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FOREWORD

EMIGMA is not designed primarily as data analyses tool but rather as an interpretation
platform for a range of geophysical data. For comprehensive and advanced processing and
filtering we refer you to our other producQCTool.

EMIGMA offers a wide range of 3D modelling algorithms but &®o provide associated tools

by which to aid in the understanding and interpretation of your data. For example, 3D
visualization encompasses algorithms required for visualization and manipulation of data and
model structures. Several types of inversiom also available as assistance to interpretation of
your data.

While inversion is actively sought after in the geophysical community, EMIGMA provides tools
by which to utilize the inversion while enabling the user to provide an analytic criticism of the
inversion results. Comparison of model results or inversions to your data is, of course, critical
and EMIGMA is designed to comprehensively and quickly look down the model dimension.

Tools for Electromagnetics

Modelling

Advances in electromagnetic (EM) nallihg software over the past 20 years have enabled
geophysicists to improve their intuitive understanding of electromagnetic scattering in the earth.
Despite the development of many techniques and their application to a variety of models, these
methods hve been too slow, too difficult to use and too simplistic to be important for solving
most of the modelling problems encountered by the practising geophysicist in his or her daily
work.

The electromagnetic modelling software described in this manuadsesgs a fundamental
advance in the field of electromagnetic simulati@MIGMA should not be considered a
simulation program, but rather a simulation platform. It allows the importing of a multiplicity of
scattering simulation routines as separate objwt can be energized with a large number of
transmitter and receiver combinations. Combining these scattering objects with an eclectic
collection of source fields and receiver geometries results in the capability to model virtually any
geophysical syste over a wide range of geological conditions.

The present version &EMIGMA consists ofsix fundamentally different simulation routines

with a number of variantghat in combination provide for a powerful capability for simulating
geology and the neauiface realistically. One scattering simulation routine is based upon the
Localized NonLinear (LN) approximation (see Habashy, Groom and Spies, Journal of
Geophysical Research, February 1993). This algorithm was extended in 1997 to include the
effects of saceptibility variations as well as conductivity and permittivity variations (see Murray

et al, SEG Expanded Abstracts 1999). The second simulation routine is based up®h the
formulation (see Walker and West, Geophysics, August 1991).

The LN formulation is utilized for various EM systems as well as #ioear DC magnetic
simulations. The LN algorithnbrings unprecedented speed to electromagnetic scattering
solutions, and so finally enables the geophysicist to simulate complex geological structure in
time frames required for data interpretation. Mié formulation is highly robust and can be
used reliably to simulate electromagnetic scattering phenomena over widely varying conditions,
including highly conducting massive ore bodies. The third algorithineidnductive Localized
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Non-Linear (ILN) approximator (Murray, EAEG Conference Proceedings, May 1997 and
Murray et al, SEG Expanded Abstracts 1999).

Like all numerical solutions the authors have encountered, the solutions we employ have
particular stragths and weaknesses. Although we attempt to describe those to the user, the user
should bear in mind that no modelling software should be treated as a black box, in which results
are taken at face value. With continued development and testing, we éxpecinge of
solutions to be extended and better defined, and their accuracy and speed improved.

The fourth algorithm is a sphere algorithm (EMSPHERI®pyright PetrosEikon) which is

solved by a traditional separation of variable capability and ishyh@tcurate but limited to a
spherical geometry. At present, the solution can be obtained for either dipolar sources or plane
wave sources but we are extending this to Loop sources particularly for UXO applications.

The fifth algorithm is based upontheor mul ati on of P. Annan in his
Annands formulation was utilized in the 198
UTPLATE (Marc Bloore). The mathematical formulation solves the EM response in the
magnetic domain for a thiconducting sheet in terms of eigenfunctions of a particular operator.
These eigenfunctions have traditionally been termed eigencurrents as they give the geometry and
strength of the current in the plate which are the source of the secondary magrmstid/Niel

have taken the original formulation and made modifications to solution techniques and
developed algorithms to use up to 12 eigencurrents. The order of the eigencurrents represent the
complexity of the current pattern in the plate. Thus, the moreneigrents are available the

better the solution in terms of the complexity of the excitation magnetic field on the object, the
proximity of the transmitter and the receiver and the size of the plate. As an example, for an
airborne TEM system such as VTEMhe older UTPLATE which was limited to only 4
eigencurrents had a very limited accuracy as the source is quite small compared to the height
above any anomaly and thus the gradient of the source over any anomaly is almost always very
large unless the olgeis very small and immediately under the source. As a comparison to
solutions such as Maxwell or Multiloop, those techniques can be thought to be having only 1
eigencurrent and thus are very limited for only large transmitter loops with the anomalex$ pla

such that the source is essentially uniform over the object.

The final algorithm type is the Born algorithm implemented for gravity and magnetics as
conventional but also available for some EM systems.

Inversion:

EMIGMA provides pointby-point onedimensional inversion for both frequency and time
domain data. In each of these domains, inversion is available for airborne and ground data. The
inverse models can be fully constrained.

FEM data: Four (4) algorithms are provided plus a depth imaging iteehribased on the
Sengpiel/Fraser section technique which are slight modifications of the Bbi#hieitt approach
for plane waves.

TEM data: Two (2) different inversion algorithms are available with each having two (2) forward
algorithms thus providing #otal of 4 algorithms depending on your need. New to EMIGMA is
multi-station or multiseparation inversions.



ConductivityDepth Imaging:

EMI GMA offers CDI&ds for FEM.(modified Sengpi e

For 3D inversion, we offer inversions for gravitmagnetics, resistivity, MT and CSEM. The
CSEM implementation allows inversion for electric and magnetic fields as well as impedances
and thus is suitable for inversion of CSAMT but as a controlled source survey and not assumed
as a magnetotelluric surye

Tools for Magnetics
3D Modelling

In last 10 years, PetRos EiKon has changed its research focus to some extent towards magnetics
and gravity problems. It has been an interesting period of time as our entrance to this was
precipitated by the use of the Lalgorithm to model magnetics. This was important as it allowed

an accurate solution while Iimiting the magne
last several years, we have experimented and extended our capabilities to include de
magnetzation effects, magnetic channelling, magnetic interactions and then extended this to our
inversion routines. Recently, we have included remanent effects and are now studying the
problems of neasurface modelling and detection of magnetic anomalies.

There are in total three (3) basic algorithms for 3D modelling of magnetics in EMIGMA but
these may be combined with different forms of magnetics interactions between multiple bodies.
As an example of magnetic interactions, we give the example of a weak tratebg weak
magnetic structure near a larger and possibly more magnetic structure. It is often the case that the
secondary excitation from the larger structure is important to understanding the geometry and
magnetization of the smaller object. To our kienlge, no other software application,
commercial or academic, offers these capabilities. The methodology for the interactions is born
out of our work with EM scattering operators.

Processing

EMIGMA contains a series of FFT tools for Magnetics that incldéevative calculation,
upward/downward calculation, wavelength filtering and different reduttighe pole
techniques. Our product allows one to export the derivatives or any of the processing back to
EMIGMA as a survey so as to work with the exporsedvey with modelling or inversion. For
example, one may upward continue and create a model for the processed grid and then model the
data as if at another elevation and similarly for any other processing. It is very useful to generate
the derivatives anthen compare your modelled derivatives to the processed derivatives. This
process greatly speeds up the modelling to data process.

Inversion

EMIGMA offers 3D susceptibility inversion but with some twists. We allow for both direct
matrix inversion and fosmooth optimized inversion. We also allow you to use your magnetic
components as well as your magnetic derivatives and also to utilize data at multiple elevations.
For example, you may invert your ground data with your airborne data. EMIGMA also now
offersto invert for structure within your topography.
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EMIGMA also offers new Extended 3D Euler depth estimations and an inversion for the
magnetization source vectors.

Fluxgate Data
You may now forward model your@mponent fluxgate or squid data in eitherface mode or

borehole mode. You may also invert your surface data of this type. Shortly, you will be able to
combine your borehole data with your ground or airborne TMI data in the inversion process.

Tools for Gravity

Gravity was first implanted in EMBMA V8.1. Basic Gravity processing is included in our
QCTool product. These include drift corrections and all the way up to advanced terrain
corrections. QCTool is provided with any gravity license and import to EMIGMA from QCTool
is a trivial operation.

Advanced user functions are available EMIGMA. For example, EMIGMA contains a range of
FFT functions for both gravity and magnetics, such as wavelength filtering, upward/downward
continuation and derivative calculation. In addition, EMIGMA offers some \gagd 3D
modelling capabilities and 3D Euler deconvolutions with jpostessing as well as 3D
inversions on a mesh including inversion for structure in the topography

Tools for IP/Resistivity

Modelling

EMIGMA offers two (2) algorithms for 3D resistivity adelling and the most comprehensive 3D
modelling for IP available in the world. We also provide MIP and MMR modelling

Inversion

1D Resistivity inversion as well as a range of psesmltion tools for both IP and Resistivity
have been offered for some time EMIGMA. EMIGMA V8.5 introduced our first 3D
Resistivity technique

Tools for MMR Surveys

With the appropriate license you may now model MMR data of both borehole and survey types.
Although the only import is for the Crone format, should you have anfitheat , we would be
happy to provide you with an import.

Tools for CSAMT/CSEM

Modelling

Full modeling of the 3D source with no need to be in thdiédd. Impedances , E fields and H
fields can be modeled individually. IP effects can also be indladd we will shortly release 1D
inversion utilizing the 3D source where the user may select to invert from E, H or Z.

Inversion

EMIGMA V8.6 offers to our knowledge the very first correct inversion for CSAMT. Although,
the technique is limited to 1D modgismost importantly includes the full effect of the source
Including not only the galvanic currents which are injected but the induced currents produced by
current flow along the wire. This is extremely important as it enable use of the full frequency
spectrem and does not require the user to be in thidddr




3D inversion utilizing thedll 3D source characteristics has now been released.

Other Survey StyesEMIGMA also offers tools for

Natural Field Techniquesthis addon includes functionalityor marine, ground and airborne
natural fields including MT, AMT, ZTEM and AirMT

CSEM: Compehensivefast and accurate 3D modeling and 3D inversion.
MTEM: Compehensive 3D modeling and 1D Inversion

Xhole Surveys:Crosshole tools are available for IP4&ivity as well as EM. Sources may be
extended grounded dipoles or point sources ( galvancic or inductive). Capacitive transmitters are
also allowed. The tools include 3D modeling, ray trace functionality and tomographic
functionality.
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EMIGMA® /vo.x

3- D Electromagnetic, Magnetics, Gravity,
Resistivity and Induced Polarization
Magnetotellurics, CSAMT, MMR
CSEM, MTEM, XHOLE
Comprehensive Geophysical Modelling and
Inversion

SECTION | - INTRODUCTION
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WHAT EMIGMA OFFERS
A partial List

isualizer:
Interactive, flexible, and fully 3D visualization tool
Completely mouselriven
Fully integrated with Window2000/XP/Vista/\W//W8
Visually construct, display and mailate geological models in 3D with respect to
measur ed, simulated and inverted dat a, mo (
survey design (transmitters and profiles), boreholes and borehole logs
i Modify attributes of the prisms, plates, polyhedlayers, topography and survey within
the visualization module

I Import CAD geological specifications through a GEMCOM, GOCAD or Vulcan file
importer and build and manipulate 3D models from them

Reduce errors in model setups by visualizing the suameymodel parameters

Intuitive interface and its ability to give immediate physical meaning to data can increase
the productivity of the geophysicist.

Residual Plotting

Plot Z data at one time

Plot data as vectors, lines, surfaces and contouréatces
View 3D inversions, 3D models and Euler solutions in 3D

—C ===

—_—C =<

—_—C = =—=C =—=C

DBPIlotter: a completely unique-y plotting software designed just for geophysical data.
Integrated XY plotting for easy and quick viewing of your profile decay or spectral data.
Allows comparison of actual data with simulated and inverted data

Select the field components you would like to plot.

Produces a professional graph to scale with labels and a comment box

View both profile and decay representations of tohoenain dataor profile/spectral
displays of frequency domain data

Toggle through time or frequency channels, profiles, transmitters and data stations
Display IP data as chargeability or as apparent resistivity

CSAMT/MT data as apparent resistivity, phase, Tippe field units.
Residual Plotting

Convert EM data to Apparent Resistivity
Plot data and derivatives
Plot Pseuddepths and Resistivities

—_—C m=C = ==C =

—_—( =—C =—=C

—_—C m—C =—=C =

DBContour:

a 3D contour application including interpolated inversion volumes and data surface displays
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Grid contour: an enhanced grid tool
9 displays your interpolated grids
fills grids in 3 ways
Equal Area or Equal Weight displays
Contour and filling
profile data overlays
raster map overlays
convert data to apparent resistivity

= =4 -4 4 A A -2

calculate and display TEMegays in user selected windows
1 calculate and display Analytic Signal
ProfileModifier: data point editing and viewing

1 view data point locations with editing
data overlays ( stacked profiles )
visual data subset selector

analyse data over survey

= =4 4 A

view sourcé receiver geometry
1 clean surveys
ProfileCorrector: spreadsheet plus plotting for editing

Toolbox: filters, compression, processing, line length calculation, export inversions to plan
sections, cerdinate system translation and rotation includingreesy receivers and
models, outlier removals, extract survey segments, removal of gradients from magnetic or
gravity data, sorting, rotation of data responses

PseudoShow:generalized pseuesgection tool
1 display pseudsections
1 by separation, frequency time
1 grid and contour
1 step profiles or transects

1
CDI Viewer: displays inversion sections

i show 1D Inversions

1 contour and grid

1 resistivity/conductivity/permeability/log/linear/equal weight/equal range
1 export to ASCII files
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FFET Processing:perform 2D FFTfunctions
9 integrated 2D FFT tools
windowing, wavelength filtering,

upward/down continuation
several reductioio-the pole algorithms

= =4 -4 A

derivative generation

Field Data Importers: Import field data directly int&MIGMA for

Easeof modelling:

~

[ Automatic selection of data locations, transmitters, receivers and data channels eliminates
the need for users to specify the system and survey configurations. The user is required
only to define the 3D geological and electrical model leetbe survey can be simulated.
Transforming imported simulated data to time domain is essentially automated as the
base frequency, waveform configuration, ramp times, data channel times and
normalization are automatically selected.

I There is no need foyou to know the system specification of your data, we have done the
work for you!

Data matching:

~

I Immediate viewing and investigation of field data. Once imported, you are ready to view
and analyse your field data in our 2D Plotter, our\dBualizer or our Contour tool. All

of these are designed to help in the careful analyses of your data for insight into your
geophysical anomalies and your geological targets.

-

EMIGMA is then relatively automatic for direct comparison of the modeled datetmeasured

data. Based on a hypothesis of your geological environment, build a layered earth and add a
target to your imported survey. Simulate the response in Forward Simulations and directly
compare to your measured data. Invert directly withow tteed to specify system
characteristics with each inversion.

1D Inversion:
1 1D Inversion, Depth Section Display and Data Fit Displays

[ FEMT ground and airborne

[ MT/AMT Impedance Inversions

I CSAMT 3D Source Impedance and Field Inversions
i Resistivity Data Inversion

[ TEM i ground and airborne
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3D Magnetics/Gravity Inversion:

Generate 3D volume models of susceptibility or density with 3D inversion tools:

—_

Full 3D gridded inversions

—_

Magnetization Vector Inversions

—_

Optimization & Direct Matrix Inversion

—_

Physical sensitivig functions

Iterative nonrlinear solutions

—_

—_

Iterative born approximations

—_

Suite of minimization techniques

—_

Removal of norsusceptible cells

—_

3D Extended Euler depth inversions

We have released new versions of our Magreatid Gravity inversion capabilities. Extensions
include

i) ability to use large data sets and large inversion grids
i) use of multiple data setse..g. ground and airborne, or ground and borehole

iii) 3D spatial constrainfisintroduce your logging results as caastts, or surface
measurements or lab results on cores.

CDI Tools:

Apparent Resistivity Calculation for HEM and FEM DataGolden search plus Monte Carlo
PseudeDepth and Resistivity for HEM DataCombined Sengpiel and Fraser PseDapth

Polygeneator Tool:

Generate synthetic topography and/or complex anomalies

Data Exports:

To XYZ, Pet Ros Ei Konés V6. X generation .pev
Or to QCTool format from where one can export several formats include .gdb.

Export results to other databases or exportzgmdor transfer to a colleague or client
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CHANGES FROM PREVIOUS VERSIONS

EMIGMA V7.x (2000) was a complete redesign from earlier EMIGMA V6.x generations
(19941990). However, many conventions and principles atemstintained from the earlier
versions and form fundamental concepts for all EMIGMA versions. Thus, this manual is
designed as a fundamental reference book for the use of EMIGMA.

EMIGMA V 9.0 can be run on ry of the operating system@/indows XP(Home and

Professional) and now Windows Visé/indows 7and Windows 8 and W10 However, the

product is primarily suppagtl for Vista andlater. It is entirely a Windows style program with
integration between applications through a database architecti@Xn goplications share

memory and interact directly through memory.

Features of \0- Release 6

Data Organization

In previous versions, the data file format was limiting. The user could easily generate many files
in a modelling exercise which were difficutt brganize and remember the details of the models.
Recovery of interpretation status at a later time was awkward unless the user developed
comprehensive file naming structures, or took copious notes on the model files. Additionally,
integration of severalata sets in the interpretation process was extremely difficult when a single
file was generated for each model or inversion.

In V9, multiple surveys, data sets, models and inversions can be contained in a single database
file. Multiple organizational leels are provided allowing for a variety of organization criteria
depending on the userds preference. As examg
project, data type or simply organize all data and projects in one database file. The user may
organie in a single project (one organizational level in the database file) several data sets for
more ready analyses of the different data types and integration of models between data types.

New data channels are provided such &PS (x,y,z) , Altimeter, andrFID , Latitude and
Longtitude. This design will allow us to add data channels such as borehole geological or
geophysical logs.

Data Processing and Reduction
Large data sets are now allowed (V6 is limited to 4000 data points per data se$).thie Ugr
can easily compress data or create subsets of surveys. You can import your entire data set and
create subsets if desired by compressing and/or selecting or removing part of the data. This
allows you to more rapidly work with an interesting part of ta@dvithout modifying the entire
original data set.

A An array of FFT tools for both gravity and magnetic data

A Three new reducticto-the pole algorithms

A Wavelength filters plus upward/downward continuation.
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A FFT tools may be performed on both measuredsandlated data for evaluation of
user processing

A Digital and spatial data filtering techniques allowing usalectable filter sizes for
both 1D and 2D filters

A A number of other processing functions.

Data Editing and Correction

Correct the sign of entireomponents, fix individual values, remove bad data points, shift or
multiply data and location channels . Features include, among others:
A Line sorting

Line deletion

Data compression with statistics calculation

Select data through data display

Remove a coponent, Multiply or Shift data values

Insert new data values

Delete a subset of data

Coordinate editing including GPS Z and FID

> > > D>

Tool Integration
All simulation, data display, inversion, gridding tools, etc are fully integrate®in V

3D Modelling
First3D gravity modeling algorithms

Increased capabilities for magnetics modelling

A new more accurate and faster 3D resistivity modeling algorithm

Improvements to its electromagnetic modeling algorithms

New EM modeling algorithms

Extended batch mode simulation

Greenso functions interpolation for fa
Model suite generation and automatic 0

e >>>>>>2> >

Inversion
A 1D TDEM inversion and now both4ilmop and oubf-loop configurations, including
airborne sytems with the use of multiple stai and/or multiple data components.
Improvements to 1D inversion capabilities for FDEM and Resistivity
MultiProcessoBD magnetics inversion capabilities

Gradient Magnetics and Gravity Inversion

3D Euler Deconvolutions with Rodin PeBtocessing

3D Resiglvity Inversion

CSAMT inversion utilizing the 3D source.

> > >D> D> P
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V9 Tools

EM-Mapping T depth section determination and apparent resistivity tool for FEM and

Resistivity

Excitation field calculation and viewing tooi generate incident/freespace field amew in

3D

Natural Neighbour, Delauney Triangulation, Minimum Curvature, ThhuPlateSplines

gridding and interpolation tooli interpolate your data onto a regular grid using the latest

interpolation technologies

3D Magnetics inversion extensions utilize multiple altitude level data if available,

automatic naming of inverse models including type, associated grid, etc

1D inverse extensions for FEM, MT, CSAMT, Resistivily included is a new Occam

inverse with automatic layer reduction and joint suscefibisistivity inversions

Direct comparison of model responséscompare model responses or compare field data to

multiple models, view model changes in Visualizer as you step between models

Data and configuration editing, data compression, data reductiodata compression with

error estimate calculation, edit system configuration, edit and correct data, extract data

Advanced Modelling Tools

a) Model suite generatioih run a suite of layered earth or plate models (prism suites in
development)

b) Large data setimulationi new simulation engine allows user to model large data sets

c) Extract previous model responses from data: e.g. extract regional magnetic response prior
to inversion, remove overburden effects through modelling, {mglenodels for large
data set by modelling target by target

Transform:

Improved frequency interpolation allowing more accurate time domain calculations with

fewer frequencie$ up to 60% reductions in calculation time with improved accuracy, as

much as 80% reductions with similarcacacy

Transforms of large airborne TEM profiles

Significantly reduced memory allocations to allow for transform of large datasets

Accurate TEM system representation for improved modeling and inversion

Data Analyses

a) DbPloter, Visualizer, dbContour plotting and display of the data from multiple models
against each other or field data in the same plot

b) Plot residuals between your model and field data or between models

c) Stepping between models in Contour and Visualizer (with model views)

d) Improved data displaand new features in Visualizer

e) Many new mapping capabilities

f) New gridding algorithms and grid analyses tools

g) A wide selection of datums for UTM projections as well as projections for polar latitudes

h) Import and calibrate a raster map to UTM coordinatdatitude/longitude

i) Overlay raster maps with data grids

J) New graphical data editing tools

k) Display by FID (fiducial)

[) Display altitude, GPS Z, Apparent Resistivity, Estimated Error, etc

m) FFT processing
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A Visualization
a) A new tool for viewing data versus psetdiepths
b) A new tool for analyzing 1D inversions as geoelectric sections
c) New tools for building 3D models in conjunction with data
d) Improved image exports in both raster and vector formats
e) Grid contour and a new MULITIGRID tool

A New data imports
Airborne Time Domaini GeoTEM, MegaTEM, VTEM, AeroTEM, HeliTEM, Tempest
Large data set FEM and Magnetics including gradients or Magnetic components
IP/Resistivityi Geosoft, IRIS, Zonge, EM34/31/38
QCTool formats for MT, CSAMT, Magnetics, Gravity, airborne EM
EM61-63,EM31-R, Gradient Magnetics and Tensor Gravity
Zonge TEM, CSAMT and IP/Resistivity using .avqg files
AMIRA TEM imports including Bfields
Crone MMR and borehole magnetics import

Compatibility with earlier versionEMIGMA V6.4 PetRos EiKon files (*.pev) cadme

directly imported into the database and organized by dataset. Datasets can also be exported
from the \O database back to a .pev file for use in EMIGMA V6.4. All older versions of
EMIGMA database versions V7.1 and higher can be opened direct§. to V

> >

A Sharing Models and Interpretation$ the user may export an entire database or subsets of
the database to another database either acr
resulting directory and-mail the database and attached flat files toryamlleagues. You can
include your field data, grids, models, inversions, plot settings, etc.

As well as:

CDI Viewer - depth section viewing tool for 1D inversions

PseudeShow- pseudedepth section tool for data with multiple separations, frequencies
time windows

Aeromagnetic Compensation ( only included in V8.1)

New Data Filters- Median, Mean, Polynomial (1D and 2Dand more

Base Station Magnetic Corrections

Gravity Corrections including modern style terrain corrections

> > D>



23

Notes On Installations

EMIGMA 7.8 and earlier expected to find @REiKondirectory on your disk. This is no
longer required as Vistand laterdoes not allow this procedure. Other subdirectories of
the EMIGMA database are now utilized for the same purposes.

THE SOFTWARE DONGLE .

If you are runningeEMIGMA in a WINDOWSbased systems, a software dongle will be
necessary. The software dongle contains different codes which control the availability of
various aspects of EMIGMA. The dongle is readstartup, anEMIGMA is configured

in accordance with the contents of the dongle. In this way, it is possible to customize
EMIGMA to particular individual requirements.

The software dongle should be plugged into the parallel port or USB port of your
computer beforeEMIGMA is started, and should remain in the port for the duration of
any operations, models or inversions. The executable may be placed on a number of
computers, but the dongle must be on the computer when executing.

Note: For new users usg Windows 2000, XP, Vista, Waér W8, a driver must be
installed to see the dongle. We have 2 versions of our dongle: Keylok and Sentinel. If
using a Keylok dongle, Windows will install the appropriate driver automatically once
the dongle is plugged intgour USB port. For the sentinel, a driver must be installed.
This is normally done automatically during installation of EMIGMA. However, if there
are problems then the driver installation software is found inside /EMIG3/@dtivers.

Note: Parallejportor USB-port dongles are available.  Parallel port dongles asill
recommended for field operations as they are more durable and harder to lose.

PetRos EiKon 14 Stewart Court, Orangeville, Ontario Canada L9W 379
Tel: 519943-0001 Fax: 519430002 EMail: support@petroseikon.com
Web site: www.petroseikon.com
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CONVENTIONS
The following conventions are usedeEMIGMA :

Right handed coordinates: Z upX east, Y north

Phase: Phase convention of expft) unless otherwise specified. It can be switched
when displaying.

Strike: Strike angles are measured clockwise in degrees from y (North) to x (East).

Dip: Dip convention is reasured based on the right hand rule. If your right hand thumb is
pointing in the direction of strike, your anomaly (your fingers) dip down to the right.

Declination: Declination angles are in degrees clockwise from y towards x.

Units: Sl units. Distanes are in meters, angles in degrees or mrad.



SECTION II - EMIGMAYV 9.x OVERVIEW

Some small changes may be found in tinkerfaces
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EMIGMA Overview

EMIGMA — Database Version

Database Design Objectives

Reduce user’s tune required for modelling, inversion and data analyses
Enhance data analyses capabilities

Improve ability to report on work and to recover interpretations at later dates
Integrate all tools into one platform

Include friendly data editing, compression, filtering and processing
Allow large datasets to accommodate airborne data analyses
Provide a framework for inversion tools and

their integration with simulation tools

27



EMIGMA database structure

EMIGMA — Database Strictiie

EMIGMA is designed both for data analyses as well as an exirernely high level of integration of all
interpretation, modelling and imversion took.

As such, it requires abroader capability than sitnpler database applications.

Fach new databhase should be given its own directory. In that directory, there will be
- an EMNIGIA database consisting of a single * mdb file plus
- aszociated flat files (these are in ASCIT fortmat)

Thase ave named " Ndat™ —one flle for each dataset imside the database. The filenae jor each dafoset
is given on the main EMTGAA interfice when it is selected
- associated subdirectories
a) MODELS — inversion models { * pex, * mag, * grv, ¥res)
— ASCT files containing the inversion models
by Griddata — * dat - (binary files)
o) PlotSettings — default settings for plotter and GridView

d) Polyhedron — all polyhedra for the database are stored here. If the poly files are
imported from another source then a copy i kept here for the purpose of this database

el Surveycomments - * pat — available and editable from the main database interface
by Temp — this 15 a temporary folder used by EMIGHA to store aumiliary information
o) Log —inversion logs are kept here for recovery of inversion settings

All of this structure is known to the application and need not be managed by the user. But when sending the
databasze to another user, remember to zip up the entire directory stuchure retaming the full folder information.
ERIIGIA WE. 5 introduced a feature allowing you to export and zip directly for transfer,

28



[Open Databasel  [Export g 3D Visyalizer Multi Grid [Potential Field FFT Processing |
*4 hain Window \ Pseudo Section P

[Forward Simulations

Y survey Editor]
HKY Plotter

{
CDI Viewer

[Data Processing and Filtering |
yra

Gridding

\\ [Find Data Set]
Refresh |_p_|

/ Conductivity Depth Imaging
[ Data Spreadshsst |

Mew Database

dbContour

r I ]

o EMIGMA 2 6: Project|Case_Study Ten] DataSet[Dhata_lrl_al2Mess ]

2% o
EE’% Paly Generator

Tomograph

Database
* Database: E:\EMIGMA\E xampleD atabase\E xampleD atabase mdb

Database | Suvep Review | Data 7uuun| Data Hadn7’p-|
Projects in [atabase 7 p“Surveys in Project-
management [Fieed Wika Airbome EN «

Suve,v Name: |5 ulphide Exploration Eh!-g \]\m I
Borehgle Mag :

Ulilitiers Mag with Deriv ittests_| SuveplD:  [15 Source Distribution
| Aitb/mag_Inversion SE:_EE%‘ES bactzp_froc

i 431 Leachate Plime splittests’ backup_freq 5 ; = =
Survey Review = 1. alloast2 InG7 hacks Copy Survey Comments | BackU
- review lines and datapoints hﬂi;n';' /lem e Psic: Add Survey | Belele‘o‘we}\
Geonics Prbtem Surfac -

Project, Survey

and Data set

Transformer

- survey lines filtering 'réua”sepshsx.;;, —
- profile sorting Cagel Study Tem L2l aLleas D&Sd\ — I

i Dhaginverse Dyke Domain Type:  [Time ' Date Crested:  [1710/2001 31437
Data/Locations Correction ject1D: |5 Hetoomer

Data Set [Data_i_aizve _Change | (7ot
ModeiName: | _Charge |

- delete bad data pts

- delete components

S
- reverse @ sidn == — [ExampleDatabase_18.dsl [~ Model | Delets Data Set |
- apply a shift / Delete Proect _ _ 3D Inversion
- multiply by a factor ot Lonfiguation I £ I RotoSet o I

- etc

This license maintenance expires December 01, 2012
Data Reduction

- use simulations P

to reduce data
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Data Organization
The uzer can eazily generate many files in a modelling or inversion exercise thus the

models are orgamzed in the database structure to make recovery ot the interpretation
status easy at a later tume.

Multiple datasets and models can be contained in a single database tfile. Multiple
organizational levels are provided allowing for a varety of organization criteria
depending on the user’s preference. As examples, the user may organize by
imterpretation project, data type or sunply orgamize all data and projects in one master
database. The user may organize in a single project (one orgamizational level in the
database file) several data sets tor more ready analyses of the different data types and
integration ot models between data types.

New data channels are now allowed such as: GPS (x.,v.z) , Altumeter, and FID .

NEW — You can import and image vour Gravity data as configured geophysical data.
— V8 includes Gravity modelling and inversion.
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Database lSurve_l,l Review | Data Corection | DataFIechctiml

— Projects in Database — Surveys in Project
| Suiuem M a3xMin N Survey Name: [MAX-MIN Change |
Geonics Protem Survey 1D |43
Protem
Magnetics
East Kootenay Copy Survey Comments BackUP |
FosadDChizg Fagte Add Survey Delete Survey I
alab-navig
E?:;tﬁw - Data Sets in Suivey
gE:::;g:T:ed M1-150Mea Data Set |I~|amud Data Set ID: |'|74
: — 1d |
it e = 1d E:ﬁ:\“ Domain Type: |Freq|.mcg,| Date Created: |04fu3.¢uz 4:40
, Tdinversion :
Project ID: I'IZ 1dinvession Hmes.
Date Created |04/03/02 Data Set IM'I-‘IEEME a8 Change I Total minus frees
Project Name:
|M Model Name: I ml
Change Name Data File Name:
|lastv7d1 3 174 dat [~ Model Delete Data Set
Delete Project
CeaeProieat | Corfiguaton | [~ Giids) Data Set Info

PI-O] eCtS IIl D atabaS C First level of Project management

Change Name - the Project Name can be changed at any time by typing in the Project Name and selecting the Change Name button.

Delete Project — Projects can be deleted by selecting the Project, then selecting the Delete project button.
Create Project — Create a New Project by selecting the Create Project button.
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Database | Survey Review | Data Comection | Data Reduction

r Projects in Database

Kimberite Models
Mining Exploration

 Surveys in Project
Shallow Saltz0_0.03mGalMoi Survey Name: I:I}_nDDeriv Change Name |
(il _exploration

air Grz_le-5 GalMoi
5 Survey ID: |55
(Gzz from Inverted Results

Shallow Saltz0 noDeriv
Gz_lInversion
NBruns_Gzz_as_Gz Copy | Survey Comments | BackUP |

MNBruns_Gz_ground
NewBrunsMoRepeat fasiz | Add Survey | Delete Survey |

MineModellin

m ~Data Sets in Survey
SaltDomeModel 20 Data Set IMEEEUI'Bd Data Set 1D: |2-|-3

Gravityl

Ggmﬁ Domain Type: IGlavity Date Created: I?ﬂ 1/2010 12:39:2

: Gravitylnw i
Project ID: |1 Gravitylnv remodd Responses:

Date Created: [2/23/2006 Data Set [SatDomeModel _ Change | [Total

Project Mame:
Salt_50m 50m 41byd1 Mol Name:  [Foa- 2007 _ Crenge |
eI | Data File Name:
Impleglﬁvity_?ﬂ.dat [ Model | Delete Data Set |
Delete Project |
Create Project | Configuration | I Grdg) | DetaSetio |

This license maintenance expires August 01, 2010

SUTV@YS IH Pl“O]@Ct cecond level of Project hanagement.

Survey Name — rename your surveys at any time by typing the new name and selecting Change

Survev Comments — enter and store notes about your survey.

Add a Survey — generate a new synthetic survey.

Backup —generate a duplicate of your Survey including all Data Sets.

Delete Survey — delete a Survey at any time by selecting survey and selecting the Delete Survey button

Copv/Paste : Copy andlor Paste Survey subset to another project. ote: you may drag a survey subset to another project



Database Survey Review

r Projects in Database

Data Comection | Data Reduction

=101 ]

 Surveys in Project

Kimberlite Models

Mining Exploration

(il _exploration

(Gzz from Inverted Results
Gz_Inversion
NBruns_Gzz_as_Gz
NEBruns_Gz_ground
NewBrunsMoRepeat
MineModelling

Saltt_50m 50m_41by41

Project ID: |1

Project Mame:
Satt 50m_50m_41by41

Change Name

Date Created: [2/23/2006

Delete Project

Create Project

Survey Name: I:I}_nDDeriv Change Name |
Survey ID: |55
Copy | Survey Comments | BackUP |
Eagte | Add Survey | Delete Survey |

Data Sets in Survey

Gravitylrw
Gravitylnv
Gravitylnw
Gravitylnv remodd

Data File Mame:

Data Set IMeasured Data Set 1D: |243
Domain Type: IGIT:lvit)' Date Created: I?ﬂ 1/2010 12:39:2

Responses:

Data Set ISahDomeMndel Change | Total

Impleglﬁvity_?ﬂ.dat

Configuration

Mode! Name: Model. 2000th Change |
[ Model | Delete Data Set |
| I cide | Data Set Irfo |

i 2 : A 01 2010

D ata. S etS IIl S UrVe_V Thirdlevel of Project Management

Data Set — displays whether the datais Measured (or field) data, Simulated Data or Processed
Domam Tvpe — displays whether the datais Frequency domain, Spectral domain Time domain or Static domain

Change Name - the Data Setname can be changed at any time by typing in the new name and selecting the Change Name button.

MModel Name — a second identification string for your data set allows you to record additional details about your Data Set
Configuration — View and Modify configuration information concerning your survey

Model — View and modify information about vour model, import a poly file, unport topography, etc

Grid(s) — Grid management tool - contains all grids generated forthis data set, grid processing functions, grid export functions
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Database Menu

« EMIGMA 8.6

Databaze View DataVisualization Processing Tools Help

Database tools to manage your databaze * mdb filez. Allows youto create a new database

file, open an exsting database file, unport data into the databaze, export data from the databaze,
search for a data set, merge data zets and exit the ERIGIWA program

Vlew tools to manage your view options i ERNIGMA ncluding toggle display of the toolbars,
status bar, and databasze colour.

Data Vl Sllallz atIOIl allows wou to view and display your data in warious ways
for analysis of reports

PI‘OG@SSlIlg TOOIS an extensive collection of tools to process the data i your

SUVEYS

Help displays online help topics, EMIGMA program wersion, icense detatls and status,
download the most current ENIGIA updates
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2 8| Database
Xe E\\‘? ] B; 64’ —rI Tools

\ |
New Database || Save Database || Main Refresh Im port
\ Workspace Window i
i Export Merge Data Sets
Open Database Find Data Set

New Database Open a new database file (*.mdb) Refresh Updates display of datasets in database
into the EMIGMA program.

Im[ 201“[ Suite of data imports to bring your data into the
Open Database Open an existing database file  database.
(*.mdb) into the EMIGMA program.

. EX[ EOI't Export your measured, simulated or inverted
Find Data Set A tool to locate a particular data,  datato an .xyz file, to another database or to QCTool,
mversion or grid set by date and EMIGMA data type GeoTutor and Geosoft applications.

Save Database Workspace stores M Data Set
currently opened plots so that they can be opened again erge ala SCLS Atool to merge two data sets

automatically the next time EMIGMA is launched from the same project but different surveys into one data set.
For example, merge data from different days

Main Window Toggles display of the main

Database window.




i Import x|

Raw Data Formats IUlhar Sources

—Data Groups
& EM
" Potential Field

€ IP/Resistivity

Airbome TEM -
AMIRA

EM31 FEM3B

EM34

FUGRO

GEONICS 61

GEONICS q34 =

I

o]
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Data

Imports

Import Utilities A suite ofimp orts are available
which allow you to bring your measured data into
the databasein either the manufacturers file format
,ASCIH columnar datafile or . ¢ct format.

Manufacturers Data Format Enables you to bring
measured datainto the databasein the
manufacturers standard file format. Includes Terra
TEM., TEM Fagt, CRONE, GEONICSTEM, IPG,
and AIRBORNE TEM (GEOTEM and
QUESTEM) data.

.qet Format: QCToolis avery extensive and
mexpensive product for processing and quality
control. Many data types may beimp orted via this
format. Import of . gdb files is accomplished by
firstimporting . gdb to .qct .

ASCHFormat Enables you to bringmeasured datainto the databazein a ASCII columnar data format. Columm labelz are
recuired for the program to recognize the data channels. If you don’t have headers or want to modify the headers to our
labels which can be read automatically by EMIGMA. an header editingtool iz availablein theimp ort. Imports are
availablefor DC MAGNETICS, GEONICSEM31/EM34/EM38, MAX-MIN andIP/RESISTIVITY.

AMIRA Format Enables youto bringmeasured TEM datainto the databasein the AMIR A file format. Includes GEONICS,

CRONE, SIR.OTEM and ZONGE data.

Other Sources Enables vou to import data from our GeoTutor application, from another EMIGMA database and from a

Geosoft gridfile.
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