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1 Summary  

1.1 Introduction and Scope  

Heron Resources Limited (Heron or the Company) (ASX:HRR / TSX:HER) is 
pleased to present the results of a Feasibility Study (FS or the Study) for its 100%-
owned Woodlawn Zinc-Copper Project (Woodlawn Project or simply the Project) in 
the Goulburn district, New South Wales, Australia. 

This Report, which presents the results of the Study, was overseen by Anne-Marie 
Ebbels of SRK Consulting (SRK), with contributions from other consultants 
discussed in Section 2.3.  This Report has been prepared in accordance with the 
requirements of National Instrument 43-101 (NI 43-������������ �³�6�W�D�Q�G�D�U�G�V���R�I�� �'�L�V�F�O�R�V�X�U�H��
�I�R�U���0�L�Q�H�U�D�O���3�U�R�M�H�F�W�V�´�����R�I���W�K�H���&�D�Q�D�G�L�D�Q���6�H�F�X�U�L�W�L�H�V���$�G�P�L�Q�L�V�W�U�D�W�R�U�V�����&�6�$�����I�R�U���O�R�G�Jement 
�R�Q�� �W�K�H�� �&�6�$�¶�V�� �³�6�\�V�W�H�P���I�R�U�� �(�O�H�F�W�U�R�Q�L�F�� �'�R�F�X�P�H�Q�W���$�Q�D�O�\�V�L�V�� �D�Q�G�� �5�H�W�U�L�H�Y�D�O�´�� ���6�(�'�$�5��.  
The opinions contained herein and effective 19 July 2016, are based on information 
collected by the various consultants and employees of Heron. 

The Study, which builds on the Preliminary Economic Assessment (PEA) published 
on 1 June 2015, considers the design and construction of an integrated processing 
facility for the treatment of ores from both underground and reclaimed tailings.  It 
encompasses geology, resource definition, mine design, metallurgical testing and 
process design, infrastructure requirements, and associated capital and operating 
cost estimation, leading to an assessment of the economic potential of the Project. 

�7�K�H���³Starter Case�´���G�H�Y�H�O�R�S�P�H�Q�W���V�F�H�Q�D�U�L�R���I�R�U��the Project considers the treatment of 
2.79 million tonnes of underground Mineral Reserves, representing 42% of the 
updated Mineral Resource.  In addition, 9.24 million tonnes of Mineral Reserves of 
reclaimed tailings are treated, representing 84% of the Mineral Resource, for a total 
ore feed to the plant (Plant Feed Estimate) of 12.03 million tonnes.  The Starter Case 
scenario reflects an initial design life of 9.25 years based on the campaign treatment 
of both underground and tailings ore through a single plant that will have a 
processing capacity of 1.0Mtpa when operating on underground ore feed, and a 
capacity of 1.5Mtpa when operating on reclaimed tailings ore.  

The Starter Case is based upon the delineation of sufficient Mineral Reserves in 
order to achieve a cash flow profile which supports the financing and construction of 
the Project, whilst reducing to a minimum the time and cost associated with 
underground resource drilling.  

However, it should be noted that there is very strong potential for the Project to 
deliver significantly greater tonnages from underground based on both potential 
conversion of Inferred Mineral Resources and the exploration potential of the 
Woodlawn mineralised system.  In particular, it is anticipated that elements of the 
Plant Feed Estimate which were presented in the PEA will be drilled to reserve status 
from underground, which will significantly extend the life of the Project compared to 
the Starter Case. 

Cautionary Statements  

The purpose of this technical report (Report) is to present the Feasibility Study 
findings of the Project.  The contents of this Report reflect various technical and 
economic conditions at the time of writing.  Given the nature of the mining business, 
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these conditions can change significantly over relatively short periods of time.  
Consequently, actual results may be significantly more or less favourable. 

Refer to Section 2.4 for more detail on Cautionary Notes and Forward Looking 
Information. 

1.2 Economic Modelling Outcomes  

The Woodlawn Project has been demonstrated to be economically attractive based 
on the assumptions used.  The Net Present Values (NPV), together with �W�K�H���3�U�R�M�H�F�W�¶�V��
attractive position in the lower half of the cost curve and the strong Internal Rate of 
Return (IRR) provide a compelling case for the funding and construction of the 
Project. 

Based on the commodity price curves used, the reserves-only Starter Case delivers 
a post-tax NPV of A$204 million at a discount rate of 10% (post-tax nominal 
equivalent basis), with an IRR of 31% and a payback period of 2.3 years.  
Preproduction capital, including capital and working capital, is estimated at A$163 
million excluding funding costs.  Refer to Section 22 for details. 

With zinc (Zn) as the primary product (being around 48% of revenue), costs are 
expected to be in the lower half of the cost curve compared to other operations with 
a C1 costs of around -US$0.05/lb (minus 6c) for zinc and a C3 cost of US$0.34/lb.  
Treating lead (Pb) and copper (Cu) as co-products rather than by-products gives a 
C1 of US$0.43/lb and C3 of US$0.64/lb expressed in terms of payable zinc.  

The NPV is most sensitive to the commodity price / foreign exchange (FX) 
environment and to mine life extensions on the revenue side, and to grade (which in 
turn is driven by dilution considerations) and metallurgical recoveries on the cost 
side.  Other significant factors influencing the project returns include the upfront and 
underground development capital, and the plant operating costs. 

The economic analysis supports the development of the Woodlawn Project.  The 
recommendations and proposed forward program are discussed in Section 26. 

1.3 Property Description and Ownership  

Woodlawn is a high-grade, volcanogenic massive-sulphide (VMS) deposit situated 
in New South Wales, Australia. It is located approximately 50km northeast of 
Canberra, and 250km southwest of Sydney within the Southern Tablelands of New 
South Wales.  The region is serviced by the Federal Highway and the Hume Highway 
to the west and north of the Woodlawn Site.  Both of these roads provide key 
transport corridors between Sydney / Melbourne and Sydney / Canberra.  

The Woodlawn site is currently subject to an existing Mining Lease; Special (Crown 
and Private Land) Lease No. 20 (SML 20).  SML 20 has remained current since the 
closure of the previous operations on the site in 1998 and title was transferred into 
the name of Tarago Operations Pty Ltd, a fully owned subsidiary of Heron, in March 
2014.  The Mining Lease has recently been renewed for the period to 16 November 
2029.  Furthermore, the Project has received major project approvals (statutory 
approval) that allows for mining operations at the Woodlawn site until 31 December 
2034. 

SML 20 is surrounded by a larger exploration license (EL 7257) which is held 100% 
by Heron.  This exploration license includes an area of 179 square km (km2) and 
covers the previously mined Cowley Hills (on SML20) and Currawang Mines located 
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9km to the northwest of the Woodlawn Site.  Total Woodlawn Exploration Project 
tenure is 570km2. 

 

Figure 1-1: Woodlawn location map with relative population sizes  
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Other than standard State Government royalty arrangements, there are no 
commercial encumbrances over SML 20 relating to the proposed mining operations.  
The mineral rights and production is 100% owned by Heron. 

A significant portion of the landholdings covering and adjacent to, the Woodlawn Site 
are owned under freehold title by Veolia Environmental Services Limited (Veolia) 
(refer to Section 4.5 for further details).  Heron has a Call Option Agreement with 
Veolia permitting Heron to acquire the freehold title to certain areas of the site. The 
Companies have agreed the land purchase area and a Development Application is 
with Goulburn Mulwaree Council for the land sub-division. 

Figure 1-2 below shows the layout of the site, highlighting the three existing tailings 
dams, the location of the open-pit where Veolia has established a bioreactor, and 
the adjacent underground mineralised zones, and the proposed location for the 
boxcut and the plant site.  The site is highly disturbed, and reprocessing activities 
associated with the existing tailings dams are expected to contribute significantly to 
the ongoing rehabilitation of the site. 

 
Figure 1-2: Woodlawn site layout  
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1.4 History  and Exploration  

The Woodlawn deposit was discovered in 1969 and mined from open-pit and 
underground positions between 1978 and 1998, when it was closed due to external 
funding issues with the then-owner, Denehurst Limited (Denehurst).   

During the operations the mine processed: 

�x 8.0Mt @ 8.3% Zn, 1.6% Cu, 3.1% Pb and 62g/t silver (Ag) from the 
Woodlawn open pit between 1978-1987; 

�x 530,000t @ 13.0% Zn, 1.6% Cu 2.2% Pb and 33g/t Ag from the satellite 
Currawang mine between 1991-1995, and 

�x 5.8Mt @ 10.1% Zn, 1.6% Cu, 4.1% Pb, 0.5g/t gold (Au) and 90 g/t Ag from 
the Woodlawn Underground between 1987-1998. 

Denehurst was placed into administration and receivership due to corporate issues 
and problems at another of its operations, and the Woodlawn underground mine 
ceased production in March 1998.  

The Project was then acquired by entities associated with TriAusMin Limited 
(TriAusMin) who completed further studies and drilling programs through to 2013.  
Heron merged with TriAusMin in August 2014, bringing necessary capital and 
technical expertise to allow the Project, and particularly the underground, to be 
rapidly explored and progressed.  A Preliminary Economic Assessment (PEA) was 
completed in May 2015, and the Feasibility Study which is the subject of this Report 
was initiated immediately following the successful conclusion of the PEA. 

1.5 Geology and Mineralisation  

The Woodlawn Project is located near the eastern margin of the Lachlan Fold Belt 
(LFB), a major north-northwest trending orogenic belt that hosts several major 
metalliferous mines.  The LFB extends from northeast Tasmania, into Victoria and 
through much of eastern NSW.  The northern, western and eastern boundaries are 
masked by younger sedimentary basin cover.  

The Woodlawn Project is located in the Goulburn Basin (Deyssing and Fitzherbert, 
2014) which is a relatively narrow belt of volcanic and sedimentary rocks that 
extends for over 300km and is one of several fault bounded Silurian to Devonian-
aged intra-cratonic rift to back arc basins which host a range of base metal and gold 
occurrences on the eastern side of the LFB. 

The Woodlawn VMS deposit lies on the eastern limb of the asymmetric north-
northwest plunging Woodlawn Syncline.  The regional structures trend 
approximately north-northwest with the local foliation dipping moderately to steeply 
to the west.  The Woodlawn deposit is hosted by regionally metamorphosed (green 
schist facies) fine to coarse grained felsic to intermediate volcanic rocks, 
volcanogenic sedimentary rocks and minor carbonaceous shale, known as the 
Woodlawn Volcanics.  The axial plane dips at about 60° to the west and is paralleled 
by a strong slaty cleavage or in places a schistosity through the mine sequence. 

The VMS mineralisation is contained within a series of sub-parallel lenses dipping 
moderately to steeply westwards and occupies a series of generally fault bounded 
stratabound packages.  In the latter stages of deposition, dolerite sills intruded the 
rocks now situated above and below the Woodlawn deposit and comprise 30% to 
40% of hangingwall rocks in the Woodlawn deposit. 
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1.6 Mineral Resource and Mineral Reserves Estimate s 

1.6.1 Mineral Resource Model �± Underground  

The underground Mineral Resource Model for the Feasibility Study was generated 
from drill hole, survey and geological mapping data.  The model utilised wireframe 
domain constraints, statistical and geostatistical studies, interpolated block 
modelling using ordinary kriging and was validated by reconciliation of the resultant 
block model against historic mine production, where possible.  The block model was 
classified into JORC 2012 Mineral Resource categories using a combination of 
kriging parameters, geological confidence in the interpretation and an engineering 
assessment of the ability to be mined in remnant areas. 

Mapping data was used to develop the geology model including faults, dolerite units, 
massive and stringer sulphides units, along with mineralised waste domains where 
appropriate.  Sulphide mineralisation was divided into Copper and Polymetallic 
Domains where there was sufficient sample support to warrant the separation.  
Samples were selected by domain and composited into 1m intervals using density 
weighting.  Statistical analysis and geostatistical studies were carried out on all 
domains combined for the elements modelled; Au, Ag, Cu, Fe, Pb and Zn.  

The block model was based on parent cell size of 20x10x20m blocks with 2x1x2m 
sub cells.  Interpolation was carried out using ordinary kriging with parameters and 
search ellipses defined by the results of the geostatistical study.  Density for the 
model was calculated using a Fe, Zn and Pb regression for the polymetallic and a 
Fe regression for copper domains.  

The interpolated block model (the Model) was classified based on combination of 
kriging outputs and geological confidence in the domain interpretations into Inferred, 
Indicated or Measured Mineral Resource categories.  The Model was depleted for 
previous mining using a void model of the underground workings.   

The Model estimates were checked spatially against the composite grades of drill 
holes, statistically, visually and using swath plots in RL, Northing and Easting planes.  
In mined out areas where there was reliable production data, the resource model 
was reconciled against reported production (mine claim) using the void model.  It 
was found to be similar to historic mine production in both tonnes and grade. 

Heron has taken a deliberately cautious approach to areas that would be considered 
remnant.  There are numerous areas adjacent to historical mining which have been 
excluded from the resource estimate, and there is considerable potential to re-
incorporate these zones into the mine plan once operations are under way and 
underground access facilitates closer and more detailed assessment.  Areas of the 
resource considered not recoverable were classified as skins and not reported as a 
part of the resource.  

1.6.2 Mineral Resource Model  �± Reclaimed Tailings  

The reclaimed tailings mineral resource was updated by Mr Robin Rankin of GeoRes 
in 2015 ���V�H�H�� �³�:�R�R�G�O�D�Z�Q�� �5�H�W�U�H�D�W�P�H�Q�W�� �3�U�R�M�H�F�W�� ���������� �0�L�Q�H�U�D�O�� �5�H�V�R�X�U�F�H�V�� �7�H�F�K�Q�L�F�D�O��
Report (NI 43-101) Effective 30th �1�R�Y�H�P�E�H�U�� ���������´���� �5�R�E�L�Q�� �5�D�Q�N�L�Q, available on 
SEDAR or at the Heron Resources website www.heronresources.com.au). 

The tailings resource is located to the southeast of the Woodlawn open-pit in three 
abutting tailings storage facilities, the North, South and West Dams (TDN, TDS and 
TDW).  The resource contains all of the tailings discharge from open pit and 
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underground mining carried out on the Woodlawn deposit and the satellite 
Currawang and Cowley Hills deposits between 1978 and 1998.  

Each dam was modelled independently.  The north dam was further divided into and 
upper retreated, and a lower non-retreated domains for resource modelling.  The 
volume of tails was determined using confining DTMs of the dam surface from recent 
surveys, and the dam floors and walls from historic surveys.  Waste material that 
had been placed on top of the tailings dams was removed from the resource model.  

The resource model grade estimate was on a total of 332 vertical VibracoreTM 
(specialised drilling rig for the drilling of mud and sand materials) and push core drill 
holes at an average spacing of ~50m.  Samples on an average interval of 2m were 
used to determine the grade of each dam separately.  Drill hole assays were 
compiled, statistically and then geostatistically analysed to determine limits and 
grade estimation parameters.  In situ dry density was interpolated into each tailings 
dam separately using a total of 302 density measurements taken from drill samples.  
Grades were estimated using inverse distance interpolation appl�L�H�G���Z�L�W�K���³�X�Q-�I�R�O�G�L�Q�J�´��
continuity controls into 10x10m (plan) by 2m (vertical) blocks.  

The resource models were classified using primarily sample proximity into Inferred, 
Indicated and Measured resources and reported without a lower cut-off grade.  The 
resource models were also reconciled against mill production records and found to 
be within 0.1% of production records (10.85Mt). 

1.6.3 Mineral Resource Estimate s  

An updated underground Mineral Resource, as detailed in Table 1-1 below, has 
been estimated in accordance with the JORC 2012 Code and the NI 43-101 
guidelines and incorporating the results of the Phase 1 and 2 drilling programs in 
addition to an extensive review of historical data.  The underground Mineral 
Resource has been reported undiluted to a lower cut-off grade of 7% zinc equivalent 
(ZnEq �± refer to section 14.7.2 for calculation details), a value that approximates the 
estimated lower cut-off grade for the mining methods considered by the Study.  
Figure 1-3 provides an oblique view through the Mineral Resource block model. 

Table 1-1: Woodlawn Mineral Resource Estimate �± Underground  2016 

Reported at a 7% ZnEq lower cut-off grade Grades 

Type Resource 
Category 

Quantity 
(Mt) 

ZnEq(%) Zn(%) Cu(%) Pb(%) Au(g/t) Ag(g/t) 

Polymetallic Measured 0.4 23 13.3 1.3 4.4 0.21 72 
Polymetallic Indicated 2.2 21 10.4 1.5 3.9 0.78 80 
Polymetallic Inferred 2.0 17 7.3 1.5 2.9 0.75 56 
Copper Indicated 1.5 10 0.8 2.8 0.2 0.23 15 
Copper Inferred 0.5 10 0.8 2.8 0.2 0.09 14 

Notes to accompany Mineral Resource Table: 1) ZnEq% refers to a calculated Zn equivalent grade the formula for which is stated in Section 14.7.2; 2) 
Polymetallic Type refers to polymetallic massive sulphide mineralisation with high-grade Zn and Pb; Copper Type refers to Cu dominated massive and stringer 
sulphide mineralisation; 3) Values are rounded to two significant numbers and some rounding related discrepancies may occur in the totals; 4) the Mineral 
Resource is reported in accordance with the guidelines set out in the JORC (2012) and NI 43-101 Codes.  
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Figure 1-3: Woodlawn Project Underground Mineral Resource Block Model (ZnEq 
coloured)  

The reclaimed tailings Mineral Resource estimate, detailed in Table 1.2 below is a 
re-statement of the previously released estimate.  The reclaimed tailings Mineral 
Resource has been reported undiluted with no lower cut-off grade applied. 
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Table 1-2: Woodlawn Mineral Resource Estimate �± Reclaimed Tailings  2015 

 
Resource 
Category 

 Grades 

Quantity 
(Mt) 

ZnEq   (%) Zn 
(%) 

Cu 
(%) 

Pb 
(%) 

Au 
(g/t) 

Ag 
(g/t) 

Measured + Indicated Mineral Resources 
North Dam        
Measured 1.7 6.0 2.4 0.42 1.3 0.28 34 
Indicated 1.0 6.0 2.3 0.42 1.3 0.27 34 
Sub-Total 2.7 6.0 2.4 0.42 1.3 0.27 34 

South Dam        
Measured 2.8 5.9 2.5 0.46 1.22 0.25 27 
Indicated 0.6 6.0 2.4 0.49 1.25 0.27 26 
Sub-Total 3.3 6.0 2.5 0.46 1.22 0.25 27 

West Dam        
Measured 2.1 6.4 2.0 0.60 1.5 0.40 36 
Indicated 1.7 6.6 1.9 0.66 1.4 0.39 34 
Sub-Total 
 

3.8 6.5 2.0 0.62 1.4 0.40 35 

All Dams        
Measured 6.6 6.1 2.3 0.49 1.3 0.30 32 
Indicated 3.2 6.3 2.2 0.56 1.4 0.33 32 

Total Measured + 
Indicated 9.8 6.2 2.2 0.51 1.3 0.31 32 

Inferred Mineral Resources 
North Dam 0.2 6.2 2.4 0.43 1.4 0.28 36 
South Dam 0.9 5.6 2.3 0.48 1.2 0.24 24 
West Dam - - - - - - - 
Total Inferred  1.1 5.8 2.3 0.47 1.2 0.25 27 

Notes to accompany Mineral Resource Table: 1) Please refer to the �$�6�;���U�H�O�H�D�V�H���G�D�W�H�G���������2�F�W�R�E�H�U�������������H�Q�W�L�W�O�H�G���³�+�H�U�R�Q���F�R�Q�I�L�U�P�V�������0�W���R�I���+�L�J�K���*�U�D�G�H���7�D�L�O�L�Q�J�V��
�D�W�������������=�Q�(�T�´ for Qualified Persons statements; 2) ZnEq% refers to a calculated Zn equivalent grade the formula for which is stated in 14.7.2;  3) Values are 
rounded to two significant numbers and some rounded related discrepancies may occur in the totals;  4) The Mineral Resource is reported in a manner 
compliant with the JORC 2012 and NI 43-101 Codes and was first released on the 20th October 2015, refer to this release for further details including JORC 
2012 Table 1.  

1.6.4 Mineral Reserve  Estimate  

Mineral Reserve �± Underground  

From the underground Mineral Resource, a mine plan was designed based only on 
Measured and Indicated Resource blocks using predominantly the underhand open 
stoping and drift and half uppers mining methods.  A variable cut-off grade of 
approximately 7.0% ZnEq and minimum mining widths of 3.0m for stoping were 
applied, with planned dilution and unplanned dilution grade determined from the 
Mineral Resource model.   

Financial viability of the mine plan was demonstrated at metal prices of US$2,400/t 
Zn, US$1,900/t Pb, US$5,900/t Cu, US$1,150/oz Au and US$17/oz Ag.  As 
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described in Section 16.2.4, the sensitivity of the Mineral Reserve to changes in 
economic factors was considered by running a further scenario against the mine plan 
which demonstrated no material change compared with the Mineral Reserve 
estimate.  

The Mineral Reserve estimate is presented in Table 1-3.  The Measured and 
Indicated Resources within the mine plan were converted to Probable Mineral 
Reserves. 

Table 1-3: Woodlawn Underground Mineral  Reserves 2016 

Domain Classification Tonnes 

(Mt) 

ZnEq 

(%) 

Zn  

(%) 

Cu  

(%) 

Pb 

(%) 

Au  

(g/t) 

Ag  

(g/t) 

Polymetallic Proven 0       

Probable 1.8 16 8.1 1.2 2.9 0.56 57 

Copper Proven 0       

Probable 0.96 8.8 0.61 2.4 0.13 0.23 14 

Total (Proven + Probable) 2.8 14 5.5 1.6 1.9 0.45 42 

Notes: 

1). CIM definitions were followed for classification of Proven and Probable Reserves. 

2). Mineral Reserve estimated as of 31 May 2016. 

3). Tonnes are rounded to the nearest thousand.   

4). Totals may appear different from the sum of their components due to rounding. 

5). A 7.0 g/t Zn Equivalent (ZnEq) cut-off grade has been applied. 

6). Commodity prices applied are USD2,400/t Zn, USD1900/t Pb, USD5,900/t Cu, USD1150/oz Au and USD17/oz 
Ag and exchange rate AUD:USD of 0.69. 

7). ZnEq% refers to a calculated Zn equivalent grade the formula for which is stated in Section 14.7.2. 

8). The Mineral Reserve estimate was prepared by Anne-Marie Ebbels, BEng, MAusIMM(CP), a full-time 
employee of SRK Consulting and a Qualified Person under NI 43-101. 

9). Refer to �$�S�S�H�Q�G�L�[������ �R�I���W�K�H���$�6�;���7�6�;���U�H�O�H�D�V�H���G�D�W�H�G���������-�X�Q�H������������ �H�Q�W�L�W�O�H�G���³�+�H�U�R�Q���5�H�V�R�X�U�F�H�V���G�H�O�L�Y�H�U�V���U�R�E�X�V�W��
�)�H�D�V�L�E�L�O�L�W�\�� �6�W�X�G�\�� �I�R�U���: �R�R�G�O�D�Z�Q���3�U�R�M�H�F�W�´ for the JORC Table 1 associated with this Mineral Reserve, and in 
particular Section 4. 

All the underground Mineral Reserves are classified as Probable Mineral Reserves.  
The Mineral Resources located in the remaining areas of A, B, C and J Lenses are 
classified as Measured.  The Mineral Reserve classifies these areas as Probable 
because of uncertainty with regards to the ground conditions and the impact that the 
ground has had on the existing workings. 

The Qualified Person (QP) is of the opinion that the Mineral Reserves for the 
Woodlawn underground project, which have been estimated using core drill and 
development data, appropriately consider modifying factors and have been 
estimated using industry best practices, and conform to NI 43-101. 

Mineral Reserve �± Reclaimed Tailings  

Mineral Reserves have been calculated for all three tailings storage dams; TDS, 
TDW and TDN.  The conversion of Measured and Indicated Mineral Resources to 
Mineral Reserves has involved the inclusion of the following mining parameters: 

�x The tailings will be hydraulically mined using a bottom up approach with a 
channel feeding back to a sump. 
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�x The tailings retreatment dilution is calculated based on 200mm of dilution 
which is a range between 2.2% and 3.2%.  A global average of 3% dilution 
has been applied. 

�x The tailings retreatment recovery is applied based on 400mm of ore loss 
which is a range between 4.4% and 6.6%.  A global average of 95% mining 
recovery has been applied. 

The Mineral Reserve estimate is presented in Table 1-4.  The Reserve estimate is 
based on 0% ZnEq cut-off and mining of the Measured and Indicated Mineral 
Resource and has been classified as both Proven and Probable Ore Reserve based 
on the geological and mining confidence. 

Table 1-4: Woodlawn Reclaimed Tailings Mineral Reserves 2016 

Reserve Category Quantity 
(Mt) 

ZnEq(%) Zn(%) Cu(%) Pb(%) Au(g/t) Ag(g/t) 

Proven 6.4 6.0 2.2 0.5 1.3 0.29 31 

Probable 3.2 6.0 2.1 0.5 1.3 0.33 32 

Total (Proven + Probable) 9.5 6.0 2.2 0.5 1.3 0.31 31 
Notes:  

1). CIM definitions were followed for classification of Proven and Probable Reserves. 

2). Combined tailings estimate for the North, South and West Tailings Dams;  

3). ZnEq% refers to a calculated Zn equivalent grade the formula for which is stated in Section 14.7.2. 

4). Reported at cut-off grades determined by economic and metallurgical factors;  Further details for the estimate 
are provided in the JORC Code (2012) Table 1, within Appendix 2  at the end of this report;   

5). Some discrepancies in totals may occur due to rounding of numbers. 

6). The Mineral Reserve estimate was prepared by Anne-Marie Ebbels, BEng, MAusIMM(CP), a full-time 
employee of SRK Consulting and a Qualified Person under NI 43-101. 

7). �5�H�I�H�U���W�R���$�S�S�H�Q�G�L�[������ �R�I���W�K�H���$�6�;���7�6�;���U�H�O�H�D�V�H���G�D�W�H�G���������-�X�Q�H������������ �H�Q�W�L�W�O�H�G���³Heron Resources delivers robust 
Feasibility Study for Woodlawn Project�´�� �I�R�U���W�K�H���-�2�5�&�� �7�D�E�O�H������ �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K���W�K�L�V�� �0�L�Q�H�U�D�O���5�H�V�H�U�Y�H���� �D�Q�G�� �L�Q��
particular Section 4. 

1.7 Mining  

Mining at the Woodlawn Project will proceed from two independent ore sources, 
fresh ore from underground and surface reclaimed tailings from the existing tailings 
dams (TDS, TDN and TDW). 

Having more than one independent ore source available has the significant benefit 
of providing risk mitigation against unforeseen issues arising from any of the mining 
operations, and will ensure that the target plant processing rate is able to be 
sustained at a steady level for many years, regardless of the ultimate mix of 
underground, tailings or other ore.  Additionally, as any new ore sources are brought 
on stream either from exploration success at Woodlawn or from satellite deposits, 
the mix of ore feed to the plant can be modified based on the relative economics of 
the different ores, and taking into account the mining rates of the different ore 
sources, without compromising steady state plant throughput.  

The underground mine will be accessed by a new portal and decline on the western 
side of the open pit. 

The underground is scheduled to produce at an annualised maximum rate of up to 
864ktpa using three different mining methods: 

�x Drift and Fill (DAF) half uppers; 
�x Underhand Longitudinal Open Stoping; and 
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�x Underhand Transverse Open Stoping. 

Tailings will be reclaimed from the tailings dams filled during the previous operations 
of the Woodlawn mine prior to closing down in 1998.  These reclaimed tailings will 
initially be reclaimed in sequence at a rate of up to 1.5 million tonnes per annum 
(Mtpa) by hydraulic monitoring from Tailings Dam South (TDS), Tailings Dam West 
(TDW) and Tailings Dam North (TDN). 

Mined material will be campaign treated in the processing plant, with scheduling of 
processing driven by the relative economics of the ore available (in practice, this 
means that ore from underground will usually have priority over reclaimed tailings 
ore). 

Underground Mining  

Access to the Woodlawn underground mine will be through a new boxcut and portal 
located to the west of the existing pit.  Ore is scheduled from a combination of new 
and remnant resource blocks.  Ore will be truck hauled to surface then transferred 
overland to the processing plant located 1.2km to the east via a 2.1km long haul 
road.  The design considered the in-situ block model cells above the design cut-off 
value in the Measured and Indicated Resource Category (RESCAT) blocks only.  
These cells were used as a guide during manual design of the stope shapes.  The 
same method was applied to design copper stopes using a Cu grade of 1.8% as an 
in-situ grade for design purposes. 

The mine design is shown in Figure 1-4. 

 
Figure 1-4: Underground Mine Showing New Stopes and Existing Workings  
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The underground mine production schedules are based on a stope by stope 
evaluation undertaken by SRK, taking into account the desired production profile, 
tonnes and grade (with post-dilution zinc equivalent grade as the key driver), stope 
access, and mining and capital development costs.  Refer to Section 16.2 for details. 

There are significant areas of Mineral Reserve that are separate from the existing 
mine that will provide a stable production base, particularly in Kate Lens.  The 
proposed mining of the remnant ore blocks at Woodlawn will be more challenging, 
but achievable, in terms of the expected difficult mining conditions. 

The design, where possible, aims to rehabilitate the mine development where 
required to access the remaining Woodlawn deposit.  A 50m exclusion zone has 
been applied around the open pit for any stoping to avoid damage to the open-pit. 

Beck Engineering (Beck) has undertaken the geotechnical work for the Woodlawn 
Project.  Beck provided SRK with guidelines for the stope design, including 
parameters for unplanned dilution.  Beck considered that smaller drive sizes for the 
ore are more appropriate, so the ore drives have been designed to be 4.5m x 4.5m 
based on this recommendation.  Beck (2016c) also designed the ground support 
requirements for the development profiles, and provided guidelines regarding the 
expected ground conditions in each domain.  Beck has not prepared specific designs 
for the extreme conditions, but has made specific recommendations for additional 
support for these areas. 

SRK and Beck have identified several previously mined stoping voids that will require 
filling prior to mining above them.  Known fall-of-ground locations and fall-of-ground 
zones have been identified, and stopes have not been designed in these locations. 

Underground risks relating to hazardous gas and fluid entry associated with the 
Veolia operation have been considered.  SRK have designed additional plugs 
between the open pit and the underground operations, and have recommended a 
number of additional actions which should be undertaken as the mine is developed 
to manage these risks. 

Outotec have undertaken testwork on mine backfill options for the underground, 
resulting in a recommendation and costing for a cemented paste fill generation plant 
utilising deslimed tailings.  Acceptable strengths were achieved for this paste for the 
mining methods that will be used.  Paste reticulation analysis indicates that for most 
regions requiring fill at the Woodlawn mine, paste can be transported using 
gravitational energy alone (i.e. no pumping) at reasonable yield stress levels. 

Reclaimed Tailings Mining  

Tailings mining will be undertaken using automated monitor-based hydraulic mining, 
which uses high pressure water to agitate the ore into slurry form, as illustrated in 
Figure 1-5 below.  In consultation with hydraulic mining consultants, the mining 
approach has been revised to a bottom-up mining method, which is considered to 
be safer, less environmentally impactful, easier to control and more cost effective.  

Under the bottom-up method, the reclaimed tailings resource will be mined using a 
channel and windrow system in a herringbone pattern to the full thickness of the 
tailings in a single pass advancing away from the collection sumps at the dam low 
points, with a mining face width of 20-25 metres (m).  Working heights are nominally 
10m, though these may be in excess of 12m locally. 
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Figure 1-5: Bottom -up Hydraulic Mining Method  

A single production monitor is employed to achieve the required shift output. 

Mine scheduling was undertaken by an independent consultant (Bolger, 2015) 
based on the latest Mineral Resource which was revised and updated to JORC 2012 
standard in October 2015.  

The mining rate was calculated based on an annual requirement of 1.5 million tonnes 
(Mt) on a 24/7 basis, 2 by 12 hour shifts per day, 365 days operation.  Mechanical 
availability assumed was 95% with a working efficiency of 95%.  For a monitor rated 
at 190 tonnes per hour (tph); this yields a mining rate of approximately 2,060 tonnes 
per 12 hour shift. 

Whilst the tailings mining is designed for, and is capable of achieving, the shift rates 
above resulting in a steady state production rate of 1.5Mtpa, actual annual 
production rates will be lower than this based on the displacement of tailings ore with 
underground ore as this becomes available.   

Production Profile  

A 14 month construction period has been assumed pre-production, with 
commissioning commencing in the final month of the 5th quarter (Q1 in the table 
below).  A ramp-up in throughput relative to the target nameplate capacity for the 
quarter (which varies depending on the mix of underground and reclaimed tailings 
ore feed) has been assumed based on an availability * utilisation assessment. 

 The mine plan has been developed based on the unconstrained underground 
mining schedule developed by SRK.  Underground ore is then processed on a 
campaign basis when sufficient material has been mined or stockpiled on the run-
of-mine stockpile (ROM) to warrant a campaign of no less than 14 days (equating to 
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approximately 42,000 tonnes).  ROM stockpiles are expected to average 40-90,000 
tonnes based on this processing model. 

For periods where no underground ore is available for processing, residual capacity 
is then applied to treatment of the reclaimed tailings ore, which is fed directly into the 
mill after thickening.   

It should be noted that the plant (other than the comminution circuit) is able to be 
commissioned on tailings ore only. 

A total Plant Feed Estimate of 12.0 million tonnes has been modelled to provide a 
9.3 year mine life based on Reserves only.  Timing is assumed to deliver a 
commissioned project in the first quarter of calendar year 2018.  The overall tonnes 
/ grade profile for the Plant Feed Estimate is illustrated in  

Figure 1-6 and Table 1-5 by financial year and by source: 

 

 
Figure 1-6: Ore Feed and Grade by Year for Starter Case   
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Table 1-5: Detailed Production Schedule by Financial Year ending June 30  

 

The production schedule for the Starter Case contains 51% Proven and 49% 
Probable Mineral Reserves.   

The mining from underground is split between areas away from previous mining 
���³�1�H�Z�� �$�U�H�D�V�´���� �D�Q�G�� �D�U�H�D�V�� �D�U�R�X�Q�G�� �S�U�H�Y�L�R�X�V�� �P�L�Q�L�Q�J�� ���³�5�H�P�Q�D�Q�W�´����  79% of the ore 
tonnes from underground mining relate to areas which have not previously been 
mined.  The breakdown between Remnant and New Areas (including development) 
is illustrated over time in Figure 1-7 below.  
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Figure 1-7: Underground Production by Mining Type  

Ore is sourced from 10 distinct lenses within the underground, with the most 
significant production being drawn from Kate Lens and from B Lens as illustrated in 
Figure 1-8.  The timing of mining for each lens is driven primarily by access 
constraints. 

 
Figure 1-8: Underground Production by Lens  

�7�K�H���X�Q�G�H�U�J�U�R�X�Q�G���5�H�V�R�X�U�F�H�V���I�D�O�O�V���L�Q�W�R���W�Z�R���P�D�L�Q���W�\�S�H�V�����D���³�3�R�O�\�P�H�W�D�O�O�L�F�´���W�\�S�H���Z�K�L�F�K��
refers to polymetallic massive sulphide mineralisation with high-grade Zn and Pb, 
�D�Q�G�� �D�� �³�&�R�S�S�H�U�´�� �W�\�S�H�� �Z�K�L�F�K�� �U�H�I�H�U�V�� �W�R�� �&�X�� �G�R�P�L�Q�D�W�H�G�� �P�D�V�V�L�Y�H�� �D�Q�G�� �V�W�U�L�Q�J�H�U�� �V�X�O�S�K�L�G�H��
mineralisation.  These ore types are based on stope descriptions rather than blocks 
and hence differ from the Mineral Reserve breakdown.  The mining schedule 
preferentially feeds the higher value Polymetallic material, with the Copper material 
generally being skewed to the back end of the production profile as shown in Figure 
1-9.  
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Figure 1-9: Underground Production by Domain  

1.8 Processing  Plant  

The selected process recovery method has been based on campaign treatment of 
the underground resource and the retreatment of process tailings from the existing 
tailings storage dams.  Being higher value, underground ore will be treated in 
preference to tailings ore. 

A Front End Engineering Design (FEED) study was completed on the Woodlawn 
Tailings Retreatment Project in 2012 (Sara, 2012). The metallurgical testing regime 
conducted as part of the PEA study contemplated a co-treatment flowsheet design 
whereby underground ore and reclaimed tailings were blended and treated together.  
Recent testwork conducted during the FS demonstrated there was no synergistic 
effect when blending as was thought initially.   

The plant layout and process has been designed to alternate between underground 
ore and reclaimed tailings ore treatment on a campaign basis.  The design utilises 
all sections of the plant (except underground crushing and milling) on a campaign 
basis.  The underground will run at an equivalent of 1Mtpa with reclaimed tailings at 
a throughput rate of 1.5Mtpa.  The processing plant circuit for the treatment of tailings 
material differs somewhat from the circuit required to process underground ore, 
however, the plant circuits have been designed is such a manner that the process 
plant can be quickly changed from one configuration to the other.  The scope of the 
feasibility study included the investigation of processing options, process design, 
operating cost and capital cost estimation for the plant and all infrastructure and 
support facilities required by the operation. 

The process plant will consist of both conventional and fine grinding circuits then 
utilise differential flotation for the extraction of copper, lead and zinc concentrates.  
The concentrates will be filtered on-site for export via either Port Kembla or Port 
Botany.  The proposed flowsheet allows for the operation commencing with the plant 
feed of 100% tailings reclamation as the underground mining operation ramps up to 
full production. 

A simplified schematic process flow diagram is shown in Figure 1-10 for the process 
plant design.   
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Figure 1-10: Schematic Plant Flowsheet  
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For underground production, a two-stage crushing circuit has been incorporated into 
the plant design, together with a primary grind ball mill.  For tailings material, a fine 
grind mill is planned that reduces the particle size down to 30 micron (µm), a size 
which previous and current test work confirms maximises recovery performance 
from the flotation circuit.  For the underground material, the initial float (copper 
concentrate) is undertaken at a 75µm grind size, with a regrind of copper tails to 
30µm being employed subsequent to that stage to maximise the recoveries from the 
lead and zinc flotation stages. 

The flotation circuit comprises a gangue pre-float, copper, lead and zinc differential 
flotation sequence.  The overall plant design is consistent with the design of the 
original 1978-1998 plant that was historically used to successfully treat Woodlawn 
ore.  Gangue pre-float cleaner concentrate recovered from the pre-float flotation 
cleaner cell will be discarded to final tails to remove some of the talcose gangue 
ahead of the differential flotation circuit.  A differential flotation circuit for copper, lead 
and zinc will be utilised with concentrate regrind stages in the copper, lead and zinc 
circuits to produce marketable copper, lead and zinc concentrates.  The copper 
circuit will also utilise a rougher and scavenger tailings regrind circuit prior to the lead 
flotation stage for underground treatment.  Tailings from the flotation plant will be 
thickened for recovery of process water and underground paste fill, with slime tailings 
deposited into a new tailings storage facility (TSF4).  

Concentrates from the copper, lead and zinc flotation circuits will be thickened and 
subsequently filtered for road transport.  Copper and zinc concentrates will be 
shipped via Port Kembla in bulk carriers.  Transport of the concentrate from site will 
be by road with concentrate loaded into half-height containers via front end loader 
at site.  The high precious metals lead concentrates will be loaded into lined 
containers at the process plant and are likely to be shipped via Port Botany. 

Final flotation tailings will be de-slimed and used in the paste fill plant which will 
generate a cemented paste that will be reticulated underground and used to backfill 
completed stopes. 

Refer to Section 17 for details of the plant design criteria, plant components, 
reagents, services, and labour estimates. 

1.9 Metallurgy  

Test work has been carried out since 2006 for the proposed Woodlawn Project 
involving the retreatment of historical tailings and processing of ore mined from 
underground.  Blends of underground ore material and reclaimed tailings were 
included in the test programs.  The programs completed were: 

�x 2008 BFS (feasibility study) comprising four phases: established the basic 
flowsheet and effect of different conditions and parameters. 

�x 2012 FEED: focussed on validation and optimisation of the BFS outcomes 
using TDS material. 

�x 2015 PEA: included testing of samples from underground and tests of a 
50:50 blend of tailing and underground samples to assess the concept of co-
treatment. 

�x 2015/2016 feasibility study: confirmation and optimisation of reclaimed 
tailing, underground material and co-treatment blends. 
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The metallurgical balance and flotation circuit equipment selection has been based 
on the locked cycled flotation testing that was completed after optimisation of 
conditions established from batch flotation tests.  The flotation discussion focusses 
on the locked cycle test results using supporting data from the batch flotation tests.  
Ongoing batch testing is aimed at further optimising flotation conditions.  A summary 
of the locked cycle test results is given in Table 1-7 while the concentrate grades 
and metal recoveries established from these tests and used for design are reported 
in Table 1-6.   

Co-treatment of underground and reclaimed tailing as considered in the PEA has not 
been considered further in lieu of a campaign treatment strategy. 

Table 1-6: Concentrate Grades and Recoveries �± Design  

Plant Feed Source Head 
Grade 
%Cu 

Head 
Grade 
%Pb 

Head 
Grade 
%Zn 

Copper 
Conc 
%Cu 

Copper 
Conc 
%Cu  
Rec 

Lead 
Conc 
%Pb 

Lead 
Conc 
%Pb 
Rec 

Zinc 
Conc 
%Zn 

Zinc 
Conc 
%Zn 
 Rec 

Reclaimed Tailing (TDS) 0.54 1.30 2.26 20 29 35 37 45 72 

Underground (Kate) 1.32 2.56 7.21 27 62 44 66 50 90 
 

Table 1-7: Summary of Locked Cycle Test Results  

Sample & Locked Cycle Test Head 
Grade 
%Cu 

Head 
Grade 
%Pb 

Head 
Grade 
%Zn 

Copper 
Conc 
%Cu 

Copper 
Conc 
%Cu 
Rec 

Lead 
Conc 
%Pb 

Lead 
Conc 
%Pb 
Rec 

Zinc 
Conc 
%Zn 

Zinc 
Conc 
%Zn 
Rec 

Reclaimed Tailing TDS 

- Test 47 (P0188) 2007 0.48 1.20 2.65 19.0 38.9 22.3 40.9 49.1 60.6 

- Test 50 (P0199) 2007 0.48 1.20 2.65 21.8 39.8 21.5 42.2 47.6 56.7 

- Test 16 (P0348) 2011 0.45 1.28 2.32 22.1 26.8 34.0 33.6 45.0 71.1 

- Test 17 (P0348) 2011 0.46 1.20 2.44 21.8 31.7 36.4 35.7 45.6 72.9 

- TLC1 (Tap Water) 2016 0.47 1.19 2.63 19.9 42.7 36.2 44.1 57.4 77.7 

- TLC1 (Conc Production 
Method) 

0.49 1.21 2.65 19.8 43.8 34.4 42.6 55.9 76.2 

- TLC2 (Process Water) 2016 0.46 1.15 2.54 21.1 40.8 36.1 44.1 54.6 76.2 

- TLC2 (Conc Production 
Method) 

0.48 1.20 2.60 21.1 39.1 35.8 42.3 53.6 72.2 

Polymetallic (Kate Lens) 

- KLC2 (Tap Water) 2016 1.91 2.93 8.59 27.1 62.1 44.0 74.7 58.9 74.5 

- KLC2 (Conc Production 
Method) 

1.93 2.90 8.85 27.1 60.5 44.0 74.2 58.9 71.1 

- KLC3 (Process Water) 2016 1.99 2.88 8.93 27.5 54.4 36.4 72.2 60.7 85.7 

- KLC3 (Conc Production 
Method) 

1.98 2.93 9.11 27.5 54.4 36.4 71.0 60.7 83.8 

Interpretation of the test results has been cognisant of the effect of concentrate grade 
used for an individual circuit on the performance of subsequent stages.  For 
example, the lead recovered into the pre-float and copper concentrates affects the 
results achievable in the lead circuit; the zinc reporting into the pre-float, copper and 



Heron Resources Limited    Section 1 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

38 38 

lead concentrates impacts the zinc available for recovery into zinc concentrate.  
Therefore, nominating a specific grade for copper in the copper concentrate that was 
different to that achieved in a locked cycle test will reduce the confidence in the 
grades and recoveries of the lead and zinc concentrates. 

The data from the 2016 locked cycle tests has been balanced using two methods �± 
the standard method as described in the SME handbook and the concentrate 
production balance method where the tailing is calculated by difference between the 
feed and concentrates.  The concentrate production balance method tends to 
generate lower recoveries.  The SME method results have been used for design to 
ensure concentrate handling equipment is suitable for higher production rates 
however the concentrate grades and recoveries calculated using the concentrate 
production balance method are likely to correlate with future plant performance. 

 

1.10 Concentrates Produced  

The Project will produce three concentrates, being a 45-57% Zn zinc concentrate 
with potentially payable silver credits, a 35-45% Pb lead concentrate with payable 
silver and gold credits, and potentially payable copper credits, and a 20-27% Cu 
copper concentrate with payable silver and gold credits.  Details of the expected 
concentrate specifications are provided in Section 19.1.1. 

Average annual Production Target figures are shown in Table 1-8 for the Starter 
Case and for the three year period where the underground is producing at target 
production rates. 

Table 1-8: Annual Production Targets  

Annual Commodity 
Gross Production   

Steady State  
FY21-23 p.a. 

Starter Case  
Average p.a.  

Element   

Zn kt 40.2 30.7 

Pb kt 11.5 9.4 

Cu kt 9.7 7.3 

Ag koz 894 811 

Au koz 3.6 3.1 
 

Based on the mining schedules, Table 1-9 presents the detailed life-of-mine 
production schedule for the Woodlawn Project on an annual basis, showing 
concentrate production on a dry tonne basis and gross metal content by concentrate. 

 

 

 

 

 

 

Table 1-9: Estimated Production by Product (in potentially payable streams)  
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1.11 Infrastructure  

Woodlawn will operate as a shared site with Veolia operations, while maintaining a 
separation of the two operations.  There will be no shared personnel between Heron 
and Veolia; however, there will be site interaction (including invitee to daily mine 
meeting) between the two parties for access to pipelines, and the provision of raw 
water to the existing Veolia site operations.  Woodlawn Project labour requirements 
are based on direct personnel only with no allowance for a liaison officer role with 
Veolia operations. 

Existing infrastructure includes: 

�x a sealed access road to the mine site; 

�x administration building and offices; 

�x raw water tank; 

�x evaporation ponds; 

�x site water pipe systems and pumps, and 

�x an electrical supply sub-station. 

New site infrastructure to support the operations includes: 

�x Buildings; 

�x Power supply and distribution infrastructure; 

�x Water supply and sewerage; 

�x Mobile equipment; 

�x Communications; and 

�x Roads and fences. 

The Woodlawn site is located approximately 9km from the town of Tarago in New 
South Wales, approximately 211km by road from Port Kembla, and 240km by road 
from Port Botany.  For the zinc and copper concentrates, road transportation to Port 
Kembla, and for lead, road transportation to Port Botany is assumed. 

Reagents and consumables for the Project are available in the region from a number 
of locations, including but not limited to: 

�‡ Port Botany �± chemicals; 
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�‡ Berrima �± Boral Cement; and 

�‡ Deer Park �± Orica explosives. 

Refer to Section 18 for a more detailed discussion of the project infrastructure. 

1.12 Environmental , Permitting and Social  

1.12.1 Environmental Permits  

Project Approval 

During 2012 TriAusMin carried out an extensive Environmental Assessment (EA), 
seeking Major Project approval under Part 3A(transitional) of the NSW 
Environmental Planning and Assessment Act 1979 (EP&A Act) to establish the 
Project.  On 4 July 2013 the Company received project approval (Project Approval 
07_0143) under Section 75J of the EP&A Act from the NSW Minister for Planning 
and Infrastructure in relation to the Project.   

On 28 April 2016 the Company received Modification to Project Approval 07_0143 
from the NSW Department of Planning and Environment (DPE).  The modification to 
the approval includes changes to the location of the underground portal and paste 
plant and proximity (within 200m) to the open pit.  The approval allows mining 
operations at the Woodlawn site until 31 December 2034. 

As is common in the NSW planning and approval system, further modifications to 
the Project Approval are anticipated.  These largely arise as further information is 
gathered during the ongoing operations and to align the approval with any necessary 
operational changes.     

Mining Operations Plan 

On 11 November 2015 the Company received approval from the NSW Department 
of Trade and Investment, Division of Resources and Energy (DRE) for the Woodlawn 
Mining Operations Plan (MOP) to 30 November 2021.  The approval allows activities 
in accordance with the MOP such as construction, mining operations and 
processing. 

Environmental Protection Licence 

Veolia and Infigen Energy Limited (Infigen) each currently hold an environmental 
protection licence (EPL) that cover the site.  Infigen is currently reducing their licence 
area to cover just their wind farm area while Heron and Veolia are finalising details 
to the remainder of the site.  The EPA indicate they understand there will be 
interactions between the areas and the respective operations.  This will be reflected 
in the monitoring requirements and allowances provided to avoid repetition. 

1.12.2 Permitting Requirements  

As is normal for project approvals, the NSW Department of Planning and 
Infrastructure (DPI, now the DPE) imposed a number of conditions designed to: 

�x prevent, minimise, and / or offset adverse environmental impacts;  
�x set standards and performance measures for acceptable environmental 

performance;  
�x require regular monitoring and reporting, and  
�x provide for the ongoing environmental management of the Project. 

These conditions are described more fully in Section 20.1. 
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1.12.3 Ongoing Reporting Requirements  

As is normal for such approvals, the DPE imposed a number of planning and 
reporting requirements, including the preparation of a number of environmental 
management plans for submission to DPE for approval.  These plans are to fall under 
an overall Environmental Management Strategy (EMS). 

In June 2014 the Company submitted its EMS required under the Project Approval.  
The subsidiary management plans are at an advanced stage and are either currently 
being reviewed by the relevant government agency(s) or in final draft as detailed in 
Section 201.1.  

1.12.4 Waste (Tailings) Management  

Tailings from the process plant that is not used for paste fill in backfilling the 
underground mine openings will be impounded in tailings storage facilities within the 
Woodlawn site, initially into a new Tailings Storage Facility 4 (TSF4) and 
subsequently, when Tailings Dam South (TDS) has been sufficiently emptied and 
made good, into TDS.  Between the two storage facilities, provision has been made 
for the storage of more than 7.4 million tonnes of tailings, which is sufficient to meet 
the Project needs for at least the Starter Case mine life. 

The design of TSF4 has been conducted by Coffey (Coffey, 2015), who have had a 
long association with the design and management of tailings storage facilities at the 
Woodlawn site, having previously been involved in the design of Tailings Dam South 
(TDS) and Tailings Dam West (TDW). 

Refer to Section 20.2 for a detailed discussion on the tailings management strategy. 

1.12.5 Water Management  

Raw water will be pumped from the existing Willeroo Borefield and stored in the 
10,000 cubic metre (m³) raw water dam at the plant site.  

Water from the evaporation ponds will be re-used in the process plant as part of the 
make-up water requirements.  The water has high ion content and a low pH and will 
be treated before usage.  

Potable water will be generated onsite from a raw water supply to a reverse osmosis 
plant. 

The sewerage treatment system will be of packaged proprietary form and will consist 
of a number of in-ground collection pits located adjacent to the plant buildings where 
waste water is generated. 

1.12.6 Social and Community Aspects, Stakeholder Consultation  

The Woodlawn Project operates within an environment of strong local community 
support for the Project.  Social and community issues are further supported by a 
single local landowner, Veolia, who operate their bioreactor on site.  

Other than properties owned by Veolia, there are no residences within three 
kilometres of the Project site.  Hence, there is reduced scope for on-site operations 
to impact on the local community.  Based on the EA investigations, odour, dust and 
other emissions generated during the construction and operation of the Project are 
unlikely to be significant or to impact on the local community.  Existing Veolia 
bioreactor operations (as administered by EPA) are likely to have greater impact. 
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The community consultation process implemented to date has engaged 
stakeholders at all levels, including government agencies, local government, the 
community and non-government stakeholders, to identify relevant issues to be 
�D�G�G�U�H�V�V�H�G���G�X�U�L�Q�J�� �W�K�H�� �3�U�R�M�H�F�W�¶�V���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���W�K�H���(�$���S�U�H�S�D�U�D�W�L�R�Q���� �� �,�Q�� �D�G�G�L�W�L�R�Q����
the stakeholder activities undertaken have addressed the consultation requirements 
identified in the Director-�*�H�Q�H�U�D�O�¶�V���5�H�T�X�L�U�H�P�H�Q�W�V�����'�*�5�V�����������������D�Q�G�������������������6�L�Q�F�H��
the Project Approval was received, community consultation has continued, with the 
Company leveraging �9�H�R�O�L�D�¶�V existing Community Consultation Committee.  
Community Consultation Committee minutes are on the company website. 

1.12.7 Closure  

Rehabilitation of the site is required in accordance with the proposed Rehabilitation 
Management Plan described in the EA. 

An amount of A$9.6 million (M) has been estimated for costs at project closure 
associated with closure and rehabilitation of the site.  It is noted, however, that some 
rehabilitation of the site, including the tailings dams, is expected to be undertaken 
progressively throughout the mine life. 

1.13 Capital and Operating Costs  

1.13.1 Capital Costs  

Capital costs have been estimated to a ±15% accuracy and contain a 7% 
contingency, built from the bottom up.  Initial capital costs of A$144M are estimated, 
with total capital costs to Peak Cash Draw estimated at A$163M including 
contingency as shown in Table 1-10.  

Table 1-10: Summary Capital to Peak Cash Draw  

Cost to Peak Cash Draw  Total  

Pre-Commissioning    

Underground Development & Rehabilitation 0.8 

Mining Services 3.2 

Paste Plant 5.4 

Treatment Plant and Services 95.4 

Earthworks & Roads 2.7 

Construction & Engineering 19.9 

Tailings Storage (TSF4) 6.0 

Commissioning, First Fills, Other 4.7 

Owners Costs & Pre-operating Costs 6.0 

 Subtotal  144.2 

Post -Commissioning   

Underground Development & Rehabilitation 8.5 

TSF4 First Lift 2.4 

Working Capital 7.6 
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Cost to Peak Cash Draw  Total  

 Total  162.7 

Peak Cash Draw is defined as initial capital and working capital post commissioning 
until the mine achieves a break-even cash position, and excludes financing costs.   

The basis for the capital estimates includes: 

�x Engineering, Procurement and Construction (EPC) model for non-mining 
infrastructure. 

�x Owner operator processing facilities and workforce. 
�x Owned fixed plant, mobile surface plant, and administration buildings. 
�x Contract mining including underground mining equipment and maintenance 

facilities. 
�x Contract concentrate road haulage, port storage and handling and ship loading. 
�x Construction of the new tailings storage facility TSF4. 

Refer to Sections 21.2 and 22.5.5 for further details. 

1.13.2 Post Production Capital Costs  

In addition to the capital described above, ongoing capital of A$95.5M is required for 
the underground decline and lateral development, decline rehabilitation, ventilation 
raises, escape ways, pumps, substations, infrastructure and sustaining capital, and 
a further A$3.6M has been allowed for in FY19/20 for a final lift of TSF4 before re-
use of TDS commences in FY22. 

1.13.3 Operating Costs  

Underground Mining Costs  

Underground mining costs have been developed by SRK from first principles and 
contractor budget quotes based on the mining method, vertical development, 
horizontal access, stoping and back fill costs, and vary according to the physical 
location and characteristics of the mined material within the underground.  The 
capital cost profile is shown Table 1-10, and includes mining costs in the FY18 year.  
The operating costs are provided on a A$/t mill feed and contract mining basis and 
include maintenance costs and average A$58.9 / tonne over the Starter Case mine 
plan. 

Refer to Section 21.1.4 for further details.   

Tailings Mining Costs  

Tailings materials will be recovered from the three tailings dams in sequence, 
utilising the proven technique of high pressure water jet monitoring.  The pulped 
material will then be pumped to the concentrator, thickened, and processed.  The 
mining rate is tied to the mill feed ramp up rate, described below, and includes an 
allowance for mobilisation and contractor costs for the initial mining periods.  The 
production schedule is provided above.  The cost assumption for mining the tailings 
material is A$1.68/t on a campaign feed basis with a ramp-up by quarter. 

Refer to Section 21.1.5 for further details. 

Plant Operating Costs  
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The operating cost estimate has been developed on the basis of a process plant 
feed tonnage of 1.0Mtpa when treating underground ore and 1.5Mtpa when treating 
reclaimed tailings.  Per Table 1-11, the operating cost estimate is A$22.19 per tonne 
of underground ore feed, and A$17.55 per tonne of retreatment tailings ore feed. 

Table 1-11: Plant Operating Unit Costs  

Processing Unit Cost  Underground  

A$/t  
Retreatment 

Tailings  

A$/t  

Crushing & Grinding 2.97 0.00 

Tailings Reclamation & Grind 2.54 3.43 

Flotation 8.04 8.31 

Concentrate Handling 0.67 0.43 

Plant Services 0.74 0.56 

Administration 7.23 4.82 

Total  22.19 17.55 

Initial period costs have been escalated directly in proportion to the mill ramp-up rate 
described in Section 22.5.1. 

Fixed Costs  

Additional fixed costs of A$34.5M have been estimated and include general 
administration costs, insurances, �D�Q�G���R�Z�Q�H�U�¶�V���S�H�U�V�R�Q�Q�H�O���F�R�V�W�V�����L�Q���D�G�G�Ltion to those 
included in the variable costs disclosed).  Maintenance capital is included in the 
operating costs above.  These are shown by year in Table 1-12. Pre-production 
�R�Z�Q�H�U�¶�V���F�R�V�W�V���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���F�D�S�L�W�D�O���H�V�W�L�P�D�W�H�� 

Table 1-12: Economic Model �± Fixed / Owners Costs  

 

 

Closure  Costs   
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Refer to Section 20.5 for details of the closure costs.  No salvage value has been 
assumed for the plant. 

1.14 Economic Analysis  

1.14.1 Basis of Evaluation  

The Woodlawn project economics have been assessed using the discounted cash 
flow method, based on a quarterly schedule of tonnes mined and processed from 
both the underground and the reclaimed tailings.  Capital and operating costs are 
applied to mining, processing and overheads.  The processed material has recovery 
factors applied, together with splits to the three concentrates during flotation which 
make up the project production.  Shipping and logistics, product payability, treatment 
and refining costs, state royalties and taxes are adjusted for to derive a Net Present 
Value (NPV) for the Project. 

Refer to Section 22 for further detail. 

1.14.2 Summary Economics  

The main inputs and outputs of the financial model for the Starter Case are 
summarised in Table 1-13, which is based on the FS Base Price Deck.  �7�K�H���3�U�R�M�H�F�W�¶�V��
post-tax NPV at an 8% post-tax real discount rate (approximately equivalent to a 
10% post-tax nominal discount rate) is A$204 million and the IRR is 31%.  Payback 
of start-up capital is achieved approximately 2.3 years from commissioning. 

Table 1-13: Economic Model - Summary Economic Inputs and Outputs  

 Starter Case  
(FS Base Price Deck)  

Post -tax NPV NPV@8% �± A$204M 

NPV@5% �± A$264M 

Post -tax IRR 31% 

Plant & Infrastructure Capital 4 A$144M / US$105M 

Funding to Peak Cash Draw 4 A$163M / US$119M 

Payback Period  2.3 years from commissioning 

Post -tax Cash Flow 2 A$400M 

C1 Cash Cost 1,5 US$(0.05)/lb Zn based on Zn only 

US$0.43/lb Zn based on Zn, Cu, Pb 

C3 Total Cost 1,5 US$0.34/lb Zn 

US$0.64/lb Zn based on Zn, Cu, Pb 

Plant Feed Rate  1.5Mtpa when feeding Reclaimed Tailings Ore 

1.0Mtpa when feeding Underground Ore  

Total Underground Ore Feed  2.79Mt 

Total Reclaimed Tailings Ore 
Feed 

9.24Mt 

Total UG+RT Feed  12.03Mt 

Starter Case Mine Life  9.3 years  
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 Starter Case  
(FS Base Price Deck)  

PEA Equivalent Mine  Life  11.5 years 

1. C1 is defined as direct cash operating costs produced, net of by-product credits, divided by the amount of payable 
zinc produced. Direct cash operating costs include all mining and processing costs, mine site overheads and 
realisation costs (including transport costs, treatment and refining costs and smelter recovery deductions) through 
to refined metal, net of revenue credits from sale of by-products. C3 includes C1 costs, plus a depreciation charge 
and royalties.  

2. Net increase in cash after tax and after paying back capital, but pre-financing costs. 

3. Results are based on Mineral Reserves only, at an 8% post tax real discount rate (approximately. 10% post-tax 
nominal), with AUD/USD FX 0.71, and with flat real commodity prices of US$1.01/lb Zn, US$3.00/ lb Cu, US$0.91/lb 
Pb, US$17.80/oz Ag and US$1,200/oz Au. Other assumptions detailed in Section 22. 

4. Capital and Peak Cash draw converted at AUD:USD exchange rate of 0.73. 

5. The first number reported is based on Zn as primary product with all other saleable commodities treated as by-
product credits. The second number reported is based on Zn, Cu and Pb as co-products with all other saleable 
commodities treated as by-product credits, with the results converted to a zinc equivalent basis. Refer to Section 
22.2.2 for further details. 

1.14.3 Macroeconomic Assumptions  

Results are based on AUD / USD Foreign Exchange (FX) of 0.71.  The FS Base 
Price Deck is based on prices of US$1.01/lb Zn, US$0.91/lb Pb, US$3.00/lb Cu, 
US$17.8/oz Ag and US$1,200/oz Au. 

The project is subject to Australian corporate tax, which has been applied at 30%.  
Tax calculations are impacted by depreciation deductions for capital items.  

New South Wales levies mineral royalties for extractive operations within the state.  
The royal�W�L�H�V���D�U�H���E�D�V�H�G���R�Q���D�Q���³�D�G���Y�D�O�R�U�H�P�´���Y�D�O�X�H���R�I���P�L�Q�H�U�D�O�V�����E�H�L�Q�J���������R�I���W�K�H���H�[-
mine value less allowable deductions.  

Estimated opening capitalised exploration expenditure of A$32.3M has been 
depreciated on a unit of production basis. 

�+�H�U�R�Q�¶�V���R�S�H�Q�L�Q�J���W�D�[���O�R�V�V�H�V���Rf A$90M have been fully netted against the project tax 
calculations.  In addition, A$53M in additional losses subject to the available fraction 
rule have been netted against the project tax calculations.  These losses reflect 
accumulated losses for the group companies and are based on independent tax 
advice.   

The cost of transportation to port, port handling and storage charges, and ocean 
freight has been based on budget estimates and quotations received.  The payability 
and Treatment Costs / Refining Costs (TC/RC) terms vary by concentrate and 
commodity depending on the concentrate specifications and the levels of by-
products in each concentrate.  Heron has applied an average of a selected number 
of proposals received from third parties which all reference standard industry terms. 

Pre-production capital is recognised for tax and accounting purposes at 
commissioning, and depreciated according to normal protocols.  For major plant 
items, depreciation has been based on a 10 year equipment life, and for all other 
capital items depreciation is recognised based on a unit of production measure. 

Goods and Services Tax cash inflows and outflows have been excluded from this 
analysis. 

1.14.4 Technical Assumptions  

Capital Costs  
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Refer to Section 1.13.1 for details of the mining and plant capital costs, which 
includes the costs associated with the underground mine access and rehabilitation. 

Mine Production Schedule  

A 14 month construction period has been assumed pre-production, with 
commissioning commencing in the final month of the 5th quarter.  A ramp-up in 
capacity has been assumed over five quarters.  The mine plan has been developed 
based on an underground mining schedule, with the residual capacity then being 
applied to treatment of the tailings.   

The mine plan has been developed based on the unconstrained underground mining 
schedule developed by SRK.  Underground ore is then processed on a campaign 
basis when sufficient material has been mined or stockpiled on the ROM to warrant 
a campaign of no less than 14 days (equating to approximately 42kt).  ROM 
stockpiles are expected to average 40-90kt based on this processing model. 

For periods where no underground ore is available for processing, residual capacity 
is then applied to treatment of the reclaimed tailings ore, which is fed directly into the 
mill after thickening.   

It should be noted that the plant (other than the comminution circuit) is able to be 
commissioned on tailings ore only. 

Mine scheduling for the reclaimed tailings ore was undertaken by an independent 
consultant (Bolger, 2015) based on the latest Mineral Resource which was revised 
and updated to JORC 2012 standard in October 2015 (refer to Section 14.8 for 
details).  

The resulting production schedule is described in Section 1.7. 

Operating Costs  

Refer to Section 1.13.3 for details of the plant operating and maintenance costs, as 
well as fixed and closure costs.   

Plant Recoveries  

Design work for the FS has been based on commissioning of the operations on 
reclaimed tailings ore and moving to processing underground ore on a campaign 
basis as ROM stockpiled material becomes available (minimum level of 
approximately 42kt to trigger a campaign switch).  

Based on the test work undertaken during the FS, as well as historic testwork 
undertaken for the PEA and earlier studies, the recovery outcomes to concentrates 
are expected to be as described in Table 1-14 and Table 22-12. 

Table 1-14: Metallurgical Recoveries and Concentrate Grades  

 Underground Ore Reclaimed Tailings Ore 
Recovery Concentrate 

Grade 
Recovery Concentrate 

Grade 
Zinc Concentrate     
Zn 88% 55% 76% 55% 
Pb (*) 6%  6%  
Cu (*) 3%  6%  
Ag 25%  15%  
Au 6%  5%  
Lead Concentrate     
Zn (*) 4%  7%  
Pb 70% 45% 42% 36% 
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 Underground Ore Reclaimed Tailings Ore 
Recovery Concentrate 

Grade 
Recovery Concentrate 

Grade 
Cu 24%  26%  
Ag 46%  30%  
Au 30%  12%  
Copper Concentrate     
Zn (*) 2%  1%  
Pb (*) 8%  5%  
Cu 60% 27% 39% 20% 
Ag 10%  5%  
Au 7%  3%  

Items marked with a (*) are unlikely to be payable, and in the case of Pb in the Cu 
concentrate, may attract a small penalty if levels exceed specified amounts. 

For the Starter Case, this results in the average blended recoveries shown in Table 
1-15. 

Table 1-15: Average Concentrate Rec overies  

  Average Concentrate Recoveries 

Element  Zinc Copper Lead 

Zn  80.2% 1.5% (*) 5.5% (*) 

Pb  5.6% (*) 5.6% (*) 50.3% 

Cu  4.5% (*) 49.0% 24.8% 

Ag  17.7% 6.1% 34.0% 

Au  5.0% 4.3% 17.4% 
 

A ramp up in recoveries has been assumed over the first five quarters of production 
based on 75%, 80%, 90%, 95%, and finally 100% of design recoveries being 
achieved in the quarters post commissioning.  This ramp up is reflected in the 
averages above.  Hence, the steady state recoveries once ramp up is complete are 
slightly higher than those presented. 

For the Starter Case, these recoveries provide average concentrate specifications 
as shown in Table 1-16; however, it should be noted that based on the proportion of 
campaigning of underground ore compared to reclaimed tailings ore, the concentrate 
specifications will vary from period to period: 

Table 1-16: Average Concentrate Specifications  

  

Element 

Average Concentrate Specifications 

Zinc Copper Lead 

Zn % 55.0% 2.7% 8.6% 

Pb % 1.9% 4.9% 38.6% 

Cu % 0.8% 22.7% 10.1% 

Ag g/t 138 125 610 

Au g/t 0.39 0.39 3.14 

Concentrates Produced  
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The Project will produce three concentrates, being a 45-57%Zn zinc concentrate 
with potentially payable silver credits, a 35-45%Pb lead concentrate with payable 
silver and gold credits, and potentially payable copper credits, and a 20-27%Cu 
copper concentrate with payable silver and gold credits.  Details of the expected 
concentrate specifications are provided in Section 19.1.1. 

Sensitivity Study  

The modelled economic case for the Project has been subject to sensitivity analyses 
based on movements in each driver.   

The factors on which sensitivities have been undertaken are: 

1. commodity prices as a whole; 
2. zinc price (without moving other commodity prices); 
3. the AUD/USD exchange rate; 
4. pre-production capital; 
5. mining costs; 
6. production grade delivered to mill; 
7. processing costs; and 
8. recoveries. 

In addition, sensitivities were undertaken based on some blended cases: 

1. �$�Q���³�8�S�V�L�G�H���3�U�L�F�H���&�D�V�H�´���K�D�V���E�H�H�Q���U�X�Q���E�D�V�H�G���R�Q���D���S�U�R�I�L�O�H�G���]�L�Q�F���S�U�L�F�H���Z�K�L�F�K��
takes account of a possible cyclical price maximum expected to occur 
between 2018-2020, and moves of +10% in the other commodities.  
Offsetting this rise, the A$ exchange rate has been increased by 10%, 
reflecting the correlation which is typically experienced between movements 
in commodity prices and exchange rates. 

2. �$�� �³�'�R�Z�Q�V�L�G�H�� �3�U�L�F�H�� �&�D�V�H�´�� �K�D�V�� �E�H�H�Q�� �U�X�Q�� �E�D�V�H�G�� �R�Q�� �D�� �P�R�Y�H�� �R�I��-15% in zinc 
prices, and moves of -10% in the other commodities.  Offsetting these falls, 
the A$ exchange rate has been decreased by 10%, reflecting the correlation 
which is typically experienced between movements in commodity prices and 
exchange rates. 

3. �$���³���������\�U���0�L�Q�H���/�L�I�H���(�[�W�H�Q�V�L�R�Q�´���V�H�Q�V�L�W�L�Y�L�W�\���K�D�V���E�H�H�Q���U�X�Q���E�D�V�H�G���R�Q���W�K�H���S�R�W�H�Q�W�L�D�O��
for converting approximately 1Mt of identified underground Inferred Mineral 
Resources into Mineral Reserves.  This case incorporates a modified SRK 
supplied mine plan developed for this purpose and includes estimates of 
costs associated with the conversion of the material into Mineral Reserves 
and additional capital. 

The NPV is most sensitive to the commodity price / FX environment and to mine life 
extensions on the revenue side, and to grade (which in turn is driven by dilution 
considerations) and metallurgical recoveries on the cost side.  Other significant 
factors influencing the project returns include the upfront and underground 
development capital, and the plant operating costs. 

Refer to Section 22.6 for further details. 

1.15 Conclusions  

The FS demonstrates that, even as a Starter Case, the Woodlawn Project is 
technically feasible and economically attractive under a range of input sensitivities.  
Evaluations of the orebody, the Mineral Resources and Reserves, the mineral 
processing characteristics and environmental aspects appear to be technically 
sound based on the assumptions contained herein. 
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The Company has considered the outcomes of the FS and has determined that it 
will pursue a financing program for the Woodlawn Project with a view to commencing 
construction and operation of the Project as soon as possible.  This approach has 
been approved by the Board and the work program commenced. 

Additional more detailed conclusions, including opportunity and risk summaries, are 
included in Section 25. 

1.16 Recommendations  

A number of recommendations for further work which may be undertaken for 
incorporation into the Front End Engineering Design (FEED) work, or to enable 
further optimisation of the mine design prior to commencement of mining, have been 
made including: 

�x Geology & Mining  
o The underground mining schedule has peaks and troughs which are 

considered less than optimal.  There are opportunities to target known 
Inferred Mineral Resources to convert to infill Reserves to smooth the 
mining plan. 

o Investigation of shallow medium grade stringer mineralisation, which 
has the potential to provide tonnages early in the underground mining 
schedule. 

o Optimisation of the underground mine design �± in particular 
considering the location of the decline �± should be considered to 
lower capital costs. 

�x Metallurgy & Processing  
o A continued program of non-critical metallurgical test work including 

copper stringer ore, and tailings dam West and North tests, is 
ongoing. 

�x Infrastructure  
o Power supply options will continue to be considered to refine and 

improve the costings and terms for the electrical supply. 
�x Capital Expenditure  

o A number of options exist and are being examined to consider the 
use of leased equipment and / or high quality fit-for-purpose second 
hand equipment. 

�x Geotechnical  
o The mine plan has allowed for the placement of 136,973m3 of paste 

fill into former mine excavations that remain open, including the stope 
void below the crown pillar (below the open pit). The zone below the 
open pit crown pillar will be the first area to be reviewed for backfilling.   

�x Logistics  
o Refinement of logistics costings is possible once the production 

profile and timing have been confirmed. 
�x Environmental  

o Underground mine water treatment test work is being undertaken by 
Veolia and a consultant appointed by Heron to derive a suitable 
treatment process for the water to prepare it for use in the process 
plant. 

�x Key Contracts  
o Key contracts for EPC, power supply, off-take, and mining contracting 

will be tendered and negotiated in the coming months. 
�x Personnel  



Heron Resources Limited    Section 1 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

51 51 

o Key appointments for mine management personnel include the 
General Manager and Process Manager are under way and expected 
to be completed by September 2016. 

Additional recommendations for the project are included in Section 26. 
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2 Introduction   

2.1 Terms of Reference  

The Woodlawn Project is owned and operated by Heron Resources Limited (Heron 
or the Company).  Heron is a public company listed on the Australian Securities 
Exchange (ASX) and Toronto Stock Exchange (TSX) (ASX code: HRR, TSX code: 
HER), and registered in Australia.  The address of the registered office is Suite 702, 
191 Clarence Street, Sydney, New South Wales, 2000. 

This Technical Report (Report) was prepared for the Woodlawn Project to the 
standard of the Canadian National Instrument 43-���������³�6�W�D�Q�G�D�U�G�V���R�I���'�L�V�F�O�R�V�X�U�H���I�R�U��
�0�L�Q�H�U�D�O�� �3�U�R�M�H�F�W�V�´��to summarise the findings of a Feasibility Study (FS or Study) 
covering the Woodlawn Underground Project and the Woodlawn Tailings 
Retreatment Project. 

2.2 Purpose of Report  

The purpose of this Report is to present the technical and economic evaluation and 
viability of the Woodlawn Project at a detailed level, taking into account the updated 
Mineral Resources and Mineral Reserves and the life of mine capital and operating 
costs. 

The work covered in this Report relates to exploration, drilling, Mineral Resource 
estimation, mining design, Mineral Reserve estimation, metallurgical testwork, and 
process and infrastructure design undertaken in the period between December 2009 
and June 2016. 

2.3 Report Preparation  

This Report was prepared by Heron and overseen by Anne-Marie Ebbels Principal 
Consultant (Mining), of SRK Consulting (Australasia) Pty Ltd (SRK), with further 
contributions commissioned by Heron from external consultants to review the 
following aspects of the Project: 

�x SRK �± Mineral Resources and Reserves, mining methods, and related 
capital and operating costs. 

�x GR Engineering Services Limited (GRES) �± recovery methods, process 
plant, infrastructure, tailings storage, and related capital and operating costs. 

�x Beck Engineering Limited (Beck) �± geotechnical and rock mechanics, design 
of portal and initial decline, modelling of pit and void deformation and stability. 

�x Australian Mineral Metallurgical Laboratories Pty Ltd (AMML) �± metallurgical 
test work. 

�x Outotec Pty Ltd (Outotec) �± paste fill test work. 

Further contributions were generated by the staff of Heron Resources Limited. 

This Report is considered current as of 19 July, 2016. 

2.4 Cautionary Notes  & Forward Looking Information  

The contents of this Report reflect various technical and economic conditions at the 
time of writing.  Given the nature of the mining industry, these conditions can change 
significantly over relatively short periods of time.  Consequently, actual results may 
be significantly more or less favourable.   
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This Report may include technical information that requires calculations to derive 
subtotals, totals, and weighted averages.  Such calculations inherently involve a 
degree of rounding and consequently introduce a margin of error.  Where these 
occur, Heron does not consider them to be material. 

Certain statements contained in this Report constitute forward-looking information, 
�I�X�W�X�U�H�� �R�U�L�H�Q�W�H�G�� �I�L�Q�D�Q�F�L�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q���� �R�U�� �I�L�Q�D�Q�F�L�D�O�� �R�X�W�O�R�R�N�V�� ���F�R�O�O�H�F�W�L�Y�H�O�\���� �³�I�R�U�Z�D�U�G-
�O�R�R�N�L�Q�J�� �L�Q�I�R�U�P�D�W�L�R�Q�´������ �)�R�U�Z�D�U�G-looking information is considered here to be within 
the meaning of Canadian securities laws and has the same meaning as forward 
looking statements under Australian securities laws.  Forward-looking information 
�R�I�W�H�Q���U�H�O�D�W�H�V���W�R���V�W�D�W�H�P�H�Q�W�V���F�R�Q�F�H�U�Q�L�Q�J���+�H�U�R�Q�¶�V���I�X�W�X�U�H���R�X�W�O�R�R�N���D�Q�G���D�Q�W�L�F�L�S�D�W�H�G���H�Y�H�Q�W�V��
�R�U���U�H�V�X�O�W�V���D�Q�G�����L�Q���V�R�P�H���F�D�V�H�V�����F�D�Q���E�H���L�G�H�Q�W�L�I�L�H�G���E�\���W�H�U�P�L�Q�R�O�R�J�\���V�X�F�K���D�V���³�P�D�\�´�����³�Z�L�O�O�´����
�³�F�R�X�O�G�´���� �³�V�K�R�X�O�G�´���� �³�H�[�S�H�F�W�´���� �³�S�O�D�Q�´���� �³�D�Q�W�L�F�L�S�D�W�H�´���� �³�E�H�O�L�H�Y�H�´���� �³�L�Q�W�H�Q�G�´���� �³�H�V�W�L�P�D�W�H�´����
�³�S�U�R�M�H�F�W�V�´���� �³�S�U�H�G�L�F�W�´���� �³�S�R�W�H�Q�W�L�D�O�´���� �³�F�R�Q�W�L�Q�X�H�´���R�U�� �R�W�K�H�U�� �V�L�P�L�O�D�U�� �H�[�S�U�H�V�V�L�R�Q�V�� �F�R�Q�F�H�U�Q�L�Q�J��
matters that are not historical facts.  Statements of historical fact are not considered 
forward-looking information. 

Such forward-looking information and statements are based on a number of material 
factors and assumptions, including, but not limited in any manner to, those disclosed 
in results; the ability to explore; communications with local stakeholders and 
community and governmental relations; status of negotiations of joint ventures; 
weather conditions; Mineral Reserves; Mineral Resources; the development 
approach; availability and receipt of required approvals, titles, licenses and permits; 
sufficient working capital to develop and operate the mines and implement 
development plans; access to adequate services and supplies; foreign currency 
exchange rates; interest rates; access to capital markets and associated cost of 
funds; availability of a qualified work force; ability to negotiate, finalise and execute 
relevant agreements; lack of social opposition to the mines or facilities; lack of legal 
challenges with respect to the Woodlawn property; the timing and amount of future 
production and ability to meet production, cost and capital expenditure targets; timing 
and ability to produce studies and analysis; capital and operating expenditures; 
execution of the amended credit facility; ability to draw under the credit facility and 
satisfy conditions precedent including execution of security and construction 
documents; economic conditions; availability of sufficient financing; the ultimate 
ability to mine, process and sell mineral products on economically favourable terms, 
any and all other timing, exploration, development, operational, financial, budgetary, 
economic, legal, social, regulatory and political factors that may influence future 
events or conditions, as well as those factors discussed in the section entitled Risk 
�)�D�F�W�R�U�V���L�Q���+�H�U�R�Q�¶�V���D�Q�Q�X�D�O���L�Q�I�R�U�P�D�W�L�R�Q���I�R�U�P�����Z�K�L�F�K���L�V���D�Y�D�L�O�D�E�O�H���X�Q�G�H�U���+�H�U�R�Q�¶�V���L�V�V�X�H�U��
profile on SEDAR at www.sedar.com.  While we consider these factors and 
assumptions to be reasonable based on information currently available to us, they 
may prove to be incorrect and undue reliance on forward-looking information and 
statements should not be made.  Forward-looking information and statements are 
�R�Q�O�\���S�U�H�G�L�F�W�L�R�Q�V���E�D�V�H�G���R�Q���+�H�U�R�Q�¶�V���F�X�U�U�H�Q�W���H�[�S�H�F�W�D�W�L�R�Q�V���D�Q�G���S�U�R�M�H�F�W�L�R�Q�V���D�E�R�X�W���I�X�W�X�U�H��
events.  Actual results may vary from such forward-looking information for a variety 
of reasons including, but not limited to, risks and uncertainties disclosed above and 
�I�X�U�W�K�H�U���L�Q���+�H�U�R�Q�¶�V���I�L�O�L�Q�J�V���D�W���Z�Z�Z���V�H�G�D�U���F�R�P��  

Other than as required by law, Heron assumes no obligation to update any forward-
looking information to reflect, among other things, new information or future events. 

2.5 CIM Code Reconciliation  

In compliance with Canadian NI 43-101 requirements concerning use of codes 
���I�R�U�H�L�J�Q�� �F�R�G�H�V���� �R�W�K�H�U�� �W�K�D�Q�� �W�K�H�� �³�&�,�0�� �'�H�I�L�Q�L�W�L�R�Q�� �6�W�D�Q�G�D�U�G�V���± for Mineral Resources 
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�D�Q�G���0�L�Q�H�U�D�O���5�H�V�H�U�Y�H�V�´���L�Q���W�H�F�K�Q�L�F�D�O���U�H�S�R�U�W�V���R�Q���P�L�Q�H�U�D�O���S�U�R�M�H�F�W�V���L�W���L�V���V�W�D�W�H�G���K�H�U�H���W�K�D�W��
the JORC Mineral Resource and Ore Reserve categorisation used herein is directly 
equivalent to the CIM categorisation. 

2.6 Sources of Information  

This Report is based, in part, on internal company technical reports, maps, published 
government reports, company letters and memoranda, and public information as 
listed in the References Section 28 at the conclusion of this Study. 

Sections of the Report are based on reports and deliverables produced from the both 
desktop and site-based investigation work by consultants engaged by the Company 
to review key areas as part of the Study. 

2.7 Units an d Currency  

Unless otherwise stated all units used in this report are metric.  Gold and silver assay 
values are reported in grams per metric tonne (g/t) unless some other unit is 
specifically stated.  Where units of currency are used, these are in US dollars 
(abbreviated to $) unless specifically stated as being in Australian Dollars 
(abbreviated to A$). 

Abbreviations and acronyms are used throughout this Report and are provided in 
the Glossary and Abbreviation of Terms in Section 28 of the Report. 

2.8 Site Visits  

In compliance with the requirements for preparation of a 43-101 Report, the key 
qualified person (QP) responsible for the Study has visited the Project and has drawn 
on information from site-based personnel.  In addition, the following QP contributors 
have visited the project site to gather first-hand information for the Study: 

�x Mr Rod Brown (SRK): 1st March 2015; 
�x Ms Anne-Marie Ebbels (SRK): 22nd January 2015 and 22nd October 2015; 

and  
�x Mr Peter Allen (GRES): 20th to 21st February 2008. 
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3 Reliance on Other Experts  

The author(s) has assumed and relied on the fact that all the information and existing 
technical documents listed in the References section of this Report are accurate and 
complete in all material aspects. 

Any statements and opinions expressed in this document are given in good faith and 
in the belief that such statements and opinions are not false and misleading at the 
date of this Report. 

3.1 Report Authors  

The table below identifies the author(s) for each section of the Report. 

Table 3-1: Report Authors and Qualified Persons  

Section  Title  QP Other Contributing 
Authors  

1 Summary A. Ebbels (SRK) A. Lawry (Heron) 
C. Kempson (Heron) 
W. Taylor (Heron) 
D. von Perger (Heron) 
S. Jones (Heron) 

2 Introduction A. Ebbels (SRK) C. Kempson (Heron) 
3 Reliance on Other Experts A. Ebbels (SRK) C. Kempson (Heron) 
4 Property Description and 

Location 
A. Ebbels (SRK) W. Taylor (Heron) 

D. von Perger (Heron) 
5 Accessibility, Climate, Local 

Resources, Infrastructure and 
Physiography 

A. Ebbels (SRK) W. Taylor (Heron) 
D. von Perger (Heron) 

6 History  W. Taylor (Heron) 
H. Sandercock (Heron) 
D. von Perger (Heron) 

7 Geological Setting and 
Mineralisation 

R. Brown (SRK) D. von Perger (Heron) 

8 Deposit Types R. Brown (SRK) D. von Perger (Heron) 
9 Exploration R. Brown (SRK) D. von Perger (Heron) 
10 Drilling R. Brown (SRK) D. von Perger (Heron) 

E. Hussein (Heron) 
11 Sample Preparation, Analyses 

and Security 
R. Brown (SRK) E. Hussein (Heron) 

S. Jones (Heron) 
12 Data Verification R. Brown (SRK) E. Hussein (Heron) 

S. Jones (Heron) 
13 Mineral Processing and 

Metallurgical Testing 
P. Allen (GRES) R. Elvish (Heron) 

A. Lawry (Heron) 
14 Mineral Resource Estimates R. Brown (SRK) 

R. Rankin 
S. Jones (Heron) 

15 Mineral Reserve Estimates A. Ebbels (SRK) 
 

S. Jones (Heron) 

16 Mining Methods A. Ebbels (SRK) A. Ebbels (SRK) 
C. Kempson (Heron) 
W. Taylor (Heron) 

17 Recovery Methods P. Allen (GRES) R Elvish (Heron) 
A. Lawry (Heron) 

18 Project Infrastructure P. Allen (GRES) 
A. Ebbels (SRK) 

H. Sandercock (Heron)     
A. Lawry (Heron) 
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Section  Title  QP Other Contributing 
Authors  

19 Market Studies and Contracts A. Ebbels (SRK) C. Kempson (Heron) 
20 Environmental Studies, 

Permitting and Social or 
Community Impact 

A. Ebbels (SRK) A. Lawry (Heron) 
C. Kempson (Heron)   
R. Byrnes (Heron) 

21 Capital and Operating Costs  P. Allen (GRES) 
A. Ebbels (SRK) 

A. Ebbels (SRK) 
C. Kempson (Heron) 
S. Smith (Heron) 

22 Economic Analysis A. Ebbels (SRK) C. Kempson (Heron) 
S. Smith (Heron) 

23 Adjacent Properties A. Ebbels (SRK) D. von Perger (Heron) 
24 Other Relevant Data and 

Information 
A. Ebbels (SRK) C. Kempson (Heron) 

W. Taylor (Heron) 
25 Interpretation and Conclusions A. Ebbels (SRK) A. Lawry (Heron) 

W. Taylor (Heron) 
C. Kempson (Heron) 

26 Recommendations A. Ebbels (SRK) A. Lawry (Heron) 
W. Taylor (Heron) 
C. Kempson (Heron) 

27 References A. Ebbels (SRK) D. von Perger (Heron) 
S. Jones (Heron) 
C. Kempson (Heron) 

3.2 External Reports Incorporated  

A number of historical technical reports have been drawn upon in the production of 
this technical report as detailed in Table 3-2.  These documents are referenced in 
the body of this Report where used.  

Table 3-2: External Reports Incorporated  

Item  Title  

1 Rankin, R (2006). Woodlawn Underground Project Mineral Resource Estimate.  Report 
for Tri Origin Minerals Ltd, effective date October 2006 

2 Rankin, R (2009). Woodlawn Exploration Project Technical Report (NI 43-101) report 
for Tri Origin Minerals Ltd, effective date 9 October 2009. 

3 Rankin, R (2008). Woodlawn Retreatment Project (WRP) Mineral Resources report for 
Tri Origin Minerals Ltd, effective date 29th May 2008 

4 Rankin, R (2013). Woodlawn Underground Project JORC (2012 Edition) Mineral 
Resource Re-estimate report for TriAusMin Ltd, effective date 2nd December 2013. 

5 Rankin, R (2015). Woodlawn Retreatment Project 2015 Mineral Resources Technical 
Report (NI 43-101), effective 30th November 2015. 

6 Parsons Brinkerhoff (2012) Environmental Assessment TriAusMin Woodlawn Project 
for TriAusMin Ltd, effective date 5th April 2012. 

7 Heron Resources Ltd (2015). Technical Report (NI 43-101) Preliminary Economic 
Assessment of the Woodlawn Project, New South Wales, Australia, effective date 29th 
May 2015. 
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4 Property Description and Location  

4.1 Location  

The Woodlawn Site is located approximately 250 kilometres (km) south of Sydney 
and 50km north of Canberra within the Southern Tablelands of New South Wales, 
Australia.  The Woodlawn Site is located within the Sydney-Canberra Corridor 
Region, which is characterised by rural countryside and an array of regional centres, 
historic towns and villages.  The major regional centres in this region include 
Goulburn to the north, and Queanbeyan and Canberra to the south.  The Woodlawn 
Site is located within the Goulburn-Mulwaree local government area, approximately 
10km west from Tarago, the nearest village.  It is accessed via the sealed Collector 
Road that runs directly north of the mine site.  

The area is serviced by the Federal and Hume Highways located to the west and 
north of the Woodlawn Site.  Both of these roads provide major transport corridors 
between Sydney / Melbourne and Sydney / Canberra.  

The region is characterised by a number of key natural features, including the Great 
Dividing Mountain Range (GDR), Lake George in the west and the Mulwaree river 
valley to the east.  The Woodlawn Site occurs on the watershed between the Lake 
George and Sydney water catchments. 

4.2 Property Description   

The Woodlawn Project is located within the 24.1 square kilometre (km2) mining 
lease, SML 20 (also known as S(C&PL) L 20), and contains a highly disturbed site 
due to its past history of mining operations along with the current activities of Veolia 
Environmental Services (Veolia).  

Past mining operations (1978-1998) resulted in the mining and processing of 
approximately 13.8 million tonnes (Mt) of high grade base metal ore generating zinc, 
copper and lead concentrates for sale into both domestic and international markets.  
Upon closure of the mining operations in 1998 the assets were dismantled and sold 
off with only partial site rehabilitation being completed.  The mineral rights were 
purchased by Tri Origin Australia in 1999 and the landfill rights to the open pit were 
purchased by Collex (now Veolia) in 2000. 

�9�H�R�O�L�D�¶�V�� �O�D�Q�G�I�Lll operations commenced in 2004, receiving putrescible household 
waste from Sydney.  Approximately 500,000 tonnes (t) of waste is placed into the pit 
each year (this is expected to increase to 1.1 million tonnes per annum (Mtpa).  
Methane gas is collected from the waste and supplies an onsite 6x1 megawatt (MW) 
gas fired generation installation that feeds power back into the NSW electricity grid.  
Veolia and Heron utilise the remaining former mine offices and other infrastructure. 

Infigen occupy the site and operate the Woodlawn wind farm that is part of the 
Capital Renewable Energy Precinct. The wind farm commenced operation in 
October 2011.  The wind farm comprises 23 Suzlon S88 2.1MW turbines, four of 
which are on SML 20, with a total installed capacity of 48.3MW.  
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Figure 4-1 : Woodlawn location map with relative population sizes  

The site includes a number of existing features constructed during past mining 
operations that will be utilised for the proposed development of the Woodlawn 
Project including: 

�x �+�L�F�N�R�U�\�¶�V���3�D�G�G�R�F�N�����Z�K�L�F�K���L�Q�F�O�X�G�H�V���D���S�U�H�Y�L�R�X�V�O�\���F�O�H�D�U�H�G���D�U�H�D���I�R�U���D�J�U�L�F�X�O�W�X�U�D�O��
uses and is located to the immediate south of Collector Road and east of the 
former plant site; 

�x three tailings dams, Tailings Dam North (TDN), Tailings Dam South (TDS) 
and Tailings Dam West (TDW)�����O�R�F�D�W�H�G���W�R���W�K�H���V�R�X�W�K���R�I���+�L�F�N�R�U�\�¶�V���3�D�G�G�R�F�N����
which are intended to be reprocessed; 

�x two evaporation dams, including Evaporation Dam 1 (ED1) and Evaporation 
Dam 2 (ED2) located to the west of the open-pit immediately south of 
Collector Road; 

�x diamond drill core storage and processing facility; 
�x a number of existing formal and informal site roadways; and 
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�x site reticulated power and water pumping systems. 

The site also includes existing features constructed during past mining operations 
that that are utilised by Veolia and NOT part of the Woodlawn Project including: 

�x the Woodlawn open pit void located centrally to the Project; 
�x one evaporation dam (ED3) and associated lagoons for solution 

management located to the south of ED1 and ED2, and 
�x Woodlawn mine office from the previous operation and including the old plant 

site. 

The land uses immediately adjacent to the Project Site includes: 

�x To the north: A number of existing rural properties, including Woodlawn Farm 
(approximately 1.4km to the northwest), and Cowley Hills Farm 
(approximately 2km to the north), both of which are included in the Veolia 
Eco-Precinct and owned by Veolia.  All of these properties are accessed by 
Collector Road. 

�x To the south and east: Continuation of the Veolia Eco-Precinct, which 
includes the property known as Pylara occupied by Veolia employees 
(approximately 3.2km to the southeast).  This area is characterised by 
agricultural rural land. 

�x To the west: A number of privately owned rural properties known as Torokina 
(approximately 4.4km to the southwest), Willeroo (approximately 6km to the 
north-west) and Widgemoor (approximately 6km to the southwest).  All of 
these properties are located on the western side of the GDR, which provides 
a natural visual barrier to the Project Site.  

 
Figure 4-2: Woodlawn Site Layout  
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4.3 Location of Mineralised Zones  

The general locations of the Mineralised Zones are shown in Figure 4-2 and occupy 
the area directly below and to the northwest of the open-pit.  The Mineralised Zones 
comprises a series of discrete massive sulphide lenses that dip between 45 to 70 
degrees to the west and strike from a north-northeast direction, immediately below 
the pit, to a more typical northwest direction to the west of the pit.  Drill access to test 
the Mineralised Zones from surface is provided from various positions along existing 
tracks and open areas directly to the west of the open-pit plus from small pads that 
have been constructed within the evaporation ponds. 

4.4 Survey Coordinate System and Conversions  

Woodlawn Local Grid Datum and Elevation Calculations  

The original Woodlawn Mine Grid (WMG) was established in 1970 utilising the 
boundary fence between the properties of Pylara (to the east) and Woodlawn (to the 
west) as the base-line with a magnetic bearing of 00�������¶�������¶�¶�������7�K�H���R�U�L�H�Q�W�D�W�L�R�Q���R�I���W�K�H��
grid in terms of bearing from true north was exactly 9.54o east.  In 1971 the WMG 
coordinate system was changed from feet to metres and consequently the datum for 
the grid was also changed from 10,000ftE, 10,000ftN to WMG coordinates of 
13,000mE and 13,000mN.  Elevation was given as height above sea level, plus 2000 
metres.  Rankin (2006) added 10,000m to the northings to differentiate them from 
the eastings and this convention has remained in place. 

Woodlawn Azimuth Calculations  

Figure 4.3 below illustrates the conversion necessary to change between WMG 
coordinates to Magnetic, True and GDA94 grids as necessary (and vice-versa).  This 
is updated on a yearly basis using the 1st January as the date of change. 

 
Figure 4-3: Azimuth Grid conversions at Woodlawn  

Source Data for Azimuth and Declination Calculations, Woodlawn, NSW  

Using WGS84 longitude / latitude grid coordinate system, the coordinates for 
Woodlawn magnetic declination calculations are as follows: 

�x Latitude: -35o ���¶�������´����-35.062778o) 
�x Longitude: 149o �����¶�������´����149.570556o) 

These coordinates represent the physical location of the Woodlawn mine. 
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Sources used for declination calculations were taken from two different websites.  
Pre 1985 calculations were sourced from: http://www.ngdc.noaa.gov/geomag-web/ 
(the National Geophysical Data Centre in the USA), using the International 
Geomagnetic Reference Field (IGRF) Model (see below).  The more locally accurate 
Australian Geomagnetic Reference Field values only began in 1985.  1985 and post-
1985 calculations were made using the Geoscience Australia government website: 
http://www.ga.gov.au/oracle/geomag/agrfform.jsp. 

Use of Map Grid of Australia (MGA) Coordinates  

For day to day surface drill-hole set-up the WMG coordinates are converted to MGA 
Zone 55 coordinates so that a handheld Global Positioning System (GPS) device 
can be used.  Such GPS devices are accurate to between one and five metres which 
is generally sufficient for hole set-ups.  When completed, the drill hole collars are 
�³�S�L�F�N�H�G-�X�S�´���E�\���D���O�L�Fensed surveyor.  For specific critical holes, a licensed surveyor 
has been used to position the hole collar prior to drilling. 

The two point conversion between WMG and MGA is: 

Table 4-1: Mine Grid Conversion Table 

Woodlawn Mine Grid (WMG)  Map Grid of Australia MGA (Zone 55)  

8771.90mE 733518.60mE 

19699.10mN 6117691.50mN 

10497.31mE 735122.03mE 

19226.63mN 6116898.23mN 

The difference between True North and MGA Grid North is -1.48o (1o �����¶�������������´�����D�W��
Woodlawn and is a constant.  The MGA coordinate system is based on the GDA94 
geodetic datum. 

4.5 Tenure  

4.5.1 Mining License �± SML 20 

The Woodlawn Site is subject to an existing Special (Crown and Private Land) Lease 
20 (S(C&PL)M 20), see Figure 4-1.  To simplify the designation of this, Heron has 
reverted to the old style designation of Special Mining Lease 20 or in abbreviated 
form: SML 20.  This lease has remained current since the closure of the operations 
in 1998 and title was transferred into the name of Tarago Operations Pty Ltd, a fully 
owned subsidiary of Heron, in March 2014.  The lease has recently been renewed 
for a period of 15 years with an expiry date of 16 November 2029.  The conditions 
associated with the renewed lease are standard in nature, a summary is provided in 
Section 4.7.  

As part of the agreements with Veolia, it is intended, subject to regulatory approval 
that Heron can continue to access the surface area, to excise the surface portion of 
SML 20 covering the Veolia Area of Operations.  This excision will consist of a 
surface veneer providing Heron with mining lease coverage below this horizon.  
�6�H�S�D�U�D�W�L�R�Q���R�I���9�H�R�O�L�D�¶�V���$�U�H�D���R�I���2�S�H�U�D�W�L�R�Q�V���K�D�V���E�H�H�Q���U�H�F�R�J�Q�L�V�H�G���D�V���W�K�H���E�H�V�W���P�H�D�Q�V��
of regulatory separation of the two distinctly different businesses.  

Other than standard State Government royalty arrangements, there are no 
commercial encumbrances over SML 20 relating to the proposed mining operations.  
The mineral rights and production is 100%-owned by Heron. 
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The Woodlawn Site is surrounded by a larger exploration license (EL 7257) which is 
held 100% by Heron.  This exploration license includes an area of 179km2 and 
covers the previous Currawang Mine located 9km to the north-west of Woodlawn. 

North and south of EL 7257, the felsic volcanics, the prospective host for VMS 
deposits, are covered by a number of other Heron exploration licenses giving the 
Company access to 570km2 as a regional project area (refer to Section 9.4 for further 
details). 

4.5.2 Other Approved Operations  

The Woodlawn Site currently includes a number of other approved operations, 
�Q�D�P�H�O�\�� �9�H�R�O�L�D�¶�V�� �:�R�R�G�O�D�Z�Q�� �%�L�R�U�H�D�F�W�R�U�� ���'�$-31-02-99, existing facility), the Infigen 
Woodlawn Wind Farm (DA-250-10-2004-�,�����I�X�O�O�\���R�S�H�U�D�W�L�R�Q�D�O�����D�Q�G���9�H�R�O�L�D�¶�V���$�O�W�H�U�Q�D�W�L�Y�H��
Waste Treatment (AWT) Facility (DA 06_0239, currently under construction).  Veolia 
has approval for Project Application MP10-0012 for the expansion of the existing 
Bioreactor activities to 1.1Mtpa, however, this is yet to be fully implemented. 

Agreements exist (see below) to cover the interaction of the parties to ensure 
respective businesses are not unduly impacted by others.  

4.5.3 Existing Veolia Agreements  

A number of legal agreements between Heron and Veolia have been entered into 
covering the Woodlawn Site.  They are as follows: 

�x Call Option: This gives Heron the option to purchase the land covered by the 
proposed mining operations. 

�x Deed of Assignment: This covers the details for assignment of SML 20 to 
Heron (completed) along with the excision of the Veolia operations area from 
SML 20 and interaction with the Windfarm. 

�x Co-operation Agreement: Veolia and Heron have agreed to co-operate and 
assist each other in opportunities of mutual benefit, including (but not limited 
to): 

- Joint use of facilities including power connections, weighbridge, 
offices and loading facilities. 

- Heron and Veolia accepting sole specific responsibility for certain 
rehabilitation requirements. 

- �+�H�U�R�Q�¶�V���X�V�H���R�I���Z�D�V�W�H���G�H�U�L�Y�H�G���F�R�P�S�R�V�W���I�R�U���P�L�Q�H���V�L�W�H���U�H�K�D�E�L�O�L�W�D�W�L�R�Q���I�U�R�P��
�9�H�R�O�L�D�¶�V���$�:�7���S�O�D�Q�W�� 

Figure 4-4 illustrates the nominal demarcation of Heron, Veolia and Windfarm 
operations and liabilities.  This is included in the above agreements.  

Veolia and Heron are currently well advanced in revising these three Agreements 
with the intention of updating and consolidating into a single Co-operation Deed. 
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Figure 4-4: Demarcation of the Veolia and Heron Activities  

4.6 Ownership  

A significant portion of the landholdings covering, and adjacent to, the Woodlawn 
Site are owned under freehold title by Veolia (refer to Section 4.2 for further details).  
Heron has a Call Option Agreement with Veolia permitting Heron to purchase certain 
areas of the site.  

The land for purchase encompass the surface areas required to operate both the 
�W�D�L�O�L�Q�J�V���D�Q�G���X�Q�G�H�U�J�U�R�X�Q�G���S�U�R�M�H�F�W�V���D�Q�G���L�Q�F�O�X�G�H���+�L�F�N�R�U�\�¶�V���3�D�G�G�R�F�N�����S�U�R�S�R�V�H�G���V�L�W�H���I�R�U��
the new plant), tailings dams, existing waste rock dump, core storage area and the 
evaporation dams, Evaporation Dam 1 (ED1) and Evaporation Dam 2 (ED2). 

As at the effective date, Heron and Veolia have agreed the land purchase area and 
a Development Application is with Goulburn Mulwaree Council for the land sub-
division.  Following grant of the Development Application, the area will be officially 
surveyed.  Following completion of the local council approval and survey the 
redefined �µ�O�R�W�¶���E�R�X�Q�G�D�U�L�H�V��will be independently valued prior to purchase of the land.  
The amount of land agreed to be purchased is approximately 600ha. 

4.7 Environmental  

The Woodlawn Project site is a disturbed site, being subject to 40 years of 
occupation including 20 years of previous mining and mineral processing operations.  
The Company has undertaken an extensive amount of work to consider the legacy 
issues on site along with the integration of the proposed operational activities to 
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provide, firstly, minimal new impacts and, secondly, a plan to remediate the overall 
site.  The approach to the site development has been the subject of a formal State 
Government approval process that required the submission of a detailed 
Environmental Assessment document and the approval was provided on the basis 
of complying with a number of conditions. 

On the 4 July 2013, Heron received State Government approvals for the 
development of both the tailings and underground projects from the Department of 
Planning and Infrastructure.  On 28 April 2016 the Company received a modification 
to the Project Approval from the DPE.   

The conditions associated with the consolidated project approval include: 

�x Administrative Conditions �± covering the limits of the approval, protection 
requirements, staging of submissions and community contributions. 

�x Environmental Performance Conditions �± covering tailings dams, 
underground mining and rehabilitation objectives. 

�x Environmental Management Conditions and Performance measures �± 
specific aspect management including water, noise, blasting, air quality, land 
management, transport, heritage, visual, waste and bushfire management. 

�x Additional Procedures �± covering landowners and independent reviews. 
�x Environmental Management, Reporting and Auditing �± requirements to 

report and review, access to information. 

Additional environmental conditions exist under the mining lease, SML 20.  The 
lease conditions include: 

�x Rehabilitation Requirements �± to be completed to satisfaction of the Minister.  
Incorporated in the MOP. 

�x Mining Operations Plan (MOP) and Annual Environmental Management 
Report (AEMR) �± covering requirements to document and obtain approval 
for a Mine Operations Plan (MOP) and post mining land use.  Approved by 
DRE in November 2015 and valid to 2021. 

�x Compliance Report �± annual preparation and content covering compliance 
of license conditions.  Submitted in November 2015. 

�x Environmental Incident Report �± requirement to notify and report any 
breaches of conditions or relevant Act or Regulations. 

�x Resource Recovery �± an obligation to optimise mineral recovery (economic 
constraints). 

�x Security �± lodgement timing and quantum of the security deposit (bond). 
�x Cooperation Agreement �± obligation to cooperate with holders of overlapping 

title. 
�x Exploration Reporting �± standard reporting requirements for exploration 

activities on mineral properties. 

The transfer of SML 20 to Heron required the negotiation of a security deposit and 
lodgement timing with the Division of Resources and Energy.  A security deposit 
amount of A$3.577M was agreed based on the area of disturbance over the first five 
years of operations with the lodgement �R�I���W�K�H���E�R�Q�G���U�H�T�X�L�U�H�G���³�S�U�L�R�U���W�R���F�R�P�P�H�Q�F�H�P�H�Q�W��
of any on-�J�U�R�X�Q�G���D�F�W�L�Y�L�W�\�´��  
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5 Accessibility, Climate, Local Resources, Infrastructure and 
Physiography  

5.1 Accessib ility  

The traffic and transport environment surrounding the Woodlawn Site is dominated 
by road transport.  The region is serviced by the Federal Highway and the Hume 
Highway to the west and north of the Woodlawn Site.  Both of these roads provide 
key transport corridors between Sydney / Melbourne and Sydney / Canberra.  Roads 
to the site are sealed from the Tarago side and rated to take B-double heavy haulage 
equipment. 

In addition to the road network, the Sydney to Canberra rail line passes through 
Tarago approximately 10km to the east of the site.  The daily train services offer 
several options each day to connect with Sydney (three hours) and Canberra (one 
hour).  A rail siding exists in Tarago and historically was used to rail concentrates to 
smelters in Newcastle and Port Kembla and to a concentrate berth at Port Kembla.  
Veolia operates a rail siding in Crisps Creek, 6km from Woodlawn for their waste fill 
operation.  This siding presents an option to recommence railing concentrates for 
the new operations however costing estimates to date have suggested lower road 
haulage costs to deliver concentrate directly to the Port Kembla concentrate berth. 

The major form of out-bound haulage is the transportation of the three base metal 
concentrates to be produced by the Project.  The road transport route from the 
Project Site to port is via Tarago-Bungendore Road (referred to as Bungendore 
Road), Braidwood Road, the Hume Highway, then one of the following options: 

�x Picton Road, Mount Ousley Road and Southern Freeway to the Port Kembla 
Terminal (preferred option). 

�x M5 Motorway and Foreshore Road to the Port Botany Terminal. 
�x M7, M2, F3 and John Renshaw Drive, New England Highway, Pacific 

Highway and Industrial Drive to the Port Newcastle Terminal. 

Aside from the concentrate haulage, connections with other local centres will be 
required for in-bound resources and distances to key centres from the Woodlawn 
Site: 

�x Tarago   11km 
�x Bungendore  32km 
�x Goulburn   48km 
�x Canberra   71km 
�x Port Kembla  211km 
�x Sydney   247km 

Canberra International Airport, located 64km to the south, is the closest well serviced 
�D�L�U�S�R�U�W���W�R���W�K�H���3�U�R�M�H�F�W�������*�L�Y�H�Q���&�D�Q�E�H�U�U�D�¶�V���S�R�V�L�W�L�R�Q���D�V���W�K�H���S�R�O�L�W�L�F�D�O���F�H�Q�W�U�H���I�R�U���$�X�V�W�U�D�O�L�D����
flight times and destinations are numerous. 

As was the case for the previous operations, a key operating philosophy will be to 
source, as much as possible, the operational labour force from within the local 
community.  Within a 55km radius of the site (being the estimated realistic limit for a 
daily commute) there is greater than 430,000 people, with the most likely sources of 
local labour being the communities of Tarago (population 351, 2011 census), 
Bungendore (population 3,553, 2011 census) and Goulburn (population 21,484, 
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2011 census).  Anecdotally, Goulburn currently appears to be the preferred 
residential location, as was the case during previous mining operations. 

5.2 Climate  

The Woodlawn region has a cool temperate climate, with seasonal climatic variations 
ranging from hot summers to cool winters. The average daily maximum temperature 
ranges from 27.5ºC in January to 11.5ºC in July. 

The nearest Bureau of Meteorology (BoM) rainfall station with long-term continuous 
rainfall data is Lake Bathurst (Station 70036 �± Somerton), which is approximately 
10km to the northeast of the Woodlawn Site.  The station has recorded data since 
1931 up to the present.  Monthly average rainfall is distributed unevenly throughout 
the year with the summer and autumn months receiving the highest rainfall.  The 
mean annual rainfall at Lake Bathurst is 685mm.  

Rainfall data at the Woodlawn Site is currently measured by Veolia and is available 
from 1986 to date.  The mean annual rainfall at the Woodlawn Site is 635mm. 

Evaporation data is available from the Goulburn TAFE station.  The annual average 
pan evaporation is nearly twice the annual average rainfall. 

5.3 Vegetation  

The following has been taken from the 2012 Environmental Assessment (EA) 
document compiled by Parsons Brinckerhoff. 

The Project lies within the central part of the South Eastern Highlands Bioregion 
which covers approximately 749,155 hectares (Thackway & Cresswell 1995).  
Overall, the lower slopes and valleys of the locality have been largely cleared of 
eucalypt woodlands for grazing and agriculture, with larger remaining areas of native 
vegetation restricted to the hilly ridge line areas, or as roadside vegetation.  The 
nearest conservation reserve in the region is Morton National Park located 
approximately 30km to the east. 

Vegetation within the Project Site is highly fragmented with large expanses of 
cleared land surrounding predominantly isolated remnants along the rocky ridges 
and roadsides.  Although some of the highly degraded remnant vegetation patches 
are of sufficient size to maintain viable populations of some small endemic 
mammals, amphibians and reptiles, they are likely to be of only limited biodiversity 
value within the wider landscapes. 

5.3.1 Vegetation communities  

Five vegetation communities were identified within the ecological survey area based 
on assessment of the dominant species and structural form: 

�x Hickory Wattle Low Open Forest. 
�x Black She-oak Low Open Forest. 
�x Mixed Wattle and Planted Open Scrub. 
�x Derived Grassland. 
�x Grassland / Sedgeland Soaks. 

The majority of the survey area is dominated by the last three of these communities, 
which are highly modified and / or artificial vegetation communities associated with 
past land uses and rehabilitation (mapped by Tisdale et al (2004) as Cleared Land).  
The first two communities listed above are natural regrowth communities that 
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comprise small, isolated remnants of the broad-scale community mapped by Tisdale 
et al (2004) as Western Tablelands Dry Forest.  

No threatened ecological communities were identified as being commensurate with 
the vegetation communities within the ecological survey area.  These vegetation 
communities are summarised below.  The condition and size of each of the 
vegetation communities found within the ecological survey area is summarised in 
Table 5-1.  

Table 5-1: Vegetation community condition and extent of cover within the ecological 
survey area  

Vegetation community  Area of Community within 
ecological survey area (hectares)  

Hickory Wattle Low Open Forest 1.5 

Black She-oak Low Open Forest 0.9 

Mixed Wattle and Planted Open Scrub 11.0 

Derived Grassland 60.8 

Grassland / Sedgeland Soaks 4.6 

Derived Grassland is the most abundant vegetation community within the ecological 
survey area.  This community occurs throughout the entire Woodlawn Site, 
particularly on the mid to lower slopes and areas of the valley floor containing rocky 
and shale loam soils.  The community is dominated by a variety of exotic and native 
pasture grasses, and has been significantly modified by earth movement associated 
with the project site and a prior history of intensive agricultural activities, including 
clearing, grazing and pasture improvement through the introduction of exotic and 
non-endemic grasses. 

The Hickory Wattle Low Open Forest and Black She-oak Low Open Forest 
communities each occupy two small stands within the ecological survey area located 
on the eastern side of the central rise that is geologically associated with the 
sedimentary shale and outcropping sandstone.  

The Hickory Wattle Low Open Forest community is predominantly an Acacia 
falciformis regrowth community with very few (<5% canopy cover) remnant 
eucalypts.  The community has generally been highly modified by a history of 
agricultural activities including clearing, grazing and pasture improvement. 

The central remnant of the Black She-oak Low Open Forest community has been 
significantly modified by earth movement associated with the Project Site and a 
history of agricultural activities, including clearing, grazing and pasture improvement 
through the introduction of exotic and non-endemic grasses.  

The southeastern remnant of the community has only been moderately disturbed by 
past clearing and the construction of a telegraph easement. 

The Mixed Wattle and Planted Open Scrub is an artificial and regrowth community 
dominated by a canopy of remnant and cultivated native species, particularly Acacia 
dealbata (Silver Wattle), Acacia mearnsii (Black Wattle) and a variety of planted 
native cultivars scattered throughout.  This community occupies the majority of the 
lower slopes, within the central and western portions of the ecological survey area 
that are generally geologically associated with the sedimentary shale soils and the 
areas of modified spoil and fill heaps adjoining the existing void. 
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The Mixed Wattle and Planted Open Scrub community has been significantly 
modified, and in some areas, artificially created by rehabilitation and restoration 
activities associated with the previous activities and tailings operations.  Given the 
highly degraded and partially artificial nature of the community, it no longer shares 
any significant characteristics with the regionally mapped vegetation community 
described by Tindall et al (2004).  However, it is considered that some small regrowth 
patches may have been derived from the Western Tablelands Dry Forest. 

Grassland / Sedgeland Soak is an artificial and highly disturbed community 
dominated by a variety of wetland and moisture tolerant plants, particularly Juncus 
spp., Typha orientalis (Cumbungi) and exotic and native grasses.  This community 
occupies the numerous existing dams and poorly drained soils associated with 
sediment control contours artificially constructed throughout the ecological survey 
area. 

5.3.2 Species of Flora  

A total of 276 species of flora, representing 39 families, were recorded within the 
ecological survey area, of which 218 (79%) were native.  The number of species 
recorded in each community is summarised in Table 5-2. 

No threatened species of plant listed under the Threatened Species Conservation 
Act 1995 (TSC Act) or the Commonwealth Environment Protection and Biodiversity 
Conservation Act 1999 (EPBC Act) was recorded in the ecological survey area.  No 
Rare or Threatened Australian Plants (ROTAP) species was recorded.  

 

Table 5-2: Number of species of plant recorded in the ecological survey area  

Community Total 
Number 

of 
species 

Number of 
native 

species 
(% of total) 

Number of 
introduced 

species 

Number of 
sample 
sites 

Hickory Wattle Low Open Forest 55 49 (89%) 6 2 

Black She-oak Low Open Forest 66 62 (94%) 4 2 

Mixed Wattle and Planted Open 
Scrub 

60 46 (77%) 14 2 

Cleared Grassland 67 43 (64%) 24 5 

Grassland / Sedgeland Soaks 28 18 (64%) 10 2 

All communities combined 276 218 (79%) 58 13 

 

5.4 Local Resources and Infrastructure  

Power �± Electrical power for the operation will be provided by an independent 
energy retailer utilising the existing Essential Energy grid and site sub-station.  The 
existing 66 kilovolt (kV) transmission line feeding the site (Goulburn to Bungendore) 
and the existing 66/11kV sub-station will have sufficient capacity to meet the stated 
�U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���3�U�R�M�H�F�W�������$�O�W�H�U�Q�D�W�L�Y�H���V�R�X�U�F�H�V���R�I���S�R�Z�H�U���L�Q�F�O�X�G�H���9�H�R�O�L�D�¶�V���V�L�[�����0�:��
�J�D�V���I�L�U�H�G���J�H�Q�H�U�D�W�L�R�Q���S�O�D�Q�W���D�Q�G���,�Q�I�L�J�H�Q�¶�V���:�L�Q�G�I�D�U�P���O�R�F�D�W�H�G���W�R���W�K�H���L�P�P�H�G�L�D�W�H���V�R�X�W�K���R�I��
the project site.  Refer to Section 18.5. 
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Water �± The new processing plant has been designed to recover and, to the 
maximum possible extent, recirculate water used to process the plant feed.  Make-
up water will be sourced from the existing Willeroo borefield as well as from 
reclaimed water from the underground and from existing surface storage facilities.  
Veolia currently operate the borefield in a very limited capacity and the intention is 
for Heron to take over the management and operation of this system.  Some 
refurbishment of the borefield will be required.  Refer to Section 18.6. 

Buildings �± A number of the former operational offices and maintenance buildings 
still exist on site.  These are utilised primarily by Veolia and it is the intention to 
�H�V�W�D�E�O�L�V�K���Q�H�Z���I�D�F�L�O�L�W�L�H�V���Z�L�W�K�L�Q���+�L�F�N�R�U�\�¶�V���3�D�G�G�R�F�N���D�G�M�D�F�H�Q�W���W�R���W�K�H���Q�H�Z���S�O�D�Q�W���V�L�W�H���I�R�U��
Hero�Q�¶�V���R�S�H�U�D�W�L�R�Q�V�������7�K�H���H�[�L�V�W�L�Q�J���I�D�F�L�O�L�W�L�H�V���D�U�H���F�X�U�U�H�Q�W�O�\���L�Q���X�V�H���E�\���9�H�R�O�L�D���D�Q�G���+�H�U�R�Q����
and Heron is likely to continue to use these facilities until construction is completed. 

Communications �± Fixed wire communications (phone and data) are in place to the 
existing office facilities and this infrastructure will be utilised through normal 
commercial providers.  Mobile coverage is available at the main office, but is 
intermittent elsewhere, across site.  Heron is in discussions with Veolia and with 
external providers with a view to improving both fixed line and wireless services 
across the site as Project development proceeds. 

Access �± The site is accessed through a network of well-maintained heavy haulage 
rated, sealed roads.  Refer to Section 5.1. 

Supplies �± The proximity to industrial centres at Wollongong (including Port Kembla) 
and Sydney provide a ready access point to source major consumables, spare parts, 
equipment and service providers. 

5.5 Physiography  

The Woodlawn Project is located within the Woodlawn Eco-precinct along with the Veolia 
Bioreactor and power station and the Infigen Woodlawn Wind Farm.  The Eco-precinct is 
located in a valley within the GDR which runs from the south in Victoria to the north in 
Queensland. 

Regional elevations within SML 20 vary from nearly 1,000mRL at the headwaters of 
Allianoyonyiga Creek on the northern boundary to 750mRL on the eastern boundary.   

The Bioreactor is located in the old Woodlawn open pit, the surface of which lies at an 
elevation of approximately 825mRL.  The open pit was developed on a ridgeline that forms 
part of the GDR.  The Woodlawn Windfarm is located on the ridgeline to the south of the 
Bioreactor at an elevation of 875mRL.   

The GDR splits the site into two water catchments, the:   

�x Sydney Catchment to the east; and 
�x the Hawkesbury Nepean Catchment to the west. 

The main water stream is Allianoyonyiga Creek and this is split by the GDR and runs 
both to the west and into Lake George and to the east into Crisps Creek and 
ultimately to the Mulwaree River.   
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6 History  

The Woodlawn deposit was first identified in 1969 with the first ore intercept returned 
by drilling in early 1970.  It was mined by open-pit and underground methods 
between 1978 and 1998.  TriAusMin acquired the Project and completed further 
studies and drilling programs through to 2013.  Heron merged with TriAusMin in 
August 2014 and has been conducting further drilling programs for estimation of a 
revised Mineral Resource the PEA in 2015 and the Feasibility Study in 2016, the 
subject of this Report.  Further details of the project history are provided in Table 6-1 
below: 

Table 6-1: Woodlawn Site History  

Date Details  

1967 First recorded organised exploration of the region by Jododex, a joint 
�Y�H�Q�W�X�U�H�� �R�I�� �6�W�� �-�R�V�H�S�K�¶�V�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �(�[�S�O�R�U�D�W�L�R�Q�V�� �/�W�G�� �D�Q�G�� �3�K�H�O�S�V��
Dodge Exploration Corp. 

1970 Discovery Hole: Second exploration drill hole (W002) intersected 
24.4m @ 18.1% Zn, 7% Pb, 1.5% Cu and 72g/t Ag. 

1973 Special mining Lease 20 (SML 20) granted on 16 November 1973. 

1976 Feasibility approved and mine construction started. 

1978 �± 
1987 

Production commenced from open pit operations at a rate of 
approximately 900ktpa. Total production from the open pit was 
approximately 8.0Mt @ 8.3% Zn, 3.1% Pb, 1.6% Cu and 62g/t Ag. 

1982 RAB drilling discovered high grade mineralisation at Cowley Hills, 2km 
north of the Woodlawn deposit. 

1985 Title transferred to Australian Mining and Smelting Ltd (AMS), a CRA 
subsidiary. Commencement of the underground feasibility. 

1987  Denehurst Limited purchased the Woodlawn Site and undertook 
underground mining operations at a rate of approximately 500ktpa.  

1988 Commencement of a drilling program on Tailings Dam North and 
feasibility into the retreatment of tailings. 

1989-
1990 

Cowley Hills Mine produced 35,000t. Metallurgical recovery issues 
were encountered. 

1991-
1995 

Currawang mining commenced at 150,000tpa. Total production from 
the mine was 530,000t @ 13% Zn, 2.2% Pb, 1.6% Cu and 33g/t Ag. 

1991-
1996 

Denehurst retreated 1.9Mt of tailings from mainly Tailings Dam North 
and a small tonnage from Tailings Dam South from a stand-alone 
concentrator with no re-grind in the flow-sheet. The retreatment 
focused solely on the production of a zinc concentrate. 

1998 Denehurst was placed into administration and receivership and the 
underground mine ceased production in March 1998. The 
underground mine produced in total approximately 5.8Mt @ 10.1% 
Zn, 1.6% Cu, 4.1% Pb, 0.5g/t Au and 90 g/t Ag.  

Total production for the deposit to this point was approximately 13.8Mt 
@ 9.1% Zn, 1.6% Cu, 3.6% Pb, 0.5 g/t Au and 74 g/t Au.  
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Date Details  

1999 Mineral rights to SML 20 acquired from Denehurst Administrator by 
Tri Origin Australia NL. Collex (now Veolia Environmental Services 
(Australia) Pty Ltd) purchased the landfill rights to the open pit. 

2000 The Woodlawn Waste Management Facility, incorporating the 
Woodlawn Bioreactor, designed to treat 500,000tpa of waste was 
approved.  

2004 Tri Origin Minerals NL listed on the ASX. Woodlawn Bioreactor began 
operation (Veolia).  

2005 Woodlawn Wind Farm, comprising 20 turbines located on the ridgeline 
that crosses the Woodlawn and Pylara properties, was approved.  
Commenced operation in 2011. 

2008 Feasibility study completed by Intermet on the Woodlawn 
Retreatment Project (WRP) (Intermet, 2008). In 2008 the base metal 
prices dropped significantly and the project was unable to be funded. 
The Woodlawn Alternative Waste Transfer Facility, designed to 
receive 280,000t of waste, was approved for the Woodlawn Site.  

2009 NI43-101 completed by Scott Wilson Mining consultancy on the 
Woodlawn Tailings Retreatment Project. 

2010 Tri Origin Minerals listed on the TSX. Name subsequently changed to 
TriAusMin Ltd. 

2012 GR Engineering Services completed a Front End Engineering Design 
(FEED) Study on the WRP (Sara, 2012). 

2013 On 4 July 2013 under the Environmental Planning and Assessment 
Act 1979 TriAusMin received State Government approval for the 
development of the WRP and Woodlawn Underground Project 
(WUP). 

2014 SML 20 transferred to Tarago Operations Pty Ltd, a subsidiary of 
TriAusMin. TriAusMin entered into an agreement with Heron 
Resources to merge the two companies. The merger became 
effective on 5 August 2014. 

2015 SML 20 renewed for a period of 15 years. PEA results released in 
April 2015, showing robust economics for combined treatment of 
tailings and underground ore.  Feasibility study commenced in May 
and completed in June 2016. 

2016 On 28 April 2016 Modification to Project Approval 07_0143 received 
from DPE.  On 11 November 2015 the Woodlawn Mining Operations 
Plan (MOP) to 30 November 2021 approved.   
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7 Geological Setting and Mineralisation  

7.1 Previous Work  

Since its discovery in 1969 the Woodlawn deposit has been the subject of several 
geological studies, reports and published technical papers.  Malone et al (1975) was 
the earliest published geological paper and set much of the framework for later 
studies and ideas.  The Geological Society of Australia dedicated almost an entire 
volume to the Woodlawn deposit in 1979 and included papers by Gilligan et al (1979) 
on the regional geological setting; Ayres et al (1979) on the mineralogy and chemical 
composition of Woodlawn deposit; Petersen and Lambert (1979) on the 
mineralogical and chemical zonation around the Woodlawn deposit; amongst others.  

McKay and Hazeldene (1987) published a seminal paper on the Woodlawn deposit 
bringing together many of the ideas on ore-formation developed from the open-pit 
excavation and the early underground work.  McKay then completed his PhD on the 
Woodlawn deposit in 1989.  These workers further developed the concept of 
Woodlawn as a VMS (Volcanic-hosted Massive Sulphide) system developing on or 
close to the ancient sea floor.  

Glen et al (1995) published a paper on Syn- and Post-Tectonic Mineralisation in the 
Woodlawn deposit, however since this time there have been no further formal 
studies completed at Woodlawn. 

More recent regional studies by the Geological Survey of New South Wales 
(GSNSW) have focused on the regional scale architecture of the Goulburn Basin 
and age dating of the key units (for example Deyssing and Fitzherbert (2014)). 

7.2 Regional Geology  

The Woodlawn area has been mapped by the GSNSW and is located on the 
Canberra 1:250,000 map sheet SI55-16 (Best J.G. et al 1964) and the Braidwood 
1:100,000 map sheet 8827 (Fitzherbert et al, 2011). 

Woodlawn is located near the eastern margin of the Lachlan Fold Belt (LFB), a major 
north northwest trending orogenic belt that hosts several major metalliferous mines.  
The LFB extends from northeast Tasmania, into Victoria and through much of 
eastern NSW.  The northern, western and eastern boundaries are masked by 
younger sedimentary basin cover.  

The LFB is divided into a number of stratigraphic-tectonic zones commonly referred 
to as anticlinorial and synclinorial zones.  The boundaries between these zones are 
marked by regional faults, thrusts, igneous bodies, unconformities as well as 
lithological, metallogenic and tectonic contrasts.  In the Woodlawn region the 
synclinorial zones consist of Siluro-Devonian volcanics and sediments.  These are 
bounded by anticlinorial zones consisting of deep marine Ordovician sediments 
generally intruded by Siluro-Devonian granites.  

The Woodlawn Project is located in the Goulburn Basin (Deyssing and Fitzherbert, 
2014) which is a relatively narrow belt of volcanic and sedimentary rocks that 
extends for over 300km and is one of several fault bounded Silurian to Devonian-
aged intra-cratonic rift to back arc basins which host a range of base metal and gold 
occurrences on the eastern side of the LFB (refer Figure 7-1). 
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The Goulburn Basin, together with the Hill End Trough, represents one of the marine 
rift basins that opened across the Lachlan Orogen in the middle to late Silurian under 
an extensional tectonic regime (Thomas & Pogson 2012). 

 
Figure 7-1: Regional Geological Setting of the Woodlawn Project, within the Goulburn 
Basin.  

The sequences of the Goulburn Basin developed in a back-arc setting on a substrate 
of Ordovician to earliest Silurian siliciclastic turbidite deposits and black shale that 
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was deformed and thickened during the preceding Benambran Orogeny.  Initial 
deposition of shallow conglomerates and limestones was followed by the deposition 
of siltstone-dominated sequences, reflecting the deepening of the basin.  Deep-
water submarine volcanism at discrete, commonly bimodal, volcanic centres 
accompanied the deepening of the basin, with the volcanic deposits typically inter-
fingering with the background siltstone-rich packages.  These volcanic sequences 
host VMS mineralisation at Woodlawn, Currawang and Captains Flat.  This 
exhalation is possibly related to the contemporaneous intrusion of bimodal plutonic 
rocks (Thurralilly Suite) beneath the basin sequences.  Opening of the Goulburn 
Basin resulted in deposition of greater than 2km of post-rift turbidite to mass flow 
sequences in the late Silurian. 

The termination of rifting and filling of the basin possibly resulted from uplift during 
the latest Silurian Bowning Orogeny.  A transition to subaerial conditions and 
renewed magmatism occurred in the Early Devonian.  Plutons of the Glenborg and 
Candelo suites intruded close to the base of the Silurian successions along the 
eastern margin of the deep-water basin and extensive ignimbrite deposits were 
erupted along the eastern margin of the basin.  The entire area underwent 
compressional deformation during the Middle Devonian and early Carboniferous, 
producing regional-scale folding and complex fault systems.  These fault systems 
are responsible for the uplift of the late Silurian felsic to mafic plutons that are related 
to the mineralised bimodal volcanic centres, Deyssing and Fitzherbert (2014). 

In the local Woodlawn area late Silurian rocks of the Mt Fairy Group (mostly acid to 
basic volcano-sedimentary sequences) unconformably overlie Ordovician basement 
which consists of quartz-rich flysch sediments (Birkenburn Beds) (see Figure 7-2).  
Early Devonian shallow to deep water sediments unconformably overlie the Mt Fairy 
Group.  The sequence is folded and regionally metamorphosed to lower green schist 
facies, and intruded by Early Devonian granites.  Early Devonian dolerites intrude 
the entire sequence. 

East west compression has produced a series of north plunging, overturned anticline 
/ syncline pairs with west dipping axial planes.  The Currawang Anticlinorium in the 
west and Mulwaree Synclinorium in the east are the major fold structures in the area 
with the Woodlawn Syncline and Pylara Anticline interpreted as major subsidiary 
folds.  The primary Woodlawn deposit lies in a structurally defined zone of 
lineaments, termed the Woodlawn Corridor, within the LFB.  The corridor is believed 
to represent a major northwest trending palaeo-geographic feature. 
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Figure 7-2: Interpreted solid geology for the Woodlawn area.  
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7.3 SML 20 (Mining Lease) Geology  

The Woodlawn VMS deposit lies on the eastern limb of the asymmetric north-
northwest plunging Woodlawn Syncline.  The regional structures trend 
approximately north-northwest with the local foliation dipping moderately to steeply 
to the west.  The Woodlawn deposit is hosted by regionally metamorphosed (green 
schist facies) fine to coarse grained felsic to intermediate volcanic rocks, 
volcanogenic sedimentary rocks and minor carbonaceous shale, known as the 
Woodlawn Volcanics.  The axial plane dips at about 60° to the west and is paralleled 
by a strong slaty cleavage or in places a schistosity through the mine sequence. 

Within the Woodlawn mine area, the Woodlawn Volcanics comprise a lower 
sequence of coarse-grained silica and sericite altered volcaniclastic quartz-phyric 
rhyolitic rocks with siltstone, mudstones and minor basalt overlain by strongly silica 
and sericite altered rhyodacitic to intermediate volcaniclastic mudstones and 
sandstones that host the massive sulphide lenses.  Overlying the mineralised 
sequence is a less altered massive, coherent, quartz�±feldspar phyric rhyolite unit. 
The Woodlawn Volcanics have been intruded by calc-alkaline and tholeiitic dolerites 
(McKay & Hazeldene 1987) related to the Currawang Basalt.  Dolerites postdate 
hydrothermal alteration and mineralisation at Woodlawn and are boudinaged (along 
with mineralisation) indicating that they were emplaced prior to deformation. 

The Currawang deposit is conformable to and hosted by sub-vertical sheared spilitic 
pillowed and massive basalts with basaltic tuffs and fine-grained clastic rocks of the 
Currawang Basalt.  The Cowley Hills deposit is also hosted in the Woodlawn 
Volcanics.  The mineralisation consists of a single massive sulphide lens of average 
9-15m true width, 80m strike length conformably hosted in altered hydrothermally 
altered felsic volcanogenic sediments within dolerite and spilitic volcanics of the 
Currawang Basalt. 

7.4 Mineralisation  

The Woodlawn deposit occurs in Silurian felsic volcanic rocks, volcanogenic 
sediments and carbonaceous shales intruded by doleritic sills.  It is considered to be 
part of suite of Volcanic-hosted Massive Sulphide (VMS) deposits formed along the 
eastern coast of Australia in the Paleozoic (240 to 540 Ma) (Gemmell et al 1998).  
Other significant VMS deposits in this suite include Mt Lyell, Rosebery, and Hellyer 
in Tasmania, Stockmans in eastern Victoria, Captains Flat in NSW and Mt Morgan 
and Thalanga in Queensland. 

Three mineralised horizons hosting twelve known massive sulphide lenses occur 
within a 400 by 600m wide and 900m+ long northwest plunging envelope at 
Woodlawn (see Figure 9-1).  Each horizon has distinctive differences in mineralogy, 
geochemistry, metal ratios, alteration, isotope geochemistry and geophysical 
characteristics which reflect evolving ore-forming processes.  Two major 
�P�L�Q�H�U�D�O�L�V�D�W�L�R�Q���W�\�S�H�V���D�U�H���U�H�F�R�J�Q�L�V�H�G�����D���³�F�R�S�S�H�U-�U�L�F�K�´���D�V�V�H�P�E�O�D�J�H���D�Q�G���D���³�S�R�O�\�P�H�W�D�O�O�L�F�´��
assemblage (see Figure 7-4) (see McKay & Hazeldene 1987; Glen et al. 1995).  The 
�³�S�R�O�\�P�H�W�D�O�O�L�F�´�� �D�V�V�H�P�E�O�D�J�H�� �L�Q�F�O�X�G�H�V�� �I�L�Q�H- to medium grained, banded to massive 
pyrite�±sphalerite�±galena�±chalcopyrite with the gangue mineralogy including talc, 
quartz, chlorite, phlogopite, muscovite and barite.  The copper-rich assemblage 
includes pyrite�±chalcopyrite, lesser pyrrhotite as well as chlorite, quartz and calcite 
as massive sulphide and stock-work veins.  
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The deposit geometry has been modified by both ductile and brittle deformation.  The 
ductile deformation is preserved as a prominent foliation with minor rodding 
concentrated along the margins of dolerite, in fine grained units and phyllosilicate 
altered zones.  The dolerites and mineralised lenses display stretching to the 
northwest in the plane of foliation and are cut by lens parallel and sub-parallel 
anastomosing brittle faults (see Figure 7-3). 

The lower horizon is a single massive sulphide body faulted into four lenses (A, B, 
C and J).  Massive sulphide�V�� �L�Q�F�O�X�G�H�� �E�R�W�K�� �³�S�R�O�\�P�H�W�D�O�O�L�F�´�� �D�Q�G�� �³�F�R�S�S�H�U-�U�L�F�K�´��
assemblages.  The boundary between these two is discrete and usually mappable.  
�7�K�H���³�F�R�S�S�H�U-�U�L�F�K�´���]�R�Q�H�V���D�U�H���F�R�Q�F�H�Q�W�U�D�W�H�G���D�O�R�Q�J���W�K�H���I�R�R�W�Z�D�O�O���D�Q�G���V�R�X�W�K�H�U�Q���H�G�J�H�V���R�I��
individual lenses and grade into Mn-chlorite rich stringer mineralisation �²  
interpreted to be fossil feeder zones.    

Unaltered dolerite sills intrude the footwall and hangingwall of the A, B and upper 
portions of the C lens, distorting lens geometry and truncating the alteration envelope 
(see Figure 7-3).  Intense, talc-chlorite alteration occurs in the footwall and along 
strike to the south of the massive sulphides, with chloritic alteration often associated 
with copper-stringer mineralisation.  Massive barite is present within the massive 
sulphides, towards the end of individual lenses.  

The middle horizon sits some 170-190m in the hangingwall to the lower horizon and 
is offset to the northwest.  This horizon is hosted by an interpreted mass flow unit 
and contains the D, E, F and Kate lenses.  Massive sulphides often occur as doubled 
lenses forming a stacked geometry.  Lenses are usually thinner and have a slightly 
smaller surface area than the lower horizon.  The middle horizon is symmetrical in 
its alteration halo, with chlorite alteration in the adjacent and between sulphide 
lenses surrounded by silica-sericite-pyrite alteration with pseudoclastic textures that 
occurs up to 100m either side of the sulphide lenses.  Barite is absent from the 
lenses, but is observed in the alteration envelope.  There is a strong symmetry in 
sulphide zonation, from outer lower temperature (sphalerite�±galena-dominant) to 
inner higher temperature (chalcopyrite�±pyrite-dominant) assemblages. 

The upper horizon is 70 to 90 m in the hangingwall to the middle horizon and off-set 
to the northwest.  It parallels the middle horizon and hosts the G, H, I and Lisa 
Lenses.  Individual lenses are smaller, both in thickness and in strike extent, may be 
stacked, but usually only a single lens has sufficient grade/dimension to be of 
economic interest.  Individual lenses are less pyritic than other zones and have 
elevated precious metals.  The alteration around the lenses is asymmetrical with 
chlorite in the immediate footwall and to the south, but largely absent in the 
hangingwall.  Some lenses have a pattern of chalcopyrite-rich stringers to the south 
that grade into polymetallic massive sulphides to the north. 

The above text has been adapted from Downes et al (2016 in press) 
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Figure 7-3: Flitch  plan at the 2500mR L showing the relationship of dolerite and 
massive sulphide lenses and the three lens horizons  

 
Figure 7-4: Copper stringer and polymetallic massive sulphide mineralisation from 
�:�/�7�'���������.�D�W�H���/�H�Q�V���³�G�L�V�F�R�Y�H�U�\���K�R�O�H�´�������������W�R���������P���Z�L�W�K���D�V�V�D�\���U�H�V�X�O�W�V 
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8 Deposit Types  

8.1 Volcanic Massive Sulphide Deposit Model  

The Palaeozoic VMS deposits of Australia have been extensively studied and a 
coherent geological model has been developed.  The following is adapted from a 
summary of the Australian Palaeozoic VMS systems by Gemmell et al 1998.  Figure 
8-1 shows a schematic cross section through a Palaeozoic VMS system. 

Deposit examples include, within eastern Australia: Hellyer, Rosebery, Que River, 
Hercules, Mt Lyell, Woodlawn, Thalanga, Wilga, Currawong/Stockman, Balcooma, 
Mt Chalmers. Other major examples include deposits from the Japanese Green Tuff 
belt (Kuroko deposits), Norwegian Caledonides and Canadian Bathurst Group, New 
Brunswick. 

Typical Size and Metal Content:  

�x Major deposit size: 15Mt to 90Mt. 
�x Median deposit size: 1Mt to 5Mt. 
�x Average grade for Cu / Pb / Zn deposits: 1.0% Cu, 12% Zn, 5% Pb. 
�x High Ag and Au credits: average 120g/t Ag and 2.0g/t Au. 

Mining and Treatment:  

�x Massive sulphide style limits dilution effect with sharp cut-off between ore 
and waste. 

�x Stringer zones are only mined where they are high-grade or large tonnage 
(e.g. Mt Lyell). 

�x Polymetallic nature may cause recovery problems in fine grained ores. 
�x Metamorphosed - recrystallised ores are easier to treat. 
�x Fe content of sphalerite is moderate to high. 
�x Pyrite content is generally high. 

Regional Geological Criteria:  

�x Back-arc and inter-arc rift volcanic basins. 
�x Preferred ages: Cambro-Ordovician and Silurian. 
�x Calc-alkaline submarine volcanics and sediments. 
�x Compositional variation: rhyolite-andesite-basalt. 
�x Proximity to syn-volcanic rift faults. 
�x Located proximal to volcanic centres (Cu-rich ores) or in distal volcanic facies 

(Pb / Zn-rich ores). 
�x Syn-volcanic magnetite-series granites may be present. 
�x Rhyolite is most common footwall composition. 
�x Sediment and / or mafic volcanics are most common hangingwall rock types. 
�x Regional scale sericite ± chlorite alteration in footwall volcanics. 

Local Geological Criteria:  

�x Mineralisation located in favourable horizon between volcanic units. 
�x Favourable horizon may be iron-rich exhalite, sulphide bearing epiclastic, 

shale or carbonate. 
�x Mineralisation same age as host volcanic - sedimentary rocks. 
�x Deposits vary in shape from blankets to lenses, to mounds and pipes. 

Mineralisation Features  
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�x Zn / Pb massive sulphide lenses are stratabound. 
�x Massive sulphide may be banded, brecciated or massive and featureless. 
�x Cu-rich footwall stringer mineralisation is cross-cutting. 
�x Chlorite, sericite, quartz, barite, carbonate are major gangue minerals. 
�x Vertical (up-stratigraphy) zonation of Cu, Au, Pb, Zn, Ag, ±Ba. 
�x Pyrite is major sulphidic mineral plus sphalerite, galena, chalcopyrite ± 

tetrahedrite, arsenopyrite. 
�x Magnetite and pyrrhotite are rare except for strongly metamorphosed 

deposits. 

Alteration Features:  

�x Some deposits have zoned alteration pipes below massive sulphides. 
�x Stratabound alteration zones are commonly developed in the footwall and 

extend along strike for 2km to 6km. 
�x Hangingwall alteration is weakly developed or non-existent (although this is 

not the case for Woodlawn where hangingwall alteration is often intense 
suggesting sub-sea floor emplacement). 

�x Common alteration zonation towards ore is: sericite to sericite / pyrite to 
sericite / chlorite / pyrite to chlorite / pyrite to quartz / pyrite. 

Geochemical Criteria:  

�x Alteration halo is defined by Na2O depletion and MgO enrichment. 
�x Alteration Index AI = 100(MgO + K2O)/(Na2O + CaO +MgO + K2O) is vector 

toward ore (AI = 30 to 100). 
�x Ore 100Zn/(Zn+ Pb) = 60 to 80. 
�x As, Sb, Hg, TI as trace elements in Zn ores. 
�x Bi, Te, Mo, Co as trace elements in Cu ores. 
�x Pb isotopes form tight cluster for individual deposits that may lie on growth 

curve or reflect heterogeneous U / Th / Pb source area ratios. 

Geophysical Criteria:  

�x Regional magnetics define major volcanic units, structures and alteration. 
�x Regional gravity and magnetics may define position of related magnetite-

series granites. 
�x Ores have no magnetic signature. 
�x EM important in discovery of Que River, Hellyer, Wilga.  EM is also an 

important tool at Woodlawn. 
�x Most deposits have a moderate to strong EM responses. 
�x Cu-rich ores have best EM response. 
�x Zn-rich, Cu-poor ores have a very weak or non-existent EM response. 
�x IP defines mineralisation zone and pyritic alteration halo. 

Comments on Genesis  

�x Comparison with black smoker systems substantiates previous conclusions 
that most VMS deposits are synvolcanic seafloor deposits. 

�x Seawater depths of 800m to 4,000m are necessary to form deposits. 
�x Models for seafloor sulphide formation: 

- sulphide mounds develop above hydrothermal vents and grow by 
upward zone refining of metals; 

- sulphide sheets or lenses may form in seafloor brine pools adjacent 
to vents; and 
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- synvolcanic sub-seafloor replacement to form stratabound massive 
sulphides. 

�x Stringer zones and sulphide pipes form by replacement and or vein-fill 
processes in sub-seafloor hydrothermal vent. 

�x a less-favoured model invokes syntectonic replacement unrelated to 
volcanism. 

 

 
Figure 8-1: Cross section through typical Palaeozoic VMS system of Eastern Australia 
(after Gemmell et al 1998).  



Heron Resources Limited    Section 9 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

82 82 

9 Exploration  

9.1 Early Exploration and Production History (Jododex, AMS and 
Denehurst)  

This section has been adapted from Bouffler (1998) which summarised the 
exploration on SML 20 to the end of 1997. 

Modern exploration is considered to have begun in the Woodlawn area when St Joe 
Minerals and Phelps Dodge Exploration Pty Ltd of the USA formed a consortium 
called Jododex Australia Pty Ltd to carry out exploration in Australia.  They selected 
the broader Woodlawn area in 1967 as being prospective for a Captains Flat type 
base metal deposit occurring in the Silurian acid volcanic and associated rocks of 
the Lachlan Fold Belt.  

The Woodlawn gossan was discovered through following up geochemical programs, 
and diamond drilling of the gossan zone in December 1969 confirmed the presence 
of a significant massive sulphide deposit.  Twenty five exploration holes were drilled 
over the next twelve months outlining an orebody of between five and ten million 
tonnes.  The original open-pit mineable resources were: 

�x 6.3Mt of polymetallic mineralisation grading 1.7% Cu, 5.5% Pb and 14.4% 
Zn; and  

�x 3.7Mt of copper mineralisation grading 1.9% Cu, 0.1% Pb and 0.5% Zn. 
 

Note these are historical, non JORC 2012 compliant, estimates sourced from 
Bouffler (1998) that are not materially relevant to the existing Mineral Resource 
estimates at Woodlawn and are provided here for historical interest only.  They have 
been essentially mined out and in no way indicate any future potential for further 
extraction of material by open-pit. 

Mining from the open pit began in 1978 and continued at a production rate of about 
900 kilotonnes per annum (ktpa) until it began winding down in 1986 and eventually 
ceased in June 1987.  Full scale underground production began in 1987, at a rate of 
500ktpa and was continuing at a rate of 480ktpa in 1997, prior to mine closure in 
1998 after Denehurst was placed in administration in circumstances that are 
understood to be largely unrelated to the Woodlawn mine. 

9.2 TriAusMin Exploration 2000  to 2013 

Limited exploration was completed on the Woodlawn property in the late 1990s and 
early 2000s.  TriAusMin began drill testing the Woodlawn system in more detail 
around 2006 as higher levels of funding became available. 

TriAusMin completed 17 diamond core holes (WLTD series) from 2007 to 2013.  The 
later holes in this series were particularly significant with the discovery of the Kate 
Lens (WLTD0015 in 2013) and the I Lens extensions (WLTD011 in 2012). The key 
intercepts for this drilling program are shown in Table 9-1. 
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Table 9-1: Details of significant drill intercepts from 2009 to 2013 TriAusMin campaigns  

Hole No 
From 
(m) 

To (m) 

Down- 
hole 

Width 
(m) 

 
Lens 

Estimate 
True 
Width 
(m) 

Zn 
(%) 

Cu (%) Pb (%) 
Au 
(g/t) 

Ag 
(g/t) 

WLTD004B 398.5 406.6 8.1 C 6.5 0.4 2.8 0.1 0.2 12.6 

WLTD004B 438.9 446.2 7.3 C 5.8 12.3 1.7 4.9 2.3 171.0 

WLTD005 353.0 371.0 18.0 A 14.4 11.5 0.7 4.7 0.6 87.7 

WLTD005 417.0 432.0 15.0 B 12.0 7.6 1.7 3.5 0.2 89.2 

WLTD011 517.8 520.0 2.2 I 1.8 4.7 0.2 2.5 1.4 31.5 

WLTD011 542.2 552.1 9.9 I6 7.9 6.1 1.6 1.2 0.7 14.1 

WLTD011 849.0 853.0 4.0 D1 3.2 0.1 3.3 0.0 0.0 12.8 

WLTD011 869.0 881.1 12.1 D2 9.7 0.1 4.8 0.0 0.1 14.9 

WLTD011W1 551.0 565.5 14.5 I6 11.6 11.7 3.7 3.7 1.9 120.8 

WLTD011W1 630.2 638.5 8.3 D1 6.6 5.6 1.7 1.6 2.6 48.0 

WLTD011W1 696.6 708.0 11.4 D2 9.1 7.8 1.2 2.7 0.6 49.3 

WLTD011W2 564.0 573.0 9.0 I6 7.2 8.6 2.9 4.6 2.1 167.3 

WLTD011W2 648.0 656.9 8.9 D1 7.1 6.3 2.7 3.0 1.2 71.1 

WLTD012 804.0 808.0 4.0 JC 3.2 0.1 3.1 0.0 0.0 8.1 

WLTD014W1 543.0 549.7 6.7 IC 5.4 0.1 3.4 0.0 0.2 6.2 

WLTD014W1 674.9 686.0 11.1 D2 8.9 8.3 0.9 3.6 0.5 61.2 

WLTD015 377.0 409.0 32.0 Kate 25.6 4.6 1.8 1.2 0.6 21.2 

WLTD017W1 450.0 453.2 3.1 I 2.5 3.3 0.4 2.0 3.0 34.7 
 
Notes: True width is an estimate of the actual thickness of the intercept based on interpreted lens orientation (approximately 
80% of down-hole width); grades are weighted average grades, weighted by length of samples intervals down-hole, which are 
nominally 1 metre. No weighting was applied for differences in specific gravity.  

 

9.3 Heron Exploration 2014 to 2015 

Heron began exploring the Woodlawn system through a program of surface diamond 
drilling in September 2014 and by the end of January 2015 had completed 20 
diamond holes (WNDD series) for approximately 7,600m.  A small program of 
reverse circulation (RC) drilling was also completed to test for shallower up-dip 
extensions to certain lenses.  A total of 11 holes (WNRC series) for 1,146m were 
completed.  This completed the Phase I drill program.  The Phase II drilling program, 
designed to infill the Phase I drilling and prove up the reserve base for the feasibility 
study, commenced in April 2015 and ran through to November 2015  It comprised 
84 diamond holes for some 18,900m. 

The focus of the Heron drilling has been to delineate the Kate Lens and better define 
the lenses in shallow positions, to provide drilling input into a revised Mineral 
Resource estimate.   

Further details of the drilling results can be found in Section 14, Mineral Resource 
Estimates. 
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Two small programs of Vibracore drilling were completed on the three tailings dams 
to provide metallurgical sample material for the FS.  

The key intercepts for this drilling are shown in Table 9-2. 

Table 9-2: Significant drill intercepts from 2014 to 2015 Heron drilling  campaign.  

Hole No From (m) To (m) Down-
hole 

Width 
(m) 

Lens Estimate 
True 
Width 
(m) 

Zn (%) Cu (%) Pb (%) Au (g/t) Ag (g/t) 

WNDD0001 373.6 388.0 14.4 Kate 11.5 4.6 4.1 0.8 1.0 56.8 
WNDD0002 368.0 370.3 2.3 Kate 1.9 12.0 0.6 5.4 1.3 116.0 
WNDD0002 374.0 382.7 8.7 Kate  7.2 12.6 1.6 7.5 2.3 152.0 
WNDD0006 626.1 631.8 5.7 I 4.5 13.3 0.7 5.4 1.2 25.9 
WNDD0006 679.0 683.0 4.0 I 3.2 4.8 0.5 0.2 0.0 14.5 
WNDD0006 699.4 707.4 8.0 D 6.5 3.0 2.3 3.1 2.6 68.8 
WNDD0006 759.0 769.0 10.0 D 8.0 1.6 1.7 0.2 0.2 15.3 
WNDD0007 414.3 426.6 12.3 Kate 9.8 20.0 2.1 6.1 0.8 52.9 
WNDD0007 434.7 437.1 2.4 Kate 1.9 20.1 1.6 4.2 2.1 39.7 
WNDD0008 434.0 439.4 5.4 Kate 4.3 11.1 1.6 0.8 0.6 11.4 
WNDD0009 198.0 214.8 16.8 G 8.9 5.4 2.7 2.0 1.2 48.5 
WNDD0009 308.7 316.8 8.1 Kate 6.5 7.2 1.1 2.3 0.9 28.0 
WNDD0010 206.0 210.4 4.4 G 3.5 4.1 3.2 0.9 2.6 39.0 
WNDD0010 353.0 354.0 1.0 Kate 

(Cu) 
0.8 0.0 1.6 0.0 0.0 1.1 

WNDD0010 360.0 361.1 1.1 Kate 
(Cu) 

0.8 0.1 1.6 0.0 0.2 4.5 
WNDD0010 365.0 366.0 1.0 Kate 

(Cu) 
0.8 0.1 1.6 0.0 0.0 3.5 

WNDD0011 348.2 354.1 5.9 Kate 4.7 6.3 3.2 1.7 1.3 73.5 
WNDD0012 74.0 79.8 5.8 G 4.6 3.6 0.7 1.5 1.0 60.4 
WNDD0012 135.1 139.3 4.2 E 3.4 14.8 2.2 6.2 0.7 37.2 
WNDD0013 76.2 85.6 9.4 G 5.6 6.4 3.2 2.8 2.4 150.0 
WNDD0014 61.2 63.3 2.1 G 1.7 3.1 6.5 1.3 1.2 146.0 
WNDD0015 241.9 246.2 4.3 Lisa 3.4 17.7 1.6 5.0 1.1 28.0 
WNDD0016 429.0 446.0 7.0 Kate 

(Cu) 
13.6 0.1 1.8 0.0 0.1 2.9 

WNDD0017 254.1 263.6 9.5 D 7.6 3.8 1.6 0.3 0.8 16.9 
WNRC0010 37.0 45.0 8.0 G 6.4 3.6 1.3 2.6 1.0 65.4 
WNDD0023 166.8 170 3.1 2.6 5.6 0.1 1.7 0 0.1 5.9 
WNDD0024 30 33 3.0 2.4 33.9 8.5 3.5 5.2 6.3 160.6 
WNDD0025 151.3 153.8 2.5 2.0 9.2 1.9 1.2 0.2 3.4 16.5 
WNDD0026 108.7 110.4 1.7 1.0 38.5 3.5 6.8 4.9 3.9 213 
WNDD0027 103.8 104.6 0.75 0.6 51.4 5.6 8.1 6.8 3.6 398 
WNDD0029 324.3 329.1 4.8 4.0 11.3 7.6 0.4 0.9 0.7 37.4 
WNDD0029 340 347.15 7.1 6.0 39.4 16.9 0.9 11.3 3.5 254.1 
WNDD0031 383.2 403.7 20.5 16.4 20.7 8.1 2.4 2.9 0.8 68 
WNDD0032 405.2 417.3 12.1 9.7 13.7 4.7 2.2 0.8 0.8 22.2 
WNDD0033 316.7 319.3 2.6 2.1 7.4 1.2 0.7 1.4 0.8 76.5 
WNDD0033 326 346.7 20.7 16.6 25.8 14.1 1 4.7 1.4 120.4 
WNDD0033 351.1 360 8.9 7.1 18.9 5.8 1.9 2.6 2.7 90.1 
WNDD0035 389.7 413 23.3 18.6 6.8 0.3 1.9 0 0.5 6.3 
WNDD0037 347.5 383 35.5 28.4 11.2 5.1 0.8 1.3 0.9 61.7 
WNDD0038 376.3 396.0 19.8 15.8 9.9 0.7 2.6 0.2 0.7 8.0 
WNDD0039 351.3 356.8 5.4 4.3 27.7 15.1 1.5 6 1 70.3 
WNDD0042 77.6 83.2 5.7 4.6 12.3 5.9 0.2 3.9 0.4 73.3 
WNDD0044 116.8 117.8 1.1 0.9 52.2 24 4.3 12.9 1.5 97.2 



Heron Resources Limited    Section 9 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

85 85 

Hole No From (m) To (m) Down-
hole 

Width 
(m) 

Lens Estimate 
True 
Width 
(m) 

Zn (%) Cu (%) Pb (%) Au (g/t) Ag (g/t) 

WNDD0045 94.6 97.2 2.6 2.1 7.4 3.6 0.1 2.4 0.2 49.6 
WNDD0046 400.6 428.3 27.7 22.2 23.4 6.9 3.9 1.5 1 74.6 
WNDD0050 103.1 108.4 5.3 4.2 10.1 1.4 1.6 0.9 1.3 62.7 
WNDD0053 408.0 411.9 3.9 3.1 26.9 0 8.5 0 0.1 8.9 
WNDD0053 419.3 425.7 6.4 5.1 9.0 0 2.8 0 0.1 3.7 
WNDD0054 83.6 90.4 6.8 5.4 4.1 1.8 0.1 1.1 0.4 29.2 
WNDD0054 106.0 112.8 6.8 5.4 4.5 2.8 0.5 0.1 0 0.7 
WNDD0057 40.4 45.1 4.7 3.8 30.4 3.9 5.5 2.3 1.6 203 
WNDD0058 52.4 57.1 4.7 3.8 22.4 6.1 2.3 4 1.4 153.3 
WNDD0062 127.95 132.75 4.8 3.8 4.4 0.9 0.9 0.1 0.4 6.4 
WNDD0062 139.5 142.6 3.1 2.5 4.8 3.6 0.1 0.9 0.1 6.3 
WNDD0064 65.7 69.85 4.2 3.4 37.2 18.9 1.7 10.1 1 131.1 
WNDD0066 79.2 90.53 11.3 9.0 10.3 5.2 0.2 3.2 0.5 47.2 
WNDD0068 76.0 80.4 4.4 3.5 6.2 4 0.2 1.5 0.1 12 
WNDD0070 73.5 79.6 6.1 4.9 7.6 4.9 0.2 2.1 0.1 12.7 
WNDD0071 332.1 333.4 1.3 1.0 15.3 9.1 0.8 3.2 0.6 18.1 
WNDD0071 377.8 399.7 21.9 17.5 13 0.3 3.7 0.1 0.8 16.8 
WNDD0071 405.0 411.5 6.5 5.2 7.8 4.5 0.6 0.9 0.5 12.5 
WNDD0073 365.6 366.6 1.1 0.9 5 0 1.5 0 0.2 4.4 
WNDD0073 369.7 378.8 9.1 7.3 31.6 18.3 2.3 4.6 1.1 53.7 
WNDD0075 294.0 308.0 14.0 11.2 5.1 0.2 1.4 0 0.4 5.1 
WNDD0076 79.4 82.2 2.8 2.2 16.8 9.7 0.2 4.7 1.5 47.2 
WNDD0077 127.3 135.5 8.2 6.6 6.6 3.2 0.8 0.3 0.3 14.5 
WNDD0078 22.4 25.4 3.0 2.4 19.7 10.8 0.5 3.9 1.6 96 
WNDD0078 55.1 59.7 4.6 3.7 47.2 24.4 1.1 13.6 1.4 241.1 
WNDD0078 63.5 66.5 3.0 2.4 58.7 28.5 2.1 13.1 2.2 372.9 
WNDD0080 100.0 104.0 4.0 3.2 4.2 2.0 0.4 0.6 0.2 16.4 
WNDD0081 105.8 107.6 1.8 1.4 25.0 1.5 4.4 3.7 2.7 145.1 
WNDD0084 80.3 84.1 3.8 3.0 11.8 6.4 1.0 1.7 0.3 17.7 
WNDD0085 261.9 264.8 2.9 2.3 10.8 1.5 2.3 0.8 0.8 24.9 
WNDD0085 350.7 369.7 18.9 15.1 9.3 0.4 2.6 0.0 0.7 8.3 
WNDD0086 97.7 101.3 3.7 3.0 2.6 0.3 0.4 0.2 0.4 18.2 
WNDD0088 96.1 99.0 2.9 2.3 35.4 12.7 2.6 8.1 2.5 202.4 
WNDD0089 110.3 111.5 1.2 1.0 7.9 0.1 0.9 0.6 1.1 117.0 
WNDD0089 114.0 115.8 1.8 1.4 32.3 6.4 3.5 3.5 2.2 340.8 
WNDD0093 49.9 51.4 1.5 1.2 21.4 12.3 0.2 6.2 1.4 71.9 
WNDD0093 53.7 56.1 2.3 1.8 15.6 8.6 1.1 1.4 1.4 43.0 
WNDD0093 80.4 82.1 1.8 1.4 32.0 13.8 1.3 8.6 0.8 216.5 
WNDD0098 41.3 50.6 9.3 7.4 18.7 8.2 0.7 3.2 1.6 144.1 
WNDD0100 90.5 95.0 4.5 3.6 13.4 5.2 0.2 3.4 2.5 89.0 
WNDD0100 97.1 101.5 4.4 3.5 7.1 3.9 0.2 2.1 0.4 24.7 
WNDD0101 84.3 86.5 2.2 1.8 14.9 7.7 0.1 3.0 0.8 124.8 
WNDD0103 92.6 95.1 2.5 2.0 45.3 0.3 7.1 0.4 4.5 625.9 
WNDD0104 222.0 234.4 12.4 9.9 20.0 12.0 1.6 2.0 0.7 23.1 

Notes: True width is an estimate of the actual thickness of the intercept based on interpreted lens orientation (approximately 
80% of down-hole width); grades are weighted average grades, weighted by length of samples intervals down-hole, which are 
nominally 1 metre. No weighting was applied for differences in specific gravity.  
  



Heron Resources Limited    Section 9 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

86 86 

 
Figure 9-1 Woodlawn deposit looking north showing the relationship of the lenses and 
previous underground and open pit mining.  
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 Figure 9-2: Woodlawn lens plan view  
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9.4 Exploration  Opportunities  

The Woodlawn Project includes a 570km2 exploration portfolio, prospective for high-
grade VMS style mineralisation, similar to that found at Woodlawn.  The key 
prospects are described below, with their locations shown on Figure 9-3. 

 
Figure 9-3: Woodlawn Key Exploration Targets - Geological Plan   

9.4.1 Rationale  

The Heron tenure surrounding the Woodlawn VMS deposit is considered to have 
excellent potential for significant new VMS style discoveries.  Little systematic 
exploration has been conducted in the area since the late 1980s when CRA sold the 
property to Denehurst who continued with the underground mining to 1998.  While 
Denehurst conducted some regional exploration this was focused towards the end 
of the mine life (1996-1997) and suffered from a lack of systematic funding.  Modern 
geophysical techniques such as high powered EM also now provides Heron with a 
new set of tools to look at the ground in more detail. 

  

�7�K�H���G�L�V�F�R�Y�H�U�\���R�I���Q�H�Z���K�L�J�K���J�U�D�G�H���P�L�Q�H�U�D�O�L�V�D�W�L�R�Q���L�V���L�P�S�R�U�W�D�Q�W���I�R�U���+�H�U�R�Q�¶�V���O�R�Q�J���W�H�U�P��
viability in the district and whilst a reasonable mine life is currently present, new 
discoveries have the ability to significantly boost the value of the Heron operation. 
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The key exploration targets and their relationship to the overall Mineral Reserve and 
Mineral Resource base is depicted below in Figure 9-4.  At the top of the triangle are 
the Mineral Reserves and below this is the pipeline of projects that can feed into the 
future mining inventory. 

 
Figure 9-4: Pipeline of key exploration targets that will provide fu ture mining inventory 
to the Woodlawn Project  

9.4.2 Woodlawn Northern Corridor  

The zone to the north of B Lens has received limited drilling since the 1970s and the 
area provides Heron with an immediate drilling target that has the potential for a 1-
2Mt (plus) lens discovery along strike to the north from the B Lens complex The 
northern most holes in this area (W139, W151, W166) were drilled in the 1980s and 
while they gave good indications of mineralisation in this area no follow-up drilling 
was completed.  This was probably partly due to the more difficult drill access within 
ED1.  Also the presence of dolerite sills in the area made targeting more difficult. 

Hole W151 located below the target has been reviewed on site and intersected a 
broad zone of strong pyrite, silica and sericite alteration and minor massive sulphides 
within volcanic mudstones and returned an interval of 26m @ 0.5% Cu and 0.5% Zn 
from 646m.  Drill holes have been planned to test the zone above this intercept at a 
spacing of approximately 75m with DHEM providing a radius of search between 30 
and 150 around these holes.  The strong alteration and minor massive sulphides in 
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W151 are a good indication that a lens is likely to be nearby and this northern zone 
provides an excellent target for a significant discovery. 

9.4.3 Currawang Prospect (100% Heron)  

The Currawang East deposit, located some 10km north northwest of the Woodlawn 
mine, was discovered directly to the east of the historic (circa 1890 onwards) 
Currawang copper mine.  The Currawang copper mine was first mined in the late 
1800s and in 1973 Jododex completed surface geochemical surveys.  The deposit 
�L�V���P�D�G�H���X�S���R�I���D���G�L�V�F�U�H�W�H���³�S�R�G�´���R�I���P�D�V�V�L�Y�H���V�X�O�S�K�L�G�H�V���K�R�V�W�H�G���Z�L�W�K�L�Q���&�X�U�U�D�Z�D�Q�J���%�D�V�D�O�W��
rocks (~80%) and Woodlawn felsic volcanic rocks (20%) positioned some 100m 
below the surface.  It was accessed via a decline near the old Currawang workings 
and was mined between 1991 and 1995 with some 553,000t being extracted at 
grades of approximately 13% Zn, 2.2% Pb, 1.6% Cu and 33g/t Ag (Bouffler, 1998).  
The extracted amount was roughly in line with original estimated mineable tonnage. 

Further exploration for additional resources at Currawang is currently being 
undertaken by Heron using a combination of surface EM, on-ground mapping, 
reviews of historical data and interpretation of the recently flown 50m line spaced 
aeromagnetic data.  

Two key drilling targets have been defined one to the south of the main lens and one 
to the north.  Drillholes for both targets have been designed.  

9.4.4 Cowley Hills Prospect (100% H eron)  

The Cowley Hills deposit, located some two kilometres directly north of the 
Woodlawn mine was discovered by Jododex through shallow geochemical drilling in 
1982.  Like Currawang East, the mineralisation at Cowley Hills consists of a steeply 
plunging but shallowly dipping (40-45o) lens of massive sulphides hosted within 
Woodlawn volcanic rocks between hangingwall and footwall units of Currawang 
Basalt units (basalt and dolerite).  A small mineable deposit was outlined with mining 
being undertaken between 1989 and 1991 via a short underground decline, although 
only some 35,000t of massive sulphide ore was extracted (Bouffler 1998). 

Like Currawang East, the Cowley Hills prospect provides an immediate exploration 
target in close proximity to the Woodlawn mine.  The potential to develop an open-
pitable resource at Cowley Hills is also currently being assessed. 

The Allianoyonyiga and Kalua prospects are both grassroots prospects defined by 
pre-Heron moving loop EM surveys along strike, west and east respectively, from 
the Cowley Hill deposit.  Moderate silica/pyrite alteration in rhyolitic volcanic rocks 
has been mapped at the Kalua along strike from the EM anomalies, whereas the 
Allianoyonyiga prospect is wholly covered by alluvium of the Allianoyonyiga creek 
and will require drilling to test further. 

9.4.5 Hayshed Prospect (100% Heron)  

The Hayshed Prospect is located some 4.5km southeast of Woodlawn on the Pylara 
farming property.  It is located on the 100% Heron owned EL7257, however, a royalty 
is payable to Variscan Mines Ltd on certain graticular blocks that make up this 
tenement.  

An elongate aeromagnetic anomaly some 400m x 100m in size associated with a 
zone of anomalous geochemistry (Cu, Pb, Zn, Au, As) is being targeted as a 
potential mineralised intrusive body at depth.  The aeromagnetic anomaly is being 
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modelled in 3D to provide a depth to it which will then form the basis of drill program 
to test it. 

9.4.6 Cullarin JV Project (78.9% Heron, GCR 21.1%)  

The Cullarin JV Project (EL7954) is located 45km north of Woodlawn (Figure 4.1) 
and covers the northern extent of the prospective Silurian felsic volcanic sequence.  
Heron has earned a 78.9% interest in the project and Golden Cross Resources Ltd 
(GCR) has 21.1% interest and is currently diluting its interest while Heron manages 
and funds the exploration work. 

The project area has demonstrated potential for VMS type deposits, intrusive related 
porphyry deposits and associated skarns.  Drilling by previous explorers within the 
joint venture area has identified several high priority prospects where potentially ore-
grade intercepts have been reported.  The tenement covers a 28km long belt of well-
mineralised north-south trending Silurian felsic sediments and volcaniclastics fault 
bounded on the east by the Lake George Fault and the Cullarin Fault on the west.   

An airborne EM survey was completed in the mid-2014 and while no high priority 
targets were generated, a number of more subtle, lower priority targets are being 
assessed.  In addition, a dedicated program of data compilation has been completed 
bringing all the historical exploration data within the Heron database, allowing ready 
assessment of targets. 
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10 Woodlawn D rilling  

The Woodlawn deposit has, and continues to be, delineated and quantified mostly 
through drill hole information.  This section describes the drilling that has been 
undertaken to define the Woodlawn mineralisation, with particular focus on the more 
recent drilling undertaken by Heron. 

10.1 Historical Drilling  

10.1.1 Timeline of Drilling  

The following tabulation is of the drill holes at Woodlawn that are associated with the 
Woodlawn Underground Project area (refer Table 10-1).  It excludes holes drilled at 
the nearby satellite Currawang and Cowley Hills deposits.  Table 10-1 is 
approximately chronological, and therefore commences with initial exploration 
drilling, proceeds through mine operation (thus includes mine development drilling), 
and then covers the more recent exploration drilling after the mine closed. 

 
Table 10-1: Listing of drilling programs and drill hole numbers completed at Woodlawn 
(recent drilling by Heron is included here for completeness).  

Hole ID Total  
metres 

Purpose Company Year Hole 
Type 

W001-W050 12,332 Woodlawn discovery drilling Jododex 1969-71 DDH 

W201-W286 11,655 Resource drilling Jododex 1971-72 DDH 

W051-W069 6,806 Resource drilling 
Underground potential 

Jododex 1971-79 DDH 

W070-089 10,632 Underground potential & 
Exploration 

Jododex 1980-81 DDH 

W287-290 590 Resource drilling Jododex 1984 DDH 

W090-W166 30,603 Woodlawn Underground AMS 1981-88 DDH 

U001-U190 21,478 Woodlawn Underground 
Feasibility 

AMS 1985-88 UDD 

U194-U469 30,252 Woodlawn Underground Denehurst 1988-96 UDD 

W167-W199 8,252 Woodlawn Underground Denehurst 1988-93 DDH 

W300-314 4,264 Exploration Denehurst 1995-96 DDH 

WLRC001-026 828 Exploration Tri Origin 2005 RC 

WWTD001 232 Hydrology  Tri Origin 2007 DDH 

WLTD004-005 1,138 Met / Geotech Tri Origin 2007-08 DDH 

EPBH001-005 222 Portal Geotech Tri Origin 2007 DDH 

EDBH001-004 504 Decline Geotech  Tri Origin 2008 DDH 

WLTD009-010 3,951 Exploration Tri Origin 2010 DDH 

WLTD011-12 3,693 Exploration TriAusMin 2012 DDH 

WLTD013-17 4,039 Exploration TriAusMin 2013 DDH 

WNDD0001-0104 26,142 Resource / Met Heron 2014-15 DDH 
WNGT0001-17 1,112 Geotech  Heron 2014-15 DDH 

WNRC0001-11 1,147 Resource drilling Heron 2014 RC 

WNTD0001-10 & 
WNTD0053-64 (TDS) 

201.6 Tailings Resource drilling Heron 2015-16 VC 



Heron Resources Limited    Section 10 

 

Heron Resources Limited ©  
Woodlawn Project FS �± 19 July 2016   

93 

WNTD0011-20 & 
WNTD0042-52 (TDN) 

195.2 Tailings Resource drilling Heron 2015-16 VC 

WNTD0021-41 & 
WNTD0065-74 (TDW) 

238 Tailings Resource drilling Heron 2015-16 VC 

10.2 Heron Drill Programs  

Heron completed two key diamond drill programs for resource definition and one 
Vibracore drill programs for metallurgical test work purposes. These were: 

Phase I: Sept 2014 �± Feb 2015 

�x Contractor: Macquarie Drilling. 
�x Holes: 20 
�x Metres: 7,666 
�x Rig: DR800Mrll 
�x Common drill sizes: HQ and NQ2 
�x Downhole survey instrument: Pathfinder, IsGyro 
�x Purpose: Define Mineral Resource for PEA 

Phase II:  April 2015 �± Dec 2015 

�x Contractor: Pinnacle and DRC Drilling 
�x Holes: 84 
�x Metres: 18,576 
�x Rig: UDR1200 
�x Common drill sizes: HQ3 
�x Downhole survey instrument: Reflex 
�x Purpose: Upgrade confidence of the Mineral Resource for FS Ore Reserves 

Heron completed two Vibracore drill programs to provide bulk reclaimed tailings 
samples from the tailings dams for metallurgical testing in 2015-2016: 

�x Contractor: Numac Drilling 
�x Holes: 74 
�x Metres: 635 
�x Drill size: 46.99mm was the drill diameter 
�x Rig: GeoProbe 7782DT 
�x Purpose: Provide reclaimed tailings material for metallurgical testwork. 

10.3 RC and Diamond Drilling Procedures 2014 -15 

10.3.1 Hole Planning, Site Preparation and Set -Up 

Hole planning was undertaken by Heron using standard 3D mining software.  A 
handheld GPS was used to site the collar positions and the collars were later 
accurately surveyed (±10mm) by a licensed surveyor after the holes had been 
completed. 

The initial azimuth of the majority of the holes was determined by setting the rig up 
on the relevant magnetic bearing using a sighting compass.  The sighting compass 
has an accuracy of ±1 degree.  A north seeking gyroscopic tool was used to align 
the rigs in early part of the Phase I program and had an accuracy of <0.05 degrees. 
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10.3.2 Down -hole Surveying  

The holes were surveyed during drilling for dip and azimuth approximately every 
30m down-hole using a Pathfinder (Macquarie Drilling), Ranger (Pinnacle Drilling) 
and Reflex EZ (Pinnacle Drilling) survey tool that records the dip and magnetic 
azimuth of the hole.  

At the end of hole, a gyroscopic survey was carried out using either: 

1. a non-north seeking gyroscopic tool (IsGyro) operated inside the drill rods by a 
suitably trained driller before moving the drill rig off the drill site (only in Phase 
1 program of drilling); or 

2. a north seeking gyroscopic tool (Keeper Gyro) operated inside 50mm PVC 
casing inserted into the hole after removing the drill rods and drill rig from the 
site, by a licensed operator (operated by Gyro Australia Pty Ltd). 

 

A comparison between the IsGyro down-hole survey data to the Pathfinder survey 
found predominately good correlation with minimum offset.  Drill hole WNDD0007 
was an exception, showing discrepancies between the two sets of data and a 
decision was made to use Pathfinder results.  A comparison between the Pathfinder 
camera readings and the Keeper gyroscope readings showed very little to no spatial 
offset of the drill hole traces.  Figure 10-1 is an example of the correlation between 
the two survey methods showing the spatial offset for drill hole WNDD0018 
(approximately 5m over 420m).   The general lack of magnetic minerals in the 
Woodlawn host rocks meant that down-hole magnetic survey tools were reliable for 
measuring down-hole azimuth and this was repeatedly confirmed with the use of 
north seeking gyroscopic tools. 

 

 

Figure 10-1: Plan view looking down of WNDD0018 comparison of Pathfinder 
(magnetic) vs Keeper Gyro(north seeking gyro) down -hole survey readings.  Small 
squares are 10m x 10m in size  

 

A comparison between Ranger and Reflex EZ Instruments to the Keeper gyroscope 
readings found good correlation.  One survey in August 2015 using the Keeper 
gyroscopic tool showed some discrepancies between the data sets which was 
thought to be due to sub-zero temperatures experienced at the time and the 
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instrument had not calibrated correctly.  In these cases the Company reverted to the 
original down-hole surveys (approximately 12 holes) which had been shown to be of 
good accuracy. 

After the issue with the poor initial calibration due to sub-zero temperatures, Gyro 
Australia used drill hole WNDD0020 as a control calibration test hole daily before 
commencing survey pickups.  Results were checked prior to proceeding with the 
surveying with no discrepancies being found. 

Checks were completed on the magnetic downhole survey instruments during the 
course of the drilling programs.  Pathfinder, Ranger and Reflex EZ instruments were 
tested against a control pipe at the Woodlawn core shed to ensure instruments were 
calibrated correctly.  A test pipe was also set up by a licenced survey to check the 
bearing of the sighting compasses. 

10.3.3 RC Logging  Procedures  (2014) 

Each one metre sample was sieved and laid out in plastic chip-trays where they were 
geologically logged on the drill site by the rig geologist.  The geological logs were 
�H�Q�W�H�U�H�G���G�L�U�H�F�W�O�\�� �L�Q�W�R���D�� �V�S�U�H�D�G�V�K�H�H�W�� �D�W�� �W�K�H�� �G�U�L�O�O�� �V�L�W�H���X�V�L�Q�J�� �+�H�U�R�Q�¶�V�� �V�W�D�Q�G�D�U�G�� �O�R�J�J�L�Q�J��
template and codes. 

10.3.4 Diamond Logging  Procedures  (2014 to 2015) 

All diamond core was stored in standard plastic core trays and the core trays are laid 
out on trestles for logging by qualified geologists.  The general logging procedure is 
as follows:  

�x The core was marked up with metre marks and core orientation line (indicating 
the bottom of the hole from the known orientation marks) and wetted down to 
get an overview of the lithology, alteration and major features.  Key observed 
changes were marked with a yellow chinagraph pencil and the depth recorded.  
Significant mineralisation was marked with a red chinagraph.  After all marking 
out was completed, starting from the top of the hole, the geologist recorded the 
lithology and defining characteristics into a set of standard excel templates 
using a laptop computer.  The spreadsheets contained validation codes and 
lookup tables for all fields to minimise errors. 

�x A handheld X-Ray Fluorescence (XRF) Niton instrument was used to record 
titanium / zirconium ratios and other elemental levels to assist the geologist with 
rock type identifications (such as distinguishing siderite from low-iron sphalerite, 
tarnished pyrite from chalcopyrite). 

�x Alteration was recorded separately to lithology.  It recorded the effect of 
hydrothermal alteration on the primary lithology.  The alteration minerals were 
recorded in descending order of alteration intensity, for example, strong and 
pervasive alteration listed before weak a�Q�G���S�D�W�F�K�\�������$���³�Z�K�R�O�H���R�I���U�R�F�N�´���D�O�W�H�U�D�W�L�R�Q��
was also recorded to provide an alteration grouping and an estimation of the 
overall destruction of primary features. 

�x Sulphide minerals of hydrothermal origin were recorded with an estimate of 
contained percentage over the whole logging interval.  Generally only sulphide 
bands greater than 5cm were recorded as a separate interval. 

�x Veins that were larger than 10cm or encompass a significant percentage over 
an interval (i.e. 50% quartz-carbonate veins within a section of mafic intrusive) 
were recorded as a lithology type.  All veins greater than 2cm were recorded in 
the veins worksheet; 
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�x Point structures were recorded in a separate worksheet for geological features 
that have a single point measurement, such as a foliation or geological contact.  
A Kinometer was used to measure the angle of the point structures to the core 
axis, where core could be orientated.  The measurements (alpha and beta 
angles) were recorded into the point data logging sheets.  Another worksheet 
recorded geological features that extend over an interval, such as a shear zone 
or fault gouge. 

�x �$�O�O���O�R�J�J�L�Q�J���G�D�W�D���Z�D�V���I�R�U�Z�D�U�G�H�G���W�R���+�H�U�R�Q�¶�V��Database Administrator (DBA) on a 
daily basis for final verification and then entered into the database. 

10.4 Vibracore Drilli ng Procedures 2015 -16 

10.4.1 Hole Planning, Site Preparation and Set -Up 

Hole planning was undertaken using standard 3D mining software by Heron 
geologists.  The drilling was designed to provide approximately 300kg of tailings 
material, per dam, for metallurgical test work and provide a broad coverage of 
sample material from across all tailings dams.  The drilling also provided verification 
of grades and densities for Measured, Indicated and Inferred Mineral Resources for 
input into the Feasibility Study. 

A handhel�G���*�3�6���L�V���X�V�H�G���W�R���V�L�W�H���W�K�H���F�R�O�O�D�U���S�R�V�L�W�L�R�Q�V���D�Q�G���W�K�H���F�R�O�O�D�U�V���Z�H�U�H���³�S�L�F�N�H�G���X�S�´��
by a licensed surveyor after the holes had been completed.  All holes were drilled 
vertical requiring no azimuth set up or measurement.   

10.4.2 Down -hole Surveying  

The Vibracore drilling program included short drill depths average depth of 9.5m.  No 
downhole survey was required in this instance and it was assumed the holes were 
drilled vertically from surface to end of hole. 

10.4.3 Logging Procedures  

Each 1.2m drill length was pulled up and presented to the rig geologist and field 
technician and an actual drill length was determined.  The length of sample in tube 
was measured, weighed and geologically logged by the geologist.  All logging data 
�Z�D�V���I�R�U�Z�D�U�G�H�G���W�R���+�H�U�R�Q�¶�V���'�%�$���R�Q a daily basis for final verification and then entry 
into the database. 
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11 Sample Preparation, Analyses and Security  

11.1 Historical Assay Results and QAQC  

Information for sampling procedures, analyses and security prior to 2000 was limited 
to that contained in historical reports.  As was typical at the time, QAQC and sample 
security measures were limited to internal checks by the onsite, NATA accredited, 
laboratory.  These historical QAQC records have not yet been located.  While it is 
not possible to directly confirm the validity of individual historical samples and 
assays, the production history indicates that the datasets were of sufficient accuracy 
to calculate mining reserves and predict concentrate production over the ten year 
life of the Woodlawn mining operations.   

A program of re-assaying of historical mineralised drill core was undertaken in 2015 
and the results (described in Section 11.7.4) compared well with the historical 
reported results providing additional verification that the historical assay results are 
sufficiently accurate. 

The more recent drilling by TriAusMin and Heron was better documented, and 
generally follows current industry standard best practice methods and procedures.  
Resampling and check assaying indicates that results from both companies are 
robust and directly comparable. 

11.2 RC Drilling Sampling Methodology  

The sample preparation, analyses and security arrangements have been divided into 
two main sample types:  

�x RC and percussion samples; and 
�x diamond drilling. 

 

Historical RC and Percussion Drilling Sampling (1969 -2014): 

Technical details of historical surface RC, surface percussion and underground 
percussion drilling and sampling methods �S�U�L�R�U���W�R���+�H�U�R�Q�¶�V 2014 program have not 
been located.  However, the sample and assay data from these holes were not used 
in the underground resource model for this FS. 

Heron RC Drilling Sampling (2014):  

The Heron 2014 RC drilling (WNRC0001 to WNRC0011) was undertaken using a 
Schramm T450WSI rig fitted with a 4.5 inch face sampling hammer.  A booster and 
auxiliary compressor was used to increase the volume and pressure of air.  Sampling 
was managed by an in-�O�L�Q�H�� �³�-�R�Q�H�V�� �7�\�S�H�´�� �W�K�U�H�H�� �W�L�H�U�H�G�� �U�L�I�I�O�H�� �V�S�O�L�W�W�H�U�� �D�W�W�D�F�K�H�G�� �W�R�� �W�K�H��
bottom of a cyclone.  Samples were collected on 1m intervals by passing the cyclone 
cuttings through the riffle splitter to capture: 
�x a reject sample collected in green plastic bags; 
�x a 2-3kg split sample collected into pre-numbered calico bags and then placed 

on top of the green bags for each interval; and 
�x 1 in 30 duplicate 2-3kg samples, which were collected at the time of splitting 

from a secondary outlet built into the splitter unit. 
Initially four metre composite samples were taken via a spear-sampling method from 
the reject bags by a Heron sampler and submitted to ALS Laboratories in Orange 
NSW (ALS Orange) for multi-element analysis.  Where elevated results were 
received in the composite, the 1m riffle split sample was retrieved and submitted 
along with relevant QAQC samples to the laboratory.  
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11.3 Diamond Drilling Sampl ing Methodology  

Historical Diamond Drilling Sampling (1969 to 1998):  

All historical sampling for the underground project was carried out by previous 
owners Jododex Australia Pty Ltd (Jododex), Australian Mining and Smelting Ltd 
(AMS) and Denehurst Ltd (Denehurst).  

�7�K�H���V�D�P�S�O�L�Q�J���E�\���-�R�G�R�G�H�[���L�V���G�R�F�X�P�H�Q�W�H�G���L�Q���W�K�H���³Assessment of Geological Model 
and Method Used to Establish Underground In Situ Ore Reserves Woodlawn Mine, 
NSW (Cotton, 1986).  The report indicates that half core samples of mineralised 
sections and up to three metres of wall rock were typically taken from unrecorded 
(but thought to be predominantly NQ) diameter core.  The report also indicates that 
these samples were prepared and assayed at the on-site analytical laboratory.  

The more recent Denehurst underground and surface drilling procedures have not 
been documented, but are understood to be similar, except that wall rocks were often 
not sampled in the drilling. 

TriAusMin Diamond Drilling Sampling (2000 to 2013):  
The sampling mainly included half (with some quarter) NQ diameter core samples 
through the mineralisation and into the hangingwall and footwall.  The sample 
interval was nominally one metre, with the sample terminated at geological contacts.  
There is no historical documentation describing the sampling techniques employed 
for drill holes WLTD009A, WLTD010 and WLTD010A.  
 

Heron Diamond Drilling Sampling:  

Phase I (September 2014 �± February 2015)  

The Heron diamond core drilling was undertaken using a McCulloch DR800 rig.  HQ 
sized core was generally used down to between 80-200m before switching to NQ 
size.  The core was laid out in standard cores trays and transported to the core shed 
at Woodlawn Site.  The diamond core was oriented and marked with one metre 
down-hole intervals by a field technician and checked by the responsible geologist 
before sampling commenced. 

The samples mainly comprised NQ sized quarter core (with a small proportion of HQ 
sized quarter core) through the mineralisation and at least one metre into the 
hangingwall and footwall.  The sample interval was nominally one metre, with sample 
intervals terminated at geological contacts. 

An automatic core saw was used to cut the diamond core.  For consistency, the 
orientation line, sample marks and metre marks were placed on the left hand side of 
the cut line, with the right-hand side of the core submitted for assaying.  Care was 
taken to ensure that core was loaded into the core saw in the same direction as it 
was in the core trays, and not rotated during cutting.  During quarter core cutting, the 
right-hand side of the core was quarter cut.  The sample was taken from the right-
hand side of the quarter cut core. 

After cutting, the field technician ensured that the core was returned to the tray with 
the original alignment.  This was routinely checked by ensuring that the core breaks 
matched with previously cut sections.  The density of each sample (see Section 11.8) 
was measured onsite before the sample was sent to the assay laboratory.  Samples 
�Z�H�U�H���S�O�D�F�H�G���L�Q�W�R���J�U�H�H�Q���S�O�D�V�W�L�F���E�D�J�V�����D�Q�G���W�K�H�Q���L�Q�W�R���µ�E�X�O�N�D�¶���E�D�J�V���I�R�U���V�X�E�P�L�V�V�L�R�Q���W�R��ALS 
Orange�������7�K�H���V�D�P�S�O�H���L�Q�I�R�U�P�D�W�L�R�Q���W�H�P�S�O�D�W�H���Z�D�V���F�R�P�S�O�H�W�H�G���D�Q�G���V�X�E�P�L�W�W�H�G���W�R���+�H�U�R�Q�¶�V��
DBA for loading into the Heronv3 database. 
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For mineralised zones; 

�x quarter core samples were dispatched for analysis;  
�x half core samples were dispatched to AMML for metallurgical testing; and 
�x quarter core samples (with any sampling and orientation data written on the 

core) were retained as reference material in the core trays. 

For non-mineralised and weakly mineralised zones assayed for geochemical 
purposes: 

�x half core samples were dispatched for analysis; and 
�x half core samples were retained as a reference material in the core trays. 

Phase II (April 2015 �± November 2015)  

The Heron diamond core drilling was undertaken using a UDR1200 rig, with the 
majority of the samples collected using HQ3 sized coring equipment.  The core was 
laid out in standard cores trays and transported to the core shed at Woodlawn Mine 
Site.  The core was orientated and marked with one metre down-hole intervals by a 
field technician and checked by the responsible geologist before sampling 
commenced. 

The samples comprised mainly HQ3 sized half core (1,203 samples) and quarter 
core (594 samples) with a small proportion of NQ3 sized half core.  Sampling 
occurred through the mineralisation and at least one metre into the hangingwall and 
footwall.  The sample interval was nominally one metre, with the sample terminated 
at geological contacts. 

The core cutting and sampling procedures were the same as those described for the 
Phase 1 program with the exception of field duplicates and geotechnical test 
samples.  Blind field duplicates were taken for samples in the second half of the 
Phase II drilling program.  Duplicate quarter core samples were taken every five 
samples within mineralised zones and one metre into hangingwall and footwall 
respectively.  

Sampling of the core for Unconfined Compressive Strength testing (UCS) was also 
undertaken on a regional basis (85 samples) for geotechnical purposes. 

11.4 Tailings Vibracore Drilling Sampling Methodology  

The Heron tailings Vibracore drilling was undertaken using a GeoProbe rig equipped 
with coring tubes that were 1.2m long and 4.699cm in diameter.  At the end of each 
run, the core tube was extracted from the hole and the sample processed by the 
geologist and field technician in the following manner:   

�x The empty tube was weighed to allow total wet weight calculations to be 
undertaken. 

�x The actual drilled length as determined and communicated by the driller was 
recorded. 

�x The length of sample in the tube was measured and recorded.  Before 
sampling the field technician collected all data pertaining to Core Recovery. 

�x The sample in the tube was weighed and recorded to give the bulk wet weight 
for that interval. 

�x The tube was cut and removed. 
�x 0.1m samples (approximately 2-3kg) were cut, weighed and place into 

labelled plastic green bags. 
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�x The green plastic bags were placed in �µbulka�¶ bags in preparation for 
submission to ALS laboratory in Orange.   

�x �7�K�H���V�D�P�S�O�H���L�Q�I�R�U�P�D�W�L�R�Q���W�H�P�S�O�D�W�H���Z�D�V���F�R�P�S�O�H�W�H�G���D�Q�G���V�X�E�P�L�W�W�H�G���W�R���+�H�U�R�Q�¶�V��
DBA for loading into the Heronv3 database. 

The remaining sample was placed into labelled plastic bags and used in the 
Metallurgical test work.  �6�D�P�S�O�H�V���Z�H�U�H���S�O�D�F�H�G���L�Q�W�R���µ�E�X�O�N�D�¶���E�D�J�V���U�H�D�G�\���I�R�U���V�X�E�P�L�V�V�L�R�Q��
to AMML.  The metallurgical sample information template was completed and 
�V�X�E�P�L�W�W�H�G���W�R���+�H�U�R�Q�¶�V���'�%�$���I�R�U���O�R�D�G�L�Q�J���L�Q�W�R���W�K�H���+�H�U�R�Q�Y�����G�D�W�D�E�D�V�H�� 

11.5 Sample Preparatio n and Assaying  

Historical Assay Sample Preparation and Assaying (1969 to 1998):  

Sample preparation and assaying for Jododex and AMS drilling (U001 to U190), and 
Denehurst drilling (U194 to U469 and W167 to W199) was conducted at the NATA 
registered laboratory on site at Woodlawn.  Documentation describing the laboratory 
procedures has not been located.  On 12th March 2015, Mark Bouffler (Heron) 
contacted the chief chemist of the Woodlawn laboratory at the time of the historical 
programs.  He advised that the following procedures were used at the laboratory for 
sample preparation: 

�x the samples were dried overnight; 
�x the samples were crushed in a hammer mill, ground to about 50 microns in 

a ring grinder, with a quartz flush after every sample; 
�x the mills were cleaned with compressed air between each sample; 
�x an aliquot for analysis was separated using a riffle splitter, and 
�x assay of the base metal samples was completed using an AAS machine. 

�,�Q�� �W�K�H�� �U�H�S�R�U�W�� �W�L�W�O�H�G���� �´�$�Q�� �D�V�V�H�V�V�P�H�Q�W���R�I�� �X�Q�G�H�U�J�U�R�X�Q�G�� �L�Q�� �V�L�W�X�� �R�U�H�� �U�H�V�H�U�Y�H�V�´�� ��Cotton, 
1986), it is reported that the cut diamond core samples were jaw crushed to less 
than 6mm then roll crushed to 1.5mm.  A 150g subsample was obtained by the cone 
and quarter method and then pulverised in a ring mill to about 50 microns.   

TriAusMin Limited Assay Sample Preparation (2000 to 2013):  

The sample preparation procedures for RC (WLRC001 to WLRC003) and diamond 
samples (WLTD004, WLTD004B and WLTD005) are unknown.  No source data 
could be located for these drill holes. 

Sample preparation of diamond core samples was conducted by ALS Orange with 
final analysis of base metal pulps being undertaken at the ALS Laboratory in 
Brisbane, Queensland (ALS Brisbane).  Core samples were crushed to 70% passing 
-6mm.  Samples were then pulverised to 85% passing 75 microns (�Pm).  The 
pulverised samples were placed into 100g wire top Kraft packets with barcodes used 
to identify the sample ID, work order number and sequence number. 

Heron Assay Sample Preparation (2014 to 2015):  

Sample preparation and multi-element analysis of RC and diamond samples were 
conducted by ALS Orange, with final analysis of base metal pulps being undertaken 
at ALS Brisbane. 

The sample preparation protocol used by ALS Orange for all diamond drill core 
samples included the following activities: 

�x Samples were sorted, weighed and the information captured in the 
Laboratory Information Management System (LIMS) as a work order. 



Heron Resources Limited    Section 11 

 

Heron Resources Limited ©  
Woodlawn Project FS �± 19 July 2016   

101 

�x All samples were oven-dried at 95 degrees Celsius for one to two hours to 
remove moisture.  Samples that contained clay took slightly longer to dry. 

�x The majority of the core sample weights were less than 3.2kg and did not 
require splitting.  

�x The samples were crushed to 70% passing -6mm. 
�x The samples were then pulverised to 85% passing 75�Pm using Labtech 

ESSA / FLSmidth LM5 pulverisers.  One in twenty pulps were checked for 
grind quality by wet screening at 75�Pm. 

�x Quartz flush (comprising approximately 0.5kg of white, medium-grained 
sand) samples were inserted at the start and end of a work order and 
processed through the LM5 pulveriser.  If the sample submissions had 
samples listed as massive sulphide the laboratory would insert three quartz 
flushes between high-grade massive sulphide samples to ensure the bowl 
was clean prior to the next sample being processed.  These flushes were 
bagged into 100g packets, with one in twenty samples assayed, or a 
minimum of one flush assayed where the total batch size was less than 20 
samples. 

�x The pulverised samples were placed into 100g wire top packets with a 
barcode used to identify the sample number, work order number and 
sequence number. 

�x The remainder of the pulverised sample was stored as residue. 

The sample preparation laboratory protocols were similar for RC samples, with the 
main differences being: 

�x RC samples did not need to be crushed prior to pulverising. . 
�x RC sample drying times were generally longer (up to four hours). 
�x RC samples heavier than 3.2kg were riffle split.  The riffle splitter was a 

stainless steel unit with riffles set to 50:50 left / right tray splitting.  For large 
work orders, a preparation duplicate was collected at frequency of 1 in 50 
samples. The preparation duplicates were assigned a PREP DUP suffix and 
assayed along with the original samples.  These values were reported on the 
final Certificate of Analysis (COA). 

Heron senior geological staff conducted four site visits to ALS Orange during the 
course of the 2014-2015 drilling program to review laboratory procedures and report 
on outcomes.  These reviews resulted in minor refinements to sample preparation 
procedures, mainly in the treatment of very high grade samples.  For example, the 
QAQC assessment for the first diamond hole (WNDD0001) resulted in re-sampling 
the entire batch due to smearing detected during sample preparation.  All 
subsequent sample preparation for high grade zones employed additional quartz 
flushes to reduce contamination (see section 11.7.1). 

Heron Tailings Vibracore Assay Sample Preparation (2015 to 2016):  

Sample preparation and multi-element analysis of Vibracore samples was 
conducted through ALS Orange, with final analysis of base metals being undertaken 
at ALS Brisbane. 

The sample preparation procedures used for the Vibracore samples included: 

�x Samples were sorted, weighed and the information captured in the 
Laboratory Information Management System (LIMS) as a work order. 

�x All samples were oven-dried at 95 degrees Celsius for up to 24 hours or until 
there were no changes in weight recorded at one hour interval. Samples were 
dried in the plastic bags. 
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�x Samples were matt rolled on disposable media to de-agglomerate and 
homogenise. The media was discarded between samples. 

�x Two sub-samples were taken from the homogenised sample; a 100g sample 
was split off for sizing and 100g placed in wire top packets with a barcode 
identifying the sample number, work order number and sequence number. 

�x The remainder of the pulverised sample was stored as residue. 
�x A 100g sample was taken every one in twenty sample for size fraction 

analysis. This involved wet sieving using 75, 53, 38 micron sieves, with the 
dry fractions reported as a percentage of the total weight.  

11.6 Methodology of Sample Assay Analysis  

Historical Sample Assay Analysis (1969 to 1998):  

The documentation available to Heron indicates that the Jododex and AMS assay 
analysis for drill holes W001-W166 and W201 to W290 included: 

�x Acid digestion of a pulverised aliquot and determination of copper, lead and 
zinc by AAS.   

�x Compressing a pulverised aliquot into a button for XRF analysis for copper, 
lead and zinc, as well as determining precious metals, iron, silicon, 
aluminium, magnesium and barium.   

�x Fire assay of any samples where gold values that exceeded 2ppm based on 
aqua regia assay.    

Jododex and AMS drilling (U001 to U190) and Denehurst drilling (U194 to U469 and 
W167-W199) sample analysis was reported to have been conducted at the NATA 
registered laboratory on site at Woodlawn.  Samples were analysed by:  

�x Aqua-regia hydrofluoric and perchloric acid digest with AAS or ICP 
determination of Cu, Pb, Zn, Ag and Au.   

�x Gold assay reporting above 2ppm were re-assayed by fire assay.   
�x For some samples, a second aliquot was analysed by pressed powder XRF 

to determine Fe, Mg, Si, Al and Ba grades.  

Open file reports indicate that W160 to W165 and W278 to W282 were analysed at 
Classic Comlabs Limited and Geomin Laboratory respectively.  These samples were 
analysed for Cu, Ag, Pb, Zn and Au with some samples analysed for Ba, Al and Fe.  
Sample charges were subjected to an unknown digest with AAS finish. 

 

TriAusMin Limited Sample As say Analysis (2000 to 2013):  

The assay techniques used for the TriAusMin RC samples (WLRC001 - WLRC003) 
and diamond samples (WLTD004, WLTD004B and WLTD005) are not known.  No 
source data could be located for these drill holes and data used were those supplied 
in historical databases.  

Assaying of diamond core samples from 2010 to 2013 was conducted through ALS 
Orange, with some final analysis of pulps being undertaken at ALS Brisbane.  For 
the 2010 drilling, the following analysis was undertaken;   

�x Gold was determined at ALS Orange by 30g fire assay with AAS finish 
analysis, with lower detection limits (LLD) ranging from 2 to 10ppb.   

�x Multi-element assaying was conducted by ALS Brisbane using a 0.25g 
sample with a four acid digest and ICPAES finish for analyses of Ag, Al, As, 
Au, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, In, K, Li, La, Mg, 
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Mn, Mo, Na, Nb, Ni, P, Pb, S, Sb, Sc, Sn, Sr, Ta,Te, Th, Ti, Tl, U, V, W, Y, 
Zn and Zr.  

�x If multi-element assay results exceeded thresholds Ag (>=100ppm), Co 
(>=10,000ppm), Cu (>=10,000ppm), Mo (>=10,000ppm), Ni (>=10,000ppm), 
Pb (>=100ppm) and / or Zn (>=10,000ppm) then ore grade four acid digest 
with ICPAES method analyses were run on the samples.  

For the 2011 to 2013 drilling programs, the following analyses were undertaken by 
ALS Brisbane:  

�x Multi element assaying was conducted on a 0.25g sample for aqua-regia 
digest with ICPAES finish for Ag, Cu, Pb and Zn.   

�x If Ag (>=100ppm), Cu (>=10,000ppm), Pb (>=100ppm) and / or Zn 
(>=10,000ppm) then ore grade aqua-regia digest with ICPAES method 
analyses were run.   

�x In 2014, Heron retrieved from the laboratory 38 multi-element assay data 
relating to drilling completed in 2012/13 by TriAusMin. 

Heron Sample Assay Analysis (2014 to 2015):  

Assaying was conducted through ALS Orange, with some final analysis of pulps 
being undertaken at ALS Brisbane.   

Assay analyses for diamond drill core and RC chip samples include: 

�x Au was determined at ALS Orange by 30g fire assay with an AAS finish and 
a 1ppb LLD.  If Au was greater than or equal to 100 ppm, the sample was re-
assayed using a modified procedure (Au_Dil25), which entailed diluting the 
solution prior to the AAS finish.  This procedure has an upper detection limit 
of 300ppm.  No Au assay exceeded the 300ppm threshold.  

�x ALS Orange pulps were sent to ALS Brisbane for multi-element and ore 
grade analyses.  This involved analysing a 0.25g sample taken from each 
pulp for 33 element four acid digest with ICPAES finish.  Analyses comprised 
Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, K, La, Mg, Mn, Mo, Na, 
Ni, P, Pb, S, Sb, Sc, Sn, Sr, Th, Tl, U, V, W, Y, Zn and Zr. If Ag (>=100ppm), 
Co (>=10,000ppm), Cu (>=10,000ppm), Mo (>=10,000ppm), Ni 
(>=10,000ppm), Pb (>=100ppm) and / or Zn (>=10,000ppm) then ore grade 
four acid digest with ICPAES method analyses was run.  Ore grade method 
uses different calibration points on the ICP instrument to give a more defined 
working range.  Laboratory quality control standards (blanks, reference 
standards and duplicates) were inserted at a rate of 5 per 35 samples during 
ICP work. 

Heron Tailings Vibracore Sample Assay Analysis (2015 to 2016):  

Assaying was conducted through ALS Orange, with some final analysis of pulps 
being undertaken at ALS Brisbane.   

Assay analyses for tailing drill core samples include: 

�x Measured wet and dry weights before and after drying. 
�x Au was determined at ALS Orange by 30g fire assay with an AAS finish and 

a 1ppb LLD.  If Au was greater than or equal to 100 ppm, the sample was re-
assayed using a modified procedure (Au_Dil25), which entailed diluting the 
solution prior to the AAS finish.  This procedure has an upper detection limit 
of 300ppm. 

�x ALS Orange sent pulps to ALS Brisbane for multi-element and ore grade 
analyses.  This involved analysing a 0.25g sample taken from each pulp for 
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33 element four acid digest with ICPAES finish.  Analyses included Ag, Al, 
As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, 
S, Sb, Sc, Sn, Sr, Th, Tl, U, V, W, Y, Zn and Zr. If Ag (>=100ppm), Co 
(>=10,000ppm), Cu (>=10,000ppm), Mo (>=10,000ppm), Ni (>=10,000ppm), 
Pb (>=100ppm) and / or Zn (>=10,000ppm) then ore grade four acid digest 
with ICPAES method analyses was run.  Ore grade method uses different 
calibration points on the ICP instrument to give a more defined working 
range.  Laboratory quality control standards (blanks, reference standards 
and duplicates) were inserted at a rate of 5 per 35 samples during ICP work. 

In 2016 tailings pulps the assay methodology was the same with the exception that 
pulps analysed purely by ore grade method outlined above. 

11.7 Assay Quality Control Measures  

Assay Quality and Quality Control Measures (QAQC) falls into two main categories; 
blind QAQC included with the samples submitted to the laboratory by the client, and 
internal Quality Control (QC)  inserted by the laboratory for internal validation and 
reported with individual assay batch results.  QAQC material includes certified 
reference standards, material of known grade and repeatability, blank material, 
material containing very low or undetectable levels of the elements being assayed 
for, and duplicates, a repeat sample of the material being submitted for assay, to 
examine the repeatability of both the sampling and assay processes being 
employed.    

Historical Diamond Drilling QAQC Methods (1969 to 1998):  

At the time of the historical drilling and mining, blind QAQC samples were not 
routinely included in sample submissions to the laboratory.  No QAQC data has been 
located for this period.  

The NATA certified onsite laboratory carried out internal QC, which included the 
insertion of certified reference standards and duplicates on a sample batch basis.  A 
resource procedure review at the time (Cotton, 1986) indicates that internal QC was 
a routine part of the laboratory assay process; however none of the QAQC data have 
been located by Heron.  The laboratory was required to perform such analyses as 
part of its ongoing NATA accreditation.  This included independent QC testing by 
independent laboratories, as well as the onsite laboratory being employed to provide 
umpire assays of other laboratories.   

As an operating mine, the monthly mine to mill grade reconciliations provide a 
qualitative QAQC regime for the historical samples.  Namely the sample quality was 
of sufficient accuracy to reliably predict the grade of material being produced from 
the mine, process recoveries from the mill, and subsequent concentrate production 
and sales. 

TriAusMin Drilling QAQC Methods (1999 to 2013):  

TriAusMin conducted routine QAQC insertion during their diamond drilling programs.  
Drill programs before 2013 included alternate blank and certified reference 
standards at the rate of 1 in 30 primary samples.  In 2013, blanks were inserted at 
the rate of 1 in 40 samples, and certified reference material at a nominal rate of 1 in 
20 samples.  No blind duplicate samples were collected for any of the TriAusMin 
diamond drilling.   

Heron Sampling RC Drilling QAQC Methods (2014 to 2015):  
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For RC drilling Heron routinely inserted blind QAQC into the RC sample stream. 
QAQC consisted of alternating the following sample types: 

�x Blanks (white quartz sand) were inserted every 30 samples.   
�x Duplicate samples were taken from the riffle splitter at the same time as the 

original sample. These were collected at the rate of 1 in 30 samples to test 
the repeatability of the sample and assay methods. 

�x Certified reference standards were inserted at a rate of 1 in 30 samples. 

Approximately 1 in 11 samples in the sample stream was a blind QAQC sample.   

Heron Diamond Drilling QAQC Methods (2014 to 2015):  

QAQC for the Heron diamond drilling programs included two different QAQC 
regimes, one for massive sulphide mineralisation, and one for background 
mineralisation.  For the massive sulphide mineralisation (and the adjacent meter of 
wall rock) the following procedure was followed: 

�x Blanks (white quartz sand) inserted every five samples (the blanks were 
testing for potential contamination anywhere in the preceding five samples).  
In high grade zones blanks were placed every three to five samples after a 
high grade sample. 

�x High grade base metal and gold certified reference standards were inserted 
in sample batches from high grade zones.  At least one of each was included 
in each 10m wide intersection.  The standards were used to test for the 
expected grades in each batch.  This included at least one gold standard 
0.5g/t to 2g/t and one ore grade base metal standard for the observed 
estimated mineralisation (copper standard for chalcopyrite rich-, a zinc 
standard for sphalerite rich- and a lead standard for galena rich- samples).  
For example, an intersection with 14 high grade samples would have two 
blanks, one base metal certified reference standard and one gold certified 
reference standard. 

�x Massive sulphide samples were clearly labelled on sample submissions to 
ensure that the correct laboratory preparation was undertaken.  The risk of 
contamination between massive sulphide samples and following samples 
during sample preparation was identified in the first intersection drilled by 
Heron and sample preparation procedures for massive sulphides were 
adjusted to minimise the likelihood of contamination.  

�x Quarter core blind field duplicates were taken every five samples in all 
quarter cored samples drilled after 17th September 2015. 

For more weakly mineralised intervals such as those marginal to the main lenses, 
half core was submitted for analysis with two QAQC samples for every 20 routine 
samples.  The blanks were inserted where they would be better placed to test for 
contamination.  If low grades were expected, low grade certified reference standards 
were used. 

Heron Tailing s Vibracore Drilling QAQC Methods (2015 to 2016):  

QAQC for tailings samples included: 

�x Blanks (white quartz sand) inserted at a frequency of 1 in every ten samples. 
�x High grade base metal and copper certified reference standards were 

inserted at a frequency of one in every 10 samples. 

  
ALS Laboratory QC Methods (2014 to 2016):  
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Routine QC procedures for sample preparation by ALS Orange laboratory varied 
depending on analytical method and are summarised as follows: 

�x Method Au-AA25 (25g fire-assay gold technique with atomic absorption 
spectrometry (AAS) finish) assay batches contained one blank, three pulp 
�G�X�S�O�L�F�D�W�H�V�����W�D�N�H�Q���I�U�R�P���W�K�H���³�P�D�V�W�H�U�´���S�X�O�S���S�D�F�N�H�W�����D�Q�G���W�K�U�H�H���F�H�U�W�L�I�L�H�G���U�H�Ierence 
materials (CRMs) per fusion run of 84 crucibles.  

�x Method ME-ICP61 (multi-element by four-acid digest with ICPAES finish) 
assay batches contained one blank, two pulp duplicates (again taken from 
the same packet) and two CRMs per digest / analytical run of 40 test tubes.  

�x Method ME-OG62 (multi element ore grade by four acid digest with ICPAES 
finish) assay batches contained one blank, two pulp duplicates and three 
CRMs per digest/analytical run of 40 test tubes.  

The instrumentation used to analyse samples (AAS for fire assay gold and ICPAES 
for ME-ICP61and / or ME-OG62) was checked by inserting calibration and QC 
checks into the analytical sequence.  

11.7.1 Blank Material Results for TriAusMin and Heron Samples  

Blank material used for the TriAusMin program �F�R�Q�V�L�V�W�H�G�� �R�I�� �E�X�L�O�G�H�U�V�¶�� �F�H�P�H�Q�W��
aggregate pre-mix (BLANK_AGG).  A total of 17 blank aggregate samples were 
submitted to the laboratory during TriAusMin drilling program in 2013.  A cut-off 
grade of 250ppm for Zn, Pb and Cu was used to determine acceptable levels of 
contamination during the sample laboratory preparation stages.  The majority of the 
cement aggregate blank samples assayed during the drilling campaign reported 
outside of acceptable limits.  A re-assay program was undertaken by Heron in 2015 
to verify some of the earlier TriAusMin results.  The re-assay program indicated the 
original TriAusMin results were of acceptable accuracy for resource modelling 
purposes. 

Blank material used for the Heron QAQC protocols consisted of white Sydney sand 
sourced as 20kg bags from the same local hardware store (BLANK_SS).  A total of 
349 blank standards were submitted in a total of 54 laboratory batches. This included 
the Heron RC drilling program (10 Blank standards), the Heron 2014 to 2015 
diamond drilling program (327 blank standards), and the Heron 2015 Vibracore 
drilling program (13 blank standards).  A cut-off grade of 250ppm for Zn, Pb and Cu 
was used to determine acceptable levels of contamination during the sample 
laboratory preparation stages.  With the exception of the two failed batches 
�G�L�V�F�X�V�V�H�G�� �E�H�O�R�Z���� �������� �R�I�� �W�K�H�� �E�O�D�Q�N�� �V�W�D�Q�G�D�U�G�V�� �Z�H�U�H�� �E�H�O�R�Z�� �+�H�U�R�Q�¶�V�� �F�R�Q�W�D�P�L�Q�D�W�L�R�Q��
thresholds.  

Two Heron blank standards failed QAQC during Phase I and Phase II diamond 
drilling programs.  The first related to the first batch of Heron samples, relating to 
hole number WNDD0001.  Contamination was evident in the blind blanks included 
with the mineralised samples.  The batch was re-sampled and re-analysed with the 
insertion of quartz flushes after each massive sulphide sample.  All subsequent 
batches were treated this way, with quartz flushes being used between each sample 
of massive sulphide to reduce contamination with subsequent samples.  

The second reported failed blank standard related to parts of hole number 
WNDD0033, and the affected intervals were re-sampled and re-analysed.  This issue 
was a result of human error at laboratory sample preparation stage where quartz 
flushing procedure between high grade samples was not followed.  

The significance of the other 2% of blanks reporting over the cut-off were assessed 
individually..  �)�R�U���H�[�D�P�S�O�H���L�Q���K�R�O�H���:�1�'�'�������������W�K�H���³�F�R�Q�W�D�P�L�Q�D�W�H�G���E�O�D�Q�N�´���Z�D�V���I�R�X�Q�G��
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to be related to stringer mineralisation outside of the resource envelope.  In this case, 
resampling was not required as the blank effectively performed the role of a quartz 
flush on the single high grade sulphide stringer in the preceding samples. 

11.7.2 Reference Standard Sample Results  

A total of 384 certified reference material (CRM) standards were submitted to the 
laboratory from the TriAusMin and Heron 2014 to 2016 RC, diamond and Vibracore 
drilling programs (Table 11-1).  �$�O�O�� �R�I�� �+�H�U�R�Q�¶�V�� �&�5�0�� �V�W�D�Q�G�D�U�G�V�� �Z�H�U�H�� �V�R�X�U�F�H�G���I�U�R�P��
Geostats Pty Ltd (Geostats).  TriAusMin sourced CRM standards from Ore Research 
and Exploration Pty Ltd. 

Table 11-1: Summary of Standards used in QAQC Programs  

Standard ID Company Year Sampled 
Standard 
Results 
Returned 

Standard Description 

BMH TriAusMin 2010 2 GEOSTAT high grade Zn / Cu / Pb 
GBM305-12 TriAusMin 2013 5 GEOSTAT Zn /Pb ore 
OREAS95 TriAusMin 2012 5 OREAS high Grade Cu sample 
OREAS131-A TriAusMin 2012 to 2013 8 OREAS Zn/Pb/Ag sulphide ore 
OREAS132b TriAusMin 2012 5 OREAS high Pb/Zn 
OREAS133b TriAusMin 2012 5 OREAS high Pb/Zn 
OREAS97 TriAusMin 2012 9 OREAS high Grade Copper 
OREAS90 TriAusMin 212 8 OREAS barren siltstone 
GBM398-1_Heron TriAusMin 2013 6 GEOSTAT Zn/Cu/Pb/Ag massive sulphide ore 
G307-3 HERON 2014 to 2015 29 GEOSTAT gold low grade 
G312-4 HERON 2014 to 2015 8 GEOSTAT gold high grade 
G901-7 HERON 2014 to 2015 20 GEOSTAT gold high grade 
G908-2 HERON 22014 to 2015 50 GEOSTAT gold low grade 
GBM309-15 HERON 22014 to 2015 45 GEOSTAT Zn/Cu/Pb/Ag massive sulphide ore 
GBM310-14 HERON 22014 to 2015 39 GEOSTAT zinc sulphide ore 
GBM907-14 HERON 22014 to 2015 54 GEOSTAT Cu/Zn sulphide ore 
GBM909-12 HERON 22014 to 2015 24 GEOSTAT Zn/Cu/Pb/Ag massive sulphide ore 
GBM911-11 HERON 22014 to 2015 62 GEOSTAT Zn/Cu/Pb/Ag sulphide ore 
Total     384   

 

 

 

 

Table 11-2: Statistical Summary of Standards used in QAQC Programs  

Standard ID Element 
No. of 
values 

Calc. 
mean 

Calc. std 
dev. 

Expecte
d value 

Lower 
limit 

Upper 
limit 

Bias Of 
Mean 

95% 
Conf. 
Interval 

BMH 
Cu 2 0.72 1 1.47 1.345 1.604 -50.95% 1.39 
Pb 2 1.29 1.81 2.67 2.314 3.034 -51.78% 2.51 

Zn 2 1.1 1.26 2.04 1.855 2.22 -46.21% 1.75 

GBM305-12 
Pb 5 0.42 0.01 0.42 0.383 0.459 -1.38% 0.01 

Zn 5 17.36 0.75 17.06 15.77 18.345 1.77% 0.66 
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Standard ID Element 
No. of 
values 

Calc. 
mean 

Calc. std 
dev. 

Expecte
d value 

Lower 
limit 

Upper 
limit 

Bias Of 
Mean 

95% 
Conf. 
Interval 

OREAS95 Cu 5 2.57 0.03 2.59 2.52 2.66 -0.93% 0.03 

OREAS131-A 
Ag 8 30.25 2.09 30.9 29.1 32.7 -2.10% 1.45 
Pb 7 1.66 0.05 1.74 1.68 1.8 -4.72% 0.03 
Zn 7 2.78 0.12 2.83 2.73 2.93 -1.67% 0.09 

OREAS132b 
Pb 5 3.67 0.09 3.86 3.74 3.98 -4.97% 0.08 

Zn 5 4.98 0.11 5.13 4.97 5.29 -2.88% 0.09 

OREAS133b 
Pb 5 4.74 0.63 5.06 4.8 5.32 -6.40% 0.55 

Zn 5 10.24 1.2 11.35 11.05 11.65 -9.76% 1.05 
OREAS97 Cu 9 5.87 0.59 6.31 5.97 6.65 -6.97% 0.39 

OREAS90 
Cu 8 106.25 4.92 112 100 124 -5.13% 3.41 
Zn 8 59.5 6.65 58.5 51.1 65.9 1.71% 4.61 

GBM398-
1_Heron 

Ag 6 4.93 0.28 5.1 -347 357.1 -3.27% 0.22 
Cu 5 1.45 0.02 1.48 1.361 1.604 -2.04% 0.01 
Pb 5 2.62 0.04 2.67 2.63 2.704 -1.76% 0.03 

Zn 5 2.02 0.04 2.03 1.992 2.068 -0.42% 0.04 
G307-3 Au 30 0.22 0.01 0.24 0.2 0.28 -9.35% 0 
G312-4 Au 9 5.41 0.39 5.3 4.86 5.74 1.99% 0.25 
G901-7 Au 22 1.5 0.04 1.52 1.4 1.64 -1.32% 0.02 
G908-2 Au 52 0.2 0.01 0.21 0.19 0.23 -4.17% 0 

GBM309-15 

Ag 51 160.73 4.44 163.5 150.7 176.3 -1.70% 1.22 
Cu 51 3.35 0.07 3.44 3.193 3.685 -2.54% 0.02 
Pb 54 1.24 0.02 1.3 1.229 1.376 -4.54% 0.01 
Zn 54 12.08 0.28 12.37 11.72 13.022 -2.36% 0.07 

GBM310-14 
Ag 44 60.08 1.5 59.6 54.6 64.6 0.81% 0.44 
Pb 47 8.93 0.17 8.95 8.276 9.618 -0.15% 0.05 
Zn 47 18.09 0.49 17.91 16.29 19.527 1.03% 0.14 

GBM907-14 
Cu 60 0.79 0.03 0.82 0.748 0.886 -2.80% 0.01 
Pb 63 0.19 0.01 0.2 0.171 0.224 -3.64% 0 
Zn 63 3.15 0.07 3.19 2.908 3.468 -1.08% 0.02 

GBM909-12 

Ag 31 49.91 2.23 51.7 45.7 57.7 -3.46% 0.79 
Cu 32 1.05 0.02 1.08 1.015 1.151 -3.45% 0.01 
Pb 35 0.41 0.01 0.42 0.391 0.447 -1.93% 0 

Zn 35 3.99 0.09 4.01 3.738 4.277 -0.53% 0.03 

GBM911-11 

Ag 66 9.68 0.67 10.2 8 12.4 -5.12% 0.16 
Cu 66 1.13 0.02 1.15 1.067 1.233 -1.94% 0.01 
Pb 69 0.17 0 0.17 0.155 0.189 -1.69% 0 

Zn 69 0.14 0 0.14 0.129 0.156 -2.78% 0 
Total  1159        
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Heron�¶�V accepted threshold for the Project was ±2 Standard Deviations from the 
mean.  �+�H�U�R�Q�¶�V���W�K�U�H�V�K�R�O�G���Z�D�V���V�H�W���O�R�Z�H�U���W�K�D�Q���W�K�D�W���I�R�U���W�K�H���*�H�R�V�W�D�W�V���V�W�D�Q�G�D�U�G�V�����Z�K�L�F�K��
are stated as ±3 Standard Deviation on their accompanying CRM reports.  The assay 
results for the �V�W�D�Q�G�D�U�G�V���Z�H�U�H���J�H�Q�H�U�D�O�O�\���Z�L�W�K�L�Q���+�H�U�R�Q�¶�V���D�F�F�H�S�W�D�E�O�H���U�D�Q�J�H�V���� Where 
CRM assays were outside of the Heron threshold, the batch was assessed to 
determine if follow-up re-assay was warranted.  

The largest discrepancy was for a gold CRM.  It returned an assay 28.37% above 
the two standard deviation range.  The laboratory did not have sufficient standard 
material left to re-assay and instead re-assayed five samples either side of the 
standard, returning good repeatability compared to the original reported assay 
results.  

Figure 11-1 to Figure 11-7 show examples of standard results for 2014 to 2015 
drilling campaigns.  There does not appear to be any significant change  in the 
laboratory analysis of the standards during the period of the Heron drilling 
campaigns.  

 
Figure 11-1: Control standard plot GBM309 -15 Zn Analysis  
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Figure 11-2: Control standard plot GBM309 -15 Cu Analysis  

 

 
Figure 11-3: Control standard plot GBM309 -15 Pb Analysis  
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Figure 11-4: Control standard plot GBM911 -11 Zn Analysis  

 
Figure 11-5: Control standard plot GBM911 -11 Cu Analysis  
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Figure 11-6: Control standard plot  GBM911-11 Pb Analysis  

 
Figure 11-7: Control standard plot G312 -4 Au Analysis  

 

11.7.3 Heron Field Duplicate Program  

Quarter core field duplicates were taken every five samples for all holes drilled after 
17th September 2015 to assess precision and bias for the entire sampling system 
and show total sampling variance.  A total of 61 duplicate quarter core samples were 
sampled.  Of these, 16 were from polymetallic material and 10 were from copper 
material.  All samples were sent to ALS Orange for analysis within the same batch 
as the original sample.  Statistical results showed a good correlation between original 
and duplicate assay results for the main elements Zn, Cu, Pb, Au and Ag. 

Table 11-3: Heron Field Duplicate core statistical summary  
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The following half absolute relative difference (HARD) plots show acceptable levels of 
precision, with over 90% of the pairs reporting a HARD of less than 20%.  The 
correlation plots and QQ Plots (quantile-quantile) show that there is good agreement 
between the duplicate and originals assay results for Zn, Cu, Pb, and Ag.  Gold shows 
increased scatter in higher grade samples. 

 

 
Figure 11-8: HARD plots for Zn, Cu and Pb Heron Duplicate vs Original Sample 
Analysis  

 
Figure 11-9: QQ plot for Zn Heron Duplicate vs Original Sample Analysis  
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Figure 11-10: QQ plot for Cu Heron Duplicate vs Original Sample Analysis  

 
Figure 11-11: QQ plot for Pb Heron Duplicate vs Original Sample Analysis  
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Figure 11-12: Correlation Plot for Zn Heron (Original) vs Heron (Duplicate) Analysis  

 

Figure 11-13: Correlation Plot for Au Heron (Original) vs Heron (Duplicate) Analysis  

11.7.4 Resampling of Historical Core Programs  

Re-Sampling of TriAusMin Drill Holes  

Heron undertook a re-sampling program in 2014 to test the reliability of the assay 
results from the TriAusMin data.  A total of 59 field duplicates were submitted.  The 
duplicates were sampled by cutting the remaining half of core into quarters and using 
the original sample marks to separate individual samples of the quartered core for 
assay.  The results show a good correlation between the original TriAusMin results 
and the later Heron duplicate assays, particularly for Zn, Cu, Pb and Ag.  Gold above 
1.5g/t shows a slightly poorer correlation, which may be related to the different 
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sample sizes, or the nature of the gold distribution within the core.  The following 
figures present examples of correlation findings for Zn and Au: 

 
Figure 11-14: Correlation Plot for Zn TriAusMin (Original) vs Heron (Duplicate) 
Analysis  

 

 
Figure 11-15: Correlation Plot for Au TriAusMin (Original) vs Heron (Duplicate) 
Analysis  

Re-sampling Historical Denehurst Drill Holes Program 2015  

Heron undertook a re-sampling program of the Denehurst historical drill core to test 
the reproducibility of the documented assay results.  A total of 116 duplicate half 
core samples were submitted to ALS Orange for multi element analysis.  Statistical 
results show good agreement between original Denehurst core and Heron duplicate 
core assay results for the main elements Zn, Cu, Pb, Au and Ag (Table 11-4). 
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Table 11-4: Denehurst duplicate core statistical summary  

 

The HARD plots (Figure 11-16) indicate levels of precision that are not dissimilar to 
those evident in the Heron field duplicate datasets (Figure 11.6).  The scatterplots 
and QQ Plots (quantile-quantile) show acceptable correlation between the original 
and resampled Denehurst core for elements Zn, Cu, Pb, Au and Ag, with little 
evidence of significant bias (Figure 11-17 to Figure 11-21).  The correlations 
appeared to be similar to those for �+�H�U�R�Q�¶�V���U�H�F�H�Q�W���G�X�S�O�L�Fate core assay results.   

 
Figure 11-16: % HARD plots for Zn, Cu and Pb Heron Duplicate vs Denehurst Original 
Sample Analysis  
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Figure 11-17: QQ plot for Zn Heron Duplicate vs Denehurst Original Sample Analysis  

 
Figure 11-18: QQ plot for Cu Heron Duplicate vs Denehurst Original Sample Analysis  

 
Figure 11-19: QQ plot for Pb Heron Duplicate vs Denehurst Original Sample Analysis  
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Figure 11-20: QQ plot for Au Heron Duplicate vs Denehurst Original Sample Analysis  

 
Figure 11-21: QQ plot for Ag Heron Duplicate vs Denehurst Original Sample Analysis  

The resampling program confirms that the historical Denehurst underground assays 
and the recent Heron surface drilling assays are similar, with the correlations being 
similar to those for the Heron blind duplicate core samples (Section 11.7.3).   

11.7.5 Laboratory Duplicate Checks  

Laboratory duplicate check samples were t�D�N�H�Q���I�U�R�P�� �W�K�H�� �µ�P�D�V�W�H�U�¶�� �S�X�O�S���S�D�F�N�H�Ws at 
frequencies that varied according to the analytical method(see Section 11.7.  ALS 
Orange completed a total of 568 pulp duplicate checks during the TriAusMin and 
Heron drilling programs.  There was generally good correlation between the original 
results and duplicate check assays for Zn, Cu, Pb, Ag and Au, as shown in statistical 
results presented in Table 11-5). 

Table 11-5: ALS Orange laboratory duplicate check statistical summary  
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11.7.6 Umpire Laboratory Checks  

Heron Pulp Check Analysis 2014/2015  

A total of 350 pulps from Phase 1 and 2 Heron 2014/2015 diamond drilling were 
dispatched to Bureau Veritas Australia, Perth (BV) for laboratory umpire check assay 
work.  Good correlation is observed between the original and umpire laboratory 
results for Zn, Cu, Pb and Ag between. Summary statistics are presented in  

Table 11-6.   

 
Table 11-6: Heron Pulp check statistical summaries  

 

The quantile-quantile (QQ) Plots in Figure 11-22 to Figure 11-25 for Zn, Cu and Pb 
show good overall agreement.  The correlation for Au above 2ppm appears to 
deteriorate, but this is thought to be due to the relatively small numbers of samples 
in this grade range.  There is a slight difference in the means of the original data vs 
the repeat samples for Au, which is thought to be related to a few high grade outliers.  

 
Figure 11-22: QQ Plot for Zn Original (ALS_ORG) vs Umpire Check (BV)  



Heron Resources Limited    Section 11 

 

Heron Resources Limited ©  
Woodlawn Project FS �± 19 July 2016   

121 

 
Figure 11-23: QQ Plot for Cu >0.5% Original (ALS_ORG) vs Umpire Check (BV)  

 

Figure 11-24: QQ Plot for Pb >0.5% Original (ALS_ORG) vs Umpire  Check (BV)  
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Figure 11-25: QQ Plot for Au >0.3% Original (ALS_ORG) vs Umpire Check (BV)  

11.7.7 Quartz Wash QAQC  

Heron commissioned ALS Orange to conduct a test program to establish the optimal 
numbers of quartz washes (QW) required to fully clean the sample pulverising bowl 
after processing high grade sulphide samples.  A total of six QW were applied after 
each high grade sulphide sample was pulverised, with the pulp retained after each 
wash for analysis.  The assay results for each quartz wash pulp show that after two 
quartz washes the pulverising bowl was sufficiently cleaned (Figure 11-26) for 
resource estimation purposes.  However, ALS Orange routinely used three flushes 
on Heron massive sulphide samples, as directed by Heron geologists on the sample 
submission paperwork. 

 
Figure 11-26: QWC test assay results fo r Zn, Cu and Pb on high grade sulphide sample 
WD10509. 



Heron Resources Limited    Section 11 

 

Heron Resources Limited ©  
Woodlawn Project FS �± 19 July 2016   

123 

11.8 Density  Determinations  

11.8.1 Heron Diamond Drilling Programs 2014 to 2015  

Heron routinely conducted density determinations on samples before they were 
dispatched to the laboratory for analysis.  A water immersion method was used to 
measure sample density.   This involved using a 9kg scientific electronic scales, 
balance stand, sieves, water container, suspension basket, and a stable work bench.  
Densities were measured using the following procedures: : 

�x Scales were cleaned, levelled, and tared before weighing.   
�x Scales were calibrated using a known reference mass for both dry and wet 

weights and density. 
�x After each measurement the scales were re-zeroed and checked with a 

known reference mass. 
�x Half core or quarter core (fragments larger than 20mm) was placed into a 

sieve basket and weighed, with the dry weight recorded on the sample 
information sheet. 

�x The core was then placed in the basket suspended beneath the scales 
making sure that the sample was completely covered with water.  The 
submerged weight was recorded on the sample information sheet. 

�x The core was replaced back in its calico sample bag and bagged ready for 
dispatch. 

�x �$�Q�\���U�H�O�H�Y�D�Q�W���F�R�P�P�H�Q�W�V���Z�H�U�H���Z�U�L�W�W�H�Q���L�Q���W�K�H���µ�&�R�P�P�H�Q�W�V�¶���V�H�F�W�L�R�Q���R�I���W�K�H���V�D�P�S�O�H��
information sheet.  This was most important if the density was likely to be 
�K�L�J�K�H�U���R�U���O�R�Z�H�U���W�K�D�Q���Q�R�U�P�D�O�O�\���D�Q�W�L�F�L�S�D�W�H�G���I�R�U���W�K�H���U�R�F�N���W�\�S�H�����H���J�����³�Q�X�P�H�U�R�X�V��
�F�D�Y�L�W�L�H�V�´���R�U���³�K�L�J�K���V�X�O�S�K�L�G�H���F�R�Q�W�H�Q�W�´���� 

�x The wet and dry data was electronically entered into the correct columns in 
the sample information template.  The spreadsheet has a calculated density 
field to determine the specific gravity for respective intervals.  The formula 
used was Density = dry weight kg / (dry weight kg �± wet weight kg).  If the 
density was outside the set error limits then the calculation result was 
highlighted in red.  Any densities outside the error limits were re-tested. 

�x �7�K�H���V�D�P�S�O�H���L�Q�I�R�U�P�D�W�L�R�Q���W�H�P�S�O�D�W�H���Z�D�V���V�D�Y�H�G���D�V���µ�+�R�O�H�,�'�B�&�R�U�H�6�D�P�S�O�L�Q�J�¶���D�Q�G��
electronically forwarded to DBA for import into Heron database. 

At the end of the drilling program a number of sample batches were rechecked for 
density using the retained core pieces. .  These were performed onsite, at ALS in 
Orange, and at Coffey in Newcastle.  A report was prepared on these investigations 
(Shearer, 2016).  In summary, it was concluded that accurate density measurements 
require close adherence to the procedures, and a sample of sufficient size to yield 
accurate repeatable results.  While the results indicated poor repeatability for some 
samples, the differences did not indicate the presence of bias, and appeared to be 
largely related to small sample size for some intervals. 

11.8.2 Heron Reclaimed T ailings Drilling Programs 2015 to 2016  

Heron used the in situ dry density determination method to collect tailings dam 
density data during its 2015 to 2016 drilling programs.  The site field procedure 
involved: 

�x The core was moved from the drill rig to the Woodlawn core shed where the 
sample was under cover and out of the wind. 

�x The scales were cleaned, levelled and calibrated before weighing 
commenced. 



Heron Resources Limited    Section 11 

 

Heron Resources Limited ©  
Woodlawn Project FS �± 19 July 2016   

124 

�x The zip tie was removed from the sample, placed on the scales and weighed.  
The weight was entered into the Heron sample information template and 
latter used in the volume weight density calculations. 

�x The bulk sample was removed. 
�x The scales were reset.  
�x A plastic zip lock bag was placed on the scales and tared. 

 

Using a small PVC spear a split tailings 350g sub sample was collected and placed 
into the zip lock plastic bag.  The sub sample was weighed and placed in green bags 
dispatched to ALS Orange for wet and dry weight determination and base metal 
analysis.  The wet sub sample weight was recorded in the Heron sample information 
template and was latter used to calculate the moisture content of the sample.  

The remaining sample was dispatched to AMML for metallurgical testwork. 

The moisture content was calculated on return of the assay wet and dry weights of 
the sub sample from the laboratory.  The volume per litre was calculated using a 
core diameter of 46.99mm and the recorded recovery core tube lengths.  From this 
weight per volume density data was calculated. 

11.9 Core Quality  

No data have been located to indicate the quality or core recovery from historical 
drilling.  Examination of historical holes selected for resampling and geotechnical 
logging indicated quality and recovery to be similar to that of recent Heron drilling  

Drilling conditions during the Heron drilling program were generally fair to good. Over 
the entire 2014/2015 drilling program of 25,565.3m of core the average recovery of 
core was 98.9%.  In more detail by rock type; 

�x Excellent recoveries for dolerite, rhyolite and zones of silica sericite 
alteration.  

�x Poorer recoveries for chlorite and talc/chlorite schists associated with fault 
structures. 

�x Excellent recoveries for massive sulphide (the mineralisation), and generally 
reporting a higher rock quality designation (RQD) than the wall rocks 
adjacent to the mineralisation. 

The RQD data shown in Table 11-7 indicates that some of the alteration 
assemblages adjacent to the mineralisation were quite fractured.  Whilst this has 
implications for mining and ground support covered in the mine design sections of 
this report, it has not had a material impact on the sample recovery, or sample quality 
in relation to the mineralisation. 

Table 11-7: RQD for the Heron diamond drilling at Woodlawn in 2014 and 2015.  

RQD percent range  Metres  Percentage  
>90% 3,137.1 12 
>75% and <90% 4,423.9 17 
>50% and <75% 7,058.0 28 
>25% and <50% 5,505.9 21 
<25% 5,440.4 21 
Total 25,565.3 100 



Heron Resources Limited    Section 12 

 

Heron Resources Limited ©  
Woodlawn Project FS �± 19 July 2016   

125 

12 Data Management and Verification  

12.1 Historical Data Sources  

The historical drilling databases included the Techbase Woodlawn Mine database 
and TriAusMin compiled Access (WDL Drill), Micromine, and Excel format 
databases.   

The Techbase Woodlawn Mine database contained the diamond drill hole data from: 

�x Jododex (W001 to W089 and W201 to W290); 
�x AMS (W090 to W166 and U001 to U190); and 
�x Denehurst (U194 to U469 and W167 to W199).   

The TriAusMin databases contained diamond and RC drill hole data from: 

�x Jododex (W001 to W089 and W201 to W290); 
�x AMS (W090 to W166 and U001 to U190); 
�x Denehurst (U194 to U469 and W167 to W199); and 
�x TriOrigin (WLRC001 to WLRC003, WWTD001, WLTD004 to WLTD005 and 

WLTD009 to WLTD010).   

The historical databases contained drill hole collar, down-hole survey, geology and 
assay data.  There is good overall agreement between the databases, providing 
some confidence in data integrity.   

Three versions of database coding were used in the historical databases of the 
Woodlawn Project.  These were: 

�x Woodlog (1981 to 1989); 
�x DataCol (1990 to close of mine); and 
�x TriAusMin (2000 to 2013)  

Lithology codes, alteration, minerals, mineralisation, veins and structural logging 
have been converted to Heron library codes.  The historical lithology code (1-4) were 
retained in the Heronv3 database lithology table for future reference. 

12.1.1 Historical Drilling Validation  

Historical Data Validation (1969 to 1998):  

The Jododex, AMS and Denehurst drill hole data loaded into the Heronv3 database 
were validated using original source data stored from site where possible. 

The daily drill and survey sheets were used to validate drill hole grid coordinate 
systems, collar coordinates, drilling meta-data, and down-hole survey data.  Original 
drill hole logs were used to validate collar coordinates, lithology, and hole depths.  
This work was completed for diamond drill holes W001 to W166, W201 to W290 and 
U001 to 469.  During this process, missing geology data was compiled and imported 
into the Heronv3 database.  

No hard copy laboratory files from the onsite NATA registered laboratory have been 
located, so assay validation from source files for this data has not been possible. 

Heron undertook a re-sampling program in 2015 to test the reliability of the assay 
methods from the Denehurst assay data.  Results show an overall good correlation, 
with no evidence of grade bias between the original Denehurst results and later 
Heron assays (see section 11.7.4). 

TriAusMin Limited Data Validation (2000 to 2013):  
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Validation of the TriAusMin diamond drill holes (WLTD013 to WLTD17W1) included 
checks to ensure that all data reported in WDL Drill, Micromine and Excel database 
were captured in the Heronv3 database.   

All collar pickups (except for WLTD0010) were completed by a registered surveyor, 
and were checked against the database.  Down-hole survey data were crosschecked 
against drill plods that documented the electronic multi-shot measurements.  10% 
assay validation was completed by checking data in the Heronv3 database against 
certified laboratory reports supplied by ALS Orange. 

Heron undertook a re-sampling program in 2014 to test the reliability of the assay 
results from the TriAusMin assay data.  Results showed an overall good correlation 
between the original TriAusMin results and later Heron assays (see section 11.7.4). 

Adjustmen t for Changes in Magnetic Declination for Historical Data  

Once validation was complete for both sets of data, an azimuth magnetic declination 
transformation, using yearly magnetic declinations from Woodlawn Project area 
dating back to 1960, was undertaken on all data (principally down-hole surveys).   

The pre-1985 magnetic declination calculations were sourced from:  

http://www.ngdc.noaa.gov/geomag-web/ (the National Geophysical Data 
Centre in the USA), using the International Geomagnetic Reference Field 
(IGRF) Model (see below).   

The more locally accurate Australian Geomagnetic Reference Field values became 
available in 1985. The 1985 and later data calculations were made using the 
application on the Geoscience Australia government website:  

http://www.ga.gov.au/oracle/geomag/agrfform.jsp.  

The current grid conventions used at site and in the database are described in 
Section 4.4.  The transformations were undertaken in Excel and imported into the 
Heronv3 database down-hole survey table. 

12.2 Data Management  

The Heron exploration database (Heronv3) is maintained using DataShed version 
4.4.5, which is a Relational Database Management System.  The Heron DataShed 
database runs on Microsoft SQL Server 2012 Standard edition (Service Pack 2), 
�Z�K�L�F�K�� �L�V�� �L�Q�V�W�D�O�O�H�G�� �R�Q�� �D�� �G�H�G�L�F�D�W�H�G�� �F�R�P�S�X�W�H�U�� �V�H�U�Y�H�U�� �O�R�F�D�W�H�G�� �L�Q�� �+�H�U�R�Q�¶�V�� �:�H�V�W�� �3�H�U�W�K��
Office.  The database is maintained and updated by the Database Administrator 
(DBA).  Stand-alone DataShed licenses have been installed on individual desktop 
computers allowing the DBA to undertake daily data management and database 
development.  Access to the SQL server is limited to SQL administrators who 
remotely connect to the SQL Server to undertake database maintenance and table 
structure development. 

�7�K�H���O�R�J�J�L�Q�J���J�H�R�O�R�J�L�V�W�V���X�V�H���³�W�R�X�J�K���E�R�R�N�´���O�D�S�W�R�S���F�R�P�S�X�W�H�U�V���L�Q���W�K�H���I�L�H�O�G���W�R���F�D�S�W�X�U�H���G�D�W�D��
directly into customised templates.  Data captured includes collar, survey, drilling, 
meta-data and logging information.  The templates have been designed to validate 
data at point of capture, and have library drop down boxes such that only pre-defined 
codes can be recorded. 

On a regular basis, the logging geologist provides the DBA with completed field data 
capture templates which are then imported into the Heronv3 database. 
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Collar survey pickups and down-hole survey pickups are electronically supplied by 
survey contractors in text file format.  The files are imported into the Heronv3 
database by the DBA.  

Sample Information, including QAQC and density data, are captured in Excel 
templates by field technicians.  The sample submissions are electronically 
completed by the field technician and checked by the Senior Geologist.  The sample 
submission is sent to the respective laboratories in both electronic and hard copy 
form with the dispatched samples.  Completed sample information and sample 
submission files are electronically sent to the DBA to import into the Heronv3 
database. 

Assay laboratory files are electronically supplied to the DBA and project geologists 
in sif and text file format.  For each laboratory a data entry import object has been 
designed to capture all assay �G�D�W�D�� �L�Q�I�R�U�P�D�W�L�R�Q�� �V�S�H�F�L�I�L�F�� �W�R���W�K�D�W�� �O�D�E�R�U�D�W�R�U�\�¶�V���I�R�U�P�D�W������
The sif file format is used to import assay data into Heronv3 database by the DBA.  
During import, a QAQC summary report is generated and forwarded to the Senior 
Geologist who decides whether to accept or reject the file.  On acceptance of the 
assay batch, the data is released to end users. 

The drill hole plod information is manually entered daily into the Heronv3 database 
�I�U�R�P���W�K�H���G�U�L�O�O�H�U�¶�V���S�O�R�G���V�K�H�H�W�V�������7�K�H���G�U�L�O�O�H�U�¶�V���S�O�R�G�V���D�U�H���H�O�H�F�W�U�R�Q�L�F�D�O�O�\���V�F�D�Q�Q�H�G at site 
and saved to the Perth server for future reference. 

Core tray and field photos are provided to the DBA electronically and saved to the 
Perth Heron server for future reference. 

12.3 Summary of QAQC Results  

The drill hole assay data collected prior to 1999 have no known QAQC data.  As an 
operating mine, the monthly mine to mill grade reconciliations provided a qualitative 
QAQC regime for the historical samples.  Namely the sample quality was of sufficient 
accuracy to reliably predict the grade of material being produced from the mine, 
process recoveries from the mill and subsequent concentrate production and sales.  
�+�H�U�R�Q�¶�V���G�X�S�O�L�F�D�W�H���F�R�U�H���V�D�P�S�O�L�Q�J���S�U�R�J�U�D�P�V���R�I���K�L�V�W�R�U�L�F�D�O���'�H�Q�H�K�X�U�V�W���G�U�L�O�O���K�R�O�H�V���V�K�R�Z�H�G��
a good assay correlation and repeatability between the original Denehurst assays to 
re -assayed Heron results. 

The majority of the Blanks assayed during the Heron drilling campaigns reported 
within acceptable limits.  Quartz wash samples were inserted between sulphide 
samples during sample preparation stage, significantly reducing the risk of 
contamination at laboratory sample preparation stage.   

The TriAusMin blanks showed potential contamination at sample preparation stage 
with some results indicating minor contamination during sample preparation.  A re-
assay campaign was undertaken to check the repeatability of the TriAusMin 2013 
drilling campaign.  Results showed an overall good correlation between the original 
TriAusMin results and the later Heron duplicate assays for two sets of data in 
particular for Zn, Cu, Pb and Ag with gold showing a slightly poorer correlation at 
levels above 1.5g/t. 

Heron standards were predominately within the accepted threshold set for the 
project of ±2 Standard Deviations from the mean, with exception to some Geostat 
standards which performed within the ±3 Standard Deviations.  

Routine laboratory duplicate checks per batch vary depending on analytical method.  
Checks by ALS Orange showed an overall good correlation between the original 
results and duplicate check assays. 
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Umpire laboratory checks showed a good correlation for Zn, Cu, Pb and Ag between 
the original laboratory (ALS Orange) results compared to umpire laboratory (BV) 
results.  Gold showed a slightly poorer correlation above levels of 1 ppm. 

Heron systematically assessed all batches where there were discrepancies in QAQC 
results from the thresholds set, and where appropriate, resampled or re-assayed 
those samples that were considered not to be suitable for the purpose of estimating 
mineral resources. 

12.4 Independent Qualified Person Review and Verification  

SRK has been given full access to the datasets and supporting information compiled 
by Heron for the preparation of the resource estimation.  Validation conducted by 
SRK included checks against the original data sources where available, a review of 
the available QAQC data for the various programs, a comparison of the data from 
the recent and historical programs, checks for consistency between data sources, 
and an examination of retained core samples for selected mineralised intervals.  

The validation has been somewhat constrained by the lack of detailed 
documentation and QAQC information for some of the earlier programs.  However, 
given the work was performed by an accredited laboratory, with regular checking 
with external laboratories, and with production and shipping records, SRK considers 
the likelihood that significant quality issues would go undetected to be low.  SRK 
concludes that the datasets are sufficiently reliable for resource estimation.        

12.5 SRK Site Visit  

Rod Brown (SRK) conducted a site visit in March 2015 to inspect the project site, 
examine the geology, inspect core samples, and to discuss aspects of the data 
acquisition and deposit geology with site personnel.  The geological setting and 
controls on mineralisation observed in the exposures (pit walls) and core samples 
are considered to be consistent with the geological understanding that has been 
used for the preparation of the geological model.  There were no drill rigs operating 
at the time of the site visit.  However, an inspection of the core storage facilities 
indicated both the historical and recent core to be of an acceptable quality, and 
suitable for the preparation of resource estimates. 
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13 Mineral Processing and Metallurgical Testing  

13.1 Introduction  and Summary  

13.1.1 General  

Test work has been carried out since 2006 for the proposed Woodlawn Project 
involving the retreatment of historical tailings and processing of ore mined from 
underground.  Blends of underground ore material and reclaimed tailings were 
included in the test programs.  The programs completed were: 

�x 2008 BFS (feasibility study) comprising four phases: established the basic 
flowsheet and effect of different conditions and parameters. 

�x 2012 FEED: focussed on validation and optimisation of the BFS outcomes 
using TDS material. 

�x 2015 PEA: included testing of samples from underground and tests of a 
50:50 blend of tailing and underground samples to assess the concept of co-
treatment. 

�x 2015/2016 feasibility study: confirmation and optimisation of reclaimed 
tailing, underground material and co-treatment blends. 

Results of previous studies are not repeated in this document but were considered 
in the interpretation and process design. 

The 2008 feasibility study initially included investigation of underground material but 
focussed on and reported the design for retreatment of the tailings from the historical 
operation of the Woodlawn concentrator.  The historical plant operation deposited 
tailing sequentially into tailings dam north (TDN), tailings dam south (TDS) and 
tailings dam west (TDW).  The design proposed a plant to process 1.5 Mtpa of 
tailings and this has been carried through as the basis of design to the current 
Feasibility Study.  The design is based mainly on test work on samples from TDS 
from which production will commence and which will form the largest individual 
source of plant feed. 

Underground material is scheduled to be introduced in the plant feed late in Year 1 
and will be treated on a campaign basis alternating with reclaimed tailings when 
sufficient underground material is available to maintain a minimum two week 
campaign.  The plant will treat either reclaimed tailing at a rate of 190t/h (1.5Mtpa 
equivalent) or the underground material at a rate of 125t/h (1.0Mtpa equivalent). 

The proposed flowsheet is similar to the flowsheet that evolved during the historical 
operation at Woodlawn, albeit with an increased focus on feed grind and regrind 
sizes and incorporates knowledge and improvements developed during operation 
from 1978 to 1998 and in the test work programs.  Previous test work investigations 
have been summarised in a feasibility study (BFS) completed in 2008 and an 
associated Addendum 1 Study to the Bankable Feasibility Study completed in 2009 
by Intermet (now Sedgman) Engineers, and in a front end engineering study (FEED) 
completed by GRES in 2012.  The process flowsheet refined in the 2012 FEED study 
for reclaimed tailing included the following unit processes: 

�x tailings reclamation; 
�x fine grinding; 
�x separate flotation of fine gangue, copper, lead and zinc concentrates; 
�x regrind; and  
�x concentrate thickening and filtration circuits. 
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The flowsheet developed from the recent test work conducted in 2015 and 2016 for 
treatment of the reclaimed tailing is shown in Figure 13-1.  The changes to the 
flowsheet are: 

i. Closed circuit pre-float cleaning �± pre-float cleaner tail was previously 
directed to lead flotation feed. 

ii. Reduction in the number of zinc cleaning stages from four to three. 

Treatment of underground material uses the equipment and basic flowsheet used 
for reprocessing of the reclaimed tailing.  The process route incorporates two stage 
crushing, ball milling to a primary grind size P80 of 75µm, gangue pre-float, sequential 
copper, lead and zinc flotation with regrinding of rougher concentrate in each circuit, 
and secondary grinding of the copper rougher tailing to a P80 of 30µm.  The flowsheet 
for underground treatment is shown in Figure 13-2. 

The metallurgical balance and flotation circuit equipment selection has been based 
on the locked cycled flotation testing that was completed after optimisation of 
conditions established from batch flotation tests.  The flotation discussion focusses 
on the locked cycle test results using supporting data from the batch flotation tests.  
Ongoing batch testing is aimed at further optimising flotation conditions.  A summary 
of the locked cycle test results is given in Table 13-1 while the concentrate grades 
and metal recoveries established from these tests and used for design are reported 
in Table 13-2.   

Co-treatment of underground and reclaimed tailing as considered in the PEA has not 
been considered further in lieu of a campaign treatment strategy. 
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Figure 13-1: Reclaimed Tailing Process Flow Block Diagram - 2016 
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Figure 13-2: Underground Ore Process Flow Diagram  
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Table 13-1: Concentrate Grades and Recoveries �± Design  

Plant Feed Source Head 
Grade 
%Cu 

Head 
Grade 
%Pb 

Head 
Grade 
%Zn 

Copper 
Conc 
%Cu 

Copper 
Conc 

%Cu Rec 

Lead 
Conc 
%Pb 

Lead 
Conc 
%Pb 
Rec 

Zinc 
Conc 
%Zn 

Zinc 
Conc 

%Zn Rec 

Reclaimed Tailing (TDS) 0.54 1.30 2.26 20 29 35 37 45 72 

Underground (Kate) 1.32 2.56 7.21 27 62 44 66 50 90 

Table 13-2: Summary of Locked Cycle Test Results  

Sample & Locked Cycle Test Head 
Grade 
%Cu 

Head 
Grade 
%Pb 

Head 
Grade 
%Zn 

Copper 
Conc 
%Cu 

Copper 
Conc 
%Cu 
Rec 

Lead 
Conc 
%Pb 

Lead 
Conc 
%Pb 
Rec 

Zinc 
Conc 
%Zn 

Zinc 
Conc 
%Zn 
Rec 

Reclaimed Tailing TDS 

- Test 47 (P0188) 2007 0.48 1.20 2.65 19.0 38.9 22.3 40.9 49.1 60.6 

- Test 50 (P0199) 2007 0.48 1.20 2.65 21.8 39.8 21.5 42.2 47.6 56.7 

- Test 16 (P0348) 2011 0.45 1.28 2.32 22.1 26.8 34.0 33.6 45.0 71.1 

- Test 17 (P0348) 2011 0.46 1.20 2.44 21.8 31.7 36.4 35.7 45.6 72.9 

- TLC1 (Tap Water) 2016 0.47 1.19 2.63 19.9 42.7 36.2 44.1 57.4 77.7 

- TLC1 (Conc Production 
Method) 

0.49 1.21 2.65 19.8 43.8 34.4 42.6 55.9 76.2 

- TLC2 (Process Water) 2016 0.46 1.15 2.54 21.1 40.8 36.1 44.1 54.6 76.2 

- TLC2 (Conc Production 
Method) 

0.48 1.20 2.60 21.1 39.1 35.8 42.3 53.6 72.2 

Polymetallic (Kate Lens) 

- KLC2 (Tap Water) 2016 1.91 2.93 8.59 27.1 62.1 44.0 74.7 58.9 74.5 

- KLC2 (Conc Production 
Method) 

1.93 2.90 8.85 27.1 60.5 44.0 74.2 58.9 71.1 

- KLC3 (Process Water) 2016 1.99 2.88 8.93 27.5 54.4 36.4 72.2 60.7 85.7 

- KLC3 (Conc Production 
Method) 

1.98 2.93 9.11 27.5 54.4 36.4 71.0 60.7 83.8 

Interpretation of the test results has been cognisant of the effect of concentrate grade 
used for an individual circuit on the performance of subsequent stages.  For 
example, the lead recovered into the pre-float and copper concentrates affects the 
results achievable in the lead circuit; the zinc reporting into the pre-float, copper and 
lead concentrates impacts the zinc available for recovery into zinc concentrate.  
Therefore, nominating a specific grade for copper in the copper concentrate that was 
different to that achieved in a locked cycle test will reduce the confidence in the 
grades and recoveries of the lead and zinc concentrates. 

The data from the 2016 locked cycle tests has been balanced using two methods �± 
the standard method as described in the SME handbook and the concentrate 
production balance method where the tailing is calculated by difference between the 
feed and concentrates.  The concentrate production balance method tends to 
generate lower recoveries.  The SME method results have been used for design to 
ensure concentrate handling equipment is suitable for higher production rates; 
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however, the concentrate grades and recoveries calculated using the concentrate 
production balance method are likely to correlate with future plant performance.   

13.1.2 Historical Considerations  

The Woodlawn concentrator operated from 1978 to 1998.  Initially ore was mined by 
open cut and crushed through a three stage crushing circuit to minus 18 mm.  
Subsequently ROM underground ore commenced in 1982. 

Significant changes were made to optimise recovery in both the open 
pit/underground ore concentrator and the reclaimed tailing treatment plant.  These 
changes are well documented and GRES has taken enhancements made and 
experience gained with newer technology for inclusion in the feasibility design to 
address the performance issues previously encountered.  Considerations included: 

�x Regrind Size Reduction  �± Fine grinding technology not available when 
Woodlawn operated historically, will be used in regrind applications to 
increase liberation with reduction in particle size to a D80 of 15µm in cleaner 
stages. 

�x Pulp Chemistry  �± Ceramic media will be used in regrind milling duties 
thereby reducing iron ion levels in the pulp which have been shown to 
precipitate as an iron hydroxide onto particle surfaces interfering with 
flotation. 

�x Copper �± Lead Selectivity  �± Although not used in the laboratory test work 
program for the feasibility study, provision has been made for a conditioning 
tank for the copper cleaner circuit where heat can be applied to increase the 
copper cleaner feed slurry to 65°C.  This technique was used in the 
concentrator from 1992 to ensure lead levels in the copper concentrate were 
maintained below 4% Pb (penalties imposed by smelters adversely affected 
returns above levels of 4% Pb). 

�x Pyrite Selectivity  �± Lime will be used to adjust and maintain pH in the slurry 
at levels sufficient to depress the majority of the pyrite.  SMBS will be added 
to depress pyrite.  Starvation levels of collector will also be used in the lead 
and zinc circuits to minimise inadvertent collection of the iron sulphides. 

�x Pyrite Selectivity  �± Cleaner circuits are designed for open circuit operation 
to avoid build-up of circulating loads of pyrite.  The underground circuit was 
even reduced to a single stage of open circuit cleaning in 1992. 

�x Feed Preparation and Sulphide Mi neral Selectivity  �± The flotation feed 
size for the underground ore will be slightly finer at a P80 of 75µm than the 
historical P80 of 80µm. The test work indicates improved performance at a 
finer particle size of 30µm, however a primary grind of 75µm has been used 
in order to minimise any overgrinding of galena in the copper flotation stage.  
The copper circuit tailing will then be reduced in size to 30µm to improve 
liberation of the galena, pyrite and sphalerite. 

�x Process Control  �± Instrumentation was installed progressively in the 
historical operation.  Much of this will be included as standard in the design 
(flow meters, density gauges, variable speed drives, flotation air and level 
control).  Further opportunities are available with instruments that have been 
developed in recent years such as froth vision systems that use cameras and 
algorithms to measure froth velocity, bubble size, froth stability or collapse 
rate, froth texture and froth colour for use in controlling mass recovery from 
flotation cells. 

�x Equipment Design  �± In addition to advances in fine grinding equipment, 
flotation cell designs have evolved with cylindrical tank cells having 
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laundering arrangements that minimise and equalise the distance froth 
travels into product.  Froth crowding to optimise froth surface area, allow 
operation of scavenger (low mass recovery duties) cells with deeper froth 
(due to the lower area to volume ratio) in order to avoid pulping cells, and 
accelerate froth with coarser particles attached to the launder is better 
understood and available.  Hydraulic mantle adjustment for closed side 
setting control of cone crushers has become standard.  Thickener feed well 
designs to distribute solids evenly around the thickener and maximise 
flocculation with automatic feed dilution have been developed using 
computational fluid dynamics techniques. 

�x Feed Preparation  - The reclaimed tailings will be ground using inert media 
in a fine grinding mill that will have a power intensity of more than 100kW/m³ 
compared to the 1.8kW/m³ used in the high intensity conditioning (HIC) tanks 
used in the 1991 tailing retreatment plant.  The particle size will be reduced 
from a D80 of 90µm to a P80 of 30µm - previously no or little size reduction 
was achieved by the HIC tanks.  The efficiency of polishing the surfaces of 
particles will be enhanced by the presence of 3.5mm spherical media and 
higher power intensity in the grinding mill. 

�x Feed Preparation  - The use of high pressure water monitors to reclaim the 
tailings will increase the recovery of material from the dam compared to the 
dredge which was limited to areas greater than 2m depth and 5m inside the 
dam walls. 

�x Feed Preparation  - A feed thickener will remove density fluctuations in the 
feed to flotation from reclaimed tailing. 

�x Feed Preparation (h ead grade fluctuations)  �± The historical Woodlawn 
operation targeted a two to four week ore supply on the ROM pad using dual 
blending fingers to overcome the adverse effect of fluctuating head grade 
(copper to lead ratio, lead to zinc, pyrite to zinc ratio).  This practice will be 
implemented and has been the basis for selection of campaign treatment.  
When insufficient underground material is available, tailings reclaim only will 
be treated for a suitable period. 

�x Pre-float  �± A pre-float circuit (retrofitted in the historical operation and not 
used in the tailing retreatment plant) will remove a portion of sheet silicate 
minerals which are naturally and fast floating to minimise silica levels in the 
concentrates �± silica levels in the historic zinc concentrates were high 
enough to approach smelter rejection levels (Woodlawn and Benambra 
concentrates were sometimes blended to reduce silica levels).  To minimise 
loss of base metals, a cleaner stage has been included for the pre-float. 

�x Pulp Chemistry  - The adverse effect of zinc ions in process water will be 
addressed by returning water recovered from the tailings dams to the tailing 
thickener to use the residual high pH from the zinc circuit to raise the pH and 
precipitate metallic ions.  Water will also be treated using lime in a dedicated 
flash mix tank to remove the metal ions.  Historical operation found that the 
lower the zinc ion concentration the higher the zinc recovery and treating 
water with lime was undertaken to improve performance. 

�x Pulp Chemistry  �± An antiscalant will be dosed into the process water to 
prevent gypsum precipitation onto mineral particle surfaces, equipment 
surfaces and inside pipes.  The sulphate levels in the site water have been 
measured at up to 20,000ppm.  Antiscalants were used for periods 
historically but with the removal of lime addition to reduce costs in the last 
years of operation, its use was discontinued. 



Heron Resources Limited    Section 13 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

136 136 

13.2 Sample  Selection  

13.2.1 Summary  

There have been four studies completed on the Woodlawn Project over the period 
2006 to 2016: 

�x Feasibility study reported in 2008. 
�x Front end engineering study in 2012.  
�x A preliminary economic assessment (PEA) was produced in 2015 that 

incorporated the underground material which had not been included in the 
previous studies. 

�x 2016 Feasibility Study. 

Test work was conducted on samples of underground material from A, B and C 
Lenses in 2008 however this was not included in the 2008 feasibility.  Flotation tests 
were completed mainly using C Lens material with comminution testing on the 
following: 

�x A Lens �± drill hole W128 237.0m to 243.65m. 
�x B1 Lens �± drill holes W128 327.95m to 361.1m and U225 33.0m to 53.1m. 
�x B5 Lens �± drill holes W135 625.4m to 642.8m and W196B 600.7m to 632.5m. 
�x C Lens �± drill holes W087 351.27m to 387.5m and W140 367.7m to 418.0m. 

Previous test work and sample details are well documented and reported in previous 
studies. 

13.2.2 PEA and 2016 Feasibility Study �± Underground Ore Composite Samples  

At the time of the PEA, underground drill core was available from HQ diamond holes 
WLTD011W2, WLTD015, WNDD0001and WNDD0002.  Quarter drill core had been 
assayed for a suite of elements and, in consultation with the geologists, two main 
composites were made from the available half core.  These composites were of the 
polymetallic ore intersections and of copper ore intersections.  One metre of 
downhole core from above each intersection and one metre from below each 
intersection was added to ensure the composites contained likely mine dilution.  
These main two samples were composited from one half the available intersections 
with the other half reserved for variability sample testing from each individual 
polymetallic ore intersection and each copper ore intersection.  Head grades of the 
main underground composites and the variability composites are show in Table 13-3.  
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Table 13-3: Head grades of the main Polymetallic, Copper and Variability Sample 
Composites  

Main Composites % Cu % Pb % Zn g/t Ag g/t Au % Fe % S 

Polymetallic Composite 1.58 5.04 10.84 109.85 1.56 21.00 26.35 

Copper Composite 2.94 0.16 1.09 23.50 0.67 29.85 22.85 

Variability Composites % Cu % Pb % Zn g/t Ag g/t Au % Fe % S 

VS1 Polymetallic I Lens 2.69 4.50 8.11 157.3 1.94 15.3 21.3 

VS2 Polymetallic D Lens 2.03 4.67 10.12 97.3 1.40 17.2 25.2 

VS3 Polymetallic K Lens 2.01 4.03 16.07 51.6 0.84 22.5 10.0 

VS4 Polymetallic K Lens 0.98 1.85 7.67 72.2 0.82 24.7 34.2 

VS5 Polymetallic K Lens 0.40 3.82 8.40 80.0 0.99 16.3 23.1 

VS6 Copper D Lens 2.63 0.10 0.26 17.6 0.67 23.9 26.4 

VS7 Copper K Lens 1.85 0.04 0.09 9.8 0.52 28.6 10.0 

VS8 Copper K Lens 4.91 0.39 3.10 48.8 0.91 34.2 43.2 

 

Relatively near surface ore likely to be accessed during decline development occurs 
in the E, G and H Lenses.  From limited HQ diamond core drilling in these lenses, 
composite samples were prepared.  Based on geological interpretation transitional 
and primary composites were prepared for E and G Lenses.  All H Lens core was 
determined to be primary, so only one composite of H Lens ore was prepared. 

The E Lens transitional ore composite comprised intersections from hole 
WNDD0078 classified as transitional mineralisation together with one metre 
downhole of waste from above and below this intersection to represent mining 
dilution. 

The E Lens primary ore composite comprised primary intersections in holes 
WNDD0012, WNDD0025, WNDD0076 and WNDD0093.  Again one metre downhole 
of waste from above and below these intersections was included to represent mining 
dilution. 

The G Lens transitional ore composite comprised transitional intersections from 
holes WNDD0024, WNDD0057, WNDD0058 and WNDD0064.  One metre 
downhole of waste from above and below these intersections was included to 
represent mining dilution. 

The G Lens primary ore composite comprised primary intersections in holes 
WNDD0012, WNDD0013 and WNDD0014.  One metre downhole of waste from 
above and below these intersections was included to represent mining dilution. 

The H Lens primary ore composite comprised primary intersections in holes 
WNDD0002, WNDD0026, WNDD0027, WNDD0044, WNDD0050 and WNDD0081.  
One metre downhole of waste from above and below each of the selected 
intersections was included to represent mining dilution. 
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Head assays for these five near surface composite samples are shown in Table 
13-4.  

Table 13-4: Head grades of near surface composite samples  

 % Cu % Pb % Zn g/t Ag g/t Au 

E Lens Transitional 1.2 3.1 6.4 49.6 0.7 

E Lens Primary 1.2. 3.1 6.4 49.6 0.7 

G Lens Transitional 2.3 2.2 4.1 132.6 1.3 

G Lens Primary 2.3 2.2 4.1 132.6 1.3 

H Lens Primary 2.6 2.1 3.3 75.0 1.4 

The same compositing procedure was used to prepare the main underground ore 
composite referred to as the Kate Lens Master Composite.  This composite 
comprised half HQ diamond drill core intersections from holes WLTD015, 
WNDD0001, WNDD0002, WNDD0007, WNDD0011, WNDD0029, WNDD0031, 
WNDD0032, WNDD0033, WNDD0037, WNDD0039, WNDD0046 and WNDD0073.  
Again one metre of waste from above and below each intersection was included to 
represent mine dilution. 

Assays by size fraction after grinding to a nominal feed P80 of 75 microns are shown 
in Table 13-5 along with head grades. 
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Table 13-5: Assays by size fraction of the Kate Lens Master Composite after grinding to a nominal feed P 80 of 75 microns  

Size µm Weight Cu Pb Zn Fe Ag Mg 

 g % Assay % Distn % Assay % Distn % Assay % Distn % Assay % Distn % Assay % Distn % Assay % Distn % 

106 25.3 4.9 1.26 3.2 1.61 2.8 8.13 4.6 18.4 3.4 44 3.0 3.55 8.6 

75 70.8 13.8 1.75 12.4 2.29 11.0 9.65 15.2 27.2 14.2 61 11.7 1.71 11.6 

53 99.6 19.5 1.79 17.9 2.48 16.8 9.00 20.0 29.7 21.9 63 17.1 1.17 11.2 

38 79.0 15.4 1.83 14.6 2.65 14.2 8.79 15.5 29.9 17.5 64 13.7 1.34 10.2 

20 95.7 18.7 1.68 16.2 2.50 16.3 7.69 16.4 27.4 19.4 61 15.9 1.67 15.3 

11 59.7 11.7 2.29 13.8 3.54 14.4 9.10 12.1 26.5 11.7 76 12.3 2.44 14.0 

-11 81.9 16.0 2.66 21.9 4.39 24.5 8.91 16.3 19.6 11.9 118 26.3 3.71 29.1 

Calc 
Head 

512.0 100.0 1.94 100.0 2.87 100.0 8.77 100.0 26.4 100.0 72 100.0 2.04 100.0 

Assay 
Head 

  1.94  2.95  9.08  26.2  73  2.08  
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13.2.3 2015 and 2016 PEA and Feasibility Study �± Tailings Dam  Samples  

The test work for the 2015 PEA and the 2016 Feasibility Study comprised 
composites prepared from the 2011 TDS drilling, composites from diamond core 
drilling of the underground orebodies and two further drill samples from TDW and 
TDN.  All these samples were composited by AMML. 

The samples composited for the TDS test work were whole cores from the May 2011 
drilling that had been kept in freezer storage.  They comprised hole numbers 01, 02, 
03, 07, 08, 09, 12, 13, 14, 15, 18, 19, 20, 21, 24, 30, 31, 32, 33, 37 and 38.   

When the initial TDS composite was almost used, a further Vibracore drill program 
of TDS, TDW and TDN was undertaken.  The plastic core sleeves were emptied on 
site, spear samples taken for assay and the bagged samples sent to Core Metallurgy 
in Brisbane for grinding in a pilot IsaMill.  The three samples were overground as a 
result of control by laser sizing rather than by screen sizing.  Once it was determined 
that overgrinding had taken place a third round of drilling was initiated and no further 
flotation work was undertaken on these overground samples. 

A further Vibracore drill program of TDS, TDW and TDN was undertaken in April 
2016.  As for the previous drill program the plastic core sleeves were emptied on site 
and spear samples taken for assay.  In this case the bagged samples were sent to 
AMML and spit in two, with half going to Core Metallurgy for IsaMill grinding.  The 
other half has been retained in freezer storage.  To date test work has been limited 
to the TDS sample 

The head grades of all samples is shown in Table 13-6. 

Table 13-6 Head Grades of Tailings Composite Samples  

 ASSAYS (%) 

Cu Pb Zn Fe S Ag ppm Mg 

   2011 sample used in 2015 PEA and 2016 FS     

Tailings Dam South 0.43 1.35 2.44 16.8 18.0 32 3.67 

Overground Dec 15 samples       

Tailings Dam South 0.49 1.19 2.61 18.0 21.2 29 4.28 

Tailings Dam West 0.56 1.48 1.88 19.7 21.5 35 4.05 

Tailings Dam North 0.44 1.42 2.52 16.1 17.3 39 3.93 

   April 16 samples       

Tailings Dam South 0.49 1.23 2.70 18.4 19.9 29 4.17 

Tailings Dam West 0.68 1.55 1.95 22.5 24.8 35 3.45 

Tailings Dam North 0.42 1.35 2.37 16.1 16.4 37 4.05 
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13.3 Comminution  

13.3.1 Introduction  

Comminution test work included SAG Mill Comminution (SMC) parameter 
determinations, and Bond rod and ball mill work index determinations for 
underground samples while for the reclaimed tailings, IsaMill signature plots, Deswik 
fine grinding specific energy, Metso jar mill and Stirred Mill Detritor (SMD) specific 
energy and Levin fine grinding tests were completed.  In addition, Metso SMD tests 
were conducted on lead and zinc concentrate samples to indicate the power 
requirements for the regrind duties. 

Interpretation of some of the test work has been complicated by the propensity for 
laboratories to use Malvern laser sizing to determine quickly the particle size 
distribution.  The laser diffraction technique uses the volume of each particle in 
calculating the equivalent size of a spherical particle.  Therefore, the aspect ratio of 
particles influences the sizes reported - coarse particles and the presence of sheet 
minerals such as mica, chlorite, talc and the feldspars will result in a generally 
coarser particle size distribution to that determined by sieving.  Consequently, the 
specific grinding power could be overstated when not using consistent particle size 
measurement methods and also as the mineral suite changes.  The reference sizes 
used in the Woodlawn Study are based on sieve or combined sieve/screen and 
cyclosizer sizings. 

The 2008 BFS test work program indicated that a P80 grind size of 30µm for the 
reclaimed tailing gave the optimum flotation response.  Flotation test work (2008 
BFS programs and 2015/2016 feasibility program) also showed that regrinding of 
copper, lead and zinc streams to a P80 grind size of 15µm was beneficial in achieving 
saleable concentrate grades while maximising recovery.  The 2015/2016 test work 
program established that grinding of the underground material to a P80 grind size of 
75µm prior to copper flotation followed by regrinding of the copper rougher tailing to 
a P80 grind size of 30µm produced a high grade copper concentrate while minimising 
the misreporting of lead into the copper concentrate. 

13.3.2 Underground Samples  

In 2008, the SMC parameters were determined for underground lenses A, B1, B5 
and C however these areas are not the main source of feed proposed for the plant 
�± Kate, E, G and H lenses are included in the underground mine plan.  Nevertheless, 
the lenses at Woodlawn comprise similar mineralisation and host rock.  The host 
rock is mainly shale and mudstone.  The Bond work indices measured were higher 
for the A, B1, B5 and C Lenses than for the Kate, E, G and H Lenses.  Therefore, 
based on the similarity in rock type and the work indices, the SMC parameters 
determined in 2008 have been used to describe the breakage behaviour of the 
underground ore.  The SMC parameters indicate the ore is soft or moderately soft 
compared to other material in the JKMRC data base and support the low Bond work 
index values measured on all samples from the Woodlawn underground deposit. 

The 85th percentile values have been used for calculations to select the grinding 
power requirements for the underground ore.  For the crushing circuit design, apart 
from the Mic and t10 values determined in the SMC tests, no specific crushing 
breakage parameters (unconfined compressive strength, crushing work index, 
crushability index) have been measured.  However, the lack of resistance to impact 
breakage indicated by the high A*b values calculated from the SMC tests, the low 
Mic crushing energies (2.8kWh/t to 3.3kWh/t) and the relatively high t10 values 
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suggest that the rock will break readily in crushing with low power consumption.  The 
description of the ore also supports this assumption and that a high crushability index 
(>45%) can be used in the Metso Bruno model for simulation of the crushing circuit. 

To minimise capital costs and footprint, a two stage crushing plant has been 
proposed.  The Metso Bruno simulation indicated that a crushing plant product of 
minus 14mm with a P80 of 10.5mm could be produced at a crushing rate of 175t/h.  
Metso Minerals reviewed the simulation and commented that there was a chance 
that a critical size could develop at times which would reduce the crushing rate.  A 
relatively conservative utilisation of 70% has been used in calculating the required 
crushing rate �± 160t/h which provides further contingency.  The SMC power 
calculations indicate a total crushing motor power of 210kW to reduce the ore from 
600mm to 10mm assuming 70% power utilisation �± the equipment selected has an 
installed power of 380kW (132kW for the primary jaw crusher and 250kW in the 
secondary cone crusher).  Thus, utilisation of 55% of the installed power indicates 
excess power is available in the crushing circuit. 

A single stage ball mill has been proposed to reduce the crushed material to a P80 
of 75µm for feed to flotation.  The conventional Rowland-Kjos (Bond) calculation (as 
�R�X�W�O�L�Q�H�G���L�Q���&�K�D�S�W�H�U���������R�I���³�0�L�Q�H�U�D�O���3�U�R�F�H�V�V�L�Q�J���3�O�D�Q�W���'�H�V�L�J�Q�´�����L�V���W�K�H���E�D�V�L�V���R�I���W�K�H���P�L�O�O��
selection and has been supplemented by a JKSimmet simulation and an SMC 
specific energy calculation to determine the grinding power requirements and mill 
size.  A mill with a length to diameter ratio of less than 1.3 has been selected to 
minimise overgrinding (generation of fine particles less than 5µm).  A summary of 
results of the calculations is given in Table 13-7.  The table includes the two-stage 
crush �± single-stage ball mill circuit determinations made by Orway Mineral 
Consultants (OMC) in 2007 for comparison. 

Table 13-7: Summary of Grinding Power Calculations �± Different Methods  

Method 
Specific Energy @ 

Pinion 
(kWh/t) 

Required Pinion 
Power 
(kW) 

Mill Size (Diameter x 
EGL) (m) 

Motor Size 
(kW) 

Rowland �² Kjos 
(Bond) 11.84 1480 4.57 x 5.2 1750 

JK SimMet  12.98 1623 4.57 x 5.2 1800 
SMC Power 
Calculation 13.03 1630 4.57 x 5.2 1750 

 OMC (62.5 t/h) 12.28 763 3.4 x 5.23 900 

OMC (125 t/h)  12.28 1535  1750 

DESIGN 
14.36  

(85th percentile) 
1670 4.57 x 5.2 1750 

13.3.3 Primary Grinding �± Tailings Reclaim  

There have been several programs of test work to determine the specific grinding 
energy for the reclaimed tailings material.  The target flotation feed P80 size of 30µm 
can be achieved by conventional ball mills, by tower mills such as the Metso Vertimill 
or by fine grinding stirred mills.  Stirred mills have been chosen for the grinding of 
the reclaimed Woodlawn tailings specifically to use inert media which will not 
increase the iron levels in solution or promote galvanic interactions with sulphide 
minerals during grinding.  Although rod milling (using stainless steel rods) of samples 
for many of the flotation tests was used particularly in the earlier test programs, the 
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majority of tests have been conducted on samples ground using a pilot IsaMill, 
laboratory bead mill or pilot Deswik mill.  

The stirred mill tests used in determination of grinding power required included 
IsaMill (now supplied by Glencore), Deswik (now FLS) and Metso SMD �± Metso also 
carried out jar mill tests which are used for selecting Vertimills.   

The genesis of past test work is not discussed further but details can be found in 
past reports. 

Experience has shown that the scale-up of the IsaMIll signature plot from the 
laboratory M4 machine to full scale plant machines up to 10,000 litres is accurate 
however that for the SMD and Deswik mills has indicated that the power 
requirements have been understated when compared to the plant data (see Section 
13.3.4- Century). 

Therefore, the IsaMill signature plots have been used as the basis for determining 
the power requirements for grinding the reclaimed tailings.  The same signature plots 
have been used for the scale-up of the power requirements for reducing the copper 
tailing in the underground ore treatment to 30µm. 

It was also noted in the IsaMill test work that media size influenced the results.  A 
graded media charge with a coarser top size of 3.5mm was needed to break coarser 
agglomerates in the feed than the 2.5mm media used in some tests.  The tailing 
samples were pre-screened at 1.7mm to remove plastic, wood and rocks �± a 
vibrating trash screen with a 1mm aperture has been included in the flowsheet to 
remove coarse trash and protect the stirred mill from high wear due to coarse 
particles. 

IsaMill signature plots using 3.5mm media for TDS samples yielded 9.4kWh/t 
(AMMTEC 2011), 10.5kWh/t (Core Metallurgy, 2015), 16.1kWh/t (Core Metallurgy, 
February 2016) and 9.83kWh/t (Core Metallurgy, May 2016)  for a P80 of 30µm.  
Earlier tests completed by AMMTEC in 2008 have been excluded from the 
assessment of power requirements because of the inconsistency in sizings from 
successive passes and the use of Malvern laser sizing employed for determining 
size distributions due to the particle shape/aspect ratio effects from the talc and 
silicates in the sample. 

The IsaMill specific energy test results have been adjusted using the respective 
signature plot equations for those samples with feed size F80s less than the design 
F80 of 90µm.  The 85th percentile specific energy value used for design was 
13.7kWh/t.  The associated calculated power draw at the design throughput rate of 
190t/h is thus 2.6MW.  The M10000 IsaMill selected will have an installed power of 
3.0MW which will provide flexibility to achieve the target P80 of 30µm from feeds 
coarser than the design F80 of 90µm although the hydraulic monitoring operations 
are expected to ensure that the reclaimed and screened tailings will be well blended 
and as such it is not considered that coarse feed sizes will pose a significant risk to 
mill throughput rates. 

The M10000 IsaMill has been selected as the most appropriate grinding device due 
to the reliability of scale-up confirmed by the installations at  Arrium (South 
Middleback Range), Anglo Platinum concentrators in South Africa, Kumtor in 
Kyrgyzstan, Morenci in the USA, and Mt Isa and McArthur River in Australia. 

The IsaMill incorporates an internal classifying device (the product separator) that 
simplifies the flowsheet and with the need to dewater the plant feed using a thickener 
there is no need to install a classifying stage with associated pumping and recycle. 
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13.3.4 Conce ntrate Regrinding and Secondary Grinding  

Metso carried out Stirred Mill Detritor (SMD) tests on a sample of lead rougher 
concentrate and a sample of zinc concentrate in 2008 (Metso Test Plant Report 
Nº24222, Revised Report, 23rd to 25th April 2008) to determine the specific grinding 
energy required for the concentrate regrind duties.  A regrind P80 size of 15µm was 
used in the flotation test work.  A summary of the results is given in Table 2.25. 

A test was also performed using the SMD to regrind the product from the jar mill test 
to replicate the secondary grinding of the copper tailing to a P80 of less than 30µm. 
However the sample did not include underground material and the jar test product 
had a P80 size of 28µm �± this is finer than the F80 of 75µm for secondary grinding.  
Consequently, as there is no specific test work for the copper flotation tail from the 
underground samples (with a P80 primary grind size of 75µm), the specific energy 
differential between the signature plot powers for a D80 size of 75µm and D80 size of 
30µm has been calculated and the 85 th percentile value used to calculate the 
secondary grinding power requirement.  The 85th percentile specific energy 
differential was 19.8kWh/t. 

Experience at Century Zinc (M Gao, L Reemeyer, D Obeng, and R Holmes 2007) 
indicated a 20% difference in plant power draw compared to that from SMD testing 
�± the 0.55kW laboratory SMD indicated a specific energy of 3.5kWh/t to produce a 
P80 of 30µm and 18kWh/t for a P80 of 10µm while the plant performance gave 
6.2kWh/t and 27kWh/t respectively.  An important issue is the appropriate selection 
of media size �± coarse particles were not broken in the laboratory pilot mills and it is 
surmised that unless the mill void volume is replaced by a slurry volume three to four 
times the voidage, the coarse particles can be retained in the mill.  In the laboratory 
mill, this means the product size measured will include only the fine particles thereby 
overstating the size reduction achieved and consequently understating the power 
requirements �± this appears to be a failing of the test procedure for both the SMD 
and Deswik mills. 

Based on the difference in scale-up from laboratory to plant experienced at Century, 
a 20% increase in the specific energy determined in the SMD tests has been applied 
for all the regrind duties in the Woodlawn plant design. 

No specific size reduction testing has been carried out on copper rougher 
concentrate material and therefore the specific energy result for the SMD test for 
secondary grinding has been applied for determination of the power requirements 
for the copper regrind duty.  This decision was also made because of the coarser 
feed size for the copper circuit treating underground material. 

Table 13-8: Summary of Data from SMD Regrinding Tests  

Description 
Feed Size 

F�“�‹ 
(µm) 

Product 
Size P�“�‹ 

(µm) 

Media 
Size 
(mm) 

MediaType 
Specific Energy (kWh/t) 

Secondar
y 

Coppe
r 

Lead Zinc 

Metso SMD Test 30 15 3.0 Kings Ceramic 14.4    

Metso SMD Test  15 3.0 Kings Ceramic   15.7  

Metso SMD Test  15 3.0 Kings Ceramic    20.1 

Design     19.8 27.2 18.8 24.1 
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13.4 Underground Ore Testwork  

13.4.1 Introduction  

The samples of underground drill core were made into composites designated 
polymetallic, copper rich and a polymetallic �± copper rich blend as well as 50:50 
blends with tailings material (discussed in Section 2.7).  These composites were 
used for the preliminary tests carried out in the PEA Stage (2014 - 2015) and 
included tests designated FT3 through to FT34, FT38 and FT39 as detailed in AMML 
report Project No. 0475, "Woodlawn Preliminary Flotation Test Work".  Variability 
samples from several underground lenses were also included in this program.  With 
increased definition of the proposed mining plan, testing of core from different lenses 
was completed in 2016 �± Kate lens, being the largest source of mine tonnage, and 
mostly polymetallic was used in the majority of tests including three locked cycle 
�W�H�V�W�V�������7�K�L�V���W�H�V�W���Z�R�U�N���L�V���G�H�W�D�L�O�H�G���L�Q���$�0�0�/���U�H�S�R�U�W���3�U�R�M�H�F�W���1�R���������������W�L�W�O�H�G���³�:�R�R�G�O�D�Z�Q��
�0�H�W�D�O�O�X�U�J�L�F�D�O���7�H�V�W���:�R�U�N�´���G�D�W�H�G���-�X�Q�H������������ 

The test work flowsheet developed included primary grinding to 75µm, gangue 
(including talc) pre-float, copper flotation (roughing, regrinding rougher concentrate 
to 30µm, two stages of cleaning), grinding (secondary) of copper tailings to 30µm, 
lead flotation (roughing, regrinding of rougher concentrate to 15µm, two stages of 
cleaning) and zinc flotation (as per lead circuit). 

13.4.2 Grind Size Effect  

The effect of grind and regrind size was tested by AMML in Project N° 0475 
(Woodlawn Preliminary Flotation Test Work, November 2015) using a stainless steel 
rod mill to generate P80 grinds of 75µm, 53µm and 30µm.  There was little effect on 
copper circuit performance as shown in  

Figure 13-3 between the coarser grind sizes.  The 30µm grind gave the best copper 
grade-recovery response for both the polymetallic and copper rich samples however 
an improvement in grade and recovery was achieved when the copper rougher 
concentrate was reground to 30µm (test FT17) from a primary grind P80 of 75µm that 
matched the 30µm copper grade �± recovery curve.  There was no effect on copper 
�± lead selectivity indicated from the lead recovery versus copper recovery graph with 
all tests similar as shown in Figure 13-4. 
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Figure 13-3 Grind Size Effect on Copper Performance  

 
Figure 13-4 Grind Size Effect on Copper �± Lead Selectivity in Copper Flotation  
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The effect of grind size on lead flotation shown in Figure 13-5 indicates finer primary 
grinding resulted in lower lead concentrate grades and lead recovery.  Tests FT15, 
FT16 and FT17, using a 75µm primary grind and regrinding the copper tail to a P80 
of 30µm showed improved performance. 

 
Figure 13-5 Grind Size Effect on Lead Flotation Performance  

A finer primary grind size of 30µm was shown to give better zinc flotation 
performance in Figure 13-6.  The strategy selected to maximise performance of 
copper and lead, of coarser, 75µm primary grind and regrinding copper tailing to 
30µm was able to achieve similar or better performance to the test with a 30µm 
primary grind. 



Heron Resources Limited    Section 13 

 

Heron Resources Limited © 
Woodlawn Project FS �± 19 July 2016   

148 148 

 
Figure 13-6 Grind Size Effect on Zinc Flotation Performance  

13.5 Polymetallic Ore Flotation  

13.5.1 Rougher Kinetics  

A series of timed roughing tests on Kate lens samples, ground using a stainless steel 
rod mill to a P80 of 75µm, were completed to confirm sufficient flotation time was 
selected to maximise recovery in the roughing stages.  The results are shown in 
Figure 13-7, Figure 13-8, Figure 13-9 and Figure 13-10 for gangue pre-float, copper, 
lead and zinc roughing respectively. 
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Figure 13-7 Gangue  Pre-float Rougher Flotation Kinetics  
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Figure 13-8 Copper Rougher Flotation Kinetics  
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Figure 13-9 Lead Rougher Flotation Kinetics  
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Figure 13-10 Zinc Rougher Flotation Kinetics  

The recovery of talc gangue (indicated by magnesium) relative to the base metals in 
the pre-float stage is pronounced in Figure 13-7 with minimal recovery of the 
sulphides.  3.5 minutes of laboratory flotation time was sufficient to remove an 
adequate amount of the magnesium-silicate minerals.  

The flattening of the curve for copper roughing before 3 minutes in Figure 13-8 
indicates 3 minutes in the laboratory cell is sufficient flotation time particularly 
considering the reduction in copper to lead selectivity with increasing time which is 
plotted in the bottom section of Figure 13-8.  The curves also indicate the effect of 
water (process versus tap) on flotation kinetics showing higher residual copper for 
the test completed using process water.  A higher copper rougher recovery and 
longer flotation time is indicated from the finer 30µm primary grind (test FT5). 

The lead rougher curves also flatten after about 3 minutes of flotation time as shown 
in Figure 13-9.  There is a smaller difference in kinetics and overall lead recovery 
than for copper roughing.  For comparison, the kinetics for lead roughing of 
reclaimed tailing (T3 and LS5316) are included showing a slower rate and higher 
residual lead even after 6 minutes. 

The zinc rougher kinetic curves showed anomalous behaviour with low zinc flotation 
rate for the first 2 minutes of flotation then a high rate for the next 2 minutes.  The 
steepness of the curves indicates that additional zinc could be recovered into the 
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rougher concentrate although the remaining zinc is less than 5%.  For comparison, 
the kinetic curves for the polymetallic sample used in the preliminary 2015 test work 
assessing the effect of grind size (FT5 and FT9) were included in Figure 13-10 and 
these show the expected behaviour of faster kinetics initially with a steady recovery 
of zinc up to 4 to 5 minutes followed by slow extraction with minimal recovery - the 
steeper the curve the faster the flotation rate.  Relative to the copper and lead 
flotation rates the zinc is slower floating.  The differences in flotation conditions 
between the two sets of results include sample weight (1kg for FT5 and FT9, 2kg for 
KF26 and KF27), cell size and power intensity (2.5 litre cell operating at 750rpm for 
FT5 and FT9 compared to 5 litre cell operating at 800rpm for KF26 and KF27) and 
initial pulp potential (negative 20mV for FT5 and FT9 and positive 100mV for KF26 
and KF27).  Other reasons for the difference in behaviour include possibly the need 
for additional conditioning time with reagents or air (although the addition of air 
increases the pulp potential making it more positive), insufficient collector initially or, 
different mineral species of sphalerite are present requiring removal of a particular 
fraction or mineral before the bulk of the sphalerite can report to concentrate. 

13.5.2 Ageing Tests  

The effect of exposure of ore to ambient oxidation conditions was tested on the Kate 
lens composite with periods of 14 days, 28 days and 56 days.  Grade-recovery 
curves for each concentrate are shown in Figure 13-11, Figure 13-12 and Figure 
13-13.  There appeared to be minimal impact on copper flotation however lead grade 
and recovery in the lead flotation stage reduced with increasing exposure time.  A 
similar trend was apparent in zinc flotation however the 14 day result was poorer 
than the 28 day and 56 day results. 

Overall, the results indicate that stockpiling the ore for up to two months as practiced 
in the historical operation will not be detrimental and will provide the opportunity to 
blend the ore to maintain a consistent feed grade to the plant which was found to be 
an important operating variable during the historical operation.  
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Figure 13-11 Copper Concentrate Grade �± Recov ery Relationships �± Ageing/Oxidation 
Effect  

 

 
Figure 13-12 Lead Concentrate Grade �± Recovery Relationships �± Ageing/Oxidation 
Effect  
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Figure 13-13 Zinc Conc entrate Grade �± Recovery Relationships �± Ageing/Oxidation 
Effect  

13.5.3 Copper Rich Ore Flotation  

The copper rich material occurs in bands within the polymetallic lenses.  In the upper 
lenses the copper rich areas tend to be at the margins and can be mined separately 
in the Kate and B lenses.  The sulphides in the copper rich ore are mainly 
chalcopyrite and pyrite with minor and variable amounts of sphalerite and galena.  In 
lenses where the copper rich bands cannot be mined separately, the material has 
been included in the composite samples tested �± such as for E, G and H Lenses. 

A copper rich composite sample was tested in the 2015 PEA programme (AMML 
Project No 0475) in tests FT7, FT8 and FT10.  Variability samples VS6 (FT28), VS7 
(FT29) and VS8 (FT30) were also copper rich material.  In addition, a blend of 
polymetallic material and copper rich material was tested in tests FT19 and FT20. 
The grade �± recovery curves for copper concentrate are shown in Figure 13-14 and 
copper concentrate details are given in Table 13-9.  Note that test results for FT7, 
FT8 and FT10 are for rougher flotation �± the remainder are after regrind and 
cleaning. 
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Figure 13-14 Copper Rich Test Grade �± Recovery for Copper Concentrate  
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Table 13-9 Summary Copper Concentrate �± Copper Rich Samples  

Test Grind 
Size 

Feed 
%Cu 

Feed 
%Pb 

Cu:Pb 
Ratio Wt% 

ASSAYS (%) RECOVERY (%) 

Cu Pb Zn Fe S 
Ag 

(ppm) Mg Cu Pb Zn Fe S Ag Mg 

FT7 53 2.94 0.19 15.7 9.6 22.9 0.5 0.9 31.6 38.2 59 0.39 75.0 27 7.3 8.3 8.7 25 2.4 

FT8 30 2.98 0.19 16.1 12.3 22.2 0.8 1.0 32.4 38.4 69 0.39 91.8 56 10.2 10.8 11.3 38 3.0 

FT10 53 3.00 0.19 15.5 10.8 21.8 0.7 1.1 33.8 38.8 71 0.50 78.6 39 9.7 9.5 10.6 32 3.4 

FT28 VS6 61 2.71 0.13 20.8 7.6 29.4 0.3 0.4 30.6 34.0 59 0.47 82.8 18 8.7 6.5 6.7 26 2.1 

FT29 VS7 69 1.79 0.05 3.6 4.5 32.4 0.1 0.2 31.2 35.0 24 0.03 81.9 8 5.8 3.5 3.6 12 0.1 

FT30 VS8 52 4.77 0.49 9.7 16.3 26.6 1.8 1.3 31.8 36.6 121 0.10 90.7 59 6.0 14.5 13.9 43 1.3 

Mixed                                       

FT19 30 2.24 2.55 0.9 8.9 21.4 8.3 2.1 28.5 34.0 147 0.57 85.2 29 3.0 8.2 8.2 21 2.7 

FT20 75 2.23 2.62 0.9 6.6 26.3 4.5 1.5 28.2 33.2 143 0.56 78.4 11 1.6 6.0 6.0 15 1.9 
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The results also indicate: 

�x Coarser primary grind size with regrind produces higher concentrate grades and 
recoveries. 

�x Blending copper rich ore with polymetallic ore is not detrimental to copper 
performance. 

13.5.4 Flotation Variability  

Thirteen variability tests were completed on underground samples representing 
polymetallic material (6 tests), copper rich material (4 tests), sulphide stringer material (1 
test) and transition material (2 tests). The head assays of the samples are summarised in 
Table 13-10.  The tests were carried out using the conditions of test FT17 which was done 
on the polymetallic master composite. 


















































































































































































































































































































































































































































































































































































































































































