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User Manual conventions

e Mathematical equations and variable names are in [talic font

H.
Heff = \p/egk

e Menu items are in Slanted font

File|Open new file

e Paths, file names and keyboard shortcuts are in Courier font

Ctrl+0, Safyr4W.exe

e User interface button names are in SMALL CAPS

the NEW SPECIMEN button

e User interface window names and items are in Sans serif font

the New data file window, the Results frame
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1 Introduction

SafyrdW is an instrument control software for Agico MFK1 series of Kappa-
bridges (FA, FB, A, B models!) designed for Microsoft Windows. The soft-
ware is an updated and improved version of the previous Safyr32 (designed
for Microsoft DOS). While all features of Safyr32 were retained, SafyrdW
additionally provides a user-friendly graphical interface enabling easy instru-
ment control and instant visualization of the acquired data.

The main features of Safyr4dW include measurements of magnetic suscep-
tibility (bulk or mass) and anisotropy of magnetic susceptibility (AMS) in
variable fields and, depending upon the instrument model, at one (MFKI-
A/B) or three (MFK1-FA /FB) operating frequencies. Bulk/mass susceptibil-
ity can be measured either at certain field intensity or as a variation according
to the field intensity (k(H) curves). Anisotropy of magnetic susceptibility
can be measured manually using the 15-position rotatable design or, in the
case of FA or A models, using the slowly spinning specimen method.

'For details concerning instrument specification, operation and maintainance please
refer to “MFK1 User’s Guide” available at www.agico.com.
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2 Installing and running Safyr4W

2.1 System requirements

Safyr4dW requires that your computer has Microsoft Windows operating sys-
tem installed (Windows 98 up to Windows 7). Please note that the appear-
ance of the user interface may vary according to the default settings of the
respective version of operating systems.

2.2 Installing Safyr4W

Installation is very straightforward and consists of several easy steps (you
can navigate a step forward or backward by clicking on the NEXT or BACK
buttons):

1. Run the installation wizard Safyr4W-Setup.exe by double-clicking on
the file name. The Setup - SafyrdW window appears (Fig. 1).

2. Select the installation directory (Fig.2). It is recommended to keep the
default directory (C:\Program Files\Safyr4W) as set by the installa-
tion wizard.

3. Choose the Start Menu Folder name.
4. Choose whether you want to create a desktop icon.

5. After making/revising your preferences start the installation by clicking
on the INSTALL button (Fig. 3).

6. During installation a default working directory (C:\MFKData) is cre-
ated. Finish the installation by clicking on the FINISH button (Fig.4).

2.3 Uninstalling Safyr4aW

To remove SafyrdW from your computer, select the Uninstall Safyr4W item
in the Start|Programs|Safyr4W menu option. All program files, desktop
icons, and shortcuts will be deleted. Note that any data files stored in default
working directory will not be removed.

2.4 Starting Safyr4aW

SafyrdW can be started by a double-click on the respective desktop icon or
by clicking on the Safyr4W item in the Start|Programs|Safyr4W Start menu
of the operating system.
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etup - SafyrdW

welcome to the Safyr4w Setup
Wizard
This will install Safyr4h - ver.4.0.0 on your computer,

It is recommended that you close all other applications before
cantinuing.

Click Hext to continue, or Cancel bo exit Sstup,

Setup - SafyrdW -

Select Destination Location
Where should Safyr4b be installed?

_J Setup will install Safyr4s inka the Following Folder,

Ta continue, dick Next, If you would like ko select a different folder, click Braowse.

Browe I

At last 5.7 ME of free disk space is required,

KEeT Cancel I

< Back. I Bext = I

Cancel |

Figure 1: Installation wizard.

etup - Safyrdw T

Ready to Install
Setup is now ready to begin instaling Safyr4W on your computer,

Click Install ta-cantinug with the installation, or click Back if you want to review or
change any settings.

Destinakion lacakion: ;!
C:\Program Files\Safyraw!

Start Menu Folder:
Safyrdiw

Additional asks:
Additional icons:
Create a deskkop ican

< Back l Tnstall I

concel |

Figure 2: Installation directory.

Completing the Safyr4w Setup
Wizard

Setup has finished installing SaFyrdW on your computer, The
application may be launched by selecting the installed icons.

lick Finish to exit Setup,

[V Launch Safyrdind!

< Back

Figure 3: Revising installation pref-

ETENCES.

Figure 4:
tion.

Completing the installa-
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3 Instrument initialization

Before performing any measurement the instrument must be initialized. Prior
to initialization, check whether the instrument is switched ON and connected
to the computer via serial port or the USB/serial adapter. The initializa-
tion is started by clicking on the INITIALIZE button (keyboard shortcut:
Ctrl+Ins). Initialization routine is monitored in the Instrument initializa-
tion window, result of each initialization step is displayed and successfully
completed steps are highlighted in green (Fig.5). Depending upon the in-
strument model, initialization routine consist of the following steps:

Instrument initialization = ‘H

AFTER SWITCHING ON THE INSTRUMENT SHOULD BE STABILIZED
FOR AT LEAST 10 min TO ELIMINATE COIL DRIFT

Figure 5: Instrument initialization window.

1. Searching for instrument connection via serial port.

2. Testing firmware version.

3. Listing the maximum field intensities for each operating frequency.
4. Setting auto ranging.

5. Setting default operating frequency (i.e. F1: 976 Hz).
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6. Setting default field intensity (i.e. 200 A/m).

7. Testing the Up/Down mechanism (performed only for the FA and A
models).

8. Zeroing the instrument.

9. Setting Rotator supply (performed only for the FA and A models); in
the case that the Rotator is not connected or it does not work properly
the instrument is switched into the manual mode.

10. Measuring Rotator speed (performed only when Rotator supply was
set successfully).

11. Setting the Rotator into its initial position (performed only when Ro-
tator supply was set successfully).

After successful initialization press OK to start a 10 min countdown nec-
essary for the stabilization of the instrument coils. You can reduce the sta-
bilization time by clicking on the REDUCE WAITING TIME button (each click
reduces waiting time by one min, not recommended!)
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4 Settings

After successful initialization you are able to set the instrument. All setting
options can be accessed by clicking on the Settings item in the main menu.

4.1 Instrument settings

Instrument settings can be accessed from the main menu: Settings|Instrument
settings (F12, Fig.6). You are able to set (each item is discussed below):

e Measurement mode
e Field intensity
e Operating frequency

e Bulk/Mass susceptibility

To apply your settings click OK; clicking on CANCEL will retain the pre-
vious settings.

—Measurement mode —Field intensity

& Anisotropy Field intensity <2 - 710 Afm

& Automatic (spinning specimen) | 200

¢ Manual {15 directions)

—Operating frequency

" Bulk susceptibility & F1 (376 Hz) =2-710 Adme
* Siscentibility © F2 (3904 Hz) <2 - 355 Adm>
! Eield dependence © F3 (16616 Hz) <2 - 220 Afm:=

— Bulk/Mass susceptibility
& Bulk susceptibility Velume =0.1 - 40 ccm=

" Mass susceptibility I 10

\ OK |  canceL

Figure 6: Instrument settings window.
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4.1.1 Measurement mode

You can perform four types of measurements:

e Automatic (spinning specimen) Automatic AMS measurements with
the Rotator (FA or A models only, see page 28 for description of mea-
surement routine). When this option is applied, the initialization and
testing of the Rotator requires some execution time (up to 2 min); if
the test fails (e.g. the Rotator is not connected) the automatic AMS
option is disabled, and the software is switched into the manual AMS
mode (the Rotator is disabled). To use the Rotator you must:

Exit SafyrdW (File| Exit Safyr4W, Ctrl+Q).

Switch the instrument OFF.

Connect the Rotator to the Pick up unit.

Switch the instrument ON.

Start SafyrdW.

Run the initialization routine.

SRR AN S

e Manual (15 directions) Manual AMS measurements in 15 directions
(see page 33 for description of measurement routine).

e Susceptibility Single measurements of bulk/mass susceptibility with
or without the Up/Down mechanism (see page20 for description of
measurement routine).

e Field dependence Measurements of bulk/mass susceptibility depen-
dence on the field intensity (see page 22 for description of measurement
routine).

4.1.2 Field intensity

Field intensity can be set in A/m in peak values, Hpex. Field intensity
ranges vary according to the operating frequency (see below). Default field
intensity is the maximum field common to all three operating frequencies,
Hpeax = 200 A/m.

Note that in the KLY series of Kappabridges, the field intensity was presented in terms

Hpe;k. To set the same field intensity

of root mean square (rms) or effective value, Hog =
using the MFK instrument you have to set Hpeak = 425 A/m. This option may be useful

if you want to compare the previously acquired data with new measurements.
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4.1.3 Operating frequency

There are one or three operating frequencies (depending upon the instrument
model):

e F1 976Hz <2-700 A/m>
e F2 3904Hz <2-350 A/m> (FA and FB models only)
e F3 15616 Hz <2-200 A/m> (FA and FB models only)

Note that the default field intensity (Hpeax = 200 A/m) is reset any time you
change the operating frequency. Changing the operating frequency requires
some execution time, after frequency change you will be prompted to wait
at least 10 min to stabilize the instrument coils.

4.1.4 Bulk/Mass susceptibility mode

You can set how magnetic susceptibility is presented (bulk or mass) together
with the respective default volume or mass. Sample volume can be set in the
range of 0.1-40 cm?, mass in the range of 0.01-200 g. Note that the mean sus-
ceptibility calculated after AMS measurements is always presented in term of
bulk susceptibility using default sample volume; AMS measurement options
(page 8) are active only when the Bulk susceptibility mode is set.

The MFK1 Kappabridge primarily measures the total susceptibility, kr, that is indepen-
dent of the specimen volume [2]. The total susceptibility is defined as the induced magnetic
moment of the specimen divided by the nominal volume of the instrument (being 10 cm?
for MFK1 Kappabridge). The bulk susceptibility, kg, is calculated as follows

1%
@:%m

where V' is the actual volume of the specimen and Vj is the nominal volume.
In environmental magnetism studies, the mass susceptibility, x, is often used. It is
related to the bulk susceptibility as follows [4]
_ ks _ Vks
== —

X

where p is density, m is specimen mass. The mass susceptibility is then related to the
total susceptibility as follows

While the bulk susceptibility is dimensionless, the SI unit of mass susceptibility is
m?/kg. The mass susceptibility in m3/kg is obtained, if the nominal volume and specimen

mass are input in m® and kg, respectively.
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4.2 Anisotropy factors

Selection of the quantitative anisotropy factors can be accessed from the
main menu: Settings|Anisotropy factors. Selected factors are calculated and
displayed after each AMS measurement (see page34). Note that in binary
data files only tensor data are stored and the anisotropy factors are calculated
from them during subsequent data processing.

You can choose eight factors from 38 preset equations together with de-
sired factor names (Fig. 7, see page 45 for table of individual equations). To
enable the selection press the CHANGE button and make your selection. To
save your desired factors hit OK; clicking on CANCEL will retain the previous
factors.

=
# _ Name __ Equation
1L [K1k2 =l
2 [K2k3 -
3 P [K17k3 .
4+ |explsar{2(in1-n2+n2-np2+n3np2y)y =
5T | 2nz-n1-n3)(n-n3) |
6 |u | 2K2-K1-k3N (K1 -K3) |
7 o [ (kK2 (k1 +k2)/2-K3] |
8 [E [ (k22 (Kk17K3) |
[ ok | cancer |

Figure 7: Anisotropy factors setting window.

4.3 Orientation parameters

Since there are various ways of sampling oriented specimens, a software so-
lution was developed to transform acquired AMS data from the specimen
coordinates into geographic, and tectonic coordinate systems using a set of
orientation parameters (P1, P2, P3, P4). The orientation parameters quan-
titatively describe your sampling scheme. For definition of the orientation
parameters see Fig. 25 in Appendix?.

2For detailed description on sampling of oriented specimen see Agico Print No. 6 avail-
able at www.agico.com.

10
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Anisotropy settings 2|

-Orientation parameters
4]

P2 P3 P4
s [Edo [EdN: [Ei- (&

-Demagnetizing factor

iUz demagnetizing factor

CHANGE |  CANCEL

Figure 8: Orientation parameters setting window.

Setting of the orientation parameters can be accessed from the main
menu: Settings|Orientation parameters (Fig.8). To activate the selection
press the CHANGE button, to save your desired parameters hit OK; clicking
on CANCEL will retain the previous orientation parameters.

4.4 Calibration standard

Each instrument is provided with the calibration standard of given magnetic
susceptibility. After new installation of Safyr4W, the nominal maximum
and minimum susceptibility values of the calibration standard must be set
in order to perform the instrument calibration®. If the calibration standard
values are not set you will be prompted to do so when trying to start any
type of measurement.

Setting of the calibration standard susceptibility values can be accessed
from the main menu: Settings|Calibration standard (Fig.9). To enable value
changes press the CHANGE button, to save new values hit OK; clicking on
CANCEL will retain the previous calibration standard values.

3With the purchase of new instrument, calibration standard nominal values are set
during the instrument installation by the Agico technician.

11
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Calibration standard values i
Standard max [E-3] | 77 20

Standard min [E-3] | 21.85

CHAMNGE CEARCEL

Figure 9: Calibration standard window.

12
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5 Auxiliary routines

Auxialiary routines serve for executing instrument calibration, correction for
empty holder, and several auxialiry commands mainly related to the Rotator
and the Up/Down mechanism.

5.1 Calibration

After successfull initialization of Safyr4dW the instrument should be cali-
brated. If the instrument was never calibrated or the calibration is out of
date (30 days or older) you will be prompted to calibrate when trying to
start a new measurement. Generally it is recommended to calibrate the in-
strument every day before beginning the work. The instrument should be
always calibrated when the operating frequency was changed.

Calibration: F1 H=200 A/m |

~Calibration standard values
Standard max [E-3] 77.29

Standard min [E-3] 21.85

-Calibration constants

BSus Gain Bulk Cosine Sine Delta Gain Aniso
old [7729E035] [ 31638 |[ 2772803 [0000E+00] [ 207 |[ 31827 |
Measured [ 77 37E-03][ 31635 |[ 27 62E03|[1.216E03|[ 200 |[ 31527 |
New [7729E03] | 31606 |[ 2772603 [0o00E+00) [ 225 ][ 31605 |

START | SAVE CANCEL |

sTOP |

CALIBRATION ROUTINE WWas SUCCESSFLUL

Figure 10: Calibration routine window.

Calibration routine can be accessed from the main menu: Execute|Ca-
libration (F3, Fig.10). Fix the calibration standard into the holder or the
Rotator with the cylinder axis oriented vertically and start the calibration
routine by pressing the START button. Depending on the preset measurement
type (see page 8) the calibration routine consists of one measurement of total
susceptibility and additionaly, in the case of the automatic AMS measure-
ment, one measurement of anisotropy using the Rotator. If the Up/Down
mechanism is disabled, you will be prompted to check whether the plastic
cylinder is installed into the coil, to wait for a long beep to insert the holder

13
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into the coil, and to wait for a short beep to pull it out (prompts for inserting
and pulling out the holder are also displayed in the status bar of the main
window). If the Up/Down mechanism is enabled, the routine is performed
automatically. Calibration routine can be stopped anytime by pressing the
STOP button (Space Bar). Note that for the purpose of the calibration the
field intensity is set to 200 A /m; when finished the field intensity is reset back
to its original value.

After calibration, new calibration constants—Gain Bulk and, in the case
of the automatic AMS measurement, Delta and Gain Aniso—are calculated.
Delta angle represents the phase lag of the measured signal relatively to the
position of the spinning specimen. This lag is mainly due to the phase char-
acteristics of the output low-pass filter. Gain Bulk and Gain Aniso are the
corrections applied for the total susceptibility and anisotropy measurements,
respectively.

Successful calibration can be saved by pressing the SAVE button; clicking
on CANCEL will retain the previous calibration constants. After saving new
calibration constants all previous holder correction values are zeroed.

5.2 Holder correction

This routine measures the total susceptibility and, in the case of the auto-
matic AMS measurement, anisotropy of empty holder/Rotator used for the
later correction; the holder correction values are subtracted from the mea-
sured values.

Holder correction routine can be accessed from the main menu: FExe-
cute|Holder correction (F4, Fig.11). Holder correction routine is started by
pressing the START button. If the Up/Down mechanism is disabled you will
be prompted to check whether the plastic cylinder is installed into the coil, to
wait for a long beep to insert the holder into the coil, and to wait for a short
beep to pull it out (prompts for inserting and pulling out the holder are also
displayed in the status bar of the main window). If the Up/Down mechanism
is enabled, the measurement routine is performed automatically. The total
susceptibility of the empty holder and, when applicable, the anisotropy of the
empty holder/Rotator is measured three times, the average values and their
standard errors are calculated. Holder correction routine can be stopped
anytime by pressing the STOP button (Space Bar).

If total susceptibility of the holder does not lie within the expected interval
or three consecutive measurements are inconsistent (the standard error is
greater than 0.1 x 107%), the new holder values are highlighted in red. Tt
is upon the operator whether to save the holder correction values or not
(depending also on the strenght of the samples to be measured).

14
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E|
~Current helder values
Sus Re Sus Im Cosine Sine
(0 000E+a0] [0 000E-+a0] [D.0ME+00’ [0 000E +00]
~Measured holder values (three times)
# Sus Re Sus Im Drift Re Cosine Sine
#1 [-2.355E-06 ] [-1.031E-06 | [-129.5E-09 | [ 23.06E-09 ] [ 5.290E-09
#2 [-2.364E-06] [-735.5E-09 ] [62.14E-09] [ 44.95E-09] [ 4.999E-09 ]
#3 [2.345E06] [739.7E-09] [-100.5E-09] [ 19.70E-09] [-11.75E-09]

Average |[-2.354E-06 | [-835.6E-09 | [-97 38E-09 | [ 29.23E-09 | [ 837 2E-12|
Std. error [ 9.493E-09] [ 169.5E6-09] [ 33.60E-09] [ 13.70E-09] [ 11.136-09]

~New holder values

Sus Re Sus Im Cosine Sine
staRT | SAVE | caMceL |

STOP |

| HOLDER CORRECTION ROUTINE WAS SUCCESSFUL

Figure 11: Holder correction window.

New holder correction values can be saved by pressing the SAVE button;
clicking on CANCEL will retain the previous holder correction values. Note
that in case of opearating frequencies F2 or F3 the holder susceptibility (and
its anisotropy) are saved to be used in the current session only.

Please note that the holder correction routine is performed in the cur-
rent field intensity unless the current field is lower than 200 A/m. If this is
the case, the field intensity is switched to 200 A /m; when finished the field
intensity is reset back to its original value.

Note that the holder correction values are zeroed whenever you perform
the calibration routine, change the calibration standard nominal values, en-
able/disable the Rotator (switching between automatic and manual AMS
mode) or you switch to operating frequencies F2, F3. If you switch back to
the operating frequency F1, the last saved holder values for F1 are recalled.
It is strongly recommended, however, to perform holder correction routine
each time after instrument initialization, after any change of operating fre-
quency, change of the holder type, or change of the measurement type (which
usually implies different holder type to be used).

5.3 Auxiliary commands

Set of the auxiliary commands can be accessed from the main menu: FEx-
ecute|Auxiliary commands (Alt+Bksp). Depending upon the instrument
model the auxiliary commands control:

15
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e Up/Down mechanism (FA and A models only)

e Rotator (FA and A models only)

e Zeroing

Each command is executed immediately after a click on the respective
button or check box (Fig.12). The command-to-be-executed together with
the instrument response are displayed in the command-and-response line in
the lower part of the window (Fig.12). The command-and-response line is
highlighted in green or red depending on whether the command execution
was successful or not. Note that the timeout of individual commands vary
significantly. Execution of any command can be stopped immediately by
pressing the STOP button (Space Bar).

-
Up/Down Rotator
Up [l F g SETVOLTAGE |
* Disabled DO | (" Dizabled CHECK SPEED |
INITIAL POSITION |
ZERDING
d

Response

ST3R

Figure 12: Auxiliary commands window.

5.3.1 Up/Down mechanism commands

e Enabling or Disabling the Up/Down mechanism can be performed
by clicking on the respective check boxes. You may enable/disable the
Up/Down mechanism according to your preferences when you measure
magnetic susceptibility or AMS using the manual 15 direction design.
Note that the plastic cylinder must be installed into the coil when the
Up/Down mechanism is disabled; make sure that the plastic cylinder
is removed from the coil when the Up/Down mechanism is enabled.

16
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e Up/Down commands. After pressing the UP or DOWN buttons the
Up/Down mechanism is moved to the upper or lower position, respec-
tively, and time of the operation is displayed in the response column.
The up move takes a little bit longer than the down move but it should
not exceed 3.6s.

5.3.2 Rotator commands

e Enabling or Disabling the Rotator can be perfomed by clicking on the
respective check boxes. When being enabled the Rotator connection
is tested and voltage, period and the initial position is set. These
actions require some execution time (up to 2 min), if any operation fails,
the automatic AMS measurement option is disabled, and the software
is switched into the manual AMS mode (both the Rotator and the
Up/Down mechanism are disabled).

e Setting the Rotator voltage. After pressing the SET VOLTAGE but-
ton the correct voltage for the rotation of the Rotator inner shell is
automatically set, the usual values (displayed in the response column)
ares between 1550-1800. Please note that the values are the A/D con-
vertor units not directly the actual voltage in Volts.

e Checking speed. After pressing the CHECK SPEED button the rota-
tion period of the inner shell is measured. Common values, depend-
ing on the firmware version of the instrument, are close to 2500 ms or
2750 ms.

e Setting initial position. After pressing the INITIAL POSITION button
the Rotator is set to its initial position.
5.3.3 Zeroing command

Zeroing command (triggered by pressing the ZEROING button) is used for
checking the zeroing capability of the instrument and the speed of zeroing.
Time of zeroing is usually between 2-3s.

17
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6 Measurements

After instrument initialization, setting, calibration (and optionally holder
correction) the actual measurements may begin. Depending upon your in-
strument model you are able to perform four different types of measurements:

Susceptibility

Field dependence of susceptibility (k(H) curves)

Automatic AMS (FA or A models only)
e Manual AMS

Different measurement types can be activated using the main menu: Set-
tings|Instrument settings (see page 8).

6.1 Magnetic susceptibility

Before starting susceptibility measurements, you may set how the suscep-
tibility is presented (bulk/mass), respective default volume or mass, field
intensity and, in the case of FA and FB instrument models, operating fre-
quency (see pageT).

For any measurement of the directional susceptibility, in is strongly rec-
ommended to use the manual specimen holder instead of the Rotator used
for the automatic AMS measurements. Depending on the type of your speci-
men you may use the manual holder for cylindrical specimens (with the inner
plastic ring), the manual holder for cubic specimens, or the manual holder
with the vessel for fragments or unconsolidated specimens. To perform the
actual measurement, you may use the Up/Down mechanism or insert the
specimen holder manually into the coil. If you want to use the Up/Down
mechanism you must mount the manual holder to the arm of the Up/Down
mechanism using the plastic circle-shaped adapter.

Prior to the actual measurement you should select a data file where you
want to store your data. The data files are ASCII text files (extension *.mfk).
There are two ways to select a data file:

e Creating a new data file. To create a new data file go to the main
menu: File|New file (Ctr1+N). In the New data file window fill the file
name and choose its directory (Fig. 13). When finished, click OK, new
file is created and the file name is displayed in the caption of the main
window.

19
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e Opening the existing data file. To open the existing data file go to
the main menu: File|Open new file (Ctr1l+0) and choose your desired
data file (extension *.mfk). Newly acquired data are appended into
this data file.

|

Drive Existing files
IIEIC: j j. mik

Directory

=

Examples
[(AExamp

File name {without extension)

|
0K | cancel |

Figure 13: Window for creating a new file.

Note that you may start the measurement without having selected any
data file and do it just before saving the first measurement (after clicking on
the SAVE button of the main window).

6.1.1 Susceptibility

Susceptibility measurements can be started by clicking on the NEW SPECI-
MEN button (Enter). In the New specimen window (Fig. 14) you can input
the specimen name and its actual volume or mass (if it differs from the
pre-filled default value). If you do not input any specimen name the cur-
rent time is used to denote the current measurement. You can also check
whether you want to start the measurement automatically and whether you
want to open the New specimen window immediately after finishing the pre-
vious measurement. Click OK to confirm your input; the specimen name
together with its volume/mass, the actual operating frequency, and field in-
tensity are copied into the measurement table in the main window (Fig. 14).
The actual measurement is started by pressing the START button (Enter),
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unless you have selected to start it automatically. The measurement rou-
tine depends on whether the Up/Down mechanism is enabled or disabled.
If the Up/Down mechanism is disabled, wait for a long beep to insert the
specimen holder into the coil, and then, right after the measurement is per-
formed, a short beep instructs you to pull it out (the prompts for inserting
and pulling out the specimen holder are also displayed in the status bar of
the main window). If the Up/Down mechanism is enabled, the measurement
routine is performed automatically. The results are displayed as bulk/mass
susceptibility BSus/MSus, Phase, and Range in the respective line of the
measurement table in the main window.

Start another measurement by clicking on the NEW SPECIMEN button
(Enter), unless you have selected to start new measurement automatically
after the previous measurement is finished. Continue in the measurement
routine until you measure all your specimens.

o]
File Execute Setting  About
# |Specimen ‘ Freq |H [Nm]‘ ol [ccm]‘ BSUS‘ Phasal Rangs =
1
2 |
3|
_4 |
_5 |
B |
7
8 |
9 |
— [bewspecimen 5
|
12 | Name M—
= Volume [cem] lm—
14 |
15 [ Start measurement automatically
% ¥ New specimen after finish
18 oK | CANGEL
8 |
0 |
21 |
3 |
3 |
o |
25 -
NEW SPECIMEN | START | SAVE CANCEL
STOP |
[ [INSTRUMENT IS READY I [F1 [H=200 Adm [ WD ENABLED |® ROTEMABLED & CALE  |® HCORR

Figure 14: Susceptibility measurements user interface.

After measuring of your entire specimen collection you can save your data
into the data file by click on the SAVE button; clicking on CANCEL will delete
all your data. The data are stored into the ASCII text file (extension *.mfk);
you will be prompted to open such a file unless you had done so prior to the

4See page 16 to learn how to enable/disable the Up/Down mechanism.
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measurement. After saving your data, the measurement table is cleared and
you are able to change the instrument settings, namely the field intensity
and/or the operating frequency.

Note that after the change of the operating frequency the instrument measuring circuits
are disbalanced and the instrument requires at least 10 min to be stabilized. Thus it is not
recommended to change the operating frequency too often. Consequently, if you want to
investigate the frequency dependence of magnetic susceptibility of a group of specimens, it
is strongly recommended to follow this procedure: set the first desired operating frequency,
let the instrument stabilize, perform the holder correction routine, measure all specimens
of the group, set the second desired operating frequency, let stabilize and measure, and so
on.

Since the frequency dependence is calculated from two (three) independent susceptibility
measurements it is absolutely vital that you name your specimens exactly in the same
way during measurements at each operating frequency. To eliminate the possible effect of
field dependence, the field intensity must be the same for each operating frequency (for
that reason, the default field intensity 200 A /m is automatically set whenever you change
the operating frequency). For the precision reasons it is recommended to use this default
value of the field intensity.

Additionaly, to avoid the possible AMS effects, the specimens must be orientated in ex-
actly the same way during each measurement. In the case of the cylindrical specimens,
it is recommended to measure in vertical orientation so that the cylinder axis is parallel
to the axis of the instrument coil (Fig.26 on page44). That way you always measure
magnetic susceptibility parallel to the cylinder axis regardless of the specimen orientation
with respect to that axis; this cannot be exactly reached in the perpendicular orientation
due to the slight specimen misorientations during each individual measurements.

When measuring the standard paleomagnetic specimens, it is strongly recommended to use
the manual specimen holder instead of the Rotator used for the automatic AMS measure-
ments. From our experience it seems that more reproducible results can be obtained using
the Up/Down mechanism compated with the manual inserting of the specimen holder into

the instrument coil.

6.1.2 Field dependence of susceptibility

When this option is selected, a sequence of default field intensities is dis-
played in the measuring table of the main window (Fig. 15). To modify the
sequence click on the EDIT FIELDS button. You may edit the field sequence
in the Edit fields window (Fig.16). You can use three preset sequences—
Standard, Reduced, or Super reduced—accessible in the Default fields menu
item (F1, F2, F3). You may also input/edit the sequence manually in the
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field intensity input box; values of fields must be space-delimited. Another
option is to create a simple ASCII text file (x.var extension) containing a
desired field sequence; each field intensity in the separate line. Such files can
be opened/saved using the File menu. After clicking Ok, the desired field
intensity sequence is copied into the measuring table in the main window.
Note that the values are automatically sorted in the increasing order and
only the field intensities which fit into the field range of the actual operating
frequency are used.

el
Fle: Execute Setting About
ST
ERITHIELDS
Name BRNO E03 S| BRNO
Volume [ccn] 20
] ®
# | Hiam] | BSus [ Phase | Rangs = 11.00 4 P
i 5 5.407E03 07| 202 b ®
2 2 5.448E03 00| 343 1000: 5 &
3 40 B.540E-03 113 3/3 i 3 ¥
4 &0 B EMED3 139 3/3 et *
5 100 8.835E-03 189 | 474 a0 J
6 200 5389603 331 474 i
L7 | 300 9.936E-03 438 4/4 . o
8 400 10 44603 507 474 -
5 500 10.90E-03 550 474 1
10 700 11 GIE-03 615 5/5 s i i i . i i i
0 100 200 300 40 50 B 700 800 A/m
i Field, H
- Field variation indices
Vim [ 390 %] (5, 700) Kmin 5 A07E-03
Vp 390 % | (5, 700) Kmax 11 B9E-03
Va [ 390 %] (Average H <= 15 A/m, 700)  Ki B AI7E-03
— Vi 295 %] (20, 500) Kaver | 9.522E03) [~ 1.18BE-03 |
— Ve [700 Am Kinit 5.336ED3
NEWSPECIMEN | | START | SAVE | CANGEL |
Tap |
[ [ NSTRUMENT 13 READY | [F1 [H=200 A/m @ WD ENABLED |@ ROT DISABLED [& CALE  |® HCORR

Figure 15: Field dependence of susceptibility measurement user interface.

e £

File  Default fislds

- Fields in peak values [A/m]
-» ENTER FIELD “ALUES IN INCREASING ORDER SEPARATED BY SPACE

!2 5102030 4050 60 70 80 100 150 200 250 300 350 400 500 600 700

CLEAR OK I CANCEL |

Figure 16: A window for editing the sequence of fields intensities.
Field dependence measuring routine can be started by clicking on the

NEW SPECIMEN button (Enter). In the New specimen window you can
input the specimen name and its actual volume or mass (if it differs from
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the pre-filled default value). Click OK to confirm your input; specimen name
together with its volume/mass are copied into the Specimen info frame of
the main window (Fig. 15).

The measurement sequence is started by pressing the START button (Enter).
The first field intensity is set and then the instrument waits for 30's to stabi-
lize the coils. The individual measurements depend on whether the Up/Down
mechanism is enabled or disabled®. If the Up/Down mechanism is disabled,
wait for a long beep to insert the specimen holder into the coil, and then,
right after the measurement is performed, a short beep instructs you to pull
it out (the prompts for inserting and pulling out the specimen holder are also
displayed in the status bar of the main window). If the Up/Down mechanism
is enabled, the individual measurements are performed automatically. When
finished, the next field intensity from the sequence is set, the instrument
waits 3 s, and the measurement is performed (see above). The routine is
continued until the suceptibility is measured for all the field intensities in the
sequence.

After each measuring step, the results are displayed as bulk/mass sus-
ceptibilities, BSus/MSus, Phase, and Range in the respective lines of the
measurement table in the main window. Additionally, a plot depicting mag-
netic susceptibility as a function of the field intensity (k(H) curve) is drawn
in the right hand side of the main window. When all steps are finished,
the field dependence curve is analyzed and several field variation indices are
calculated [1].

You can save your data into the data file by clicking on the SAVE button;
clicking on CANCEL will delete all your data. The data are stored into the
ASCII text file (extension *.mfk); you will be prompted to open such a file
unless you had done so prior to the measurement. After saving your data,
the measurement table, k(H) plot and field variation indices are cleared.

Field variation indices are defined as follows:

e Vm index characterizes the maximum susceptibility variation with field

km'}x - kmin
Vi = 100~ max — Fmin oz

min

where kpax and ki are the maximum and minimum susceptibilities, respectively,
measured during one measuring run. The field intensities in which minimum and
maximum susceptibilities were measured are presented in parenthesis.

e Vp index characterizes the variation of susceptibility between the weakest and
strongest measuring field

®See page 16 to learn how to enable/diseable the Up/Down mechanism.
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k max — k min
V, = 100~ PHmin o)

Hmin

where kgmax and kgmin are the susceptibilities measured at maximum and mini-
mum field intensities, respectively. Interval of field intensities used for the calcula-
tion is presented in parenthesis.

e Va index. As the susceptibilities measured at the very low fields may be affected
by relatively large errors in weakly magnetic specimens, it is useful to introduce an
index which eliminates the effect of the errors at least partially, because the errors
are distributed approximately randomly

k max ki
V, = IOOHT [%)]

where k; is the average susceptibility measured at the field intensities Hpeax =
15 A/m and Kkpmax is the susceptibility measured at the maximum field. Average
susceptibility at the beginning of the k(H) curve, Ki is presented. The interval of
field intensities used for the calculation in presented in parenthesis.

e Vf index. The susceptibility vs. field data usually very well fit the straight line in
some range of fields. In this case it is useful to use an index that is calculated from
the fit straight line

Vr =100

ku — ki
ki

%]

where k) and k, are the susceptibilities calculated from the fit straight line at the
beginning and at the end of the field range considered, respectively. The field
intensities of the beginning and at the end of the straight line are presented in
parenthesis.

e Vr index gives the upper limit of the validity of the Rayleigh law. It is calculated
as follows. A straight line is fit to the susceptibility vs. field data in the field range
between 10 A/m and 80 A/m. The lower limit of this range is high enough to avoid
very low fields in which the measuring error may be high for many specimens, and
the upper limit is low enough to respect the validity of the Rayleigh law in the most
specimens. Using this straight line, theoretical Rayleigh law susceptibilities are
calculated successively also for stronger fields. The index Vr equals the maximum
field in which the measured susceptibility deviates from the theoretical one less than

5%.

In addition the initial susceptibility, Kint, is calculated as the intercept of the above
straight line with the ordinate.

In addition to the above-described indices the minimum, Kmin, the maximum, Kmax, and

the average susceptibilities, Kaver, (together with the standard error) are presented.
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6.2 Anisotropy of magnetic susceptibility

Prior to the actual measurement you should select a data file where you want
to store your data. The data files are binary files (extension *.ran). There
are two ways to select the data file:

e Creating a new data file. To create a new data file go to the main
menu: File|New file (Ctrl+N). In the New data file window fill the
file name and choose its directory (Fig. 17). After clicking on the NEXT
button the sampling site window is activated where you can input a file
header containing the information about the sampling site (Fig17). Al-
ternatively, you can read this information from the so-called geological
file (extension *.ged)®. To open a geological file press the OPEN GEO-
LOGICAL FILE button, select the desired file; sampling site information
will be copied into the Sampling site window. New file is created by
pressing OK.

e Opening the existing data file. To open the existing data file go to
the main menu: File|Open new file (Ctrl+0) and choose your desired
data file. Newly acquired data are appended into this data file.

Drive Existing files

IQC [HOD] =] [Aanran Site name |Red Hill
aaaa.ran

Directory ahiso ran Latitude 17.52

o eg.ran Longitude 45205
eg70.ran

[_dExarnples :ﬁfﬂfé;an Rock type B3|
pokusy.ran Stratigraphy
sd.ran Lithostratigraphy
Regional

geological position

Orientation parameters
P1 P2 P3 P4

[12[0o[6[0]

Geological file
| |

OPEN GEOLOGICAL FILE |
cancel | <eBack | weaes [[ ok ]

File name (without extension)

cancel | coack |[meass | ok |

Figure 17: Left - window for creating a new file, Right - window for inputting
the sampling site informations.

6A geological file can be used for both AMS and paleomagnetic measurements; it can
be created in Anisoft, Remasoft or GEDEditor.x1ls MS Excel macro by Agico, Inc.
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Note that you may start the measurement without having selected any
data file and do it just before saving the first measurement (after clicking on
the SAVE button).

Regardless whether you measure in Automatic or Manual mode, each
AMS measurement follows the same sequence:

1. Starting new specimen — inputting specimen information.
2. Measuring the anisotropy (in Automatic or Manual mode).

3. Calculation of results (perfomed automatically whenever all necessary
data are available).

4. Saving or Deleting (Cancelling) results.

5. Starting another specimen.

6.2.1 New specimen

New measurement can be started by clicking on the NEW SPECIMEN button
(N, Enter’) in the control panel of the main window. You activate the New
specimen window (Fig. 18) where you can input the specimen information,
i.e. specimen name, specimen orientation and, if desired, up to two meso-
scopic foliations and lineations. The foliation or lineation type (e.g. bedding,
cleavage or fold axis, mineral alignment...) must be denoted with a one-letter
code.

Alternatively, you may use an existing geological file where the specimen
information is stored. To open a geological file go to the New specimen win-
dow menu: Geological file|Open (Ctrl+0) and select your desired geological
file. After opening, a list of specimens is displayed on the right-hand site of
the New specimen window (Fig. 18). Click on the desired specimen name
and the specimen information is copied from the geological file to the respec-
tive text boxes. Alternatively, you may input the specimen name directly into
the Name text box. After each letter is written down, the specimen name
is automatically compared with those stored in the geological file. There are
two matching options:

e Full match. Geological data for each measured specimen are stored in
the geological file.

"Note that in the control panel of the main window the button corresponding to the
most probable action is highlighted in green and can be triggered by pressing Enter.
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e Match from left. Geological data only for samples or cores are stored
in the geological file. Specimen names are suppposed to contain sample
name plus a suffix which differentiate specimens cut from the same
sample, e.g. Sl is a sample stored in the geological file; S1-1, S1/2,
S1-A, S1B3 ... are various specimens cut from that sample and thus
having the same orientation.

Note that while inputting the specimen information to the corresponding
text boxes you may use the Tab key to move from one text boxes to another.

New specimen 5|

Geological file

Geological file

Name |OR—?—3A OR-7-14
OR-7-18
Orientation Orientation parameters Volume gs;}g
Azimuth Dip P1 PZ2 P3 P4 W [coem] OR-7-24
OR-7-28
[ 2] s [6]ofe]0o] [ 10 [ |opsae
Foliation{s) Lineation(s) 0OR-7-3B
Sl 5 OR-7-44
Code Dip dir. Dip Code Trend Plunge OR.7-AR
M [ s w0 i 0
2 [ | N |
- & Full match
| OK | CANCEL | € Match fram left

|Gen|ngica| file: CAMFKData\OR-7 . ged (M =11)

Figure 18: New specimen window — with a geological files being opened.

To finish inputting new specimen information click OK (Enter), the spec-
imen information is copied to the Specimen frame of the main window.
Note that, unless you start the measurement, you may correct the specimen
information by pressing the NEW SPECIMEN button.

6.2.2 Automatic measurements

The measurement of AMS using the spinning specimen method [3] with
the Rotator is available only for the FA or A instrument models (both
the Up/Down mechanism and the Rotator must be enabled). During the
measurement, the specimen slowly rotates subsequently about three perpen-
dicular axes and the anisotropy is measured in three perpendicular planes.
The instrument is zeroed after inserting the specimen into the measuring
coil so that only the susceptibility differences are measured during specimen
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spinning (64 measurements are made during one spin) which results in a
very sensitive determination of the anisotropic component profiting from the
measurement on the lowest possible and, therefore, the most sensitive range.
After three anisotropy measurements, one total susceptibility value is mea-
sured along the z-axis of the specimen and the complete susceptibility tensor
is combined from these measurements.

The main window for the automatic AMS measurement is shown at the
Fig.19. In the control panel there are four buttons to control AMS measure-
ments: three buttons for measuring anisotropy in three perpendicular planes
and one button to measure the total susceptibility along the z-axis of the
specimen. Measuring routine is very easy and consist of four steps:

1. Fix the specimen into the Rotator in the measuring position POS.1
using the screw on the right hand side of the Rotator (for position
design see Fig. 22 in Appendix). Start the measurement procedure by
pressing the AXIS 1 button (F1, Enter). The measurement procedure is
fully automatic: the Rotator moves down into the coil, the instrument
is zeroed and the specimen starts spinning (the deviatoric susceptibility
is measured), when the rotation is finished, the Rotator moves up from
the coil and the measured values are presented in the Measurements
frame. If needed (e.g. the specimen gets loose), the measurement
procedure can be stopped immediately by pressing the STOP button
(Space Bar).

2. Fix the specimen into the Rotator in the measuring position POS. 2
(Fig. 22), start the measurement procedure by pressing the AXIS 2 but-
ton (Enter, F2). The actual measurement procedure is the same as in
the step 1.

3. Fix the specimen into the Rotator in the measuring position POS. 3
(Fig. 22), start the measurement procedure by pressing the AX1s 3 but-
ton (Enter, F3). The actual measurement procedure is the same as in
the step 1.

4. Fix the specimen into the Rotator in the measuring position POS. 3
(Fig. 22, note that you may leave the specimen as measured in the step
3). Start the measurement procedure by pressing the TOTAL SUSC.
button (Enter, F4). The measurement procedure is fully automatic:
the instrument is zeroed, the Rotator moves down into the coil, the
total susceptibility is measured, and, when finished, the Rotator moves
up from the coil and the measured value are presented in the Measure-
ments frame.
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Automatic AMS measurement user interface.

Figure 19
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The measured values are presented as anisotropies in three perpendicu-
lar planes and total susceptibility along the z-axis of the specimen in the
Measurements frame:

e Three-axis measurements

— Range range of the anisotropy measurement (since the instrument
has a fully auto-ranging feature this information is only formal).

— Cosine, Sine cosine and sine components of the average anisotropy
curve.

— Amplitude absolute value of anisotropy in the plane of rotation.

— Error standard deviation of the individual curve from the average
curve.

— Error [%] standard deviation of the individual curve from the
average curve divided by the amplitude value.

e Total susceptibility along the z-axis of the specimen

— Range range of the susceptibility measurement (since the instru-
ment has a fully auto-ranging feature this information is only for-
mal).

— TSus Re real (in-phase) susceptibility.
— TSus Im imaginary (out-of-phase, quadratic) susceptibility.

— Phase relative phase shift.

The error you obtain in each of three AMS axes measurement is standard deviation of
the individual curves (there are two sine wave curves for one physical revolution) from
the average curve and the error [%] gives this deviation divided by the amplitude value.
This error has only informative meaning and reflects the ratio between the noise and
‘anisotropy’ signal for measurement in one plane only. Thus it depends not only on
absolute susceptibility of the specimen measured but mainly on the degree of anisotropy
in an individual plane perpendicular to the axis of rotation. In case there is no anisotropy
in one of the three planes this error may be over 100 % and has no physical meaning. In
case the anisotropy in one plane has ’'reasonable’ value, the usual value is lower 5%, but
it does not reflect the quality of the measurement, but also the level of anisotropy in one

plane.
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Manual 15-direction AMS measurement user interface.

Figure 20
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6.2.3 Manual measurements

In the manual AMS mode, 15 directional susceptibilities are subsequently
measured following the rotatable design [2] and the susceptibility tensor is
fitted to these directional susceptibilities. The user interface facilitates that
the 15-direction measuring sequence is followed quite easily (Fig.20). After
the specimen information is set (see page 27), fix the specimen into the holder
in the orientation corresponding to the POS.1 (Figs. 23 or24 in Appendix)
and start the measurement by pressing the P1 button (Enter).

Actual measurement routine depends on whether the Up/Down mecha-
nism had been disabled (default setting) or enabled®. If the Up/Down mech-
anism is disabled, wait for a long beep to insert the specimen holder into
the coil, and then, right after the measurement is performed, a short beep
instructs you beep to pull it out (the prompts for inserting and pulling out
the specimen holder are also displayed in the status bar). If the Up/Down
mechanism is enabled, the measurement routine is performed automatically.
When finished, change manually the specimen orientation in the holder to
correspond to the POS. 2 (Figs. 23 or 24 in Appendix) and start the measure-
ment by pressing the P2 button (Enter). Continue analogously until all 15
directional susceptibilities are measured.

Note that after each measurement, the command button is automatically
set to measure the next position. Additionaly, you can manually set the ac-
tual position to be measured by clicking on the << or >> buttons (< Left
arrow or — Right arrow), for the previous or next position, respectively.
These commands are particulary useful when you want to re-measure some
position(s).

When all 15 directional susceptibilities are measured, the susceptibility
tensor is fitted to these measurements using the least squares method and the
errors of the fit are calculated and displayed in the Measurements frame.
The errors of the fit are calculated as the deviation of the particular di-
rectional susceptibility from the calculated anisotropy ellipsoid expressed in
[%]. Various parameters of the anisosotropy tensor are displayed in the Re-
suls frame (see below). Note that you may re-measure any direction when
you feel that the calculated error is too high; when the measurement is fin-
ished all results are automatically recalculated. If you are satisfied with the
measured values you can save it by pressing the SAVE button (see below).

8See page 16 to learn how to enable/diseable the Up/Down mechanism.
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6.2.4 Calculation of results

Regardless whether you measure in the automatic or manual AMS mode,
the calculation of the anisotropy tensor is perfomed automatically whenever
all the necessary data are available (anisotropy measurements in three planes
plus total susceptibility or total susceptibilities in 15 directions, respectively).
After calculation, the AMS tensor and its related parameters are displayed
in the Results frame. If necessary, you may repeat any measurement and
the anisotropy tensor is automatically recalculated when the measurement is
finished.
The Results include:

e Mean susceptibility Susceptibility [SI units] and standard error [%] in
fitting the susceptibility tensor of the measured data.

e Test for anisotropy F, F12 F23 statistics for anisotropy, triaxiality
and uniaxiality testing (for explanation see below).

e Normed principal susceptibilities principal susceptibilities normed by
the norming factor and errors in their determination.

e 95% confidence angles confidence ellipses of determination of the ori-
entations of the principal susceptibilities; they are expressed differenly
for the automatic and manual AMS measurements:

— Automatic measurements: semi-axis of the confidence ellipse for
rotation axis Axis 1, Axis 2, Axis 3 angles

— Manual measurements: E12, E23, E13 confidence angles (on the
95% probability level)

e Anisotropy factors values of the selected anisotropy parameters as
defined in the anisotropy factor settings (see page 10)

e Principal directions orientations of principal susceptibilities as decli-
nations (Dec) and inclination (Inc) in various coordinate systems

For judgement of the quality of AMS measurement, use F test numbers and 95 % confidence
angles. The general rule is as follows. If the F numbers are high (let say at least above 5)
the confidence angles are low and principal direction (directions) is (are) very well defined.
The sensitivity of AMS measurement for the field intensity 400 A /m on MFK1 is 2x 1078 SI
units, the anisotropy of the specimens with mean susceptibility about 5 x 1075 SI units

can be measured, but the confidence angles may be in some cases higher, it depends on
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type of anisotropy. The sensitivity is approximately linearly decreasing with decreasing
field intensity. Due to the influence of Rotator motor on the AMS measurement it may
be problematic using it at operating frequencies F2 and F3 in case of specimens weaker
than 100 x 1079 ST units and with degree of anisotropy lower than 5%. For this case at
F3 it is recommended to use manual measurement method in 15 directions to eliminate

the influence of motor of the Rotator.

6.2.5 Saving results

The results of the AMS measurements can be saved by pressing the SAVE
button (Enter, Ctrl+S, S). The tensor elements together with orientations
of mesoscopic foliations and lineations can be written on the disk into the
binary random access file (extension *.ran) and the ASCII text file (*.asc).
Acquired data are stored in the binary files can be further processed using
Anisoft software available at www.agico.com. To delete the results without
saving click on the CANCEL button (Esc).

Note that after the second specimen is measured, you may save the re-
sults into another file (different from the one currently opened) by pressing
File|Save specimen in different file (Ctrl+I) item in the main menu. This
action includes both opening new file and saving the results. This option
may be useful when you finished to measure a specimen which should have
been stored in different file.
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8 Appendix

y i 7l

X

Y

Figure 21: Specimen marking convention for cylindrical and cubic speci-
mens, right-hand coordinate system. Single arrow represents the x-axis of the
specimen.
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Figure 22: Three specimen positions for the automatic AMS measurements
using the Rotator (for specimen marking refer to Fig. 21).
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Figure 23: Positions for the manual AMS measurements in 15 directions —
cylindrical samples (for specimen marking refer to Fig. 21).
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Figure 24: Positions for the manual AMS measurements in 15 directions —
cubic samples (for specimen marking refer to Fig. 21).
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Parameter P1

12

@ P1 is clock value of orientation of the fiducial mark
@@ @ 3 drawn on the frontal side of cylinder. This arrow is x
@ axis of the specimen coordinate system. The
@ @ orientation of the arrow may, or may not, be measured

6 (see parameter 3).
'O

Parameter P2

. P2 value is 0 or 90.
. - P2=0 of the dip of the frontal side (psi1) is measured.
psiZe e - P2=90 if the plunge of the cylinder axis (psi2) is
measured.

Parameter P3

12
O G-
P3 is clock value of the direction (visualized by arrow

9 _@ which need not necessarily be drawn) which is
@ measured in the field.
6

Parameter P4
value is 0 or 90

0 means that azimuth of dip and dip of mesoscopic
foliation are measured

90 means that strike (right oriented) and dip are
measured

Figure 25: Definition of the set of orientation parameters.
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Figure 26: Orientation of the cylindrical specimen parallel to the axis of the
instrument coil.
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Table 1: Equations defining the quantitative anisotropy factors. Numbers
of default factors are in bold.

Factor No. Mathematical expression Usual symbol

15 (k1—k)2+(ka—k)2+(ks—k)>

L. 2 (3k)2
2. exp \/2((n1 —n)2+ (ng —n)2+ (n3 —n)?) P’
3. \/2[(n1 —n)?+ (ng —n)?2+ (ng —n)?  InP'
4. o P
5. In % InP
6. 100k=ks
7. klkz’%
8. biks
9. o L
10. In % InL
11. bk
12
13 2 F
14 In 2 InF
15 by
16. ks
17 2,
18. ks
19. i
20. (k1+kzk)/2—k3
21. kaks
22. oy
23. b
24. % Q
25. e
26. e
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27.
28.
29.
30.
31.
32.
33.

34.
35.
36.

37.
38.

ko—k3
k1—ks
k3
k1ks
k1—ko
2 %1 (k2 —k3)
ka/ks—1
k1 Jka—1
2no—ni—ns
ni—ns
2ko—k1—k3
k1—ks
k1+ko—2k3
k1—ko

arcsin

V ((k1—k)2+ (k2 —k)2+(ks—k)2) /3

k
(k1koks)3
k3(k1—k2)
k1 (k2
k3 (k1

k2—kiks
(k1 —ko)(2k1—ko—ks3)
(ko—k3)(k1+k2—2k3)

_k-3)
_k2)
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