
�e Biogeosciences Section is concerned 
with investigating and clarifying the pro-
cesses whereby the Earth and the living 
organisms on it strongly interact as they 
co-evolve. We research these processes for 
the entire period from the beginning of 
the Earth up to the present, and would 
like to give answers to the following kinds 
of questions:
• Why does life flourish on Earth?
• Why is life on Earth so abundant and 

so diverse? 
• Is there life on other planets?
• How did life on Earth originate, com-

plexify and diversify?
• What are the causes and processes gov-

erning extinctions and in particular 
mass extinctions?

We are also interested in the organic ma-

terials that are found in rocks, strata, and 
other geological formations, and in the 
biogeochemical processes whereby they 
mutually interact with rocks and miner-
als. �e Biogeosciences also involve 
research into the origins of fossil fuels 
derived from living organisms such as 
coal, natural gas, oil, and gas hydrates.

�e �eld of biogeosciences has made 
remarkable progress as the related �elds 
of Earth, Planetary and Life Sciences 
develop. For instance, progress in the 
�elds of Archaean Geology, Geochemis-
try, Geoelectromagnetism, Geomicrobi-
ology, Drilling sciences, and several other 
areas of earth and planetary sciences have 
been indispensable in the study of the 
origins of life on Earth and its evolution 
dur ing the Earth’ s  ear l iest  stages. 
Experiments using the techniques of 
synthetic organic chemistry and of gene 
recombination have made great progress 

in understanding the composition and 
evolution of living material, and this has 
also promoted progress in the �eld of 
biogeosciences. Fur ther, complete 
genome sequences of organisms from 
many di�erent taxa and increased knowl-
edge of the molecular mechanisms of 
metabolism have allowed progress in our 
understanding of  the evolution of  
eukaryotes. Finally our understanding of 
the origin of life has advanced due to the 
discovery of primitive organisms living in 
extreme environments such as hydrother-
mal vents, cold seepages, anoxic or eux-
inic water masses, the ultra-hadal depth 
beyond 10,000m and deep subsurface 
biospheres.

We list below some of the important 
research results and advances that are 
made over the last decade.

1. It has become clear that the contribu-
tion of organic material from extrater-
restrial sources is important when 
considering the question of how bio-
organic compounds were produced 
and organized by abiotic processes. 
Further, the study of chemical evolu-
tion has advanced with the veri�cation 
that acetates are produced by the 
action of sulfur metal complexes in 
terrestrial hydrothermal environments.

2. Analysis of organic material 
from meteorites and comets 
has led to a detailed debate 
a b o u t  t h e  c o n n e c t i o n s  
between extraterrestr ia l  
organic material and life.

3. Research into extremophiles 
on Ear th  and data  f rom 
planetary exploration mis-
sions has caused increased 
interest in the possibility that 
life may exist on other plan-
ets and moons in the solar 
system such as Mars, Europa, 
Titan, and Enceladus.

4. �e idea that life on Earth 
originated due to chemical 
reactions taking place deep in 
the oceans (rather than pho-
tochemical processes taking 
place on or near the Earth’ s 
surface) has been gaining 
increased support.

5. DNA analyses have allowed 
the construction of a mo-

lecular genealogical tree, and this has 
revealed that very early in its history 
life was already divided into three 
groups: Bacteria, archaea and eukarya.

6. A new �eld, research into subsurface 
biospheres, is developing.  Results 
from this �eld tell us much about the 
early evolution of life.

7. It is becoming clear that the increasing 
diversity of life on Earth is connected 
with events (including geological 
events) that have occurred in the 
Earth’ s history.

8. Both evolution and extinction of 
eukaryotes are driven by changes in 
the environment on the Earth’ s sur-
face and it has become clear that this 
in turn is influenced by internal plate 
and plume activities of the Earth and 
by the  repeated uni�cat ion and 
breakup of continents and oceans over 
geologic history.

We expect that the following three areas 
will be central to biogeoscience research 
in the near future:

1. Clarifying the early evolution of life, 
understanding how the Earth became 
a suitable planet to host life, and 
increasing our understanding of the 
origin of life. Research into organic 
and biochemical processes occurring in 
space and on other bodies in the solar 
system will surely help our attempts to 

answer these questions. For example, 
in addition to looking for new life in 
extreme environments on Earth we 
should also search for direct evidence 
of the birth of some form of life in 
primitive extraterrestrial environments 
(such as asteroids, comets, Europa, 
Titan, Enceladus etc.).

2. By describing and recording the entire 
history of life on Earth we should 
attempt to further clarify why the 
Earth came to be �lled with such a 
diverse range of life. We should also 
work to decode the entire genome 
sequences of model organisms that are 
key to understand the process of biotic 
evolution.

3. By c larifying the distr ibution of 
elements and material in the Earth 
and in living organisms we should be 
able to clarify the relationship between 
the evolution of the systems of mate-
rial cycles in and on the Earth and the 
energy sources for the chemical reac-
tions involved in abiogenesis.

�e new �eld of Biogeosciences involves 
cooperating with the life sciences to push 
the frontiers in a number of areas (such 
as deep-sea exploration, space explora-
tion and drilling deep into the Earth) 
and develop new experimental apparatus 
and analysis techniques. Great progress 
has already been made in this �eld. We 
are sure that the �eld of Biogeosciences 
will become one of core geoscienti�c 
�elds in the near future.
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