
ASX ANNOUNCEMENT 

Metallurgical Results and Process Plant 
Scoping Study Update

Siren Gold Limited (ASX: SNG) (Siren or the Company) is pleased to 
provide an update on the current status of metallurgical testwork and 
progress to date in advancing a conceptual processing plant study for the 
Reefton Gold Project, in the South Island of New Zealand.   

Highlights 

• Positive preliminary metallurgical testwork results from
samples from Alexander River and Big River Projects

• Total recovery of 90% to 93% is estimated if processed with POX
• Preliminary pressure oxidation of the flotation concentrate tests

followed by cyanidation gave gold extractions of 92- 98%
• Scoping Study reflects the test results with a conventional crush,

grind, gravity and flotation flowsheet to produce a saleable
concentrate

• Sams Creek testwork (2004) indicates that a recovery of 90-95%
could be achieved with flotation and POX and a similar flowsheet
to Reefton would be applicable.

• Sams Creek recoveries achieved 89% to 96% by flotation and
POX.

• Ore Sorting testwork indicates Reefton and Sams Creek samples
are amenable to the technology.

Background 

Siren has engaged GR Engineering Services Limited (GRES) to 
complete a scoping study to examine the possibility of establishing a 
processing facility at the Company’s Reefton Gold project located on the 
South Island of New Zealand (refer to announcement 28 October 2021).  

The study is based on metallurgical testwork and the construction of a 
centrally located multipurpose gold processing facility, examining the likely 
optimum treatment route and plant locations. The study is based on the 
potential for the treating of various mineralisation from Alexander River 
and Big River, as well as potentially treating material from other historical 
mines on the Reefton Goldfield.  

This work has been extended to allow for a detailed site visit and additional 
works, including a review of the potential for processing of mineralisation 
from the recently acquired Sams Creek Project, as well as further test work 
to be conducted on stibnite related gold and antimony recovery from the 
various Reefton projects.  

Study works have been successful to date, are progressing steadily and 
will be ongoing over the coming months. 
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Introduction 

Western New Zealand was originally part of Gondwana and lay adjacent to eastern Australia until around 80 Ma 
ago. The NW of the South Island of New Zealand comprises an area of predominantly early Paleozoic rocks in 
broad northerly trending belts, which terminate at the Alpine Fault (Figure 1). The Paleozoic sequence is divided 
into the Buller Terrane, Takaka Central and Takaka Eastern Belts.  These belts are interpreted to correspond 
with the Western, Central and Eastern belts of the Lachlan Fold Belt. The Buller and Western Lachlan belts 
contain orogenic gold deposits like Bendigo, Ballarat and Fosterville in Australia and the Reefton and Lyell 
Goldfields in New Zealand. 

Siren holds a large, strategic package of tenements along the under-explored 40km long Reefton and Lyell 
Goldfields, with permits covering a further 40kms of buried unmined Greenland Group rocks that potentially host 
gold mineralisation to the south of the Blackwater mine.  

Key projects include Alexander River, Big River, Auld Creek, Cumberland and Lyell. 

The Reefton Goldfield was discovered in 1866 and produced +2M oz of gold at an average recovered grade of 
16g/t from 84 historic mines, plus an estimated alluvial gold production of 8Moz. Most underground mining ceased by 
1942, with the famous Blackwater mine closing in 1951, when the shaft failed after producing ~740koz of gold 
down to 710m below surface.  

Federation Mining is planning to extract over 700koz of gold down to 1,500m below surface by developing 3.2km 
twin declines to intersect unmined ore around and below the high-grade historic Blackwater mine.  

The Lyell Goldfield is the northern extension of the Reefton Goldfield located 40kms north (Figure 2). At 
Lyell the historic Alpine United mine produced ~80koz of gold at an average recovered grade of ~17g/t 
between 1874 and closing in 1912. 

Figure 1 Fold belt Paleozoic rocks at the top of the South Island 
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There are two distinctive sub-types of orogenic gold mineralisation in Victoria. The deeper (6-12kms) 
mesothermal deposits that formed almost all the significant gold deposits in the Bendigo and Stawell zones, 
and the shallower (<6km) epizonal gold and stibnite deposits in the Melbourne zone and eastern Bendigo 
zone, including the Fosterville and Costerfield mines. The latter gold mineralising event in Victoria is 
characterised by arsenopyrite / pyrite hosted refractory gold and stibnite associated gold, which is very 
similar to the Reefton and Lyell mineralisation. 

The Sams Creek Gold Project is located 100kms NE of Lyell (Figure 1). The Sams Creek Dyke (SCD) is 
up to 60m thick and can be traced for over 7kms along strike and over 1km down dip. The porphyry dyke 
generally dips moderately to the north and has been folded into a series of NE plunging anticlines and 
synclines. The anticlines are variably gold mineralised and have a combined Inferred and Indicated Mineral 
Resource Estimate (MRE) of 8.9Mt @ 2.82g/t Au for 808koz of contained gold at a 1.5g/t cut-off. 

Figure 2: Reefton Tenement Map. 
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Reefton Metallurgical Testwork 

Summary 

Seven samples from the Alexander River and Big River projects were tested at the Bureau Veritas laboratory 
in Perth during 2022. As expected, the samples were all refractory in nature, with the Big River sample the most 
refractory at 6.4% easily cyanidable gold. 

All samples produced good quality rougher flotation concentrates from 17 to 117g/t Au at high recoveries. The 
upgrade ratio of rougher concentrate grade to feed grade averaged 8.7. 

Sample Head Grade Rougher 
Concentrate 

Flotation Recovery % Tailings 

g/t Au g/t Au Au S g/t Au 
Reefton 1 2.88 19.1 88.7 97.7 0.37 
Reefton 2 2.54 17.7 86.7 90.9 0.38 
Reefton 3 3.82 40.7 95.2 95.1 0.20 
Reefton 4 3.23 26.1 95.8 95.9 0.14 
Reefton 5 3.57 28.6 95.6 96.3 0.18 
Reefton 6 15.8 116.8 87.2 95.8 1.60 
Reefton 7 4.18 21.0 96.9 93.7 0.09 

Table 1: Rougher Flotation Test Results 

Simple gravity tests were run using a 1kg sample passing through a Falcon centrifugal concentrator, 
followed by high-intensive leaching of the Falcon concentrate to determine the free gold component of the 
gravity concentrate.  

Total combined gold recovery of gravity and flotation is in the range 91 to 93% as shown in Table 2 below. 

Sample Head Grade Au 
g/t 

Au Recovery 
by Gravity % 

Au Recovery 
by Flotation 

Total Gravity and 
Flotation Recovery % 

Reefton 1 to 5 3.26 32.2 59.0 91.2 
Reefton 6 12.6 48.9 44.5 93.4 
Reefton 7 3.32 24.4 68.0 92.4 

Table 2: Combined Au Recovery 

The flotation concentrate from a composite sample of Reefton 1-5 gave a cyanide leach extraction of 
22.9% after ultra-fine grinding and 98.5% after pressure oxidation (POX). 

Test Head Grade 
Au g/t 

Residue Grade Au 
g/t 

Au 
Extraction % 

UFG 21.65 16.7 22.9 
POX 18.24 0.27 98.5 

Table 3: Downstream Processing Test Results on Reefton 1-5 Composite Flotation Concentrate 

In conclusion, the Scoping Study flowsheet of gravity recovery followed by flotation has been verified as 
an appropriate process. Based on the samples tested, gravity and flotation gold recoveries of 90-93% can 
be expected. If the flotation concentrate is treated with pressure oxidation followed by cyanidation a total 
gold recovery would be around 90%. 
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Samples 

Seven composite metallurgical samples were collected from core from the Alexander River and Big River 
projects and sent to Bureau Veritas in Perth. The samples represented the Bull East, McVicar East, Loftus 
McKay and McVicar West shoots at Alexander River prospect and Shoot 4 at the Big River prospect (Table 
4 and Figures 3 and 4) labelled Reefton 1 to 6 for Alexander River and Reefton 7 for Big River. Composite 
6 represented quartz reef with visible gold. 

Sample No Project Hole Number Shoot Type 
Interval 

(m) 
Au 

(g/t) 
As 

(ppm) 
S 

(ppm) 
Weight 

(kg) 

Reefton001 Alexander AXDDH059 Bull East 1 5.6 2.8 2,714 1,394 15.7 

Reefton002 Alexander AXDDH066 
McVicar 

East 1 7.8 2.6 2,326 2,151 37.2 

Reefton003 Alexander AXDDH050 
Loftus 

McKay 1 24.6 4.3 2,846 3,914 24.6 

Reefton004 Alexander AXDDH065 
McVicar 

West 1 5.0 2.8 2,665 3,127 17.3 

Reefton005 Alexander AXDDH063 
McVicar 

West 1 7.1 3.4 3,943 1,840 18.5 

Reefton006 Alexander 
AXDDH064/7

4 
McVicar 

West 2 3.9 12.4 3,102 1,611 8.0 

Reefton007 Big River BRDDH034a Shoot 4 3 5.9 4.1 3,453 2,877 15.7 

8.6 4.6 3,007 2,416 137.0 

Table 4: Metallurgical samples (Type 1 = disseminated acicular arsenopyrite, Type 2 = quartz with 
visible gold, Type 3 = quartz and host rock breccia). 

Figure 3: Alexander River Prospect Schematic Long Section with metallurgical sample locations identified 
(circled) 
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Figure 4: Big River Prospect schematic long section showing metallurgical sample location 
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Testwork 

Historical reports on the treatment of ores in the Reefton district illustrate that a portion of the material is 
refractory and, as well as gravity recovery, roasting was employed to liberate gold prior to cyanidation. 
GRES completed part 1 of a scoping study in which a preliminary flowsheet of gravity gold recovery and 
flotation to produce a gold rich concentrate was the base case. Tests were planned to explore the validity 
of this approach. 

The testwork program devised at Bureau Veritas included: 
• Bulk Leach Extractable Gold (BLEG) Tests
• Flotation
• Gravity Testing
• Cyanidation
• Ultra-Fine Grinding UFG) followed by cyanidation
• Pressure oxidation (POX) followed by cyanidation

BLEG Tests 

A BLEG test was conducted on each composite sample. This involves a 24-hour leach with a high 
concentration of cyanide and the addition of LeachWell accelerant to determine the readily soluble gold. 
Hence it is a measure of how refractory the sample is.  

Table 5 shows the duplicate fire assays of each composite sample and the BLEG results. Reproducibility 
of the head assays was excellent. All the samples showed they were partially refractory, with Big River 
the most refractory, with only 6.4% of the gold readily soluble. Reefton 4 and 5 were the most refractory 
Alexander River samples at 18.5% and 19.8% readily soluble gold. Reefton 6, which was high grade and 
included visible gold, was the least refractory sample, with 75.7% readily soluble gold. 

Composite 
ID 

Head Fire Assay Au (g/t) BLEG Au (g/t) Average 
Head 
Assay 
Au (g/t) 

FA1 FA2 Average 
Au FA 

Au 
Extracted 

Au 
Residue 

Au 
Recovery 

% 

Calc 
Head 
Au 

Reefton 1 2.88 2.88 2.88 1.66 1.23 57.4% 2.89 2.89 
Reefton 2 2.54 2.52 2.53 1.06 1.57 40.3% 2.63 2.58 
Reefton 3 3.82 3.76 3.79 1.24 2.80 30.7% 4.04 3.92 
Reefton 4 3.23 3.17 3.20 0.56 2.47 18.5% 3.03 3.12 
Reefton 5 3.57 3.57 3.57 0.70 2.83 19.8% 3.53 3.55 
Reefton 6 15.80 14.90 15.35 11.38 3.65 75.7% 15.03 15.19 
Reefton 7 4.18 4.38 4.28 0.16 2.33 6.4% 2.49 3.39 

Table 5: Gold Head Assays and BLEG Results 

These results confirmed the assumptions made in the Scoping Study that the samples were partially 
refractory and a flotation stage would need to be a part of the flowsheet. 
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Flotation Tests 

Each sample was ground to a sizing of 80% passing 75 microns. 50g/t of copper sulphate was used as 
an activator and 100g/t of potassium amyl xanthate was used as a collector. No attempt was made to 
optimise these reagent additions. Four rougher concentrates were collected at intervals of 1 minute, 2 
minutes, 5 minutes and a further 5 minutes, giving a total flotation time of 13 minutes. The aim was to 
understand and provide information on: 

• how well the sulphides and gold floated;
• whether the flotation tailings would be low enough in gold to be considered as final tailings; and
• how to expand the flotation testing to produce a concentrate suitable for sale or further

downstream processing.

The rougher flotation results (Table 6) show that the Reefton samples are all amenable to flotation and 
gold can be recovered into a small concentrate weight at high gold recoveries. 13-minute rougher 
concentrates averaged 10.9% by weight and recovered, on average, 92.3% of the gold and 95.1% of the 
sulphides. Flotation tailings are generally low enough to be considered as final tailings. The higher gold 
grade of Reefton 6 tailings (1.60g/t Au) is probably the result of the high head grade and presence of free 
gold reported in the geology logs. Gravity recovery prior to flotation will likely reduce this flotation tailings 
grade. 

A composite sample of Reefton 1 to 5 was produced to give sufficient sample for cleaner flotation tests, 
gravity tests and downstream processing options. 

Sample Head 
Grade 

Rougher % 
weight 

Flotation Recovery % Tailings 

g/t Au Au S g/t Au 
Reefton 1 2.88 13.0 88.7 97.7 0.37 
Reefton 2 2.54 12.2 86.7 90.9 0.38 
Reefton 3 3.82 8.6 95.2 95.1 0.20 
Reefton 4 3.23 10.5 95.8 95.9 0.14 
Reefton 5 3.57 11.7 95.6 96.3 0.18 
Reefton 6 15.8 8.5 87.2 95.8 1.60 
Reefton 7 4.18 11.7 96.9 93.7 0.09 

Table 6: Rougher Flotation Test Results 

Results in Table 7 show recovery to the cleaner concentrate is high at 87.0% and of high grade at 68.7g/t 
Au. In a commercial flotation circuit, where the cleaner tailings are recycled to the rougher circuit, a portion 
of the gold would report to the cleaner concentrate and an overall flotation recovery of 90% could be 
anticipated. 

A sample of Reefton 7 (not treated by a Falcon concentrator) was treated by flotation to give a rougher 
concentrate for downstream processing by POX and cyanidation. Results are shown in Table 8 and the 
gold recovery to flotation concentrate is 95.4% at a grade of 33.8g/t Au. 

Product %Wt Au g/t Au Dist’n 
% 

%S S Dist’n 
% 

Cleaner 
Concentrate 

4.1 68.7 87.0 11.4 88.7 

Cleaner Tail 6.7 2.65 5.5 0.44 5.6 
Rougher Tail 89.2 0.27 7.6 0.03 5.7 

Table 7: Cleaner Test Results on Reefton 1-5 Composite 
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Product %Wt Au g/t Au Dist’n % %S S Dist’n 
% 

%SiO2 SiO2 
Dist’n % 

Rougher 
Concentrate 

7.9 33.8 95.4 6.52 92.0 45.8 5.0 

Rougher 
Tail 

92.1 0.14 4.6 0.05 5.7 69.5 91.9 

Table 8: Rougher Test Results on Reefton 7 Composite 

Gravity Tests 

A gravity test was run on each of the Reefton 1-5 composite sample, Reefton 6, and Reefton 7. A 1 kg 
sample was run through a laboratory Falcon concentrator and produced a high-grade concentrate. The 
Falcon concentrate was intensively leached (ICL) to give an indication of the free gold in the Falcon 
concentrate (referred to as soluble gold in Table 9). The insoluble gold is refractory and joins the gravity 
tailings for flotation.

Composite Falcon Concentrate Soluble 
(Free) Gold 

Insoluble 
Gold 

Falcon Tails 

%Wt g/t Au % of feed % of feed g/t Au % of feed 
Reefton 1-5 0.8 279.1 32.2 27.0 1.55 40.8 
Reefton 6 1.0 793.7 48.9 14.0 4.73 37.1 
Reefton 7 1.4 136.4 24.4 33.1 1.43 42.5 

Table 9: Gravity Test Results on Reefton Composites 

Reefton 1-5 is estimated to contain 32.2% free gold, Reefton 6, 48.9% and Reefton 7, 24.4%. These 
figures demonstrate the requirement for gravity gold recovery in the Reefton flowsheet before flotation. 

Downstream Processing 

Whilst the early Study flowsheet envisaged recovering gold by gravity, followed by making a flotation 
concentrate for sale, the laboratory testing considered the potential recovery of gold from the flotation 
concentrate.  

Two options were selected for testing based on literature studies and industry accepted applications, 
being: 

• Ultrafine grinding followed by cyanidation
• Pressure oxidation followed by cyanidation

12 kg of the Reefton 1-5 sample was floated to produce a rougher concentrate. Two 400g samples of 
rougher concentrate were treated for gold recovery. The first sample via ultra-fine grinding (UFG) followed 
by cyanidation and the second sample by pressure oxidation (POX) followed by cyanidation. A bulk 
rougher concentrate from Reefton 7 was also prepared for POX testing. 

Table 10 shows the comparison of the two downstream processing tests on the Reefton 1-5 flotation 
concentrate and the POX result for Reefton 7. The ultra-fine grind gave a gold extraction of 22.9%, and 
the POX test a 98.5% extraction of the gold in the flotation concentrate. For Reefton 7 the cyanide gold 
extraction after POX was 91.7%. These results demonstrate that the refractory gold is probably in solid 
solution and needs strong oxidation (or possibly roasting) to liberate the gold for cyanidation. 
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Composite Process Feed Grade Residue Grade Cyanide Au 
Extraction 

g/t Au g/t Au % 
Reefton 1-5 UFG 21.65 16.7 22.9 
Reefton 1-5 POX 18.24 0.27 98.5 
Reefton 7 POX 23.04 1.92 91.7 

Table 10: Downstream Processing Test Results on Reefton 1-5 and Reefton 7 

In conclusion, the Reefton samples tested responded positively to a flowsheet of gravity recovery followed 
by flotation. Flotation concentrate is high grade and suitable for sale or could be treated by pressure 
oxidation and cyanidation. Based on the testwork results gold recoveries of 90-93% could be achieved as 
shown in Table 11. 

Composite Head 
Grade 

Gravity 
Recovery 

Flotation 
Recovery 

Gravity + 
Flotation 
Recovery 

POX 
Recovery 

Gravity + Flotation + 
POX + cyanidation 

Recovery 
g/t Au % g/t Au % % % 

Alexander 
River 

5.0 40 90 94 98 93 

Big River 4.0 30 94 94 92 91 

Table 11: Gold Recovery Estimates based on 2022 Test Results 

Reefton District & Fosterville Metallurgy 

Historical production from the Reefton goldfield (pre-1950) was based on high grade quartz reef ore using 
a combination of gravity recovery, followed by roasting on the gravity tailings and cyanidation. More 
recently Oceana Gold operated the Globe Progress open pit and processed ore with a head grade of 
approximately 1.4g/t Au using flotation and sending the concentrate to their Macraes operation and 
processed with pressure oxidation. The recovery to the flotation concentrate was 87.9% and recovery 
after POX and cyanidation was 94.5%, giving an overall recovery of 82.4%1. Whilst this is lower than 
Siren’s samples it is at a considerably lower mine head grade and had little to no gravity gold. 

Blackwater ore was successfully processed at two different processing plants between 1908 and 1949. 
Records indicate that gold recovery was between 85% and 95% using a combination of gravity, flotation 
and cyanide leach processes. A Preliminary Economic Assessment considering re-opening of the 
Blackwater Mine reported ore processing would involve producing a high mass recovery gravity gold 
concentrate followed by fine gold flotation. This process was predicted to recover in excess of 97% of the 
gold into a high-grade concentrate. Intensive leaching of the concentrates and electro-winning was 
estimated to allow production of gold doré bars on site, with anticipated overall recovery in excess of 96%2. 

The Fosterville mine in Victoria has similar geology to the Reefton goldfield. The processing circuit has 
gone through a long development phase. The basic flowsheet from 2009 to 2015 involved flotation 
followed by bacterial oxidation (BIOX) to liberate gold, followed by cyanidation. From a head grade of 
4.62g/t Au the flotation gold recovery was 96.0% and the cyanidation recovery 88.5%, giving an overall 
recovery of 84.0%. In 2016 the head grade increased to 6.11g/t Au and the flotation recovery improved to 
96.6%. Post BIOX cyanidation recovery went to 92.9% and overall recovery was 88.5%. In 2017 a gravity 
circuit was added as the ore sources changed. 12.9% gold recovery was seen from the gravity circuit. The 
flotation recovery remained at 97% and the leach recovery increased to 93.6%, giving an overall recovery 
of 90.1%3. Since 2017 head grades have exceeded 20g/t Au. The similarities between Fosterville and 
Reefton support the testwork results on Reefton samples 1 to 7 and the proposed flowsheet. 

1 Technical Report for the Reefton Project 24 May 2013 Oceana Gold Limited 
2 Preliminary Economic Assessment of the Blackwater Gold Project 21 October 2014 Oceana Gold Limited 
3 Updated NI 43-101 Technical Report Fosterville Gold Mine 1 April 2019 Kirkland Lake Gold Limited  
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Sams Creek Metallurgical Samples 

A review of Sam’s Creek testwork conducted by GRD-Macraes in 2004 identified the potential for 84% 
gold recovery via whole of ore direct leach and 91% gold recovery with flotation, concentrate oxidation 
and cyanide leach. The testwork identified a promising response to flotation with 96-98% of the gold 
reporting to the concentrate at a mass pull of ~6%.  

Mineralogical, petrographic and geochemical analysis supported the testwork findings that the gold is 
finely disseminated within a sulphide matrix, predominantly arsenopyrite, galena and chalcopyrite4. A 
flowsheet similar to that proposed for Siren’s Reefton resources would therefore be applicable.  

Figure 5: Location of the Sams Creek metallurgical samples 

Sams Creek Metallurgy 

In 2004 Laboratory test work was reported by GRD-Macraes on four composite samples from Sams Creek 
diamond core (Table 12). Direct leaching, flotation and leaching of the flotation concentrate were tested. 

Sample Hole ID From 
(m) 

To (m) Gold (g/t) 

Sams Creek 1 SCDDH044 180 259 1.91 
Sams Creek 1 SCDDH044 259 318 1.38 
Sams Creek 1 SCDDH045 65 112 2.52 
Sams Creek 1 SCDDH048 190 228 3.14 

Table 12: Sams Creek composite metallurgical samples. 

4 Sams Creek Gold Project Client Data Review April 2013 Independent Metallurgical Operations Limited 


