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Introduction

Anisotropy of magnetic remanence (AMR) is a directional variability of ability to ac-
guire a remanent magnetization (e.g. anhysteretic, isothermal). In the contrary to
the anisotropy of magnetic susceptibility (AMS) its geological interpretation high-
lights the preferred orientation not of all rock constituent minerals but solely of
the ferromagnetic (s.l.) fraction. The measurement procedure consists of the di-
rectional acquisition of magnetic remanence subsequently performed following a
scheme of directions. AMR tensor is then calculated from a set of components of
directional remanent magnetizations.

Anhysteretic remanent magnetization (ARM) is acquired when a specimen is
subjected to an AC field of gradually decreasing amplitude simultaneously with a
steady DC field (also referred to as a bias field). The combined action of AC and DC
fields is much more efficient in producing a remanence than the application of a
DC field alone. Simply said, AC field amplitude controls which particles, based on
their coercivity, are involved in the magnetization process while DC field intensity
controls how much the particles in question are magnetized. Typically, the DC
field is maintained during the entire course of AC field decrease. In a special case,
a DC field is applied only for a limited time within an AC coercivity window (ACmax
to ACmin), to acquire a partial ARM (pARM).

Isothermal remanent magnetization (IRM) is usually understood as a remanence
resulting from the application of a DC field to an assemblage of magnetic particles
(without any aid of AC field).

Selection of AC and DC fields and magnetizing mode

Prior to any directional measurements, some sort of the ARM (IRM) acquisition (and
AF demagnetization) experiment should be performed on representative speci-
mens to get some idea about:

1. Coercivity distribution of rock constituent ferromagnetic (s.l.) minerals
2. Ability to get magnetized and demagnetized

3. Strength and direction of residual magnetization (not possible to demagne-
tize)

An example of such experiment is shown on Figurel. Based on the experiment
one can decide which combination of AC and DC fields and which set of magne-
tizing directions (Figure 2) will be used. AC field is set according to the coercivity of
magnetic fraction of interest, DC field controls how much the specimen is magne-
tized. Considering the choice of magnetizing scheme, the generally rule is that the
more magnetizing directions the more precise the tensor calculation is. Usually,
we try to reach the optimum balance between precision and speed of the mea-
surement. Whole procedure strongly depends on the residual magnetization so
the first obvious step would be to demagnetize the specimen using the highest
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AC field possible. If the strength of the residual magnetization is in the same or-
der of magnitude as that of that magnetized states, one is strongly advised to use
magnetizing schemes employing pairs of antipodal magnetizing directions (A- or
C-modes) where the constant residue is fully compensated (Figure 3). By selecting
higher DC field, one may reach up to two orders of magnitude difference between
the magnetized and demagnetized states. If this is the case then B- or D-modes
are sufficient. When the residual magnetization is comparable or higher than that
of the magnetized states, AMR calculations may get very imprecise even when the
antipodal magnetizing directions are used.
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Figure 1: An example of the ARM acquisition experiment for a representative spec-
imen of volcanic rock. a) or b) show that the coercivity distribution in the specimen
is below 50 mT, i.e. using AC >50 mT will not magnetize the specimen any further.
Fig. b) shows that the specimen is linearly magnetized with the increasing DC field
up to 500 uT. Fig. c) demonstrates that all previously acquired magnetization can
be erased using AC field <=50 mT. For that particular example the optimal combi-
nation of the fields would be AC=50 mT and DC=500 uT; AF demag. field should

be slightly higher than AC mag. field, let’'s say 60 mT to make sure that all artificial
magnetization has been erased.
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Figure 2: The spherical projections of various sets of magnetizing directions, red
dots - lower hemisphere, blue dots - upper hemisphere. Note that the User mode,
A-mode, and C-mode consist of pairs of antipodal directions.
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Figure 3: A sketch showing the principle of geometrical compensation of the resid-
ual magnetization effect applied in A- and C-modes. For the sake of simplicity the
3D situation is projected to the XY plane. When we magnetize an ideally isotropic
specimen parallel to the Al direction it acquires a remanent magnetization (Al
vector) but due to the residual magnetization (RM) we measure M1 vector instead.
Magnetizing the same specimen along antiparallel A2 direction the A2 vector is
acquired but combined with RM we actually measure M2 vector. By subtracting
M1 - M2 vectors and dividing the resulting vector by two we obtain the original vec-
tor Al without any directional effect of RM. Following this principle for other pairs
of antipodal directions we end up with six or three (A- or C-modes, respectively)
remanence vectors clear of any residual magnetization. The six-direction B-mode
or three-direction D-mode is then used to calculate the anisotropy tensor.
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Data acquisition

1. Install Rema6W, version: 6.2.3., release: Feb 2, 2015

2. Start the program and initialize the JR-6 spinner magnetometer.

3. Go to the Main menu: Settings -> Instrument configuration, and make the

desired settings of the magnetometer.

Instrurnent configuration =]
Holder imen type
© Automatic & Cylinder

" Semi-automatic  Cube
& Manual
Acquisition time

" Short time

& {1 positior;
© 2 positions

&
€ 4 positions Narmal time

© B positions ® Loy e

Speed of rotation
& High (37.7 revis)
 Low (167 revfs)

I Repeat mode

Mo. of repetitions 10
Average of last [ 3 measuremen ts

Specimen volume

Actual valume [ccm] [ 10

oK cancel |

A hint: For the ARM (IRM) acquisition experiment you may save a great deal
of time by magnetizing along one of the specimen axes (e.g. x-axis) and set
the magnetometer to measure in 1 position only. Please note that not the
full vector is measured but only its projection to the plane perpendicular to
the spinning axis; component of magnetization parallel to spinning axis is not
measured. Make sure that the magnetizing direction does not coincide with
the specimen spinning axis. The 1 position measurement is NOT POSSIBLE to
be used for actual directional measurements where a full vector is necessary!
Automatic holder or 4-position manual scheme is recommended.

. Open new jro-file.
. Switch to the Data acquisition tab.

. Start NEW SPECIMEN. Please note that the specimen should be fully demag-
netized prior to any artificial magnetization is imparted.

. Fill the specimen Name, and respective orientation values.

. Select desired Treatment (AARM or AIRM), fill respective ACmax, ACmin, DC
field values. Please note that currently these values serve for the reference
only, you will be prompted to enter them again prior to the tensor calcula-

tion.)
New specimen =]

Treatment _ ACmax [mT] _ACmin [mT) __DC [uT]
BARM ¥ ] a 200
Acmode (12 positions) -] [Al E

Orientation Volume
Pl P2 P3 P4

o [[ofs]0]

Application Note page 5



ARM - A Brief Practical Guide AGIC®

Select desired design of magnetizing directions.

T 5]
Geological file

Name Speciment E

Treatment  ACmax [mT] _ACmin [mT] DC [uT]
AARM v il [1 £00
<[ [a1 E

Orientation & por
Dip Dip g—mn:e g pns\:mns;
-mode (3 positians)
2] |mode (15 positions) ]

User made (16 positions)

s Volume

Eoliation
Dip dir.  Dip Trend  Plunge

[

10. Select the current magnetizing direction, and hit OK.

New specimen @
Geological il

Name Speciment E
Treatment  ACmax [mT] _ACmin [mT) __DC [uT]

BARM - il 0 00
Amode (12 positions) ~| [a1 -

Orientation parameter| A2
Dip Dip Pl P2 P3 P4
120 a [6[ofe[0

Foliation

Orientation

Lineation
Dip dir.  Dip Trend  Plunge

[

11. Magnetize the specimen, mount it to JR-6 holder and start the measurement.

12. Repeat Steps 10 and 11 until all necessary directions are measured. Before

each magnetizing step, the previously imparted magnetization must be erased

by AF demagnetization (the demagnetized state is not necessary to be mea-
sured).

13. Alternatively, multiple specimens can be treated simultaneously by magne-
tizing (and measuring) each of them parallel to a certain direction and re-

peating Steps 10 and 11 until all necessary directions for all specimens are
measured.
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Data processing
1. Switch to the Specimen tab.

2. When no file is open, go to the Main menu: File -> Open.

Remsow s
File | Execute Graphics Settings About
Hew Ctrl+H CmoEED
Open Cirl+0' x ez 5
Equal-angle & Specimen
Export Crl 4 projection " Geographic
Make specimen files Ctrl+M & Tl e
Exit Rematiy crl+Q  Full cor.
R e
v v B Y
# Down kY HI
O e @ Harizortsl ¢ Vertical
Mmas Mmax = 1.000E+00 Aim #| State Module [A/m]| Dec Inc =
1 1
o8 B
08
or 3
05 4
0s &l
04 5
03 7
0z
01 2
[i} 5
0 1 d -
Data acquisition Magnetic states
| INSTRUMENT IS NOT READY igh speed | Normal time | Repeat: N/A CALIB HCORR

3. Click on the desired specimen name in the left-hand specimen list.

Rermna6i - CAJRED ata\Pusan12-09- 20 1MKTITKT11-45IKT11-450r6 (N = 39) ===
File Execute Graphics Settings About
Coor. system
- X -
s SPECIMEN Equal-angle ° et @ Specimen
COOR.S. projection é - " Geographic
o
 Titt corr
© Full cor.
£ 1 0y
¥ v e Gy
#® Down ™ _j?iq
o Up N=13 © Horizontal (3 Vertical Ticks: 50.0E+00 Al
Mmax Mmax = 664.0E+00 Aim #| State Wodule [Am] Dec Inc 2
! 10 4 BEOE+HID 3378 £29
2|A 593 0E+00 438 0.7
3|A2 602 0E+I0 2248 1.3
4|A3 664, 0E+H0 314.2 27
5| A4 578.0E+H0 133.4 -3.4
B|AS 602, 0E-+HI0 926 44.4
7|AE 562, 0E+HI0 267.1 437
B|A7 646, 0E+H0 89.9 -3.5
o—e— § § § . . 9|28 S910E400| 2707, 432
0 2 4 8 8 10 12 4 mT[ag B200E400| 3600, 482 -
Data acquisition 1 Specimens 1 Magnetic states
B | INSTRUMENT IS NOT READY Auto Cylinder |High speed |Normal time | Repeat: /A CALIE HCORR

Application Note page 7



ARM - A Brief Practical Guide AGIC®

4. Go to the Main menu: File -> Export.

RernabW - CAIR6Data\Pusan12-09- 201 KT II\KT11-450NCT11- 450,16 (M = 39) ===
Execute Graphics Settings  About
New Crl+N Coor. system
Open ctl+0 ® %z 5
Equal-angle o - & Specimen
Export Ctrl+W projection é  x © Geographic
WMake specimen files Ctrl+hd &  Tilt corr
Exit Rema6\/ Ctl+Q  Full co.
] o
R . PR YV
v v M »6%—.—.—.—.— —<)-r = e,
® Down = 7:93‘2
o N=13 - Horizortal O Vertical Tieks: S0.OE+00 Afm
Mmax Mmax - 664.0E+00 Am #|State Wodule [Afm Dec Inc =
1 1o 4BBOEHI0| 3379 629
2/a1 593.0E+00 436 07
3|42 BO20E+00|  224.8 -13
4]43 EEA0EHI0|  314.2 27
5|a1 STE0EHI0| 1334 3.4
E|as E02.0E+00 926 44.4
7|45 S620E+00|  267.1) 437
B|A7 646 DE+0D 3.8 -435
ol—& 9|A3 91 0E+H10 2707 432
o 2 4 6 8 o 12 14 mT|cjAg 624 DE+0D 360.0 482 =
Data acquisition 1. Specimens I Magnetic states
B INSTRUMENT IS NOT READY Auto Cylinder | High speed | Normal time | Repeat: N/A CALIE HCORR

5. Select AMR file (*.are) as Save as type and assign new are-file name.

Save specirmen file

) [0 < Rébata » Pusont2-00-2014 » KTLL » KTEL-450 ~ [ 4 |[ Search k711450 )

Organize v Newfolder

8 Downloads  * fame Date madified Type Size

) RecentPlaces
Naitems match your search.

5 Libraries =
[ Docurnents

o Music

] Pictures

H videos

& Computer
& Windows?_08 (C
ca Local Disk (D)

filenamd( 11450 ) -

Sov ety e D 3
Remasoft file (*.rs3)
Enkin file (*.PMD)
5 Hderolters Sy

6. Select AMR mode and respective AC and DC fields.

ARAR calculation =)

Magnetizing mode AC/DC fields

& Amade (12 directions) ACmax[mT] [ &0
" B mode (& directions) ACmin[mT] [ 0
" C mode (B directions) DC [uT] [ am
" [ mode (3 directions)
" P mode (15 directions)

oK | canceL |
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7. If everything is OK, AMR tensor is calculated and new record is appended into
*are file.

Calculate AMR

e "-.‘ Calculated AMR record was successfully appended to:

T KT11-450are

=

If there are some missing directio

Calculate AR (=3

W AMER caloulation will be aborted!

Following records are missing,

nsyou are warned by the following message:

8. Repeat Steps 3 - 7 until the AMR of all desired specimens is calculated.

9. Data for each specimen are appended as a new record to the following files:

- *are - binary file (can be visualized by Anisoft software)

- *prec - text file containing results of the F-test and Confidence ellipses
- *dat-text file with raw data used for tensor calculation (can be processed

by old MS-DOS AREF software)
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