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Gaia was the name given in ancient Greece to both the 'Great Mother Goddess Earth and the earth. 
Only the capital letter distinguished them' [from each other] (Cashford 1996). Gaia was considered 
to be 'the intelligence behind, or within, the ordering of creation: She brought time into being and 
freed it from the eternal round; she was the mover of growth as the cycle of birth, death and rebirth 
and the timing of growth in the seasons.' (Cashford 1996).

If we look at human history we can see that the Goddess cultures which saw the sacred as imminent 
in all of nature were to a large extent subsumed by beliefs in a more transcendent masculine God. 
This occurred over a period time probably beginning around 3000 or 4000 years ago. The general 
trend was away from the view of an imminent sacredness in nature and life towards a more 
transcendental view of the divine. The divine was no longer present in nature it was up there in 
heaven, the earth had 'fallen from grace'. Philosopher Owen Barfield ( identified three stages in this 
process. He referred to them as 'Original Participation', 'Withdrawal of Participation' and 'Final 
Participation'. (Barfield 1988) Original participation refers to the hunter gatherer and agricultural 
phase which were more goddess orientated seeing the divine as immanent in the natural world. 
Withdrawal of participation refers to the phase in which the view of a transcendent God prevailed 
where the divine and nature were separated  resulting in the philosophical separation between 
humans and nature. Nature had now been objectified as 'other' separate from Humankind and both 
were separate from the divine. Barfield talked about 'Final Participation' as the 'Original 
Participation' being made possible in a new way through the imagination. This would involve a new 
form of participation 'where our contemporary experience of nature as separate from us is honored 
but transformed by a conscious act of participation, so that our essential identity with nature is 
realized at a new level. This would be in the language of the image, the Sacred Marriage of 
Goddess and God which brings forth the Child, the new imaginative whole. So the world becomes 
again a Thou, but a Thou within a poetic vision, freely chosen through love.'(Cashford 1996)  In 
this essay I would like to talk about Gaia theory as part of the movement towards final participation.

The idea of a living earth has been slowly emerging in western science through the work of 
scientists such as James Hutton (1726-1829) who thought of the 'earth as a superorganisum whose 
proper study would be physiology' (Harding 2006) and Humbolt (1769-1859) 'who spoke of climate 
as a unifying global force, and of the co-evolution of life, climate and the Earth's crust.' (Harding 
2006). The idea of the earth as a living self regulating organism has now leapt to the forefront of 
science in the form of James Lovelocks Gaia Theory. Lovelock is the first scientist to take the 
concept of a self-regulating earth beyond the world of speculation and into the world of science 
with evidence to back up his theory.  (Lovelock 1983)

Lovelocks first mention of self-regulation came in a scientific paper which he published in 1968. 
(James E. Lovelock and C. E. Giffin Planetary Atmospheres: compositional and other changes 
associated with the presence of life 1968) (This was before his meeting with William Golding in 
which Golding first suggested the name Gaia). In a paper Lovelock published in 1972 the name 
Gaia was used for the first time to refer to the Earth as a self regulating organism (Lovelock 1972) 
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and once again Gaia all be it in a new form began to emerge back into the consciousness of 
humankind, this time reconnecting the biota (life) and the the abiotic environment of rocks, 
atmosphere and water. This was by means of tightly coupled feed back loops which gave rise to a 
global system of self regulation of environmental conditions conducive to life. In his initial papers 
Lovelock referred to this idea as the Gaia Hypothesis because he had very little evidence to back up 
his suggestion that “...life, or the biosphere, regulates or maintains the climate or the atmospheric 
composition at an optimum for itself.” He was suggesting 'that the biota were 'in charge' of the 
global environment'. (Harding 2006) This was totally contrary to the conventional scientific opinion 
of the time which thought of life more as a passenger on the planet which happened by chance to 
have just the right conditions to support it. In the classical scientific view, 'living beings had to 
either adapt to the environmental conditions set up for them by these great forces [geology, physics 
and chemistry] or be consigned to oblivion.' (Harding 2006) So the idea that life or the biota could 
regulate the environment in a way that is favorable to its own survival was quite revolutionary.

The Gaia Hypothesis was backed up with evidence (which I will go into later) then evolved into 
Gaia Theory. Gaia Theory differed from the Gaia Hypothesis in that it went a step further. In the 
Gaia Theory not only does the biota (life) regulate the conditions conducive to its own survival it is 
also involved in an intimate feedback loops with the abiota (rocks, atmosphere and water). This 
means that there are multiple ways in which life shapes the rocks, atmosphere and water, and 
multiple ways in which the rocks, atmosphere and water shape life through many interpenetrating 
feed back loops. The proposal is that self regulation arises from these complex relationships as an 
'emergent property which could not have been predicted from knowledge of biology, geology, 
physics or chemistry as separate disciplines'.(Harding 2006) ( An emergent property here refers to a 
property which arises from a complex system which couldn't have been predicted by the 
examination of the different parts of the system). This structural coupling between the biota and the 
abiota Lovelock describes as “an ensemble of living and non-living components which act as a 
single self-regulating system”. (Harding 2006)

In order for Lovelock to form the Gaia Theory and for it to be taken seriously he needed evidence to 
prove this self regulating relationship. When he first published the Gaia Hypothesis there were three 
main criticisms leveled by his peers. One of the criticisms of the Gaia Hypothesis was put forward 
by Richard Dawkins. Dawkins said that the idea of the earth as a living organism contradicted 
Charles Darwin's widely excepted theory of natural selection because it wasn't possible for  
planetary super-organisms to come about through the process of being born of parents, having 
differences from each other and then competing for resources to see who would survive. (Dawkins 
1986) Another criticism came from evolutionary biologist W. Ford Doolittle. Doolittles objection 
was that even if there was planetary self-regulation he couldn't see how it could come about from a 
process of selfish individuals competing against each other to survive in a world of limited 
resources. (Doolittle 1981) Doolittle thought that if there was self regulation it was more of a 
coincidence as opposed to the inevitable result of the relationships between living beings and their 
non living environment. The third criticism came from a climatologist called Stephen Schneider 
who believed that although the biota and the abiota probably did influence each other it was more of 
a 'loose co-evolutionary dance'. For Schneider, tight coupling between biota and environment does 
not exist, so there cannot be a tendency for the emergence of planetary self-regulation.' (Harding 
2006)
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Lovelock needed to find some solid evidence to back up the Gaia Hypothesis. There was some 
evidence which pointed towards the self-regulation of Gaia. For example the data collected showing 
the temperature of the earth over geological time shows that although over the past 3 billion years 
the temperature has fluctuated it has never been too warm or too cool to sustain life. This is even 
more remarkable given that astrophysicists have found that the sun today is about 25% brighter than 
it was 3.5 billion years ago. Somehow the earth has managed to regulate its temperature even 
though the amount of radiation it receives from the sun has increased over the years. To say that this 
is a coincidence or that the earth has maintained a hospitable temperature by luck would not be 
scientific. 

Figure 1: Gaias temperature and 
precipitation over geological time. 
(Harding 2009)

For Lovelock's Gaia theory to be 
taken seriously he needed to identify 
and somehow prove how the 
biota and abiota could regulate the 
temperature of the planet. He 
managed to do this by creating a 
mathematical model known as 
daisy-world. Daisy-world is a 
computer model which modeled a 
theoretical biosphere in which  
two species of daisy's grew. One 
species of daisy was black in color 
and had a low albedo which 
meant that it would absorb heat from 
the sun. The other was white had a 
high albedo which meant that it 
would have a greater ability to 
reflect the heat from the sun. The 
ground was represented using a 
gray color and had an albedo between 
the two. The idea behind this model 
was that the two species of daisy would compete for space in a world where the sun was getting 
constantly brighter. The white daisies would reflect heat, be able to survive in warmer temperatures 
and cool the world. The black daisies would absorb heat, be able to survive in cooler temperatures 
and would warm the world. When Lovelock ran the program to begin with he started with a sun that 
wasn't bright enough, so the temperature on the planet was too low for any daisies to grow. As the 
sun grew brighter in the simulation the planet grew warmer and the black daisies began to appear. 
The black daisies had the effect of warming the planet making conditions more conducive for their 
growth. White daisies emerging at the same time cooled their environment and died. As the sun 
brightened the planet warmed to a stage where the white daisies could also begin to flourish. This 
had the effect of cooling the planet and slowing the warming as the sun got brighter. The brightness 
of the sun did finally warm the temperature of the planet to the point where the black daisies could 
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no longer survive The white daisies because of their high albedo kept the planet at a habitable 
temperature as the sun got brighter but they finally could no longer reflect enough heat to keep the 
planet cool and they died out as well. The really interesting finding from this experiment was that if 
the planet cools the black daisies thrive and warm the planet, and if the planet warms then the white 
daisies thrive and cool the planet. This showed that from a system where species are in competition 
with each other self regulation could emerge from their interactions with each other and their 
environment. It also showed that in the model the earths temperature was regulated over a long 
period of geological time.

Figure 2: The 

original daisy-
world (Harding 2006)

One of the many cycles that we have in the real world which contribute to the self regulation of the 
conditions on our planet is the carbon cycle. Carbon is one of the green house gases. The more 
carbon there is in the atmosphere the more heat from the sun gets trapped within our atmosphere 
and the less carbon there is the more the more the heat from the sun is allowed to escape. Therefore 
the amount of carbon in the atmosphere is directly related to the temperature of the planet. One of 
the cycles which helps to regulate the amount of carbon over a geological time scale in our 
atmosphere involves the weathering of granite rocks in a process known as calcium-silicate 
weathering. 

To help to tell this story of calcium-silicate rock weathering and how it forms part of the larger 
carbon cycle, which contributes to the self regulation of climatic conditions on earth I am going to 
borrow from Stephan Harding's personified account of the chemical reactions involved. (Harding 
2006) In an attempt to bring a deeper understanding of Gaia to a wider audience Harding 
personified the different chemical elements involved and created a fairy tale to bring the whole 
story to life. 

First of all I would like to begin this story in the oceans of the world where billions of micro 
organisms are living out their daily lives. One these micro organisms is a type of alga the 
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coccolithophore which means in Greek 'carriers of little stone berries'. There are many different 
types of coccolithophore but a property they share is that they have hard chalky shells made from 
coccoliths which are created inside the cell and excreted outside to form the beautifully intricate 
shell. The coccolithophores make their coccolith shells using a recipe of one calcium atom, one 
carbon atom and three oxygen atoms to make each calcium carbonate molecule in the coccoliths. 
The carbon used to help make these chalky shells is sequestered from the atmosphere (via the 
process of silicate rock weathering) and when the coccolithophore dies it sinks slowly to the bottom 
of the ocean taking the carbon atoms with it. Over the course of many thousands of years these 
chalk shelled creatures create a chalky deposit on the floor of the ocean which forms sediment 
which under the build up of pressure from the chalky skeletons turns into solid chalk rock. This 
process has the effect of sequestering carbon in the chalk on the sea bed and keeps it out of the 
atmosphere. The sequestering of carbon by these chalk forming phytoplankton means that there is 
less carbon in the atmosphere therefore less of the suns heat is absorbed. Over the last 80 million 
years this process has been largely responsible for the cooling of the earth which has  compensated 
for the increase in solar radiation from the sun and has saved the planet from over heating.

It isn't just sea life alone which helps to sequester carbon from the atmosphere, life on the the land 
also plays a role. In order to help to explain the process by which this happens I am going to borrow 
from Harding's method of personifying the chemical beings involved.

Granite makes up a large part of the continents which we all live on and call home. These 
continents aren't however just static islands on which we live. They are dynamic parts of the cycle 
of life as I will explain. The continents are like rafts which float on the heavier basalt under currents 
of the earth. When the basalt undercurrent collides with a continent it gets subducted and pushed 
under the continent. On its journey down it carries with it the chalk and limestone formed by the 
sedimentary deposits of the dead coccolithophores and other chalky shelled organisms. As it gets 
pushed deeper it gets melted by the increase in pressure and temperature, CO2 is released and 
bubbles to the surface and re-enters the atmosphere via volcanic eruptions. The melting process also 
forms granite which joins the continental shelf and becomes part of the continent. 

The Fairy tale begins deep under the earths surface with the creation of the granite. Granite contains 
calcium, oxygen and silicon amongst other atoms which form a crystalline lattice and it is here that 
we meet the first character of our story. The calcium can be thought of as a 'calcium princess' locked 
away in the castle of granite imprisoned by the bonds of the oxygen and silicon. Meanwhile the 
carbon prince is floating in the atmosphere in the form of carbon dioxide. Like any love story there 
are obstacles in the way of this sacred union of the carbon prince and calcium princess. The princes 
quest begins when he locates the granite castle. In order to reach his calcium princes trapped in the 
solid rock he first needs to embark on a journey of transformation. Firstly a drop of rain landing on 
the granite combines with the CO2 molecule to form carbonic acid which immediately splits into a 
bicarbonate ion which comprises of the carbon prince coupled with one hydrogen atom and three 
oxygen atoms, and a positively charged hydrogen ion. The hydrogen ions are small enough to move 
between the calcium, silicon and oxygen atoms there by breaching the walls of the granite castle. 
Once inside the granite castle the positively charged hydrogen ions cluster around the negatively 
charged oxygen and silicon ions there by neutralizing the bonds which hold the granite castle 
together and liberating the calcium princess. The love story enters the courtship phase with the 
oxygen and hydrogen atoms around the carbon as chaperones. (The silica also sets off on a similar 
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journey of its own and ends up being used to build the glass bodies of the diatoms).

The carbon has been extracted from the air and now forms part of this chalky solution called 
calcium bicarbonate which is a water soluble form of chalk. Rain water carries this chalky solution 
on a journey through the soil into streams, rivers and finally to the sea where the marriage of the 
calcium princess and the carbon prince (and three oxygen atoms) takes place inside the body of the 
coccolithophore. Chalk is formed and coccolithophores use it to build their chalky bodies there by 
linking back into the cycle. The dead coccolithophores float down to the ocean bed, The chalk 
ocean bed is subducted under the continent where CO2 is released, granite is formed and once again 
the carbon prince and calcium princess are separated till their next meeting. 

Figure 3: (Harding 2009)

The Biota in the from of plants also play a crucial role in the process of silicate rock weathering. If 

Page 6  Ben Hanbury 2009



the process was just left to chemical reactions there would never be enough marriages between the 
carbon princes and calcium princesses as the surface area of the rock available wouldn't be great 
enough. The plants living above the granite rocks are hungry for the nutrients locked away in the 
granite so their powerful roots penetrate the rock, split it into smaller fragments there by greatly 
increasing the surface area of rock available to the process of rock weathering and therefore make 
their contribution to this particular form of carbon sequestration. 

Figure 4: Carbon's 
longest journey 

depicted as a set of 
feedbacks
 that have kept Gaia's 

temperature within 
habitable bounds 

over geological time. (Harding 2006)

I would now like to suggest how through drawing from some of Goethe's scientific methodology 
and way of seeing the world we can bring concepts such as Gaia theory into the realm of 'final 
participation' which I mentioned at the beginning of the essay. The aspect of evolution known as 
'withdrawal from participation' refers to the split of humans, nature and the divine. An element 
necessary for this split to occur was also the capacity for abstract thought. When abstract thought in 
the form of concepts and mathematics became valued over and above the direct sensory intuitive 
experience which is the ground from which true ethics arise then it gave rise to all kinds of 
problems which we are seeing increasingly amplified now in all aspects of life. So to reach the 
stage of 'final participation' we need to do more than just understand concepts such as Gaia theory 
in the realm of our rational thinking we must also experience them in our direct sensory intuitive 
perception of the world. 

Now at this point we run into problems because these kind of cycles happen over such large time 
scales and in such vast dimensions that it isn't possible to see them with our human sense organs. 
We can't see granite mountains being eroded like melting sugar lumps over the course of millennia 
just like we can't see the dynamic convection currents of molten basalt which carry our continents 
all over the globe. We can't see the chemical attractions and marriages or the dynamic mechanisms 
inside the coccolithophores which create their chalk bodies. Many aspects of these cycles are  
outside our realm of experience so in a way they are relegated to the realm of abstraction from 
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reality or at best the realm of the imagination which means that they are confined to the realm of 
'withdrawal from participation' and part of the old paradigm which we are trying to evolve beyond.

I would like to borrow from some of Henri Bortofts work on Goethe's methodology for working 
with plants (Bortoft 1996) to suggest how this could be adapted to be used on subjects such as the 
carbon cycle and possibly move them from the realm of the imagination into the realm of embodied 
experience therefore into the realm of 'final participation'.

Goethe's method of scientific exploration begins with an aspiration to dwell in the phenomena as 
apposed to thinking about the phenomena, constructing theories or replacing it with a mathematical 
model. In the case of his work with plants he would begin with direct observation. The term 
observation must not be misunderstood in this context as the passive activity of an onlooker, but in 
this case Goethe was referring to a dynamic participative kind of seeing where his attention was 
focused on the act of seeing as apposed to focusing on that which is seen. This he would call “exact 
sensorial perception”. Next Goethe would reconstruct the plant in the realm of his imagination, this 
he would call “exact sensorial imagination”. The object here was to think the plant in his 
imagination as apposed to just thinking about the plant. This transformed his thinking into a more 
sensory intuitive experience as opposed to the usual abstract conceptualization. Then Goethe would 
play with the image by running it through time or focusing on different aspects of it. This he called 
“recreating in the wake of ever-creating nature” and this process of imagination would give rise to 
his intuitive insights or scientific discoveries.

Now for us to evolve as a species from this stage of 'withdrawal from participation' to the stage 
referred to as 'final participation' methodologies need to be developed. They need to take this 
amazing knowledge that we have gained about the world from science, such as the Gaia theory and 
somehow move them from the realm of concepts into the realm of embodied experience. Here I 
think that Goethe's methodology could be adapted to help in this process. The carbon cycle happens 
on too larger scale and over too longer period of time to be observed as a whole like a plant so we 
need to find another way of working. The direct observation which formed the first stage of 
Goethe's way of science could be thought of in this context as reading books about Gaia theory, 
learning about the carbon cycle and all of the scientific measurements which have made these 
concepts even possible. Once all of the reading, discussing and learning has been done then the 
second stage would be to reconstruct what has been learned in the imagination. This is the 'exact 
sensorial imagination' stage. This stage isn't to think about the carbon cycle that would be part of 
the first stage. What is required in this stage is to assemble all of the components from the first 
stage in an act of imagination or visualization. Like all in-depth scientific explorations this act of 
'exact sensorial imagination' would need to be worked on consciously over a period of time. Then 
Goethe's third stage would be to 'recreate in the wake of ever-creating nature'. This stage would 
involve playing the cycle through geological time in ones mind or going into one aspect and 
following it through such as the journey of the calcium princess.

I would now like to add a possible final stage to this process which Goethe didn't specifically 
mention which could be thought of as 'reconstruction in the realm of the five senses'. Up until now 
all of this work has been done in the realm of conceptualization and imagination. Now it needs to be 
brought into this world which we experience through our five senses as tangible and call home. In a 
simplistic way this could be thought of as forming a transparency in the imagination and then 
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overlaying it on top of our 'real world'. Or forming a new lens in the 'exact sensorial imagination' 
phase which can then be used to view the world through when we open our eyes and other sense 
organs and experience the world around us.

This last phase would combine our 'exact sensorial perception', that is our direct experience of an 
imminent world which could be thought of in evolutionary terms as the stage of 'original 
participation' with what we have learnt during the phase of 'withdrawal from participation', that is 
our ability to create abstract concepts. The union of these two aspects of humanity would be like the 
union of the God and the Goddess, the heart and the mind, science and spirit, or qualities and 
quantities. It would be the stage in evolution referred to as that of 'final participation' where we can 
work functionally with, and unite both our ability to form abstract concepts and our imminent 
presence as dynamic participants in the constantly creative process we call life. This deep 
realization and experience of connection with all aspects of the natural world would lead to a 
transformation in our perception of our place in the world. This transformation would naturally lead 
to the arising of an intrinsic motivation to live in harmony with other humans and the natural world 
and I believe that intrinsically motivated action is probably the single most important aspect to 
cultivate as it is the foundation from which holistic solutions to our problems will arise.
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