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�e Solid Earth Science Section is con-
cerned with understanding phenomena 
associated with planet Earth, from its solid 
surface to its center, covering timescales 

from its formation to the present day. 
Solid Earth science originally developed 
from foundations provided by geophysics, 
geology, mineralogy and geochemistry. In 
recent years increasing cooperation 
between these disciplines has helped to 
advance our understanding of the Earth.

In the following we give examples of 
important topics of research in solid 
Earth science: short timescale phenom-
ena occurring in the Earth’ s crust or 
upper mantle such as earthquakes, tsu-
namis, volcanic eruptions, and active 
deformation of the Earth’ s crust; longer 
timescale phenomena occurring at the 
Earth’ s surface such as topography for-
mation, mountain building (orogeny) 
and the movement and evolution of 
continents and oceans due to tectonic 
processes; phenomena involving the 

deep mantle and Earth’ s core, including 
their interactions, and transport of 
energy and material; investigations of 
the state and structure of the mantle 
and core; the dynamics of the Earth’ s 
interior, including mantle convection 
and the geodynamo; the relationship 
between processes in the Earth’ s inte-
rior and their e ects on the surface uid 
layers; and uni�ed studies of the evolu-
tion of the solid Earth that incorporate 
all the above processes. �is list empha-
sizes the extraordinary breadth of disci-
plines encompassed by the Solid Earth 
Science section.

In the past ten years or so, much progress 
has been made in the study of phenom-
ena occurring in the relatively shallow 
regions of the Earth’ s interior. Some 
important examples are given below.

1. In earthquake studies a combination of 
the deployment of dense observation 
networks of both seismic stations and 
GPS geodetic sites with improved 
data management and processing 
alongside developments in experimen-
tal studies and numerical modelling 
have brought many new insights. In 
particular there has been great prog-
ress in understanding the earth-
quakes, crustal deformation and 
low-frequency tremors that ooccur at 
convergent plate boundaries. As we 
will discuss later, it is also clear that 
accurate ear thquake predict ion 
remains a very di�cult problem.

2. In volcanology there has been signi�-
cant progress in the three-dimensional 
modeling of eruption column dynam-
ics and understanding of magma 
degassing and eruption styles. By drill-
ing into volcanic conduits shortly after 
eruption the relationship between 
magma ascent and degassing has 

became clearer. Our ability to forecast 
volcanic eruptions based on observa-
tions of volcanic earthquakes and 
ground deformation has greatly 
improved.

3. In areas related to the transport of 
matter and energy in the Earths inte-
rior there has been progress in under-
standing of the large-scale transport of 
water and continental material to the 
deep mantle and its rise from the 
Earth’ s interior; in understanding of 
the contribution of oceanic crustal 
material to magma generation; in 
understanding of the role of hydro-
thermal activity in material transport; 
in the quantitative understanding of 
the growth of accretionary prisms 
using data from deep sea drilling; and 
in research into seismically active belts 
exposed on land.

4. In �elds related to the interactions 
between the solid Earth and its atmo-

sphere and oceans, there have been 
advances in understanding the ways in 
which the uplift of the Himalayas has 
inuenced the Asian monsoon and 
the development of drastic changes 
between dry and humid climates; the 
relationships recorded in the Earth’ s 
geological record between global 
climate change—including Snowball 
Earth and greenhouse climates—and 
tectonic processes (movement of the 
lithosphere) including development of 
mountain ranges and distribution of 
oceans and continents; and transport 
and circulation of material in the 
Earth’ s interior.

�ere have also been numerous impor-
tant research achievements that improve 
our understanding of dynamical pro-
cesses occurring in the deep Earth:

1. Ground breaking research in Japan 
recreated the temperatures and pres-
sures of the lowermost mantle and 
discovered the post-perovskite phase.

2. High-pressure experiments indicate 
that the mantle transition zone is the 
largest possible water reservoir inside 
the Earth and great progress has been 
made in our understanding of water 
transport associated with plate sub-
duction; of large-scale water circula-
tion in the Earth’ s interior; and of 
water distribution in the lower mantle.

3. Developments in seismic tomography 
have revealed details of the three 
dimensional heterogeneity of the seis-

mic velocity struc-
ture in the Earth.

4. �e discovery that 
the formation of the 
Earth’ s core took 
the comparatively 
short time of a few 
tens of millions of 
years.

Although solid Earth 
s c i ence  ha s  made  
much progress in the 
areas outlined above, 

it is clear that major problems remain in 
the �elds of earthquake forecasting and 
disaster prevention: this was made hor-
ribly clear by the enormous damage and 
loss of life caused by the 2011 Tohoku 
earthquake and tsunami. �e current 
state of earthquake research does not 
permit us to use our knowledge of 
long-term earthquake activity to make 
su�ciently accurate medium-term pre-
dictions. It is clearly important to fur-
ther incorporate geological timescale 
records of earthquakes and tsunamis in 
our disaster prediction e orts. It is also 
clear that developlement and construc-
tion of high-precision earthquake and 
tsunami observation networks on the 
seaoor and high-speed data transmis-
sion to carry warnings to the general 
public remain as important as ever.

As discussed above, the solid Earth 
science community is fully aware that 

two of the greatest problems it faces are 
the forecast of large earthquakes and 
any accompanying tsunamis, and the 
development of disaster mitigation 
strategies to deal with them when they 
happen. A major task facing the disci-
pline is to continue the cooperative 
research between seismologists and 
geologists in this area. In recent years  in 
Japan, drilling in the Nankai Trough 
and the hypocentral region of the 
Tohoku earthquake has started to eluci-
date the state of faults in the ocean 
trench megathrust earthquake zone, and 
we anticipate that our understanding of 
the slip mechanism of these seismic 
faults will improve considerably. Finally 
we would like to highlight the impor-
tance of the international scienti�c pro-
posal to make use of a Japanese drilling 
ship to drill into and retrieve samples 
from the mantle.

In the �eld of volcanology, we expect to 
further clarify the behaviour of both 
magma and associated uids and to use 
this to develop eruption models or sce-
narios that allow improved accuracy in 
the understanding of how volcanic 
eruptions evolve which, we hope, can be 
used to realize the development of accu-
rate short-term predictions of volcanic 
eruptions. Furthermore, we expect 
research in volcanology to expand to 
cover longer timescales and greater spa-
tial extents and thereby to provide new 
insights into the evolution of the 
Earth’ s crust and into the dynamics of 
large-scale energy and material circula-
tion within the Earth.

Research overlapping the boundaries 
between the solid Earth science and 
other disciplines, such as the interaction 
between tectonics and climate change 
and even links to biological evolution 
should also be encouraged.

We expect research into dynamical pro-
cesses occurring in the deep Earth to 
make progress on a number of fronts:
• Recent improvements in seismic, elec-

tromagnetic and geodetic observations 
made on the ocean oor should further 
clarify the three dimensional character-
istics of the Earth’ s interior. 

• Ultra high-pressure material science 
now allows us to experimentally repli-
cate conditions in the Earth’ s core. 
Using the quantum theory of electronic 
structure to determine electron distri-
bution allows us to calculate many ma-
terial properties from �rst principles. 
Combining these techniques should 
give a much better understanding of 
the properties of material in the Earth’ s 
deep interior and allow us 
to develop detailed expla-
nations of the processes 
occurring in the mantle 
and the core. 

• The study of flow related 
p h e n o m e n a  i n  u l t r a  
high-pressure solids and 
liquids together with the 
observation thereof using 
high luminosity X-ray 
and neutron sources is 
expected to increase our 
understanding of  the 
extreme environments 

deep in the Earth’ s mantle and core.
• We expect the application of new 

observational techniques borrowed 
from physics to enable new progress in 
many areas. For example the observa-
tion of the Earth’ s interior using geo-
neutrinos and muons should allow us 
to measure the inhomogeneity of the 
distribution of heat sources within the 
Earth; and muon imagery of volcanic 
edi�ces should improve our ability to 
monitor associated volcanic activity.

We also expect that the use of techniques 
developed in solid Earth science will 
enable progress in other related �elds. 
For example:
• Spectroscopic analysis and precision 

image analysis of the surfaces of other 
planets; techniques used for measuring 
gravity, heat ow, electrical conductivity 
and seismic wave velocity distribution 
that were developed in solid Earth 
science; innovative techniques of 
chemical analysis developed for earth 

materials should all be useful in plan-
etary exploration and analyses of mate-
rials brought back by sample return 
space missions.

• Ultra high-pressure materials research 
and �rst principles calculations devel-
oped for the study of the Earth’ s inte-
rior are likely to be useful for research 
into the interior structure and dynamics 
of Jupiter-type planets and exoplanets.

• Application of recently developed 
high-precision heavy element stable 
isotope analytical techniques to geo-
logical specimens will allow interpreta-
tion of the paleoclimate in much 
greater detail than is presently possible, 
and this is likely to lead to improve-
ments in the accuracy of our forecasts 
of the future climate.

• Nanoscale sample analysis techniques 
wil l  a l low progress  in e lemental  
(including light element) and molecular 
isotopic analysis and biomarker analysis 
that will provide constraints for models 
of the evolution of life on Earth. 
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• The study of flow related 
p h e n o m e n a  i n  u l t r a  
high-pressure solids and 
liquids together with the 
observation thereof using 
high luminosity X-ray 
and neutron sources is 
expected to increase our 
understanding of  the 
extreme environments 

deep in the Earth’ s mantle and core.
• We expect the application of new 

observational techniques borrowed 
from physics to enable new progress in 
many areas. For example the observa-
tion of the Earth’ s interior using geo-
neutrinos and muons should allow us 
to measure the inhomogeneity of the 
distribution of heat sources within the 
Earth; and muon imagery of volcanic 
edi�ces should improve our ability to 
monitor associated volcanic activity.

We also expect that the use of techniques 
developed in solid Earth science will 
enable progress in other related �elds. 
For example:
• Spectroscopic analysis and precision 

image analysis of the surfaces of other 
planets; techniques used for measuring 
gravity, heat ow, electrical conductivity 
and seismic wave velocity distribution 
that were developed in solid Earth 
science; innovative techniques of 
chemical analysis developed for earth 

materials should all be useful in plan-
etary exploration and analyses of mate-
rials brought back by sample return 
space missions.

• Ultra high-pressure materials research 
and �rst principles calculations devel-
oped for the study of the Earth’ s inte-
rior are likely to be useful for research 
into the interior structure and dynamics 
of Jupiter-type planets and exoplanets.

• Application of recently developed 
high-precision heavy element stable 
isotope analytical techniques to geo-
logical specimens will allow interpreta-
tion of the paleoclimate in much 
greater detail than is presently possible, 
and this is likely to lead to improve-
ments in the accuracy of our forecasts 
of the future climate.

• Nanoscale sample analysis techniques 
wil l  a l low progress  in e lemental  
(including light element) and molecular 
isotopic analysis and biomarker analysis 
that will provide constraints for models 
of the evolution of life on Earth. 

Solid Earth Sciences
�e Future

J a p a n  G e o s c i e n c e  U n i o n 1615



©JAMSTEC

©JAMSTECDeep sea scientific drilling vessel CHIKYU

CPU of K computer (Courtesy of Fujitsu) 

Synchrotron X-ray spectroscopy

Drilling the seismogenic zone at Nankai Trough 

Laterally high-resolution secondary ion mass spectrometer 
(image courtesy of Dr. Yuji SANO)

The multi-anvil high pressure apparatus installed in a neutron
beamline of J-PARC (Image courtesy of Dr. Takehiko YAGI) 

�e Solid Earth Science Section is con-
cerned with understanding phenomena 
associated with planet Earth, from its solid 
surface to its center, covering timescales 

from its formation to the present day. 
Solid Earth science originally developed 
from foundations provided by geophysics, 
geology, mineralogy and geochemistry. In 
recent years increasing cooperation 
between these disciplines has helped to 
advance our understanding of the Earth.

In the following we give examples of 
important topics of research in solid 
Earth science: short timescale phenom-
ena occurring in the Earth’ s crust or 
upper mantle such as earthquakes, tsu-
namis, volcanic eruptions, and active 
deformation of the Earth’ s crust; longer 
timescale phenomena occurring at the 
Earth’ s surface such as topography for-
mation, mountain building (orogeny) 
and the movement and evolution of 
continents and oceans due to tectonic 
processes; phenomena involving the 

deep mantle and Earth’ s core, including 
their interactions, and transport of 
energy and material; investigations of 
the state and structure of the mantle 
and core; the dynamics of the Earth’ s 
interior, including mantle convection 
and the geodynamo; the relationship 
between processes in the Earth’ s inte-
rior and their e ects on the surface uid 
layers; and uni�ed studies of the evolu-
tion of the solid Earth that incorporate 
all the above processes. �is list empha-
sizes the extraordinary breadth of disci-
plines encompassed by the Solid Earth 
Science section.

In the past ten years or so, much progress 
has been made in the study of phenom-
ena occurring in the relatively shallow 
regions of the Earth’ s interior. Some 
important examples are given below.

1. In earthquake studies a combination of 
the deployment of dense observation 
networks of both seismic stations and 
GPS geodetic sites with improved 
data management and processing 
alongside developments in experimen-
tal studies and numerical modelling 
have brought many new insights. In 
particular there has been great prog-
ress in understanding the earth-
quakes, crustal deformation and 
low-frequency tremors that ooccur at 
convergent plate boundaries. As we 
will discuss later, it is also clear that 
accurate ear thquake predict ion 
remains a very di�cult problem.

2. In volcanology there has been signi�-
cant progress in the three-dimensional 
modeling of eruption column dynam-
ics and understanding of magma 
degassing and eruption styles. By drill-
ing into volcanic conduits shortly after 
eruption the relationship between 
magma ascent and degassing has 

became clearer. Our ability to forecast 
volcanic eruptions based on observa-
tions of volcanic earthquakes and 
ground deformation has greatly 
improved.

3. In areas related to the transport of 
matter and energy in the Earths inte-
rior there has been progress in under-
standing of the large-scale transport of 
water and continental material to the 
deep mantle and its rise from the 
Earth’ s interior; in understanding of 
the contribution of oceanic crustal 
material to magma generation; in 
understanding of the role of hydro-
thermal activity in material transport; 
in the quantitative understanding of 
the growth of accretionary prisms 
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sphere and oceans, there have been 
advances in understanding the ways in 
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relationships recorded in the Earth’ s 
geological record between global 
climate change—including Snowball 
Earth and greenhouse climates—and 
tectonic processes (movement of the 
lithosphere) including development of 
mountain ranges and distribution of 
oceans and continents; and transport 
and circulation of material in the 
Earth’ s interior.

�ere have also been numerous impor-
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our understanding of dynamical pro-
cesses occurring in the deep Earth:
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recreated the temperatures and pres-
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duction; of large-scale water circula-
tion in the Earth’ s interior; and of 
water distribution in the lower mantle.

3. Developments in seismic tomography 
have revealed details of the three 
dimensional heterogeneity of the seis-

mic velocity struc-
ture in the Earth.

4. �e discovery that 
the formation of the 
Earth’ s core took 
the comparatively 
short time of a few 
tens of millions of 
years.

Although solid Earth 
s c i ence  ha s  mad e  
much progress in the 
areas outlined above, 

it is clear that major problems remain in 
the �elds of earthquake forecasting and 
disaster prevention: this was made hor-
ribly clear by the enormous damage and 
loss of life caused by the 2011 Tohoku 
earthquake and tsunami. �e current 
state of earthquake research does not 
permit us to use our knowledge of 
long-term earthquake activity to make 
su�ciently accurate medium-term pre-
dictions. It is clearly important to fur-
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records of earthquakes and tsunamis in 
our disaster prediction e orts. It is also 
clear that developlement and construc-
tion of high-precision earthquake and 
tsunami observation networks on the 
seaoor and high-speed data transmis-
sion to carry warnings to the general 
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the properties of material in the Earth’ s 
deep interior and allow us 
to develop detailed expla-
nations of the processes 
occurring in the mantle 
and the core. 

• The study of flow related 
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observation thereof using 
high luminosity X-ray 
and neutron sources is 
expected to increase our 
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extreme environments 
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many areas. For example the observa-
tion of the Earth’ s interior using geo-
neutrinos and muons should allow us 
to measure the inhomogeneity of the 
distribution of heat sources within the 
Earth; and muon imagery of volcanic 
edi�ces should improve our ability to 
monitor associated volcanic activity.

We also expect that the use of techniques 
developed in solid Earth science will 
enable progress in other related �elds. 
For example:
• Spectroscopic analysis and precision 

image analysis of the surfaces of other 
planets; techniques used for measuring 
gravity, heat ow, electrical conductivity 
and seismic wave velocity distribution 
that were developed in solid Earth 
science; innovative techniques of 
chemical analysis developed for earth 

materials should all be useful in plan-
etary exploration and analyses of mate-
rials brought back by sample return 
space missions.

• Ultra high-pressure materials research 
and �rst principles calculations devel-
oped for the study of the Earth’ s inte-
rior are likely to be useful for research 
into the interior structure and dynamics 
of Jupiter-type planets and exoplanets.

• Application of recently developed 
high-precision heavy element stable 
isotope analytical techniques to geo-
logical specimens will allow interpreta-
tion of the paleoclimate in much 
greater detail than is presently possible, 
and this is likely to lead to improve-
ments in the accuracy of our forecasts 
of the future climate.

• Nanoscale sample analysis techniques 
wil l  a l low progress  in e lemental  
(including light element) and molecular 
isotopic analysis and biomarker analysis 
that will provide constraints for models 
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