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Mining Operations 
Mount Lyell copper mine is situated 2 km north of Queenstown, western Tasmania (Fig. 1). The high-grade, polymetallic deposit was established in 1893 and mined until 2014. The Mount Lyell Mining & Railway Company (MLMRC) operated the mine from 1893 until 1994. During this phase, mining was conducted in 10 principal open cuts and underground mines (i.e. Mount Lyell (Iron Blow) and South Lyell, North Lyell, Royall Tharsis, Lyell Comstock, Crown Lyell and Twelve West, West Lyell open cut, Razorback, Cape Horn, Prince Lyell, and Lyell Tharsis), accounting for an area of approximately 13 km2. West Lyell was the largest open cut among them (McQuade et al., 1995). In 1995, Mount Lyell was acquired by Gold Mines of Australia, which was later renamed Copper Mines of Tasmania (CMT) and taken over by Sterlite Industries in 1999. In 2014, CMT was placed on care and maintenance and has remained so to date (Australian Broadcasting Corporation, 2014). Nonetheless, mine dewatering continues. 
Total production for the field is 1.9 Mt Cu, 1.9 M Oz Au, 28 M Oz Ag from 150 Mt ore (source mine records, 2022). From 1916, the mine operation involved a concentration process that included grinding and chemical flotation (Locher, 1997).
Geology and Mineralisation 
The Mount Lyell region hosts the largest Cu deposits in the Cambrian Mt Read volcanic belt, and is considered to be a subsurface replacement style VHMS system (Supplementary Figure 1; Keith Douglas Corbett, 2001). The most economically important ore deposits in the Mount Lyell field are disseminated chalcopyrite-pyrite orebodies with alteration assemblages dominated by quartz-sericite or quartz-chlorite-sericite (i.e., Prince Lyell, Cape Horn, Lyell Comstock in part, and Western Tharsis; Walshe and Solomon, 1981). The first deposit mined, Iron Blow, consisted mostly of massive pyrite-chalcopyrite. There are also small lenses of polymetallic pyritic sphalerite-galena rich massive sulfide in the Lyell Comstock area at the northern end of the field (Seymour et al., 2006). The western Tharsis deposit consists of concentrically and vertically zoned alteration assemblages centred on the mineralisation, with a lower and central quartz-chlorite-sericite zone passing upward and outward in turn into pyritic quartz-pyrophyllite ± topaz ± fluorite ± zunyite ± woodhouseite with local bornite-bearing zones and a pyritic quartz-sericite assemblage (Huston and Kamprad, 2001). 
The highest-grade ores are in the North Lyell area and consist of coarse-grained bornite with chalcopyrite and minor pyrite in brecciated chert ± pyrophyllite ± barite ± hematite or quartz-sericite schist at or near the contact between the altered Central Volcanic Complex (CVC) and the Owen Conglomerate, which may be locally hematized (Seymour et al., 2006). Mineralisation of the Mount Lyell region is complex and drivers are debated in the literature. Solomon et al. (1987) suggested that these high-grade ores may have formed during Devonian deformation by mixing of metamorphic fluids from volcanic rocks and conglomerate. Others have proposed that the ores of the field formed in the Cambrian, synchronous with volcanism (K. D. Corbett, 2001; Huston and Kamprad, 2001). 
Waste Characteristics 
[bookmark: _Hlk101322570]The waste material discharged in the Queen River includes 95 Mt of tailings, 10 Mt of topsoil, 1.4 Mt of smelter slag and runoff from waste rock (Locher, 1997). In addition, the high rainfall of the region together with surface and underground waters percolating over the exposed surfaces of pyrite contributed to generation of AMD at the mine site, which was pumped into the Queen River. The bulk AMD originated from legacy waste piles with high pyrite concentrations (>10%), open cuts, and underground workings (McQuade et al., 1995). When mining operations temporarily ceased in 1994, it was estimated that Cu loads in the effluent water leaving the mine site were in excess of 2000 kg·day-1 (McQuade et al., 1995). 
During and after mining operations, storm flow events deposited a great amount of tailings-rich sediment along the banks of the King River and formed a delta at the confluence with Macquarie Harbour (Fig. 1). In 1992, the King River was dammed to generate hydroelectric power, which has influenced the transport, deposition, and remobilisation of tailings in the King River (Locher, 1997). Supplemental Table S-1 summarizes the events that influenced the Queen and King River regime from the start of mining operations in 1893 until its closure in 2014. 
Environmental controls and regulations were not established in the early days of operation at Mount Lyell (Koehnken, 1997). In 1973, the Environment Protection Act established emission limits for industrial discharges into fresh water in Tasmania but Mount Lyell was issued with a Ministerial Exemption in 1974. This agreement continued until the mine closed in 1994 (Koehnken, 1997). As a result, from 1916 to 1994, waste materials were discharged into Haulage Creek, feeding into the Queen River, and ultimately carried down the King River (Locher, 1997). Riverine disposal ceased in 1995 when CMT constructed the Princess Creek tailings storage facility with a forward projection to contain all the tailings generated for 60 years (McQuade et al., 1995; Koehnken, 1997). Despite not being responsible for the environmental damage caused by or resulting from previous operations, as outlined in the Copper Mines of Tasmania Pty Ltd (Agreement) Act 1999, CMT have continued to actively manage AMD from the site to the extent of their current operations (EPA Tasmania, 2013). CMT are fully compliant with the environmental management of their wastes with regards to Act 1999 and their operations have been highly regulated, operating to best practice as required by their licenses. The AMD for which CMT is currently responsible for is blended with their alkaline tailings in their tailings storage facility.
Environmental Regulations and Exemptions
Queenstown is situated in the physiographic region of Tasmania known as the Western Ranges, where a temperate maritime climate prevails and topographic highs are capped by quartzite and conglomerate units (Corbett, 1976). Many of the mountains in this region exhibit relict Quaternary glacial landforms including cirque lakes, moraines, and glacial erratics (McQuade et al., 1995). Queenstown is ≈300 m above sea level and is situated within the King River catchment. The Mount Lyell mine site straddles the divide between the Queen River and the upper King River catchments (Koehnken, 1997). 
The Queen and King Rivers flow south-westward into Macquarie Harbour (Fig. 1), which has a surface area of ≈275 km2 and is connected to the ocean by a narrow channel mouth of a few hundred meters known as Hell’s Gates (Locher, 1997). The Queen River catchment is ≈79 km2 and receives drainage from the north and west of Queenstown, as well as the town and Mount Lyell mine site. The Queen River is the only major tributary of the King River and has a steep gradient above the confluence (1:82). The King River catchment is 809 km2 with Lake Burbury capturing about 60% of the runoff of the catchment (Locher, 1997). The mean annual flow of the Queen River is 165 x 106 m3, and the King River annual flow is 1.8 × 109 m3 (Locher, 1997)(Koehnken, 1996). Figure 2 shows the main tributaries of the segment of the Queen–King River system under investigation in this study. 
Queenstown is one of the wettest locations in Tasmania with  an average annual rainfall of 2408.2 mm (Bureau of Meteorology, 2021). Summers are cool (8.2 to 20.8 °C) with mild winters (12 to 3.2 °C) and light snowfall occurring several times per year (Bureau of Meteorology, 2021). The influence of westerly winds known as the “Roaring Forties” produce west to east variations in cloudiness and rainfall across the state (McQuade et al., 1995).














[bookmark: _Ref95357133]Supplemental Table S-1. Summary of key events in the Mount Lyell region that impacted the Queen–King river system (modified after McQuade et al., 1995; Locher, 1997).
	[bookmark: _Hlk74628141]Year 
	Events 

	1893
	MLMRC was created with ore shipped to Europe for direct smelting

	1896
	First furnace for pyritic smelting commissioned in Queenstown 

	1916
	Grinding and flotation were implemented to process the ore; waste products (tailings, topsoil, smelted slag, and AMD) discharge commenced at Haulage Creek

	1992
	King River dammed to generate hydroelectric power at the Crotty Dam
	

	1994
	Mining operations ceased at Mount Lyell
	

	1995
	Mine reopened with MLMRC taken over by CMT. Riverine tailings disposal ceased after a tailings dam construction. 
	

	
	
	

	1996
	Construction of the John Butter Power Station ceased flood events in the King River due to regulated water flow for power generation
	

	2014
	CMT was placed on care and maintenance 
	

	2016
	Flooding of Prince Lyell
	



Supplemental Table S-2. Water quality measurements at the Queen and King rivers and Macquarie Harbour delta between 2008 and 2021and calculated statistics (abbreviations: HC – Haulage Creek)
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[bookmark: _Ref86445380]
Supplemental Table S-3. Recommended water quality guidelines for pH, EC, and metal(loid)s in Australia
	Water Guidelines 
	
	pH
	 
	EC (mS/cm)
	 
	Metal(loid)s (mg·L-1)

	
	
	Lower limit
	Upper limit
	
	Lower limit
	Upper limit
	
	Al
	Co
	Cu
	Fe
	Zn

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	6.5
	8
	 
	0.125
	2.2
	 
	0.08
	0.05
	0.0018
	0.2
	0.015



[bookmark: _Ref95433610]Supplemental Table S-4. Base metal(loid) measured in sediments in 2018 by pXRF in mg·kg-1and S measured by Elemental Analyser in wt% statistics (abbreviations: HC – Haulage Creek; BDL – below detection limits) 
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[bookmark: _Ref95360160]Supplemental Table S-5. Recommended sediment quality guidelines in Australia
	Sediment Guidelines 
	 
	As (mg·kg-1)
	 
	Cu (mg·kg-1)
	 
	Zn (mg·kg-1)
	 
	Pb (mg·kg-1)

	
	
	ISQG low
	ISQG high
	
	ISQG low
	ISQG high
	
	ISQG low
	ISQG high
	
	ISQG low
	ISQG high

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 
	20
	70
	 
	65
	270
	 
	200
	410
	 
	50
	220
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Supplemental Figure 1 – Geologic map of the Mount Lyell mines area (K. D. Corbett, 2001)
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[bookmark: _Ref128398034]Supplemental Figure 2. August rainfall (prior to sampling) at Queenstown for each year and correlation between rainfall X dissolved metals.
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Site Name As Cd Cu Ni Pb Zn Fe% S%
1. West Queen BDL BDL 1348.7 20.9 867.4 3567.9 12.3 0.17
2. East Queen 15.5 BDL 343.2 BDL 233.4 189.9 7.2 0.23
3. Mine Entrance 6.5 BDL 815.4 BDL 98.8 143.0 4.0 0.68
4. Queen River above H( 9.0 BDL 509.3 BDL 252.5 580.4 5.6 0.25
5. Haulage creek 31.6 BDL 931.2 BDL 96.5 263.9 61.8 2.00
6. Queen River below H 56.8 BDL 640.5 BDL 32.9 79.1 3.00
7. Austin Street 33.5 BDL 4994.9 BDL 560.0 1849.7 22.0 5.85
8. Golf club 16.1 BDL 2837.3 BDL 322.1 963.5 13.5 2.40
9. Lynchford BDL BDL 1037.2 BDL 250.2 707.0 18.3 1.30
10. King above Queen 2.6 BDL 57.9 14.3 25.8 37.8 2.2 <0.005
11. Bank D - - - - - - - -
12. Bank A 15.5 BDL 671.1 BDL 76.3 85.5 22.2 1.10
13. Delta 82.6 BDL 3695.3 BDL 90.9 238.4 31.3 20.73
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Property Site Name 2001 2006 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Min Max  Median

1. West Queen 7.1 6.0 5.6 57 6.0 5.1 6.2 7.0 6.6 4.0 4.0 7.1 6.0

2. East Queen 3.9 3.6 3.4 3.3 3.5 3.0 3.6 5.2 3.6 3.6 3.0 5.2 3.6

3. Mine Entrance 4.2 4.2 3.8 3.6 4.4 4.5 5.9 4.2 3.8 4.4 5.1 3.6 5.9 4.2

4. Queen above HC 4.8 4.1 4.1 3.5 5.2 4.6 5.9 4.5 3.9 4.5 4.6 3.5 5.9 4.5

5. Haulage Creek 3.0 3.8 2.9 2.8 2.8 2.2 2.9 2.7 3.0 2.7 2.9 2.7 2.4 2.2 3.8 2.8

6. Queen below HC 3.1 3.0 2.6 3.0 2.9 3.4 2.8 3.0 2.7 2.7 2.8 2.6 3.4 2.9

pH 7. Austin Street 3.2 3.0 2.5 3.6 2.9 2.9 2.7 3.0 3.2 3.2 3.1 2.5 3.6 3.0
8. Golf Club 3.1 3.1 2.7 3.2 2.9 2.9 2.7 2.9 3.1 3.2 3.0 27 3.2 3.0

9. Lynchford 3.3 3.2 2.7 3.0 3.0 3.1 2.7 2.9 3.1 3.5 3.0 27 3.5 3.0

10. King above Queen 6.6 5.8 57 7.6 77 7.8 6.3 6.0 8.4 6.3 57 8.4 6.5

11. Bank D 4.2 4.0 3.5 4.5 3.3 5.0 5.0 6.5 5.1 3.3 6.5 4.5

12. Bank A 4.3 4.9 4.5 3.5 4.6 4.5 4.4 4.5 5.3 3.5 5.3 4.5

13. Delta 5.4 5.2 6.3 3.4 57 4.2 5.8 6.6 6.9 3.4 6.9 5.7

1. West Queen 218 430 315 193 153 49 103 119 483 49 483 193
2. East Queen 520 540 623 500 479 421 487 298 705 298 705 500
3. Mine Entrance 457 615 650 173 344 181 367 427 291 519 173 650 397

4. Queen above HC 356 423 626 331 393 234 320 401 274 524 234 626 375
5. Haulage Creek 479 602 599 480 526 401 395 397 474 395 602 479

6. Queen below HC 484 552 602 485 526 412 408 400 260 644 260 644 485

Eh (mV) 7. Austin Street 484 620 464 472 526 414 412 411 462 662 411 662 468
8. Golf Club 475 492 469 524 522 422 433 423 432 676 422 676 472

9. Lynchford 496 507 597 496 490 438 467 449 409 699 409 699 493
10. King above Queen 287 385 343 325 196 213 188 167 503 167 503 287

11. Bank D 345 441 324 503 213 256 172 461 172 503 335
12. Bank A 340 327 307 518 262 287 277 230 435 230 518 307

13. Delta 205 260 316 344 163 303 176 211 336 163 344 260
1. West Queen 0.08 0.04 0.09 0.13 0.08 0.12 0.09 0.07 0.03 0.12 0.03 0.13 0.09
2. East Queen 0.22 0.15 0.28 0.31 0.25 0.21 0.25 0.21 0.09 0.23 0.09 0.31 0.23
3. Mine Entrance 0.14 0.09 0.14 0.43 0.26 0.10 0.13 0.12 0.13 0.05 0.13 0.05 0.43 0.13
4. Queen above HC 0.29 0.20 0.44 0.43 0.19 0.13 0.14 0.20 0.18 0.05 0.11 0.05 0.44 0.19

5. Haulage Creek 5.0 4.4 6.6 4.1 5.4 2.5 7.5 7.4 4.7 0.91 0.9 7.5 4.9

6. Queen below HC 2.5 2.0 4.7 2.7 3.1 1.5 4.2 3.8 4.3 0.66 4.0 0.7 4.7 3.1

EC (mS/cm) 7. Austin Street 1.8 1.4 2.6 1.2 2.4 0.81 3.8 2.9 1.3 0.26 1.8 0.26 3.8 1.8
8. Golf Club 1.7 1.3 2.5 1.2 1.9 0.72 3.6 2.7 1.1 0.27 1.6 0.27 3.6 1.6

9. Lynchford 1.0 0.84 1.2 1.4 1.7 0.35 1.8 1.9 0.16 0.21 1.1 0.16 1.9 1.1
10. King above Queen 0.06 0.05 0.07 0.22 0.09 0.06 0.08 0.08 0.05 0.06 0.05 0.22 0.07
11. Bank D 0.18 0.23 0.32 0.10 0.58 0.05 0.12 0.04 0.08 0.04 0.58 0.12

12. Bank A 0.18 0.10 0.18 0.57 0.06 0.28 0.11 0.08 0.07 0.06 0.57 0.11

13. Delta 1.2 4.5 6.8 2.0 0.02 0.31 11.1 4.0 4.0 0.02 11.1 4.0





image2.png
Property Site Name 2001 2006 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Min Max  Median

1. West Queen 0.41 0.17 0.09 0.15 0.13 0.13 0.10 0.08 0.14 0.08 0.14 0.20 0.11 0.08 0.41 0.13
2. East Queen 2.9 2.5 1.5 1.3 2.3 2.5 2.8 2.8 23 2.2 2.1 1.1 2.2 1.1 2.9 2.3
3. Mine Entrance 0.90 0.35 0.63 1.3 1.4 2.4 1.6 0.83 0.14 1.2 1.2 0.51 0.71 0.14 2.4 0.9
4. Queen above HC 2.6 1.4 1.8 0.39 0.62 0.49 1.8 4.2 0.72 1.2 0.13 0.98 1.2 0.47 0.75 0.13 4.2 1.0
5. Haulage Creek 163.6 171.6 181.5 101.4 1333 1374 1543 1052 167.3 98.4 129.8 1252 93.2 69.6 82.0 69.6 181.5 1298
6. Queen below HC 76.1 77.5 64.0 33.2 63.1 72.0 103.5 55.2 78.1 49.3 50.0 48.5 81.9 33.6 45.6 33.2 103.5 63.1

Al (mg.l") 7. Austin Street 40.6 11.3 21.4 49.1 52.9 16.0 53.2 20.2 45.6 43.8 16.9 6.4 25.5 6.4 53.2 25.5
8. Golf Club 68.2 37.0 9.7 17.3 37.8 44.3 16.4 40.4 15.0 38.2 37.2 13.4 5.8 20.9 5.8 68.2 28.9
9. Lynchford 16.2 6.5 11.3 18.8 19.2 19.5 29.7 5.4 19.8 19.8 7.1 3.7 12.1 37 29.7 16.2
10. King above Queen 0.39 0.60 0.12 0.16 0.17 0.19 0.12 0.12 0.17 0.53 0.19 0.21 0.12 0.12 0.60 0.17
11. Bank D 0.84 1.7 1.1 0.89 2.8 3.7 0.53 6.0 0.42 0.40 0.40 6.0 1.0
12. Bank A 2.6 1.9 0.69 0.54 0.56 4.0 0.76 6.0 0.34 0.36 0.41 0.06 0.35 0.06 6.0 0.56
13. Delta 0.74 0.52 1.9 2.7 0.27 0.06 2.3 0.03 0.45 0.16 0.05 0.03 2.7 0.45
1. West Queen 13.0 0.00 0.03 0.70 0.00 0.21 0.00 0.00 0.96 1.3 0.00 0.46 0.00 0.00 13.0 0.03
2. East Queen 1.0 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.00 0.00 1.0 0.00
3. Mine Entrance 0.00 0.00 0.81 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.81 0.00
4. Queen above HC 0.00 71.0 11.0 0.38 0.39 0.00 0.16 0.78 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.00 71.0 0.00
5. Haulage Creek 0.00 0.00 84.7 13.0 3.1 11.0 10.5 2.1 2.0 2.3 9.7 3.0 0.00 11.5 5.5 0.00 84.7 3.1
6. Queen below HC 0.00 0.00 77.0 4.4 3.7 57 3.9 0.00 0.00 0.00 2.0 0.29 0.00 4.5 10.1 0.00 77.0 2.0

As (ug.l") 7. Austin Street 0.00 0.00 0.12 1.2 2.1 1.8 0.00 1.2 0.92 0.00 0.01 0.00 0.00 0.72 0.00 2.1 0.1
8. Golf Club 0.00 178.2 0.07 0.33 0.52 0.16 0.00 0.34 0.00 4.2 0.00 0.00 0.48 0.00 0.00 178.2 0.1
9. Lynchford 0.00 8.8 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.81 0.00 0.00 0.00 0.00 8.8 0.00
10. King above Queen 0.00 3.3 0.00 0.60 0.00 0.00 0.79 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.00 3.3 0.00
11. Bank D 1.0 0.00 0.53 0.41 0.00 0.69 0.00 0.31 0.00 0.00 0.47 0.00 0.00 1.0 0.2
12. Bank A 7.0 0.00 0.00 0.39 0.19 0.00 0.73 0.00 0.00 0.00 0.00 0.00 0.77 0.00 7.0 0.00
13. Delta 187.0 0.00 0.21 0.25 0.00 0.00 0.00 2.1 0.88 0.00 0.00 0.00 187.0 0.00
1. West Queen 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.15 0.03 0.00 0.00 0.00 0.00 0.1 0.00
2. East Queen 0.00 0.00 0.50 0.48 0.40 1.2 0.43 0.79 0.94 1.6 0.25 0.30 1.2 0.00 1.6 0.5
3. Mine Entrance 0.00 0.00 0.01 0.37 0.29 0.69 0.70 0.21 0.59 0.31 0.84 0.15 0.00 1.3 0.00 1.3 0.3
4. Queen above HC 0.00 0.00 0.00 0.23 0.23 0.10 0.77 0.52 0.34 0.50 0.00 0.75 0.09 0.00 0.06 0.00 0.8 0.1
5. Haulage Creek 48.4 51.0 30.8 17.9 29.1 30.0 37.6 18.7 25.4 7.7 10.1 10.9 6.4 3.0 4.8 3.0 51.0 18.7
6. Queen below HC 18.7 18.0 12.1 57 14.4 15.7 26.5 8.3 10.6 2.7 4.3 4.5 5.5 1.4 1.9 1.4 26.5 8.3

Cd (Mg.L'') 7. Austin Street 0.00 9.9 1.7 4.8 10.4 12.8 2.8 8.9 1.7 4.8 4.1 0.54 0.37 1.8 0.00 12.8 3.4
8. Golf Club 14.0 8.8 1.5 4.1 7.9 10.6 3.4 5.8 1.6 4.3 3.5 0.00 0.20 1.2 0.00 14.0 3.8
9. Lynchford 0.00 0.00 0.94 27 0.16 3.4 3.4 4.9 0.09 2.1 2.0 0.19 0.06 0.31 0.00 4.9 0.6
10. King above Queen 0.00 0.00 0.00 0.00 0.65 0.00 0.00 0.06 0.10 0.09 0.00 0.00 0.00 0.00 0.6 0.00
11. Bank D 0.00 3.3 0.00 0.08 0.21 0.43 0.00 0.73 0.00 0.00 0.00 0.00 3.3 0.00
12. Bank A 1.0 2.2 0.00 0.08 4.1 0.73 0.00 1.1 0.15 0.02 0.00 0.00 0.00 0.00 4.1 0.1
13. Delta 3.0 0.00 0.25 0.59 0.03 0.00 0.22 0.00 0.02 0.00 0.39 0.00 3.0 0.03





image3.png
Property Site Name 2001 2006 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Min Max  Median
1. West Queen 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.01 0.00
2. East Queen 0.03 0.02 0.02 0.01 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.03 0.02
3. Mine Entrance 0.01 0.00 0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.02 0.01
4. Queen above HC 0.03 0.02 0.01 0.01 0.01 0.02 0.02 0.03 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.03 0.01
5. Haulage Creek 2.6 3.3 2.2 1.6 2.1 2.2 3.0 1.8 2.3 0.80 27 2.2 1.5 0.54 1.0 0.5 3.3 2.2
6. Queen below HC 1.1 1.1 0.76 0.52 0.99 1.2 2.0 0.91 1.1 0.42 1.1 0.83 1.4 0.31 0.57 0.3 2.0 1.0
Co (mg.L") 7. Austin Street 0.50 0.17 0.33 0.80 1.1 0.26 0.73 0.17 1.0 0.75 0.29 0.06 0.34 0.06 1.1 0.3
8. Golf Club 0.98 0.48 0.15 0.29 0.59 0.92 0.25 0.54 0.13 0.80 0.61 0.23 0.06 0.27 0.06 1.0 0.4
9. Lynchford 0.20 0.10 0.19 0.30 0.30 0.33 0.44 0.05 0.42 0.34 0.09 0.04 0.16 0.04 0.4 0.2
10. King above Queen 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.0 0.00 0.01 0.00
11. Bank D 0.02 0.01 0.02 0.01 0.04 0.06 0.01 0.09 0.01 0.0 0.00 0.09 0.01
12. Bank A 0.03 0.02 0.01 0.01 0.01 0.06 0.01 0.08 0.00 0.01 0.01 0.00 0.0 0.00 0.08 0.01
13. Delta 0.01 0.01 0.1 0.04 0.02 0.01 0.08 0.01 0.01 0.00 0.01 0.00 0.1 0.01
1. West Queen 0.04 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.04 0.01
2. East Queen 0.56 0.56 0.67 0.40 0.56 0.94 0.69 0.77 0.75 0.65 0.60 0.29 0.63 0.3 0.9 0.6
3. Mine Entrance 0.38 0.17 0.19 0.32 0.49 0.61 0.45 0.30 0.16 0.35 0.32 0.12 0.20 0.1 0.6 0.3
4. Queen above HC 0.42 0.31 0.55 0.18 0.18 0.23 0.65 1.1 0.42 0.43 0.13 0.36 0.34 0.11 0.28 0.1 1.1 0.3
5. Haulage Creek 59.4 61.1 70.4 70.9 28.5 35.1 47.0 61.1 26.5 33.8 257 14.9 13.8 11.4 14.8 12.8 11.4 70.9 31.2
6. Queen below HC 24.5 23.0 23.9 9.7 16.1 24.7 42.7 13.6 15.3 12.5 6.3 5.5 10.5 7.0 7.4 5.5 42.7 13.6
Cu (mg.L_]) 7. Austin Street 15.2 3.7 5.9 16.9 23.4 4.1 10.8 57 5.6 5.0 2.3 1.3 4.3 1.3 23.4 5.6
8. Golf Club 19.7 14.3 3.1 4.8 12.8 19.4 4.0 8.3 4.2 4.5 4.1 1.8 1.1 3.5 1.1 19.7 4.4
9. Lynchford 5.9 2.1 3.1 6.6 7.0 4.6 6.1 1.5 2.6 2.4 1.2 0.66 1.9 0.7 7.0 2.6
10. King above Queen 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.02 0.01
11. Bank D 0.15 0.45 0.35 0.22 0.96 1.4 0.13 1.2 0.07 0.05 0.1 1.4 0.3
12. Bank A 0.61 0.52 0.23 0.14 0.21 1.4 0.26 1.2 0.08 0.05 0.05 0.02 0.04 0.02 1.4 0.2
13. Delta 0.08 0.19 0.69 0.97 0.14 0.09 0.68 0.01 0.07 0.04 0.02 0.01 1.0 0.1
1. West Queen 0.12 0.28 0.07 0.17 0.26 0.25 0.33 0.46 0.32 0.43 0.18 0.26 0.36 0.1 0.5 0.3
2. East Queen 4.6 5.4 3.9 2.2 3.5 2.5 4.1 3.7 3.5 2.8 3.4 1.9 2.6 1.9 5.4 3.5
3. Mine Entrance 2.8 0.78 1.1 1.7 1.9 3.6 2.2 1.4 2.0 1.4 1.6 0.80 1.1 0.8 3.6 1.6
4. Queen above HC 4.1 27 5.0 0.84 1.5 1.0 3.3 5.1 1.7 1.8 1.5 1.2 1.7 0.70 0.69 0.7 5.1 1.7
5. Haulage Creek 496.0 6140 753.0 759.0 4053 450.1 436.3 693.7 5317 670.1 219.6 12024 901.3 7720 1956 5749 1956 12024 594.4
6. Queen below HC 2320 223.0 251.0 138. 235.4 2258 4443 2657 2777 84.4 4749 334.0 6749 1138 3113 84.4 674.9  251.0
Fe (mg.L") 7. Austin Street 161.0 40.1 73.5 145.1 212.9 69.4 170.7 22.6 420.4 299.5 1307 17.7 165.2 17.7 420.4  145.1
8. Golf Club 169.0 135.0 31.6 53.6 102.7 166.4 58.1 105.7 13.3 3224 211. 96.1 22.9 116.6 13.3 3224 104.2
9. Lynchford 49.1 19.2 29.4 41.3 39.0 61.1 79.1 3.1 145.3 82.6 28.6 15.8 52.3 3.1 145.3 41.3
10. King above Queen 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.1 0.2 0.3 0.4 0.2 0.1 0.1 0.4 0.2
11. Bank D 2.9 3.8 2.8 2.0 2.7 8.2 1.1 8.7 1.9 1.4 1.1 8.7 2.7
12. Bank A 2.2 3.6 2.2 1.5 1.0 8.7 1.7 9.1 0.4 0.9 2.2 0.2 0.9 0.2 9.1 1.7
13. Delta 0.02 1.4 102.4 6.7 1.3 0.5 50.1 4.3 1.7 0.9 0.2 0.0 102.4 1.4





image4.png
Property Site Name 2001 2006 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Min Max  Median
1. West Queen 0.00 2.0 0.00 0.00 0.02 0.00 1.7 3.5 0.00 0.94 0.15 2.4 0.00 0.00 3.5 0.02
2. East Queen 15.0 12.0 5.8 5.0 9.1 15.3 11.4 14.9 5.9 10.7 8.3 10.0 13.1 5.0 15.3 10.7
3. Mine Entrance 0.00 14.0 1.5 3.2 5.8 14.6 12.6 13.9 77 5.0 6.1 8.4 3.5 4.7 0.00 14.6 5.9
4. Queen above HC 11.0 4.0 5.0 1.8 2.3 4.8 9.6 15.2 15.9 6.0 0.15 6.1 3.0 2.4 2.8 0.1 15.9 4.8
5. Haulage Creek 443.3 546.0 358.0 264.1 363.5 3829 468.8 323.2 4329 2154 4368 3699 272.1 133.2 2131 133.2 546.0 363.5
6. Queen below HC 199.1 197.0 106.0 89.3 173.9 209.1 299.3 169.8 1958 107.8 1722 1550 2224 727 117.2 727 299.3 172.2
Ni (Mg.L") 7. Austin Street 0.0 85.0 28.7 51.1 140.7 1407 56.5 140.2 47.3 172.6 133.3 49.3 16.3 69.2 0.00 172.6 62.8
8. Golf Club 166.0 78.0 25.3 40.7 107.1 109.8 47.4 100.7 337 1226 1153 36.8 18.5 51.6 18.5 166.0 64.8
9. Lynchford 0.00 37.0 17.1 247 1.4 22.2 557 73.5 14.2 61.4 61.6 22.2 9.0 28.8 0.00 73.5 23.5
10. King above Queen 2.0 0.00 0.00 0.53 7.8 20.8 2.9 5.0 0.00 0.00 2.3 0.00 0.56 0.00 0.00 20.8 0.5
11. Bank D 3.0 6.0 3.2 3.0 2.2 17.7 1.0 6.4 0.00 0.00 1.2 0.00 0.00 17.7 2.6
12. Bank A 6.0 6.0 2.6 1.9 553 13.3 55 9.5 27 6.6 2.9 0.00 0.00 0.00 553 5.5
13. Delta 2.0 2.6 6.0 0.00 4.4 0.00 7.5 0.00 3.4 3.5 0.00 0.00 7.5 2.6
1. West Queen 0.00 34.8 0.29 1.5 0.68 0.75 1.1 0.60 0.96 0.89 0.76 1.8 0.32 0.00 34.8 0.8
2. East Queen 18.0 14.4 6.2 6.5 4.7 10.5 7.2 8.5 77 8.8 11.0 6.3 6.6 4.7 18.0 7.7
3. Mine Entrance 0.00 30.0 1.9 77 2.9 5.1 8.5 4.4 2.9 1.1 3.3 3.4 2.9 2.2 0.00 30.0 3.1
4. Queen above HC 0.00 11.0 0.00 1.6 2.9 0.53 57 9.6 1.7 3.6 0.71 3.0 6.1 2.5 2.0 0.0 11.0 2.5
5. Haulage Creek 99.0 1450 160.8 57.6 59.2 86.9 116.4 69.0 67.6 737 46.5 49.0 60.0 27.1 39.0 27.1 160.8 67.6
6. Queen below HC 36.3 47.0 87.6 20.7 34.7 58.1 79.8 34.4 31.2 26.7 21.7 18.6 374 14.2 20.9 14.2 87.6 34.4
Pb (Ug.L') 7. Austin Street 0.00 75.6 1.1 18.4 323 42.3 14.9 23.0 15.2 17.9 18.9 11.0 5.9 14.5 0.00 75.6 16.5
8. Golf Club 44.0 96.0 7.6 18.7 25.0 36.6 16.0 18.7 16.6 15.2 14.6 8.8 5.6 11.4 5.6 96.0 16.3
9. Lynchford 0.0 75.6 6.2 8.4 1.0 14.6 14.6 12.9 4.0 8.5 8.6 8.9 3.1 6.9 0.00 75.6 8.5
10. King above Queen 10.0 3.6 0.87 5.8 2.4 1.0 0.74 0.44 0.60 2.0 0.76 1.4 0.43 0.4 10.0 1.0
11. Bank D 9.0 46.8 0.43 0.71 0.77 3.2 0.66 3.4 0.00 0.53 0.17 0.00 46.8 0.7
12. Bank A 17.0 62.4 0.52 1.4 13.6 3.9 2.5 3.6 0.67 0.52 0.00 0.77 0.40 0.00 62.4 1.4
13. Delta 21.0 0.0 0.40 1.9 0.35 0.00 2.8 0.80 0.62 0.16 0.22 0.00 21.0 0.4
1. West Queen 0.03 0.04 0.06 0.05 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.1 0.01
2. East Queen 0.24 0.29 0.22 0.22 0.17 0.36 0.16 0.28 0.30 0.24 0.19 0.10 0.30 0.1 0.4 0.2
3. Mine Entrance 0.18 0.12 0.17 0.10 0.20 0.13 0.18 0.13 0.09 0.22 0.11 0.04 0.11 0.04 0.2 0.1
4. Queen above HC 0.23 0.18 0.23 0.09 0.16 0.12 0.23 0.21 0.17 0.15 0.11 0.26 0.13 0.04 0.13 0.04 0.3 0.2
5. Haulage Creek 7.2 10.7 11.5 9.4 5.8 10.2 10.4 12.6 8.3 13.7 6.7 7.6 7.1 5.2 1.9 3.7 1.9 13.7 7.9
6. Queen below HC 4.6 4.0 3.2 2.0 4.9 5.5 8.5 4.3 6.3 3.2 3.2 2.8 4.7 1.0 2.0 1.0 8.5 4.0
Zn (mg.l') 7. Austin Street 2.3 0.7 1.7 3.8 4.6 1.2 4.5 1.5 2.8 2.5 1.0 0.20 1.2 0.2 4.6 1.7
8. Golf Club 3.4 2.1 0.65 1.5 2.8 3.8 1.2 3.4 1.2 2.4 2.1 0.80 0.23 1.0 0.2 3.8 1.8
9. Lynchford 0.92 0.47 0.96 1.5 1.4 1.5 2.4 0.45 2.4 1.1 0.42 0.15 0.64 0.1 2.4 1.0
10. King above Queen 0.03 0.03 0.05 0.04 0.01 0.01 0.01 0.01 0.01 1.3 0.06 0.00 0.01 0.00 1.3 0.01
11. Bank D 0.06 0.15 0.14 0.13 0.21 0.27 0.05 0.47 0.03 0.02 0.02 0.5 0.1
12. Bank A 0.31 0.14 0.12 0.05 0.06 0.32 0.08 0.46 0.06 0.16 0.04 0.00 0.02 0.00 0.5 0.1
13. Delta 0.17 0.14 0.25 0.26 0.07 0.07 0.23 0.00 0.19 0.02 0.01 0.00 0.3 0.1





image5.png
Property Site Name 2001 2006 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Min Max  Median
1. West Queen 0.2 0.4 1.0 0.1 0.2 0.3 1.0 0.07 0.1 1.0 0.3
2. East Queen 1.3 0.6 3.0 1.3 0.5 1.5 4.2 0.4 0.4 4.2 1.3
3. Mine Entrance 1.2 0.6 1.0 0.5 0.5 0.6 5.8 0.5 5.8 0.6
4. Queen above HC 0.7 0.5 0.7 0.3 0.5 0.4 1.8 0.3 1.8 0.5
5. Haulage Creek 1.1 0.6 1.1 1.4 0.2 0.5 0.2 1.4 0.8
Flow rate 6. Queen below HC 0.3 0.4 0.6 0.5 0.6 0.4 0.3 0.6 0.4
R 7. Austin Street 0.5 1.0 1.1 1.0 1.4 1.2 0.7 0.8 0.5 1.4 1.0
(ms) 8. Golf Club 1.4 0.5 2.5 1.5 0.9 2.1 0.7 0.5 2.5 1.4
9. Lynchford 0.3 0.5 0.3 0.7 0.4 0.4 0.3 0.7 0.4
10. King above Queen 1.4 0.3 0.5 0.9 0.3 0.2 0.2 1.4 0.4
11.Bank D 0.2 0.3 0.2 0.3 0.2
12. Bank A 0.2 0.3 0.2 0.3 0.2
13. Delta 0.0
1. West Queen 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00
2. East Queen 6.3 0.7 4.6 0.8 0.5 1.3 4.0 0.2 0.2 6.3 1.0
3. Mine Entrance 2.6 0.8 4.3 1.5 0.7 1.8 2.4 0.7 4.3 1.8
4. Queen above HC 1.1 0.8 2.7 0.6 0.4 0.9 0.00 0.00 2.7 0.8
5. Haulage Creek 85.6 138.1 376.2  424.0 57.3 88.8 57.3 424.0 1135
Mass Load Co 6. Queen below HC 71.3 182.6 146.5 95.8 144.7 70.1 70.1 182.6 120.3
(kg.dayrl) 7. Austin Street 92.1 162.8 87.5 87.2 83.1 57.4 5.6 10.1 5.6 162.8 85.1
8. Golf Club 95.6 59.1 111.4 53.5 125.4 41.2 5.6 5.6 125.4 59.1
9. Lynchford 31.8 0.0 58.1 96.8 11.9 0.00 0.00 96.8 21.9
10. King above Queen 0.55 0.08 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.6 0.00
11. Bank D 0.00 0.00 0.00 0.00 0.00 0.00
12. Bank A 0.00 12.4 0.00 0.00 12.4 0.00
13. Delta 0.00 0.00 0.00 0.00
1. West Queen 0.02 0.07 0.38 0.02 0.04 0.14 0.19 0.00 0.00 0.4 0.1
2. East Queen 146.8 257 152.4 28.2 17.5 47.8 300.0 14.6 14.6 300.0 38.0
3. Mine Entrance 56.6 27.5 146.2 43.4 21.6 60.2 213.8 0.00 0.00 213.8 50.0
4. Queen above HC 16.8 22.5 106.5 14.8 1.7 32.3 0.00 0.00 0.00 106.5 15.8
5. Haulage Creek 1840.2 2775.5 5469.3 6260.6 356.1 673.8 0.00 0.00 6260.6 1840.2
Mass Load Cu 6. Queen below HC 1520.0 3823.1 2204.2 1390.1 963.7 5385 0.00 0.00 3823.1 1390.1
(kg.dayr]) 7. Austin Street 1949.6 3485.6 1376.3 1282.0 550.3 459.1 358.4 344.2 344.2 3485.6 916.1
8. Golf Club 2068.3 1242.2 1773.8 825.0 8258 319.0 258.0 0.00 0.00 2068.3 8254
9. Lynchford 709.6 0.00 809.1 13234 85.0 0.00 0.00 0.00 1323.4 85.0
10. King above Queen 25.1 3.0 3.0 0.92 0.00 0.00 0.00 1.4 0.00 25.1 1.2
11. Bank D 0.00 0.00 239.8 0.00 239.8 0.0
12. Bank A 0.00 86.4 432.7 0.00 432.7 86.4
13. Delta 0.00 0.00 0.00 0.00 0.00






Supplementary Information 


 


Mining Operations 


 


Mount Lyell copper mine is situated 2 km north of Queenstown, 


w


estern Tasmania (


Fig


.


 


1


). The high


-


grade, polymetallic deposit was established in 1893 and mined until 2014. The Mount Lyell Mining & Railway 


Company (MLMRC) operated the mine from 1893 until 1994. During this phase,


 


mining was conducted in 10 


principal open cuts and underground mines (


i.e.


 


Mount Lyell (Iron Blow) and South Lyell, North Lyell, Royall 


Tharsis, Lyell Comstock, Crown Lyell and Twelve West, West Lyell open cut, Razorback, Cape Horn, Prince 


Lyell


,


 


and Lyel


l Tharsis)


,


 


accounting for an area of approximately 13 km


2


. West Lyell was the largest open 


cut among them 


(McQuade et al., 1995)


. In 1995, Mount Lyell was acquired by Gold Mines of Aus


tralia, 


which was later renamed Copper Mines of Tasmania (CMT) and taken over by Sterlite Industries in 1999. In 


2014, CMT was placed on care and maintenance and has remained so to date 


(Australian Broadcasting 


Corporation, 2014)


. Nonetheless


,


 


mine dewatering continues. 


 


Total production for the field is 1.9 Mt Cu, 1.9 M Oz Au, 28 M Oz Ag from 150 Mt ore (source mine 


records, 


2022). From 1916


,


 


the mine operation involved a concentration process that included grinding and 


chemical flotation 


(Locher, 1997)


.


 


Geology and Mineralisation 


 


The Mount Lyell region hosts the largest Cu deposits in the Cambrian Mt Read 


v


olcanic belt, and is 


considered to be a subsurface replacement style VHMS system 


(Supplementary Figure 1; Keith Douglas 


Corbett, 2001)


. The most economically important ore deposits in the Mount Lyell field are disseminated 


chalcopyrite


-


pyrite orebodies with alteration assemblages dominated by quartz


-


sericite o


r quartz


-


chlorite


-


sericite 


(i.e., Prince Lyell, Cape Horn, Lyell Comstock in part, and Western Tharsis; Walshe and Solomon, 


1981)


. The first deposit mined, 


Iron Blow, consisted mostly of massive pyrite


-


chalcopyrite. There are also 


small lenses of polymetallic pyritic sphalerite


-


galena rich massive sulfide in the Lyell Comstock area at the 


northern end of the field 


(Seymour et al., 2006)


. The 


w


estern Tharsis deposit co


nsists of concentrically and 


vertically zoned alteration assemblages centred on the mineralisation, with a lower and central quartz


-


chlorite


-


sericite zone passing upward and outward in turn into pyritic quartz


-


pyrophyllite ± topaz ± fluorite ± zunyite 


± wo


odhouseite with local bornite


-


bearing zones and a pyritic quartz


-


sericite assemblage 


(Huston and 


Kamprad, 2001)


. 


 


The highest


-


grade ores are in the North Lyell area and consist of coarse


-


grained bornite with 


chalcopyrite and minor pyrite in brecciated chert ± pyrophyllite ± barite ± hema


tite or quartz


-


sericite schist at 


or near the contact between the altered Central Volcanic Complex (CVC) and the Owen Conglomerate, which 


may be locally hemati


z


ed 


(Seymour et al., 2006)


. Mineralisation of the Mount Lyell region is complex and 


drivers are debated in


 


the literature. 


Solomon et al. (1987)


 


suggested that these high


-


grade ores may have 


formed during Devonian deformation by mixing of metamorphic fluids from volcanic rocks and conglomerate. 


Others have proposed that the ores of the field formed in the Cambrian


,


 


synchronous with volcanism 


(K. D. 


Corbett, 2001; Huston and Kamprad, 2001)


. 


 


Waste Characteristics 


 


The waste material discharged in the Queen River includes 95 Mt of tailings, 10 Mt of topsoil, 1.4 Mt 


of smel


ter slag and runoff from waste rock 


(Locher, 1997)


. In addition, the high rainfall of the region together 


with surface and underground waters percolating over 


the 


exposed sur


faces of pyrite contributed to generation 


of AMD 


at


 


the mine site, which w


as


 


pumped into the Queen River. The bulk AMD originated from legacy 


waste piles with high pyrite concentration


s


 


(>10%), open cuts


,


 


and underground workings 


(McQuade et al., 


1995)


. When mi


ning operations temporarily ceased in 1994


,


 


it was estimated that Cu loads in the effluent 


water leaving the mine site were in excess of 2000 kg


·


day


-


1


 


(McQuade et al., 1995)


. 


 


During an


d after min


ing


 


operations, storm flow events deposited 


a great amount of


 


tailings


-


rich 


sediment along the banks of the King River and formed a delta at the confluence with Macquarie Harbour 


(


Fig


.


 


1


). In 1992, the King River was dammed to generate hydroelectric power


,


 


which has influenced the 


transport, deposition


,


 


and remobilisation of tailings in the King River 


(Locher, 1997)


. 


Supplementa


l


 


Table 


S


-


1


 


summari


z


es 


the 


events that influenced the Queen and King River regime from the start of min


ing


 


operations 




Supplementary Information    Mining Operations    Mount Lyell copper mine is situated 2 km north of Queenstown,  w estern Tasmania ( Fig .   1 ). The high - grade, polymetallic deposit was established in 1893 and mined until 2014. The Mount Lyell Mining & Railway  Company (MLMRC) operated the mine from 1893 until 1994. During this phase,   mining was conducted in 10  principal open cuts and underground mines ( i.e.   Mount Lyell (Iron Blow) and South Lyell, North Lyell, Royall  Tharsis, Lyell Comstock, Crown Lyell and Twelve West, West Lyell open cut, Razorback, Cape Horn, Prince  Lyell ,   and Lyel l Tharsis) ,   accounting for an area of approximately 13 km 2 . West Lyell was the largest open  cut among them  (McQuade et al., 1995) . In 1995, Mount Lyell was acquired by Gold Mines of Aus tralia,  which was later renamed Copper Mines of Tasmania (CMT) and taken over by Sterlite Industries in 1999. In  2014, CMT was placed on care and maintenance and has remained so to date  (Australian Broadcasting  Corporation, 2014) . Nonetheless ,   mine dewatering continues.    Total production for the field is 1.9 Mt Cu, 1.9 M Oz Au, 28 M Oz Ag from 150 Mt ore (source mine  records,  2022). From 1916 ,   the mine operation involved a concentration process that included grinding and  chemical flotation  (Locher, 1997) .   Geology and Mineralisation    The Mount Lyell region hosts the largest Cu deposits in the Cambrian Mt Read  v olcanic belt, and is  considered to be a subsurface replacement style VHMS system  (Supplementary Figure 1; Keith Douglas  Corbett, 2001) . The most economically important ore deposits in the Mount Lyell field are disseminated  chalcopyrite - pyrite orebodies with alteration assemblages dominated by quartz - sericite o r quartz - chlorite - sericite  (i.e., Prince Lyell, Cape Horn, Lyell Comstock in part, and Western Tharsis; Walshe and Solomon,  1981) . The first deposit mined,  Iron Blow, consisted mostly of massive pyrite - chalcopyrite. There are also  small lenses of polymetallic pyritic sphalerite - galena rich massive sulfide in the Lyell Comstock area at the  northern end of the field  (Seymour et al., 2006) . The  w estern Tharsis deposit co nsists of concentrically and  vertically zoned alteration assemblages centred on the mineralisation, with a lower and central quartz - chlorite - sericite zone passing upward and outward in turn into pyritic quartz - pyrophyllite ± topaz ± fluorite ± zunyite  ± wo odhouseite with local bornite - bearing zones and a pyritic quartz - sericite assemblage  (Huston and  Kamprad, 2001) .    The highest - grade ores are in the North Lyell area and consist of coarse - grained bornite with  chalcopyrite and minor pyrite in brecciated chert ± pyrophyllite ± barite ± hema tite or quartz - sericite schist at  or near the contact between the altered Central Volcanic Complex (CVC) and the Owen Conglomerate, which  may be locally hemati z ed  (Seymour et al., 2006) . Mineralisation of the Mount Lyell region is complex and  drivers are debated in   the literature.  Solomon et al. (1987)   suggested that these high - grade ores may have  formed during Devonian deformation by mixing of metamorphic fluids from volcanic rocks and conglomerate.  Others have proposed that the ores of the field formed in the Cambrian ,   synchronous with volcanism  (K. D.  Corbett, 2001; Huston and Kamprad, 2001) .    Waste Characteristics    The waste material discharged in the Queen River includes 95 Mt of tailings, 10 Mt of topsoil, 1.4 Mt  of smel ter slag and runoff from waste rock  (Locher, 1997) . In addition, the high rainfall of the region together  with surface and underground waters percolating over  the  exposed sur faces of pyrite contributed to generation  of AMD  at   the mine site, which w as   pumped into the Queen River. The bulk AMD originated from legacy  waste piles with high pyrite concentration s   (>10%), open cuts ,   and underground workings  (McQuade et al.,  1995) . When mi ning operations temporarily ceased in 1994 ,   it was estimated that Cu loads in the effluent  water leaving the mine site were in excess of 2000 kg · day - 1   (McQuade et al., 1995) .    During an d after min ing   operations, storm flow events deposited  a great amount of   tailings - rich  sediment along the banks of the King River and formed a delta at the confluence with Macquarie Harbour  ( Fig .   1 ). In 1992, the King River was dammed to generate hydroelectric power ,   which has influenced the  transport, deposition ,   and remobilisation of tailings in the King River  (Locher, 1997) .  Supplementa l   Table  S - 1   summari z es  the  events that influenced the Queen and King River regime from the start of min ing   operations 

