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Information material 

The development of the early Earth – From the Big Bang to the first living 

cells 
 

Four fundamental forces must have formed during the first microsecond after the Big Bang: 

the gravitational force, the electromagnetic force, the weak force and the strong (nuclear) 

force. After a millisecond and a temperature of about 1 trillion degree Celsius protons, 

neutrons, and electrons – the components of atoms – as well as further particles and anti-

matter originated from radiation energy. Matter and anti-matter annihilate each other nearly 

completely during the first minute, and what remained of these reactions of annihilation 

constituted the nuclei of hydrogen, deuterium and helium. A few hundred thousand years after 

the Big Bang, the universe was still 3.000 degree Celsius hot. The elements hydrogen and 

helium originated from the atom nuclei and matter was compressed – stars and galaxies 

formed. 

Light elements came into being through nuclear fusion on the stars, while stellar explosions 

(supernovas) contributed to the forming the heavy elements. As a consequence of such a 

supernova, our sun and the planets of our solar system formed from remaining matter. 

The first 700 million years of the Earth’s history is called the formation phase: meteor and 

comet strikes had significant impacts on the development and the formation of the Earth 

(Thoms 2005). 

 
The primordial atmosphere 

Initially, the atmosphere (probably) consisted of hydrogen and helium only. The gases 

volatilized into space because they could not be retained by the gravitation force of the Earth 

due to their lightness. Volcanic degasifications of the Earth as well as meteor and comet 

strikes caused the formation of a second atmosphere dominated by carbon dioxide and water 

vapour (Thoms 2005). All recent attempts to model the chemical composition of the 

primordial atmosphere of the Earth are hypothetical. Probes of air from this stage of the 

Earth’s development are not available for analyses and even primary rocks provide only 

limited information (Rauchfuß 2005). The composition of the Earth’s atmosphere underwent 

several radical changes. But there is sound evidence that the primordial atmosphere did not 

contain any free oxygen. The spectacular experiments of Urey and Miller (Miller 1953) 

supported the hypothesis of a strong reductive primordial atmosphere. Two years before, in 
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1951, the American geochemist William Rubrey pointed out, that the main source for the 

gases of the primordial atmosphere consisted in volcanic exhalations with high proportions of 

carbon dioxide.  

 
The primordial ocean (the hydrosphere)  

Liquid water, undoubtedly, is the most important prerequisite for all stages of the biogenesis. 

Water has a series of remarkable characteristics. Considering the molecular weight of water, 

one would expect water to occur as a gas like H2S, CO2 and SO2

Water occurs in all three states of matter nearly everywhere in the cosmos. It is ice, solid and 

liquid on the satellites of the external solar system including the rings of Saturn. Water exists 

as a gas in the atmospheres of Venus, Mars, Jupiter. Also some comets contain water as gas. 

Water exists in its liquid state of matter on earth, which underlines the exceptional position of 

the Earth among the terrestrial planets (Earth, Mars, Venus). On Venus and Mars, no signs of 

free liquid water have been found so far.  

 under the standard 

conditions of the earth. However, water is liquid because of the hydrogen bonds between the 

water molecules. The polar nature of the water molecules accounts for the excellent qualities 

of water as solvent. The interactions between water and other substances are complex 

processes (Rauchfuß 2005). 

 

The origin of water on the developing Earth has not been clarified yet. But two sources are 

possible:  

(a) An internal source through exhalation after accretion of the body of the Earth 

(accretion is the external growth due to external addition caused by gravitational 

forces or adhesive power) 

(b) An external source in the form of strikes of water-bearing comets or asteroids. 

 

Chemical evolution 

Chemical evolution describes the synthesis of complex biochemical molecules from elements 

and simple molecules under the (hypothetical) conditions of the early Earth. Today, scientists 

assume that initially small molecules acted as building blocks like amino acids, fatty acids and 

nucleic acid bases, which formed the basis for macro molecules. Different hypotheses exist on 

the source or the development of molecular building blocks, but until now none of them could 

be completely confirmed or disproved (Rauchfuß 2005):  

   

http://www.evolution-of-life.com/�


3 
   

O r i g i n  o f  L i f e  –  T h e  d e v e l o p m e n t  o f  t h e  e a r l y  E a r t h  ( I n f o r m a t i o n )  

www.evolution-of-life.com 
Marcus Hammann (corresponding author)  

(i) Molecular building blocks developed from smaller molecules (CO, CO2, CH4, H2O, 

N2, NH3

(ii) Molecular building blocks were brought on the Earth by meteorites or comets. 

,…) in the Earth’s atmosphere, the hydrosphere or in the lithosphere of the 

early Earth.  

(iii) A combination of these sources: Molecules brought by meteorites or comets were 

converted and changed on the Earth. 

One of the most important model experiments on the synthesis of the first biomolecules under 

the conditions of the prebiotic Earth was conducted by Miller and Urey. According to the 

Oparin-Haldane-hypothesis, they simulated the reducing primordial atmosphere of the Earth 

(Miller 1953) and could demonstrate that biomolecules in fact develop under these conditions. 

Miller’s experiments were frequently replicated by scientists afterwards. Some added further 

compounds to the primordial atmosphere, others used different energy sources. The organic 

biomolecules Miller discovered developed in all of these experiments. In 1953, Miller did not 

possess differentiated methods for analysis; therefore he was able to identify 5 amino acids 

only. Millers successors identified a further 22 amino acid variants and showed that within a 

period of a few days even nucleotides, monosaccharides and fatty acids could develop 

through chemical reactions and some intermediate steps. Therefore, Miller’s experiment 

became the basis of experimental research on chemical evolution.  

Today, we know that the primordial atmosphere was not composed like Miller had 

hypothesised. Moreover, it is assumed that the organic biomolecules did not develop in the 

atmosphere but rather at places that are similar to the conditions of the experiment: 

subterrestrial hot volcanic vents called “Black Smokers”.  

The first cells could have developed in the pores of minerals 

on the edge of these “Black Smokers”. Water spills out of 

these vents and carries along hydrogen (H2), sulphide (HS-) 

and ammoniac (NH3). This water has a temperature over 

100°C and is alkaline (basic). When it spills out, it meets 

colder water with a temperature of about 20°C, which is 

acidic and contains iron ions (Fe) and nickel ions (Ni) and 

carbon dioxide (CO2). When the substances get into 

contact, they react and iron (nickel)-sulphides (pyrite), 

carbonates, silica and clay is precipitated. These accumulate 

at the edge of the hydrothermal vents and form small 

compartments. The strong exothermal reaction that leads to the development of pyrite, serves 

 
 

“Black Smoker” in the deep sea. 
(©OAR/National Undersea Research Program (NURP); NOAA 
Source: http://www.photolib.noaa.gov/htmls/nur04506.htm) 
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as an excellent source of energy for the development of fatty acids, amino acids and further 

compounds (Martin & Russell 2002). 

The prebiotic-chemical experiments and other findings revealed that many organic 

compounds that play an important role in the (cell) metabolism can be produced in the 

laboratory. All “primordial-soup”-theories have in common that (nutritive) substances, the so-

called primordial soup, develop under chaotic conditions and are the basis for the 

development of order and life through self organisation. This involves a couple of problems 

(Thoms 2005):  

 

(1) The specific polymerisation of the molecules: The polymerisation of molecules itself is a 

simple process. Polymers are of universal importance for life. DNA is a polymer of nucleic 

acids and proteins are a polymer of amino acids. The system becomes more complex, 

however, when it is the sequence of the individual building blocks, which is decisive, as it is 

the case for DNA and proteins, which contain the genetic information or get formed by the 

genetic information. The alignment of molecules in a sequence coding information appears to 

be a great, unlikely coincidence. 

 

(2) The development of self replicating systems: The first molecule that catalyses its own 

replication is confronted with the problem that it is either to long or to short. The molecule 

needs to be of a certain minimum size because it has to contain a minimum amount of 

information that characterises it as a replicator molecule. The longer such a polymer is the 

more accurate the replication needs to be carried out, in order to preserve its function as a 

replicator. The shorter such a polymer becomes the more accurately it will replicate itself and 

therefore run the risk to loose its function as a replicator. Elaborated error correction 

mechanisms developed later in modern and more complex enzymes. 

Manfred Eigen (1971) solved this paradox in his model of the “hyper cycle”. The replicator is 

divided into separate parts: Molecule I1 supports the reproduction of I2, I2 supports the 

reproduction of I3 and so on. The replicators where modified in these cycles by small errors 

during the replication; some lost their function to replicate, others improved their function. In 

the course of evolution, these replicators must have enclosed themselves with membranes, 

inside of which the metabolic cycles developed (Shapiro 2007). Even today, diverse hyper 

cycles exist, for example every ecosystem consists in a cross-linked hyper cycle. However, 

Eigen postulated a hyper cycle that is based on the assumption that the origin of life is equated 
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with the origin of information coding units (e.g. RNA). This implies that information existed 

before function (RNA-world). Until today, this hypothesis is under intense discussion.  

 

(3) The development of cells: The development of cells as reaction compartments is difficult 

to integrate into the process of the origin of life. It is still an intensively discussed question, if 

cells existed before the first metabolic processes or if cells developed after the first 

metabolites and self-replicating systems (Shapiro 2007). In the 1930s, the chemist Günter 

Wächtershäuser developed the interesting theory that mineral surfaces were significantly 

involved in the origin of life. He postulated a chemic-autotrophic origin of life, by ascribing 

all basic biochemical metabolic reactions to surface metabolites of the iron-sulphur-world. 

This implies that metabolic reactions existed prior to self-replicating systems. Survival of the 

metabolites and the enlargement of their chemical repertoire might be interpreted as a 

consequence of selection rather than elimination and destruction through metabolic processes. 

According to Wächtershäuser, the first cell membranes developed after the formation of the 

first elongated amphipatic molecules. These formed a fatty surface of the minerals, which 

formed the first semi-cells and then the first cells (Thoms 2005). 

 

The RNA-world as well as the iron-sulphur-world are each convincing models for the origin 

of life. The iron-sulphur-world explains convincingly how the first metabolic pathways 

developed, while the RNA-world postulates a plausible model on the origin of a self-

replicating system prior to DNA and proteins (Shapiro 2007). 

Until today, researchers have not succeeded in integrating both theories and giving a 

satisfying explanation for the origin of life. 
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From soup to cells – the origin of life. 
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