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Magnetic Anisotropy of Rocks
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Magnetic Anisotropy of Rocks
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed
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1. Definition and application in geology
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1. Definition and application in geology



1. Definition and application in geology

Definition

» Magnetic anisotropy is a directional variability of a certain magnetic
property, usually Anisotropy of Magnetic Susceptibility (AMS)

» Tool to study rock texture (Petrofabric)
» Compared to the other methods of fabric analysis (U-stage, X-ray
texture goniometry, neutron texture goniometry, EBSD), AMS is fast,

cheap, high-resolution, non-destructive.

» It can be applied to many samples covering whole outcrops, drill cores,
or geological units.

» Application in structural geology and tectonics, volcanology,
sedimentology, and paleomagnetism.



1. Definition and application in geology

» Magnetic susc

eptibility is the ability to acquire

Induced magnetization, i.e. ability to get magnetized

saturation
magnetization

remanent
magnetization

coercive / &)
force 5 (\

M

ferromagnetic

initial

\ paramagnetic

diamagnetic

M= Mi + Mr
e ~

Induced magnetization Remanent magnetization

Mi=kxH
~—

Magnetic susceptibility



1. Definition and application in geology

Diamagnetism

M

k<0

Paramagnetism

Ferromagnetism (s.l.)

M

k>0

-“"/H

Induced magnetization antiparallel to
the external field

Induced magnetization parallel to the
external field

Magnetic susceptibility relatively low
and negative

Magnetic susceptibility relatively low
and positive

No remanence

No remanence

guartz
calcite
aragonite

pyroxene
hornblende
olivine
micas




1. Definition and application in geology

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

10'{ Contribution of selected minerals to
whole rock susceptibility

M=kxH
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1. Definition and application in geology

Anisotropy magnetic susceptibility (AMS)

¥ H
Magnetically isotropic material
M; = k H, M=kH
M, =kH,
M, = k Hy
0 X
Magnetization of anisotropic materials
M; = kyy Hy + Ko Hy + kg Hg Y
M, = kpy Hy+ kpp Hy + Ky3 Hg H
Ms = K3y Hy+ Kgp Hy + Kgg Hg
M
Matrix notation Vector of field intensity
My| =K Ko Kygl |Hy /
Mol = Kor Ky kg | Hy 0
Mgl =] Ks1  Kgo  Kgg | Hg

Vector of magnetiz;tio\ Susceptibility tensor



1. Definition and application in geology

Anisotropic magnetizing ellipsoidal grain

» If one magnetizes an ellipsoidal
grain of magnetite and the
magnetizing field is parallel to
ellipsoid axes, the magnetization is
parallel to the field.

A
A

» Otherwise, the magnetization
deflects from the field.

M H » The relationship between field and
> magnetization is described by the
susceptibility tensor.

M=Kk xH




1. Definition and application in geology

Ellipsoid as geometrical visualization of tensor

My =] ky  Kip o Kgg| [Hy
My =] Ky Ky Kog | Hy -
My =1 Kg Kz  Kgg | Hy




1. Definition and application in geology

Magnetic fabric
Rock fabric defined from magnetic anisotropy

Principal susceptibilities

k, >k, > ki
Mean susceptibility Shape parameter
km = (Ki + Ky + k3) /3 T=2n,-n.- m) ! (- 1)

. where 7, =1Ink;, 7,=1Ink,, 7,=1Ink
Degree of anisotropy h 1 Th 20 T 3

+1>T>0 oblate (planar) fabric
P=k,/k, (planar)

-1<T<O0 prolate (linear) fabric



1. Definition and application in geology

Shapes of anisotropy ellipsoids

Triaxial prolate

Kmax

Rotational prolate

Krnax

Kmax

Kmin

Neutral Kimin

Kmin

Kmin

Triaxial oblate Rotational oblate



1. Definition and application in geology

Quantitative parametrs of anisotropy

K, >k, > Kq -

K = (Kp+ kot Kg) /3 <

A

P=k,/k,
L=k, /K,

A

F =K,/ Ky

A

T=2n-m-n3) ! (0 - ns) <
where n,=Inky, 7,=Ink,, 7;=1Ink;

+1>T>0
-1<T<O0
Pj= P2 -

a=(1+T2/ 3)

principal susceptibilities
mean susceptibility

degree of anisotropy
degree of magnetic lineation

degree of magnetic foliation

shape parameter

oblate (planar) ellipsoid

prolate (linear) ellipsoid

corrected degree of anisotropy



1. Definition and application in geology

Flinn diagram (L-F plot)

Kmax / Kint

L=

ks )
L.,

1.0 1.5 2.0 2.5 3.0 35
F = Kint / Kmin




1. Definition and application in geology

Jelinek diagram (Pj-T plot)
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Degree of anisotropy (P))



1. Definition and application in geology

Lambert projection, Lower hemisphere Degree of anisotropy vs. Mean susceptibility
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2. Magnetic anisotropy of minerals

Agenda
1. Definition and application in geology
2. Magnetic anisotropy of minerals
3. Magnetic fabric vs. texture of rocks
4. Magnetic fabric of sedimentary, deformed, and

metamorphosed rocks
Magnetic fabric of igneous rocks

o O

Sampling, measurement and data processing



2. Magnetic anisotropy of minerals

Shape anisotropy Magnetocrystalline anisotropy

Magnetite All other minerals

C
S Kmin
Magnetite crystal Biotite /

010

110

Kmax

Kint a

Multi-domain magnetite Single-domain magnetite

Fmin
Amin

Amin

/ Amax

Fmin



2. Magnetic anisotropy of minerals

Magnetocrystalline anisotropy
—
@oﬁ ’
o231

o001

Kmin

Kmin

Hematite
Ky = Ky >> K
P> 100

Pyrrhotite
ky =k, >> k3
P> 300



2. Magnetic anisotropy of minerals

Magnetocrystalline anisotropy

Pyroxene (orthopyroxene) Serpentine (trigonal, monoclinic Mica (monoclinic)
c=Kpr or orthorhombic)

C
kM N

< 3" muscovite
kmr a <9 biotite-phlogopite

Epidote (monoclinic)




2. Magnetic anisotropy of minerals

Magnetocrystalline anisotropy

Kmax IKint

Kmin

oo

Biotite
ki =Ky > Ky
P=1.2-1.6

o

Kmin

Muscovite
Ky =Ky > Ky
P=13-14

Kmin

Chilorite
ky =Ky > Ky
P=1.2-1.8

Kmin



2. Magnetic anisotropy of minerals

Magnetic properties of selected minerals

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 12t0 1.7 ~1.00 Magnetocrystalline
Biotite 998 to 1290 1.2to 1.6 ~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




2. Magnetic anisotropy of minerals

Contribution of selected minerals to whole rock susceptibility

10"

o = =)

Susceptibility, k [SI]
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3. Magnetic fabric vs. texture of rocks

Agenda
1. Definition and application in geology
2. Magnetic anisotropy of minerals
3. Magnetic fabric vs. texture of rocks
4. Magnetic fabric of sedimentary, deformed, and

metamorphosed rocks

o1

Magnetic fabric of igneous rocks

o

Sampling, measurement and data processing



Rock anisotropy degree as a function of preferred
orientation of its minerals
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Magnetic fabrics of higher order

" oblate fabric prolate fabric



Comparison of magnetic fabric and neutron texture
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Comparison of magnetic fabric and neutron texture

goniometry
AMS principal
Isolines of chlorite . directions 1.20
c-axes
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Neutron texture goniometer TEX2
GKSS Forschungszentrum Shale, Rhenohercynian Belt,
Geesthacht GmbH, Germany Czech Republic
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Comparison of magnetic fabric and neutron texture
goniometry

SN05-06

10 12 14 16 1.8

Neogene basin,
Southern lItaly

1.0 1.2 14 16

(courtesy F. Cifelli)



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Agenda

4. Magnetic fabric of sedimentary, deformed, and
metamorphosed rocks



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Magnetic susceptibility usually carried by paramagnetic minerals
10"

10°

—
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

*Relatively low magnetic susceptibility *Anisotropy degree < 5%
*Oblate fabric
201 Sedimentary rocks
. 30
161
121 K < 300x10° 20
E E
4 1“ .
4
L . ] = 0 F 1_1{:
0 100 200 300 400
X (1078 1)
o8 Anchimetamorphosed sediments 1
| 16 4
20 I P<1.30
. K <500x10° |
1 A+
101
1 )
5 F s
0 - 0 B 14

0 200 400 " 800 800
K(10-8 81)



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

«calm sedimentation

) RO

*slow current
Current Direction
-

D 2D

/;uIeocur‘r*en’r

direction

(after Tauxe 2013)



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
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Pencil structure
(southern Pyrenees, Spain)




4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Shape parameter, T

Degree of anisotropy, P
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. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Accretionary wedge

Convergent Divergent Convergent Continental
Plate Boundary Plate Boundary Plate Boundary Rift Zone
Id i i
Is:it;argd \?S'I‘I:I:gna Spreading Center CDnRrrlgntal
gold veins
agdad eappar
) epllhermal and evapantes
eRahermal ceposits oiymetallic MVT
ta
VMS QT Replacment

Older accretionary complex
Older metamarphic beft




4. Magnetic fabric of sedimentary, deformed, and metamorphosed roc

Tertiary accretionary wedge, southern Pyrenees

74




4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Tertiary accretionary wedge, southern Pyrenees

AQUITANIAN BASIN

Toulouse
@
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Huesca®

- Q v;f: -

.Tremp Z_\

Z v
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[ ] TERTIARY IN FORELANDS
[ THRUST-INVOLVED PYRENEAN TERTIARY

[ ] mesozoic
I PaLEOZOIC

Figure 2

(Parés & van der Pluijm 1999)



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Tertiary accretionary wedge, southern Pyrenees

Magnetic fabrics and cleavage development across the Pyrenean Foreland Basin
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Paleozoic accretionary wedge Rhenohercynian Belt, Czech Republic
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Paleozoic accretionary wedge
Rhenohercynian Belt, Czech Republic
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Anisotropy degree (P) Shape parameter (T)
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
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Extentional tectonic setting

*Extentional setting
*Neogene basin, southern Italy
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(courtesy F. Cifelli)



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Map of loess distribution in Europe / §
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and metamorphosed rocks

Magnetic fabric of sedimentary, deformed,

paleosol

\

silty paleosol
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Cross-section of unconsolidated sediment from Baltic Sea
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
Ref03 2017
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
Ref03_2015 minus Ref03 2016
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

Avalonian-Cadomian belt
(ca. 570 Ma)
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(Hajna et al. 2010)



4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks

[Domain 1: prolate ellipsoids |

[ Domain 2: prolate to oblate ellipsoids |
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4. Magnetic fabric of sedimentary, deformed, and metamorphosed rocks
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Agenda

5. Magnetic fabric of igneous rocks



5. Magnetic fabric of igneous rocks

1. Volcanic rocks

2. Dikes

3. Plutonic rocks




5. Magnetic fabric of igneous rocks

Magnetic susceptibility dominantly carried by magnetite
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5. Magnetic fabric of igneous rocks

Igneous rocks

Very high magnetic susceptibility Relatively low anisotropy degree

2 K <500000 x10%

161

0 L_[he _I : | =i . et _95:
20000 30000 40000 50000 80000 1.00 1:3 1
K (10-8 81) )




5. Magnetic fabric of igneous rocks

Phenocrysts

Gas bubbles

Xenoliths
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Lava flows
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5. Magnetic fabric of igneous rocks

Lipari Island, Tyrrhenian Sea,
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5. Magnetic fabric of igneous rocks

Lipari Island, Tyrrhenian Sea

Rocche Rosse

Lipari

San Nicola

LX Obsidian Lava Flows cycle X
PX Pyroclastic deposits cycle X V) Capistello
LIX [[] Obsidian Lava Flows cycle IX & LE

PIX Pyroclastic deposits cycle IX

BT Brown Tuff

LVIII-E Domes cycle VIII east

LVII-W Domes cycle VIIT west

PVIII [ ] Pyroclastic deposits cycle VIII west
Lvi | Domes cycle VII

Crater rim

Volcano-tectonic
depression 0 1 2 3 km




5. Magnetic fabric of igneous rocks

Chaine des Puys, Massif Central, France

Pariou Flow o w A —\\ S
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(cinder cone)
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5. Magnetic fabric of igneous rocks

Section across lava flow
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Flow direction km(10-3SI) T kmax A (%) Qualitative velocity Number of phenocrysts Number of vesicles
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(Loock et al. 2008)



5. Magnetic fabric of igneous rocks

Pyroclastic flow, Pompeii, Italy
14°,06'E 14°24'E

4 [ |
i Y 9 Herculané
Cape Misenum

(Gurioli et al. 2005)
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5. Magnetic fabric of igneous rocks
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Pyroclastic flow, Pompeii, Italy
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(Gurioli et al. 2005)
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5. Magnetic fabric of igneous rocks

Estimate of flow direction
Caption

Vertical injection
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5. Magnetic fabric of igneous rocks

Dikes
_Velocity profile

‘) AMS ellipsoid




5. Magnetic fabric of igneous rocks

*magnetic lineation is not always parallel to flow direction

spreferably use imbrication of magnetic foliation

Type 1

Type 11

@ K3 :pole of magnetic foliatio
W X! : magnetic lineation

—>

Magma flow direction

/

—
b I
2oy
—
—
o
-

imbrication angle
1



5. Magnetic fabric of igneous rocks

lal Section {b) Plan

Wilson, J. T. 1963. A possible origin of the Hawaiian Islands. Canadian Journal of Physics, 41, 863-670.



5. Magnetic fabric of igneous rocks

Volcanoes are progressively older —————

O‘ahu Moloka'i Maui Hawai'i Los

M
(3.4 Ma) (1.8 Ma) (1.3 Ma) (0.7-0 Ma) ; skl o




5. Magnetic fabric of igneous rocks

| THREE MILLION
Island of Oahu i YEARS AGO

156°15'w

Present-day
shoreline

Koolau
3,000 ft

Waianae
10,000 ft

TWO MILLION
YEARS AGO

Waianae
Range

Region
of landslide



5. Magnetic fabric of igneous rocks

Geology of Oahu

21730'M

W ai'anae
Caldera

' Ko'olau




5. Magnetic fabric of igneous rocks
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(Knight & Walker 1988)
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5. Magnetic fabric of igneous rocks

Plutonic rocks




5. Magnetic fabric of igneous rocks

N [%]
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Plutonic rocks

*bimodal distribution of magnetic susceptibility

(granitoids of former USSR)

weakly magnetic (paramagnetic) granitoides

Stype (“Sedimentary”)

carrier of magnetization mainly biotite (hornblende)

strongly magnetic (ferromagnetic) granitoides

| type (Igneous)

carrier of magnetization mainly magnetite
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5. Magnetic fabric of igneous rocks

Brno Massif
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5. Magnetic fabric of igneous rocks



5. Magnetic fabric of igneous rocks

»Foliations and lineations in plutons originate by magma flow
=Magnetic foliation = magma flow plane
=Magnetic lineation = magma flow line

»Regional-scale investigation of magnetic fabric helps to decipher magma flow
within whole pluton
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5. Magnetic fabric of igneous rocks
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Magnetic anisotropy in pluton scale

Intrusive units

~=—— Orano porphyry

) /= Mt Capanne leucogranites

- [:] Mt Capanne pluton
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6. Sampling, measurement and data processing

Agenda
1. Definition and application in geology
2. Magnetic anisotropy of minerals
3. Magnetic fabric vs. texture of rocks
4. Magnetic fabric of sedimentary, deformed, and

o

metamorphosed rocks
Magnetic fabric of igneous rocks
Sampling, measurement and data processing



6. Sampling, measurement and data processing

Oriented samples

V=11.15ccm Y x V =8ccm




6. Sampling, measurement and data processing

Field Drilling Oriented Cores

Petrol powered portable drilling machine

Copper tub

with slit

s -




6. Sampling, measurement and data processing
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6. Sampling, measurement and data processing

Block specimens




6. Sampling, measurement and data processing

Sample to geographical coordinate system transformation

R=Tr, K=TkT,

r, R vectors in sample or geographical coordinate systems
*k, K tensors in sample or geographical coordinate systems

T transformation matrix (T’ transposed matrix of T)
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6. Sampling, measurement and data processing

Kappabridge (and PC) evolution

KLY-1 (1967)

KLY-3 & 4




6. Sampling, measurement and data processing

o _




6. Sampling, measurement and data processing

15 position design

= 15 directional measurements
=  Duration: ca. 9 min

.

Initial position P& - P10 POS 6. POS 7. POS 8. POS 9. POS 10.

o b844

Initial position P11 - P15 POS 11. POS12. POS 13. POS 14, POS 15.




6. Sampling, measurement and data processing

Three plane rotation

» 64 readings during each rotation

= Multiple rotations
= Duration: ca. 3-4 min | I I I I I
A

=

= @i

POS. 1 PQOS. 2 POS. 3



6. Sampling, measurement and data processing

3D Rotator

320 readings during full rotation
Repeated two times

640 directional measurements
Duration: ca. 1.5 min




6. Sampling, measurement and data processing

Safyr - Data acquisition software

Safyr7

Kappabridge Control Software

AGIC®

WWW.agico.com

Martin Chadima AGICO, Inc.
(chadima@agico.cz) Jecna 29a
Jiri Pokorny Brno
Jan Studynka Czech Republic

CZ-62100

Phone: +420 511 116 303
Fax: +420 541 634 328
Version: 7.4.01 Release: 04-Apr-2018 Email: agico@agico.cz
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P Safyr? — P
File  Execute Settings About
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6. Sampling, measurement and data processing

WP Safyr7 - [CMAgico\Data\DV\DV28.ams] (N = 14) — x
File  Execute Settings About
| Graphics Table |[kRe ~] Jeeo =JB Jlo JHorizontal ~Notn ]
, —Group Statistics (N = 12)
Name v Export Graphics El
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6. Sampling, measurement and data processing

Anisoft - Data processing software

Anisoft

Advanced Treatment of Magnetic
Anisotropy Data

AGIC®

WWww.agico.com

Martin Chadima AGICO, Inc.
(chadima@agico.cz) Jecna 29a
Frantisek Hrouda Brno
Josef Jezek Czech Republic
Wit Jelinek (+) CZ-62100

Phone: +420 511 116 303
Fax: +420 541 634 328
Version: 5.2.00 Release: 14-Jan-2019 Email: agicoi@agico.cz
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File  Graphics Edit  Analysis  View  Settings  About

Sle -»|e|a9£1|_| et 2] D@ T A BaEdE -0 EFEEE

Specimen v Export Graphics E v Export Graphics E
FIRLO20A _ 0
coosane
FIRLD204 System
FIRLD203
FIRLOBOZ
FIRLOB03
FIRLO402
FIRLO408
FIRLOSOT
FIRLOS03
FIRLOS0G
FIRLOS04
FIRLO406
MID0201
MIDOA02
MID0308
MID0203
MID0401

MID0503 1.14 1.0 1.0 280
MIDO103 112 | I & 240'
o R
MID0404 & 05— 05| g
110 b ’¢ <:{> r "
A 2

MID0301 &
MID0408 1.08 - ®

o = 00 - 00
MID0208 106 | <><><>§ rY
MID0106

MID0306 1oe t Co B osd| sl
MID0410 1.02 -Q% 140
TWH0401

1_[“] L 1 " 1 " 1 " 1 " 1 " 1 L -1.0 _1_|] L 1 " 1 " 1 " 1 " 1 " 1 L 120
TWH0405 120 140 160 180 200 220 240 260 100 102 104 1068 108 110 112 114
TWH0402 W Kmean [E-06 SI] P

Equal-Area
Projection
M =235

20 F

Counts
n

270

-1.0 -0.5 0.0 0.5 1.0

&N

Min 180

v Export Graphics w v Export Graphics w

220—

200

Kmean [E-06 SI]
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6. Sampling, measurement and data processing

File  Graphics Edit  Analysis  View  Settings  About
~ =
Field | Freq Km

1 | FIRL0Z05 4000 1220 180.0E-06( 355.5 07| 857 158 2631 742 1015 1.050 1.066 1.068 0533 0522 0271 1.035
2 |FIRL0505 4000 1220 210.2E-06 9.3 45 1001 104 2561 7686 1.013 1.082 1.0% 1104 0715 0704 0160 1.068
3 |FIRLOZ04 4000 1220 190.8E-06| 3571 26| 879 15989| 2581 739 1.013 1046 1.060 1.062 0543 0533 0284 1.032
4 |FIRLO203 4000 1220 185.3E-06| 3561 05 863 188 2648 T71.2) 1.014) 1.051 1.066 1.069 0557 0546 0.256 1.036
5 |FIRLOBO2 4000 1220 185.8E-06| 357.9 6.5 897 156| 2460 73.0 1.016) 1.047 1.084 A1.066 0472 0460 0312 1.030
6 |FIRLDB03 4000 1220 195 1E-06| 3541 0.2 842 175 2634 725 1.011) 1079 1.091) 1100 0.755 0.746 0136 1.068
T |FIRLD402 4000 1220 196.1E-06| 3481 22 785 106| 2465 792 1.012 1.058 1.070 1.075 0653 0643 0136 1.045
8 |FIRLD408 4000 1220 198.2E-06( 347.5 41 ¥82 1071 2355 791 1.012 1.060 1.0¥3 1.078 0658 0648 0193 1.047
9 |FIRLOSOT 400 1220 209 1E-06 0.2 7.7 928 18.3) 2484 70,0 1.013) 1.090 1104 1114 0740 0729 0145 1.076
10 | FIRLO503 400 1220 208.9E-06| 142 6.8 1054 97| 2494 781 1.009 1.075 1.085 1.084 0773 0765 0125 1.065
11 | FIRLO506 400 1220 203.6E-06 74 6.5 987 1.7 2430 766 1.013 1.082 1.096 1104 0722 0711 0156 1.068
12 | FIRLO504 4000 1220 21 TE-06( 14.0 6.3 1052 10.2| 2530 78.0 1.009 1.0v8 1.088 1.087 0785 0777 0.118 1.068
13 |FIRLO406 4000 1220 194 5E-06( 345.8 58| 768 101 2263 783 1.013 1.051 1.084 1.068 0587 0576 0237 1.037
14 | MIDO201 4000 1220 134.7E-06| 1171 15.6 31 503 2200 335 1.011 1.016) 1.027 1.027 0181 04174 0520 1.005
15 | MID0502 4000 1220 186.5E-06| 125.7 1200 249 414 2284 461 1011 1.024 1.035 1.036 0378 0370 0374 1.013
16 | MIDO308 4000 1220 141.6E-06| 316.7 0.2 471 h845| 22666 315 1.004 1.015 1.019 1.020 0.558 0555 0251 1.010
17 | MIDO203 4000 1220 126.2E-06| 1215 209 163 345 2366 480 1.012 1.010 1.022 1.022 -0.088 -0.083 0752 04998
18 | MIDO401 4000 1220 226 4E-06| 159 44 221 403 2111 494 1.012) 1.025 1.037 1.038 0347 0333 033 1.013
19 | MIDO503 4000 1220 176 4E-06| 11685 169 184 299 2340 547 1011 1.031 1.043 1.044 0459 0450 0319 1.018
20 |MIDO103 4000 1220 202.2E-06| 1234 134| 183 475 2247 394 1.008 1.033 1.041 1.043 0592 0585 0231 1.024
21 | MID0404 4000 1220 2051E-06| 131.9 54| 245 474) 2346 385 1.009 1.030 1.040 1.041 0515 0508 0.281 1.020
22 | MID0301 4000 1220 139.4E-06( 136.8 6.5 361 h8.6| 2306 30,6 1.005 1.018 1.023 1.025 0569 0565 0244 1.013
23 |MID0408 4000 1220 234 4E-06| 1264 94| 276 426| 2262 458 1.012) 1.027 1.039 1.040 0376 0368 0375 1.014
24 | MID0208 4000 1220 135.6E-06| 1264 157 21.0 4345| 2312 423 10058 1.014 1.0200 1.020 0441 0437 0327 1.008
25 |MID0106 400 1220 197.8E-06| 1262 13.9) 223 441 2293 426 1.011 1.029 1.040 1.041 0434 0426 0335 1.017
26 | MIDO306 400 1220 138.6E-06( 139.3 2.3 463 827 2310 372 1.004) 1.015 1.020 1.021 0557 0554 0251 1.0M
27 | MID0410 400 1220 231.7E-06| 3026 18 344 445 2108 455 1009 1.028 1.037 1.038 0531 0524 0270 1.020
28 | TWHNO401 4000 1220 232 5E-06| 1472 53| 3379 B4.6| 2373 1.00 1.021) 1.085 1108 1114 05% 0581 0234 1.063
< >
TVWNO0402 v | Kmean [E-06 SI] I =




6. Sampling, measurement and data processing
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6. Sampling, measurement and data processing

Mean tensor (Jelinek 1978, Hext 1963)
= Mean directions
= Confidence ellipses
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6. Sampling, measurement and data processing

Bootstrap (Constable & Tauxe 1990)
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6. Sampling, measurement and data processing

Data presentation in regional scale

*projection of mean susceptibilities *magnetic lineation of mean tensor sisolines of shape parameter (T)
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Magnetic anisotropy of rocks
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