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Introduction

Characterization of the subsurface is of fundamental importance to both
geophysics and geology. Magnetic geophysics is one popular method in providing
indirect information of the subsurface geology with both 3D and 2D being common
for both academic and exploration studies. To help with the interpretation of
magnetic anomaly maps and profiles we have developed a MATLAB based .exe
software package (MagMod). This software is designed to allow a user to model
arbitrary shaped 2D magnetic objects and compared to profiles obtained in a
magnetic survey. The user can vary the number the number of objects as well as the

shape to help match the observed profile.

In order to properly interpret magnetic anomalies within a magnetic survey
a clear understanding of potential size and shape of their source(s) is required.
While simple geometric shapes have relatively simple equations associated with
them, modeling arbitrarily shaped magnetic sources efficiently requires extensive
computation. Additional complications arise when numerous magnetic objects exist
within a magnetic profile, each with its own unique magnetization. To deal with the
complications of real world data we have developed a new software tool that is
based on re-derived formulas from Talwani (1965). The formulas from Talwani
(1965), slightly modified, have been implemented into an easy to use software
package that is able to properly calculate the magnetic anomaly associated with any
number or arbitrarily shaped objects. Within this software package the user can
define each magnetic object by its induced magnetization, remnant magnetization,

and magnetic susceptibility.

Intended Use and Limitations:

MagMod is intended to be used by academics, professionals, and students at

a post-secondary level with some background in geology, geophysics, or related

fields. As such, this document assumes a basic understanding of mathematics and



geophysics. The successful use of the program requires the user to input reasonable

geological structures.

The software package was primarily developed to address the following

questions:

1) What is the magnetic profile created by an object of a certain shape or size?

This is accomplished by allowing a user to creating a arbitrary shaped
polygon through a point and click process or by creating an ellipse a through a click
and drag mechanic. MagMod V1.00 with produce the predicted anomaly based on
the users imputed magnetic parameters. This can be useful for getting a broad

understanding of what sort of profiles different shapes create.

2) How many objects are required to produce a desired magnetic anomaly profile?

A user can import either a 2D magnetic profile or a magnetic anomaly map
and then create a 2D transect from the imported map. The loaded profile can then
be compared to the user created profile. Adjustments are then made manually in

order to match the observed (imported) and predicted magnetic profile.

3) How does remnant magnetization change a magnetic profile?

Remnant magnetization is an often overlooked aspect of modeling magnetic
profiles even though remnant magnetization is present in almost all rock and
sediments. MagMod V1.00 allows the user to input the strength and direction of the
net remnant magnetization for each object. The net magnetic anomaly is produced

through the superposition between induced and remnant magnetization.



MagMod V1.00 is designed to replicate the magnetic anomalies associated with only
2D objects and therefore will have reduced effectiveness when complex 3D objects
exist in the subsurface. However, for simple and relatively symmetric objects (e.g.

dikes, kimberlites, spherical ore bodies) the 2D approach should be sufficient.

Installation:

1) To install MagMod V1.00 open the "MyApplInstaller_mcr.exe file

Mame N Date modified Type Size

a MyApplnstaller_mcr 107472016 11:00 PM  Application 595,237 KB

2) This will open up the following screen. Click "Next >"

B MagMod Installer - O x

| Connection Settings |

Maghod 1.00

MagMed is a free to use magnetic modeling software package designed to aid in the
interpretation of 20 magnetic profiles,

Danny Hnatyshin
dh10@ualberta.ca




3) Choose the installation folder and click "Next >"

@ nstallation Options — O x

Choose installation folder:

gram Files\University of Alberta'\MagMod

Browse...

Restore Default Folder

[] Add a shorteut to the desktop




4) To proceed you will need to install MATLAB Runtime if it isn't already installed. If
it is not installed the following screen will appear. Click "Next >" through the next

few screens to install MATLAB Runtime and MagMod.

| MATLAB Runtime is required.

! Choose installation folder: MATLAB

CA\Program Files\MATLAB\MATLAB Runtim Browse... 2015

Restore Default Folder

MATLAE and Simulink are registered trademarks of The MathWorks, Inc. Please see
mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may
be trademarks or registered tradernarks of their respective holders.

WARNIMG: This program is protected by copyright law and international treaties. Copyright
1984-2015, The MathWorks, Inc. Protected by UL5. and other patents. See MathWorks.com/patents

M 4% Complete — O *

Installing ...

|| 4%

Cancel



5) To Open MagModV1.00 go into the installation folder and into the application
subfolder and open the file called MagMod. This should load the graphical user
interface used in MagMod. See the tutorial section on how to use MagMod

This PC » Local Disk (D:) » Documents () » MagMod » application
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Using MagMod V1.00

This section is intended to be a overview and tutorial of the features present
in MagMod V1.00. This a step-by-step guide of how to create and compare magnetic

profiles as well as how to save and export any outputs created.

First open up MagModV1.00 and the graphical user interface (GUI) should load.

|-

Flle Help About
RSELO0BY
‘ Introduction  Background Map Properties Objects Import

This magnetic modeling software is based on the methods decribed in
Kravchinsky, Hnatyshin, Lysak, Alemie, 2019, Magnetic 2D Modeling. Any 1

use of this program must reference this publication
The software is able fo calculate the total magnetic anomaly of a arbitrary 08
2D polygon(s) and can be compared fo a user defined magnetic profile.
0.6
Getting Started: 0.4 |
- To create a magnetic profile you must input background properties 02l
(Background tab), your object(s) properties (Object tab), and then click
Calculate
- Ensure that your map scale is appropriate (Map Properties tab). - To 0 . t - . !
compare to a previously defined profile import data using the Import tab 0 0.2 0.4 0.6 0.8 1
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Export

MagMod V1.00 is divided into separate tabs into two section. The left side contains
the Introduction, Background, Map Properties, Options, and Import tabs. While the

right side contains plots associated with magnetic profiles and the subsurface.

Undocking and Resizing:



The left side tabs and the right side plots can be undocked from each other by

clicking the arrow in the top right side of the GUI. The relative sizing between the

tabs and plots can also be adjusted by dragging the divide between them.

[4 MagGUI_V100
Flle Help About

New  Ctri+N (&7
Open Ctrl+0
Save Cirles [0und Map Properties Objects Impart

1+
St modeling software is based on the methods decribed in
Home . Inatyshin, Lysak, Alemie, 2019, Magnetic 2D Modeling, Any
use of this program must reference this publication

The software is able to calculate the total magnetic anomaly of a arbitrary
2D polygon{s) and can be compared fo a user defined magnetic profile.

Getling Started:

- To create a magnetic profile you must input background properties
(Background tab), your object(s) properties (Object tab), and then click
Calculate

- Ensure that your map scale is appropriate (Map Proparties tab). - To
compare to a previously defined profile import data using the Import tab
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4. Plots - O x
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Saving Data:

To save a current project simple click on the "Save" button at the bottom of

the GUI or go to File = Save
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Save as type:  MAT-files (*.mat)
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Loading Data
To save a current project simple click on the "Load" button at the bottom of

the GUI or go to File = Open. Click on the .mat file that corresponds to the save file

you would like to load.
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Exporting Data

4 MagGUI_V100 s =} x
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The software is able to calculate the total magnetic anomaly of a arbitrary 0.8
2D polygon(s) and can be compared to a user defined magnetic profile.
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Getling Started: 0.4
- To create a magnetic profile you must input background properties 0.2
(Background tab), your object(s) properties (Object tab), and then click
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You can export much of the data you create or load into MagMod V1.00 into

an Excel file *.xIs file by clicking the "Export" button for by going File — Export.

The following data (when applicable) is exported into separate sheets within the .xlIs

file.

Sheet Name: "Background data"

- Contains all data inputted into the "Background" tab.

Sheet Name: "Map data”

- Contains all data inputted into the "Map" tab.

Sheet Name: "Object data"
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- Contain all data inputted into the "Objects" tab.

Sheet Name: "X object's position data"

- Contains the positional data for the user created subsurface object X (created in
the "Objects" tab and plotted in the Subsurface Plot). Each object is given its own

sheet.
- If the object is a polygon the exported is the vertices of the polygon.

- If the object is a ellipse the exported is the 100 data points used to define the
ellipsoidal shape.

Sheet Name: "Map Profile Location"

- If a map profile was imported and a magnetic anomaly profile was created from
the map (See tutorial) the start and end x-y coordinates (in m's) of the profile are

exported into this sheet.

Sheet Name: "Map Profile Data"

- This is the magnetic profile data (in nT) created by the user defined objects.

Sheet Name: "Imported Profile Data"

- This is the magnetic profile data (in nT) imported into MagMod.

Sheet Name: "Map Data Grid Bounds"

- If a user imported a magnetic anomaly map these are the bounds inputted by the

user for this map.

15



Sheet Name: "Map Data Grid (nT)"

- If a user imported a magnetic anomaly map this is the anomaly data associated

with the map in grid format.

Saving and Modifying Figures

All plots and imported figures can be modified and then saved into a variety of

formats (e.g. .pdf, .png. tiff. jpg, ect..) by clicking on the corresponding "View"

button. This opens up the figure into a separate window where a variety of options

can be modified (e.g. grid lines, colour bars, line width, ect...). The figure can then be

save by going to File — Save As.

4 MagGuUI_V100
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L2009
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“Add Object, When the table is filed cick ‘Accept Dbjects' The user can define
shapes by clicking on ‘Create Polygon’ or ‘Create Elipse’ and drawing the object in the
bottom right ot

Object Name test
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The user can open up the User Manual by going to Help — Export. However,

for quick help many functions and tabs have a "Help" or "?" button. By clicking these

buttons a side window with a short explanation of the function or variable in

question will pop up. Click the button again to close the window.

4 MagGUI_V100
Flle Help About

AAR0IDY

Introduction Backg

d Map Prop Objects  import

Choose the magnetic properties for the objects that are susepected to exist in the
subsurface Fill up the data tabke below, addtional objects can be addad by clicking
'Add Objact’. When the table is filed chck 'Accept Objects’ The user can define
shapes by clicking on ‘Create Polygon” or ‘Create Elipse’ and drawing the object in the

bottom right piot.

Object Name ltest

Remnanl incination (degress) 79.3

Remnani Declinatbion (degree... (170.3

Remnant Magnetization (nT)  |0.05

Body MS 10
Accept Objects | | Add Object | | Delete Object
Convert Paleopole

Draw Your Object

—Select Object—- ~ Create Polygon Create Ellipse

Lock Shape? Unlock Shape? Help
View Profile View Objects
Previous Next
Save
Calculate Load
Export
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Object Data Table Help

Each object requires the user to input remnant magnetization data
and the objects magnetic susceptibility.

Remanant Inlcination/Declination: A magnstic object typically

t a | magnetization from a prior magnetization event.
rhe user must insert the inclination and dechination accociated with
this event. If the user has paleopole data they can convart the pole to
Inclination/Declination by clicking the 'Convert Paleopale’ buttan

Remnant Magnetization: The remnant magnetization is the strength
of magnetization for the object remnant magnetization. Input a value
in nT for this magnetization.

Body MS: This is the magnetic susceptibility for the object in Sl
units.

Activate: All objects Ihal have ‘Activate’ selected will be used for
gnetic anomaly cal

Add Button: Clicking this button will input a new column to the data
table for additional objects.

Delete Button: Highlight a cell in the column you wish to delete and
then click Delete’



4| MagGUI_V100
Flle Help About
LERE DD

Introduction Background Map Properties Objects Import

In this tab you must define the values ¥ with the ic fiekd

&t the site location. For additional help ciick '7".

Background MS (51 Units) 0.2 ?
Site Latitude (degrees) 49.08 7
Site Longitude (degrees) 243.38 ?
Induced Magnetization (nT) 56809 v |
Induced Inclination (degrees) 72 7]
Induced Declination (degrees) 15 7]
Previous | Next |
Save
Calculate Load
Export

Induced Magnetization

Input the value (in nT) for the induced magnetization at the site
lecation. Induced magnetization is caused by the medern day
magnetic field inducing a magnetic field in a material. This field will
be aligined in the same direction as Earth’s magnetic field.

18



Tab Layout

Introduction Tab:

4] MagG 0 =
Flle Help About ¥
RRL0DY
itroxducion [Galmostel] Mg Fropes e Gl gt
This magnetic modeling software is based on the methods decribed in
Kravchinsky, Hnatyshin, Lysak, Alemie, 2018, Magnetic 2D Modeling. Any 1
use of this program must reference this publication
The software is able to calculate the total magnetic anomaly of a arbitrary 0.8
2D polygon(s) and can be compared to a user defined magnetic profile.
0.6
Geitting Started: 04
- To create a magnetic profile you must input background properties 0.2
(Background tab), your objeci(s) properties (Object tab), and then click v
Calculate.
- Ensure that your map scale is appropriate (Map Properiies tab). -To 0 = = e 5
compare to a previously defined profile import data using the Import tab_ 0 0.2 04 0.6 0.8 q
\iY OF
o
~ 1
A
= e ol > 08
¥ e F
NEGTR b0
g™ 04
Next
0.2
Save ;
Calculate Load 0 0.2 0.4 0.6 0.8 4
Export

The "Introduction” tab contains basic information on how to get started. To move to

the Background tab either click the tab or click the "Next" button.

Background Tab:

19



4 MagGUI_V100
Flle Help About

f\- _'\-\E D@{ﬂ?

Introduction Background  Map Properties Objects Import

In this tab you must define the background values associated with the magnetic field

at the site location. For additional help click '?".

Background MS (SI Units) 0.2
Site Latitude (degrees) 49.08
Site Longitude (degrees) 248.38
Induced Magnetization (nT) 56809
Induced Inclination (degrees) 72
Induced Declination (degrees) 15
Previous
Calculate

Save
Load
Export

MNext

0.8

0.6

0.4r

02r

0.8

0.6

0.4

0.2r

02 04 06 0.8 1

02 0.4 06 0.8 1

The "Background" tab contains all the inputs required to describe the location of the

survey. This includes the site latitude, site longitude, induced magnetization,

inclination, and declination.

The site latitude/longitude should be the value at the center of the profile. The

induced magnetization should be the value of the Earth's magnetic field at the site

location. The inclincation and declination are the values for the site location.

Map Properties Tab:

20



4 MagGUI_V100 - O X

Flle Help About N
t\- _'\-\E D @@
Introduction Background Mzp Properties Objects Import

In this tab you must define the domain associated with location of interest at the site
Ipcation. For additional help click "7

ir
Minimum X-Value (m) 0 ?
Maximum X-Value (m) 1600 ? - 081
Maximum Depth (m) -250 £ “‘E 0.6
Mininum Depth (m) 0 ? Téﬁ
X-Offset from North (degrees) 0 ? ol
<
02}
0 | | |
0 500 1000 1500
or
50
£ o0t
L
3 150
Previous Mext e
200 F
Save
250 . : :
Calculate Load 0 500 1000 1500
Distance (m)
Export

The "Map Properties"” table sets the domain for the profile used in MagMod. Any
imported profile will automatically update the "Minimum X-Value", "Maximum X-
Value". Map profiles will also adjust the "X-Offset from North" value to the

orientation of the loaded profile

Minimum X-Value: Defines the left boundary for any calculated profile and adjusts

both the profile and subsurface plot accordingly.

Maximum X-Value: Defines the right boundary for any calculated profile and adjusts

both the profile and subsurface plot accordingly.

21



Maximum Depth: Defines the maximum depth shown in the subsurface plot. This

should be of sufficient depth to fit any user created objects.

Minimum Depth: Defines the minimum depth shown in the subsurface plot. This

should be of sufficient depth to fit any user created objects.

X-Offset from North: This value defines the orientation of the magnetic anomaly
profile. For example a S-N orientation should have a offset of 0° while a W-E profile

will have a offset of 90°.

Distance (m)

s m
: i : : %1‘2 =
400 T T = = N

ey S o
0 100 200 300 400 500 800 700 800 900
Distance (m)
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Objects Tab:

4. MagGUI_v100 _ O %
Flle Help About ~
.+'\- ._'\- \'I!._"h |:| @ {ﬂ-?

Introduction Background Map Properties Objects Import

Choose the magnetic properties for the objects that are susepected to exist in the
subsurface.Fill up the data table below, additional objects can be added by clicking
“Add Object’. When the table is filed click "Accept Objects’. The user can define
=hapes by clicking on "Create Polygon® or "Create Ellipse’ and drawing the object in the
bottom right plot.

40 T T T

Object Name test test?
Remnant Inclination (degrees) |79.3 793
Remnant Declination (degree... |170.3 170.3
Remnant Magnetization (nT} 0.05 0.05

Anomaly (nT)
(=}

Body MS 10
ody 10| ook i
40 I I I
Accept Objects | | Add Object | | Delete Object | | Help 0 500 1000 1500
Convert Paleopole
Draw Your Object
test2 ~ Create Polygon Create Ellipse or
- -50F
Lock Shape? Unlock Shape? Help -
E oot
=
View Profile View Objects = 450 _EL“‘
Previous Mext = ! |\I|
=200 [ |
Save =
-250 . . .
Calculate Load 0 500 . 1000 1500
Distance (m)
Export

In the "Objects" tab the user is required to create the magnetic objects responsible
for a magnetic anomaly. The user does this by inputing the proper remnant

magnetization data for their object(s) into the data table. The name for each

individual object must be unique.

The user can add additional objects by clicking the "Add Object" button. The user
can delete objects by highlighting a cell in the column of the object that they wish to

delete and then click the "Delete Object" button.
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Once the user is happy with the data table they click "Accept Object” which will
populate the popup menu in the "Draw Your Object" panel. For each object the use

must either create a polygon or ellipse.

Upon clicking "Create Polygon" or "Create Ellipse" the user will pick a colour for the

object (e.g. orange for the rectangle in the above figure). For a polygon the user

clicks in the subsurface plot (bottom plot) at the location of each vertex in a

clockwise fashion. To close the polygon either double click or click the starting

vertex a second time. For an ellipse the user will drag the ellipse into the shape and

size desired. The created ellipse is defined by 100 data points.

The "Unlock Shape" button allows the user to manipulate their shape after it has

been created (e.g. the circle in the previous figure).

The "Lock Shape" button freezes the shape in place (e.g. the orange rectangle in the

previous figure.

Clicking "Calculate" will produce the predicted anomaly from the shapes inputted by
the user. Before clicking "Calculate” ensure that you have fill out the data table

correctly and have drawn the correct shape for each object!
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Import Tab:

4

Flle Help About kY
LRE09DY
Load Profile Data ? Load Map Profile ? 1r
08
I
0.6
08 04T
0.2
0.6
0 .
0 02 0.4 0.6 0.8 1
0.4
0.2 1
08
0 . . . . )
1] 02 0.4 0.6 08 1
0.6
View 20 Map 0.4
Previous
0.2
Save
0 . . . . )
Calculate Load 0 0.2 0.4 06 0.8 1
Export

The "Import" tab allows the user to either load a 2D magnetic profile ("Load Profile
Data") into the profile plot or to load a magnetic anomaly map ("Load Map Profile")
from which a profile can be created. These profiles must be in a .xls or .xyz format
using UTM coordinates (use example spreadsheets as a template or see the figures

below) to be loaded properly.

Loading 2D Profiles:

If the user loads a 2D profiles by clicking the "Load Profile Data". The profile is
plotted into the profile plot (top plot). See the following figure for the proper xls

template and the output created.
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Loading Map Profiles:

xdata magdata

0.00E+00 -5.83E+00
5.00E+01 -4.93E+00
1.00E+02 | -4.02E+00
1.50E+02 | -3.50E+00
2.00E+02 -3.64E+00
2.50E+02 4.5TE+00
3.00E+02 -5.74E+00
3.50E+02 -6.51E+00
4.00E+02 -5.95E+00
4.50E+02 -3.5TE+00
5.00E+02 5.74E-01
5.50E+02 6.00E+00
6.00E+02  1.16E+01
6.50E+02 1.60E+01
7.00E+02 1.83E+01
T.50E+02) 1.75E+01
8.00E+02  1.43E+01
8.50E+02 9.61E+00
9.00E+02  4.51E+00
9.50E+02 3.23E-01
1.00E+03 -2.27E+00
1.05E+03 | -3.00E+00
1.10E+03 | -2.32E+00
1.15E+03 -1.13E+00
1.20E+03| -1.78E-01
1.25E+03| -9.42E-02
1.30E+03| -8.16E-01
1.35E+03 | -2.04E+00
1.40E+03 -3.21E+00
1.45E+03 | -3.85E+00
1.50E+03 | -3.76E+00
1.55E+03 | -3.02E+00
1.60E+03 -2.00E+00

4. MagGUI_V100

Flle Help About

e 0D

Introduction Background Map Properties  Objects Import

._Load Profile Data ?

08
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04r

0zr

Load Map Profile ?

Anomaly (nT)

L L L
o 500 1000 1500

Previous

Calculate

0.4 0.6

View 20 Map

08 1 =

Save
Load 0
Expart

L L
1000 1500

Distance (m)

L
500

If the user has a magnetic anomaly profile map available they can load it into

MagMod V1.00. The proper template is as follows (see example map profiles as

well). The spreadsheet should contain magnetic anomaly values in nano-tesla to

work properly, with each cell corresponding to a data point in x-y space.
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@ Microsoft Excel - MapExamplel
@_] Eile Edit View Insert Format Tools [Data Window Help

R N=N = NENE NS RN A - W e R A '|%E'%lilllﬂm°% '-@}aiArial
Al - £ 0.00133425605934349
A B | ¢ | o | E | F | & | H | I [0 | K |

1 [0.001334] 0.001628 0.002483 0003341 0004455 0005885 00077 0009977 0012801 0016257 002043
|2 [ 0.00766 0.002274 0.003088 0.004153 0.005536 0.007308 0.009557 0.012375 0.015864 0.020128 0.025268
| 3| 000205 0002807 000381 0005123 0006826 0009008 0011773 0015235 0019516 0024741 0031027
|4 | 000251 0003437 0004664 0006271 0008353 0011019 0014394 0018618 0023834 0030191 0037829
| 5 | 0.003049 0.004175 0.005666 0.007616 0.010142 0.013376 0.017468 0022584 0.028896 0.03658 0.045799
| 6 | 0.003673 0005031 0006827 0009177 001222 0016114 002104 0027193 003478 0.044008 0055064
7
B
Ex
0

0.004388 0.006012 0.008153 0.01097 0.014608 0.019264 002515 0.032501 0.041561| 0.05257 0.06575
0.005197 0.007123 0.009671 0.013006 0.017324 0.022849 0029835 0.038557 0.049303| 0.062356 0.077974

0.0061 0.008366| 0.011364 0.015292  0.020377 0.026886 0.035117 0.045395 0.058058 0.073439 0.091836
| 10| 0.007094  0.009736 0.013236 0.017823 0.023766 0.031376 0.041005 0.053033 0.067857 0.085868 0.107415
| 11 0.008168 0.011222 0.015273 0.020585| 0.027474 0.036304 0.047484 0.061461 0.0787 0.09966 0.1247%
| 12| 0.009306  0.012804 0017449 0023545 0.031468 0.041631 0.054513 0.070637 0.090545 0.114781 0.143826
(13 ] 0.010483 0.01445 0.019725 0.026664 0.035688 0.047285 006201 0.080463 0.103239 0.131134 0.164554
| 14| 0.011662 0.016111 0.022042 0.029857 0.040042 0.0531593  0.069846 0.090808 0.116789 0.148537 0.186745
(15| 0.012794) 0.017726 0.024317 0.033026 0.044403 0.053093 0.077631 0.101423 0.130757 0.166637 0.210079
| 16| 0.013814  0.015209 0.026442 0036031 0.048597 0.064874 0085701 0112016 014483 0.18518 0.234065
| 17| 0.014639 0.020451 0.028277 0.038692 0.052397 0.070216 0.093106 0.122143 0.158496 0.203388 0.25302
| 18 | 0.015166) 0.021319 0029645 0.040784 0.055513 0.074757 0.099594 0131252 0171082 0220514 0.28099
| 19| 0.015271 0.021645 0.030332 0.042027 0.057588 0.078041 0104595 013864 0181724 0235518 030174
| 20| 0.014804 0.021235 0.030078 0.042085 0.058188 0.079516 0.107412 0.143434 0.189349 0.247089 0.318694
| 21| 0.013592 0.019857 0028579 0.04056 0.056799 0.078523 0.107207| 0.144585 0192649 0253623 0.329901
| 22| 0.011438 0.017246 0025486 0.036993 0.052825 0.074295 0.103001 0140853 0.180076 0.253198 0.333007
| 23| 0.008121 0.013108 0.020405 0.030867 0.045589 0.065954 0.093671 0.130811 0.179831 0.243576 0.325247
241 0003397 0.007115 0.012903 0.021608| 0.034341 0.052527| 0.077959 0.112853 0.159882 0222203 0.30345

5| -0.00299 -0.00108 0.002514 0.008599 0.018267 0.03295 0054493 0.085217 0127986 0.18625 0.264072

|

|

[EEY e Y
(=]

If the user loads a map profile by clicking the "Load Map Profile" they are asked
what the dimensions of the plot are in meters. The X-boundaries correspond to the
east-west domain and the Y-boundaries correspond to the north-south domain. This

will then set the x-y position for each data point in the loaded from the spreadsheet.
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The profile is then loaded into the left-hand panel.

4 MagGUI_V100
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The user clicks and drags across the map profile to get a magnetic anomaly plotted
into the profile plot (top plot). If you want S-N profile, the first point on the profile
should be the most southern point. Then move the line towards the North. The X-
Offset from North will be 0°. If you move your profile from the north to the south
(The X-Offset from North will be 180°), then ‘drag’ the line from the north to the

south.

The "Map Properties" are automatically updated when the profile is created.
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Tutorial

Consider that you have a dataset that contains magnetic anomaly data and you want
to determine the shape and location of subsurface objects that are producing the

anomaly. The following is a simple tutorial that a user can follow to properly use

MagMod V1.00.

Step 1: Load MagMod V1.00
Load MagMod V.100 by double clicking the icon and it should open the interface.

& ;

Flle Help About -
RRE20DY

| Introduction Background Map Properties Objects Import

This magnetic modeling software is based on the methods decribed in
Kravchinsky, Hnatyshin, Lysak, Alemie, 2019, Magnetic 2D Modeling. Any 1r

use of this program must reference this publication
The software is able to calculate the total magnefic anomaly of a arbitrary 08}
2D polygon(s) and can be compared to a user defined magnetic profile
0.6
Getting Started: 04+
- To create a magnetic profile you must input background properties 02|
(Background tab), your object(s) properties (Object tab), and then click .
Calculate
- Ensure that your map scale is appropriate (Map Properties tab) -To 0 : t - t !
compare to a previously defined profile import data using the Import tab 0 0.2 0.4 0.6 0.8 1
WY OFf
& &
2 1
2z i
== | L
AAAA > o
SCTA
q"d 1@3’
$CUmavt 04
Next
0.2
Save
0 . \ . , )
Calculate Load 0 0.2 0.4 0.6 0.8 1
Export
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Step 2: Import a profile you wish to model.

Go to the Import Tab and click either “Load Profile Data” or “Load Map Profile”. In

this tutorial we will open a map profile. Once clicked a dialog box will load asking

you to input the boundaries for your map.

4
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Load Map Profile
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Introduction Background Map Properties Objects Import
Load Profile Data ?
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0
o 0.2 0.4
View 2D Map
Previous
Calculate

For this tutorial we will input the “X Lower Boundary” and the “Y Lower Boundary’
to be Om. The “X Upper Boundary” and the “Y Upper Boundary” is inputted as
1000m. Click “Ok” and choose the appropriate file to load, in this case

MapExample3.xls.

Export

1
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4 Select File to Open

+ « Magnetic Mod... » Version 1.00 v O e
Organize v New folder
A Name
o Quick access
Exe Version
Deskt *
B Desitnp 5] MapExamplel
& Downloads &) MapEample2
% Documents ) MapExample3
&/ Pictures B ProfileExample o
2015 &) TestExport
HYDROSCAPE 21
Lab 2 - Microprc
Version 7 04 06 08 1
% OneDrive
8 This PC = .
File name: :Maphample] v‘} (*xls)
v ve e v o ' B
View 2D Map 0.4
Previous
02
Save o
Calculate Load ] 02 04 06 08 1
Export
This should load the map into the left side panel.
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The user then drags a line across the profile. In MapExample3.xls we see that there
are 2 symmetric objects in the E-W direction, therefore the most useful profile may

be an S-N profile as shown below.
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Step 3: Update the Background Tab
The background tab should be updated with the location of the site, and the strength

and direction of the local magnetic field. For this example we will keep the default

values.
| 4] MagGUI_V100 - = =
Flle Help About .
LR 09
Introduction, Background | Map Properties | Objects | import

In this tab you must define the o values with the field
at the site location. For addiional help click *7".

30
Background MS (SI Units) 0.2 ?
Site Latitude (degrees) 49.08 ? 2
Site Longitude (degrees) 248.38 ? -E
Induced Magnetization (nT) 56309 ? E 10
Induced Inclination (degrees) 72 ? -
Induced Declination (degrees)| 15 ? k
-10
0 200 400 800 800
0
50
E 100
=
& 150
Previous Net | ©
-200
Save
-250
Calculate Load 0 200 400 600 800
Distance (m
Export (m)
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Step 4: Update the Map Properties Tab
Update the map properties to correspond to the domain you wish to model. By
default the “Minimum X-Value”, “Maximum X-Value”, and the “X-Offset from North”

are matched to the loaded map profile. For this example we will keep the default

values.
1 & MagGUI_V100 - %
Flle Help About
LRE0DY
Introduction Background Map Properties  Objects Import
In this tab you must define the domain associated with location of interest at the site
location. For additional help click *#*
30 -
Minimum X-Value (m) 0 ?
Maximum X-Value (m) 967.122 ? o2
Maximum Depth (m) -250 ? F;
Mininum Depth (m) 0 ? g 10
X-Offset from North (degrees) 0 ? B
0
-10
0 200 400 600 800
0
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E 100
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- O
Previous Neaxt
-200
Save
250 - i - i i
Calculate Load 0 200 400 600 800
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Export
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Step 5: Create Object Properties

For this profile we see that there appears to be two distinct objects. Therefore in the
Objects Tab we create will two objects. This is done by clicking the “Add Object”
button once which will create two entries into the data table. The data table is then
filled each for each individual object (e.g. Objectl and Object2). For this example we

will assume both objects have the same magnetic profiles.
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Choose the magnetic properties for the objects that are susepected to exist in the
subsurface Fill up the data table below, addttional objects can be added by clicking
"Add Object. When the table is filled click 'Accept Objects’. The user can define

shapes by clicking on "Create Polygon® or "Create Elipse’ and drawing the object in the
bottom right plot.
(Object Name Object! Object2 =
[Remnant Inclination (degrees) |79.3 79.3 =
Remnant Declination (degree... |170.3 170.3 %
[Remnant Magnetization (nT) |D,US 0.05 g
[eoey vs [10 10| &
Accept Objects | Add Object = Delete Object | Help 0 200 400 600 500
Convert Paleopole
Draw Your Object
—Select Object— Create Polygon Create Ellipse -
Lock Shape? Unlock Shape? Help =4
é -100
=
View Profile View Objects @ -150
- (=]
Previous Next
-200
Save
-250
Calculate Load 2 - ; 6‘)’0 =
Istance (m
Export
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Click Accept will update the “Draw Your Object” panel and allow objects to be drawn

4 MagGUI V100
Flle Help About
LR 0DY
Introduction Background Map Properties Objects Import

Choose the magnetic properties for the objects that are susepected to exist in the
subsurface.Fill up the data table below, additional objects can be added by clicking
"Add Object’. When the table is filled click "Accept Objects’. The user can define
shapes by clicking on ‘Create Polygon' or ‘Create Elipse’ and drawing the object in the
Ibottom right piot.

Object Name Object!  Object2
Remnant inclination (degrees) (79.3 793
Remnant Declination (degree... [170.3 1703
Remnant Magnetization (nT)  |0.05 0.05

Body MS 10

Anomaly (nT)

. Accept Objects Add Object Delete Object Help

| Convert Paleopole |
Draw Your Object
Object1 v Create Polygon Create Ellipse 8
Lock Shape? Unlock Shape? | Help _ o
£ oot
£
View Profile View Objects & 150
Previous Next =
-200
Save
-250
Calculate Load 8 O B
1 Distance (m)
Export
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Step 6: Draw the Object(s)

In the popup menu choose the object you wish to draw (e.g. Object1) and then click

either “Create Polygon” or “Create Ellipse”. In this example “Create Polygon” was

chosen, which brings up a colour menu which allows the user to choose the colour

of the object.
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Choose the magnetic properties for the objects that are susepected to exist in the

subsurface Fill up the data table below, additional obje
‘Add Object’. When the table is filled click "Accept Obje|
shapes by clicking on ‘Create Polygon’ or ‘Create Eliips|
bottom right plot.

Object Name Object! Obiject?
Remnant inclination (degrees) |79.3 793
Remnant Declination (degree... (170.3 170.3
Remnant Magnetization (nT)  [0.05 0.05
Body MS 10 [0 |
Accept Objects Add Object Deleti
Convert Paleopole
Draw Your Object

Object1

~ Create Polygon

Lock Shape? Unlock Shape?

View Profile View Obj

Previous

Calculate
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Once the colour has been select the mouse cursor is brought to the bottom right

plotting area where a crosshair should be visible.
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Choose the magnetic properties for the objects that are susepected to exist in the
subsurtace Fill up the data table below, additonal objects can be added by ciicking
"Add Object. When the table is filed click 'Accept Objects”. The user can define

shapes by clicking on ‘Create Polygon’ or ‘Create Elipse’ and drawing the object in the £
battom right piot
Obect Name [objectt  Objectz 20

Remnant inclination {degrees) (793 783
Remnant Declination {degree_. (170.3 1703
Remnant Magnetization (nT)  |0.05 0.05

Anomaly (nT)

Body MS 10 0
-10
Accept Objects Add Object Delete Object | Help 0 200 400 600 800
Convert Paleopole I
Draw Your Object
Object1 v n | Create Elipse g
Lock Shape? Unlock Shapa? Help 2
£ 00
£ +
View Profile View Objects B 150
Previous MNext =
-200
Save
-250
Calculate Load 0 200 :'D ; ﬁt])ﬂ 800
istance (m
Export

The user then click to create a vertex for the polygon. Additional vertices need to

be place in a clockwise fashion.
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Choose the magnetic properties for the objects that are susepected fo exist in the
subsurface Fil up the data table below, addiional objects can be added by clicking
“Add Object. When the table is filed click ‘Accept Objects’. The user can define

shapes by clicking on ‘Create Polygon® or ‘Create Elipse’ and drawing the object in the 0
bottom right piot.
[Object Name [Object!  Objectz 20
|Remnant Incination (degrees) (79.3  79.3 =
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Save
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To close the polygon the last vertex can either overlap with the first vertex or the

user can double click.
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Chooss the magnetic properties for the objects that are susepected to exist in the
subsurface Fll up the dala table beicw, addtional chacls can be added by chekng
"Add Object’. When the table i filed chick 'Accept Objects’. The usar can define
shapes by cicking on ‘Create Polygon® or ‘Creste Elpse’ and drawing the cbject in the
bottom right piot.

| Dot Name Object!  Object2

;ﬁeﬂ\m Incinaton (degrees) [79.3 ™3

|Remnant Decination (degree . |170.3 1703

|Remnant Magnetizaton (nT}  |0.05 005

]

8
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=

jpoayus 10 ,
-10
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Draw Your Object
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Lock Shape? Uniock Shapen| [ Fielp s T_"
-§ -100
e £
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Previous Mext e
200 |
250 l
Calculate Load 0 W w0 60 0
Distance (m)

Export

After the first object is finished other objects can then be created in a similar

fashion.
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Choose the magnetic properties for the objects that are susepected fo exist in the
subsurface Fill up the data table below, additional objects can be added by clicking
‘Add Object’. When the table is filed click *Accept Objects’. The user can define
shapes by clicking on ‘Create Polygon’ or ‘Create Elipse’ and drawing the object in the
bottom right piot

Object Name Object! Object2
Remnant Inclination {degrees) 793 793
Remnant Deciination (degree... [170.3 1703
Remnant Magnetization (nT)  |0.05 0.05

Anomaly (nT)
S

By MS 0
ooy o [ 5
10
Accept Objects  Add Object | = Delete Object  Help o 200 400 600 00
Convert Paleopole
Draw Your Object
Object2 " Create Polygon Create Ellipse c
Lock Shape? Unleck Shape? Help . e
E 400
. =
View Profile | | View Objects - .
Previous Next £ |
-200 |
Save
-250
Calculate Load 0 200 400 600 800

Distance (m)

Export

Step 7: Calculate Profile
Once the objects have been created the magnetic anomaly profile that they create is

produced by clicking “Calculate”.
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Choose the magnetic properties for the objects that are susepected to exist in the
subsurface.Fill up the data table below, additional objects can be added by clicking
‘Add Object’. When the table is filled click "Accept Objects’. The user can define

shapes by clicking on 'Create Polygon' or ‘Create Ellipse’ and drawing the object in the 100
bottom right plot.
Object Name Object! Object2

Remnant Inclination (degrees) (79.3 79.3
Remnant Declination (degree... {170.3 170.3
Remnant Magnetization (nT)  [0.05 0.05

Anomaly (nT)

Body MS 10
-50 * =
Accept Objects | Add Object | Delete Object | Help 0 = A L 800
Convert Paleopole
Draw Your Object
Object2 v Create Polygon Create Ellipse -
Lock Shape? Unlock Shape? Help e
E oot
£
View Profile View Objects o 150+
Previous Next a ‘ |
-200 l
Save
-250 :
Calculate Load 0 20 40 600 800
Distance (m)
Export

Step 8: Modifying Objects
If the two profiles do not match the objects can be tweaked in shape/depth by
unlocking (“Unlock Shape?” button) the current shape (if it isn’t already unlocked).

The user can reposition each individual vertex by clicking the vertex and dragging to
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a new point. The user can also drag the shape to a new location. Alternatively the
user can modify the data table. If the user modifies the data table they must click

“Accept Objects” again.

| & MagGUI_v100 = (m] by
Flle Help About =
RRRLODDY
Introduction Background Mep Properties Objects  Import T
Choose the magnetic proparties for the objects that are susepacted to axist in the
subsurface Fil up the data table below, addiional objects can be added by cicking
‘Add Object’. When the table is filed click ‘Accept Objects’. The user can define 40
shapes by clicking on ‘Create Polygon® or '‘Create Elipse’ and drawing the object in the
battom right plot.
[Object Name [obsect  Objectz | B
|Remnant inctination (degrees) |?9 3 793 £ 2
[Remnant Decination (degree... (1703 1703 | =z
Remnant Magnetization (nT)  |0.05 0.05 §
Body s o [E- g o
20
Accept Objects | | Add Object || Delete Object | | Help c =L L o S
Convert Paleopole
Draw Your Object
Object2 v| | Create Polygon Create Ellipse 0
Lock Shape? Oricckshaperl [ Help =0
E oot
=
View Profile View Objects o | *
Previous Next = |
=200 [
Save
=250 +
Calculate Load 2 s o= (5‘;“ o
istance (m
Export

44



Step 9: Interpretation

In the example we have two rectangular objects that create a profile similar to the

observed map profile. Since the objects are symmetric in the E-W direction we may

suggest the following interpretation in cross section and map view. However, it is

important to realize that these are non-unique solutions!

Map View
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