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Executive Summary
This study applies the principles of lead (Pb) isotope tracing to: (1) quantify the ore deposit Pb found in dusts and soils on the Anvil Range Mine site (ARM), (2) to identify and quantify the amounts of airborne Pb in dust from the ARM and from long-range Pb sources, in locations on and off the mine site using exposed moss bags, and (3) to determine whether ARM tailings from a historic spill could be identified in floodplain soils of Anvil Creek below the mine.
ARM ores, from the three deposits of Faro, Grum and Vangorda, have average Pb isotope compositions which are readily distinguishable from other potential Pb sources on-site including Yukon shales and natural dusts, and long-range airborne industrial contamination from Canada, Eurasia and the United States. However, the three deposits themselves have relatively similar and overlapping compositions which make distinguishing the individual deposit contributions difficult.  Dusts and soils on the ARM appear to be predominantly a mixture of Faro and Grum ores, but with a distinct group of locations (Haul Road, Guard House Road, Grum pit waste rock and part of the Faro pit waste rock) showing evidence of significant mixing of these ores with non-orebody host rocks (ARM ore comprised on average 61-89% of total Pb). Canal Dyke Road samples appear to be composed entirely of local shales and/or other non-ore rocks. Vangorda ore was not unequivocally detected anywhere, suggesting that any of this ore remaining on-site was thoroughly mixed either with ore from the other two deposits, or with host rock.  
Moss bag sampling indicated that airborne Pb, both on the ARM and at reference/Faro town sites, came predominantly from a subset of the ARM dust/soil samples, specifically those with compositions most like unadultered Faro-Grum ores and therefore probably of highest Pb concentration (soil/dust Pb concentration data were not available for this study). A subtle yet definite seasonality in moss Pb concentrations and isotopic composition occurred both at reference and ARM moss sampling sites, with a tendency towards higher concentrations and isotope ratios during late winter and spring (although there were inconsistencies to this general pattern).  The seasonality in ARM moss isotope data is consistent with inputs of slightly more Faro Pb and less Grum Pb in the air during winter, as well as substantially higher amounts of total airborne dust from the ARM, than during summer and fall.  Somewhat higher isotope ratios which were outside the range of ARM soils and dusts (208Pb/206Pb > 2.088), and which were associated with low Pb concentrations, were recorded in a few reference/town moss samples during early winter and spring.  Source tracing indicated that these deviations were due to the introduction of relatively small amounts (less than 10% of total Pb) of long-range industrial Pb into the area, most probably from Canadian and possibly Eurasian sources. This long-range industrial Pb had no discernible impact on moss isotope composition on the ARM, with one exception (Anvil Ck. site M27, in spring).
Anvil Creek floodplain soils located 7 – 18 km upstream from the Pelly River were clearly contaminated in their surface layers by ARM-derived Pb, which is estimated to comprise 65-90% of total Pb at these locations.  At the site just above the Peely River inflow and furtherest downstream from the ARM, however, the situation is unclear and additional sampling and analysis would be necessary to resolve the uncertainty.

Introduction

The Anvil Range Mine (ARM) Complex in the Yukon, including the Faro, Grum and Vangorda lead/zinc ore deposits, has existed since 1968/69 under various owners (ARMC – Terrestrial Effects Study Design Phase II Report, Gartner Lee Ltd., June 2005). Since 1998, the property has been in receivership and operated in a care and maintenance state. In January 2003, the federal and Yukon governments recognized that the mine was not economically viable, and committed to jointly develop a Final Closure and Reclamation Plan for the site, in conjunction with local First Nations.  
One of the identified information needs prior to development of the Plan was to identify and quantify the extent of metal contamination both on and off the site. The possibility of off-site dispersal of ore tailings and concentrate in windblown dusts, and a historic tailings spill into Anvil Creek which drains the site, and has led to a need to define the spatial distribution of elevated metal concentrations on and around the ARM, and particularly to distinguish local “background” metal levels from those resulting from the ARM.  Because lead (Pb) is a metal of general toxicological concern and a major component of the ARM ores, and because Pb is naturally present in all rocks and soils as well as in the Yukon atmosphere due to long-range airborne industrial contamination (Simonetti et al. 2003), the knowledge need is particularly acute in the case of Pb dispersal from the ARM.
The Type II Mines Office, jointly managed by the federal and Yukon governments, initiated in September 2005 a formal request to the Geological Survey of Canada for scientific assistance in fulfilling this knowledge gap. A formal Letter of Agreement governing this work was signed off in early Novemeber 2005.  Dr Peter Outridge was identified as the expert advisor, on the basis of his experience in Pb isotope tracing of pollution sources.  Isotopic tracing has had wide-spread success in distinguishing leads from different sources in environmental media, although in some settings the approach is less successful mainly owing to the different source isotope signatures being poorly characterized or too similar to be distinguished reliably within the limits of analytical precision (Sangster et al 2000).
This report is concerned with answering the following questions related to the ARM: (1) Can ore deposit leads be clearly identified and quantified in dusts and soils on the Anvil Range mine site? (2), Can the sources of Pb from the ARM and from long-range Pb sources be distinguished and quantified in airborne dust at locations on and off the mine site, using exposed moss bags? and (3), Can Pb isotope tracing determine whether ARM tailings from a historic spill are present in floodplain soils of Anvil Creek below the mine?

Lead Isotopes as Tracers of Environmental Pb Sources
The proportions of Pb isotopes in ore deposits and in environmental Pb vary systematically because the three main Pb isotopes – 206Pb, 207Pb and 208Pb – are the final products of a radioactive decay sequence from thorium and uranium isotopes (Sangster et al. 2000). Therefore the ratios of these isotopes against each other and against 204Pb vary according to the original Pb, Th and U concentrations in the geological source reservoirs (mantle or crustal rock), the original Pb isotope composition, and time.  204Pb is not  produced from radioactive decay, and thus the total mass of 204Pb on the Earth has remained constant since planetary origin. Thus, Pb isotope ratios, while not unique in a global sense, are often sufficiently characteristic in a given setting, to provide a reliable means of distinguishing leads from different sources. Once separated from their source reservoirs, and from contact with Th and U, the Pb isotope ratios remain constant as no new isotope mass is being produced.

From an environmental Pb tracing perspective, a major advantage to working with this element is the fact that the isotope ratios of individual Pb atoms do not change as a result of any known environmental processes (biological, chemical, or physical) (Sangster et al. 2000). However, the Pb isotopic ratios in bulk environmental samples may change as a result of the mixing of leads from different sources. When this occurs, and when the original historical or “local” Pb isotopic signature is known, the isotopic shift can be interpreted with simple arithmetic proportions to determine the likely isotopic signature of the newly introduced Pb source. This approach works best when only two or at most three Pb sources are in play; more than three, it is increasingly difficult to separate out the constituent leads that are mixed in the environmental sample.  
Sampling and Isotopic Analytical Methods

Samples of ARM soils and dusts, moss from exposed moss bags, and Anvil Creek floodplain soils were supplied to Outridge by Gartner Lee Ltd. either from previous sampling for airborne metal concentration studies as part of the Terrestrial Effects Study, or during dedicated field collection trips.  Soils and dusts were collected in November 2005 in sterile, clean, screw-capped Falcon ® centrifuge tubes (Fisher Scientific), which have been previously found to be suitable for ultra-trace metal work.  The samples, including moss, were shipped to Dr. Brian Cousens, Dept of Earth Science, Carleton University, Ottawa, for Pb isotope determination.  The following text concerning analytical methodology was supplied by Dr Cousens.

All sample handling, dissolution, and column chemistry were performed in Class 1000 high-efficiency particle attenuation (HEPA) laboratory rooms with Class 100 fume hoods. Duplicate samples of selected soil and moss were processed to obtain a measure of analytical precision, and duplicates of Bone Ash Standard Reference Material (National Institutes for Standards and Technology (NIST), USA) were processed (in a blind test) to determine inter-laboratory comparability.  Information (non-certified) Pb isotope values from the literature and from unpublished analyses performed by other laboratories are available for this SRM.

Sample Dissolution:  

Solids:  Approximately 100 mg of provided sample was crushed in an agate mortar and pestle. The powders were placed in a Savillex TEFLON screw-cap container and attacked with 7N HNO3 to dissolve sulphide minerals; the acid was dried down at 125oC.  The sample material was then dissolved in 50% HF - 12N HNO3, then attacked with 8N HNO3 and finally 6N HCl.  The residue was taken up in 1N HBr for Pb column chemistry.

Mosses:  Between 200 and 300 mg of moss was placed in a Savillex TEFLON screw-cap vial.  Between 5 and 10 mL of 7N HNO3 was added to the Savillex vial, completely submerging the moss material, and the sample was placed uncapped on a hotplate at 125oC to dry down the acid.  This procedure was repeated three times.  The partially digested moss was then submerged in HNO3, and the sample was left capped on a hotplate overnight.  In the morning, the ~ 90% dissolved sample was centrifuged; the clear acid was pipetted into a clean Savillex vial and was dried down at 125oC.  The dry residue was then dissolved in 1N HBr for Pb column chemistry.

Pb Separation:  

Lead was separated from the digest solution in Bio-Rad 10-ml polyethylene columns and Dowex AG1-8X anion resin, using 1N HBR to elute other elements and subsequently 6N HCl to elute Pb. The collected Pb solution was dried, redissolved in 1N HBr, and the above procedure was repeated with a small volume resin bed.  

Total procedural blanks for Pb were < 400 picograms, based on two blank analyses performed during this project. Although Pb concentrations were not available, the signal intensities obtained on the mass spectrometer strongly support the assertion that the blank values were very small relative to the amount of Pb processed from samples, and the blanks are thus insignificant.  

Pb Isotope Analysis:
Isotopic composition of samples was determined by thermal ionization mass spectrometry (TIMS). Samples were loaded onto single Re filaments with H3PO4 and silica gel, and were run at filament temperatures of 1175-1225oC on a ThermoFinnigan TRITON T1 mass spectrometer. All spectrometer runs were corrected for fractionation using certified values for NIST SRM#981 Common Lead Isotopic Standard.  The average ratios measured for SRM981 were 206Pb/204Pb = 16.892 + 0.010, 207Pb/204Pb = 15.432 + 0.013, and 208Pb/204Pb = 36.512 + 0.038 (2 S.D.), based on 15 runs between May 2005 and November 2005.  The fractionation correction, based on the accepted values of Todt et al. (1984), was +0.127%/amu.  
Results and Discussion
Quality Assurance and Control
Analyses of duplicate samples of NIST 1400 Bone Ash standard reference material, done in a blind test, showed good agreement with previous analysis of this material (see file “FaroAllData.xls”, sheet “SRMs”), especially with the only published data for this material as provided by the Geological Survey of Canada geochronology laboratories (see Hinners et al. 1998, Lab. “C”). Agreement was to within at least four significant figures for all ratios measured.  One set of duplicate subsamples taken from the same vial of soil, and two sets of duplicate subsamples of moss, also showed excellent internal agreement, to within four or five significant figures.  Some of the replicate vials of soils from some sites displayed isotopic differences which were greater than analytical precision, which suggests a certain degree of heterogeneity within these sites, however, the differences were not large enough to alter the conclusions of the study.   
Ore Pb in ARM Dusts and Soils:
Lead isotope ratios for ore samples from Faro, Grum and Vangorda deposits analysed by Godwin and Sinclair (1982), and the mean + S.D. summary values, are plotted in Fig. 1. Both 204Pb- and 206Pb-based ratios are plotted at this stage, because the moss Pb data are later presented only in terms of 206Pb. Inclusion of the 207Pb/204Pb data did not change the interpretations and conclusions of the study, and so these are not plotted (see file “Faro_alldata.xls” for a complete data listing of all samples). Grum Pb is slightly more radiogenic (higher 204Pb ratios) than Faro and Vangorda, which are not easily distinguishable from each other. As Sangster et al (2000) emphasized, few ore deposits in the world have been systematically sampled for within-deposit isotopic variation, and thus the published data may not fully represent the amount of variation in the deposits. The Grum deposit in particular appears to be more variable than the others, with a single outlying high value suggesting that this deposit was not adequately sampled by Godwin and Sinclair’s (1982) study with respect to characterization of isotopic variation.

In the context of all possible known sources of Pb that may impact the ARM site, however, the three ore deposits are readily distinguished from long-range, airborne industrial and regional, natural sources (Fig. 2).  The closest values to those of the ARM ores are from epiphytic lichens in the Yukon (Simonetti et al. 2003), which appear to contain a mixture of Canadian, American and possibly Eurasian airborne Pb.  The greatest difficulty in the present study concerns identification of the isotopic signature of the local, natural Pb contained in host rocks around the ARM.  Godwin and Sinclair (1982) supplied an average value for Yukon shales (see Fig. 2), however, this is somewhat different from the Pb isotope value determined in Yukon (Carcross area) caribou teeth dating from 1,000 to 6,500 years ago (Outridge, Roach, Farnell, unpublished data), which probably represents a natural airborne Pb signal derived from local soils and dusts. Two ARM soil samples, from the Canal Dyke Road, lie between the shale and Holocene airborne values (Fig. 3), suggesting that there was negligible ore Pb present at that site, and this may provide the best estimate available of the isotopic composition of surrounding host rock. In any case, these natural Pb values occur in a group diametrically different to those of Canadian and Eurasian industrial sources. There is no evidence that long-range industrial Pb from any source has impacted the ARM dust and soil values. 

Upon closer inspection of the 204Pb data (Fig. 4), it is seen that the isotopic composition of most ARM dusts and soils overlap to varying degrees with the Faro and Grum ore deposits and occur in two distinct groupings. Mixed Group 1 (Haul Road, Guard House Road, Grum pit waste rock and part of the Faro pit waste rock sites) show evidence of significant mixing of leads from ARM ores and from non-orebody host rocks.  The degree of mixing from these two sources can be calculated using an arithmetic ratio between the end-member isotopic values. By assigning the average of the Canal Dyke Road values as the best estimate of the local host rocks (i.e. 0% ore Pb), and the average of Faro pit waste rock 1 and 2, Vangorda pit waste rock, the Second and Intermediate tailings, and Mill House samples as the best estimate of an “integrated” or “average” ARM ore value (i.e. 100% ore Pb), it can be calculated that 61 - 89% of the total Pb in Group 1 samples was derived from ARM ores (Table 1). These estimates are somewhat sensitive to the selection of different values for the end-members, but the range of estimated proportions of ore Pb will not vary by more than a few percent from the values given in Table 1. Mixed Group 2 appears to be comprised of virtually 100% ARM Pb, but with different proportions of Faro and Grum (and possibly Vangorda) ores. In particular, the samples taken from Intermediate tailings 2, Vangorda pit waste rock, Emergency tailings area, and the Original tailings impoundment, may reflect varying amounts of the Pb represented by the single high Grum ore value discussed above, mixed with other leads with an “integrated” ARM signature. Incorporation of relatively large amounts of the Grum ore represented by the single outlier sample, which was elevated in 208Pb compared to other ARM ores, may explain why the isotopic values for ARM soil and dusts in Mixed Group 1 lie above the mean values for the Faro and Grum deposits, rather than in between them (see Fig. 4).
Sources of Pb in Mosses
Owing to low Pb concentrations, 204Pb-based data could not be determined reliably in a minority of the moss samples; therefore 206Pb-based ratios were employed to interpret a consistent and complete dataset. As far as could be determined, the conclusions of the study are unaltered by using 206Pb data. The full isotope data for mosses, including available 204Pb ratios, are presented in the file “Faro_alldata.xls”. 
Moss Pb isotope data from all seasons are presented separately for the reference/township sampling sites and for the ARM sites (Fig. 5). Because moss accumulate Pb solely from the air, with no contribution from the substrate, these data are taken to reflect airborne dust Pb. In both areas, the majority of moss samples contained Pb with isotopic signatures (208Pb/206Pb in the range 2.085 - 2.088) consistent with most of the Mixed Group 2 of ARM dusts and soils, indicated by the red rectangle in Fig. 5. Although Pb concentration data for ARM soils were not available for this study, the “integrated” ARM soil signature probably corresponds to soils and dusts with very high Pb concentrations. Thus, the most contaminated soils and dusts on the ARM appear to contribute most significantly to moss Pb levels both on the ARM and at reference and township sites.

The highest Pb levels in mosses were recorded at ARM sites M18, M25, M29, and M30, with concentrations up to two orders of magnitude above those at reference/town sites, and their 208Pb/206Pb values fell within this range or just outside it.  Most of the Mixed Group 1 soils/dusts (with 208Pb/206Pb < 2.085), which were ore material adulterated with host rock, did not appear to contribute to airborne Pb except in a few cases either on the ARM or at reference sites.  The moss isotopic values were also distinctly different from Yukon lichens (Simonetti et al 2003), suggesting that different atmospheric sources were impacting Yukon lichens in general and ARM and reference/township mosses.  Plots of Pb concentrations against isotope ratios for reference/town and ARM mosses (Fig. 6) revealed that isotopic variation was greatest at lower concentrations in both areas, but probably for different reasons. High isotope ratios (208Pb/206Pb > 2.089) associated with low Pb concentrations (< 1.0 (g/g DW) at reference/township sites appear to reflect the accumulation by the moss of small amounts of long-range atmospheric Pb from Canadian and possibly Eurasian industrial sources (see the 2-source mixing line, Fig. 5). This is also the likely cause of the single ARM moss sample with 208Pb/206Pb > 2.089, which was sampled in spring at site M27 in the Anvil Creek valley. Because the moss contained some pre-existing Pb when they were placed on site (mean 0.5 (g/g, D. Skinner, pers. comm.), and they were collected in the Yukon about 100 km from Faro, it can not be reliably determined whether this long-range Pb was accumulated before or after being exposed on site. However, given the relatively short time span of exposure, the long-range Pb likely was accumulated before the moss were used in this study. In a few ARM mosses, relatively low Pb concentrations (< 2.5 (g/g DW) were associated with isotope values like those of the Mixed Group 1 soils. 
There appeared to be a distinct seasonality in Pb concentrations and isotopic composition of moss, both on the ARM and at reference and township sites (Figs. 7 and 8). However, owing to differences in the amount of time mosses at different seasons were exposed on site, it is difficult to completely resolve the seasonal pattern.  Early and late winter mosses were exposed for 20 and 30 weeks, respectively, compared to 10 weeks for fall, spring and summer mosses (D. Skinner pers. comm.).  Adjustment of the mean and median moss Pb concentrations for exposure time revealed that airborne Pb concentrations were several times higher in fall and summer than at other times, at reference and ARM sites. This seasonality was more pronounced at ARM sites.  

In the samples analysed for Pb isotopes, the early and late winter samples give isotopic and concentrations values which are integrated over longer periods than fall, spring and summer mosses.  In these samples, concentrations and isotope ratios were generally lower in summer and fall compared to winter and spring, especially at reference and township sites. In ARM mosses, the isotope variations were smaller, and could be explained by seasonally varying (lower in winter/spring) amounts of ARM dusts and soils with predominantly ore Pb isotopic values. At reference sites, greater isotopic variation occurred, however, based on the degree of deviation of moss isotope values along the 2-source mixing line (see Fig. 5), in no case did the long-range Pb account for more than 10% of total Pb in moss. Thus, ARM soils and dusts comprised at least 90% of airborne Pb even at township and reference sites.
Lead in Anvil Creek Floodplain Soils
 ARM Pb was clearly evident at the three floodplain soil test sites along Anvil Creek closest to the ARM, i.e. between 7 and 18 km upstream from the Pelly River (Fig. 9). These Pb-contaminated surface soils had isotopic compositions identical to those in the mixed ore-shale group (Group 2) of ARM dusts and soils. One possible explanation for this result is that the Mixed Group 2 soils were the main on-site source of the tailings and sediment washed in the Creek during the spill. More likely, however, the floosplain soils reflect a mixture of ARM ore Pb and soil/sediment Pb derived from elsewhere in the catchment; ore Pb is estimated to comprise 65-90% of total Pb in these floodplain soils based on the ore-shale mixing calculations presented above. At the last site downstream, 0.5 km from the Pelly River, the situation is less clear. Soils at 1.8 m depth (Test pit #2) contain relatively low Pb concentrations compared to those upstream, and had a composition similar to the Canal Dyke Road, suggesting negligible amounts of ARM ore. However, at 0.6 m depth (Test pit #1), soil Pb isotope composition is intermediate between the lower horizon value and ARM ore values, despite Pb concentrations being even lower than in the lower horizon. Further sampling upstream of this site, comprising soil cores sampled at different depths, would be necessary to definitively constrain the impact of ARM tailings on soils in this area.
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Table 1.   Estimation of the proportion of Anvil Mine ore Pb in dust and soil samples taken from the study site.  

(The isotope values corresponding to different locations are plotted in Figure 4 (see abbreviated ID list for the symbols employed). The proportion of ore Pb in each sample was estimated by assuming a linear mixing line between 2 end-members: the mean host rock Pb and the mean ore Pb isotope values, and by using 206/204 and 208/204 data. Mean host rock values were taken to be the average of those in Canal Dyke Road soil (“Cr”), and mean ore Pb values were averaged over Faro pit waste rock 1 and 2, Vangorda pit waste rock, the second and intermediate tailings, and Mill House samples. Some proportions, in terms of individual ratios, exceeded 100% or were less than 0% because of variations of isotopic composition within the above end-member groups; these proportions were set to 100% and 0% respectively, when the averages were calculated - see the final right-hand column).  

	Sample ID 
	Location
	206/204
	
	208/204
	
	% ore Pb
	
	% ore Pb
	
	Average

	(abbreviated)
	
	
	
	
	
	(206/204)
	
	(208/204)
	
	% ore Pb

	S1
	Second tailings impoundment
	18.379
	
	38.344
	
	102
	
	107
	
	100

	I1
	Intermediate tailings impoundment
	18.385
	
	38.369
	
	101
	
	104
	
	100

	F1
	Faro pit waste rock (Replicate)
	18.386
	
	38.380
	
	101
	
	102
	
	100

	F1
	Faro pit waste rock
	18.387
	
	38.384
	
	101
	
	101
	
	100

	V
	Vangorda pit waste rock (Replicate)
	18.390
	
	38.381
	
	100
	
	102
	
	100

	S2
	Second tailings impoundment
	18.390
	
	38.393
	
	100
	
	100
	
	100

	F2
	Faro pit waste rock (Replicate)
	18.392
	
	38.386
	
	100
	
	101
	
	100

	F2
	Faro pit waste rock
	18.395
	
	38.397
	
	100
	
	99
	
	100

	MH
	Mill House
	18.401
	
	38.405
	
	99
	
	98
	
	99

	O2
	Original tailings impoundment
	18.401
	
	38.434
	
	99
	
	94
	
	97

	O1
	Original tailings impoundment
	18.404
	
	38.467
	
	98
	
	89
	
	94

	MH
	Mill House (Replicate)
	18.406
	
	38.420
	
	98
	
	96
	
	97

	E
	Emergency tailings area (Replicate)
	18.411
	
	38.422
	
	97
	
	96
	
	97

	E
	Emergency tailings area
	18.417
	
	38.455
	
	97
	
	91
	
	94

	V
	Vangorda pit waste rock
	18.417
	
	38.492
	
	97
	
	86
	
	91

	I1
	Intermediate tailings impoundment
	18.428
	
	38.546
	
	95
	
	78
	
	86

	F3
	Faro pit waste rock (Replicate)
	18.470
	
	38.489
	
	89
	
	86
	
	87

	G1
	Grum pit waste rock
	18.483
	
	38.452
	
	87
	
	92
	
	89

	Hr1
	Haul Road (Replicate)
	18.490
	
	38.476
	
	86
	
	88
	
	87

	G1
	Grum pit waste rock (Replicate)
	18.504
	
	38.577
	
	84
	
	73
	
	79

	F3
	Faro pit waste rock
	18.506
	
	38.616
	
	84
	
	68
	
	76

	Hr1
	Haul Road
	18.510
	
	38.517
	
	83
	
	82
	
	83

	G2
	Grum pit waste rock
	18.521
	
	38.578
	
	81
	
	73
	
	77

	F4
	Faro pit waste rock
	18.544
	
	38.545
	
	78
	
	78
	
	78

	G2
	Grum pit waste rock (Replicate)
	18.548
	
	38.578
	
	78
	
	73
	
	75

	Hr2
	Haul Road
	18.580
	
	38.598
	
	73
	
	70
	
	72

	F4
	Faro pit waste rock (Replicate)
	18.584
	
	38.642
	
	72
	
	64
	
	68

	Gr
	Guard House Road
	18.587
	
	38.619
	
	72
	
	67
	
	70

	Hr2
	Haul Road (Replicate)
	18.603
	
	38.609
	
	70
	
	69
	
	69

	Gr
	Guard House Road (Replicate)
	18.631
	
	38.687
	
	66
	
	57
	
	61

	Cr
	Canal Dyke Road (Replicate)
	19.048
	
	39.059
	
	5
	
	3
	
	0

	Cr
	Canal Dyke Road
	19.120
	
	39.103
	
	-5
	
	-3
	
	0

	
	
	
	
	
	
	
	
	
	
	

	Mean Host Rock Pb
	
	19.083
	
	39.081
	
	
	
	
	
	

	Mean Ore Pb
	
	18.393
	
	38.394
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