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In mining geology, robust mine mapping and
interpretation of ore-controlling features

are important to reduce risk associated with
geological uncertainty and ensure that ore value
and mining operational revenue are maximized.

Improved accuracy and efficiency of the ore control process, as
well as increasing orebody knowledge has downstream effects
leading to a more informed resource model. In an underground
mine, this can also help improve development and stope
planning, as well as drill targeting.

In the not so distant past, underground mapping has been drawn
on paper, neatened up in the office, maybe scanned, and possibly
digitized in a 3D environment to create explicit 3D meshes.
Sometimes it's just left in a folder! Paper-based mine geology
methods and physical modeling techniques need to be updated
for the age of the digital 3D mine. Two tools at the forefront of
this are Seequent’s Leapfrog Geo software as well as Deswik.

Mapping.

Deswik's GeoTools portfolio is designed for mine geologists to
improve efficiency by eliminating the double handling of data.
Geologists can bring their designs, photography, and sample
data into their 3D mine design environment and capture their
observations directly in 3D space. If a site is using Deswik for
other actions such as design and survey, data transfer between
disciplines becomes seamless and automatic such that geologists
always have the latest design and as-built information at their
fingertips.

Seequent's Leapfrog Geo software is a workflow-based 3D
geological modeling tool. Leapfrog Geo's advanced implicit
modeling engine bypasses time-consuming wireframing and

lets you build models directly from various sources including
drillholes, points and surfaces. Models update dynamically when
new data is added to a project, making it easy to keep models
current. This reduces the risk of making key decisions based on
out-of-date information.

The following workflow demonstrates how you can create a
robust geological map of your underground mine using Deswik.
Mapping and use this to inform your implicit Leapfrog Geological
Model. Pairing Seequent's Leapfrog Geo and Deswik.Mapping
creates an industry-leading workflow for smarter mining.

Underground Geological Mapping

Deswik.Mapping is a Windows tablet app that allows geologists
to create geological maps and photography while offline and
underground. Users can establish their location in 3D space,
using survey markers and tunnel design, before they begin the
mapping process. Photographs can be overlaid with geological
mapping, to create a rich representation of the geology being
mapped. The geological mapping work can then be imported in
Deswik.CAD and made available for other users to view and use
within their 3D mine design environment.

To begin this example, from Deswik.Mapping we open the
relevant level, and create a new Face section to map. Deswik.
Mapping is configurable to every site and as such the features
available to draw can be specific to each site. For this example,
we have configured a vein hangingwall and footwall feature, both
of which prompt users to specify which lode the HW/FW belongs
to.

Sketching contacts

After the face is setup, go into the Drawing Tools menu, turn on
the Sketch mode toggle, then tap the Vein HW button.

Add !'ﬂ'\.l'ﬂ

| General

[ Genl

[ eneaconme || Contect |
[ UTHD ][ Vein ]

Using your tablet's stylus, draw the hanging wall of lode on the
screen.

Tip When sketching and you want to finish a line segment, lift the
stylus off the screen a tiny amount, then tap at the end of the line -
like writing a full stop! This stops sketching the current segment.
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Tap the Finish button to end sketching, and select enter Lode 1
as the lode when prompted.

Attributes

Attributes

%2 Deswik,GeoTools.Mapping

Finish current action

Copy From Figure Clear All oK Cancel

The Lode 1 hangingwall is now on screen, in its 3D position.

& Deswik GeoTools. Mapping (54 bif) - 2019.3.501 1 C:\GeologyMapping\GeoTools Mapping Training Template wdd 1 00_202_100

Deowik GeoTools Mapping

Edit entities

t
- =5
4

Use the same process to sketch on the footwall contact of load
1, using the Vein FW feature, making sure to select Lode 1 when
prompted.

Repeat the process to digitize other lodes - in this case, we
digitize a second lode, making sure to set the HW and FW to
Lode 2 when prompted.

Creating polygons

After the veins are digitized, create polygons between the
contacts to make the geology apparent in the drawing. The
fastest tool for this task is called ‘picking’ - somewhat similar to
the flood fill" action in Paint.

In the drawing tools menu, turn on the By Picking toggle

@D q-« then select the Vein feature under the Geology
features:

Add features

General v ]
Geology ]
[ fered Conta | Contact |
[ Vein HW I Vein FW |
o

Tap the stylus inside the vein, and some hatching will appear
to indicate the area you selected. You can digitize multiple
polygons, so go ahead and tap in the second vein too, and then
tap the finish button. Next, we want to define the host rock, so
with the picking option still toggled, tap the Litho button, then
tap in the space above Lode 1, then between the veins, then
below vein two, then tap finish. You will be prompted to select
a lithology code for the host rock - select M2. The screen will
redraw and you will see a very typical looking face map.

Area: 27.8

Save the current document in the mapping app from the home
menu:

Settings
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Exporting Data
To model the vein in Leapfrog Geo we first need to export the
vein data from Deswik.CAD.

Open Deswik.CAD, then open the mapping document where
the veins were created.

To export the vein data, select: File | Export | CSV or Text file.

- Deswik.CAD (64 bit) - 2018.3.601 : C:\GeologyMapping\{GecTools Mapping Training Template.vdd
| File | Edit View Layer Format Insert Draw Modify Tools Window Help |-_

i 0 | New Mo Ve L Vg Vo | fh S| <NeF

-

ki e T
i Close ™ s ;
10 =YY
Import (= : -
| Export L3 Vulcan » 3
(ld Save Datamine »
Save As Surpac »
% SaveAsTemplate Minex »
k| Save As Email Attachment Micromine »
Page Printer Setup Deswik.CAD
Print Preview CAD And Other Formats
Print Bulk Export
b Print Multiple XPAC Polygons And Reserves
b Fiin Ratch ArcGIS Shape File
d Riopetics Trimble »
{  |[DURSedings Cat MineStar »
§ [ Shared Files
Dozer2000
4« Bxplorer
CSV Or Text File
1 C\GeologyMapping\GeoTools Mapping Training Template.vdcl .
XML File
T CA\Data\Chip Sampling\Level_N0620a.vdcl e e e

The Export to CSV dialog box appears. In the Entities to Export
section, we need to specify the layer in the CAD document that
stores the veins. In this case, select the Specified layers radio
button, then click the button to the right of the radio button.

When prompted to select a layer from the list to export, scroll
down to the layer called VEIN and click OK.

Multiple Layer Selection P =
DISCS || [P External References

4 SHEARZONE
DIRECTION
[ b=# ROCKSYMBOLS
AVERAGEGRADES
TEST
_PSEUDO_DRILLHOLES
[J=# seDDING
|| %= ven |
4 LITHOLOGY
[Jl» ANNOTATION_LTHOLOGY
4 [ 1&=# CHIP SAMPLES
4 SAMPLELINESA
[J&# annoTaTION
4 [J&# SAMPLELINESB

[J&# AnnoTaTION
W& rnubnenee h

Select al Select none Wildcard oK Cancel

Next, you must select the attributes (data) to export with the
veins. Just below the Attributes and properties table, click *
to add a new record to the table. In the table, select the new cell
and choose Map Feature Type from the list. Add another row
and select Lode from the list.

Click OK to display a Save As dialog box. Enter the name of the
file destination - name the file Veins.csv.

This will create a CSV file of the vein polylines, with the associated
data, which in this case is the lode name and whether the
feature is a footwall or hanging wall.

Map feature type
Lode v

i | & D—DX

Add attributes by group

< >
Show all properties in list

El Column separator

Insert empty line after each polyline

Add all properties
Add all attributes
-1 5+ Dedmal places

¥ Use current regional settings for decimal place character

| Indude header

OK Cancel

Export To CSV ¥ &
A g c | D E

Entities to export 1 |*X-Coordinate *Y-Coordinate *Z-Coordinate LODE Map feature type
2 9540,776413 5091312201 3741.166043 LODE 1 vein HW
Visible entities g 9540.561576 50913,05831 3741.118036 LODE 1 Vein HW
el - 4 9540.35538 50912.99649 3741.039428 LODE 1 Vein HW
5 9540.154868 5091293603 3740.946386 LODE 1 Vein HW
" Selected layer - 0\SURVEY_3D 6 9529.955516 50912.87586 3740.850702 LODE 1 Vein HW
) _ 7 9539.757487 50912.81601 3740.752114 LODE 1 Vein HW
e 8 9539,568077 5091275822 3740.636729 LODE 1 Vein HW
O Specifiedlayers: i 1 1} ER 9539.383248 5091270181 3740.513593 LODE 1 Vein HW
" 10| 9539.193321 50912.644 3740.399126 LODE 1 Vein HW
Allentities - 160 1 9539.011795 50912.58835 3740.270797 LODE 1 Vein HW
12 9538.835055 5091253394 3740.135442 LODE 1 Vein HW
b bR || .. 13 9538.667269 50912.48191 3739.988277 LODE 1 Vein HW
- - 14 9538.497137 50912.42925 3729.844057 LODE 1 Vein HW
Rule Name Attributes and Properties 15 9538,319515 50912.37462 3739.709956 LODE 1 Vein HW
Default *X-Coordinate 16 9538.156124 50912.32376 3739.557529 LODE 1 Vein HW
" |"Y-Coordinate 17 9537.978283 50912.26907 3739.423743 LODE 1 Vein HW
18 9537.792124 50912.21221 3739.302788 LODE 1 Vein HW

Underground Geological Modeling

With Leapfrog Geo, you can rapidly build complex underground
geological models from drillnole data, structural data, points,
polylines, and meshes in the project. Leapfrog Geo's powerful
implicit modeling engine and unrivalled processing power can
use millions of points. Here, we will be using the geological
mapping conducted above in Deswik.Mapping to update a series
of vein meshes in Leapfrog Geo.

The exported data can be imported into Leapfrog Geo as points.
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Right-click Points | Import Points

v Points
: (= | &+ Import Points .
i~ B [F3) Structur . S
L BT #%% Import Points via ODBC
=z Topogrz
o A New Contact Points

2 UG Map %

[ Polylines #% New Guide Points
> Geophysica -"8 New |ntrusion Values
® [ Structural N 4”8 MNew Interval Mid Points
B [ Meshes | =+ New Grid of Points
P[5 Geological | g New Subfolder...

[ Estimation
[ 3 E‘ Mumeric Models
» [ Combined Medels

When the data is imported the Lode and Map Feature columns
can be imported as categories. Using the drop-down menu,
attributes can be assigned an Import As type of Category.

B Import Points UG_Geologicsl Mepping o x
Fie Data Column Summary
Bt() v Noth(Y) ~|Bev@ v |LODE  ~ Mop feoture typev Caturnn [R—. Import Name

1 |Coordinate  “V-Coordinate  “Z-Coordinate  LODE “Map_festure type” Litnology “X-Coordinate East0

2 |OMOTIBNIS 509131220077 311G LODET “Map_festure, type” Gategory “¥-Coordinate Merth 00

3 |95A0S61STEM  SO9130SEI67  37ALIIEDISES  LODET Mop_feature_type” Tet “Z-Coordinate Her @

49033001 912966499 37410342848 LODET Map_feature_type’ Numeric o (Cheagury L00e

5 |os0MsasTs 509120360313 7004638620  LODET "Mop_feature_type" Time Stamp Mipfesturetype  Category Map festure type
6 |939935167 09126738565 34080724 LODE Tow. fostere i ase

7 |95075UB68  SOI2BIEO0  37AOTSINGA  LODE1 Mo ot ppe

8 |9539.56607666 50912758323 37406367285  LODE1 ot impgrted

9 9530384778 SOI27NEI4T  37A0S1SNSE  LODET Bt

10 [osi01933209  soeizGawsz 303991264 LODET Noth )

11 [os0tes03 09125083465 IO LODE B @

12 |o53a3505536  S912533M  ITA01I4A29  LODET Holeld

13 |o5306072647 509124819087  ITI9RRTGTE  LODET tame: (UG Geological Mapping

Custom Name...
14 051849713666 500124200512 37398405726  LODE1

o g [ =
15| 91STING OIS I LODET ek . .
16 |9NII0 S92 IWSTIME LODET vk Uniecos e ___________|
17 ISTRERe o206 ST LODET  VemHW P
18 o o2 XIS LODET  VemHW —
19 | 9WTeI0RS  ON2IG06ST3 MBI LODET  VeiHW

B Date and fime formats
20 | 9537ATIZT0N 509121120890 373890164838 LODE1 Vein HW
24 Loszraaaas0s | sonszoeasess oo masaznr 1061 voimian v| B Csy eharscter:
3 netp Hconcel || o finish

When imported, you can view the underground mapping by
dragging the points into the 3D scene from the Project Tree. The
drop-down display can be toggled to view the assigned Lode as
well as whether the map feature is HW or FW.

NP w-WNP @D (NS

Next, we will create a series of new selections, allowing for the
extraction of subsets of points. This will allow each geological
feature to be modeled separately.

Right-click the Underground Mapping points and then click New
Selection.

¥ [ Points

|E' Structures

= Topography

[F3 UG Mapping

¥ £. UG_Geologit

8, LODE

-ﬁ Map_feat:
E" Polylines

P [5) Geophysical Dat

P 5 Structural Mode|

Open
X FEix Errors...
-ﬁ New Category Selection
T New Query Filter

New Eéladiun |

Evaluations
P [ Meshes i
% Statistics..
B [ Geological Mod
[ Estimation [ Import Column

P [5) Numeric Model =F Append Data
P [ Combined Mod 2! Reload Data
B Hydrogeology Set Elevation...
[F=) Block Models . Estimate Structural Data...
P ) Saved Scenes an Y] View Object
[ Cross Sections a Copy
| ] Geochemistry | 4 Prioritise
[5 Colour Gradient: 11 Freeze

%] Notes

Rename... F2
g Delete... Delete
lf Export...
Eﬂ Properties...

Click """ to build a query. In this first example, we want to create
a query for extracting just the HW points for Lode 1.

B Build Query X
Q\\ Table S Select from UG_Geological Mapping
P‘ i Match: @) All of the following () Any of the following
- Select from UG_Geological Mapping TR Test Value  Build °
UG_Geological_ MappingLODE s LODET [m Qv‘(’dﬂ
)
® New Query. UG_Geological_ MappingMop festure type s VeinHW | . 0s°® ¢
Query: [LODE = 'LODE 1 AND Map_feature_type = 'Vein HW' 4 g“
©
©
cﬁ
e add Adyanced
Nome: (Lodel HW ]
8 cancel ok i Hep 3 Concel ok

Click OK.

This will create another object in the Project Tree for the selected
points.

¥ [ Points

L [P Structures

> Ei-" Topography

- [F3) UG Mapping

P .. UG_Geological Mapping
L &L Lodel_HW

For veins, the HW and FW of each lode need to be independently
extracted. Repeat the above process for each HW and FW.
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V¥ [ Points
- P [F2) Structures
- b2 Topography
- [F3) UG Mapping
- P> % UG_Geological_Mapping
- &L Lodel_HW
- > &L Lode2 FW
- p &L Lode2 HW
- b &L Lode_1_FW

In Leapfrog Geo, a vein is a type of contact surface which
crosscuts and removes existing lithologies and replaces them
with the vein lithology inside the boundary defined by the HW
and FW surfaces. These HW and FW surfaces are constructed
from selected input data and can be refined independently of
one another to include additional data such as mapping points.

In your geological model, you will have a series of veins modelled
from selected assay and geological intervals from your drilling.
We can now add our mapping data to the hanging wall and
footwall veins to ensure our meshes are made from the latest
geological information.

Under the Surface Chronology, expand the project tree of Vein 1
to find the Hanging Wall surface.

Right-click the Hanging Wall and then click Add | Points.

i W [# UG_Geological Model
- P @ Boundary
- g Fault System
> _5| Lithologies
. W @ Surface Chronelogy
- Regolith contacts
¥ % Lodes Vein System
W (4 Vein_0001
- ¥ (% Vein_0001
i P [ Vein_0001 Hang™ - -
B > Vein_ 0001 Foo:/ T Add > *‘ LUT e
B AN Vein_0001 g Edit # GIS Vector Data...

i~ P AN Vein_0001 Pinch
B & Extract Mesh Parts...
- B 7 Vein_0001 Refery

- Bipesiens #-. Extract Vertices
en oun
= [ View Object

Evaluations Dgﬂ Polylines...

4 Prioritise
I ] Freeze
Rename... F2
tf Export...
l:f' Export Elevation Grid...
B—‘-ﬂ Properties...

(% Vein_0010

Select the filtered Vein 1 HW points.

(3 Select Points To Add X

=

>

>
-'"-‘. UG_Geological_Mapping
ﬁ_‘ Lodel_HW
#L Lode2 FW
&L Lode2 HW
&1 Lode_1_FW

‘ xﬂelp ‘ x Cancel @QK

The modeling will dynamically update to incorporate the mapped
points as well as any previously included drilling.

Repeat this process for the footwall surface and for any other
vein or geological feature.

You will now have an implicit model of your underground veins.

To take this information back to Deswik, you can export the
output volumes from Leapfrog.

Right-click the Geological Model Header in the project tree and
then click Export.

- p [# UG_Geological Model

[ Estimation Open
P [ Numeric Models j Volume Attributes
P [©5) Combined Models [] View Object
[ Hydrogeclogy View Qutput Volumes
[= Block Models View Surface Chronology
P [ Saved Scenes and Movies ¢
Copy...
IE’ Cross Sections and Contou p.y
(F static Copy
| 4 E’ Geochemistry .
R 4 Prioritise
[ Coleur Gradients .
= N 01 Freeze
t
ores Rename... F2
8 Delete... Delete
[;i‘ Export...
!;‘9_] Properties...
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Check the boxes for the outputs that are to be exported and The meshes can be reviewed against all your underground
ensure the format is set to Leapfrog Model Files. Click Export. mapping, as well as development and stopes.

& Export Model - UG_Geological Model X

Select Objects

[v] Only Output Volumes

Objects Names
V(i
\ A=
(| é? Regolith
V| & Lodes UG_Geclegical Model - Lodes
[] & Unknown

Area: 27.8

Select All Select None

Export Options

Format: | Leapfrog Model Files (*.lfm) ~

Folder.  Ci\Users\kathryn.gall\Desktop

Filename: | UG_Geological Model

;f'_ Help 2,\:?, Cancel u‘ Export

To import the meshes to Deswik.CAD, go to File | Import |
Leapfrog Model.

Deswik.CAD (64 bit) - 2019.3.601 : C:\GeologyMapping\GeoTools Mapping Training Template, vdd Area: 27.8
File  Edit View Layer Format Inset Draw Modify Tools Window Help nt
O New o Ve L Y Vo | & [o
& | Open ] I G- ™
Closs nCm @0 | m | A A A
SN | e . Updating your Underground Model
Export > Entities From Open Project
i sove Folder This Leapfrog Geo workflow allows for dynamic updating of
SaveAs LajoeRs Frum CAD geological models as your mapping is updated. After you set up
Save As T I . L oy e
e DETE””"E ’ the selections and filters, it is an easy process to reload the raw
ave As Emall achmen Vulcan 4
F e T Sirpac 5 mapping data as new information becomes available, ensuring
Print Preview Minex v that models are always up to date.
Print XPAC »
y  Print Muttple MineScape ’ As new mapping is completed, the updated mapping information
§ [P ::S'”ht ' can be exported from Deswik. Inside Leapfrog, your workflow
Properties ineSig! ) '
1 ouFSetings P : as already been set up. All you need to do is reload the points
Shared Files Leapfrog Model information.
s Explorer Nata Snnrce

D Deswik <2< leapfrog 9
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Right-click your Underground Mapping points and then click

Reload Data.

v ﬁ Points
- B [C5) Structures
- B 3 Topography
- [F5) UG Mapping
- £ UG Geologic I
- b &.{ Lodel HW E Fix Errors...
S ey | 8 CaeorStcion
N *.l s 1* o r New Query Filter

e New Selection
B [ Polylines Evaluations
W [ Geophysical Datg = e

| 2 E Structural Modell

| ﬁ Meshes

| | Geological Mode
E‘J Estimation

P [2) Numeric Models

B ) Combined Mode
[ Hydrogeology
[ Block Models

| B Saved Scenes anc
[F5) Cross Sections an

| | Geochemistry
[F= Colour Gradients
(%] Notes

' Import Column
+ Append Data

| & Reload Data

Set Elevation...
. Estimate Structural Data...
View Object

Copy..
4 Prioritise
Il Freeze

Rename...
' Delete...

6" Export...
Export Errors...
Properties...

F2
Delete

Leapfrog Geo's dynamic workflows enhance the geological
modeling process, allowing geologists to monitor underground
vein geometry and position in rapid time to aid with reducing
dilution and assist mine development and stope design. Deswik.
Mapping improves the consistency of geological mapping by
enabling geologists to use standardized methods, styles and
formats when recording their observations ensuring that all data
is captured to an agreed standard. The above work can be used

for Face as well as Backs

Mapping.

LooE
LoDE 1

Azimuth 155

This dual workflow allows for a robust and consistent
underground mine mapping program with up to date implicit
geological models. Pair Seequent’s Leapfrog Geo and Deswik.
GeoTools into a single industry leading workflow for smarter
mining. For more information, go to:

http://www.leapfr m/downl

https://www.deswik.com/deswik-geotools/

L Deswik &< leapfrog
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