accordmgf tot thi(;rkn.z:‘ ay, Hom:
Sapiens is not the crowning point of creation, .the owner ofa perfect o i ﬁl ep;; - an(i
He is only an intermediate link in a long chain of belpgs which existe 111: r:enon <
will exist in the future. For a naturalist, human reason is only a tl(')a(;lsllgrlxt pheno
the cognitive apparatus in the biosphere (V ernadsky, 1991, pp. 100- 1 ) bt i the
Such views of Vernadsky might lead him t(; ;xtrevr;c.:hfortr}r:: ofofc?‘i\i/(x)snm,abom the
ey co-exist peacetully )
?r?giespgtibivli:;n:g il)(gi’caf;n);l mathematical truths. Partly it is due to the speeific concept
of logic which was elaborated by Vernadsky (see belov\{: 2.2..4). o ot cientific
Further, Vernadsky’s views on demar_catlgn mntradlgt his own con ﬁ) cientiie
thought as a planetary phenomenor. Scientific thought is, accord_mg ;o t1m,1a unction
of the biosphere. In line with this, he makes the inference the}t log_lc o nla ura ls:nvelo
also a function of the biosphere and is closely connected \{Vlth th}s geohgg;cav mads}:;
(Vernadsky, 1988, pp- 282-283). This means that this logic, whic fethat ky
proclaimed as incontestable, should be acgpted, ﬁrs: ;))f al‘l;rgotrh’;lte ﬂcl;'.ssgil};gi(;n };)r OVideS i
ity where and when it functions. One cannot be sure tnat : /
(\:Vt;tr}faimyowledge of more funda.rrt;ental natur; tg'.len lglgi(:;‘le; ue;x:dbehi;;ottil:s;in;ﬂz
.empirical generalisations™ made by means ol this ,, e 2 e ey
theories and hypotheses. Vernadsky seems to be awarg o s..th o cours.e ,é,f ey
{empirical generalisations - auth.] constantly change and deepen wi ¢ course o e
cience” (Vernadsky, 1988, p. 280). However, Vernadsky
ﬂiﬁgfxg c;’ufersltaigle:a lh(s)w may e:(r\ripiﬁcal generalisa‘tions constantly c}.langebalnd‘ bet,hat
the same time, constantly indisputable? What dc;les lth m«izn tc; ltfk;niiﬁseplsltt:te ; (:llts gf
? id not answer the question: why should w :
::tslféml;lgczlsa(; (iirlldisputable? Are mathematical and logical theones hanc_l hglpotheses
fundamentally different from theories and hypotheses of, for example, pl ymg;ween e
Thirdly, Vernadsky did not elaborate ’fhe problem of _the conn}actlond eween e
indisputable” parts of science and its dxsput?.ble parts, i.e. theone; an . yp? - and
,Izlow could a science constituted by logic, indisputable statements ¢ matderl;na 1ctheses
empirical generalisations evolve? Verngdsky stresses that .theones 311 . yt‘l;oen s
;ometimes help us to get empirical generahsatlon.s, b}lt where is the border beli e o0 e
empirically based theories and empirical gem?rah'satlons‘..’ \ﬁ’hy should we be 1elv ot
mathematics and logic are able to reflect ,,0bjective r‘eahty and_ operate properh ytvy "
empirical facts? After all, what does ,.empirical fact” mean? It is noteyvortlzly; .a in
little article written between 1920 and 1927, Vernadsky remarked (1988', p. 217):

/
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»Everyone of us knows how incomplete, insufficient and only partially reflecting of
reality are all mathematical 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
(Vernadsky, 1991, p. 107)? Moreover, Vernadsky stressed many times that natural
science as a whole must be logically incoherent, because our 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 candidate 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
phenomenon and, hence, the appearance of the noosphere will be a natural, inevitable

process. Vernadsky was not successful in combining these two ideas within the
framework of his theoretical system.

2.2.4 Logic and Methodology 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 article (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 statements on the logic and methodology of science. I will, first, gather his
statements on the subject and they will be briefly 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
originates 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 have two different meanings and,
hence, what seems 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). It is this logic of the concepts-things that is proper to
descriptive natural science. Vernadsky claims that it is not what the philosophers, for
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example, J. S. Mill (1806-1873), call an inductive logic. Ngtgrahsts, whlo ESZ _thxs ‘11:;(,;10
spontaneously, come once again to this method examining naturaf tho (I;:‘ferenci
scientific symbols and terms. Vernadsky gives one more example of the 11 crence
between the two forms of logic: the concept of spgce—tlme. Phﬁosophers‘ ‘anadystime“
properties of space and time by means of the analysis of thg words »Space paT ,,') bu.t
Analysing these words, they coutd also come ;c]) thto;a c?rx:g;ﬁ; (;ffsg?l?fo-;gﬁ ; iz:;:qu 6n[y
the statements of philosophy are not provabie Dy I soph acé_timek
scientists succeeded in proving the existence of a real umﬁed,. all-ffm racing s;()i e me,
ir everyday scientific work. Vernadsky sees in this point the difference
?)t;otv‘:;eﬂlh?eyht)hg?cal w?rlk gf the scientist and that of the philosopher. The latter cannot
come out of the limits of the concepts-words (Vernadsky, 1991,.p. 151). o ¢ oics
In addition to Ch. Pierce, who has Ino? tellabocr:(tledb yth::h exd;:;e ac;f ofthw](; er(g)sgon
systematically, Vernadsky was ev@ent y influen . s ot (;f ergson.
ted (1969) that our logic has been develoPed on the basis ym
izgsgﬁgﬁg}e rélatioriships between rigid n.atural bodlesl. ngyvever, in contrast to
Bergson, Vernadsky extended this idea to all kH.ldS qf natural bodies. . ¢ omirical
Vernadsky’s idea of the logic of clonceptsfthmgs frz?szgo?lnb};se él(()) :102 r:piric 5 rical
isati ri neralisation is a gen » :
%vellléi;alzii)czféozégoenflgt?:;} t%:m. the facts themselves and follows_the. loglcfof th(e1
relationships between the natural‘ pt;en_omlelna. Ell\iegg}tlonr;w&o:;eg; ;:2::;}11 1;;:11;; aﬁ;;?;ﬁ
by an.empirical generalisation is logically o . ke dSk; i
contradicts a theory, one must change or give up tt_xe theory. Verna ¥ ﬁ nguishel
two kinds of empirical generalisations. Generalisations of the ﬁr.st in arre1 iracted
from the ,raw material of empirical facts” and 1hzzve nothm%hx.n lc(c.>rr(1imc())f vith the
inductive logic of philosophy (Vernadsky, 1988’, p. 287). This kin Oé)nin
alisati omposes, for example, the great bulk of crystallography as a modeliing
i?rtirealilszglo:}lafuralpand synthetic crystals. Tl}ev principle qf symmetfryhartx‘d tth;:irlzgnodlc
system of D. Mendeleev are examples of f:mpmcal g@r}erahsatlonst o t e 1r§ i s.e ond
Vernadsky did not give a clear deﬁnitno_n qf empirical generahsatloni 0ti coond
kind. However, the whole way of his thinking shows that by generalisa oni of the
second kind he meant the generalisations made on t.he basis of enz?mcal‘ genlerfa 1ts) s
of the first kind (generalisations made on the pa515 of the ,raw* empirica tac sit.ionS
example of such a generalisation is the follovymg statement: ,,There abre no rax;ljem s
between the living and inert bodies of the‘blos;glere; the boundary etwe:xgp/ m 1S
sharp and clear throughout geological history ) .(Vemadsky,. 1991, P h ). his
generalisation is based on some other _empmcal gf:nerahsatlor}s Sltl"c}' as ihe
generalisations of spatial, temporal, energetie, and chemical properties of lving
mslnrrrl:;;lil ba(igcte:sed the term ,,empirical principle®, which can be (.ie‘ﬁned as t.he most
gerexeral“ g)éneralisation of the second kind. He _stated that three empirical prm(;q?les lay
’1’n the foundation of the contemporary natural sciences (Vernadsky, 1980, p. 112):

. the Principle of conservation of mass (Neg{ton,. 1675?;6 05,
. the Principle of the Cosmic nature of life uygens, ;
- the Princigle of conservation of energy (Sadi Camot, 1824; J. R. Mayer, 1847)

Our view is that Vernadsky’s classification of empirica} 'generahsatlonfs is :eg
conditional. If we thoroughly examine the process of generahsmg a groupdo hs.c(lien i ;

facts*, we find that one can classify generalxsatwgs_mto the ﬁr~st, secon: f, t 1rk,_ d "
i;inds. For example, in order to make a model (empirical generalisation) of any ki
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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 Vernadsky’s view, empirical generalisations compose the foundation of science.
They are incontestable and obligatory for everybody. At the same time, empirical
generalisations are not immutable. Vernadsky gives an example of the evolution of an
incontestable empirical generalisation: D. Mendeleev (1834-1907) discovered a periodic
system of the chemical elements (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
generalisation deeper.

Thus the foundation of science consists of empirical generalisations which are made
by means of the peculiar ,,logic of things™. In the absence of sufficient empirical data, a
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 scientific knowledge.
However, Vemadsky 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 turns 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. One cannot clearly imagine the things which are represented by
these mathematical symbols.

Vernadsky 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 biospheric phenomenon (Vernadsky, 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 (Moiseev et al., 1985).

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

The main problem of Vernadsky’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, it is not enough to declare that your basic method is
empirical generalisation. The more important thing is to prove that your concept
(empirical 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 Vernadsky’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 (Vernadsky, 1988, p. 306)
is a metaphysical belief. Vernadsky 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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universal ,natural logic” and empirical generalisations only reﬂect (reglst_er) the
connections between different things in the different parts of the universe, and if these
,reflections™ are altering together with the alteration of the world, can we define these
ections” as knowledge? .

”r;t}lle next problem is th%it Vernadsky’s theory of the blqspher_e does not e(;gqespong to
his own concept of the structure of scientific knpwledge. He did not succee u: lfrezé;tr:i
a theory based on empirical generalisations. Ultimately, he was forced t(;- give ae safter
of empirical generalisations to the purely metaphy;lcal claxmg. N‘ow,“ ifty ye rtsmore
Vernadsky, one can state that many of his ,,em_p.mcal generalisations weretnoh ore
than scientific hypotheses with a poor empirical coatent or, even, me :{) 1ygs4l£2
statements. In the note ,,On the Geological Sigr‘ziﬁcange. of Symme{ry. (19I - _d),
Vernadsky provides a kind of summary of hi.s basic fmpmcal generalisations. p:,ct,;:ilne
some examples of these ,.empirical generalisations™, to show that they were n g
more than hypotheses:

! i iabili i s ed by the inference about the
- An invariability of the weathering processes is follow ; ut the
constancy of the amount of living matter on the Earth throughout geological history

Vernadsky, 1988', p. 285); ' l
- %n the living maiter we can directly observe space-time (Vernadsky, 1988’, p. 285).

However, the most illustrative example is Vernadsky’s Ftaterpent that t.he logq (;{
natural science is a function of the biosphere. He calle(li this claim _the basic fhmpxr}ice:
generalisation of his biosphere theory (Vem?dsky, 1988, p- 283). It is evident hat t thr.e:
are no ways to prove this claim by observation or by experiment. At the sgrpe t}l‘me, . tt;
claim plays a central role in Vernadsky’s concept of the transition of the biosphere in
th';'l?g(r)lir))(ltle;;nt that Vermnadsky failed to notice is that, i'f .the logic of natpral »scxer(;ce b1s
a function of the biosphere, then one cannot treat'empm(.:al g@nerahsattons (ma le );
means of this logic) as incontestable. Moreover, this functlonallty transforms em;1n6r;c:.1
generalisations into theoretical concepts. This was noticed by K. Popper (1968, p. 163):

“_.We always operate with theories, some of which ar§ even incorporéted 1_n our
physiology. And 2 sense-organ is akin to a theory: according to evolutlomstfdvxev;/lsla
sense-organ is developed in an attempt to adjust ourselves Fo a real external world, to fadp
us to find our way through the world. A scientific theory is an organ we develop outside
our skin, while an organ is a theory we develop inside our slqg. Thlg is one of the many
reasons why the idea of completely untheoretical, and hence incorrigible, sense-data is

mistaken.

One could note that Vernadsky never directly connected scientific knowledgt? th'h the
sense-data, however, the thought of Popper can be adopted for our purposes: tf sc%epcel
is an evolutionary-developed function of the -b1osphere, then its »empirica
generalisations* will be theoretical as well ai ,,theorifas“t_and“one loses the necessity to

istingui n ,,theories* and ,,empirical generalisations™. N
dlg:;grkﬁzlrlebg:‘o”l:}?en{’arises in this conn}::ction. If we accept thgt the cognitive apparatus
of science is a function of the biosphere, then we are i no position to m?ke
incontestable empirical generalisations about the non-biospheric mpmceptxbie
mechanisms of the universe. On the one hand, in the terms of modern phllo_sophy of
science, most of Vernadsky’s claims about scientific knowledge are .reglzstzc. He
believed that empirical generalisations can be regarded as accurate df:scr'lptlons of the
unobservable world as well. On the other hand, Vernadsky held that scientific thought is

45

a function of the biosphere. The logic of science is different in the different geological
layers and is a , rational net* thrown on reatity. 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 physical
science (Rosenberg, 1985, p. 69). Vernadsky worked on the border between the life
sciences, chemistry, and geology and never numbered 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 Eternity 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 same time, they held that, although life generally is an eternal phenomenon, life
in form of a living organism appeared at a certain time as 4 result 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 between living and inert bodies and,
ultimately, to the erosion of the principle of life. That is why Vernadsky, on the one
hand, accepted the idea of eternity of life of Bergson but, on the other hand, stated that
there is an impassable border between living and imert matter, because life can exist only
in the dispersed form of living organisms. According to the philosophical systems of
Fechner and Bergson, one could 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. Vernadsky 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
penetrated science, generated an idea 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 Vemadsky
(1994, p. 95), “is not wel-founded and did not follow the empirical data of science. We
should look for the genesis of this view in the history of philosophical thought“. Thus,
Vemadsky tied up his antireductionist position with the idea of the etemnity 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 (Sytnik et al.,
1988, p. 143) and, hence, with the basic principles of the biosphere theory. The idea of
the fundamental differences between 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
2.2.5.1. Empiricism

Here I defend the thesis that Vernadsky’s philoso_phy of science isdakveris;o;:! :(f r{:,gigii
empiricism. At the same time, the radical empiricism of Vemadsky ;
empiricism. _ o
Sro,me authors have already noticed that the phllgsophlcaﬁ views ot:r Xemadstlﬁzr:a;;z
classified as radical empiricism (Aronov & Terentjev, 1988(‘i ;l)( 72)f1 etsl: a(;;ec‘ares ere
strongly criticised by pointing to quotations from Vernaf ? y W er«(aShink S
importance of theoretical knowledge for the éevetopment of science aruk, ,
- icipate in this discusston. . )
pli.{;(?iscali3ezrn)p1§2iesxlxx?:vr;f?ery popular among the natural scienfists lrg t?;lfé;st Sthlrd Of‘
‘ ic i iculated by Ermnst Mach (1838- . Some o
20th century. Its basic ideas were articulate : ch (]
g:: ideas ‘\:::r: rf}lllrther developed by the Ernst Mach Verein, which is better known afs :Iﬁz
Vienna Circle. The claims that the only role of philosophy is clanﬁc;xtlon o 1
meanings of statements and that there are only two sourccfs o_f knowledge, fr}ar;c;gf,
experience and logical reasoning are very clf){se.to Vem\z;dskyds kvne;vs.t IhgoW r:;tavxvnare 0};
direct influence of logical positivism on Vemadsxy, bu e of
t&tc::ri(t)ifnt}lseoflﬁ(;ch and other radical empiricists. It is interesting to compare the v1ew?
of Vema(%sky and Mach, because it can shed light on the problem of closeness o
v to radical empiricism. _ ‘ .
Vizr;?:is?e,cloarr:d the deg:ription of one’s sensations to be the only proper ﬁ{r(ictxo; k())}f"
i icti i jentific laws and theories are considere
science. Prediction, explanation, and scien . onsidered
ipti Mach, the law is as essential as the sum
Mach as the forms of description. Accordlpg fo " s as the sunt
only descriptions of real factua
of the separate facts. Causal explanattons. are ol Tooal
i i e time, Mach (1987, p. 271) distinguis!
dependencies between things. At the same A : itinguishes
i indi ipti knowledge Mach considers as the
direct and indirect descriptions. Theoretical . / S o indi
ipti i ipti deals with a kind of theoretical substitution
descriptions. Indirect description (theory) S O e (1987, p. 278), it
t B) of an empirical fact (fact A). From this, accordmg to M > P- 5
S::ns zo be not olx)lly desirable but even necessary to replace indirect descriptions with
irect descriptions as far as possible. ) . :
dlif (;s easy It)o see similarities between the philosophical views of Vernadsky and thef
radical empiricism of E. Mach. Mach’s summarising (198\3, p- 271(2’ ,of ;h; p_rg(c);zd::;e t}c:e
. I efinition
‘scientific description’ seems to be very similar to Vernadsky's on:
grl;piif;zl generalisatli)on of the first kind. In both cases, the sc1ent1ﬁcal_ly sxgmﬁc‘:ant
features of things are directly abstracted from raw facts tzy means of their compansc;n
(compare with Vernadsky’s example of empirical generalisation in crystallography). r}
both cases, science tums out to be a one-dimensional structure, wh§re all forms 0f
theoretical,knowledge are seen as provisional and must be rep}e}qed in the course 0
scientific development by pure empirical knowledge: empmcgl generghsatlons
(Vernadsky) or the direct descriptions (Mach). In both cases, the claims 'of science are
tentative but its method is impersonal. Clearly, Vernadsky never .proglaxmed apythmg
like Mach’s concept of the elements and never directly reduced scientific experience to
one’s sensations. It is on this ground Mach never z.tccept.ed thf: reality of atoms.
Vernadsky, on the contrary, based his concept on faith in thqu rt?al_lty. ‘Nevertheless, n
both cases’ pure experience is the epistemic base. However, in dtstu'{ctlon to Mach’and
other phil(’)sophising naturalists, whom bhe mentions (e. g., A. Eddmgton: see below)
Vernadsky never detailed his concept of experience and observation. He stressed many
times that 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, but can be expressed in mathematical symbols.
Vernadsky never expressed clearly his views on the nature of mathematical knowledge,
but the whole way of his thinking leads to the conclusion that mathematics should
operate with 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.

Vemadsky, evidently, did not grasp the similarities between his views and the ideas of
radical empiricism, although, as I already noted, he was very aware of the works of E.
Mach and other scientists and philosophers, who shared the ideas of radical empiricism.
One finds in Vernadsky’s writings references to, for example, K. Pearson (Vernadsky,
1994, pp. 57), M. Verwom (Vernadsky, 1994, p. 251) and Mach himself (Vernadsky,
1965, p. 176; Vemadsky, 1980, pp. 99, 152; Vemadsky, 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 theory of knowledge of Eddington, correspond to the new scientific
achicvements. The other new and old streams of philosophy disagree with these
achievements™ (Vernadsky, 1980, p. 99). In another place, Vernadsky (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 Vernadsky, who was so accurate concerning the history of ideas,
never mentioned Mach in connection with his radical empiricism. Perhaps, he did not
realise the philosophical consequences of his views. Besides, Vernadsky 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, Vernadsky 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). Vernadsky
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, I do not find any traces of significant influence of pragmatism on Vernadsky’s
philosophy of science.

As to Eddington’s epistemology, Vemadsky 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 Eddingfon. Vernadsky (1965, p. 164)
believed that Eddingten created (or tried to create) a ,,scientific epistemology* derived
from scientific experience 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 seemingly 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 Vernadsky. Vernadsky did not realise thatbAth::iV:mglr;zﬁgils nlly:
E%dington’s philosophy was restricted by apronsm. and ,,sub;egllustrated ol
(Eddington, 1949, p. 7). The difference between their vllgvsl/sl f)arélaien:ed e povial
attitude to the relativity theory. Eddington (19_49, pp- 1 ;;d ) e e et thoories
relativity theory is true and occupies an espe(_:lal!y.honm:ir = p B A adied 2

recisely because it is free of personal subjectivity and beca L b e ted:
griori from the epistemological facts. Vernadsky (1991, p. 68), on the s

ty is permeated by extrapolations and simplifications of reality,

of relativi ext 1 ficat lity,
igh;d?t?:szns whose verification by scientific experience and scientific observ

. . . . ot
(from the viewpoint of the noosphere) remain for the ime being ﬁf}posmb}e. Owing to
ha, it ccupis nly a neglgibloplace et T et vesion of
1 maintain that, in spite of Vemna bout orsion of
erﬁrll‘hiurisécrrirt‘icism and declaring of sympath)( toward the t":mplé'li:;;n S{c))rfl el’ei;:lzomt
'Etemology of Eddington, Vernadsky’s philosophy of science some
z?rililarities to Mach’s radical empiricism and has much less m co L
i ies i Eddington. ) . .
ph\/ﬂosoaf)dt;f;’zfigig::nzzdof simi%arities between his philosophy of science and radical
ern .
empiricism can be explained as follows:

i i in hi i ical views and did not grasp the

inconsistent in his phllosopllulca} :

) Zlgrsne?lissls(y o\;]af:is viewpoint to radical empmc;sn;. I.Vergaigk);el(f}zzl‘;e ;;urfg}),

i i i hical sceptic and behevec him
lassified himself as a philosophic 0
(S;C?Z:ﬁﬁc and independen & ghllfsoph}’ '(c(i}st::\larrr?:s,t}l)? ?ﬁc)i'irectly via the whole
was influenced by radical empirt , wh

V V;ii?)zgi)k}gcal atmosphere of the first third of the 20th century, when empiricism

IvJva\s widespread among philosophical!y;w;}ilr.e na?ural ngn::;s'nature J—
h, Vernadsky derv is ViEws the re

7 o Wlelci : Stol\':geat extent from his experience as an empmcal scientist. As Ithgilet
kkfl!O‘V;; }%is concept of science was also inﬂuer_;ced by his noosphez:(:1 cloncep .O u
Zo(r)ne l,aasic postulates of his philosophy of science were formulated long ag
created the biosphere-noosphere theory.

? trici ifests itself in his views on the
i istency of Vernadsky’s empiicisim mani i >
n;;fl‘ree lcl)lt? zcl:iilr?t?ﬁc);'acts. According to him, the mcontestalzlle patr}t‘ of s:;:sncei{ ((::::{1:‘115;5 o;'
. ienti logic and mathematics. .

. the scientific apparatus of fgcts, C ar _ \ :
ts}zziti%iﬁi'act is not a fact of everyday life. A scientific fac; 01; a I;r;t?:m:{tl;cag)ét
processed and systematised fact (V emadsky, 1980, pp- 1.08- fﬂ){eo and, o
constituting scientific apparatus already contains a large portion © ry

irical fact. ] . .
Sezrtl ?151: s;r;zlzi:lre‘:m{;:madsky (1980, pp. 92-93) believed that mathematx;s am;l. cl(a)l%ui
were ultimately tr,ansformed empirical knqwledge as well.‘ Th}l;strr‘:viafrr&?) els th};S
cessed empirical data lie in the foundation of mathematics. by hat does o
?roathematically—processed and systematised’ mean? In- order to answer t150(:r1n 1et31;,
ve should recognise that an empirical fact in the sment1f10 apparatus is no cf % ey
‘e):vrflpirical but a theoretically-processed fact. However, x}n Igllxs c}as(.lzew:s afj) n?:ae;ted t

) int wie
i i f explaining the nature of theoretical kno _
L}:xp?;iigiﬁf\?vl:dge. I\)/ernadsky failed to explain the nature of theoretical knowledge.
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2.2.5.2. Positivism

In the already mentioned work ,,On Scientific Worldview* (1902), Vernadsky (1988, p.
61) defined positivism as a scheme 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 ‘seientific’ claim of Comte as non-
scientific, because it does not correspond to observations of the real scientific process.
In reality, all three of these forms of cognition co-exist with one another and, moreover,
science cannot be separated from philosephy 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 Vernadsky
ameong 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 more itriguing if we note that Zen’kovsky was not aware of the most

positivistic works of Vernadsky, his latest works, which were only recently published.

Our answer to 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 view on
science and human history can be classified as posttivism in a broader sense. At the

same time, some important features of what is generally known as the positivistic
approach can be found in Vernadsky’s late writings.

Vemadsky 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 J. 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 science.
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 keep 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 late 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
generalisations™ and that in the course of scientific development, we must strive to
replace scientific theories ,,with empirical facts and empirical generalisations as
soon as possible” (Vernadsky, 1988', p. 281). Neither theories nor hypotheses are
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characteristic to science and play, together with philosophy, a subsidiary role in
ientific development. o ) .

- i(/:;nadsky’s scigntism and, at the same time, und};guxsed ,,antx—tl‘leorensm‘ ‘arei
connected with his phenomenalism. As a rule, ,,empm_cally—substantlateg e;?pnt'ﬁ::n
generalisations®, which compose the foundatiqn of science, do not go f rther an
the phenomena. For example, summarising in ,,Sc_‘Lentzﬁc Y hought...dsi e( 11;91
important empirical generalisations about linng and inert matter, Ver?ra ynd th‘;
p. 173).writes: ,,All the generalisations indicated he;e do not ransce  th
phenomena that may be observed in the life of orgamsmsla.nd.:hc?;rh c;n;}r)ﬂ : tié

isati i | do not explain it. The
These generalisations do not refer to life and lain on
togethe% the facts and give logical inferences from the scientific description of

- ;flal:;)é 'noosphere concept, Vernadsky combines the claims of t?ot_h soctal tandf
evolutionary positivism. He mentions the founders of thgog;mlt;vnstlcscglr:c;};m (())n

) 1820-1 , H. de Saint-
ess Ch. Lyell (1797-1875), Herbert Spenser ( - .k
?;2%-1825), J. S. Milt (1806-1873), Jeremy Bentham (17.48-1832) many tléx;:tsi (;g
his works. The idea of an unlinear, continuous and necessan;y ﬂ;:rogessg; ee\;owards
i ; ” i d evolution of the btosp!
influenced Vernadsky’s theory of the directe : r e o
i ically - and biologically - based, but le:
the noosphere. The theory is geologlca. based, s 2
1 inevitabili ected, in its fum, wi e
el to declaring the inevitability of social progress conn: 5 |
‘;;ogressive development of science as. a pIanetary] phenomenon. The noosphere
. . . fion.
t to be the crown of biological and social evolutk ‘ ) :
t\t/l::?;;:il;ky viewed the Universe from the atomic viewpoint vs(;hfx;:h make}smll'llllz
) itivisti important difference s
ition akin to the positivistic account. Hov_v§v_er, an imp
Ib;ce’s;o(i)nted out. In the classic works of positivism, this account comes gom t}l:.e
nominalistic approach. In the worldview of Vemads_ky,.at.omlsr‘n is based on his
biogeochemical experience rather than conscious nominalistic beliefs.

Thus, 1 classify Vernadsky’s philosophy of science as a positivistic philosoi)l}_lyl;
althoug’h as I pointed out, in the writings of Vemadsl.q./ one can find staterr.lent‘s, W] 11:0
e not i7n agreement with the most influential positivistic schools of his time. For
:(ample in contrast to E. Mach and the Vienna Circle, Vemad(sil_(y e;npl&wllseddm?ﬁg
i e i i for science and never diwectly declare
times the importance of phxlosophy Fe e e
i hilosophy) is meaningless or has no true claims to ;
nk;fc';:fll;g:: SA(ft}lxeozagleYZime, Vernadsky would doutlessly subscnbeh the ;:g;xglusn;rzl g))f
, i for its clatms for certitude (Cohen, , P- s
Mach that metaphysics has no grounds _ for Ce \] o)
i ienti des a certain incontestability. Does this me
while the proper scientific method provi onte ity. Docs this mosn
i rovides some incontestable knowledge o .t e exte orld,
t}g;ozgle}?; edor:as not? A positive answer would reduce the importance of _ph%losophy tc;
1t)he rolg of an auxiliary instrument of science. This estlmate'of the importance o1
hilosophy was accepted even by the extremely anti-metaphysically disposed logical
positivists (Schlick, 1930). Some of the last statements of Vernadsky (1980, p. 87) sfhow
'1t)hat he was deeply dissatisfied with contemporary philosophy and wanted to transform
philosophy into an empirical science.

2.2.5.3. Departure from positivism

\ it is imp distinguish between his expressed
the case of Vemadsky, it is imporiant to ui :
g;liloseophical views on science and the philosophical position and methodology which
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Vemadsky practically applied in constructing the ,.,empirical parts of his theoretical
system.

Vernadsky considered himself a philosophical sceptic: ,,] am a philosophical sceptic.
This means that T 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. Baifes, 1990, p. 163).

I considered Vernadsky’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) in the ,Die Philosophie 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, Vernadsky’s philosophy of science and his scientific 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 biospherical
studies as an interdisciplinary domain, where all sciences could cooperate on the basis
of the unified scientific principles. Vernadsky evidently tried to escape making value
statements in his theory. The whole theory of the noosphere 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,
Hlawful®, reflects this intention. .

The situation changes if we take into account the phenomenalism and nominalism of
Vemadsky. 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 rules of positivism. Phenomenalism is defined by stating that there is no real’
difference between ,essence” and ,,phenomenon®. Phenomenalism is followed by
nominalism, which means the prohibition of any knowledge derived from general
notions independent of the separate objects (naturat bodies) being studied.

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

Vernadsky’s notion of living 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
nominalism.

However, if we will have a look at this notion 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 Hliving matter to escape the
concept of , life” closely connected with philosophy and religion. The notion Hliving
matter” reflects the viewpoint of a new science created by Vernadsky - biogeochemistry.
The biogeochemist is interested, according to Vemadsky, in the qualitative chemical,
atomic analysis of living matter (Lapo & Smyslov, 1989, p. 110) and sees the living
organism as a chemical substance, as a totality of atoms. This viewpoint, reducing living
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as quite nominalistic. At any rate the concept of
tic than the vague concept of life. )
basic to Vernadsky’s whole theoretical sy‘stgm,
causes more difficulties in regard to positivism. The b)ospher:-i asd :ris::if-rfe;i; at:,%
system cannot be directly observed. Also it cannot be dtrlect ty derived from 2ty
biogeochemical data. The important evidences qf this self-regulal mghz/re m such 25 the
layer, the organogenic rocks, the biogenic and stat?le atmosp o on. do
xolf)(t)r:flakg th’e biosphere observable. They only help Fo build some argurcrll.entilmderived
of the existence of the biosphere. The notion of the biosphere can{)lotsezn g:ca zepam,re
from any empirical generalisation of observation and, thus, can be

o h .
from the pure PO oo here concept of Vernadsky (see 2.3.10.). Even if

sam id about the noosp -
Thecce te ?:rzzdssaéy’s arguments, it would neveﬂhelt?ss v.be a pur.ely theore_n'c;ﬂ‘
;Zd?ctiorr)x far from a phenomenalistic ,,empirical generalisation™. In his summarising

work ,,On the States of Space in the Geological Phenomena’ (1980) Vernadsky (1980,

i irt neralisation™ which lays the foundation er the
b nlh) fornmof:t?eigetﬁgri ef}‘;:: Cl":)lg%: of natural science is closely ‘t‘ied up in 1tts
?;?li%a(:;sns wigx the geological envelope Where human reason appiara‘s]d aplrt’ e;:r:a:g bc;
see that this ,,generalisation® is metaphysical rather than empirica :
alien to classical positivism.
These examples show that
clearly differentiate between

practice.

systems to the atomic level, can be seen
living matter is said to be more posittvis
The concept of the biosphere, which is

tatking about the positivism of Verr}ads.ky, we shquld
his theory of science and his real scientific, theoretical
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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 fime 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 further step in the development of the concept of the biosphere was made by
Buffon’s pupil Jaen-Baptiste Lamarck (1744-1829). Lamarck considered the nature 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 this problem, Lamarck assumed that animals and plants perform a
decistve 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 tied 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 all 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
thoughts as a conception and did not give a name to the phenomenon he discovered.

At approximately the same time, we find some attempts to give a proper name 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, a 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’ monadology 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 modern 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 w1deI'y spread in the‘ ZOtII; ’([:‘el:llt}?ry(i
Plausibly, the most famous user of the term ‘biosphere’ in the first sense was I’. 1 et hare
de Chardin (1881-1955), who created an original cor}cept of the blosphere—noqsp e;
evolution. This use of the temm can also be sometimes found in current scientiic
literature (Monod, 1971; KEL, 1978). " , »

Perhaps the first Russian scientist to use the term b;osphere was E. g . lI;etry (1~854
1899). He used the expression in 1882 and understood it as thg t.otahty of all 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 detail)egi theory of the biosphere was elaborated gyk;/.l. Vergladstk!};gl 3?38-1112:55);

i i . Vernadsky gave the te

who had a personal acquamtance with Suess  Of Suess @
itati i } biosphere-noosphere theory, where the biosphe

quantitative meaning and elaborated a \ e e aetge E. Hufehinson

as a self-regulating system and geological enve pe. - ge E.

:(afg;?);sstated: Wit isg essentially Vernadsky’s concept of the biosphere, developed about

50 years after Suess wrote, that we accept today*. o \ ‘

PZradoxically Vemadsky’s original concept of the biosphere is not actx_xally knpwn 13
the West. Some of his important works became only recently avatlz_ible in English anhe
German (Vernadsky, 1997; Vemadsky, 1997 . V‘emadsky,' 1998). His main work, ) »
Chemical Structure of the Earth and its Environment®, wh;eh he called _,,the boolg of T?y
life, has not yet been translated into German or English. In Russia, the scxent:)t ic
herit,age of Vernadsky is well known. But even tot.iay, more _then 50 years a e;
Vernadsky’s death, his scientific heritage is actively discussed. New interpretations o
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 18 reqm;ed by glle
new branch of science created by him: bioggochemtstry. Yemadsky .egan; g
synthetic* biogeochemical works in 1916, but cou_led the term blogeochemlsxl'tgggan
,t:ormulated the basic tasks of this new science only in 1923‘ (Lapo &’.Smyslov, d, P
56). Biogeochemistry studies the geolog%cal m'flmfestaﬂo.ns’ of life and consxhers
biochemical processes 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 geqloglcai
’manifestations of life taking place under this aspect, and onvthe other, by the mtematll
biochemical processes in the organisms - the li.ving populatmr} of our planet. Inb‘biott 3
cases (for biogeochemistry is a part of geochemistry) one may identify as s'tudyio jects
not only chemical elements, i.e. the usual mixtures of isotopes, but also various isotopes
of one and the same chemical element®.

Neither living organisms by themselves nor t_heir envircfnn}er'lt abstracted fron; tltllqn
are the specific objects of biogeochemistry. 'A biogeochemust 1s mtt?rc?sted, ﬁrst‘o all, 13
studying the cyclic processes of the atomic e)fchange between living or.gzansmfj anf
their environment. The latter can only be described on .the basis of a detailed stu yt;:
the interrelations of living and inert matter in thc? space-time of Earth and thro;lghg})lth e
Earth’s history. How can the main subject of biogeochemical research be defined? It 1s
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not the organism (genus, species). It is not even the sum total of living organisms (biota)
or the inert 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 Vernadsky, 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, Vemadsky
introduced his interpretation of the term the biosphere. 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, Vernadsky,
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 geologically (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 defimite 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 primarity characterised by dynamically mobile, stable,
geologically durable equilibria which; in distinction from mechamcal structures are
quantitatively fluctuating within certain limits in relation to both space and time*.

Vemnadsky (1965, pp. 107-108) tatks about the following geospheres'®: the
troposphere, the hydrosphere, the land surface and the sphere of the subterranean life.

In connection with this geological interpretation of the biosphere, Vernadsky 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
nevertheless attempt to reconstruct the views of Vemadsky on the subject
systematically.

The apparent contradictions between Vernadsky’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
consideration, the principle seems to be clear. However, this statement represents a
niecessary, 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 stability, 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, (c) 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 dfeﬁned as a field 0?
prolonged life existence connected with the mult1phcat10n of organisms. The limits 60
the biosphere are restricted by the field of life existence (Lapo, 1987, pp- 49-593 5 )
The disparity between the field of life existence and _the field of life stquhty is
explained by the vertical and horizontal expansion of the biosphere over geological time
Vernadsky, 1994, p. 365). ) )

¢ The second principle for defining the Fimits of the biosphere is phrased by Vernadsky
(1965, p. 79) as follows:

The primary identifying characteristic of the biosphere is the.activity of living matter in
all 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 -thc
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 envelope®.

inciple supplements the first characterising thej biosphere alsq as a
d;l[n}znls:cs(;;fengngﬂg it degges this system from another viewpoint. The first pnncxp}lle
shows the dynamics of living matter. In the second case, Vernadsky talks about the
biologically controlled dynamics of tl;e inert parts of the bxosPhere. ' ]

The dynamics of inert matter, in this case, are mar'ufestfzd in the following proce?sehs.
inert matter of the Earth is dislocated over geological time towards the centre 9 the
’lllanh and back from the centre to the Earth’s surface” (V emadsky, 1965, P 7.5). lee
dislocation of substance of the geological enx{elopes dpes no_t make it possible to inclu i
or exclude them from the biosphere categoncal_ly {eindeutig]. For example, we canno
say that the whole stratisphere belongs to the blogphere, but we can say th?t the matt;:r
of the stratisphere can be involved in biogeochemical processes and, accordm_gl(}i', can he
classified as a part of the biosphere. The same approach can be apphe tolt ¢
interpretation of the contradictory statements of Vf:madsky about the granite em}lle opi
of the Earth. Compare: “the granite envelope is an area of bygone blosp. ere}s‘
(Vernadsky, 1965, p. 325) and ,the granite masses belong to and are found in tkei
biosphere® (Vernadsky, 1965, p. 131). These apparently contradptory statements shoul
be understood as follows: the granite envelope of the Ear.th being a product of form;r
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; h9wever, where masses of granite
are involved in the actual life activity (such as the bioinert weathenqg processes in
regions where the granite masses arc close to l:he: surface of the Earth, as in Scandinavia)
classified as matter of the biosphere.
th:);’tr;ut;tits)iook downward, some words about the Earth’s atmosphere should be added.
It is clear that, according fo the second principle, the atmqsphere of our planet belongs
to the biosphere. Vemadsky (1965, pp. 122, 126) c.lescnbed. the troposphere a? tge
biogenic gaseous component of the biosphere, which consists qf three parts: tAe
overhead troposphere, the subterranean troposphefe and the submar}ne trgposphere. t
the same time the biosphere cannot exceed the limits of the ﬁeld of lec? existence or as a
minimum the field of life stability. This means that there is a condltloqal atmosphen’c
border of the biosphere in the atmosphere. There are some references in Vt?madsky s
works (1965, pp. 122, 125, 126) which show that this border occurs at the hexgl_]t 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 necessary 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 metabiosphere or the area of
the bygone biospheres, which occupies the metamorphic and granite envelopes (11-60
km). 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 all
products of life activity and all bygone biospheres. :

2.3.3. The Biosphere as a Self-regulating System

Examining living meatter 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, living 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 matier shapes the biosphere into a self-
regulating system. The biosphere being seen as a self-regulating system 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 biosphere and influences all geospheres. It
determines the structure and the regularities of the biosphere. The structure of the
biosphere is expressed by the totality of dynamic equilibria which keep the biosphere in
a steady state. This structure Vernadsky calls opeanuszosannocmo, 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 is 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 from the concept of
‘organism’, because in organisation two kinds of matter (living and inert) and,
correspondingly, two kinds of regularities interact. 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 equilibrium is the troposphere. The gases of the
troposphere are mostly biogenic. Vernadsky 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 t_hat living matter is essc_ant.iaé to the
maintenance of an optimal concentration of oxygen in the troposphere. This lr; ;;e'nce
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 - Nz, 02, CQZ,
H3S, CHy, etc., - are produced and quantitatively balanced by the totgl activity of living
_matter. Their sum total is quantitatively invariable over geological hme,..'. V.emjad_sky
infers that ,life, i.e. living matter creates the troposphere and constantly maintains it in a
specific dynamic equilibrium®. '
Thus the relationship between living 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 (Vemnadsky, 1965, p.'230). o ' i

It can be remarked here, that the 1-st Gal.an principle of atmospheric regu ation
(Lovelock, Margulis,. 1974) actually was derived by _Vernadsky' on the basis of his
biogeochemical research 50 years before Lovelock (Levit & Krumbein, 1999).

The same model can be constructed for the water epvelope or hydrosphere_ of 'the
planet, for the soils and for the general geochemical environment: ,,Every organism 1s a
centre of free energy. In its totality, living matter transforms_ completely the domalq. of
life - the biosphere™ (Vernadsky, 1965, p. 232) and ,,determmes all the basic c;hemxc:;l
regularities of the biosphere™ (V ernadsky, 1?65, p. 241). Thus, the btospl}ere is a self-
regulating system, which transforms the environment not chaotxcal.ly, put in accordance
with established regularities, which respond to the needs of terrestrial life.

2.3.4. Substances of the Biosphere

In the works of Vernadsky, we can find three ways of classify_ing bigsphencal rpgtter.
The most general classification implies three kinds of matter: hv1}1g., }nerF anq bioinert
(Vernadsky, 1965, p. 231). The basic division, however, is the division into inert and
er. - - -
Il‘zg%nlginﬁatter of the biosphere is the sum total of living organisms actually existing in
it. Living matter has its own structure (organisation) ax_ld can be seen as a functlo_n 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). Thls kind
of matter plays the main role in the biosphere, being the most powerful geological force
or}i‘]}:;:r;g;:ond kind of biospherical matter is inert matter, 1.€. ,,a kind of matter pro@uced
without the participation of living matter (Vemac_isky, 1965, p. 59). Ipeﬁ matter is tl?e
exact opposite of living matter. However, there is 2 perpeFuaI ‘n'latenal 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 b}psphere. This is a
substance ,,which is made by living organisms and inert prosesses simultaneously and
represents the stable dynamic equilibria of both of therp‘ (V.elfnafisky, 1965_, '59).
Vernadsky called this kind of equilibrium complex dynamic equilibrium. The bioinert
natural bodies are of great importance in the biosphel:e. The forests, the fields, plankton,
benthos, soils, marine silt and sediments, all terrestrial waters, etc, a_re.example.s of the
bioinert natural bodies. When living organisms die, they also form bioinert bodies. The
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rotting of a macroscopic 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 Vernadsky (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, eating,
multiplication).

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 Vernadsky 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: living, inert,
biogenic and bioinert matter.

The above described system of classifying matter seems to be the most consistent one.
But Vernadsky proposed one more system of classification which is worked out in more
detail:

1) living matter

2) biogenic matter

3) inert matter

4) Dbioinert 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 ecriteria 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 call
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 dissymmetry 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), Vemnadsky

summarises the differences between living and inert matter in a table. I present the main
statements of this classification.
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Inert matter

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

II. Inert natural bodies obey the symmetry
laws. ,

[ 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.

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

VIL. The surface area and the volume of the
manifestation of the inert natural bodies are
not defined within the limits 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, electron, etc.). The
maximum size is determined by the size of the
planet (bioinert 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. '
XL All natural processes among inert bodies
decrease the free energy of the environment.
XI1. Isotopic mixtures do not change in inert
natural bodies of the biosphere.

Living matter

Living matter exists only in_ the disp_ersed
form, ie. in the form of living orgamisms,
autarchic centres of energetic and physical-
chemical processes (Vernadsky, 1965, 128).
The solid substance of living orgamsms
(including dispersed particles of the colloid
mediums) obey the dissymmetry laws.

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

The processes creating a living natural body
are irreversible.

A living natural body is created Aby
multiplication, a complex biochen}tcak
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 fluctuates about a
constant value over geological time. It
depends on the quantity of solar energy
absorbed by living matter. )
The minimum size of living natural bodicg is
determined by respiration, biogenic migration
of gases etc. (Sniadetcki 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 b(?dy. 4
Living natural bodies create their chemicat
compounds by themselves.

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

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 Vemadslgy’s work in t_he different braxiches
of his scientific activity: biochemistry, biogeochem}sﬁy, spa.ce-tlme theory, geo ogy,f
evolutionary theory. The inert-living dichotomy 1s txed.up with Fhe central aspectglo
Vernadsky’s theoretical system. Most of them are discussed in the correi’pl:on ing
chapters of this dissertation. Here I comment o.nl}_/ points (V) and (XII) gf thf: table.

1t is commonplace now to consider that multiplication (self-reproduction) is not proper
only to animate systems. Erich Jantsch (1981, p- 3), the author of the self—orgamsatlon
principle stated: ,If metabolism, self—reprodugthn and ‘the transfer of mutatmr}xls we:r;z,
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 self-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-time border between living and inert matter. If we leave for a moment the
question, whether multiplication in the inert world really exists, the problem can be
formulated as follows: there are some ways to produce an inert object including
multiplication, but there is only one way to. produce an animate systesr, namely,
multiplication. Self-reproduction of living matter 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 talk about two aspects of this problem in his works.

In the work written in 1926, ,Isotopes and living matter, Vernadsky declared that
LHihe atoms/fomn'ng living matter...can differ from those in the environment®, because:

- there is no abiogenesis in geological history;

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

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

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

Generally, Vernadsky 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 elements of living matter would be ‘pure’ isotopes 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, Vernadsky 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 isotopic mixtures in the processes of life and in inmert processes under certain
circumstances. He wrote that the experiments of his laboratory show that isotopic
mixtures of chlorites and serpentines are modified by high temperature and pressure
(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
close 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
Vernadsky 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 an(*_l .inert natural bodies gopnected
only by a biogenic flow of atoms and there are no transmopal forms between living aqd
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 dynamic equilibrium. Its main peculiarity is the presence e:f

living matter within this geological envelope. Living matter transforms sola; fl'rllerlgi}al_rltl}l] 0

free energy of the biosphere (,the biosphere can be treated as tht_: area o et fth.z

crust occupied by the transformers). Inert substances are an essential cqmpo;:en 10t' i

process. Thus the basic principles of the biosphere th;ory sl(lloui(ei;z:scnbe the relations
e main components: living matter, inert maiter and er .

:’?‘W;;: :)}:inciple of tl?e quantitative invariability of life_ is a direct consequence ot‘; tll(le
statement that the biosphere is 2 product and transmitter of solfn' energy. Vema tshl y
uses this principle in all his significant works. One of the ea,r.hést referen‘c‘;es tlo9 - s
principle can be found in the notation [,,On the gonstancy of lmng.matte%r ] (1 ) )i
,,The quantity of living matter is T(onst:ﬁlt ;i;;;ng tk2126v)vhole period of geologica

1 can be explored” (Sytnik et all., . P- X _ )
Igfltotrgethgrtle hand, tr;lis statsamy::lt seems to be pargdoxical, if one talfes into
consideration the complex. processes of multiplication as wel_l as vert;cgl and
“Horizontal expansion of the biosphere. On the other hand, }f the life energy, in faet,
is transformed solar energy, then it is logical to say that llff: should be 'constant as
far as its quantity is concerned. Int the case (_)f a permanent mc?‘aase of life qu.annty
we should expect the existence of other trivial energy sources. Vernad.sky did not
know in this connection about two facts. First, some researchers .pomt 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 ?rcsent that living
matter can use some endogenic terrestrial energy. The second _dls.covery does not
destroy Vernadsky’s hypotheses in principle, because of the limited c:,haracter of
endogenic energy sources. About the increasing output of solar energy, it shoulq be
said, that it was assumed by Vernadsky that living maﬁer transforms the opanal
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) pqrtray the general picture of energy ﬂové
in the biosphere. I present these principles in two variants, as they were forwarde
by Vernadsky in his vartous works."”

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

2 The first and the second principles were presented by Vernadsky, for the first time, in 1928 in thft
report ,,The Evolution of Species and Living Matter" (Aksionov, 1994, p. 375). Vernadsky 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”
(Vernadsky, 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 enly if they increase biogente geochemical 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
migration of the atoms* (Vernadsky, 1965, p. 270).

The third BGCP can be treated as a logical consequence of the first two prineiples. It
declares that over geological time, since the Cryptozoic 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 biogeochemical principle only from its quantitative aspect,
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 acfivity 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 thar in their environment. Evidently there are no other
groups of organisms (including plants, fungi, or animals) which are capable of
concentrating these elements so intensively. In this connection, we should apply the
second biogeochemical principle only in the boundaries of kingdoms*.

This conclusion seems to be legitimate, if we contrast microorganisms (bacteria and

. fungi) to macroorganisms, instead of contrasting microorganisms to fungi, plants and

animals. Vernadsky was aware 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 contemporary 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: they are 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 dominate 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 .o_ft energy, should be
expected 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 oFgmate1 9f1r(’;irl19t1}ge
biogeochemical investigations which he starteq in 1916. As earhy ;s ochemicai
Vernadsky intensively elaborated his concgpteé)i ll,wt:fm m‘z:)titzrg efro(:r:ertn ies tr;?g:n chemical
iewpoint. At this time, he had not yet com e .
Zvevr:pgive a definition of the biosphere. Neve:r}tlheless,I hv.la1 .sefirina:i ;omclt;z;rltzre;eiszgissgtt;?
significance of his ideas for the e\_/olutlona.ry theory. In his D b ot
the 1920s, Vernadsky compares himself with Ch. Darwin and remarks ‘
of living matter shou}id present another asp?ct\;)f the:1 ei:/ollzgortlﬁgy ;};;c;ry ;Z‘grggk :ft. Zi.é
1988, p. 88). One of the assistants of Vernadsxy o e
i emi Th. Dobzhansky (1900-1975} (Vemadsky, 1998, p- ;
]3:&?;;2?1‘113194‘;,/0;(5’253), became later one of the founders of tgek,,cvoluttonary
synthesis* (Mayr, 1982, p. 119) and highly regarded the work of V.ertt}}? sf )lll.owm basic
While investigating living matter, Vemadsky conduct(_:d work‘ in the fo ow fnisms~
directions: (1) the quantitative composition of elements 1n certain grf)ugs o o i—ement;
(2) studying the (bio-) geochemical hist.ory of the chemical elements; (3) me
ical energy in different species. '
0%;3@2121;3& iesu%tz of his experimental work, \.lefrnadsky concluded a_ulrgady in gxlz
beginning of the 1920s that his concept of living matter would in genczd by
evolutionary theory. Studying the naturak. history qf 'the chemical elemerlxts, \ ern thl/
(1994, pp. 66-68) comes to the conclusion that llv,mg matter constanthy cl t;nge; he
environment and that there arc no areas of th§ Earth’s crust, ocean ar}d't e atmospl -t;
where one cannot find the manifestations of life .[lecFures of 1921]._ Living mattfr, 13 ;)
turn, is determined by the “general laws of comblr}atlon and spreading of atorr: and esy
the ’peculiar geochemical factors (Vernadsky, Vmogradov3 1931, p. 149)it' 1‘21(;6;1 ;
according to A. Vinogradov, tumns out o be a morpholog'lcal. system .r(rilu 1pf1 ] }C/o-
geochemical determinant (Kolchinsky, 1989, p. 65). Prq;ectmg_ the idea (\)/ o o
evolution of a species and its environment on a blc?spher_xc scale, 1 te_rn . 1};
hypothesises that the whole external envelope of the Earth is sub'Ject to e\{o ut ion. x
noteworthy that already in his diaries of 1919, V‘ernads_ky fmestlons t;le egi 1ma§3;his
the analogy between the notions ‘biosphere’ and organism’. In 1919, he zmswere:mi i
question in the negative defining the planet as a mechamsm anq not ;:15 an orlg o the.
(Vernadsky, 1994%, pp. 128-129). Later Vejmadsky f:hanges his mind an ap};:ea_s ¢
notion ‘organisation’ in order to distinguish the biosphere both from mechanism an
“trivial® nism. ) )
ﬁ(I)qun h‘xtsrl ;2231 vs?cfl?s, Vernadsky assumes that the b?osphere is a self-regulagng syfst;rln
having its own evolutionary “interests. A leading force Qf the gvolu_txc;n o . et
biosphere is living matter, which has its own process of evolution partu.lll'y iny elt)ten ;:ns
from the needs of adaptation. Vernadsky (1991, p. 19) proposed that. living matter ha
its own evolutionary process independent from the changfzs of the environment. Cw
The biosphere as a whole behaves as if it has a pecul_tar evolutlor_lary s‘trategy.é,k e
can and must talk about the evolutionary process of .the blosphere by 1t§elf \ clilna t}slr Y,
1991, p. 20; 1997, p. 30). The evolution of the blosphert? is deterrpmed by t e eef
BGCP’s stated above. According to the BGCP’S:,.evolutlon goes in t}_lc dlreit;?in of
increasing the level of self-regulation and stability. One of the basic methods o
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realisation of these interests™ of the biosphere is to increase the intensity and
complexity of the btogenic migration of atoms. Evolution that satisfies these “interests’
turns out to be a multi-stage process and when it exhausts one 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
cephalization 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 increase of the dimensions of an organism was, at a certain stage, a powerful
instrument for intensifying the biogenic migration of atoms without increasing the totat
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 cephalizational stage of
evolution also must have its limits.

Vernadsky 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 naturat 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 Vernadsky
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 evolution 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 lawfil character of the evolution of

the biosphere. It was important for Vernadsky (1997, p. 31) to show that the transition

of the biosphere into the noosphere (see below) is a lawful process which has will
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*.

Vernadsky’s viewpoint on evolution 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 sFochastlc and.determlmstlc
events. Vernadsky (1997, p. 55) wrote that ,the biosphere will transform (it one w;y 0(;
another, sooner or later) into the noosphere®. That is t}_le way the noospher_e crea;lc? han'
the final form of the noosphere is not predeteqnlned. The on}y thing which is
determined is the direction of the evolution of the biosphere. The bzqsphere evqlves n
the direction of increasing stability, increasing degree of self-regulation and ultimately
tf?:igfk?t;:geprgzzpzir;ﬁms about Speciﬁc.aspects of t.he biosphe_nc evofu_ﬁon.
One of these issues is the problem of the evolution of the bllogeoc‘:hemlcal ﬁmqttonsi
which was analysed in detail by E. Kolchinsky (1990). In keeping with our objectives,
i neral issues here. )
dlIS\c ltl)sif);:c:zhs:rglizﬁeﬁmction is, according to Vernadsky, a.roke \yhxch a taxon pgrfolfmi
in the biospheric cycling of matter. The most generahs_ed list of biogeoc! englc;:
functions includes five groups: 1) the gas function, regulattp_g the gas-structure o t e
atmosphere including submarine and subterrapean gas qondltllons; 2)7 the conce'ntratloxtxﬂ
function; 3) the oxidation-reduction functions; 4) the bloc}.lemlcal. ﬁmctlort}}sl—' o
organisms generating biogenic migrations .of atoms connegted with ffaedmg, brea mg%
multiplication and destruction of organisms; 5) the ) blogeochermcal functllo:s o
mankind (Vernadsky, 1965, p. 237). All ,,natgral“ functions of the biosphere ( -9)4can
be fulfilled by morphologically different unicellular organisms (Vernadsky, 1994, p:
4?3& species are chemically and morphologically refatively imutable (pers%stce.n}tls, ;.
g., Lingula) and induce a biogenic migration of f‘he first degree in acc'orda_nce wit F[t‘he
fuist BGCP. This is a kind of stable background in the picture qf atomic n-ugratlon.’ e
second degree of biogenic migration is indua?d by ev01.v1ng_ kinds of IlVlflg orgfimsrrtls
(Vernadsky, 1965, p. 285). This second kind of migration process is subject to
ev\(;ggggs.ky’s classification of biogenic migratiqns is an evident aqd lllu_stratn\{e
example of the evolution of biogeochemical functions. Vernadsky classifies biogemc
igrati 1965, p. 267) into three kinds. o
mﬁgﬁ?ﬁ (migratf')on of) the first kind is a high-speed migration of atoms caufsed by
unicellular organisms. Microbes and fungi producg sugh a powerful migration o atgmi
,,that it seems to be incomparable with biogenic migration of atoms of the second kin
65, p. 268). o
(\{I":}:Iela;iesllgi’vzy slgw bi?)genic migration of atoms caused l?y tI?e mgitlphcatlon and
growth of the multicellular organisms is defined as the .biogemc migration of th? seco.nd
kind. 1t should be remarked that it is more terminologlpally correct from the Vlewgomt
of contemporary science to oppose, in .this context, microorganisms - Macroorganisms
i - muliticellular organisms. -
an:tnglt's?gf:ri‘g,airt seems that the p%edominance of biogepic migra?ion of the first .kmd
over the second kind contradicts the second biogeochemical prmmpl.e. But .there is no
contradiction here. One should take into account that the term increasing, Wh}ch
Vernadsky used to formulate this prf'mciplq, can 51%mfy both intensification of migration
ication of the pathways of atomic migration.
an\(;:;glli;atggher desl.)cribedya biogenic migration of .atoms causc?d by the external
activity of living organisms. This is the biogenic {nigratton. of the fhlrd kznd.. Examples
of this kind of migration are: digging and burrowing organisms, birds, termites and the
technologicat 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 biosphere until the migration caused 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 capacities. 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 evelution. The first kind of biogenic migration
corresponds to the earliest 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 Homo 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
Vernadsky’s works, but it is not our objective here to give a detailed analysis of this
problem. The ideas of Vemnadsky concerning the evelution of biogeochemical functions
were further elaborated by his immediate followers (f.e.: Samoilov, 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 Farth really ever changes) (McMenamin, 1998, p. 40) seems
unsubstantiated. v

The problem of the origin of life is, for Vernadsky (1994, p. 457), elevated to the
problem of the origin of the biosphere: ,,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
abiogenesis is impossible. To accept abiogenesis was for Vernadsky to destroy his
whole theoretical system, for example, his space-time theory. In his latest works, he
wrote: ,.there is no abiogenesis in the biosphere* (Vernadsky, 1991, p. 176); ,there are
no traces of abtogenesis” (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
Vemadsky’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 abiogenesis 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 Vemadsky’s time and his
theoretical system, abiogenesis is the least probable 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 (Vemadsky, 1965, p. 202). Vernadsky found no need for abiogenesis. One
finds neither indications of the beginning of life nor those 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 ,religious and philosophical searcttlﬁs“. H:Stperroe%c:sei
that the very idea of the end and the beginning has been adopte_d asa ougl;1 e toysn
of Christian theology. Vernadsky sees no necessity of applying these schem
natural phenomena, including life. . ) ) )
Vernadsky’s space-time theory also plays an important role in _hls t:/_wws on
abiogenesis (see 2.1.). Thus, he saw some important reasons for rejecting abiogenesis
and no convineing grounds for accepting it. ] o ) ‘
We know that there are some constant manifestations of reality n the Universe. \?flllliy
should not we include , life* among them? Vemadsky (1991, p. 150) makes one of his
most risky proposals:

,,Already now, the question of life in the Cosmos ought to‘be posed glso in S;lence"’rh;s
is caused by numerous empirical data fundamental for b.logeocfhcmxstry aln seemmt% y
indicating the fact that life belongs to such gc@al r-namfcstattons qf re;: 1tyhas- m;z ex:i,
energy, space, and time. In this case, the biological scxences,y along with t e physical an 1'
chemical sciences, are to be included in the group of sciences studying the general
phenomena of reality.”

‘positive’ his concept of the origin of life is elaborated in more detail. The
shﬁrtgsts\l:flz:/;top;::rgguce Vem?()isky’s concept is to say that Jife appeared in the fgrm ;l){
the biosphere. In the article ,,On the Conditions of the Appearance of Llfef()ﬁ arth
(1931"), Vemadsky reduces the problem of the origin of life to the pr.oblem of the oxggm
of the biosphere for the first time. He presents two basic grguments. {1) the sgac;— 121::
argument based on the principle of dissymmetry (Levit et all, 1999) an (. )2 le
biogeochemical argument. The principle of dissymmetry was analysed by us in 2.1.

i d argument. . .
H:;:rflzgglz;d(e;-;gi,s;?ZS8—%59) composes a table of the gemhemical fu_nctlons of 'hﬁi
or biogeochemical functions. In the table, he shows how the different plpgeocheml.ca
functions correspond to specific taxonomic groups. For f_:xamplc, the ox1.dlsmg ﬁmcthn
is carried out by autotrophic bacteria and. the functlor') of destrucqon of , orga;llc
compounds by chemoorganotrophic bacte}'xa and fungi. By analysing this table,
Vernadsky comes to three important conclusions:

i i 1cti 1 icellular organisms;
1) All biogeochemical functions can be carried out by unice
2; One cagnnot 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 alréady know, Vernadsky later changed his minq _in relation to.the latter
inference (3) and made the picture more complex by descnbmg the evqlutlon 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 simultaneously. -

Thus, Vernadsky (1994, p. 459) arrives at the conclusion that life can e;cist only ‘whefn
all biogeochemical functions are represented: ,,The first appearance of h.fe occurring lxln
the biosphere could not have been in the form of some separate organisms but in the
form of the totality of organisms corresponding to ths: ggochemlcal functions of life.
Biocoenoses necessarily had to occur from the very beginning"™. o )

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 ns views.
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However, we are faced with- a new problem: if different species 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, hence,
one should admit that this morpbological diversity occurred somehow in a pre-
evolutionary way. In contemporary science, a similar idea is defended by W. Krumbein
(1996), who defines this ,pre-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 s
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 Vernadsky’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 dissymmetry: (1) a phenomenon: 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, Vernadsky considered those objects as dissymmetric
which:

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

b) can exist exclusively or preferentially in spite of thermodynamic considerations in
either of the two enantiomorphic modifications (left and right);

¢} exist in one or two different modifications selectively and preferentially expressed
in biog?nic, bioinert or living matter.

The dissymmetry of Pasteur is a peculiar case of the molecular dissymmetry of life.
Vernadsky talks of the dissymmetry of Pasteur when some chemical compounds typical
for a living natural body statistically can and should exist in two modifications 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
order 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 intelligible
reality, then the causes 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 (Vernadsky, 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
rinciple (Eliseev, 1989, p. 196).
i Diffgrent states of spac% 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 space® (V ernadsky, 1965} p- ?69.). The
‘state of space’ of any natural body can be determined by the baszc- prmczpl'e ;)1(
symmetry. This principle declares that the state of space of a natural body is determini
by the minimum symmetry of its properties (V' ernadsky, L_988, p- 379). i
Thus the dissymmetry of Pasteur corresponds to a special case of symmetry-breA 'ng
because it is completely outside of the traditional laws of symmetry of the non-}wmg
npaturat world. Using the terms ‘state of space’, the ‘basic principle of symmetry’, an
the characteristics of dissymmetry, we can perceive that the ,,state of space of a hvrr}g
natural body“ will be characterised as diSSymmir.ic, altho::gh so)r,ne elements of its
ure can be s etric or asymmetric in a non-dissymmetric way. )
Str"["l;; »space of l?iggx:)r asa wh}(;rl[; the , life field” is characterised by a dtssymmetqcai
state of space, where the lefiness and rightness and other factors are not 'S}_fmmetnca
(identical) or statistically distributed (Vemad:sky, 1997, pp. ?.17-218), In,' hvu.lg ;naflt;r,
the properties of ‘lefthandedness’ and ‘nghthandednes.sﬂ are not identica .d e
dissymmetric state of space of living matter is of a hereditary nature and reproduces
itsel i illions of years. . v
lt?le‘:ll)id;rzglgeg of the dis};ymmeﬁy of life implies not only th; chemical dlss'.yrnmetry of
prétoplasm (dissymmetry of Pasteur). It further imph@s the dlssymew of isotopes and
other atoms, which are sefectively collected by living na‘tural bodies. Age-dat.mg of
organic matter as well as the attribute ,biogenic* of certain types of ore deposits and
other natural phenomena are related to these nolvelv types of dissymmetry mtroc.iuced_ by
Vemnadsky. The preferential selection 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 assume that the ideas and the notions of Vernadsky have
been realised (albeit in slightly different terms and c_ategones) in the contemporary
theory of the biological fractionation of isotopes (Galimov, 198?). Vf:madsky further
includes the question of the relative abundance of some bxologcally .nrgportant
enantiomorphs in the discussion. He expanded tht? P.astet.lr-Cune principle of
dissymimetry into new atomistic (isotopic) and geometric directions. Furthermore, the
degree of morphological dissymmetry can be connected with the level of entropy. |

Vernadsky realised that the chemical dissymmetry of Pasteur h.ad to be distinguished
from morphological dissymmetry. He further propqseq a connection 'btf:t'ween these two
kinds of dissymmetry. Experimental work in this line has., been xmt.zated by Gause
(1940). He studied left- and right- spiralled colonies of Bacillus mycoides which were
compared with the structures of enzymes. , o o

Vernadsky’s ,morphological” and Pasteur’s ,,ghemlcal (protoplasmic) dissymmetry
embrace the phenomenon of the dissymmetry of hfe. . ‘ '

Vernadsky, however, mentioned two main kinds of dlssmeUy which can be
classified as: the dissymmetry of life and the dissymmetry c?f the b_zosphere. Vel"nadsky
postulated that dissymmetry also can exist outside of the immediate field of hfe' of a
single organism. It will be, so to speak, a dissymmetry of the second order pecause it can
be seen as a consequence of the activity of all iving matter on Earth (the biosphere).
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This ,,secondary 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
petroleum would keep its dissymmetry elements after being released from the body of a
living being (specimen, population). Racemization of aminoacids e.g. is a time/space
related physical/chemical phenomenon involving slow reactions of radicals. This
racemization reaction, however, will only start and become significant when the
compound in question has been refeased from a given living natural body (cell,
organism, biosphere).

On the global scale, we find another phenomenon: Dissymmetry of the geospheres:
,-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 1. 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 dissymmetry of living matter and the dissymmetry of the
geospheres, albeit he held life to 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 biosphere to have some distinctive features of living matter and the
inert part of the Earth to show the traces of the influence of fossilised living matter or
bygone biospheres (e.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 can the dissymmetry of, for
instance, the region beyond the physical/chemical conditions of life, namely, of the
granite 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 (Vernadsky, 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 each 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 fossit 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 matier, however, must still be analysed. D fAnderson came to a.St(z‘ms'hmgly
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 creates
dissymmetry in a theoretically ideally spherical planetary boéy in the sense of Kant)
Lexist 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
‘state of space’. E. Eliseev remarked in this connection: ,Now one can say that different
states of the Barth’s space exist: these are the states of space of the Earth s core, rqantle,
lithosphere, atmosphere, stratosphere (Eliseev, 198?, p.188). This could explain the
astonishing physical, morphological and dynarplc dfewa‘tlons 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 s a planetary and a cosmic phenomqngn. Sometimes he
uses these terms synonymously: ,,Considering life phenom'eng as ‘1‘1V1ng matter shows
that it is a planetary, i.e. cosmic phenomenon [Huygens,pnnmple] (Vernadsky, 1965,
'p. 227). Sometimes the term ‘planetary phenomenop is used to stress that 301;13
properties of the biosphere are defined by the properties of the Earfh 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 Universe;. ) '

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

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

Vemadsky did not have a single empirical fact at'his. diqusal to prove the principle of
Huygens. That is why he often mixes wishful thinking with reality an(}‘ declares, for
example: ,,There are manifestations of life on Mars, without any doubt* (Vernadsky,

.28). )

191“6115«; rc)onvi)ction of Vernadsky that life is a cosmic phenomenon is based on three main
arguments. First, the properties of life are determ.ined by the phenomena of a cosmic
scale such as gravitation and solar radiation: ,,Studies of the morphology and ecology pf
green organisms long ago made it clear that the whole green organism @oth in its
movements and in its associations) is adapted, first of all, for its cosmic function:
catching and transforming the sun’s ray* (V emadsky, 1994, p. 329). In the»late works,
Vernadsky generally talks about a dynamic equilibrium of material-energetic exchange
between the biosphere and Cosmos (Vernadsky, 1965, p. 329). o

The second argument seems obscure to the contemporary sgxentlst. Vemadsky (1994,
p. 321) writes that ,.a similarity of compounds of the exterior envelopefs of celestial
bodies like Earth, Sun and stars* show the essential (cosmic) c'har'acter of life.

Third argument: the fact of the increasing significance of life in the processes of our
planet shows by itself that life is a cosmic phenorpenon. ) e .

The position of Vernadsky can be expressed in th_e following way: llfe\,%s a cosmic
phenomenon because the existence of life on Earth is secured by fundamental cosmic
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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 (Venadsky, 1965, p. 228):

It 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 [1822-191 3} said
‘providential’) phenemenon, which is not connected 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 Vernadsky, 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 by
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 stage in its history* (Barow & Tipler,
1986, p. 21). (3) The Final AP: ,Infelligent information-processing must come into
existence in the Universe, and, once it comes into existence, it wilt never die out®
(Barrow & Tipler, 1986,.p. 23). :

In the works of Vemnadsky, ‘human living matter’ is not only an ‘observer’ but an
active substance in the Universe, which lawfully occurs, exists, and transforms its
environment. Vernadsky would probably recognise that the observable 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 are the fruit of a complicated
cosmic process and are a necessary and lawful part of a harmonious cosmic mechanism,
in which it is 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 environment and this process can be
spread to the whole universe (Aksenov, 1993, p. 87).

Compare:

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

Vernadsky: ,,This is caused by numerous empirical data fundamental to
biogeochemistry and seemingly indicating the fact that life belongs to such general
manifestations of reality as matter, energy, space, and time.“ (Vernadsky, 1997, p. 194).
»Scientific thought as a manifestation of living matter cannor be, m its Very essence, a

"In comparing the individual statements one should bear in mind that Vernadsky wrote the works,
which are quoted here, in the 1930’s.
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reversible phenomenon. It may be retarded in its df:velopme‘mt,‘b“'{for_;fe hav;?bgil?tr;lsi?
and revealed itself in the biosphere’s evolution, ;i bktz/ariggll 1t;<:2'5 )t e pos
unlimited development in the course of time* (Vernadsky, »P-22)

The idea of the cosmic nature of life is connected with all the 1?1:}?@3252;{5&2
Vernadsky’s theoretical system. One of the arguments i favo;llr o ee1t 2 of the
eternity of life is his space-time theory (2.1.). Through the noosp] ire cofn:hp ,b fhis 1dea
is tied up with the philosophy of science and the main principles of the p!
theory. -

2.3.10. The Noosphere Concept

The noosphere concept of Vernadsky is a system of i_deas about the futx;ret o_f th(;1 plin:
Earth based on ‘empirical generalisations’ of the.blosphere theory. That is w zl s
more correct to talk about the theory of the biosphere and its transifton mto
nolisséliet;eof the extensive literature about the noosphere, "there has been gjtﬂe ﬁttetr:rpti
(Kutyrev, 1990; Ghilarov, 1994) to critical}y aqﬂyse this concep?. In ; ths (l:) hap hére
analyse the arguments of Vernadsky supporting his theory of transition of the biosp
mﬁ)l :ﬁ: Irig?)zglﬁzz concept, Vernadsky formulates one of his most c}osely-he}d m}t:ntikvle
convictions - his untimited faith in the power of scientific thgught. That is 11:: yti e
rioosphere concept is seen, from the viewpoint of Vernadsky himself, as a culmination
i ical system.
Oi;lészgz;i:gcthe ytenn ‘noosphere’ from E. Le Roy (Le Roy, 1927), who atg:ngf(i
Vernadsky’s lectures at the Collége fie France (1922-1926). Le Roy ‘s_tatel : ae
biological evolution is completed and w1th the appearance of man a new sp’llntua stag
of evolution has begun. Le Roy catled this new evolutionary stage the noosp ere.H sid
Vermnadsky adopted only the term ‘noosphere’ but filled it with new com;enti le .
not believe that the biological evolution is over. V'e.mafisky sta?ed that. the e;\\lo }{txon o
the bioéphere goes in the direction of self—s_tabthsatxon by increasing the blogenl1lc
migration of matter. This evolution passes various stages (see above). Vemzjldgky (f:ih s
the final stage of this process the noosphqe. The most important characteristic % a e
noosphere is that the instrument of its stablhs?atlon appears to bf’ human rea.son,hor efter
to say, scientific reason. Scientific thought is seen as ,a function of_ thg biosp! t:3lre fcr)r a
planetary phenomenon (Vernadsky, 1991). Vefmgdsky s n?ospl%ere is insepara (;3 (t)}rln
the biosphere and cannot be treated as a ‘thinking layer . Being a natural body, g
noosphere includes living matter, the atmosphere, the hthf)sphere, _the 'hydrospl}e_re im
the products of human technological activity. ,,The explosion of scientific CI‘C&thlt){ ‘in
the 20th century (Vernadsky, 1991) is interpreted as a_lawful ghcnomenon resu ting
from the whole course of evolution. On the.wave of thlg explosxoq, humankmgk turns
into the leading regulative factor in the biosphere. This respor%SIbIe role m'k €s hlt
incumbent upon human society to undertz.!ke thfe necessary social reforms like ctl e
reconciliation and consolidation of humanity, elimination of war and hunger and a
process of democratisation (Mikulinskij, 1989). Onfs can say that tht_s biosphere
transforms itself into the noosphere by means of scientific thought. Smepce has a
planetary or, better, cosmic assignment. It transforms' our planet an_d lifts it up toha
higher degree of biospheric organisation. The trar_xs1t10n‘of the .blxosphe.re into the
noosphere is a lawful process and will take place with an inevitability derived by the
laws of nature (Vernadsky, 1991).

75

One can distinguish three basic statements of the noosphere concept which are subject
to discussion:

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

2. Scientific thought transforms the biosphere into the noosphere.

3. The coming of the noosphereis a lawful process.

Staternent (1) can be, in its turn, divided into two subtheses:

1.1.The logic of science is ,deeply and inseparable tied up with the biosphere™
(Vemadsky, 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 cannot be recognised as empirical generalisation. The statement is
difficult to confirm or to refute, because ,empirical” is, first of all, observable or
experimentat. It is difficult to imagine how the connection between the logic of natural
science and the biosphere can be proved by any immediate 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 aspeets. 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.).

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

So far it is clear that Vernadsky’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 Vernadsky in favour of statements (1.2.) and (3). In short, in
order to substantiate the noosphere concept, we must, first of all, prove that science is a
lawful geological phenomenon inevitably turning 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 appear. 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 noosphere).
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The second BGCP is hardly acceptable as a universal scu.antxﬁc law. Indeed $15t
principle reflects a tendency toward increasing biogem’c‘mlgratlon of. the e‘leme_nts.t.c’;:1
it cannot explain the mechanism and the limits of the increase of biogenic _mlgraf lth.
One could point out that the second BGCP can be formulated as a vismn o ‘e:
principle of the struggle for existence: ,In the course of the _evolutlon, 'osie spect s
survive which by means of their lives increasc.e the biogenic geochemica ene;g);
(Vernadsky, 1993', p. 372). However, this version of the 'seco.nd I_}GCP oontrla u; S
Vemnadsky’s own classification of the kinds of the biogenic mtgr_atxo'n. As I already
pointed out Vernadsky classifies these migratl_ons into three kinds: (1) mxig.ratlox}
induced by the activity of microorganisms; (2) mlg.ratzon lngced by the metat?o 15[(!11 o
metazoa; (3) migration induced by the mech_amc_al activity of metazoa inclu ir}x‘g
humankind. Biogenic migration of the first kind is much more intensive than the
migration of the second kind. However, if we accept the amer.ldr}'xent of Kolchmsllc(y (:ee
above) and agree that the second BGCP is Yahd only within the framework of a
kingdom, then it loose its power as an argument in favoqr of the nogsphere. o n

After all, the first and second BGCP’s do not detegn:ne the' optnpal rate of iogenic
migration. They say nothing about the geophysiolpglcal functionality of the mf(;reasi?‘i
biogenic migration induced by the thoughtfpl_ activity of man. What. follows ! l(l)ntl e
analysis of the relations between human.ac(:it'lwttydaéldt}sGCP sn (1; pt]k;es inference thal

ivi t contradict the tendency indicated by these prt es.
ac’;}}gt}fligs(:e:nr;i?second BGCP’s, being accepted, are fgllowed- by thg_ gnference that tht;:
biosphere tends towards a maximum: of act?ve (km_enc) energy 'and th'fxt the fomhls (1)d
organisation and species, or species associations which sat}sfy th}s requirement, shou
occur in the biosphere. However, the principles ('10 not spemfy. which fqrms will occtflrt.h

The latter must be clarified by the third principle (conceming the directedness o e
evolution of the biosphere) or the empirical generalisation of J. Dana (1813-1895). Thxs1
generalisation connects the evolution of the biosphere to the development of a centrai
nervous system in some species (cephalization)_(Vemadsky, 1991, pp. 21, '22)_. Human
reason and a higher level of biospheric organisatlon_ are the resultg of .cephahzatxon. -

However, the Dana principle is a pure empirical gegerahsatlon @d .has iftle
explanatory power. The origin of the human brain as a matena] ba.se (_)f scientific rea:)(n
does not contradict this empirical generalisation. Ye.t this g@nerahsa_tlon does not m he
it possible to talk about the lawful origin of intglhgence in the biosphere. Qulte the
reverse: Many of the leading contemporary evo}uhpmsts (T. Dobzhgnsky, G. Sun;;soni
F. Ayala, E. Mayr), taking in account the likelthood o_f evolution to humani eve
inteltigence, hold, that ,,there is no indication in the geological record that the evolution
of intelligence is at all inevitable® (Barrow & Tipler, 1986, p.133). ' .

Vernadsky also tried to find evidence for his noo;phere concept outs1de_ of the pure
biogeochemicat cycle of thinking in his own space-time theory. Here I point out some
connections between the noosphere concept and the space-time ~the:ory of Vemad'sky.

The essential key to the space-time theory of Vemadgky is dlssymetw gL.evxt et al.,

1999). The space-time of living matter is dissymmetric and thg time of hv.mg ;nattgr

appears to be irreversible. This enables us to say that the space-time of the blqsp ere }:s

dissymmetric. This, in ttmn, 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 character.istic which
distinguishes the living matter in the geological history of the pl‘ar?t’it frgm 'the tnert patural
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)* (Vemadsky, 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 (Vernadsky, 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 rise to some doubts. The irreversibility of time
and the irreversibility of the evolutionary process are two different things. The only
condition which must be fulfilled to assure that we are dealing with absolutely
ureversible temporal phenomena (in the sense of Vernadsky), 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 the 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 naturat mutation, it would be clear,
that a return of the mutant to the very organism from which it had separated is
impossible (even in case of reversible mutafions). Vernadsky (1991, p. 17) stated that
»any single individual of living matter differs chemically from the others. The
methodological position of Vernadsky can be characterised as a version of the principle
of Leibniz as it represented by A. Gruenbaum (1974).

However, temporal irreversibility of the life process does not guarantee the
irreversibility of progressive morphological evolution. Irreversibility 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 irreversibility of the biosphere evolution and the inevitability of formation of the
noosphere.

In Vemadsky’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 matter cannot be, in its very
essence, a reversible phenomenon® (Vernadsky, 1991, p. 25). This viewpoint was
already criticised above. :

According to Vemnadsky, the irreversibility of the transition into the noosphere
appears to be a concept of social evolution based on the biosphere theory. The
statements of Vernadsky conceming the irreversibility of the transition into the -

noosphere are the most debatable in his theory. One of the most illustrative examples
shallibe 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 phenomenon 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*
(Vernadsky, 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
version of social determinism:

»All 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
experiencing, 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.

All 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 before the appearance of humanify. With the appearance of
human beings endowed by consciousness and free will, one can talk about artificial
things and processes. Man creates, for example, 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 single 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
prophecy, 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 Tooks 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
unstable and dangerous 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 be used as arguments in favour of the irreversibility of
formation 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 all its manifestations. One can
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as_k how natural, supermoral, objective scientific thou ht ¢ -exist i
mind with subjec_tive_ and often destructive philosophicfl, an?inrgﬁg?gilsst tll?oéhitgmgmn
caIxrl1 mal(l1 protve scnentiﬁc thought is the most ‘natural’ of human ‘thoughts’? B ow
_order to complete his noosphere theory, Vernadsky h : i
ambitions of science to represent a directive grce of the lxclz,)os;l(liertiz esx?:litgggatli :}l::
otl.ner words he had to create his own ,,noospheric* philosophy of science. I an I e hi
philosophy of science in the chapter 2.2. . ssehis.
.The system of principles and generalisations created by Vemadsky to describe th
bmsphert? can be classified as a scientific theory. However, in our view, the concept oef:‘
the transition of the biosphere into the noosphere does not appear to’ be a scierftiﬁ
concept, although Vernadsky claimed this concept to be scientific and empiricat Thg
arguments of Vemiadsky which we find in all parts of his theoretical system are r-ather
speculative. The Dana principle is indeed an empirical generalisation, but it cannot be
used as an argument in favour of inevitability of the origin of scient,iﬁc thought. The
second BGCP, even being accepted as an empirical - generalisation, does not. ive
support to the noosphere. The arguments following Vernadsky’s space’-time theo :
al;o, as we have seen, methodologically inconsistent. e
© sum up: the empirical basis of the biosphere theory does not \ ?
cla}ms about Fhe inevitable and lawful transition of thrg biospheres?rfl)tiogle?/ Ef)fidshl?;:
This does not justify to treating the idea of the noosphere as a scientific concept phers
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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 Teithard 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 Vernadsky (1863-1945)
differed, they were at the comparable level of scientific maturity concerning the growth
of their biosphere-noosphere theories. As we know Vernadsky 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), Teithard 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 phénoméne humain (1955)
(The Phenomenon of Man) where he presented the biosphere and the noosphere
concepts. At the-same time (1936-38), Vernadsky wrote his ,,Scientific Thought as a
Planetary Phenomenon® where he used the same terminology. Both scientists adopted
the term 'biosphere' from the works of the Austrian geologist Eduard Suess (1831-
1914), who had coined this term in 1875. Developing the theoretical 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
separated segments of their contemporary science by creating an integral picture.

It is remarkable that both scientists derived global theoretical generalisations from
descriptive natural disciplines, and in general, were at a comparable level of scientific
knowledge. Teilhard was a professor of geology at the Institut Catholique in Paris, and
was known as a Jesuit Father, palacontologist, and paleoanthropologist. Vernadsky was
a professor of mineralogy at the Moscow University, a geologist and crystallographer by
profession, and the founder of biogeochemistry. Furthermore, the two scientists were
personally acquainted and are said to be influenced by one another. K. Bailes (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 Le 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). Tetlhard (e.g., 1959, p. 203) also quoted
Vemadsky in connection with his biosphere concept. Vernadsky (1965, p. 328) himseif
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 turn,
borrowed the term ‘noosphere’ from lectures, writings, and from conversations with Le
Roy. Grinevald (1996, p. 41) writes: ,,Together, the two unorthodox Catholic thinkers
(Teilhard 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, Viadimir Vemadsky, 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
pursued 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 can 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 Vernadsky and Teilhard 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 intelfigent life on Earth into & scientific
worldview. The objective of Vernadsky and Teithard 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 (radimentary) forms of life and intelligence to their more advanced forms.
Teilhard. The idea of the directedness of evolution implies in both cases that the growth
of intelligence is a lawful process. As Vernadsky 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 mnervous system (cephalization). Vernadsky comnected this
generalisation with the irreversible 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 argumentation differently. Teithard, a palacontologist,
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.

Teilhard de Chardin applied a 'mathematical-like' approach by extrapolating a straight
line 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).
,»Granulated” and still unified matter evolves towards more complex forms and, thus,
underlies 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 between mass
and velocity 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 consciousness or ,,interior world“ in the human being shows that
this property, in the terminology of Teilhard , the within of things®, must be inherent to
matter in general. Under the cover of inert matter, a ,,bielogical layer* exists and existed
from the very beginning. This means that the beginning of ,,biology* and the beginning
of the initial granulated World were stmultaneous events.

Teilhard saw biological evolution as continuation of pre-biological evolution, and the

growth of mind as regufar process, in which there is a gradual concentration of the

,.within of things®. Intelligent life is a result of the fawful evolution of unified matter,
which from the beginning was dichotomous, having an interior and exterior side. It is
therefor extremely important for Teilhard to show the similarity of living and inert
substances. He proclaims the absence 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 Vernadsky, 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
Vemadsky 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 living 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 passive 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 phenomenon; if living matter is just a modification of
an inert substance, then life and man are accidental events. Thus, in contrast to Teithard,
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it was important for Vernadsky to show the contrast between living and inert
substances.

Vemadsky, as well as Teilhard 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 systems serve to prove this main assertion.
However at this juncture, Teilhard and Vernadsky proceed by different pathways:
Teithard 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 fayer’), the
exterior properties (,,without of things“) with the world of physics and chemistry. An
atom can therefor be adopted by a living organism and become part of living matter.
Vernadsky proposes, on the contrary, that life is non-transitory, because it is strictly
separated from the inert environment. From this statement follows the inference that life
is an eternal phenomenon. That is why Vemadsky, unlike Teithard, pays so much
atfention to the problem of the distinctions between inert and living matter. According
to Vernadsky, living matter manifests spatial-temporal-energetic peculiarities which
separate it sharply from the inert environment (see 2.1.), and living matter is connected
with the inert environment only through a biologically controlled flow of atoms. The
biologically 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 incorrect to assume that life and non-life are already present on the atomic
level, because an atom achieves its significance via its involvement in a two-level
system: inert environment - living organism. Which kind of space-time-energy
continuum our atom finds itself 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 Teilhard de
Chardin is strictly constifuted from the aggregate 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 Teilthard 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 Vemnadsky originate from their interpretations of the nature of life. Teilhard
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. Teilhard 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 contrary, 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 kife on Earth. In his theory, geogenesis transforms itself into
biogenesis, whereas Vemnadsky stressed that hiving matter is an acting part of the
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biosphere producing free geochemicat energy. Geogenesis, according to Vernadsky is a
natural consequence of the presence of life on Earth. Thus, the difference between
Vemadsky’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 Vernadsky’s and Teilhard’s evolutions diverge because they imply entirely
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™.

Vernadsky 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 planetary phenomenon. From Vernadsky’s viewpoint the noosphere is not a new
,,sphere* on the Earth’s surface, because ali noospherical events take place in the frame
of the biospheric geological stratum. There is no mysticism in this view, and Vernadsky
never discussed the temporal limits, or the possible end of the noosphere.

Teithard’s viewpoint allows him to depict an imaginary evolution of the noosphere.
The psychie, 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-called Omega-Point. As Teithard 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 material 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 noosphere 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. The radial energy 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 the material, spatial-temporal world, finally
resulting in a pure state of being without any material constituents. Therefor, an endless
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 separated 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 Cosmeos. Therefor, Vernadsky’s noosphere
has no theoretical end.

The noosphere conception of Teilhard de Chardin and the noosphere conception of
Vernadsky have nothing in common, outside of the term ,.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 one compares the phenomenological basis of the theories of Vernadsky and Teithard
de Chardin with their deductions and predictions, one is faced with some
methodological inconsistencies. In both cases the theoreticians take the same basic
methodological kiberty. :Without claiming an exhaustive definition of this problem, 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, Teilhard’s biosphere-noosphere
theory implies that, if one can evidently observe intelligent life at present, one can
extend the phenomenon of intelligent 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 claimed: 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 life. There is also
no reason for claiming that the level of the human spiritual 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 seems to be not only non-phenomenological, 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 t.he course of evolution (first and second biogenic principles). One also
observes the increasing complexity of a nervous system and connected with it, the
growth of intelligence, which, in its turn, continues the natural course of biogenic

migration. Hence, one can predict these processes will be continued in the future (for
more details see 2.3.):

,The 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. It follows that the
biosphere will transform (one way or another, sooner or later) into the noosphere, that is,
it 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 cease®? 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 evolution
»will cease®, because the planet will die (Teilhard, 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-chemical
level of argumentation in order to present their ideas as strictly scientific claims. Thus in
the epilogue to ,,The 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 moreover this particular involution “of complexity’ is experimentally bound up with
a correlative increase in polarisation, that is to say in the psyche or consciousness®.

Both Vernadsky 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 ,exterior of things™ by appealing to the physical-chemical
level, 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 soctal and spiritual events by appealing to geochemical regufarities of the
past.

Vernadsky and Teilhard de Chardin constructed different concepts of the noosphere
and biosphere according to their purposes by interpreting the empirical facts in favour of
their theoretical demands. This is clearly shown by their interpretations of molecular
dissymmetry. In 1848, L. Pasteur discovered a phenomenon that he later defined as
»~molecular dissymmetry*. He discovered that some of the basic organic compounds
found in living matter (crystals) are structurally different from those usually found in the
inert environment. Although there are two possible isomers of these organismal
compounds which could theoretically exist, one finds pure steric compounds in the
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protoplasm of the living organisms. Pasteur stated that both the crystallisation processes
and the biochemical processes of living matter result in a definite lefiness and rightness
of produced compounds. He called this phenomenon dissymétrie and defined it as a
demarcation line between living and non-living nature (Pasteur, 1922, p. 343).

The term of Pasteur was translated into German and English as asymmetry and then
came back as ‘asymmetry’ in the works of Teilhard de Chardin (e.g., 1955, p. 98).
Vernadsky used the term in its original form (dissymmetry). Therefor, we will refer to
this phenomenon as dissymmetry im both cases to escape further confusion. Without
doubt, Teilhard and Vernadsky were using two words to describe the same
phenomenen. Teilhard (1961, p. 74) wrote:

»The biologists have noted that, according to the chemical group to which they belong,
the molecules incorporated into living matter are all asymmetrical in the same way, that is
to say if a pencil of polarised light is passed through them they all turn the plane of the
beam in the same direction. - either they are all right-rotating or left-rotating according to
the group taken‘.

In Teilhard’s view, dissymmetry shows that the living matter of the biosphere is
homogenous substance because all molecules of living substance are equally
dissymmetric. This shows that the living matter of the biosphere is only one of the
theoretically possible living substances and that the biosphere is only ene of the
theoretically possible biospheres. From this, all living matter of the biosphere must have
appeared at approximately the same time. It also follows that the whole of living matter
came into existence from the same origin. Therefor in the light of dissymmetry, the
contemporary hypothesis of independent life pulsations (that life on Earth appears and
disappears in the course of geological time) is evidently wrong. This indirectly proves
that in pre-biospheric time, evolution manifested the same technique of ,directed
chance® (Hasard dirigé) as in the biospheric peried. Dissymmetry shows, that the
occurrence of life on Earth was a unique event. This occurrence parallels the singularity
of the first appearance of the atomic nucleus and electron. The peculiarity of this event
and the mortal nature of organisms explains the necessity for the self perpetuation of
life. It is therefor clear that abiogenesis must not only have taken place once on Earth,
but that this occurrence changed the environment in such a manner as to disallow further
abiogenic events. i

In Vemadsky’s view, the spatial dissymmetry and temporal irreversibility clearly
demonstrated in organisms, indicates that living matter occupies a peculiar
dissymmetric space-time continuum. This dissymmetrical space-time is strictly
separated from the symmetrical space-time of inert natural bodies. This separation of
space-time explains the necessity for the self replication of living matter. Living matter
of the biosphere is a homogenous substance in that all molecules of a living substance
are equally dissymmetric; and existed from the very beginning in the form of the
biosphere. The impossibility of abiogenesis is accounted for by dissymmetry, because
dissymmetrical effects (phenomena) can be brought about only by a dissymmetrical
cause (Vernadsky, 1991, pp. 25, 167, 170-171). This concept plays an important role in
substantiating the noosphere theory.

The same phenomenon of molecular dissymmetry is interpreted differently in both
theories and is applied for different purposes. Teithard used dissymmetry in order to
prove abiogenesis, while in Vernadsky’s theory, dissymmetry is used to prove the
impossibility of abiogenesis. This illustrates the assertion that, aithough they both claim
to be purely phenomenalistic drawing solely from empirical generalisations, the same
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phenomena are interpreted differently according to the inner demands of Teilhard de
Chardin's and Vernadsky's theoretical systems.

3.1.5. Conclusions

Both thinkers used the scientific data of their time as the empirical basis for their
theories. In both theories, the same basic terminology is used: the biosphere, the
noosphere, cephalization, living matter, etc. Both theories contain similar
methodological principles, such as, the declared principle of phenomenology and the
implicit principle of teleology. Nevertheless, Vemadsky and Teilhard created theories
with differing views on crucial subjects. Vernadsky rejects abiogenesis; Teilhard
accepts abiogenesis; Vernadsky claims that terrestrial intelligence is unthinkable outside
of the biosphere; Teilhard brings up the idea of the ,splitting of evolution”. The
concepts of the biosphere and the noosphere are vastly different in both theoretical
systems.

Vemadsky’s and Teithard’s different interpretations of the biosphere and the
noosphere concepts can be said to be connected with two divergent properties. Firstly,
they had different theoretical premises, in that Teilhard connected the appearance and
future development of the human consciousness with the concept of dichotomous
matter, while Vernadsky aimed to place humankind into the geological history pointing
out the impassable border between living and inert substances. Lastly the differing
scientific experience of both theoreticians caused vastly contrasting approaches.

Teilhard de Chardin and Vernadsky made the same principle methodological error,
which allowed them to go far beyond the explanatory possibilities of the basic
statements of their theories: 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. ,,We have seen and admitted that evolution is
an ascent towards consciousness” - an empirical generalisation. ,, Therefore®, according
to Teithard (1961, p. 258), evolution ,should culminate forwards in some sort of
supreme consciousness”. Even if one accepts that the evolutionary process is a straight
line leading to human consciousness, this does not imply that the process will inevitably
go further, for human consciousness may be the highest form of reason. Vernadsky also
takes the same methodological liberty. He would agree with the first part of Teithard’s
passage quoted above, but Vernadsky makes different predictions based on the same
statement. The human mind will not result in any higher spiritual entity, but will extend
to the limits of the whole biosphere taking under its control all biospheric processes. It
is clear that the same methodological liberty allowed Vernadsky and Teithard de
Chardin to pose different explanations based on similar empirical generalisations.

Appendix Table N1: The Common Points in the Theories of the Biosphere and Noosphere of
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P. Teilhard de Chardin and V. Vernadsky.

Teilhard de Chardin

Vernadsky

1. The Universe is deeply atomised.

2. The Universe and the terrestrial biosphere

‘are seen in the perspective of their

wholeness.

3. The occurrence of terrestrial life is only a
local manifestation of a universal cosmic
process.

4. Consciousness is a cosmic property.

5. The pre-biosphere occurs from the very
beginning as an interconnected system. The
living film of Earth was the surface of
organised totality from the beginning.

6. Teilhard tried to adopt the space-time
theory of physics to the biosphere theory.

7. Molecular asymmetry is taken as a
fundamental property of living matter.

8. ,The self-organising effort of matter
culminates in society as capable of
reflection* (Teithard, 1961, p. 107).

9. The living matter of the Earth shows the
propertics of a gigantic organism.

10. Evolution has an axis, a direction. This
direction is indicated by the growth of mind,
by the development of a nervous system, by
cephalization.

11. A relatively irreversible evolution
transforms  itself into an  absolutely
irreversible evolution.

12. ,,To us, in our brief span of life, falls the
honour and good fortune of coinciding with
a critical change of the noosphere®
(Teilhard, 1961, pp. 213-214).

13. The shape of Earth is a very significant
constant value in evolution.

14. The idea of the fundamental importance
of reconciliation of mankind is stressed.

1. The atomic level is the characteristic
horizon of exploration in the works of
Vernadsky.

2. The biosphere as a whole represents the
structure’ of the Universe and must be seen
as an inseparable part of it.

3. ,,The creatures of Earth are the result of a
complex cosmic process. They are an
essential and lawful part of a perfectly
organised cosmic process, in which, as we
know, nothing is accidental” (Vernadsky,
1994, p. 319).

4. Thought is a planetary and cosmic
phenomenon.

5. Life appears from the very beginning in
the form of the biosphere. All
biogeochemical functions must be fulfilled
from the very beginning.

6. Vernadsky created a theory of biological
space-time.

7. Dissymmetry is the characteristic feature
of living matter.

8. Organisation is characteristic feature of
the biosphere. Human society is a functional
part of this process.

9. The biosphere is a self-organising and
self-regulating system, which shows some
important properties of a living organism.

10. Directedness is a characteristic feature of
evolution. One of the empirical
generalisations which shows the direction of
evolution is the so-called Dana principle
(cephalization).

11. The evolutionary process occurs in an
irreversible  time continbum  and s
treverstble from the very beginning.

12. ,We are living in a special time in the
history of our planet, in the psychozoic era,
when the new state of the biosphere, the
noosphere, is created” (Vernadsky, 1965, p.
270).

13. Fundamental features of living matter
are determined by the shape and dimensions
of our planet.

14. The idea of the fundamental importance
of reconciliation is clearly expressed.



15. ,.... Is not modem totalitarianism really
the distortion of something magnificent, and
thus quite near to the truth? (Teilhard,
1961, p. 257).

16. The way of prediction: the evolution is a
scaling of consciousness, hence evolution
must have a culmination in some paramount
CONSCIOUSNESS.

17. Once appeared, consciousness cannot
disappear. It cannot disappear even in case
of a cosmic catastrophe.

18. Science plays a significant role in the
noosphere.

'S One can also find the quotations of Vernadsky and Teilhard exposing their anti-totalitarian views.
Yet the dangerous quotations above show that every exaggerated abstract social model has its dark sides. .

15. ,, The principles of bolshevism are sound
principles* (Vernadsky, 1993, p. 207). 15

16. The way of prediction: the appearance of
human thought is result of the whole
terrestrial  evolution, hence the further
evolution of the  biosphere into the
noosphere is inevitable and the noosphere
will exist forever.

17. Once appeared, scientific thought cannot
disappear. The civilisation of ‘cultured
mankind’ cannot fall into decay.

18. Science plays a teading role in the
noosphere.
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Table N2: Differences between the Biosphere and Noosphere Theories of P. Teithard de

Chardin and V. Vernadsky

1. There is no clearly definable border-line
between living and non-living substances.

2. There is a zone of ‘subliving’. A virus is an
example of a transitional form between the
molecule and the cell.

3. The biosphere is an aggregate of terrestrial
living organisms. It is a film on the Earth’s
surface.

4. Abiogenesis is possible. Molecular
dissymmetry is an argument in favour of this
hypothesis.

5. Evelution leads to the appearance of a
psychic state corresponding to the size of
Earth.

6. Geogenesis is transformed into biogenesis at
cerfain point in time in the development of
Earth.

7. The noosphere is said to be a cogitative
layer of the Earth. It is a transitional state
between non-reflective life and the Omega
point. The last stage of the noosphere
evolution is tied up with the death of Earth.
The noosphere is a ,jone more envelope*
around and over the biosphere.

8. Noogenesis is aimed at a psychic centre (the
Omega-Point), which transcends space and
time.

9. The development of the noosphere precedes
the ‘splitting’ of evolution: the separation of
intelligence from its material matrix.

10. ,,The very centre of our consciousness,
deeper than all its radii; that is the essence
which Omega, if it is to be truly Omega, must
reclaim® (Teithard de Chardin, 1961, p. 261).
11.  TIrreversibility and evolution are
characteristic features of the Universe.

12. The concept of Teilhard de Chardin is
eurocentric.

13. Not only the ‘exterior’ of life is atomised,
but also the “interior’.

14. Teilhard de Chardin proclaims the
similarity of science and religion.

15. The unity of the biosphere is simply
proclaimed.

1. There is an impassable energetic-spatial-
temporal border between the two states of
matter: living and non-living. Two words
(living and non-living) are connected only by
the biogenic flow of atoms.

2. Transitional forms between living and inert
natural bodies are impassable. A virus should
be classified either as a living organism or as
an inert natural body.

3. The biosphere is a geological stratum and a
self-regulating system including beth living
organism and their inert environment.

4. Abiogenesis is impossible. Molecular
dissymmetry is an argument in favour of this
empirical generalisation.

5. This concept was alien to Vernadsky.

6. Geological evolution of Earth is driven by
the evolution of living matter.

7. The noesphere is the last stage of the
evolution of the biosphere. The noosphere is
the aim in itself. There are no- ,psychic
centres” of the noosphere. The scientific
thought creating the noosphere is a function of
the biosphere and its most powerful geological
force.

The noosphere and the biosphere coincide
from the geological viewpoint.

8. The enigma of life and intelligence is tied
up with the peculiar space-time of living
matter.

9. The idea of the separation of matter and
intelligent life is unthinkable in the theoretical
world of Vernadsky.

10. There is no super-terrestrial conductor in
Vernadsky’s theory.

11. Irreversibility and evolution are intrinsic
only to the matter.

12. There are no grounds for preferring
European culture in comparison to other
cultural traditions.

13. In the theoretical system of Vernadsky, a
property ‘to be alive’ cannot be atomised.

14. Vemadsky shows an essential difference
between science, philosophy and religion.

15. The wunity of the biosphere is
biogeochemically argued.
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3.2. THE BIOSPHERE-THEORY OF V.I. VERNADSKY AND THE GAIA-
THEORY OF JAMES LOVELOCK: A COMPARATIVE ANALYSIS OF THE TWO
THEORIES AND TRADITIONS

3.2.1. Introduction

Some comparative investigations were already made into the theoretical views of the
contemporary English chemist, geophysiologist and inventor James Lovelock, and
Vladimir Vernadsky (Serafin, 1987; Ghilarov, 1994, 1995; Margulis & Sagan, 1995;
Grinevald, 1996; Lother 1998). However, there stilt remain, in this respect, more
questions than answers. The main concern of this chapter revolves around the question
posed by Jacques Grinevald (1996, p. 47): ,,What is the difference between Gaia and the
biosphere?*

The question is partially connected with the important problem of the tack novelty of
Lovelock’s Gaia theory in relation to Vernadsky’s biosphere theory. The ideas of
Lovelock were ignored in the West at the outset, but later induced a big discussion and
are often seen as a kind of revolutionary theory. Elisabet Sahtouris (1995) reports that
Lovelock shocked the world of science by suggesting that geological environment is an
active creation of living things. Many of the representatives of the Vernadskian tradition
in the East were astonished at the boom around the Gaia-hypothesis. This topic has been
extensively reviewed by the followers of the Vernadskian tradition. By way of example,
in the general theoretical book written by Russian biospherologist and scientific
* historian Kolchinskij (1990, p. 48), we read:

,Vernadsky’s claim that life creates for itself necessary environmental conditions by
transforming the atmosphere, has become a truism in recent years in our country... The
idea that to a great extent life determines the characteristic features of the environment
has been established in Russian scientific literature long before the Gaia hypothesis was
proposed by J. Lovelock in the 70s... It is thanks to Vernadsky’s services, and not
Lovelock’s, that this idea was first proven from all points of view".

Another representative of Vernadskian tradition A. Yanshin (1997, p. 16) goes further
and states that ,Lovelock’s conclusions are identical to those made by V. I. Vernadsky
as early as in the 1920s". The similar position is expressed in some other articles and
books of Vernadskians (Yanshina, 1996).

At the same time, I do not know of any works where the theories of Lovelock and
Vernadsky were compared and analysed in detail. So 1 shall be concerning myself
precisely with this in this chapter. I will examine the basic statements of the Gaia theory
as represented in the works of Lovelock and other advocates of his theory. I then
compare these statements with those of Vernadsky. In comparing the two theories, 1
look only at the most general basic statements due to the incomparability of the
scientific data available now and at Vernadsky’s time of writing.

3.2.2. The Biogenic Character of the Earth’s Atmosphere

One of the first steps toward the construction of Gaia-theory, which Lovelock himself
sees as innovative, was a conclusion on the biogenic character of the Earth’s
atmosphere. Lovelock wrote (1989a, p. 7):

,Our findings and conclusions were, of course, very much out of step with conventional
geochemical wisdom in the mid-sixties. With some exceptions, notably Rubey,
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Hutchinson, Bates, and Nicolet, most geochemists regarded the atmosphere as an end-

product of planetary out-gassing and held that subsequent reactions by abiological
processes had determined its present state®.

Ignorant of Vernadsky’s works Lovelock supported Huichinson’s biogenic vision of
the Earth atmosphere’s origin. Yet, remarkably, it was Hutchinson who was influenced
by thg biogeochemical ideas of Vernadsky (Kingsland, 1995) and who stated that it is
essentially Vernadsky’s concept of the biosphere, developed about 50 years after Suess
wrote, that we accept today (Hutchinson, 1970). The notion of the biogenic character of
the atmosphere is one of the important conclusions in the biosphere theory of
Vernadsky. In his final book, The Chemical Structure of the Biosphere of the Earth and
of its Environment, written in the 1940’s Vernadsky wrote:

#It can be affirmed now, that our troposphere is not an astronomical phenomenon, i. e.
connected with gravity, but that it is a creation of living matter and that its predominant
gaseous masses are of biogenic origin“ (1965, p. 215); ,,...Astronomers, when talking
about life, consider only O, COy and HpO. At the same time we see that in the Earth’s

atmospheres not only these gases but also Hp, N2, HpS and hydrocarbons are biogenic in
dominant quantifies” (1965, p. 229).

\./f?madsky himself stressed as early as 1912 his partisanship to a theory of biogenic
origination for all gases of the biosphere (Vernadsky, 1912, 1965). The production of
gases was classified by Vernadsky as biogenic processes of the first and of the second
kind. Biogenic processes of the first kind are an immediate manifestation of life
connected with respiration, eating, etc. Biogenic processes of the second kind are
connected with the destruction of biogenic and bioinert rocks and manifest themselves,
for example, in such phenomena as metamorphism and volcanism (Vernadsky, 1965)
[compare with weathering of rocks in Lovelock’s concept (Lovelock, 1989a)].
Vernadsky clearly stated the biogenic character of the atmosphere and distinguished the
direct and indirect processes of its gases biogenic production.

3.2.3. The Biosphere as a Dynamic self-regulating System

Howeverz iF is not the i_nference of the atmosphere’s biogenic character that is most
characteristic of the Gaia-theory. The most revolutionary idea of Lovelock is that of

. Earth as a system where biota (living matter) plays an active role. In this system, biota is

seen as creating and controlling (,homeostating™) its abiotic (inert) environment
(Watson, 19_88). Ip other words, it is the assertion that the biosphere is a self-regulating
system - Gaia (Grinevald, 1996). Lovelock phrases it in the following way:

~We have since defined Gaia as a complex entity involving the Earth’s biosphere,
atmosphere, oceans, and soil; the totality constituting a feedback or cybernefic system
which seeks an optimal physical and chemical environment for life on this planet. The
maintenance of relatively constant conditions by active control may be conveniently
described by the term ‘homeostasis’ “ (Lovelock, 1989a, p.11).

»Through Gaia theory, I see the Earth and the life it bears as a system, a system that has a
capacity to regulate the temperature and the composition of the Earth’s surface and to
keep it comfortable for living organisms“ (Lovelock, 1989b, p. 31).

Some remarks about the terminological inconsistencies of the quoted passages should
be made. Seen from the Vernadskian point of view the definition would be incorrect.
The atmosphere of our planet belongs to the biosphere. Vernadsky always maintained



94

that the troposphere is a biogenic gaseous component of the biosphere and consists of
three parts: the supraterrestrial troposphere, the subterranean tropogphere and the
submarine troposphere (Vernadsky, 1965). At the same time the biosphere cannot
exceed the limits of the field of life existence. This means that there is a conditional
atmospheric limit of the biosphere within the atmosphere. Vernadsky’s works show this
border somewhere on the border between the troposphere and the stratosphere.
Lovelock uses the term: ,,atmosphere” in a similar sense to Vernadsky’s ,,troposphere®
(Lovelock, 1989a; Margulis, 1988). Vernadsky often stressed that the oceans belong in
their entirety, including the ocean floors, to the biosphere. The soil is a classic example
of biospherical processing in the works of Vernadsky. Therefore, we cannot say that
Gaia is simply made up of ,biosphere™ + ,,atmosphere® + ,,ocean” + ,s0il“, because all
these regions are already included in the processes of the biosphere. Nor is it fully
correct, in traditional Vernadskian terms, to say that ,,the biota and the biosphere taken
together form part but not all of Gaia™ as Lovelock does (Lovelock, 198%b, p. 19), ;ix_lce
the biota (,Jiving matter according to Vernadskian terminology) is by definition
included in the biosphere (Vassoyevich, Ivanov, 1977).

Considering the theoretical concept expressed in the quotation above, we must note
that to this extent there are no principle differences between the two theories. Lovelock
came to his Gaia, first of alf, analysing the composition of the Earth’s atmosphere. The
same way of thinking we find in the works of Vernadsky (1965, p. 238):

,,All basic gases of the troposphere and of the higher gaseous envelopes - Np, O; C02
H3S, CHy, etc., - are produced and quantitatively balanced by the total activity of hv‘mg
matter. Their composure and proportionality are quantitatively invariable over geological
time...*“. Vernadsky demonstrates that , life, i.c. living matter creates the troposphere and
constantly maintains it about the certain dynamic equilibrium®.

It seems astonishing that Vernadsky (1965, p. 229) went even further in his time and
stated that ,,the gases, which are biogenic on Earth, will also be biogenic on the other
planets, since the thermodynamic conditions do not hinder them®. As Lovelocl.( fater
does, he connected the chemical and physical activity of life with the reduction of
entropy (Vernadsky, 1965; Lovelock, 1989a) and after he had examined the relevant
data available at the time he proposed that the presence of life on Mars and Venus can
be proved by the analysis of their atmospheres. ) o

Vernadsky makes a conclusion about the oceans in refation similar to the one abogt
the atmosphere. Having analysed the chemical compounds of the ocean he gtated:_ It 1s
significant that it [the ocean] is throughout penetrated by living matter, which (directly
or indirectly) completely determines all chemical properties of the ocean. These are the
most powerfal manifestation of living matter on our planet™ (Vemasty, 1965', p. 220).
One of Vernadsky’s first assertions about the regulative function of life in relation to the
ocean was made in 1923 (Vernadsky, 1923).

Vernadsky does not confine himself to conclusions ablout just the oceans or the
atmosphere. He generalises his statements to include the biosphere as a whole: ,,Every
organism is  cenire of a free energy. In its totality, living matter transforms complete!y
the domain of life - the biosphere” (Vernadsky, 1965, p. 232) and: ,,determines all basic
chemical regularities of the biosphere” (Vernadsky, 1965, p. 236). I.{i.sl ﬁna? (?onclusion
appears to conform to the main thesis of J. Lovelock: , It looks as if life, living matter
were creating for itself the domain of life* (Vernadsky, 1965, p. 241).
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Thus, in the 1930’s and 40’s Vernadsky was already aware that living matter creates
the basic parameters of its environment and keeps them around certain dynamic
equilibria.

Such a view of the biosphere is held by some contemporary representatives of
Vernadskian tradition (Kolchinskij, 1990). The disciples of Vernadsky, N. Vassoyevich
and A. Ivanov (1977), also define the biosphere as a self-regulating system. A. Perelman
(1986) stated that the biesphere as an information proeessing system is characterised by
the positive and negative feedback loops. In the collective monograph , The
Contemporary Problems of Preserving and Researching the Biosphere™, based on the
theory of Vernadsky, we find a definition of the biosphere as an integrated, non-linear,
open, self-organising system possessing homeostatic properties (Krasnogorskaja, 1992).
Thus, we can, so far, find no principle differences between the basic assertions of

" Vernadsky and the Gaia theories.

At the same time, one should be aware that the advocates of Gaia posed the problem
of the homeostatic properties of the biosphere more precisely than Vernadsky himself
based on data collected in the 50 years after Vernadsky wrote down his conclusions.
Vernadsky was in no position to make a numerical model of the biosphere comparable
with the ,,daisy world model and other models of Gaia (Schellnhuber, Wenzel, 1998).
In the Vernadskian tradition mathematical modelling of the biosphere was pioneered by
Moiseev with colleagues (e.g., Moiseev et al., 1985).

3.2.4. Earth as a Living Organism
3.2.4.1. Vernadsky and Lovelock on the Subject

The problem of the differences between the theories of Lovelock and Vernadsky can be
approached as Lovelock does so himself in his recent article on the topic. Lovelock talks
about the ,traditional” and ,liberal“ views in the history of the Earth sciences. The
wtraditional” approach sees the Earth as having a capacity ,.to regulate itself and to keep
cool when things are changing adversely®, i.e. to keep homeostasis. He concludes: ,, This
then is the first tradition, that sees the Earth as a living organism“ (Lovelock, 1996, p.
15-16). Lovelock ascribes himself to this , traditional* view.

Lovelock defines Earth as a living organism, first of all, because of its homeostatic
properties. But he draws also some other analogies to show how close the concept of
Gaia is linked with the concept of life. Perhaps the most illustrative is his morphological
redwood tree - argument. ,The tree undoubtedly is alive, yet 99 percent is dead“
(Lovelock, 1989b, p. 27). Dead wood of a tree can be compared with the apparently
inanimate rocks of the Earth.

It should be noted that not all advocates of the Gaia-theory share this opinion. For
example, one of the champions of the Gaia-theory, the cell biologist and
geophysiologist Lynn Margulis, writes: I reject Jim’s statement ‘The Earth is alive’; ...
do not agree with the formulation that says ‘Gaia is an organism’ * (Margulis, 1996, p.
54). :

Lovelock calls the seconid approach , liberal™ and writes: ,,Co-evolutionists accept that
organisms may change the composition of the material world but they do not accept that
life has a constructive influence by which organisms alter the material world in a way
that affects their own selection.” And in this context he poses a question which is central
to this discussion and is analysed below: ,,...I have never been clear whether Vernadsky
was of this liberal co-evolutional middle view of the Earth or whether he subscribed to
the first traditional view* (Lovelock, 1996, p. 16).
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Our answer, which is argued below, is, in short, that: Vernadsky would, without
doubt, have subscribed to the ,traditional view in the sense that he would have
accepted that the biosphere has a capacity to regulate itself and to maintain homeostasis.
However, Vernadsky never used the term ,super-organism® or ,living organism* or
Lliving natural body* in relation to the biosphere because he was convinced that the
biosphere is not 2 living, but a bioinert natural body.

Lovelock defines the capacity of the Earth to regulate itself as ,homeostasis®.
Vernadsky would clearly have agreed with this term. He often pointed out that the
biosphere executes a regulative function in relation to the atmosphere, the ocean, the
soil, etc. The term homeostasis is ofien used in this context by the followers of
Vernadsky (Krasnogorskaja, 1992; Lapo, 1987a). What neither Vernadsky nor the
majority of his followers would accept is Lovelock’s claim that the Earth is a living
organism because it shows homeostatic properties. It is evidently not sufficient for
defining Earth as a living organism.

Describing the biosphere biogeochemically, Vernadsky uses the terms ,living matter*,
,inert matter, ,,bioinert matter” and ,,biogenic matter”. In order to describe the peculiar
place of the biosphere on this scale he applies the term , bioinert natural body*:

,In the biosphere, apart from the living and inert natural bodies, a great part is played by
their regular structures, by heterogeneous natural bodies, for example, soils, silt, surface
water, the biosphere itself, etc.; they are constituted by coexisting living and inert natural
bodies forming compticated bioinert structures. I shali call these complicated natural
bodies ‘bioinert natural bodies’. The biosphere itself is a complex planetary bioinert
natural body* (Vernadsky, 1991, p. 18; or for a different translation of terminology, see:
Vernadsky, 1997, p. 27-28).

Vassoyevich and Ivanov (1977) modernised Vernadsky’s terminology and defined the
biosphere as a bioinert system, i.e. a system formed by the two mutually stipulated basic
subsystems: inert and living.

An original interpretation of Vernadsky’s concept was proposed by Moiseev et al.
(1985). He defines ,,organism* as a system which has certain goals and the abilities to
follow these goals. According to Moiseev the biosphere is actually not yet an organism,
but will become one once it turns into the noosphere.

The use of Hutton’s term ,,super-organism® requires an exhaustive definition of
organism, a task which was hardly accomplished in Vernadsky’s biogeochemical
terminology. This problem could be approached, for example, from the morphological-
physiological perspective, but not by Vernadsky who stated that ,.the morphologically
and physiologically exact visage of the living nature, and particularly of the living
individuals, appears in biogeochemistry as an auxiliary concept for studying life
phenomena® (Vernadsky, 1997, p. 204-205). He therefore, totally escapes the terms
super-organism® and ,,organism* with regard to the biosphere. At the same time, in
trying to get away from a pure mechanistic view of the biosphere, Vernadsky defines
the biosphere as an ,organisation” referring to A. N. Whitehead (1861-1947), who
understood the term ,,organisation® as any unit which determines the eventual character
and integration of its component parts. “Organisation” is opposed here to “mechanism”,

in the sense that “a mechanism is entirely determined” (Abram, p. 242) The structure of
the biosphere is described as a dynamic equilibrium: ,,No single point of this system
takes a certain place in it during the geological time. All points oscillate about a certain
place (Vernadsky, 1965, p. 236).
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Thus, the biosphere is defined by Vernadsky as an ,,organisation* and as a _bioinert
system“, but not as a living organism. According to Vernadsky there are some i;;xportant
differences which distinguish the ,living natural bodies* from ,,inert natural bodies”. He
finds about 12 crucial distinctions, which clearly differentiate the inert and living bo;lies
of the biosphere (see 2.3.5.). The basic difference is connected with the spatial-temporal
and energetic separation of living bodies from the environment. The state of space of
!1vmg matter is characterised, first of all, by the notion of spatial-temporal dissymmetry,
1.e. temporal irreversibility and non-identity of the lefiness and the rightness in living;
org_amsms’ state of space. Thus, although living organisms also include the inert parts in
their structures and although the inert parts can dwarf the living parts themselves they
are the quasi-bioinert bodies, because of the two basic reasons: (1) the bioinert and
re?a!ly living bodies show different spatial-temporal-energetic characteristics; (2) in
bioinert systems, the regularities of living and inert processes interact, although living
matter .plays the leading role. Aceordingly, Vernadsky took the biosphere for a self-
regulgtmg system, but merely defined it as a bioinert system and not as a living
organism.

One can give another comparative dimension to this problem by suggesting that if the
Earth/Gaia/Biosphere is a living organism, then it must be comparable to other living
beings (Sahtouris, 1996). The task can be approached from different angles. For
example, Sahtouris based her view on the concept of Vemnadsky’s biogeochemical
cycles, apparently without knowing his own definition of the biosphere as a bioinert
system. Resorting to the antopoetic features of Earth in accordance with the theoretical
claims of Maturana and Varela she proposed a concept of Gaia as a living super-
organism (Sahtouris, 1996).

One can also approach this question from a rather morphological viewpoint,
something Vernadsky defined as ,,secondary* in his theory of biogeochemistry. It was
along these lines, though, that a younger contemporary of Vemadsky, V. N.
Bekiemishev (1890-1962), created a detailed theory of the biosphere as a living system.
The attention of historians of science had already been drawn to the necessity of a
comparative analysis of these two theories (Svetlov, 1994).

3.2.4.2. Beklemishev's Theory of the Biosphere as a Morphoprocess

B‘eklemishev was an outstanding Russian zoologist, ecologist, and theoretician of
biology. He can be ranked among the immediate predecessors of geophysiology.
Beklemishev (1994, p. 61) wrote about the biosphere: ,,...The living crust, stretched over
the_ stony globe, manifests the main characteristics of organisation: a constant
maintenance of the typical forms and relationships of the whole by the constant
changing of parts, a close physiological [our italics - auth.] coordination of all
heFerogeneous components which create the conditions necessary for everyone’s
existence”. In order to define the morphology and physiology of the biosphere,
Beklemishev proposed the terms symmorphology [compare the term biogeomorphology
as proposed by Krumbein (1996)] and symphysiology.

In his most known book ,The Fundamentals of the Comparative Anatomy of
Invertebrates*, which has been translated into English and German several times, he
endeavoured to show a morphological unity of the living world. Perhaps, partially based
on Vernadsky’s notion of the biosphere and on his own morphological and ecological
investigations, Beklemishev expounded an original theory of the biosphere (he also used
the term ,,Geomerida“, coined by K. D. Starinkevich) - the hierarchically structured
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living wholeness on the Earth’s surface - and expressed mst»:/,lewzarzlsal&}ér“&::: b(;;l;
.The Methodology of Systematics* written in 1_928 (1:- dO h)l’ g Or;’ it
Biosphere* of Vernadsky) but published only in 199 l;z.ak[i  hov (1968 p” 260 ne
General Principles of the Organisation of Life” (196.4)' ekiemis _ ,fr.rlafte,r o
well as Vernadsky and Lovelock, came to the conclusion that the processing o

the biosphere is controlled by life:

. Taking place in the biosphere, the process of "’t‘_’ﬁ‘m of matter, ene;g{ ax;dtsp:hc;n:ieens ;
carried out by all living organisms within the biosphere and is stabilised to he d& fgr
which guarantees the continued existence of life on the Earth. In other werds, life is

organised on the planetary scale. Al living beings are parts of one whole. This whole is

the great sum-total of all living beings, the hiving cover of the Earth™. .
i inking, he came to the conclusion that the
. tly morphological way of t.hmkmg, isic
atrl?l}(l)sgllfeizczz :’ non-rlli’ving part of the living cover of the Earth and that it is regulated
and structured by the inherent living matter (Beklemishev, 19_64). - ton and
Beklemishev also tock as a basis for his concept a notion of ,,org"fxmsa ion and
operated with the terms ,,morphoprocess®, ,individuality a’nd ~System* to C(}n;ea nfr 2
dgﬁnition of the biosphere. He did not accept .Vemad§l§y s clasgtjtcatmn o ol
stems (living, inert, bioinert) however, nor his definition of bioinert systefms. !
f)¥ganisms are c,omposed by living and non-living componelnts; gsdstruchttir? c;d r:;t,utrl?e
i ioi ; i ted, developed and maintain
ils (classic example of a bioinert sys‘tem) is created, v
:)vlllrslg( compenents controlling their inert environment and can be compared to the
of living tissue. o . L .
Str'[l‘lliu;letimate ol%ject of biological systematics is not ah ‘natural btc»dyf . wﬁ:g?plsot;ﬁfe;g
. The concept of a
i of Vernadsky, but a morphoproce:ys ¢
gllxe/otlg::rl?;gular growth and change of the identifiable lastmgfforml. Ixtl thq ottllller f;x(/)c‘);ds,f
i i ised, from one hand, as a form lasting it the
life as a morphoprocess is characterised, : 28 2 form : o flow o
d, this ‘lasting form’ is in regular gr
changes, but, from the other han i, > T8 owih and
i - s. Morphoprocess is a dynamy
change and is seen as a self-orgamising proces Morphe ) ¢
i triviat sense. It is not necessarly
isation of matter and not an organism in the : .
?Iitgearrrl\ll;atéd when an individual disintegrates. The global morphoprocess is a totality of
tvi f our planet. ) ) . )
hxlclz%;l;txtl:t?) l(;ekfemishev (1994, p. 54), there is no life »and death; there is mo_re;1 or
less organisation. The concept of the individuality of morphoprocess helPﬁBelél(;:gT; Z‘;‘
isti cen “ isation”. It expresses a specific :
to distinct between “more or less organisa : ¢ 2 specific degebe of
isati i i henomenon. Generally speaking, individuahty
organisation of biological p on. O . ot dicares
i stem amid the flow of changes
maintenance of some crucial characteristics o_ a sy: ] chat ne
i icati i .e. when a system is sufficiently comple:
case of fruitful application of this category, 1.e. when ompl
i i isti d and stabilised, we say that we are dealing
and its crucial characteristics are contr(?}le ! il ' . : aling
i i individuali th a living entity. I will point ou
with a high degree of individuality, 1.e. Wi L will point out the
ing i istics 1 to present a more precise description
lowing important characteristics in order | k
ggg(;e‘z ff inr()ﬁviduality of the morphoprocess: functional harmony, rhythm, and
16
hogenetical secludedness. o ) . '
m"(l:;:glgst important indicator of the individuality gf a vhvmg system is so tE:alled
relational functional harmony of this system. Most biological systems consist of parts

¥ Below you find my reconstruction and interpretation of Beklemishev's theory. There 'areIalso :ii:ilothe;
viewpoints on the subject possible. I do not subtilize the discussion here, because otherwise I would nee:

to write another book.

which, in thetr turn, can be highly individualised and perceive their own interests. As
Beklemishev (1994, p.- 57) puts it: »Every organism is in the nature of semi-parasitic,
semi-mutualistic community; life of the wholeness is based on the conflict and
destruction of the parts; the world lies in the evil ™. [compare: all organisms, apart
from the single bacterial cell, are superorganisms in that they are the products of
symbiosis, which is seen as a new individuality (Margulis, Guerrero & Bunyard, 1996)].
The better every living part supports the development of the whole system, and the
better the whole supports the functions of individual morphoprocesses , the higher is the
“degree of mutuality” and, hence, the level of functional harmony a system. A high
degree of mutuality does not automatically point out the high level of individuality, but
is its necessary prerequisite.

Most biological objects consist of parts which, in their turn, can possess a certain
degree of individuality, but can be also very simply organised like water in the colloids
of plasma, hair and so on. This scale brings us to the idea of the “depth of organisation’.
Note, that “depth of organisation” alone says nothing about the degree of functional
harmony, but it points out that there is something to be harmonised.

The third important characteristics of functional harmony is the number of “specific
adjustments” which stabilise and control (harmonise)  living system (e. g., homeostatic
mechanisms). The higher a number of specific adjustments of living system, the higher
a degree of functional stability and, hence, the higher a degree of individuality.

A biosystem has to be seen not only as an individual, but also as a part of the
morphoprocess: From the standpoint of riythm, all morphoprocesses can be considered
either periodic or aperiodic. Most morphoprocesses are periodic, e.g. bacterial division.
An aperiodic morphoprocess appears when the rhythms of the constituent parts of a
morphoprocess are not co-ordinated. The presence of a common rhythm is an important
criterion of individuality. It is important to distinguish between complex combinations
of thythms and absolute arthythmia.

Periodic morphoprocesses can be classified according to their ‘terminality” into cyclic
and terminal-cyclic.

Cyelic morphoprocesses are those in which all parts would stay alive despite the
destruction of the whole and would take part in a further morphoprocess.

Terminal-cyclic morphoprocesses take place in the cases when mortal soma is clearly
separated from transmitting genes propagative units. Terminality in this case points to
the high degree of individuality and is seen as a contradiction between the individuality
of an organism and its striving for an infinite size: “Only in the presence of a clearly-
expressed individuality, characterised by the strict expression of a plan, does unlimited
growth collide with a barrier requiring the necessity of fission” (Beklemishev, 1994, p.
65)

Aperiodic morphoprocesses can be classified into terminal and indefinitely lasting
ones. Both cases indicate a low degree of individuality: an excessive subordination of
the parts to the whole in the first case and a weak co-ordination in the second case.

Beklemishev also pointed out that morphoprocesses can as well be classified from the
viewpoint of their morphogenetical secludedness:

- closed, if they allow no significantly modifying morphogenetical input during the
life cycle (ideal case),

open at ‘a certain moment for certain components: all organisms multiplying
sexually;

- open during most periods of the life cycle (Mycetozoa);
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- open during the whole period of their existence (cyanobacteria, biofilms,
bioceonoses).

These four types of the morphoprocess represent different le_vels of indiYiQuality.
Roughly speaking, the more closed is a morphoprocess, the more mdepgndent it is from
the environment and the higher the degree of its individuality'” (Beklemishev, 1994, pp.
68-69; 1964, p. 33). '

On the basis of comparative analysis one can come to the conclusion tha? .the
Biosphere shows all important properties of a morphoprocess and, hence, of a living
system:

1. The Biosphere is a semi-mutualistic community of the biosystems which despite. of
their independence compose a harmonised, self-regulating system demonstrating
“close physiological [our italics] coordination of parts” (Beklemishev, 1994, p. 61);

It shows:

2. certain physiological and morphological stability of the whole by the constant

ion, of the parts; '

3. ggtéonﬁ?nctior?al co-ordination of cyclic irreversibI.e higmy ir}diViduahsed
morphoprocesses: a degree of functional harmot}y.unimagmable in the inert world;

4. The biosphere consist of the living and non—llan.g parts as every living system.
Living parts are composed, in their turn, by the living parts of the lovycr order .(butk
can be, nevertheless, of higher individuality). In that sense the biosphere is a
morphoprocess of the highest order. S ) )

5. At the same time, the biosphere is a faintly individualised organism: being seen as a
morphoprocess it is constantly opened and ar.rhythrmc. T.he low _grade of
individuality of the biosphere is a cost of its high complexity and differs the
biosphere from the ‘trivial’ organisms of Linnaean system. The degree of
individuality of the biosphere is nevertheless comparable with that of some lowest
biosystems.

Methodologically Beklemishev and Vernadsky can be seen as representing opposite
poles in their interpretation of the biosphere. Beklemishev saw .the biosphere, ﬁr_st of all,
as a morphoprocess, i.e. morphologically, while Vernadsky mterpre-ted the blosphe¥e
biogeochemically as the flow of chemical elements. At the same time, ox’le finds in
Beklemishev’s theory elements of the physiological approach apd Vernadsky’s theo_ry is
partially morphological. Most approaches to the biosphere (Gaia) can be located‘ within
the spectrum ,,Beklemishev - Vernadsky*. :

3.2.5. Evolution of the Biosphere

Lovelock (1989b, p. 19) himself insists on the difference between the terms ,,Gaia* and
»the biosphere®:

,,The name of the living planet, Gaia, is not a synonym for the biosphere. The biosphere
is defined as that part of the Earth where living things normally exist... -

Specifically, the Gaia hypothesis said that the temperature, oxidation state, acidity, agd
certain aspects of the rocks and waters are at any time kept constant, and that this

'7 The similar principle can be constructed also. for the physiological secludedness (see: Beklemishev,
1964).
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homeostasis is maintained by active feedback processes operated automatically and
unconsciously by the biota. ..Life and its environment are so closely coupled that
evolution concerns Gaia, not the organisms or the environment taken separately*.

As we have seen, the biosphere was also seen by Vemadsky as a self-regulating
system. The thesis on the evolution of the biosphere had also been clearly stated by

Vernadsky, who claimed that the biosphere as a whole possesses its own evolutionary
regularities. i

»Incessantly, during alt the geological time, the evolutionary process of the living matter
embraced the whole biosphere and, in various ways, influenced (though less distinctly) its
inert natural bodies. This alone allows us and makes us speak about the evolutionary
process of the biosphere itself taking place in the inert mass of its abiotic and live natural

bodies, evidently changing within the course of the geological time* (Vernadsky, 1997, p-
30).

That is why the biosphere develops the functions of living matter which, in turn,
increase the levet of complexity and introduce a degree of self-regulation and stability to
the biosphere. The scientists of Vernadskian tradition, Vassoyevich and Ivanov (1977,
p- 87), wrote in this connection:

»V. L Vemadsky considered the evolution of the organic world to be a lawful
manifestation of the evolution of the planetarily organised system - the biosphere, in
which all living things interact with the inert {environment]. He regarded the evolution of
the biosphere as its alteration and complication as a whole®.

One of the methods for expressing these , interests™ of the biosphere is by intensifying
and making more complex the biogenic migration of atoms. The evolution that satisfies
these ,,interests“ turns out to be a multi-stage process and goes according to the
biogeochemical principles of Vernadsky. Lovelock does not discusses the problem of
the biosphere evolution on this plane. The evolution of the biosphere has been broadly
discussed and from the various perspectives within the terms of Vernadskian tradition
(Kamshilov, 1979; Budyko, 1986; Kolchinskij, 1989, 1990). The detailed comparative

analysis of the evolutionary views of the two theories is a topic for a special
contribution.

3.1.6. The Place of Modern Science and Technology in the Evolution of the Biosphere
or Gaia

The Weltanschauung of the Modem Age proceeds from the concept of opposing
,Hhature” and ,,man“. The roots of this view originate from the Descartes’ notion of
nature, who contrasted res cogitance and res extensa (Hosle, 1991). The industrial
revolution made deeper a rift natural-artificial or ,,nature® versus »technology“. A cliché
evolved about human activity as about something ,,unnatural®.

In the first half of the 20th century we find the attempts to reconcile ,;man“ and
»nature and to understand human thought as a regular part of nature. Vernadsky and
Teilhard de Chardin created the global theories, in which the human mind is represented
as a lawful product of the biospherical evolution. In both cases the appearance of
thought (in any form) is seen as the regular outcome of the planetary (cosmic)
evolutionary process. This approach is known as teleology (Barrow, Tipler, 1986).

Arguments of Vernadsky are based on his theory of the biosphere. According to him
the first and second biogeochemical principles (BGCP), biogenic migration of atoms in
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the biosphere tends toward the limit of its potential manifestation (Krumbein, Lapo,
1996). The biosphere is said to be home to species and forms of organisation which
. accelerate the biologically controlled migration of atoms. This means that the evolution
of the biosphere is directional. The evolution of the biosphere carries on in the direction
of the increasing biogenic migration of atoms. The appearance of human reason has
prompted a so called biogenic migration of the third kind which has powerfully
accelerated the processes of atomic migration (Vernadsky, 1965} and, hence, human
activity lies in the general trend of the biosphere’s development.

Assuming the first and second BGCP’s they are followed by the indication that the
biosphere tends towards a maximum manifestation of its kinetic energy and that the
forms of organisation and the species, which satisfy this aspiration, should occur in the
biosphere. Scientific thought helps discover new sources of energy and optimises the
modes of energy use.

The third principle concerning - the directionality of the biosphere’s evolution
Vernadsky refers to the empirical generalisation of D.-D. Dana [1813-1895]. This
generalisation shows that the evolution of the biosphere is connected with the
development of a central nervous system in some species (cephalizationy (V ernadsky,
1997). Human reason, and the scientific thought that comes with it, are the results of a
natural process of cephalization.

This way Vernadsky (1997, p. 31) comes to the conclusion that scientific thought and
the end products of scientific activity tum out to be a lawful part of a natural landscape
and ,,an inevitable manifestation of a great natural process having lasted in a regular
way for at least two billions of years™.

In this respect, Lovelock’s and Vernadsky’s way of thinking have some similarifies.
Lovelock recognises that humankind has increased the carbon cycle by 20 per cent,
sulphur cycle by over 100 per cent. It is known now that the manganese cycle was
increased by even over 1000 per cent. Nevertheless he states that ,,in a Gaian world our
species with its technology is simply an inevitable part of the natural scene (Lovelock,
19893, p.127). By way of example Lovelock argues that the most significant example of
,,anti-natural” human activity, namely pollution, is one of the trivial natural phenomena.

Nevertheless, it is evident that one can see some methodological differences between
the approaches of the two scientists. Vernadsky constructs his sequence of thoughts in
the following way (I shall modemise his language): science and based on science
technology are natural because their appearance is regular, expected and inevitable,
albeit not a fully determined process. This approach: can be characterised as a kind of
teleology. Vemnadsky’s viewpoint on evolution is close to what Ayala calls
indeterminate natural teleology: ,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 (Dobzhansky et al., 1977, p. 500).
Indeterminate teleology results from a mixture of stochastic and deterministic events.
For Vernadsky, who wrote that ,the biosphere will transform (in one way or another,
sooner or later) into the noosphere* (Vernadsky, 1997, p. 55), the appearance of human
reason and scientific thought was such a process.

Yet teleology is a deadly sin for a modern scientist. Lovelock does not accept
teleology in connection with Gaia (Lovelock, 1989b) and goes the other way declaring
that our technology is an inevitable part of the natural scene because we can point out
the analogies between human activity and natural processes. The question arising from
this approach is: do these analogies of Lovelock not also show that science and
technology is a regular product of the natural processes? In other words, when we say
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»natural does it not mean also ,regular or ,ex ©

’ n . »expectable“? We should be abl
unders?and Lovelock’s position that the technological manifestations of the human]iittg
are a kind of natural product, but that the appearance of humans (science, technology) is
in the first place not a regular (inevitable) process and, hence, we can escape the

accusations of teleology. The appearance by chance can also be seen as a natural
process.

3.2.7. The Idea of the ,, Vital Regions* of Gaia

In his b(')ok' »Oaia: a new look at life on Earth Lovelock (1989a, p. 127) talks about the
three principal characteristics of Gaia: (1) the tendency to keep constant the conditions
for all terrestrial life; (2) the presence of vital and redundant organs; (3) that Gaian
responses to changes must obey the rules of cybernetics, ,,where the time constant and
the Ipop gain are important factors™. The only important theoretical statement, which is
sPemﬁc to the Gaia as opposed to the biosphere is the second statement concerning the
vital organs.

Lovelock backs up this statement by pointing out the fact, that the region:

Iatitudes 45° North and 45° South are subject to glaciations. It scems t%lat z}:;y?;i
tolerate the loss of these parts of her territory (Lovelock, 1989a). He goes on to propose
the hypothesis that glacials are the normal state of our planet and the interglacials
represent a temporary failure of regulation (Lovelock, 1989b).

Vema@sky was also very aware of glaciations and analysed them from a biosphere
perspective. He writes: ,,Thus, we see that for the planet taken as a whole glaciation is
not a period of coldness. Decisively life developed powerfully on the planet in that time
outglde the certain areas of the land and shelfs...* (Vernadsky, 1965, p. 55). Vemadsk};
Feahsed that the attempts of the geologists of the day to connect glaciations with the
inner processes of the Earth were wrong. He proposed that glaciations should be
associated with astrophysical processes and the activity of living matter and that they
are th(? manifestations of a more general phenomenon - namely ,pulsation of
geql(;)dglcal processes (Vernadsky, 1965). Man is a creation of one of these critical
periods.

Anqther, spatial, aspect of the global biospherical regularity Vernadsky terms the
chemu‘ial~physical »heterogeneity” of the biosphere (Vernadsky, 1965). He proposed
that this heterogeneity is determined Earth’s the properties as a planet and connected
heterogeneity with the relative motionless of the hard substrate of the geochores (films
of living matter on the land).

Th(? authors could not find any further statements by Vernadsky about both regions of
the biosphere, which are important for life and those which are not.

3.2.8. The Biosphere as a Geological Envelope

The bi.osphere was fuxﬁ_xermore investigated by Vernadsky and his followers as a
geological envelope. This aspect differentiates Vernadsky’s approach from that of

‘Lovelock and Beklemishev, who paid little aftention to the geological structure of the

biosphere and its environment.
One of the most important questions arising from the biosphere as a geologicat
envelope concerns the boundaries of the biosphere and its place in planet Earth’s very

struf:ture. To define the biosphere, as seen from this angle, Vernadsky introduced two
basic principles:
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The first principle maintains that the limits of the biosphere are defined by the
presence of life. The statement represents a necessary, although not satisfactory
condition. Various organisms can ofien be found outside the average limits of the
biosphere. Does this mean that the biosphere is represented everywhere, where separate
organisms can be detected? To answer this question Vernadsky introduced the term the
field of life resistance, which extends beyond the field of the biosphere (Vernadsky,
1994). The field of life resistance differs from a field of life existence, whick is defined
as connected with the multiplication of organisms. The limits of the biosphere are
restricted by the field of life existence (Lapo, 1987b). The disparity between the field of
life existence and resistance is explained by the vertical and horizontal expansion of the
biosphere over geological time.

The second principle for defining the limits of the biosphere is phrased by Vernadsky
as follows: ,,The main indication of the biosphere is the participation of living matter in
all its processes* (Vernadsky, 1965, p. 79). The first principle shows the dynamics of
living matter, whereas in the second case Vernadsky talks about the dynamics of the
inert parts of the biosphere.

However, Vernadsky did not define clearly enough a place of the biosphere between
other geological envelopes. A scheme of the relationship between the biosphere and
other geospheres as accepted by many of the followers of Vernadskian tradition
(Koichinskij, 1990, Lapo, 1987b) was later proposed by Vassoyevich and lvanov
(Vassoyevich, Ivanov, 1977) (see: 2.3.2).

3.2.9. Conclusions

1. One can distinguish two traditions in the use of the term ,,biosphere. In the works
of Lovelock and his followers the term biosphere is mostly used for describing the
domain where life exists and opposed to the term ,,Gaia™ as emphasising the self-
regulating properties of the Earth. In the works of Vemnadsky and many of his
followers the term biosphere combines the two meanings: the biosphere as a
geological envelope and the biosphere as a self-regulating system. This seems to be
an answer to the question: why the term ,,Gaia™ 1s so hard settling down in Eastern
Europe, while it becomes more and more popular in the West.

2. The insinuations of Lovelock and Vernadsky about the natural character of science
and technology have some similarities. At the same time, one has to be aware that
their philosophic-methodological starting-points are significantly different.

3. The comparative analysis of the Gaia-theory and Vernadsky’s theory of the
biosphere shows that some crucial theoretical claims, which are fundamental to the
Gaia-theory, had already been stated by Vemnadsky as early as in the 1920’s and
40’s. These include: (1) the biogenic character of the atmosphere; (2) the self-
regulating capacity of the biosphere; (3) the evolution of the biosphere as a whole
system including both its biotic and abiotic components. Until the advent of the
Gaia-theory theoretical investigation into these problems was continued by the
followers of Vernadsky.

Some other important theses of Lovelock’s Gaia-theory, however, have no direct
analogies in the Vernadskian tradition. These inctude: (1) the thesis that Gaia has ,,vital
organs and a core”; (2) the concept of Gaia as a living organism. On the other hand, in
contrast to the advocates of Gaia, Vernadsky and Vernadskians paid a lot of attention to
defining the biosphere as a geological envelope.

105

'P.xt the same time, not all defenders of the Gaia theo! ini i
living organism. By way of contrast, there are some ;Ztlslr(;:;eirtxllﬂzce’g:;:;)g th\z;ziar(;hkl_s .
t}'xought, who believe there is a problem in the notion of organism in conny ti vith the
bionchere oy, ection with the

The comparison of the basic claims of the two theories also shows the domain, wh
th‘e ter_m ,,Gz}la“ can be properly applied from the viewpoint of the Vemadskian.; V;‘ o
this viewpoint the specificity of the term ,Gaia“ is, first of all, tied up wi‘th r?hm
assun}phorl. that Earth is a living (super-)organism. Most of the oéher genérat clai .
assoc_:lated in the modern Western literature with the Gaia-hypothesis can be discusxmg
also in the ﬁqme of the biosphere-theory. At the same time, as [ have briefly shown Srex
can also point out the important methodological and philosophic—methodolo’gica?

. N - 3 [ - 1.
d]“e] enees ])etwee]l ﬂle two theX)I 1€S. I[OWGVCI thlS 1Is a the"le fOI a Sp
> more CCIahSed



106

4. Summary

1. Vemadsky attempted to create a theoretical system describing all basic processes of
the Earth including biological, geological, social and cultural ones. All parts of this
theoretical system are interconnected. I distinguish three basic theoretical units
composing this theoretical system:,

(a) The theory of the biosphere and its transition into the noosphere.
(b) The theory of space-time.
(c) The generat philosophy (theory) of science.

- Vernadsky provides each theory with a specific terminology, postulates laws and
makes predictions (retrodictions) based on this theory. The three theoretical entities
together compose an all-embracing theoretical system which represent the totality of
natural, social and cultural processes on Earth as one single planetary process.

2 The core of the whole theoretical system is the theory of the biosphere and its
transition into the noosphere. Vernadsky has seen the biosphere both as a self-
organising, homeostating system and as a geological envelope configuring the
Earth's surface. The thesis on the evolution of the biosphere had also been clearly
stated by Vernadsky, who claimed that the biosphere as a whole possesses its own
evolutionary regularities. The evolution of the biosphere is governed by specific
biospheric laws such as biogeochemical principles postulated by him. According to
the biogeochemical principles, evolution goes in the direction of increasing the level
of self-regulation and stability. One of the basic methods of realisation of thesc
,interests of the biosphere is to increase the intensity and complexity of the
biogenic migration of atoms. Evolution that satisfies these ‘interests’ turns out to be
a multi-stage process and, when exhausting one method, it rises to a higher stage.
The prediction of Vernadsky that the biosphere must show the properties of a self-
regulating system has been corroborated (although not exhaustingly) by the
experimental work and mathematical modelling of his successors. Yet Vernadsky
did not believe that the evolution of the biosphere has come to the end. He stated
that evolution of the biosphere goes in the direction of the progressive self-
stabilisation by increasing the biogenic migration of chemical elements. The final
stage of this evolution must be the noosphere. The crucial characteristic of the
noosphere is that the human reason appears to be the decisive means of the self-
regulation of the transformed biosphere. However, Vemadsky failed to
convincingly show that the empirical basis of the biosphere theory supports his
claims about the inevitable and lawful transition of the btosphere into the
noosphere.

3. The second theoretical unity is the theory of the space-time of living matter, which
has deep historical roots. In 1848, Pasteur discovered crystalline dissymmetry in the
products of wine fermentation, and used this dissymmetrical property as the
demarcation line for differentiating living and inert matter. Towards the end of the
19th century, the concept of dissymmetry was adopted by Japp and Curie. Japp
proposed that “living matter is constantly performing a certain geometrical feat,
which dead matter (inert matter) is incapable of performing” and formulated a
general principle that “only asymmetry can beget asymmetry”. Curie further
developed this principle implying that, if some effects manifest a dissymmetry, then
the same dissymmetry must be observable in the causes of those effects, although
the inverse is not applicable. From this, Curie developed an idea of a state of space
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(état. de l'espace): Based on the work of Curie, Vernadsky proposed an auth i ed
version of l_us principle: “Dissymmetrical effects can be brought about onl OZS
dt;sy{nmetncal cause” and postulated the hereditary character of dissymmetq)/l lezx'a
pnn.mple separates the spatial properties of living matter from those of the' inex:c
environment. The geometrical and physical dissymmetrisation of living matt
occurs on five levels: molecular, crystalline (dissymmetry of Pasteure)r
morpho_lo_g}cal, temporal and biospheric. Additionally, living matter has been foumi
to exlpbtti many other peculiar “spatial properties such as curvilinearit
dispersiveness, stability and much higher degrees of structural symmetry. v

.The concept of dissymmetry, being applied to both spatial and te i
living matter, allows for demonstration of the unisged nature Lnfp(;l;-:cgmai?imgfn?:f
Temporal dissymmetry (irreversibility of time) manifests itself in living matter muc};
more clearly and deeply than in inert matter, thereby implying that there is a crﬁcia}
dxffgrence betWt?en two kinds of ireversibility. Time's ureversibility in living natural
bgdles' of the biosphere is nomologically necessary in accordance with the nature of
biological space—time, whereas the temporal dissymmetry of inert processes appears t
be nomologlcglly— contingent according te the laws of physics. ’ °

‘The space-time theory of Vernadsky is required to prove the thesis of the cardinal
dgffere_nce between living and inert matter and, hence, the inexplicability of the
biological processes merely by physical-chemical laws. Based on this theo
Vema.dsl'cy also made some important corollaries and pre- (retro-) dictions such as trlz,é
retrodiction about the absence of abiogenesis in the biosphere.

4, In 'fhe 'scxentxﬁc heritage of Vemadsky, I also distinguish an attempt to create a
»scientific theory of science”. The concept of scientific thought as a natural
plz}netary phepom;non and a geological force is basic to Vernadsky’s philosophy of
science anq is directly or indirectly connected with all parts of his theoretical
system. Scn.entlﬁc thought is seen as the force by means of which the biosphere
transfomm itself on the latest stage of its evolution. The logic of natural science is a
ﬁxnptzon of Fhe biosphere. The latter is followed by the principle of obligatority and
m(%lsputabxht‘y of correctly made scientific inferences which separate science from
philosophy and re_Iigion. Based on his philosophy of science, Vernadsky tried to
make some predictions, for example, that in the course of time, empirical
generalisations will replace theortes and hypotheses. '

However, as I have shown Vemadsky's phi i i i
er, philosophy of sci
part of his theoretical heritage. - tonce Is the most disputable

5. Al three theories compose an unified theoretical system. This is indicated, for
example, by the fact that there are concepts which appear in all three parts 0}' the
system. One of t‘he itlustrative examples is the concept of space-time dissymmetry.
which appears in all parts of Vernadsky’s theoretical heritage. The space-timé
theory - the main concept of which is dissymmetry - is required to prove the thesis
gf the .cz.lr.dmal difference between living and inert matter and, hence, the
indeducibility of the biological processes from a separate set of physical-che;nical
laws. _The problem. of the cardinal difference between living and inert matter is a
very important point, because it is connected with alt the imporfant claims of
Vt.ame.}dsky’s:. theoretical system: (i) the first, second and third biogeochemical
principles, (ii) the Redi principle, (iii) the concept of the evolution of the biosphere,
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(iv) the classification of substances in the biosphere, and (v) the noosphere concept
of Vernadsky.

The main objective of Vernadsky’s theoretical activity was to support the idea of
transition of the biosphere into the noosphere with adequate evidence and arguments.
Yet, in our view, he did not succeed in achieving this objective. As I have shown, each
part of this theoretical system taken separately and the theoretical system as a whole
manifests contradictions and methodological inconsistencies. To sum up: the claims of
Vemadsky about the inevitable transition of the biosphere into the noosphere do not
follow the empirical base of the biosphere theory. The space-time theory also cannot be
used in order to claim the irreversibility of the evolutionary process and of the coming
of the noosphere in particular. Vernadsky also did not support well the claim that
science performs the leading role in the noosphere.

6. The comparison of the biosphere theory of Vernadsky with the theories of Teithard
de Chardin and James Lovelock shows the boundaries of identity between these
theories. Thus, Vernadsky and Teilhard de Chardin used the same scientific data of
their time as the empirical basis for their theories. In their theories, the same basic
terminology is used: the biosphere, the noosphere, cephalization, living matter, efc.
Both theories contain similar methodological principles, such as, the declared
principle of phenomenology and the implicit principle of teleology. Nevertheless,
Vernadsky and Teilhard created theories with differing views on crucial subjects.
Vernadsky rejects abiogenesis; Teithard accepts abiogenesis; Vernadsky claims that
terrestrial intelligence is unthinkable outside of the biosphere; Teilhard brings up
the idea of the ,splifting -of evolution®. The concepts of the biosphere and the
noosphere are vastly different in both theoretical systems. Vernadsky’s and
Teilhard’s different interpretations of the biosphere and the noosphere concepts can
be said to be connected with two divergent properties. Firstly, they had different
theoretical premises, in that Teithard connected the appearance and future
development of the human consciousness with the concept of dichotomous matter,
while Vernadsky aimed to place humankind into the geological history pointing out
the impassable border between living and inert substances. Lastly the differing
scientific experience of both theoreticians caused vastly contrasting approaches.

The comparative analysis of Lovelock's Gaia-theory and Vernadsky’s theory of the
biosphere shows that some crucial theoretical claims, which are fundamental to the
Gaia-theory, had already been stated by Vernadsky as early as in the 1920’s and 40’s.
These include: (i) the biogenic character of the atmosphere; (ii) the self-regulating
capacity of the biosphere; (i) the evolution of the biosphere as a whole system
including both its biotic and abiotic components. Until the advent of the Gaia-theory
theoretical investigation into these topics was continued by the followers of Vernadsky.

Some other important theses of Lovelock’s Gaia-theory, however, have no direct
analogies in the Vernadskian tradition. These include: (i) the thesis that Gaia has ,.vital
organs and a core; (ii) the concept of Gaia as a living organism. On the other hand, in
contrast to the advocates of Gaia, Vernadsky and Vernadskians paid a lot of attention to
defining the biosphere as a biologically manipulated geological envelope.

In contrast to Teilhard de Chardin and James Lovelock, Vernadsky never understood
the biosphere as the totality of living organisms or as just a domain where life exists or
as a living entity. In Vernadsky’s theory, the biosphere appears as a ,bioinert” self-
regulating system and, at the same time, as a geological envelope including both living
matter and its inert environment. Bioinert system is defined as a system ,,which is made
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