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ABSTRACT

The Sunrise deposit is one of Australia's largest and most profitable gold
deposits. It has consistently and spectacularly outperformed every
resource model created. Currently over the life of the Sunrise pit there
has been a 50 per cent under estimation of ounces mined. Without a solid
basis for predicting the tonnes and grade or the spatial location of
mineralisation, mine planning becomes problematic. Recently, through a
better understanding of the mineralising processes the reconciliation of
the resource model has improved to be in the order of ten per cent under
on ounces mined. This paper will describe how the mine geologists at
Placer Granny Smith have implemented the changes required to improve
the resource model. Work began with the development of a
three-dimensional lithological and structural model based on historical
drilling and pit mapping. Continual updating of the geological model
with grade control logging, assays and in pit face mapping, now alows
for the on-going improvement of the resource model and the planning of
mine development drilling.

INTRODUCTION

The Sunrise Pit is located 32 kilometres south of the Granny Smith
mill, which is 950 kilometres northeast of Perth in Western
Australia. The Sunrise deposit was discovered in 1992 and an
initial resource of approximately 400 000 ounces was estimated
based on predominantly oxide drilling. Mining development
commenced in 1994 and ore production the following year with
mining to-date (January 2000) producing approximately 1.9
million ounces. Current indicated and inferred resource are
6896 kt at 3.37 g/t for 747 000 ounces with reserves of 4019 kt at
3.48 g/t for 450 000 ounces. Mining is expected to continue until
February 2002. Placer Granny Smith, a joint venture between
Placer Dome (60 per cent) and Delta Gold (40 per cent), operates
the mine. The Sunrise Pit forms part of a much larger gold
deposit, with known resources at depth currently being drill
tested.

An important aspect of the development of the Sunrise deposit
has been the consistent underestimation of the total contained
metal. This has led to a number of problems, including
conservative pit optimisation, and uncertainty in definition of ore
blocks, resulting in overly selective oreblocks with potential for
loss of ore to low-grade or waste stockpiles. Solution to the
reconciliation problem therefore has significant cost benefits to
the mining operation at a number of critical points in the mining
process.

To ensure that the mine was operating at peak efficiency, the
geology team at Sunrise approached the problem at its most basic
level at the time of transition between mining the oxide resource
and the more critical fresh rock resource. SRK Consulting were
invited to initiate the geological evaluation while utilising their
structural and geological experience. The fundamental problem
was to develop a geological understanding of the deposit, that
would allow better resource definition, improved grade control
practice and alow better in and near mine targeting A conceptual
framework for the process has been developed, which shows the
inter-relationships  between the various mining activities,
identifies the key geological inputs required, and alows an
estimation of the cost benefits of the geological inputs.
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This paper outlines the processes involved in developing and
managing the geological model. It is then demonstrated how
converting the conceptual framework and geological model into
operational tools used on aregular basis has reaped benefits. The
most important of these are improved reconciliation, improved
resource drilling economics and improved geological manage-
ment in the daily operation of the pit.

Conceptual framework

The processes that led to accurate definition of ore prior to
delivery to the mill are complex. In many operations, grade
control is the major process that determines the quality and
quantity of mill feed, and the resource model determines the
expected mill feed from ‘premining’ assay data. The
reconciliation between actual and expected delivery of ore, and
the recovery of metal, is an important measure, because most
planning and development activities at the operation rely on the
resource model. Large differences between the resource
prediction and the actual delivery could mean large losses in
potential reserves due to a number of planning issues:

extremely conservative pit optimisation;

conservative sampling limits may not sample areas of ore;
scheduling for mining is not optimal;

waste dump designs are too large resulting in unneeded
expenditurefor release of ground, environmental bonds, etc;
ore pad designs are too small; and

scheduling for milling is not optimal.

The most important factors that lead to improved
reconciliation and planning practices are outlined in the 'linkages
chart' shown in Figure 1.
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FIG 1 -Conceptual framework of linkages between factors for the
on-going development and mining of Sunrise.
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The resource model sits at the top of the chart, as the primary
input to the mining process, and the mill process sits at the
bottom of the chart, as the primary output from the mining
process. Directional arrows show the factors and
inter-relationship between the factors. Each of the factors
represents a dynamic process in its own right, and in many
operations these processes are either ignored (for example pit
mapping) or not integrated into the overall thinking of the mining
team. In either of these cases, important data that leads to
improved efficiency or cost-savings for the overall operation are
not available to the operations or planning departments. The
'linkages chart' highlights the importance of developing a quaity
geological model for the deposit. Removal of the sectional
interpretation from the inner circle, for example, results in an
inability to develop a 3D geological model, and aso severely
restricts ability to predict geology and grade on the next bench to
be mined. Lack of a geologically realistic expectation of grade
distribution means a total reliance on grade control numbers — a
'blind acceptance' of the results of drilling, assaying and numeric
interpolation -without any reality check against an expected
model. Consequently, any needs for improvements in grade
control or ore mark-out processes are unlikely to be recognised,
let alone implemented. In this contribution, we discuss the
various aspects of the chart, and use the results to discuss the
economic advantages of implementing an integrated geological
model in many aspects of the mining process.

HISTORICAL RECONCILIATION RESULTS

Positive reconciliation between grade control and resource
models has characterised the history of mining at Sunrise. Over
the life of the Sunrise pit the reconciliation between grade
control and the various resource models has meant an extra
610 000 ounces of gold has been mined. This is made up from an
extra 16 per cent in tonnes and 27 per cent in grade to make an
overall gain of 47 per cent in ounces.

Figure 2 summarises the percentage differences between grade
control and resource models up until the time of implementation
of results from the new geological model to geological practices
in the pit.

Full-scale mining commenced at Sunrise in September 1996.
Small volumes mined have amplified the percentage differences
shown in the graph before this time. By January 1997 most of the
transported mineralisation had been mined. This zone of
mineraisation proved to be more widespread than initially
estimated. The grade however was usualy only slightly higher
than predicted. From January 1997 to December 1997 the ore
mined was predominantly oxide. The end of oxide mining
occurred during August 1998, oxide mining recommenced from
June 1999 to the present. At the time of transition between oxide
mining and fresh rock mining, the positive reconciliation was
increasing (Figure 2) and it was recognised that the distribution
and controls on ore were not well enough understood to give
confidence that the operation would extract the maximum benefit
from the orebody. Consequently, the decision to develop a new
resource model, based on better geological modelling, was taken.

DEVELOPMENT OF GEOLOGICAL MODEL

Following the discovery of the transported and oxide resource,
the exploration department discovered the deeper fresh rock
resources through a program of mine-based exploration. The drill
spacing and depth for the initial geological model meant that the
overall deposit style and core scale lithologies and structures
were reasonably well-defined. However, the nature of
mineradisation, controlling structures and distribution of
lithologies at the scale necessary for development of the resource
at a mine scale was not adequately defined.

Mining geologists needed to consider features on the scale of
metres to tens of metres in an active often fast moving mining
environment. Pit personnel such as shotfirers and production
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FIG 2 — Per cent difference between grade control and resource model predictions up to June 1998.
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engineers required specific accurate and simple information
about the material they were dealing with. Good predictive
information on structures which would be encountered,
structures  known to cause problems, and a working
understanding of how different conditions (wet/dry, shearing,
slicification) interact with mineralisation and affect rock
mechanics was also required.

Development geologists also have a number of concerns that
generally require understanding of the geology of the deposit at a
larger scale than the exploration scale. At Sunrise the
development drilling scope requires information that can define
ore pods or ore shoots at a scale of 15 -50 m. This requirement
demands a high level of understanding of the relationship
between detailed structural geometry and ore distribution. This
detail of understanding was not available at the completion of
exploration drilling.

Geology of the Sunrise deposit

Improvements in resource modelling, as well as within-mine and
near-mine targeting are fundamentally dependent on an improved
understanding of the geology of the Sunrise deposit. The geometry
of the Sunrise deposit had not been systematically documented
prior to mining of the oxide resource. Work by Standing (1993),
Ojala (1994,1995), Newton (1997) and Newton et a (1998) had
established the generalised geometry, and inferred that the
localisation of mineralisation is the result of heterogeneities
caused by inflections in major shears. Because of the generalised
nature of this previous work, a program was established to develop
a detailed geological model that would address mine geology and
development geology needs.

This work generated a robust three-dimensional structural and
lithological model of the deposit based on a series of 40 cross-
sections and three level plans produced from resource drilling data
and pit mapping data. The rocks are an interlayered sequence of
fine grained sediments, banded iron formation, volcanic and
volcaniclastic rocks of intermediate composition and minor
porphyritic felsic intrusive rocks, forming four major correlated
units with two additional units separated by major shears. These
units were used as pat of the 3D geological model. A
mineralogical and geochemical study of the mineralisation and
alteration system was also undertaken in order to develop a fluid
flow model. This model linked the structural framework to
mineralisation envelopes, and allowed mineralisation envelopes to
be better constrained in the resource model.

The key findings from the geological studies are asfollows:

Mineralisation within the Sunrise deposit is within three major
sites of deposition (three major 'styles):

1. shear-hosted mineralisation -characterised
dteration  assemblages and  dispersed
mineralisation haloes;

2. pod mineralisation - characterised by high-grade, discrete
quartz-carbonate veins in narrow adteration selvedges.
These pods contain the largest number of ounces in the
deposit; and

3. BlF-hosted mineralisation in anticlinal fold closures
adjacent to thrust faults.

The structural geometry of the deposit is controlled by a series
of west-northwest dipping thrust faults.

The faults in the Sunrise pit connect at depth to a large
reverse shear (the Sunrise Shear).

The thrust faults had a movement direction towards the east-
southeast on a vector plunging approximately 30° to 290°.
The BIF units form a series of open anticlines and synclines
adjacent to the faults.

by wide
‘low-grade'

MINE GEOLOGY PRACTICES AT THE SUNRISE OPEN PIT

All three mineralisation styles are controlled by the thrust
fault framework.

Mineralisation was at the same time as reverse movement
along the faults.

The thrust faults acted as the major fluid pathways during
deformation and mineralisation and are al intensely altered.
Alteration mineral assemblages associated with gold are
broadly the samein all three mineralisation styles.

The pod mineralisation is related to brittle deformation in
competent volcanic units between shears. Vein orientations
within the pods are predominantly parallel to the shear
foliation, but high-grade veins also dip to the east and the
west at 50° - 60°.

Pods are located above flatter portions of the top of the
Sunrise Shear surface.

The strike extent of pods appears to be controlled by lateral
ramps in the thrust system.

BIF-style mineralisation is related to fractures developed in
the BIF during folding, providing fluid access for
de-sulphidation reactions.

Mineralised veins caught up in progressive deformation and
ateration may dominate shear-hosted mineralisation.
Mineralisation is thicker in flats on the shears.

Inter pretation methodology

The Sunrise resource drilling was based on a nominal grid of
25 m x 25 m of combined percussion and diamond drilling. Most
holes were drilled to the east at a declination of 60°.

Geology interpretation

The cross-section geometry was interpreted using a combination
of examining the core photographs and examination of critical
sections of core. The main factors to examine in the core were
bedding orientations and verification of the presence of shear
zones. Bedding orientation was the critical factor in checking
correlation of sediment and BIF units. Where possible,
bedding-cleavage relationships were aso determined. The initial
structural and lithological intercepts on section were plotted from
pit mapping data. These preliminary interpretations were not
constrained by the 3D connectivity, or by the latest phase of pit
mapping.

Following the completion of the preliminary interpretations,
concurrent pit mapping was used to provide additional
constraints on the interpretation, and all sections were examined
as a set to ensure there was 3D continuity of both structures and
geological units. A significant problem in the Sunrise deposit is
the low dip of units, which places a considerable sensitivity on
the section interpretation. This is because small variations in RL
of units on the section will produce significant changes in
horizontal location in bench plans produced from the sections.
The mining method employed at Sunrise does not leave clean,
undisturbed faces during mining that can be easily mapped.
Because of this, there is not a very good control on the geology
of the pit floor on any geological maps of the pit. An example of
asection of the geology is shown in Figure 3.

Correlation process

Digitised strings were completed for each section, and these were
used to generate horizontal slices for checking the continuity and
correlation of structures, and to check that structures did not
generate unrealistic intersections in level plans. At the end of this
stage, the model was sliced at 5 m intervals to ensure the faults
and shears formed continuous surfaces or merged redlistically
with other structures. These alterations to the interpretation were
crosschecked against the original drilling data to ensure any
changes did not violate the primary data set.
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FIG 3 — Polygonised geological section at 70 000 N, Sunrise, generated using the processes outlined in the text.

Once the shears and stratigraphic units were correlated through
the model, polygonisation was completed prior to commencing
the wireframing of the maor components of the model.
Wireframes were completed for al the shears and faults, and the
BIF units. The fina correlation of structures is shown in
Figure 4.

Relationship of mineralisation to the geometric model

The relationship between mineraisation and the geometric model
is determined by:

correlating the 3D structural features and grade or resource
intercepts;

linking that correlation to the results from the study of the
local movement history or kinematics; and

defining the internal structural geometry of ore zones.

This approach leads to the identification of low strain zones,
and means the geometry of the orebody can be used to predict
additional sites of likely gold accumulation.

Grade control data provides a valuable source to test the
structural model against ore distribution. The data down to
295 RL was gridded to produce level plans and sections through
the grade control data. A contoured version of this information is
shown in Figure 5.

The grade control sections demonstrate a very strong
correlation between the shear zones and faults mapped on
sections and the distribution of ore. The main zones of
mineralisation are both within and adjacent to the shear zones.
Large accumulations of ore occur between adjacent shears,
particularly where shears flattened and subsidiary faults
developed at the down-dip point of curvature on the shear (see
Figure5).

There is aso a correlation of gold grade with BIF beds in
particular structural locations. The coincidence of BIF and a
shear zones is an ideal site for mineralisation; (the BIF provides
a good chemical 'trap’), whilst the shear zone provides the fluid
pathway as well as high strain conditionsthat fracture the BIF.

Coolum, Qld, 14 — 17 May 2000

Several sections show how the resource drilling had straddled
some of the larger ore zones, which in general are about 25 m
wide, the same spacing as the origina drilling pattern. These
cases highlight why the original resource model and the grade
control data do not reconcile.

The dip of shear zones plays a critical role in controlling ore
distribution in the deposit. There is a strong correlation between
higher grade and lower dip in the mineralised shears, indicating
that mineralisation was during reverse movement on the shears (a
zone of dilatancy and therefore increased fluid flow forms along
flatter parts of shears).

GRADE CONTROL AND MINING

A pie tray collects samples from blast holes by a sampler. The
blast holes are usualy 5 m in depth with some subdrill in fresh
material. Two samples are taken from each hole, one at the 2.5 m
mark and one at the 5 m mark. No subdrill is sampled. Each blast
hole collar is individually surveyed and geologicaly logged.
There are currently well over 100 logging codes which identify
combinations of the rock types identifiable including BIF,
porphyry volcanics, sediments and shears; the intensity of
alteration (I -weak to 3-strong) and presence of pyrite.

Previously the lack of detailed working models of the
structural geometry of the shears, BIF sequences and the general
fluid flow mechanics meant that grade control was carried out
'by the numbers. The geologists lacked the tools to be able to
fully interpret the grade control geology logging information and
how this was related to the assays being returned from the
samples. Thiswas particularly relevant in oxide where the shears
were difficult to locate within the mineralisation envelope due to
masking by the supergene dispersion. Figure 6a represents an
early oreblock plan produced without a geological model
influencing interpretation of mineraisation. This has resulted in
discontinuous oreblocks where over-selectivity has occurred.

4th International Mining Geology Conference
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FIG 4 — Pattern of shearsin the Sunrise Deposit, based on the sectional interpretation after correlation to level plans.

The challenge mine geologists faced was to integrate the
improved geological and mineraogical models into the
understanding of the small-scale (4 m x 5 m drilling grid)
structural and lithological trends. By interrogating the new
resource models, mineralisation could be related specifically to a
named shear zone or a pod, or observed to be part of a specific
named BIF. Figure 6b shows an oreblock plan where the
orientation of mineralisation of the shears has been taken into

account and more continuity between high grades has been
alowed. The resource model provides confidence when dealing
with isolated gold assays in grade control data. Sporadic but high
grades found in only one or two samples away from main fluid
pathways are probably extremely narrow veins. The probability
of economic extraction of these veins without excessive dilution
isvery low.
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FiG 5— Contoured grade control at 0.5 g/t for section 70 000 N, Sunrise.

FIG 6 — Comparison of oreblock plans, note the more continuous oreblocks in B.
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Mapping

As familiarity with the named lithological and structural features
that are relevant to mineralisation increased so did the quality of
pit wall and floor mapping. The objective of mapping expanded
from a predominantly geotechnical focus to include the mapping
of features directly related to geological and mineralisation
features presented in the resource model. The geologists were
then able to visualise themselves in the 3D model while they
were pit mapping. When pit mapping, geologists compare the
resource model to both structures observed and marked
oreblocks. This has been crucia in increasing enthusiasm for
collection and processng of mapping data. The mapped
information is transferred in the office to base maps where
variations in expected orientations of structures, and new features
are investigated to understand their significance. If unexpected
ore occurs during grade control, or if ore which is expected does
not appear, the mapping is directed to the area of concern. The
information is then transferred to hard copies of the sectiona
interpretation to ascertain if the interpretation is correct. If
updating is required, the digitised sectionallinework is modified
ready for the next round of resource modelling.

The most important aspect of the mapping is to determine
boundaries as accurately as possible. To achieve this requires
face mapping as well as flitch mapping. Additional structural
data from the face mapping is also important, and interpretation
of the presence of folded BIF and overturned BIF will rely on
face mapping. Using a digital camera has been extremely
important to check interpretations (Williams, 1999). Digital
photographs also ‘preserve’ the geology and are later
manipulated to produce panoramic images with geology marked
over the top.

The relationship between the model and bench mapping is
sufficiently reliable to use the model predictively between
benches, as the model is continuously updated by routine bench
and face mapping. This means that a routine of mapping plus
model upgrading can potentially replace detailed blast hole
logging to control modelling blast hole assay data and
determining mine block specific gravity. Currently blast hole
logging is still being carried out.

This methodology has significant potential for savings,
because the geological model remains current for future resource
modelling, the time involved in routine mapping/logging is
reduced, and the geological understanding of the deposit remains
current at all times. The methodology is summarised in Figure 7.

Achievements

The mapping procedure represents both an improvement in
efficiency of mining geology personnel, and has increased the
ability of the mine geologists to rapidly exploit any geological
variability in the deposit. In the longer term, when the deposit is
mined, a comprehensive geological archive for Sunrise, will be
available for future research. This archive will be fully digital
(Williams, 1999).

Mine geologists are now constantly thinking critically about
the deposit in terms of the resource model interpretation and how
it is related to what they see in drill core, chips, pit walls, pit
floors, grade control assays and drilling assays. There is a
heightened sense of ownership towards the resource model and
ensuring it is as accurate as possible.

The communication between development geologists and mine
geologists has aso benefited as features which can be seen at
depth in drill core or chips, and perhaps difficult to understand in
a 3D sense, can be related to actua pit exposures. All geologists
are now speaking in the same terms according the model. This
will mean the interpretation of new drilling will be intimately
linked to the current geological understanding gained through
mining.

MINE GEOLOGY PRACTICES AT THE SUNRISE OPEN PIT

FIG 7 — Flowchart of mapping methodology for the Sunrise deposit.

RESOURCE MODELLING

Previous resource estimates at Sunrise have included manual
polygonal estimates performed by Delta Gold in August 1992
and June 1993, and inverse distance squared estimates by PGS in
December 1993, July 1994 and June 1995. Indicator Kriging has
been used for the most recent models in June 1996, March 1998,
September 1998, November 1998 and June 1999. Over time the
resource models have been completed by both external Placer
personnel and site based personnel. The development of a
detailed geology model and an increase in site based skills has
meant the resource modelling processes and responsibility is now
site based with the mining geology department.

To create the geological block model for resource estimation
the sectional line work for both the geology and fluid flow
interpretations are digitised into separate layers. These layers are
then converted to polygons with the intention of connecting each
of the separate BIF and shears into discrete triangulation. (Gotley
etal, 1998).

Shear triangulations

The Sunrise Shear and nine hanging wall shears are relatively
straightforward to model in 3D. The hanging wall shears vary
from having some thickness (usualy less than 10 m) to being
represented as fault planes. The Sunrise Shear is a major
structure up to 30 m across in places, with an average thickness
of approximately 20 m. The shear zones triangulations are
updated regularly as new drilling is completed.

BIF triangulations

The geometry of the BIF units is extremely complicated due to
the shearing and thrusting which has occurred and the large
amount of inferred movement along two of the major shears.
Owing to this complexity, individual triangulation of each of the
19 BIF units has not been completed. Initially, the polygons were
extruded halfway to the next section to create 3D solids. The
stratigraphy is however not orthogonal to the sections so there
was a stepped effect. This was not ideal therefore the stratigraphy
was separated into six BIF dominated or volcanic dominated
units that were more suitable for resource estimation. In this case
the boundary surfaces were either the shears with large
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displacement, or the top or bottom of a BIF unit which was
suitable for 3D modelling. This latest method has been continued
with all subsequent models until the present (January 2000).

Fluid flow model

The dteration study carried out in conjunction with the
geometric model development showed that the ateration halo
around individual veins was very narrow. Alteration haloes
around mineralised shears are wider, but till directly related to
the thickness of mineralisation. A 0.1 g/t grade cut-off was found
to be very close to the visible alteration halo (Ferguson et al,
1998). Because of these relationships, the grade data can be used
reliably to map the effects of fluid-rock interaction, and it is this
envelope that has been used to define the effective pathways of the
mineralising fluid.

The fluid flow model was interpreted onto 29 sections that
were digitised then triangulated into a 3D solid. This solid was
used to constrain the high-grade mineralisation. A typical
example of the grade envelopes developed is shown in Figure 8.

The flow model assumes that the fluids moved from deeper in
the deposit upwards, and that the major feeder system is located
west of the Sunrise lease. This latter assumption needs to be
tested by deeper drilling at Sunrise, as there may be multiple
deep feeder zones to the Sunrise system. The models generated
(for example Figure 8) define the local flow directions, and point
to areas where additional pod or similar linkage structures may
occur.

Modelling

The geological block model was developed from the
interpretation. To obtain the necessary definition from the narrow
shears, this model was created with a small cell size of 5 m East
X 5 m North x 1 m Elevation, then reblocked to a larger block
size of 5mx 5 mx 5 m for use in the resource estimate (Gotley
et al, 1998).

Benefits from the new model

The new resource model has the benefits of:

closer estimation to actual spatial location of ore, which has
assisted in daily planning of drilling patterns;

separate domaining of discontinuous, high-grade, 'pod' style
mineralisation and continuous lower grade mineralisation
within the shear zones. Controlling the grade estimation is
made easier as the variography and the physically observed
ranges of these two styles are very different even though
mineralisation is considered to be contemporaneous,
occurring during and before the end of shearing (Ferguson et
al, 1998);

3D geological model that can be easily interrogated to
compare modelled geology with actual geology and predict
shearing intersections on pit floors and walls;

having the sheas as 3D solids has meant a better
understanding of geotechnical issues that have occurred
previously, including asmall oxide wall failure;

prediction of high-risk areas for wall failures and proactive
engineering of these areas in pit wall cutback designs to
minirnise risk.

Reconciliation

The new resource models created using the geological
interpretation had an immediate effect on reconciliation. The
period from the start of mining to December 1996 (mainly
transported material), shows a 30 per cent underestimation in
ounces. This increased to 70 per cent underestimation from
January 1997 to December 1997 (mainly oxide), then up to 91
per cent for January 1998 to September 1998 (mainly fresh). The
results for the geological modelling were introduced into the
resource modelling from October 1998 and for this period up to
December 1999 the underestimation of ounces has dropped to 28
per cent. Figure 9 shows the progressive reconciliation by these
groups and graphically details the effect that a concerted effort in
improving the geological understanding has made.

FIG 8 — Typical section of the fluid flow model outlines at 0.1 g/t (fluid flow is hatched), Sunrise deposit.
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When the geological modelling was initiated in March 1998,
the previous three months had returned gains in ounces of over
100 per cent (Dec 1997, Jan 1998 and Feb 1998 totalled over 30
000 ounces mined over the resource model prediction).

TARGET GENERATION

The geological and fluid flow models have provided reliable
tools to improve target generation for development drilling. The
two major styles of mineralisation (ore pod and shear-hosted
mineralisation styles) are located at specific structural sites. The
best shear-hosted mineralisation is in flats in the shears, and
these can be determined from the model. Where drilling is
sparse, the presence of flats is only inferred from deviations from
average dip. The detall in the model then provides a mechanism
for determining drill spacing to locate the actual position of the
flats. Pod-style mineralisation is preferentially located close to
areas where shears diverge, and commonly link lower shears to
the upper shear through a series of steep minerdised brittle
fractures. Subtle lateral features of the thrust system also control
the location of these pods, and zones of these lateral structures
are aso predictable from the geological model. As a result of
application of the model, additional pod mineralisation was
discovered at Sunrise, earlier than would otherwise have been the
case.

The relationship between structural features and mineralisation
has allowed direct interrogation of the model for areas that have
been under-explored, and this is particularly applicable to areas
where access to collar locations is difficult. The risk factors
associated with ignoring certain difficult areas can be assessed
against the structural setting of the area. The model therefore
provides a method for prioritisation of development drilling, and
links the mine planning process to the reguirement to provide
access to certain critical development drilling areas.

MINE GEOLOGY PRACTICES AT THE SUNRISE OPEN PIT

PIT OPTIMISATION

The engineering department, in collaboration with mine geology,
uses the resource model during design stages. On the resource
model, engineering run a variety of pit optimisations, with
varying parameters including mining costs, gold price, haulage
rates, etc. Comparison of the optimisation runs provides
excellent information about areas of high risk and high potential.
Geologists then combine with engineers to use the geological and
resource model to:

produce targets for drilling to increase reserves,

confirm any critical low confidence mineralisation which the
pit may ‘drive down on'; and

produce ‘dummy' mineralisation to assess whether targeted
mineralisation will significantly affect pit optimisation.

This produces a 'best case' pit design where both the
confidence of interpretation and potential for upside are
considered. The geologist is aso given a firm understanding of
whether targets selected are critical for pit designs or whether
they can be considered to be near mine exploration. This last
point can be very important in scheduling as pit development
may mean the loss of access to collar positions for drilling if not
timed correctly.

COST EFFECTIVENESS

There is a cost associated with the development of a
comprehensive geological model for a resource, and it is
important to ensure that the model returns a significant benefit to
the operation. The benefits from the various processes described
in Figure 1 are outlined in Table 1. In this table an estimation of
an increase in revenue or a reduced cost is presented. For
additional ounces recovered, the operation will carry an
associated mining cost, so the figures represent the potential
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TABLE 1

Cost benefits resulting from application of geological modelling

Process Cost ($US) Activity Increased revenue ($US)
Resource modelling Increased grade by ~0.20 g/t of remaining resource which equals 6 202 000*
44 300 oz
Geological modelling 300 000 Section analysis, maintenance 0
Grade control and mining Improved layout, better recovery high-grade ore in remaining 1260 000
reserve. Improved ounces by two per cent of 450 000 ounces =
9000 oz
Target generation Increased drill spacing, reduction of 60 drillholes @ 100m, $60/m 360 000**
Pit optimisation Increased grade by ~0.20 g/t of remaining resource which equals 3612 000
26 000 oz
Efficiency gains Mapping, geotechnical, block-out procedures, one hour per day for 18 000
two geologists
$300 000 $5 250 000
Increasein resourceisrealised in pit optimisation
Calculated from June 1998 to December 1999
actual saving. At an average production cost of $US | SO/oz and a REFERENCES

metal price of $US290/0z, the revenue is estimated as
$US 140/0z.

Changes to the drilling scope to target specific areas and
prioritisation of drilling in relation to pit optimisation and design
reguirements does provide a direct saving to the operation, as do
the efficiency gains provided through improved task definition
and scheduling. In the table, all the savings and revenue gains are
deliberately conservative, because there are aways a number of
competing factors in claiming such savings. For example,
reduction in the requirement for cut-backs may carry a higher
drilling cost early in the operation, for savings realised later, and
finance costs have not been factored into this analysis.

CONCLUSIONS

A framework has therefore been created for keeping relevant
information at hand, using the resource model predictively for
grade control and keeping the geological and mineralisation
interpretations up do date with both the pit and floor mapping
and development drilling information. This also has implications
in terms of geotechnical considerations. The ultimate goal is to
have the resource model reflect accurately the expected grade,
tonnes and, possibly most importantly, the spatial location of ore.
Pit designs, waste dump designs, scheduling for mining and
milling and grade control will al be improved with a solid basis
for forecasting ore production.
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