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| Magnetickg anizoropie homin
Definice a vyuziti

*smeérova zavislost urcité magnetické vlastnosti
*AMS — anizotropie magnetické susceptibility
*AMR — anizotropie magnetické remanence

*magneticka anizotropie hornin odrazi magnetickou anizotropii
jednolivych mineralnich zrn a jejich pfednostni orientaci

svyuziti pro geologické mapovani, ve strukturni geologii,
sedimentologii, vulkanologii...



Magneticky dipdl
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Magneticky moment m =q.l

q — magneticky naboj
I - vzdalenost

Stupen namagnetovani latky v magnetickém poli popisuje magnetizace
M=Mi+Mr [A/m]
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indukovana magnetizace remanentni magnetizace
Mi=kH

magneticka susceptibilita
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Diamagnetismus Paramagnetismus Ferromagnetismus
«indukovana magnetizace plsobi «indukovana magnetizace ve «slozitéjSi zavislost mezi vnéjSim
proti sméru vnéjsiho pole sméru vnéjsiho pole polem a indukovanou magnetizaci
*magneticka susceptibilita je *magneticka susceptibilita je *magneticka susceptibilita vysoka
mala, zaporna mala, kladna *bez vnéjsiho pole zustava zbytkova
*bez vnéjsiho pole je indukovana *bez vnéjsiho pole je indukovana (remanentni) magnetizace
magnetizace rovna nule magnetizace rovna nule
*kfemen spyroxeny «Zelezo
*kalcit samfiboly *magnetit

«olivin *hematit

«slidy *pyrhotin

Diamagnetismus Applied field- No applied field
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™M even number

of electrons

kiemen k=-154 x 106
opal k=-12,9 x 106
ortoklas k=-13,7 x 10
halit k=-10,3 x 10¢
kalcit  k=-13,1 x 106
aragonit k=-15,0 x 10



Paramagnetismus  applied fileld.  No applied fisld
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™M odd number
of electrons

olivin k=124 -4270 x 10
dolomit k=11.3 x 10
pyroxen k=121 -3700 x 106
slidy  k=36-3040 x 10
amfibot k=750 - 1368 x 106
granat k=502 - 6780 x 106

Feromagnetismus

Ferimagnetismus
Antiferomagnetismus
Feromagnetismus (s.s.)
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Magnetické domény — regiony se souhlasné uspofadanymi
magnetickymi momenty



Ferimagnetismus
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Applied field.

magnetit k=3-6
titanomagnetit k=05-35
monoklin. pyrhotin k=0,2-0,7

Antiferomagnetismus
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hematit k=0,001-0,2
hexagonal. pyrhotin



Feromagnetismus (sensu stricto)
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kovové Zelezo

Prispévky jednotlivych minerall k celkové
susceptibilité horniny

Susceptibility, K (Sl)

Concentration (wt%)



Anizotropie magnetické susceptibility (AMS)

Y H
Magnetizatice izotropnich latek
M, =kH, M=kH
M, =kH,
M, =k H,
0 X
Magnetizatizace anizotropnich, linearné magnetickych latek
M; =Ky Hi+ ko Hy + Ky Hg Y
M, = Kaq Hi+ Ky Hy + ko3 Hy H
Mz = Kgq Hy+ kgp Hy + kg3 Hy
M
Maticovy zapis Vektor intenzity pole
Myl =] ki Ky kg [ Hy
Myl =] Ky Ky kz# H, 0 X
Mal =1ks Kg  Kggl [ Hy

Vektor magnetizac:\ Tenzor susceptibility

Elipsoid jako geometricka reprezentace tenzoru

Minimum
My| =k Ko Kyl [Hy
My =1ky Ky kyg [ H,
Myl =1ks Ko Kyl | HY

Intermediate

Maximum



Magneticka stavba — stavba definovana na zakladé
magnetickaé anizotropie
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Tvary elipsoidu anizotropie

Rotacéni protazeny (prolate) / Trojosy protazeny (prolate)
AN

Neutraini

Trojosy zplostaly (oblate) Rotaéni zplostély (oblate)



Kvantitativni parametry elipsoidu anizotropie

Ky>ky> Ky * hlavni susceptibility

Ky, =(ki+ k,+ k;) | 3 «———— stfedni susceptibilita

P =kl ky < stuperi anizotropie
L=k,!k, « magneticka lineace
F=k,/ ks < magneticka foliace

T=(2n,-n,-nz)/ (n,- ny) «—— tvarovy parameter
kde n;=1n k;,n,=1In ky, n;=1n k,
+1>T>0
-1<T<0

planarni magneticka stavba
linearni magneticka stavba

Pi=P*  «—— Korigovany stupefi anizotropie
a="(1+72/3)

Diagramy tvaru a stupné anizotropie

P-T’diagram Flinnav diagram
(Jelinek plot)
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Orientace elipsoidu anizotropie

Lambertova
plochojevna projekce
na spodni polokouli

Zenit

*Tvarova anizotropie
(magnetit)
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m Maximum principal axes, Kmax
A Intermediate principal axes, Kint

® Minimum principal axes, Kmjn
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*Krystalograficka anizotropie

(ostatni mineraly) Kon]

< ¥ muscovile

kpy 2 <o biotite-phlogopite
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Tvarova anizotropie

M ag netit Multidomain magnetite Single domain magnetite

Krystalograficka anizotropie

\\\.M_-"-—’/ ky =k, >> K,
— P> 100
oo Pyrhotin
- ky = ky >> kg
= P > 300
e
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Krystalograficka anizotropie
Paramagnetické mineraly

h ]

Pyroxene

(trigonal, monoclinic Mica (monoclinic)
or orthorhombic)

= 3" muscovite
kor 2" <9 biotite-phlogopite

Tremolite (monoclinic) Richterite (monoclinic) Epidote (monoclinic)
T f

Krystalograficka anizotropie

Biotit
K, =k, >k,
P=12-16

Muskovit
ki =k, >k
P=1314

Chlorit
ki =k, >k
P=12-138
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Stupen anizotropie a tvar elipsoidu

Shape parameter, T
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Magnetické vlastnosti nékterych feromagnetickych minerald

Mineral Composition  Curie/ Néel Saturation Mass Py T ‘Easy’ Density
temp.erature  magnetization susceptibility direction (kg/m%)
°C) (Am?kg) (x 10~% Sljkg)
Magnetite o-Fe,0, 575 90-93 578 118 -0.30 <111>* 5200
Maghaemite v-Fe,0, (350) 80-85 500 t t <111> 4800
Haematite o-Fe,0; 630 02-0.5 25 >100 1.0 Basal 5300
Goethite v-FeOOH 120-130 0.001-1 05-15 t t 4300
Pyrrhotite FeS, 1, 320 1-2 0.1-20 3-400 08 Basal 4600
Franklinite ZnFe,0, 60 0.006-3 + t t 5340
Jacobsite MnFe,0, 300 07-3 + t t 4870
Chromite FeCr,0, -84 0.003-0.007 + t t 5090
Cobaltite CoAsS + 0.0005-0.2 t + t 6300
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Magnetické vlastnosti nékterych paramagnetickych a
diamagnetickych minerall

Mineral Mean susceptibility Py T Reference
(SIx 1075)

Paramagnetic minerals
Actinolite (1) 3560 1.136 -043 1
Actinolite (2) 6500 1.204 043 1
Hornblende 8920 1.665 -0.51 1
Crocidolite 333 1.098 -0.25 1
Glaucophane 787 1.205 0.10 1
Chlorite (1) 358 1.262 0.74 1
Chilorite (2) 70 1.753 0.30 1
Chilorite (3) 1550 1.302 0.26 1
Chlorite (4) 370 1.154 0.42 1
Biotite (1) 1230 1.372 0.95 1
Biotite (2) 1180 1.319 0.98 1
Biotite (3) 998 1.198 0.90 2
Biotite (4) 1290 1.361 0.99 2
Phlogopite 1178 1.310 0.95 1
Muscovite (1) 165 1.413 0.44 1
Muscovite (2) 122 1.393 0.67 1
Siderite 3980 1.565 -0.90 1
Tourmaline 1690 1.005 1.00 1

Diamagnetic minerals

Quartz (1) -13.4 1.01 1.0 3
Quartz (2) -15.4 1.01 1.0 4
Calcite -13.8 111 1.0 5
Dolomite -38.0 4.96 0.0 1

Pfednostni uspofadani magnetickych
mineralu ve vzorku horniny

BIOTIT

AMFIBOL
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Elipsoid anizotropie susceptibillity ve vztahu
ke strukturnim prvkim v horniné

FOLIOVANE HORNINY HORNINY S LINEARNi STAVBOU

(a) S-tectonite (B) L-tectonite
N Kmay & King

(<) orientation (d} orientation
distribution distribution

Orientacni tenzor (matice)

Orientacni tenzor charakterizujici pfednostni orientaci

22 XIm;  Xin,
E=(/n)| Zim Xm? X mn
Xln,  Emn, Xn?

L, m, n

: : smérove kosiny

E,> E,> E; hlavni smery

*E, > E, = E; shluk (cluster)
*E,= E,> E; pas (girdle)
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Orientacni tenzor (matice)
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Orientacni tenzor (matice)
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Elipsoid anizotropie z orientacniho tenzoru (a opacné)

L= (AE3 + B) / (AE2 + B) magneticky ZplOéténé —
F = (AE; + B) | (AE; + B)
P= (AE3 + B)/(AE1 + B)

A=3(1-P)/ (2P, +1)
B=3P,/ (2P, + 1)

L=(AE, + B)/ (AE, + B)
F=(AE, + B)/ (AE; + B)
P=(AE, + B)/ (AE; + B)

A=3(P,-1)/ (P, +2)
B=3/(P,+2)

Porovnani AMS a neutronové texturni goniometrie

c-osa chloritu

orientac¢ni tenzor

100 120 140 1.60 Jjilovec
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Anizotropie vypoctena a mérena

T Hematite Ore
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1 — méfena AMS, 2 — vypoctena pomoci texturni goniometrie

Anizotropie vypoctena a méfrena
T Bites Gneiss (biotite)

1.0 - T

08 m 7

06 - 7

04 - 7

e-2

1.1 1.2 1.3 P

1 — méfeno AMS, 2 — vypoéteno pomoci Fjodorova stolku
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Zavislost stupné anizotropie na prednostnim
usporadani mineral(

Pe =
(pyrrhotite), | Pc =100

2000

P = 1.62 (hornblende)
P = 1.56 (siderite)

/

(haematite)

15

<
i P¢ = 1.40 (muscovite)
» 14 |
g. P = 1.36 (chlorite)
.E. Pc = 1.33 (biotite)
2 13 F
c
«© i/
s /
| Pc = 1.2 {glaucophane)

: 1.2 P: = 1.18 {magnetite)
a Pc = 1.17 {actinolite)
g Pc = 1.12 (magnetite)

11

1.0 Il - 1 1 L '}

0 20 40 60 80 100
Degree of alignment (%)
:! magnetit
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disc-shaped

l

’ matrix = 40% chlorite + 60% diamagnetic
-1 T T T T T T 1L
rod-shaped | 2 3 4 5 6 7 8 10

disc-shaped Tj
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0.4 v e e magnetite
-
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-0.2

Z'} 1000 ppm
0.4 magnetite

-0.6

.08 | magnetite content in py

Pj = fabric intensity (= anisotropy degree)

0 *+— chlorite k.,

Ksnax

=21 Biotite
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0.8 Chlorite
1 0.6 !
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; i erite 1
0.2- Tl increasing magn _ 10 PhI "
and bulk susceptibility
0
e 100
rpm 10 1
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Jr -0.6 7
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= -l T T T T T T 1 1
s < 2 3 4 5 678 10

Pj = fabric intensity (= anisotropy degree)
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Vznik magnetickych staveb vyssSiho fadu

Kmax Kmax = Kint >> Kmin ~ Kmin

planarni stavba linearni stavba
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