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Magnetic Field — magnet and/or coll fed by electrical current exerts
force effect on magnetic particles in its vicinity

Bar Magnet Solenoid

lines of magnetic flux can be visualized by saw dust



DIPOLE CHARACTER OF MAGNETISM
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magnets remain dipoles even after cutting them into
pieces



Magneticky moment, magnetizace, magneticka susceptibilita

q- 1 qt
m =ql m — magnetic moment
g - magnetic charge
| - distance
Magnetization M=2 mN [A/m]

Magnetic susceptibility k [106 SI]

Magnetization induced by field M=kH

Magnetization of rocks M = kH + NRM

M — magnetization, V - specimen volume

k — magnetic susceptibility, H — intensity of magnetic field NRM —
natural remanent magnetization [A/m]



Remanentni a indukovana magnetizace

eStupen namagnetovani latky v magnetickém poli popisuje magnetizace
oM = Mi + Mr [A/m]

[\

indukovana magnetizace remanentni magnetizace

/

magneticka susceptibilita

Q =Mr/ Mi

Konigsberger ratio
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DIAMAGNETISM

Applied fleld- No applied field
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quartz, k=-15.4 x 10° opal, k=-12.9 x 10°
orthoclase, k =-13.7 x 10° halite, = k=-10.3x 10
calcite, k=-13.1x10° aragonite, k =-15.0 x 10°




PARAMAGNETISM
Applied field- No applied field
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olivine, k=124 to 4270 x 10°
pyroxene, k=1211t0 3700 x 10°
hornblende, k = 750 to 1368 x 10-°

dolomite, k=11.3 x 10

micas, k=361t03040 x 10°
garnets, k=502 to 6780 x 10°



FERROMAGNETISM sensu lato
Ferrimagnetism, Antiferromagnetism, Ferromagnetism sensu stricto

Magnetic Domains — regions with spontaneously oriented
magnetic moments

60 um
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FERRIMAGNETISM
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ANTIFERROMAGNETISM
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FERROMAGNETISM sensu stricto

T mM==
R —.s ==
I ==

il
1]

11
It

Metallic Iron



Hysterezni smycka
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M., — saturation magnetization, H_,, — saturating field
M., — remanent magnetization, H_, — coercive force



Hysterezni smycka

k - initial susceptibility A

H. - coercive force M

H,, - coercivity of remanence

Initial susceptibility —pocatec¢ni
susceptibilita

Coercive force - koercitivni sila

Diulezite : susceptibilita se méni s
polem, jen v pocCateCni oblasti je
konstantni




Diamagnetismus

Paramagnetismus

k<O

k>0

H --"‘/H

Feromagnetismus

Indukovana magnetizace pusobi proti
sméru vnéjsiho pole

Indukovana magnetizace ve sméru
vnéjsiho pole

Magneticka susceptibilita je relativné
mala, zaporna

Magneticka susceptibilita je relativné
mala, kladna

Bez vnéjsiho pole je indukovana
magnetizace rovna nule

Bez vnéjsiho pole je indukovana
magnetizace rovna nule

kfemen
kalcit

pyroxeny
amfiboly
olivin
slidy




saturation
magnetization

remanent
magnetization

coercive
force

Magneticka susceptibilita
» Magnetic susceptibility is the ability to acquire
Induced magnetization, i.e. ability to get magnetized

M

diamagnez‘ic

k
ferromagnetic
initial
\ paramagnetic
diamagnetic

M = Mi + Mr
/' \

Induced magnetization Remanent magnetization

Mi=kx H

Magnetic susceptibility



Laboratorni mereni magnetlcke susceptlblllty
Kappabridge (and PC) evolution | |

KLY-1 (1967)

KLY-3 & 4




Kappametr




|dentification of magnetic
minerals and phases
Grain size assessment
Paleotemperature
estimation
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Oxidy zeleza (a titanu)
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Susceptibility Variation with Mineral Composition
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Fig. 2 Magnetic susceptibility of minerals. Adapted from Hrouda & Kahan (1991), Nagata (1961), Jackson et al. (1998).
a — mineral contributions to rock susceptibility, note that 100 % of mafic silicates contribute less than 1% of magnetite

b - susceptibility variation with chemical composition in orthopyroxene

¢ - susceptibility variation with chemical composition in synthetic titanomagnetite (svmbols in different colours denote

different experiments producing grains of different sizes)




Curiova teplota ferromagnetickych minerald
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Paramagnetic minerals

Eti‘éllk biotite
400 . . .
Hyperbolic course according to the Curie Law
300 k=C/T
C — proportionality constant
200 - T — absolute temperature
100 7 U‘M
0 R NN N R A A R A |

-200 -100 0 100 200 300 400 T[°C]



Magnetite

Ktot
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M16 - coarse-grained magnetite

lsoo 700 T[°C]

Verwey transition T, ~ =150 °C

Transition from cubic to ortho-rhombic
symmetry, decrease in susceptibility

Curie temperature T_~ 585 °C

Transition from ferrimagnetic to
paramagnetic state, rapid decrease of
susceptibility
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B3 Hematite
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Pyrrhotite

Monoclinic pyrrhotite Mixture of monoclinic and
hexagonal pyrrhotite

ﬁ;o g] Ferrimagnetic pyrrhotite f]{-jt?ﬁt] P29 - ferrimagnetic and antiferromagnetic pyrrhotite
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200 A
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T, antiferromagnetic T, ferrimagnetic

Curie temperature
T.,=325°C




Geologické aplikace magnetické susceptibility

* Geological Mapping of Magnetically Different Rocks
* Delineation of Metamorphic Zones

* Discrimination of I-type and S-type Granites

* Indication of Alteration Processes

* Tracing Metasomatic Changes

* Interpretation of Magnetometric Anomalies

e Application to Volcanology

* Susceptibility in Economic Geology
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Fig. 12 Geological scheme (a) by Orlov (1933), map of magnetic AT anomalies (b), and recent geological scheme (c) of
the eastern part of the Cistd - Jesenice massif. Adapted from Chlupdcovd et al. (1975) and Salansky (1995).



Magnetite and liImenite Series Granites
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Fig. 3 Bimodal distribution of susceptibility in granitic rocks of the former U.S5.5.R (a), inferred distributions of

magnetite-series/ilmenite-series rocks (b) and S- and I-types granitoids (c) in eastern Asia. Adapted from Dortman
(1984 ) and Pitcher (1982).




Geologicka prospekce
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Fig. 14 Susceptibility changes during serpentinization and carbonatization of ultrabasic rocks (a) and susceptibility

histogram of ultramafic rocks from the locality of Bory, Western Moravia, Czech Republic (b). Adapted from Dortman
(1984) and Hrouda et al. (2008).



Magnetic Susceptibility in Altered (propylitized) Andesites
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Magnetic Susceptibility in Lava Flows

b) 0 10 20 30 40 50
Soil cover .______* 2040 50 e
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Fig. 6 Geological scheme of the Velky Roudny volcano (a) and the depth variation in magnetic susceptibility in several
boreholes drilled through the Chiibsky les lava flow at the locality of Slezskda Harta (b). Adapted from Kolofikovd (1976)
and Miillerovd & Miiller (1972).
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Fig. 22 Magnetic susceptibility profile at Xifeng, China, compared with the oxygen isotope profile at ODP677. The
sequence of soil (§) and loess layers (L) at Xifeng is indicated on the right. Adapted from Evans & Heller (2003).



Paleomagnetismus

vnéjsi jadro
zemska kara
5-30 km

vhitrni jadro

zemsky pldst’
2900 km

-vnéjsi jadro tavenina Zeleza
-vice nez 7 krat objem Mésice
‘na povrchu Zemé by tvorilo vrstvu vyssi nez 300 km



Zeme jako velky magnet




rotaCni magnetometr

kryogenni magnetometr




Teplotni remanentni magnetizace

‘T<Tc
‘magnetické momenty se
fixuji ve sméru ,easy
axis" proporciondlné k
orientaci krystalu

-T>Tc
-krystaly rostou
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http://magician.ucsd.edu/lab_tour/swfs/TRM.swf

Detriticka remanentni magnetizace

Turbulent Water

Still water or
laminar flow

sediment/water
interface
bioturbation
consolidation
“lock-in depth”

compaction



http://magician.ucsd.edu/lab_tour/swfs/DRM.swf

Chemicka remanentni magnetizace

Cervené plidni horizonty, Nemagnetickd matrix Rdst hematitu s prednostni
Chiji Formation, Siwaliks, orientaci odrdzejici magnetické
Pdkistdn pole



Studium chovani magnetického pole Zemeé v geologické

minulosti
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Geomagnetic Polarity
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Mapa magneticky anomalii Zemeé
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Rekonstrukce pohybu kontinentld a horotvorné Cinnosti
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Putovani virtualniho magnetické polu




Rekonstrukce poloh kontinentl v geologické minulosti Zemé
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