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1. Theoretical background for AMR

3. Empirical guidelines demonstrated on test samples
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Introduction

A Rocksand sedimentslisplaya magnetic anisotropy when constituent
mineral grains hava preferred orientation.

A Magneticfabric is usually described by thaisotropy of magnetic
susceptibility (AMS)As aliminerals in a rock or sediment (diamagnetic,
paramagnetic, ferromagnetisensulato/) contribute to the susceptibility;
the observed anisotropy is the sum of the individual mineral components,
their specific susceptibility anisotropy and their preferedajnment.

A Theanisotropy of magnetic remanence (AMIg) only dependent on the
ferromagnetic grainss(l) in a rock. Since the number of different
ferromagnetic phases is more limited, the source of the AMR is easier to
distinguish, and the degree of anisotropy is less sensitive to mineral

variation.
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Application

A Toolto study rock texturgPetrofabrid

A Compared to the other methods of fabric analysisstige, Xray texture
goniometry, neutron texture goniometry, EBSD), AM&sg5 cheap, high
resolution, nondestructive

A It can be applied to many samples coverivigple outcrops, drill cores, or
geological units

A Application instructural geologyand tectonics, volcanology, sedimentology,
and paleomagnetism.
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Susceptibility vs. Remanence

Diamagnetism Paramagnetism Feromagnetism(s.l.)
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Tensor notation of AMR (or AMS)

Y
Magneticallyisotropic material H
|\/Irl - kr Hl
_ M=kH

I\/|r2 - kr H2
M3 =k Hs
Magnetization ofanisotropic materials
M=K Hi+ Koo Hy +KsHy
M, =Ko Hi+ Koo Hy +Kps Ha
Mz =Kz Hi+ Kigp Hy + kg3 Ha
Matrix notation

Mrl krll kr12 kr13 Hl

Ml = | Kor Koo Koz| [Ho

M r3 kr31 kr32 kr33 H3

Vector of Remanebilitytensor Vector of field intensity

magnetization
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Concept of magnetic fabric

Principal remanebilities

Meanremanebility Shapeparameter
k=& +ky+kg)/ 3 T=(21,- hy- hy) 1 (hy- h3)

i A, = Inky, h,= Ink,, /;= Ink
Degree ofinisotropy where /1, = Ink;, /1, = Inky, /1;= Inks

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

-1<T<0 prolate (linear) fabric
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Shapes of fabric ellipsoids
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Acquisition of isothermal remanence ™
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Remanent magnetization

Jr=

Grain volume, v

Coercive force, h .

Butler 1992
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Types of anisotropy of magnetiemanence (AMR)

A Anisotropyof AnhystereticRemanentMagnetization (AARM)
Anisotropy of partial ARMAPARN

A Anisotropyof IsothermalRemanentMagnetization (AIRM)
low field IRM
high field IRM or saturation IRM (SIRM)

A Anisotropyof ThermalRemaneniMagnetization (ATRM)
Anisotropy of partial TRMAPTRM
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Acquisition of ARMBARM) and IRM
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Application of AMR

A Preferentialorientation of ferromagneticremanencecarrying minerals
A Coaxiabnd noncoaxial fabrics

A Timingof mineral formation

A Changss strain field

A Deflectionof paleomagnetic/ectors

A Paleointensity

A Paleopole; plate reconstruction

Gilder, S.A., K. He, Miack and JWS @2919), Relativpaleointensityestimates
from magnetic anisotropy: Proof of concept, Earth and Planetary Science Letters,
519, 8391
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Pros & Cons (advantages & disadvantages)

A AARM easy to apply and remove, but limitédcoercivityrange

A AIRM useful for higrcoercivityminerals,but questionabout repeatability
of acquired magnetization.

A ATRM: useful for low and higioercivityminerals but rocks cannot
producenew ferromagnetigghases with heating.



Instruments andlechniques

Directional schemes for AMR acquisition

User mode
UK

M1-M2

> +Y
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AGICO LDA5/PAMYagnetizer& JR6(A) Magnetometer

Specifications

LDAS
Specimen shape: cube: 20x20x20 mm
—— LDA S / PAM | cylinder: 25.4 mm diameter
Y/ & 22 mm height
AF Demagnetizing Field: 110 200 mT
Power requirements: 230V /50 Hz, 400 VA
(optionally 120 V /60 Hz)

Dimensions, Mass:
Specimen Unit: 110 x 39 x 46 cm, 95 kg
Electronic Unit: 47 x 38 x 17 cm, 30 kg

PAM1

Anhysteretic Magnetizer

Direct Magnetizing Field: 0 to 500 T

Pulse Magnetizer
Direct Magnetizing Field: 0 to 20 mT
Length of Direct Field Pulses: 0.01 to 10s

A Both instruments controlled from one computer
A Timer starts when magnetization pulse terminates
A Repeated measurement of viscous decay of IRM

®aGico

JR-6A

DUAL SPEED SPINNER MAGNETOMETER




DEMAGNETIZER

Specimen Measurements
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Mewr specimen

Geological file
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Even a small baby can
handle anisotropy of
magnetic remanencen(th
AGICO instrumen}s




Samples

Name Rock type Location Ferromagnetic | Magnetic
carrier (?) susceptibility

VIKO1 Mudstone Svalbard Magnetite ca.300 E6




Samples

Mudstone
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AS32 Rock characteristics

Ultracataclasti¢alus brecciaThe faultrock is
polymictand haghe strongestsusceptibility in
this dataset Nevertheless thenagnetic fabric
IS not stronger or betteconstrained thann
the other sites. K3 axes plot perfectly in the
fault planepole, whereas K1 and k2e nearly
undefined. Weak positiveusceptibility

Courtesy of HannaRomella Insbruck Austria
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Coordinate

AS32 AMS vs. AAMR
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AS32c Magnetic characteristics

pARM Acquisition (H,. = 0.5 mT)
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AS32; Directional Acquisition of ARM

Weak magnetization  gs& &,
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Example2: CS34 Site location
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CS34 Site view
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CS34; Magnetic characteristics

pARM Acquisition (H,. = 0.5 mT)
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CS34; Directional Acquisition oARM
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Example3: JH10c Location

(a) Avalonian-Cadomian belt Redrafted and simplified (b)
(ca_ 570 Ma) from Linnemann et al. (2004)
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JH10c Magnetic characteristics

pARM Acquisition (H,. = 0.5 mT)
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JH10c AARMin various bias DC field
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Examplet: VIKOI Location

Stage 1: compression
53 -47 Ma (An 24 - 21)

Stage 2: dextral transpression \
47 - 34 Ma (An 21 -13)

Norwegian Polar Institute Piepjohn et al., 2016, J. Geol. Soc.
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VIKO1¢ Inverse fabric carried by siderite




