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CRUST

The crust is a solid layer of rock on
the surface of the planet. The
thickness varies Ibetween 3 and 30
miles.

MANTLE

The mantle is a semi-liquid layer of
magma, or molten rock, that moves
due to convection currents.

OUTER CORE

The liquid part of the core which
has a similar composition to the
inner core.

INNER CORE

The inner core is the solid part at
the center of the Earth. It is made
of iron and nickel and has

temperatures reaching 5,500°C.
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Introduction & history ¢

The compass

» created around the Qin Dynasty era
(255 BC — 206 BC) & pointed South

» long before it was used for navigation,
the compass was actually used by
fortune tellers on their boards to make
predictions

» primitive compasses showed people
the way not literally, but figuratively,
helping them to order and harmonize
their environments and lives
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Introduction & history

Petrus Peregrinus [1240-7] Bl tiah

1269 — Epistola de Magnete

) .. . d PETRI PEREGRINI
> Actum in castris in obsidione |  MARICVRTENSIS

Luceriee anno domini 12698 | | ;’“3:&;‘:;153;;
die augusti ("Done in camp o\ mavorum Impertors 2o«
during the siege of Lucera, | et 3
August 8, 1269") Bl
> described 2 kinds of compass | |l VSRS T
v' one in which an oval F D] 255
lodestone floated in abowl | [
of water

v' the first dry compass with
the needle mounted on a
pivot
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William Gilbert [1544-1603]

1600: DE MAGNETE

(On the Magnet and Magnetic
Bodies, and on the Great
Magnet the Earth)

» described many of his
experiments with his model
Earth called the terrella

» investigated the reason
compasses point North
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Guillaume le Nautonier sieur de Castelfranc [1560 — 1620]

1601: "MECOMETRIE

DE LEYMANT CEST A
D I RE LA MAN | ERE D E -:~ '—'(;nm;r “FERRA ;?;MPF_;'IsIOS A 535 té‘rlo ’Ex PERI T1S sﬁw Oni’ﬂ—;z’ﬁ
M ESU RER |eS ! T OS‘?_?EO_GRAPQUR{:M fTﬁ;s — s '

longitudes par le moyen
de I'eymant. Par laquelle
est enseigné, vn
trescertain moyen, au | _

paravant inconnu, de e e
truuer les longitudes i
Geographiques de tous
lieux, aussi facilement T —
comme la latitude..." IS S RIS

Auec Priuilege du Roy, Fontaine Bleau, le
quinziesme jour d'octobre 1601”
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(Mandea and Mayaud, 2002)
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Some 750 years
after Petrus Pelegrinus’ Epistola
we are still astonished by the magnetic field
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Understanding...

Earth — Sun environment
Near-Earth space
Earth’s deep interior

"N V VYV

(Friis-Christensen et al., 2004)
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Why measuring the Earth's magnetic field?

Change in the
: magnetic field
External forcing /

. Gravity
» Fundamental science

Topography

Altitude of the

Glacial isostatic
Oceansurface 43"

adjustment

» Society-driven applications

Earth atmosphere
Hydrology interaction

L+ Sealevel variation
.

Orbital

perturb'gtuon vilisnk

activity
Ground motion

Earth orientation

Earthquake QQ In'space

Magnetic measurements Observing the Earth’s system dynamics (eGuyot, 2020)

» ground observatories
» space platforms

STUDY THE EARTH'S SYSTEM
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Measurements & models | ¢

Observations - direct

Surlari
(SUA)

»Declination < 500 yrs

»Inclination < 400 yrs

»Intensity < 200 yrs

»Magnetic observatories ~ 100 yrs
»Satellites (nearly continuously ~ 20 yrs)

Chambon-la-Foret
(CLF)
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(©www.intermagnet.org)

507

407

Magnetic observatories: the globally uneven
distribution hampers the determination of a detailed
global pattern of magnetic field variations



Measurements & models @rsted (1999 /)

MAGSAT (1979 - 1980

a
o
=

e e Swarm (2013 -

==

*

)

bt




Measurements & models
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Measurements & models

-150 -100 -50 O 50 100 150

Lithospheric field - SH = 350

(Thébault etal., 2021) Lithospheric field — SH = 1100
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Geomagnetic jerks - core dynamic &

THE STORY
Chambon-la-Foret observatory
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(Alexandrescu et al., 1996; Mandea & Le Mouel, 2016)



Geomagnetic jerks - core dynamics ¢
- CNhes -

VO approach has been developed and used in different studies
(Mandea and Olsen, 2006; Olsen and Mandea, 2007; Beggan et al., 2009; Whaler and Beggan, 2015; Saturnino et al., 2018;
Finley et al., 2017; Barrois et al., 2017; Domingos et al., 2019; Magnus et al., 2020;)

Advantages:

» time series with high temporal
resolution and uniform global

coverage dB/dt HON dBy/dt HER dB /dt KAK
» CHAMP and Swarm: series over more 7 e o s v (S N U OO A O T T O B

2 decades 5.
» VOs compare well with ground 50

observatory records

The cleaner the data analysis, the more ~ *

likely we are to draw correct physical 10
Infe rences Off @ Ann. Diff. Monthly Means| 1 e Ann. Diff. Monthly Means| -35[| e Ann. Diff. Monthly Means|
e VO 5|l e vO ® VO
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WHICH MECHANISM?
(Barrois et al., 2017)
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70000 B, magnetic field @ Earth’s surface
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Geomagnetic jerks - core dynamics
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dBr /dt magnetic field @ Earth’s surface
@ Core-Mantle Boundary (CMB]
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Geomagnetic jerks - core dynamics

T, nT
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Something acts to disturb equilibrium in core; it shows up in flow patterns (Barrois et al, 2017)
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Magnetic and gravity anomalies - irregularities of the CMB B

THE STORY
IPG Paris

Magnetic and gravity fields maps
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Magnetic and gravity anomalies - irregularities of the CMB ¢
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(@) naal nT/y? (b) Gravity anomaly Magnetic field acceleration
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Results of the SVD for magnetic and gravity time-series:

Left panel - temporal pattern (60nT/yr? and 900 nGal)
Right panels - spatial pattern for the magnetic and gravity data

WHICH MECHANISM?

(Mandea et al., 2015)
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Magnetic and gravity anomalies - irregularities of the CMB
From the Earth’s surface to the CMB — via geomorphology
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Core
H: <20 km

(Rost, 2013)

(Métivier et al., 1997), Willett, 1999; Selby, 1982)
What is the impact of geomorphic processes at the CMB on potential fields?
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More intriguing features
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