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MEMORANDUM 

 
TO:  Sandy Sveinson 

Gold City Industries Ltd. 
                          
FROM:  Andrea Samuels and Peri Mehling      
 
DATE:  January 19, 2005  
 
PROJECT: Lexington Project  
 
RE:   Geochemical Characterization of Waste Rock – 
  Pre- Bulk Sample Analytical Program 
 
 
    
1.0 INTRODUCTION 
 
Gold City Industries Ltd. (Gold City) has submitted a permit application to the Ministry of Energy 
and Mines (MEM) for a 10,000 tonne bulk sample of ore from the Lexington Property.  The 
following technical memorandum provides a compilation and interpretation of data generated 
from the geochemical testing program conducted to characterize waste rock that will be 
produced during excavation the bulk sample. This waste rock characterization is a follow-up to 
the memorandum entitled “Bulk Sample Waste Rock Monitoring Program and Preliminary 
Material Management Plan”, (Mehling, December 8, 2003) as required by MEM for Gold City’s 
bulk sample application.  The results provide a preliminary assessment of the potential for waste 
rock to generate ARD and will be used to guide waste rock management practices and update 
the material management plan. 
 
2.0 BACKGROUND 
 
Gold City’s current mine plan anticipates that approximately 4,700 tonnes of waste rock will be 
produced along with the 10,000 tonne bulk sample.  New waste rock generated during 
development for the bulk sample will not be added to the existing waste rock dump.  Gold City 
proposes to truck new waste from the portal entrance to an area 300 m to the southeast (further 
away from Goosmus Creek) where it will be placed on relatively level ground underlain by 
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serpentinite bedrock with a shallow soil cover.  The local serpentinite bedrock has been 
previously characterized as acid consuming and containing carbonate minerals.  Gold City has 
indicated there is no water flowing through the disposal site and that the City of Paris access 
road is expected to divert surface water run-off away from the proposed waste dump. 
 
3.0 GEOLOGY 
 
The main zone orebody consists of at least five separate ore lenses (labelled A through E) 
hosted within massive to foliated porphyritic dacitic extrusive rock.  The ore zone is located 
immediately above the structural contact of the dacite with a lower serpentinite unit.  The dacite 
is extensively hydrothermally altered to quartz, feldspar, and sericite or chlorite.  The 
serpentinite is variably altered to serpentine, talc and carbonate.  Carbonate present throughout 
the serpentinite is especially concentrated in areas of talc alteration. 
 
Mineralization in the main zone consists of 5 to 20% sulphide minerals by volume, characterized 
by pyrite, chalcopyrite and locally, the non-sulphide mineral, magnetite.  The mineralized zones 
dip less than 30 degrees to the east-northeast and range from 40 to 80 meters in strike length 
by 40 to 80 meters in width and have mineable thicknesses of 2.0 to 15.0 meters.  The 
proposed 10,000 tonne bulk sample would be extracted from Lens C.  Mineralization occurs as 
semi conformable massive sulfide veins, stockwork veinlets and disseminations. The dacite-
based ore mineralization also has a minor carbonate component, identified in core as principally 
calcite with minor ankerite (Gold City, 2003).   
 
 
4.0 SAMPLING AND GEOCHEMICAL TESTING 
 
A total of eight waste rock samples were collected by Gold City from drill core, representative of 
the small volume of developmental waste material associated with extraction of the 10,000 
tonne bulk sample.  All eight samples were located near mineralized zones A and B.  Drill core 
sample selection and compositing is provided in Table 1.  Geological descriptions of the drill 
core sections are provided in Attachment A.  All eight drill core samples were submitted to 
Canadian Environmental and Metallurgical Inc. (CEMI) laboratories in Vancouver for acid-base 
accounting (ABA) analyses (including paste pH, total sulphur, sulphate sulphur, Standard Sobek 
NP (Sobek et al., 1978), and total inorganic carbon) and head ICP metal analyses after aqua 
regia digestion.  A subset of 2 samples was submitted for peroxide siderite correction for the 
Sobek Method (Skousen et. al., 1997), NAG tests (Miller et al., 1997) and metal analyses by 
atomic absorption (AA) for selenium (Se) and mercury (Hg).  Four of the samples were 
submitted to Harris Exploration Services in North Vancouver for petrographic examination of 
polished thin sections (also provided in Attachment A). 
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In addition, one waste rock grab sample was collected by Gold City from a pull-back stockpile of 
serpentinite material located at the Grenoble portal entry in order to determine the material’s 
suitability as a cover for the existing waste rock dump.  The sample was submitted to CEMI for 
acid-base accounting (ABA), head ICP, siderite correction, and NAG tests on both the whole 
sample and the less than 2 mm fraction, and a 3:1 extraction test on the less than 2mm fraction. 
 
Two waste rock samples (consisting of the less than 10 cm fraction) were also collected by Gold 
City from the bottom of a 23m long by 0.3 to 0.5m wide trench in the existing waste rock dump, 
as shown in the photos provided in Attachment B.  Visual estimates of grainsize by Gold City 
suggested that the less than 10 cm fraction contributed approximately 65% of the total material 
in the existing dump.  The two samples were submitted to CEMI for acid-base accounting 
(ABA), head ICP, siderite correction, NAG tests and 1:1 extraction tests, all on the less than 2 
mm fraction of the samples.  ABA and head ICP analyses were also conducted on the greater 
than 2 mm fraction of the samples. 
 
5.0 RESULTS 
 
5.1 Drill Core 
 
5.1.1 Mineralogy 
 
Four drill core samples were submitted for petrographic analysis with special reference to ARD 
potential.  Detailed mineralogical descriptions provided by Harris Exploration are provided in 
Attachment A and correlate to the drill core ABA samples as follows:   
 
 Sample E 5770: ABA-HWB-01  Hole 03GCD-01 hanging wall to B zone 
 Sample E 5771: ABA-HWA-01  Hole 03GCD-01 hanging wall to A zone 
 Sample E 5773: ABA-HWB-02  Hole 03GCD-02 hanging wall to B zone 
 Sample E 5776: ABA-HWA-03  Hole 03GCD-03 hanging wall to A zone 
 
All four samples were described as modified felsic volcanics or pyroclastics.  They all had 
similar basic lithology with varied proportions of intimate, fine-grained intergrowths of sericite, 
quartz and plagioclase, and minor amounts of carbonate, chlorite and rutile.  Reactions with 
dilute hydrochloric acid indicated that a substantial portion of the carbonate was calcite.  
Sulphides occurred in all four samples as pyrite (holocrystalline) with minor accessory 
chalcopyrite.  The typically more reactive forms of pyrite (such as coloform pyrite, marcasite or 
pyrrhotite) were not present. 
 
Samples ABA-HWB-01, ABA-HWB-02 and ABA-HWA-03 were estimated to contain 2-5% 
sulphides occurring as fine-grained disseminations and/or thin veniform concentrations.  These 
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samples also contained 2 to 6% carbonate associated with veniform concentrations as an 
interstitial/cementing component. 
  
Sample ABA-HWA-01 was much more strongly mineralized with about 55% pyrite and 5% 
chalcopyrite, appearing as a 2.5 cm band of massive sulphide flanked by sericitic/quartzitic host 
rock.    About 7% carbonate was present, intimately intergrown with the sulphides as an 
interstitial component. 
 
The close association of carbonates with the sulphides in all these samples may reduce the 
effective reactivity of the sulphides. 
 
5.1.2 Acid-Base Accounting 
 
Acid-base accounting results for the drill core samples are provided in Table 2.   
 
Test results were fairly consistent among the eight samples.  Results show high total sulphur 
values, averaging 3.95% with a range from 2.75% to 5.81%, and therefore high total acid 
potential (TAP), averaging 123.5 t CaC03/1000 t, with a range from 85.9 t CaC03/1000 t to 181.6 
t CaC03/1000 t.  Sulphate sulphur values were negligible, an indication that sulphide sulphur, 
seen as pyrite and chalcopyrite in petrographic analyses, is the dominant form of sulphur.  The 
petrographic estimates of mineralogical constituents were not always consistent with the 
analytical results.  For example, sample ABA-HWA-01 was estimated as containing 55% pyrite 
in petrographic examination, but was analyzed as containing only 2.75 % total sulphur, and 
sample ABA-HWB-01 was identified as containing 4% pyrite while analyzed with 5.02% total 
sulphur.  Typically 4% pyrite (by weight) is equivalent to about 2.14% total sulphur.  The 
inconsistency between analytical results and descriptions of thin sections may indicate:  
 

• Sub-samples selected for petrographic examination were unrepresentative of the overall 
sample average, 

• High variability within each sample, with sulphides being concentrated in veins and/or 
stringers. 

 
Paste pH values were alkaline ranging from 8.4 to 9.2.  Neutralization potential (NP) ranged 
from 56.9 t CaC03/1000t to 90.0 t CaC03/1000t indicating a substantial amount of buffering 
capacity.  A moderate fizz rating was noted for all eight waste rock samples, consistent with the 
presence of calcite.  Carbonate NP was consistently lower (about 80%) than the Sobek NP 
values, suggesting some neutralization from sources other than carbonate minerals.  
Petrographic examination identified calcite as the primary buffering mineral but some 
neutralization may be provided by less reactive plagioclase and/or sericite (aluminosilicate 
minerals).  Siderite-corrected NP values were slightly higher than Standard Sobek NP values 
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(Table 3) suggesting that Standard NP analyses conducted by CEMI were conservative and did 
not overestimate NP as a result of potential iron carbonates (minor ankerite) in the samples. 
 
All eight samples had negative net neutralization potential (NNP) values ranging from -9.7 t 
CaC03/1000t to -121.6 t CaC03/1000t, and neutralization potential to acid potential ratios (NPR) 
less than 1.0.  The results indicate that 100% of the waste rock in close proximity to mineralized 
zones A and B would be classified as potentially acid generating (PAG) based on MEM’s NPR  
classification criteria of 2.0 for separating PAG from non-PAG (or NPAG) waste rock at the 
Lexington site (MEMPR, 1995).   
 
Acid generation from the anticipated 4,700 tonnes of waste rock associated with removal of the 
bulk sample would likely be delayed due to the presence of significant buffering capacity (NP) in 
the form of calcite.  The fresh drill core samples displayed alkaline paste pH values and the 
sulphides appear to be relatively slow to react, as evidenced by the existing waste rock pile, 
which has remained relatively inactive and alkaline despite several years of surface exposure. 
However, mitigation measures will be necessary to manage the potential future onset of acidic 
conditions. 
 
The static test results show higher acid generating potential than previously anticipated, with 
100% waste rock classified as PAG compared to 60% waste rock classified as PAG in a 
previous ARD assessment (Mehling, 1997) (Figure 1).  This discrepancy is likely due to a 
difference in waste rock sample locations.   All eight drill core samples from the current program 
represent waste rock in immediate proximity to mineralized zones A and B which will be 
removed during bulk sampling.  Drill core samples from the previous program (Mehling, 1997) 
were representative of waste rock from decline development, typically at a greater distance from 
the ore deposit.  A general trend of increasing sulphide content with proximity to the ore deposit 
was noted at that time. 
 
5.1.3 NAG Test 
 
The NAG test is a simple and rapid procedure often used to identify the potential for a material 
to produce acid.  Generic criteria established by Miller (2001) indicate that a sample can be 
classified as potentially acid generating (PAG) when it has a positive net acid producing 
potential (i.e. a negative NNP) and a final NAG pH less than 4.5, can be classified as not 
potentially acid generating (NPAG) when it has a positive NNP value and a NAG pH greater 
than 4.5, or can be classified as uncertain. 
 
NAG (Net Acid Generation) results for the two drill core samples are presented in Table 4.  The 
relationship between NAG pH and NNP is presented in Figure 2. 
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Based on generic NAG criteria, sample HWB-04 was classified as PAG with a NAG pH less 
than 4.5 (NAG pH 3.09) and a negative NNP value of -26.3 t CaC03/1000t.  This is consistent 
with its PAG classification based on its NPR ration of 0.4, relative to MEM’s suggested site 
criteria for PAG material of NPR <2 (as summarized below).  However, the NAG test classified 
sample HWA-05 as uncertain, since it demonstrated a NAG pH greater than 4.5 (NAG pH 6.07) 
with a negative NNP value of -9.7 t CaC03/1000t.  This is inconsistent with its classification of 
PAG based on its NPR value of 0.9.  The elevated NAG pH of samples HWA-05, despite its low 
NPR value, may suggest that the ABA criteria may be overly conservative, however the NAG 
database is currently too limited to draw that conclusion.  The inconsistency may also reflect the 
limitations of single addition NAG tests on samples with pyrtic sulphur content greater than 1% 
(AMIRA, 2002), and the need for sequential NAG tests on future samples of waste rock in close 
proximity to the ore at this site.  At this point, both samples should be considered PAG. 

 
 
5.1.4 ICP Metals 
 
The drill core metal ICP results are presented in Table 5.  Drill core metal concentrations were 
compared to concentrations typically found in the earth’s crust in order to identify trace metals 
that may be of potential environmental concern.  Average crustal abundance for high calcium 
granitic rock (Price, 1997) was selected from the available data as being the closest comparison 
to the dacite waste rock. 
 
All eight samples contained high calcium values, consistent with petrographic examinations that 
indicated the presence of carbonate, largely calcite, in the waste rock. 
 
All eight samples contained significant concentrations of copper with an average of 5089 ppm 
copper and a maximum of 13,800 ppm copper, approximately 2 to 3 orders of magnitude 
greater than the average crustal abundance (due to the presence of trace/minor chalcopyrite in 
the samples).  Comparison to the copper content in waste rock samples from previous 
programs suggests the waste rock associated with the bulk sample excavation typically contains 
much higher copper content than rock from the decline development.  The average and median 
copper values for twenty-four waste rock samples from the previous testing program (Mehling, 
1997) were 1095 ppm copper and 971 ppm copper, respectively, compared to an average of 
5089 ppm copper and a median of 3978 ppm copper for the eight drill core waste rock samples 
in the current testing program.   

Sample 
No. 

TAP NP NNP NPR NAG pH NAG Test 
Rating 

ABA 
Rating 

HWB-04 172.2 62.5 -109.7 0.4 3.09 PAG PAG 
HWA-05 99.7 90.0 -9.7 0.9 6.07 Uncertain PAG 
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Antimony (at, or less than the detection limit of 5 ppm) was greater than the average antimony 
crustal abundance of 0.2 ppm. Selenium, at an average of 1.8 ppm (range of 1.5 to 2.1 ppm), 
and silver, at an average of 1.3 ppm (range of 0.4 to 3.6 ppm), were also greater than the 
reported average crustal abundance values for Se and Ag of 0.05 ppm. There were not any 
comparable data for Sb or Se in the 1997 testing program.  
 
Note that these elevated metal concentrations in the rock solids do not necessarily indicate an 
environmental problem unless the metal is in a soluble form, or conditions develop under which 
the metal can leach and be released in a soluble form to the environment. Water quality data 
available for the site is reviewed in Section 7.0   Copper leaching is not anticipated to be a 
significant issue in the short-term, due to the alkaline nature of the fresh samples, and the 
likelihood that the onset of acidic conditions will be delayed due to the high NP values and 
calcite content.  Copper release from stored waste rock is likely to become a more significant 
issue if acidic conditions develop.  The rate at which acidic conditions develop in the waste rock 
with higher sulphide contents associated with the bulk sample, and/or future development waste 
located near the ore deposits, will influence the selection of mitigation measures employed to 
manage long term storage. 
 
 
5.2 Portal Stockpile 
 
A waste rock sample was collected by Gold City from the pull-back stockpile of serpentinite 
material at the renovated Grenoble portal entry.  
 
Laboratory dry sieve analyses separated the portal sample into a greater than 2 mm size 
fraction and less than 2 mm size fraction, as shown in Table 7.   The sieve results show that 
6.6% by weight of the portal sample occurred as the less than 2 mm fraction.  Therefore, the 
fine, less than 2 mm fraction, which is typically considered representative of more “reactive” 
waste rock due to greater surface area (Price, 1997), constitutes only a relatively minor portion 
of the portal stockpile. 
 
The less than 2mm fraction of the portal sample was characterized (Table 2) by a neutral paste 
pH of 7.6, total sulphur of 0.03% and negligible sulphate, giving a calculated, very low sulphide 
content of 0.03% sulphur.  Neutralization potential was 19.3 t CaC03/1000t, with approximately 
one-tenth (11%) from carbonate.  The remaining NP may be provided by the less reactive 
mineral serpentine.  The NNP value was 18.3 t CaC03/1000t, with an NPR of 20.5, indicating a 
low potential to generate acidic drainage.  Given the relatively modest NP and low carbonate 
content, this material would only provide a limited amount of buffering capacity if applied to the 
surface of the existing waste rock pile.   
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The NAG Test result for the < 2 mm portal sample is shown in Table 4 and the relationship 
between NAG pH and NNP is presented in Figure 2.  Based on generic NAG criteria (Miller, 
2001) the less than 2 mm portal sample would be classified as NPAG, having demonstrated a 
NAG pH greater than 4.5 (NAG pH 7.01) and a positive NNP value of 18.3 t CaC03/1000t.  This 
classification is consistent with the NPAG classification based on the MEMPR criteria (i.e. NPR 
>2). 

 
ICP metal results (Table 5) indicated metals in the portal sample which were greater than the 
average crustal abundance for a similar rock type included copper (1753 ppm), antimony (21 
ppm), molybdenum (15 ppm) and barium (149 ppm).   
 
Leach extraction results were conducted to indicate the potential for release of soluble 
components from the less than 2 mm fraction of the portal sample.  Extraction pH was neutral at 
7.65, and similar to the paste pH of 7.6.  For illustrative purposes, the extraction test results are 
compared to CCME guideline concentrations for the protection of aquatic life.  This comparison 
is used to identify parameters that may be of potential concern, but is not a reliable indicator of 
potential impacts, as the rate of release of these soluble metals from material in the field will 
vary from the extraction tests due to a number of variables including thorough agitation of the 
solids in the test, and differing water:solid ratios under field conditions.  The extraction results 
indicated that dissolved lead (0.0014 mg/L), nickel (0.0544 mg/L) and silver (0.00016 mg/L) in 
the test leachate slightly exceeded the CCME guidelines for the protection of aquatic life.  The 
dissolved metals aluminium (3.59 mg/L), Cr (0.0344 mg/L), copper (0.368) and iron (2.68 mg/L) 
in the test leachate significantly exceeded their CCME guidelines for the protection of aquatic 
life.  Detection limits for cadmium, thallium and selenium were above CCME guidelines.  Based 
on the shake flask extraction summary (Table 8), the soluble components were only a very 
small percentage of the metals in the sample solids. 
 
Laboratory analyses conducted on the whole fraction of the portal sample were not significantly 
different to the less than 2 mm portion.  The whole fraction paste pH was more alkaline at pH 
9.0 and sulphide content was slightly lower at 0.03%, resulting in a lower acid potential (0.3 t 
CaC03/1000t) and higher NPR value of 58.4 compared to the less than 2 mm fraction.  Although 
sulphide content was slightly more concentrated in the less than 2 mm fraction than the whole 
fraction, both fractions indicate a low potential for the portal sample to generate acidic drainage.  
Overall, most metals showed greater concentrations in the less than 2 mm fraction with Al, Ba, 
Cu, Mn, and Mo nearly double the whole fraction metal content.  
 

Sample 
No. 

TAP NP NNP NPR NAG pH NAG Test 
Rating 

ABA 
Rating 

Portal (-2mm) 0.9 19.3 18.3 20.5 7.01 NPAG NPAG 
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Based on these results, the portal sample had a negligible potential to generate acid, and would 
provide only a small amount of buffering capacity as a cover material.  A moderate load of 
soluble metals is associated with the less than 2 mm fraction in its existing state, therefore the 
presence and potential releases of this soluble fraction should be considered in its handling. 
 
Consideration is being given to using this portal material as a cover over the existing waste rock 
dump. Comparison of solids metal content (Table 5) and the leach extraction test results for the 
single portal sample (Table 6), with those from the existing waste rock suggests that the metal 
content and soluble components associated with the fines of the portal material may not be a 
significant improvement over those associated with the existing waste rock fines.  However, the 
portal sample is non-potentially acid generating, and may provide a modest additional buffering 
capability to the existing waste rock dump.   
 
5.3 Existing Waste Rock Dump 
 
5.3.1 Acid-Base Accounting 
 
The two samples of waste rock representing the <10 cm fraction were collected from the 
existing waste rock dump by Gold City, and visually estimated as contributing approximately  
65% of the total material in the existing waste rock dump.  The less than 10 cm fraction was 
estimated by Gold City as consisting of 20% between 5 cm and 10 cm, 30% between 1 cm and 
5 cm and 50% less than 1 cm.  
 
Laboratory dry sieve analyses, which separated the waste rock dump samples into greater than 
2 mm size fractions and less than 2 mm size fractions, are shown in Table 7.   The sieve results 
show that 1.8% by weight of sample LD-04-01 occurred as the less than 2 mm fraction, and that 
13.6% by weight of sample LD-04-02 occurred as the less than 2 mm fraction.  Therefore, the 
fine, less than 2 mm fraction, which is typically considered representative of more “reactive” 
waste rock (due to greater surface area) (Price, 1997), constitutes only a very minor portion (1.2 
to 9%) of the existing waste rock dump. 
 
ABA analyses conducted on both the coarse (greater than 2 mm) and fine (less than 2 mm) 
fractions of sample LD-04-01 indicated that the finer fraction was the more potentially reactive 
material (i.e. higher S content, lower NP).  However, ABA results for sample LD-04-02 indicated 
that the coarser fraction was just as potentially reactive as the fine fraction (Slightly higher %S 
and slightly higher NP).  Increased reactivity of the coarse fraction in sample LD-04-02 appears 
to be the result of a significant amount of sulphide sulphur being present in the sample, whereas 
the coarse fraction in LD-04-01 contained very little sulphide sulphur.  This suggests that there 
is variability within the waste rock pile.  
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Since the fine (-2 mm) fraction of the waste pile is typically considered the ‘reactive’ material 
(Price, 1997), and results for the coarse fraction are not significantly different from the fine 
fraction the remaining discussion below focuses solely on the fine fraction of waste rock. 
 
The acid-base accounting results showed similar results for rinse pH (pH 8.2 and 7.9) and paste 
pH (pH 8.6 and 8.3) for waste rock dump samples LD-04-01 (-2 mm) and LD-04-02 (-2 mm), 
respectively.  Total sulphur content was also similar with values of 1.14% total-sulphur for 
sample LD-04-01 (-2 mm) and 1.16% total-sulphur for sample LD-04-02 (-2 mm).  Sulphate 
sulphur was near negligible in both samples, an indication that sulphide sulphur was the 
dominant form of sulphur.  These waste rock samples demonstrated lower total sulphur and 
sulphide sulphide contents than the drill core samples discussed in section 5.1 above, and were 
more typical of the average (1.46 % total sulphur) to lower end (0.20 % total sulphur) of previous 
waste rock data (Mehling 1997 – Table 6.1) from the waste rock dump and decline 
development.  This again suggests that sulphide content tends to be lower away from the ore 
body, and tends to increase in close proximity to the ore body. 
 
The measured neutralization potential values were also quite similar between the two waste 
rock dump samples, with sample LD-04-01 (-2 mm) having a Sobek NP of 158.8 t CaC03/1000t 
and sample LD-04-02 (-2 mm) a value of 160.6 t CaC03/1000t.  Comparison of the Sobek NP 
values to the siderite-corrected NP values (Table 3) suggested a possible slight overestimation 
of Sobek NP as a result of potential iron carbonates in sample LD-04-02 (-2 mm).  Carbonate 
NP values for both samples were lower than Sobek NP, at 67.5 and 57.5 t CaC03/1000t, or 36% 
to 43% of Sobek NP, respectively.  This suggested that some neutralization may be provided by 
non-carbonate minerals.  A NNP value of 123.1 t CaC03/1000t and a NPR value of 4.5 for 
sample LD-04-01 and a NNP value of 124.4 t CaC03/1000t and a NPR value of 4.4 for sample 
LD-04-02, indicated that waste rock from the existing dump would be classified as non-
potentially acid generating (NPAG) based on MEMPR’s NPR criteria of 2.0 for waste rock 
classification at the Lexington site. 
 
The NP values of these two waste rock samples were substantially higher than the drillcore 
discussed in Section 5.1 above, and were also higher than previous waste rock results (Mehling 
1997) which had indicated an average of NP for waste rock of 78.7 t CaC03/1000t.  The NP 
values of these two waste rock samples also appeared to be inconsistent for a number of other 
reasons.  A fizz rating of “none”, observed for both samples, suggested a lack of carbonate 
minerals, although the carbonate NP was moderate for both samples at 67.5 and 57.5 t 
CaC03/1000t.  The siderite corrected NP was surprisingly high at 167.5 and 140.0 t 
CaC03/1000t, also inconsistent with a fizz rating of “none”.    The laboratory was requested to 
rerun the NP titrations.  
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The results are shown on Table 9, and indicate the substantial error in NP values that can arise 
out of an incorrect fizz rating.  The first portion of Table 9 presents the initial results.  The 
subsequent portion shows the revised run using titrations with a higher concentration of HCl 
added (40 mL of 0.100 N HCl) appropriate for the revised fizz rating.  This resulted in lower by 
still substantial Sobek NP values of 93.1 and 83.0 t CaC03/1000t, much more consistent with 
previous analyses for waste rock that indicated average NP of 78.7 t CaC03/1000t, and a range 
of 37.0 to 166.0 t CaC03/1000t (Mehling 1997).  The next portion of Table 9 shows the results 
using the higher concentration of acid (0.100 N HCl) but a lower volume (20 mL).  This was 
insufficient acid to lower the pH to allow a valid Sobek NP to be determined (typically the 
starting pH is in the vicinity of pH 2.  The final portion of Table 9 presents results using the 
Modified NP method (Lawrence and Wang, 1997) where the starting pH must be below pH 2.   
 
The revised run reduced the Sobek NP to levels more consistent with previous waste rock dump 
results.  The finer fraction samples still classified as NPAG, with NPR values of 2.62 and 2.29 
respectively.  More conservative NP analyses provided the following NPR values: 
 

Initial Rerun Modified Carbonate Initial Rerun Modified Carbonate
NP NP NP NP NPR NPR NPR NPR

LD-04-01 + 2mm 211.9 93.0 40.3 55.8 23.4 10.2 4.4 6.1
LD-04-01 - 2mm 158.8 93.1 59.5 67.5 4.5 2.6 1.7 1.9
LD-04-02 + 2mm 163.1 78.0 57.9 80.0 2.7 1.3 1.0 1.3
LD-04-02 - 2mm 160 83.0 56.1 57.5 4.4 2.3 1.5 1.6

t CaCO3/1000t

 
 
Overall, the high NP values indicated that these waste rock samples from within the existing 
dump contains a substantial amount of buffering capacity, provided by both carbonates 
(generally identified  as calcite) and the less reactive aluminosilicate minerals.  The results 
suggest that a significant portion of these two waste rock dump samples, including the ‘reactive’ 
fines, can be classified as NPAG after years of exposure.   
 
5.3.2 NAG Test 
 
The NAG test results for the < 2 mm two waste rock dump samples are shown in Table 4 and 
the relationship between NAG pH and NNP are presented in Figure 2.  Based on generic NAG 
criteria (Miller, 2001), waste rock dump sample LD-04-01 (- 2mm) would be classified as NPAG, 
having demonstrated a NAG pH greater than 4.5 (NAG pH 6.87) and a positive NNP value of 
158.8 t CaC03/1000t.  Sample LD-04-02 (-2 mm) would also be classified as NPAG, having a 
NAG pH of 6.82 and a NNP value of 124.4 t CaC03/1000t t.  These classifications are consistent 
with the NPAG classifications based on ABA criteria (NPR >2), as summarized below. 
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5.3.3 ICP Metals 
In general, most trace metals of environmental concern were slightly higher in sample LD-04-01 
than LD-04-02 (Table 5), indicating some geochemical variation within the dump (possibly due 
to the estimated compositional variation in the dump of 90% dacite and 10% serpentinite).  
Waste dump samples LD-04-01 and LD-04-02 contained significant concentrations of copper 
(1717 ppm and 1619 ppm, respectively), chromium (816 ppm and 498 ppm, respectively), nickel 
(852 ppm and 495 ppm, respectively), silver (0.5 ppm and 0.8 ppm, respectively) and antimony 
(20 ppm and 14 ppm, respectively), all exceeding their average crustal abundances by more 
than an order of magnitude.  Arsenic, cobalt, cadmium, molybdenum and lead only slightly 
exceeded their average crustal abundances.  Trace metal levels in the waste rock dump 
samples are generally lower than those in the drill core samples from near the ore body, and 
substantially lower for Cu.  The exceptions are As, Cr, and Ni, which are slightly higher in the 
waste rock dump samples. 
 
Leach extraction results at a 1:1 water to solids ratio, conducted to indicate the potential for 
immediate release of soluble components from the less than 2 mm fraction of the waste dump 
samples, are shown in Table 6.  The extraction test results are compared to CCME guideline 
concentrations for the protection of aquatic life to identify parameters that may be of potential 
concern.  This is not a reliable indicator of potential impacts, as the rate of release of these 
soluble metals from material in the field not mimic the extraction tests due to a number of 
variables including thorough agitation of the solids in the test, and differing water:solid ratios 
under field conditions.  
 
Results indicated that dissolved cadmium (0.000220 mg/L), chromium (0.00375 mg/L), copper 
(0.0250 mg/L), lead (0.00118 mg/L) and selenium (0.0038 mg/L) in sample LD-04-01 exceeded 
CCME guidelines for the protection of aquatic life.  Dissolved cadmium (0.00041 mg/L) and 
copper (0.0300 mg/L) in sample LD-04-01 also exceeded CCME guidelines.  Detection limits for 
chromium and selenium exceeded the CCME guideline in sample LD-04-01.  Leach extraction 
solutions for both samples were neutral at pH 7.93 (LD-04-01) and pH 7.76 (LD-04-02). 
 
In summary, these two samples suggest that Cu, Cr, Ni, Ag and Sb , and to a less extent As, 
Co, Cd, Mo and Pb are elevated in the dump solids, and that Cu and Cd, and to a lesser extent 

Sample 
No. 

TAP NP NNP NPR NAG pH NAG Test 
Rating 

ABA 
Rating 

LD-04-01 35.6 465.9 158.8 4.5 6.87 NPAG NPAG 
LD-04-02 36.3 160.6 124.4 4.4 6.82 NPAG NPAG 
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Co, Pb, and Se are present to some extent in a soluble form at neutral pH.  Thus limited metal 
leaching is likely occurring from the materials in the existing waste rock dum.  
 
 
6.0 2004 WATER QUALITY DATA 
 
A compilation of 2004 water quality data from the portal discharge, upper Goosmus Creek and 
Lower Goosmus Creek is provided as Attachment C.  The existing water quality from the portal 
indicates that the portal discharge can be slightly elevated with respect to BC Water Quality 
Criteria for the Protection of Aquatic Life for sulphate, Cd, Co, Ni and Se.  Upstream and 
downstream water quality in Goosmus Creek appears to be negligibly impacted, with only slight 
increases in nitrate, sulphate, Mg, Ca, Mo, Se, and Mo detectable using low level analyses. 
 
 
7.0 MITIGATION 
 
On-site mitigation measures will be necessary to manage potential acidic drainage from the 
4,700 tonne waste rock dump.  Possible mitigation methods are as follows: 

• Place waste rock back underground once mining ceases to prevent oxidation and acid 
generation 

• Construction of the 4,700 tonne waste rock dump into a lined test pad 
• Construction of a cover to reduce infiltration through the waste rock dump 
• Construction of a limestone trench at the toe of the waste rock dump 
• Construction of a passive wetland at the downstream toe of the waste rock dump for 

treatment of seepage 
• Move problematic waste to a permanent secure location 

 
It is considered likely that placement of the 4700 tonnes of waste rock underground will 
minimize regulatory concerns for the bulk sample program.  However, the volume of waste rock 
to be produced during full scale mining may become a more significant issue.  Kinetic tests from 
waste rock produced from the bulk sample program should be undertaken in order to quantify 
the extent of the problem.  Results from the tailings produced from metallurgical tests on the 
Lexington ore should mitigate concerns to some extent, as there is a demonstrated delay to the 
onset of acidic conditions due to the presence of calcite and NP.  However, metal leach rates at 
neutral pH can not be factored from the tailings tests, as many trace metals such as copper, 
nickel and antimony have reported to the copper concentrate, and are not present to the same 
extent in the tailings.   
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8.0 CONCLUSIONS AND RECOMMENDATIONS 
 
Geochemical testing conducted on drill core samples indicated that the anticipated 4,700 tonnes 
of waste rock associated with the Lexington 10,000 tonne bulk sample has the potential to 
eventually generate acidic drainage and therefore mitigation measures will be necessary.  The 
waste rock represented by this round of drill core samples is characterized by high total sulphur 
and sulphide sulphur, alkaline paste pH, elevated copper, and NP values in the range of 60 to 
70 t CaC03/1000 t.  The onset of acidic conditions is expected to be delayed for some time, due 
to the NP, predominantly in the form of calcite.  However, the release of copper from stockpiled 
waste rock could become problematic if acidic conditions develop.  Should waste rock be stored 
underground, this may affect mine water quality, as will the weathering of higher sulphide wall 
rock underground.  Appropriate mitigation measures, both for surface storage of waste rock and 
handling of mine water, will depend on the rate at which acidic conditions develop.  Although 
likely not critical for the small volume of waste rock associated with extraction of the 10,000 
tonne bulk sample, kinetic tests are recommended on waste material produced during the bulk 
sample excavation in order to select appropriate mitigation measures for full scale mining in a 
timely manner.   
 
Tests conducted on the portal sample indicated negligible total sulphur values, a low to 
negligible potential for acid generation, but little buffering capacity.  The sample was slightly 
elevated in trace metals, and the leach extraction test indicated presence of soluble forms lead, 
nickel, silver, aluminum, copper, chromium and iron.  The metal content and soluble 
components associated with the fines of the portal material may not be a significant 
improvement over those associated with the existing waste rock fines.  However, the portal 
sample is non-potentially acid generating, and use of this material as a cover may provide a 
modest additional buffering capability to the existing waste rock dump.  Tested samples of the 
existing waster rock dump appear to be predominantly non-potentially acid generating. 
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Table 1:  Lexington Drill Core Sample Selection and Compositing

New ABA Composited Sample # HOLE ID FROM (m) TO (m) LENGTH (m) CERT. SAMPLE WEIGHT (grams)
ABA-HWB-01 03GCD-01 134.5 135.6 1.1 AK2003-452 4836 110
(Hangingwall to Zone B) 03GCD-01 135.6 135.9 0.3 AK2003-452 4837 30

03GCD-01 135.9 137.04 1.14 AK2003-452 4838 114
03GCD-01 137.04 137.74 0.7 AK2003-452 4839 70
03GCD-01 137.74 138.33 0.59 AK2003-452 4840 59
03GCD-01 138.33 138.77 0.44 AK2003-452 4841 44

4.27 Total 427
ABA-HWA-01 03GCD-01 140.57 141.06 0.49 AK2003-452 4845 60
(Hangingwall to Zone A) 03GCD-01 141.06 141.86 0.8 AK2003-452 4846 98

03GCD-01 141.86 142.61 0.75 AK2003-452 4847 92
03GCD-01 142.61 143.31 0.7 AK2003-452 4848 85
03GCD-01 143.31 144.04 0.73 AK2003-452 4849 89

3.47 Total 424
ABA-HWB-02 03GCD-02 125.29 126.32 1.03 AK2003-452 4927 103
(Hangingwall to Zone B) 03GCD-02 126.32 127.11 0.79 AK2003-452 4928 79

03GCD-02 127.11 127.93 0.82 AK2003-452 4929 82
03GCD-02 127.93 128.34 0.41 AK2003-452 4930 41
03GCD-02 128.34 129 0.66 AK2003-452 4931 66
03GCD-02 129 129.54 0.54 AK2003-452 4932 54

4.25 Total 425
ABA-HWA-02 03GCD-02 136.73 137.3 0.57 AK2003-463 4947 60
(Hangingwall to Zone A) 03GCD-02 137.3 138.3 1 AK2003-463 4948 105

03GCD-02 138.3 139.3 1 AK2003-463 4949 105
03GCD-02 139.3 140.3 1 AK2003-463 4950 105
03GCD-02 140.3 140.76 0.46 AK2003-463 4951 48

4.03 Total 423
ABA-HWA-03 03GCD-03 136 137 1 AK2003-476 5377 85
(Hangingwall to Zone A) 03GCD-03 137 138 1 AK2003-476 5378 85

03GCD-03 138 139 1 AK2003-476 5379 85
03GCD-03 139 139.5 0.5 AK2003-476 5380 43
03GCD-03 139.5 140 0.5 AK2003-476 5211 43
03GCD-03 140 141 1 AK2003-476 5381 85

5 Total 426
ABA-HWB-04 03GCD-04 146.5 147.5 1 AK2003-483 5443 85
(Hangingwall to Zone B) 03GCD-04 147.5 148.5 1 AK2003-483 5444 85

03GCD-04 148.5 149.5 1 AK2003-483 5445 85
03GCD-04 149.5 150.5 1 AK2003-483 5446 85
03GCD-04 150.5 151.12 0.62 AK2003-483 5447 53
03GCD-04 151.12 151.57 0.45 AK2003-483 5232 38

5.07 Total 431
ABA-HWA-04 03GCD-04 153.81 154.53 0.72 AK2003-483 5451 72
(Hangingwall to Zone A) 03GCD-04 154.53 155 0.47 AK2003-483 5234 47

03GCD-04 155 155.42 0.42 AK2003-483 5453 42
03GCD-04 155.42 156.22 0.8 AK2003-483 5235 80
03GCD-04 156.22 156.72 0.5 AK2003-483 5454 50
03GCD-04 156.72 157.34 0.62 AK2003-483 5455 62
03GCD-04 157.34 158.06 0.72 AK2003-483 5236 72

4.25 Total 425
ABA-HWA-05 03GCD-05 112.99 113.47 0.48 AK2003-564 5196 55
(Hangingwall to Zone A) 03GCD-05 113.47 113.89 0.42 AK2003-564 5197 48

03GCD-05 113.89 114.44 0.55 AK2003-564 5198 63
03GCD-05 114.44 115.08 0.64 AK2003-564 5199 73
03GCD-05 115.08 115.91 0.83 AK2003-564 5851 95
03GCD-05 115.91 116.24 0.33 AK2003-564 5852 38
03GCD-05 116.24 116.72 0.48 AK2003-564 5862 55

3.73 Total 427



Table 2:  Acid Base Accounting Results 

Sample Location Rock Fizz Rinse Paste Starting S % S % S % TAP SAP NP Net NP/AP TIC Carb
Type Test pH pH pH Total Sulfate Sulfide NP % NP

HWB-01 Drill core Dacitic Tuff Moderate - 8.6 0.75 5.02 0.02 5.00 156.9 156.3 56.9 -100.0 0.4 0.52 43.3
HWA-01 Drill core Dacitic Tuff Moderate - 9.0 0.79 2.75 0.02 2.73 85.9 85.3 60.0 -25.9 0.7 0.56 46.7
HWB-02 Drill core Dacite Moderate - 9.2 0.82 2.85 0.01 2.84 89.1 88.8 70.6 -18.4 0.8 0.71 59.2
HWA-02 Drill core Dacite Moderate - 8.8 0.80 3.50 0.02 3.48 109.4 108.8 59.4 -50.0 0.5 0.61 50.8
HWA-03 Drill core Dacite Moderate - 8.4 0.81 5.81 0.03 5.78 181.6 180.6 60.0 -121.6 0.3 0.52 43.3
HWB-04 Drill core Dacite Moderate - 8.9 0.81 2.98 <0.01 2.98 93.1 93.1 66.9 -26.3 0.7 0.65 54.2
HWA-04 Drill core Dacite Moderate - 8.9 0.84 5.51 0.02 5.49 172.2 171.6 62.5 -109.7 0.4 0.53 44.2
HWA-05 Drill core Dacite Moderate - 8.8 0.87 3.19 0.01 3.18 99.7 99.4 90.0 -9.7 0.9 0.86 71.7
Drill Core Waste Rock Summary

Average 8.8 0.81 3.95 0.02 3.94 123.5 123.0 65.8 -57.7 0.5 0.62 51.7
Maxiumum 9.2 0.87 5.81 0.03 5.78 181.6 180.6 90.0 -9.7 0.86 71.7
Minimum 8.4 0.75 2.75 <0.01 2.73 85.9 85.3 56.9 -121.6 0.52 43.3
Median 8.9 0.81 3.35 0.02 3.33 104.5 104.1 61.3 -38.1 0.59 48.8
Count 8 8 8 7 8 8 8 8 8 8 8

Portal Sample (whole fraction) Portal Stockpile Serpentinite None - 9.0 2.11 0.01 <0.01 0.01 0.3 0.3 18.3 17.9 58.4 0.50 4.2
Portal Sample (-2mm fraction) Portal Stockpile Serpentinite None 7.5 7.6 1.89 0.03 <0.01 0.03 0.9 0.9 19.3 18.3 20.5 0.02 1.7

LD-04-01  (+2mm fraction) Waste Rock Dump 90% Dacite / 
10% serpentinite None 9.0 9.3 1.07 0.29 <0.01 0.29 9.1 9.1 211.9 202.8 23.4 0.67 55.8

LD-04-01  (-2mm fraction) Waste Rock Dump 90% Dacite / 
10% serpentinite None 8.2 8.6 0.89 1.14 0.02 1.12 35.6 35.0 158.8 123.1 4.5 0.81 67.5

LD-04-02  (+2mm fraction) Waste Rock Dump 90% Dacite / 
10% serpentinite None 8.7 9.1 1.06 1.92 0.02 1.90 60.0 59.4 163.1 103.1 2.7 0.96 80.0

LD-04-02  (-2mm fraction) Waste Rock Dump 90% Dacite / 
10% serpentinite None 7.9 8.3 0.88 1.16 0.05 1.11 36.3 34.7 160.6 124.4 4.4 0.69 57.5

Notes:
Sulfide S was calculated by the difference of total sulfur and sulfate sulfur
TAP = total acid potential in t CaCO3 eq/1000 t of material.  TAP is calculated from S(T) only, as per Standard Sobek Method
SAP = sulfide acid potential in t CaCO3 eq/1000 t of material.  SAP is calculated from S(sulfide)
NP  =  neutralization potential in t CaCO3 eq/1000 t of material
NET NP = net neutralization  potential in t CaCO3 eq/1000 t of material.  NNP = NP - AP
TIC = Total  Inorganic Carbon as %C
Carbonate NP = carbonate NP in t CaCO3 eq/1000 t of material = %C * 83.3

Table 3:  Peroxide Siderite Correction for Sobek Method

Sample Fizz pH before Siderite Sobek
titration Corr. NP NP

HWB - 04 None 0.11 95.0 66.9
HWA - 05 None 0.22 110.6 90
Portal Sample (whole fraction) None 1.76 20.0 18.3
Portal Sample (-2mm fraction) None 1.89 19.3 19.3
LD-04-01 (-2mm) None 0.73 167.5 158.8
LD-04-02 (-2mm) None 0.66 140.0 160.6

Notes:
NP  =  neutralization potential in t CaCO3 eq/1000 t of material
35%  H2O2 was used in the test procedure.



Table 4:  NAG Test Results

Sample NAG NAG NAG
pH pH 4.5 pH 7.0

HWB-04 3.09 5.7 11.5
HWA-05 6.07 0.0 0.7
Portal Sample (whole fraction) 7.11 0.0 0.0
Portal Sample (-2mm fraction) 7.01 0.0 0.0
LD-04-01 (-2mm) 6.87 0.0 0.1
LD-04-02 (-2mm) 6.82 0.0 0.1

Notes:
NAG = Net Acid Generation (kg H2S04/tonne)
250 mL of 15% H202 was used with the pH adjusted to 5.5 with dilute NaOH.
The samples were titrated to pH 4.5 and 7.0



Table 5:  ICP Metal Results

Sample Ag Al As Ba Be Bi Ca Cd Co Cr Cu Fe K Hg Mg Mn
ppm % ppm ppm ppm ppm % ppm ppm ppm ppm % % ppm % ppm

HWB-01 0.6 0.81 <5 30 <0.5 <5 2.21 <1 198 54 2901 6.29 0.24 - 0.55 245
HWA-01 1.2 0.70 <5 50 <0.5 <5 2.39 <1 43 63 4571 3.77 0.27 - 0.46 325
HWB-02 0.8 0.50 <5 40 <0.5 <5 2.35 <1 57 54 3351 3.62 0.17 - 0.68 235
HWA-02 1.2 0.33 <5 20 <0.5 <5 2.36 <1 44 44 4234 3.84 0.27 - 0.11 540
HWA-03 3.6 0.61 <5 30 <0.5 5 2 <1 88 56 13800 6.37 0.23 - 0.45 260
HWB-04 0.4 0.81 <5 40 <0.5 <5 2.62 <1 49 50 2087 4.11 0.2 0.080 0.6 185
HWA-04 1.6 0.45 <5 30 <0.5 <5 1.81 <1 120 70 6049 5.83 0.31 - 0.45 500
HWA-05 1.2 0.69 <5 50 <0.5 5 3.07 <1 34 76 3721 3.95 0.33 0.045 0.63 640
Average crustal abundance * 0.051 8.2 1.9 420 2 2.53 0.13 7 22 30 2.96 2.5 0.08 0.94 540
Drill core Summary
Average 1.3 0.61 <5 36 <0.5 5 2.35 <1 79 58 5089 4.72 0.25 0.063 0.49 366
Maxiumum 3.6 0.81 <5 50 <0.5 5 3.07 <1 198 76 13800 6.37 0.33 0.080 0.68 640
Minimum 0.4 0.33 <5 20 <0.5 <5 1.81 <1 34 44 2087 3.62 0.17 0.045 0.11 185
Median 1.2 0.65 <5 35 <0.5 5 2.36 <1 53 55 3978 4.03 0.26 0.063 0.51 293

Portal Sample (Whole fraction) <0.2 0.73 21 76 <0.5 <5 0.29 <1 61 825 847 4.98 0.04 - 7.18 1210
Portal Sample (-2mm fraction) 0.7 1.14 13 149 <0.5 <5 0.22 <1 87 776 1753 5.79 0.09 - 4.67 2384
Average crustal abundance ** 0.06 2 1 0.4 2.5 0.03 - 0.3 150 1600 10 9.43 40 20.4 1620

WR Dump LD-04-01  (+2mm) <0.2 0.46 15 53 <0.5 <5 1.04 <1 31 618 416 5.05 0.07 - 7.46 545
WR Dump LD-04-01  (-2mm) 0.5 0.68 8 132 <0.5 <5 1.7 <1 78 816 1717 8.16 0.07 - 5.92 1098
WR Dump LD-04-02  (+2mm) 0.5 1.04 <5 82 <0.5 <5 2.14 <1 34 354 1171 4.87 0.14 - 3.59 459
WR Dump LD-04-02  (-2mm) 0.8 0.81 <5 110 <0.5 <5 1.89 <1 62 498 1619 6.32 0.12 - 3.5 891
Average crustal abundance * 0.051 8.2 1.9 420 2 2.53 0.13 7 22 30 2.96 2.5 0.08 0.94 540

Sample Mo Na Ni P Pb Se Sb Sc Sn Sr Ti V W Y Zn Zr
ppm % ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm ppm ppm ppm

HWB-01 36 0.02 49 1100 12 - 5 <1 <10 82 <0.01 15 <10 3 27 4
HWA-01 6 0.02 20 1170 12 - <5 1 <10 97 <0.01 12 <10 3 22 2
HWB-02 36 0.02 24 970 8 - <5 1 <10 106 <0.01 12 <10 4 20 3
HWA-02 4 0.01 12 1090 12 - <5 <1 <10 69 <0.01 8 <10 4 11 3
HWA-03 6 0.02 51 1620 30 - 5 1 <10 90 <0.01 16 <10 3 31 4
HWB-04 10 0.02 16 950 8 2.1 5 1 <10 127 <0.01 12 <10 3 20 3
HWA-04 12 0.01 54 1690 20 - 5 <1 <10 96 <0.01 13 <10 4 26 4
HWA-05 52 0.01 45 1100 16 1.5 <5 1 <10 141 <0.01 10 <10 4 26 4
Average crustal abundance * 1 2.84 15 920 15 0.05 0.2 14 1.5 440 0.34 88 1.3 35 60 140
Drill Core Summary
Average 20 0.02 34 1211 15 1.8 5 1 <10 139 <0.01 12 <10 4 23 3
Maxiumum 52 0.02 54 1690 30 2.1 5 1 <10 440 <0.01 16 <10 4 31 4
Minimum 4 0.01 12 950 8 1.5 <5 <1 <10 69 <0.01 8 <10 3 11 2
Median 11 0.02 35 1100 12 1.8 5 1 <10 97 <0.01 12 <10 4 24 4

Portal Sample (Whole fraction) 8 0.01 1080 339 16 - 14 6 <10 <1 0.01 32 <10 3 38 4
Portal Sample (-2mm fraction) 15 0.01 922 502 25 21 8 <10 10 0.03 44 <10 6 53 6
Average crustal abundance ** 0.3 0.42 2000 220 1 0.05 0.1 15 0.5 1 300 40 0.77 50 45

WR Dump LD-04-01  (+2mm) 3 0.01 919 372 13 - 16 4 <10 38 <0.01 23 <10 2 24 3
WR Dump LD-04-01  (-2mm) 10 0.01 852 460 41 0.1 20 5 <10 81 <0.01 33 11 2 32 5
WR Dump LD-04-02  (+2mm) 11 0.02 310 608 17 - 9 3 <10 99 <0.01 22 <10 3 27 3
WR Dump LD-04-02  (-2mm) 25 0.01 495 602 38 1.6 14 4 <10 102 <0.01 26 <10 4 41 4
Average crustal abundance * 1 2.84 15 920 15 0.05 0.2 14 1.5 440 0.34 88 1.3 35 60 140

Notes:
*  Average crustal abundance for high calcium granitic rock (Price, 1997).  This was selected as the closest comparison to dacite.  Waste dump samples contained 90% dacite.
** Average crustal abundance for ultrabasic rock (Price, 1997).  This was selected as the closest comparison to serpentinite, which is an altered peridotitie (ultrabasic).



Table 6:  Shake Flask Extraction Results

Sample CCME Portal Sample WR Dump LD-04-01 WR Dump LD-04-02
Guidelines -2mm fraction -2mm fraction -2mm fraction

Intermediates
Distilled Water Volume mL 1200 500 500
Sample Weight g 400 500 500
pH std. units 6.5-9 7.65 7.93 7.76
Conductivity uS/cm 43 597 1136
Alkalnity (mg CaCO3/L) 17.0 56.5 38.0
Acidity (pH 4.5) (mg CaCO3/L) 0.0 0.0 0.0
Acidity (pH 8.3) (mg CaCO3/L) 7.0 2.5 3.5
Sulphate mg/L 18 269 769
Total Dissolved Solids mg/L 430 332 976
Total Suspended Solids mg/L 327
Dissolved Metals
Aluminum mg/L 0.1 3.59 0.0199 0.0099
Antimony mg/L 0.0029 0.0119 0.00542
Arsenic mg/L 0.005 0.004 0.00260 0.00127
Barium mg/L 0.0321 0.0389 0.0442
Beryllium mg/L <0.0050 <0.00050 <0.0025
Bismuth mg/L <0.0050 <0.00050 <0.0025
Boron mg/L <0.10 0.171 0.167
Cadmium mg/L 0.00002 <0.00050 0.000220 0.00041
Calcium mg/L 4.4 69.1 222
Chromium mg/L 0.001 0.0344 0.00375 <0.0025
Cobalt mg/L 0.0031 0.00025 <0.00050
Copper mg/L 0.002 0.368 0.0250 0.0300
Iron mg/L 0.3 2.68 <0.030 <0.030
Lead mg/L 0.001 0.0014 0.00118 0.00083
Lithium mg/L <0.010 <0.0050 <0.025
Magnesium mg/L 4.63 24.8 36.4
Manganese mg/L 0.0657 0.0382 0.0259
Mercury mg/L <0.0010
Molybdenum mg/L 0.169 0.474 0.441
Nickel mg/L 0.025 0.0544 0.0105 0.0105
Phosphorus mg/L <0.30 <0.30 <0.30
Potassium mg/L 1.4 6.3 8.4
Selenium mg/L 0.001 <0.010 0.0038 <0.0050
Silicon mg/L 10.6 4.50 3.05
Silver mg/L 0.0001 0.00016 0.000019 <0.000050
Sodium mg/L 0.614 5.9 5.2
Strontium mg/L 0.0254 0.646 3.09
Thallium mg/L 0.0008 <0.0010 0.00047 0.00052
Tin mg/L <0.0010 <0.00010 <0.00050
Titanium mg/L 0.038 <0.010 <0.010
Uranium mg/L 0.00013 0.00615 0.00604
Vanadium mg/L <0.010 <0.0010 <0.0050
Zinc mg/L 0.03 0.0065 0.0065 0.0067

Notes:
Test performed on -2mm fraction of the original sample
Values in bold indicate parameter exceeds CCME guidelines for the protection of aquatic life
Values in red indicate laboratory parameter detection limit exceeded CCME guidelines for the protection of aquatic life



Table 7:  Particle Size Fraction Analysis

Sieve Weight Weight Cumulative
Designation (g) (%) Weight

(%)
      + 2mm" 3550.0 93.4 93.4

         -2mm  " 250.1 6.6 100.0
TOTAL 3800.1 100.0

Sieve Weight Weight Cumulative
Designation (g) (%) Weight

(%)
      + 2mm" 40822.2 98.2 98.2

         -2mm  " 760.3 1.8 100.0
TOTAL 41582.5 100.0

Sieve Weight Weight Cumulative
Designation (g) (%) Weight

(%)
      + 2mm" 5436.6 86.4 86.4

         -2mm  " 853.8 13.6 100.0
TOTAL 6290.4

Sample LD-04-01

Sample LD-04-02

Portal Sample

Note: Samples LD-04-01 and LD-04-02 consisted of the <10 cm fraction from the 
existing waste rock dump. Visual estimation of size fractions indicated that the <10 
cm fraction contributed approximatly 65% of the total material in the existing waste 
rock dump.



Table 8:  Shake Flask Extraction Test Summary

Solids ICP Data Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids
Al Sb As Ba Cd Ca Co Cr Cu Fe Mg Mn Ni Pb Zn

Sample # Description ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

Portal Sample (-2mm fraction) Serpentinite 11400 21 13 149 < 1 2200 87 776 1753 57900 46700 2384 922 25 6
WR Dump LD-04-01  (-2mm) 90% Dacite / 10% 

Serpentinite 6800 20 8 132 < 1 17000 78 816 1717 81600 59200 1098 852 41 32

WR Dump LD-04-02  (-2mm) 90% Dacite / 10% 
Serpentinite 8100 14 < 5 110 < 1 18900 62 498 1619 63200 35000 891 495 38 41

Extraction Solution ICP Data Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct Extrct
Al Sb As Ba Cd Ca Co Cr Cu Fe Mg Mn Ni Pb Zn

Sample # Description mg/L mg/L mg/L mg/L mg/L ppm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Portal Sample (-2mm fraction) Serpentinite 3.59 0.0029 0.004 0.0321 < 0.0005 4.4 0.0031 0.0344 0.368 2.68 4.63 0.0657 0.0544 0.0014 0.0065
WR Dump LD-04-01  (-2mm) 90% Dacite / 10% 

Serpentinite 0.0199 0.0119 0.00260 0.0389 0.000220 69.1 0.00025 0.00375 0.0250 < 0.030 24.8 0.0382 0.0105 0.00118 0.0065

WR Dump LD-04-02  (-2mm) 90% Dacite / 10% 
Serpentinite 0.0099 0.00542 0.00127 0.0442 0.00041 222 < 0.0005 < 0.0025 0.0300 < 0.030 36.4 0.0259 0.0105 0.00083 0.0067

Calculated Percent Extraction From Solids
Al Sb As Ba Cd Ca Co Cr Cu Fe Mg Mn Ni Pb Zn

Sample # Description % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n % extr'n

Portal Sample (-2mm fraction) Serpentinite 0.0945 0.0414 0.0923 0.0646 < 0.1500 0.6000 0.0107 0.0133 0.0630 0.0139 0.0297 0.0083 0.0177 0.0168 0.3250

WR Dump LD-04-01  (-2mm) 90% Dacite / 10% 
Serpentinite 0.0003 0.0595 0.0325 0.0295 0.0220 0.4065 0.0003 0.0005 0.0015 < 0.00004 0.0419 0.0035 0.0012 0.0029 0.0203

WR Dump LD-04-02  (-2mm) 90% Dacite / 10% 
Serpentinite 0.0001 0.0387 0.0254 0.0402 0.0410 1.1746 < 0.0008 0.0005 0.0019 < 0.00005 0.1040 0.0029 0.0021 0.0022 0.0163

Calculated Soluble Metal Load From Sample
Al Sb As Ba Cd Ca Co Cr Cu Fe Mg Mn Ni Pb Zn

Sample # Description mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Portal Sample (-2mm fraction) Serpentinite 10.77 0.0087 0.012 0.0963 < 0.0015 13.2 0.0093 0.1032 1.104 8.04 13.89 0.1971 0.1632 0.0042 0.0195
WR Dump LD-04-01  (-2mm) 90% Dacite / 10% 

Serpentinite 0.0199 0.0119 0.0026 0.0389 0.00022 69.1 0.00025 0.00375 0.025 < 0.03 24.8 0.0382 0.0105 0.00118 0.0065

WR Dump LD-04-02  (-2mm) 90% Dacite / 10% 
Serpentinite 0.0099 0.00542 0.00127 0.0442 0.00041 222 < 0.0005 0.0025 0.03 < 0.03 36.4 0.0259 0.0105 0.00083 0.0067

Notes:
Test performed on -2mm fraction of the original sample
Values in bold indicate parameter exceeds CCME guidelines for the protection of aquatic life
Values in red indicate laboratory parameter detection limit exceeded CCME guidelines for the protection of aquatic life



Table 9:  Summary of Varying NP Tests on Waste Rock Dump Samples

Standard ABA Testing

Sample Paste Rinse Starting S(T) S(SO4) AP NP1 Net NP/AP TIC Carbonate fizz
pH pH pH % % NP % NP test

LD-04-01 + 2mm 9.3 9.0 1.07 0.29 <0.01 9.1 211.9 202.8 23.4 0.67 55.8 None
LD-04-01 -2mm 8.6 8.2 0.89 1.14 0.02 35.6 158.8 123.1 4.5 0.81 67.5 None
LD-04-02 + 2mm 9.1 8.7 1.06 1.92 0.02 60.0 163.1 103.1 2.7 0.96 80.0 None
LD-04-02 -2mm 8.3 7.9 0.88 1.16 0.05 36.3 160.6 124.4 4.4 0.69 57.5 None

RE LD-04-01 + 2mm 9.3 - 1.08 0.32 <0.01 10.0 233.1 223.1 23.3 0.67 55.8 None
1 NP was determined using 40 mL of  0.500 N of HCL.

Standard ABA Testing
Paste Rinse Starting S(T) S(SO4) AP NP2 Net NP/AP TIC Carbonate fizz

pH pH pH % % NP % NP test
LD-04-01 + 2mm 9.1 - 3.94 - - - 93 3 - - 0.67 55.8 None/Slight
LD-04-01 -2mm 8.6 - 4.21 - - - 93.1 3 - - 0.81 67.5 None/Slight
LD-04-02 + 2mm 9.2 - 2.68 - - - 78.0 - - 0.96 80.0 Moderate/Strong
LD-04-02 -2mm 8.4 - 3.19 - - - 83.0 - - 0.69 57.5 None/Slight
2 NP was determined using 40 mL of  0.100 N of HCL.
3 The NP values are unacceptable because the base volume was less than 3.0 mLs.

Standard ABA Testing
Paste Rinse Starting S(T) S(SO4) AP NP4 Net NP/AP TIC Carbonate fizz

pH pH pH % % NP % NP test
LD-04-01 + 2mm - - 6.77 - - - 49.5 5 - - 0.67 55.8 -
LD-04-01 -2mm - - 7.23 - - - - - - 0.81 67.5 -
LD-04-02 + 2mm - - 7.55 - - - - - - 0.96 80.0 -
LD-04-02 -2mm - - 7.48 - - - - - - 0.69 57.5 -
4 NP was determined using 20 mL of  0.100 N of HCL.
5 The NP values are unacceptable because the base volume was less than 3.0 mLs.
The NP was not calculated because the starting pH was above 7.00

Modified ABA Testing
Paste Rinse Starting S(T) S(SO4) AP NP Net NP/AP TIC Carbonate fizz

pH pH pH % % NP % NP test
LD-04-01 + 2mm - - 1.58 - - - 40.3 - - 0.67 55.8 -
LD-04-01 -2mm - - 1.56 - - - 59.5 - - 0.81 67.5 -
LD-04-02 + 2mm - - 1.97 - - - 57.9 - - 0.96 80.0 -
LD-04-02 -2mm - - 1.90 - - - 56.1 - - 0.69 57.5 -

AP  =  Acid potential in tonnes CaCO3 equivalent per 1000 tonnes of material.
NP  =  Neutralization potential in tonnes CaCO3 equivalent per 1000 tonnes of material.
NET NP = Net neutralization  potential = Tonnes CaCO3 equivalent per 1000 tonnes of material.
NOTE: Where S(T)  is reported as <0.01%, a S(T) value of 0.01% is used for the AP calculation.
             S(SO4) is reported for information only  -  AP is calculated from S(T) only, as per Standard Sobek Method.
TIC = Total  Inorganic Carbon as %C.



Figure 1: NP vs TAP
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Figure 2: NAG pH vs NNP
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