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Introduction

Magnetics is often lumped into the term Potential Fields and understood to be like gravity data. But, magnetics differ greatly
from gravity. First, the magnetic fields are governed by very different equations than gravity and these equations are actually
analogous to DC resistivity. We try to incorporate these differences in EMIGMA.

First, the source field for a magnetic survey is a regional magnetic vector field. Whereas, gravity is defined by a virtually
homogeneous field which is only vertical at the surface and defined only by the distance from the center of the earth. While,
there are regional and local gravity variations, they effect little the measured fields. The magnetic fields are affected by regional
and well as local structures. To deal with this, EMIGMA considers the total response and not just the residual. It is thus
important to pay attention to the corrections for temporal variations as well as considering the bulk regional field.

It is important to consider the first stage of corrections. It is often thought that only the diurnal variation correction is important
but the temporal variations consist of both an internal component (diurnal) as well as an external variation due to atmosphere
effects most commonly thought of as the magnetotelluric source field. As such, a simple subtraction of the base station
measurement in problematic as these changes are due to the diurnal variation, the external signal and cultural noise at the base
station. We thus suggest first processing the base station data in EMIGMA to delete obvious cultural noise and to remove the
external high frequency noise by filtering prior to performing the diurnal correction removing only the variation in this final
effect.

Using the total field measurement after corrections allows one to estimate the regional source field. While this will be similar to
the IGRF, there will always be a difference in the average field to the IRGF amplitude. Only by measuring three component data
can one estimate the actual inclination and declination of the regional field.

If your data is automatically reduced by the base station, we suggest to add the average base station response to your data before

import. If the base station values are not available from the instrument manufacturer then the only alternative is to determine the
IGRF and add this to your data before import.
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i.! EMIGMA Import Formats [ x|

Raw Data Formats |Dther Sources I

rData Groups
" EM

% Potential Field
¢~ IP/Resistivity

DC Magnetics (ground, marine or airbome) - vector, TM| or gradient
Gravity {ground, marine or airbome) - scalar or tensor

Scintrex Magnetic Ground (XY Z++ format)
Geosoft Grid File (Potential Field)

Generic Borehole (magnetics and gravity) - vector, TMI
Crone (Borehole Magnetic) - vector

oK | Cancel | Heb |
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Browse and select .gct or .xyz data file for imp02rt
This first example is an older data set on a grid without
GPS information or Latitude/Longtitude.

Magnetic import Step 1: Select a data file 7

X
r Input Data File
IE:\Impondata\Magnetics\Lr‘lrrnag_headxyz Browser |
" QCT format i+ XYZ ASCI format
File View : Select one line as the header line
4/ GRID ¥ GRID Y MAGDATA MAGDATA(SENSOR2)
LINE 58600
98622.48 3554057 36000 58095.88
9862245 359532 360125 58089.81
9862251 35965.82 36025 58079.42 Set Header Line |
5962252 3597845 360375 39045.75 .
< | 3 Load Header Line |
 Data Setting
UTMX:  |GRID_X =] & meters " fest
IGRlD_Y j i+ meters " feet
I j i+ meters £ feet
|1 A Latitude / Longitude (degree)
j Latitude : I j
I j Longitude : I j

Select data file columns corresponding to coordinate

axis, andliPiesp/gyzﬁheir units as well

<Back | SNed> | Cancel | Hep |

Click “Next” button to proceed to the next step
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3. Perform initial modeling
4. Perform 3D magnetic inversions x|
5. Check model and create pIOtS // GRID X GRID Y MAGDATA MAGDATA{SENSORZ)

LINE 58600

9862248 3534057 36000 53095.88
9862243 353532 36012.553089.81
9862251 3596582 36025 5307942
9862252 35973 45 360375 58045.75
98622.53 35991.08 36050 53021.02

Select column name for magnetic data 55 3600371 3606255790087

/ 58622 58 3602856 360875 583127 h
4| | H

In this case, there is only total field data

~ Magnetic Field

and 1 sensor. ~ BTotal I~ Derivative of Brotal
[~ Multiple Sensors ™ Inline IGF‘”D_)( ﬂ
[¥ Sensor]  |MAGDATA(SENSOR2) | I Cossdin= [GRIDX =]
I~ Gensarz IGF“D_K =l = sertical IGF{ID_)( =l
[~ Sensord IGHID_)( j
I~ Gensard IGHID_J( j —T Vectors
I Sersars [GRID_X = I Indine |GRID_X -
= Sersorel |GRIDLX [ I Cossiine  [GRIDX <]
- - r Units
Select unit for imported data > o o || T e .
< Back Nead > Cancel Help
7
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2. Examine data

3. Perform initial modeling
4. Perform 3D magnetic inversions

5. Check model and create plots

Total Number of Profiles: Igﬁ— Total Number of Locations: Igmg—

Profiles and Locations

Profile | H Locations | - [ Mody Profi(s)

58600 a1l

98700 85 Profile |

caa00 3 L _ Doee |

57300 73

gzggg 2:5 Delete every Iz_ location Apply
Show profile information, users can gg || ey T ey |
perforrr_l del_ete/r_edu_ctlon/s_hlft operations P s oty o Al Pris o |
on profiles in this dialog if desired but 2000 7 e
these tools are available once the data is cex00 0 oy | F e |
InSIde EM IGMA Restors/Reset | Shift Y ID Change |

< Back Mext = Cancel Help
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2. Examine data 5
3. Perform initial modeling

4. Perform 3D magnetic inversions
5. Check model and create plots

You must determine the nature of the earth's
magnetic field in the area of your survey.
While the magnitude of the regional field may
be estimated from your data, the angle of the
field defines the internal magnetization of the
susceptible structures. The regional field

is described by the IGRF model.

if you data file did not have Lat/Long
information, enter it into the fields show
along with approximate GPS elevation.

As the earth's field is not stationary
but is slowly varying, you must enter
the approximate date of the survey.

Click Process the Set

12/13/2022,,.
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Click “Run Import” button to start
Import data into the database

averaging and sorting may be
carried out late once the data is
imported

After processing is done, click
“finish” button to complete the
procedwga/2022

Magnetic Inverse

Magnetic/Gravity Import Step 3: Import data to dat
— Earth Field System
Inclination downward from horizontal {in degrees) |75
East of North (in degrees) |20
Intensity (nnT) ]52500
Central Meridian (in degrees) I 0
Set |
Coordinate System : IHon’zontal: X horizontal along profile, Z vertical _'J
— Import to the Database
Project Name : l
Survey Name : ILr1rmag_head
...Store LINE....58400 Al
...Store LINE....58000
: ...Store LINE....58200
LS aus " Store LINE....98100
I~ Sort locations ...Store LINE....98300

...Store LINE....58250
...Store LINE....58350
...Store LINE....37000
...Store LINE....36800
...Store LINE....36000
......... creating...
...components.....creating...
.. locations......creating...

> Run Import
Add New Line |

X

” Finish | Cancel

Help
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3. Perform initial modeling
4. Perform 3D magnetic inversions
5. Check model and create plots

3. Check system
configuration

= Corpren [T _S5ecl | Guteom |
T

[ R [ sep

 Dipole € Voltage Dipole: 1 1

€ loop € Fole !g_j_ﬂ_j_;j!jﬂ‘g Clife D3 o] almAiaim Slainje v (el Sl8[SIsY]
1. Check database for the survey —=== ==
: y
| Smpot e B | 1
N = N
Database | Survey Review | Data Corection | Data Reduction | ] - 111 . i
oy = = : = oK Cancel el Help “‘_“: I i | I {1 11
r Projects in Database Surveys in Project H:_ il 1 I | |
Gravity 5| M= S ; I |
GeonicsFixedLoop 5w i Py | |
MegaTEM Az oo - l | | IARE :
= IR
Cpmpensatlon DataSet View EditTools Map Tools Help
ggsnn;eEMdana 8| 8| & sl=F| Bl [cofe pj=(E o alnldlelolfa 2zl of Sl smgy sl 00000 | mrmwww e s s s e e =
Borehole M e e e e e e e e
TEM stepprocessin ~Data Sets in Survey s [ e ——————
el l lore 5 el i - e - -
ra;g airbome perm _foc - |
& b Model r oo (I | gaseszooo- - '
Project ID: B Ll ] ! § i i
Date Created: [3/11/2004 t $ §
F‘m;ed'e Name: llmm il ‘ ! ] ‘ $
lCase_S!udy_Mag ! _il i t i i i '
A | E]mw § if 4
Profile ‘ = —
M ' « i i
. ; . e {11 i q: !
2. Click configuration o s P RELE
. R | i
el i i ,
| S § ' ; :
< | Undo :
Data File Name: El H f _; H
E]smo-w ' ! i
[mining_training_66 dat ; ! i1
O §
: TF lge | i
Configuration | L ks : s
L) o o0 0500 o ﬁ;_
ol prcs F1 eomzaTes WSSy losese0sazeoos | Z

4. Check lines and stations by C“Ckmg This tool is a data analyzing, editing and mapping tool.

“Surve%/ Editor” button 2] - profiles may be deleted, modified, renamed, datapoints
12/13/2022 :
moved, deleted, and maps maybe underlaid or constructed
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2. Examine data 8
gridding, processing

3. Perform initial modeling

4. Perform 3D magnetic inversions

5. Check model and create plots

An important aspect of potential field analyses is done through
FFT analyses by which you are able to start to understand the nature
of the structure and thus better to control the inversion process.

1. Interpolate or "grid" the data. In this process, the data is interpolated onto a grid of data vertices defined by a rectangular cell.

L Profile Viewer

Curtent Profile: CurentPosiion: - 101448.27, Y: 36055.77 [ Show profie I Show Labels COﬂth'S fOf
- Click+Drag red line to resize or use Output Grid settings details I™ Show Locations deflnlng the grld
Input Bounds . .
/ 37003 XMin  [5728971 M [FEiE a7 both in size
XMax [99333654 ¥ Max [36977.031
. e [EE— and dx,dy
ik DL resolution
[ R e [ e e go8at _UD::‘ Gmissuoe V Min: [1091.34
Profie Number o5 MaX  [@3239 MY  [EEa7 MaxZ T u U Max: 54977 V Max [1067 63 R .
: ' : e Clicking for FFT
R Sodomne — - E v B ensures the grid
F 36252 To Input Bounds | Appy | is 2n by om
[ ForFFT ¥ Extend for tapeting !
:::Nmm : I ShowGid [ Show Propottionally cells need not
g moe [mi stk || he square
i r 35877 Center: [ss312125 | | SetCenter |
e : = —= —= wasr x| [Cenery: [Fasem ResetGid_|
& zet0 sid
(.'s‘m, cusams | . = [ Average distance between locations: [128518  Average distance between ines: [285:384 Help I 0K I
el ) — Spatalfadus | [212038
5 o oy R [hde | W  Siow  Fat
v ——

Model Name:

P
] [
/ | P
T

/

After interpolating, the grid is attached
to the dataset in the database as
indicated by a check mark as here grids
are stolﬁéjdgll%)rz%asy access

EvotifutkOsass | _Eoentenotil | Boetwwete | B 2 [ ]

Fenave ErpoiedPorts | Dsencectgis | Ewatwaniie | o |
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gridding, processing
3. Perform initial modeling
4. Perform 3D magnetic inversions
5. Check model and create plots
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Creating Derivatives and other FFT processing and
Their role in inversion.

1. Having interpolated the data to a regular 2N x 2M grid, we may now processing derivatives and with these derivatives perform
other processing functions.

Derivatives of DC magnetic data ‘5‘
Datasetname:  [Measured Static Output grid's name: IDeriv1 28x32
Attached Grid Components =G b
Deriv128x32_clean Boundary
[T X Min (m): -557.406
KMax(m} [54377
I32'— YMin(m}:  [1097.34
Note: Orly one grid canbe  Note: Multi components can Y Max (m): |1ns7.
selected. be selected.
~ Settings for ¢
. 8 Upward/Downward Store Derivatives for
F Tbel] wndlw*w . r Continuation 2 Selected Component
l_ ¥ Clean Grid
ax= |10 % Sontintation set
|10_ 2 derivatives :I
w =
5 I™ Reduce to Pole Cleaning grid
Store data to database.
[T Use Wave Number Filter Heduceto Eoleettiod .:.,, : w . st -
e

Grids which may be utilized for FFT processing are displayed in the upper left hand and

the contents of these grids in the box beside. Various different processing may be carried
out here, but here we simply show generation of the 3 derivatives of the total field. These
deriva]tweo’ézﬂ'?é’[y later be utilized in the inversion process in a variety of ways.




1. Import data Magnetic Inverse
2. Examine data 10

gridding, processing
3. Perform initial modeling

Use of Derivatives in Inversion — 3 examples.

4. Perform 3D magnetic inversions
5. Check model and create plots

1. Case 1: Use the derivative grids to perform 3D Euler solutions.

3D Invessnn " | e =lai]
o Craeos me i al@|o| @ @R g0 H
jewvizaniden |
3D Susceptibility Inversion ’ ’ ’ | ’
© e I
S S
€ 20 Wemer Sonries Ll MEERER i
€ Magnetization Vector Inversion i ”f'j‘g
€ CellRemoval l ‘ ‘ ’ __’_' i
oK | Cancel | H i i
va; To: ! ' ’ l { i =
Rows [ I § l : , l i l
s [ [ = ! ‘
e T
":,,E_ € 2D Wems i
€ Foirieen © MagVector Inversion
Stant Process | =R |

[x=9337384, y = 26539051

Through this interface, you may perform various aspects of the 3D Euler solutions.
Results are then viewed in either GridPresentation or the Visualizer.
These tools allow you to determine the types of the 3D structure as well as depth estimates.

12/13/2022
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gridding, processing . . .
3. Perform initial modeling Use of Derivatives in Inversion — 3 examples.

4. Perform 3D magnetic inversions
5. Check model and create plots

1. Case 2: Export derivatives for use in 3D inversion

rGrid Data Set Informati

Orthogonal local dimensions: Data Type:
u |4557I:;52 ISAS’;:‘QSJH "1% I B#‘éZ_DL .
Statistics I

] G e
Z:::: 6/27/2016 4:4250 P ;(:‘31‘:15‘2:‘37‘ UMiw 1;);1%%96'”4
e en” gt | | 2 [TO0002S | i B Export TMI and derivatives to a set of profiles
Ii). |7_ Delete Giid_ | 3;1%?/;;:?
::::m [(RT Magnetics 4.Tx- BEARTH
Suvey  [FAMAG s
bt TR or
DataSet  [Measwed
Domain Type: [Static
EwotoPukousss | _Epotiotestion | Eemiowss | Y 21 Export derivatives by interpolation to be added

/5‘4‘“""“’“""“"”' 5 — as additional channels to your original data.
[Set Uutput Prohles R3]
Output Profile Definition

" Use Grid Nodes for Lines and Stations

Export derivatives .

(s Export derivatives ta Original Stations

12/13/2022



1. Import data
2. Examine data
gridding, processing
3. Perform initial modeling
4. Perform 3D magnetic inversions
5. Check model and create plots
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Use of Derivatives in Inversion — 3 examples.

1. Case 3. Examination of Derivatives and Upward Continuation

TMI grid ...

sssssss
6666666
::::::
ooooooo

::::::

Upwared Continued _:
TMI grid

12/13/2022
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2. Examine data 12
3. Perform initial modeling

4. Perform 3D magnetic inversions
5. Check model and create plots

Click “Plotter™...
Load data set in plotter Toggle between profiles
ﬂﬁalﬁl"ﬂﬁﬁlﬂlaﬂﬁ#l&%ﬂ%.m ~~|g@4!|_|ﬂ|ﬂ|z@m o 2|

Mo Balel2 = 2R 2 =R B Bl@| el «llo] «f»] o

Mag Response

= LINE97300 F’Iot#1 TOt(II“I) Bt
58391

58291
58191
58091
57991

57891

Response (nTesla)

57791

57691

1 2 / 1 3 / 2 O 2 2 36000 36100 36200 36300 36400 36500 36600 36700 36800 36900 37000
Absolute Y (m)

For Help, press F1 |Examiner  |Database:C:\Program Files (x86)\Emig 6\Demo Databases\MiningDatabase\mining_training.mdb
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2. Examine data 8
3. Perform initial modeling
4. Perform 3D magnetic inversions

5. Check model and create plots Note: Performed some initial modeling to get a “‘feel” of

the data and estimate parameters of initial model for
inversion.

simulated data with a forward model

Mag Response

-~ LINE97300, Plot # 1. Tot(l M) Bt
U e T T R 7\ W e Lt E e e AR pomssespessssszesssesiecczge | INEQ7300, Plot # 2, Tot(l S)Bt

sezg1  |esmfenen o e fran madiue percdecdobui gl

_________________________________

58191
58091

= T MUURR SO WOUUR WSO SUOU SO N WU OSSN SO NUND [0 YOO O S N S .. 0 W W

B .

ST o e kealsnd il sndiondbealedeal v bdedsendvedonoliencidbabicdivi

Response (nTesla)

LT VU SOUNS NN NN SUNPI: SN SO SUPNOE OO SIS oot s At it OO N Sl SO S

ST TN R SRS JSUN PN SUUPRE SUMON N SN ORI SN SO OO O SRS SO PR SUOR: SO SO O

36000 36100 36200 36300 36400 36500 36600 36700 36800 36900 37000
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1. Import data

2. Examine data

3. Perform initial modeling

4. Perform 3D magnetic inversions
5. Check model and create plots

—Data Sets in Survey

mZMeas [

dumontgrd

Select survey data

12/13/2022

(o))

3D Magnetic Inversion

' 3D Susceptibility Inversion
¢ 3D Euler
" 2D Weiner

" Magnetization Vector Inversion

oK | Cancel

Magnetic Inverse

9
x|

{7} Magnetic 3D Inversion

~ Inversion Method

Anti-clockwise from East

~ Selected dataset(s] to do inversion
# I Dataset I Survey ] Project I Add G
1 dumontgrd_m2Meas Total Field Surface Case_Study_Mag Non-Linear CG
Weights
Inversion Parameters |
Remove
Inclination Component List Survey area information
|82 # [ Receiver | Item | Valug | I Use Inital Model
o 1 Bt Center X (m) 98300.0000 ERE
Declination Center Y (m) 365125000 Set Izl bode! |
F32— Size X m] 1075.000
Size Y [m] 2000.000
i Horizontal Angle (Degree) 90.000 I~ Use known geological struct
ety Average Distance Between Lines (m) 100.000 ® Wil RS
1581 57 Average Distance Between Locations m) 12599
Set Structure |
Set Intensity I Coefficient settings I Select Survey Area |
™| Use topoaraphy information
i~ Search Yolume
IV Remove Grid Cells
Center X (m) Isssou.uuoum 639 Center'Y (m)  [36512.433397514 TopZ (m) [n
Distance (m) 87.5
Size X (m) |1 200 Size Y [m) I24UU Thickness (m) 600
i Inversion Message
Horizontal &ngle (degree] ISU Select Search Area I Cell Sampling |

Grid Settings
Cells inX

Spacing Z direction & A

111 CellsinY

|14 CellsinZ |3
Coagt O A Define I

Total

Top cell thickness m)

|4582

200

Set Output Log File Name

Get Settings From a Log File I

Progress

Initial model misfit

—

v

Close application when inversion
completes Bun LCancel |

Help |
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2. Examine data

3. Perform initial modeling

4. Perform 3D magnetic inversions
5. Check model and create plots

i
i Selected dataset(s] to do inversion Inversion Method
# | Datazet | Survey | Project | Add | Linear
1 Mag3Dlnv_FastCh Total Field Surface Case Study Mag Maon-Linear CG
wWeights |
Inversion Parameters |
Bemave |
Inclination Component List Survey area information
|82 # | Feceiver | Item | Walug | W' Use Inifial Mode!
Center », 98300.0000 "
Declination ! i Contary m 36512.5000 Set Initial Madel
|_32— Size ¥ [m) 1075.000
Size v [m) 2000.000
P Horizortal &ngle [Degree] 30.000 8
Intensit d d [ Use knowin geological structure
S Awverage Distance Between Lines [m) 100.000 S
|581 a7 Average Distance Between Locations [m] 12539
Set Structure
Set Intenszity | Caefficient settings | Select Survey Area |
I | Use topoaraphy infarmation
— Search Yolume
V' Remave Grid Cells
Center . m) |93300.0000m £33 Center v m] |3551 2.439957814 Top Z [m] |u
Distance [m] 875
Size ¥, m] |T 200 Size Y [m] |24UU Thickness (m) 600
Inversion Meszage
E:{;?Cﬁggﬂﬁgglﬁéieggi?] ISD Select Search Area | Cell Sampling |
Grid Setting
Cells in 111 Cells in'Y |3D Cells in2 |5 Total 1BE50
Spacing £ direction i+ A [a T Diefine Top cell thickness (m] 120
Initial mode! misfit I
Set Output Log File M ame Get Settings From a Log File |
Progress |
Cloge application when inversion
completes Fun Cancel | Help |
1.9/4.9 1909090
VA RN VAV Y4

Magnetic Inverse
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Selected Data Sets

A dataset may be added for use in the inversion by clicking Add.
Each dataset is given equal weight by default. This can be
changed by clicking Weights.

Components

Components that will be used in the inversion are displayed here.

Log File

A log file is created each time an inversion is run. The name and
location of the log file can be specified by clicking Set Output Log
File Name. Click Get Settings From a Log File to use the settings
from a previous inversion.

Use topography information

This option will be enabled if you imported your data with a gps z

channel. Select this option and the gps z values will be used when
performing the inversion. When loading inversion results to the
visualizer, a window will appear asking to display the survey
according to z or gps z. Select gps z to see the inversion results with
topography.

Remove Grid Cells

Any cells that are beyond the specified Distance from the closest data
point will be removed from the inversion result.

Geological Structure

Click Use known geological structure to define a structure that will
apply constraints to the inversion result.

Initial model misfit

Defines how close the initial model fits the data. The closer the value
is to 0, the better the fit.
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3. Perform initial modeling

4. Perform 3D magnetic inversions
5. Check model and create plots

Set Earth x| Earth’s Background Field
— Intensity
@ Intensity in the dataset You can choose between various methods to obtain a
~ Average of data value for the background field by clicking Set Intensity.

Intensity in the dataset - uses the value defined in the

selected survey.

 Buwerage of data within 25D (sbout 35% around mean] Average of data - the value will be calculated from the
data. The amount of data values used for the calculation

" Awerage of data within 150 [about 632 around mean]

following window where a weight can be assigned
to eachi amaitaide derivative. e

" User defines .
depends on the option chosen.
Fatth e ensty 1) e User define - simply enter a new value in the field
o | Coneel_| intensity box.
Coe_ﬁ:ICIent Settl nqs Coefficient Settings for Derivatives |
— Relative contribution between the dervatives
This button will be enabled when gradient data is dBt/c contrbution [
available and more than one derivative has been dBL/cy cantibution r
selected (not in this example). It launches the Bt cortbution I
_ taneel |
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2. Examine data
3. Perform initial modeling

5. Check model and create plots

the imported data.

CRL L |'5" ll ﬁl 3' 3' il :H wo [9702432430 v= [3679250002

Distance

(=]

—

37000 |

maaded

Comporent Details
Response

=
—

Edit selected area of

’7 € Survey ¥ Seach
36800

¥ Wse ll sumvey area

2| B B

4
] WSAEW!SAWZWG' il

36600 |

{44
FRRIE S eE et pRrId 4 bied

LLEE'::WE:'LLEEE':‘LUEEE'MTLLE« Tl

Lﬂ::'::&::‘@"“@i:?iﬂ:@« i

o
=<
o
EH
=
|
=
2
2
Pt

Adddnl EEEL {41
aaaa EHSAAAMSAW!EMSSAMSZMLEWLW
mrEAmimPey: SRR i

enter
SiEBi 1200 36400

(|
i HEIS!imLEmS!j‘::ﬁﬂfjﬁffjmﬂiTﬁﬂjﬂfﬁ“

e
MSZM:‘:M&!E‘MLEH

Grid Size Y a0

¥ e
= 3 o —
Set angle to [dearee]  [gg ; ; 4 ; £
s i g
Grid points af % 11 3 E: &
$ +
Grid points of ¥ 3 ¥ 3
fid points ol 36200
Girid Size 10,6108 3 : %
N $ +
¥ ¥
T
T

PR PR A prr

Besst | Apply \

o | Cancel | | 36000

H
PRI PR PERIY.
ddda

Help | N

7500 36000 36500

If change the value in “Set angle to (degree)” box,

the ang%zpd%%&gsearch area and survey area will
a

be changed accordingly

Magnetic Inverse
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Ing _ Clicking either the Select Search Area or Select Survey Area buttons
4. Perform 3D magnetic inversions launches the same window. But search area means the area of data which
the inversion algorithm works on, while survey area is the whole part of

Survey Area
Click the Select survey area button to

launch the graphical tool which enables
you to specify the data points that will be
used in the inversion calculations.

Search Volume

The default parameters in the Search
Volume section will create a grid that
covers the entire survey. You can modify
the search area parameters by entering
new values or by using the graphical tool

Cell Sampling

Grid cells defined in Search Volume
can be divided into smaller units when
calculate the simulated data by clicking
Cell Sampling. Type your values in the
X, Y and Z boxes to specify the number
of samples in the X, Y and Z directions




1. Import data

2. Examine data

3. Perform initial modeling

4. Perform 3D magnetic inversions

Grid Cell Settings (along arid axis)

5. Check model and create plots Cells in X

Cell Size X

Spacing Z direction

Cells inY I29 CellsinZ |25

Cell Size ¥ 100

Magnetic Inverse
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Total |1 38575
ISB

Cell Sampling |

Top cell thickness [m)

C oAzt O N Define |

x|

Cait th earch gnd c
Note: Depth displayed here is relative to the ground level.
Total thickness 900 Top Depth
Total thickness after modification |95B Iu
Search gnd cell thickness
Index | Thickness I Bottom Depth I -
1 10.0000 -10.0000
2 10.0000 -20.0000
3 10.0000 -30.0000
4 36.0000 -66.0000
5 36.0000 -102.0000 e
B 36.0000 -138.0000
7 36.0000 -174.0000
8 36.0000 -210.0000
9 36.0000 -246.0000
10 36.0000 -282.0000
11 36.0000 -318.0000 Ll
19 20 NNnn QR4 NNNN
Thickness [m) I1 0 Insert Index |1
Madify the selected I Insert a thickness |
Delete the selected I
Note:  Multiple thickness items can be selected.
oK | LCancel I Help I

Grid Settings

Confirm the number and layout of grid points
to be used in the inversion in the Grid Settings
area. The points will be evenly spaced in the x
and y directions. Choose A for evenly spaced
points in the z direction or A-2"- for
exponentially spaced points. You may specify a
custom spacing by selecting A;. Your custom
settings can be later modified by clicking
Define.

Editing the Grid Cell Thickness

The interface displays the total thicknesses
before and after editing as well as the topmost
z value. The cell sizes are listed in the Search
grid cell thickness section.
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4. Perform 3D magnetic inversions
5. Check model and create plots

Inversion Methods

There are two inversion methods to
|“°”‘U”BB' CG choose from. Set parameters for your
chosen technique by clicking the
Inversion Parameters | Inversion Parameters button.

Trust Region - Faster than Non-Linear CG and has better handling of model constraints. It is a
constrained minimization technique and can efficiently process large number of data points and
inversion grid cells.

Non-Linear CG - General concept is to start with an initial guess and go looking for the best fitting
model by minimizing a given function using an iteration process. It is a unconstrained minimization
technique with the constraints on the interface applied as a post-process.

12/13/2022
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3. Perform initial modeling

4. Perform 3D magnetic inversions

5. Check model and create plots The objective function

Assumes that the forward function can be linearized.

d=Fm
d: vector of N dimension
W F: matrix of NxM dimension
m: vector of M-dimension
Inversion Parameters | N: number of observation

M: number of inversion grid cells

Hex (1) = j‘ G(r,r")J(r")dr’
317 = (M) =M ) = 2" Py

12/13/2022
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3. Perform initial modeling

4. Perform 3D magnetic inversions

5. Check model and create plots Trust Reg ion TeChnique

|Non-Linear CG « fast convergence rate

 constrained

Inversion Parameters _| - can efficiently process large number

of data points and cells

Constrained Trust Region Technique

At an iterate, when a region around is defined, a quadratic model within this
region is checked for an adequate representation of the objective function. If a
notable decrease of the objective function can be achieved within the region, then
the model is believed to be a good representation of the original objective
function and the region is expanded. If the improvement is too subtle, then the
model is not to be believed as a good representation of the original objective
function within that region and the region is contracted.

(M) = A ¢g(M) + (M)

Smooth model misfit function
0,.(m) =@, [ Wi(z) [ m(r)m'() P dv  +

d&(m) - functional to be minimized Y err, O [W(2) Y, (m@)m’r)) ] dv

dq(mM) - data misfit

d,(M) - model misfit

A - Lagrangian multiplier - regularization weight
12/13/2022

a, - weighting factors
w(z) - depth weighting
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Linear CG Fast Inversion

— Suzceptibility constraint

Dutput sensitivity #s: IU.UUU'I

Cells with sugceptibility between s and =z will not be
output ko susceptibilite distribution [.mag) file.

Hmin I-D.2
Suzceptibility smaller than #min will be set to Xmin.
Hmax Ig_z

Suzceptibility greater than Xmax will be set to Xmas .

—Search parameters

I aximurn iterations

—

Scattered field misfit (7] In_g

Magnetic Inverse
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Search Parameters

— Smooth parameters

Alpha =
Alpha =
Ailpha p

Alpha z

1111

0K |

LCancel |

Help |

Constraint of Susceptibility

Output SenS|t|V|ty Cells with susceptibility |D| (close to O - where the

user defines how close) are constrained or thrown out after each iteration. will not be

output to the susceptibility distribution (.grv) files

Xm N Upon completion of iteration, X values less than Xmin will be set equal to

Xmin

Xmabglgj%g%letion of iteration, X values greater than Xmaz will be set equal

to Xmax

Maximum lterations

User defines the number of iterations the program will run to
generate the final solution. In general the default (25 for Linear Fast
CG and about 15 for the others) is sufficient for the inversion.

Scattered field misfit

Defines the “stop” criteria for an iteration when the difference
between the measured and simulated scattered field falls within a
certain percentage of the measured value.

Smooth parameters

Larger values will increase the smoothness of the inversion result.
Alpha s decreases the range of all the susceptibility values. Alpha
X, y and z decreases the difference between the susceptibility of
two neighboring cells in the x, y and z directions respectively.
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Import a model

Project Survey Dataset Note: Only the datasets that have model are listed.
Name [0 [«] [Name [ o T Name [ o | Model Name [
Ground Mag 32 Total Field Surface 14 perm_fix 528
Air Mag 29 Inwersion and Filtering 142 3DInv_TustRegion 1606 Trust_3779
Near Surface - Mag 15 Exported Grid 143 3DInv_TustRegion 1607 Trust_10102
Near Surface - Shell BE 14 3DInv_TustRegion 1609 Trust_38502
Near Surface - Concrete 13 Model target Model target
Case_Study_Mag -
< | »

i |1

P Total Number of Anomalies

MName ‘ Type ‘ k [S) ‘ TopX Top¥ TopZ Strike Length Dip Extent ‘ Thickness
(m) [m) (m) (m) (m) (m)

target Prism 01 98100.0000 36312.0000 -0.5000 800.000 400.000 40.000
< | I |

Note: Select the anomalies in the list to import.

12/13/2022
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Initial Model

Click the checkbox labeled Use
Initial Model to specify an initial
model. Return to the initial model
window by clicking the Set Initial
Model button.

The starting model is described by a
list of prisms with various properties
in the box labeled Initial Model.

iImport a model from another data
set in the current database

Click Import a model.
Select the project, survey, and data set with the desired model
Click OK and the model will appear in the Initial Model.
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Magnetic Inverse

— Selected dataset(s] to do inversion
[rataset Add
wieights |
Bemove |
Inclination Component List Survey area information
|82 it | Receiver | Item | Walue |
. 1 Et Center % [m) 98300.0000
Declination Center ' [m] 365125000
|_32— Size ¥ [m) 1075.000
Size [m) 2000.000
Intensity Harizontal Angle [Degree] 90,000
Awerage Distance Between Lines [m) 100.000
|581 a7 Average Distance Between Locations [m) 12539

Siet Intensity |

Coefficient seftings |

Select Suvey Srea

— Search Yolume

Size ¥ [m]

Center ¥ (m) ISB3DD.DDDDD1 £33

Horizontal Angle [degres]
Anti-clockwise from East

Size ' [m]

—

Center ' [m) |385‘| 2433397814

Top £ [m]

Select SearchArea |

Thickness [m]

Cell S ampling |

Grid Setting:
Cells in 1 Cells in*f |3U CellsinZ |5 Tatal |1 BB50
Spacing £ direction [l L D efine | Top cell thickness [m) |1 875

Siet utput Log File Mame

Progress

[5et Settings From & Log File

19

ol

Irvversion Method

Linear Slow CG
Mon-Linear CG

|rwversion Parameters |

¥ Use [nitial kodel

St [nitial M ode!

™| Use known geolegical stucture

Set Stucture

™| Use topoaraphy infarmation

¥ Remove Grid Cells

Distatce [m) arh

Inversion Message

Prepare data ...

Start irversion.
# Data utiized in inversion iz 1665
# Grid Cells 16650

Getting Initial Model.....

Initial madel misfit

[ [ ]

r Cloze application when inversion
conpletes

LCancel |

l—
Help |

12/13/2022  After settings are done, press Run button to start the inversion process.
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Executing the Inversion

{71 Magnetic 3D Inversion

—Selected datazet(z] to do inversion

Harizartal Angle [degree)
Anti-clockwize fram East

—

Select Search Aiea |

# | [ atazet | Survey | Froject | Add |
durnantgrd_ m2beas Tatal Field Surface Case Study
wieights |
Eemowe |
Inclination Companent Lizt Survey area informatian
|82 # | Receiver | Item | Walue |
o 1 Bt Center & (m) S8300.0000
Declination Center ' m] 36512.5000
|_32— Size ¥ [m) 1075.000
Size ™ [m) 2000.000
Intensity Horizontal Angle [Degres] 90.000
Average Distance Between Lines [m] 100.000
|581 E7 Average Distance Between Locations [m) 12599
St [ntensity | Caefficient settings I Select Survey Area I
— Search Yaolums
Center & [m] |assuu.uuuum £33 Center Y (m] |3551 2 489997814 Top 2 (m] ID
Size ¥ [m] |1 200 Size Y [m)] |24DD Thickness (m) |581 25

Cell S ampling |

Grid Setting:
Cellz in m Cellz in'' |3U Cellz inZ |5 Tatal |1 GBS0
Spacing Z direction fal s Top cell thickness [m] |1 875

[ O [efite |

Set Mutput Log File Hanme |

[Get Settings From a Log File I

=1o] =

Irwersion Method—————————

Linear Slow CG
MHon-Linear CG

|wersion Parameters I

¥ | Use I nitial Made!

Set [ ritial kMode]

I™ | Use krown geological structure

Set Structure

The right window
(in white) shows

™| Wse topography information

¥ Eemove Grid Cells

S

BE2z5() e each data point’s
Inversion Message p rog reSS .

Least Squares Misfit 48,37 ;l

Iteration B

Data Misfit 84.12%

Least Squares Misfit 39,7569

Iteration 7

Data Misfit 80.25%

Least Squares Misfit  38.1925 e 2
LeastSqu The “Progress” bar
o]

shows the total
— progress of this

12/1342022 NNENEEEENNNNENNENEENEN

r Cloze application when inversion
campletes

Eun LCancel |

Inversion.
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— Projects in Database

Glﬁ'ﬂh" Fs
GeonicsFoved Loop _I
MegaTEM Az
VTEM

AeroTem
Compensation
Airbome EM data
Gravity

Borehole Mag

TEM stEEmcessini

ip_example
mag_airbome =

Project [D: 5
Date Created: |3/11/2004
Project Mame:

ICase_Stud'_.r_Mag

Our 3D gravity inversion model dataset

12/13/2022

— Surveys in Project

Survey
Survey
Copy
Easte
—Data Sets in Survey

dumontgrd_mZMeas Data Set

perm_fic
Model Domain 1
Data Set

Model Mz

Magnetic Inverse
21

Inversion Evaluation

In each survey, there will be several data sets
after modeling, inversion and processing. In
this case, we have two forward models and
one inversion model. Each forward model
has a new data set containing the simulated
data under the model. Similarly, each
inversion contains a new dataset containing
the simulated data set under the inversion
model (for each point) and attached to that
data set is the inversion model.
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3. Perform initial modeling Inversion Evaluation

4. Perform 3D magnetic inversions
5. Check model and create plots
& (@)

Select a prosessing too fom s Users can use “3D Inversion Model Processing” tool to

[3D Inversion Model Processing remove cells in inverted model. Follow the routine shown

Average Duplicates in this page and arrive “Cell Removal” dialog. Choose the
Coordinate System Translate and Rotate

Data Decimation removal range of cells: “Low Limit” and “High Limit”

Data Interpolation . . . .
Data Outlier Removal (any cell within this range will be removed)
Diurnal Correction

Export Depth Slirec from Tnuarcinn Madal

Extract Surve) EE x
Gradient Remu

Line_Length ::i

g::flug_g';;glc (' Cell Removal Caze_Study_Mag - Total Field Suface - Mag3Diny_FastCG

 Cell&dustment |nwersian File: riitiing_training_ 359, mag
r Impedance Data 5

£ Aoply fon &l Cancel | \

Model FastCG_12471 Diath SetID: 859

£ Apply for g

r— Diistribution of Yalues

0200 > -OA21; 0.0400%
Eit | Help | # of Cells |124?1

0,121 - £0.040: 0.5292%

Minimum — [32 ks 0,040 /> 0.040: 97.9552%

00400 0.121: 1.2348%

Maimm ID.2 k(SN 0.1 -» 0.201: 0.2405%

Remove cell: in this&ge:

Therefore, users can reduce the range of model either Lowtiic[02 Hantimt {02

beforef'g 9%%} (by Select Search Area) or after ot | > oy | Gae | Concel |
inversion%y ell Removal)

Click “Apply” button when it is done
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3. Perform initial modeling
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Inversion Evaluation

An inversion is selected. You will note
the “Model” button i1s checked. If the
“Model” button is clicked...

— Data Sets in Survey
dumontgrd_m2Meas Data Set imulated

perm_fix
Domain Type: IStatic

Model
Data Set IMagSDIn".r_
Maodel Mame: IFastCG_1 24

Imining_tmining_&&ﬂ.dat W Model

FastCo

Prisms/Flates/Polyhedra_Lisyers |

Giivity | Susceptibility | Permittivity | Algorthm ... | Anomaly N... | PolyFile Name | ~Generl Info

Mag File Medgls \mining_training_85...
. g-mnng- Srvey [Mag3Dinv_FasCG
Name:
Model Name |FastCG_124?1

Number of Models |1

=

Data File Mame:

r Edit Mods

Expart |

.7 - Intemal Current Sampling — — Rotation {degree) ——
 Euler Angles

Mumber |1:: -

. . |hzert T
The model will be saved as a “Mag File” TogetName [l Fie

. . . / I r Model Properties
with its name and folder shown in the plece erg Conductiviy € EikPl=

1 Ig—
13 . 29 it Target |- Esstvity (Ohm.m) {100 Pl i dvanced | m
PolyFile Name” column of the table Import Targ S |—2 , :

" F5 |nteractions | 3d

Click “View” button to open this file, 7| | e J | o | P —
B Delete s — x T ||lske [0 ske [0
—

= Sphere

rScale Factor (m) rGeological Angles —

File Name IE “Program Files [<BENEmigmay/8. 65Dema D atabases\MiningD atabaseiModelshmining_training &

SE0N00 G170 4312500 10Oi08  8DODO0  G0OOOOD  A0OOC
9B8200000 359170054 2052500 10OT0B B0 1500000 Sn.ooC —Cole-Cole——— -
SE00000 917905 375000 08108 GOOOOD  37SM0  90.000C - l‘— ™ =
SE00000 917905 8FS0 1008 800D 187500 S0.000n = 5 S hress I 0
97400000 359179054 4312500 10G708 900D d0nOOOD  snOOC C (exponert) I Plunge

HATATA

997400000  35917.9054 2062500 108108 800000 150.0000 90.00C T I mport " dimensionless  Cent &1
99740.0000  35917.9084 375000 10.8108  BO.OO0 375000  90.000C opagra i enter *| i
95740.0000  35917.9054 -3.3750 108108 20,0000 187500 90.0000 RRTERT M {changeabilty) I: B
996E0.0000  35917.9054  -431.2500 108108 800000 3000000 90.00C dimensionless

98660.0000 35917.9054 -208.2500 1081028 50.0000 150.0000 90.00C
98660.0000 35917.9054 -37.5000 10.8108 80.0000 37.5000 90.000C

SEQDOND V054 wIGD  ILEI0E  ELODO0  18FG00 900000 Tz szl I
98500000 G917.0054 4312500 10@108 800000 300000 SOOC Restors seconds - Paly Filename I Import Folphedia
SEEN0000 97054 20GEE0  0BI0E  S0ODO0 1500000 8000

98580.0000  35917.9054 -37.5000 10,8108 80.0000 37.5000 90.000C
48500.0000 35917 8054 -431.2500 108108 80.0000 3000000 40.000
48500.0000 35917 8054 -206. 25001 108108 80.0000 150.0000 40.000

48420.0000 36517 8064 -431 2500 108108 80.0000 3000000 40.000
48420.0000 36517 8064 208 2500 108108 80.0000 1500000 40.000

9E340.0040 7 \ 108105 B00000 3000000 a000C OK Cancel | Apply Help
33340.00f0 2 53 7. 2 J 108108 800000 1500000  8000C
4] | »
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Inversion Evaluation

Click |wz| button to open Visualizer tool to
view the inverted 3D model...

12/13/2022



1. Import data Magnetic Inverse
2. Examine data 25

3. Perform initial modeling

4. Perform 3D magnetic inversions
5. Check model and create plots

Inversion Evaluation

Select from menu “Model -> Mag/Grv/Res File ->
mag/grv/res Cutting” to open the Section Cutting tool.

Save to Datahasel

Fd S 8feo(Eo B%|% 2| [C«|s|s| Ho|mE 22 RS D[RS

By adjusting the bar... ———|

Plane———

1 2y
User can view sections of YPositn  [Em7 | e
the SD model from XY, XZ Change Cutting Direction | ClRy

and ZY planes with any oose |
penetration depth

12/13/2022
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Magnetic Inverse

Inversion Evaluation 26

Select from menu “Model -> Mag/Grv/Res File ->

Sensitivity” to open the Section Cutting tool.

=H 2 o= o= 8]%%] 2] [- «|»|s| He |

|| ?lplll@_ﬂmlﬁ!‘llﬂ}l Save to Database

By adjusting minimum
value and maximum value
shown in the figure...

The model in this figure
will only exhibit cells with
values specified in this
range

12/13/2022

% |-U.2DDDD1 haw value |u.2nuum

E x|

Suzceptibility Unit: kIS

Selected min value I-U. 05 Apply |
Selected max value ID- o Reset |

Cloze |
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Database | Survey Review I Data Comection | Data Reduction

— Projects in Database

Gravity -
GeonicsFcedLoop _I
Mega TEM Az
VTEM

AeraTem
Compensation
Airbome EM data
Gravity

— Surveys in Project
Total Field Suface

Survey Mame:

Survey 1D:

Borehole Mag

TEM stﬁgmcessini — Data Sets in Survey

mg— dumontgrd_mZMeas

. —_ pem_fic
mag_airbome - Model

MagdDinv_FastCG

Project 1D: ]

Date Created: |3/11/2004
Project Mame:
ICase_Stud}r_Mag

Diata File Name:

Change Mame

Imining_tmining_&ﬁﬂ.dat

Delete Project |

12/13/2022

/]ata Set
Diomain Type:

Data Set

Maodel Name:

V¥ Model

Magnetic Inverse

Inversion Evaluation 21

To assess how well the inversion model
fits the data at each station, select the
inversion data set and then select the
plotter.

Do pou want ko compare with other Data Sets?

ez | Mo | LnadSetting$| Cancel | Help |

Select “Yes”, when this dialog appears
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3. Perform initial modeling Select the data sets required for
4. Perform 3D magnetic inversions comparison and then click “Load”
5. Check model and create plots
Project: Caze_Study Mag Survey: Total Field Surface
Drata Sets in Survey: |2— Selected Data Sets to plat: |2—
Mame | I odel MName | Tupe | Data Units: Mame | I odel MName | Type |
perm_fix 5 Teda Mag3Dlnv_FastCG FastCG_12471 S
Model S dumontgrd_m2ke. .. ]
Add to > |
All selected data sets are then loaded to L
the Plotter application and the plot L cheweion |
appears showing the simulated data of I St HPEDACE Do s inbiaves
- - r Loading
the first profile. Load_|
Loaded ID— of |2— Cancel |
Mag Response
sssss —+— LINE97300, Plot# 1, Tot(l S - FastCG_12471)Bt
SSSSS I \ ’
55555 N .)‘/_\ l
i N LY 4% W W2 NP S N T I
1l
|l
- |
g |
TTTTT I
12/13/2022

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Absolute Y (m)
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58291

581931

58091

57991

57891

Response (nTesla)

57791

57691

Mag Response

----------------------------------------------------------

Inversion Evaluation

—s- LINE97300, Plot #1, Tot(1 S - FastCG_12471)Bt
S e e S S S e Ty LINEQT300, Plot#2, Tot(l M) Bt

Magnetic Inverse
29

The user may select other data sets to plot
by simply double clicking on the plot

=lolx|

— Indicate Channel
FlotB——  Static [DC)

v 1
v 2
3
[ 4
5
(]
7
(]
3
[~ 10
11

j

I
—

12 |—;,
I
I
—

1

1

[ s

EEEEEEEEEEEEEMsNE

— Selections For Plat 1

Abscissa

 Savis O Yeawiz O Zoawis
¢ Depthy € Fos # € Distance

€ Fiduciall [T Keep Settings

Data Kind: IData vl

™| &pp Resistivity
— FER | Resistivity
) Real ) Imaginary

I | Ehargeatiity [T Derivative

Clear &/l Selections |

General Infarmation |

ak. Cancel Help

36000
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36100

36200

36300

36400 36500

Absolute Y (m)

36600 36700 36800 36900 //J oo

Select for the 2" plot on measured data
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3. Perform initial modeling
4. Perform 3D magnetic inversions Multiple plots can be shown for various inversions and

5. Check model and create plots

models in “Static” mode. The user may step through

different profiles by simply clicking the arrow.

Wzl e Hal#®s] 2EE el B Bl ] o187 o] ] Ml 2]

Mag Response
— LINE97300, Plot # 1, Tot(l S - FastCG_12471)Bt
B B pry pr o LINE9?300Plot#2Tot(lM}Bt“:'""““: ------- y
. - measured data....J ....... AUUUNR SRRER RSSO OO SURRS UUSUUS SRS SURIU MMM NSO SO SO
56291 H H H H H H H H H H H H 1 H H
58191
— 58091
o
o
4}
'—
£ s51am
@
73]
=
2
& LYt
o4}
12
57T :
S7691  fooendenecbe b
| | 1 | | | | | | | | 1
36000 36100 36200 36300 36400 36500 36600 36700 36600 36300 37000
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