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FAST, DYNAMIC GEOLOGICAL MODELLING
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Goals

In this session, we will cover:
s The basic layout of the Leapfrog Geo screen
o Using the menu and toolbar
e Using the mouse

» Creating, opening and closing projects

The project file for this session can be found inthe Sessions \ Session 1 - working with
projects folder.

Opening and Organising Projects

When you open Leapfrog, the Projects tab displays thumbnails of the last five projects opened. Leapfrog also
displays the projects saved in the Search folder. To see the location of a project file, hold the mouse over the
thumbnail. To clear the recent projects, click Clear.

You can change the Search folder by clicking on the folder button (=) and navigating to the folder you wish to
use. This is useful if you have one folder in which you keep most of your Leapfrog Geo projects.

Wagiean - Ueantiog Geo ER-] - |

23 Proucts (38 Scene¥ew

e 24 leapfrog'= |

Recent projects |t

Search: | Cautssundrswaartad NDECPYA}1ED00 z |

. 5 rull prreiemrice P §ZTSesieln

Open a project by clicking on the thumbnail. If the project you want to open is not displayed, click the Open
Project File button to browse for the project. '

There is a project file in the data folder for this session. To open the project:

© 2013 ARANZ Geo Limited 10of 10
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1. In the Projects tab, click Open Project File.
2. Browse to the folder for this session.

3. Select the project and click Open.

This will open the completed project.

Waylsogo : Leagiion Geo = TR

23 Fmects @ Srene e - — 3

F oW E GRS

Only one project can be open at any time.

The Leapfrog Geo Main Window

= Waylengo - Leajlion Gea
2 rgrects | 6 Scenefn - _ N —

| eeWNpg DN
i A

|
Toolbar

Shce mede From Scene

1
VR WVE

Shape propenes | |
panel |

- o B Ful prestention HFE $ZSake1D
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The Menu

The Leapfrog Geo menu is rather small:

Leapfrog Geo » lx | B8 Prgiects |
[ Mew Project..

Test Graphics
[= Open Pgject File.

Submit Feedback
Ssvea Copy.. Leapfrog Geo Website
Save 2 Zipped Copy... Install Licence...

Compact This Project
{8 Render Image

4 Preferences

ol Qua
i belp

Show 0SS Licences
About

Don't be fooled by this, as most of the functionality is revealed by right-clicking on folders and objects in the
project tree.

Saving and compacting projects

When objects are deleted from a Leapfrog project, the software retains the objects as part of the file, even
though the objects are no longer being used in the project. This can cause projects to unnecessarily take upa
lot of disk space, especially if large objects such as images have been deleted from the project.

Toremove these unused objects, there is a Compact This Project option under the menu. This may take a
few minutes depending on the size of the project, and Leapfrog will close the project and reopen it once
compacting has been completed.

There are options to Save a Copy, and Save a Zipped Copy of projects. By saving a copy, you can save a
separate copy of the project to another location on your disk. Saving a zipped copy lets you save a full copy of
the project, including both the project file and the data file which are discussed later in this session.

It is recommended that if a project is being saved to pass on to another user or send via email, the Save a
Zipped Copy is used.

Preferences

The preferences option allows a number of default settings to be changed. Most of these options are self
explanatory, but the processing and help options will be discussed further below.

By selecting the Processing tab, you can select how many processes Leapfrog is able to use. By default, this
is set to 'Automatic', which creates one process per physical CPU core, or for every 2.5GB of RAM, whichever
is smaller, up to a limit of 4 processes. To manually change this, click the drop down menu at the top of the
preferences window.

3 Srefarences [ x |
Scene Background processes: | Automatic (2 processes) =
Overtays e Hackfed
ColosSebeme: | Automatic (2 processes)
Lighting 1 process
Flmg S A o
Help i 3 processes

4 processes

31 Help Revert 3 Cloze
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The help menu is accessible either online or via a local folder. If you will be in a remote location away from an
internet connection, it is recommended that a local version of the help files is installed on your machine. The
local version of the help files is available to download from Leapfrog's website.

The Toolbar

Leapfrog only has a few toolbar buttons.
One is the Clear Scene button ( & ), which removes everything from the scene window. Another displays the

Look menu, for changing to different viewing angles. The slicer, plane, and ruler tools are all available in the top
toolbar.

Hold the mouse over each tool in the toolbar to view its function.

The Project Tree

The left hand panel contains the project tree:

[Lespirog Goo - | |

T_—g Project Tree
14 \:j' Topographies 7 ‘
P [ GIS Data, Maps and Photos
¥ [ Drillhole Data
| ¥ 11l Drilinoles
B 71 collar
‘ ™ survey
B T WL _iith
[=) Composites
[ Planned Drillholes
P [ Points
[ Structural Data
[ Meshes
| [ Polylines
Ff' Structural Trends
V [ Geological Models
P § Wayleggo GM
B (¥ Wayleggo Weathering Model
-_E“ Interpolants
[~ Combined Models
= Block Madels
[ Saved Scenes and Movies
[ Cross Sections and Contours
| ] Notes

When you open any project, there will be a list of folders and objects in the project tree. This top-level list of
folders is consistent for all projects. The way objects are organised in the project tree lets you reveal or hide
information about an object to focus on objects you are currently working with.

The project tree is where you import and work with your data. In general, if you want to do anything with the
objects in the project tree, right-click on an object to see the available options.
If you remove or change an object, it will affect any related objects that appear underneath it.

Click the triangle in front of Drillhole Data folder. When this is open, you can see a Drillholes c.'bject that a.]so
has a triangle in front of it. Open the Drillholes object to see the data tables that make up the drillhole data in
the project. You can also open up each table to look at the data it contains.
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(B weathering
[ Composites
[=) Planned Drillholes

The Processing Panel Dropdown

The Processing Panel can be accessed by clicking the dropdown button to the right of the Leapfrog Geo
menu. The button is grey when there are no running tasks, and green when tasks are running.

m 28 projects | [ Scene View |
31 of 64 tasks complete 0.00:11
a [ > Run Al ] [7.' Priority Only | _ [0l Pause

22 Cover contacis Surface

| SeedinglZkdone

|
Seeding[2): done ‘

Waiting
Waiting 7\1

Waiting I
Queued }

Queued
Queued

— timened
- 7(_1ueueti__
Queued

This panel lists all processes which are either running or waiting to run. The number of processes running at
any one time depends on your settings in the preferences tab, discussed earlier in this session.

Leapfrog is either able to run all processes, run priority processes only, or pause all processing.

Run All will run all queued processes in the default order.

Priority Only only runs tasks which have been assigned as 'priority".

Prioritised Running

If you would like a task to be given priority so it is processed before other tasks, you can right click on the
object in the project tree and select Prioritise.

© 2013 ARANZ Geo Limited

B li Wayleggo
b & Wayleggo
B \nterpnlanﬁ

— Combined M
| Block Models

Owo

[ Cross Section

[l Notes

Open

View Qutput Volumes
View Surface Chronology

Copy...

) Saved Scenes {‘ Static Copy

4 Prioritise

Rename...

Q Delete
a Export...

\j{ Properties...

| | ¥ No Comments
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Objects such as geological models are usually dependgnt on other objects, Sl:ICh asl drillholes and '
topographies. If this is the case, higher level objects (drillholes and topographies) will be processed first to
allow the prioritised objects to be processed.

To clear prioritised running for objects, right click on the obj.ect in the project tree and select Qlear Priority. ifa
number of objects have been given priority and you would like tq Clgarthem ?“ at the same time, thereis a
small pink arrow above the project tree which you can click to hlghhgh.t a‘ll prioritised objects. Once they have
been highlighted, right click on one of the objects and select Clear Priority.

The Scene

To the right of the project tree is the scene. This is the area where objects appear when they are adr:ied from Ithe
project tree. To add an object to the scene, drag and drop it using the left mouse button from the project tree into
the scene. You can also right click on an object and select View Object.

P @ Surface Chronology
¥ [ Output Volumes

& Cover

& Vein - - i
& Porg Evaluations § No Comments
& Diori {2 Extract Mesh Parts... R

& Base -‘*., Extract Vertices

b ( Wayleggo | ] Yiew Object

[ Interpolanis | 4 Prioritise
[=) Combined Mc &
‘I_i BlackMacel | @ Export Thickness Grid
[ Saved Scenes ) Propertes...

[ Cross Sections ..

Export...

The Scene List and Shape Properties Panel

The scene list below the scene window lists all objects that are active (visible) in the scene window.

‘. [ .77Wayteggo GM; Basement b4 @“ﬂwl i — W 13 _EL i Basement a ‘
| a @ Wayleggo GM: Cuve!_ 3¢ |& Lithology~ j‘ = —j 'Y ‘ Slice modis |Lro_——m5cene e ‘
I @ i Wayleggo GM: Diorite % fLi!hDiDgii_ — = 'y | 1 FillSlices |
‘ @ @ Wayleggo GM: Porphyry ® J‘L'ﬂhology;| _ ——— Q ‘ |
| @ @ Woyleggo GM: Vein ¥ @ Lithology~ (== Bl —— v | B I ?
V |
| |
The Status Bar
The status bar at the bottom of the window has some useful features.
M—M;I‘E =B _ 1 Slice mode: From Scene v
@ Gthology~ | I ——— | & |
(@ Lithology~ | I —— | &
@Lthology-|[ | —+_ B
(Location of mouse |
in scene
- R S
%. +5802.30, +6508.55, -328.60 |53 Full Acceleration 4FPS  $Z-ScalelD
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The coordinates that appear in the status bar show the location of the mouse cursor when it is over an object in
the scene window. No coordinates are displayed when the cursor isn't over an object as Leapfrog doesn’t know
where in 3D space you're trying to measure.

The Z-Scale button lets you set a value greather than 1 for the Z-axis relative to the X- and Y-axes . This is
useful for thin, flat projects that are difficult to visualise with a z-scale of 1.

The 3D Acceleration option is also important. There are three modes: Software Rendering (not
recommended), Partial Acceleration and Full Acceleration. You can find out more about each option by
clicking the button and reading the descriptions for each. It's best to test both Partial Acceleration and Full
Acceleration modes to see which one gives you the highest frames per second (FPS) value. The FPS value
tells you how quickly objects in the scene can be rendered. If this gets too low (below 10), you should consider
updating your graphics card. If this isn't possible, you can reduce the number of 3D objects (e.g. by clicking the
Make lines solid option for drillholes) or transparent objects in the scene.

Reorganising the Screen Space

You can split the Leapfrog main window into separate parts to make better use of your screen space. To detach
atab, click on it and drag it away from the main window. You can then move and resize the detached tab.

5 Wayleggo - Leaptrog Geo = B
[ 2 Projects [ ot X
E: Project Tree o a & D et
Ty = L
¥ Twian T =

By ith 3
| ooy W N _IE “E S

By westhering
_ Wayleago B
Plenned Drillboles GM

ScaneView o T x|
P Compasites ‘
Unbnown
[ -
Wcower
i

Porphyry
¥ [ Geological Models - _“ 4
vein

|
i

| " Flunge 420 ‘i E}
B [§ Waylegao Westhering Mode Arimuth 030

£ intespolants | o__so0 1000 1so0 2000

| @ Wipdegga G Basemerit
@ @ Woyieggn O

enclogy- | NN, = [ b E] @ susemen
M. Cover

Stize mode Fiom Scane | =

Z FillStices

"YVYV¥§

You can also:
¢ Detach the project tree. Right-click at the top of the project tree and select Detach.

» Display the shape list to the right of the scene window. Right-click on the shape list and select the
arrangement you prefer.

o Display the shape list apart from the main window. Right-click on the shape list and select Put List in
Separate Tab. Then you can detach the shape list from the main window as you would any other tab.

You can dock a tab by dragging it onto the main window. Release the mouse button when the tab becomes
partially transparent. You can reattach the project tree by closing it, and dock the shape list by right-clicking in it
and selecting where you wish to have the shape list.

You can also dock any tab or window by closing it. If you have rearranged your screen space, close all
undocked tabs and windows to return to the original screen layout.

© 2013 ARANZ Geo Limited 70f 10




22 leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

Interacting with the Scene

Rotate the

scene Zoomby

scrolling up
and down

Pan by clicking
both leftand
right buttons at
the same time

Rotating

Left-click on the mouse (index finger) and move the mouse.
You can also rotate the scene by pressing the arrow buttons onyour keyhoard.

Zooming

To zoom either move your scroll wheel up and down or click and hold the right mouse button, and move the
mouse up and down. You can also use the Page Up and Page Down keys on your keyboard.

Panning

Click the left and right mouse buttons together then move the mouse around, or click the scroll button.

Centre of Rotation

To centre on something in the view, hover over it. You will see some numbers at the bottom of the screen that
indicate that the cursor is on something in the scene window. When you move over empty space, the numbers
disappear.

Click with both left and right buttons together on the item that you want in the centre. This will then remain in
the centre of the scene. When you rotate and when you zoom in, it zooms in on that item. This can be very
useful.

Creating a Project

Next we will build a simple model with five rock types to introduce the basic concepts of geological modelling in
Leapfrog Geo. The rock types we will be using are as follows

e Cover (youngest)

e Vein

8 of 10 © 2013 ARANZ Geo Limited
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X3

¢ Porphyry
¢ Diorite
o Basement (oldest)
First, we will set up a folder for all Leapfrog projects.

1. Click on the Projects tab.
2. Click the New Project button:

58 Projects | [ Scene View |

Tg Project Tree

‘:— New Project...

L_:L! OpE.Creatf andfpen & new project |

Recent projects = Clear |

3. Click on the Browse button to put a folder on your local disk.

Note: The project needs to be on your local disk rather than on a network drive to ensure the database operates
consistently.

4., Make a new folder and call it Leapfrog Projects.

5. Click OK.

6. Name the new project "Wayleggo" and click OK.
Leapfrog will display a blank project called "Wayleggo".

Working with Leapfrog Projects

When your project was created, Leapfrog automatically created a sub-folder called wayleggo that contains
the Wayleggo.aproj project file and all supporting files.

Leapfrog Project Files

Your Leapfrog project is made up of a number of different folders. In the screenshot below, Wayleggo.apro]
is the actual project, and Wayleggo.aproj_data folderis the database containing the binary code that
makes up your project.

It's a good idea to stay away from this folder: You can't change anything in your project by looking in it, and if
you move or delete anything from it, you run the risk of corrupting your project.

When the project is open in Leapfrog, a Wayleggo. lock file will appear in this folder. The . lock file protects
the project from being moved while the project is open and from being opened by another instance of Leapfrog,
which can happen when projects are saved on shared network drives.

Saving Leapfrog Projects

Leapfrog projects are saved automatically as you work with them. This means if you exit Leapfrog while there
are tasks still processing, the tasks will be waiting to resume processing the next time you open that project.

© 2013 ARANZ Geo Limited 9of 10
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The Collar File e 3
= The Survey File L 3
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Interval Tables e 4
: Viewingthe Data: ......cvmmmmmnnemms s s s s sns s v s i g s VA SR S e s s 4
™ Importing and Exporting Colour Files ..l 6
B Goals

In this session, we will import and validate existing drillhole data for a project. In these early sessions, we

] are focussing on lithological data.
g At the end of this session, you will be familiar with:
i o Importing drillhole data
=
e Checking and labelling survey, collar and interval table data

= o Viewing the data
— g

Note: You can import additional data at any point during the modelling process. However, Leapfrog can
= have only one drillhole data set in a project. Therefore, additional drillhole data that is imported will be added
— to or will modify the existing drillhole data set.
e Technigues for adding new drillholes or updating data down drillholes are covered in Session 5: Dynamic
- Updating.

The data for this sessionis inthe Sessions \ Session 2 to 6 - Wayleggo folder.
—Im
—
= Importing Wayleggo WL campaign data
i |

To start, we need to get data into Leapfrog. The answer to most things in the project tree is to right-click.
To import drillhole data:

121

1. Right-click on the Drillhole Data folder at the top of the project tree.
2. Select the Import Drillholes option:

—1m
.|
=S4} —
Leapfrog Geo ~ | @@ p, "
| = Project Tree | J fioili
| B Topographies i

[= GI5 Data, Maps and Photos
|V [ Drillncle Data
E‘ Planned Dr
ﬁ‘ Points
| E‘ Structural Date

Import Drillholes via ODBC
B Import Drillholes via acQuire

_lm__p_ort Drillholes... l
»

#2/ 1R} 1&2] 12§ |H}

L/ J
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The Import Drillhole Data window will open:

e ] import Drilhole Data

Input Files - AT . |
Coliar I — - | Browse. |
—— |

Survey: 7‘ Browse. ‘
Interval Tables: | N ) | E=ad. | M
— 1

| | == Remove i
& |

= S Se————— I
T [~ 5 8 |
_'Jtt[dp i | x_c_an:el Gj—a-_ir_ﬂpurt | ,

Drillhole data import requires a minimum of three files; a collar file, a survey file and at least one ilntewa| table
file. Each file is imported as a table and has a certain number of required columns. You can a1s_o import
additional columns, such as the date when measurements were taken, the name of the geologist who logged

the drillhole, etc.

At this point, we need to add the collar, survey and interval tables to the Input Files list.
3. Click the Browse button for Collar.

4. Navigate to the location where the Leapfrog Geo Training Data folder has been saved.
5. Open the Wayleggo folder.

6. Openthe Session 2 - importing drilling folder.

7. Openthe WL drilling folder.

8. Select thefileWl, collar.csv.

9. Click Open. - -
Leapfrog looks for survey and interval tables in the same folder as the collar ﬁle,land if it finds them it will t?c:i
them to the Import Drillhole Data window. If the survey and interval fcables are in a different IOtI:atnon, o:'. E'
different file names, you will need to select the additional files. If this is the case, you c.an add fllles by clicking
the Browse button for the survey file, or the Add button for Interval Tables and selecting the file.

In this case, however, Leapfrog has added all the files and we can start importing them.

10. Click Import:

o = - — o
3 import Drillhale Data [ x|
Input Files %
T 1 —_
Collar: lr Wayleggo\Session 2 - importing ‘L'“E\E dr_ﬂh@WLEnlli | | = Browse...
— e S i — i}
Survey: [ Wayleggo\Session 2 - importing drilling\WL dihnglNL ﬂvﬂ = Browse...
Interval Tables: | .yleggo\Session 2 - importing driling\WL drifing\WL ith.csv I
‘ S 7* —
| ‘, == Remove
Screens: - —— 7_[ = Browse... [
3 Help Cancel Import
HHelp ¥ con <Jimp

This opens the Import Drillholes window witha preview of the data Leapfrog has read from your collar table.
When importing and previewing drillhole data, required columns are marked in green, and additional columns
are marked in orange.
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Leapfrog works through the files being imported one at a time. Progress is shown at the top of the window. The
filename in bold is the file currently being displayed (collar. csv). There are alsosurvey and lith files.

It is possible to choose which encoding you would like Leapfrog to use when importing drillhole data. By leaving
the auto encoding option selected, Leapfrog will select the most suitable encoding type. If there are uncommon
international characters in your drillhole data, select the character encoding dropdown and find the encoding
type that matches your data.

The Collar File

The collar file needs at least the following columns: East (X), North (Y), Elev (Z) and Hole ID.

It is recommended that the collar file also has a maximum depth column that specifies the length of the hole.
This can be used to validate interval table data with the collar file.

There are a number of data column types to choose from. Leapfrog automatically selects East (X), North (Y),
Elev (Z), Hole ID and Max Depth based on the column headers from the database, but in this case the Easting
and Northings have been incorrectly selected as the UTM files, rather than the Local files. To change the
automatic selection, click the Not Imported dropdown above the Easting you would like to import (in this case
'Local_Easting'). By default this column is not imported, but we need to change it to East (X). This will
deselect the original, incorrect selection, and select the correct one.

Progress: WL collar.csv > WL survey.csv > WL lith.csv

File Data

Holeld ot imported v | East (X) v | North () v

1 & “Local_Easting” Category

2 WL0D1 "Local Easting” Text 6013568185  84692.24859
3| wiooz “Local Fosting” Numeric 60135.68186  84692.24859
4| wioos “Local Fasting” Time Stamp 50135.68186  84692.24859
5| wiooa ‘Local Easting” Date 59600 85502195
‘6 WLDDS “Lacol Fasting” URL 61000 BATO7.7405
7 WLOD6 Net Imported 61534.61697  85440.84313
8 WL0O7 Hole Id 603165319 B4250

9 WLDDS East (X) 5026069554  B4861.62028

North (Y)
Elev

Iax Depth
Trench

Custom Name...

Repeat for the Northing, so both Easting and Northing are using the local columns rather than the
UTM columns.

When you import drillhole data, be careful not to get carried away with importing additional columns. When
you later append other drillhole data, you will need to have exactly the same columns.

We have now selected all the columns we want to import.
11. Click Next.

The Survey File

The survey file defines the orientation of the drillholes at given depths. The survey file must have columns for
Hole ID, Depth, Dip and Azimuth. For a straight drillhole, only one row needs to be specified.

In this case, the four required columns have been correctly selected by default.
12. Click Next to go to the lith table.

© 2013 ARANZ Geo Limited 30f6
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Interval Tables

Interval table data specifies segments down the drillhole with associated values such as lithology codes or
assay values.

Interval table files must have columns for the Hole ID, From and To depth and one or more columns of
measurements. Measurements can include grade, lithology, date or any required numeric or textual values.
The lith table has two columns we wish to import. To import multiple data columns at once, it is easier to work
in the Column Summary on the righthand side. The lith column has been correctly set as “Lithology”, but we
need to set the other column so it can be imported.

13. In the Column Summary, click on the “weathering” column and choose “Category™:

7 Import Dritiholes: - olEN
| Progress: WL collar.csv > Wl survay.csv > WLithasy |
File Data Calumn Summary |
— — S S = - — |
Holeld = Fram «|To ~ | Custom Nome | Nat importede || column Import &s import Name I
| el | | hoteig Hole Id |
2 |wat 0 0127 Cover Oxide | [tom From |
[3 | waco 0127 5057 Cover Ovide jte . |
z fith Lithalogy ith
& | w00l 25057 11583 Disrite Oride . I
' | | westhenng Not imported | |
5 | WLool 11593 19747 Dicrite Maxed | -
£ Lithelagy ||
2. Diont h it
6 wLoo 19747 21 ot e e i
7 | wLoot 698,002 4489 Vein Fresh =z i
8 |wioot 7445% 1000 Dicrite Frech ol |
[ |9 weoez 0 LRF] Cover Owde | S ]
| 10| weon2 010 3445 Cover Onide e !
| | 11| o2 25436 116504 Dicrite Onide Mome: W | §
2 1.698 Dot Maed |
12 w02 G508 Ll e Chorscterencoding: |A  NotImported «| 0
13| wion2 241608 689432 Dicrite Fresh | e |
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Leapfrog will process the data, checking for errors in the database and des urveying the drillholes. Progress will
be listed in the processing panel dropdown

Viewing the Data

To view the imported data, drag and drop the individual tables into the scene window. Here, the collar table has
been added to the scene:

= Wiapiegdo - Leagtrog Geo = . 4{%
Leaptrog Gea ~ [ | 22 pugjects | T Scene View » - . -
| b Project Tee F w-WH T (WSS I S—
|| 2 Topographies
[ 615 Data, Maps and Protos
¥ [ Diilihals Date
v 0
! Illi les = | *WLODS
e 2
eg
L a
= ) -
Compesites woss 8 &
= Planned Drilfnoles - -
| [ Pomts ﬁ =YL 007
= Structura! Dt wLoa® P
B Meshes 2 a2
I Polyimes E L
5 Suucturl Trends :E:-.-;-‘-.’)/
= it |~
£ Geslogieal Mol > Plunge +28 e
(= intepelants Azimuth 049
= Combined Modets 0 350 500 7501000
| —_————
| [ Block Modeis 1
[ Saved Stenes and Movies ~ e ——— S ———— - |
[ Cross Sections and Comouss - Jeotw B B col_- | I S | T corx 0 |
" Notes Sice made [Fremezens | = I
Pom size Gl I
|
| Fomat Tert |
Y S Ful Accelenation 100- 5 $ZScaleio

There is nothing to view in the survey data but you can add the lith table to the scene to view the data.
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You will see the objects listed in the scene list:

# Wayleggo - Leanlrog Geo - EER
| LeaptrogGeo = [ | B8 Praects | 69 Scene i
BPgeaZe F e WN & g {\ & 7

[ Topographies

L= GI3Data, Maps 20d Photes
¥ £ Dallhote Dt
| ¥ Il Ditthotes

— Planned Drillagies

‘ £ Pants
= Suawr Date
2 Meshes
| P pokylines 4

51 Structural Trends

w

Gealogical Models

Herth
#8500

Intespalants B .
| ciekto

Plunge +3 @
__Exinnoes
50

Combined Model 5 +
showihide in i i 2
e the scene 2 S00 750
| Ecomseionmaconows ~l
| O et [ e R -[esacoous L—— & 8 S Mlwmn
- 7] coltas Fiat cal_ = — e
r— » e A Stice mode FomScene | v
Line radus 2
Chekto |
remove
fromthe .
scene | Format Text
l it —
i Full Arcelerstion 00-FPS P ZSeale 1D

Note that:
o There is an eye button for each object. Click the eye to hide it in the scene.

» The icon for each object indicates what type of item it is. In this case, both objects have the same icon
because they are both tables.

e Next totheicon is the name of the object.
» The X allows you to remove the object from the scene. It does not delete the object from the project.

« The first dropdown list shows the object’s attributes, giving you different options for displaying the
object. For example, lith can be shown as lith, weathering or flat colour.

o The second dropdown list lets you edit colours or select colourmaps.

» A legend button appears for many objects. Click the button to show a legend in the scene.

If you select Edit Colours from the second dropdown list, you can change the colours used. Click on a colour
to open the colour chart and either select your preferred colour, or use the eyedropper tool to select a colour
from your screen:

2] Legend for lith
@ Code - Colour |
®  Basement l:|
@ Cover N .
@ Dioite B B
@ Porphyry =]
@ Vein =
5 ' 2
3 Select Colour
Hue[154 (3] R0 [°
§aluraﬁonz‘255 % Green: |37 7!:
Value: [204 |2 Buue 202 |2
~ Color name: ‘@Eglaﬂlue
—— Dalette:
R e
— EARE | | B [

;: Help Random xgancel @QK
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Importing and Exporting Colour Files

Once a series of colours have been chosen in Leapfrog Geo, they can be exported as an *.lfc file (Leapfrog
Colour File). These can then be reimported to other Leapfrog projects to save time setting the colours up. This
is particularly useful if your company has a specified colour scheme which is consistent across different

software packages and different projects.
To export an *.Ifc, right click on the Lith table and select Colours>Export

¥ |i| Drillholes
P T collar
= Survey
¥ 7 Wi_lith
151
(B
[ €Cor
=) Planne| B Colours +| "t import...
[ Points 7] Properties... (& Export. " r

———

Open @ o Comments
View Object

Tab or click to add

[= Structural Data

To import a colourmap, repeat the steps above but select Import rather than Export.
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Contents

Importing Topography Points ... . 1
Creating a Topography .......... T e S R R e T A S S e 2
Displaying Drillhole Data with the Topography ..o S 4
Importing and Draping Images and GIS Data ... ... ... 4
Goals

In this session, we will import topography points and use them to create a topography. We will then import
an image and drape it on the topography. At the end of this session, you will be familiar with:

e Importing points that correspond to the topography
o Creating the topography

e Viewing drillhole data in the scene

e Constraining the model to a clipping boundary

e Importing a georeferenced image

e Draping an image and GIS data on the topography

The data for this sessionis inthe Sessions \ Session 2 to 6 - Wayleggoc folder.
e e e N e e R e = = =

Importing Topography Points

To select the topography points to import:
1. Open the project from Session 2: Importing Drillhole Data.

2. Clearthe scene.

3. Right-click on the Points folder in the project tree

4. Select Import Points.

5. Browse to the folder for this session, and double click on the topography points to import them.

6. Make sure all three columns (East (X), North(Y) and Elev (2)) are selected for importing. As with the drillhole
collars, the UTM Eastings and Northings have been selected instead of the Local Eastings and Northings.
Change the selected columns to the Local data rather than the UTM data.

= Impert Bints Wsiies00 1opo pants - nIER
e Data Column Summary |
et () « Hodh ) - Notimparede Hotlmpedede Be@ v Colmn Impart Ar \mpert Hame.
Lt ey | | Lot tusng e
‘tocol Farting” Categary BIEG.03 BE037 ans Local_ Nomthing Marth (V)
“Losal fasting” et 21802 £ Ty UTH Eating Notlmpened
. VN biaiog et mporied
Eievation Hev(T)

sy
ans

Mome: Weslegzs tepn prms
73 Chanster ancoding  Aupn (Windas 1251)

45 o = 5

Unique B I Hane
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5 B Dt e Tme Fomats
W = pCSHchanme
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7. Click Finish.
8. Add the points to the scene to view them by dragging the Wayleggo topo_points object from the project tree
into the scene:

ey
| E T RN N b Geoim s B B g S e e
S Prgeen | 1 Scece e

F =W &

|
1
nw & s |
|

| Cembredtieden
= Bockotes

L

| Coemestionsand Coniovn

| T

| FormatTea

= e L T

Creating a Topography

To create the topography:

1. Right click on the Topographies folder in the project tree.

2. Select New Topography > From Points.

As the collar file contains points (x, y and z), as well as the newly imported topo points, the option to choose
either is available.

3. In this case the topo points contain more detail, so select the Wayleggo_topo_points file and click OK:

2 =
=ED — -
| A Waylegge topo_points -

!

L

|

|

|

1

I

|

} |

L' _1'4jludp Mencd | 4Tk

4. In the window that appears, accept the default name for the topography by clicking OK.
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5. Drag the new topography into the scene:

B eyewswse S eER
" ] @] —
.I:wm!nu_ J fraoe -39. \ & r_l’;’ % 8 /

| ¥ = Dumee it
| ¥l Dt

—
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= Block Msdets i T — 5 _|
| Seed Sonenand Meaes . £ Wayleggo_topo,puints: R @t - I — Sheemade: FromSene | v
= Cumi Saction: and Contoars o=
e

. S RSgocderion WS §Zskein |

6. At the moment we are looking at the surface, but to view the triangles making up the surface, click the Show
Edges icon which is highlighted in red in the image above.

5 Structuna) Trenuts
= Geslogies! Modeis

| ietepolents L S
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7 Crms Sections and Corderans e
| Tikas
I
|
|
- Pl frzsetion W0 FPS §ZSere D

We can see that the triangles are reasonably coarse compared to the point spacing. There are a few options in
Leapfrog to make the surface represent the points more accurately.

1. Double click on the topography object in the project tree

Leapfrog Geo v f b | | B8 Projects | 1 Scene View
!E.i’mjedlree - wef Q | n
Ll [ra— .
N rr==y B ]
|7 GI5 Data, Maps and Photos | | Bounding Bax il
¥ [ Drillaole Data ;I | Minimum e
¥ |1 Drillholes ! f
i X(East:  |3800.0 2| | 7s00.0 &)
P ] collar r' { L |
o= | ¥ (North): [6300.0 2 [oo000 E
v ™ wiiith || zEen [-spa0 3 [s:0 2
& tith = |
i | i
(B weathering | | _Enclose Ohiject'y |
[ Composites [ R |
[= Planned Drillnales e =1 |
. Surface resolution: | |300.0 « | Adaptive |
¥ [ Points [ — e
#.« Wayleggo_topo_points Name: lTopography | |
[ Structural Data =

By | @ (%= o)
= Polylines ‘I. _ dlibp 7x—°“‘e' <Jox | |

2. There is a surface resolution box, as well as an adaptive checkbox.
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3. By lowering the surface resolution, the triangles making up the surface will become smaller. The resolution
is approximately equal to the length of the sides of the triangles. In this case, a resolution of between 25 and 50
is appropriate.

4. Ticking the adaptive checkbox allows a surface to be created which consists of fine resolution where the
data spacing is small, and coarse resolution where the data is far apart:

An alternative way to create a topography is from the collar points. To do this, follow the above steps but select
the collar data instead of the Wayleggo_topo_large points.

Displaying Drillhole Data with the Topography

To add the drillhole data to the scene window:
1. Drag the WL_lith table into the scene.
2. Rotate the scene to view the drillholes.

All your drillhole data should be below the topography, although it may not match if the drillhole data is older
than the topography data.

3. Click on Edit Colours in the scene list:

by | @ e

8 7eesime F o m-WND (2 ES
¥ Tegogaphis

P & Topography

= 4 Dt g st P
[” Dene

Liesieon s = | |

-] Wayleggn - Leaptiog Gea - a ‘

X Concet S -

T -

Femmut Tet

S B Pl frcilestion S §Itokil

4, Experiment with hiding units in the scene and changing their display colours.

5. Dismiss the colour legend by clicking OK.
Importing and Draping Images and GIS Data

In this section, we will import a georeferenced image and display the data in the scene draped on the
topography. First, we will import the image.
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1. Right click on GIS Data, Maps and Photos in the project tree.

2. Select Import Map.

3. Selectthe Wayleggo aerial photograph.tif image.

4. Click Open. _

A window will appear in which you can choose to either use the existing georeference data, or override the
georeference.

# Import Image - Wayleggo aerial protograpn - o R

| @ [ [+ @ !h i 9

Georeference Data

"] Overide image's georeference data

Marker East () North (1)
O = — Properties
<& B Msp name: | Wayleggo aerial photograph
I Hep ¥ Concer <ok

5. This file has been georeferenced, so we can click OK and it will be imported into the project.
To drape the image on the topography:

1. Add the topography to the scene.

2. Inthe shape list, click on the GIS Data dropdown list and select the imported image

The image will appear draped on the topography:

There are also GIS lines representing rivers and roads, which can be imported and draped on the topography.
1. Right click on the GIS Data, Maps and Photos folder and select Import Vector Data.
2. There are two files which can both be imported at the same time by selecting them both and clicking Open.

3. Deselect the Filter Data checkbox. This allows you to filter GIS Data to within a certain distance of a
bounding box, but in this case we would like to import the complete files.
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e
| 1
: Files to be imported |
| - | ‘
|‘ 57 Roads |
i
I ‘ \
. |
i DEiItc{_d_ﬂa |
. =ty
P |
=) - |
ﬂl !_‘ﬁgap i  H concel Tk i

4. Click OK and the files will be imported.

5. Drag the files into the scene to view them, and note that the default elevation is +550 m, which is the
elevation which the lines were originally exported in.

The next step is to drape the GIS lines onto the topography and view them alongside the map. To do this, we

need to create a new view.
1. Make sure the topography is in the scene, and click the GIS Data dropdown in the scene list.

mmmwmwmwwAWwWwNWw

| 9N

F & Topography
___ Gis data: [ Wayleggo a.. | ——
@ 57 Rivers ‘ MNone !1
@ 37 Roads 52 Roads -
| =2 Rivers I
‘ @ Wayleggo aerial photograph Ei.
| ‘ New view... Y l

1 Edit views...

2. Select New View and rename the view 'Aerial Photo + GIS lines'.

3. The Edit GIS Views window will appear, which gives you the option t
Current Layers window. Add the two GIS lines and the aerial photograp

4. Make sure the GIS lines are listed above the aerial photograph, as this gives them priority so they will be
visible on top of the aerial photograph. Change the colours and line widths of the GIS lines appropriately.

o add images and GIS data to the
h to the Current Layers window.

= 5  snosven : ]
| sy [AeiniPhoto- GSlmes : L Rensme| |New.| |Detete
‘ LPtwte'= Girngs, IS
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- 5 R & oo | R v 40— |
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Reyet 2l ¥ ¥ Close
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5. Click Close and the new view will be displayed in the scene.
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Goals

In this session, we will model a young vein which cuts an older porphyry intrusion, which in tumn cuts an
older diorite intrusion within the basement. The intrusions and basement are overlain by cover which is up to
25m thick.

At the end of this session, you will be familiar with:
o How different surface types work in Leapfrog, and when to use each type

o Creating a geological model

T T T T TR T T T T} }

e Defining an erosional surface
o Defining veins
o Defining intrusions

Using the moving plane to adjust a surface

[TRT

» Defining the chronological order of surfaces

¢ Changing the resolution of a geological model

For this session, open the Wayleggo project from sessions 2 and 3.

Creating a New Geological Model

|11l

To create a new geological model:

1. Right click on Geological Models in the project tree and select New Geological Model.

TR T

1]

|

i
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2. In the window that appears, make sure the lith column is selected for the Base lithology column. E —_— S' 2. The new contact points dialogue will appear
== : TR < | l 3. Inthis case, we will set the primary lithol ;
[ & New Geological Model , ’ primary lithology to 'cover', and change checkb ' '
af . E _— S} use contacts below'. g ox from 'use contacts above' to
General 1 . )
R I ; l] c%ii fc\:’rgii\t; Iie;Zﬁuﬂsgrr: It.hf :-;ur:?ce r\:wiéJ pass through all instances where a lithology contacts below the
) e : isted after the basement and diorite: th .
e — | - i’ ; , - lorite; these tell us how many times the i
| contacting with each litholgy. In thi ; coveris
. gy. Inthis case, the cover ; -
7 = : i & contacts with the basement 5 times and the diorite 3
Surface resolution: ‘ (B lith ‘
‘ : L
Model Extents L i}% coianiicilo ‘ ‘ - i' = New Cantact Feints. | = |
Minimum Maximum _ ll I m— i
X (East):  [4100.0 2 (o002 — Gomshic
| [ - F [l ’ Sectpimiyliboloy
¥ (North): [7100.0 |<| (86000 |z E - — .
zmk (e lwe [ i [
— = [ essement 15 B ] rnm“;—\u; -
Enclose Object v | | N E] Il Diciite ) |l ven :
Name: |GM ] I] !
= ol e
————— — = =— @ lgnoged () Primary I Contacting
11 Help ooncel || Dox | | Reference Pane
S — 1 Horigontal plane

—] B

You can change many geological model settings once the model has been created, but you cannot change the ‘ A _e . S
lithology column used to create the model. E - =5 e |
3. Click the Enclose Object dropdown, and select the WL_lith table, which will cut the boundary of the I e Hones | [ P | |
geological model to the extents of the drilling. - ;J
. ; 4. Drag the surfaceinto t iew i
4. Change the Surface Resolution to 20, and the name of the GM to Wayleggo geological model. l) fam— 9 nto the scene to view it.
5. Click OK. o
. . |
The new geological model will appear in the project tree made up of several objects: I !__.
¥ [~ Geological Models - E
L e —

V¥ (€ Wayleggo geological model
P & Boundary

&9 Fault System ; 1 E

P =] Lithologies

@ Surface Chronology
E =

P [ Qutput Volumes

Different users start their models differently, but one common method is to look at the lithologies which seem E E i i U 8 . -
more 'obvious'. The best way to look at this is by clearing the scene, dragging your drillholes in and visualising
them in 3D. When we do this, it seems that the cover (at the top of each drillhole) and the vein (cutting thrqugh
5 of the drillholes) are reasonably obvious, so we should be able to create surfaces representing them gasﬂy. E E Modellj ng the Vein
We will model the cover first, then the vein, then the two intrusions. The last lithology to be modelled will be the o .
basement, which will be 'everything else’, so we don't need to create its surface. E E o display the vein in the scene:

1. Clear the scene.
Modelling the Cover 2. Add the WL _lith interval table to the scene.

E _3 3. Change the display so you can only see the vein lithology.

The last lithology we need to create a surface for is the cover. To do this, we will use the erosion tool. o oo
There are only five intervals which Intercept the vein, but they contain enough information to createa

Depositional surfaces and erosional surfaces are both created in the same manner, with the differenf:e being in reasonable volume |
the way that the surfaces are cut when producing volumes. This is discussed further at the end of this session. E E 4. i . :
e e “t.hoilgr;yclllt_::etsg itshz r? ggggi ;:hlronlolcc;gy fglder under the geological model and select new vein > from base |
| . ] oinclu - this | ' '
et R = E € points at the ends of holes - this is for when a drillhole ends in the vein |
_ |
® 2013 ARANZ Geo Limited E ﬂ © 2013 ARANZ Geo Limited
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lithology, and lets you choose whether or not to create a point representing the end of these drillholes. In this
instance it isn't relevant, as there are no drillholes which end in the vein lithology.

¥ | Geologica! Models
V¥ {§ Wayleggo geological mode!
P (@ Boundary
g Fault System
p El Lithologies
> @ sufacr ~—-——-— =
|3 E Qutput Qpen i w No Comments
= Interpolants 4 New Deposit
= Combined M (. New Erosion '
[ Block Models M New Intrusion

v R From Base Lithology,.
AN From Other Contacts...

[ Saved Scenes| (% New ¥ein
[ Cross Section ~% New Vein System

{71 Motes & New Stratigraphy 52 From GIS Vector Data...
View All #. From Points...
& Prioriise <2 From Polyline...

~ & From Curved Polyfine..
i) Properties... ¥ e —

5. Click OK, and you will see the vein being created in the processing panel to the bottom left of the Leapfrog
window.
6. Drag the vein into the scene.

You will see that the vein is clipped to the topography by default, and does a good job of representing the
lithology shown in the drilling considering the limited information.

There are a number of settings which can be changed once the default vein has been produced, but for now we
will leave these as they are and come back to them later.

#7800

|

+7400
00

Modelling the two intrusions

There are two intrusions shown in the drilling - these are the porphyry and the diorite. We will model these using
the intrusion tool which is found under the surface chronology folder.

The porphyry is the younger intrusion so we will model it first.

1. Right click on the surface chronology folder and select new intrusion > from base lithology

4 0f 12 © 2013 ARANZ Geo Limited
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2. Select porphyry as the interior lithology, and drag the cover and vein lithologies across to the 'ignore'
window. The lithologies which remain in the 'Exterior lithologies' window will be used in the point generation;
whenever the porphyry contacts against either the basement or the diorite, a point will be created. The cover
and vein lithologies are ignored here because they are both younger than the porphyry, so didn't exist when the
porphyry was emplaced.

22 New Intrusion E

Litholegy | Compositing

| Intrusion in cofumn ‘lith’ on table "WL_fith”

Select interiar lithology
Elrorehyy v
Ederior fithologies: Ignore (Younger lithalogies):
[ Basement B Cover
B Dicrite Bl ven

Treat unspecified intervals as

® Ignore ) Ingerior ) Exterior

Name: |Porphyry

X cancel | ok

1 belp

3. Drag the porphyry into the scene:

Three volumes are created - we would expect these to link, but there isn't enough data to extend each volume
to meet each other. To fix this, we can add a global trend. This allows us to specify a direction of maximum
continuity and a direction of minimum continuity, which control the stretch of the intrusion.
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4. Draw a plane through the porphyry intervals.

Planeline
through
porphyry
intervals

5800
LT

+6000

5. Double click on the porphyry intrusion, then click on the trend tab.
6. Click set from plane, which will copy the dip, dip azimuth and pitch from the plane across to the intrusion.

= Edit Porpnyry 2

Lithologies Surfacing | Trend

Reference Plane
Dip Dip Azimuth Pitch
Directions: (8976, 12652, 341
Variation

flongPitch: [1000 13| OutofPlane [0330 |2

= o= e

Name: |Porphysy |

I Help 3 cancel <Jox

7. The final change we need to make is the along pitch and out of plane values.

8. Along pitch refers to the maximum direction of continuity, and is represented with the green arrow on the
plane.

9. Out of plane refers to the minimum direction of continuity, which is the out of plane direction.

10. The intermediate direction of continuity cannot be changed, and is setto 1.

The important point to remember is that the ratio between the maximum, minimum, and intermediate (set to 1),
lets us control the surface. In this case, by setting the along plane value (maximum) to 1, and the out of
plane value (minimum) to 0.3, and remembering that the intermediate value is always set to 1, we can make

the intrusion look more realistic.

6of 12 ® 2013 ARANZ Geo Limited
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& Edit Barphyry

Lithologies Syrfacing Trgnd

Reference Plane
oip Dip Azimuth Pitch

Directions: 6976 2652 . 941
Variation

+ 5800
+3000

200
5400
+HE00

alongbace 1000 4T OutofPiane 0339 |3

5

ViewPlane | | SetFomPlane || Setgo v
Hame |Porphyry —
= —— ‘ Pitch line (maximum
i Hep 8 Concel ok direction of

anisotropy)

Repeat for the diorite intrusion:

1. Right click on the surface chronology and select new intrusion > from base lithology
2. Ignore the cover, porphyry and vein lithologies. The only exterior lithology will be the basement.

! New Intrusion n

Lithology | Compositing

Intrusion in column “lith* on table "WL lith*
Select interior lithology

Bloioiite ) B
Ederior lithologies: Ignore (Younger lithologies):
[ Basement | [ Cover
B Porphyry
- Vein
Treat unspecified intervals as
® ignore D) Interior () Esterior
Neme |Diorite |
11 telp Honca || €Tox

3. At thilslstage there is no obvious trend that can be set, as we have a limited number of intercepts
add additional drilling we will be able to more easily see the trend of this intrusion.

4. Click OK, and drag the cover surface into the scene.

© 2013 ARANZ Geo Limited
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Creating output volumes

We now have four surfaces representing four out of the five lithologies, with the final lithology being the
basement.

1. To turn these surfaces into volumes which cut against each other, double click on the surface chronology
folder, change the order of the four lithologies so that the youngest is at the top and the oldest is at the bottom:

77 Surface Chronoiogy - Wayleggo geclogica.. “
Contact surface chronology !

Contact surface

7
¥ [# Cover contacts
v
"

N Vein
W Porphyry
[v| ™ Diorite
r
Younger
Older
L2
3% Help e || P | |

2. Click OK, and the surfaces will be cut against each other to produce volumes.

\East (X)

orth (

N
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3. The last step is to change the 'unknown' lithology to 'basement'.

4. Double click on the diorite intrusion surface (the second to oldest lithology), and change the second lithology
(which is the older lithology) to basement.

North (Y)

Surfaces in Leapfrog Geo

As we have seen, there are a number of different ways to create a surface in Geo. We have focused on

creating surfaces within the Geological Models folder, where we have been using the Surface Chronology
subfolder.

When you right click on the Surface Chronology subfolder, all the available options appear. These include
deposit, erosion, intrusion, vein, vein system, and stratigraphy. It is important to remember that even though
each surface has a specific name, it is the method of surface creation which is more important. For example,
intrusion surfaces can be used when the user would like to create a surface surrounding a specific lithology (it
doesn't necessarily need to be an intrusion). Likewise, a deposit or erosion surface can be used when the user
would like to create a surface between one lithology and a number of other lithologies.

As a very simple example, the below screenshots have been taken using 3 lithologies; upper (red), lower (blue)

and intrusion (green). By creating and changing the settings of the geological model, we will demonstrate how
each surface type works.

Firstly we will use an intrusion surface to represent the green intrusion. Here is the result:

© 2013 ARANZ Geo Limited 90f12
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Deposit surfaces and Erosion surfaces are exactly the same in the manner in which they are constructed, but
differ in the manner in which they are cut against other surfaces to form volumes. Erosion surfaces act as
unconformities, so 'cut' any surfaces they cross. Deposit surfaces act as depositional layers, so 'stack’ ontop
of any surfaces they cross.

Leapfrog has found the intervals where the green intrusion lithology contacts against either the red or blue, and
has put 'contact points' at each contact. These contact points have a value of 0.0. Leapfrog has also added
'volume points' up and down the drillholes. As we move progressively further away from the intrusion, the value
of the volume points decreases in the negative direction. As we get further inside the intrusion, the value of the
volume points increases in the positive direction. Here is a section view of the volume points:

1

For a simple demonstration, the contact between the upper (red) and lower (blue) lithologies has heen modelled
using both erosion and deposit surfaces, and the interaction between these surfaces and the intrusion surface
when all are activated and turned into volumes becomes apparent (noting that the erosion and deposit surfaces
are exactly the same shape).

Here are the surfaces shown in section view:

@ W

1
‘:
|

Think about the actual surface as being an isosurface which is located in 3D space where ever a value of 0.0

exists (a 2D analogy would be isobars on an atmospheric pressure map). Wit the-depositsuace ahr Tntrisian stiface scfvated:

Next we will look at creating a deposit surface. This works differently to the intrusion surface, as instead of
Leapfrog creating points at all contacts for a specific lithology (above and below it), it creates points either
above orbelow a specific lithology.

1]

If we use the same green intrusion lithology as above, but create a deposit surface rather than an intrusion
surface, we get the following (looking at the same view as the previous image).

Using 'contacts above':

A\

IRF (0} (R

With the erosion surface and intrusion surface activated:

And using 'contacts below':

/] T
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You can see the difference between the two images; in the top image the upper layer is a deposit, so stacks on
top of the green intrusion. The the bottom image the upper layer is an erosion, so cuts across the green
intrusion.

Remember that there are a huge number of options available when creating surfaces which we will discuss as
we move through the training course, and the above example is only a simple demonstration of the most basic
surfacing options.

12 0of 12 © 2013 ARANZ Geo Limited
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Examining the Geological Model ...................... e e 4
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Goals

In this session, we will append drillhole data by adding in a new drilling campaign. We will create an updated
geological model and check the updated model against the original.

At the end of this session, you will be familiar with:
e Appending drillhole data
e Using a query filter
o Copying a geological model

e Evaluating a new model against the original

For this session, open the Wayleggo model project from earlier and clear the scene.

The datatoappend is inthe Sessions \ Session 2 to 6 - Wayleggc folder.

Appending Drillhole Data

First, we will import the data from the new drilling campaign.
1. Right click on the Drillholes object in the project tree.
2. Select Append Drillholes:

'V | Drillhole Data
V || Drittantes ; =|
=F Fix E i
=1, ™ New Merged Table
p = 3 Append Drillholes...
[ | /2 Reload Diillholes..
= Pla:‘ Import From File ;
| | Points} Import From ODEC v
™ Struan [ New Evaluation
) Meshe‘ Add Core Photo Link

™ Polylin‘ View All
[ Struct ﬁ Delete

V [ Geolog
@ Export.
VI-_SWE: TPD _
Pl e —

3. Click Browse to locate the collar file for the WLG campaign.
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4. Selectthe WLG Collar.csv file and click Open.

o - "l
Input Files
. Collar: IZ to 6 - Wayleggo\Session 5 - dynamic updating\WLG drilling\WLG collaj == Browse...
i -
Survey: [ZIB 6 - Wayleggo\Session 5 - dynamic updating\WLG drilling\WLG surve.\ = Browse...

Interval Tables: T? Wayleggo\Session 5 - dynamic updating\WLG drillin-g\W[G Iiﬂ:.c-n' |

=== Remove

; xgancel G:B_lmpurt

5. Click Import to start working through the files, checking that the new data aligns with the existing data
tables.

In the Column Summary part of each import window, notice that each file will be importing the same columns
as the original drillhole campaign, including the changes we made in Session 2 to import the Local Easting and
Northing columns rather than the UTM columns:

[4::2n—==3eo = MRS AN TR T 3 e e e - oEm
Progrese: WLG collar.cav » WLG susvey.esv » WLG Mhesy |
Fle Data Cohurnn Summary |

Vol vEamD] < Monh[Y] v |Notimpodeds |Netimporisdy Hev@ v MuDetn + | Cotumn, Import A impottame | |

1 | Drilihole Name holed

| 2 | wacor 653635504 BTSN 6ISIGS66L  BSOTLSSII1  MGAXITIS D00 Locsl Easting
3 wiome CHTSNTI  B0TARISTH GISTSNT  GNTLANSTE  M650ME8 1000 Lorah thorfiing v

| 4 wces ST msasuD GERU  SSSSE MM W0 3:;:::;‘5‘5 |
5w T s BRLTIMG  ESSANTS AMIOEL S0 ey _ : |

| 6w ezsom ToSGEIEs GmSTE MEBEON  AMIREN 00 Ttk e

| 7w KNI SOSLESIS GIRRZIZ SNSTHSN LI 10
8 waswr LT RBENWS BOLTES SOMENN 4TS 120
9 |wiGes ARMEN0N6  GBSANIIS RGN BHIRSN  L07eN3 20
10! oo SOIOMA STAAUTI GU0SSITI4  SSPRLENE 40 120
1wl OQUNBY SIETRR O SNAZNS  SMHETR  wnseTn 8K
2w ssRmNSlz  TNATTIN  EMSSNISGI  ASATIAL A0S BN
13 wiennz SISBNTI  THISTE ESIEON  AAMEATET  igmmps 30 Name:
| valwagonz emswEs e GI03E05  GSTEOZNI AN BN Chirictes sncaing | Aute (andone 1252
15 wiGhia 310393588 50398242 8131039358 ‘8385039524 4482540352 852 - -

|16 wagns @O TS9N SENOTR ISR 415 ] A lal - =1

| 7 s @OASHIT  TRADTIM GESISY MBI QLN W0 fmpnn Al Ceumas

| 18w S0 TIONMST  BINBIES B7I02S ABan 1R P OdeandTonchounsts.

| 1w SHASTITS  TMIIMOL  GIONMSITIE  BMILTERI  M9SISE 100 e

| = ===

P B Concet ¢ sap % biet

You are unable to add any “new” columns at this stage.
6. Work through the files, then select Finish.

Your drillhole data will now contain information from both drilling campaigns. Because Leapfrog works in a top-
down manner, the geological model depends on the drillhole data and will also be updated when the drillhole
data is appended.

Updating the Geological Model Extents

Although the geological models in the project have been updated with the new drillhole data, the geological
model extents remain those set when the models were created. We will change the extents for the simple
geological model created in the earlier sessions.

1. Clear the scene.

2. Add drilling to the scene

3. Add the existing geological model to the scene

You will see that a number of the drillholes are visible outside the extents of the geological model.
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‘East [X)

B+600
2 N

4. Double click on the boundary folder under the geological model

5. Click the enclose object dropdown, and select the WL _lith table, which will extend the boundary so it
encloses the updated WL_lith data.

6. You will see in the scene that the boundary with red arrows has expanded to include the new drillholes.

Erclose Object »

re— | Chipping beundary
¥ Rives
Kitelroprey Fozds

3 Topography Evtemts

LytensiExtents: - £ Vialeggo geologics) medei Etents
Tl coltar

| m

| #. Wiayleogs tope peints

|

i

| :

| =

| |
2l & o v @ 5 g e 2w o J[WN e ||
- B = H & I -
= 5 " T 3 : L e e ———

7. Click OK and the model will re run and extend to the edges of the new boundary:

N Eat ()
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Examining the Geological Model

While Leapfrog automatically updates models, it doesn’t do the same for the geological interpretation. Once the

project has updated, we need to see whether or not the updated model fits our original interpretation.
To examine your Porphyry unit

1. Clear the scene.

2. Add the WL _lith table to the scene.

3. Keep the porphyry lithology visible, and turn the others off

¥

orth (v}

43500

‘East ()

+3000
D
S

4+5000

4. Add the porphyry output volume to the scene.

5. Examine the volume to ensure it still honours the drillhole data, and that the trend which was set earlier is
still suitable. To view the plane which was used to set the trend, double click on the porphyry surface, then
click on the trend tab, and click 'view plane'.

6. In this case, the trend is still reasonable so we don't need to make any changes.
7. Clear the scene.

Evaluating the New Model Against the Original

A useful feature when appending drillhole data is being able to evaluate a new model against the original. This
helps you gain a better understanding of the difference any new drilling has made.

The first step of this process is being able to distinguish the original drilling campaign from the new one. To do
this we need to create a query filter, which we will base on the names of the drilling campaigns

To create a query filter:
1. Right click on the collar table and select New Query Filter:

V [ Drillhole Data
¥ |1 Diiltholes
B " collar
1 surve
I WLE

Open P iio Comments

[ New Query Filter Bt o
[ Impon Column
& Append Data
2 Relosd Dats
[ Project Coliars onto Topography
@ Estimate Spructural Date.

=1 comy
[= Planned
» [= Points
= Structurat D
5 Meshes
= Polylines | ®
[ Strsctural 7| - Yiewe Object
W = Geological | @ Priositise
¥ [# Waylegg T Delte
= E -
&3 Fault
b Ellae
{f] Propesties...
¥ @ Surfacecrmummom—————————
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2. Select the '...." button to the right of the window which appears. This will open the build query window.

3. By clicking in the top row of the window, a series of dropdown arrows will appear.

4. Click on the dropdown arrow labelled column, and select collar.holeid.

5. Change the test value to starts with, and type 'WL0' (using the number 0, rather than the letter O).

6. Click OK, give the query filter a name, and click OK again.

7. In the shape properties panel to the bottom right of the Leapfrog window, change the query filter dropdown so

it displays the recently created filter.

rs Werlegan ¥ Leapitieg Gre

2 Prgess | 8 Srene e

Foe-WNE (BN &S

L&

~va_mn
e mode
e

Ousery il

5 Fubl focelention

=) ~ |

Plungs +23 ‘ 2)
acimuh 532

o __s00 30031509 2000
e ——

From Scene

Hene

5P §2Sakld

The drillhole traces for all drillholes will still be visible, but only the intervals from the original WL campaign are

displayed.

You can display the whole drillhole dataset by selecting None from the Query filter dropdown list in the

properties panel.
Next, we will make a copy of the geological model.

8. Make a copy of the geological model by right-clicking on it and selecting Copy.

9. Name the new model “Wayleggo WL Campaign GM".

3 Copy Geological Model

Enter a new geological model name

‘Wiay[eggo WL campaign GM

IiHep || & Cancel «Jok

10. Click OK.

Next, we will use the query filter to define the new geological model.

11. Double-click on the Wayleggo WL Campaign GM.
12. Tick the Filter Data option.

© 2013 ARANZ Geo Limited
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The Query Filter default should be the WLO filter:

enes ;l:lmémy Eilm_sy!tem Lithologies Chronology

Base Lithology

Base lithology column: WL_lith - fith |
st s |
[ T holeid LIKE WL0%' =

Surface Generation | T holeid LIFE WL0%

| ‘ Surface resolution: |20 | [ Adaptive

[1 Snap surfaces to contact points

Volume Generation l

| [ Merge output lithalogy volumes

Name:  |Wayleggo WL campaign GM

Mo || B | |

| e

Hemr ==

13. Click OK.

To compare the new and original geological models:

1. Clear the scene.

2. Add the porphyry volume from the original model the scene.

3. Add the porphyry volume from the Wayleggo WL campaign GM.

4. Differentiate the GM model volume from the original volume either by turning on the show edges option for
one of the volumes, or by changing the transparency of one of the volumes:

We can easily see the difference the additional drilling has made to the size and shape of the porphyry volume.
This view also clearly shows that to the south west of the model (on the left of this image), the porphyry
intrusion has not been realistically modelled. By inspecting the drilling surrounding this area, we can see that
the default surface runs between two drillholes, one with porphyry init, and the other without. To edit this

surface, we will use polylines.

Editing a surface using polylines

1. Put a slicer through the surface so that the area which needs to be edited is sliced through.
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2. Right click on the surface which needs to be edited (in this case the porphyry), and select edit > with

polyline.
This brings up the polyline editing toolbar:

B8 Projects | [ Scene View |

Ak IR XY

The draw lines icon allows a new line to be drawn.

x LR e

The icons to the right of the toolbar allow the user to either draw on the slicer, or draw on an object.

There are options for undo and redo, as well as save and cancel the drawing.

3. Todraw a polyline, click on the draw lines icon and left click once on the sliced plane. Continue left clicking

to create points which are linked to make a line.

4. To complete the drawing, right click. Then right click again to return to cursor mode.

Elev (2)

+400

\
Vrorth (v)

5. Remove the slice to check that the polyline looks sensible compared with the original surface.

© 2013 ARANZ Geo Limited
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Elev (Z)

+400

-600

-800

—-1000

6. When you are happy with the polyline(s), click save in the top toolbar. This will add the polyline to the data

which is being used to create the surface.

Elev (2)

—-800

-1000

o
-12003
o i " 4
~ o
s SO 2
~3 g
— =
—~ &
e n

The polyline which was used to edit the surface can be viewed under the surface in the project tree by
expanding the triangles out:

V M Porphyry
v # Porphyry
V¥ A~ Porphyry
i lith
£ Porphyry 2

To edit the polyline, right click on it and select edit polyline.
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Contents

Creatinga geological model ... .. . 1

Goals

For this exercise, we will create a weathering model from the Wayleggo dataset which has been used for
the previous four sessions.

The data for this exercise is available in the project which has already been created, and doesn't require any
additional importing.

“

Creating a geological model

Create a new geological model, making sure to select weathering for the base lithology column. Drop the
resolution down as appropriate, limit the extent of the surfaces to the drilling, and name the model 'Wayleggo
weathering model'

General ‘

Base fithology column: [{J weathering [+ |
[ Eitter data w

Surface resolution: IED.O ‘3, [ Adaptive |
EEE |
|

Model Extents
Minimum Maximum - I
X (st [40000 12| |6200.0 2
¥ (North): |6500.0 |2/ [s000.0 =
ZEey: [-14000 < [ss00 z]

Enclose Object v | |

Name: | Wayleggo weathering model

= ;;ﬂe‘lp-_ B}an(el @QK

Visualise the drilling in 3D to get an idea of the volumes which will need to be modelled:

1. Decide on the best method of creating the two required surfaces - note that there are several possibilities
here.

2. Once the surfaces have been created, activate them in the surface chronology folder and make sure they are
in the correct chronological order.

© 2013 ARANZ Geo Limited 10f 2
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Session 6: Presentation Tools
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Goals

In this session, we will explain how to use display features in Leapfrog for report writing or presentation
purposes. i

At the end of this session, you will be familiar with:
e Saving and exporting scenes
o Using the Leapfrog Viewer
o Creating movies

o Rendering images

For this session we will use the Wayleggo project from sessions 1to 6.

SRS e e SR e e o = Wk e s s s e St e e S e
Saving and exporting scenes

Start by opening the Wayleggo project, and view the raw data in the scene. This should include the topography
with draped aerial photograph, as well as the drilling.

1. Save the scene by right clicking on the Saved Scenes and Movies folder in the project tree, and selecting
Save Current Scene.

2. Give the scene a description, and change the name of the scene. Note that scenes will be listed in the
project tree in alphabetical order, so by naming them using a number followed by the descriptive name, they will
be listed correctly (eg 1. Raw data, 2. Intrusional surfaces, 3. Other surfaces etc).

|
| Description

E mand
| aerial photograph|

h
|
| =

Name: !1. Raw Data

| }_};;]_I-_IJ; ‘ wCancel | @OK |

3. Click OK, and the scene will be saved.

© 2013 ARANZ Geo Limited 10of4
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4. You can now clear the scene, and when the saved scene is dragged back into view, the same settings
including objects, slicer and transparencies are remembered.

A good habit to get into is to save scenes as you progress through a model, describing the steps that were
taken to build it, and pointing out important or interesting features of the model.

5. Build another three or four scenes describing the steps taken to build the model.

V¥ [~ Saved Scenes and Movies
&, 1.Raw Data
e, 2. Intrusional Surfaces
e, 3. Other Surfaces
ke 4 Volumes

Using the Leapfrog Viewer

Once scenes have been saved in your Leapfrog project, you can export them and open them in the Leapfrog
Viewer, which is free software available on the Leapfrog3d website. Leapfrog Viewer allows the user to rotate,
zoom, slice, change the transparency and view the details (volume etc) of each object in the saved scene.

If you have Leapfrog Viewer installed on your computer, you can work through the following steps.
1. Right click on the Saved Scenes and Movies folder, and select export scenes.
2. Select the scenes which you would like to export by ticking the checkbox for each, then click OK.

] Export Scenas

+ N—
sdaSees |5 SelectSones T bopert |
Seenes i - |

| 4 -~ 1 RanDat | |

|
|
, |
| r 2 Intrusional Surfaces | |
| | B |

| Bi=] ‘ 3. Other Surfaces ‘
L } | =
= E‘“""; v, ' 4 Volumes
.

|
B HelEl | g Refiesh ¥ conce ok Erport

There are two options on the next window which can be selected to change the data which is exported. The
first is the "export hidden shapes" checkbox. When selected, this will export any shapes which are in the
scene but hidden at the time the scene was saved. The second is the "export shapes only" or "export all data
that appears when | click" option. When the second option is selected, data that appears in the Leapfrog scene
when an object is clicked on, such as the volume, area, elevation, and location, is exported. When the first
option is selected, this data is not exported.

20of4 © 2013 ARANZ Geo Limited
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Add Scenes

Scenes Description

gl 1.RowDats i

r 2InlmsmnaWS :

3. Other Surfac

¥ Enpurt hidden shapes

) Export shapes only
(@) Export all data that appears when | click:

HHep [ __xgan:el ﬂngpurt
3. Choose the options you would like as above, and click Export.
4. Enter a file name, and click save.

5. Open the Leapfrog Viewer, and navigate to your exported saved scenes to open them.

M e o -

& o

Creating movies
Movies are a great way of displaying your model at a conference or presentation. In Leapfrog, movies can be
created by adding saved scenes to a storyboard, then editing the transitions between each scene.

When setting up the scenes to make the movie with, remember that one scene will rotate/fade into the next, so
it is useful to imagine what the transitions will look like before saving your scenes.

1. Right click on the Saved Scenes and Movies folder in the project tree and select New Movie.
A new tab will appear next to the "projects” and "scene view" tabs at the top of the screen.

© 2013 ARANZ Geo Limited 3of4
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Along the left tree, the available saved scenes are listed. Double click on a saved scene to add it to the
storyboard, which is at the bottom of the scene. When there is more than one saved scene in the storyboard,
transitions will also appear in the storyboard.

To edit the properties of an item in the storyboard, click on it once, and properties will appear in the right
window. Different properties are available depending on which item in the storyboard is selected.

Once the movie has been completed, save and export it in the top toolbar.

There are several options for export; the quality can be anywhere from HD (1920x1080) to lower quality, the
number of frames per second can be changed, and whether or not to export frame images (forimport to an
external movie editing package) can be selected.

Rendering images

Any scene in Leapfrog can be rendered as either a png or jpg image. To access this feature, click on the
Leapfrog Geo menu at the top left of the screen, and select Render Image. There are three main features to
note here.

e The number of pixels along the x and y axis of the image can be changed to a maximum of 40,000 x
10,000. The image's proportions can be retained by ticking the "keep aspect" checkbox.

s By tuming supersampling on, jagged edges caused by pixels will be smoothed. The highest option (4x4)
will take longer to process than the lowest option (2x2) or keeping supersampling off.

e Overlays such as the scale bar and grid lines can be turned on or off.

After any change is made, the render button needs to be selected for the image to be updated.

Once the image has been rendered, it can be saved in both png and jpg formats. In general, png is better for
images with few colours, like a geological model, and jpg is better forimages with many colours, like aerial
photographs.

4 of 4 © 2013 ARANZ Geo Limited
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Session 7: Combined Models
Contents
Creatinga New Combined Model ... .. 1
FindingVolumes .. 3
Goals
In this session, we will combine the weathering and geological models together to create a combined
model.

For this session, open the Wayleggo project from the previous sessions.
“
Creating a New Combined Model

To create a new combined model:
1. Right click on Combined Models in the project tree and select New Combined Model

V¥ |=) Geological Models |
P (@ wayleggo geological model
B (& Wayleggo weathering model ‘
P (# Wayleggo WL campaign GM ‘
E’j’ Interpolants

7@M e& Mew Combined Model J
= Block Models " TT—

There will be three models available to combine; the weathering model, the full geological model, and the
geological model using only the WL campaign.

2. Select the weathering model and the full geological model, then click OK.

| (7 wayleggo geological model 1
| | (% Wayleggo weathering model I

[0 # Wayleggo WL campaign GM i
| I

| m— :‘ |
B o] - |
,‘(‘ Name; Embined Model I
t = | gjﬂ;p | 17;;:.? 7(;59& | A
=
- A window will appear with a set of check boxes relating to volumes in each model.
; 3. Select the porphyry, vein and diorite, as well as each of the weathering units, and click OK.
‘wa

/A |
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Finding Volumes
I . — .
 Given [ — To find the volume for a specific combination of volumes, right click on the item of interest, then click
B Pombiiy properties. The volume as well as a number of other properties are listed.
1 @ Diorite ey 4
] @ Basement E ' = ¥ [ Combined Models
vV fi Wayleggo weathering model - ve .C_oml:ﬁnedModtl
] @ Oxide ) Legend A froperties - Porphyry, Fresh - O
& e E —— :: Wayleggo geological model
[ m # Wayleggo weathering modei f e
& Fresh J e ¥ [ Output Volumes S!Sy
O » & Vein [ Vertices: 35471 1
Tip: Placing models with fewer selected =5 Y .".m:"y': Oxid | Taves 5,261,600
volumes first can reduce the processing time, = I — ‘ & p:.:h;: M;; | fpar& 2, z i
Name: lCnmbined Model _] e ‘ v.._g“"'m" lEval!aliDns i glnu:;gmt ;:: |
EDI,:E' & Extract Mesh Parts... | Manifold:  True
- i iorite, 01 X e Veifices Mqh extents:
st & Divite M 4 | Min Comer: 531941, 7260.68, -1375.49
E ] & Diorte Fy ] Yo OBieet Mex Comer 6460.20, 8870.71, 417.063
I [= Biock Models 4 Brioritise
[Z: Saved Scenes and Mov Bename... ————— = -
| [ Cross Sections and Cot " Export. ';_:Hdp
The combined model may take a few minutes to process depending on the processing speed of your computer. E 1 — 8 s 71 Bopotis
By looking in the output volumes of the combined model, you can see which volumes have been created and '
which are still processing. Ei ;
Once the combined model has finished processing, you can see that each geological volume has been split [ —
into three sub units, representing each weathering type. | 4
|
: E =
¥ [ Combined Madels - T
V @ Combined Model
?_:-] Legend .
(# Wayleggo geological model E 1
[‘ Wayleggo weathening model I ——
¥ [=) Output Volumes
v & Vein 1 e
& Vein, Oxide E PN
& Vein, Mixed | —
& Vein, Fresh
¥V & Porphyry [
» Porphyry, Oxide ;I "
[ ] Porphyry, Mixed g
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V¥ ¥ Diorite p7 = |
& Diorite, Oxide ; 1 -
& Diorite, Mixed J—
@ Diorite, Fresh
E =
| T
S T | i )
b v | Ei i
5= e | -
‘-m Dioiite, Fresh [ ‘ ':
@ Diosite, Mied | WM |
| | = Diorite, Oxice = ||
I| @ vmp;:y Fresh (== |\ E ‘
| = Porphyry, Maned [ | | e
| @ Porphyry, Oxide IE ;
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Session 8: Building from a map using GIS data

Contents

SeftingllipthelProject . nimr s e e e e e e e e e 1
Creating the Geological Model . ... e e 2
Modelling the Contacts ... 2
Creating the Fault _ L 4
Adding the Fault to the Geological Model ... .. . . e 5
Enabling the surfaces to create output volumes ... .. ... ... 5
Goals

For this exercise, we will create a geological model using an imported map and topography.

The data for this exercise can be found inthe Sessions \ Session 8 - building from a map
using GIS lines folder.

Setting Up the Project

1. Create a new project called Folded Geological Map.
2. Import the map, which is called Folded Geological Map.png.

3. The map is already georeferenced, so click OK and drag the map into the scene to view it. Click D to look
down.

East (X)
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4. Use the controls in the scene to set the clipping boundary to the size of the imported map. Once the clipping
boundary has been set, all surfaces which are created will be clipped by default to the clipping boundary.

i —@T"P&?@E:E-ﬂ_ﬁrﬂpwﬁpw [
¥ [ GIS Dats, Map: Set Clipping Boundary

] Gu” 1 Set Clipping Boundary...
| Folded Geq o+ —'PPING 20

¥ [©) Drillhole Data Clipping Boundary
[£=) Planned Drillholes Minimum . Maxmgm =
[ Points X(Esst):  |-3.32082141701% |1493.?59135932:
&) Smcael Data ¥ (North): [-2.5130702672 | 1313320821412
5 Meshes
[=) Polylines | Enclose Object +

[ Structursl Trends
= Geological Models
[ Interpolants

=) Camhinad Madele

| Hmee | Hcamce || Dok

5. Import the file Topography points.csv tothe pointsfolder.
6. Create a topography from the imported points:

= : — S 7 )
;E E?S [ft%,es;::',a @P“Ej{?'&_“- b & |Import Elevation Grid
& Folded Ge‘l [] Set Clipping Boundsry... Fixed Elevation
¥ [ Drillhole Data T
[ Planned Drillholes ;
¥ [ Points

-“-;. Topography_points ‘

&2 From Surface ...
52 From GIS Vector Data...
| i From Pointsi

7. View the topography surface in the scene, and add the geological map to the view.
8. Make sure the topography is a reasonable resolution compared to the points.

Creating the Geological Model

1. Create a new geological model, and change the resolution to an appropriate number.
As we don't have drilling to define our lithologies, they need to be manually defined.

2. Double-click on the Lithologies object under the Geological Model and create the lithologies represented in
the map, naming them Green, Yellow and Orange. Change the colours of the lithologies so they match their
names:

¥ [ Points
%:. Topography._points - l
[ Structursi Dats 7
@ Structural Trends Green
¥ [ Geological Models Gronge
v (# 6M iow; SONSE
b @ Boundary
By Fault System w
Rt =

@ Surdface Chn =
Colours »

Lithologies - GM

? |
g
g

all [n

| ¥ No Comments

Tab ordick to add

P [ Output Vol!
[ Interpotants
[ Combined Models
[E) Block Models

[ Saved Scenes and Movies
[ Cross Sections and Contours

) Motes | oo || oo |[ P

| +Add | = Remove | Rename

Modelling the Contacts

The contacts will be created by drawing GIS lines representing each of the contacts.

1. Clear the scene, then add the topography to the scene with the map displayed.

20f6 © 2013 ARANZ Geo Limited
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2. Create a new GIS line and name it "Green Yellow contact"”

3. Trace along the entire length of the green to yellow contact. You should end up with three segments; one on
the West side of the fault, and two on the East. These will be dealt with later when we add the fault to the
geological model:

HNorth ()

4. Click Save, then repeat for the yellow to orange contact.

Now that we have defined the surface expressions of the contacts, we can let Leapfrog Geo determine the dip
at surface of the contacts. As there is no additional dip information at depth, we will assume the surface dip is
continued to depth.

5. Right click on the Surface Chronology folder in the geological model.
6. Select New Deposit > From GIS Vector Data
7. Select "Green Yellow contact (On Topography)" as the GIS vector data to use.

By using the 'On Topography' version of the GIS line, Leapfrog is able to drape the GIS line onto the topography
and calculate the dip of the surface. If we didn't use the 'On Topography' version, the surface would firstly be
empty, because the GIS line is above the topography which makes it outside the boundary of the geological
model. If we increased the boundary size so the GIS line was inside the boundary, the surface would be
completely flat, as the GIS line was drawn on a single elevation.

To describe this differently, if you imagine the GIS line as a densely spaced series of points, the 'surface of
best fit' for the GIS line is flat (as all the points are on the same elevation).

The image below shows this flat surface:

Now if we look at the 'On Topography' version of the GIS line, we can see that as the 'points' of the GIS line are
no longer on a single elevation, rather they are draped on the topography, instead of the surface being flat it has
adip. This is shown in the image below:

© 2013 ARANZ Geo Limited 30f6
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8. Change the First Lithology to Green, and the Second Lithology to Yellow, then click OK.

9. The surface that is created extends through the fault, and links all three segments of the GIS line. We will

split this surface so it represents each side of the fault at a later stage in the exercise.

10. Repeat the above steps for the yellow to orange contact.

Creating the Fault

We will create the fault by drawing a GIS line, and let the intersection of the GIS line and the topography
calculate the dip at surface. Once the fault has been created, we will activate it to split the two surfaces
created above into four (two on each side of the fault).

1. Create a new GIS line and name it “Fault”.
2. Trace the fault in the scene:

Marth ()

3. Right-click to end the drawing of the fault, then click the Save button.

4 0of 6
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Adding the Fault to the Geological Model

1. In the geological model, create a fault from the GIS line:

v

— = Open
E]L‘nhu'.

V(% om
P & Boundary

[= Geological Models ‘

83 Fault -

== New Fault »

v @ sy iR

B =0 View All Faults

| A% View Active Faults

P 20ty 4 prioritise

B lnterpolanti EJ] Properties...
[ Combined oS
—) Block Model
S Bk Mucels &2 From Surface...

rom Polyline...

-"'.‘. From Points...

I

|

Y

| {' From Curved Polyline...

% From GIS Vector Data...

& From Structural Data...
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fl| 8 No Comments |

[ Saved Scenes and Movies T =

2. Select “Fault (On Topography)”:

GIS Vector

¥, Fault (On Topography)

W Greento Yellow Contact

%7, Green to Yellow Contact (On Topography)
¥ Yellow to Orange Contact

%, Yellow to Orange Contact (On Topography)

Fault Type

® Surface () Vertical Wall

3. Enable the fault in the geological model by double-clicking on the Fault System and ticking the box.

4. Clear the scene.

5. Add GM unit 1 to the scene.
6. Rename GM unit 1 and 2 to “East” and “West”.

Enabling the surfaces to create output volumes

Now that surfaces have been created on each side of the fault, representing all surface contacts, the surfaces
can be activated in the Surface Chronology folder.

1. Double click on the Surface Chronology folder for the East fault block.

© 2013 ARANZ Geo Limited
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2. Activate the surfaces by selecting the checkbox for each contact, and ensure the contacts are in the correct

chronological order.

Contact surface chronology |

| 4 Contact surface | ’

¥ Yellow - Green contacts | |
¥ 4 Orange - Yellow contacts

Younger

| Older

|
=1
|
! B ‘i

|
|
| | IiHep ‘ | xgam:el ‘ }

3. Activate the surfaces for the West fault block, then view the completed model in the scene:

3

| B ot
E;i; Tepogrphies
A Tepsyshy
¥ £ G e, s e Photes
W Fnir
% Gt Vetow Centet
B Vel 1 Ornrge Limtast
| Dreudtngan
¥ Dol Dot
| Fames bomotes
T
B Yopogragts_pamts
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'-"‘ Importing Structural Data for the Contact Surfaces ... ... 3
i Creating the Geological Model for the Western Side ... ... ... 4
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e Defining the Sedimentary SeqUENCe ... ... ... 5
| = Activating the Fault inthe Model . 7
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-

e Goals

- In this session, we will build a geological model from a map, structural data and GIS lines.

]

|
The data for this session is available from the Sessions \ Session 9 - building from a map
using structural data folder.

—

Creating a New Project

To start, we are going to create a new project.
1. Click on the Projects tab.
2. Click the New Project button.

|El

3. Enter the name “Sagean Valley” for the project and click OK.

Importing a Non Georeferenced Map

I

For this project, we will import a non georeferenced map.

== 1. Right-click on the GIS Data, Maps and Photos folder and select Import Map.
E 2. Browse to the folder for this session and select the Sagean Valley Map.png file.
; 3. Click Open.
. The Import Image window will appear. In this window, you enter georeferencing information using three points
p of reference. These reference points are positioned in the image and then assigned their real-world coordinates.
-
-
A
-
[,
| W
-—
-
-
N -
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4. Click on the yellow marker and position it in the scene, as shown below:

Digitising the Fault

# import Image - Sagean Valley Mag - ol
@ [+ @& G | fcesmse (B

] )

By drawing a GIS line then draping it on the topography, Leapfrog can automatically calculate the dip of the
fault at the surface, based on the topography.

1. Click D to look down, and zoom in so you have a clear view of the entire fault.

2. Right click on the GIS Data, Maps and Photos folder and select New GIS Lines.Enter the name "Fault”,
and click OK.

3. A new toolbar will appear at the top of the screen, with icons to let you draw a GIS line.

S v

|

1l

m m mmmmmn
il

ST E 4. Hold the mouse cursor over each button to check its functionality.
ok B - 5. Click the Draw Lines icon. Note that once this has been selected, the cursor icon changes. To revert back
(- ]| - N—| . to the standard cursor, either click the cursor icon in the top toolbar, or click the right mouse button anywhere in
Oflzn .2 0 propertes S [ — the scene. For a shortcut to accessing the cursor while in drawing mode, you can hold the Shift button, which
B e A s lets you move the scene around using the normal controls. When the Shift button is released, the drawing icon
For Roonn [ Pk | i will return.
==

6. To draw the fault, click and release the cursor at one end of the fault to add a point. Move along the fault,

ks e b clickt i
5. Enter the coordinates for the yellow marker, read from the map. digitising from one end to the other by clicking and releasing

il

6. Repeat the process for the green and blue markers 7. Once the fault has been digitised, the drawing can be finished by right clicking.

7. Click OK.
8. Add the image to the scene and press the D key to view it from above.

If the image appears skewed in the scene, you may have entered one or more of the co-ordinates incorrectly.
To edit the georeference markers, double-click on the image in the project tree.

8. There are a number of different edits which can be applied to the completed GIS line. To delete a single
point, click onit, then click the Delete Selected Items icon on the top toolbar. To delete the entire line, double
click anywhere on it, and click the Delete Selected Items icon. To add a point to the line, hold the Ctributton
on the keyboard and hover the cursor over the line. The cursor icon will change, which means you can click and
drag to add a point.

11

9. Once you are happy with the GIS line, click the Save icon in the top toolbar

Sagean Vailoy - teaphiog Geo - e ES

|

Creating the Topography from Points

52 Pugjeen | U Seene Yiewr

1. Right click on the Points folder and select Import Points. S ow-WNO By Es2 = ®E

2. Select the file sagean Valley Topography.csv and click Open.
3. Click Finish.

Loaking doan @

S50 1000 3590

& (H

Importing Structural Data for the Contact Surfaces

4. Right-click on the Topographies folder and select New Topography > From Points.

5. Select the topography points and click OK.

6. Click OK to accept the default name for the topography.

7. Make sure the resolution of the topography is appropriate when compared to the topography point spacing.

The structural data for the contact surfaces will be imported from a series of files. You could, however, create a
table for each contact surface using the information on the map. |

(A

1. Clear the scene.

mmmmmmmmmmmmim
I

2. Right-click on the Structural Data folder and select Import Structural Data.

i

2013 ARANZ Geo Limited |
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3. Navigate to the folder for this session.

4. Select the file Green Pink Contact.csv. Adding the Fault to the Geological Model
5. Click Open, then Finish.

The new structural data table will appear in the project tree.
6. Add the topography to the scene.

7. Press the D key to view the scene from above.

8. Add the Green Pink Contact.csv structural data table to the scene:

We will now add the fault to the Geological model to split it into an East block and a West block, so we can
model each separately

1. Clearthe scene.
2. Drag the topography with surface map into the scene.
3. Press the D key to view the scene from above.

4. Right click on the Fault System for the new geological model and select New Fault > From GIS Vector
Data.

When the Fault Type is set to Surface, the drawn GIS line will appear in the list twice. The Fault (On
Topography) option automatically drapes the drawn GIS line on the topography. This is the step which allows
the dip of the fault at the surface to be calculated automatically, based on how the drawn GIS line intersects
with the topography. See the previous session for further detail on this.

Horth (V)

!

5. Select the Fault (On Topography) object and click OK.
6. Expand the Fault System in the project tree to see the new fault.

Defining the Lithologies

' . low Contact and add them tothe scene. _ . ) _ . )
9. Import the files Pink Orange ContactandOrange Yellow Con As we have no drillhole data in the project, we need to define the lithologies for the geological model manually.

1. Double-click on the Lithologies object for the geological model.
Creating the Geological Model for the Western Side

d the depositional layers for the geological model, but we
he two blue erosional surfaces. We will do this later, after the

2. In the window that appears, click the Add button and enter a name for the first lithology, Green. Change the

o - have the data necessary to bu colour of the lithology to green. Repeat for the other lithologies.
At this point, we have

mMmmEMMm AN MmWMmmm i

i . : inat = :
haven't yet imported the GIS lines representing s Lithologies - GM B
geological model has been built and other surfaces modelled. et o =
1. Right-click on the Geological Models folder in the project tree and select New Geological Model. | [cose =
’ | | Unk
2. Use the controls in the scene to set the model extents to enclose the map. ; | Y:“:::"“ % 1 .
3. In the New Geological Model window, set the Z (Elev) values to -260 and 760. ~ ! iOrmlge .
p | | Pink
4. Set the Surface Resolution to 50. F N |Green — iR
£S n Valley - Leapirog Geo =ik I ‘ DG.I’"( B‘HE — - ;
m@ CEE (v w5t || Light Bive | M
il & - Wh/e bhe s E ;
" E e ) |
Y\;Gﬂlm.mmnﬂfg"" e i'fl‘”.!’_ | | T ‘
| . = =
E = | +Add w Remove : Rename
E= EEE=

|
m
(El

3. Click OK to close the Lithologies window.

i
#
5
£
k1

Defining the Sedimentary Sequence

5. Click OK E — We will define the sedimentary sequence by building from oldest (Green) to youngest (Yellow), then we will
: ' — define the two erosional surfaces.
_ 1. Clearthe scene.
E = 2. Right-click on the Surface Chronology object and select New Deposit > From Structural Data.
— © 2013 ARANZ Geo Limited N — © 2013 ARANZ Geo Limited 5 of 10
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3. In the window that appears, change the first lithology to Pink (youngest) and the second lithology to green
(oldest). |

4. Click OK, and select the Existing Structural Data check box. Select Green_Pink_Contact structural data,
and click OK.

=

Structural Data From

i Al

| (O NewDrawing (® |Existing Structural Data

| |

|. Green_Pink Contact | » l
‘ = .
| QueryFilter | ] )

Name:

=== Ry
| [ ’g;ﬂelp ‘ wganul

5. Repeat the process for the Pink_Orange_Contact and Orange_Yellow_Contact structural data tables.
6. Add the topography to the scene.
7. Add the new contact surfaces to the scene to confirm that they are correctly oriented.

One of the more difficult tasks in building geological models is identifying the sides of contact surfaces,
especially in a complex environment where the geology may be overturned. Leapfrog Geo labels surfaces as

having older and younger sides, which is the “younging” direction.

8. Double-click on the Surface Chronology.

9. Make sure the contact surfaces are in the correct chronological order.
10. Enable the contact surfaces by ticking them

Contact surface chronology [f

| [#] Contact surface |‘
¥ = Orange- Yellow contacts ‘ |
| “# Pink - Orange contacts
7] = Green- Pink contacts

11. Click OK.

6 of 10
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12. Clear the scene and add the unfaulted geological model to the scene:

Activating the Fault in the Model

1. Double-click on the Fault System.

2. Tick the box to activate the fault, and click OK.

3. Add the geological model to the scene

The geological model has been split into two blocks, labelled "GM fault block 1" and GM fault block 2".
It's a good idea to rename the fault blocks so they are more easily recognisable.

4. Right click on each of the fault blocks, and rename them "North East" and "South West".

¥ [ Geological Models
‘ Yliom
P @ Boundary
P &3 Fault System
‘ T Lithologies
v m Naorth East
P (3 Fault Block Boundary
v e Surface Chronology
P = Orange - Yellow contacts
B & Pink - Orange contacts
| B 2 Green - Pink contacts
| | ] Qutput Volumes
¥V £ South West
P> (3 Fault Block Boundary
¥ @ Surface Chronology
| B & Orange - Yellow contacts
B pink- Orange contacts
| P~ @ Green - Pink contacts
‘ P [ Output Volumes
P [~ Output Volumes

Adding an Erosion Surface from a GIS Line

Next, we will add two erosions to the model, lithologies Dark Blue and Blue. They will both be built from
imported GIS lines.

1. Right-click on the GIS Data, Maps and Photos folder and select Import Vector Data.

2. Navigate to the folder for this session and select the files Dar k_Blue Outline.shpandLight Blue
Outline west.shp.

3. Click Open.

4. Deselect the Filter Data checkbox, which ensures that all data will be imported to the project without being
clipped to a houndary.

©® 2013 ARANZ Geo Limited 7 0f 10
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5. Click OK. 18. Clear the scene and add the model to the scene:

6. Right-click on the Surface Chronology for the South West side of the geological model and select New
Erosion > From GIS Vector Data.

7. Select Dark_Blue_Outline (On Topography) for the GIS Vector Data.
8. Select Dark Blue for the First Lithology.

9. Because the older side of the unconformity has more than one lithology contacting it, leave the Second
Lithology as Unknown:

m m

|
- Select GIS vector data:

m

l\'ﬂ Dark_Blue_Outline {(On Topography) | v

!‘" First Lithology: _fiDark Blue | - !_is\'eung:a | v

| secondtitnotogy: [ Junknown | v | isOtder 19. Use the imported GIS line to add an erosion for Dark Blue.on the Eastern side of the fault.

“ Name: w Unknown - Dark Blue contacts 2 J
I

'.
Select lithology i
|

20. View the model in the scene:

m
T T

| — - |
}' _E‘Eelp [ | ngam:el ‘ l, ok | |"
I |

mom
1A

10. Click OK.
11. Right-click on the Surface Chronology for the South West side of the geological model and select New
Erosion > From GIS Vector Data.

12. Select Light_Blue_Outline(On Topography) for the GIS Vector Data.
13. Select Light Blue for the First Lithology
14, Because this side of the unconformity has only one lithology contacting it, we can change the Second

(Rl 1Bl &1 (Bl 1K

Lithology to Dark Blue.
15. Click OK.
G esemewe
Select GIS vector data: .
IS.‘S Dark_Blue_Outline {OnTopoglaphy)_- o 7| =
Select lithology |

FirstLithology: [ Light Blue | v | [izYounger | +
o [EHLig g

| Ssecondlithology: [MlDstkBlue | v | isOlder |
\
\

. Name: |Dark Blue - Light Blue contacts |

1E]

mmmMmmTmm

e Xone || Box |
= e —— = ‘ -
=]
16. Activate the surfaces for both the Dark Blue and Light Blue lithologies under the Surface Chronology
object, making sure the surfaces are in the correct chronological order. E j E
17. Click OK.
=
E =
=)
= =
. . -
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Setting Up the Project and importing data via ODBC ... . . 1
Creating the topography and faults ... ... . s 2
Creating the Geological Model and Addingthe Faults ... . . 3
Defining the Stratigraphic SeqUeNnCe s 4
Goals

In this session we will import drilling through an ODBC link, then create a faulted geological model and use
stratigraphic sequences to model the layers in each fault block.

The data for this exercise can be found inthe Sessions \ Session 10 - stratigraphic
sequence tool folder.

Setting Up the Project and importing data via ODBC

1. Create a new project called "Stratigraphic Sequence”.

We will import drillholes using an ODBC link, but if your computer isn't running 64-bit Office you may need to
import directly from a CSV file, which is available in the folder for this session.

2. Right click on the drillhole data folder and select import drillholes via ODBC.

11‘ ) Drillhoe Datei Import Drillholes... r
) ]
f ﬁ__ﬁL Hapnzd El Import Drillholes via ODBC
£=) Points P Import Drillholes via acQuire b l
[ [ Strictural Daym——————— g

0

You can either link directly to an ODBC data source using a username and password, or browse to a database
file.

3. Inthis case, we will browse to a database file which is located in the folder for this session.
4. Click OK once the database has been selected.

5. A 'testing connection’ window will appear for a few seconds.

The database should contain a collar file, survey file as well as interval tables.

The files have been correctly selected by Leapfrog using the file names. If the default selections are incorrect,
click the dropdown arrows for each to change the selection.

© 2013 ARANZ Geo Limited 10f6
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3 Sefect Tables To Import IES

Collar Table:  [SS_collar ~ |
o |
Survey Table: i SS5_survey v |

Interval Tables: || _ 55_lithology

| sffe Add Interval Table

Screen Table | -

x Cancel r&,‘*ﬂgl(

6. Click OK.

7. The import tables from ODBC window will appear. In this case, all columns are selected correctly by
default, but it is possible to change each column using the dropdown arrows.

= Import Tables From GDEC - oS E
Progress Calise > Survey > Lith F:
File Data Column Summary

Custombiome Moleld v fom v To v | Cuttom Name - Colum importAs Impert Hame
[ T i Litholegy i B Numeic  enemalid
1 DHIOT a0 35449 “lsth” Category holeid Hale ld
3 pH1oT 3448 115002 eh” Tea frore From
H DHioT 115082 152193 “tin” Momeric © T
2 BHIO 158,103 257,666 “Lth” Time Stamp Lith Lithotogy Lth
s DHIOR2 1531 52434 1‘:: l“;:
5 D07 sz 92955
7 oH1072 5285 91782 Hlos partid
i DH1074 o2 185
it DHIO4 165 1345
10 DHIOZE (520 013
In oM oo 3002
2 oH108 0351 103541 Hame Ty 1
e oHios o5 2453 ISR — -
u oHiceT 3183 sT08 =
| I oH10aT 5708 108918
T DH1087 109.918 180813 B Diste 2rd Time Formats
1k DHicaT 150912 210217 <) s
Fitee B Cencet || S@Preions @ sop & Ensh

T fop Il ,"'II;.:“."#I ¥ .
l if‘u‘ni i i <

mmmmmmmmmmimim

Creating the topography and faults

Next, we will create the topography from surface contours.

1. Right click on the GIS data, maps and photos folder and select import vector data

20f6 ©2013 ARANZ Geo Limited B
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2. Select the Topography contours. shp file.
3. Click OK.
4. Right click on the topographies folder and select new topography > from GIS vector data

| [~ Topographie———— B

¥ [ GIS Data, Ma| New Topography v | &2 lmport Etevation Grid '
57 Topograp [+ Set Clipping Boundary...
¥ [ Drillhole Data T
¥ ||| Drillnoles
j P =1 collar
]

Foed Elevation

&2 From Surface ...
%7 From GIS Vector Data... '

#.. From Points..,

5. Click OK, and accept the default name for the topography by clicking OK again.
6. Make sure the resolution of the topography is appropriate compared to the data.
7. Add the topography to the scene:

b+ 100000

8. Use the Meshes folder to import the two fault meshes, labelled fault 1and fault 2.

Creating the Geological Model and Adding the Faults

1. Create a new geological model, enclosing the Lith table.
2. Drop the resolution down to 200 to provide more definition between drillholes

3. Use the imported meshes to define the faults:

¥ [ Geological Models
v (6 oM
P & Boundary ,
9 Fault Systam
B Eliithoicgies 2PN [~ ¥ No Comments |
@ Surtace Chr| <7 DewFaut +| #8 From Base Lithology.
#2 From Other Contects...

P [ Output Voll View All Faults
£ From Polyline...

(== Interpolants View Active Faults =
= Combiied Madsts - 4" From Curved Polyline...
— 4+ Priorifise %0 From GIS Vector Data...
[= Hydrogeclogy 3 =

i) Broperties.. %, From Paints..

= Block Models.

[= Saved Scenee and Movies @ From Structura! Data...

[= Crass Sections and Contours EF“”“ Surfhcss

4. Add the Fault System object to the scene to view the faults.
5. Double-click on the Fault System object to arrange the chronology and set the fault interactions:

2 Fault System- GM Ex

Fault system chronology

¥ Faulis
< [
7 Fault2 Younger

Oider

&
Imteractions of Fault 2
intersction Typs Faut e
Terminstes sgainst Fault1  West

i
o ada —Emuw-s .
14 Bee 3 Cencel 17 <Jox
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6. Activate the faults by ticking the boxes and clicking OK.

This will create a series of fault blocks, which will appear in the project tree under the geological model.

7. Rename the fault blocks to East, North and South.

| Loopirog Gea - [ |

B pien | @ Scenees | B

| @ w-WND RSP

Ll
b

5 Ful Lestentien HOFFs $ISaield  Dmsiogaz |

Defining the Stratigraphic Sequence

For this model, the oldest lithology is Granite and the youngest is Gravel. We will use this for the lithology

above and lithology below in the stratigraphic sequence.
1. Create a new stratigraphy for the South unit.

¥ @ South
B (@ Fault Block Boundary
@ suface ™ —
» 5 Output
¥ @ Hotth
P (3 FaultB 2 NewDepesd
@ surfsce # New Erosion "
P [ Output B New Intrusion
> [ Outputve % New Yeon
= Interpolznts 5 New Vein System
= Combined Mode 38 New Statigraphy
=} Hydrageclogy Vigw &1
) Block Modeis & Drioritise
=) Saved Scenes an

7] Prepenies.

Fault Block Boundary

™ Cross Sections a1

2. Select Gravel for Lithology Above:

2 NewStatigrapnicsequence  IEM

| Chronology | Surfacing

Lithalogy Above: _Dﬁmi _ _ Lx
| Stratigeahic Litha[_] Unknown
|l Graxel
- [ Upper Shale

B Uppe: Banded lion Formation
|0 widdte shate
[l vpper Catbonate
B 1 ower Banded lron Formation

I Lowes Shate

Lithology Below: ‘D Uppec il
5 Lowier Carbonste

Bottom Contact Tl Middle Basaht

— — ﬁ- Sandstone = |
Hame | Strstigraph [ Lowes Basait B
e ==
) = p ] oK
tiHep i W Cancel So

3. Select Granite for Lithology Below.
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4. Add all other lithologies to the Stratigraphic Lithologies list:

5 New Stratigraphic Sequence
ichmnnlngy Surfacing B 7”; &) :SEI!d‘Lﬂhq]ogr '39 nﬁ
Lithology Above: [ Gravel " x| [ Sclectimmomges

| Stratigraphic Lithologes:

Lithology |
B Upper shate ® ‘
B Ugper Banded ron Forl
[5] Middic Shate

B Upper Carbonate |
B 1oveer Bondcd hon Fon | |
B Lower Shate

[ upper Bssat |1
[ Lower Carbonste
I tdcie Bacalt

| |~ Sancisone ey

3 Cancel <Jox

'@J )‘ffaI Ve ———

KEE

SRR

&

Lithotogy Below: [l Granite | | |

SN

Bottom Contact Type: | Deposit v

Msme: | Suatigraphic Sequence

5. Click OK.

6. Enable the stratigraphic sequence in the Surface Ch ronology folder by double clicking on it, and ticking the
checkbox.

7. Clearthe scene.
8. Once the stratigraphic sequence has finished processing, add it to the scene.

9. Define the stratigraphic sequences for the remaining fault blocks (north and east). The easiest method of
achieving this is to right click on the surface chronology folder under the south fault block, then click copy
chronology to, and selecting the other two units.

When these units have finished running, you will notice that the east fault block has an error. Right click on the
stratigraphic sequence and select list errors. You will see seven errors listed, each saying that a particular unit
is empty. This means there is no data in the east fault block for these seven units.

1. Click OK on the errors window

2. Double click on the stratigraphic sequence for the east fault block, and change the lithology above and
stratigraphic lithologies to remove all units above the upper basalt (which will be the lithology above).

5 £dit Stratioranhic Sequence N |

Chionology | Surfacing Trend

Lithalogy Above: [ Upper Basalt -

Stratigraphic Lithologies:

[ LowerCorbennie. ®
| B Micicie Basat ®
B sendstone %
B Lower Basalt % .
Add Lithol Oider
i
| ithologies 3
Lithology Below: [l Granite -
Bottom Contact Type: [Depozit | =
Name: |Stiatigraphic Sequence T
Hinep 3 concal €0k

3. Click OK and let the surfaces re-run, then drag each set of surfaces into the scene.
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4. Double click on the surface chronology under each fault block, and activate each stratigraphic sequence to
turn the surfaces into volumes. Drag the geological model into the scene to view it. f
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Contents
Setting up the project ... 1

Goals

For this series of sessions, we will import drillholes and topography, then build a complete set of models
and outputs. By the end of these sessions you will know how to:

e Import drillholes and topography points

¢ Manipulate drillhole data using groupings and interval selection, as well as fix errors
o Model veins

¢ Build an interpolant and an indicator interpolant

s Create and export cross sections

e Create block models

e Plan drillholes

The data for this exercise can be found inthe Sessions\ Session 10 - Wolf Pass folder.

%

Setting up the project

1. Create a new project and call it "Wolf Pass".

We will be importing a drilling dataset which contains lithology and grade, as well as a LIDAR point set
representing the topography. The lithology contains 15 different codes which we will group into 5 major codes:

Recent: SAPR, COLLV and ASH

Dacite: DA

Early Diorite: E1, E2, E3, EBX1and EBX2
Intermineral Diorite: [1, |2 and IBX
Basement: H and SBX

Note that the leftover code (SGNCRLSS) represents significant core loss, so will be left ungrouped for this
model.

The Early Diorite intrusion is the oldest intrusion, which was emplaced into the schist basement and contains
the highest gold and copper grades. This was followed by the Intermineral Diorite intrusion which also contains
gold and copper, then the barren Dacite dykes cut through all three existing lithologies. Weathering and a
nearby volcanic eruption formed the recent layer, which is the youngest lithology shown in the logging.

© 2013 ARANZ Geo Limited 1 of 36
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Contents
| = Creating the Topography using a Triangulated Mesh ... ... 2
| Settingthe Error Threshold ... ... B o s woiu n pen s 3
- My IMPOrting 2D GridS ... .. oo e 4
=
’ Importing GIS data representing the dyKes ... s 5
| ; Importing the drillholes and fiXing errors ... ol 5
’ Sl O BRI B e R T R S N P S TS 7
- Errors inthe Lithology Table .. e 8
| T , .
’ D" Errors inthe NUMEric Data ... ettt eas 9
B= Importing Downhole Structural Data ... el 11
! o ;
= L1030 1a]] 7o [ 11137 [oTe 1= A e 13
\ . Differentiating the Dykes using the Interval Selection Tool ... ... .. .. 15
| T
- Goals
'y In this session we will import topography points and use the triangulated mesh feature to create a surface.
Ea There are 2D grids representing slope, aspect and elevation. We will then import the drillholes and
manipulate them to the point at which we are able to successfully model them.
.
—
- Creating the Topography using a Triangulated Mesh
- 1. Open the Wolfpass project.
| = In the Wayleggo project which was used at the beginning of the course, we covered the steps involved in
[S— building a topography from points in the topography folder. This created a good topographic surface for widely
and irregularly spaced data. For this project, there is a very detailed LIDAR dataset which has been merged
| ; with a less detailed regional topography dataset, so we will look at a different method of dealing with this
— densely spaced data.
e . If we were to use the surfacer in the topographies folder to build the topography directly from the points, it would
' = be a very time consuming process. To deal with densely spaced data, a different triangulation algorithm is
available in the meshes folder. This works in a similar manner to a standard triangulation by joining the points
= together with triangles, but also has the ability to apply an error threshold which significantly speeds up the
— process, while still building a surface which is representative of the quality of the data.
2. Import theWwol fpass Lidar Topo points into the points folder.
' = 3. There are close to 700,000 points so the they may take a minute or so to be imported. If you are finding the
import too slow, there is also a lower density data set in the folder for this exercise.
|
e
-
o
—_
==
==
Lo

2 of 36 © 2013 ARANZ Geo Limited

F




= leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

Elev (Z)

+3500

4. Right click on the meshes folder and select new triangulated mesh > from points

£_: U3 LATA, WIBDS BnT PCTOS
¥ [= Drillhole Dtz
[ Planned Diiliholes
¥ [ points
#.. Walfpass_Lidas_Topo
| 5 Stiveturat Dsta
=iMeshe & impor Mesh...
22 Polyfint & impon Elevation Grid ‘
= Structy {55 pew Mesh f
| [ Geolog| By New Trisngulated Mesh v 32 From GIS Vector Data.. ’

2 interpo. &5 pesh Dpesstions v | A From Bein
== : 2 Fromathiine...
| [EHydior §* Evpont Meshes o Curved Polyiine.
] New Triangulated Mesh
Pointe: %, Woltpass_Lider_Topo =

Extents

@ Own edents
Minimum: Mammum
XEast: [a38630 |3 [ams20
¥ (Noh): 4018680 2| 4951320 4
Ly (D50 : o200

Enclose Object +
[ Use enor threshold
Distence:

Hame: | Wolfpass Lidar Topo |

" Hinep Ko | ok

Setting the Error Threshold

The error threshold is a useful tool which can deal with very densely spaced data in a more sensible manner
than just sampling the dataset. The error threshold works by excluding points which don't have a vertical offset
greater than the threshold. If the threshold is set to 0.5, and the difference between one point and its neighbour
is less than 0.5 m, this point will be excluded and the triangle will be fitted to the next point which is above the
threshold. There will always be a trade off between the accuracy of the data and the processing time for the
surface.

5. The point spacing for this data set is around 2 m around the main project area. Set the error threshold to 0.1,
click OK and let the surface process. Again, this may take a few minutes as there are close to 700,000 data

points.
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% NewTringuated Masn B
| 2
|| Points: [A. Woltpzss Lidsr Tapa - -
|| Btents

|
| @ ounegenn

Minimum Masimum

|
xitaty [sasss0 |2 [ammn 3 |

YiNomhy [smissa0 I [aesizzg [T

zEe: [Z20 2 [0

Enciose Object +
) Wse enror thieshold

Distance: |0.1000000

Name: [Wollpass_Lidar_Tepo | ji

Tikep B || ok

In the image above, the right side is the triangulation without an error threshold (ie it creates a triangle between
all points), and the left side is the triangulation with an error threshold of 0.1 (ie any point shown which is NOT
at the vertex of a triangle is less than 0.1 m vertically from the surface).

6. Check the surface against the points to see whether the error threshold applied is producing a reasonable
surface.

Now that the surface has been created, it needs to be added as a topography under the topographies folder.

7. Right click on the topographies folder and select new topography > from surface, then select the mesh
and click OK.

8. Accept the default name and click OK again.

Importing 2D grids

Leapfrog can import 2D grids in a number of different formats. Once imported, these can be set to a specific
elevation. In this case, we will import 2D grids representing the aspect, slope and elevation of the topography
surface, then set the elevations of each to the topography.

All Supported Formats (“.asc, ™.adf, ".dem, ".ers, ".grd, *.hgt, “.img, *.bil)

All Supported Formats (*.asc, *.adf, ".dem, ".ers, ".grd, *.hgt, *
Arc/Info ASCIl Grid (*.asc, ™.txt)
Arc/Info Binary Gnd (*.adf)
Digital Elevation Model (".dem)

Intergraph ERDAS ER Mapper 2D gnd (".ers)
ESRI .hdr Labelled Image (".img, ".bil)
SRTM .hat (*.hgt)

Surfer ASCIl or Binary Gnid (*.grd)

All Files (*.%)

1. Right click on the GIS Data, Maps and Photos folder and select Import 2D grid.

2. Navigate to the folder containing the 2D grids, and import them one at a time, noting that the grids are
georeferenced in this example, but is possible to override or add georeferencing within Leapfrog.
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1. Import the drillholes for the wolfpass project. Make sure all the numeric data is imported as numeric data,

3. View the grids in the scene. They are flat grids at an elevation of O m.
and the WP_lith column is imported as lithology data.

4. To set the elevation of the grids to that of the topography, right click on one of the grids and select Set

Elevation, then select the From Surface checkbox, and make sure "Topography" is selected. E i P
5. Click OK, and repeat for the other two grids. ‘ == LY e
S oew-WNT A& E = ::253:;
R AU_gpt
f CU_pa
g DENSITY
:E i A M0 _ppm
A 1= Ay RECOV
A s pet
¥ X WR_lith
[= f sham— & ROCK
'rf <L Tepn ‘E‘ " Ef;-(mnpusm
B B Wopas Lidee Topn 2 R [ Planned Drillholes
E ; You will notice that Leapfrog has flagged a number of errors with the data set. By dragging the drilling into the
o scene you will immediately notice that one of the drillholes has a collar above the topography.
| — Elev (2)
S B - E =
| s ]
In the image above, the grid representing the slope of the surface is being displayed alongside the legend. We =
can see that the slope varies between 0.82° and 50°. These values can be queried using the value filter in the E !

shape properties panel.

1)

Importing GIS data representing the dykes

There are GIS lines representing the hangingwall and footwall of dyke 1 on the topography.

1. Right click on the GIS Data, Maps and Photos folder in the project tree, and select Import Vector Data.
Navigate to the GIS Data in the folder for this project, and select both the hangingwall and footwall.

2. Click Open to import the files to Leapfrog.

3. In this case we don't want to filter the data to within a certain distance from a bounding box, so untick the
'Filter Data’ checkbox.

4. View the GIS lines in the scene.

To fix this there are two options:

« We can open the collar table in Leapfrog and manually change the height

e We can project the collar onto the topography.

(Bl

The correct height for this collar is 3057.75. Both methods are outlined below.

- ] Manually changing the height
e 1. Inthe scene, click on the drillhole which is floating above the topography, then click open collar.
Lu
L= x
|| B8 weith 7
| Hole ID WP001
Interval 4,75, 7.35
ROCK SAPR

|| X} open WP_lith

—a
| | ] Open callar

|
ﬂ' Add Comments

LBl

L

2. The collartable is opened, with the correct collar highlighted. The height can be changed in the table which is

mmm mm m mmmmmmm
1l

; opened.

Importing the driltholes and fixing errors
. . . =

When data is imported into Leapfrog, it runs a validation to check whether there are any inconsmtenmeg in the !
data. Errors will then be flagged, and can be fixed in Leapfrog with a number of tools, or exported to be fixed in
the database. —

— |

| === _]
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[} " weomt 245140155 203384.584 309924284 2000
O 0O 12 Weoiz 445293844 203889875 2072703.. G022955EE
O O 3 weoi3 445536.156 403143530 2976548 2000
m) Im} H WPO4 245533219 462090344 2935.561.. 2000
O O 15 WRDiS 445203125 493720188 3033790 SMLANTE
o o WROIG  HSSE737 453500905 2805072 2000
o o w WPOI?  a5155.004 93ESLI0E WTASTS. 2000
00 G WRNiA_ LSMRTS ARTISTRL MM 36N — 5
{ Hew R Hox

The text which has been edited remains bold for future reference.

Setting the elevation from topography
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1. If you have a topography surface which is more accurate than the survey elevation for the collars, you can
project the collars onto topography by right clicking on the drillholes object and selecting project collars onto
topography. This will project all collars vertically either up or down onto the topography surface.

Fixing Survey Errors

Now that drillholes are in the correct location in space, we will fix the survey data errors.

1. Right click on the survey table and select fix errors.

¥ [ Drillnole Data
¥ ||| prithotes
¥+ 71 coliar

K] sunvi

¥ X WP

n
- | X Fix Enrors... ;
A ' import Column e
wA o= Append Data
e 4 & Reload Data ‘
faC
% b 4 Prioritise
fiw 1 @ Delete
e R 4 Export...
fas, ' Export Errors...
v & we. I‘_,ﬂ Properties..
| m ROy

|
| +3000

Two errors and one warning have been flagged. The two errors are both "collar maxdepth exceeded" error§,
which means the depth listed in the survey is greater than that listed in the collar table. The warning is telling us

that there is no trace or downhole data for the listed collar.

2. To fix the "collar maxdepth exceeded" error, click the fix collar maxdepths button to the bottom left of the
window, which will adjust the max depth listed in the collar table to match that of the survey table.
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AN

2 Dataase Errors - o |
| s
fuois o " Current Error (in table survey) Showing holeid WPDOS' only
| ¥ mrons@) |lignored i+ holed  depth  dip snmuth
¥ Collar maxdepth exceeded (2) | a 7 WPOD2 00 4“0 s
| ¥ survey (2) = WPOGE 300 240 ns
| 1208, column depth, conflictsca | (19 WPOGR 450 15 | |
1ew 103, column Aepth, conflicts |
¥ Warnings {1}
P Na surveys for callar 1)
e
Group By
0 Teble ® Type ) HolelD
|
Incresse collar masdepth values to
BegloceAlle oatch survey and segment depths
Replace Selection
Sibep I Concel Sox |

3. Tofix the warning, we need to locate the collar in the collar table. Click OK for the database errors window
and let the table reprocess to remove the collar maxdepth errors, then locate collar WP059 in the collar table.

¥ [ Drinhale Data ] Talelcalizr - oiER
= ) : % e ool h
- & Y i) Al
Results: (56 ros)
|Ignored wench  id &  holed 3 2 maadepth
fn cu | o ] WRDMD 452425 AMME2344 0362%6. 5000
i il o o WP ATERSED 41N 284DEEL. 4000
fe 140 g O o WPBSZ 45104438 493067938 NITES5. 47.89090¢
Pipiid | D WPDHS 445292405 490565605 205T.ME5D MD14N98S
H“‘ P WROS  A4SDEGIG DIOIZON FITASE. (TRS4SST
W WRDHS  AUTT2063 4GSISM 2000401 IMIS0N6
& ROCK

= Composites
) Planned Drillnales
¥ [= paints
& Welfpass_Lidar Tapo
4. Wollpass_Low Qualty_Topd
- Structural Do
¥ [ Mesiies
P 2 Wolipass_Lider_Topo
¥ 23 Wollpass Lidar Topo 2

gooCcozZodooooool

nfislisingcissagsl=dalio

I

|

= Polyimes

£ Structurs! Trends |
|

o |y

E= Geologics! Models
5 Intespolants
= Combined Model

P v

Errors in the Lithology Table

B esneessaktEsn
]
b

WRMT  AAS0T3S00 AM2ODETS 3245004, 13435
WP 4450470 404199438 3215912 250200012
WRNMG 445203504 AMIBRISE 3135423, 304200012
W00 445708136 4%105T3 3128000 20399950
444512163 4M0GS.E13 2030.05002 175.100006
WSS ANO73 4GOS 2025503 35349958
WED3E 443072006 4204905 3243.041.. 32675
WSS 445209513 4M4191.805 3133530 19435
WEOSE 443003710 43191275 316605657 338640064
WROST 44302373 434102408 220116554 160.720000
WPOSE 4455000 4936000 292135536 103849097
VRIS 43013 46000 26302 1028

B gonee o |

From the initial validation completed by Leapfrog, one interval has been flagged which has an overlapping
segment. To fix this, we can manually edit the from and to values as required. In this case, by editing the 'to'
value of the row labelled id 8, we will be able to remove the error.

8 of 36

© 2013 ARANZ Geo Limited



2= leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

1. Change this value to 92.0, instead of 92.550003. The overlapping intervals have now been fixed. As was the
case earlier, the edited value remains bold in the table for future reference.

2 Database knors - P
Erors - o p-rp_n_[uw(,-ﬂwp_mm_snu.\in_glmreu PO only o o
¥ Ervors (1) llgnored 14+ holed  from to ROCK

¥ Ouerlapping Segments (1) 0o 2 wego 03 a8 SGNCRLSS
¥ WP_Eth (1) a3 wPodl 0B a0 SAPR |
el | [ % weool 09 18 SGMCRLSS
Ih:r;\ing;lor]:i‘i S 5 WROO1 18 a0 SAFR
& WPOo! 405 4TS SGNCRLSS
C 7 WPOD1 475 L SAFR
e weool (735 T—
0o 9 WRODT 920 e SGNCRLSS .
Current Conflict fin table WP_ith]  Showing holsid WPID1 only
Ignared id 4 holsid  from to ROCK
o 2 weool 01 43 SGNCRLSS
- 0 ¥ W01 [k 08 SAPR.
Group By: O & weont 09 18 SGNCRLSS
2 Table @ Type O HolelD o 3 weom 18 405 SAPR
0o & WRODT 405 ATS SGHCALSS
o ¥ wWPOD1 475 735 SAPR.
Replace AlL. o [8 wpor_|[235 92.0 Bl
e O s weool 820 B2 SGNCRLSS
I'Lgl;c!éz\t(lmﬂ o o g i S e
IfiHelp 8 Concet Pk

Errors in the Numeric Data

Leapfrog flags intervals which are missing, contain non numeric values, or contain non positive values. For
each item we have the option to either replace, omit, or keep the res ult. We will start by looking at the errors in

the Sulphur table.
1. Double click on S under the assay table. The invalid value handling window will appear for Sulphur.

% \rvaiid Val e Handting E3

Handling of invalid and special values for §_pet
Missing values {0 values accurring 0 times)

Mon-numeric values (2 values occurring 480 fimes)

Valve OQccumrences  Action  ReplaceWith  Remove
Default Actien 483 omit |¥
Add Rule

Humeric values (1 value occureing 276 times)
Value Occurrences Action  Replace With Remove
Non-Positre Values 276 keep

Add Rule

| These rules have been reviewed

;;Ed,. 775@ Cancel Sk

In this window we can see that there are no missing values, 2 non numeric values which occur 480 times, and
1 numeric value which occurs 276 times. We will start by fixing the non numeric values.

2 Select add rule under the non numeric values heading. A window with the values in error will appear. We
can see that these values are <0.02, and NS. Highlight <0.02 and click OK.
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% Add Non-Numeric Rule 3

Select a value from the list

Value Occurrences
<0.02 101
NS 379

| Thevalue | want is notin the list

% cancel | Hok

This adds <0.02 to the non numeric values window, which we can then use to define the action we would like to
take whenever Leapfrog comes across this value in the Sulphur table.

3. Inthis case, <0.02 is the detection limit, so we will replace it with half the detection limit, which is 0.01.

a2 nvalid Value Handling [ x |

Handling of invalid and special values for S_pct
Missing values (0 values occurring 0 times)

| Non-numeric values {2 values accurring 480 times)

Value Qccurrences  Action Replace With Remove

Default Action 480 omit

<002 301 replace | v | 01 ..
Add Rule o

Numeric values (1 value occurring 276 times)

Value Occurrences Action  Replace With Remove
Non-Positive Values 276 keep
Add Rule

[[] These rules have been reviewed

g-ﬂslp w Lancel C,E‘_QK

4. Click add rule again, and this time highlight NS.

5. For these intervals there are no samples, so change the action to 'omit'.

There are also 276 numerical value errors.

6. Click the add rule button to see that the value is -0.01, then click OK.

7. Change the action to 'replace’, and use 0.01 as the number to replace the value with.

8. Once the rules have been changed, tick the these rules have been reviewed checkbox, which will remove
the red cross from the assay table in the project tree.
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1 Invalid Value Handiing EX

Handling of invalid and special values for 5_pct
| Missing values (0 values occurring O times)

Non-numeric values (2 values occuriing 480 times)

Value Occurrences  Action Replace With  Remove

Default Action 480 omit

<02 101 teplace 001 ®

T et S L ro—
Add Rule

| Numeric values (1 value occurring 276 times)

Value Occurrences  Action Replace With Remove

Non-Positive Values 276 keep
001 - replace |+ 001 b -
Add Rule

] [These rules have been reviewed

 Ee Honce || Dok

Repeat this process for the other assay tables until the errors have been removed.

¥ [ Drillhole Data
¥ I} Drillholes
B 1 collar
8 sSurvey
v WP _assay
R AG_gpt
R AS_ppm
A~ AU_gpt
A~ CU_pct
fis DENSITY
Ax MO_ppm
A~ RECOV
s Spat
¥ O wp_lith
& ROCK
[ Composites
[ Planned Drillholes

Importing Downhole Structural Data

FAST, DYNAMIC GEOLOGICAL MODELLING

Structural data can be imported into Leapfrog in either dip - dip azimuth with an associated downhole depth and
hole ID, or as alpha - beta measurements downhole. We will look at importing some downhole structural data

for the Wolfpass project in both formats.
1. Right click on the Drillholes folder and select import from file > structural data.

¥ [ Drillhole Data |

¥ |il Drillheles : |
> O collr New Merged Table ]
S surve <k Append Drillholes... |3750
vOwea £ Reload Drillholes...
A ag lmpo_rt From File v | =7 interval Values
A As, 1mpc;;1 Fr-om Obﬁc r -‘-,- Point Values
s al

j New Evaluation | ‘ Structural Data

ANCL \gd Core Photo Link B sciees
ANDE it e
R My
A~ RE 8 Delete
| A5 & Bxport... 4000
v T wei S
RO ™

2. Importthe WP_DHStructure. csv file from the drillholes folder.
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3. The columns are selected by default by Leapfrog. In this case, the Alpha and Beta columns have been
selected even though they don't have any data. Change these two columns to 'Not Imported'. The Category
column needs to be imported as Category data.

#
| FeData
Holeld  w Depth

1
2 wews =
3 weos -
4 v w05
5 whs =
& w0 e
7 wroon »
8 vous -
2 weus "
10 wetrs =
11 Wit "
12 wEns e
|13 wems a
° WRS @
15 vt e
16 W05 2
i 1T WR01S 150
18 r0is £
19 weris =
| #weoms w
e

= Polany

rian ST D ROt

v Nt imponede Hotlmponede Cetegory v |

s |

o -
Columan Summary

Column import As gt Name

BHID Hale i

Degth Depth

Dy Dy

Aot A

Petrty iy

Liphs Bt Imacried

[ s Hethmporied

o A |
Hame WP_DHStnscture B
Chuscterenzoding  Auta Windoes- 1252} -
Liqpetous:  [iane ———

Import Al Coumns

B Date 4d Time Formats

= P Cilchanden

Home  Bepsh

4. Click Finish and the structural data will be imported. View the data alongside the drilling.

i‘+49 4000

44493800

{+403600

$4+493400

i

‘++935@/’ S

o
g |= g
8
2 12 ¢
=4 o+ o+
gL i i + -
e F VT e

S

- =
o 3 Ee
= b
8 5 I +
i 0y =+ 4
wn + + w
=+ o+ +
+ I
% b
-I')_(—)_F
P

Next we will import the alpha - beta structural data. This is very much similar to importing dip - dip azimuth
structural data, but once imported, the position of the orientation mark must be specified.

1. Import the WP_StructureAlphaBeta. csv file following the same steps as above.

2. Again, select the category data type for the category column, then click finish.
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File Data
j Holeld  + Degth
1

2 WPd 56
3 weou ]
4/ wros 93
5 WPDs3 06
6 WPO53 2
7 WhIS3 2
8/ wrose 30
}{ Help

B -Unlamyiiiv Alpha

Import Stracturs! Data We_DHSuclureAlphaReta: - olEd
Column Summary
- Bﬂa = Netimportedr | | ‘Column rmp;vm.s - lmp;r[Namn

‘caregory’ Lithology Holeld

W “cotegery” Category Depth

7 ‘eotegory” Test Polsrity

1 “categery” Numeric Alpha

10 “coregery” Time Stemp Beta

5 ‘eategery” Date Not imported

5 ‘eategery’ URL

65 Not Imparted
Hole ld — — —
i WP_DHStructureAlphaBets
Din coding:  Auto (Windows-1252) - -
Azimuth = =
Alphs 1D: Nane -
Bets Impart All Calumns
Eolarity

Time Fonmats
Cistom Name
i Belere
& concr 5 Finish
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To specify the position of the core orientation, double click on the data you have imported in the project tree and
go to the compatibility tab. Make sure this is set to 'bottom of core' for this dataset.

% Table WR.DiStructreaiphates  ~ = R

Data Compstitility

Beta reference mark
Top of core

®! Bottom of core

o " - —
Thhes ¥ Concel <Box

Grouping lithologies

Data often comes from multiple sources, and different geologists (in some cases logging over sevgral .
decades) use different terminology. When building models, there may be specific reasons for treating mult!ple
lithologies in a single group. In these cases, lithologies can be grouped in Leapfrog without altering the original

data source.
Grouping lithologies adds a new column to the lithology table, which allows you to model either with it or with

the original data.

1. Add the lithology table to the scene

2. Right click on the lithology table, and select New Column > Group Lithologies

3. In the window that appears, make sure ROCK is left as the base column, and change the name to 'grouped
lith'. Click OK.

2 New Lithology Column | x|
Base Column: WROCK ‘_v | |
Name: '_Gmuped lith

I;—‘ Help _ V xgancel . @QK y |

In the window that appears, we will create new groups and add lithologies to these groups.
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4. Highlight ASH, COLLV and SAPR using ctrl or shift select, then click new group.

3 Lithology Coiumn - Grouped_lith [ = |

Ungrouped Lithologies Groups
Code Colour | | @ Code Colour
ASH .
COoLLY
DA
El
E2
=}
EBX1
EBX2
H
I
2
IBX
SAPR
SBX
SGNCRLSS

EORROOCNENENEDN

Auto Group +ﬂew Group

i{ibep ¥ Concat

S

5. Enter the name 'Recent’ for the group. Expand the small triangle to the left of the new lithology to see the
lithologies which make the 'Recent’ group up.

I
2 Litholcgy Column - Grouped_lith | x|
Ungrouped Lithologies Groups
Code Colour | | @  Code Colour ‘
DA - » Recent D
| 3] | B ASH ‘
' E2 | N coLLY ‘
2] =R SAPR
| EBY1 |1}
B ez (]
b« =
| | n (I
| 12 1
o 1 | ,
| sBx [ |
| soNeRLss =
Auto Group ﬁ Delete Groups

J1/Help wgancel @f‘g}i

6. Repeat the process to create the following groups as described at the start of this session:
o Basement: H, SBX
o Dacite: DA
o Early Diorite: E1, E2, E3, EBX1, EBX2

e Intermineral Diorite: 11, 12, IBX

Leave SGNCRLSS ungrouped, as it represents significant core loss so is of no use for modelling.
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5 Newlithology Column  IEM
| eeieaaete u
|

% Lithology Column - Grouped_lith E3
Ui

ngrouped Lithologies Graups

= = Col [ i
|| code Colour | | @  Code olour Base Column: | Grouped._lith |v|

SGMCRLSS = !1' @ Recent

ASH
[ | COLLY
SAPR

V @ Dacite - |
=]

— |
i Name: ' Split Dykes ] ‘

va E:ky Dioiite :_: = xgancel .QE‘IQK
|' El
| [+
B
‘ EBXI
B2
I ¥ @ |nterminesal Diorite
n

3. Hide all the lithologies apart from the dacite, and change the display of the drillholes to 3D so they are easier
to see.

12

mmmmmmmm m

Recent

1B | E o B T | Sy ]
1 v fasement - |7 Interval Setection - Spit Dykes K
il H | Name Colour |
| - sex ) | Basement B 1
- P Vi | @ Dacit |
‘ Auto Group 9 Delete Groups | .E::,I' ;im'rt: =
. - = ==y {f T i Intermineral Diority
|t T / oo | = -
—— = o= — = = | |
Click OK, and the scene will be updated to display the newly grouped lithology. I ’
82 Projects | [ Scene Yiew - - — = ‘
F - WHNE (RYNES s N ‘
[ | Grouped_lith = E | = 8 ! f
" - a & =
.Bas—emant Z‘ 2 +2600 g 8 ? ‘E
Elav (2) Woacte g & g o e o Y T
B early Dicrite it o |9 o - T I
43200 3 I Intermineral Diorite E k= 3 %: E % _/;_/‘/
‘ - R F T

When an interval selection is created, a set of tools for selecting intervals in the scene is displayed in the top
toolbar. Hold the cursor over each to view its function:

=
N
m

= o
= <
i 3 . § 3 - APE '
g 3 o =z x Jt H fis
S DESUPSUTIINNT - B - A o HX 2&° el
— =] E— =] o o % P Il
c ¢ L —— > .
2R £ 1 3" Plungesis @ | 4 Interval Selection - Spiit Dykes
«+ Zi i | - olour
) I Ty Azimuth 041 | Mame Colour
= tha p 105 250 375 500 |
e e Basement [ ]
— E: o Dacte B
| Early Diorite | ]
Interminer! Diorite
| Recent =

m

Differentiating the Dykes using the Interval Selection Tool

The Dacite lithology is made up of two dykes that appear as a single lithology, so we will split the dykes into
two lithologies to make them easier to model.

1. Right click on the lithology table in the project tree, and select New Column > Interval Selection.

Line the dykes up in the scene so you can easily see both of them.

m m

¥ T we_litt .

b {5 Grox Dpen
BROC e Query il (| _porerros |
= Compo |
3 we pH| | NewColumn v | [ Group Lithologies El
& v _DH o+ Append Data (B, Spit Lithologies
= Planned D{ f& Relosd Data TH Interval Selection
¥ [ Points & View Object

/2 Overiaid Lithology Column

m

£ Wolfpess | g prioritice
#., Wollpass_t Rename...
[ Structural Dat =] [__)eLaE
¥ [ Meshes
P {3 Wolfpass |
» 8 wolipass 1

P Poyines | ) Broperties- 1

f_ Impart Column
m -

@ Export..

m

(I (EF (ET (EF (RN (EI (ED (RDOIED (RN OGEN OIH) DRI OE)OINDOURD ORD U OEOIE W OB 1B

2. Change the base column to 'grouped lith', and enter 'split dykes' for the name, then click OK.
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-l
—
"

+445600
East (¥}

4. Click on the Select intervals tool ( |~ ) and draw across the segments for the first dyke.

5. You can change the width of the selection tool by clicking on the line width icon in the interval selection

toolbar.
6. In the Interval Selection window, click Assign to, then Create New Lithology.

7. Inthe window that appears, enter the name “Dacite Dyke 1", then click OK:

| — 1marval$e£rtim: Spht;Dyk(:s

Name

Basement
++3tlnﬂ @ Dacite
Early Diorite
Imermingrs! Diome
$:2000 Fecent

| bame [Dyet = /
e = e WA |
R o | M P ot
o

| ¥ coneet ok

e o ws

-445300
455600
fast{x)

8. Select segments for the second dyke and create a new category forit.
Note that it isn't crucial to get the selections perfect at this stage, aswecC

adjustments.
9. When you have finished, click the Save button in the toolbar.

an always go back laterto make

10. Close the Interval Selection window.
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Recent
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BECOENE
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Oo = /
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8
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The raw [ i
data has now been successfully imported, validated and prepared for modelling so we can move on to

the next step, which is creating the geological model for the Wolfpass deposit.
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In this session, we will look at creating a geological model with three dykes, then use the features in
Leapfrog Geo to create a vein system to model the dykes with.

The data for this sessionis inthe Sessions \ Session 10 - Vein Modelling folder.

We will start by modelling recent layer, which is reasonably well defined at the top of most drillholes. Then we
will work our way from youngest to oldest; from the dykes, then the intermineral diorite, then the early diorite.
The last lithology to be modelled is the basement, which will be defined as 'everything else'. This means we
won't need to create a separate surface for the basement, as it will fill in the gaps between the other lithologies.

1. Create a new geological model with:
o Split_Dykes set as the base lithology column
e The WP_lith table as the extents
o The resolution set to 20

¢ The name Wolfpass GM.

TR T T I T T T T T TR T T T TR T R R
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'3 New Geclogical Madel [ x |

General
|

Base lithology column: ‘@ Split_Dykes ‘_v_:

Surface resolution: [E: [l Adaptive
Meodel Extents
Minimum Maximum
X(Easty [2447000 3| [a4s8000  [2)
¥ (North): (4928000  |3| [40aa000 |2
Z(Ee): [23300 12| (32000

| 4

Enclose Object v

Name: | Wolfpass GM

,;_;‘ﬂ_elp | !7_7x_gancel- I _@QK

Building a Cover Sequence or Weathering Profile using a Surface Offset

By building the Recent lithology using the erosion tool under the surface chronology folder, the recent surface
becomes overthickened towards the edges of the model where there is limited data.

Topography |
surface

P

Recent surface |
based only on
drilling

To prevent this, we will create a new mesh from offset points.

This lets us use the points from the recent intervals combined with an offset topography surface to create a
more realistic surface away from drilling data. This technique works particularly well for deposits relating to the
topography such as laterites.

The recent unit was created by grouping the ASH, COLLV and SAPR. Of these lithologies, the saprolite is the
only weathering feature which is affected by topography. To take this into account, we will offset the
topography surface to the SAPR contact points. This will allow us to create a surface which honours the datain
the drilling, but away from the drilling it will have a reasonably consistent thickness as would be expected from
this type of surface.

The offset surface function is available in the meshes folder. The steps below run through the process involved
in creating an offset surface.
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Creating the contact points

1. Right click on the Points folder and select new contact points. This will bring up the same dialogue that
appears when a depositional or erosional surface is created, but it will only create the contact points.

[ Raintey
#.. Wol fa ]mportEofnts -
= Structu ¥« Import Points via ODBC

= Meshes? #.. Import Geophysical Data

| & Wol # New Contact Points

[ » & Wol -"ﬂ Mew Intrusion Values
[ Polyling % New Interval Mid Points

[ Structu “-» New Grid of Points

M =sa

2. Select the 'ROCK' column to extract points from

3. Select 'SAPR' as the primary lithology, and change the point generation type to use contact below. Make
sure to add the SGNCRLSS (significant coreloss) to the ignored lithologies window.

% New Contact Points E3

Lithology = Compositing

Contact in Column 'ROCK’ on Table "WP_lith’
Select primary lithology

[ sapr v ]

() Use contacts above (® Use contacts below ) Use both

Contacting lithologies: Ignored lithologies:

e * | [ AsH©
e | | [ cowv @
| 05 = | I e8x1 ©)
([ ez (®) ‘ . !IZI 12 (0) "
CH® | | SGNCRLSS (35)
(SR | b
Treat unspecified intervals as
(® Ignored ) Primary ) Contacting
Reference Plane

[v] Herizontal plane

Name: |SAPR contacts |

' Help % Cancel

4

Y
2
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i

I

5. Now that the mesh has been created, it needs to be added as a contact.
6. Right click on the surface chronology of the geological model and select new erosion > from surface. Set

i the first lithology to 'recent’, and click OK.
Elew8Z) —
" A New Erosional Contact ! [ x |
= - — i
; = +3100 [ . _I Select surface:
£ g _ (7
i 2 & e |8 Offset Topography v
= [ ] ]
= | ngm o
L
3 2 e = 4 | Select lithology
) 1‘_1‘_'; o o (=} =) = 2 S = =
. @ a a S =) 2 & @ b = First Lithology: “:IRecent v ‘is Younger | v |
=3 +29003 o 0 W % T T T = —
", + : : )
: % ¥ T i1 1__':,__ + o W I Second Lithology: ||:|Unknown | v | is Older
L i =
Name: |Unknown - Recent contacts |
i '
— 1{ Help & cancel £Jok
. +-4 01 L= Y
Creating the Offset Mesh - |
1. Right click on the meshes folder and select new mesh > from offset points. The offset points dialogue will il |
=
appear.
| B [ Meshi | 1 M
E - Iy_i" & |mport Mesh... | it
[ Polyln . -
B struet, 27 Import Elevation Grid | 4
) Struct] — | N B
|| & New Mesh + | 5Z From GIS Vector Data... =
V[ Geolo . — | " . B |
4 &2 New Triangulated Mesh v | ¥ From Points... [ Eo= ] - -
v % w . L g Pokvli | Topography
> al 22 Mesh Operations ¢ Erom Polyline... e
oy i £ From Curved Polyline...
b a Export Meshes @ From Structural Data... SR .
[ 3 z_:‘ A [ Recentsurface |
> #%« From Values... | based on SAPR ‘
s # . From Offset Points — SIOvRCES o gl i
bk S2MSE offset topograph
- P [ Output Volumes — o — w/ \ 5 Y"‘

2. Set the mesh to be the topography, and the points to be the SAPR contacts.
The distance limits (minimum and maximum) limit the minimum and maximum offsets of the mesh.

3. Set the minimum distance limit to 0.5, which means the surface will always be offset a minimum of 0.5m.

4. Set the surface resolution to 10, and click OK.
Modelling the Dykes

(5]

7 New Mesh from Offset Points  IES

Mesh: [ Topography = 7. From the Surface Chronology, create a new vein system, selecting Diorite as the vein lithology.

.M m m mmmmmmmmMTmmmmBmmMmimnmmin iy
IH

‘ | m —
ints: [F8 3 | = : N
B | RS/ portcs ' — & New Vein System ﬂ
Distance limits
& Minimum [05 B o | Select lithology
i _ )
[ Maximum Vein lithology: |- Dacite | = |
Extents ; Outside lithology: 1[:‘ Unknown v |
i = .
® Shared with: (¢ Wolfpass GM | v
N e eidonis o Name: | Dacite Vein System [
) Own exten J
) i — i
Surface resolution: |[10.0 {2 [ Adaptive B : —
( —— { L1 Help Hemea | Dok
Name: | Offset Topography —
= = = |
2{ Help x Cancel <Jok
_ m— 8. Right click on the Dacite Vein System which is created in the scene, and select new vein > from base
i lithology
. . S—
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m
5 1

: I L = z in Sy
. Wolfpass_Lid Open | ﬂ. No Comments | & =3 1 Edit Vein System n
'_E' Structural Data % New Vein + || AN From Base Lithology... - = =
V [ Meshes Evaluations A~ From Other Contacts... E | Ty _Litho}ogy_} VeinSystem |
> & Offset Topog &> Extract Mesh Parts... 7 From GIS Vector Data... | — -
> §Wni‘fpass_i.id, o BV &.. From Poinls... ! l‘,ff'"jf','ti - ‘
P & Wolfpass_Lid . £3 From Polyline... E ] i || Veins T
[ Polyfines LJ Yiew Object £ From Curved Polyline... e | & Dykel Higher |
[ Structural Trend: View All Veins . L . il i
¥ [ Geological Mod¢  View Active Veins . Lot Dy £ Lowrer
V (& Wolfpass GM g prioritise L E ‘ S _ B 7%’ |
P @ Boundsy  Rename... | | || Interactions of Dyke 2
> ;_.lF?UR?S_ﬂ @ Deete I ‘ I E ; | |Interaction Ty;e Vein " Side o
v 5 ls-lt::::g;i 4" Brpor.. | North sectic === ‘ Terminates against Dyke 1 Hanging wall
e e ; |
% Dagite 7] Properties... l | } |__\ =
P §’ Unknown - Recent contacts [in=cii= | E ] e — -
= +Add —Eemoveg
9. Select dyke 1 as the vein lithology, and click OK. - R — )
10. Repeat for dyke 2 E - Bz | Boite Nl Speon |
11. View the dykes in the scene, and note that they cross over each other at the southern end of the model. Ten | Ko | [P |
E = e e ———
==
_ 14. Click OK, then view the dykes in the scene again. Note that they no longer cross over, and that dyke 2
Elev (2) E : terminates against dyke 1 on the hanging wall side.
+3200
E =
==
+3000
== Elev (Z)
=
= +3200
+2800
T '
2 1‘.]; L0
+2600 ) A #.4+3000
h E—
E=
a 5 o —
=+ . O =] o
t24(3‘0 Ay Ei} - ®4+2800
3 3 3 = 5
. 42600 2 P
12. Double click on the dacite vein system, then click on the vein system tab. e e o
N i i -it o Q = 8 o -
13. Activate each of the dykes by ticking the checkbox next to each, then add an interaction for dyke 2 - . +2§bu--——-$’ - 5 5
. H 1 - o
should terminate against dyke 1 on the hanging wall side. E = il ;ri g i
-
We will look at editing the dykes at the end of this session once the other lithologies have been created.
E' =
— Modelling the Other Lithologies
E. = Model the other lithologies using the techniques from earlier sessions and add the lithologies to the surface
— chronology. The Intermineral and Early Diorites will both be modelled as intrusions, then the Basement added
— as the 'other side' of the Early Diorite. Once the surfaces have been created, the volumes can be created by
BT
o
’- o m——
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double clicking on the Surface Chronology folder, making sure the surfaces are in the correct order, and ticking

the checkboxes.

% Surface Chronology - Wolfpass GM IE
_____ Ry K=

|
‘ Contact surface chronology

f F Contact surface ‘
§. Unknown - Recent contacts
“% Dacite Vein System

i Intermineral Diorite [l
M Early Diorite _ |

AEE R

The model should appear similar to this:

Leapfrog Geo v _ IES Prajects | Séene\_ﬁew i B - o
| taproeetee e e wie N8
| 7; —:‘ W-O;_a;ar % |
B T weiith

[ Composites
@ V/p_DHstructure
@ Wp_DHStructureAlphaBeta
[ Planned Drillholes
¥ [ Points
B 8 SAPR contacts
#.. Wolfpass_Lidar_Topo
= Structusal Dats
¥ [ Meshes
P (8 Offset Topography
P (2 Wolfpass_Lidar_Topo
P (% Wolfpass_Lidar_Topo 2
[ Polylines
[E= Structura! Trends
| ¥ [ Geological Models
v 1% W;pr_ass GN"

Elev (Z)

+3200

» & Boundary
By Fault System
> = Lithologies _—_ @
Azimuth 312

Y (?‘ Surface Chronology

[= Combined Models
| [= Block Models

50
B (i Unknown - Recent contacts 0 250 500 7
P =% Dacite Vein System |
: oo = = - 1 — =
[ d : Intermineral Diorite \, Sicer ® BOEEE N . ——
P I Early Diorite IFYF - = - ——
P = Output Volumes e o ¥ (@ Ltholog- I — b Slice mode: | From Seene __|=
£ Inters || @ vor.adte 5§ @Lrhology~ | NN —— | B e
2 Intespolants — @) Fill Sticer
= @ Wolf.oite 3¢ (@ Lithology~ | I ——— Py
* | I b
% — >

= Saved Scenes and Movies
= Cross Sections and Contours
[ Notes

|| & Wolf . orite

a iy \&n{{_cm

Snapping a Surface to Points

By default, surfaces in Leapfrog d :
create surfaces involves tuming categorical intervals to numeric values, and putting a surface through the

on't snap to perfectly to points. This is because the method Leapfrog uses 10

"0"

isovalue (with progressively more positive values inside the volume, and progressively more negative values

outside the volume).
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Default surfaces will always pass through the contact very close to the 0 isovalue, but it is sometimes
necessary to force surfaces to exactly honour the contact point.

1. Double click on the surface you would like to snap to contacts, and go to the "surfacing" tab.

2. There is a "snap to contact points" dropdown option - change this to "on". The maximum snap distance
controls the distance away from the default surface that the snap will move. By making this as large as
possible (which will be the same as the resolution for the surface), the new "snapped" surface is able to move
that distance away from its default. By making it as small as possible (zero), the surface won't be able to move
away from its default at all.

; 2 Edit Early Diorite &

Lithologies | Surfacing | Trend

[
| Ignore surface data outside boundary

|
| ¥ Inherit resolution from GM | |

| Snap to contact points: | On v
| =
‘ Maximum snap distance —————————————— K
| + Additional options | |
== |
Name: |Early Diorite j
xgancei ‘ | %J_;JQK i

‘ | Hep

Editing the dykes

Now that the initial geological model has been completed, we will look at editing the dykes. There are a number
of tools available to use - these will be discussed in more detail in the Vein Modelling exercise. For this
session, there is a cross section which can be imported to add additional detail to the dykes.

1. To import the cross section to Leapfrog, right click on the Cross Sections and Contours folder in the
project tree and select New Cross Section from Image.

2. Navigate to the cross section named "Wolfpass Section.png"”, which is in the folder for this session.
3. ltis a vertical section, so tick the "vertical section” checkbox in the bottom right corner of the import window.
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| [ Nerth Fecing Section
| Properties
Mame: | Wolfpsss Sectizn |

e

4. Place the yellow square and green circle markers on two points along the grid of the section.
5. In the "Georeference Data" area, complete the easting, northing and elevation for each marker.

8. Click OK and the section will be imported.
7. An easy method of viewing the cross sectionin relation to the existing GM is to clear the scene, then drag
the current geological model and the imported cross section into the scene.

8. By default, the cross section will be displayed using a flat colour - this can be changed to the actual cross

section using the dropdown box in the scene list.
9. Now put a slicer through the scene - it can be anywhere and doesn't have to line up with the cross section.

| [ze0287 (3T

Section Type
[ Yertical Section
L] East Facing Section
[ Westh Facing Section

image 09 Imsge (V)
B01.375 , 15765 |

— — Properties

Mame: | Wolfpsss Section

i

10. Highlight the "Slicer" icon in the scene list, then in the properties panel to the right, ciic&f the Set To .
dropdown box. Select "Wolfpass Section", and the slicer will move to be located along the imported section.
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11. If the slicer has removed the wrong side of the model or is showing the thick slice, make sure "Remove
Back" is selected as the slice mode.

12. To view the geological model behind the cross section, make the cross section slightly transparent using
the transparency slider.

Now that we can see the interpreted section next to our existing geological model, we can use two methods to
edit the geological model. Firstly we can edit the interval selections for the dykes, and secondly we can draw
polyline edits for the hangingwall and footwall surfaces of the dykes.

Editing interval selections based on cross section

Keep the geological model and partially transparent cross section in the scene, and drag in the "Split_Dykes"
intervals (these are the intervals we used to split the dacite into two separate dykes). Make sure only the dykes
are visible, and the drillholes are being displayed in 3D. It's also useful to change the slice mode of the
drillholes to "thick slice" so the drillholes are visible in front of the geological model.

Dyke 1

from
geological model

If we zoom in on this image, we can see why there is a difference between the dyke in the cross section and
the dyke in the geological model:
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These two intervals are both
classified as dyke 1, even though
they are in the same drillhole and are
around 80 m apart from eachother.

We can see there are two intervals in the same drillhole which have been classified as dyke 1. When Leqpfrog
creates the hangingwall and footwall surfaces, the bottom of the lowes.t interval becomes the footwall point,
and the top of the highest interval becomes the hangingwall point. In this case, the preferrgd surfapt_e wquld be
created by using the top and bottom of the lowest interval only. This means we need to edit our original interval

selection to remove the upper intervals in the image above.
1. Right click on the "Split_Dykes" drilling table and select Open.
2. Make sure that only the intervals classified as either Dyke 1 or Dyke 2 are visible, and change the drillholes

to 3D view.
3. Using the interval selection tool, select the upper intervals and assign them to "Unassigned".

1

Mame

~ || Basement

@ Dykel
@ Dyke 2
| Early Diorite
Intermineral Diorite

ONEEERE

Select these
Recent

Assignto v ||

L o Create New thoiogy...\’_'

grEssigned A

B oyke
W Dyke2

4. Click the save button, and the entire model will be re runto include the edited interval selection.
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5. Once the model has finished processing, it will be displayed in the scene automatically

Depending on the interval selections you made, there may also be an issue with dyke two towards the bottom
of the model:

/

Dyke 2 on
cross section

Dyke 2in
Geological Model

x: 445089
y: 493528

x: 445286
y: 493559

X: 445484

x: 445682 |
y: 493589

y: 493620

To correct this issue, we need to manually edit the hangingwall and footwall with polylines based on the cross
section.

Editing using polylines based on a cross section

1. Keep the same sliced view as earlier, and expand the "Dyke 2" object out in the project tree until the
hangingwall and footwall objects are visible (the icon is a blue triangle).

2. Right click on the hangingwall object and select Edit > With Polyline.

3. The polyline editing toolbar will appear at the top of the screen. Select the Draw Lines button, and digitise
along the bottom few hundred metres of dyke 2 as shown on the cross section.

4. Click Save, then repeat for the footwall.
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5. Again, the model will be reprocessed to include the new edits. Compare the edij(ed geolggical model with the
cross section to check that it represents it as expected. If required, edit dyke 2 using polylines.

Creating a Refined GM

inal pre-grouped lithologies and

i ies have been modelled, we can look at the orig et
Now that the grouped lithologies e oo Eary Do

see if there is any part of the model which can be created in more detail. Inth
lithology can be split up and modelled as seperate lithologies.

1. Right click on the Geological Models folder and select New Refined Model.

miom M MM M MMM Mmoo m
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2. Select "Wolfpass GM 'as the model to refine, and Early Diorite as the Lithology to refine. Change the Base
lithology column to ROCK (this is the drillhole data prior to grouping).

Model to refine: [fﬂ Wolfpass GM [ v |

Lithology to refine: |- Early Diorite ‘ v |

General |I

7] |

Base lithology column: {% ROCK

Surface resolution: 5\ [] Adaptive

| Name: |Refined Wolfpass GM |

A new sub folder will appear underneath the Geological Models folder. This gives you the same options as you
have for the full GM, including the ability to create new boundaries and surface chronologies.

3. Build new surfaces to subdivide the existing Early Diorite volume into its separate components (E1, E2, ES3,
EBX1, EBX2)

Exporting a Leapfrog Model

You can export an entire Geological Model as a *.Ifm file, which will export each surface making up the
Geological Model in a single file. This file can then be imported back into Leapfrog Geo under the meshes
folder.

1. Right click on the Wolfpass Geological Model and select Export. By default the Only Output Volumes
checkbox is ticked. By unticking this, the surfaces making up the geological model also become available for
export. For this example, leave the checkbox ticked.
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¥ [ Meshes 2}
P 3 Offset Topography
P ¥ Wolfpass_Lidar_Topo
P ) Wolfpsss_Lidar_Topo 2
= Polylines
[ Structural Trends

L = Geological Models
¥ (fis Refined Wolfpass GM

Export Model - Wolfpass GM

Filenames

) @ Recent Refined Wolfpass GM - Wolfpass GM - Recent

ﬁ Lithologies i & Dacite Refined Wolfpass GM - Wolfpass GM - Dacite
v (& \Wolfpass GM o @ interminers| Diorite Refined Wolfpass GM - Wolfpass GM - Interminers! Diori:
P @ Boundary == & Ezrly Diorite Refined Wolfpass GM - Wolfpass GM - Early Diorite
B3 Fault Syst( View Output Yolumes & Basement Refined Wolfpass GM - Wolfpass GM - Basement
P =] Lithologie View Surface Chronology
¥ @ SufeceCl o
B (i Unkno (§ Static Copy
B 5 Dacite 4 Prioritise
B [ interm Rename...
B W EaryL G pelete ; e 1,
P [ Output Ve Export Opti - =
bl i v Format: iLeap’rog Model Files (.Hm) v
P & Boundary| B ngTace o S——

P T Lithologies
@ Surface Chronology
s Folder  C\Users\andrew.cantwell\Desktop
P [ Output Volumes 1
B [= Output Volumes
[ interpolants
[= Combined Models

Filename: | Wolfpass GM ‘

,;; Help wgancal 6‘§xpart

2. At the bottom of the window, select the format to export the model in, then choose which folder to save the
model to.

' 2 = i Export Mode! - Wolfpass GM Ex
Select Components

Only Output Volumes

TOhjeds Filenames
v (e
| YB&
Refined Wolfpass GM - Wolfpass GM -

| /] @ Recent

| @ Dacite

[/ @@ Intermineral Diorite
[/] @ Early Diorite

™ @ Basement

Refined Wolfpass GM - Wolfpass GM -
Refined Wolfpass GM - Wolfpass GM -|
Refined Wolfpass GM - Wolfpass GM -
Refined Wolfpass GM - Wolfpass GM -|

Export Options

Format: | Leapfrog Model Files {.ifm) v

Folder  H\Datasels

Filename: | Wolfpass GM

1 Help %;ancel ﬂngxpnrt

3. To reimport the meshes to Leapfrog, right click on the Meshes folder and select Import Mesh. Navigate to
the saved Leapfrog model file and select Open.
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4. The meshes will be added to the Leapfrog project, and can be viewed individually or all at once. To add all
the meshes to the scene without having to drag each one from the project tree, use the shift key to multiselect
the meshes, and drag them into the scene at the same time.
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Compositing Outside the Interpolant Model ... ... .. i 23
Exercise: Create an Interpolant Model for the Copper . ... 25

Creating an interpolant in Leapfrog Geo uses assay data, temperature values, geophysical data or any other
numeric data which is sparsely distributed in space to interpolate across a region. Interpolation in Leapfrog
is fast and flexible, and the shells produced to represent mineralisation are smoother and more reproducible
than traditional hand-drawn meshes.

This session contains a relatively large amount of theoretical background. To understand how Leapfrog
creates interpolants, we will need to introduce basic interpolation and geostatistics concepts.

For this session we will be using the project used for the Wolfpass sessions.
e e e e e e e e |

Modelling Approach

An interpolant can be built in four steps from a variety of data. Any data that contains points with X,Y,Z
coordinates and an associated value can be used for interpolation. ,

« Thefirst stepis to clean the drillhole data by removing inconsistencies in the data. This can be a time-
consuming process with some data sets, but it is critical as the quality of any model ultimately depends
on the quality of the data. In this example, the data has already been cleaned in the first Wolfpass
session so we can proceed to the next step.

e The second step is to select the numeric values then apply appropriate parameters to the values. An
interpolant estimates the values over a region from an initial set of point values. The numeric values can
be selected directly as points if they have been imported into the Points folder. If you are creating your
interpolant from drillhole data, Leapfrog will allow you to select the segments used to generate points.
When you are adjusting the interpolant later on, you can work directly with point values.

e The third step is to apply a trend. A trend allows the directions and strength of mineralisation to be
defined to ensure the resulting interpolant is geologically reasonable. Adding a global or structural trend
will alter the isosurfaces. It should be adjusted to ensure these honour the expected mineralisation
patterns. This is where we will initially direct our focus in this session.

o The final step is to determine how the isosurfaces are bounded and calculate the volume of mineral
within each isosurface.
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lterative Refinement

Building an interpolant is a process of successive refinement. This involves:
« Defining the interpolant and basic structures. This usually corresponds to defining the topography and
boundaries.

Refining the internal structure. This involves setting the proper trends and making manual corrections to
the point and value data until the resulting surfaces are geologically realistic.

Merged Tables

A good way to find out which lithologies are important to the mineralisation is by creating a merged table.
1. Right click on the drillholes object in the project tree, and click new merged table.

¥ [~ Drillhole Data
¥ il Drillhole

> O collal—— :
% Mew Merged Table
T surve

Je Append Drillnoles...
> W ++ Append D
@ Reload Drillholes...
v Swel )
W Import From File 3
P (B Gi
% Ri Import From ODBC ’
T8l New Evaluation
> [ Sg )
| Add Core Photo Link
= Com

Wiew All
8 wrt i
@ Wi & Detete
[ Planned 6* Export...
¥ [ Points st Bricrs
P % SAPR conracrs——"""

2. Select the tables you would like to merge. In this case, all of the assay columns, plus the grouped_lith and
ROCK tables should be selected.

& New Merged Table E
Ayvsilable: Selected:
¥ T Wh_lith | ¥ T WP_assay
[, Split_Dykes | A CU_pet
‘ A~ DENSITY
‘ | f.\~ AG_gpt
R~ RECOV
[ s AU_gpt
i s AS_ppm
| A~ MO_ppm
A S pet
‘ » O wh_iith

Select All Select None Invert Selection

Neme: | Merged Table 1

i ; _fjp x Lan(eii QE]QK

3. Click OK.
4. Right click on the merged table in the project tree and select properties.

5. Click on the histogram tab.
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A Properties - Merged _Table 1 - ol

Generad Histogram Processing Errors

Table Merged_Table_1:

Qenors
Columns:
| [ Integer
holeid Category
| from Hument
| to Numeric
| CU_pet Numesic
DENSITY  Numesic
AG_gpt Humesic
RECOV Numeric
aU_gat Numeric
ASppm  Numenic
| MO ppm  Numesc
| Spct HNumeric
Grouped_Ith Lithology
ROCK Litholagy

3 uep F

6. In the dropdown box which appears, change the selection to ROCK.

> Preperties - Merged_Table_1 - o EEN

Genersl  Histogiam | Proceszing  Errors

ROCK - Mezn Value by Category

AG.get Length (%) CUpct  DENSTY AGgpt RECOV AUgpt ASppm MOppm |
A5.ppm io 336 2 27 ‘
All gt 045 00187227 0400053 141094 0164161 0.050%458 145007 0938372 | |
i i 0196256 0280587 51007 DEITESS 0TI 319G 6309 | |
. 545 0303017 298586 1851 19835 OAMTT6 GA36TS AADSSS | |
Crpopedfah 22 05027 308375 341022 195858 137768 184681 574469 |
MO_ppm 1035 DEMBM 30220 31636 10634 133M6 2580 6348 |
BECSL 688 152742 302500 43594 193126 108435 1183 13038
Bocs 164 19999 308909 359515 193811 150714 8237 25805 |
Sed 28 124834 305230 290372 197319 007675 152049 134507 |
H 378 1529 0300577 234644 240043 168344 O6GH09T 4DBM 2738 |
i 17709 1032 0EM6! 30319 351522 103057 046635 I9A73T 6ES4E3

[ 5269 326 154358 306008 31561 199103 OABIDBY 143521 158512

1BX 25625 145 14344 306982 330755 198431 03533 1677SY MTA
SAPR 42034 254 0737181 115067 580624 17543 (0995102 168766 e28382 -
I{Help 3 Crose

7. A table will appear with the rock type down the left hand side, and the numerical data across the top.

5 Properties - Merged_Tadle.1 - o EN

General | Hitogram | Processing Errors

ROCK - Maan Value by Category

ROCK Length Length(%) CU_pct DENSMTY AG_gpt RECOV AU.gpt AS ppm MO_ppm

DZ7o0 0 316 2 27
ASH 75 045 00187227 DOS00053 141094 0.162161 00500458 148007 0838372
coLLv wre2 wn 0195255 (.9BO587 519074 DBI7864 0342730 331043 634200
DA 82237 545 0303017 298506 1851 19855 0414176 663675 B4.0N55
13 37309 22 080271 308375 341927 195858 157768 1B468) 574480
E2 175208 1035 0614984 304220 37636 196584 13306 235399 2638 |
E3 1166 689 152742 302568 235934 193126 119435 118374 133036
EBX1 2TTAT 18 19099 308009 359515 1.93811 1.50714 823707 225805 |
EBX2 385803 228 124884 305239 499372 197319 0978675 152040 134507
H 25878 1589 0300577 254584 249043 1.63344 0.683091 40634 27838 |
n 174708 1032 060464 20319 351522 103951 046835 30T 65.5463
z 55262 3326 154358 3085000 37561 195108 (0451084 143521 158632
B 245625 1451 114044 306902 330755 108431 0553383 167759 147.24
SR 403 23 omm

115057 580624 17343 0555102 188766 52.8382 »

T{ber I Close

There are a number of useful statistics in this table.

8. Firstly, we can see the total interval length of each lithology. This can be useful when there are hundreds of
codes which require grouping - by sorting the list based on interval length, it is easy to start eliminating the
irrelevant codes from the grouping.

9. Secondly, we can sort the columns based on numerical values. Click the AU_gpt heading to sort based on
gold grade.
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5. Double click on the AU_gpt interpolant in the project tree, to bring the edit interpolant window up.

D
% Properties - Merged Table_1 - o iEN S
General  Histogram | Processing Enors 1] |
|roCk e Mean Value by Category ] s
ROCK Length length{3) ClUpct DENSITY AG gpt RECOV | AU gpt v JAS ppm MO_ppm =
0270004 © 3.16 2 27 |
El InBw 22 DEOZ7I 308375 341922 195838 | 1.57768 154681 57.4489 \
EBX1 74T 184 19005 308909 350515 199811 | 1soma  ezsor 25805 | | |
B 175208 1035 0614584 304229 31636 1.96584 | 133046 23.5800 263948
E3 11866 689 152742 302585 435994 1.08126| 1.18435 11.0374 153.036
SBX. 30203 178 0550872 280745 654260 1.91478| 1.0828 36.2171  25.7946 |
SAPR 42334 234 0737181 115067 580624 1.7543 | 0.995102 |[18.8766 82.8882 | £
EBX2 385893 228 124884 305239 490372 1.97319) 0978675 [15.2040 134597 | S LE
H 25879 1329 0300577 254644 240043 1.68844 | D.6BEDOT 40634 27.8348 2 R
SGNCRLSS 23885 141 0407551 123337 863841 0.833314 0.686405 [26.8115 36733 ‘ E
1BX 245625 1451 114034 206082 330755 1.08431) 0553383 [16.7759 147.24 E
n 174709 1032 060454 30319 351522 1.93951 | 046635 39,1737 655463 ==
2 55260 326 154358 306098 3561 198108 | 0461084 143521 158.632 |
DA 02232 545 0303017 298585 1851 19855 | 0414176 [663675 640455 -
.
IiHep € Close E . .
- We will change a few of the more important parameters, and check how they change the interpolant model.

We will start by creating an interpolant model for the entire area, then look at creating a model within the Early

10. We can quickly see the lithologies which contain higher gold grade, as well as those with less. The three
Diorite (which is the major mineralised lithology).

lithologies with the highest grade are E1, EBX1 and E2, and the three with the lowest grade are the ash,
colluvium and dacite veins.

11. Repeat the above for copper, and it becomes obvious that the dacite veins are barren, and the collivium
and ash don't hold any grade either. We will take this into account when compositing in Leapfrog.

!:or the first model, we will change parameters in the compositing, value transform, interpolant, and
isosurfaces and volumes tabs. When we create the second model within the Early Diorite, we will also look
at the value, boundary and trend tabs.

&

Creating a First Pass Gold Interpolation Compositing tab

1

Compositing in Leapfrog can be completed either within an interpolant, or in the drillholes folder. We will look at

It is a good idea to run a quick interpolant through numeric data to check how the isosurfaces behave. Once
both, but for now will focus on compositing within an interpolant.

this is done, we can go ahead and create an interpolant model with full knowledge of the data.

1. Right click on the interpolants folder in the project tree, and select New Interpolant. 1. Click on the Compositing tab, and tick the "Down Hole" check box.

2. The new interpolant window will appear, with a few basic options for defining the interpolant. Change the
numeric values dropdown to AU_gpt, and the interpolant boundary to wolfpass GM: boundary. Change the

1]

5 Edit Interpolant Ea

Values | Compositing | Boundary Value Transform Trend  Interpolant  Isosurdfaces and Volumes

1B

resolution to 20, then click OK. = .
7 ‘Dowin Hale
- N e n Compositing Length: |10 N 2]
ey Migimum Coverage [%: |50 =
Values To Interpolate Interpolant Boundary - Where to Composite
Numeric values| [~ i ) Custom ® Entire Drillhole
*) Within Interpolant Boundary
¥ Surface Filter -
L=
e Interpolant Boundary
_) Other
Compositing [
[] Down Hole (@ Bisting model boundary or volume b
I}EBnundaw
General _—
Surface resolution: ED’EI’ = ilbep - _—a““’ \"ZFAQK
Volumes enclose: | Intervals L
I - - | 2. By default, the compositing length is set to 10 and the minimum coverage is set to 50%
= L
T K || Box Compositing length will vary on a number of factors, including the deposit style, mining method, and raw

samplg Ier?gth. In general, high grade underground mines will require a shorter sample length compared to bulk
ppen pit mines. The other point to note is that if possible, samples shouldn't be "split". For example, if most
intervals have a 2 m sample length, choosing a composite of 1 m or 5 m will split the intervals, which will

1

3. Once this has finished processing, drag the interpolant into the scene.

LY T OTmOmmommmmmmmimmmmom W
1]

4. As you would expect for a first pass model which has been created without changing any parameters, it is = ar?ificially reduc.e variance as an interval with a single value will be represented in more than one composite. In
urirealistic. - t[hIS case, we will f:hange the composite length to 6 m, as the raw interval lengths are mostly 2 m so the
intervals aren't being split. A composite of 6 m is also reasonable for the deposit style we are working with in
= this case.
4 0f 26 © 2013 ARANZ Geo Limited s © 2013 ARANZ Geo Limited f 26
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3. Change the Compositing Length to 6.

The minimum coverage defines what to do at the end of the drillhole. For example, if the total length of drilling is
181 m and we are compositing to 6 m lengths, our composites will go from 0 m - 6 m, then 6 m - 12 m etc. When
we get to the bottom of the hole, the last composite will be 174 m - 180 m. There is one metre left over, so the
minimum coverage defines the manner in which Leapfrog treats this last section.

-
1 Faitt Interpolant ﬂ

Valuss Compositing ' Boundsry Velue Transform  Trend | Interpolant | fsosurfaces and Volumes
Clipping Transtorm

I Do pre-transiorm clipping T'AnsfmmTyp{ [og I =

Pre-log shift: |-, 300001

Transformed Value Distribution

o |f the minimum coverage is 0 %, this means any length, no matter how short, will be retained at the end
of the hole

o |fthe minimum coverage is 100%, this means the length at the end of the hole must be 100% of the
composite length to be retained (ie, anything less than 6 m for this example will be discarded)

m mw m n

m m

o If the minimum coverage is 50%, this means the length at the end of the hole must be at least 3mto be
retained (50% of 6 m).

m
D I8 18 1§ & 8 & 14

Neme: AU get

Lty Ko [ <ok |

4. Change the Minimum Coverage to 100% (this will remove any segments shorter than 6m at the end of the

hole, ensuring regular sample lengths).

t6. Iglgte that once the Upper bound has been applied, all values greater than 8.5 have been reduced to be equal
08.5.

3 Ediit interpoiant Ed

Values | Compositing | Boundary Value £ Trend pol Isosurfaces and Volumes

| 1 Down Hole
- .
5 Edit Intercalant E

Compasiting Length: |6 i

Migimum Coverage [%5: | 10 2 .
_| Values Compositing Boundary Value Transform | Trend  Intespolant  sosurfaces and Volumes

Where to Composite .
. i : Clipping Transform
) Entire Drillhole | Do pre-transform clipping Trgnsform Type: |Log e
() Within Interpolant Boundary - ,
Lower bound: 0010000000 < Prelogshift: |-0.009000000000000001
Uoperbound: [BS00000000 |+ Bincount [125 =

1w - . - Transformed Value Distribution

|

i ﬂ:l_p 7 j X Concel <Jox

Name: | 4U_apt

IE

£1 Hel Yy
fltep 3 Conce <ok

5. Click OK to process the changes before moving on to the next step.

Value Transform tab . ;
7. Click OK again to process the changes before moving on to the next step.

|
)

1. Double click on the interpolant again, and move across to the Value Transform tab.

The Transform Type can be set either to None (default) or to Log. For this example, changing the transform
type to Log will change the histogram so it is more normally distributed. The Pre-log shift option becomes
available once the Log transform is selected; this prevents issues when taking the logarithm of zero or negative

Interpolant tab

1. Double click on the interpolant object to open the Edit Interpolant window.

numbers. 2. Move to the Interpolant tab.

2. Change the Transform Type to "Log" by ticking the check box.

The Lower bound and Upper bound options become available once the Do pre-transform clipping check
box has been enabled. By setting the Upper bound, all samples with a value greater than the specified Upper
bound will be reduced to the value of the Upper bound. This prevents samples with very high grades having an
undue influence on the model. As a rule of thumb, an Upper bound can be selected where the histogram starts
to break down. A simple method of checking this is by looking at the histogram and finding the value at which
the columns start to get gaps between them.

3. Change the bin count to around 125 to split the data into more columns, and note that there is a gap inthe
data at a value of around 8.5.

4. We will use this value as our Upper bound.
5. Tick the Do pre-transform clipping checkbox, and change the value of the Upper bound to 8.5.

There area number of parameters here which can be set based either on rules of thumb, or by using
geostatistical input from packages such as Supervisor or Isatis. For this example, we will look at rules of
thumb which work well for a number of examples. The default settings are almost certainly incorrect so the
next few paragraphs are important when creating reasonable interpolant models. As you may have figured out
by now, Leapfrog is fast at creating models, but that doesn't necessarily mean the models are correct
Understanding how the interpolation works is one of the key topics in the Leapfrog Geo Intermediate c.ourse
which is an additional day on top of this course, which covers the fundamentals. ,

8 1§
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| & Edit interpolant E3

Values Compositing Boundary ValueTransform Trend | Interpolant | jsosurfaces and Volumes

Veriance 128
Interpolant: | Linear v
st (2000 |*|Mugger [oo0  °
Base Bange: | 400 |2 Max = 400; int = 400; Min = 400
orf [Constent | v Accursey: |0.0100
z
s %
5
£ w e
o5 =
0n 4= . e
D W 20 30 200 500
distance
Name [AU_gpt )
11 Help ¥ cancel Aok J

Interpolant

There are two options under the Interpolant dropdown - Linear, and Spheroidal. The Linear interpolant works
well for lithology data, and for quickly visualising data trends. It is not suitable for values with a distinct finite
range of influence such as most metallic ore deposits. The Linear interpolant assumes that values a certain
distance from a particular point have a proportionally greater influence on that point than values further away.
The Spheroidal interpolant works well when there is a finite range, beyond which the influence of one point
upon another should fall to zero. This is the case for most metallic ore deposits.

1. Change the interpolant type to Spheroidal, and note that the Interpolant Function in the window changes
shape to display the Spheroidal interpolant rather than the Linear interpolant.

Base Range

The Spheroidal interpolant has a Base Range which represents the distance from the data at which the value
equals the sill. As we move away from a specified point, the influence of that point decays in a roughly Iingar
manner up to a distance of around 30% of the range. Past 30% of the Base Range, the influence of the point
starts dropping more quickly until it reaches 96% of the value of the Sill.

In simpler terms, the Base Range is the parameter that roughly corresponds to continuity. Leapfrog is
essentially creating an isosurface through points of equal value; by increasing the Base Range, the isosurface
is able to stretch a further distance between points. The effect of the Base Range can be visualised most
obviously when it is too small. For this example, setting a Base Range of around 20 will produce a series of
isosurfaces which surround the drilling - these are sometime referred to as "strings of pearls”, and are a good
indication that the Base Range needs to be increased (it's extremely unlikely that all the drillholes manage to
perfectly follow thin pipes of high grade, while missing the surrounding low grade!) See below for an example of

this.

8 of 26 © 2013 ARANZ Geo Limited
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3 ¥
As a rule of thumb, the Base Range should be set to 2.0 - 2.5 times the distance between drillholes. In this

case, the average distance between holes is around 100 m, so a Base Range of between 200 and 250 should
be a good starting point.

]

o

1. Change the Base Range to 250, and note that the shape of the interpolant function changes to include the
range of 250 (which is represented using a vertical yellow line).

3 Edit Interpolant [ x|

Volues Compositing Boundary Value Transform ' Trend | Interpolant  jsosurfaces and Volumes

Variance 227

Interpolant: [Spheroidal | v | Alpha: |3
Sill | 2.00000 > Nugget [0.00 e
Base Range: | 25( 2 |Max = 250 Int = 250, Min = 250
Drift |Constant |+  Accuracy: (0070 =5
20 = — ==
15 =}
E s’
g0
E P '
T es SR
op — T
[ 50 Ho 150 w00 830 300
distance m—
HName: | AU_gpt |
1 Help 3¢ Concel Jox |

Sill

The Sill controls the upper limit of the interpolant function, where there ceases to be any correlation between
values. As a rule of thumb, we can use the variance of the data as the Sill (listed at the top of the window). This
will give a good starting point, but can be refined by running the data through an external geostatistics package
such as Supervisor or Isatis. Note that the listed variance will change depending on whether a log
transform/value clip has been applied in the previous step.

Inthis case, the log transform as well as an upper bound of 8.5 have been applied, so the listed variance should
be 1.28.

1. Change the Sill to 1.28

2. Note that the shape of the interpolant function changes again, and is now limited in the y-direction by the Sill
(the function approaches the sill, and will be at 96% of the sill when the function crosses the Range line).

© 2013 ARANZ Geo Limited 9 of 26
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Edit Interpoiant

4

Values Compositing Boundary Value Transform  Trend  Interpolant | [sosurfaces and Volumes

Interpolant: | Spheroidal | v | Alpha:

Silk:

Base Bange: | 250 %) Max= 250; Int = 250; Min = 250

Dride [Constamt | v Accuracy: |0.0100

intarpolant

o5 e

Name |AU_gpt . |

Hbes Hnee | [ Jox

Nugget

The Nugget allows for local anomolies in sampled data - where a sample is significantly different to what
might be predicted for that point based on the surrounding data. By increasing the value of the nugget, more
emphasis is placed on the average values of surrounding samples and less on the actual data point. The
nugget can also be used to reduce noise from inaccurately measured samples. The rule of thumb for the nugget
changes depending on the deposit type, and geostatistical input is vital. For this deposit (a porphyry gold .
project), a nugget of 10 - 20% is appropriate. It is important to note that the nugget is a percentage of the sill, so

in this case a 15% nugget would be 0.19 (15% of 1.28).

1. Change the nugget to 0.19.
2. Note the change in the interpolant function - the base point (0.0, 0.0) moves up they axis to equal the value
of the nugget.

Y Edit Interpoiant E3

Values Composting Enunj:ry Value st Trend B Lses and\'ol_um_n_

Variance: 128

Interpolent: |Spheroidsl | v Alphe 3

Silk | 1.28000 3 quggst |e.190 = |

13 Mau=250; Int= 250, Min= 250

BaseRange | 250

Drift: [Conetant | v | Accurecy: |0.0100

30

5

20

Intarpolant

distance

Mome: [AUgst

3Hep i _x Coneel Hox |

Drift

The Drift controls the manner in which the interpolant decays away from the data. A 'constant’ drift means the
interpolant will decay to the mean value of the data. A drift of 'none’ means the interpolant will decgy to a.value
of zero away from the data, so is useful when there are no low grade holes constraining the deposit. A drift of
'linear' means the interpolant decays linearly away from the data.

10 of 26 © 2013 ARANZ Geo Limited
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Inthis case, as the interpolant model is currently not bounded to any domain (geological, structural, weathering
etc), a sensible drift to use will be None. This means that as we move away from the data toward the edges of
the model, the value of the interpolant will revert to a value of zero.

1. Change the drift to None.

2 Edit Interpolant x|

Values Composifing Boundary Value Transform Trend | Interpolant | |sosurfaces and Volumes

Variance: 128

Interpolant: |Spheroidal | v | Alpha: |3

Silk 128000 : Mugger [0.190 =

Base Range: [250 2 Max = 250; Int = 250; Min = 250

I Drift: None v Iéccul!cy, loooo |2

interpolant
&

st T
El w 1% 200 1 300
| distance

| Neme AU gpt |

Hitep ¥ cancel ok

Alpha

The Alpha determines how steeply the interpolant rises toward the Sill. A low Alpha value produces an
interpolant function that rises more steeply than a high Alpha value. By looking at the interpolant function while
changing the Alpha, we can see that a high Alpha will give points at intermediate distances more influence
compared to lower Alpha values. The possible Alpha values are 9, 7, 5 and 3.

An Alpha of 9 gives the best approximation to the Spherical Variogram, but takes longer to process and in most
situations gives a very similar result to using an Alpha of 3.

Inthis case, we will keep the Alpha at 3 to reduce processing time.

Accuracy

Leapfrog Geo estimates the Accuracy from the data by taking a fraction of the smallest difference between
measured data values. There is little point in changing the accuracy to be significantly smaller than the errors in
the measured data, as the interpolation will run more slowly and will degrade the interpolation result.

The rule of thumb here is to leave the accuracy as it is.

© 2013 ARANZ Geo Limited 11 of 26
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5 Edit Interpolant E3

Values Compositing Boundary Value Transform Trend | Interpolant _}sosurfEsandEIumesi

Variance: 128

Interpolant: gphamidal w | Alpha: }3

silk (128000 :| Nugget |oam0 T
Base Range: |250 % Msx= 250; Int = 250; Min = 250
Drift: [hione E Accurscy: (00100 =

interpolant
=1 i o

S . i
& 00 150 200 250 300
| distence

Name: | AU_gpt

Tl | H cancet || GIOK

Isosurfaces and Volumes tab

The Isosurfaces and Volumes tab lets us choose the values to create isosurfaces at, as well as defining how

the isosurfaces create the associated volumes, and the resolution of the isosurfaces.

By default there are three isosurface values, which are at the lower quartile, median and upper quartile of the
data which is being used (in this case 0.25, 0.51 and 1.01).

These values are almost always incorrect, but are useful in checking the general shape of the interpolant
model. We will go ahead and change them to more reasonable values.

1. Move to the Isosurfaces and Volumes tab.

2. Click to highlight one of the default values beneath the Iso Value heading, then click it again tq eqable the
editing mode. Change the values to 0.5, 0.75, 1.0, 1.25 and 1.5. Add additional isosurfaces by clicking the Add

button.

Edit Interpolant | <]

ud

Values Compositing Boundary Value Transform  Trend  Interpolant Isosurfaces and Valumes

Isosurfaces B -
Isosurface Name |50 Vatue [Surface Resolution
05 05 10 (defaut)

075 0.75 10 {gefault)
0 1 10 (default)

125 135 10 {default)
15 15 10 defaut)
-i-Add — Euno-ve Default resolution: | 10.0 3
Vokimes B B
Yelumes enclose: B-os
[interats +| EMos-o07s
. [ [ESE
B -1
B 125-15
=15
Hame: E_gm_ I S ]
Cancel <Jox
e Kona [ Sox |

Resolution is important when creating isosurfaces - ideally we would want it to be equal to the composite B
length (6 m in this case) - a quick test using one of Leapfrog's laptops (16GB BAIVI, 2.9GH_z processor) too
seconds to run these isosurfaces at a resolution of 6, but if your laptop is particularly slow it may be worth
increasing the resolution to between 12 - 15. This will still give you a reasonable surface, but will process more

quickly.
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The resolution is important because it determines the size of the triangles making up the surface. If the
resolution is 6, the approximate edge length of the triangles will be 6 units in length (remembering that Leapfrog
is unit-less). If the edge length of the triangles is 6 units, they will be able to include intervals which are as small
as 6 m long. If we were to increase the resolution to 12, the triangles would only be able to include intervals as
small as 12 m long (so will miss some of the smaller intervals).

Obviously lower resolution produces a more accurate surface, but can take a lot longer to run. A general guide
is that if you half the resolution, the processing time will increase by 4 times.

3. Change the Default Resolution to an appropriate value (somewhere between 6 and 20). Note that the
resolutions for each surface are set by the default resolution, unless a different resolution for a particular
surface is specified.

3 Edit Intersolant ]

Values Compositing Boundary ValueTransform Trend Interpolant | lsosurfaces and Volumes

Isosurfaces
Isosurface Name Iso Value] Surface Resolution
05 05 & (defaul)
075 o7 & (default)
10 1 & (default)
125 125 & (defaukt)
15 15 & (default)
+_Md = Bemove |gehuu resolution: 6.c]_ " E i
Volumes
Yolumes enclose: B <05
[Intervats v EMos-o7s
Wl o7s-10
I 1o-12s
Eizs-15
= >1s
Name |AU_gpt B |
}{Hep 3 Cancel Box

The Volumes Enclose dropdown lets you choose from Intervals, Higher Values, and Lower Values.

o Intervals will create a series of "donut" shaped shells (in this example the shells will be < 0.5, 0.5 -
0.75,0.75-1.0, 1.0-1.25, 1.25- 1.5, >1.5).

» Higher Values will create a series of shells which enclose all higher values within them (in this example
the shells will be >0.5, >0.75, >1.0, >1.25, >1.5).

¢ Lower Values will create a series of shells which enclose all lower values within them (in this example
the shells will be <0.5, <0.75, <1.0, <1.25, <1.5).

4. In this case we will start by using Intervals, so keep this selected

5. Click OK, and wait for the interpolant to finish running. Depending on the resolution chosen, this may take a
few minutes.
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As a first pass model, this isn't a bad result. We obviously need to add trends to give the mineralisation more of
a defined shape, as well as limit the extents of the model to within geological domains (which we made as part

of the geological model earlier).

Copying an Interpolant, and Clipping to a Domain

The easiest way to clip an interpolantto a geological domain is to firstly create a copy of it. Once the interpolant
has been copied, we can alter some of the parameters in the new interpolant and check the changes against
the original interpolant.

1. To copy an interpolant, right click on the existing interpolant, then click Copy.

2. Rename the copied interpolant "Au_gpt clipped to Early Diorite".

Now that we have a second interpolant model, we can open it up and make appropriate changes to firstly clip
the data / surfaces to the Early Diorite, and secondly update the parameters to take into account the changed
data (for example, the data will be clipped to the Early Diorite lithology which will change the Upper Bound, Sill,

Nugget, and Drift).
3. Expand the new interpolant out until you can see the Boundary folder.
4. Right click on the Boundary folder, and select New Lateral Extent > From Model Volume.

5. Select the Early Diorite output volume, and click OK.

V¥ (3 AU_gpt clipped to Early Diorite

P> @ Bounc -
& AU_gr Cpen
P& AU_Q;Z‘ { New Lateral Bxtent
P [ Isosurt &9 Extract Mesh Perts...
B [ Outpu % Extract Vertices
= Combined by [] View Object
= Block Model  View All
[ Saved Scene: £ Drioiitise
V¥ [ Cross Section
> §cs " Export..
b 18 Woltpass| i Bropetics.
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The Imodel will be reprocessed, and will change in two different ways; firstly it clips the isosurfaces to the Early
P|0r|te bount.iary, and secondly it clips the data to the Early Diorite boundary. We can see the clipped
isosurfaces in the image directly below, and the clipped data in the image below that.
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Nt(:w that the boundary has been changed, we need to edit the other interpolation parameters as discussed
above.

1. Double click on the Interpolant object to open the Edit Interpolant window. We will again move across
each of the tabs making appropriate changes.

2.1n th{? V.alues tab, we can see that the surface filter is set to "Boundary". As the boundary is now set to the
Early Diorite volume, this means the surface filter is already using the Early Diorite so we don't need to change
anything here.

3. Move across to the Compositing tab. Again, we have made all the changes we require so we don't need to
change anything here. This is the same with the Boundary tab, and the Trend tab.

4. The Interpolant tab is the first which contains fields we need to change.
5. Using the rules of thumb above, make appropriate changes to the Sill, Drift, and Nugget.

© 2013 ARANZ Geo Limited 15 of 26
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6. The Isosurfaces and Volumes tab should be correct as it is, so we can click OK and let the interpolant
reprocess.
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Adding a Structural Trend to an Interpolant Model

Now that we have changed the parameters of the Interpolant Model to give a reasonable first pass, the final
step is to apply a trend in a similar manner to applying a trend to intrusional surfaces. We will have looked at
global trends previously in this course (even though we were applying them to Intrusional Surfaces), but for this
model global trends won't provide us with enough detail. When this is the case, the answer is to look at
Structural Trends. There is not enough time in this course to look at Structural Trends in too much detail, but a
more comprehensive look at structural trends is available in the Leapfrog Geo Intermediate course.

Creating a Structural Trend

To create a Structural Trend, we need to create meshes which represent the direction of the trend. We can use
as many meshes as required, and apply different strengths and ranges to each. A common example of where
this might be useful is when dealing with multiple zones of high grade. This could be a syngenetic deposit with
an epigenetic zone formed by later weathering, or it could be two separate intrusions each with a different
plunge and strike.

There are many methods we can use to define meshes, but an easy option is by using Curved Polylines. Take
alook at the existing Interpolant Model and pick out a few trends - two possibilities are shown below. Note that
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it can be easier to pick trends by hiding the initial isosurfaces and viewing the points which are being used to
make the isosurfaces. Once the points are in the scene, use the value filter in the properties panel to slowly
hide the lower grade points - as you do this, the trend often becomes clearer.

(East (X)

1. Create two or more meshes defining your trends. In the example above, there is one named "Vertical Trend"
and one named "Dipping Trend". Both were made using Curved Polylines.

2. Once the meshes have been created, right click on the Structural Trends folder and select New Structural
Trend.

3. Click Add, near the bottom of the window, and select the two meshes that you created in the previous step.

4. The three options at the top of the window are Non-decaying (default), Blending, and Strongest Along
Meshes.

« Non-decaying assumes the strength of the trend won't decay away from the meshes.

« Blending takes any one point in the model, then uses a combination of the multiple meshes to define
the direction and strength of the trend at that point

« Strongest Along Meshes takes any one point in the model, then uses the closest mesh at that point to
define the direction and strength of the trend at that point.

For this example, the most reasonable type of trend to use is Strongest Along Meshes.
5. Select Strongest Along Meshes, and the Range option becomes available.
» The Range defines the perpendicular distance away from each mesh that the mesh has influence on

» The Strength defines the strength of the trend (a strength of "5" would be the equivalent of a 5:5:1 ratio
in a global trend)

» As we move further away from the mesh, the Strength decays until the Range is met (unless Non-
decaying is selected, in which case the strength does not decay away from the mesh).

6. Keep the Strength and Range at 5.0 and 100 for both meshes, and click OK.

© 2013 ARANZ Geo Limited 17 of 26
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There is a short description at the bottom of the window giving instructions to tum the total Units into grams. In
this case, we can look at the average density of the Early Diorite lithology, multiply it by the total Units, then
divide by 31.1 to give total ounces of Gold.

o Total Units is 109,158,221
« Density of Early Diorite is 3.05 (which can be found in the histogram tab of the merged table)

o (109,158,221 x 3.05)/31.1=10.7 million ounces of Gold within the Early Diorite.

Note that we haven't included a cut off, so we are calculating the grade within the entire Early Diorite domain.
There are several things we could do to get a more constrained result, including limiting the interpolant to within
a certain distance to the drilling (New Lateral Extent > From Distance Function), using an Indicator Interpolant
as a boundary (see below), and creating further refined geological domains (using Refined Models).

Indicator Interpolants

In simple terms, Indicator Interpolants allow the user to specify a cut-off grade, then assign either a "0" (for
grades below the cut-off) or"1" (for grades above the cut-off). Once the cut-off grade has been defined, a
surface is created around the "1" values. Small, uneconomic volumes can be automatically removed using a
Volume Filter, and a Statistics tab gives detailed statistics on how the model overlaps with other data in the

project.

Once the volume has been created, it can be used as a boundary, or region of interest within which further
processing can be carried out.

In this case, we will define our cut-off at a value of 0.6.

1. Right click on the Interpolants folder and select New Indicator Interpolant.

2. Change the Numeric Values option to AU_gpt.

3. Change the Cut-off to 0.6

4. Keep the Surface Filter as the Interpolant Boundary.

5. Change the Compositing so it is the same as for our Interpolant (composite length of 6, minimum coverage

of 100%).

6. Change the Interpolant Boundary to the existing Geological Model boundary, to limit the Interpolant to be
undemneath the topography.

7. Drop the Surface Resolution to 6, and change the Iso value to 0.6.

% New Indicator Interpaiant B
Values To Interpalate Intespolant Boundary
Numeric values: [~ AU_gpt v | O Custom
Cut-off: 2 |06 =
V1 Surface Filter
@ Interpolant Boundary
) Other
G - s Bxisting model boundary of volume
[ Down Hole | @ Boundary m

Compositing Length: |6 + | General

Surface resolution: 6.0 o

Minimum Coverage [%1: [100

Where to Composite Lavalue 0.6

i® Entire Drilthole
(") Within Interpolant Boundary

Name: | AU_ggt Indicztor 0.6

14 Help 3¢ cancel Fox

8. Click OK, and the initial interpolation will be processed.
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As was thg case with the Interpolant Model, we will need to go ahead and make appropriate changes to the
default Indicator Interpolant Model. This time we already know most of the rules of thumb, so they will be
moved through quickly.

1. Double click on the Indicator Interpolant to open the Edit Indicator Interpolant window.

2'. The Values tab can be left without change, as the surface filter is already using the boundary (which is in
this case the Geological Model boundary).

3. The Compositing, Boundary and Cut-off tabs can be left as they are as we have already made the
appropriate changes.

4: Inthe Trend tab, we can add our Structural Trend following the same process as for the Interpolant Maodel
(tick the check box, and make sure the correct Structural Trend has been selected).

s Edit Indicator Interpolant | x |

Va}uaﬁ Eumpusi‘ﬁng Boundary Cut-off Irend nterpolant Volumes

() Global Trend

® Structural Trend

|7= structural Trend | =

Name: .AU_gp-l Indicator 0.6 ) ) |

I Help % Cancel <ok

L 'II',here are a number of changes we need to make in the Interpolant tab, following the same rules of thumb as
earlier.

o Change the Interpolant to be Spheroidal.

s Change the Sill to equal the variance (0.25 in this example)

o Change the Base Range to be 2.0 - 2.5x the drillhole spacing (250 in this example)
e Change the Drift to None

o KeeptheAlpha at 3

¢ Change the Nugget to 15% of the Sill (0.0375 in this example)
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[ 2 Edit Indicater Intergolant

Values Compositing Boundary Cut-off Trend Interpolant Yolumes

Interpolant: | Sphercidal | v | Alpha:

(0250000 |2 Mugget: [00375 |2

w | Accuracy: |D.D0SD0 |2

Intarpolant

MName: | AU_gpt Indicstor D.6

|

| |

R | [P ] |
- |

6. Move across to the Volumes tab, and select the Volume Filtering check box. Change the Discard vplume
parts smaller than option to 100,000 units cubed (this will remove all volumes smaller than 100,000 units

cubed).

7. Drag the Indicator Interpolant into the Scene to view it.

]

; Morth

VEast (x)

8. Right click on the Indicator Interpolant and click Properties, then navigate to the Statistiqs tap. Sta:tistics
relating to the Indicator are listed in the window, and can be copied to the clipboard for importing into Microsoft

Excel or a similar package.
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| 3 Properties - AU gptindicator 06 remove small, - © B

| General Processing Errors | Ststistics
= ———

‘ Indicator statistics
‘ Total number of samples 2,702
Cut-off value 0.4
| | 2 cut-off < cut-off
Number of points 1,317 1,383
Percentage 48.74% 51.26%
| Mean value 142 0312
1 Minimum value 06 0.0
Maximum value 187 0597
’ ’ Standard deviation 125 0.184
| | Coefficient of variance 0.832 0.523
‘ Variance 156 0.0267
| \
| Qutput volume statistics
[ Resolution 60 (1

| ' Iso-value 06 "

I _'ﬂ_dp e — Close
‘ : & ®

Compositing Outside the Interpolant Model

Itis possible to create a set of composited drillholes outside the Interpolant Model. To do this, we go directly to
the drillholes folder. This folder gives us more options, including whether to composite the entire drillhole, or
only within a particular lithology. Once the composite has been completed, it can be used to create an
Interpolant Model.

mmimmmmimimwmim m W

1. Right click on the Composites folder, which is under the Drillholes folder in the project tree, and select New
Numeric Composite.

¥ [ Drillhole Data
¥ |i| Drillnoles ‘
B ] collar
T survey ,
4 :' WP_assay ‘
¥ ] Wh_lith
P (& Grouped_lith ‘
& ROCK
B (B, Spiit_Dykes ‘
) Curﬁpnsil.'w = =
B Merged_1 I Newgateguq Composite
& e _DHSt 8] New Numeric Composite
@ WPDHSt  viewan

T o

2. We will follow similar rules to earlier: changing the Composite Length to 6 and the Minimum Coverage to
100%.

W mmmimimTim/Mmi/m/m/m
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& New Composted Table x| = 7
A New Composited Table [ x|
Compasiing ' Region - Output Columns
- Compositing _ Region = Output Columns
Down Hole Compesiting Parameters — — — S —
ComporitingLength (6000 < . Ayailable: Selected
Misimom Covennge[%] 100 - i ¥ WP assay ¥ 5T WP_assay |
o A~ RECOV A CU_pet
A AG_gpt A AUgpt
== fix DENSITY
- fix MO_ppm
= A AS_ppm
R S.pct
i
= b
- |
| s
N [romencxompota
Hwep ¥ cenca Jox Select All SelectNone | [nvert Selection

Name: | numenc_compostte

3. Click on the region tab, and change the selected option to 'inside a region'. e Koo || P
4. In this case we are looking at this for a demonstration, so there is no need to go any further, however it is
worth noting that we can choose to run a numeric composite within a specific region, where a region is
determined using categorical or lithological intervals from any drill hole column.

k. The composited table will be available under the Composites sub folder, which is beneath the Drillhole Data
E folder in the Project Tree.

[ & New Composited Table | |

e PR o := Exercise: Create an Interpolant Model for the Copper
| Where to Composite I
| R — Use the rules of thumb discussed above to create an Interpolant Model for the Copper.

& Inside 2 Region

Select 2 column: [ Grouzed_iith

Select Categaries
| Aysilable: Selected:
I M peciee | I Boserment e
| | ] e=rty Diorite |}
| [ interminers! Diorite T —
[ IRecent
|
-—— '
. L |
| )
m—
— e = = .- w
Select Al SelectNone | | Invent Selection
e B ] 1
forme: | numens_compesite m
TiHep ¥ Concel <Jox -

5. Click on the output columns tab, and select copper and gold, then click OK.

W
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In this session, we will go over the creation of cross sections in Leapfrog Geo, as well as showing a number
of related features

For this session open the Wolfpass model.

Setting up a cross section

Cross sections can be accessed in the cross sections and contours folder in the project tree. Before creating
a cross section, it is best to bring a model into the scene. This means the extents and location of the default
section will be created in the correct general area. Once the location of the cross section has been set up, any
model or surface or drillhole in the project can he evaluated against the cross section. The steps required to set
up a cross section are listed below.

1. View a model in the scene. This could be a geological model, an interpolant model or another set of surfaces.

o MNorth (V)

East (10
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3. Right click on the cross sections and contours folder in the project tree

4. Select new cross section

5. The new cross section window will appear in the scene, as well as a plane which can be manipulated to
control the size and location of the cross section. The plane will be positioned on the sliced section of the

model.

=== — = |
locstion: 44525936, 49360623, 2TIBEE2
| wian (176200831303 D [0

Heght: 7769268723081 3| Dipar (35071 12

n;pfmnt ii i _\ ‘_T'

6. If the location of the cross section has been decided upon, the exact location can be entered in the window.
If not, the plane in the scene can be movedto a suitable location.

7. The size, as well as the dip and azimuth of the cross section, can be altered both in the window and by using
the plane in the scene.

8. There are shortcut buttons in the window which allow the section to be set to either an north-south or east-
west orientation.

9. The front of the cross section can be changed in the window by selecting the swap front button. When
clicked, the 'B' for back and 'F' for front will be updated on the plane in the scene. This is important, as it
controls which side of the plane is in view when the cross section is being edited.

10. Once the section has been positioned as required, click OK to create the cross section. This will appear in
the cross sections and contours folder, and can be edited by double clicking on it in the project tree.

Evaluating a geological model against a cross section

Once the location and size of the cross section have been set up, we can evaluate models and surfaces
against it.
1. Right click on the cross section in the project tree, and select evaluations.

20f24 © 2013 ARANZ Geo Limited
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2. Choose the geological model to be evaluated against the cross section by moving it across to the window on
the right, then click OK. The model will take a few seconds to evaluate onto the section.

3. Drag the evaluated cross section into the scene to view it. By default the display will be flat colour - this can
be changed by clicking the display dropdown in the scene list, and changing the display from flat colour to
Wolfpass GM.

North (Y}

The next step is to create a new section layout and make changes as required to the cross section. This will let
us add features such as text, drilling, legends and scale bars to the section.

1. Right click on the cross section in the project tree, and select new section layout.

B
> .A. New Section Layout...
i

B Interps

B 5 Pube ) Befaranca Surdare

Open
Evaluations

Evaluate Surface

i Copy Section Layout...

V1 View Object

= Comb Rename...

[ Block
[ Saved
¥ [ Cross

PSS

g Delete

" Export
i1 Properties..

f
|| ®Ne Cor

Tab or click toa

2. The section editor window will appear in the background, as well as a window which allows the basic set up

of the section to be changed.

3. Inthe initial window, change the page size to A3 and add the evaluated model to the section

© 2013 ARANZ Geo Limited
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The structure of the editor is similar to Leapfrog; the layout tree on the left side of the window shows the
different layers which can be added to the cross section, the object attributes window displays acl.ditif)nal
options for the selected object in the layout tree, and the section preview window shows a dynamic view of
the section, which is updated whenever changes are made in either of the other windows.

The three main folders in the layout tree allow the section, legend group, and annotations to be changed, as
shown below.
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Changing the set up of the page

1. Click on the page folder at the top left of the layout tree.

2. The available options are listed in the object attributes window, including page size, orientation, dimensions
(if page size is set to 'custom'), and margins.

3. As each option is changed in the object attributes window, the view is updated live in the section preview
window.

Organising the section
The Section folder lets us add models, drillholes and surfaces to the cross section.
o Models include any geological, interpolant, combined or refined models.

o Drillholes allow traces within a specified distance from the section to be added, then up to three types
of associated data (categorical or numeric) can be viewed and filtered on the drillholes in the section.

o Surfaces include any surfaces in the model such as meshes, faults, boundaries, topographies and
volumes.

Models and Surfaces need to be evaluated against the cross section in the project tree before being added to
the cross section in the section layout window. Previously we chose to evaluate the Wolfpass GM against the
cross section, so this is the only model available to view. We haven't evaluated any surfaces or drillholes
against the cross section yet.

Adding surfaces to the section

To evaluate a surface against the cross section, we need to go back to the project tree in Leapfrog.

1. Right click on the cross section in the project tree, and select Evaluate Surface.

¥ i Surdace Chinnolnme

[ 4 Qpen @ No Camments |
[ Evalustions e i
S Evaluste Surface S Sl

p < New Section Layout...
p [= 4 Copy Section Layout..
= Interp [] View Object
[= Comb Renzme...
= Block (3 Detete
[ Saved
¥ [= Cross
V¥ Scs
B Layout

a8 Export

E Properties...

All surfaces in the project are listed. We will evaluate the topography surface against the cross section.
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2. Move the Topography across to the "Selected” window on the right, either by double clicking on the
Topography, or by clicking and dragging it across.

7 Surfaces to evaluate E3
Available: Selected:
@ Oftset Topogrephy 43 Tepegraphy

{5 Wolfpass GM-Refined Wol... | |
& Wolfpass GM-Refined Wol.. | |
{2+ Wolfpass GM-Refined Wol.
pass GM-Refined Wol
|82 Woifpass GM-Refined Wol ..
| @ Wolfpass GME: Basement

& Wolfpass GM: Boundary

& Wolfpass GM: Decite 1| &
% Wolfpass GM: Dacite Vein ..

% Wolfpass GM: Dyke 1

" Wolfpass GM: Dyke 1

B Wolfpass GME: Dyke 1 Foot...

> Wolfpass GM: Dyke 1 Han..

JF Wolfpass GM: Dyke | Refer...

A Walfnass GM-Mhde2 =z S

Select All Select None Invert Selection
i Hep 3 concni ) ok

3. Click OK, and the topography surface will be added to the cross section. It won't be displayed yet - this is
the next step.

4. To display the topography in the section now that it has been evaluated, right click on the Surfaces folder in
the layout tree and select Add Surface.

[ Page r
¥ & Section
2 rface Evaluati...
b i ‘Add Surface
(5 Drtthies Toparibiy i
.

e 13[ ‘+ Addiurla(ceij
¥ [ Annotations

A Title

A, Title Block

/ Scale Bar

"\ Location L —

P Ton o 9€ concel
1 Images =

5. Tick the check box, then click OK.

By default the surface is very thin so is difficult to see. Next we will change the colour and thickness of the
topography surface.

6. Expand the Surfaces folder out so you can see the topography surface.

7. Click once on the topography surface to highlight it - this also brings up the object attributes window for the
topography surface.

At the bottom of this, there are options to change the line width, style, colour, and the pattemn scale (depending
on the style of line chosen).

8. Change the line width to around 1.5, and the line scale / colour as appropriate.

9. Tick the Show in legend check box.

6 of 24 © 2013 ARANZ Geo Limited
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Section Loyt £aune) Lavat - oies

For this example we won't add any additional surfaces, but there are a number of useful surfaces which could
be added - a weathering surface, planned pit shell, or existing / planned underground workings.

Adding drillholes to a section

To add drillholes to a section, we can go straight to the drillholes folder in the cross section layout tree, rather
than having to go back to the project tree and evaluate them against the section.

1. Right click on the drillholes folder in the cross section layout tree and select Add Drillholes.
2. Select WP_assay, and click OK.

]

5 Select Drillholes fram WP_assay EE

] Eilter by minimum distance to section plane |280.0 o

& Clip geametry to filter distance Disglaying 30 of 55 holes

[ HolelD Distancefrom section AL
WPDs3
wPo2E
WPz
WPos8
W23
| Wpos
1 whpa
WPOT7
WPO1D
WPO37
wpo3d
WPo3a
WPO16 103
WPOD 104
w3l 14
WeD32 108
wpoia 113

Braesgspesyo=-~

M Concel <Zax

3. Drillholes are able to be filtered based on minimum distance from the section plane. In the top right corner of
the window, enter the distance you would like to filter to. For the example above, a distance of 10 mis
appropriate. Once the filter has been applied, tick the check boxes to the left of each of the drillholes to add
them to the cross section.
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2 weoe 1 | & Dacie i
2 . = |
= .
- ¥ [ Surfeces
E E 7£Tnpng:ephj
‘ f Basement . L
‘ 1 Visible
E ! i ‘Drsulphnn: [ Edit
[Bie= ]
[] Highlight
L — — | Colowr [ Ell [ Edit
Biws || € = =y T TS
. [] Hatch
4. Click OK , and the drillhole traces will appear in the cross section. E ; E
To change the display along the traces, we need to look in the object attributes window in the bottom left
comer. Up to three different properties can be displayed, along the left, centre and right of the trace. E i P
i ; " " n this window we can change w is visi i i P
1. Tick the "Left" checkbox, and change the display to "AU_gpt". E xeiienioar et of theg\]r Oiu:qe;herthe basement is visible, its label in the legend, whether to highlight it,
2. Click the Options button to the right of the dropdown box. . .
s s | Pﬂt " 0I tQ B p E —~ 3. Keep the basement visible and the description as default.
; a value filter with a lower cut off of 0.5. : e gien .
_ . . _ ' N (- 4. Tick the "Edit" check box, then click on the colour swatch to edit the colour. Keep the colour the same, but
4. Move across to the Lines and Labels tab, and increase the line width to 2.5. Inthis case it is best to keep change the opacity to 100. '
the labels off, as there are too many intervals so the text overlaps itself. E | THE
o Lot — — ‘ L=t Set Colour
= \r-—-:gc:“s Eﬂi c'mg‘!f'i"@ E by Hue ‘u—7|‘ Red: ﬁL:
B - I m::in::::mdubeu L - y E Ssturation: ‘:;, Green: |&_:
S we.ey \ Value: \Ei Blue: 100 |2
| Lines  Boints snd l2bels —
i = = [emey ———Tw ] ,
7 Showtecsline B T m— Color name: | - |
Unegicti (02 %) Golour _ A e - Palette:
=g e T2l (P — = = | H_EEE .
O geme — frm— | | | || B | |
E ;—i 8 ;"E'Pi Random | 7R£BHCE| 77@@( 7
[ — k=
Editing the models in a section E: @ 5. Tick the "Hatch" checkbox, then click on the hatch swatch to edit the hatch pattern.
Now that we have added the geological model, drillholes and the topography surface to the section, we will edit e e S
the display of the model by changing colours, transparency and hatches. E = o G
i i i ' ! iption: [
1. Go to the models folder in the layout tree, and expand the triangle out until you can see each volume. [ - e
[LayoutTree - . [ Highlight
[ page E - Colour [ Eill ) Eont
v —
¥ [ Mode! -
¥ [~ Output Volumes T — =T
o.:e:enl‘ E ] - sachcoious [ —
& Dacite - Hatchzcale 2000 3 —
& i
& Basement = —
== *
2_Click on the "Basement" volume to bring up the basement editing features in the object attributes window. — |
= ‘
==
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There are a number of common rocktypes that can be searched for in the search window, otherwise you can
look through each folder to find an appropriate rock type. For the basement in this model, we will use a schist

hatch pattern.

6. Type "Schist" into the search box and 21 different options appear.
7. Choose the first by clicking on it, and click OK.

5

| Pattern Categories

| |2 0eNerm
| |[E= patterns

The cross section will be updated to include the hatch pattern.

| |[2 150 710 Contact and Transformed
[ 150 710 Magmatic

| [E2 150 710 Metamorphic

[ 150 710 Sedimentary

T

| Search Results
7~ = -~
Z4 .
| N Zf‘-f | Tt e
Schigt | Sesicitic Chio
{ T | Schist
st P~
—_——~ S
~ o~
Nt Nt
Chlp Schist Schist Phyllite
|
‘ bl = <
> =
= <
> =
Greenschist Spotted Schist

Z~| ,\{/(___'\-a/\

Cale Silicate
Schist Cata.P
w1

I ~~

e
Calc Silicate
Schist

xgan; I L

8. To change the scale and line width of the hatch pattern, use the options in the object attributes window.

[y SR

Lisme: |Leyma

ot Tres
| Fage
| ¥ setion
¥ B Modeis
[ Wollpass GM
¥ £ Cutpet Velomes
& Fecer
& Dace

9. Add appropriate hatch patterns to the other lithologies in the section.

100f 24

e | Sestion tayoufEator- Layou

lqmi-a @& §

- oEE
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10. To highlight a particular lithology with a bold outline, we can click on it in the layout tree, then tick the

"Highlight" check box.

Annotations

Next we will edit the annotations, including the title and title block, as well as scale bar, location labels, text

boxes and images.

To edit the title, there are two options. We could either click on the title in the section layout view, or click on
the title in the layout tree. Either will highlight the section and display the options in the object attribute table.

© 2013 ARANZ Geo Limited
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Watpass Cros Secton |

7 Boundary bai

L B

2. Enter an appropriate title for the cross section.

3. Choose whether to display a boundary box around the title, and change the line style, width and colour.

There is one title block available, which can be seen in the section by ticking the "Visible" check box. If
required, enter the attributes for each part of the title block and they will be updated in the section layout.

| A Title Block
| ] Visible
| Hesdling styte: [Trte Block = Edit Syles
Tedstyle  |TieBlockEnty | v | | EditStyles
Attributes

Responsible dept.

Technical reference

Creator

Approved by

Legal owner

Document type

Change the scale bar options as required.
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| 7 ScaleBar |
| @l e ‘
| Scale Bar ‘

|

| Lengtn (2000 "% parttions: 4|

i

‘ Barstyle | L W | v | Thickness: [50 |

Line width: 02 2| Colour:

| Scale Bar Labels
[V] Show Labels
| [ ShowUnits /] End Points Only

Test Style: | Scale Labels v | | Edit Styles |

Text

[¥] Show scale [/] Vertical exaggeration

Text Syle: [Bogy |+ [eanstyies

[] Boundary bex

Noe || P | |

1. To add a text box to the cross section, right click on the Text Boxes folder and select Add Text Box.

2. Once the text box is inthe cross section, it can be moved by clicking and dragging.

3. To enter text, go to the object attributes window and type in the blank box.

Horitontal Alignment. | Center
Yertzeal Abgrment | Top i3
4 Show Outline [ | Roundes Cormers
bresie |——— « H
Umeswidth: (02 |31 Pattemscale: [0.103
| FillBackgraund Fill Colour: [ |

Name |TedtBor

4. Now to add an arrow coming from the text box, right click on the text box in the layout tree and click Add

Arrow.

An arrow will appear on the text box, which can be dragged around using the node on the end of it.

© 2013 ARANZ Geo Limited
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5. The "Automatic Anchoring" option chooses whether the text box end of the arrow moves around the text box r= 6. The image will be added to the cross section, and can be repositioned and resized as required.
dynamically, or whether it is anchored in one position to the text box. The line style and colour can also be

changed.

3 Section tarmu Editer - Laveat T x|

e mE §

Wollpass Cross Section 1

11

e Bomw | S

Saving and exporting cross sections

Once the cross section has been set up as required, click OK in the bottom right comer of the section layout
N editor. This will save the layout under the section in the project tree. To access it again, double click on the
I = layout in the project tree.

The last option we will look at is the images folder.

Adding an image . ‘
_ . The section can be saved in *.pdf, *.svg and *.png formats by clicking on the button to the right in the image

Images can be a useful way to describe the location in space of the section. There are multiple possible below.

options, but two common options are to take a screen shot in plan view showing the location of the section, and

take a screenshot in oblique view showing the location.
1. To save the section layout, click OK in the bottom right comer of the section layout window.

Q]+ @ 8 ¢

. Once the section has been saved in the required format, click OK. An option asking whether you would like to
3! open and view the exported section will appear. '

2. Set the scene up so you can see the location of the cross section in relation to the geological model, and
take a screen capture. You can either use the built-in "Render Image" option in Leapfrog (under the orange
Leapfrog Geo menu), or use any screen capture software such as Snipping Tool, which is installed for free

with Windows.
* [Wolfpass Cross Section 1] "

]
§ }

==

IlJ

=g =

|

badasecn
\

45300

0

+#34200

1

t+
R 4 2 :

3. To add the image to the cross section, go back to the Cross Sections folder in the project tree and double
click on the layout we were working on a few minutes ago. This will open the section as it was when we clicked

OK.
4. Go to the Images folder, right click onit, and select Add Image.
5. Navigate to the screen capture that was taken in step 2, and click Open.

ul

E

The line work for the cross section can be exported as a dxf by right clicking on the cross section and selecting
export, choosing which model to evaluate on the section, and clicking OK.
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Elev (2)

200
+445700
East (x)

+445100
4445200

In this case the geological model line work has been exported, which means each volume on the cross section
will be exported as a separate dxf line. These can be viewed together (as above) or separately (as below):

Creating serial sections

Serial sections at specific spacings can easily be created in Leapfrog.

1. Right click on the cross sections and contours folder in the project tree in Leapfrog, and select New Serial
Section.

2. Choose the location of the base section either by using the arrows in the scene, or typing directly into the
New Serial Section window.

3. Change the spacing between each section to an appropriate distance, and click OK.

Location: 445250 493800

| 16

Heght |43

Offset Sections
Specing (2%
Extents  Distance

Front L

B [0

Entlote Object v | Ttotal

tiame 453,600 Noah

4. A new serial section will appear under the Cross Sections and Contours folder.
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5. Right click on the serial section and select Evaluations. Select a model to evaluate on the sections, and
click OK. Depending on the number of sections making up the serial section, the model may take a few
minutes to evaluate.

6. Drag the top level serial sections object into the scene, and make sure the view is changed to "Wolfpass
GM" rather than "Flat Colour".

EETESE .

Now that the model has been evaluated, we can create a new layout. This needs to be done for each section.
1. Right click on one of the serial sections, and select New Section Layout.

2. Change the settings for the section as described above, and click OK.

3. Right click on the next serial section, and select either New Section Layout, or Copy Section Layout.

4. When Copy Section Layout is selected, it is possible to copy a layout from an existing cross section (either
a serial section or individual section), rather than creating a new layout for each section.

Creating fence sections
Create a new fence section by right clicking on the Cross Sections and Contours folder, and selecting New
Fence Section. A fence section can be created using either an existing polyline, or by drawing a new polyline.

Evaluations can be made on the fence section by right clicking on it, and selecting evaluations. Section layouts
can be created as above, then exported.

The fence section can be viewed in the scene, and the linework exported as a dxf by right clicking on the fence
section and selecting Export.

© 2013 ARANZ Geo Limited 17 of 24
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In this session, we will look at planning drillholes in Leapfrog Geo. This is a simple process, and can include
outputs such as expected grade and lithology based on existing models, as well as the standard survey
data. We will continue with the Wolfpass dataset for this session.

\

Set up of a Planned Drillhole

18 (8]

The easiest method of setting up a Planned Drillhole is to view the topography and the drillholes in the scene,

_._' as well as the target (which could be the interpolant model or a geological model). We will then specify the
collar and target locations, and alter the lift, drift and depth. Once the location of the drillhole has been entered,
- a prognosis can be made. This takes any existing model and evaluates it against the planned drillhole, letting
.E' us look at expected grade and lithology down hole based on current models.
1. The first step is to drag the drillholes, topography and Early Diorite output volume into the scene.
| Split_Dyke: o
(o .B;sament
.Dante
- Hows:
! gsam Diorite |
[ Intemminaral Diarita
-_!
o *
=)
2l
_ |
o] A good way to visualise the location of the high grade based on existing data is to run an evaluation on the Early
- Diorite.
- 2. Right click on the Early Diorite output volume and select Evaluations.
= 3. Select the AU_gpt clipped to Early Diorite Structural Trend interpolant model, and drag it across to the
right hand window.
i ‘ 4. Click OK, and the interpolant will be evaluated against the Early Diorite surface.
-
5. Once the evaluation has finished processing, click the display dropdown box in the Scene List, and select
- the interpolant.
!'I ‘
1]
=t
i
’ ;
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Split_Dykes

Now that we can see the interpolant evaluated against the mineralised Early Diorite, '_we can see t.hat there are
patched where the high grade is well defined, and also patches where the high grade |§ poorly Fieflned. To thg
southern end of the Early Diorite there is a large area of blue, which we can see contains no drillholes. We will
plan a drillhole in this area to better define the edge of the deposit.

6. Rotate the scene until you can see both the point on the topography that you would like your collar to be '
located, and the point on the Early Diorite that you would like the drillhole to target (note that you can be looking

underneath the topography to make it easier to visualise)

7. Right click on the Planned Drillholes folder, which is beneath the top level Drillhole Data folder.

8. Select Plan Drillhole, and the Drillhole Planning window will appear.

4
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= iiiibote Pianning Ea
Specify: @ Collsr ) Targer
Coltar. i — — —
Location: 250000 . 480000 . 3700 3
e %000 Jasmare oo 7
Path _- -
Lifr 6,00 Zper 1000 - ynis dstance
Drift |oos 2 peas 10,00 units dstance.
Depthe (2000
Endofholeis 000 17| units post target
Description
Commengs: |
Hame: WPLs0 Phase: |WP -
4, Slize slong dnllnole £ Move collar onta the Topography S NegtHole | |
3 Hetp Defaghs ¥ cancel “Jox |

In this window we have several main sections. At the top of the window, we can specify whether to start at the
Collar or start at the Target. Depending on which is selected, either the Collar or the Target window will be
greyed out (in the image above, the Collar is selected so the Ta rget section is greyed out).

Around halfway down the window there is a Path section. Once the start point of the drillhole has been
specified, we can change its path by varying the lift, drift, and depth.

At the bottom of the window in the Description section, we can add a comment, change the name and change
the phase of drilling.

We will look at each of these sections during this session.
9. Firstly, make sure the Collar option is selected at the top of the window.

10. Making sure the scene is still in the correct position so that the desired collar location on the topography, as
well as the target location are both visible(as in step 6), click the cursor icon in the top right corner of the
Drillhole Planning window.

e Drillhole Pranning ES .
Speciy @ Coll [ Target
Collar =
Location: 250000 . 430000 ) HES
Dip: 00 || Avimutrc [
|
Fath - = o
Life 000 T per | 1000 3 ynits distance
Dijfe 000 2 per10.00 umits distance
Degghe {20000
Endofholeiss | D00 * units past target
Description
Commens: [ —
Heme: [wposo | Phase (W _ 2

S\, Sticeslong drillhole | | £} Move callst ento the Topography 5 Nest Hale
: h b [

Hbep Defaults. . B Cancer Sox

11. Click on the topography where you would like the collar to be located, then drag to the point on the Early
Diorite where you would like the target to be located.
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12. When you release the cursor, a straight drillhole will be in the scene.

13. It is now possible to edit the lift (vertical movement) and drift (horizontal movement), as well as the total

depth, and the distance past the target. The dip and azimuth at the surface can also be edited in the top
section.

14, Click OK and the planned drillhole will be saved under the Planned Drillholes folder.

Now we will create a prognosis, which will show the expected grade and lithology at depth based on existing

models.

© 2013 ARANZ Geo Limited
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1. Right click on the planned drillhole, and select Drilling Prognosis.

2. The default model is the geological model. For the planned drillhole in the example above, the first 12.188 m
is expected to be Recent, then from 12.188 m to 565.506 m is Basement, then the Early Diorite intrusion
makes up the final 60 m.

2 Drilling Prognoses: WP60 | x |

View prognosis for: (% Wolfpass GM -

Data

fom To  Walipass GM
0 12.188 Recent
12188 565.506 Basement
565.506 635 Eariy Diorite

 Copy to Clipboard

9 Cose

3. To change the prognosis to the interpolant model, click the dropdown at the top of the Drilling Prognosis
window and select the most recent interpolant model.

4. The prognosis will take a few seconds to process, then we can see the grade that is expected to be hit down
hole. In this example, we are drilling into an area which currently doesn't show any grade so the prognosis isn't
very impressive, although it does increase as we move into the Early Diorite which is expected.

= Drilling Progroses: WP Bl

Yiew prognosisfor: | AU_gptclippedtoEarly.. | » | Szmpledistance |10 2

Data | Bt

__ WPDED

o«

T B T ;
GWm OO0 000 OOOSIS  DOSOS  DOOSOT  0LOOXE
AU_gpt chipped Lo Barly Dionte Structural Trend

Copy Image to Clipboard

Creating a Fence of Drillholes

To create a fence of drillholes at a set distance and azimuth apart, we can edit the Drilling Planning Options.
1. Right click on the Planned Drillholes folder and select Edit Planned Drillhole Defaults.
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2 Drillhole Slanning Options 1l

Default Planning Mode

Specify: @ Collar () Target
Default Path Values

Lift: [0.00 13| degrees

Drift: (000 |<| degrees

per: 100 5 units distance
Default Extension

Endofholeis (0.0 | units pasttarget
Offset To Next Hole

pistence 10 |3 ammath 000 [

e | ¥ cancer Jox

The easiest way to plan a fence is to change the Offset To Next Hole options (both the distance and azimuth).
2. For this example, we will specify a distance of 50 m and an azimuth of 25 degrees, then click OK.
3. Right click on the Planned Drillholes folder and select Plan Drillholes.

4. As we did above, specify the collar location by clicking on the cursor, then clicking on the desired collar
location on the topography.

5. Once the initial hole has been created, click Next Hole in the bottom right hand corner of the Drillhole
Planning window.

Ut w0 3/ pw 0002 pmtsdetance

Dt 00 3 per 1000 unis ditance

Degth En e

End of hole ix: E T 17 umits pestiaeges

S

Comments S -
Hame irOsE phase (WP

"y, Sfica along drillhole | | £ Move collar onto the Topogusphy | | S

Defaghs..

In the plan view above, we can see that each time Next Hole is clicked, a new hole is created at a distance of
50 m and an azimuth of 25 degrees from the previous hole. Each hole will have a collar on the topography, and
will have the lift and drift that were specified in the Drillhole Planning Options (in the example above these were
both left at 0.0, so the drillholes are vertical).

Exporting Planned Drillholes

There are two ways to export planned drillholes. The first is to export a csv file, and the second is to export a
Viewer file.

1. Toexport a csv file, right click on the Planned Drillholes folder and select Export Planned Drillholes.

2. Select the drillholes to export using the check boxes, then click Export.

3. Browse to an appropriate location, give the file a name, then click Save.

4. The planned drillholes will be exported to a csv file which can be opened in Microsoft Excel or any text editor.
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A B ¢ 5] E F G H 1 ] K L
1 Drillhole?Easting  Northing Elevation Azimuth Dip LiftRate Drift Rate Distance Extension Target DejComment
2 'wp0s0 445246.5 492533.7 2804.37 25.99119 55 0.8 o 10 1] 635
3 WPOs1 445985 492600.1 2827.892 o 50 a o 10 0 2000
4 Wros2 448010.1 4926454 2311.35 a 950 o o 10 0 2000
5 WP0G3 446031.3 492690.7 2798.888 ] 90 o o 10 a 2000
6 WPOG4 446052.4 492736 2781.328 o 50 o a 10 ] 2000
7 WP065 446073.5 492781.3 2753.92 o s o o 10 o 2000
B 'WPO56 446094.7 492826.6 2723.986 o 50 1] 0 10 ] 2000

1. To export a Viewer file, save a scene containing the planned drillholes, then export the scene. The scene
can then be opened by anyone with the free Leapfrog Viewer installed on their computer.

Leaptrag Viewer
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Goals

Inthis exercise, we will look at creating a geological model with three dykes, then use the features in
Leapfrog Geo to create a vein system to model the dykes with.

The data for this exercise is inthe Exercises \ Exercise 2 - Vein Modelling folder.

“

Importing Data

Import the data following the same steps as have been covered in previous sessions. For this session, we
have:

Topography (as GIS contour lines)

¢ Drilling data (collar, survey, lith)

» GIS data (surface contacts for breccia, granodiorite and sandstone-marble)

Structural data (sandstone-marble contact)

Building the geological model

Create a geological model for the project, setting an appropriate boundary and surface resolution. The
chronology for the model is as follows:

Youngest

Diorite Dykes
Hydrothermal Breccia
Granodiorite

Marble

Sandstone

Oldest

1. Create the above as new lithologies under the geclogical model.

© 2013 ARANZ Geo Limited 10of8
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2. Start by building a depositional surface for the marble-sandstone contact. There are no drillhole intercepts for

this surface, so the only option is to build the surface from the GIS line representing the contact, and the - £ SRR IR

structural measurements at the surface. e -
T: Vein lthology: ! Dioiite v
3. Model the granodiorite contact using an intrusional surface. Include both the drilling intercepts and the GIS EL . Gei ity 52;;::““
line on the surface. Make sure that you ignore the younger lithologies and alter the anisotropy of the surface. Home: \WE:;{‘:“
4. Model the hydrothermal breccia using another intrusional surface. Again, there are drilling intercepts as well m- STl — S
=i B I Ocrte Dyhe 3

as a GIS line on the surface delineating the outcrop. Alter the anisotropy of the unit, and also add a root to the

breccia using curved polylines. , ,
4. The vein system will have appeared as an object under the surface chronology folder. Build each of the

dykes (diorite 1, diorite 2, diorite 3) separately by right clicking on the vein system and selecting New Vein >

15,

From Base Lithology.

A i |
R % DioriteVe ~

P W Brecda QOpen | #No Comments |

% New Vein + || /R From Base Lithology...
— P = Sandston .
.."J > 5 Output Vol Evaluations AN From Other Contacts...
- =] olu
s T F=) interpol tps £ Extract Mesh Parts... 52 From GIS Vector Data...
) Interpolant : ;
.. bxract Vertices %« From Points...

[ Combined Models
s From Polyline...

[ Block Models [] View Object . _
[~ Saved Scenes and View All Veins & From Curved Polyline...
[ Cross Sections and View Active Veins
— ["] Notes 4 Prioriti
rioritise
| = Lith
fr— Rename...
@ Delete W_ —
i ru GM; Breccia
Modelling the dykes & Bpor. b M frecg —
[i7] Properties...

]

-

Leapfrog Geo has an advanced implicit vein modelling tool which allows the user to create a vein network with

terminations and pinchouts based on the drilling data and a curved reference surface. 5. The three dykes should look like the following:

H

For this project we do not need to use the interval selection tool to define the veins, as they have already been
logged in the drilling.

H

Creating a vein network

&

In Leapfrog there are two options for creating veins. We can either create a single vein by selecting New Vein
under the surface chronology, or we can create a new vein system. The vein system allows a network of veins
with one assigned lithology to be created, and interactions between veins added.

1. Double click on the lithologies object under the GM and add a unit called "diorite". This will be the lithology
which makes up the three dykes.

2. Right click on the surface chronology under the GM and select New Vein System.

i

|
d+ 1438000

|
p+1445200

/
#+ 1446400
$+1446600

m M M M mMmMmmmmmimiMmimmin
s

l!}'
!
!
|
f
pil'l-M 800
Th 4470

d+1447200
{East (%)

¥ @ Suface Chincainmi ‘

# Bre, Open @ No Comments | ; —— N
; P ol e Nontpot + || Tobor kot E E 6. These are the default surfaces, so we will now go through and make the required edits.
o S e NOTE: If there are drillholes that don't penetrate all the way through the unit that is being modelled, you can

[= Interpolents | 8 New Intrusion

[ Combined M{ % New Vein 4
[ Block Models | <= New Vein System

[ Saved Scenes| ¥ New Stratigraphy

[ Cross Section: View All

= choose whether or not to add a point at the end of the drillhole by ticking the include points at the ends of
o holes checkbox.

() otes 4 Prioritice [ o &l =
i) Propedies... |® D — Veinin column ‘Lith' on table ‘Lith’
Veinlthology: [ DiereDyke 1 | +
. - o] ||
3. The interior lithology for the vein system will be diorite. Select this, then click OK. { 9] Include points at the ends of holes

Name: | Diorite Dyke 4 |

$1 Help 3¢ Concal ok }
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Adjusting reference surfaces

18

In Leapfrog Geo a vein is built using an offset surface from a reference plane. The plane is interpolated from the
centre points of the vein segments. This surface is then offset to create the hanging wall and foot wall

l

"+5248000

“u+ 1445000

surfaces. = 2
There are two options for creating the vein reference plane. Either a curved surface generated from the centre = g : ——
points can be used, or else a flat plane can be used (this was the only available option in the previous versions b g & Dyke 2riow
of Leapfrog Geo). A curved reference plane can easily be edited using polylines and structural data, making it | | 5 fover dyke 1| “sss215000
much more flexible than Leapfrog's previous vein modelling tool. e i
For this model, we will edit the reference plane of dyke 2 which is only present at the south westermn end of the —
deposit, as it splays off dyke 1. We need to make this edit as we want dyke 1 to cross over dyke 2 to start with, S
then later we can terminate it against dyke 2 to create a more realistic splay.
1. Select the triangle to the left of dyke 2 to expose the objects under it. Drag the reference surface into the i;
scene. B
o ﬁ 5. If you are deaiing with a dyke which is planar, it is still possible to use the standard reference plane by double
g v =— clicking on the reference surface and selecting the plane.
» T Lithologies

¥ @ Surfece Chionology
¥ 5 Diorite Vein System
P Diorite Dyke 1+t
¥ (s Diorite Dyke 2
¥ % Diorte Dyke 2

Editing the segments

mmmmmmmmmmmmMmmmm
il

:EEZZZ::E}::i:::.?L:i“"“ = When a vein is created, Leapfrog extracts the hanging wall and foot wall segments from the drilling data. Once
B A~ Diosite Dyke 2 . " . .
g TSI :! this has been completed, the foot wall and hanging wall sides are determined so the surface can be offset to
— the points.
B (% Dierite Dyke3 -t S— s : s & . 8 ¥ g i
PEm ") By interrogating dyke 1, you will notice an area which has been pinched out and is not honouring the drilling
W S = data. This is because two drillholes are collared within the dyke drilling in different directions so the hanging
- wall - foot wall segments have been incorrectly assigned. This is not a problem, as they can easily be edited
2. Right click on the reference plane and select edit with curved polyline. The editing tool here works in the | using the process described below.
same manner as for any other surface. E
3. Drawing on the slicer, add curved polylines until the reference plane is on the Eastern side of dyke 2, similar -
to the image below. _!
Elev (2) -
1H
Existing
Polyline edt dyke gy
10
LB
g 45248000
i | e avecton acineamite T W

area with data. We want to LB
force dyke 2 fo cross over
dyke 1. Once it crosses over,
we can terminate il against
dyke 1.

\+1447000
N
\

\EastiX)
-

1. Drag the diorite dyke 1 segments into the scene. You will see that all segments have a blue and red side.
Red indicates the hanging wall, and blue indicates the foot wall side.

m
m

vorth () .=

[There is no data fol
dyke 2 down this
end of the model

— ¥
i

4. Once the Save button is hit at the top of the screen, you will notice that as the dyke moves away from the
data, it offsets to follow the form of the reference surface.

m m 'm mm m
(=]
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Editing the hanging wall and foot wall manually

=y

If you would like to edit the hanging and footwall manually you can do this buy right clicking on the hanging wall
and foot wall under the vein and selecting edit. You can also add points, structural discs and polyline to the
hanging wall or footwall surface. These could be measurements regularly collected from the mine and added to
update the model.

Also if you have surface contacts which you would like to honour you can add these by using the draw on
surface function and create polyline edits on the topography.

§=1-

=L

Completed Model

=

The final geological model including all lithologies and dykes should look like the image below.
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For this exercise, we will create a geological model of a geothermal system from imported drillhole and GIS
data.

The data for this exercise canbe found inthe Exercises \ Exercise 3 - Geothermal System
folder.

Setting up the Project and Importing Data
Create a new project called Geothermal System.
Import the data from the folder for this exercise:
o Topography is a DTM (*.asc file)
o There are GIS lines representing roads, rivers and lakes
e There is an ortho photo, geological map and topographical map

e There are boreholes with collar and survey files, as well as geology and well temperatures.

Building the Geological Model
Create a new geological model. Accept the default extents, but drop the resolution down to 200.
Build the sequence from the bottom to the top:

o Basement: New deposit from base lithology, using contacts above, making sure to ignore the 'no
return'. Set a horizontal, out of plane trend of 0.1.

s Rhyolite: New intrusion from base lithology, making sure to ignore the 'no return’. Set an appropriate
trend based on the drilling / default surface (0.3 out of plane works well)

e Ignimbrite 1: New deposit from base lithology, using contacts above, ignoring the rhyolite (which is a
younger intrusion). Set a horizontal, out of plane trend of 0.2.

© 2013 ARANZ Geo Limited 10of2
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o Ignimbrite 2: New deposit from base lithology, using contacts above, ignoring the dacite. Import the GIS
line 'Sediments - ignimbrite 2 contacts' (don't filter the data), and add it to the default surface by right
clicking on the surface > Add > GIS Vector Data. Make sure to choose the 'On Topography' version of

the file.

« Andesite: New intrusion from base lithology, ignoring no return and dacite. Set an appropriate trend (0.3
out of plane works well)

« Alluvium: New erosion from base lithology, using contacts below. Import the GIS layer 'superficial

deposit outline' and add it to the surface, making sure to use the ‘'on topography' version. Import the
structural measurement 'structural data superficial' and add it to the surface.

« Dacite: New intrusion from base lithology, ignoring the no return. Import the GIS layer 'dacite outline’
and add it to the surface, making sure to use the ‘on topography' version of the GIS line.

Put the surfaces in the correct chronological order, and activate them by ticking the checkboxes in the Surface

Chronology folder.
Check whether any manual edits are necessary. In the South West corner, the sediments - alluvium contact

will need to be edited.

Create the Fault System

Create the faults by drawing new GIS lines using the geological map as a guideline. Adjust the surfaces to add
dips. There is downhole structural data that can be imported for Fault 2, the dip of Fault 1is vertical, and the dip
of Fault 3 is 77 degrees to the East.

Add interactions to the faults based on the traces on the geological map, then activate the faults to split the
model into four fault blocks.
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