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RESOURCE INFORMATION - 

UPDATE 

  

Northern Star Resources Limited (ASX: NST) released an upgraded JORC 
Resource estimate for Paulsens of 2.9Mt at 5.6gpt for 532,000oz1 on 5 August 
2013 in the ASX announcement titled:  “After-Tax Profit Increases 30% to a 
Record $28.3M”. 

The attached updated JORC 2012 Table 1 information for the Paulsens 
Resource replaces the information contained in the abovementioned 
announcement. 

 

 

Yours faithfully 

 

BILL BEAMENT 
Managing Director 
Northern Star Resources Limited 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Competent Persons Statements 
The information in this announcement that relates to Paulsens mineral resource estimations, exploration 
results, data quality, geological interpretations, potential for eventual economic extraction and estimates of 
exploration potential, is based on and fairly represents information compiled by or under the supervision of 
Brook Ekers, who is an  AIG member who is a full-time employee of Northern Star Resources Ltd. Mr Ekers 
has sufficient experience which is relevant to the style of mineralisation and type of deposit under 
consideration and to the activity which he is undertaking to qualify as a Competent Person as defined in the 
2012 Edition of the "Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore 
Reserves". Mr Ekers consents to the inclusion in the report of the matters based on his information in the form 
and context in which it appears. 
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ASX ANNOUNCEMENT - 19 AUGUST 2013 

APPENDIX 1 
 

 
1
Table 1 - Paulsens Resources @ 2.5gpt Au Lower Cut-Off Underground and 1.0gpt Au Lower Cut-Off Open Pit 

Note:  the Mt Clement Resource is under joint venture with Artemis Resources Limited (ARV) and was reported to JORC 2004 standard in July 2011 (refer ASX Announcement 26/7/11). 

 

 

Figure 1 - Long Section of Paulsens Mine Open Pit and Underground Mineral Resources 

 

 

Figure 2 - Drill hole representation for Voyager Underground Resource June 2013 (Plan View) 

Refer to pages 33-40 for JORC Table 1. 

GOLD MINERAL RESOURCES 
1

As at 30 June  2013 (M) + (I) 

Tonnes Grade Ounces Tonnes Grade Ounces Ounces Tonnes Grade Ounces Tonnes Grade Ounces 

Based on attributable ounces (000s) (gpt) (000s) (000s) (gpt) (000s) (000s) (000s) (gpt) (000s) (000s) (gpt) (000s) 

PAULSENS GOLD PROJECT

Surface

Paulsens 573      2.5 47        47        169      2.5       14        742 2.5 61 1.0 gpt Au

Belvedere 168      3.6 19        19        99        5.2       16        267      4.2 35        1.0 gpt Au

Merlin -           523      1.4       24        523 1.4 24 1.0 gpt Au

Mt Clement (20%) -           226      1.8       13        226 1.8 13 0.5 gpt Au

Underground

  Upper Paulsens 63        9.7       20        98        13.1 41        61        119      8.0       31        280 10.2 92 2.5 gpt Au 

Voyager UG 517      12.1     201      173      11.9 66        267      61        13.3     26        751 12.2 293 2.5 gpt Au 

Stockpiles 118      2.6       10        10        118      2.6 10        1.0 gpt Au 

Gold in Circuit/Transit 4          4          4          

TOTAL 698      10.5 235      1,012   5.3 173      408      1,197   3.2 124      2,907   5.6 532      
1 Resources are inclusive of Reserves

Cut Off 

Grade

MEASURED (M) INDICATED (I) INFERRED (Inf) TOTAL (MI & Inf)
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APPENDIX 2 

JORC Code, 2012 Edition – Table 1 Report:  Paulsens Surface (31 December 2011) 
Section 1 Sampling Techniques and Data 
(Criteria in this section apply to all succeeding sections.) 

Criteria JORC Code explanation Commentary 

Sampling techniques Nature and quality of sampling (eg cut channels, random chips, or specific specialised industry standard 
measurement tools appropriate to the minerals under investigation, such as down hole gamma sondes, or 
handheld XRF instruments, etc). These examples should not be taken as limiting the broad meaning of 
sampling. 

This deposit is sampled by diamond drilling and RC drilling. Core sample intervals are defined by the geologist to honour 
geological boundaries. RC drilling uses 1m samples after initial 4m composites.  It is unknown what grade threshold triggers the 
1m re-samples. 

Include reference to measures taken to ensure sample representivity and the appropriate calibration of any 
measurement tools or systems used. 

Core is aligned and measured by tape, comparing back to down hole core blocks consistent with industry practice. 

RC and surface core drilling completed by previous operators to industry standard at that time (late 1989 initial to 2009). 

Aspects of the determination of mineralisation that are Material to the Public Report.  In cases where 
„industry standard‟ work has been done this would be relatively simple (eg. reverse circulation drilling was 
used to obtain 1 m samples from which 3 kg was pulverised to produce a 30 g charge for fire assay‟). In 
other cases more explanation may be required, such as where there is coarse gold that has inherent 
sampling problems. Unusual commodities or mineralisation types (eg. submarine nodules) may warrant 
disclosure of detailed information. 

Diamond drilling completed to industry standard using varying sample lengths (0.3 to 1.5m) based on geological intervals, which 
are then crushed and pulverised to produce a ~200g pulp sub sample to use in  the assay process. 

NSR(Northern Star Resources Limited) and Intrepid Mines Ltd diamond core samples are fire assayed (30g charge). 

Visible gold is occasionally encountered in core and face sampling. 

RC sampling to industry standard at the time of drilling.  There is evidence of mineralisation widths being exaggerated in Lower 
Zone particularly, these areas have now been mined out and do not affect the current resource. 

Drilling techniques Drill type (eg core, reverse circulation, open-hole hammer, rotary air blast, auger, Bangka, sonic, etc) and 
details (eg core diameter, triple or standard tube, depth of diamond tails, face-sampling bit or other type, 
whether core is oriented and if so, by what method, etc). 

Surface RC drilling, 347 holes (face sampling hammer, ~5” bit size), surface drill core, 117 holes, (NQ2 sized, standard tube).  
Underground drill core, 429 holes (BQ, LTK 60 and NQ2).   . 

Surface core was oriented. Underground drill core is not oriented. 

Drill sample recovery Method of recording and assessing core and chip sample recoveries and results assessed. NSR and Intrepid Mines Ltd underground diamond drill recoveries are recorded as a percentage calculated from measured core 
versus drilled intervals.  

Achieving >95% recovery 

Surface RC drill recoveries are unknown.  Surface drill core recoveries were not reviewed 

Measures taken to maximise sample recovery and ensure representative nature of the samples. NSR and Intrepid Mines Ltd standard underground diamond drilling practice results in high recovery due to the competent nature 
of the ground. 

RC drilling by previous operators to industry standard at that time. 

Whether a relationship exists between sample recovery and grade and whether sample bias may have 
occurred due to preferential loss/gain of fine/coarse material. 

There is no known relationship between sample recovery and grade, diamond drill sample recovery is very high. 

Logging Whether core and chip samples have been geologically and geotechnically logged to a level of detail to 
support appropriate Mineral Resource estimation, mining studies and metallurgical studies. 

Underground core logging is carried out by Company Geologists, who delineate intervals on geological, structural, alteration 
and/or mineralogical boundaries, to industry standard. 

Surface core and RC logging completed by previous operators assumed to be to industry standard. 

Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) photography. Logging is Qualitative and all core is photographed (some older core is pre-digital, photos not all reviewed).  Visual estimates  of 
sulphide, quartz alteration as  percentages  

Selected RC chip trays are archived. 

The total length and percentage of the relevant intersections logged. 100% of the drill core is logged.  100% of RC drilling is logged. 
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Criteria JORC Code explanation Commentary 

Sub-sampling 
techniques and 
sample preparation 

If core, whether cut or sawn and whether quarter, half or all core taken. LTK 60 and BQ is generally whole core sampled, NQ2 core is generally half core sampled.  If not whole core sampled, then core 
is half cut with Almonté diamond core saw and half core sampled.  The right half is sampled, to sample intervals defined by the 
Logging Geologist along geological boundaries.  The left half is archived.  

All major mineralised zones are sampled, plus associated visibly barren material, >5m of hangingwall/footwall.   

As well, quartz veins>0.3m, that are encountered outside the know orezone and ±1m on either side.  

Ideally, sample intervals are to be 1m in length, though range from 0.30m to 1.50m in length. Total weight of each sample 
generally does not exceed 5kg.  

All samples are oven-dried overnight (max 1200), jaw crushed to <6mm, and split to <3kg in a static riffle splitter.  The coarse 
reject is then discarded.  The remainder is pulverised in an LM5 to >85% passing 75µm (Tyler 200 mesh) and bagged.  The 
analytical sample is further reduced to a 30gm charge weight using a spatula, and the pulp packet is stored awaiting collection by 
NSR. 

For older core pre- NSR, best practice is assumed. 

If non-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry. There is no NSR (or Intrepid Mines Ltd) RC data.  Pre NSR RC sub sampling assumed to be at industry standard at that time. 

For all sample types, the nature, quality and appropriateness of the sample preparation technique. NSR sample preparation is deemed adequate though further improvement is underway.  Pre NSR sampling assumed to be 
adequate 

Quality control procedures adopted for all sub-sampling stages to maximise representivity of samples. For drill core the external labs coarse duplicates are used. 

RC drilling by previous operators to industry standard at the time.  With new database protocol older QAQC data is being 
retrieved but was not reviewed at the time of this report. 

Measures taken to ensure that the sampling is representative of the in situ material collected, including for 
instance results for field duplicate / second-half sampling. 

Field duplicates, ie other half of cut core, have not been routinely assayed. 

RC drilling by previous operators assumed to be to industry standard at that time. 

Whether sample sizes are appropriate to the grain size of the material being sampled. Sample sizes are considered appropriate. 

Quality of assay data 
and laboratory tests 

The nature, quality and appropriateness of the assaying and laboratory procedures used and whether the 
technique is considered partial or total. 

For all NSR and Intrepid Mines Ltd drill core samples, gold concentration is determined by fire assay using the lead collection 
technique with a 30 gram (or 50g depending on which lab was used) sample charge weight. An AAS finish is used, considered to 
be total gold 

Various multi-element suites are analysed using a four acid digest with an ICP-OES finish 

RC drilling by previous operators to industry standard at the time and not reviewed for this resource 

For geophysical tools, spectrometers, handheld XRF instruments, etc, the parameters used in determining 
the analysis including instrument make and model, reading times, calibrations factors applied and their 
derivation, etc. 

Not applicable to this report. 
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Criteria JORC Code explanation Commentary 

Nature of quality control procedures adopted (eg standards, blanks, duplicates, external laboratory checks) 
and whether acceptable levels of accuracy (ie. lack of bias) and precision have been established. 

The QAQC protocols used include the following for all NSR drill samples: 

Site sourced coarse blanks are inserted at an incidence of 1 in 40 samples.   

Commercially prepared certified reference materials are inserted at an incidence of 1 in 40 samples. The CRM used is not 
identifiable to the laboratory. 

NSR‟s Blanks and Standards data is assessed on import to the database and reported monthly and yearly.  

The primary laboratory QAQC protocols used include the following for all drill samples: 

Repeat of pulps at a rate of 2% 

Screen tests (percentage of pulverised sample passing a 75µm mesh) are undertaken on 1 in 100 samples. 

The laboratory reports its own QAQC data on a monthly basis. 

Failed standards are followed up by re-assaying a second 30g pulp sample of the failed standard ± 10 samples either side by the 
same method at the primary laboratory 

Both the accuracy component (CRM‟s and umpire checks) and the precision component (duplicates and repeats) are deemed 
acceptable. 

QAQC protocols for Surface RC and diamond drilling by previous operators unknown, assumed to be industry standard. 

Verification of 
sampling and assaying 

The verification of significant intersections by either independent or alternative company personnel. Significant intersections not verified 

The use of twinned holes. Twinned holes are not specifically designed.  Occasionally deviating holes could be considered twins, showing similar tenor of 
mineralisation.   Results of twinned holes: PLRC026 - 4m @25gpt and PLRC222 - 3m @ 46gpt, PLRC182 – 3m @ 2.5gpt and 
RC89PM42 - 1m  @ 7gpt show variability but similar gold content 

Documentation of primary data, data entry procedures, data verification, data storage (physical and 
electronic) protocols. 

NSR and Intrepid Mines Ltd Data is hard keyed or copied into excel spreadsheets for transfer and storage in an access 
database. 

Hard copies of NSR / Intrepid Mines Ltd core assays and surveys are kept on site 

Visual checks are part of daily use of the data in Vulcan. 

Data from previous operators taken from 2006 database compilation by Maxwell Geoservices and further maintained by a 
succession of Paulsens owners. 

Discuss any adjustment to assay data. No adjustments are made to any assay data. First gold assay is utilised for any resource estimation.  Some minor adjustments 
have been made to overlapping data. 

Location of data points Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), trenches, mine 
workings and other locations used in Mineral Resource estimation. 

NSR and Intrepid Mines Ltd drill hole collar positions are picked up by survey using a calibrated total station Leica 1203+ 
instrument. Drill hole, downhole surveys are recorded at 15m and 30m, and then every 30m after, generally by Eastman single 
shot downhole cameras. 

Underground workings are tied into defined surface survey stations 

Pre - NSR and Intrepid Mines Ltd survey accuracy and quality assumed to be industry standard, collars surveyed by external 
consultants on a campaign basis 

Specification of the grid system used. A local grid system (Paulsen Mine Grid) is used. It is rotated 41.5 degrees to the west of MGA94 grid. Local origin is 50,000N 
and 10,000E 

Conversion. 

MGA E = (East_LOC*0.75107808+North_LOC*0.659680194+381504.5)+137.5 

MGA N = (East_LOC*-0.65968062+North_LOC*0.751079811+7471806)+153.7 

MGA RL = mRL_LOC-1000 

Quality and adequacy of topographic control. Topographic control uses site based survey pickups and Kevron photogrammetric survey is used with +/- 5m resolution. 

Pre mining, new, and more detailed topography is now available and will be used in future updates. 
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Criteria JORC Code explanation Commentary 

Data spacing and 
distribution 

Data spacing for reporting of Exploration Results. Drill hole spacing on the order of 20m by 10m in the shallow portions of the deposit.  Up to 40m by 20m on the peripheries 

Whether the data spacing and distribution is sufficient to establish the degree of geological and grade 
continuity appropriate for the Mineral Resource and Ore Reserve estimation procedure(s) and classifications 
applied. 

Data spacing for indicated material is approximately, or better than, 20m x 20m. 

All other areas where sample data is greater than 20m x 20m, is inferred. 

Whether sample compositing has been applied. Core is sampled to geology; sample compositing is not applied until the estimation stage. 

RC samples initially taken as 4m composites to be replaced by 1 m samples in mineralised zones though it is unknown at what 
grade threshold the 1m sub-samples were analysed for. 

Orientation of data in 
relation to geological 
structure 

Whether the orientation of sampling achieves unbiased sampling of possible structures and the extent to 
which this is known, considering the deposit type. 

Intercept angles are predominantly moderate to high angle (45o to 90o) to the mineralisation, and intersections are not creating 
any known bias. 

If the relationship between the drilling orientation and the orientation of key mineralised structures is 
considered to have introduced a sampling bias, this should be assessed and reported if material. 

The drill orientation to mineralised structures biases the number of samples per drill hole.  It is not thought to make a material 
difference in the resource estimation.  As the opportunity arises better angled holes are infill drilled.   

Sample security The measures taken to ensure sample security. All samples are selected, cut and bagged in tied numbered calico bags, grouped in larger tied plastic bags, and placed in large 
sample cages with a sample submission sheet. The cages are transported via freight truck to Perth, with consignment note and 
receipted by ALS Laboratories who are ISO9001 accredited 

All sample submissions are documented via ALS tracking system and all assays are returned via email. 

Sample pulp splits are returned to NSR via return freight and stored in shelved containers on site 

Pre NSR operator sample security assumed to be similar and adequate. 

Audits or reviews The results of any audits or reviews of sampling techniques and data. Recent external review confirmed core sampling techniques are to industry standard.   

Data handling is considered adequate and will be improved with a new database. 

Pre NSR data audits found to be light on in regards to QAQC though in line with industry standards of the time 

Section 2 Reporting of Exploration Results 
(Criteria listed in the preceding section also apply to this section.) 

Criteria JORC Code explanation Commentary 

Mineral tenement and 
land tenure status 

Type, reference name/number, location and ownership including agreements or material issues with third 
parties such as joint ventures, partnerships, overriding royalties, native title interests, historical sites, 
wilderness or national park and environmental settings. 

M08/196 and M08/99 are wholly owned by NSR(Northern Star Resources Limited) and in good standing.  Surface expression of 
the  Paulsens Gold Mine portal is on M08/99 

The security of the tenure held at the time of reporting along with any known impediments to obtaining a 
licence to operate in the area. 

M08/196 and M08/99 Heritage surveys have been conducted and the area has been surveyed. 

There are no heritage issues with the current operation. Relationship with the traditional owners is good. Several heritage 
surveys have been completed and there are no heritage issues with the current planned pit extents. 

Exploration done by 
other parties 

Acknowledgment and appraisal of exploration by other parties. Data relevant to this resource was collected by CRA, Hallmark, Taipan Pty Ltd, St Barbara Limited, and Intrepid Mines Ltd 
previous to NSR.  All previous work is accepted and assumed to industry standard at that time. 

Geology Deposit type, geological setting and style of mineralisation. Paulsens is a high grade, quartz hosted, mesothermal gold deposit within metasediments. 
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Criteria JORC Code explanation Commentary 

Drill hole Information A summary of all information material to the understanding of the exploration results including a tabulation of 
the following information for all Material drill holes: 

o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in metres) of the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

Too many (893) holes to practically summarise all drill information used. (See diagram) 

Detailed drill hole data is periodically released with all relevant information attached.  The only NSR exploration release for pit 
potential area was on 21 Dec 2011. 

If the exclusion of this information is justified on the basis that the information is not Material and this 
exclusion does not detract from the understanding of the report, the Competent Person should clearly 
explain why this is the case. 

Exclusion of the drill information will not detract from the understanding of the report.  Holes are close spaced and tightly 
constrained to an active mine area. 

Data aggregation 
methods 

In reporting Exploration Results, weighting averaging techniques, maximum and/or minimum grade 
truncations (eg cutting of high grades) and cut-off grades are usually Material and should be stated. 

Exploration results previously released  

Where aggregate intercepts incorporate short lengths of high grade results and longer lengths of low grade 
results, the procedure used for such aggregation should be stated and some typical examples of such 
aggregations should be shown in detail. 

Exploration results previously released 

The assumptions used for any reporting of metal equivalent values should be clearly stated. No metal equivalents are reported 

Relationship between 
mineralisation widths 
and intercept lengths 

These relationships are particularly important in the reporting of Exploration Results. Exploration results previously released by NSR, do include an estimate of true thickness 

If the geometry of the mineralisation with respect to the drill hole angle is known, its nature should be 
reported. 

Due to complex mineralisation geometry and varying intercept angles the true thickness is manually estimated on a hole by hole 
basis   

If it is not known and only the down hole lengths are reported, there should be a clear statement to this effect 
(eg „down hole length, true width not known‟). 

Exploration results previously released (21 Dec 2011) with downhole depth and estimated true thickness. 

Diagrams Appropriate maps and sections (with scales) and tabulations of intercepts should be included for any 
significant discovery being reported These should include, but not be limited to a plan view of drill hole collar 
locations and appropriate sectional views. 

See long section in main release and previous ASX releases (21 Dec 2011).   

Plan view and long section view of Paulsens pit area collars and all drill traces used is attached. 

Balanced reporting Where comprehensive reporting of all Exploration Results is not practicable, representative reporting of both 
low and high grades and/or widths should be practiced to avoid misleading reporting of Exploration Results. 

When previously reported by NSR, exploration results do include all intersections for the period / area 

Other substantive 
exploration data 

Other exploration data, if meaningful and material, should be reported including (but not limited to): 
geological observations; geophysical survey results; geochemical survey results; bulk samples – size and 
method of treatment; metallurgical test results; bulk density, groundwater, geotechnical and rock 
characteristics; potential deleterious or contaminating substances. 

Exploration results not being released at this time 

Further work The nature and scale of planned further work (eg tests for lateral extensions or depth extensions or large-
scale step-out drilling). 

A program of ~20 RC holes for resource infill, and 4 diamond holes for geotechnical validation purposes are currently on hold. 

Un-assayed parts of certain drill holes are to be identified, retrieved and sampled if possible. 

Diagrams clearly highlighting the areas of possible extensions, including the main geological interpretations 
and future drilling areas, provided this information is not commercially sensitive. 

Part of main announcement 
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Section 3 Estimation and Reporting of Mineral Resources 
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.) 

Criteria JORC Code explanation Commentary 

Database integrity Measures taken to ensure that data has not been corrupted by, for example, transcription or keying errors, 
between its initial collection and its use for Mineral Resource estimation purposes. 

NSR (Northern Star Resources Limited) and Intrepid Mines Ltd sampling and logging data is entered into excel sheets then 
transferred to an Access database. There are checks in place to avoid duplicate holes and sample numbers.  Where possible, 
raw data is loaded directly to the database from lab, logging and survey derived files. 

Pre NSR data considered correct, has been maintained by company database administrators 

Data validation procedures used. In this case, the competent person did not validate the raw data. NSR  assumes data as being correct 

Maxwell Geo Services extensively validated the 2006 data compilation.  Post 2006 data is validated visually through the use of 
day to day mining software applications and geological interpretations. 

Site visits Comment on any site visits undertaken by the Competent Person and the outcome of those visits. The competent person for this resource visited site between 11 and 13 November 2008 

If no site visits have been undertaken indicate why this is the case. Site visits have been undertaken. 

Geological 
interpretation 

Confidence in (or conversely, the uncertainty of) the geological interpretation of the mineral deposit. The interpretation of the deposit was carried out using a systematic approach to ensure continuity of the geology and estimated 
mineral resource using Gemcom software.  The confidence in the geological interpretation is high with all the information and 
plus 7 years of operation.  

Nature of the data used and of any assumptions made. All available geological data was used in the interpretation including mapping, drilling, oxidation surfaces, and underground style 
high grade ore zone interpretations. 

The effect, if any, of alternative interpretations on Mineral Resource estimation. No alternative interpretations have been completed or put forward. 

The use of geology in guiding and controlling Mineral Resource estimation. The majority of mineralisation is located within a large, variably folded and faulted quartz host, close to, or on, the contacts with 
the surrounding wall rock sediments between an offset Gabbro intrusive.  Drill core logging and mine development is used to 
create 3D constrained wireframes. 

The factors affecting continuity both of grade and geology. Grade continuity is related to the quartz and sulphide events within the boundaries of the gabbro extent. Mineralised veins are 
also within the gabbro.  In this report the distinct Upper Zone and Lower zone mineralisation are not modelled separately and 
grade is estimated into the main quartz. 

Dimensions The extent and variability of the Mineral Resource expressed as length (along strike or otherwise), plan 
width, and depth below surface to the upper and lower limits of the Mineral Resource. 

Strike length = ~220m 

Width = ~160m   
Depth = from ~20m below surface to ~130m below surface in the pit area. 

Estimation and 
modelling techniques. 

The nature and appropriateness of the estimation technique(s) applied and key assumptions, including 
treatment of extreme grade values, domaining, interpolation parameters and maximum distance of 
extrapolation from data points. If a computer assisted estimation method was chosen include a description of 
computer software and parameters used. 

Compositing of drill-hole samples was completed against one mineralised domain at 2m (downhole) intervals. 

Composites containing > 50% un- assayed intervals (due to pending assays, sample loss, or not sampled due to geological 
observations) are excluded.  This led to 18% of total composites being excluded. 

Composites inside “as mined” wireframes have been excluded to avoid over estimating remaining resources (assumes localised 
higher grade pods have been taken out by underground stoping).  Composites that appear as they should have been in the 
mined wireframes but are not (due to drilhole position uncertainty) are manually identified and also excluded) 

Multiple Indicator Kriging (MIK)was used to estimate this resource, using GS3M.  Gemcom software was used for data 
compilation, domain wireframing, calculating and coding composite values and reporting.  

The mineralised domain was subdivided into four dip domains 

Five independent MIK models were constructed with search ellipsoid and variogram orientations aligned with the average of 
each dip domain.  The appropriate estimate was then assigned to each panel on the basis of local domain orientation. 

The availability of check estimates, previous estimates and/or mine production records and whether the 
Mineral Resource estimate takes appropriate account of such data. 

While there has been continuous underground mining, there is no pit production data to compare or reconcile with. 
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Criteria JORC Code explanation Commentary 

The assumptions made regarding recovery of by-products. No assumptions are made, but silver is a by-product that makes up part of the refinery revenue. This is not in the model and only 
gold is defined for estimation. 

Estimation of deleterious elements or other non-grade variables of economic significance (eg sulphur for acid 
mine drainage characterisation). 

No deleterious elements estimated in the model 

In the case of block model interpolation, the block size in relation to the average sample spacing and the 
search employed. 

Block size is 20m x 10m x 5m, 

Average sample spacing is 20 by 20 or better for the main part of the resource, up to 20m by 40m on the peripheries. 

The four search ellipsoids range from 20m x 15m x 5m, to 50m x 40m x 10m 

Any assumptions behind modelling of selective mining units. Mining selectivity assumed of 4m by 3m in plan view, by 2.5m vertical, with grade control sampling on a 6 by 4 by 1m pattern. 

Any assumptions about correlation between variables. No assumptions made 

Description of how the geological interpretation was used to control the resource estimates. “Ore” wireframes are created within the geological shapes based on drill core logs, mapping and grade.  Low grades can form 
part of an ore wireframe.  In this case an overall quartz shape domain was created, rather than restricted high grade domains as 
constrained in an underground style selective resource. 

A domain orientation was estimated for each block. The strike assumed to be constant and dip is calculated at 5m intervals along 
section lines and assigned to the parent blocks by Ordinary Kriging 

Discussion of basis for using or not using grade cutting or capping. Grade thresholds at 99th percentile used for the MIK modelling are 10.6gpt and 19.47gpt in oxidised and fresh domains 
respectively. 

The process of validation, the checking process used, the comparison of model data to drill hole data, and 
use of reconciliation data if available. 

Visually, block grades are assessed against drill hole data. 

Moisture Whether the tonnages are estimated on a dry basis or with natural moisture, and the method of 
determination of the moisture content. 

Tonnages are estimated on a dry basis.   

Cut-off parameters The basis of the adopted cut-off grade(s) or quality parameters applied. Reporting cut off = 1.0g/t based on breakeven pit grades. 

Modelling lower grade cut off = 0.2g/t nominally.  

Mining factors or 
assumptions 

Assumptions made regarding possible mining methods, minimum mining dimensions and internal (or, if 
applicable, external) mining dilution. It is always necessary as part of the process of determining reasonable 
prospects for eventual economic extraction to consider potential mining methods, but the assumptions made 
regarding mining methods and parameters when estimating Mineral Resources may not always be rigorous. 
Where this is the case, this should be reported with an explanation of the basis of the mining assumptions 
made. 

The resource has been created on the basis of open pit mining method.  

The resource has been reported inside of “pitshell 21” only. Pit shell 21 was optimised on an earlier resource model. 

External to the pit shell the underground model is used and reported separately. 

Variance adjustment factors are applied to the recoverable resource estimate.  These adjustments were applied using direct 
lognormal methods and were estimated on the basis of the variogram model for gold grade. 

Mining and grade control parameters assumed on the basis of experience with deposits of comparable mineralisation and likely 
mining scale.  Panel to block adjustment, 0.284, Information effect 0.527, Total adjustment, 0.150 

Metallurgical factors or 
assumptions 

The basis for assumptions or predictions regarding metallurgical amenability. It is always necessary as part 
of the process of determining reasonable prospects for eventual economic extraction to consider potential 
metallurgical methods, but the assumptions regarding metallurgical treatment processes and parameters 
made when reporting Mineral Resources may not always be rigorous. Where this is the case, this should be 
reported with an explanation of the basis of the metallurgical assumptions made. 

The ore is considered to be free milling (Life of Mine over 7 years 94.5% recovery), average hardness (BWI15-16), and with no 
significant refractory component. There are few minor deleterious elements, the footwall graphitic shales being the only concern 
in that this can affect recovery through preg-robbing if processed on its own. This known effect is managed through blending the 
ROM feed to the crusher prior to milling. 

Environmental factors 
or assumptions 

Assumptions made regarding possible waste and process residue disposal options. It is always necessary as 
part of the process of determining reasonable prospects for eventual economic extraction to consider the 
potential environmental impacts of the mining and processing operation. While at this stage the 
determination of potential environmental impacts, particularly for a greenfields project, may not always be 
well advanced, the status of early consideration of these potential environmental impacts should be reported. 
Where these aspects have not been considered this should be reported with an explanation of the 
environmental assumptions made. 

Paulsens is an operating underground mine with 7 years history and all permits and closure plans in place.  A full pit feasibility, 
including obtaining relevant permits is yet to be completed. 
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Criteria JORC Code explanation Commentary 

Bulk density Whether assumed or determined. If assumed, the basis for the assumptions. If determined, the method 
used, whether wet or dry, the frequency of the measurements, the nature, size and representativeness of the 
samples. 

Bulk densities were assigned as 2.5 t/bcm and 2.9 t/bcm for oxidised and fresh mineralisation respectively. 

The bulk density for bulk material must have been measured by methods that adequately account for void 
spaces (vugs, porosity, etc), moisture and differences between rock and alteration zones within the deposit. 

Bulk density was not reviewed in detail for this resource due to time constraints.  It is acknowledged that further work is required.  

Discuss assumptions for bulk density estimates used in the evaluation process of the different materials. Individual bulk densities are applied in accordance with specific geological units and weathering states. 

Classification The basis for the classification of the Mineral Resources into varying confidence categories. Classification is based on estimation passes.  Those blocks estimated in search pass one and two are classified as Indicated.  
The remaining passes are classified as Inferred. 

 

Whether appropriate account has been taken of all relevant factors (ie. relative confidence in tonnage/grade 
estimations, reliability of input data, confidence in continuity of geology and metal values, quality, quantity 
and distribution of the data). 

Input and geological data is assumed a reasonable estimate 

There is no measured resource classification due to assumed bulk SG‟s, and because the mineralised domains are not totally 
assayed in all instances. 

Whether the result appropriately reflects the Competent Person‟s view of the deposit. This mineral resource estimate is considered representative with comments noted in the discussion below. 

Audits or reviews The results of any audits or reviews of Mineral Resource estimates. This particular resource has been created externally to NSR.  Internal review has deemed the methodology adequate for a first 
pass open pit assessment. 

Discussion of relative 
accuracy/ confidence 

Where appropriate a statement of the relative accuracy and confidence level in the Mineral Resource 
estimate using an approach or procedure deemed appropriate by the Competent Person. For example, the 
application of statistical or geostatistical procedures to quantify the relative accuracy of the resource within 
stated confidence limits, or, if such an approach is not deemed appropriate, a qualitative discussion of the 
factors that could affect the relative accuracy and confidence of the estimate. 

This open pit model is intended only for initial open pit investigations. A more detailed review of the potential open pit 
mineralisation is required, including: infill and replacement drilling, and potentially pre-production grade control sampling of a 
significant portion of the potential open pit mineralisation. 

Aspects of concern for the open pit estimate include irregular sample spacing, lack of density samples for oxidised 
mineralisation, high proportion of un-assayed drill hole intervals within the mineralised domain and high proportion of older RC 
holes of uncertain quality in the resource dataset. 

The statement should specify whether it relates to global or local estimates, and, if local, state the relevant 
tonnages, which should be relevant to technical and economic evaluation. Documentation should include 
assumptions made and the procedures used. 

This resource report relates to the Paulsens pit area where it is likely to have local variability. The global assessment is more of a 
reflection of the average tonnes and grade estimate. 

These statements of relative accuracy and confidence of the estimate should be compared with production 
data, where available. 

There is no previous open pit production. 
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Long Section – Paulsens” Pit 21” optimisation Shell, drill hole traces and quartz domain (yellow) Plan View – Paulsens “Pit 21” optimisation with drill hole traces and quartz domain (yellow) 
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JORC Code, 2012 Edition – Table 1 Report:  Belvedere (31 December 2012) 

Section 1 Sampling Techniques and Data 
(Criteria in this section apply to all succeeding sections.) 

Criteria JORC Code explanation Commentary 

Sampling techniques Nature and quality of sampling (eg cut channels, random chips, or specific specialised industry standard 
measurement tools appropriate to the minerals under investigation, such as down hole gamma sondes, or 
handheld XRF instruments, etc). These examples should not be taken as limiting the broad meaning of 
sampling. 

This deposit is sampled by diamond drilling and RC Drilling. Diamond core sample intervals are defined by the geologist to 
honour geological boundaries. 

RC initially sampled to 4m comps, any samples reporting > 0.1g/t were re-split and re-assayed as 1m composites. 

Include reference to measures taken to ensure sample representivity and the appropriate calibration of any 
measurement tools or systems used. 

Core is aligned and measured by tape, comparing back to down hole core blocks consistent with industry practice 

RC drilling completed by previous operators, assumed to be to industry standard at the time (1998). 

Northern Star Resources(NSR) sample to Industry Standard 

Aspects of the determination of mineralisation that are Material to the Public Report.  In cases where 
„industry standard‟ work has been done this would be relatively simple (eg „reverse circulation drilling was 
used to obtain 1 m samples from which 3 kg was pulverised to produce a 30 g charge for fire assay‟). In 
other cases more explanation may be required, such as where there is coarse gold that has inherent 
sampling problems. Unusual commodities or mineralisation types (eg submarine nodules) may warrant 
disclosure of detailed information. 

Diamond drilling completed to industry standard using varying sample lengths (0.3 to 1.2m) based on geological intervals, which 
are then crushed and pulverised to produce a ~200g pulp sub sample to use in  the assay process. 

NSR and Intrepid Mines Ltd diamond core samples are fire assayed (50g charge). 

Fine grained free gold is encountered occasionally 

Pre NSR,Taipan Resources NL (TRNL) RC sampling assumed to to be industry standard at that time.   

NSR RC sampling using mounted static cone splitter used for dry samples to yield a primary sample of approximately 4kg 

Drilling techniques Drill type (eg core, reverse circulation, open-hole hammer, rotary air blast, auger, Bangka, sonic, etc) and 
details (eg core diameter, triple or standard tube, depth of diamond tails, face-sampling bit or other type, 
whether core is oriented and if so, by what method, etc). 

Surface RC drilling, 67 holes (~5” face sampling bit). Surface drill core, 2 holes (NQ2) 

The surface core was orientated using the ORI-shot device 

Drill sample recovery Method of recording and assessing core and chip sample recoveries and results assessed. RC – Approximate recoveries are sometimes recorded as percentage ranges based on a visual weight estimate of the sample. 
DD – Recoveries are recorded as a percentage calculated from measured core versus drilled intervals. Overall recoveries are 
good. 

Measures taken to maximise sample recovery and ensure representative nature of the samples. RC and diamond drilling by previous operators to industry standard at that time. 

Whether a relationship exists between sample recovery and grade and whether sample bias may have 
occurred due to preferential loss/gain of fine/coarse material. 

There has been no work completed on the relationship between recovery and grade. 

Logging Whether core and chip samples have been geologically and geotechnically logged to a level of detail to 
support appropriate Mineral Resource estimation, mining studies and metallurgical studies. 

NSR RC chips and surface core logged by company geologists to a industry standard. All relevant items such as interval, 
lithologies, structure, texture. Grains size, alterations, oxidation mineralisation, quartz percentages and sulphide types and 
percentages are recorded in the geological logs. 

RC logging completed by previous operators to industry standard 

Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) photography. Logging is Qualitative, all core photographed, and visual estimates are made of sulphide, quartz alteration percentages. 

The total length and percentage of the relevant intersections logged. 100% of the drill core and RC drilling chips were logged. 

Sub-sampling 
techniques and 
sample preparation 

If core, whether cut or sawn and whether quarter, half or all core taken. Core sample intervals are generally to 1m in length, though honouring lithological boundaries to intervals less than 1m as 
deemed appropriate.  

NQ2 core is half core sampled cut with Almonté diamond core saw.  The right half is sampled, to sample intervals defined by the 
Logging Geologist along geological boundaries.  The left half of core is archived. 

All samples are oven-dried overnight (1050C), jaw crushed to <10mm .  The total sample is pulverised in an LM5 to 90% passing 
75µm and bagged.  The analytical sample is further reduced to a 50gm charge weight using a spatula, and the pulp packet is 
stored awaiting collection by NSR. 
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Criteria JORC Code explanation Commentary 

If non-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry. NSR RC initially sampled to 4m comps, any samples reporting > 0.1g/t were re-split and re-assayed as 1m composites. Rig 
mounted static cone splitter used for dry samples to yield a primary sample of approximately 4kg . Off-split retained. 

Duplicate samples are taken at an incidence of 1 in 25 samples. 

Pre- NSR assumed to be industry standard 

For all sample types, the nature, quality and appropriateness of the sample preparation technique. There was no data available on Taipan sample preparation practices.  It is assumed to be industry standard along with NSR 
processes which are Industry standard. 

Quality control procedures adopted for all sub-sampling stages to maximise representivity of samples. NSR Industry standard QAQC procedures and previous owners in the case of Taipan Resources NL are assumed as Industry 
standard. 

Measures taken to ensure that the sampling is representative of the in situ material collected, including for 
instance results for field duplicate / second-half sampling. 

The field QAQC protocols include; duplicate samples at a rate of 1 in 25, coarse blanks inserted at a rate of 3%, commercial 
standards submitted at a rate of 4%. 

Industry standard QAQC procedures are assumed to have been employed by Taipan Resources NL. 

Whether sample sizes are appropriate to the grain size of the material being sampled. Sample sizes are considered appropriate. 

Quality of assay data 
and laboratory tests 

The nature, quality and appropriateness of the assaying and laboratory procedures used and whether the 
technique is considered partial or total. 

DD - Core is half cut. Repeat analysis of pulp samples (for all sample types – diamond, RC, rock and soil) occurs at an incidence 
of 2 in 50 samples.  

Total gold is determined by fire assay using the lead collection technique (50 gram sample charge weight) and AAS finish. 
Various multi-element suites are analysed using a four acid digest with an ICP-OES finish.  

Taipan Resources NL assay techniques were assumed to be industry standard 

For geophysical tools, spectrometers, handheld XRF instruments, etc, the parameters used in determining 
the analysis including instrument make and model, reading times, calibrations factors applied and their 
derivation, etc. 

Not applicable to this report. 

Nature of quality control procedures adopted (eg standards, blanks, duplicates, external laboratory checks) 
and whether acceptable levels of accuracy (ie. lack of bias) and precision have been established. 

The laboratory QAQC protocols include: repeat of pulps at a rate of 3%, sizing at a rate of 1 per batch.  The labs internal QAQC 
is loaded into NST database. In addition to the above, about 5% of samples are sent to an umpire laboratory. Failed standards 
trigger re-assaying a second 50g pulp sample of all samples in the fire above 0.1ppm. Both the accuracy component (CRM‟s and 
umpire checks) and the precision component (duplicates and repeats) are deemed acceptable. 

Although no formal heterogeneity study has been carried out or nomograph plotted, informal analysis suggests that the sampling 
protocol currently in use is appropriate to the mineralisation encountered and should provide representative results. 

Industry standard QAQC procedures are assumed to have been employed by Pre NSR operators 

Verification of 
sampling and assaying 

The verification of significant intersections by either independent or alternative company personnel. Significant intersections are verified by NSR senior staff as required. 

The use of twinned holes. There are no purpose drilled twin holes however holes BVRC018 and BVRC027 are 4m apart and reported 6m @ 2.6gpt and 5m 
@ 2.4gpt respectively. 

Documentation of primary data, data entry procedures, data verification, data storage (physical and 
electronic) protocols. 

NSR data thoroughly vetted by database administrators.  Data is stored in GBIS database has several inbuilt validations. 

Taipan Resources NL holes part of the 2006 database collated and extensively verified by Maxwell Geoservices previously.  

Discuss any adjustment to assay data. No adjustments are made to any assay data.  

Location of data points Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), trenches, mine 
workings and other locations used in Mineral Resource estimation. 

NST collar positions were surveyed using DGPS. Taipan Resources NL collars were surveyed at the end of a drill program.  Old 
mine workings have been picked up on surface but actual extent and depth has been estimated using 1930‟s survey plan.    

Topographic control uses Kevron aerial photo data supplemented with local DGPS pickups. 

Specification of the grid system used. MGA 94_50  

Quality and adequacy of topographic control. Topographic control is based on the collar surveys and Kevron photogrammetric survey. 
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Criteria JORC Code explanation Commentary 

Data spacing and 
distribution 

Data spacing for reporting of Exploration Results. Exploration results are based on the Drill traces as attached. The previous ASX release was on 23 Jan 2013 

Whether the data spacing and distribution is sufficient to establish the degree of geological and grade 
continuity appropriate for the Mineral Resource and Ore Reserve estimation procedure(s) and classifications 
applied. 

Data spacing is approximately 20m by 20m.  Except one area where deviating holes have left a larger gap of 20m by 40m. Data 
spacing is adequate for the resource estimation. 

Whether sample compositing has been applied. Drill core is sampled to geology; sample compositing is not applied until the estimation stage. 

NSR RC samples initially taken as 4m composites to be replaced by 1 m samples if assays >0.1g/t were reported. 

TRNL RC samples treated similarly though historical  details not fully reviewed 

Orientation of data in 
relation to geological 
structure 

Whether the orientation of sampling achieves unbiased sampling of possible structures and the extent to 
which this is known, considering the deposit type. 

Intercept angles are predominantly moderate to high angle (70o to 90o) to the interpreted mineralisation resulting in unbiased 
sampling. 

If the relationship between the drilling orientation and the orientation of key mineralised structures is 
considered to have introduced a sampling bias, this should be assessed and reported if material. 

Unknown, assumed to not be material. 

Sample security The measures taken to ensure sample security. Chain of custody is managed by NSR. Samples are stored on site and are delivered to assay laboratory in Perth by Contracted 
Transport Company.  Consignment notes in place to track the samples.  Whilst in storage they are kept in a locked yard. 

Pre NSR operator sample security assumed to be adequate. 

Audits or reviews The results of any audits or reviews of sampling techniques and data. There have not been improved reviews of sampling techniques on NSR drilling phases. 

Section 2 Reporting of Exploration Results 
(Criteria listed in the preceding section also apply to this section.) 

Criteria JORC Code explanation Commentary 

Mineral tenement and 
land tenure status 

Type, reference name/number, location and ownership including agreements or material issues with third 
parties such as joint ventures, partnerships, overriding royalties, native title interests, historical sites, 
wilderness or national park and environmental settings. 

M08/222 is wholly owned by Northern Star Resources ( NSR )and in good standing.   

Heritage surveys have been conducted and the area was cleared for drilling. 

Relationship with the traditional owners is well informed and adequate. 

The security of the tenure held at the time of reporting along with any known impediments to obtaining a 
licence to operate in the area. 

M08/222 is valid currently to 2021.  The access  road L08/15 is valid until 2020 

Exploration done by 
other parties 

Acknowledgment and appraisal of exploration by other parties. Pre NSR data relevant to this resource was collected by Taipan Resources NL (TRNL)(35 RC holes in 1998).  All previous work 
is accepted  to industry standard at that time.  

Geology Deposit type, geological setting and style of mineralisation. Mineralisation at this deposit is considered a mesothermal quartz reef (s) associated with quartz carbonate +/ pyrite, arsenopyrite 
chalcopyrite and galena, on the contact of by a north south trending dolerite dyke and surrounding sediments.. 

A smaller domain is shear hosted and external to the dolerite host 

Drill hole Information A summary of all information material to the understanding of the exploration results including a tabulation of 
the following information for all Material drill holes: 

o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in metres) of the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

Drill collar data of the 67 holes that are part of this resource estimation (and surrounding area) are attached. 

Thirty hole subset were used in the actual resource estimation  

Previous NSR ASX releases were on 29 March 2012, 23 Jan 2013 and 11 March 2013.   
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Criteria JORC Code explanation Commentary 

If the exclusion of this information is justified on the basis that the information is not Material and this 
exclusion does not detract from the understanding of the report, the Competent Person should clearly 
explain why this is the case. 

All drill hole data for the area is attached 

Data aggregation 
methods 

In reporting Exploration Results, weighting averaging techniques, maximum and/or minimum grade 
truncations (eg cutting of high grades) and cut-off grades are usually Material and should be stated. 

Reported results are not top cut, and are downhole length weighted averages, minimum grade at start and end of intersections is 
0.5g/t, internal dilution can be 0.0 gpt but no more than 2m in downhole length. 

Where aggregate intercepts incorporate short lengths of high grade results and longer lengths of low grade 
results, the procedure used for such aggregation should be stated and some typical examples of such 
aggregations should be shown in detail. 

No occurrences of short high grade intercepts within longer low grade intercepts. 

The assumptions used for any reporting of metal equivalent values should be clearly stated. No metal equivalents are reported 

Relationship between 
mineralisation widths 
and intercept lengths 

These relationships are particularly important in the reporting of Exploration Results. Exploration results attached for all holes in the project area, and do include an estimate of true thickness. 

If the geometry of the mineralisation with respect to the drill hole angle is known, its nature should be 
reported. 

Geometry of the mineralisation to drill hole intercepts is at a high angle, often nearing perpendicular. 

If it is not known and only the down hole lengths are reported, there should be a clear statement to this effect 
(eg „down hole length, true width not known‟). 

Previous ASX releases on 29 March 2013 and 23 Jan 2013 did not include true thickness or a full list of holes.  However , it is 
now attached including the full list of 1998 TRNL RC holes. 

Diagrams Appropriate maps and sections (with scales) and tabulations of intercepts should be included for any 
significant discovery being reported These should include, but not be limited to a plan view of drill hole collar 
locations and appropriate sectional views. 

See plan view of drill traces for Belvedere and surrounding areas. 

Balanced reporting Where comprehensive reporting of all Exploration Results is not practicable, representative reporting of both 
low and high grades and/or widths should be practiced to avoid misleading reporting of Exploration Results. 

All results as used in the resource area are reported.  See attached 

Other substantive 
exploration data 

Other exploration data, if meaningful and material, should be reported including (but not limited to): 
geological observations; geophysical survey results; geochemical survey results; bulk samples – size and 
method of treatment; metallurgical test results; bulk density, groundwater, geotechnical and rock 
characteristics; potential deleterious or contaminating substances. 

Old belvedere mine, extents Other Exploration results not considered material 

Further work The nature and scale of planned further work (eg tests for lateral extensions or depth extensions or large-
scale step-out drilling). 

Follow up drilling to infill and extend is proposed but currently on hold. 

Diagrams clearly highlighting the areas of possible extensions, including the main geological interpretations 
and future drilling areas, provided this information is not commercially sensitive. 

See attached plan view 

Section 3 Estimation and Reporting of Mineral Resources 
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)h 

Criteria JORC Code explanation Commentary 

Database integrity Measures taken to ensure that data has not been corrupted by, for example, transcription or keying errors, 
between its initial collection and its use for Mineral Resource estimation purposes. 

Sampling and logging data is entered directly into the logging package OCRIS. Constrained look-up lists, depth and some 
interval validation are inbuilt and ensure that the data collected is correct at source. Data is imported to a GBIS relational 
geological database where additional validation checks are carried out, including depth checks, interval validation, out of range 
data and coding. Where possible, raw data is loaded directly to the database. 

Pre Northern Star Resources Limited(NSR) data assumed correct but no validation has been undertaken. 

For all data the drilling looked reliable visually and no overlapping intervals were noted. 

Data validation procedures used. NSR data validated by database administrators by checking 2% of raw data files. 

Taipan Resources NL (TRNL) data has not been validated apart from resurveying the old collar positions where found.  No 
inconsistencies were found. 
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Criteria JORC Code explanation Commentary 

Site visits Comment on any site visits undertaken by the Competent Person and the outcome of those visits. Site visits have been undertaken several times by the competent person 

If no site visits have been undertaken indicate why this is the case. Site visited. 

Geological 
interpretation 

Confidence in (or conversely, the uncertainty of) the geological interpretation of the mineral deposit. The interpretation of the deposit was carried out using a systematic approach to ensure continuity of the geology by the 
supervising and logging geologists.  Sectional interpretations were digitized in Vulcan software and triangulated to form three 
dimensional solids.  Confidence in the geological interpretation is moderate.   

Weathering zones and bedrock sub surfaces were also created. 

Nature of the data used and of any assumptions made. All available valid data was used including drill data, mapping previous interpretations and existing 1930‟s mine development 
extents 

Where pre-NSR drill data was used it is assumed to be correct. 

The effect, if any, of alternative interpretations on Mineral Resource estimation. There are currently no different interpretations. 

The use of geology in guiding and controlling Mineral Resource estimation. Geology is used to constrain the quartz veins to the dolerite host. 

The factors affecting continuity both of grade and geology. Grade continuity is related to quartz vein extent, within the constrained dolerite dyke host. 

Dimensions The extent and variability of the Mineral Resource expressed as length (along strike or otherwise), plan 
width, and depth below surface to the upper and lower limits of the Mineral Resource. 

Strike length = 150m 

Width =   80m with zones 2 to 3m thick 

Depth = from surface to ~160m below surface (top ~20m mined in the 1930‟s and wholly excluded from the resource) 

Estimation and 
modelling techniques 

The nature and appropriateness of the estimation technique(s) applied and key assumptions, including 
treatment of extreme grade values, domaining, interpolation parameters and maximum distance of 
extrapolation from data points. If a computer assisted estimation method was chosen include a description of 
computer software and parameters used. 

ID2 was used to estimate this resource using Vulcan 8.2 software.  

Domains are snapped to drilling, and composited to 1m downhole, Composites of less than 0.2m length are merged with the last 
composite.  Two domains were used to reflect the 2 styles of mineralisation. Grades are estimated to parent block size,   

Average number of samples used per estimated block is 34 from an average of 6 different holes.  

The availability of check estimates, previous estimates and/or mine production records and whether the 
Mineral Resource estimate takes appropriate account of such data. 

A resource was estimated externally in December 31 2011.  That 2011 model did use all the TRNL and NSR drill logs but not all 
the assays were available at that time..   

The assumptions made regarding recovery of by-products. No assumptions of by product recovery are made. 

Estimation of deleterious elements or other non-grade variables of economic significance (eg sulphur for acid 
mine drainage characterisation). 

No deleterious elements estimated in the model 

In the case of block model interpolation, the block size in relation to the average sample spacing and the 
search employed. 

Block size is 10m x 10m x 10m.  Subcelled down to 1.25m x 1.25m x 1.25m to best fit estimation domains and be compatible 
with Surpac.   Average drill hole spacing is variable ranging from <10m to 40m (average sample spacing~ 25m)  

Single search ellipse 90m x 40m x 40m.  Minimum of 4 samples to estimate, max 2 samples per octant. 

Any assumptions behind modelling of selective mining units. No assumptions made 

Any assumptions about correlation between variables. No assumptions made 

Description of how the geological interpretation was used to control the resource estimates. “Ore” wireframes are created within the geological shapes based on drill core logs, mapping and grade.  Low grades can form 
part of an ore wireframe  

Discussion of basis for using or not using grade cutting or capping. Composites were cut to 25/t based on log distribution, cutting the top 4 assays to 25g/t Au 

The process of validation, the checking process used, the comparison of model data to drill hole data, and 
use of reconciliation data if available. 

Block grades were compared visually to drilling data. 

Validation is also through swath plots comparing composites to block model grades, along 10m eastings, 10m nothings and 5m 
elevation‟s, comparing Ordinary Kriging to Inverse distance to Nearest Neighbour estimations. All compared favourable but there 
was no reconciliation against previous mining.. 
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Criteria JORC Code explanation Commentary 

Moisture Whether the tonnages are estimated on a dry basis or with natural moisture, and the method of 
determination of the moisture content. 

Tonnages are estimated on a dry basis.  Moisture content within the ore is expected to be low (~1-2 %) as it is fresh rock with 
minimal voids reported. 

Cut-off parameters The basis of the adopted cut-off grade(s) or quality parameters applied. Reporting cut off = 1.0g/t based on similar gold projects in the Ashburton Goldfields. 

Modeling lower grade cut off = 0.3g/t nominally, not more than 2m of internal dilution and requires minimum  2 holes 

Mining factors or 
assumptions 

Assumptions made regarding possible mining methods, minimum mining dimensions and internal (or, if 
applicable, external) mining dilution. It is always necessary as part of the process of determining reasonable 
prospects for eventual economic extraction to consider potential mining methods, but the assumptions made 
regarding mining methods and parameters when estimating Mineral Resources may not always be rigorous. 
Where this is the case, this should be reported with an explanation of the basis of the mining assumptions 
made. 

It is assumed Belvedere will initially be mined by open cut mining methods, and quick evaluations support the economics.  Below 
the economic pit depth, grades are high enough to potentially be mined by underground methods  

Metallurgical factors or 
assumptions 

The basis for assumptions or predictions regarding metallurgical amenability. It is always necessary as part 
of the process of determining reasonable prospects for eventual economic extraction to consider potential 
metallurgical methods, but the assumptions regarding metallurgical treatment processes and parameters 
made when reporting Mineral Resources may not always be rigorous. Where this is the case, this should be 
reported with an explanation of the basis of the metallurgical assumptions made. 

Initial, internal bottle roll tests indicate a recovery of > 94% with reagent consumption in line with Paulsens ore  

Environmental factors 
or assumptions 

Assumptions made regarding possible waste and process residue disposal options. It is always necessary as 
part of the process of determining reasonable prospects for eventual economic extraction to consider the 
potential environmental impacts of the mining and processing operation. While at this stage the 
determination of potential environmental impacts, particularly for a greenfields project, may not always be 
well advanced, the status of early consideration of these potential environmental impacts should be reported. 
Where these aspects have not been considered this should be reported with an explanation of the 
environmental assumptions made. 

No environmental, permitting, legal, taxation, socio-economic, marketing or other relevant issues are known, that may affect the 
estimate. 

Bulk density Whether assumed or determined. If assumed, the basis for the assumptions. If determined, the method 
used, whether wet or dry, the frequency of the measurements, the nature, size and representativeness of the 
samples. 

Bulk density used was based on 246 samples from 2 diamond holes.  Measurements were taken using the immersion method 
and related back to dominant rock code.  

 The bulk density for bulk material must have been measured by methods that adequately account for void 
spaces (vugs, porosity, etc), moisture and differences between rock and alteration zones within the deposit. 

Bulk density of the host rock is well covered, but of the mineralisation only lower grade intersections are represented in only 7 
samples.  Ten samples were used to determine an average SG of weathered rock. 

Discuss assumptions for bulk density estimates used in the evaluation process of the different materials. Individual bulk densities are applied to geological units. 

Classification The basis for the classification of the Mineral Resources into varying confidence categories. Classification is based on drill spacing and Kriging efficiency variable to delineate inferred and indicated resource. There is no 
Measured category.  

Whether appropriate account has been taken of all relevant factors (ie. relative confidence in tonnage/grade 
estimations, reliability of input data, confidence in continuity of geology and metal values, quality, quantity 
and distribution of the data). 

Confidence in the relative tonnage and grade is high, NSR data input reliable, 

TRNL data assumed to be reliable (based on Paulsens experience).Distribution of data and continuity is moderate.. 

Whether the result appropriately reflects the Competent Person‟s view of the deposit. The result appropriately reflects the Competent Person(s)‟ view of the deposit 

Audits or reviews The results of any audits or reviews of Mineral Resource estimates. This particular resource has not been externally reviewed or audited 

Discussion of relative 
accuracy/ confidence 

Where appropriate a statement of the relative accuracy and confidence level in the Mineral Resource 
estimate using an approach or procedure deemed appropriate by the Competent Person. For example, the 
application of statistical or geostatistical procedures to quantify the relative accuracy of the resource within 
stated confidence limits, or, if such an approach is not deemed appropriate, a qualitative discussion of the 
factors that could affect the relative accuracy and confidence of the estimate. 

This mineral resource estimate is considered as robust and representative.  The application of geostatistical methods has helped 
to increase the confidence of the model and quantify the relative accuracy of the resource on a global scale. It relies on historical 
data being of similar standard as recent infill drilling.  This applies to approximately half of the holes. The relevant tonnages and 
grade are variable on a local scale. 
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Criteria JORC Code explanation Commentary 

The statement should specify whether it relates to global or local estimates, and, if local, state the relevant 
tonnages, which should be relevant to technical and economic evaluation. Documentation should include 
assumptions made and the procedures used. 

This resource report relates to the Belvedere area where it is likely to have local variability. The global assessment is more of a 
reflection of the average tonnes and grade estimate. 

These statements of relative accuracy and confidence of the estimate should be compared with production 
data, where available. 

There is no production data available 

 

  

Belvedere Plan View with drill hole traces and main mineralisation domain (green)  Plan View – Belvedere showing drill hole traces and main mineralisation 
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JORC Code, 2012 Edition – Table 1 Report:  Merlin (31 December 2011) 

Section 1 Sampling Techniques and Data 
(Criteria in this section apply to all succeeding sections.) 

Criteria JORC Code explanation Commentary 

Sampling techniques Nature and quality of sampling (eg cut channels, random chips, or specific specialised industry standard 
measurement tools appropriate to the minerals under investigation, such as down hole gamma sondes, or 
handheld XRF instruments, etc). These examples should not be taken as limiting the broad meaning of 
sampling. 

This deposit is sampled by diamond drilling and RC Drilling. Diamond core sample intervals are defined by the geologist to 
honour geological boundaries. 

RC initially sampled to 4m comps, any samples reporting > 0.1g/t (?)were assumed re-split and re-assayed as 1m composites on 
this threshold 

All data is pre – Northern Star Resources NL (NSRL) 

Include reference to measures taken to ensure sample representivity and the appropriate calibration of any 
measurement tools or systems used. 

Core is aligned and measured by tape, comparing back to down hole core blocks consistent with industry practice 

RC and most surface core drilling completed by previous operators, assumed to be to industry standard at the time (2000 to 
2007). 

Aspects of the determination of mineralisation that are Material to the Public Report.  In cases where 
„industry standard‟ work has been done this would be relatively simple (eg „reverse circulation drilling was 
used to obtain 1 m samples from which 3 kg was pulverised to produce a 30 g charge for fire assay‟). In 
other cases more explanation may be required, such as where there is coarse gold that has inherent 
sampling problems. Unusual commodities or mineralisation types (eg submarine nodules) may warrant 
disclosure of detailed information. 

Diamond drill sampling is assumed to be completed to industry standard using varying sample lengths (0.3 to 1.5m) based on 
geological intervals. 

RC sampling to industry standard at that time.   

Very fine free gold is encountered. 

Drilling techniques Drill type (eg core, reverse circulation, open-hole hammer, rotary air blast, auger, Bangka, sonic, etc) and 
details (eg core diameter, triple or standard tube, depth of diamond tails, face-sampling bit or other type, 
whether core is oriented and if so, by what method, etc). 

Surface RC drilling, 72 holes. Surface drill core, 3 holes. It is not known at what size these holes were drilled 

It is not known if the surface core was orientated.  

Drill sample recovery Method of recording and assessing core and chip sample recoveries and results assessed. Drill recoveries are unknown. 

Measures taken to maximise sample recovery and ensure representative nature of the samples. RC and diamond drilling by previous operators assumed to industry standard at that time. 

Whether a relationship exists between sample recovery and grade and whether sample bias may have 
occurred due to preferential loss/gain of fine/coarse material. 

Unknown, not enough data available to make an assessment. 

Logging Whether core and chip samples have been geologically and geotechnically logged to a level of detail to 
support appropriate Mineral Resource estimation, mining studies and metallurgical studies. 

Surface core and RC logging completed assumed by previous operators to industry standard. All relevant items such as interval, 
lithologies, structure, texture. Grains size, alterations, oxidation mineralisation, quartz percentages and sulphide types and 
percentages are recorded in the geological logs. 

Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) photography. Logging is Qualitative, no core photos are available.  

The total length and percentage of the relevant intersections logged. 100% of the drill core and RC drilling chips were logged. 

Sub-sampling 
techniques and 
sample preparation 

If core, whether cut or sawn and whether quarter, half or all core taken. Ideally, sample intervals are to be 1m in length, though honour lithological boundaries in which case the samples can be much 
less than 1 m.  

Little information is available on the sampling methods, and it is not know if the core was halved or quartered before sampling. 

If non-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry. RC initially sampled to 4m comps, any samples reporting >0.1g/t were assumed re-split and re-assayed as 1m composites 

For all sample types, the nature, quality and appropriateness of the sample preparation technique. There was no data available on previous operators sample preparation practices.   Assumed to be up to industry standard. 

Quality control procedures adopted for all sub-sampling stages to maximise representivity of samples. Full and industry standard QAQC procedures are assumed to have been employed by Newcrest Mining Limited(NML)/Sipa 
Resources Limited(SRL). 

Measures taken to ensure that the sampling is representative of the in situ material collected, including for 
instance results for field duplicate / second-half sampling. 

Full and industry standard QAQC procedures are assumed to have been employed by Newcrest Mining Limited/Sipa Resources 
Limited. 
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Criteria JORC Code explanation Commentary 

Whether sample sizes are appropriate to the grain size of the material being sampled. Sample sizes are considered appropriate. 

Quality of assay data 
and laboratory tests 

The nature, quality and appropriateness of the assaying and laboratory procedures used and whether the 
technique is considered partial or total. 

Assay techniques are assumed to be industry standard. 

For geophysical tools, spectrometers, handheld XRF instruments, etc, the parameters used in determining 
the analysis including instrument make and model, reading times, calibrations factors applied and their 
derivation, etc. 

Not applicable to this report. 

Nature of quality control procedures adopted (eg standards, blanks, duplicates, external laboratory checks) 
and whether acceptable levels of accuracy (ie. lack of bias) and precision have been established. 

Full and industry standard QAQC procedures are assumed to have been employed by NML/SRL  

Verification of 
sampling and assaying 

The verification of significant intersections by either independent or alternative company personnel. Significant intersections were visually reviewed by NSR staff and reported as part of overall data. 

The use of twinned holes. Diamond hole MRD003 and RC hole MRC015 are drilled from a similar collar position, at the same orientation, and are 7m apart 
in the ore zone.  They report 8m @ 4.3gpt and 9m @ 2.6gpt respectively 

Documentation of primary data, data entry procedures, data verification, data storage (physical and 
electronic) protocols. 

SRL compiled all past exploration data in 1996. 

SRL and NML primary data not sighted, QAQC, sampling procedures, make adequate verification of data difficult 

Discuss any adjustment to assay data. No adjustments are made to any assay data.  

Location of data points Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), trenches, mine 
workings and other locations used in Mineral Resource estimation. 

Drill hole collar positions professionally surveyed , assumed to be industry standard. 

Downhole surveys were collected at 5 or 10m intervals, most likely using Eastman single shot camera surveying.  The traces 
look valid in 3D mining software. 

Specification of the grid system used. AMG 84 _50 

Quality and adequacy of topographic control. Topographic control is based on the collar surveys. 

Data spacing and 
distribution 

Data spacing for reporting of Exploration Results. Exploration result not reported 

Whether the data spacing and distribution is sufficient to establish the degree of geological and grade 
continuity appropriate for the Mineral Resource and Ore Reserve estimation procedure(s) and classifications 
applied. 

Data spacing is approximately 40m by 60m.  All blocks are classified as inferred due to the lack of QAQC data, SG data and data 
verification issues. 

Whether sample compositing has been applied. Drill core is sampled to geology, sample compositing is not applied until the estimation stage. 

RC samples initially taken as 4m composites to be replaced by 1 m samples if assays >0.1g/t were reported. 

Orientation of data in 
relation to geological 
structure 

Whether the orientation of sampling achieves unbiased sampling of possible structures and the extent to 
which this is known, considering the deposit type. 

Intercept angles are predominantly moderate to high angle (45o to 90o) to the interpreted mineralisation resulting in unbiased 
sampling. 

If the relationship between the drilling orientation and the orientation of key mineralised structures is 
considered to have introduced a sampling bias, this should be assessed and reported if material. 

Unknown, assumed to not be material. 

Sample security The measures taken to ensure sample security. Pre NSR operator sample security assumed to be adequate. 

Audits or reviews The results of any audits or reviews of sampling techniques and data. There have not been any audits or reviews of sampling techniques 
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Section 2 Reporting of Exploration Results 
(Criteria listed in the preceding section also apply to this section.) 

Criteria JORC Code explanation Commentary 

Mineral tenement and 
land tenure status 

Type, reference name/number, location and ownership including agreements or material issues with third 
parties such as joint ventures, partnerships, overriding royalties, native title interests, historical sites, 
wilderness or national park and environmental settings. 

E08/1649 and P08/516 are wholly owned by NSR and in good standing.   

The security of the tenure held at the time of reporting along with any known impediments to obtaining a 
licence to operate in the area. 

E08/1649 and P08/516 are valid until 2017 and 2015 respectively 

Exploration done by 
other parties 

Acknowledgment and appraisal of exploration by other parties. Data relevant to this resource was collected by Sipa Resources Limited(SRL)and Newcrest Mining Limited(NML) (1996 to 2009).  
All previous work is accepted as to industry standard at the time and included mapping, stream sediment, soil and rock chip 
sampling, Airborne magnetic and radiometric surveys, RC and diamond drilling.  

Geology Deposit type, geological setting and style of mineralisation. Merlin is considered to be a small scale, sediment hosted, Carlin style deposit. 

Drill hole Information A summary of all information material to the understanding of the exploration results including a tabulation of 
the following information for all Material drill holes: 

o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in metres) of the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

Drill collar data of the 75 holes that are part of this resource estimation (and surrounding area) are attached. 

Only 17 holes were  used in the actual estimation 

If the exclusion of this information is justified on the basis that the information is not Material and this 
exclusion does not detract from the understanding of the report, the Competent Person should clearly 
explain why this is the case. 

All drill hole data is attached 

Data aggregation 
methods 

In reporting Exploration Results, weighting averaging techniques, maximum and/or minimum grade 
truncations (eg cutting of high grades) and cut-off grades are usually Material and should be stated. 

Reported results are not top cut, and are weighted averages, minimum grade at starts and end of intersections is 0.5g/t, internal 
dilution can be 0.0 gpt.    

Where aggregate intercepts incorporate short lengths of high grade results and longer lengths of low grade 
results, the procedure used for such aggregation should be stated and some typical examples of such 
aggregations should be shown in detail. 

No occurrences of short high grade intercepts within longer low grade intercepts. 

The assumptions used for any reporting of metal equivalent values should be clearly stated. No metal equivalents are reported 

Relationship between 
mineralisation widths 
and intercept lengths 

These relationships are particularly important in the reporting of Exploration Results. Exploration results attached, and do include an estimate of true thickness 

If the geometry of the mineralisation with respect to the drill hole angle is known, its nature should be 
reported. 

Geometry of the mineralisation to drill hole intercepts is at high angle, often nearing perpendicular. 

If it is not known and only the down hole lengths are reported, there should be a clear statement to this effect 
(eg „down hole length, true width not known‟). 

Both true width and downhole length are reported 

Diagrams Appropriate maps and sections (with scales) and tabulations of intercepts should be included for any 
significant discovery being reported These should include, but not be limited to a plan view of drill hole collar 
locations and appropriate sectional views. 

See plan view of drill traces for Merlin and surrounding areas. 

Balanced reporting Where comprehensive reporting of all Exploration Results is not practicable, representative reporting of both 
low and high grades and/or widths should be practiced to avoid misleading reporting of Exploration Results. 

All results as used in the resource area are reported. 

Other substantive 
exploration data 

Other exploration data, if meaningful and material, should be reported including (but not limited to): 
geological observations; geophysical survey results; geochemical survey results; bulk samples – size and 
method of treatment; metallurgical test results; bulk density, groundwater, geotechnical and rock 
characteristics; potential deleterious or contaminating substances. 

Other Exploration results not considered material 
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Criteria JORC Code explanation Commentary 

Further work The nature and scale of planned further work (eg tests for lateral extensions or depth extensions or large-
scale step-out drilling). 

Follow up drilling to infill and extend is proposed but currently on hold. 

Diagrams clearly highlighting the areas of possible extensions, including the main geological interpretations 
and future drilling areas, provided this information is not commercially sensitive. 

On plan view 

Section 3 Estimation and Reporting of Mineral Resources 
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)h 

Criteria JORC Code explanation Commentary 

Database integrity Measures taken to ensure that data has not been corrupted by, for example, transcription or keying errors, 
between its initial collection and its use for Mineral Resource estimation purposes. 

Pre Northern Star Resources Limited (NSR) data assumed valid 

Data validation procedures used. Sipa Resources Limited (SRL) and Newcrest Mining Limited (NML)data has not been validated and vetted 

Site visits Comment on any site visits undertaken by the Competent Person and the outcome of those visits. Site not visited prior to this resource 

If no site visits have been undertaken indicate why this is the case. No site visits undertaken by the resource author, as there was no recent drilling and all historical collar sites had been 
rehabilitated and not easily located.  The area has been visited by NSR exploration geologists. 

Geological 
interpretation 

Confidence in (or conversely, the uncertainty of) the geological interpretation of the mineral deposit. The interpretation of the deposit was carried out using a systematic approach to ensure continuity of the geology and estimated 
mineral resource.  Sectional interpretations were digitized in Vulcan software and triangulated to form 3 dimensional solids. 

Weathering zones and bedrock sub surfaces were also created. 

Nature of the data used and of any assumptions made. Pre-NSR drill data was used, assumed to be correct. 

The effect, if any, of alternative interpretations on Mineral Resource estimation. A steep dipping interpretation was initially proposed before settling on the flat dipping, current interpretation. This may have 
resulted in higher grade at  lower tonnes but did not match the interpreted geology. 

The use of geology in guiding and controlling Mineral Resource estimation. The flat dipping interpretation is consistent with bedding 

The factors affecting continuity both of grade and geology. There does not seem to be any distinct boundaries to the geology and mineralisation.  Zones of mineralisation are generally 
contiguous, however due to the nature of the mineralisation there are portions of the wireframes that have grades of less than 
0.3g/t Au 

Dimensions The extent and variability of the Mineral Resource expressed as length (along strike or otherwise), plan 
width, and depth below surface to the upper and lower limits of the Mineral Resource. 

Strike length = 320m 

Width =   120m 
Depth = from 5m to 85m below surface 

Estimation and 
modelling techniques 

The nature and appropriateness of the estimation technique(s) applied and key assumptions, including 
treatment of extreme grade values, domaining, interpolation parameters and maximum distance of 
extrapolation from data points. If a computer assisted estimation method was chosen include a description of 
computer software and parameters used. 

4 domains were used to constrain the various lodes. 

Estimations were completed using: nearest neighbour (NN), Inverse Distance squared (ID2) and Ordinary Kriging (OK).  The 
estimations were performed in one pass.  

Compositing of drill-hole samples was completed against these wireframed domains at 1m (down hole) intervals, selected to 
match the majority of assays and corresponds to approximately 1/5th of the parent sell size. 

The OK results are taken to be most credible and are reported. 

The availability of check estimates, previous estimates and/or mine production records and whether the 
Mineral Resource estimate takes appropriate account of such data. 

There have been no historical  resource estimates and is a maiden resource  

The assumptions made regarding recovery of by-products. No assumptions are made. 

Estimation of deleterious elements or other non-grade variables of economic significance (eg sulphur for acid 
mine drainage characterisation). 

No deleterious elements estimated in the model 
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Criteria JORC Code explanation Commentary 

In the case of block model interpolation, the block size in relation to the average sample spacing and the 
search employed. 

Block size is 10m x 10m x 5m, sub-blocked to 1m x 1m x 1m to more accurately fill the volume of the wireframes.  Kriging 
Neighborhood Analysis (QKNA) was used to establishing the parent block size 

Average drill hole spacing is 60m  

Search ellipsoids are 72 * 72 * 9m (again based on QKNA).  Minimum number of samples is 2, with a  maximum up to 50  from a 
maximum number of 15 individual holes 

Any assumptions behind modelling of selective mining units. No assumptions made 

Any assumptions about correlation between variables. No assumptions made 

Description of how the geological interpretation was used to control the resource estimates. “Ore” wireframes are created within the geological shapes based on drill core logs, mapping and grade.  Low grades can form 
part of an ore wireframe  

Discussion of basis for using or not using grade cutting or capping. Histograms and log-probability plots were generated on the raw data per domain.  Analysis suggest no values were required to 
be cut  

The process of validation, the checking process used, the comparison of model data to drill hole data, and 
use of reconciliation data if available. 

Validation is through swath plots comparing composites to block model grades, along 10m eastings, 10m nothings and 5m 
elevation‟s, comparing ordinary Kriging to Inverse distance to Nearest Neighbour estimations. All compared favourable. 

Mean global grades for all three estimates compared well for all zones. 

Visually, block grades are assessed against drill hole data.  No significant discrepancies were apparent from section and plan 
though grade smoothing is apparent 

Moisture Whether the tonnages are estimated on a dry basis or with natural moisture, and the method of 
determination of the moisture content. 

Tonnages are estimated on a dry basis.  Moisture content within the ore is expected to be low (~1-2 %) as it is fresh rock. 

Cut-off parameters The basis of the adopted cut-off grade(s) or quality parameters applied. Reporting cut off = 1.0g/t based on similar gold projects in the Ashburton Goldfields. 

Modeling lower grade cut off = 0.3g/t nominally 

Mining factors or 
assumptions 

Assumptions made regarding possible mining methods, minimum mining dimensions and internal (or, if 
applicable, external) mining dilution. It is always necessary as part of the process of determining reasonable 
prospects for eventual economic extraction to consider potential mining methods, but the assumptions made 
regarding mining methods and parameters when estimating Mineral Resources may not always be rigorous. 
Where this is the case, this should be reported with an explanation of the basis of the mining assumptions 
made. 

It is expected this deposit would be mined by open pit mining methods though a rigorous mining study has yet to be undertaken. 

Metallurgical factors or 
assumptions 

The basis for assumptions or predictions regarding metallurgical amenability. It is always necessary as part 
of the process of determining reasonable prospects for eventual economic extraction to consider potential 
metallurgical methods, but the assumptions regarding metallurgical treatment processes and parameters 
made when reporting Mineral Resources may not always be rigorous. Where this is the case, this should be 
reported with an explanation of the basis of the metallurgical assumptions made. 

No detailed metallurgical test work has been undertaken by NSR or previous operators  

Environmental factors 
or assumptions 

Assumptions made regarding possible waste and process residue disposal options. It is always necessary as 
part of the process of determining reasonable prospects for eventual economic extraction to consider the 
potential environmental impacts of the mining and processing operation. While at this stage the 
determination of potential environmental impacts, particularly for a greenfields project, may not always be 
well advanced, the status of early consideration of these potential environmental impacts should be reported. 
Where these aspects have not been considered this should be reported with an explanation of the 
environmental assumptions made. 

No environmental, permitting, legal, taxation, socio-economic, marketing or other relevant issues are known, that may affect the 
estimate. 

Bulk density Whether assumed or determined. If assumed, the basis for the assumptions. If determined, the method 
used, whether wet or dry, the frequency of the measurements, the nature, size and representativeness of the 
samples. 

No Specific Gravity or Bulk Density measurements were available.  In light of this, generic SG‟s of 2.85 for dolomite and 2.6 for 
Jasperoid material (mineralisation) were used. 
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Criteria JORC Code explanation Commentary 

The bulk density for bulk material must have been measured by methods that adequately account for void 
spaces (vugs, porosity, etc), moisture and differences between rock and alteration zones within the deposit. 

This has not been taken into account due to a lack of data. It is in part why the resource is classified as inferred only. 

Discuss assumptions for bulk density estimates used in the evaluation process of the different materials. Individual bulk densities are applied to geological units. 

Classification The basis for the classification of the Mineral Resources into varying confidence categories. The entire resource is classified as inferred due to the inability to verify data and QAQC.  

Whether appropriate account has been taken of all relevant factors (ie. relative confidence in tonnage/grade 
estimations, reliability of input data, confidence in continuity of geology and metal values, quality, quantity 
and distribution of the data). 

The entire resource is classified as inferred due to the inability to verify data and QAQC. 

Whether the result appropriately reflects the Competent Person‟s view of the deposit. This mineral resource estimate is considered representative at this early stage 

Audits or reviews The results of any audits or reviews of Mineral Resource estimates. This particular resource has been created externally and reviewed internally to NSR 

Discussion of relative 
accuracy/ confidence 

Where appropriate a statement of the relative accuracy and confidence level in the Mineral Resource 
estimate using an approach or procedure deemed appropriate by the Competent Person. For example, the 
application of statistical or geostatistical procedures to quantify the relative accuracy of the resource within 
stated confidence limits, or, if such an approach is not deemed appropriate, a qualitative discussion of the 
factors that could affect the relative accuracy and confidence of the estimate. 

This resource is considered relatively robust in light of similar results from different estimation methods. However, a lack of data 
verification only supports an inferred classification. 

The statement should specify whether it relates to global or local estimates, and, if local, state the relevant 
tonnages, which should be relevant to technical and economic evaluation. Documentation should include 
assumptions made and the procedures used. 

This resource report relates to the Merlin area where it is likely to have local variability. The global assessment is more of a 
reflection of the average tonnes and grade estimate. 

These statements of relative accuracy and confidence of the estimate should be compared with production 
data, where available. 

There is no production data available 

 

 
Merlin Plan View showing drill hole traces and mineralisation. 
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JORC Code, 2012 Edition – Table 1 Report:  Upper Paulsens (31 December 2012) 

Section 1 Sampling Techniques and Data 
(Criteria in this section apply to all succeeding sections.) 

Criteria JORC Code explanation Commentary 

Sampling techniques Nature and quality of sampling (eg cut channels, random chips, or specific specialised industry standard 
measurement tools appropriate to the minerals under investigation, such as down hole gamma sondes, or 
handheld XRF instruments, etc). These examples should not be taken as limiting the broad meaning of 
sampling. 

This deposit is sampled by diamond drilling, RC Drilling and face chip sampling. Sample intervals are defined by the geologist to 
honour geological boundaries. 

Include reference to measures taken to ensure sample representivity and the appropriate calibration of any 
measurement tools or systems used. 

Core is aligned and measured by tape, comparing back to down hole core blocks consistent with industry practice 

RC and most surface core drilling completed by previous operators to industry standard at the time (late 1990‟s to 2011). 

Aspects of the determination of mineralisation that are Material to the Public Report.  In cases where 
„industry standard‟ work has been done this would be relatively simple (eg „reverse circulation drilling was 
used to obtain 1 m samples from which 3 kg was pulverised to produce a 30 g charge for fire assay‟). In 
other cases more explanation may be required, such as where there is coarse gold that has inherent 
sampling problems. Unusual commodities or mineralisation types (eg submarine nodules) may warrant 
disclosure of detailed information. 

Diamond drill and face sampling are completed to industry standard using varying sample lengths (0.3 to 1.5m) based on 
geological intervals, which are then crushed and pulverised to produce a ~200g pulp sub sample to use in  the assay process. 

Diamond core samples are fire assayed (30g charge). 

Face samples are assayed by Leachwell. 

Visible gold is occasionally encountered in core and face sampling. 

RC sampling to industry standard at the time.  These is evidence of mineralisation widths being exaggerated in Lower Zone 
particularly, these areas have now been mined out and not affect current resource. 

Drilling techniques Drill type (eg core, reverse circulation, open-hole hammer, rotary air blast, auger, Bangka, sonic, etc) and 
details (eg core diameter, triple or standard tube, depth of diamond tails, face-sampling bit or other type, 
whether core is oriented and if so, by what method, etc). 

Surface RC drilling, 236 holes (face sampling hammer, ~5 1/4” bit size),  Surface drill core, 134 holes, (NQ2 sized, standard 
tube) 

Underground drill core, 1,756 holes (BQ, LKT 60 and NQ).  

Surface core was orientated (device unknown) Underground drill core is not oriented. 

 Face/Rise sampling, 3923 faces, chip sampling method. 

Faces are chip sampled aiming to sample every ore development cut but an estimated ~10% of ore cuts are not sampled 

Drill sample recovery Method of recording and assessing core and chip sample recoveries and results assessed. Diamond drill recoveries are recorded as a percentage calculated from measured core versus drilled intervals.  

Achieving >95% recovery 

Surface RC drill recoveries are unknown. 

Measures taken to maximise sample recovery and ensure representative nature of the samples. Standard diamond drilling practice results in high recovery due to competent nature of the ground. 

RC drilling by previous operators to industry standard at the time. 

Whether a relationship exists between sample recovery and grade and whether sample bias may have 
occurred due to preferential loss/gain of fine/coarse material. 

There is no known relationship between sample recovery and grade, diamond drill sample recovery is very high. 

Logging Whether core and chip samples have been geologically and geotechnically logged to a level of detail to 
support appropriate Mineral Resource estimation, mining studies and metallurgical studies. 

Underground core logging is carried out by Company Geologists, who delineate intervals on geological, structural, alteration 
and/or mineralogical boundaries, to industry standard. 

Surface core and RC logging completed by previous operators to industry standard. 

Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) photography. Logging is Qualitative and all core is photographed.  Visual estimates are made of sulphide, quartz alteration percentages  

Selected RC chip trays are archived. 

The total length and percentage of the relevant intersections logged. 100% of the drill core is logged.  100% of RC drilling is logged. 
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Criteria JORC Code explanation Commentary 

Sub-sampling 
techniques and 
sample preparation 

If core, whether cut or sawn and whether quarter, half or all core taken. LTK 60 is generally whole core sampled, NQ2 core is generally half core sampled.  If not whole core sampled, then core is half 
cut with Almonté diamond core saw and half core sampled.  The right half is sampled, to sample intervals defined by the Logging 
Geologist along geological boundaries.  The left half is archived.  

All major mineralised zones are sampled, plus associated visibly barren material, >5m of hangingwall/footwall.   

As well, quartz veins>0.3m, that are encountered outside the know orezone and ±1m on either side.  

Ideally, sample intervals are to be 1m in length, though range from 0.30m to 1.50m in length. Total weight of each sample 
generally does not exceed 5kg.  

All samples are oven-dried overnight (max 1200C), jaw crushed to <6mm, and split to <3kg in a static riffle splitter.  The coarse 
reject is then discarded.  The remainder is pulverised in an LM5 to >85% passing 75µm (Tyler 200 mesh) and bagged.  The 
analytical sample is further reduced to a 30gm charge weight using a spatula, and the pulp packet is stored awaiting collection by 
Northern Star Resources Limited(NSR) 

For older core pre- NSR, best practice is assumed. 

If non-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry. Development face samples are chipped directly off the face into a sample bag, aiming for >2.5kg.  Samples are nominally 1 m in 
length but are modified to honour geological boundaries, and taken perpendicular to the mineralisation if practical. 

RC assumed sampling to industry standard  

For all sample types, the nature, quality and appropriateness of the sample preparation technique. Sample preparation is deemed adequate though further improvement is underway. 

Quality control procedures adopted for all sub-sampling stages to maximise representivity of samples. For drill core the external labs coarse duplicates are used. 

One face sub sample per day is sent offsite for fire assay analysis to compare to Leachwell assay results. 

RC drilling by previous operators to industry standard at that time. 

Measures taken to ensure that the sampling is representative of the in situ material collected, including for 
instance results for field duplicate / second-half sampling. 

Field duplicates, ie other half of cut core, are not been routinely assayed. 

For each development face, one field duplicate is taken of the highest grade area, to assess the reproducibility of the assays, 
and the variability of the samples.  Variability is very high due sampling technique and to nuggetty nature of the mineralisation.  
The variability is accepted, countered by the high density of sampling. 

RC drilling by previous operators to industry standard at that time. 

Whether sample sizes are appropriate to the grain size of the material being sampled. Sample sizes are considered appropriate. 

Quality of assay data 
and laboratory tests 

The nature, quality and appropriateness of the assaying and laboratory procedures used and whether the 
technique is considered partial or total. 

For all drill core samples, gold concentration is determined by fire assay using the lead collection technique with a 30 gram 
sample charge weight. An AAS finish is used, considered to be total gold 

Various multi-element suites are analysed using a four acid digest with an ICP-OES finish 

Face samples are analysed using Leachwell process, and are not considered total gold. 

RC drill samples by previous operators assumed Fire assay with AAS finished. 

For geophysical tools, spectrometers, handheld XRF instruments, etc, the parameters used in determining 
the analysis including instrument make and model, reading times, calibrations factors applied and their 
derivation, etc. 

Not applicable to this report. 
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Criteria JORC Code explanation Commentary 

Nature of quality control procedures adopted (eg standards, blanks, duplicates, external laboratory checks) 
and whether acceptable levels of accuracy (ie. lack of bias) and precision have been established. 

The QAQC protocols used include the following for all core samples: 

Site sourced coarse blanks are inserted at an incidence of 1 in 40 samples.  From April 2013 commercial blanks are used. 

Commercially prepared certified reference materials are inserted at an incidence of 1 in 40 samples. The CRM used is not 
identifiable to the laboratory. 

NSR‟s Blanks and Standards data is assessed on import to the database and reported monthly and yearly. 

The primary laboratory QAQC protocols used include the following for all core samples: 

Repeat of pulps at a rate of 2% 

Screen tests (percentage of pulverised sample passing a 75µm mesh) are undertaken on 1 in 100 samples. 

The laboratory reports its own QAQC data on a monthly basis. 

Failed standards are followed up by re-assaying a second 30g pulp sample of the failed standard ± 10 samples either side by the 
same method at the primary laboratory 

One standard is inserted non routine with  face sampling submissions to assess site lab performance 

Both the accuracy component (CRM‟s and umpire checks) and the precision component (duplicates and repeats) are deemed 
acceptable. 

QAQC protocols for Surface RC and diamond drilling by previous operators unknown, assumed to be industry standard. 

Verification of 
sampling and assaying 

The verification of significant intersections by either independent or alternative company personnel. Significant intersections are reviewed by the geology manager and senior corporate personnel. 

The use of twinned holes. Twinned holes are not specifically designed.  Occasionally deviating holes could be considered twins, showing similar tenor of 
mineralisation. 

Documentation of primary data, data entry procedures, data verification, data storage (physical and 
electronic) protocols. 

Data is hard keyed or copied into excel spreadsheets for transfer and storage in an access database. 

Hard copies of face and core / assays and surveys are kept on the minesite 

Internal checks are made comparing database to raw assays files. 

Visual checks are part of daily use of the data in Vulcan. 

Data from previous operators taken from 2006 database compilation by Maxwell Geoservices and further maintained by a 
succession of Paulsens owners. 

Discuss any adjustment to assay data. No adjustments are made to any assay data. First gold assay is utilised for any resource estimation 

Location of data points Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), trenches, mine 
workings and other locations used in Mineral Resource estimation. 

Drill hole collar positions are picked up by survey using a calibrated total station Leica 1203+ instrument. Drill hole, downhole 
surveys are recorded at 15m and 30m, and then every 30m after, by calibrated Pathfinder downhole cameras. 

Face samples are located by laser distance measurement device and digitised into Vulcan software. The faces are represented 
as "pseudo-drill holes" to allow assignation of survey, lithology, assay, and other relevant information.  

Underground workings are tied into defined surface survey stations 

Surface hole collars picked up by the mine surveyors in mine grid 

Pre - NSR survey accuracy and quality assumed to be industry standard 

Specification of the grid system used. A local grid system (Paulsen Mine Grid) is used. It is rotated 41.5 degrees to the west of MGA94 grid. Local origin is 50,000N 
and 10,000E 

Conversion. 

MGA E = (East_LOC*0.75107808+North_LOC*0.659680194+381504.5)+137.5 

MGA N = (East_LOC*-0.65968062+North_LOC*0.751079811+7471806)+153.7 

MGA RL = mRL_LOC-1000 
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Criteria JORC Code explanation Commentary 

Quality and adequacy of topographic control. Topographic control is not that relevant to the underground mine.  For general use a Kevron photogrammetric survey is used 
with +/- 5m resolution. 

Data spacing and 
distribution 

Data spacing for reporting of Exploration Results. Exploration result data spacing can be highly variable, up to 50m 

Whether the data spacing and distribution is sufficient to establish the degree of geological and grade 
continuity appropriate for the Mineral Resource and Ore Reserve estimation procedure(s) and classifications 
applied. 

Measured data spacing is better than 7m x 7m, and restricted to areas in immediate proximity to mine development. 

Data spacing for indicated material is approximately, or better than, 20m x 20m. 

All other areas where sample data is greater than 20m x 20m, or where the intercept angle is low, is  classified  as inferred. 

Whether sample compositing has been applied. Core and faces are sampled to geology, sample compositing is not applied until the estimation stage. 

RC samples initially taken as 4m composites to be replaced by 1 m samples in ores zones above assumed threshold. 

Orientation of data in 
relation to geological 
structure 

Whether the orientation of sampling achieves unbiased sampling of possible structures and the extent to 
which this is known, considering the deposit type. 

Intercept angles are predominantly moderate to high angle (45o to 90o). Overall the orientation of data to geological structure is 

very good and is validated by development and stoping of the same zones up and down dip, and along strike. 

If the relationship between the drilling orientation and the orientation of key mineralised structures is 
considered to have introduced a sampling bias, this should be assessed and reported if material. 

The drill orientation to mineralised structures biases the number of samples per drill hole.  It is not thought to make a material 
difference in the resource estimation.  As the opportunity arises better angled holes are drilled.   

Sample security The measures taken to ensure sample security. All samples are selected, cut and bagged in tied numbered calico bags, grouped in larger tied plastic bags, and placed in large 
sample cages with a sample submission sheet. The cages are transported via freight truck to Perth, with consignment note and 
receipted by ALS Laboratories who are ISO9001 accredited 

All sample submissions are documented via ALS tracking system and all assays are returned via email. 

Sample pulp splits are returned to NSR via return freight and stored in shelved containers on site 

Pre NSR operator sample security assumed to be similar and adequate. 

Audits or reviews The results of any audits or reviews of sampling techniques and data. Recent external review confirmed core and face sampling techniques are to industry standard.   

Data handling is considered adequate and will be improved with a new database. 

Pre NSR data audits found less QAQC reports ,though in line with industry standards at that time 

Section 2 Reporting of Exploration Results  
(Criteria listed in the preceding section also apply to this section.) 

Criteria JORC Code explanation Commentary 

Mineral tenement and 
land tenure status 

Type, reference name/number, location and ownership including agreements or material issues with third 
parties such as joint ventures, partnerships, overriding royalties, native title interests, historical sites, 
wilderness or national park and environmental settings. 

M08/196 and M08/99 are wholly owned by NSR and in good standing.  Surface expression of the  Paulsens Gold Mine is on 
M08/99 

The security of the tenure held at the time of reporting along with any known impediments to obtaining a 
licence to operate in the area. 

M08/196 and M08/99 are valid until 2020 and 2032 respectively 

Exploration done by 
other parties 

Acknowledgment and appraisal of exploration by other parties. Data relevant to this resource was collected by CRA, Hallmark, Taipan, St Barbara, Nustar and Intrepid Mines Ltd previous to 
NSR.  All previous work is accepted as to industry standard at the time. 

Geology Deposit type, geological setting and style of mineralisation. Paulsens is a high grade, quartz hosted, mesothermal gold deposit within metasediments. 
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Criteria JORC Code explanation Commentary 

Drill hole Information A summary of all information material to the understanding of the exploration results including a tabulation of 
the following information for all Material drill holes: 

o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in metres) of the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

Too many (>6000) holes to practically summarise all information for all drill holes and faces used. 

Detailed drill hole data is periodically released on ASX with all relevant information attached: 

09/12/2012, 07/11/2012, 21/02/2011 

If the exclusion of this information is justified on the basis that the information is not Material and this 
exclusion does not detract from the understanding of the report, the Competent Person should clearly 
explain why this is the case. 

All material data is periodically released on the ASX 

Data aggregation 
methods 

In reporting Exploration Results, weighting averaging techniques, maximum and/or minimum grade 
truncations (eg cutting of high grades) and cut-off grades are usually Material and should be stated. 

Exploration results previously released  

Where aggregate intercepts incorporate short lengths of high grade results and longer lengths of low grade 
results, the procedure used for such aggregation should be stated and some typical examples of such 
aggregations should be shown in detail. 

Exploration results previously released 

The assumptions used for any reporting of metal equivalent values should be clearly stated. No metal equivalents are reported 

Relationship between 
mineralisation widths 
and intercept lengths 

These relationships are particularly important in the reporting of Exploration Results. Exploration results previously released, and do include an estimate of true thickness 

If the geometry of the mineralisation with respect to the drill hole angle is known, its nature should be 
reported. 

Due to complex mineralisation geometry and varying intercept angles the true thickness is manually estimated on a hole by hole 
basis  Both true width and downhole length are reported 

If it is not known and only the down hole lengths are reported, there should be a clear statement to this effect 
(eg „down hole length, true width not known‟). 

Exploration results previously released with downhole depth and estimated true thickness 

Diagrams Appropriate maps and sections (with scales) and tabulations of intercepts should be included for any 
significant discovery being reported These should include, but not be limited to a plan view of drill hole collar 
locations and appropriate sectional views. 

See long section in main release and previous ASX releases. 

Balanced reporting Where comprehensive reporting of all Exploration Results is not practicable, representative reporting of both 
low and high grades and/or widths should be practiced to avoid misleading reporting of Exploration Results. 

When previously reported, exploration results do include all intersections for the period / area 

Other substantive 
exploration data 

Other exploration data, if meaningful and material, should be reported including (but not limited to): 
geological observations; geophysical survey results; geochemical survey results; bulk samples – size and 
method of treatment; metallurgical test results; bulk density, groundwater, geotechnical and rock 
characteristics; potential deleterious or contaminating substances. 

Exploration results not being released this time 

Further work The nature and scale of planned further work (eg tests for lateral extensions or depth extensions or large-
scale step-out drilling). 

Drilling will continue down plunge, and as needed for grade control in line with the mine plan. 

Diagrams clearly highlighting the areas of possible extensions, including the main geological interpretations 
and future drilling areas, provided this information is not commercially sensitive. 

See long section of this ASX release 
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Section 3 Estimation and Reporting of Mineral Resources 
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.) 

Criteria JORC Code explanation Commentary 

Database integrity Measures taken to ensure that data has not been corrupted by, for example, transcription or keying errors, 
between its initial collection and its use for Mineral Resource estimation purposes. 

Sampling and logging data is entered into excel sheets then transferred to an Access database. There are checks in place to 
avoid duplicate holes and sample numbers.  Where possible, raw data is loaded directly to the database from lab, logging and 
survey derived files. 

Pre Northern Star Resources (NSR) data assumed correct, this has been maintained by database administrators 

Data validation procedures used. Random checks through use of the data. Checks as part of reporting significant intersections and end of program completion 
reports.  

Maxwell Geo Services extensively validated the 2006 data compilation 

Site visits Comment on any site visits undertaken by the Competent Person and the outcome of those visits. This resource estimate has been conducted by geologists working in the mine and in direct, daily contact with the ore body data 
used in this resource estimate.  The competent person used to be the Geology manager at Paulsens for 6 years 

If no site visits have been undertaken indicate why this is the case. Site visits have been undertaken 

Geological 
interpretation 

Confidence in (or conversely, the uncertainty of) the geological interpretation of the mineral deposit. The interpretation of the deposit was carried out using a systematic approach to ensure continuity of the geology and estimated 
mineral resource.  The confidence in the geological interpretation is high with all the information and plus 9 years of operation.  

Nature of the data used and of any assumptions made. All available geological data was used in the interpretation including mapping, drilling faces, photos, structures. 

The effect, if any, of alternative interpretations on Mineral Resource estimation. No alternative interpretations have been completed or put forward. 

The use of geology in guiding and controlling Mineral Resource estimation. The majority of mineralisation is located within a large, variably folded and faulted quartz host, close to, or on, the contacts with 
the surrounding wall rock sediments between an offset Gabbro intrusive.  Drill core logging and face development is used to 
create 3D constrained wireframes. 

The factors affecting continuity both of grade and geology. Grade continuity is related to the quartz and sulphide events within the boundaries of the gabbro extent. Mineralised veins are 
also within the gabbro 

Dimensions The extent and variability of the Mineral Resource expressed as length (along strike or otherwise), plan 
width, and depth below surface to the upper and lower limits of the Mineral Resource. 

Strike length = 800m down plunge, 30-35deg to grid West 
Width = ~190m   

Depth = from ~130m below surface to ~550m below surface 

Estimation and 
modelling techniques 

The nature and appropriateness of the estimation technique(s) applied and key assumptions, including 
treatment of extreme grade values, domaining, interpolation parameters and maximum distance of 
extrapolation from data points. If a computer assisted estimation method was chosen include a description of 
computer software and parameters used. 

Inverse distance squared (ID2) was used to estimate this resource, using Vulcan 8.1.  

8 domains were used to constrain the various lodes, defined by orientation, geological continuity, and grade population. Each 
domain is validated against the lithology, and then snapped to the drill-hole and face data to constrain the mineralised envelope 
as a 3D wireframe.  

Compositing of drill-hole samples was completed against these wireframed domains at 1m (downhole) intervals, with the “tails” 
(<0.1m) being merged into the last composite. 

The availability of check estimates, previous estimates and/or mine production records and whether the 
Mineral Resource estimate takes appropriate account of such data. 

Reconciliations of the area have been in line with resource expectations  

The assumptions made regarding recovery of by-products. No assumptions are made, but silver is a by-product that makes up part of the refinery revenue. This is not in the model and only 
gold is defined for estimation 

Estimation of deleterious elements or other non-grade variables of economic significance (eg sulphur for acid 
mine drainage characterisation). 

No deleterious elements estimated in the model 
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Criteria JORC Code explanation Commentary 

In the case of block model interpolation, the block size in relation to the average sample spacing and the 
search employed. 

Block size is 5m x 4m x 5m, sub-blocked to 1m x 0.25m x 1m to suit the narrow east-west orientation of the majority of the 
domains 

Average sample spacing is 3m in the case of face samples 

Search ellipsoids are 25 * 12 * 6m to 50 * 20 * 10 m, varying the minimum number of samples required on successive passes as 
well as utilizing an octant search to decluster 

Any assumptions behind modelling of selective mining units. No assumptions made 

Any assumptions about correlation between variables. No assumptions made 

Description of how the geological interpretation was used to control the resource estimates. “Ore” wireframes are created within the geological shapes based on drill core logs, mapping and grade.  Low grades can form 
part of an ore wireframe  

Discussion of basis for using or not using grade cutting or capping. Top-cuts were used as presented by Optiro Pty Ltd in December 2012 that ranges from 30 to 150g/t on individual domains 

Top cuts are set to incorporate approximately 97.5% of the available sample population for each domain. 

The process of validation, the checking process used, the comparison of model data to drill hole data, and 
use of reconciliation data if available. 

Validation is through swath plots comparing composites to block model grades, along 20m eastings and RL 

Visually, block grades are assessed against drill hole data 

Moisture Whether the tonnages are estimated on a dry basis or with natural moisture, and the method of 
determination of the moisture content. 

Tonnages are estimated on a dry basis.  Moisture content within the ore is low (~1-2 %) 

Cut-off parameters The basis of the adopted cut-off grade(s) or quality parameters applied. Reporting cut off = 2.5g/t based on breakeven stope grade with mine development in place.  

Modelling lower grade cut off = 0.3g/t nominally 

Mining factors or 
assumptions 

Assumptions made regarding possible mining methods, minimum mining dimensions and internal (or, if 
applicable, external) mining dilution. It is always necessary as part of the process of determining reasonable 
prospects for eventual economic extraction to consider potential mining methods, but the assumptions made 
regarding mining methods and parameters when estimating Mineral Resources may not always be rigorous. 
Where this is the case, this should be reported with an explanation of the basis of the mining assumptions 
made. 

Standard Sub Level retreat mining methods are predominantly used. Historical mining and reconciliation data has been taken 
into consideration but without affecting wire frame interpretation. The total model has been coded to identify previously mined 
areas and only reports remnant mineralisation, most of which was left behind as uneconomic with previous operators hedged at 
$A650/ounce. 

Metallurgical factors or 
assumptions 

The basis for assumptions or predictions regarding metallurgical amenability. It is always necessary as part 
of the process of determining reasonable prospects for eventual economic extraction to consider potential 
metallurgical methods, but the assumptions regarding metallurgical treatment processes and parameters 
made when reporting Mineral Resources may not always be rigorous. Where this is the case, this should be 
reported with an explanation of the basis of the metallurgical assumptions made. 

The ore is considered to be free milling (Life of Mine over 9 years 94.5% recovery), average hardness (BWI15-16), and with no 
significant refractory component. There are few minor deleterious elements, the footwall graphitic shales being the only concern 
in that this can affect recovery through preg-robbing if processed on its own. This known effect is managed through blending the 
ROM feed to the crusher prior to milling. 

Environmental factors 
or assumptions 

Assumptions made regarding possible waste and process residue disposal options. It is always necessary as 
part of the process of determining reasonable prospects for eventual economic extraction to consider the 
potential environmental impacts of the mining and processing operation. While at this stage the 
determination of potential environmental impacts, particularly for a greenfields project, may not always be 
well advanced, the status of early consideration of these potential environmental impacts should be reported. 
Where these aspects have not been considered this should be reported with an explanation of the 
environmental assumptions made. 

Paulsens is an operating mine with 9 years history and all permits and closure plans in place. 

Bulk density Whether assumed or determined. If assumed, the basis for the assumptions. If determined, the method 
used, whether wet or dry, the frequency of the measurements, the nature, size and representativeness of the 
samples. 

Over 4,000 bulk density measurements from diamond drill holes have been taken from mineralised and unmineralised intervals 
within the project area. The bulk densities are derived from laboratory pycnometer readings, with some of the domain densities 
adjusted over time through mine tonnage reconciliations. 

The bulk density for bulk material must have been measured by methods that adequately account for void 
spaces (vugs, porosity, etc), moisture and differences between rock and alteration zones within the deposit. 

Minimal voids are encountered in the ore zones and underground environment 

Discuss assumptions for bulk density estimates used in the evaluation process of the different materials. Individual bulk densities are applied to geological units and ore zones 
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Criteria JORC Code explanation Commentary 

Classification The basis for the classification of the Mineral Resources into varying confidence categories. Classification is defined by data spacing of diamond holes, face/wall and rise sampling and reflects the degree of confidence in 
the areas specified.  

Measured resource classification is where the estimate is supported by data less than 5m from existing mine development. 

Indicated resource classification is applied when blocks are estimated in the first pass and used at least 6 samples, from at least 
3 different drill holes. 

Inferred resource is based in addition to the above to a maximum search distance of 50 m from the last sample point 

Whether appropriate account has been taken of all relevant factors (ie. relative confidence in tonnage/grade 
estimations, reliability of input data, confidence in continuity of geology and metal values, quality, quantity 
and distribution of the data). 

Classification is primarily based on 9 years of Paulsens mining experience 

Whether the result appropriately reflects the Competent Person‟s view of the deposit. This mineral resource estimate is considered representative 

Audits or reviews The results of any audits or reviews of Mineral Resource estimates. This particular resource has not been audited externally. Previous estimates of this area utilising the same, or very similar 
variables, have been reviewed by external parties and internal parties with protocols deemed appropriate. 

The area has also been externally estimated by Ordinary Kriging (Hellman and Schofield 2007-2010), Inverse distance (ResEval 
Pty Ltd) 2004-2006, Conditional Simulation and Ordinary Kriging (Golders) 2002 

Discussion of relative 
accuracy/ confidence 

Where appropriate a statement of the relative accuracy and confidence level in the Mineral Resource 
estimate using an approach or procedure deemed appropriate by the Competent Person. For example, the 
application of statistical or geostatistical procedures to quantify the relative accuracy of the resource within 
stated confidence limits, or, if such an approach is not deemed appropriate, a qualitative discussion of the 
factors that could affect the relative accuracy and confidence of the estimate. 

This resource is one in an iterative, evolutionary approach, attempting to increase confidence with each estimation. Taking 
account of all reconciliation, audits, mentor, and increased ore body knowledge the qualitative confidence improves with mining 
and drilling. 

The statement should specify whether it relates to global or local estimates, and, if local, state the relevant 
tonnages, which should be relevant to technical and economic evaluation. Documentation should include 
assumptions made and the procedures used. 

This resource report relates to the Upper Paulsens area where it is likely to have local variability. The global assessment is more 
of a reflection of the average tonnes and grade estimate. 

These statements of relative accuracy and confidence of the estimate should be compared with production 
data, where available. 

The current Inverse Distance estimation methodology appears to perform sufficiently as an estimation technique for the Paulsens 
mineralisation. 

 

  
Upper Paulsens Long Section with drill hole traces and mineralised domains Upper Paulsens Plan View with drill hole traces and mineralised domains 
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JORC Code, 2012 Edition – Table 1 Report:  Voyager Underground (30 June 2013) 

Section 1 Sampling Techniques and Data 
(Criteria in this section apply to all succeeding sections.) 

Criteria JORC Code explanation Commentary 

Sampling techniques Nature and quality of sampling (eg cut channels, random chips, or specific specialised industry standard 
measurement tools appropriate to the minerals under investigation, such as down hole gamma sondes, or 
handheld XRF instruments, etc). These examples should not be taken as limiting the broad meaning of 
sampling. 

This deposit is sampled by diamond drilling and face chip sampling. Sample intervals are defined by the geologist to honour 
geological boundaries. 

There is no RC drilling at this depth 

Include reference to measures taken to ensure sample representivity and the appropriate calibration of any 
measurement tools or systems used. 

Core is aligned and measured by tape, comparing back to down hole core blocks consistent with industry practice 

Aspects of the determination of mineralisation that are Material to the Public Report.  In cases where 
„industry standard‟ work has been done this would be relatively simple (eg „reverse circulation drilling was 
used to obtain 1 m samples from which 3 kg was pulverised to produce a 30 g charge for fire assay‟). In 
other cases more explanation may be required, such as where there is coarse gold that has inherent 
sampling problems. Unusual commodities or mineralisation types (eg submarine nodules) may warrant 
disclosure of detailed information. 

Diamond drilling and face sampling are completed to industry standard using varying sample lengths (0.3 to 1.5m) based on 
geological intervals, which are then crushed and pulverised to produce a ~200g pulp sub sample to use in  the assay process. 

Diamond core samples are fire assayed (30g charge) 

Face samples are assayed by Leachwell 

Visible gold is occasionally encountered in core and face sampling  

Drilling techniques Drill type (eg core, reverse circulation, open-hole hammer, rotary air blast, auger, Bangka, sonic, etc) and 
details (eg core diameter, triple or standard tube, depth of diamond tails, face-sampling bit or other type, 
whether core is oriented and if so, by what method, etc). 

Surface drill core, 9 holes, Underground drill core, 1,050 holes as well as 1,620 faces/rises used to generate sample composite 
data. The diamond holes are LTK60 and NQ2 size.   

Surface core is orientated using the EZ ORI-shot device, underground drill core is rarely oriented. 

Faces are chip sampled aiming to sample every ore development cut but ~10% of ore cuts are missed 

Drill sample recovery Method of recording and assessing core and chip sample recoveries and results assessed. Diamond drill recoveries are recorded as a percentage calculated from measured core against downhole drilled intervals (core 
blocks).  Greater than 0.2 metre discrepancies are resolved with the drill supervisor 

Achieving >95% recovery. 

Measures taken to maximise sample recovery and ensure representative nature of the samples. Standard drilling practice results in high recovery due to competent nature of the ground. 

Whether a relationship exists between sample recovery and grade and whether sample bias may have 
occurred due to preferential loss/gain of fine/coarse material. 

There is no known relationship between sample recovery and grade, sample recovery is very high 

Logging Whether core and chip samples have been geologically and geotechnically logged to a level of detail to 
support appropriate Mineral Resource estimation, mining studies and metallurgical studies. 

Core Logging is carried out by Company Geologists, who delineate intervals on geological, structural, alteration and/or 
mineralogical boundaries, to industry standard.   

Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) photography. Logging is qualitative and all core is photographed.  All sampled development faces are photographed.  Visual estimates are 
made of sulphide, quartz alteration percentages using Terry and Chillenger (1955) charts 

The total length and percentage of the relevant intersections logged. 100% of the drill core is logged 
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Criteria JORC Code explanation Commentary 

Sub-sampling 
techniques and 
sample preparation 

If core, whether cut or sawn and whether quarter, half or all core taken. LTK 60 is generally whole core sampled, NQ2 core is generally half core sampled.  If not whole core sampled, then core is half 
cut with Almonté diamond core saw and half core sampled.  The right half is sampled, to sample intervals defined by the Logging 
Geologist along geological boundaries.  The left half is archived.  

All major mineralised zones are sampled, plus associated visibly barren material, >5m of hangingwall/footwall.   

As well, quartz veins>0.3m, that are encountered outside the know orezone and ±1m on either side.  

Ideally, sample intervals are to be 1m in length, though range from 0.30m to 1.50m in length. Total weight of each sample 
generally does not exceed 5kg.  

All samples are oven-dried overnight (max 1200), jaw crushed to <6mm, and split to <3kg in a static riffle splitter.  The coarse 
reject is then discarded.  The remainder is pulverised in an LM5 to >85% passing 75µm (Tyler 200 mesh) and bagged.  The 
analytical sample is further reduced to a 30gm charge weight using a spatula, and the pulp packet is stored awaiting collection by 
Northern Star Resources Limited(NSR). 

Changes are in progress to crush to 90% passing 3mm before a rotary split to 2.5 kg, all of which is then pulverised to 90% 
passing 75 micron 

If non-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry. Development face samples are chipped directly off the face into a sample bag, aiming for >2.5kg.  Samples are nominally 1 m in 
length but are modified to honour geological boundaries, and taken perpendicular to the mineralisation if practical 

Site lab sample prep has since January 2013 used a Boyd to crush and split to 3mm.  Previous to that a jaw crusher (6mm 
aperture) and 50/50 rifle splitter were used. 

For all sample types, the nature, quality and appropriateness of the sample preparation technique. Sample preparation is deemed adequate though further improvement is underway 

Quality control procedures adopted for all sub-sampling stages to maximise representivity of samples. For drill core the external labs coarse duplicates are used. 

One face sub sample per day is sent offsite for fire assays analyses to compare to Leachwell results. 

Measures taken to ensure that the sampling is representative of the in situ material collected, including for 
instance results for field duplicate / second-half sampling. 

Field duplicates, ie. other half of cut core, are not been routinely assayed. 

For each development face, one field duplicate is taken of the highest grade area, to assess the reproducibility of the assays, 
and the variability of the samples.  Variability is very high due sampling technique and to nuggetty nature of the mineralisation.  
The variability is accepted, countered by the high density of sampling. 

Whether sample sizes are appropriate to the grain size of the material being sampled. Sample sizes are considered appropriate. 

Quality of assay data 
and laboratory tests 

The nature, quality and appropriateness of the assaying and laboratory procedures used and whether the 
technique is considered partial or total. 

For all drill core samples, gold concentration is determined by fire assay using the lead collection technique with a 30 gram 
sample charge weight. An AAS finish is used, considered to be total gold 

Various multi-element suites are analysed using a four acid digest with an ICP-OES finish 

Face samples are analysed using Leachwell process, and are not considered total gold. 

For geophysical tools, spectrometers, handheld XRF instruments, etc, the parameters used in determining 
the analysis including instrument make and model, reading times, calibrations factors applied and their 
derivation, etc. 

Not applicable to this report. 
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Nature of quality control procedures adopted (eg standards, blanks, duplicates, external laboratory checks) 
and whether acceptable levels of accuracy (ie. lack of bias) and precision have been established. 

The QAQC protocols used include the following for all drill samples: 

Site sourced coarse blanks are inserted at an incidence of 1 in 40 samples.  From April 2013 commercial blanks are used. 

Commercially prepared certified reference materials are inserted at an incidence of 1 in 40 samples. The CRM used is not 
identifiable to the laboratory. 

NSR‟s Blanks and Standards data is assessed on import to the database and reported monthly and yearly. 

The primary laboratory QAQC protocols used include the following for all drill samples: 

Repeat of pulps at a rate of 2% 

Screen tests (percentage of pulverised sample passing a 75µm mesh) are undertaken on 1 in 100 samples. 

The laboratory reports its own QAQC data on a monthly basis. 

Failed standards are followed up by re-assaying a second 30g pulp sample of the failed standard ± 10 samples either side by the 
same method at the primary laboratory 

One standard is inserted with every face sampling submission to assess site lab performance 

Both the accuracy component (CRM‟s and umpire checks) and the precision component (duplicates and repeats) are deemed 
acceptable. 

Verification of 
sampling and assaying 

The verification of significant intersections by either independent or alternative company personnel. Significant intersections are reviewed by the geology manager and senior corporate personnel 

The use of twinned holes. Twinned holes are not specifically designed.  Occasionally deviating holes could be considered twins, showing similar tenor of 
mineralisation. 

Documentation of primary data, data entry procedures, data verification, data storage (physical and 
electronic) protocols. 

Data is hard keyed or copied into excel spreadsheets for transfer and storage in an access database. 

Hard copies of face and core / assays and surveys are kept on site 

Internal checks are made comparing database to raw assays files. 

Visual checks are part of daily use of the data in Vulcan 

Discuss any adjustment to assay data. No adjustments are made to any assay data. First gold assay is utilised for any resource estimation 

Location of data points Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), trenches, mine 
workings and other locations used in Mineral Resource estimation. 

Drill hole collar positions are picked up by survey using a calibrated total station Leica 1203+ instrument. Drill hole, downhole 
surveys are recorded at 15m and 30m, and then every 30m after, by calibrated Pathfinder downhole cameras. 

Face samples are located by laser distance measurement device and digitised into Vulcan software. The faces are represented 
as "pseudo-drill holes" to allow assignation of survey, lithology, assay, and other relevant information.  

Underground workings are tied into defined surface survey stations 

Surface hole collars picked up by the mine surveyors in mine grid 

Specification of the grid system used. A local grid system (Paulsen Mine Grid) is used. It is rotated 41.5 degrees to the west of MGA94 grid. Local origin is 50,000N 
and 10,000E 

Conversion. 

MGA E = (East_LOC*0.75107808+North_LOC*0.659680194+381504.5)+137.5 

MGA N = (East_LOC*-0.65968062+North_LOC*0.751079811+7471806)+153.7 

MGA RL = mRL_LOC-1000 

Quality and adequacy of topographic control. Topographic control is not that relevant to the underground mine.  For general use a Kevron photogrammetric survey is used 
with +/- 5m resolution. 
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Data spacing and 
distribution 

Data spacing for reporting of Exploration Results. Exploration result data spacing can be highly variable, up to 100m 

Whether the data spacing and distribution is sufficient to establish the degree of geological and grade 
continuity appropriate for the Mineral Resource and Ore Reserve estimation procedure(s) and classifications 
applied. 

Measured data spacing is better than 7m x 7m, and restricted to areas in immediate proximity to mined development. 

Data spacing for indicated material is approximately, or better than, 20m x 20m. 

All other areas where sample data is greater than 20m x 20m, or where intercept angle is low, is classified as inferred. 

Whether sample compositing has been applied. Sampling to geology, sample compositing is not applied until the estimation stage 

Orientation of data in 
relation to geological 
structure 

Whether the orientation of sampling achieves unbiased sampling of possible structures and the extent to 
which this is known, considering the deposit type. 

Intercept angles are mixed, however, all material remains inferred until reconciled by moderate to high angle (45o to 90o) grade 
control drilling, or mining activities. Hanging-wall drill drives provide excellent intercept orientation to the geological structures 
used in the estimate. 

If the relationship between the drilling orientation and the orientation of key mineralised structures is 
considered to have introduced a sampling bias, this should be assessed and reported if material. 

The drill orientation to mineralised structures biases the number of samples per drill hole.  It is not thought to make a material 
difference in the resource estimation.  As the opportunity arises, better angled holes are drilled with higher intersection angles.   

Sample security The measures taken to ensure sample security. All samples are selected, cut and bagged in tied numbered calico bags, grouped in larger tied plastic bags, and placed in large 
sample cages with a sample submission sheet. The cages are transported via freight truck to Perth, with consignment note and 
receipted by ALS Laboratories who are ISO9001 accredited 

All sample submissions are documented via ALS tracking system and all assays are returned via email. 

Sample pulp splits are returned to NSR via return freight and stored in shelved containers on site 

Audits or reviews The results of any audits or reviews of sampling techniques and data. Recent external review confirmed core and face sampling techniques are to industry standard.   

Data handling is considered adequate and will be improved with a new database system. 

Section 2 Reporting of Exploration Results 
(Criteria listed in the preceding section also apply to this section.) 

Criteria JORC Code explanation Commentary 

Mineral tenement and 
land tenure status 

Type, reference name/number, location and ownership including agreements or material issues with third 
parties such as joint ventures, partnerships, overriding royalties, native title interests, historical sites, 
wilderness or national park and environmental settings. 

M08/196 and M08/99 are wholly owned by Northern Star Resources (NSR) and in good standing.  Surface expression of the  
Paulsens Gold Mine is on M08/99, most of underground workings are on neighbouring M08/196 

There are no heritage issues with the current operation. Relationship with the traditional owners is good. 

The security of the tenure held at the time of reporting along with any known impediments to obtaining a 
licence to operate in the area. 

M08/196 and M08/99 are valid until 2020 and 2032 respectively 

Exploration done by 
other parties 

Acknowledgment and appraisal of exploration by other parties. All relevant work at these depths has been completed by NSR and Intrepid Mines Ltd. 

Geology Deposit type, geological setting and style of mineralisation. Paulsens is a high grade, quartz hosted, mesothermal gold deposit within metasediments. 

Drill hole Information A summary of all information material to the understanding of the exploration results including a tabulation of 
the following information for all Material drill holes: 

o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in metres) of the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

Too many (>2500) holes to practically summarise all information for all drill holes and faces used. 

Detailed drill hole data is periodically released with all relevant information attached. 
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If the exclusion of this information is justified on the basis that the information is not Material and this 
exclusion does not detract from the understanding of the report, the Competent Person should clearly 
explain why this is the case. 

All material data is periodically released on the ASX: 

02/08/2013, 29/05/2013, 16/05/2013, 20/01/2013, 12/12/2012, 1/10/2012, 24/8/2012, 04/07/2012, 07/06/12, 29/05/2012, 
12/04/2012, 6/03/2012, 25/11/2011, 17/11/2011, 09/11/2011, 13/10/2011, 12/09/11, 30/05/2011, 12/04/2011, 16/03/2011, 
06/01/2011, 04/01/2011, 22/12/2010, 10/12/2010, 02/12/2010, 14/10/2010, 04/08/2010 

Data aggregation 
methods 

In reporting Exploration Results, weighting averaging techniques, maximum and/or minimum grade 
truncations (eg cutting of high grades) and cut-off grades are usually Material and should be stated. 

Length weighted averages are used, cut an uncut reported (cut to 150gpt)  

Where aggregate intercepts incorporate short lengths of high grade results and longer lengths of low grade 
results, the procedure used for such aggregation should be stated and some typical examples of such 
aggregations should be shown in detail. 

Exploration results previously released 

The assumptions used for any reporting of metal equivalent values should be clearly stated. No metal equivalents are reported 

Relationship between 
mineralisation widths 
and intercept lengths 

These relationships are particularly important in the reporting of Exploration Results. Exploration results previously released, and do include an estimate of true thickness 

If the geometry of the mineralisation with respect to the drill hole angle is known, its nature should be 
reported. 

Due to complex mineralisation geometry and varying intercept angles the true thickness is manually estimated on a hole by hole 
basis.  Both true width and downhole lengths are reported 

If it is not known and only the down hole lengths are reported, there should be a clear statement to this effect 
(eg „down hole length, true width not known‟). 

Exploration results previously released with downhole depth and estimated true thickness 

Diagrams Appropriate maps and sections (with scales) and tabulations of intercepts should be included for any 
significant discovery being reported These should include, but not be limited to a plan view of drill hole collar 
locations and appropriate sectional views. 

See long section in main release and previous ASX releases. 

See plan view with drill traces 

Balanced reporting Where comprehensive reporting of all Exploration Results is not practicable, representative reporting of both 
low and high grades and/or widths should be practiced to avoid misleading reporting of Exploration Results. 

When previously reported, exploration results do include all intersections for the period / area 

Other substantive 
exploration data 

Other exploration data, if meaningful and material, should be reported including (but not limited to): 
geological observations; geophysical survey results; geochemical survey results; bulk samples – size and 
method of treatment; metallurgical test results; bulk density, groundwater, geotechnical and rock 
characteristics; potential deleterious or contaminating substances. 

Exploration results not being released this time 

Further work The nature and scale of planned further work (eg tests for lateral extensions or depth extensions or large-
scale step-out drilling). 

Drilling will continue down plunge, and as needed for grade control in line with the mine plan. 

Diagrams clearly highlighting the areas of possible extensions, including the main geological interpretations 
and future drilling areas, provided this information is not commercially sensitive. 

Part of this ASX  announcement 

Section 3 Estimation and Reporting of Mineral Resources 
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.) 

Criteria JORC Code explanation Commentary 

Database integrity Measures taken to ensure that data has not been corrupted by, for example, transcription or keying errors, 
between its initial collection and its use for Mineral Resource estimation purposes. 

Sampling and logging data is entered into excel sheets then transferred to an Access database. There are checks in place to 
avoid duplicate holes and sample numbers.  Where possible, raw data is loaded directly to the database from laboratory, logging 
and survey derived files. 

Data validation procedures used. Random checks through use of the data. Checks as part of reporting significant intersections and end of program completion 
reports. 

Site visits Comment on any site visits undertaken by the Competent Person and the outcome of those visits. This resource estimate has been conducted by geologists working in the mine and in direct, daily contact with the ore body data 
used in this resource estimate.  The competent person used to be the Geology Manager at Paulsens for 6 years 
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If no site visits have been undertaken indicate why this is the case. Site visits have been undertaken 

Geological 
interpretation 

Confidence in (or conversely, the uncertainty of) the geological interpretation of the mineral deposit. The interpretation of the deposit was carried out using a systematic approach to ensure continuity of the geology and estimated 
mineral resource.  The confidence in the geological interpretation is high with all the information and plus 9 years of operation.  

Nature of the data used and of any assumptions made. All available geological data was used in the interpretation including mapping, drilling faces, photos, structures. 

The effect, if any, of alternative interpretations on Mineral Resource estimation. No alternative interpretations have been completed in previous 6 months. 

The use of geology in guiding and controlling Mineral Resource estimation. The majority of mineralisation is located within a large, variably folded and faulted quartz host, close to, or on, the contacts with 
the surrounding wall rock sediments between an offset Gabbro intrusive.  Drill core logging and face development is used to 
create 3D constrained wireframes. 

The factors affecting continuity both of grade and geology. Grade continuity is related to the quartz and sulphide events within the boundaries of the gabbro extent. Mineralised veins are 
also within the gabbro 

Dimensions The extent and variability of the Mineral Resource expressed as length (along strike or otherwise), plan 
width, and depth below surface to the upper and lower limits of the Mineral Resource. 

Strike length = 1,100m down plunge at 30-35deg to the West 

Width = ~80m  (though high grade component ~ 5m wide) 

Depth = from ~400m below surface to ~800m below surface 

Estimation and 
modelling techniques 

The nature and appropriateness of the estimation technique(s) applied and key assumptions, including 
treatment of extreme grade values, domaining, interpolation parameters and maximum distance of 
extrapolation from data points. If a computer assisted estimation method was chosen include a description of 
computer software and parameters used. 

Inverse distance squared (ID2) was used to estimate this resource, using Vulcan 8.1.  

24 domains were used to constrain the various lodes, defined by orientation, geological continuity, and grade population. Each 
domain is validated against the lithology, and then snapped to the drill-hole and face data to constrain the mineralised envelope 
as a 3D wireframe.  

Compositing of drill-hole samples was completed against these wireframed domains at 1m (downhole) interval. 

The availability of check estimates, previous estimates and/or mine production records and whether the 
Mineral Resource estimate takes appropriate account of such data. 

Post estimation, resource estimations have factors applied to both tonnages (20%) and grades (14%) based on long term 
reconciliation data between the resource models and actual production. 

The assumptions made regarding recovery of by-products. No assumptions are made, but silver is a by-product that makes up part of the refinery revenue. This is not in the model and only 
gold is defined for estimation 

Estimation of deleterious elements or other non-grade variables of economic significance (eg sulphur for acid 
mine drainage characterisation). 

No deleterious elements estimated in the model 

In the case of block model interpolation, the block size in relation to the average sample spacing and the 
search employed. 

Block size is 5m x 4m x 5m, sub-blocked to 1m x 0.25m x 1m to suit the narrow east-west orientation of the majority of the 
domains 

Average sample spacing is 3m in the case of face samples 

Search ellipsoids are 25 * 12 * 6m to 50 * 20 * 10 m, varying the minimum number of samples required on successive passes as 
well as utilizing an octant search to decluster 

Any assumptions behind modelling of selective mining units. No assumptions made 

Any assumptions about correlation between variables. No assumptions made 

Description of how the geological interpretation was used to control the resource estimates. “Ore” wireframes are created within the geological shapes based on drill core logs, mapping and grade.  Low grades can form 
part of an ore wireframe  

Discussion of basis for using or not using grade cutting or capping. Top-cuts were used as presented by Optiro Pty Ltd in 2012 that ranges from 50 to 150g/t on individual domains 

Top cuts are set to incorporate approximately 97.5% of the available sample population for each domain. 

The process of validation, the checking process used, the comparison of model data to drill hole data, and 
use of reconciliation data if available. 

Validation is through swath plots comparing composites to block model grades, along 20m eastings and RL 

Visually, block grades are assessed against drill hole data 
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Moisture Whether the tonnages are estimated on a dry basis or with natural moisture, and the method of 
determination of the moisture content. 

Tonnages are estimated on a dry basis.  Moisture content within the ore is low (~1-2 %) 

Cut-off parameters The basis of the adopted cut-off grade(s) or quality parameters applied. Reporting cut off = 2.5g/t based on breakeven stope grade with development in place.  

Modelling lower grade cut off = 0.3g/t nominally 

Mining factors or 
assumptions 

Assumptions made regarding possible mining methods, minimum mining dimensions and internal (or, if 
applicable, external) mining dilution. It is always necessary as part of the process of determining reasonable 
prospects for eventual economic extraction to consider potential mining methods, but the assumptions made 
regarding mining methods and parameters when estimating Mineral Resources may not always be rigorous. 
Where this is the case, this should be reported with an explanation of the basis of the mining assumptions 
made. 

Standard Sub Level retreat mining methods are predominantly used. Historical mining and reconciliation data has been taken 
into consideration but without affecting wire frame interpretation 

Metallurgical factors or 
assumptions 

The basis for assumptions or predictions regarding metallurgical amenability. It is always necessary as part 
of the process of determining reasonable prospects for eventual economic extraction to consider potential 
metallurgical methods, but the assumptions regarding metallurgical treatment processes and parameters 
made when reporting Mineral Resources may not always be rigorous. Where this is the case, this should be 
reported with an explanation of the basis of the metallurgical assumptions made. 

The ore is considered to be free milling (Life of Mine over 9 years 94.5% recovery), average hardness (BWI15-16), and with no 
significant refractory component. There are few minor deleterious elements, the footwall graphitic shales being the only concern 
in that this can affect recovery through preg-robbing if processed on its own. This known effect is managed through blending the 
ROM feed to the crusher prior to milling. 

In Voyager Extension, more copper is being seen, requiring higher levels of reagents. This is also managed through blending the 
ROM feed to the crusher prior to milling. 

Environmental factors 
or assumptions 

Assumptions made regarding possible waste and process residue disposal options. It is always necessary as 
part of the process of determining reasonable prospects for eventual economic extraction to consider the 
potential environmental impacts of the mining and processing operation. While at this stage the 
determination of potential environmental impacts, particularly for a greenfields project, may not always be 
well advanced, the status of early consideration of these potential environmental impacts should be reported. 
Where these aspects have not been considered this should be reported with an explanation of the 
environmental assumptions made. 

Paulsens is an operating mine with 9 years history and all permits and closure plans in place. 

As with all unweathered, underground deposits, when mined, natural oxidation and weathering occurs, however, the ore and 
waste material mined at Paulsens has been reviewed several times by both independent and contracted consultants with the 
overall comment that there appears to be no major effects on the environment outside of the environmental conditions imposed 
with the granting of the initial mining license. 

 

Bulk density Whether assumed or determined. If assumed, the basis for the assumptions. If determined, the method 
used, whether wet or dry, the frequency of the measurements, the nature, size and representativeness of the 
samples. 

Over 4,000 bulk density measurements from diamond drill holes have been taken from mineralised and unmineralised intervals 
within the project area. The bulk densities are derived from laboratory pycnometer readings, with some of the domain densities 
adjusted over time through mine tonnage reconciliations. 

The bulk density for bulk material must have been measured by methods that adequately account for void 
spaces (vugs, porosity, etc), moisture and differences between rock and alteration zones within the deposit. 

Minimal voids are encountered in the ore zones and underground environment 

Discuss assumptions for bulk density estimates used in the evaluation process of the different materials. Individual bulk densities are applied to geological units and ore zones 

Classification The basis for the classification of the Mineral Resources into varying confidence categories. Classification is defined by data spacing of diamond holes, face/wall and rise sampling and reflects the degree of confidence in 
the areas specified.  

Measured resource classification is where the estimate is supported by data less than 5m apart and/or within 5-7m of 
development. 

Indicated resource classification is where the mineralisation has been sufficiently defined by a drill spacing of 12-15m x 12-15m 
or better, and/or where development has occurred within 12-15m. 

Inferred resource is based in addition to the above to a maximum search distance of 50 m from last sample point 

Whether appropriate account has been taken of all relevant factors (ie. relative confidence in tonnage/grade 
estimations, reliability of input data, confidence in continuity of geology and metal values, quality, quantity 
and distribution of the data). 

Classification is primarily based on 9 years of Paulsens mining experience 

Whether the result appropriately reflects the Competent Person‟s view of the deposit. This mineral resource estimate is considered representative 

Audits or reviews The results of any audits or reviews of Mineral Resource estimates. This particular resource has not been audited externally. Previous estimates of this area utilising the same, or very similar 
variables, have been reviewed by external parties and internal parties with protocols deemed appropriate. 
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Discussion of relative 
accuracy/ confidence 

Where appropriate a statement of the relative accuracy and confidence level in the Mineral Resource 
estimate using an approach or procedure deemed appropriate by the Competent Person. For example, the 
application of statistical or geostatistical procedures to quantify the relative accuracy of the resource within 
stated confidence limits, or, if such an approach is not deemed appropriate, a qualitative discussion of the 
factors that could affect the relative accuracy and confidence of the estimate. 

This resource is one in an iterative, evolutionary approach, attempting to increase confidence with each estimation. Taking 
account of all reconciliation, audits, mentor, and increased ore body knowledge the qualitative confidence improves with mining 
and drilling. 

The statement should specify whether it relates to global or local estimates, and, if local, state the relevant 
tonnages, which should be relevant to technical and economic evaluation. Documentation should include 
assumptions made and the procedures used. 

This resource report relates to the Paulsens, Voyager area, comprising Voyager 1, Voyager 1 extension and Voyager 2 and will 
show local variability. The global assessment is more of a reflection of the average tonnes and grade estimate. 

These statements of relative accuracy and confidence of the estimate should be compared with production 
data, where available. 

Most recent reconciliation work suggests a 20% resource model undercall on tonnes and a 14% undercall on grade against 
historical mining.  These factors have been mathematically applied to the final resource number post model estimations on 
specific domains. 

 

Refer Appendix 1 (page 2) for diagrams. 


