Magneticka anizotropie hornin

(strucny prehled a vyuziti v geologii)
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Definice a vyuziti
Magneticka anizotropie je smérova zavislost urcité magneticke vlastnosti.

*AMS — anizotropie magnetické susceptibility
*AMR — anizotropie magnetické remanence

Magneticka anizotropie hornin odrazi magnetickou anizotropii jednolivych
mineralnich zrn a jejich prednostni orientaci. Jestlize zname magnetickou
anizotropii jednotlivych mineralnich zrn, pak z celkové anizotropie horniny
muzeme urcit jejich pfednostni uspofadani.

Studium vnitfni stavby hornin (Petrofabric)

» Optické metody: Fjodorovav (univerzalni) stolek
» Rentgenova texturni goniometrie

» Neutronova goniometrie

> Difrakce zpétné odrazenych elektront (EBSD)



Definice a vyuziti

» V porovnani s ostatnim metodami prednostni analyzy je magneticka
anizotropie rychla, levna, ma velkou rozliSovaci schopnost, muze byt

aplikovana systematicky na celych vychozech, vrtnych jadrech nebo
geologickych jednotkach

» Vyuziti ve strukturni geologii a tektonice, vulkanologii, sedimentologii
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Paramagnetismus  Applied field-  No applied field
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Feromagnetismus

Ferimagnetismus
Antiferomagnetismus
Feromagnetismus (s.s.)
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Magnetické domeny — regiony se souhlasné usporadanymi
magnetickymi momenty
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Antiferomagnetismus
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Feromagnetismus (sensu stricto)

TR THEE
l IT"tT Tn“nt Ferromagnetlc (s.s.) Iﬁm 1_1':1;_5

I e =

Tt ==[HHl

kovoveé zelezo



saturation M
magnetization —~eh

remanent

magnetization ik

coercive

force \

paramagnet'f_

diamagnetic

K
ferromagnetic
initial
\ paramagnetic
diamagnetic

M = Mi + Mr

7~

Indukovana magnetizace

N

Remanentni magnetizace

Mi =k x H
) 4

\ Magneticka susceptibilita



Diamagnetismus
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Indukovana magnetizace pusobi proti
sméru vnéjsiho pole
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Magnetické vlastnosti nékterych vybranych mineralu

Mineral Susceptibility [10] Degree of anisotropy Shape of anisotropy Anisotropy type

Actinolite 490 1.2t01.2 -0.40 to 0.40 Magnetocrystalline
Hornblende 746 to 1368 1.665 -0.51 Magnetocrystalline
Glaucophane 787 1.205 0.10 Magnetocrystalline
Chlorite 70 to 1550 1.2t01.7 ~1.00 Magnetocrystalline
Biotite 998 to 1290 1.2t01.6 ~1.00 Magnetocrystalline
Phlogopite 1178 1.3 0.95 Magnetocrystalline
Muscovite 122 to 165 1.4 0.44 Magnetocrystalline
Quartz -13.4t0-15.4 1.01 1.00 Magnetocrystalline
Calcite -13.8 1.11 1.00 Magnetocrystalline

Aragonite -15.0 1.15 0.80 Magnetocrystalline




Variace magneticka susceptibility v zavislosti

na chemickém slozeni ortopyroxenu
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Prispévky mineralu k celkové susceptibilité horniny
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Anizotropie magneticke susceptibility (AMS)
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Magnetizatice izotropnich latek
M, =k H, M=kH
M, =kH,
M;=kH,
0 b4
Magnetizatizace anizotropnich, linearné magnetickych latek
M; =k Hy+ Ko Hy + K3 Hy Y
M, =Ky Hy+ Ky Hy +Kyz Hy :
My = K34 Hy+ Ky Hy + Kg3 Hy
M
Maticovy zapis Vektor intenzity pole
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My =1Ky Ky o Kyg | Hy 0
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Vektor magnetizac:\ Tenzor susceptibility



Elipsoid jako geometricka reprezentace tenzoru

Myl =|kyy Ko Kyg [ Hy
Myl =] ka1 Ky kyg | Hy 4z
Myl =1 ksy Ky Kggl | Hj




Magneticka stavba

»stavba definovana na zaklade magnetické anizotropie

Kmin




Tvary elipsoidu anizotropie

Rotacni protazeny (prolate) / Trojosy protazeny (prolate)
AN

Neutralni

Trojosy zplotély (oblate) Rotacni zplostély (oblate)



Kvantitativni parametry elipsoidu anizotropie

K=K, = ky b hlavni susceptibility
K,=(ki+tk,*+k;)/3 < stredni susceptibilita
P=k,/k, < stupen anizotropie
L =k,/k, « magneticka lineace
F=k,k, < magneticka foliace
T=(2n,-n,-n5)/ (n,-ny) < tvarovy parameter
kde n,=In k,,n,=In k,, n,=1In k,
*1>T7>0 planarni magneticka stavba
-1<T7<0 linearni magnetickéa stavba
Pi=P <«

korigovany stupen anizotropie
a=(1+T2/3)



Diagramy tvaru a stupnée anizotropie
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Orientace elipsoidu anizotropie
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Lambertova

= Maximum principal axes, Kmnax
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coordinate
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Tvarova anizotropie Krystalograficka anizotropie
Magnetit ostatni mineraly
Kmin lc _ _
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Krystalograficka anizotropie

Hematit
Ky =Ky >> K3
P>100

Pyrhotin
P > 300



Krystalograficka anizotropie
Paramagnetické mineraly

Pyroxene (orthopyroxene) Serpentine (trigonal, monoclinic
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Krystalograficka anizotropie
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Biotit
Ky =Ky > Ky
P= 1216
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Muskovit
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Chlorit
Ky =Ky > Ky
P=12-1.8




Magnetické vlastnosti nékterych vybranych mineralu

Mineral Susceptibility [10] Degree of anisotropy Shape of anisotropy Anisotropy type

Actinolite 490 1.2t01.2 -0.40 to 0.40 Magnetocrystalline
Hornblende 746 to 1368 1.665 -0.51 Magnetocrystalline
Glaucophane 787 1.205 0.10 Magnetocrystalline
Chlorite 70 to 1550 1.2t01.7 ~1.00 Magnetocrystalline
Biotite 998 to 1290 1.2t01.6 ~1.00 Magnetocrystalline
Phlogopite 1178 1.3 0.95 Magnetocrystalline
Muscovite 122 to 165 1.4 0.44 Magnetocrystalline
Quartz -13.4t0-15.4 1.01 1.00 Magnetocrystalline
Calcite -13.8 1.11 1.00 Magnetocrystalline

Aragonite -15.0 1.15 0.80 Magnetocrystalline




Stupen anizotropie a tvar elipsoidu
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Prednostni usporadani magnetickych
mineralu ve vzorku horniny

BIOTIT AMFIBOL



Zavislost stupne anizotropie na prednostnim
usporadani mineralu
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Elipsoid anizotropie susceptibillity ve vztahu
ke strukturnim prvkum v horniné

FOLIOVANE HORNINY HORNINY S LINEARNI STAVBOU

(b) L-tectonite

N Kmax & Kint

(c) orientation
distribution

(d) orientation
distribution




Orientacni tenzor (matice)

Orientacni tenzor charakterizujici prednostni orientaci

212 XIim. X In,
E=(1/n)| XIm Xm? Xmn
Xin.  Xmn X n?

., m, n smerove kosiny
E,> E,> E; hlavni smery

‘E, > E, = E; shluk (cluster)
*E, = E,> E; pas (girdle)



Orientacni tenzor (matice)
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Orientacni tenzor (matice)
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Elipsoid anizotropie z orientacniho tenzoru (a opacne)

L = (AE, + B)/ (AE, + B)
F = (AE, + B) | (AE, + B)
P = (AE, + B)/ (AE, + 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 neutronove texturni goniometrie
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Anizotropie vypoctena a merena
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1 — méfena AMS, 2 — vypocCtena pomoci texturni goniometrie



Anizotropie vypoctena a merena
T Bites Gneiss (biotite)
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disc-shaped Tj
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Vznik magnetickych staveb vyssiho radu

Kmax Kmax = Kint =~ ¥min Kmin

planarni stavba linearni stavba



