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3.3 Geology and Mineralisation 

3.3.1 Regional Geology 

The Citronen Fjord Base Metal deposit lies within the Palaeozoic Franklinian Basin, a 
continental scale sedimentary basin, which extends some 2,500km westwards through 
Northern Greenland and into the Arctic Islands of Canada (Figure 4).  

Two major sedimentary facies associations are recognised in the area around Citronen 
Fjord. To the south, bounded by the Navarana Escarpment is a shallow marine marginal 
carbonate sequence of rocks. The Citronen Fjord Zinc Deposit lies within Ordovician deep 
water argillaceous rocks, interbedded with carbonate debris flows sourced from the 
carbonate platform to the south. This is overlain by sandstone turbidites of Silurian age 
formed during the Caledonian Orogeny. The basin was deformed during Devonian-
Carboniferous times, which is expressed as southerly facing folds and thrust faults in the 
area around Citronen Fjord. 

 

Figure 4   Regional Geology of Northern Greenland (after Kriege, 2011d) 
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3.3.2 Local Geology 

The stratigraphic column for the host rock sequence at Citronen is shown in Figure 5 and a 
geological map of the area in Figure 4. The oldest rocks within the project area are the 
siltstones of the Buen Formation, which are of Lower Cambrian age. Three informal units 
have been identified within this formation, the lower Green Siltstone, the Cigar Debris 
Flow, and the Black Siltstone (in which the Trilobite Olenellus has been identified).  

Overlying the Cambrian sequence (but not in a stratigraphic contact) lies the Ordovician 
Admundsen Land Group, which hosts the massive sulphide zinc mineralisation. This is 
made up of a sequence of variably calcareous and carbonaceous mudstones and shales, 
which are interbedded with three limestone/dolomite-clast debris flows that have been 
derived from the carbonate platform to the south. These form distinctive marker horizons 
throughout the project area. From the base they are called the Lower, Middle and 
Hanging Wall Debris Flows (Figure 6).  

The base of Hanging Wall Debris Flow is taken to be the base of the overlying Silurian 
Merqujôq Formation, which is comprised of siltstones and sandstone turbidites. A fourth 
major debris flow - the Upper Debris Flow lies within this formation. 



Figure 5   Citronen FFjord Base Metal Project Local Geology 
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Figure 6   Citronen Fjord Cambrian-Silurian Stratigraphic Column (after after Kriege, 
2011d) 

 
 

The Citronen Fjord Zinc Deposit is located near the eastern end of the Franklinian Basin, 
within a few kilometres of the Navarana Fjord Escarpment, and is situated between two 
major Faults - the Trolleland and Harder Fjord Faults (Figure 5). These faults have been 
interpreted to be major controls on the localization of massive sulphide mineralisation at 
Citronen Fjord, and therefore must date from at least early Palaeozoic times.  

To the south the Trolleland Fault strikes northwest and in the vicinity of Citronen it 
swings to a more west-northwest to westerly direction. The Harder Fjord Fault, on the 
northern side of Hyde Fjord strikes in a west-northwest to westerly direction. Two north-
northeasterly striking faults control localisation of mineralisation within the Beach and 
Esrum Zones, and appear to be linking secondary structures between the Trolleland and 
Harder Fjord faults. This suggests that at the time of mineralisation there was an 
extensional basin with a strong component of sinistral strike slip.  

The area was also affected by two significant post-mineralization structural events. The 
Ordovician to Silurian aged Caledonian Orogeny resulted in the deposition of the Merqujôq 
Formation turbidites as a result of uplift in the east. The Devonian Ellesmerian Orogeny 
produced the southwards directed folds and thrusts seen within the project area. Despite 
these post-mineralisation deformation events, mineralization is generally planar and 
tabular in geometry and undeformed.  

North Greenland is moderately seismically active, with data suggesting that the Trolleland 
and Harder Fjord Faults may still be active. 
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3.3.3 Mineralisation 

Base metal mineralisation at Citronen Fjord is primarily contained within Amundsen Land 
Group mudstones. Three main stratigraphic horizons of mineralisation have been 
identified by Platinova (Figure 6). Level 1 Sulphides, which make up the gossans at the 
Discovery Zone, lie immediately beneath the Hangingwall Debris Flow within the Footwall 
Shale Unit. Towards the central and lower part of the Footwall Shale Unit is the Level 2 
Sulphide horizon, which makes up much of the Beach Zone and is also found at the Esrum 
Zone. Immediately below the Middle Debris Flow within the Middle Mudstone Unit lies the 
Level 3 Sulphides which is the most widely spatially distributed horizon. Level 3 Sulphides 
are found at Discovery, Beach, Esrum and also the Western Gossans. Known sulphide and 
zinc mineralization occurs over an area of 12km in strike. 

Three main styles of sulphide mineralization have been identified at Citronen Fjord: 
mound-like masses that formed above sea-floor vents; interbedded sulphides that form 
laminae and beds within the mudstone sequence and were deposited as broad aprons to 
the sulphide mounds; and cross-cutting, epigenetic mineralisation that is primarily found 
in the debris flows and probably represents feeder systems for overlying sea-floor vents.  

The main sulphides present at Citronen are pyrite, sphalerite and galena. Both sphalerite 
and galena are generally fine grained. Pyrite dominated sulphide mineralisation takes on a 
brassy yellow hue and changes in colour to a pale brown and then to a pale pink/red with 
increasing zinc grade.  

The massive sulphides are generally medium grained and weakly bedded or have little 
sedimentary structure. They often display distinct dendritic pyrite with voids filled with 
calcite or dolomite. Zinc grades are generally low, ranging from 1% to 3% Zn. The massive 
sulphides are interpreted to be vent-proximal pyritic sulphide mounds, with the dendritic 
textures representing remobilization by pulses of sulphide bearing fluids. 

The bedded and laminated sulphides contain higher concentrations of sphalerite and 
galena than the massive sulphides. Bedded sulphides are characteristically planar-
laminated and thin-bedded, with individual layers ranging from 1mm to 1m, although 
most layers are tens of centimetres in thickness. Zinc grades generally range from 1% Zn 
up to 30% Zn for individual layers.  

Within the debris flows, matrix fill and replacement type mineralisation occurs, with its 
distribution strongly controlled by steeply dipping NW striking faults. This style of 
mineralisation is much coarser grained than bedded and massive sulphides, with very 
coarse grained sphalerite observed. It is interpreted to be epigenetic in origin, and may 
represent feeder zones to the overlying massive and laminated sulphides. The most well 
drilled and understood of these is called the Discovery “XX” Zone, where mineralisation is 
controlled by a NW striking fault within the Middle Debris flow. Volumetrically this style 
of mineralisation is relatively insignificant, constituting less than 1% of the global zinc 
resource tonnage. 

3.4 Exploration History 

Details of the historical exploration at the Citronen Fjord project are summarised in Table 
3. 

J
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Table 3   Exploration History – Citronen Fjord Base Metal Project 

Date Company Findings 

1980s Greenland 
Geological Survey 

Identified zinc-copper mineralisation in the Hyde Fjord 
area. 

1993-
1997 

Platinova A/S The Citronen zinc-lead mineralisation was discovered in May 
1993 by a reconnaissance mapping program following up 
gossans identified by earlier Greenland Geological Survey 
mapping. Platinova A/S carried out extensive geological 
mapping, geophysics and drilling programs during the 
summers from 1993 to 1997, in which over 33,000 metres of 
diamond drilling in 143 holes was completed. Five main 
prospects were identified (Discovery, Beach, Esrum, XX 
Zone and the Western Gossans). Platinova went into 
Administration in 2000 as it was unable to raise further 
funds in the difficult economic climate at the time. 

   

 

The project area titles reverted to the Greenland Government when Platinova A/S went 
into administration. The area was acquired in 2005 by Globestar Resources and then by 
Bedford No.3 in 2006.  Ironbark acquired it from Bedford No3 in March 2007. 

3.5 Current Exploration 2007 - 2010 

2007 
Ironbark during the summer of 2007 completed an intensive sampling program of 
previously un-assayed Platinova drill core and constructed a new exploration camp. Over 
2,500 1m samples of previously unsampled drill core was submitted for assaying, and 
some core was brought back to Australia for metallurgical testwork. Based on this new 
information Ironbark contracted Wardrop Engineering Inc (Wardrop) to complete resource 
estimate. Wardrop calculated a NI43-101 and JORC compliant global (inferred plus 
indicated) resource of 72.5 Mt @ 4.2% Zn and 0.55% Pb (using a 3% cut-off).  

2008 
Ironbark completed an 11,000m, 43 diamond drill hole program, which focused on 
expanding the Citronen resource base. Extensions to the Beach, Discovery and Esrum 
Zones were identified, and a new prospect was identified (Trilobite Valley). Based on this 
a new JORC ‘compliant’ resource for Citronen (November 2008) was calculated in-house 
using Vulcan software and Ordinary Kriging interpolation technique. An Indicated Resource 
of 50.2 Mt at 4.5% Zn and 0.5% Pb and Inferred Resource of 51.6 at 3.8% Zn and 0.6% Pb 
using a 2% cut-off was reported. Work then began on a Pre-Feasibility Study. 

2009 
Ironbark completed a small drill program of 23 holes at the Beach Zone, for a total of 
2,345m. This program was designed to test high-grade continuity and also obtain 
additional material for Metallurgical and geotechnical testwork.   

2010 
Ironbark conducted a large drill program in 2010 with 95 holes drilled for a total of 
17,558m, bringing the total metres drilled on-site to over 63,000m in 305 holes. Drilling 
focussed on infill drilling of the Beach and Discovery Zones to improve geological 
confidence. Work began on a feasibility study, with associated engineering, geotechnical 
and environmental work carried out on site during the field season. A new zone of 
mineralisation was identified to the south of the Discovery Zone.  Based on the new 
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drilling information a Measured Resource of 33.2 Mt at 3.8 % Zn and 0.5% Pb, an Indicated 
Resource of, 52.2 Mt at 3.7% Zn and 0.5% Pb and an Inferred Resource of 47.2 Mt at 3.3% 
Zn and 0.4% Pb was estimated using a 2% cut-off and using the Ordinary Kriging 
interpolation technique. 

3.6 Project Potential and Mineral Resource Estimate 

Note Competent Person statements are listed in Section 2.5.  

3.6.1 Citronen Fjord Resource Estimates 
In late 2010, Ironbark Zinc Pty Ltd commissioned Ravensgate to assist with a resource 
model revision on Ironbark’s previously estimated resource (April 2010) for the Citronen 
Fjord Zinc Project. Ironbark requested Ravensgate to use the same parameters, 
methodology and interpretation that were used by Ironbark for its 2008 “in house” JORC 
(2004) compliant resource model and also a set of similar parameters defined for the 
more recent April 2010 up-date. The new modelling described all up-dates to the 
geological model and associated Zn mineralization interpretation. This was done in 
conjunction with the addition of a small amount of new drilling data obtained from the 
more recent drilling carried out in 2009 and 2010. Ravensgate has previously 
independently reviewed the geological and geostatistical data used in this model update 
(Hyland, 2009) and has also subsequently updated its independent review of the 
interpolation and estimation methodology provided by Ironbark. Ravensgate endeavoured, 
by making all reasonable enquiries, to confirm the authenticity, accuracy and 
completeness of the technical data upon which the resource modelling and reporting were 
based. 

The newly developed resource block model and associated resource estimate for Citronen 
was primarily intended for Ironbark’s ongoing planning and engineering purposes. Ironbark 
with the independent assistance of Ravensgate were able to confirm and up-date resource 
estimates using resource block modelling construction methods in line with industry best 
practice standards. The additional work required additional formal reporting of resources 
according to JORC and ASX reporting guidelines accordingly. 

The mineralised resources reported from the December 2010 resource, were prepared in 
‘compliance’ with the guidelines of the JORC Code (Dec 2004) which pertains to 
Independent Expert Reports on mineralized resources and reserves. Ravensgate was not 
required to assess or verify the ownership or the status of tenure or any related access 
issues and furthermore stated they are not qualified to do so. Ravensgate was also not 
required to assess the valuation of the project with respect to the ValMin code at the 
time of the December 2010 Resource Reporting work. 

3.6.1.1 Citronen Resource Block Model Construction and Resource Estimate. 

Drilling 
The December 2010 Citronen Resource estimation is based upon 63,797m metres of 
diamond core drilling in 305 holes (including re-drills) drilled from 1993 to 1997 and from 
2008 to 2010.   

The project was originally drilled by Platinova A/S between 1993 and 1997 who completed 
32,829m of drilling in 147 holes (holes CF93-001 to CF97-143). In 2008 Ironbark completed 
a 43 hole, 11,230m diamond core drilling program (holes CF08-144 to CF08-181).  In 2009 
Ironbark completed an additional 23 hole, 2,345m drilling program (holes CF09-182 to 
CF09-204). 

The majority of diamond drilling at the project has been completed using BQ (36.5mm 
diameter) diameter drill core. From 2008 to 2010 Ironbark completed a series of larger 
diameter NQ (47.6mm diameter) and HQ (63.5mm diameter) drill-holes to obtain 
metallurgical and geotechnical samples. The upper portions of holes drilled into gravel 
overburden were drilled either using a tricone (roller) bit and then by using a casing 
advancer or shoe-bit until bed-rock was intercepted, then diamond coring was used for 
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the remainder of the hole.   Due to the persistent perma-frost at the project, holes were 
drilled using heated water, with added calcium chloride salt (CaCl) to assist in difficult 
drilling conditions. 

A nominal 50x50m drilling pattern covers most of the mineralization zones within the 
Citronen Project area. The Esrum area is not as densely drilled with a nominal 200x200m 
pattern. 

The majority of drill-holes are vertical which is close to the optimal orientation for 
intersecting the generally horizontally oriented mineralized horizons. Holes were surveyed 
every 50m down-hole using a Reflex digital single shot camera. Drill core was orientated 
where possible using a Reflex core orientation tool. 

In 2009 and 2010 Ironbark also drilled 27 angled holes to obtain geotechnical information 
and test short range grade variability. 

Figure 7 below represents a plan view of the mineralization zones targeted to date by the 
majority of drilling carried out at the Citronen Zn & Pb Project. 

 

Figure 7   Plan view of Citronen showing new fault zone interpretation (dark pink), 
Sulphide mineralization zones (Zn 2%) are shown in pale yellow 
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Figure 8 below is of a typical cross-sectional view of the mineralization zones targeted to 
date by the majority of drilling carried out at the Citronen Zn & Pb Project. 

 

Figure 8   Typical Cross Section of Citronen mineralised zones showing drill-hole 
traces, and topographic surface 

 
 

 

Drill-Hole Collar Coordinate Checking & Survey Data Analysis 

Drill-holes drilled from 2008 to 2010 were all collar surveyed after drilling was completed 
with a Garmin GPSmap 60CSx hand-held GPS. Many holes were also surveyed and cross-
checked in 2010 as part of the site topographic survey program. The grid used was UTM 
Zone 26N (WGS84 Datum). Drill-holes completed by Platinova from 1993 to 1997 all 
utilised a local grid and this information has since been transformed to the UTM grid. 
Almost all of these older holes were located and surveyed with a GPS in 2007 and 2008 
(125 of 145 holes).  The local grid was very accurate, and holes were within 3m of 
projected positions. All of the holes used in the resource modelling and estimation have 
been located and surveyed. The GPS accuracy is within two metres due to the good 
satellite coverage in this high latitude area.  

In 2010 Ironbark completed a detailed site survey and generated a new ‘sub one metre’ 
accuracy site topographic surface. The RL’s of each drill hole were then more accurately 
determined by registering the collar points onto this dtm topographic surface. 

Sampling & Assay Data 

The Citronen Drilling database contains 7,061 half diamond drill core samples.  The 
majority of samples are half-cored 1 metre BQ core samples, which are generally around 
1.5kg in weight. For the fine grained homogenous nature of Sedex mineralisation, this 
sample volume is generally considered to be adequate for accurate resource estimation.  

From 1993 to 1997 Platinova took 1,540 samples from holes CF93-01 to CF97-143. Samples 
for analysis were selected by geological logging assisted by a portable XRF analyzer. 
Generally Platinova focussed on sampling only the higher grade mineralisation. Sample 
intervals were on average one metre in length. Half drill-core samples were analysed by 
Chemex Laboratories of Vancouver, Canada for Ag, Cu, Pb, Zn using Aqua Regia digest and 
AAS method, with Fe% estimated by Peroxide NaOH fusion and titration. 

In 2007 Ironbark completed an additional sampling program, taking 2,765 new samples 
from the previously unsampled Platinova drilling.  This was done to develop a better 
understanding of the tenor and distribution of zinc and lead mineralization for new 
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resource calculations. The drill core was examined, photographed and the mineralized 
intervals of interest were marked up for sampling. Sample widths ranged from 0.15m to 
1.35m, but were generally 1 metre. These selected intervals were cut and half core sent 
to ALS Chemex Laboratories of Vancouver BC for assay by four-acid digestion and atomic 
absorption spectrometric analysis for Zn, Pb and Fe.   

For the 2008 to 2010 programs, drill holes were geologically logged and 2,762 samples 
were selected for analysis with the assistance of a Niton portable XRF analyser. Most of 
the 2010 sampling was primarily carried out using half BQ drill core and NQ drill core and 
most of the sample intervals ranged from 0.3m to 1.9m and averaged one metre. Half 
drill-core samples were sent to ALS Chemex Laboratories in Ojebyn, Sweden for sample 
preparation, with final analysis using ore-grade ICP Fusion at ALS Chemex in Vancouver, 
BC, Canada. Samples were analysed for Al2O3, As, CaO, Co, Cr, Cu, Fe, Fe2O3, K, MgO, 
MnO, Ni, P2O5, Pb, S, SiO2, TiO2 and Zn. 

Sampling Quality Assurance & Quality Control (QA/QC) 

The earlier Platinova assay data did not contain any independent QAQC sample checks or 
review material. Assay data quality was primarily based upon the laboratory’s (Chemex of 
Vancouver, Canada) internal quality control standards.  As a cross check of Platinova’s 
data Ironbark took the remaining half core for 15 of Platinova’s samples and had it 
assayed by the same laboratory (now ALS Chemex of Vancouver, Canada).  Comparison of 
the Ironbark and Platinova assay data for Zn showed a 0.99% correlation co-efficient for 
Zn and 0.98% for Pb. 

In 2007 as part of Ironbarks core-sampling program a total of 54 certified laboratory 
standards were submitted and all returned assay levels within acceptable limits (ie within 
2 standard Deviations). 

During Ironbarks 2008 drilling campaign a total of 31 certified laboratory standards were 
submitted with core samples to ALS Chemex and again all standards were returned within 
acceptable limits. 

An additional 23 certified laboratory standards were submitted as part of the 2009 drilling 
campaign with core samples sent to ALS Chemex and subsequently returning assay levels 
within acceptable limits. 

For the 2010 sampling programs, Ironbark submitted 50 certified laboratory standards 
which also reported within acceptable limits. Blanks and duplicates were also routinely 
sent with each sample job dispatch. 

Geological Modelling 

Geological modeling was carried out using mapping information derived from very good 
outcrop exposure, as well as other geological logging data, digital core photographs and a 
good understanding of the deposit geology. The earlier established 2008 3-D geological 
model was updated and refined by Ravensgate using new drilling information from the 
2009 and 2010 drilling programs. 

The three major debris flows (the Hanging Wall, Middle and Lower) were wire-frame 
modelled, and were used as guides in correlating the various mineralized stratigraphic 
horizons.  Some refinements to the fault zone models based on geological data collected 
on site during 2010 was also undertaken. The changes included changing of the fault zone 
separating the Beach North and Beach South zones which had previously been modeled as 
striking east and is now interpreted to be striking southeast. Finally, the base of the 
glacial gravel overburden was modelled so that overburden areas could be excluded from 
subsequent resource estimation. Figure 9 below shows the general configuration of 
mineralisation and fault zones at Citronen as modeled for the December 2010 studies. 

Mineralisation zones were wire-framed based on sectional interpretation of Zn 
mineralisation at a 2% Zn lower cut-off. Where possible a higher 3.5% Zn lower cut-off was 
used to define ‘high grade’ contiguous zones within the 2% mineralization domains. These 
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wire-frames were used to code the composite data-sets used for statistical review and 
block model interpolation. 

 

Figure 9   General Site “Oblique View” of Citronen Zn & Pb Project Area – Showing 
proximity of Major 3.5% Zn Mineralogical Zones (Light Blue) with local topographic 
surface and major hydrographic features - (View direction Azimuth = 70 degrees  - 
Dip = -25 degrees) 

 
 

Compositing, Spatial Domaining and Statistical Analysis 

A standard 1m length down-hole composite data set was generated from the drilling 
database. The 1m composite data was then ‘coded’ to initially examine the localized 
probability distribution statistics for each of the Discovery, Beach and Esrum zones. The 
1m composite length is a suitable length for further modelling work as it was deemed that 
this length was short enough to adequately honour the dimensions of geological and 
mineralisation domains being modelled.  

The allocation of a set of geological flagging codes to the composited drill-hole interval 
was undertaken by the direct intersection of composite drill-hole traces contained within 
the wire-framed geological triangulations and were effectively designated as composite 
centroids ‘in or out’ of the 3-D ore zone shells.  

A total of 24 low grade’ (2.0% Zn) and 5 ‘high grade’ (3.5% Zn) ore zone shells were 
examined. The deposit statistics for all areas were thoroughly reviewed for sample 
support considerations with the view to considering the distribution of outlier grades. 

Composite coding was applied as follows: 

• The main ‘LG’ Zinc mineralisation wire-frames (ZONE=1 24) and;  

• Internal ‘HG’ Zinc mineralisation wire-frames (ZONE=3, 5, 7, 10, & 24); and  

• The various mineralization orientation AREA domains: 
Beach AREA Domains : AREA=1 3 
Discovery AREA Domains : AREA=4 5 
Esrum AREA Domains : AREA=6 7 
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After examining the localised statistics for all three main Citronen deposit areas, it was 
observed that the majority of mineralised domains displayed relatively low composite 
population variances. The distribution of Zinc (and Lead) within the defined domains at 
Beach, Discovery and Esrum is observed to be relatively predictable and mostly display 
low coefficients of variation (CV ~0.4-1.0) particularly at the nominal zinc lower cut-off 
definition level.  

The coded composite data was plotted on standard Log Probability plots which were used 
to help determine the overall statistical parameters of the distribution. Composite 
population ‘outlier’ values were examined and appropriate variogram grade calculation 
ranges were defined. Declustering analysis was also performed on preliminary data and 
showed that the declustered mean for most areas did not vary greatly from the ‘raw’ 
mean, also pointing to the general homogeneity of the Zn and Pb distribution within most 
parts of the deposit. 

The spatial distribution of zinc composites can be locally variable in places. This 
variability is possibly related to the effects of localized faulting and perhaps, to a lesser 
extent, as an inadvertent artefact of the irregular drilling pattern in a few locations. 
Ravensgate’s opinion following the 2010 modelling up-date / review was that there were 
no major concerns identified that would require use of any distribution adjustment 
technique to be used in block modelling, such as block ‘discretisation averaging’. 

Variography 

Ravensgate carried out an up-dated review of the deposit variography and modelled 
representative Semi-variograms for most parts of the Citronen deposit. The ‘down-hole’ 
and ‘between-hole’ variograms derived were useful for understanding the anisotropic 
spatial Zn distribution and associated mineralization of the deposit. The between hole 
semi-variogram data that Ravensgate has derived has been used directly to ‘calibrate’ the 
search ellipsoid ‘distance to composite’. 

The following Table (Table 4) describes the derived down-hole variogram parameters for 
the various deposit domains at Citronen. The down-hole information shown here was also 
used to define the ‘between hole’ variograms and used to directly assign ‘nugget’, ‘sill’ 
and ‘range’ values to the Ordinary Kriging run-file parameters used during block model 
interpolation.  

Table 4   Citronen – ‘Down-Hole’ Variogram Model findings (MineSight – M303V1 – 
‘Variograms for Composites’) - Using Composites Coded within 2% Zn Shells 

Deposit Area 
Element 

Item ZONE Azim Dip Nugget Sill Range (m)

Beach Level 1 Zn 1-2 0 -90 1.2903 3.2246 5.50 

Beach Level 2 Zn 3-4 0 -90 7.1854 13.6644 4.90 

Beach Level 2 Zn 5-6 0 -90 2.8680 2.9587 3.40 

Beach Level 3 Zn 7-9 0 -90 1.8605 4.5609 3.50 

Discovery Level 1 Zn 10-12 0 -90 1.7311 3.0852 5.50 

Discovery Level 2 Zn 13-15 0 -90 0.9302 1.4192 3.90 

Discovery XX (All) Zn 16-21 0 -90 7.3868 16.4487 5.30 

Esrum Level 2 Zn 22-24 0 -90 1.6296 2.1803 3.50 

 

Following all of the statistical and variography reviews it was determined that Ordinary 
Kriging interpolation approach would be suitable for block modelling and resource 
estimation and that was used for the December 2010 modelling up-date. 
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Ravensgate considers that the currently available drilling density of 50x50m (or closer) for 
the Beach Zones is adequate for the definition of resources as Measured, Indicated and 
Inferred where appropriate, with the caveat, that consideration must be given to all other 
‘modifying factors’ with respect to the JORC Code. Ravensgate is of the opinion that it is 
still necessary to consider locally any details related to mineralisation variability as one of 
the main ‘modifying factors’ and it is proposed that Ironbark carries out further detailed 
sampling in selected locations to closely observe spatial variability. 

The 340m interpolation range used for primary interpolation runs was based on the broad 
‘between hole’ variography and is also a practical distance required to adequately ‘fill’ 
blocks within mineralization shells for each main metal item in the block model. The 
nominal 50x50m drilling pattern present throughout the main parts of the Citronen area is 
adequate to attain adequate numbers of sample composites used within interpolation 
search ellipsoids. 

The reasonably consistent drilling density available for the Beach and Discovery zones 
combined with observations with respect to the overall lower deposit statistical variances 
generally demonstrate good mineralisation continuity. 

The Esrum zone is overall quite deep and thus has not yet been drilled with a close spaced 
drilling pattern. The relatively long 340m range used in interpolation is still adequate to 
‘capture’ a significant number of composites in any given search ellipsoid using the 
relatively sparse 200x250m drilling pattern. The available drilling pattern at Esrum does 
not presently allow for reliable assessment of the representativeness of sampling or local 
or longer range mineralisation continuity. 

Whilst it is desirable to arrive at a prescriptive drill pattern size used to define resource 
categories it is often not possible to do so for all parts of a deposit. For Citronen, it is 
Ravensgate’s opinion that coverage using a 50x50m drilling pattern should be aimed for, 
however for the deeper Esrum zones for example, if this zone is not likely to be 
developed for mining immediately, a compromise with drilling density might be arrived 
at. Ravensgate is also of the opinion that increasing drilling density to approximately 
150x150m for Esrum will probably be adequate to bring more of this zone up to the 
category of Indicated and perhaps Measured resources. Ravensgate also considers that a 
50x50m pattern should be the minimum for considering up-grading resources to the 
Measured category at a future time for full feasibility studies, assuming also that all other 
resource reporting modifying factors are considered carefully. 

 

Bulk Density Determination 

To calculate the bulk density of mineralisation, Ironbark took both empirical 
measurements of bulk density and also calculated the theoretical density based on the 
assayed value.  

Ironbark took 275 empirical measurements from six drill holes encompassing the major 
mineralisation styles and lithologies. Measurements were taken with electronic scales and 
a cradle to measure the dry and water immersed weights of the individual lengths of core.  
Core lengths ranged from 10cm to 60cm. Empirical specific gravity measurements were 
calculated from these readings. In addition as part of Ironbark’s metallurgical test work 
program, bulk density of various composites of drill core used in test work was estimated. 
Beach Level 2 composites averaged 3.62, Beach Level 3 composites averaged 3.73, Esrum 
averaged 3.68 and discovery 3.71.  

The bulk density measurements were composited to the same length as the assayed 
sample intervals to enable comparison between the “Measured” specific gravity (ie 
physically measured) and the “Calculated” specific gravity (ie calculated from the assay 
values).  Table 5 shows a summary of these results for mineralisation greater than 2% 
Zinc. Ravensgate recommended completing additional physical density testwork in 2011 to 
validate these assumptions. 
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As the variation in density is directly related to the amount of sulphides and mudstone 
within each mineralised zone the calculated specific gravity was used in the resource 
model.  The Zn, Pb, and Fe values estimate for each block were used to create a 
calculated density in the model.  Theoretical (“calculated”) densities for each assayed 
interval were calculated by using a formula using the assayed zinc, lead and iron values. 
The formula assumes that the zinc is all reporting to sphalerite (density of 4.05), lead 
reports to galena (density of 7.4), remaining iron reports to pyrite (density of 5.01), and 
the remainder is mudstone gangue (density of 2.78). This approach was thought to be 
more accurate than using an averaged density value for each domain. 

 

Table 5   “Measured” Specific Gravity and “Calculated” SG values for Citronen 
Drilling core for Zn values greater than 2% 

  Measured SG Calculated SG 

Lithology/oretype # composites For MZ (Zn>2%) For MZ (Zn>2%) 

Mudstone 5 2.8 - (na) 

Debris Flow 3 2.78  - (na) 

Debris Flow Sulphides 29 3.23 3.37 

Level 2 and 3 sulphides 48 3.47 3.68 

 

Block Model size & Block dimensions 

After consideration of the data density and ore zone geometry factors it was decided that 
an optimal estimation block size of 10m x10 m x 2.0m – East (X), North(Y), Elev(Z) would 
be used for the global Citronen model.  This block size was selected primarily to achieve 
better mineralization domain coding resolution whilst not unduly compromising local 
sample and block support considerations. 

 

Block Model Interpolation Technique Selection 

Ravensgate used the Ordinary Kriging interpolation technique for all block model 
interpolation and generated estimated item values for Zn, Pb and Fe which were used for 
all subsequent resource reporting. At Ironbark’s request an additional inverse distance 
squared interpolation was run in parallel to the kriging estimates for the purpose of 
comparison with Ironbarks earlier 2008 resource estimations.    

 

Model Construction Method and Coding 

One large block model was constructed capturing all the main Citronen mineralized zones 
including the Beach, Discovery and Esrum zones. Numerous block model items were also 
assigned for use in interpolation including the main zinc (Zn) item [ZNKR1 and ZNKR2] as 
well as items for lead (Pb) [PBKR1 & PBKR2] and iron (Fe) [FEKR1 & FEKR2]. The 
parameters and variables used for the block model constructed are listed in Error! 
Reference source not found.. 
The following is a brief summary of the methods and assumptions employed in The following is a brief summary of the methods and assumptions employed in 
construction of the up-dated Citronen block model: 

• Re-Construction and validation of the up-dated Citronen drilling data set. 

• Modification and Development of 3D geology lithology domains and structures as 
necessary as a consequence of introducing the new 2009 and 2010 drilling data. 
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• Validation, up-dating and re-construction of some of the mineralisation domains at 
both 2% and 3.5% edge cut off levels. Validation of solids for geological integrity. 

• Block model constructed and variables coded with the various domains, surfaces and 
solids for both the 2% and 3.5% Zn shell domains.  

• Model blocks were coded with corresponding ZONE, AREA and GEOL codes as well, as 
being assigned an associated ‘captured’ block percentage within any given 
mineralization domain. Mineralization coding for all mineralization zones was 
undertaken with a precision in MineSight software of +/- 1%. 

• Composite assay files created, and each domain flagged with domain code. 

• Construction of block estimation run files with appropriate parameters.  

• Block model estimation run, using representative ‘single pass’ ellipsoids assigned 
according to AREA domain to account for variable mineralization orientations. Inverse 
distance squared interpolations runs carried out only for comparison purposes.  

• Review of modelled blocks on screen and via cut-off reports to ensure interpolation 
has been carried out correctly. 

• Review of coded blocks on screen and check resource summary tables at various 
lower cut-offs. 

• Script run to assign bulk density values to appropriate mineralization domains using 
measured and assumed density factors adjusted with local mineralization grades from 
Zn, Pb and Fe items. 

• Review of ancillary item statistics required for assignment of Mineralization 
classification codes using script runs to assign QLTY Code Item. 

• Grade tonnage reports generated and tabulated. Comparison of different 
interpolation techniques.  

• Visual cross checking of modelled blocks grades in section and plan to ensure 
composite and domain data has been honoured. 

 

Block Model Interpolation Methodology 

The general approach to model interpolation was to carry out a sequential series of 
Ordinary Kriging interpolation runs separately for each mineralised domain, with specific 
parameters selected for each particular domain orientation based on the localised domain 
statistics and variography.  

For each of the Citronen Deposit areas it was possible to assign specific ‘nugget’ and ‘sill’ 
and search ellipsoid parameters for the Zinc, Lead and Iron items and for each 
mineralisation domain separately. 

 

Block Model Interpolation ‘outlier’ high grade cut-off’s 

The higher grade (high Zn concentration) domains were restricted according to the 
probability statistics observed within each mineralisation domain. Generally the ‘grade / 
cut-off - distance restriction’ regime was applied at the 98th or 99th percentile level. The 
approach entails ‘tightly’ restricting the influence of some of the high grade ‘outliers’ but 
not actually cutting the composite value back to some arbitrary level. The ‘grade/ cut-off 
- distance restriction’ methodology thus chosen is considered to be superior for ‘outlier’ 
treatment, firstly because it does not artificially ‘cut’ high grade values to some arbitrary 
lower value, and secondly because the distance of restriction used can be justified from a 
geostatistical and spatial relationship study standpoint following appropriate semi-
variogram analysis. 
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Block Model Validation 

Once modelling estimation runs were completed, and the model was coded appropriately 
the modelled results were reviewed visually and the estimation run files checked to make 
sure estimations had been carried out correctly. 

Specifically the validation process carried out examined the block model by: 

Visual checking of interpolation block model results in plan and section; 

Comparison of input versus output statistics globally; 

• Review of localized mineralization domains by de-cluster analysis; 

• Reviewing of ‘Quality of Estimate’ data and associated confidence coding analysis - 
(Block Model QLTY Item). 

Resource Classification 

The available DIST1 and COMP1 and KERR1 items were analysed from a probability 
statistics standpoint and a selection of limit levels were incorporated into a series of 
calculations to determine values for a new item called CONF which in turn was re-
condensed into a final ‘reporting item’ called QLTY. Table 6 summarises the assessment 
criteria used for model blocks in the three main project deposit areas. 

 

Table 6   Citronen Areas - QLTY item Classification Code Calculation Parameters  

Distance (DIST1) 
to nearest 

Composite (m) 

Number of 
Composites 
used Range 

(COMP1) 

Kriging ‘Error’ 
(KERR1) 

ORE Domain 
(ZONE) ~QLTY

0-150 >20 0.0-1.0 ZON1=1-24 1 

150-200 15-20 1.0-2.0 ZON1=1-24 2 

200-300 <14 >2.0 ZON1=1-24 3 

>300 NA NA ZON1=124 4 

 

The final quality parameter (QLTY) was used for tabulating the ‘un-biased’ relative 
resource tonnages and grades for the block models in the Citronen Zinc Project areas. 
Ravensgate elected to include the “QLTY-4” or “Low Q” Inferred material as Inferred 
material as per the guidelines of the JORC Code. This is considered appropriate as this 
material, whilst not always well informed by drill-holes in the local vicinity, is clearly 
constrained within the existing 3-D wire-frames and therefore it is reasonable to expect 
that in these locations that the some portion of significant and elevated grades will be 
encountered when future planned “in-fill” drilling is carried out. 

A graphical representation of the resource categories is shown in Figure 10 below. 
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Figure 10  Citronen Zinc Project Areas - Graphical Distribution of the 4 Resource 
‘QLTY’ Zones 

 
QLTY=1 – Green. QLTY=2 – Orange. QLTY=3 - Purple. QLTY=4 - Dark Blue. – (View Direction = 
Azim=350, Dip=-25 degrees). 

 

Resource Estimate Reporting 

The Citronen Zn Project resources have now been estimated using all the available Zn, Pb 
and Fe analyses. All of the material referred to is defined and constrained within the 3-D 
ore zone mineralisation domain shells defined for the Beach, Discovery and Esrum 
mineralization zones. Global resource summaries for the new Citronen block model are 
presented in Table 7 and Table 8. The new resource estimate has slightly lower tonnages 
and grades when compared to the previous 2008 estimates at any given reporting lower 
cut-off for zinc. The difference in tonnage reflects the new drilling data and was observed 
on average, when considered inside the mineralization shells, to be of slightly lower grade 
than the data-set used to report the previous 2008 estimate. 

This estimate and reporting of identified mineral resources has been undertaken in 
accordance with the mineral resource reporting guidelines as outlined in The Australasian 
Code for the Reporting of Identified Mineral Resources and Ore Reserves – (JORC) – 
(December 2004). 

The JORC Code outlines a range of assessment criteria dependent on the quality of 
several important data inputs.  The most important of these inputs are related to factors 
that include amongst others, the following: 

• Adequate levels of drilling and sample density; 
• Precise drilling and sampling technique; 

• Regular checking of assay data quality; 

• Adequate survey control for drill-holes and sample points; 

• Reliable estimation and allowance for variability of specific gravity; 

• Consistent and accurate logging of drill-hole data; 

• Precise definition and modelling of ore zones with reference to geology; 

• Thorough reviews of deposit statistics; 

• Realistic application of grade cut-offs and area of influence restrictions; 

• Correct application of interpolation techniques; 
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• Thorough analysis of all modelling parameters and the results derived; and 

• The minimisation of all assumptions where possible. 

Any assumptions made relating to the scope of this work were clearly identified and 
reported wherever possible. 
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Resource Modelling ‘Risk Assessment’ and Associated Resource Estimation 
Considerations. 

Table 9 is a summary table of the relative ‘risk assessment’ criteria of various aspects 
related to the Citronen Zinc Project. Specifically, this is an internal and ‘informal’ 
approach that Ravensgate uses to generate a descriptive risk assessment summary and is 
not necessarily intended to comply with any other formal national or international risk 
assessment systems or standards. 

 

Table 9   Resources Estimation Risk Review – Citronen Project 

Database integrity Ironbark has employed a previously established and tested 
system for the collection of validation of all data. Where 
necessary Ironbark has identified some minor instances where 
the exclusion of unreliable data is necessary. 
Ironbark personnel acknowledge that some data acquisition 
systems can still be improved upon and is undergoing steady 
continuous review and improvement. 
Ravensgate has been made aware (pers comm. D. Maclean and 
A. Byass) that most of the data available from drilling, 
sampling and assaying at Citronen has been subjected to 
appropriate ‘industry best practice’ QA/QC procedures. Where 
necessary any data not considered of appropriate ‘quality’ was 
not used to help define mineralisation domains and wire-frame 
envelopes or other modelling parameters.  

LOW - MODERATE RISK 
Geological interpretation Interpretation of the lithological boundaries model for the 

mineralisation interpretation used for the current resource 
modelling is currently supported by a significant amount of 
drill logging or surface mapping. However, small scale controls 
on mineralisation and localisation of higher grades may not be 
fully understood at this stage. Ongoing refined logging and 
where possible, future surface trench or geological pit 
mapping and analysis may enable tighter controls and 
therefore improved resource modelling as the resource 
development progresses. 
Interpretation of the lithological boundaries and the 
generation of a ‘rock mass’ and mineralogical models from 
available drilling is a considerably advanced level and 
continuing development of this remains a major project goal. 
Geological continuity is based upon a coherent and relatively 
predictable lithological model, and is steadily being refined or 
adjusted in continuing sectional and plan analyses.  
The lithological 3-D solid models ultimately developed for the 
Citronen Project uses all available data and is used to 
subsequently fill block model blocks for material coding and 
bulk density assignment as necessary for resource estimation. 
Further drilling and/or mapping is expected to refine the 
geological model in the future. 

LOW - MODERATE RISK 
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Table 9   Resources Estimation Risk Review – Citronen Project 

Dimensions The main zinc and lead zones are comprised of lithologically 
and structurally controlled zones of mineralisation. Drilling to 
date using relatively uniform patterns have generally taken 
into account the entire footprint of the main deposit area. The 
new resource model encompasses the entire extents of 
mineralization also and down to -440m RL 
The lithological and mineralogical understanding of each of the 
deposit areas extend generally from the -430 240m RL.  
There is some localised evidence of both regional and local 
structural ‘offsets’ fault or shear structures being evident but 
perhaps not reliably mapped at this stage. 

LOW RISK 
Estimation and modelling 
techniques 

The resource estimations for the Citronen Project Area were 
generated using standard 3D ‘uniform block size’ modelling 
techniques. Owing to the relatively low coefficients of 
variation observed for available sample composites for each 
domain area it is Ravensgate opinion that that the reliable 
Ordinary Kriging Interpolation technique should be employed. 
The uniform block sizes for the Citronen Project Area deposits 
is set at 10mE x 10mN x 2.0mRL elevation. An associated block 
proportion was also coded to all block with a precision of +/- 
1% to accurately account for coded mineralization shell 
volumes. 
A rigorous re-review of the localised deposit geostatistics was 
carried out. Two separate sets of mineralised material type 
domains were defined using a nominal lower cut-off’s of 
around 2.0% and 3.5% Zn. All mineralised domains were 
designated as separate zones according to local area and 
‘level’. This coding effectively ‘constrained’ the known 
mineralised domains based upon the existing drilling. Ongoing 
data collection may enable an effective refining and further 
geometric sub-domaining by additional lithological and / or 
structural knowledge if necessary. 
 

LOW - MODERATE RISK 
Semi-Variograms were generated for each mineralisation 
domain where possible for Zn. The ‘normal variogram’ 
calculation function was used and resulting variance plots were 
modelled using a ‘spherical’ model curve fitting to define the 
‘nugget’, ‘sill’ and ‘range’ parameters specific to each 
domain. The variogram ranges have been compared with the 
search parameters applied by Ironbark to date. It is 
Ravensgate’s opinion the parameters used by Ironbark have 
adequately described axial and planar control of mineralisation 
for each domain. These parameters may again need further 
study and refinement in the future to help optimize block 
model interpolation. 

LOW RISK 
Overall the resulting interpolated block models are considered 
to be relatively robust for most of the project areas because of 
relatively good drilling density and corresponding 
mineralisation distribution understanding. The relatively low 
variance nature of the nickel mineralisation throughout the 

K
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Table 9   Resources Estimation Risk Review – Citronen Project 

deposit areas also allowed for reliable grade interpolation and 
resource estimation. It is important to note that further 
identification of any small scale structural controls will still be 
necessary prior to mining as these zones may be of some 
economic importance when used to refine ore reserves and 
mining schedules. 

LOW - MODERATE RISK 
Bulk Density A large program of dry basis bulk density measurements has 

been carried out to confirm and up-date tonnage estimation 
and resource reporting parameters. A set of variable global 
bulk density measurements have been adopted and used for all 
modelling to-date which are adjusted by varying density of 
estimated quantities of Zn, Pb and Fe mineralization. Further 
refinement of the bulk density database will be required in the 
future. 

MODERATE RISK 
Reporting Lower Cut-off 
parameters 
 

The choice of reporting resources at lower cut-offs should be 
viewed with respect to the JORC notion of transparency and 
reasonable expectations of future mining related lower cut-off 
levels. The lower cut-off levels are important with respect to 
overall resource estimate reporting. All mineral resources for 
the Citronen project have been reported at a range of 
appropriate lower cut-off’s ranging from 1-4% Zn. 

LOW RISK 
Mining factors or 
assumptions 

It is anticipated by Ironbark that the scale of mining 
equipment that may be ultimately selected, in relation to ore 
block dimensions as well as any blasting practices, may affect 
levels of dilution and aspects relating to ore loss. Such 
important considerations with respect to mining factors or 
assumptions relating to reserves estimation is yet to be 
considered in detail. These considerations are independent of 
estimated resources as described in this report. 
For resource modelling, resource classification and reporting at 
the Citronen Project Area, no specific assumptions were made 
about mining methods, other than nominally considering the 
use of standardized surface and underground mining methods. 
The parameters around these future mining scenarios can 
reasonably be assumed given the type of terrain at the project 
areas and that these methods are commonly used for this type 
of mining in most modernized mining areas of the world. 

LOW RISK 
Metallurgical factors or 
assumptions. 

Some information relating to Zinc and Lead recovery is already 
known from previous preliminary test-work. Similar test work 
is required to be carried out for each of the project areas. At 
this stage of the project no overall recoveries have been 
assumed for all the Citronen Project Area deposits. 
For resource modelling no assumptions were made about 
process methods or Zinc or Lead recovery. 

LOW - MODERATE RISK 
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Table 9   Resources Estimation Risk Review – Citronen Project 

Classification Reported resources comply with the JORC – (Dec 2004) code 
and have been compiled and reported according to the ASX 
Appendix 5A Listing Rules. 
The localised variations in drilling and sampling density were 
carefully considered and mineralisation domain shells were 
adjusted accordingly to reflect the underlying level of 
geological and mineralogical confidence. Only once the 
assumptions used in the data generation and compilation were 
eliminated or minimized, was the data used in these block 
model calculations. 
Classification of resources relies on the underlying sample and 
associated data quality used to build the respective resource 
block models. The actual classification methodology was 
carried out using an ‘unbiased’ allocation of material volumes 
based on ancillary block mode parameters such as ‘distance of 
block from nearest composite’, ‘number of composites’ within 
any given interpolation search ellipsoid and also the estimated 
local ‘kriging variance’. All of these parameters are 
‘condensed’ for review as a ‘quality of estimate’ (QLTY) item 
used to base the final formal classification of resources as 
measured, indicated and inferred resources as necessary. 
The final reported block model resource tonnages and grades 
were checked with respect to the local domain geometry and 
domain statistical summaries. 

 
LOW RISK 

Audits or reviews Only limited Independent audit and review has been carried 
out for the Citronen Project, however internal review of 
Ravensgate’s March 2008 modelling work and also the recent 
statistical review has been carried out. 

LOW RISK 
Discussion of relative 
accuracy/confidence 

The Citronen Project Area continues to be deemed to have 
potential for economic merit and possible larger scale 
development. Further development work should be continued 
if possible in order to try to extended or increase the 
underlying resource base. It is now necessary to rigorously 
investigate mining and mineral extraction feasibility and 
thereby determine the operational economies of scale and 
expected Internal Rates of Return. 
 

LOW RISK 
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3.6.2 Citronen Fjord Project Potential 

Ravensgate considers the Citronen Fjord project of merit and worthy of further 
exploration and studies. The extent of the system is yet to be fully tested and in 
particular the Esrum Zone is open to the north, south and west and the Beach Zone is 
open to the South. A new zone of mineralisation was also identified to the south of the 
Discovery Zone in 2010 which is open to the south and east.  

A number of ‘gravity high’ geophysical anomalies have also been identified, many of 
which have had little drill testing. These gravity highs may be indicative of massive 
sulphide bodies at depth and require further drill testing to evaluate. 

In 2010 Ironbark estimated an Exploration Target for Citronen of between 302 Mt and 347 
Mt at combined 4.4% to 5.0% combined Pb+Zn grades (Ironbark, 2010). This was based 
primarily on extensions of reported known resources as well as geophysical targets.  

Regionally there is potential to identify new mineralised systems within the project area. 
The Trolle Land Fault zone and Harder Fjord Faults, which appear to have been important 
in the localisation of mineralisation at Citronen, extend for many tens of kilometres and 
have had scant exploration carried out on them to-date.  

3.7 Technical Project Review 

3.7.1 Executive Summary 

It is difficult to prepare a discounted cashflow analysis on the project as it does not have 
a defined reserve statement. In this case we have given our opinion on the reasonableness 
of the technical parameters, mining methodologies, operating and capital costs. 

This review has highlighted that there is a significant level of work required to prepare a 
reserve statement which complies with JORC 2004 standards. 

The proposed methods of mining are appropriate for the geometry and rock properties of 
the mineralisation defined. 

The potential to mine the open pit towards the end of the underground operation will 
increase the head grade in early years but the overall development and production costs 
have the potential to also increase significantly for a stand-alone underground operation 
during these early years when compared to a combined open pit/underground operation. 

Current work programs are evaluating the ability to adopt narrower working heights. This 
has the potential to increase both tonnes and grades. However, the cost associated with 
having more mining rooms, higher capital cost equipment and increased labour 
requirements will need to be assessed. It is difficult to quantify the net benefit and cost 
implications of this work at this stage. 

ORElogy has attempted to bench mark the proposed operation against similar projects. 
The findings show that the proposed underground zinc operation is comparable to other 
mines in terms of $/lb Zn produced and $/t mined. As with other underground operations, 
Citronen would also be vulnerable when the price of zinc falls to $1,540/t zinc, or below. 
This has occurred once since January 2009. 

It is likely the project operating costs will increase in the order of 5.6% due to increased 
fuel and labour costs from the original 2010 estimate based on 2011 values. 

The mine is projected to have a life in excess of 10 years based on current “ore 
inventories”. This could be further extended by another 3 years if the confidence of the 
inferred material can be improved. At present, mineralisation is open to the north-west 
and will remain so until drilling closes this off. The results from the 2011 drilling season 
suggest that the ore body continues along strike and at depth and that the grades are 
comparable to existing intercepts.  
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3.7.2 Technical Review 

Ravensgate has been asked to prepare an independent valuation of the assets associated 
with the Citronen Zinc project in Greenland which is owned by Ironbark Zinc Limited 
(Ironbark) on behalf of PricewaterhouseCoopers Securities (PwCS).  ORElogy are assisting 
Ravensgate with the review of the mining and cost sections.  

3.7.2.1 Scope of Review 

The review of the Feasibility Study (FS) is to include the following: 

• Prepare an opinion on the reasonableness of physical schedules, product mix, 
operating parameters, transport and shipping parameters, capital and operating cost 
assumptions underpinning financial models prepared by management.  

• This will encompass life of mine plans and in particular, resources and reserves 
(including assumed conversion), production and recovery levels, operational items 
and risks, potential future developments, future capital expenditure and future 
operating costs including mining and transport costs.  

At present, Ironbark have completed a Feasibility Study (FS) which has not been publicly 
released as there is still scope for improvement in terms of mining methods, production 
scheduling and cut-off grade optimisation. Hence, there are no reportable reserves at this 
time. 

3.7.2.2 Data 

The FS was largely completed by Wardrop Engineers who are a reputable engineering 
group based in North America.   

The complete FS was submitted for review. However, the focus was mainly on the 
following sections: 

• 1053320100-REP-R00XX-00 Volume 1 - Exec Summary DRAFT 

• 1053320100-REP-R0012-03 Volume 3 - Mining FINAL 

• 1053320100-REP-R0017-00 Volume 7 - PEP FINAL SIGNED 

• 1053320100-REP-R0019-01 Volume 9 - Cap Cost Estimate FINAL 

• 1053320100-REP-R0020-02 Volume 10 - Op Costs FINAL Signed with Appendices 

• Appendix B Adjusted Reserves 

• Volume 9 Appendix A & B Combined 

Various websites were also used to gain information to help with benchmarking and 
operational comparison. 

3.7.3 Feasibility Study – Review 

The mining components of the FS are split into the following sections: 

• Geotechnical 

• Open pit 

• Underground 

• Mining equipment 

• Personnel 

• Development schedule 

• Production schedule 

In general, if there are no comments, then ORElogy concurs with the work and subsequent 
results from the FS. 
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3.7.3.1 Geotechnical 

Nine geotechnical holes were drilled during the 2010 drilling season. Core from this 
program has been used for both non-destructive and destructive testwork. Rock mass 
rating (RMR) and rock quality designation (RQD) were utilised as part of the analysis. 
Generally speaking the rock performed well and provided good or very good RMR ratings.  

ORElogy has the following comments: 

• There appears to have been no in-situ stress measurements made other than from 
observed open bore holes. The magnitude and orientation of the in-situ stress will 
have a major bearing on the planning and design of underground openings. 

• There appears to be no shear strength testing on the white calcite carboniferous 
discontinuities. Given this is above the Level II ore zone, this will require special 
attention to maintain back stability. 

• Hydrogeology – has little effect on underground operations as most of the holes are 
dry. It is a permafrost environment, so water issues should be minimised. 

• Use of iced backfill in mined stoped is the preferred method of tailings disposal. The 
anticipated mix is 55% solids and 45% water. A number of tests were undertaken to 
the time to freeze is dependent on room size. Physical tests as well as numerical 
analysis were undertaken. The results showed that unconfined compressive strength 
increased with reduced temperatures. However, the time to freeze is dependent on 
room size and could be as long as 200 days for the larger room size of 14m high by 
10m wide by 150m long. Eventually, the iced backfill should provide enough strength 
to support the backs during pillar recovery operations. Adding “heat” to the system 
(i.e. adding back tailings at a temperature of 2°C) has been included, but the 
cumulative effect needs to be modelled. 

• Primary support mechanisms for declines and lateral development are based on 
friction anchors and cable grouting. As these are for long term or permanent support, 
consideration should be given to include mesh as well. 

• It is assumed that ongoing mapping in both open pit and underground environments 
will continue during operations. 

3.7.3.2 Open Pit 

Standard pit optimisation and mine design techniques have been used to determine the 
overall size of the open pit, its configuration and mining sequence. 

At present, the only part of the resource that will be mined by open pit is the Discovery 
deposit. Total tonnage available at a 2% Zn cut-off grade is 23.1Mt at 2.57% Zn and 0.4% 
Pb. Of this amount, approximately one third is inferred ore. It also appears that the 
inferred ore has been used as an input to the optimisation process. 

The maximum discounted worst case scenario resulted in an open pit with the potential to 
produce 9.1Mt at 3.0% Zn and 0.5% Pb with a strip ratio of 1.7:1. Generally, with an open 
pit where the mine life is greater than five years, an average of the best and worst 
cashflows could be used for shell selection. In doing so, this would result in a larger shell 
of 9.7Mt and a slightly higher strip ratio of 1.8:1. If the strategy is to maximise the value, 
extend mine life and maximise the resource, then the ore inventory could be extended to 
approximately 12Mt where the value is still within 95% of the maximum average value 
(i.e. another two years beyond the shell chosen). 

Staged mine designs were completed but the basis of the design is unknown as: 

• The designs are not based on the shells as described in the BFS as they do not include 
any inferred ore and secondly;  

• The grades report back to an inverse distance (ID2) estimate rather than the ordinary 
kriged estimate which are used as part of the optimisation process. In fact, what is 
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reported are diluted ID2 grades with no reconciliation as to how the dilution has been 
calculated. 

• There is no reconciliation back to the optimisation process. 

ORElogy has the following comments: 

• It is not clear on how the open pit mine design was completed using the results from 
the pit optmisation process.. There appears to be no pit optimisation based on 
measured and indicated ore only which can be used for mine design and reserve 
generation purposes. 

• There is little in the way of sensitivity studies with regard to the main optimisation 
parameters including price, slope and costs. There have been a number of other 
underground versus open pit trade-off studies. 

• Of significance is the trade-off study on the Beach zone. This showed a comparable 
value to the underground operation. It is difficult to evaluate this option as there is 
no tonnage/grade information available. However, there would be the possibility to 
develop a higher grade scenario and account for the other concerns raised in the BFS. 
By developing the Beach as an open pit presents other opportunities such as being 
able to process ore at similar grade to the underground operation, lower costs and 
better resource utilisation. Waste rock can also be used for construction materials as 
well. 

• There are no cut-off grade calculations and no reserve classification statements 
which comply to Joint Ore Reserve Committee 2004 (JORC 2004) Guidelines. 

3.7.3.3 Underground 

Mine resources used in the build-up and design of the development and production 
strategies include inferred ore.  

Mining methods selected for mining operations are based on room and pillar and long-hole 
open stoping. The selection of the mining method will be dictated by stope height. At 
present a minimum mining height has been established at 4m high. The resource is bound 
by structural rationale including the floors and backs of the mineralised zones as well as a 
nominal minimum cut-off grade of 2% Zn. Once this was applied, the defined mineralised 
envelopes were modified by a detailed value calculation which divided the areas into high 
value areas as well as areas which yield little value. This value calculation is complex and 
is not particularly transparent in its nature. 

Dilution envelopes have been set at 0.15m into the surrounding backs and floors which 
given the dimensions of the openings is not very significant. However, given the 
sedimentary nature, the ore should “peel” cleanly from the backs. 

Pillar recovery is maintained between 82% to 89% which is average, given the employed 
mining techniques. 

Mining targets the higher grade ore first where the potential grades range from 5.4% Zn & 
0.5% Pb from Beach Level 2, to 4.2% Zn & 0.45% Pb for Beach Level 3 and increasing 
slightly for Esrum Level 3 to 4.5% Zn & 0.4% Pb. Lead grades follow a similar profile. 

Underground mine production is scheduled to commence at a rate of 1.5 Mtpa from Year 
1, increasing to 3.0 Mtpa after the open pit is completed.  Mining will commence from the 
higher grade sections of Beach Level 2 and will progress through to Beach Level 3 and 
then onto Esrum. 

The main decline has been sized on large haulage (i.e. 60 tonne) equipment being 
utilised.  A second means of egress will utilise the ventilation raises in each of the main 
mining zones. 

Primary ventilation will use exhaust fans mounted on the ventilation raises and have been 
sized to deal with the expected diesel operating equipment. The system has been 
designed using VENTSIM and has the capability of adjusting the air flows & performance 
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during the life of the operation to suit the needs of the underground operation as it 
evolves. 

ORElogy has the following comments: 

• It is not clear whether the mine plan is based on using all ore including inferred ore. 
There is some difficulty in reconciling the mined ore tonnage and how it has been 
derived and how the dilution calculations have been applied as show in Table 10. At 
present the total measured and indicated ore as part of the underground mineable 
tonnage & grade is 28.4 Mt, whereas the ore scheduled is 29.1 Mt. There is no 
breakdown by area. The opportunity exists to increase the life of the operation by 
three to four years by increasing the level of confidence of the inferred ore. 
However, this work will probably be more cost effective by doing this from 
underground, rather than by surface drilling. At present, the “ore inventory” appears 
to support an operation of plus 10 years based on current production levels. 

 

Table 10  Resource & Ore Inventory Statement (cut-off grades are not stated) 

 

Note: All tonne values are in Kilo-tonnes 

 

• Ore haulage using a conveyor based approach may provide: 
A more cost effective approach as compared to truck haulage; 
Reduce ventilation requirements; 
Less personnel underground; 
If the orebody continues to extend to depth and to the northwest (based on 
current drilling results), then the benefits may improve when compared to truck 
based haulage systems; 
It does have the disadvantage of being less flexible and the initial capital costs 
may be higher than the haulage based approach. A trade off study needs to be 
established to determine the most appropriate haulage method. 

• There appears to have been little in the way of stope optimisation, other than 
modelling the overall value. Additional work has recently commenced on reducing 
the stope heights and developing higher grade stopes. At present, the geological 
model has been based on 2m composites, which was used to help build and estimate 
grades into a constrained wireframe. This is being modified currently by building a 
new model with a smaller block height and using 1m composites to gain more 
detailed information through each of the mineralised zones. The objective here is to 
try and increase the grade of the ore earlier in the schedule.   
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• Using this new approach, shape optimisation within the mineralised zones has 
highlighted that a minimum mining height of 2m versus 4m can improve both ore 
tonnage and grade. This is because the ore at the fringes can now be included as it 
meets the minimum height requirements of 2m high. The grade also improves as 
lower grade ore is now left in the backs or the floors. This approach uses minimum 
Zn cut-off grades to help determine the optimum shape and a number of minimum 
cut-off grades were evaluated. For each case, ore tonnage, grades and resulting 
contained metal increased by up to 10.7% depending on the cut-off grade used. This 
work is ongoing and the following conclusions can be made: 

Further work is required to determine whether or not a 2m high mining height 
model is the most appropriate method. The impacts on production schedules, 
dilution, mining recovery and pillar recovery have yet to be analysed in detail.  
However, working at this lower height will increase capital costs as the mining 
equipment become more specialised. 
The lower mining heights will mean that: 
o Backfill can commence sooner; 
o Freezing of the backfill will be quicker due to the lower backfill volumes; 
o Pillar recover can commence sooner; 
o Dilution grades will be higher as the floor and back diluent grades will 

generally be lower grade ore (as opposed to waste); 
o Dilution percentages may increase as the clean break that exists between 

the sulphides and the backs is no longer applicable; 
o The support and equipment needs will have to be addressed if this is to be 

progressed as a viable option; 
o As equipment requirements will increase to maintain the same production 

rates, ventilation and personnel requirements will then increase. Given that 
labour is one of the significant cost drivers, the number of personnel 
working underground should be minimised and thought should be given to 
using mining equipment that can be remotely operated (if at all possible). 

The number of working faces will also increase significantly and this will be 
exacerbated at the higher production rate of 3 Mtpa (as compared to the initial 
mining rate of 1.5 Mtpa). 
An alternative may to be build a process plant at a 1.5 Mtpa capacity and delay 
the expansion (and capital) until the open pit operation commences. A 3.0 Mtpa 
underground operation mining 2.0m high stopes is a substantial operation and 
would need to be analysed in detail and compared back to the economics of 
building a 1.5 Mtpa operation. 
The impact on ore reserve losses needs to be analysed in detail. There may be 
the potential to bench out the residual backs and floors if the grades support 
such an approach. However, this approach whilst maximising resource utilisation 
may have an impact on pillar recovery and or other production scheduling 
requirements. 

There is obviously a significant level of work required before proceeding with a final mine 
plan, layout, production strategy and hence a final reserve estimate. 

3.7.3.4 Mining Equipment 

ORElogy notes the following regarding the equipment selection for the open pit: 

• Fleet productivities are in excess of 8 Mtpa. The open pit tonnage is mined at a 
fraction of this rate, hence, this approach is conservative and given the location may 
even prove prudent. Hence there is either: 
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The opportunity to go to single shift operations (less personnel, less productive 
hours with which to depreciate equipment against); 
Utilise a smaller fleet (lower capital and higher operating costs); 
Potentially sub-contract this component to a mining contractor. 

ORElogy concurs with the underground equipment selection.  

There may also be the opportunity to use continuous miners. A detailed analysis looking at 
rock strength, production rates etc would warrant further analysis. 

As stated previously, there is the opportunity to reduce haulage costs by utilising 
conveyor based systems should be reviewed. 

3.7.3.5 Personnel 

Personnel requirements have been calculated from first principles and include allowances 
for: 

• 6 week on 3 week off (9 week combined roster) – general labour force 

• 3 week on 3 week off (6 week combined roster) - management 

• 12 hour working shift 

• Flights, accommodation & messing costs 

Ironbark plan to recruit personnel from Eastern Europe and experienced personnel from 
North America.  Either of these regions boasts experienced workforces that would be 
willing to work off-shore. The salaries and hourly rates appear low when compared to 
Australian operations, but are probably appropriate for this region.  However recent 
trends in labour indices from Europe highlight that labour costs are increasing in the order 
of 2 – 3% annually. Unemployment is also decreasing (now 7.2%) in Canada which may put 
additional pressure on wages.   

3.7.3.6 Development Schedule 

The current plan is to develop both the open pit and underground operations such that by 
Year 1 of the project plan (years -2 and -1 are development periods), both the open pit 
and underground are producing ore at 1.5 Mtpa each to produce a total of 3.0 Mtpa of ore 
per year in total as shown in Figure 11. 

In an effort to bring forward grade, open pit mining can be deferred until the end of the 
mine life and this has the effect of increasing grade in the early years as shown in Figure 
12. The reader should be aware, that this is a conceptual production schedule based on 
inputs from the FS. It is an attempt to ascertain the difference in approaches and the 
impact on grades presenting to the mill over time. 

Approaching the development strategy in this way may have the following effects: 

• Advantages 
More focused development with only the underground and process plant being 
developed; 
Potentially lower capital costs (i.e. open pit related costs); 
Grade profile should increase dramatically as the lower grade open pit ore will 
be deferred. 

• Disadvantages 
Underground development costs will increase dramatically (in excess of the open 
pit costs); 
Production costs will also increase as the number of rooms, equipment and 
personnel will need to increase to meet the desired production rate. 
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If the open pit is to be deferred until the end of underground operation, then a detailed 
ramp up strategy will need to be developed to determine the most appropriate 
development plan to meet the desired production rates to maximise value. 
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3.7.3.7 Costs 

Total open pit capital mining costs totalling $24M (as outlined below) could be deferred 
until the end of the underground mine life.  

• Pre-strip - $2.8M 

• Equipment Capital costs - $13.9M 

• Truck shop Capital Cost - $7.3M (although a portion of this will be need to be kept for 
the underground maintenance fleet) 

The open pit mining costs are considered appropriate for the size operation using the 
proposed equipment fleet. 

The preliminary underground costs per tonne of ore mined at first appear to be low when 
compared to Australian operations as well as other similar styled operations in the 
northern hemisphere. However, whilst benchmarking against some of these other 
operations (which are based on actual hard costs) is difficult at best, it is an attempt to 
normalise costs on both a $/tonne mined and processed as well as a $/lb basis. Figure 14 
and Figure 15 highlight where on these cost curves the proposed Citronen operation may 
lie. 

The highlighted operations are based in the northern hemisphere and include North 
America and European underground zinc operations. In general, the costs in 2010 terms 
show that the Citronen Zinc operation is midway in terms of operating costs per tonne and 
towards to the upper costs per pound produced. 

However, if the projected cost increases from 2010 to 2011 with the projected unit costs 
below then: 

• Fuel - $0.7/litre to $1.1/litre  

• Labour – 2.5% increase from 2010 to 2011. 

These increases alone will add approximately 5.6% to the overall cost per tonne mined as 
outlined in Table 11. 

These costs also highlight the vulnerability of the proposed operation if the price of zinc 
dips below $1,540/t (or 70 c/lb). This has occurred once since January 2009 as highlighted 
in Figure 13. 
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Table 11  Operating Costs – 2010 to 2011 projections1

1) These costs have been increased by reviewing each of the build-up of costs for each section and 
factoring each of the costs by the fuel and labour factor.  

2) These costs have been derived from data included in the FS Appendices 

 

 

Figure 13  Zinc Price 

Source: London Metal Exchange 31st August 2011 
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3.7.4 Conclusions  

This review has highlighted that there is a significant level of work required to prepare a 
reserve statement which complies with JORC 2004 standards. 

The proposed methods of mining are appropriate for the geometry of the mineralisation  and 
the potential to mine the open pit towards the end of the underground operation will increase 
the head grade but the overall development and production costs will also increase significantly 
for a stand-alone operation during these periods when compared to a combined open 
pit/underground operation. 

Current work programs which are evaluating the ability to develop narrower working heights is 
underway and has the potential to increase both tonnes and grades. However, the cost 
associated with having more rooms, higher capital cost equipment and increased labour 
requirements will need to be assessed.  

It is difficult to quantify the net benefit of this work at this stage. 

ORElogy has attempted to bench mark the proposed operation against similar projects and it is 
comparable in terms of $/lb Zn produced and $/t mined. 

Project operating costs have the potential to increase in the order of 5.6% due to increased fuel 
and labour costs from the original 2010 estimate to 2011 levels. 

The project is projected to have a life in excess of 10 years based on current “ore inventories”.  

The results from the 2011 drilling season suggest that the mineralisation continues and the 
grades are comparable to existing intercepts. At present the mineralisation is open to the 
north-west and will remain so until drilling closes this off. It is anticipated that this drilling 
would be more economical and appropriate to be completed once underground operations have 
commenced. 
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4. MESTERSVIG ZINC-LEAD PROJECT, GREENLAND 

4.1 Introduction 

The Mestersvig Project is located in Northeastern Greenland – Centred at: Latitude 72°11′N and 
Longitude 24°07′W on the south side of King Oscar Fjord. The project is centred on the historic 
Blyklippen Lead-Zinc Mine and surrounds the Danish Military airstrip at Mestersvig. The 
Blyklippen mine operated from 1956 to 1962 producing 544,600 tonnes at 9.3% Pb and 9.9% Zn.  

4.2 Tenure and Physiography 

The Mestersvig Project is comprised of two granted exploration licenses with a total area of 
941km2. Ironbark Zinc Limited owns and manages 100% of the project. A tenement schedule is 
presented in Table 22 below with a locality map of the tenements presented in Figure 16. 

 

Figure 16  Ironbark Zinc Limited Tenement Location Plan – Mestersvig Project 
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4.3 Geology and Mineralisation 

The Mestersvig area is considered part of a Devonian Graben system with subsequent faulting 
and gliding of the Caledonian Basement, covered by Caledonian and possibly Carboniferious 
Sediments. Accumulation to the East has produced a succession of troughs, in which partly 
marine, partly terrestrial sediments were accumulated during the younger Paleozoic and 
Mesozoic times. 

Lead-Zinc mineralisation is epithermal in style with most mineralisation occurring along the 
Sortebjerg-Blyklippen vein zone and a 15km long discontinuous quartz vein system along the 
western border of the faulted graben. Mineralisation occurs as small lenses on the margins of 
the quartz veins and is comprised of barite, galena and sphalerite, with minor calcite, pyrite 
and chalcopyrite, and traces of tetrahedrite. Sphalerite and galena occur as massive, coarse-
grained lenses up to 1m-size but the minerals are rarely found together. In some of the veins, 
there are indications of a vertical zonation involving upwards enrichments from quartz to barite 
and from copper through zinc to lead. 

4.4 Exploration History 

The previous exploration history in the Mestervig Base Metal Project area is summarised below 
in Table 12. 

 

Table 12  Exploration History – Mestersvig Lead-Zinc Project Area 

Date Company Findings 

1948 Lauge Koch 

Expeditions 

 

Identified lead-zinc rich quartz veins in 1948 during a 
regional geological mapping expedition headed by Lauge 
Koch. This was followed up in 1949 leading to the 
identification of the Blyklippen and Sortebjerg veins. 
Further mapping and sampling was carried out throughout 
the project area from 1950-1951.  

1952-1984 Nordisk 
Mineselskab A/S 

 

Carried out more detailed investigations with the majority 
of the work focussed on the Blyklippen vein where three 
exploration adits were driven and 110 diamond holes 
drilled (5,000m). A small lead-zinc resource was identified 
which was thought too small to mine, however with the 
support of the Danish Government it was decided to mine 
the deposit and hope to identify additional resources for 
mining. A mine camp and airport was established along 
with an underground flotation plant and powerhouse 
facilities. Mining commenced in 1956 and continued until 
1962 with a total production of 544,600 t at 9.3% Pb and 
9.9% Zn. A small Pb-Zn resource was identified to the 
south at Sortebjerge (immediately to the south of the 
Mestersvig Project) however it was never mined. 
Exploration from 1960 was largely focussed on the 
Malmbjerg Molydenbum deposit 25km to the south and 
regional exploration elsewhere in the district. 
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4.5 Current Exploration 2010 – 2011 

Ironbark have completed two exploration field seasons at Mestersvig. In 2010 a small 
reconnaissance mapping and sampling program was carried out and a more substantial 
exploration program was completed in 2011. Ironbark completed 3 diamond drill holes for 249m 
testing northern extensions of the Sortebjerg vein and three holes for 1,159m testing vein 
extensions below the historic Blyklippen Mine. All holes intercepted narrow widths of Pb-Zn 
mineralized quartz veining. Assay results are pending. Ironbark also completed reconnaissance 
mapping of other quartz veins however work was hindered by snow cover. 

4.6 Project Potential 

Ravensgate considers the Mestervig project of merit and worthy of further exploration and 
studies. The project is primarily prospective for small tonnage, high-grade massive sulphide 
lenses within and on the margins of epithermal quartz veining. Historic mapping has identified 
epithermal quartz veining over large areas. The sulphide lenses may be hidden and are 
relatively small so geophysical techniques such as EM would be of benefit to identify any 
potential conductive massive sulphide lenses below surface.  
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5. WASHINGTON LAND PROJECT, GREENLAND 

5.1 Introduction 

The project is located in the Northwest of Greenland Centred at: Latitude 80°17′N and 
Longitude 63°54′W and is centred on Cass Fjord (which can be accessed by boat during the 
summer months).  

5.2 Tenure and Physiography 

The project consists of one granted exploration licence 2007/33 with an area of 738km2 and one 
licence which is in process of renewal (1681km2). Ironbark Zinc Limited owns and manages 100% 
of the project. A tenement schedule is presented in Table 22. 

5.3 Geology and Mineralisation 
The Washington Land Base Metal project lies within the Palaeozoic Franklinian Basin, a 
continental scale sedimentary basin, which extends some 2,500km westwards through Northern 
Greenland and into the Arctic Islands of Canada. Pb-Zn mineralisation has been identified 
within the project area at the Cass prospect which appears to be of similar age to the Polaris 
and Nanisivik historic mines located in Canada. 

Mineralisation at the Cass Prospect occurs within a mineralised structure with an observed 
strike length of approximately four kilometres.  This appears to be part of a major regional 
structure which can be traced for many 10’s of kilometers.  Mineralisation identified at the Cass 
Prospect is of Mississippi Valley Type (MVT) style of mineralisation. 

5.4 Exploration History 

The previous exploration history in the Washington Land Base Metal project area is summarised 
in Table 13. 

 

Table 13  Exploration History – Washington Land Base Metal Project Area 

Date Company Findings 

1999 JV between Platinova 
AS and Rio Tinto 
Mining 

Carried out limited grab and composite rock chip sampling and 
completed one diamond drill hole targeting Mississippi Valley Type 
(MVT) mineralisation. The best results from the composite rock 
chip sampling returned are 25m @ 8.9% Zn, 11.1% Pb & 95g/t Ag 
and 25m @ 3.7% Zn, 7.0% Pb & 40g/t Ag. The diamond drill hole 
returned a best intercept of 1.2m @ 8.4% Zn, 0.04% Pb & 94g/t Ag. 

 

5.5 Current Exploration History 

Ironbark recently commenced exploration at the Washington Land Project (2011) and work was 
in progress at the time of this report. Ironbark have mobilized a ship with fuel and supplies to 
Cass Fjord and plan to complete a drilling program to follow up on the drilling completed by 
Platinova/Rio Tinto in 1999.  A prospect scale mapping program is also in progress. 

5.6 Project Potential 
The Washington Land Base Metal Project can be classified as an ‘Exploration Area’ mineral 
asset where a Mineral Resource has not been identified or estimated. The project is at an early 
stage of exploration, with a few targets identified by geological mapping and rock chip 
sampling. The commodity item of interest for exploration is primarily base metal MVT 
mineralisation. The mineralisation is considered to be contemporaneous to that at the Polaris 
and Nanisivik historic mines located in Canada. Ravensgate considers the project is of merit and 
worthy of further exploration and studies. 
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6. BELARA BASE METAL-GOLD, NEW SOUTH WALES 

6.1 Introduction 

The Belara Base Metal-Gold Project is located in New South Wales, Australia 100km North 
Northwest of Orange and approximately 30km to the east of Wellington. The Belara mine is 
located on the northern side of exploration licence EL6576 approximately 5km west of Goolma, 
New South Wales. The Native Bee mine workings are 1.6km to the south of the Belara workings.  

6.2 Tenure and Physiography 

The project consists of two granted exploration licences EL6576 and EL6749 comprising a total 
area of 140.4km2. The licences are 100% owned by Ironbark. In a farm-in agreement with 
Ironbark, Global Mineral Resources Limited (GMRL) through its wholly owned subsidiary, 
Somerset Minerals Pty Ltd, will earn the right to a 75% interest in both tenements. Tenement 
details are presented in Table 22. 

6.3 Geology and Mineralisation 

6.3.1 Regional Geology 

The geology within the project area is comprised of intrusive and sedimentary rocks of the 
Chesleigh Formation, located at the northern end of the Hill End Trough which in turn is located 
within the Lachlan Fold Belt. 

Sedimentation in this region of the Lachlan Geosyncline commenced in the Ordovician and 
consisted of widespread deposition of intermediate flow and pyroclastic rocks in a marine 
environment.  

Regional compression from the east caused by plate underthrusting started in the Ordovician 
and continued into the Silurian uplift. This resulted in sedimentation in the Hill End Trough, a 
slowly subsiding ‘pit’ trough between the two geo-anticlines. 

Sedimentation consisted of marine sediments derived from the erosion of the geo-anticline and 
intrusion of acid pyroclastics from the fissure boundary of the two structures. 

During the Devonian, subsidence and sedimentation continued along the same lines. Much of 
the major copper mineralisation of the area is associated with the Upper Silurian-Lower 
Devonian sediments. The mineralisation is mainly of the ‘Kuroko’ type (bedded Zn, Cu and Pb 
ores often associated with barite deposits) volcanogenic sulphide deposits. 

Regional deformation has produced a folded sequence striking north northwest-north 
throughout the project area. This is reflected in the slaty cleavage which has formed as an axial 
surface to the folds. Deformation was accompanied by regional metamorphism to greenschist 
facies. 

6.3.2 Local Geology and Mineralisation 

The Belara and Native Bee historical mines occur in a sequence of quartz-muscovite-albite 
phyllites and schists of Silurian age overlying dacitic volcanics near the top of the Chesleigh 
Formation.  

Within the Phyllite Group there are two coarse-grained horizons which are useful markers. The 
mineralisation known to date occurs between these units which are described as follows: 

• A coarse grained unit containing quartz phenocrysts outcrops 3m west of the contact with 
the eastern rocks. It is 1.5m thick with a centrally located 10cm phyllite horizon.  

• The western marker is a 3m thick coarse grained quartz-feldspar rock with phenocrysts of 
both these minerals.  

A gossan outcrops along the line of the Belara workings. It is a coarse boxwork of dark brown 
ironstone containing approximately 50% of red-brown, orange and yellow iron and copper 
oxides. 
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The Belara-Native Bee mineralisation occurs in a very linear striking sequence of rocks. No 
evidence of large scale folding was reported in the Belara mine area by previous exploration 
parties. 

The Belara and Native Bee base metal deposits located within EL 6576, were discovered prior to 
1875, and operated intermittently to 1907 during which time the Belara mine had yielded (with 
intermittent working) some 260t of metallic copper from 8,000t of ore. In 1908, the maximum 
vertical depth of the Belara workings was recorded as 60m, with drives on three levels. Lode 
widths varied from 0.5 to 3m. Reported average mining grades were as follows: 3%-5% Cu, 2.0-
4.5g/t Au, and 2-3oz Ag. Mining did not produce Zn or Pb from the ores at the time although 
they were present in the deposit mineralisation. 

Data obtained from drill core indicate that the Belara lode consists of massive and disseminated 
pyrrhotite-chalcopyrite mineralisation with an upper zone enriched in sphalerite and galena. 
The lode is conformable with the strong regional cleavage.  However this cleavage is parallel to 
the sedimentary bedding in the argillite wherever this has been preserved.  

The Native Bee base metal sulphide gold bearing lode occurs along strike to the south from the 
Belara lode in an identical stratigraphical position.  

The Native Bee mine yielded approximately 25t of metallic copper from 500t of ore before 
production ceased in 1908. No further production is recorded for either of the two mines after 
1908. It is understood from previous exploration programs that the Native Bee mineralisation 
and metal association is similar in type to that at Belara. 

Mineralisation within the East Belara licence (EL6749) has been recorded at 20 registered 
occurrences. The most significant include: 

• Hansell’s Hill – gold 

• G74 NW1 – copper 

• G74 – copper 

• Tallawang – magnetite 

• Ben Buckley – copper, lead, zinc 

• Cloughs Gully – gold 

• Spire View – copper 

• Tucklan – gold 

6.4 Exploration History 

The Belara Project has a long exploration history having been explored routinely from the late 
1960s, with most work focused on the Belara and Native Bee historic mines and other historic 
workings in the project area. 

6.5 Current Exploration History 

2006-2009 

Ironbark conducted a drilling campaign between October and December 2006. Drill holes were 
positioned and targeted to intersect previously identified mineralisation within the prospect 
areas. Two reverse circulation (RC) drill holes were completed at Native Bee and RC drill holes 
with diamond drill (DD) core tails were completed at Belara. Nine holes (B023 – B031) totalling 
1,819.8m were drilled. 

During the period 2007 to 2009 Ironbark conducted a data review resulting in the identification 
of three target areas namely Ben Buckley, G74 Prospect and Dead Horse Creek. Several visits to 
the area were made by Ironbark while they negotiated access to these areas.  

During 2008 to 2009 Ironbark carried out the drilling of three RC holes with diamond tails at 
Belara (B032-34) for a total of 1,308.2m. Two of the holes intersected massive sulphides 
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2010 
Ironbark undertook two soil surveys during 2010 using a hand-held Niton XRF spectrometer over 
the Dead Horse Creek magnetic anomaly and the Ben Buckley Prospect. At Dead Horse Creek, 
14 lines (11.6km) were completed. A total of 1,236 readings were taken. The highest values 
returned were 0.019% Zn, 0.008% Pb and 0.009% Cu. The Ben Buckley Prospect survey was 
carried out over the old workings and ten line kilometres with a total of 1,058 readings were 
taken. The best results included 1.224% Zn, 21.503% Pb and 0.626% Cu.  

6.6 Project Potential and Mineral Resource Estimate 

The Belara Base Metal Project can be classified as an ‘Advanced Exploration Area’ mineral asset 
where considerable exploration has been undertaken and specific targets have been identified 
that warrant further detailed evaluation, usually by some form of detailed geological sampling. 
A JORC compliant mineral resource has been estimated (Table 14), with all the material in the 
inferred category being of lower geological confidence. Ravensgate considers the project is of 
merit and worthy of further exploration and development studies. Ravensgate has reviewed 
information relating to construction of the block model estimate and the Mineral Resource 
classification carried out. Ravensgate is satisfied that on limited review the tabled tonnage and 
grade by resource category are reasonable for use for the purposes of this report. 

6.6.1 Mineral Resource Estimate 

In 2007, Ravensgate constructed a 3-D block model for the Belara Project with the aid of mine 
modelling software Datamine Studio Version 2.1.1444 and using the PROTOM routine. 

Modelling of the Belara and Native Bee lodes by Ravensgate has confirmed that the drilling 
results of previous exploration companies as well as that of Ironbark provides sufficient 
confidence in the continuity of mineralisation to satisfy the requirements for an Inferred 
Resource. 

The Mineral Resources for the Belara Project was classified as Inferred Mineral Resources in 
accordance with the Australian JORC Code (2004). The resources are summarised in Table 14. 

 

Table 14   Belara Project Mineral Resource Statement, April 2007 

Belara and Native Bee deposits – reported at a lower cut-off of 2.0% Zn 
Deposit Tonnes Zn % Pb % Cu % Ag g/t Au g/t 

Belara 2,287,765 3.85 1.08 0.41 41.07 0.25 

Native Bee 257,284 2.90 1.30 0.35 26.63 - 

Total 2,545,049 3.75 1.10 0.40 39.61 0.22 

 

6.6.2 Belara Project Potential 

The Belara Project has undergone significant exploration to date. The Belara deposit and a 
number of prospects including Native Bee, G74 Prospect and Dead Horse Creek are at different 
stages of assessment.   

The Belara Deposit has an inferred resource, estimated in accordance with the JORC Code 
(2004), of 2.5 million tonnes at 3.75% zinc, 0.4% copper, 1.1% lead, 0.3g/t gold and 40g/t silver 
at a 2% Zn cut-off (Section 6.6.1). There is still potential to update the inferred resource with 
the drilling already undertaken as well as further deep drilling to test the vertical extent of the 
lode and drilling to test the strike of the deposit. Potential also exists between the Belara lode 
and the Native Bee lode as this area remains poorly understood. 
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The G74 Prospect returned a north-south copper anomaly which ranged from 500-700ppm Cu 
from auger sampling and additional mineralisation identified of 1.5m at 1.3% Cu from 213.5m 
depth in diamond hole G74-5. Overall, the prospect appears to have undergone limited 
exploration and warrants further review and work. 

The Ben Buckley Prospect 2010 survey returned results including 1.224% Zn, 21.503% Pb and 
0.626% Cu. The prospect warrants further exploration for base metals. 
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7. CAPTAINS FLAT, NEW SOUTH WALES 

7.1 Introduction 

The Captains Flat Project is situated 20km East Southeast of Canberra and extends southwards 
to 100km south of Canberra. The project contains the historic Lake George Mine which was 
worked from 1882-1899 and from 1937-1960 producing 406,000 tonnes of zinc, 243,000 tonnes 
of lead, 27,230 tonnes of copper, 7.4 Million ounces of silver and 220,000 ounces of gold from 4 
million tonnes of ore. 

7.2 Tenure and Physiography 

The project consists of four tenements, see tenement schedule Table 22. Two of the tenements 
(EL6840 & EL6381) are part of a farm-in joint venture with Forge Resources Limited where 
Ironbark presently has a 25.5% interest. For the other two tenements (EL6925 & EL6990), 
Ironbark has a 100% interest. 

7.3 Geology and Mineralisation 

The Captains Flat Project lies within the Lachlan Fold Belt of New South Wales and is centred 
on an elongate belt of metavolcanics (Kohinoor Volcanics) and metasediments (Jerangle 
Metamorphic Complex) which range from Ordovician to Cambrian in age. The belt is surrounded 
by turbidite sequence rocks of the Admaninaby Group and grantoids of the extensive Bega 
Batholith (which is late Silurian to early Devonian in age. Mineralisation is polymetallic and 
predominantly of Volcanic Massive sulphide style (VMS) with minor epigenetic style gold 
mineralisation.  

The project area contains a number of base metal and gold prospects and historic workings 
listed below: 

• Jerangle - The Jerangle Prospect is located at the southern end of the project area and 
drilling over a strike length of 1.5 kilometres has returned drill intercepts assaying up to 
5.25% copper.  

• Lake George Mine - The high-grade Lake George Mine produced approximately 4Mt of ore 
at 10% zinc, 6% lead, 0.7% copper, 1.8 g/t gold and 55 g/t silver. 

• Lake George Tailings. Approximately 2 million tonnes of tailings from the Lake George Mine 
remain. Aircore drilling by Ironbark in 2008 returned a number of significant results 
including 3 metres at 6.9% zinc, 1.8% lead, 0.3% copper, 1.0 g/t gold and 27 g/t silver from 
12 metres and 3 metres at 5.3% zinc, 1.7% lead, 0.4% copper, 1.1 g/t gold and 25 g/t silver 
from 12 metres. 

• Vanderbilt Hill - The Vanderbilt Hill prospect is located to the east of the Lake George 
Mine and drilling has returned results such as 3.9m @ 10% zinc, 5.3% lead. 

• Hoskinstown Prospect - The Hoskinstown Prospect is a vein hosted gold, zinc, lead, copper 
and silver prospect. No workings are recorded and little exploration has been completed in 
the region. 

• Woodlands Mine - The Woodlands Mine produced an unknown quantity of gold in 1903 and 
again in1918-19. The gold is hosted in quartz veins in a shale/sandstone host rock. There 
are shafts and drives evident and a small open cut pit at the historic mine.  

• Briars Mine - The Briars Mine was a copper and base metal mine that had its own smelter 
which operated circa   1921. An unknown amount of copper was produced from massive 
sulphides hosted in agglomerate, rhyodacite and shale.  
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7.4 Exploration History 

The Captains Flat Project leases have undergone significant exploration by a number of 
explorers over the years since discovery of base metal mineralisation at Captains Flat in the 
late 1800’s. Most work has been focused around the historic Captains Flat Mine where mining 
and exploration work was completed to a level of 600 metres below surface. Elsewhere in the 
project the various prospects have had varying level of exploration and drilling work completed 
by numerous companies.   

7.5 Current Exploration History 

Ironbark entered into a joint venture with Monaro Mining and later with Glencore International 
to explore the Captains Flat area in 2006.  In 2007 Ironbark completed an exploration program 
testing the Lake George Mine tailings with a program of aircore drilling. A total of 154 holes 
were drilled (2,533m) with better results including 3 metres at 6.9% zinc, 1.8% lead, 0.3% 
copper, 1.0 g/t gold and 27 g/t silver from 12 metres and 3 metres at 5.3% zinc, 1.7% lead, 
0.4% copper, 1.1 g/t gold and 25 g/t silver from 12 metres. Small drilling programs were also 
completed at Jerangle and Captains Flat. 

In 2009 and 2010 Ironbark completed several geochemical soil surveys utilising a Niton XL3t 
hand held analyser. This program identified several geochemical targets of interest. Follow up 
drilling of these anomalies along with testing several other targets within the project area is 
planned for 2011.  

7.6 Project Potential 

The Captains Flat Project leases have undergone significant exploration as well as mining in the 
past and can be considered an “Advanced Exploration” asset.  Although substantial drilling, 
mining and exploration has been undertaken in the past, potential remains for the discovery of 
new polymetallic VMS style mineralized systems and extensions to the known mineralised 
systems. Of note is that VMS deposits often occur in small clusters of deposits which enhances 
the prospectivity of the area. However volcanic terranes are often very geologically complex 
which means that substantial geological work, geophysics and drilling is required to properly 
evaluate the project area.  
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8. VALUATION 

8.1 Introduction 

There are a number of recognised methods used in valuing “mineral assets”.  The most 
appropriate application of these various methods depends on several factors, including the 
level of maturity of the mineral asset, and the quantity and type of information available in 
relation to the asset. All monetary values included in this report are expressed in Australian 
dollars (A$) unless otherwise stated. 

The Valmin Code, which is binding upon “Experts” and “Specialists” involved in the valuation of 
mineral assets and mineral securities, classifies mineral assets in the following categories: 

• Exploration Areas refer to properties where mineralisation may or may not have been 
identified, but where specifically a JORC compliant mineral resource has not been 
identified. 

• Advanced Exploration Areas refer to properties where considerable exploration has been 
undertaken and specific targets have been identified that warrant further detailed 
evaluation, usually by some form of detailed geological sampling. A JORC compliant 
mineral resource may or may not have been estimated but sufficient work will have been 
undertaken that provides a good understanding of mineralisation and that further work will 
elevate a prospect to the resource category. Ravensgate considers any identified Mineral 
Resources in this category would tend to be of relatively lower geological confidence. 

• Pre-Development Projects are those where Mineral Resources have been identified and 
their extent estimated, but where a positive development decision has not been made. 
This includes projects at an early assessment stage, on care and maintenance or where a 
decision has been made not to proceed with immediate development.  

• Development Projects refers to properties which have been committed to production, but 
which have not been commissioned or are not operating at design levels. 

• Operating Mines are those mineral properties, which have been fully commissioned and are 
in production. 

Various recognised valuation methods are designed to provide the most accurate estimate of 
the asset value in each of these categories of project maturity.  In some instances, a particular 
mineral property or project may include assets that comprise one or more of these categories. 
When valuing Exploration Areas, and therefore by default where the potential is inherently 
more speculative than more advanced projects, the valuation is largely dependent on the 
informed, professional opinion of the valuer. There are a number of methods available to the 
valuer when appraising Exploration Areas. 

The Multiple of Exploration Expenditure (“MEE”) method can be used to derive project value, 
when recent exploration expenditure is known or can be reasonably estimated. This method 
involves applying a premium or discount to the exploration expenditure or Expenditure Base 
(“EB”) through application of a Prospectivity Enhancement Multiplier (“PEM”). This factor directly 
relates to the success or failure of exploration completed to date, and to an assessment of the 
future potential of the asset. The method is based on the premise that a “grass roots” project 
commences with a nominal value that increases with positive exploration results from increasing 
exploration expenditure. Conversely, where exploration results are consistently negative, 
exploration expenditure will decrease along with the value. The following guidelines are 
presented on selection of the PEM: 

• PEM = 1. Exploration activities and evaluation of mineralisation potential justifies 
continuing exploration. 

• PEM = 2. Exploration activities and evaluation of mineralisation potential has identified 
encouraging drill intersections or anomalies, with targets of noteworthy interest 
generated. 
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• PEM = 3. Exploration activities and evaluation of mineralisation potential has identified 
significant grade intersections and mineralisation continuity. 

Where transactions including sales and joint ventures relating to mineral assets that are 
comparable in terms of location, timing, mineralisation style and commodity, and where the 
terms of the sale are suitably “arms length” in accordance with the Valmin Code, such 
transactions may be used as a guide to, or a means of, valuation. This method is considered 
highly appropriate in a volatile financial environment where other “cost based” methods may 
tend to overstate value. 

The Joint Venture Terms valuation method may be used to determine value where a Joint 
Venture Agreement has been negotiated at “arms length” between two parties. When 
calculating the value of an agreement that includes future expenditure, cash and/or shares 
payments, it is considered appropriate to discount expenditure or future payments by applying 
a discount rate to the mid-point of the term of the earn-in phase.  Discount factors are also 
applied to each earn-in stage to reflect the degree of confidence that the full expenditure 
specified to completion of any stage will occur.  The value assigned to the second and any 
subsequent earn-in stages always involves increased risk that each subsequent stage of the 
agreement will not be completed, from technical, economic and market factors. Therefore, 
when deriving a technical value using the Joint Venture Terms method, Ravensgate considers it 
appropriate to only value the first stage of an earn-in Joint Venture Agreement. Ravensgate 
have applied a discount rate of 10.0% per annum to reflect an average company’s cost of 
capital and the effect of inflation on required exploration spends over the timeframe required. 

The total project value of the initial earn-in period can be estimated by assigning a 100% value, 
based on the deemed equity of the farminor, as follows: 
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where:
V100 = Value of 100% equity in the project ($)
D = Deemed equity of the farminor (%)
CP = Cash equivalent of initial payments of cash and/or stock ($)
CE = Cash equivalent of committed, but future, exploration expenditure and payments of cash and/or stock ($)

EE = Uncommitted, notional exploration expenditure proposed in the agreement and/or uncommitted future 
cash payments ($) 

I = Discount rate (% per annum)
t = Term of the Stage (years)

P = Probability factor between 0 and 1, assigned by the valuer, and reflecting the likelihood that the Stage will 
proceed to completion. 

 

Where mineral resources remain in the Inferred category, reflecting a lower level of technical 
confidence, the application of mining parameters using the more conventional DCF/NPV 
approach may be problematic or inappropriate and technical development studies may be at 
scoping study level. In these instances it is considered appropriate to use the ‘in-situ’ Resource 
method of valuation for these assets. This technique involves application of a heavily 
discounted valuation of the total in-situ metal or commodity contained within the resource. 
The level of discount applied will vary based on a range of factors including physiography and 
proximity to infrastructure or processing facilities. Typically and as a guideline, the discounted 
value is between 1% and 5% of the in-ground value of the metal in the Mineral Resource. 

In the case of Pre-development, Development and Mining Projects, where Measured and 
Indicated Resources have been estimated and mining and processing considerations are known 
or can be reasonably determined, valuations can be derived with a reasonable degree of 
confidence by compiling a discounted cash flow (DCF) and determining the net present value 
(NPV). 
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The Australasian Code of Reporting of Exploration Results, Mineral Resources and Ore Reserves 
(the JORC code, 2004) sets out minimum standards, recommendations and guidelines. A Mineral 
Resource defines a mineral deposit with reasonable prospects of economic extraction. Mineral 
Resources are sub-divided into Inferred, Indicated and Measured to represent increasing 
geological confidence from known, estimated or interpreted specific geological evidence and 
knowledge. An Ore Reserve is the economically minable part of a Measured or Indicated 
Resource after appropriate studies. An Inferred Resource reflecting insufficient geological 
knowledge, cannot translate into an Ore Reserve. Measured Resources may become Proved 
(highest confidence) or Probable Reserves. Indicated Resources may only become Probable 
Reserves. 

8.2 Previous Mineral Asset Valuations 

Ravensgate is not aware, nor have we been made aware, of any valuations over the Greenland 
and Australian base metal projects. Exploration tenements have not been included in the 
valuation where tenure or permits have not been granted to the relevant company and the 
company does not therefore have any ownership over tenement mineral assets or any 
exploration value within the tenements. 

8.3 Material Agreements 

Ravensgate has been commissioned by Ironbark Zinc Limited (ASX code: IBG) and 
PricewaterhouseCoopers Securities Ltd (PwCS) to provide an Independent Technical Project 
Review and Valuation Report. The Technical Project Review and Valuation report encompasses 
the Citronen Pre-Development Project, Mestersvig Exploration Area Project, Washington Land 
Exploration Area Project, Belara Advanced Exploration Area Project and Captains Flat 
Exploration Area Project. The Technical Valuation report provides an assessment of the 
Greenland and Australian “Exploration Area”, “Advanced Exploration Area” and “Pre-
development” minerals assets listed below which are owned 100% by Ironbark or in Joint 
Venture agreements. Brief details of the ownership and joint venture agreements can be listed 
as follows. 

 

Mineral Asset       Ironbark Ownership % 

• Citronen Fjord Project (Base Metals), Greenland  100% 

• Mestersvig Project (Base Metals), Greenland  100% 

• Washington Land (Base Metals), Greenland  100% 

• Belara (Base Metals), NSW, Australia   100% (Diluting to 25%) 

• Captains Flat (Base Metals), NSW, Australia  25.5% (Contributing to 37.5%) 

• Captains Flat (Base Metals), NSW, Australia  100% 
 
Belara Base Metal Project, NSW, Australia 100% (Diluting to 25%) 

In May 2010 Somerset Minerals Pty Ltd (SMPL) a subsidiary of Global Mineral Resources Limited 
(GMRL) entered into a farm-in/joint venture with Ironbark with the right to earn 75% of the 
Belara tenements EL6576 and EL6749. SMPL must pay a $5,000 deposit, reimburse up to $50,000 
of Ironbark’s expenditure and spend $1,000,000 in expenditure over three years. Upon GMRL 
listing on the Australian Securities Exchange (ASX), they will issue Ironbark 2,000,000 shares at 
$0.20 and 1,000,000 options at $0.25 with an expiry of 30 June 2013. The reason this 
transaction is not listed in the comparable transactions (Section 8.4.1) is because GMRL has not 
listed on the Australian Securities Exchange at present. 
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Captains Flat Base Metal Project, NSW, Australia - 25.5% (Contributing to 37.5%) 

In June 2010 Ironbark in association with New Base Metals Pty Ltd (NBMPL) a subsidiary of 
Glencore International AG entered a renegotiated farm-in/joint venture with Forge Resources 
Limited over the exploration licences EL6381 and EL6840. Ironbark and NBMPL have the right to 
earn a further 24% (37.5% Ironbark and 37.5% NBMPL with an exploration spend of $600,000 on a 
50:50 contribution basis over 2 years.  

In the original farm-in/joint venture dated August 2006 Ironbark had the right to earn a 51% 
interest for an initial payment of $50,000 and after meeting statutory expenditure for 2 years. 
Ironbark had the right to earn an additional 24% interest on completion of a positive feasibility 
study within the next 2 years. Because of the renegotiation and the original terms of the joint 
venture not being met it has not been included in the comparable transactions (Section 8.4.1). 

Ravensgate understands all active exploration tenements are granted at this point in time and 
are in good standing. Ravensgate makes no other assessment or assertion as to the legal title of 
tenements and is not qualified to do so. 

Ravensgate is not aware, nor have we been made aware, of any other agreements that have a 
material effect on the provisional valuations of the mineral assets, and on this basis have made 
no adjustments on this account. 

8.4 Comparable Transactions 

Ravensgate has completed a search for publicly available market transactions involving 
predominantly zinc + lead projects with lesser amounts of copper, silver and gold within 
Australia and Internationally. Transactions reflect comparable tenement holdings in geological 
provinces that are considered prospective for similar commodities, and that are of similar 
prospectivity to the minerals assets being valued. In Ravensgate’s opinion, and with 
experience, it is understood that individual market transactions are rarely completely identical 
to the relevant project area or may not necessarily contain all the required information for 
compilation. In practice, a range of implied values on a dollar per metal unit or dollar per 
square kilometre of tenement holding will be defined as suitable for further use. The 
transactions identified along with the implied cash-equivalent values are summarised in Section 
8.4.1 by commodity and region. 

Ravensgate also completed a search in general for publically available market transactions 
involving mineral projects located in Greenland, though none of comparable relevance were 
found apart from the already recognised purchase of the Citronen project in March 2007. 

Publically available market transactions have been separated to reflect transactions on a dollar 
per square kilometre of tenement holding or on a dollar per metal unit for a more advanced 
Exploration Target or Mineral Resource. This was undertaken to reflect the varying levels of 
geological exploration carried out within the various project tenements. In general terms, 
exploration projects may start with a relatively large tenement holding where a lack of detailed 
geological sampling and knowledge renders the use of the “in-situ” yardstick valuation method 
inappropriate (i.e. an “Exploration Area Mineral Asset). For these particularly early-stage 
exploration areas comparable transactions on a dollar per square kilometre basis are more 
relevant. As the project advances and as geological sampling and knowledge increase, 
tenement areas tend to decrease to match a narrowing focus on more prospective areas. For 
these areas where specific, drill sample supported Exploration Targets have been identified 
that warrant further detailed evaluation or Mineral Resources require estimation, comparable 
transactions on a dollar per metal unit basis may be more appropriate (i.e. an “Advanced 
Exploration Area Mineral Asset or Pre-Development Project at early assessment”). 

To compare the transactions of the various projects where resources have been reported they 
have often been compared on a tonnes of contained Zinc equivalent (ZnEq) metal. The reason 
for using tonnes of contained ZnEq over tonnes of contained zinc is that most of the resources 
are polymetallic, which may include all or some of the following metals; lead, copper, silver or 
gold. The number of tonnes of contained ZnEq metal has been determined at the time of the 
announcement of the transaction for each resource, by determining the ratio of the metal price 
in relation to one tonne of Zinc metal, of the average price for each metal for the month that 
the transaction occurred in. Ravensgates opinion is that the reader should be aware that the 
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use a ZnEq metal is inherently difficult to use because of the often significant variations of zinc 
and lead prices at any given point in time in the metals market cycle. Prices of different metal 
commodities may move in similar directions or trends, however the converse is often the case. 

8.4.1 Reported Market Transactions involving Zinc Projects within Australia and Overseas 

Ravensgate’s analysis of Australian and overseas market transactions for Zinc projects indicates 
an implied value between $6.77 to $836.77 per tonne of contained ZnEq metal for moderate 
confidence Mineral Resources through to operating mines (Table 15). Within the range of $6.77 
to $836.77 transactions involving operating mines or mines under construction had a range of 
$54.51 to $836.77 per tonne of ZnEq metal, whereas undeveloped resources had a range of 
$6.77 to $32.76 per tonne of contained ZnEq metal. The transaction between Vedanta Plc and 
Anglo American Plc for the Black Mountain Mine and the Gamsberg Project in South Africa at an 
implied value of $35.46 per tonne of contained ZnEq metal includes both an operating mine and 
a large undeveloped resource. Ravensgate considers that the price for this asset was lower due 
to the large undeveloped Gamsberg resource and that it was not for 100% of the asset, only 
100% of Anglo American Plc’s 74% part of the mine and the Gamsberg deposit. 

The original purchase of Citronen in March 2007 by Ironbark Gold Limited the former name of 
Ironbark Zinc Limited was completed for $18.69 per tonne of contained ZnEq metal.  

Ravensgate’s analysis of Australian market transactions for early-stage, conceptual Zinc-Lead 
base metal projects through to more advanced / strategic Zinc projects where a mineral 
resource has not been undertaken, indicates an implied value between $545 to $5,447 per 
square kilometre (Table 16). Most early-stage, conceptual zinc projects fall in the range of $545 
to $1,408. Exploration costs are a lot higher in Greenland compared to other parts of the world 
due to its remoteness and rugged topography. Ravengate has applied a 20% discount rate to the 
assets in Greenland to reflect the inherently riskier exploration due to the higher costs and 
therefore has applied an implied value range of $436 to $4,358 per square kilometre. 

 

M
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Table 15  Market Transactions Involving Zinc-Lead Exploration Projects at Moderate-
Confidence Mineral Resource Stage to Operating Mines within Australia and the World 

Project Transaction Details & Type 

Contained 
ZnEq 
Metal 

Tonnes 
(t) 

Purchase 
Price 

100% Basis
(A$) 

Implied 
Value / 
Metal 
Tonne 

(A$) 

Lennons Find, 
Pilbabra, 
Western 
Australia 

March 2011: Laconia Resources Limited entered into 
an acquisition agreement with Jabiru Metals Limited 
(Jabiru) for 100% of Jabiru’s 95% interest in the 
Lennons Find project for a share buy in of $1.0M. 
The project is prospective for VHMS base and 
precious metal mineralisation. The project has an 
Inferred Resource of 0.85Mt @ 7.7% Zn, 1.8% Pb, 
0.7% Cu and 115g/t Ag for a contained 0.16Mt of 
ZnEq metal. Assuming the terms of the agreement 
were met the implied discounted cash equivalent on 
a 100% equity basis is $1.05M (notional $6.77 
A$/metal tonne on 100% terms). 

0.85Mt $1.05M
$6.77 / 

metal 
tonne

Myrtle, 
Northern 
Territory, 
Australia 

March 2011:  Teck Resources Limited entered into a 
farmin/JV agreement with Rox Resources Limited to 
earn 51% with an initial share placement of $0.5M 
and $5.0M cash spend over 4 years. The project is 
prospective for SEDEX zinc and lead mineralisation. 
The Myrtle Project contains an Indicated and 
Inferred Resource of 15.3Mt @ 5.45% Zn and 1.4% 
Pb for a contained 1.07Mt of ZnEq metal. Assuming 
the terms of the agreement were met the implied 
discounted cash equivalent on a 100% equity basis is 
$9.08M (notional $8.46 A$/metal tonne on 100% 
terms). 

1.07Mt $9.08M
$8.46 / 

metal 
tonne

Manbarram, 
Northern 
Territory 
Australia 

February 2011:  Kimberley Metals Limited and 
Yuguang (Australia) Pty Ltd entered into a 
farmin/JV agreement with TNG Limited to earn 51% 
with a $2.5M cash buy in and $2.0M cash spend over 
3 years. The project is prospective for Mississippi 
Valley Type (MVT) zinc, lead and silver 
mineralisation. The Manbarram Project contains 
total Indicated and Inferred resources of 33.9Mt @ 
1.42% Zn, 0.38% Pb and 8.6g/t Ag for a contained 
0.74Mt of ZnEq metal. Assuming the terms of the 
agreement were met the implied discounted cash 
equivalent on a 100% equity basis is $7.78M 
(notional $10.54 A$/metal t on 100% terms). 

0.74Mt $7.78M
$10.54 / 

metal 
tonne

Jabiru Projects, 
Australia 

February 2011:  Independence Group NL announced 
an off-market 100% takeover for Jabiru Metals 
Limited (Jabiru) at an implied price of $0.961 per 
Jabiru share equivalent to $532M. The Jabiru 
projects are prospective for VHMS base and precious 
metals. Jabiru has a number of resources and 
reserves and an operating mine (Jaguar). Jabiru has 
a total resource inventory (measured, indicated and 
inferred) of 17.9Mt @ 5.4% Zn, 0.6% Pb, 2.1% Cu, 
59.5g/t Ag and 0.1g/t Au for a contained 2.25Mt of 
ZnEq metal. Assuming the full terms of the 
agreement were met the implied cash equivalent on 
a 100% equity basis is $532.0M (notional $236.24 
A$/metal tonne on 100% terms).  

2.25Mt $532.0M
$236.24 / 

metal 
tonne
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Table 15  Market Transactions Involving Zinc-Lead Exploration Projects at Moderate-
Confidence Mineral Resource Stage to Operating Mines within Australia and the World 

Project Transaction Details & Type 

Contained 
ZnEq 
Metal 

Tonnes 
(t) 

Purchase 
Price 

100% Basis
(A$) 

Implied 
Value / 
Metal 
Tonne 

(A$) 

Lady Loretta, 
NW 
Queensland, 
Australia 

February 2011:  Xstrata entered an acquisition 
agreement with Cape Lambert Resources Ltd to 
acquire 25% for a $30.0M cash buy in. This gave 
Xstrata 100% of the project. The project is 
prospective for SEDEX zinc, lead and silver 
mineralisation. The main project deposit (Lady 
Loretta) contains a Mineral Resource of 13.6Mt @ 
17.0% Zn, 5.8% Pb and 96g/t Ag (Indicated & 
Inferred), for a contained 3.66Mt of ZnEq metal. 
Assuming the terms of the agreement were met the 
implied cash equivalent on a 100% equity basis for 
the project is $100.0M (notional $32.76 A$/metal 
tonne on 100% terms). 

3.66Mt $100.0M
$32.76 / 

metal 
tonne

Panorama, 
Pilbara, 
Western 
Australia 

January 2011:  Venturex Resources Limited entered 
into an acquisition agreement with CBH Resources 
Limited to acquire 100% for a $26.2M cash buy in 
consisting of an initial $0.75M payment and $24.45M 
after a capital raising. The projects is prospective 
for VHMS base and precious metals. The project 
contains a VHMS deposit of 4.5Mt @ 3.2% Zn, 0.2% 
Pb, 1.6% Cu and 17g/t Ag (Measured), 10.5Mt @ 
3.5% Zn, 0.2% Pb, 1.2% Cu and 17g/t Ag 
(Indicated), 4.3Mt @ 2.2% Zn, 0.2% Pb, 0.6% Cu 
and 13g/t Ag (Inferred) for a contained 1.65Mt of 
ZnEq metal. Assuming the terms of the agreement 
were met the implied cash equivalent on a 100% 
equity basis is $26.2M (notional $15.85 A$/metal 
tonne on 100% terms). 

1.65Mt $26.2M
$15.85 / 

metal 
tonne

Prairie Downs 
Eastern Pilbara, 
Western 
Australia 

June 2010:  Ivernia Inc entered into a farm-in/JV 
agreement with Prairie Downs Metals Limited to 
secure an option to acquire 60% with an exploration 
spend of $3.0M over 18 months. The option can be 
exercised for $10M in cash or shares. The projects is 
prospective for zinc, lead and silver mineralisation 
along a 20km fault structure. The project has a 
deposit of 2.28Mt @ 5.22% Zn, 1.59% Pb and 15g/t 
Ag (Indicated), 0.70Mt @ 4.03% Zn, 1.58% Pb and 
14.9g/t Ag (Inferred) for a contained 0.21Mt of ZnEq 
metal. Assuming the terms of the agreement were 
met and excluding the royalty/one-off payment, the 
implied discounted cash equivalent on a 100% equity 
basis is $4.66M (notional $22.41 A$/metal t on 100% 
terms). The valuation is only based on the initial 
$3.0M expenditure spend required and excludes the 
$10.0M option payment. 

0.21Mt $4.66M
$22.41 / 

metal 
tonne

Skorpion Mine, 
Namibia 

May 2010:  Vedanta Resources Plc entered into an 
acquisition agreement with Anglo American Plc to 
acquire 100% for a $782.7M ($707M US). It is an 
active zinc mining operation. The project has a 
resource inventory of 8.3Mt @ 11.27% Zn for a 
contained 0.94Mt of ZnEq metal. Assuming the 
terms of the agreement were met the implied cash 
equivalent on a 100% equity basis would be $782.7M 
(notional $836.77 A$/metal t on 100% terms). 

0.94Mt $782.7M
$836.77 / 

metal 
tonne
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Table 15  Market Transactions Involving Zinc-Lead Exploration Projects at Moderate-
Confidence Mineral Resource Stage to Operating Mines within Australia and the World 

Project Transaction Details & Type 

Contained 
ZnEq 
Metal 

Tonnes 
(t) 

Purchase 
Price 

100% Basis
(A$) 

Implied 
Value / 
Metal 
Tonne 

(A$) 

Black Mountain 
Mine & 
Gamsberg 
Project, South 
Africa 

May 2010: Vedanta Resources Plc entered into an 
acquisition agreement with Anglo American Plc 
(Anglo) to acquire 100% of Anglo’s 74% interest in 
the project for a $381.2M ($346M US). The project 
contains the Black Mountain Mine and the large 
undeveloped Gamsberg Project. The Black Mountain 
Mine has resources of 19.3Mt @ 2.84% Zn, 3.20% 
Pb, 0.49% Cu and 38g/t Ag and the Gamsberg 
project has a resource of 188.4Mt @ 6.89% Zn for a 
total contained 14.53Mt of ZnEq metal. Assuming 
the terms of the agreement were met, the implied 
cash equivalent on a 100% equity basis would be 
$515.1M (notional $35.46 A$/metal t on 100% 
terms). 

14.53Mt $515.1M
$35.46 / 

metal 
tonne

Lisheen Mine, 
Ireland 

May 2010:  Vedanta Resources Plc entered into an 
acquisition agreement with Anglo American Plc to 
acquire 100% for a $601.5M ($546M US). It is an 
operating underground zinc mine. The Lisheen Mine 
has a resource inventory of 7.3Mt @ 11.41% Zn and 
1.90% Pb for a contained 0.97Mt of ZnEq metal. 
Assuming the terms of the agreement were met, the 
implied cash equivalent on a 100% equity basis 
would be $601.5M (notional $35.46 A$/metal t on 
100% terms). 

0.97Mt $601.5M
$623.29 / 

metal 
tonne

Manbarram, 
Northern 
Territory, 
Australia 

May 2010: Teng Fei Mining Ltd entered into an 
acquisition agreement with TNG Limited to acquire 
100% with an initial cash buy in of $4.98M ($4.5M 
US) and $2.2M ($2.0M US within 1 year and a final 
payment of $2.2M ($2.0M US) within 2 years. The 
project is prospective for Mississippi Valley Type 
(MVT) zinc, lead and silver mineralisation. The 
Manbarram Project contains total Indicated and 
Inferred resources of 33.9Mt @ 1.42% Zn, 0.38% Pb 
and 8.6g/t Ag for a contained 0.69Mt of ZnEq 
metal. Assuming the terms of the agreement were 
met the implied discounted cash equivalent on a 
100% equity basis is $9.01M (notional $12.96 
A$/metal t on 100% terms). 

0.69Mt $9.01M
$12.96 / 

metal 
tonne

CBH Assets, 
Australia 

March 2010: Toho Zinc Co Ltd (Toho) announced a 
takeover of CBH Resources Limited (CBH) at an 
implied price of $0.24 per CBH share equivalent to 
$262.7M for 100% equity. CBH is mining and 
developing zinc deposits. CBH has total resources of 
42.7Mt @ 6.66% Zn, 4.49% Pb, 0.11% Cu and 
72.4g/t Ag for a contained 4.82Mt ZnEq metal. 
Assuming the terms of the agreement were met, the 
implied cash equivalent on a 100% equity basis 
would be $262.7M (notional $54.51 A$/metal t on 
100% terms). Note Toho also purchased all of CBH’s 
convertible notes equating to $100M, if this was 
factored in to the overall acquisition cost ($362.7M) 
this would imply a notional $75.26 A$/metal tonne. 

4.82Mt $262.7M
$54.51 / 

metal 
tonne
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Table 15  Market Transactions Involving Zinc-Lead Exploration Projects at Moderate-
Confidence Mineral Resource Stage to Operating Mines within Australia and the World 

Project Transaction Details & Type 

Contained 
ZnEq 
Metal 

Tonnes 
(t) 

Purchase 
Price 

100% Basis
(A$) 

Implied 
Value / 
Metal 
Tonne 

(A$) 

Perkoa, Bukina 
Faso, Africa 

January 2010: Glencore International AG entered 
into a farm-in/JV agreement with Blackthorne 
Resources Limited for 50.1% for a cash buy in of 
$86.0M ($80M US) comprising of $50M US in equity 
and $30M US in project finance. The Perkoa zinc 
project is an underground mine being developed. 
The Perkoa project has resources of 6.72Mt @ 
16.4% Zn and 35.4g/t Ag for a contained 1.16Mt 
ZnEq metal. Assuming the terms of the agreement 
were met, the implied cash equivalent on a 100% 
equity basis would be $171.6M (notional $148.16 
A$/metal t on 100% terms). 

1.16Mt $171.6
$148.16 / 

metal 
tonne

Liontown, 
Queensland, 
Australia 

December 2009: Kagara Limited entered into an 
acquisition agreement with Liontown Resources Ltd 
to acquire 100% of the Liontown polymetallic 
resource with a cash and shares buy in of $4.5M. 
The Liontown deposit has resources of 1.85Mt @ 
7.5% Zn, 2.4% Pb, 0.6% Cu, 28g/t Ag and 0.55g/t 
Au for a contained 0.24Mt ZnEq metal. Assuming 
the terms of the agreement were met, the implied 
cash equivalent on a 100% equity basis would be 
$4.5M (notional $18.53 A$/metal t on 100% terms). 

0.24Mt $4.5M
$18.53 / 

metal 
tonne

Lennard Shelf, 
Kimberley, 
Western 
Australia 

April 2009: Meridian Minerals Limited entered into 
an acquisition agreement with Xstrata and Teck 
Cominco Limited to acquire 100% with a share buy 
in of $1.69M and $5.0M exploration spend over 2 
years. The project is prospective for Mississippi 
Valley Type (MVT) zinc, lead and silver 
mineralisation. The project contains two resources 
Kutarta (Indicated & Inferred) 2.34Mt @ 7.2% Zn, 
0.5% Pb and 39g/t Ag and Fossil Downs (Inferred) 
2.15Mt @ 9.5% Zn, 2.1% Pb and 50g/t Ag for a total 
contained 0.49Mt ZnEq metal. Assuming the terms 
of the agreement were met, the implied discounted 
cash equivalent on a 100% equity basis would be 
$6.23M (notional $12.79 A$/metal t on 100% terms).

0.49Mt $6.23M
$12.79 / 

metal 
tonne

Perilya Limited 
Assets, 
Australia 

December 2008: Zhongjin Lingnan Nonfemet Co. Ltd 
(Zhongjin) entered into a share placement 
agreement with Perilya Limited to acquire 50.1% for 
a cash buy in of $45.46M. Perilya Limited has two 
producing assets (Broken Hill and Flinders Project). 
Perilya has a resource inventory of 37.75Mt @ 5.19% 
Zn, 3.76% Pb, 0.57% Cu and 51g/t Ag for a 
contained 4.37Mt ZnEq metal. Assuming the terms 
of the agreement were met, the implied discounted 
cash equivalent on a 100% equity basis would be 
$90.75M (notional $20.78 A$/metal t on 100% 
terms). 

4.37Mt $90.75
$20.78 / 

metal 
tonne
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Table 15  Market Transactions Involving Zinc-Lead Exploration Projects at Moderate-
Confidence Mineral Resource Stage to Operating Mines within Australia and the World 

Project Transaction Details & Type 

Contained 
ZnEq 
Metal 

Tonnes 
(t) 

Purchase 
Price 

100% Basis
(A$) 

Implied 
Value / 
Metal 
Tonne 

(A$) 

Zinifex Assets, 
Australia & 
Canada 

March 2008: Oxiana Limited announced a merger 
(takeover) with Zinifex Limited, where Zinifex 
Limited shareholder will receive 3.1931 Oxiana 
Limited shares, a share buy in of $6,174.8M at the 
time of announcement. Zinifex had the producing 
Century zinc mine and a number of advanced zinc 
resources. Zinifex Limited had a resource inventory 
of 16.6Mt Zn, 2.5Mt Pb, 0.8Mt Cu, 256.4Moz Ag 
and 1.7Moz Au for a contained 25.0Mt ZnEq metal. 
Assuming the terms of the agreement were met, the 
implied cash equivalent on a 100% equity basis 
would be $6,174.8M (notional $247.05 A$/metal t 
on 100% terms). 

25.0Mt $6,174.8M
$247.05 / 

metal 
tonne

Lennard Shelf, 
Kimberley, 
Western 
Australia 

January 2008: CBH Resources Limited entered into a 
farm-in/JV agreement with Lennard Shelf Pty Ltd a 
50/50 JV company between Xstrata and Teck 
Cominco Limited to earn 70% for an exploration 
spend of $4.4M over 3 years. The project is 
prospective for Mississippi Valley Type (MVT) zinc, 
lead and silver mineralisation. The main deposit is 
the Fossil Downs Inferred resource 2.15Mt @ 9.5% 
Zn, 2.1% Pb and 50g/t Ag for a total contained 
0.38Mt ZnEq metal. Assuming the terms of the 
agreement were met, the implied discounted cash 
equivalent on a 100% equity basis would be $5.45M 
(notional $14.49 A$/metal t on 100% terms). 

0.38Mt $5.45M
$14.49 / 

metal 
tonne

Citronen, 
Greenland 

March 2007: Ironbark Gold Limited entered into an 
acquisition agreement with Bedford Resource 
Holdings Limited for a cash and share buy in of 
$26.0M. The project is prospective for SEDEX zinc 
and lead mineralisation. The Citronen deposit had a 
resource of 7.1Mt @ 8.8% Zn and 1.1% Pb 
(Indicated) and 9.7Mt @ 7.1% Zn and 0.7% Pb 
(Inferred) for a total contained 1.39Mt ZnEq metal. 
Assuming the terms of the agreement were met, the 
implied cash equivalent on a 100% equity basis 
would be $26.0M (notional $18.69 A$/metal t on 
100% terms).  

1.39Mt $26.0M
$18.69 / 

metal 
tonne

Triako 
Resources Ltd 
Assets, New 
South Wales, 
Australia 

May 2006: CBH Resources Limited announced a 
takeover of Triako Resources Ltd (Triako) at an 
implied price of $2.00 per Triako share equivalent 
to $67.44M. Triako has a resource inventory of 
1.94Mt @ 2.8% Zn, 2.5% Pb, 0.2% Cu, 14g/t Ag and 
6.7g/t Au for a contained 0.16Mt ZnEq metal. 
Assuming the terms of the agreement were met, the 
implied cash equivalent on a 100% equity basis 
would be $67.44M (notional $416.21 A$/metal t on 
100% terms). 

0.16Mt $67.44M
$416.21 / 

metal 
tonne



 

Page 75 of 99 

Table 15  Market Transactions Involving Zinc-Lead Exploration Projects at Moderate-
Confidence Mineral Resource Stage to Operating Mines within Australia and the World 

Project Transaction Details & Type 

Contained 
ZnEq 
Metal 

Tonnes 
(t) 

Purchase 
Price 

100% Basis
(A$) 

Implied 
Value / 
Metal 
Tonne 

(A$) 

Napier Range, 
Kimberley, 
Western 
Australia 

February 2006: CBH Resource Limited entered into a 
farmin/JV agreement with Teck Cominco Limited to 
earn 49% for an exploration spend of $1.0M over 2 
years. The project is prospective for Mississippi 
Valley Type (MVT) zinc, lead and silver 
mineralisation. The main deposit is the Wagon Pass 
Inferred resource 0.59Mt @ 8.5% Zn and 8.0% Pb 
for a contained 0.08Mt ZnEq metal. Assuming the 
terms of the agreement were met, the implied 
discounted cash equivalent on a 100% equity basis 
would be $1.86M (notional $24.06 A$/metal t on 
100% terms). 

0.08Mt $1.86M
$24.06 / 

metal 
tonne

 

 



 

Page 76 of 99 

Table 16  Market Transactions Involving Zinc-Lead Exploration Projects at a particularly 
early and conceptual stage within Australia 

Project Transaction Details & Type Area
(km2)

Purchase 
Price 
100% 
Basis 
(A$) 

Implied
Value/km2

(A$) 

Yandicoogina, 
Pilbara, 
Western 
Australia 

March 2011:  Laconia Resources Limited entered into a 
purchase agreement with Shaw River Resources to 
acquire 100% with a $153K share buy-in. The project area 
is prospective for VHMS Zinc mineralisation. Assuming 
the terms of the agreement were met the implied cash 
equivalent on a 100% equity basis is $153K. 

108.7 $153K $1,408

McArthur River, 
Northern 
Territory, 
Australia 

September 2010:  Rox Resources Limited entered into a 
purchase with Legend international holdings Inc to 
acquire 100% with a $99K share buy-in. The project area 
is considered prospective for SEDEX Zinc mineralisation. 
Assuming the full terms of the agreement were met the 
implied cash equivalent on a 100% equity basis is $99K 

181.8 $99K $545

Lennard Shelf, 
Kimberley, 
Western 
Australia 

October, 2009:  Meridian Minerals Limited entered into a 
purchase agreement with Zinc Co Australia Limited to 
acquire 100% with a $319.6K cash and shares buy-in. The 
project area is considered prospective for Mississippi 
Valley Type (MVT) Zinc and lead mineralisation. 
Assuming the full terms of the agreement were met the 
implied cash equivalent on a 100% equity basis is 
$319.6K. 

244 $319.6K $1,310

Nonning, Eyre 
Peninsula, 
South Australia 

June 2008:  Minataur Exploration Limited entered into a 
farm-in/JV agreement with Menninnie Metals Limited to 
earn 51% with $1.00M exploration spend over 3 years. 
The project area is considered prospective for zinc and 
lead mineralisation. Assuming the terms of the 
agreement were met the implied discounted cash 
equivalent on a 100% equity basis is $1.70M. 

312 $1.70M $5,447

Lennard Shelf, 
Kimberley, 
Western 
Australia 

September 2007:  Rox Resources Limited entered into a 
farm-in/JV agreement with Avalon Minerals Ltd to earn 
60% with a $0.3M share buy in and $2.00M exploration 
spend over 3 years. The project area is considered 
prospective for Mississippi Valley Type (MVT) Zinc and 
lead mineralisation. Assuming the terms of the 
agreement were met the implied discounted cash 
equivalent on a 100% equity basis is $3.43M. 

2,594 $3.43M $1,324

 

8.4.2 Commodity Prices 

Ravensgate has examined the historical commodity charts (Figure 17 and Figure 18) for general 
trends over time. A general analysis of the price chart for Zinc in Figure 17 indicates a rapid 
price increase from July 2005 to December 2006, followed by a steady decline to February 2009 
followed by a recovery until February 2010, from where it has remained relatively steady. 
Ravensgate has taken into consideration the general commodity trend as an influence on 
deriving a final project valuation. 
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Figure 17  Price chart for Zinc, Lead and Copper Monthly Price January 2005 to July 2011 

 
(Source website:  http://www.indexmundi.com/commodities/) 
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Figure 18  Price Chart for Silver and Gold Monthly Price January 2005 to July 2011 

 
(Source website:  http://www.indexmundi.com/commodities/) 

8.5 Mineral Asset Valuations 

8.5.1 Citronen Zinc Project, Greenland 

8.5.1.1 Selection of Valuation Method 

The Citronen Fjord Base Metal Project can be divided up into the licences containing the 
Citronen Base Metal Deposit (2007/02) and the surrounding exploration licences (2007/31, 
2010/47, 2008/26 & 2011/33). The exploration licence containing the deposit can be classified 
as a “Pre-Development Project” mineral asset where Mineral Resources have been identified 
and their extent estimated, but where a positive development decision has not been made. The 
surrounding exploration licences were designated as an “Exploration Area” mineral asset where 
mineralisation may or may not have been identified, but where specifically a JORC compliant 
mineral resource has not been identified.  

The commodity item of interest for exploration is primarily SEDEX zinc+lead mineralisation. A 
Mineral Resource as defined in the Australasian Code for Reporting of Exploration Results, 
Mineral Resources and Ore Reserves (The JORC Code - 2004 Edition) has been reported as listed 
in Section 3.6. In valuing the mineral asset of the Citronen Fjord Project, Ravensgate considers 
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the ‘DCF/NPV’ method inappropriate due to the lack of an Ore Reserve or Scoping/Feasibility 
Studies.  

For the valuation of Ironbark Zinc Limited’s reported mineral resources, Ravensgate has valued 
the reported mineral resources with a 2% Zn cut-off. 

Ravensgate has elected to apply the Comparable Transaction Method to value the project after 
consideration of the various valuation methods outlined in Section 8.1 and the geological / 
exploration information outlined in Section 3.  

8.5.1.2 Project Analysis – Comparable Transactions Method 

Ravensgate’s analysis of the zinc-lead market transactions indicates that the implied value of 
more advanced or strategic exploration projects with zinc and lead Mineral Resources generally 
lies around $6.77 to $32.76 per contained resource ZnEq metal tonne. Within this range 
Ravensgate has selected an applicable range of $15.50 to $26.21 per contained resource ZnEq 
metal tonne to apply to the total Mineral Resource listed in Section 3.6, which relates to 
approximately $85.0M to $143.8M for the contained metal within the current Mineral Resource 
Estimate (5.5Mt ZnEq metal). In selecting the lower end of the range ($15.50), Ravensgate has 
taken the original purchase of the Citronen Fjord project in March 2007 for $18.69 per 
contained resource ZnEq metal tonne as a base price and discounted it by 25% ($14.02) to 
reflect the purchase occurring when the zinc price was far higher than it is at present, and then 
increased that to $15.50 reflecting the outcome of successful exploration. Ravensgate has 
applied a discount rate of 20% to the upper value of the range $32.76 to reflect the inherently 
riskier exploration due to the higher costs, as  exploration costs are a lot higher in Greenland 
compared to other parts of the world due to its remoteness and often rugged topography. The 
purchase of the Citronen Fjord Project in March 2007 is the most comparable transaction being 
the same project, hence the same geographic location, geology and mineralisation styles. The 
reason why it has been chosen as the base value for the valuation is because subsequent to this 
time the resource has increased and the geological confidence has improved with measured and 
indicated categories of material now reported (Table 7). From this range a preferred value of 
$110.33M has been selected which reflects a value of $20.11 per contained resource ZnEq metal 
tonne, which is approximately middle of the range and reflects the outcome of successful 
exploration to date and the quality of the resources, with most metal being contained in 
indicated and measured categories, (In ‘compliance’ of the JORC Code (2004). Ravensgate 
considers the project is of merit and worthy of further exploration and study. 

Ravensgate’s analysis of zinc and lead related base metal market transactions for early-stage, 
conceptual zinc and lead projects, indicates an implied value between $545 to $5,447 per 
square kilometre, with a cluster of transactions between $1,310 to $1,408 per square 
kilometre. Exploration costs are a lot higher in Greenland compared to other parts of the world 
due to its remoteness and rugged topography. Ravengate has applied a 20% discount rate to the 
assets in Greenland to reflect the inherently riskier exploration due to the higher costs and 
therefore has applied an implied value range of $436 to $4,358 per square kilometre for valuing 
the Exploration Area Mineral Assets.  

Ravensgate is of the opinion that the exploration licences 2007/31, 2010/47, 2008/26 and 
2011/33 are “Exploration Area” mineral assets at an early stage and conceptual in nature and 
that an implied value between $436 to $4,358 per square kilometre based on the comparable 
transactions in Table 16 is appropriate in assisting in the valuing of these tenements (Table 17). 
Ironbark has completed minimal ‘on the ground’ exploration as yet within these tenements. 
Based on the range of $436 to $4,358 per square kilometre this relates to $1.22M to $12.17M. 
From this range a preferred value of $3.13M has been selected, which relates back to a value of 
$1,120 per square kilometre ($1,400 discounted by 20%) and is towards the low end of the 
range which reflects the exploration to date and cluster of comparable transactions observed in 
Table 16 between $1,310 to $1,408 per square kilometre. Ravensgate considers the project is of 
merit and worthy of further exploration and study. 
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Table 17  Ironbark – Project Technical Valuation for Citronen Fjord Project 

Citronen Fjord 
Project Mineral Asset Ownership 

100% Area km2
Valuation 

Low 
$M 

High 
$M 

Preferred
$M 

2007/02 Pre-Development 100% 1201 85.03 143.78 110.33 

2007/31 Exploration Area 100% 412 0.18 1.80 0.46 

2010/47 Exploration Area 100% 1,192 0.52 5.19 1.34 

2008/26 Exploration Area 100% 140 0.06 0.61 0.16 

2011/33 Exploration Area 100% 1,048 0.46 4.57 1.17 

Total Citronen All 100% 2,912 86.25 155.95 113.45 
1 Area not applicable to valuation due to existence of a resource 

* The valuation has been compiled to an appropriate level of precision and minor rounding errors may occur. 

 

8.5.2 Mestersvig Base Metal Project, Greenland 

8.5.2.1 Selection of Valuation Method 

The Mestersvig Base Metal Project licences (2007/32 & 2011/28) can be classified as 
“Exploration Area” mineral assets where mineralisation may or may not have been identified, 
but where specifically a JORC compliant mineral resource has not been identified. 

The commodity item of interest for exploration is primarily zinc+lead±silver mineralisation 
associated with epithermal style quartz veins. A Mineral Resource as defined in the Australasian 
Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves (The JORC Code 
- 2004 Edition) has not been defined. In valuing the mineral asset of the Mestersvig Project, 
Ravensgate considers the ‘DCF/NPV’ method inappropriate due to the lack of an Ore Reserve or 
Scoping/Feasibility Studies. 

Ravensgate therefore has elected to apply the Comparable Transaction Method to value the 
project after consideration of the various valuation methods outlined in Section 8.1 and the 
geological / exploration information outlined in Section 4.  

8.5.2.2 Project Analysis – Comparable Transactions Method 

Ravensgate’s analysis of zinc and lead related base metal market transactions for early-stage, 
conceptual zinc and lead projects, indicates an implied value between $545 to $5,447 per 
square kilometre, with a cluster of transactions between $1,310 to $1,408 per square 
kilometre. Exploration costs are a lot higher in Greenland compared to other parts of the world 
due to its remoteness and often rugged topography. Ravensgate has applied a 20% discount rate 
to the assets in Greenland to reflect the inherently riskier exploration due to the higher costs 
and therefore has applied an implied value range of $436 to $4,358 per square kilometre for 
valuing the Exploration Area Mineral Assets. 

Ravensgate is of the opinion that the exploration licences 2007/32 and 2011/28 are 
“Exploration Area” mineral assets at an early stage and conceptual in nature and that an 
implied value between $436 to $4,358 per square kilometre based on the comparable 
transactions in Table 16 is appropriate in assisting in the valuing of these tenements (Table 18). 
Ironbark has completed minimal ‘on the ground’ exploration as yet within these tenements. 
Based on the range of $436 to $4,358 per square kilometre this equates to a value range of 
$0.41M to $4.10M for the project. From this range a preferred value of $1.05M has been 
selected, which relates back to a value of $1,120 per square kilometre ($1,400 discounted by 
20%) and is towards the low end of the range which reflects the exploration to date and cluster 
of comparable transactions observed in Table 16 between $1,310 to $1,408 per square 
kilometre. Ravensgate considers the project is of merit and worthy of further exploration and 
study. 
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Table 18  Ironbark – Project Technical Valuation for Mestersvig Project 

Mestersvig 
Project Mineral Asset Ownership 

100% Area km2
Valuation 

Low 
$M 

High 
$M 

Preferred
$M 

2007/32 Exploration Area 100% 460 0.20 2.01 0.52 

2011/28 Exploration Area 100% 481 0.21 2.09 0.54 

Total Mestersvig All 100% 941 0.41 4.10 1.05 

* The valuation has been compiled to an appropriate level of precision and minor rounding errors may occur. 

 

8.5.3 Washington Land Base Metal Project, Greenland 

8.5.3.1 Selection of Valuation Method 

The Washington Land Base Metal Project is considered to be an “Exploration Area” mineral 
asset, where mineralisation may or may not have been identified, but where specifically a JORC 
compliant mineral resource has not been identified. A Mineral Resource as defined in the 
Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves 
(The JORC Code - 2004 Edition) has not been reported for the Washington Land project. The 
commodity item of interest for exploration is primarily zinc-lead base metal mineralisation of 
the Mississippi Valley Type (MVT) style. 

Ravensgate has elected to apply the Comparable Transaction Method to value the project after 
consideration of the various valuation methods outlined in Section 8.1 and the geological / 
exploration information outlined in Section 5. 

8.5.3.2 Project Analysis – Comparable Transactions Method 

Ravensgate’s analysis of zinc and lead related base metal market transactions for early-stage, 
conceptual zinc-lead projects, indicates an implied value between $545 to $5,447 per square 
kilometre, with a cluster of transactions between $1,310 to $1,408 per square kilometre. 
Exploration costs are a lot higher in Greenland compared to other parts of the world due to its 
remoteness and often rugged topography. Ravensgate has applied a 20% discount rate to the 
assets in Greenland to reflect the inherently riskier exploration due to the higher costs and 
therefore has applied an implied value range of $436 to $4,358 per square kilometre for valuing 
the Exploration Area Mineral Assets, this relates to $0.32M to $3.22M. Ravensgate has a 
preferred value of $0.78M, reflecting the early stage that exploration is at and that no 
significant results have been returned from drilling to date and no mineral resources in 
accordance with the JORC Code (2004) has yet been defined. The value of $0.78M relates back 
to an implied value of $1,056 ($1,320 discounted at 20%) per square kilometre, which is 
comparable to the two transactions between Rox Resources Limited and Avalon Minerals Ltd; 
and Meridian Minerals Limited and Zinc Co Australia Ltd, which is considered to be geologically 
analogous, with both projects considered prospective for MVT style zinc-lead mineralisation, 
being $1,324 and $1,310 per square kilometre respectively. 

8.5.4 Belara Base Metal Project, New South Wales, Australia 

8.5.4.1 Selection of Valuation Method 

The Belara Base Metal Project can be divided up into the licence containing the Belara and 
Native Bee Base Metal Deposits (EL6576) and the surrounding exploration licence (EL6749). The 
exploration licence containing the deposits can be classified as an “Advanced Exploration Area” 
mineral asset where considerable exploration has been undertaken and specific targets have 
been identified that warrant further detailed evaluation, usually by some form of detailed 
geological sampling. A JORC compliant mineral resource has been estimated (Table 14), with all 
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the material in the inferred category being of lower geological confidence. The surrounding 
exploration licence was designated as an “Exploration Area” mineral asset where mineralisation 
may or may not have been identified, but where specifically a JORC compliant mineral resource 
has not been identified. The commodity items of interest for exploration are primarily base 
metals (zinc-lead) and to a lesser extent gold. Ravensgate considers the project is of merit and 
worthy of further exploration and studies. 

In valuing the exploration potential of the Belara Base Metal-Gold Project, Ravensgate 
considers the ‘DCF/NPV’ valuation method to be inappropriate due to the lack of an Ore 
Reserve or Scoping/Feasibility Studies. Ravensgate has elected to apply the Comparable 
Transaction Method and Joint Venture Terms Method to value the project after consideration of 
the various valuation methods outlined in Section 8.1 and the geological / exploration 
information outlined in Section 0. 

8.5.4.2 Project Analysis – Comparable Transactions Method 

Ravensgate’s analysis of the zinc-lead-base metal related market transactions in Australia 
indicates that the implied value of more advanced or strategic exploration projects with zinc-
lead-base metal Mineral Resources generally lies around $6.77 to $32.76 per contained resource 
ZnEq metal tonne. Ravensgate has selected an applicable range of $6.77 to $14.49 per 
contained ZnEq metal tonne to be appropriate for valuing the project when comparing the size, 
grade and geological confidence (inferred category resources only) with the comparable 
transactions in Table 15. This range relates to approximately $1.53M to $3.28M (Table 19) for 
the contained metal within the current Mineral Resource Estimate (0.23Mt ZnEq metal). A 
preferred value of $2.41M has been selected which relates to a $10.63 per contained resource 
ZnEq metal tonne, which is the midpoint of the range. 

Ravensgate’s analysis of zinc and lead related base metal market transactions for early-stage, 
conceptual zinc and lead projects, indicates an implied value between $545 to $5,447 per 
square kilometre, with a cluster of transactions between $1,310 to $1,408 per square 
kilometre.  Based on the range of $545 to $5,447 per square kilometre this equates to $0.05M 
to $0.47M. From this range a preferred value of $0.12M has been selected, which relates back 
to a value of $1,400 per square kilometre and is towards the low end of the range which 
reflects the exploration to date and cluster of comparable transactions observed in Table 16 
between $1,310 to $1,408 per square kilometre. 

  

Table 19  Ironbark – Comparable Transactions Valuation for Belara Project 

Belara Project Mineral Asset Ownership 
100% Area km2

Valuation 

Low 
$M 

High 
$M 

Preferred
$M 

EL6576 Advanced 
Exploration Area 100% 541 1.53 3.28 2.41 

EL6749 Exploration Area 100% 86.4 0.05 0.47 0.12 

Total Belara All 100% 140.4 1.58 3.76 2.53 
1 Area not applicable to valuation due to existence of a resource. 

* The valuation has been compiled to an appropriate level of precision and minor rounding errors may occur. 

 

8.5.4.3 Project Analysis – Joint Venture Terms 

Ravensgate considers the joint venture terms valuation method is appropriate, as it is a very 
recent joint venture agreement and is a good indication of what an arm’s length buyer is willing 
to pay for the project. Using the terms of the joint venture as outlined in Section 8.3 and the 
joint venture terms equation in Section 8.1 with a discount rate of 10% reflecting a typical 
company’s cost of capital and considering inflation, assuming the terms of the joint venture are 
met the implied discounted cash equivalent on a 100% equity basis is $1.76M.  
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8.5.4.4 Belara Base Metal Project – Valuation Conclusion 
By using the Comparable Transactions and Joint Venture Terms valuation methods for valuing a 
100% interest in the exploration potential associated with the Belara Base Metal Project, a 
range of selected values from $1.76M to $2.53M can be derived. Ravensgate has elected to 
assign a preferred value of $2.15M in the middle of the range, recognising the mineral asset 
prospects and exploration drilling and geological work outlined to date. Ravensgate considers 
the Belara Base Metal Project is of merit and worthy of further exploration. 

8.5.5 Captains Flat Base Metal Project, New South Wales, Australia 

8.5.5.1 Selection of Valuation Method 

The Captains Base Metal Project can be divided up into the licences comprising of the farm-in /  
joint venture with Golden Minerals Resources Limited (EL6381 & EL6840) containing the 
historical George mine and numerous other prospects can be classified as an “Advanced 
Exploration Area” mineral asset where considerable exploration has been undertaken and 
specific targets have been identified that warrant further detailed evaluation, usually by some 
form of detailed geological sampling. A JORC compliant mineral resource has not been 
estimated. The other exploration licences (EL6990 & EL6925) were designated as “Exploration 
Area” mineral assets where mineralisation may or may not have been identified, but where 
specifically a JORC compliant mineral resource has not been identified. The commodity items 
of interest for exploration are primarily base metals (zinc-lead) and also a some gold. 
Ravensgate considers the project is of merit and worthy of further exploration and studies. 

In valuing the exploration potential of the Captains Flat Base Metal-Gold Project, Ravensgate 
considers the ‘DCF/NPV’ valuation method to be inappropriate due to the lack of an Ore 
Reserve or Scoping/Feasibility Studies. Ravensgate has elected to apply the Comparable 
Transaction Method and Joint Venture Terms Method to value the project after consideration of 
the various valuation methods. 

8.5.5.2 Project Analysis – Comparable Transactions Method 
Ravensgate’s analysis of zinc and lead related base metal market transactions for early-stage, 
conceptual zinc and lead projects, indicates an implied value between $545 to $5,447 per 
square kilometre, with a cluster of transactions between $1,310 to $1,408 per square 
kilometre.  Based on the range of $545 to $5,447 per square kilometre this relates to $0.08M to 
$0.85M (Table 20). From this range a preferred value of $0.39M has been selected, which 
relates back to a value of $1,400 per square kilometre for Exploration area mineral assets and 
$4,000 per square kilometre for Advanced Exploration Area mineral assets and is towards the 
low end of the range which reflects the exploration to date and cluster of comparable 
transactions observed in Table 16 between $1,310 to $1,408 per square kilometre. 

 

Table 20  Ironbark – Comparable Transactions Valuation for Captains Flat Project 

Captains Flat 
Project Mineral Asset Ownership % Area km2

Valuation 

Low 
$M 

High 
$M 

Preferred
$M 

EL6381 Advanced 
Exploration Area 25.5% 240.5 0.03 0.33 0.25 

EL6840 Advanced 
Exploration Area 25.5% 19.59 0.01 0.03 0.02 

EL6990 Exploration Area 100% 33.34 0.02 0.18 0.05 

EL6925 Exploration Area 100% 55.51 0.03 0.30 0.08 

Total Captains Flat All 25.5% & 100% 348.94 0.08 0.85 0.39 

* The valuation has been compiled to an appropriate level of precision and minor rounding errors may occur. 
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8.5.5.3 Project Analysis – Joint Venture Terms 

Ravensgate considers the joint venture terms valuation method is appropriate for valuing the 
two tenements (EL6381 & EL6840) which are a part of the joint venture, as it is a very recent 
joint venture agreement and is a good indication of what an arm’s length buyer is willing to pay 
for the project. Using the terms of the joint venture as outlined in Section 8.3 and the joint 
venture terms equation in Section 8.1 with a discount rate of 10% reflecting a typical 
company’s cost of capital and considering inflation, assuming the terms of the joint venture are 
met the implied discounted cash equivalent on a 100% equity basis is $2.27M. Ironbark’s equity 
interest in these tenements is 25.5%, which equates to $0.58M. 

8.5.5.4 Captains Flat Base Metal Project – Valuation Conclusions 

By using the Comparable Transactions and the Joint Venture Terms valuation methods for 
valuing the tenements (EL6381 & EL6840), which Ironbark has a 25.5% interest in the 
exploration potential of the Captains Flat Base Metal Project, a range of selected values from 
$0.27M to $0.58M can be derived. Ravensgate has elected to assign a preferred value of $0.43M 
in the middle of the range. In addition are the two tenements (EL6990 & EL6925) valued by 
comparable transactions, which have a range of selected values from $0.05M to $0.48M 
Ravensgate has elected to assign a preferred value of $0.12M, which equates to $1,400 per 
square kilometer and is towards the low end of the range which reflects the exploration to date 
and cluster of comparable transactions observed in Table 16 between $1,310 to $1,408 per 
square kilometre. 

Based on these valuation methods for valuing Ironbark’s interest in the exploration potential 
associated with the Captains Flat Base Metal Project, a range of selected values from $0.31M to 
$1.06M can be derived. Ravensgate has elected to assign a preferred value of $0.55M in the 
middle of the range, recognising the mineral asset prospects and exploration drilling and 
geological work outlined to date. Ravensgate considers the Captains Flat Base Metal Project is 
of merit and worthy of further exploration. 

8.6 Valuation Summary 

Ravensgate has concluded the Greenland and Australian Projects are of merit (although at 
varying stages of exploration and subsequent Mineral Asset classification), and worthy of 
further exploration. A summary of the Greenland and Australian project valuations is provided 
in Table 21. The applicable valuation date is 1 September 2011 and is derived from comparisons 
where possible using the Joint Venture Terms and Comparable Transactions valuation methods. 
The value of the listed Projects is considered to lie in a range from $89.06M to $166.86M, 
within which range Ravensgate has selected a preferred value of $117.98. 

 

Table 21  Ironbark – Project Technical Valuation Summary for Greenland and Australian 
Projects 

Project Mineral Asset Ownership % 
Valuation 

Low 
$M 

High 
$M 

Preferred
$M 

Citronen 
Pre-Development 
Exploration Area 

100% 86.25 155.95 113.45 

Mestersvig Exploration Area 100% 0.41 4.10 1.05 

Washington Land Exploration Area 100% 0.32 3.22 0.78 

Belara Advanced 
Exploration Area 100% 1.76 2.53 2.15 

Captains Flat Advanced 
Exploration Area 25.5% & 100% 0.31 1.06 0.55 

Combined Projects All listed projects 25.5% & 100% 89.06 166.86 117.98 

* The combined valuation has been compiled to an appropriate level of precision and minor rounding errors may occur
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11. GLOSSARY 
A$ Australian dollars. 

Ad valorem  In proportion to the value of. 

Aeolian  Formed or deposited by wind. 

Aerial photography Photographs of the Earth’s surface taken from an aircraft.  

Aeromagnetic A survey undertaken by helicopter or fixed-wing aircraft for the purpose 
of recording magnetic characteristics of rocks by measuring deviations of 
the Earth’s magnetic field. 

Aircore (AC) Drilling method employing a drill bit that yields sample material which is 
delivered to the surface inside the rod string by compressed air. 

Alluvium Clay silt, sand, gravel, or other rock materials transported by flowing 
water and deposited in comparatively recent geologic time as sorted or 
semi-sorted sediments in riverbeds, estuaries, and flood plains, on lakes, 
shores and in fans at the base of mountain slopes and estuaries. 

Alteration The change in the mineral composition of a rock, commonly due to 
hydrothermal activity. 

Andesite An intermediate volcanic rock composed of andesine and one or more 
mafic minerals. 

Anomalous A departure from the expected norm, generally geochemical or 
geophysical values higher or lower than the norm. 

Anticline An area of rocks that have been arched upwards in the form of a fold. 

Archaean The oldest rocks of the Precambrian era, older than about 2,500 million 
years. 

Argillaceous Describing rocks or sediments containing particles that are silt- or clay-
sized, less than 0.625 mm in size. 

Arsenopyrite A mineral of iron, sulphur, and arsenic commonly associated with 
metamorphism around igneous intrusions. 

Assay A procedure where the element composition of a rock soil or mineral 
sample is determined. 

Auger drilling A rotary drilling technique which uses a blade drill bit and screw auger 
shaft to return sample to the surface. 

Auriferous Containing gold. 

B Billions. 

Bank cubic metre  

(BCM) A cubic metre of material in-situ. 

Basalt A volcanic rock of low silica (<55%) and high iron and magnesium 
composition, composed primarily of plagioclase and pyroxene. 

Base metals A non-precious metal, usually referring to copper, lead and zinc. 

Basement Crust of the earth, igneous or metamorphic rocks overlain by sedimentary 
deposits. 

Basin A large depression within which sediments are sequentially deposited and 
lithified. 

Bench A vertical segment which is mined as a whole.  

Beneficiable ore  

(BFO) Material that can be processed and upgraded to 
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 produce a saleable concentrate. 

BIF A rock consisting essentially of iron oxides and cherty silica and 
possessing a marked banded appearance.  

BLEG Bulk leach extractable gold, a method for detection of fine-grained gold 
in soils. 

Boudins Typical features of sheared veins and shear zones where, due to 
stretching along the shear foliation and compression perpendicular to 
this, rigid bodies break up.  

Breccia  Rock consisting of angular fragments enclosed in a matrix, usually the 
result of persistent fracturing by tectonic or hydraulic means. 

Brittle Rock deformation characterised by brittle fracturing and brecciation. 

Cainozoic An era of geological time spanning the period from 65 million years ago to 
the present. 

Calcite A mineral of composition CaCO3 (calcium carbonate) it is an essential 
component of limestones and marbles. 

Calcrete Superficial residual deposits cemented by or precipitated from 
groundwater as secondary calcium carbonate as a result of evaporation. 

Carbonate Rock of sedimentary or hydrothermal origin, composed primarily of 
calcium, magnesium or iron and CO3. Essential component of limestones 
and marbles. 

CAPEX Capital expenditure. 

Caprock An impervious rock layer generally close to surface which may act 

 as a seal. 

Chalcopyrite CuFeS2, a copper ore. 

Chert Fine grained sedimentary rock composed of cryptocrystalline silica. 

Chlorite A green coloured hydrated aluminium-iron-magnesium silicate mineral 
(mica) common in metamorphic rocks. 

Clastic Pertaining to sedimentary rocks composed primarily from fragments of 
pre-existing rocks or fossils. 

Clays A fine-grained, natural, earthy material composed primarily of hydrous 
aluminium silicates. 

Concentrate A product containing valuable metal from which most of the 

 waste material has been eliminated (in this case high grade magnetite or 

 hematite). 

Contract-miner An operating scenario in which the mine owner contracts 

 a third party. The third party owns the mining fleet and directly employs 

 personnel to conduct mining operations. 

Colluvium A loose, heterogeneous and incoherent mass of soil material deposited by 
slope processes. 

Conglomerate A rock type composed predominantly of rounded pebbles, cobbles or 
boulders deposited by the action of water. 

Costean Exploration trench. 

Craton Large, usually ancient, stable mass of the earth’s crust. 

Marginal Cutoff  

grade The lowest grade of mineralised material. 

 Considered to be economic for a particular project. 

Density Mass of material per unit volume. 
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Depletion The lack of a mineral in the near-surface environment due to leaching 
processes during weathering. 

Deposit A mineralised body which has been physically delineated by sufficient 
drilling and found to contain sufficient average grade of metal or metals 
to warrant further exploration and development expenditure. 

Dewater The process of decreasing the water table below the current 

 mining surface. 

Diagenesis Any chemical, physical, or biological change undergone by a sediment 
during and after its lithification, not including weathering and 
metamorphism. 

Diamond drilling A method of obtaining a cylindrical core of rock by drilling with a 
diamond impregnated bit. 

Dilational Open space within a rock mass commonly produced in response to folding 
or faulting. 

Dilution The lowering of the grade of ore being mined due to the inclusion 

 of waste rock or low-grade ore. 

Dip The angle at which a rock stratum or structure is inclined from the 
horizontal. 

Disseminated Widely and evenly spread. 

Dmt Dry metric tonne. 

Dolerite A medium grained mafic intrusive rock composed mostly of pyroxenes and 
sodium-calcium feldspar. 

Ductile Deformation of rocks or rock structures involving stretching or bending in 
a plastic manner without breaking. 

Dunite A dense igneous rock that consists mainly of olivine and is commonly a 
source of magnesium mineralisation. 

Duricrust Hard-pan, cemented material. 

Dykes A tabular body of intrusive igneous rock, crosscutting the host strata at a 
high angle. 

Electromagnetic  

survey A geophysical technique whereby transmitted electromagnetic fields are 
used to energise and detect conductive material beneath the earth’s 
surface. 

Eluvial Weathered material which is still at or near its point of formation. 

En echelon Parallel or sub-parallel, closely-spaced, overlapping or step-like minor 
structural features in rock, such as faults and tension fractures, that are 
oblique to the overall structural trend. 

Epiclastic Rocks formed from fragments of pre-existing volcanic rock. 

Epithermal Mineralisation style of gold or silver formed deep within the Earth's crust 
from ascending hot solutions. 

Erosional The group of physical and chemical processes by which earth or rock 
material is loosened or dissolved and removed from any part of the 
Earth’s surface. 

Facies Characteristic features of rocks such as sedimentary rock type, mineral 
content, metamorphic grade, fossil content and bedding characteristics. 

Fault zone A wide zone of structural dislocation and faulting. 

Feldspar A group of rock forming minerals. 

Felsic An adjective indicating that a rock contains abundant feldspar and silica. 



 

Page 95 of 99 

Ferricrete A mineral conglomerate consisting of surficial sand and gravel cemented 
into a hard mass by iron oxide derived from the oxidation of percolating 
solutions of iron salts. 

Ferruginous Iron-rich. 

Fluvial deposits Applied to sand and gravel deposits laid down by streams or rivers. 

Foliated Banded rocks, usually due to crystal differentiation as a result of 
metamorphic processes. 

Footwall Surface of rock along the fault plane having rock below it. 

g/t Grams per tonne. 

Gabbro A fine to coarse grained, dark coloured, igneous rock composed mainly of 
calcic plagioclase, clinopyroxene and sometimes olivine. 

Gangue That part of an ore deposit from which a metal or metals is not 
extracted. 

Geochemical Pertains to the concentration of an element. 

Geophysical Pertains to the physical properties of a rock mass. 

GIS database A system devised to present partial data in a series of compatible and 
interactive layers. 

Gneiss Coarse-grained, banded metamorphic rock. 

Gossan Leached, oxidised near surface part of a vein containing sulphides, 
especially iron-bearing sulphides. 

Granite A common type of intrusive, felsic, igneous rock. 

Gravity separation The recovery of minerals utilising variances in specific gravity to separate 
the minerals (in this case non-magnetic hematite). 

Greenschist facies A low grade, low temperature regional metamorphism that results in a 
mineral assemblage typically containing chlorite, epidote and/or 
actinolite. 

Greenstone belt A broad term used to describe an elongate belt of rocks that have 
undergone regional metamorphism to greenschist facies. 

Greywackes A sandstone like rock, with grains derived from a dominantly volcanic 
origin. 

Hangingwall The mass of rock above a fault, vein or zone of mineralisation. 

Hematite A common iron ore, natural iron oxide that is reddish or brown in colour. 

Hinge zone A zone along a fold where the curvature is at a maximum. 

Hydrothermal A term applied to hot aqueous solution having temperatures up to 400º C 
which may transport metals and minerals in solution.   

Igneous A rock that has solidified from molten rock or magma. 

Infill Refers to sampling or drilling undertaken between pre-existing sample 
points. 

In-situ In the natural or original position. 

Interflow Refers to the occurrence of other rock types between individual lava 
flows within a stratigraphic sequence. 

Integrated waste  

Intermediate A rock unit which contains a mix of felsic and mafic minerals. 

Intra-cratonic Situated between or within cratons. 

Intrusion/Intrusive A body of igneous rock that invades older rock. 

Ironstone A rock formed by cemented iron oxides. 

Joint venture A business agreement between two or more commercial entities. 
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JORC Joint Ore Reserves Committee (of the Australian Institute of Mining and 
Metallurgy, Australian Institute of Geoscientists and the Minerals Council 
of Australia). 

JORC Code A code developed by the Australian Joint Ore Reserves Committee which 
sets minimum standards for public reporting of exploration results, 
mineral resources and ore reserves. 

kg/m3 Kilogram per cubic metre. 

kg/t Kilograms per tonne, a standard mass unit for demonstrating the 
concentration of uranium in a rock. 

Kinematic produced by motion. 

Lacustrine Lake environment. 

Lag Concentration of ferruginous material left after removal of soil fines by 
wind and water. 

Laterite A cemented residuum of weathering, generally leached in silica with a 
high alumina and/or iron content. 

Leaching Removal of elements from soil by their dissolution in water and moving 
downward in the ground. 

Limonite General term for mixtures of hydrated iron oxides and iron hydroxides. 

Lineament A significant linear feature of the Earth’s crust, usually equating a major 
fault or shear structure. 

Lithology A term pertaining to the general characteristics of rocks. 

Lode A vein or other tabular mineral deposit with distinct boundaries. 

M Millions. 

Mafic A dark igneous rock composed dominantly of iron and magnesium 
minerals (such as basalt).magnetite A mineral comprising iron and 
oxygen which commonly exhibits magnetic properties. 

Magnetic anomaly Zone where the magnitude and orientation of the earth’s magnetic field 
differs from adjacent areas. 

Magnetite A ferromagnetic mineral form of iron oxide (Fe2O3). 

Magnetometer An instrument which measures the earth's magnetic field intensity. 

Mass recovery The percentage of mass recovered after processing. 

Mesothermal Hydrothermal deposit formed at intermediate temperatures (200-300° C). 

Metabasalt Metamorphosed basalt. 

Metal recovery The percentage of metal recovered after processing. 

Metamorphism Process by which changes are brought about to rock in the earth’s crust 
by the agencies of heat, pressure and chemically active fluids. 

Mineralisation A geological concentration minerals or elements of prospective economic 
interest. 

Mining recovery The percentage of ore recovered during mining. 

Mineral A substance occurring naturally in the earth which may or not be of 
economic value. 

Mineralised zone Any mass of rock in which minerals of potential commercial value may 
occur. 

Mineral Resource A mineral inventory that has been classified to meet the JORC code 
standard. 

Moisture content Percentage of moisture in a rock mass. 
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Mottled zone  A layer that is marked with spots or blotches of different colour or shades 
of colour. The pattern of mottling and the size, abundance, and colour 
contrast of the mottles may vary considerably and should be specified in 
soil description. 

Moz Millions of ounces. 

mRL Metres reduced level, refers to the height of a point relative to a datum 
surface. 

Mt Million Tonnes. 

Mullock A rock which contains no gold or waste rock from which the gold has been 
extracted. 

Mylonite A hard compact rock with a streaky or banded structure produced by 
extreme granulation of the original rock mass in a fault or thrust zone. 

OEM Original equipment manufacturer. 

Open pit A mine working or excavation open to the surface. 

OPEX Operating expenditure. 

Ore Material that contains one or more minerals which can be recovered 
economically. 

Ore Reserve An ore reserve that has been classified to meet the JOR code standard. 

Orogen A belt of deformed rocks, usually comprising metamorphic and intrusive 
igneous rocks, mostly occurring along the collision zone between cratons. 

Outcrops Surface expression of underlying rocks. 

Outlier A limited area of younger rocks completely surrounded by older rocks. 

Owner-Operator An operating scenario in which the mine owner also owns the mining fleet 
and directly employs personnel to conduct mining operations. 

Oxidized ore Metalliferous minerals by which have been altered by weathering and 
partially or completely converted into oxides. 

Palaeochannels An ancient preserved stream or river. 

Pallid clays A relatively pale coloured clay-rich weathering horizon in a lateritic 
profile which is depleted in iron, usually by leaching. 

Pedogenic A product of soil processes. 

Pegmatite A very coarse grained intrusive igneous rock which commonly occurs in 
dyke-like bodies containing lithium-boron-fluorine-rare earth bearing 
minerals. 

Pelites Sedimentary rock composed of very fine clay or mud particles. 

Percussion drilling Drilling method of where rock is broken by the hammering action of a 
drill bit. 

Pisolitic Describes the prevalence of rounded manganese, iron or alumina-rich 
chemical concretions, frequently comprising the upper portions of a 
laterite profile. 

Playa Very flat, dry lake bed of hard, mud-cracked clay. 

Pluton A large body of intrusive igneous rock. 

Polymictic Referring to coarse sedimentary rocks, typically conglomerate, containing 
clasts of many different rock types. 

Porphyries Felsic intrusive or sub-volcanic rock with larger crystals set in a fine 
groundmass. 

ppb Parts per billion; a measure of low level concentration. 

Production Drill Rig A drill rig designed to drill production blastholes. 



 

Page 98 of 99 

Pre-split Drill Rig A drill rig designed to drill the holes around the edge of an open pit, in 
order to create a smoothly contoured wall profile. 

Primary Loading The excavation and loading of material from its insitu location in the 
open pit. 

Proterozoic Geological eon that extended from 2.5 billion to 542 million years ago. 

Pyrite, pyrrhotite A common, pale bronze iron sulphide mineral. 

Quartz  Mineral species composed of crystalline silica (SiO2). 

RAB drilling A relatively inexpensive and less accurate drilling technique (compared to 
RC drilling) involving the collection of sample returned by compressed air 
from outside the drill rods. 

Radiometric Geophysical technique measuring emission from radioactive isotopes. 

Rafts A relatively large block of foreign rock incorporated into an intrusive 
magma. 

RC drilling Reverse Circulation drilling, whereby rock chips are recovered by airflow 
returning inside the drill rods, rather than outside, thereby returning 
more reliable samples. 

Reclamation The process in which land disturbed by mining activities is reclaimed back 
to a beneficial land use. 

Reconnaissance An examination or survey of a region in reference to its general geological 
character. 

Redox The boundary between a reducing environment and an oxidising 
environment. 

Regolith General term for gravels, soils, alluvials, clays and other materials which 
cover the bedrock. 

Reserves The portion of a mineral deposit which could be economically 

 extracted or produced at the time of the reserve determination. These 
are classified as either proven, probable or possible ore reserves based on 
the JORC code. 

Resource An occurrence of material of intrinsic economic interest in a form that 
provides reasonable prospects for eventual economic extraction. These 
are classified as Measured, Indicated or Inferred ore resources based on 
the JORC code. 

Rock chip sampling The collection of rock specimens for mineral analysis. 

ROM Pad The transfer area for ore from the mine to the processing plant. 

Run of mine ore  

(ROM) Ore in its state as extracted from the mine. 

SMU Service metre unit. 

Saline Salty. 

Sandstone Sedimentary rock comprising predominantly of sand. 

Saprock Zone of weathered rock preserved within the weathered profile. 

Satellite imagery The images produced by photography of the Earth’s surface from 
satellites. 

Schistose Containing schistose (strongly foliated metamorphic rock). 

Scree The rubble composed of rocks that have formed down the slope of a hill 
or mountain by physical erosion. 

Sedimentary  Rocks formed by the deposition of particles carried by air, water or ice. 

Sericite A white or pale apple green potassium mica, very common as an 
alteration product in metamorphic and hydrothermally altered rocks. 
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Serpentine The main alteration product of olivines and pyroxenes. 

Shale Fine grained sedimentary rock with well-defined bedding planes. 

Sheared A zone in which rocks have been deformed primarily in a ductile manner 
in response to applied stress. 

Silcrete Superficial deposit formed by low temperature chemical processes 
associated with ground waters, and composed of fine grained, water-
bearing minerals of silica. 

Silicified Rock into which silica has been introduced. 

Sills Sheets of igneous rock which is flat lying or has intruded parallel to 
stratigraphy. 

Silts Fine-grained sediments, with a grain size between those of sand and clay. 

Soil sampling The collection of soil specimens for mineral analysis. 

Spot price Current delivery price of a commodity traded in the spot market. 

Strike The bearing of a rock formation. 

Stripping ratio The ratio of waste material mined to ore mined. 

Stratiform The arrangement of mineral deposit in strata or layers. 

Strike Horizontal direction or trend of a geological structure. 

Sulphide A general term to cover minerals containing sulphur and commonly 
associated with mineralisation. 

Supergene Process of mineral enrichment produced by the chemical remobilisation 
of metals in an oxidised or transitional environment. 

t Tonne. 

Tpa Tonnes per annum. 

Tailings Material rejected from the plant after valuable minerals have been 

 Recovered. 

Tenements Large tracts of land granted under lease to mining companies 

 and prospectors by the government. 

Ultramafic Dark to very dark coloured igneous rocks composed mainly of mafic 
minerals.  

Unconformably Having the relation of uniformity to the underlying rocks; not succeeding 
the underlying strata in immediate order of age or parallel position. 

Unconformity Description of rock strata where the layers are interrupted, 
discontinuous. 

Veins A thin infill of a fissure or crack, commonly bearing quartz. 

Vibracoring Obtains sediment samples by vibrating a core barrel into the sediment. 

Volcanogenic Rocks having volcanic origin. 

Wmt Wet metric tonne. 

Waste Material which does not contain minerals of economic merit. 

Wheel Loader An excavating unit which has wheels rather than tracks. 

Whittle A mining software package which optimises the size of an open pit 

 based on a set of physical and financial input parameters. 

Zone of oxidisation The upper region of a mineral deposit which has undergone oxidisation. 
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