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Pale Blue Dot
a photograph of Earth 

taken on 14 Feb 1990, by 
Voyager 1 from a 

distance of about 6 billion 
kilometers



The Blue Marble 
a photograph of the 

Earth, taken on 
7 Dec 1972 from 

Apollo 17 at 
a distance of 

~45,000 kilometers



Geophysics
=

?
Structure 

Composition 
Processes 

Origin 
Evolution

What questions?



How would you study this apple?



Kola Superdeep Borehole
12.262 km deep

compare with Earth radius 
~6371 km

Scientific drilling



Study of (deep) Earth

Measurement and analysis of 
gravity field, magnetic field

Observations and sample 
collections possible at surface

Numerical modeling of dynamic 
flow and deformation in the interior

Experiments in minerals at high 
pressure and temperature

Fluid mechanics experiments in 
laboratory

First principles (“ab initio”) 
calculations of material properties

Study of earthquakes and 
propagation of seismic waves

Geochemical analyses of rock and 
meteorite samples

Detection of geoneutrinos,  
“particle geoscience“



• Layering according to 
mechanical properties: 
• inner core 
• outer core 
• sublithospheric mantle 
• lithosphere

Layered Earth
• Compositional layering:  

• core 
• mantle 
• crust



theory developed in late 1960’s and 1970’s

Plate tectonics, motion in Earth interior

Tectonic plates World seismicity (earthquakes)

plate velocities
~ few cm/year



Numerical modeling of “mantle convection”

From Hana Čížková, Katedra geofyziky

Solving equations of 
conservation laws 
using computer

Thermal convection: 
hot material rises 

cold material sinksComputer 
simulation

Teplota



Mantle convection, plate tectonics

From BBC documentary film “Earth: The Power Of The Planet” (youtu.be/ryrXAGY1dmE)

http://youtu.be/ryrXAGY1dmE


Energy source for convective motions ??



Measuring Earth’s surface heat flow

heat flux

mW/m2

Global heat flow measurement sites

Map of global heat flux
From Davies & Davies 2010

Earth loses 
~ 46 TW (terawatts)



Energy source for convective motions ??


What feeds Earth surface heat flow ??

Surface heat flow

=

Cooling of the interior

+

Heat sources

Basic energy balance:



Planetary formation

Earth started hot 
and has been cooling since

“Primordial” heat



Energy sources in Earth’s interior?

Long-lived radioactivityPeriodic Table of Elements 
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9.012182 

Be
2 
2 5 

Boron 
10.811 

B
2
3 6 

Carbon 
12.0107 

C
2
4 7 

Nitrogen 
14.0067 

N
2
5 8 

Oxygen 
15.9994 

O
2
6 9 

Fluorine 
18.9984032 

F
2
7 10 

Neon 
20.1797 

Ne
2 
8

K
L

3 
11 

Sodium 
22.98976928

Na
2 
8 
1

12 

Magnesium 
24.3050 

Mg
2 
8 
2

13 

Aluminium 
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Manganese 
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Cobalt 
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192.217 

Ir
2
8

18
32
15

2

78 

Platinum 
195.084 

Pt
2
8

18
32
17

1

79 

Gold 
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(209.9871) 

At
2
8

18
32
18

7

86 

Radon 
(222.0176) 

Rn
2 
8 

18 
32 
18 

8

K
L
M
N
O
P

7 
87 

Francium 
(223) 
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Ds
2
8

18
32
32
17

1

111 

Roentgenium 
(272) 

Rg
2 
8 

18 
32 
32 
18 

1

112 

Ununbium 
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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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O, Fe, Si, Mg account for 93% of Earth’s mass 

+ Al, Ca, Ni … 98% of Earth’s mass 

+ other minor and trace elements

Periodic Table of Elements 
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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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Chemical composition of the Earth

Could we get a better estimate??  

10–30 TW of radiogenic heating

~few tens of parts per billion (ppb) of Uranuim (U)


~four times as much Thorium (Th)


~few hundred parts per million (ppm) of Potassium (K)



Včetně kolegů z UČJF na MFF UK, členů Daya Bay Collaboration

Neutrina na výsluní!



Standard Model  
of elementary particles β− decay

electron antineutrino

What are neutrinos?



238
92U �!206

82 Pb + 8↵+ 6e� + 6⌫̄e + 51.698MeV
232
90Th �!208

82 Pb + 6↵+ 4e� + 4⌫̄e + 42.652MeV

40
19K

89.3%�! 40
20Ca + e� + ⌫̄e + 1.311MeV

What are geoneutrinos?
Electron anti-neutrinos emitted in β− decays 

of naturally occurring radionuclides

Decay energy
~20% carried away by antineutrinos 

~80% heats the Earth’s interior

Earth essentially transparent to neutrinos. 
They fly out at near-light speed along straight path.



Earth, an “antineutrino star”
Emits electron antineutrinos created inside the Earth

Some 10 
billion 

geoneutrinos 
flying through 

each of us 
every 

second…



238
92U �!206

82 Pb + 8↵+ 6e� + 6⌫̄e + 51.698MeV
232
90Th �!208

82 Pb + 6↵+ 4e� + 4⌫̄e + 42.652MeV

40
19K

89.3%�! 40
20Ca + e� + ⌫̄e + 1.311MeV

~ radiogenic heating~ chemical composition ~ geoneutrinos

How much K, Th, U ?? 10 or 20 or 30 TW ??



Prediction of geoneutrinos at Earth’s surface

If we could count geoneutrinos…



Cho 2010 Science 10.1126/science.330.6006.904

Geoneutrino-detecting underground physics laboratories

http://dx.doi.org/10.1126/science.330.6006.904


Detecting (geo)neutrinos

nucleus

n

e+

μs

ns

γ

γ

γ

p
νe
_ Liquid scintillator detectors:

Large … ~1000 tons 
Underground … to shield from cosmic rays 
Operation … several years

12 m



SNOLAB, Sudbury, Ontario, Canada





Brief (geo)neutrino history

2005: first reported measurement of 
geoneutrinos at KamLAND experiment

1930: Pauli proposes a new neutral particle to 
resolve energy conservation problem in β− decay

1956: Reines & Cowan reported the first electron 
antineutrino detection (reactor antineutrinos)

1984: Krauss, Glashow, Schramm:  
Antineutrino astronomy and geophysics



©          Nature Publishing Group1984

This is what a scientific paper looks like…
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Mantle geoneutrino signal − thermochemical piles
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Geoneutrinos from Earth’s mantle?

What seismic tomography sees

Detect geoneutrinos
in the ocean?





http://geo.mff.cuni.cz

http://geo.mff.cuni.cz


Domácí úkol z geofyziky :)

?

voda, ρ = 1000 kg/m3

skála, ρ = 3000 kg/m3



Katedra geofyziky MFF UK
http://geo.mff.cuni.cz 
ondrej.sramek@mff.cuni.cz

http://geo.mff.cuni.cz
mailto:ondrej.sramek@mff.cuni.cz

