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Abstract

Leapfrog software is a powerful tool for geologists that dramatically reduces the amount of time
required to interpret drill hole datan an easyto-use 3D environmentlt allows geologistto use all
available data tobetter interpret trends inmineralisation, improve exploratim and neasmine
targeting andrapidly construct domains for resource estimatidieapfrogoutputs include valichnd
closedwireframe models of lithology, alteration and mineralizatiavhichcan bereadilyimported

into other mining software packagesExisting maps and cresections can also be viewed in
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Leapfrogsoftware (ww.leapfrog3d.corm was developed by SR¥onsultingand Applied Research
Associates of New Zealand (ARZANr 3Dmodeling of drill holedataand for the rapid construction
of wireframe models. Leapfragodelshighlight the 3D geometry ahineralisationand assist in the
interpretation of ore controls at a variety of scales.

The main benefits of Leapfrog, compared to other mining software packages, itlctutidlowing

It is easy to learn and use. Training for beginners can be completaedew days

All historic data can be uséa 3D, including scanned images of maps and sections.
Large drill hole datasets are easy to impartdview.

Fast results mean that multiple interpretations can be modelled and tested.
Models are easy to update as new datcome available.
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This paper presens Leapfrog modelling results from a variety dfifferent deposits and
mineraliation styles.
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Introduction

Leapfrog is 3D geological modelling software that allows rapid construction of geological wire
frames directlyfrom scattered drill hole data whibut the need for manual digitizing

Some unique features and benefits are:

1.

4.
5.
6.

Leapfrog is the first software that allows the construction of geological models using 3D
interpolation technology. This new method of geologicabdelling is termedimplicit
modelling.

Implicit modelling in contrast to traditional explicit modellin§.e., digitizing) does not
require timeconsuming manuatreation and manipulation of polylines and polygorkhis
reducesthe time required for modelling from dayer weeks)o hours.

Leapfrog uses secently aveloped rapid 3D interpolatioengineé C | & (i ww coBstruct
3D boundary models from drill hole daaad to solvegeological modelling problems.
Leapfrog was degned and developed specifically for mining and exploration geologists.
Leapfrog's streamlined workflow is simple to understand, learn, and operate.

New wserscan learrmostLeapfrog modelling techniques @&few days

Why Leapfrog?

The simplestway tR S & ONJ 0 S capabiliyliSBIN@®rHoQrEng of drill hole data Thiscapability
is significantbecause e continuity of mineralisation imostore deposits is controlled by structural
features(e.g., faults and vein setf)at focused hydrothermal diid flow during deposit formation
Therefore,3D contoursof assay data can be used haghlightstructural controls orfluid flow and
the orientation of mineralised domainsFgure 1). A better understanding of these controls
improves exploratiorrill targeting and resource estimation
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Figurel. Plan view of Au mineralization along a curveldear zonggrey surface) Drill holesare shown in blue, with
high-grade Au intervals in redLeapfrog models at 2 ppm (yellow) and 4 ppm (red) highlight the mstiructural control
on hydrothermal fluid flowin this deposit



[ S LJTabilRyda@apidly modeland wireframeall types ofdrill hole data(including lithology and
alteration codes)n 3Dalsodistinguishest from other modellingsoftware packages, whidlsually
require timeconsuming manual creation and manipulation (digitizing) ofylpwds in order to
construct wireframe from drill holes. For examplea large dataset of approximately00,000drill
hole intervalscan usually be modelleith Leapfrogin a few hours Therefore, it is much easier to
producemultiple or alternativegeological interpretations, which can then be tested and refined a
drilling or mining progresses and knowledge of controls on mineralization improves.

Radial Basis Functien
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The interpolation algorithmbehind Leapfrog is the Radial Basis Function or RBF.AGw. Cu ¢4 |
developed by ApplieResearch Associates New Zeal@hBRANZand t allows scattered 3D data sets

to be described by a single mathematical functiolsosurfaces of the function (represented as
wireframes) can then be created for any valaed at any resolution. RBFs are a natural way to
interpolate scattered datgparticularly when the datgoints do not lie on a regular grid and when

the sampling density varies his is why RBRterpolationsare ideal for drill hole data.

The ability tofit an RBF to large data sets has previously been considered impractical for data
O2yaraitAay3a 2F Y2NB GKIFy | ¥FSs (K2dalyR LRAYy(a
limitations and allows millions of measurements to be modelled by a single RBF sktapdeC.

Modelling Mineralization

This section showseveralexamples of Leapfrog models based on assay data, which highlight
structural controls on hydrothermal fluid flow.

Orogenic lodgyold depositsare usually associated wighear zones andommonlyhave highgrade
plunging shoots that form as a result pfeferential hydrothermal fluid flow along linear structural
features such as intersection lineatiors fold hinges (Figure 2). Surrounding lower grade
mineralization generallpccurs with disseminated sulfideslated to hydrothermalalteration along
the margins of theshear zone. These lower grade domaare asociated with zones of less
focussed fluid flow and may ndtave the same structural controls on grade contin@isythe high
grade shoots(Figure 3). Leapfrog allow these different grade domairs to be modelled
independently, in order to highlight the different structural controls.
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Figure2. Leapfrog modebf gold mineralizationin a Western Australianiode-gold deposit Qross sectiorview through
open pit and underground mine openingshowsdrill holes in blueand steeply plunging shoots of higgrade(> 5 ppm
Au) mineralization in yellow.This nodel is based on approximatelydl000 twometre composites and was completed in
less than ® minutes.
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Figure3. Long &ctionview of gold mineralization in a lodgold deposit in GhanalThe broaddomain of low grade (
ppm Au) mineralizatioris shown in yellow. Internal higlgrade stoots (>5 ppm Au in red) plung®wards theright.



Mineralization in CtAu porphyry deposits is controlled by magmdtidrothermal fluid flow
associated with porphyry intrusion€ontinuous zones of economic mineralization generally occur

in stockwork vein arrayand disseminationalong the upper margins and flanks of the intrusfon
(Figured).
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Figure4. Two CuAu porphyry deposits Top imageis a cross sectiothrough topography (grey) and pink intrusion,
with +0.5%Cuintervals in drill holes shown in rednd alLeapfrog nodel of 0.5% Ciin greenalongthe upper marginof
the intrusion. Bottom imageshows Leapfrog modslof 0.4% Cu (green) and 0.4 ppm Au (gel) along the margin of the

porphyry intrusionin pink. Drill holes show lithology.Both models are based on approximately 20,08@0-metre
composites and were completed in less than one hour.



