THE CARBON CYCLE
Introduction

The carbon cycle, alongside the cycles of nitrogen, oxygen and water, is one of the four major global cycles on which life on earth depends. It describes the movements of carbon between the atmosphere, the oceans, the biosphere, including soils, plants, animals and humans, and the lithosphere consisting of sediments and fossil fuels. It is the mechanism whereby various interlocking processes of decomposition and synthesis lead to carbon being circulated and re-circulated through the air, plants, animals, soil and the oceans. The carbon cycle is the one that is creating great interest currently because of its implication with global warming and climate change. 

The Whole Carbon Cycle
There are two main cycles that make up the whole carbon cycle, the geological cycle and the biological cycle.  These differ from each other greatly in the time scale over which they operate and the expectation in terms of rate of movement of the carbon. The geological carbon cycle operates on a time scale of millions of years and the biological carbon cycle operates on a timescale of days to several decades.(Needs a diagram of the whole  carbon cycle including the atmosphere, rocks, sediments, deep sea sediments, oceanic fauna and flora, land vegetation and fauna,  and soils
Geological carbon cycle: Since the earth began to form millions of years ago carbon dioxide from the atmosphere, and water, have combined to produce carbonic acid which reacts with existing rocks and minerals to form carbonates. In certain eras and under certain sets of conditions this process has been prolific and large quantities of carbonates have been produced. These carbonates have been leached through the soil and rock layers to reach the watercourses and then often transported into the sea where they form sediments. Significant amounts of carbonates now occur in the deep sea deposits where carbon can be held for very long periods. In geological history many of these sediments have been  converted into rocks such as limestone, dolomite and chalk which ‘lock up’ carbon for millions of years and many such deposits make up the core beneath the land as well as beneath the oceans. Only when volcanoes, tectonic activity, and other landscape changing forces bring these carbonate-rich rocks to the surface are there possibilities of exchange again of the carbon with the atmosphere. The result has been that huge amounts of carbon now rest in geological deposits both beneath the sea and now make up much of the backbone of the land, Only when carbonate-rich rocks reach the land surface through erosion is any of the carbon they hold likely to pass back into the atmosphere whence it came. (Needs a diagram of this cycle –do we draw our own or do we borrow and acknowledge)
Biological carbon cycle: The main part of the biological cycle involves the use of carbon to support life. By the process of photosynthesis green plants remove carbon dioxide (CO2) from the atmosphere. The carbon is used to make carbohydrates such as sugar or starch, and these are converted into vital parts of plants such as cell walls, pigments and proteins. Virtually all vegetation and field crops depend on this process. Not only does it provide the energy for plant growth and development, but these plants in turn provide sustenance for animals and humans which use compounds from the process to form their body tissues. Photosynthesis is not confined to land based plants and animals. The same process is also important in the oceans. Here photosynthesis is carried out by microscopic plants called phytoplankton which uses the carbon dioxide dissolved in the sea water. The dissolved CO2 can also be converted to carbonate or bicarbonate which can be used to build shells and other body parts of sea creatures. Eventually the shells find their way to the bottom of the sea where they form carbonate rich deposits. In the longer term they are converted to sedimentary rock deposits, by far the largest sink of carbon on earth, and part of the geological cycle.
The other part of the biological cycle concerns the processes that make carbon available for return to the atmosphere. The process of respiration, somewhat the reverse of photosynthesis, involves the intake of oxygen and the release of carbon dioxide to the atmosphere. The organic substances that are a product of the photosynthesis process are broken down in the respiration and metabolism of plants, liberating carbon dioxide back to the atmosphere. This is one of the main processes by which carbon dioxide returns to the atmosphere. Thus the plant in one part of the biological cycle is using CO2​ ​​​ to provide energy for its growth while in another it is returning unused CO2​ back to the atmosphere. This is an important cycle. CO2 is also returned to the air by animals breathing out. Other mechanisms for returning CO2​ back to the air are found in the soil and in the burning of fossil fuels (see later sections on Soils and on Fossil Fuels) (Needs a diagram of the biological cycle)

Soils and the Carbon Cycle

The soil is increasingly being recognised as an important part of the  biological carbon cycle and as a significant store of carbon. The vegetation that soils support, be it huge trees, grasses, crops, all decay or are harvested and their remains are returned to the soil where they contribute to soil organic matter. There is also a significant amount of organic matter that results from the decomposition of roots below ground. The soil is a veritable ‘factory’ taking in as it does large amounts of plant remains, together with animal remains and excreta. There is abundant use and re-use of this material below ground by the enormous numbers of soil organisms as well as transmission of these products back into the atmosphere above ground

The larger soil animals, such as earthworms, slugs, earwigs, woodlice, break up the plant remains once they reach the soil. The fragments of plant material produced by these animals are then attacked by fungi and bacteria leading to microbial breakdown and its conversion to a range of nutrients to support future plant growth. All the organisms constantly respire, thus returning carbon to the atmosphere.

Autotrophic bacteria are different from many of the other soil bacteria in that they can use carbon directly from the atmosphere to synthesize organic compounds, using energy from light or from oxidising inorganic substances. Some of this carbon is returned to the atmosphere during respiration but most will stay underground with the bacteria until they die. (Needs a diagram of the soil carbon cycle to be inserted).

Fossil Fuels

In past geological periods, particularly the Carboniferous period (295-350 millions of years ago), there have been periods of immense growth of dense forests often in swamp conditions. The trees eventually died and fell into the surrounding stagnant waters and in succeeding geological periods were eventually buried under rock strata.. These buried trees and other swamp deposits became the coal on which we have come to rely. Coal, together with oil and natural gas, have become known as the fossil fuels, extensively used since the 18th century to provide the energy for industrial revolutions around the world. After lying buried and dormant for millions of years such carbon rich deposits are now in great demand and their burning in support of industry is becoming one of the major concerns in the quest to prevent increasing amounts of CO2 reaching the atmosphere. 
Relative Contributions of the Pools of Carbon

Given the significant attention that is being given to the carbon cycle, there have been many attempts at estimating the World’s Carbon Reservoirs. The following are the values commonly used.
Reserves                         Estimates of Size (Gigatons C)
Atmosphere



750

Forests and Vegetation                       550-610
Soils



           1580-2100
Fossil Fuels                                         4000-5000

Surface Ocean                                    1000-1020
Deep Ocean                                       38000-40000
Carbonate rocks and sediments         75000-100000
Note that a gigaton is equivalent to a billion metric tons
There are thus significant differences between the pools. In some pools the carbon is locked away and unlikely to be released on any major world scale. By contrast there is daily movement of carbon between the vegetation and the atmosphere
Human Influences On The Carbon Cycle
The major influence has been the release of carbon by the burning of fossil fuels for energy. This has been a major influence since about 1750 with the onset of the Industrial Revolution. Fossil fuel burning is increasing the store of carbon in the atmosphere by about 6 gigatons each year and since the 1700s the atmospheric levels of CO2 have increased from about 265 parts per million to 350 parts per million. (Could have a graph here showing the changes in atmospheric CO2 levels) This is the major source of the increase in CO2 levels in the atmosphere but not the only one.
Another major source for the increased release of carbon to the atmosphere is the modifications to the vegetation cover and the extension of intensive farming throughout the world. Significant blame has been levelled at deforestation (Could have a picture here of deforestation) which has become a major source of concern especially in the tropics. It has been estimated that natural ecosystems can store many times more CO2 than can intensive agricultural systems.
The soil is now recognised as a major source of carbon that needs to be managed. By changing agricultural practices, it is possible to increase the amount of organic carbon in the soil and a larger proportion in the medium and long-term pools. However these changes need to be balanced against the need to produce more food for an ever growing population. Decisions like these will need to be taken if we are to make a significant impact on global warming.
