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Executive Summary 
 
This report summarizes the work carried out by SRK Consulting (Canada) Inc. during January to 
April, 2004 designed to: 
 
• Investigate the geotechnical properties of the in situ dust; 
• Collect in situ samples for laboratory testing, and  
• Install long-term monitoring equipment in select, representative arsenic trioxide dust chambers 

and stopes at the Giant Mine.   
 
The program objectives were to collect data to assess the: 
 
• Loading and bearing capacity of the dust for design of backfilling procedures if required (as 

based on associated crown pillar stability evaluation); 
• Variability of different dust vintages (ie: from different periods of dust production and storage) 

with respect to chemical, geotechnical, and thermal properties, both in the original dust and due 
to possible weathering influence; and 

• Thermal and piezometric conditions in the selected chambers and stopes to allow for a better 
understanding of the heat transfer and water saturation/movement within the dust mass. 

 
This report includes the planning and the methodology used in the program, as well as the test 
results.  The analysis and interpretation of the data will be presented in later reports dealing with the 
actual design of backfilling, freezing, and water infiltration studies that will make up supporting 
documents to the site Remediation Plan.   
 
Details of the primary drilling (Phase 1) are included in the complimentary report “Crown Pillar 
Stability Evaluation – Arsenic Trioxide Dust Storage Chambers and Stopes, Giant Mine, NT” 
(SRK, 2004). 
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1 Introduction 

1.1 Background 
Collection of in situ data within the arsenic trioxide chambers and dust stopes was recognized as an 
important requirement in the overall planning and decision making process for the remediation at the 
arsenic trioxide stored underground.  A two-phase program was carried out in January to April 2004 
to study the properties of the crown pillars above the chambers and stopes (Phase 1) and to 
investigate and instrument the dust stored within (Phase 2).   
 
The physical and chemical properties of the arsenic trioxide dust have been assessed in several 
studies conducted over the past twenty years.  The most important of these studies are: 
 
• Routine gold and arsenic assays by the mine staff; 
• Geocon Inc. (1981) – Sampling of underground dust and testing of geotechnical properties; 
• Giant Yellowknife Mines Ltd. (1981) – Analysis of arsenic and gold content of Geocon (1981) 

samples; 
• Jenike & Johanson (1982) – Testing of flow properties on Geocon (1981) samples; 
• New Brunswick RPC (1988) – Chemical and particle size analysis of current dust production; 
• Royal Oak Mines Inc. (1998) – Chemical analysis of current dust production; 
• CANMET (2000) – Chemical properties and mineralogy of recent dust production and 

underground dust samples; and, 
• Lakefield Research (2002) – Physical and chemical properties of later dust production. 
 
Programs to further investigate the in situ condition of the arsenic trioxide dust have been discussed 
since at least 2001.  With the publication of a final report on the arsenic trioxide management 
alternatives in December 2002, and the subsequent decision by DIAND to select ground freezing as 
the preferred alternative, it was possible to more precisely define the investigation objectives.  That 
process occurred in mid-2003 and involved the DIAND Giant Mine Remediation Project Team 
(GMRPT), the Independent Peer Review Panel, and SRK Consulting.  Details of the program were 
then developed by SRK and the GMRPT. 
 
Additional specialists were brought onto the team to prepare health and safety plans and to assist 
with the in situ geotechnical testing of the dust.  Miramar Giant Mines Limited (MGML) was 
contracted to prepare access to the drill sites and construct a personnel decontamination facility.  The 
drilling contract was put out to tender by DIAND, and the successful bidder was Connors Drilling 
Limited (Connors Drilling), based out of Yellowknife, NT. 
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1.2 Phase 1 Crown Pillar Drilling 
Geotechnical drilling was carried out in Phase 1 in order to collect rock mechanics data for the crown 
pillars.  The Phase 1 program is described in a separate report; “Crown Pillar Stability Evaluation – 
Arsenic Trioxide Dust Storage Chambers and Stopes, Giant Mine, NT”, SRK, 2004. 
 
Preferred targets for the Phase 1 drill program were selected based on a desktop assessment of the 
stability of each crown pillar.  Where possible, the Phase 1 drillholes were located to provide access 
points for the Phase 2 work.  Siting of the Phase 2 investigation points also took into account the age 
of the dust in each chamber so that samples representing the early years of production could be 
obtained. 
 
The Phase 1 drilling took place between January 8, 2004 and February 16, 2004.  Drilling operations 
were carried out by Connors Drilling, and were supervised by SRK, except for some initial drill 
supervision carried out by T. Canam (former mine geologist at Giant) under subcontract to SRK.  As 
existing underground mine data (tunnel mapping, stope models, etc.) are currently in imperial units, 
the drilling was conducted using imperial units.  To remain consistent with current mine drawings 
and maps, this report will use imperial units, with metric equivalents listed for comparison. 

1.3 Phase 2 Dust Investigation 
Phase 2 of the program was carried out from February 19 through March 31, 2004 to measure in situ 
physical properties of the dust, collect and analyse samples of dust produced prior to 1963, and 
install monitoring instruments in selected chambers and stopes.   Phase 2 consisted of re-entering to a 
number of the boreholes drilled in Phase 1 and completing geotechnical sampling and testing, 
geochemical sampling, and instrument installation inside selected boreholes.  Figure 1.1 shows the 
drillhole locations. 
 
Progress was delayed on several occasions due to winter conditions (water lines freezing, ice build-
up on equipment, cold operating conditions for drill), mechanical downtime, drill staffing problems, 
required decontamination of staff and equipment, and safety concerns.  Phase 2 drilling and sampling 
were undertaken on a single 12-hour shift (0700 to 1900) basis only.  It was considered that sampling 
operations would be simpler and safer under daylight conditions, and that emergency response (mine 
first responders and outside emergency response) would be better during normal work hours in the 
event of an emergency. 
 
The Phase 2 field work was also supervised by SRK staff, with the exception of initial testing and 
training in the operation of Cone Penetrometer Testing (CPT) equipment.  This work was carried out 
by J. Hughes of Hughes In situ Engineering (subcontracted directly to DIAND).  Connors Drilling 
continued to provide and operate all drill equipment for Phase 2.  Samples taken in the Phase 2 
program were forwarded to several specialist laboratories for testing. 
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2 Methods and Materials 

2.1 Occupational Health and Safety 

2.1.1 General Procedures 
In addition to the hazards common to all drill programs on active mine sites, both the Phase 1 and the 
Phase 2 programs were expected to encounter the arsenic trioxide dust.  Therefore, prior to the start 
of work, BC Research was contracted to develop an Occupational Health and Safety Plan 
specifically for the program (BCRI, 2003).  The following outlines the major activities undertaken to 
carry out and to monitor the performance of the plan. 
 
All workers were given both a Miramar Giant Mine Ltd. site orientation and a GMRPT Arsenic 
Chamber Drilling Program orientation prior to starting work on the project.  These orientations 
included general emergency responses, first aid, and safety information, as well as an introduction to 
hazards and avoidance procedures specific to the chamber drilling program.  At the same time, all 
workers that would potentially be exposed to arsenic dust were trained in the use of non-powered, 
air-purifying half-face respirators.  Each worker was then assigned a respirator and fit-tested to 
ensure the respirators performed acceptably for each individual. 
 
Daily safety meetings were conducted at the beginning of each shift between, at a minimum, the 
SRK supervisor and the drilling staff.  These meetings were used to discuss the activities of the 
upcoming shift, to discuss any issues from previous shifts, and to review various aspects of the 
health and safety plan.  Records of these meetings were kept by SRK and staff in attendance signed 
the records at the conclusion of each meeting. 

2.1.2 Urine Arsenic Levels 
Staff exposure to arsenic was monitored through the collection and lab analysis of urine samples, 
provided by each team member.  Workers were expected to submit a baseline sample prior to 
working on the project, and to submit a minimum of one sample a week for the duration of their 
involvement in the project.  Samples were submitted to MGML, and analysed at Miramar’s 
laboratory at Con Mine. 
 
MGML’s urine arsenic threshold values were adopted for the Arsenic Chamber Drilling program.  
These thresholds include a warning level of 100 ppb of total urine arsenic, and a maximum allowable 
level of 150 ppb urine arsenic.  Employees would be removed from working at the drill site if the 
warning level was exceeded, and not return until urine arsenic levels were shown to be below the 
warning level.  Any worker that exceeded the maximum allowable level would be removed from the 
contaminated area and sent for medical evaluation. 
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2.1.3 Airborne Particulate Arsenic Levels 
Air-borne arsenic levels within the drill shack were also monitored over the course of the program.  
An air-borne particulate sampling device consisting of a precisely calibrated pump, timer, and single-
use filter canisters were used to collect samples.  Samples were collected during different drilling 
and sampling to determine the potential exposure of workers to arsenic trioxide dust.  For example, 
background samples were collected from the inside of the drill shack when no activity was 
occurring, as well as additional samples being collected during general rock coring, during rock 
coring within 5m of the expected break through to the chamber, during sampling, and during 
decontamination activities.  Activity, duration of sampling, and flow rate were recorded, and the 
sample canisters were shipped to Envirotest Laboratories in Edmonton for particulate and total 
arsenic analysis.   
 
A series of samples were collected over the duration of the program to test levels of airborne 
particulate arsenic in the working environment.  At the outset of the program, a maximum acceptable 
exposure limit of 0.2 mg total As/m3 was established (BCRI, 2003).  This limit represents the 
maximum concentration of airborne arsenic that was deemed safe for workers with no respiratory 
protection.  Because actual concentrations were unknown ahead of time, the decision was made to 
require respiratory protection, in the form of air-purifying non-powered half-face respirators, for 
work in all situations where exposure to elevated concentrations of airborne arsenic might reasonably 
be expected.  Standard occupational hygiene practice dictates that such respirators provide a level of 
protection such that exposure limits are increased ten-fold, in this case to 2 mg/m3. 

2.2 Phase 1 Drilling 
Phase 1 is discussed in detail in “Crown Pillar Stability Evaluation – Arsenic Trioxide Dust Storage 
Chambers and Stopes, Giant Mine, NT” (SRK, June 2004).  Drilling was conducted by Connors 
Drilling, using a 30 HH diamond drill running two 12-hour shifts daily. The drill cut HQ3 core (61 
mm) using the triple tube coring technique to minimize mechanical breakage and ensure the highest 
possible quality core. 
 
Following core drilling and breakthrough into the chambers or stopes, the cavities between the dust 
surface and the roof of the chambers were investigated using a laser-based Cavity Monitoring 
System (CMS) operated by Thomas Engineering Ltd. (TEC).  The cavity monitoring equipment 
required that a 150 mm diameter hole be drilled into the stope and a multiple-step process was 
required to achieve this.  First, the overburden was penetrated with a tricone bit driven using HW 
(114 mm) casing.  Tricone advance was halted approximately 0.3 to 0.6 m after bedrock was initially 
encountered.  The overburden hole was then enlarged using large diameter UW (198 mm) casing 
with a custom cutting surface coated with tungsten abrasive.  The UW casing was to remain in place 
following completion of drilling, monitoring, testing, sampling and instrumentation, and was 
anchored 0.3 to 1 m into bedrock. 
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Following setting of UW casing, bedrock coring commenced using diamond drill bits cutting HQ3 
(61 mm) diameter core.  Coring proceeded from top of bedrock to breakthrough into the respective 
arsenic stopes.  Clay bomb testing was done at multiple positions in each hole to provide information 
regarding original orientation of the recovered core.  The actual path of the borehole was recorded 
via downhole survey using the Sperry Sun technique.  Sperry Sun tests were conducted at two points 
immediately below the overburden/ bedrock interface, and just above breakthrough into the arsenic 
trioxide cavity for each hole, and were used in conjunction with the borehole collar survey to 
position the drillhole in 3-D space. 
 
Following coring and surveying, those drillholes targeted for cavity monitoring were reamed out to 
150 mm diameter to accommodate the CMS using a down-the-hole hammer driven by compressed 
air.  During reaming, cuttings and compressed air were conveyed down the diamond drill hole into 
the open stope below.  No cuttings were brought to surface.  Following reaming of each hole to 
150 mm, the hammer apparatus was withdrawn from the hole, and the rig proceeded to the next hole.  
Holes were capped with a steel plate following completion of drilling to await cavity monitoring. 
 
The cavity monitoring included an initial video reconnaissance of the drillhole, prior to the laser 
cavity survey, also performed by TEC.  Video reconnaissance was necessary to ensure that the 
drillhole did not contain any jagged or rough sections that could damage the CMS or cause it to 
become stuck down the hole.  Details of the laser cavity survey methodology are provided in the 
Phase 1 report, along with the survey results. 

2.3 Cone Penetration Testing 

2.3.1 Method Applicability 
The cone penetrometer is essentially an instrumented rod, which can measure the stress on the point 
of this rod as it is pushed into the ground. In this manner, the resistance of the arsenic dust to the 
penetration can be determined. As well as the tip stress, the cone records the friction on the side of 
the cone, and the pressure of any excess pore pressure generated during penetration as shown in 
Figure 2.1.  Figure 2.2 shows the computer data acquisition system in the drill shack. 
 
In natural materials, the side friction, together with the tip stress, can be used to determine the 
material type that is being penetrated. For example, higher friction stress relative to tip stress 
indicates higher clay content.  The ratio of the pore pressure to the tip stress can also be used to gain 
some understanding of the material type. 
 
The literature contains many references to the use of the cone data to determine the material 
properties of natural soils (Robinson and Campanella, 1984; Lunne et al. 1997).  However, as the 
arsenic dust is not a natural material, the correlations presented in the standard texts on cone testing 
may not be appropriate. A limited investigation undertaken in 1981 by Geocon raised questions 
regarding the geotechnical behaviour of the arsenic trioxide dust. During that investigation, 
undisturbed samples could not be obtained, and only limited SPT (standard penetrometer testing) 
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was conducted. As a result, there was no clear picture as to the likely behaviour of this material. At 
best, it was postulated that it would be very weak. 
 
In light of the uncertainty about the dust properties, and several practical complications discussed in 
the next section, SRK and the GMPT decided to contract a specialist for that portion of the work.  
Mr. John Hughes, P.Eng., of Hughes In situ Engineering, was contracted to ascertain if useable data 
could be collected from the arsenic trioxide dust using the cone penetrometer.  Following initial 
testing, it was decided that the equipment and methodology provided useful data and so all 
subsequent drillholes were tested.  All CPT equipment was supplied by Hughes In situ Engineering 
for the duration of the project.  From Feb 17 to March 12, six tests were conducted as the drill moved 
progressively between holes.  The cone testing for the first two holes was done by Mr. John Hughes. 
For the remainder of the holes, testing was completed by Mr. Dylan MacGregor, of SRK Consulting, 
following training by Mr. Hughes. 

2.3.2 CPT Equipment 
Conventionally, cones are deployed on specially manufactured rods of 1 m in length and 2.5 cm in 
diameter. The communication cable, which transmits the signal from the cone tip to the computer at 
the surface, goes inside the cone rods and is thus protected from damage as the cone is pushed into 
the ground. Most cone testing is conducted from the surface or within a few feet of the surface. The 
ground then provides lateral support, so the rods can be pushed into the ground with considerable 
force.  However, at the Giant Mine, the start of testing was over 30 m below the surface. Hence, at 
least 30 m of rods would have to be assembled and carefully lowered into the hole before the arsenic 
dust would be encountered. For drillers who are inexperienced in handling rods of this size, this is 
not an easy task, and the chance of dropping the rods and damaging the communication cord is ever 
present. 
 
A more serious problem is the unfilled void, of up to 10 m, which was presumed to exist beneath the 
ceiling of the chambers and the surface of the dust. The small diameter rods would have no lateral 
support in this void and could easily buckle under axial loads. Additionally, some of the holes were 
inclined up to 55 degrees to the vertical, and there was the possibility that the surface of the dust 
could be cemented. These concerns are outlined in Figure 2.3. 
 
In view of these mechanical concerns, the cone was deployed using standard drill rods 
(see Figure 2.4).  BQ (56 mm) drill steel was selected as the advancing rod.  Using these standard 
drill rods meant that the drillers were experienced with the procedures for handling the steel rods, 
that the drill was properly set up for lowering and holding them, and that the larger steel would be 
more robust than the smaller cone rods.   
 
To avoid having to thread the communication cable through the drill steel when adding sections, it 
was necessary to bring the communication cable up the outside of the rods as shown in Figure 2.4.  
This required protection from dragging against the rough wall of the borehole and the lip of the hole 
through the cap rock, particularly for inclined holes.  As a measure of protection, the cable was fixed 
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to the drill rods using electrical tape, and a combination of cable ties and custom PVC protective 
shields.   The cone penetrometer itself was attached to a single length of cone rod, in which the cable 
was housed internally.  An adaptor enabled the attachment of the cone rod to the drillers’ BQ 
(56 mm) rods and allowed internal to external transition of the communication cable.  This critical 
joint was protected by a custom housing approximately 100 mm in diameter to protect the 
communication cable in the event that an exceptionally hard layer or object was encountered. 
 
The communication cable was connected to a notebook computer on surface running proprietary HIE 
software for recording and displaying real-time CPT data.   

2.3.3 CPT Data Collection 
Data collection involved progression through a series of steps as directed by the CPT software.  
Real-time display of data allowed decisions regarding test progress to be made based on conditions 
experienced at the cone tip and on the response of related hydraulic gauges on the drill rig.  In 
particular, hydraulic head pressure applied by the drill rig was monitored and the decision to end a 
given test was made largely on the basis of the downward pressures being required to advance the 
cone that would not trigger buckling of the rods. 
 
Upon “refusal”, the CPT was extracted from the hole and fully decontaminated.   

2.3.4 Further Data Acquisition 
CPT data collection was halted when the applied downward advance pressure was considered to 
threaten the integrity of the testing apparatus.  Dust sampling was then carried out after completion 
of the CPT test as previously described.  During sampling operations, records were kept of 
downward pressure applied by the drill head, and this data was used to correlate an equivalent cone 
tip stress.  Although this method is not accurate, the information is nonetheless valuable for 
establishing a rough estimate of the bearing strength of the material encountered, in particular the 
variability of the resistance. 
 
The sampling procedure varied depending on sampling conditions encountered.  The general case 
was a 0.6m advance of the drill string with a terminal 0.6m split sampling tube without rod rotation.  
Downward pressure to advance the sampling apparatus was obtained from the pressure gauge for the 
drill’s head, and a value representing a rough average for the 0.6m run was recorded.  Where 
excessive resistance to advance was encountered, advance was facilitated by rotation of the drill 
string, and the head pressure was also monitored. 
 
In holes B235-P13 and B233-P9, the HQ drill stem was initially advanced through the dust by 
pushing (+/- rotating) the sampling unit into the dust.  When sampling was terminated, the sampling 
unit was replaced with a tricone.  Down-hole advance was then achieved through standard rod 
rotation/ applied head pressure/ water flushing.  All return water remained in the chamber. 
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During advance, the gauge pressure from the drill head hydraulic cylinder was recorded. This 
applied pressure, in combination with the weight of the drill head + rod string, gave a very 
approximate indication of the force at the drill bit.  The equilibrium pressure at the bit (drill head + 
rod string weight, no applied hydraulic load) usually increased uniformly as a function of depth. 
 
To gain some indication of material strength during tricone/ sampler advance, a simple calibration 
was carried out using the cone at surface.  The piezometric cone was pushed into a block of wood at 
the surface using the drill, and the resulting hydraulic gauge pressure and the cone tip stress were 
recorded concurrently.  The result of this crude calibration indicated that an increase of 100 psi on 
the drill’s hydraulic pressure gauge corresponded to 1000 lb load at the cone tip. Using this rough 
calibration, the gauge hydraulic pressure was correlated with an equivalent cone tip stress under 
conditions of bit advance without rotation.  If advance by applied downward pressure was halted, it 
was necessary to rotate the drill string to facilitate further advance.  In this case, the relationship 
between hydraulic gauge pressure and equivalent cone tip stress was used to estimate a lower limit of 
equivalent cone tip stress.  Because rotation of the drill string (+/- washing with water) made it easier 
to advance down the hole, the recorded applied hydraulic pressure represents a minimum stress 
necessary for advance. 
 
The sampling process was slightly different in the remainder of the holes. The drill stem was always 
advanced with the sampling unit in place rather than the tricone.  Refusal was not encountered when 
the rods were advanced by an applied downward hydraulic pressure with rotation.  The applied 
hydraulic pressures were recorded during sampling unit advance.  In this situation, resistance to dust 
penetration is more complex than when a solid drill bit is pushed into the dust. The resistance to 
penetration will be the result of both end area resistance and friction along the inside and outside of 
the sampling tube.  Based on the geometry of the sampling tube and the drill stem, it was estimated 
that approximately 50% of the tip force would be resisted by end area alone. Using this 
approximation, the recorded applied hydraulic pressure could again be used to give some indication 
of the equivalent cone tip stress. If the rod string and sampling unit required rotation to advance, the 
estimate of equivalent cone tip stress would yield a lower limit of material strength characteristics. 
 
In the weaker zones, the drill rod would penetrate under its own weight with no applied downward 
pressure. Where advance by rod weight alone was halted, the additional weight of the drill head was 
often sufficient to allow further penetration. Where water was used during triconing operations 
(B235-P13 and B233-P9), the drill rods remained full of water for the lower portion of the hole. This 
additional weight was often sufficient to advance the rods without any downward hydraulic force. 

2.4 Arsenic Trioxide Dust Sampling 

2.4.1 Sample Selection 
Following collection of CPT data, samples of the arsenic trioxide dust were retrieved for laboratory 
testing of geotechnical, geochemical and thermal properties.  Bulk samples of arsenic trioxide dust 
produced during the late stages of ore processing at Giant are stored on surface and are readily 
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accessible for sampling and testing purposes.  Therefore, the 2004 sampling focused on the 
collection of arsenic trioxide dust produced during the early stages of ore processing. 
 
As shown in Table 2.1, the drillholes provided good access to dust deposited over the entire history 
of the mine. Any variability in chemistry and degree of weathering over time was expected to be 
captured through sampling from these holes.  In particular, the older dust, for which there was 
previously very little available geotechnical and geochemical information available, was well 
targeted. 
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Table 2.1:  Arsenic Trioxide Dust Filling History 

Stope or 
Chamber Date(s) Filled Volume 

(m3) 
Weight 

Dust 
(Tonnes)  

Arsenic 
Content

(%) 

Weight 
Arsenic 

(Tonnes)  

Equiv. 
As203 

(Tonnes) 

Gold 
g/t 

Gold 
Content 
(gram) 

B230 Oct. 28/51-Dec. 15/52 2,832 2,835 45.31 1,285 1,696 24.8 70,372 

B233 Dec. 16/52-Mar.1/56 12,307 11,426 36.93 4,219 5,569 57.3 654,611 

B234 Mar.2/56-July 10/58 12,035 12,048 36.10 4,349 5,741 80.0 963,315 

B235/336 July 11/58-Mar. 15/62 31,856 31,893 53.37 17,022 23,453 27.1 863,844 

B235 Aug. 22/88  1,052 60.78 640  4.9 5,123 

B236 Dec. 12/88-Dec.30/88  167 63.59 106  7.8 1,305 

B208 Mar.16/62-Dec.31/64 22,847 22,710 65.75 14,930 25,451 13.1 296,652 

 Jan.1/72-Sept.1/72  4,267 64.86 2,768  11.3 48,283 

 July1/75-July31/75  357 63.71 228  4.1 1,471 

 Dec.17/75-Jan.9/76  322 65.92 212  66.9 21,531 

 Mar.11/86-Sept.26/86  1,707 66.95 1,143  4.1 7,024 

B212/213/
214 Jan.1/65-Dec.31/71 54,368 54,803 61.48 33,694 48,325 16.0 879,354 

 Sept.1/72-June14/73  4,486 64.99 2,916  9.0 40,297 

C212 June.14/73-June30/75 18,070 9,292 64.23 5,968 14,674 7.4 69,135 

 Aug.1/75-Dec.17/75  1,627 65.44 1,065  4.5 7,254 

 Jan.10/76-May21.76  1,701 65.12 1,108  4.8 8,165 

 June 1/80-Jan9/82  3,408 69.68 2,375  3.5 11,802 

 May 22/85-Mar.1/86  917 65.48 601  4.1 3,773 

#9 May 21/76-May 31/80 13,337 18,394 67.48 12,413 16,386 4.3 78,201 

#10 Apr.1/82-May 22/85 5,663 9,569 66.83 6,395 8,441 4.6 43,963 

#11 Sept.26/86-Aug.22/88 9,833 5,743 67.52 3,878 5,214 4.7 26,978 

 Nov.30/88-Dec.12/88  116 61.27 72  7.8 904 

#12 Dec.30/88-Dec.31/94 25,485 24,872 69.78 16,373 21,612 6.0 148,381 

 Nov.15/97-Dec.31/97  320 68.72 220 291 4.6 1,460 

 Added after 1997  1,051 na na na na na 

#14 Jan.1/95-Nov.14/97 12,013 9,105 65.48 5,962 7,870 5.5 49,633 

 Added from Jan. 98   3,152 na na na na na 

#15 Not used (empty) -- -- -- -- -- -- -- 

Total: Oct.28/51-1998 220,640 237,343 60.02 139,941 184,721 18.4 4,361,689 

Equivalent As203 (%) 79.20     
Note:  Highlighted cells denote chambers investigated during the Phase 2 program and the related date of dust 

production/filling.  Many of the chambers were filled at an early date in the mine life, and later “topped up”. 
Imperial units used in original tables 
Original gold values assumed to be reported in oz/t = troy oz/short tons 

 g/t = grams/metric tonne 
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2.4.2 Initial Sampling Methodology 
Samples were collected using a 0.6 m split sampling tube, also referred to as a split spoon.  The 
sampling was carried out through the drill rods, using a wireline sampling system, as shown in 
Figure 2.5.  The split tube is held together by a threaded lifter case at the terminal (bottom) end. The 
terminal end of this lifter case is what penetrates the dust during advance, and the lifter case is 
bevelled to facilitate penetration.  The top end of the split tube is secured by a threaded sub which 
connects the split tube to a casing advancer.  The casing advancer has a shoulder at the bottom that 
prevents the casing advancer from passing a landing ring fixed at the end of the rods, and a 
spearhead at the top that allows the entire sampling unit to be retrieved with the wireline.  When the 
sampling unit is seated, the casing advancer rests on the landing ring at the end of the rods and is 
locked in place, and the split tube extends out the end of the rods. 
 
Sampling was generally conducted as follows.  The drill rods would be raised at least 0.6 m to 
provide room for the split tube to extend beyond the end of the rods.  The sampling unit (casing 
advancer and attached split tube) was lowered down the rods using the wireline and locked in place.  
The sampling unit could not simply be dropped down the rods because there was no water inside the 
rods to slow the sampling unit on the way down.  When the sampling unit was seated, the rods were 
advanced 0.6m ahead of the previous end of hole using downward head pressure with +/- slow 
rotation.  Hydraulic pressure required to advance the sampling unit was monitored on the drill gauge, 
and was averaged each run.  On completion of the 0.6m run, the rods were lifted at least 0.6 m and 
the sampling unit was brought to surface with the wireline. 
 
The collected dust samples were shipped in standard “UN 1A2” 20L open-head plastic pails that met 
the requirements of the Canadian Transportation of Dangerous Goods regulations.  When the 
sampling unit exited the drill rods, the end of the split tube was placed in a 20L sampling pail to 
minimise dispersion of free product.  The sampling unit and pail were lowered down to the floor of 
the drill shack using the wireline, which was then disconnected.  The split tube was emptied into the 
sample pail, either by tapping the tube with a rubber mallet or by removing the lifter case and 
opening the split tube to remove product by hand.  Removal of the dust from the sampling unit was 
dependent on moisture content of the dust.  When very dry, the dust would fall from the split tube 
with minor tapping.  When the dust was slightly moist, the split tube had to be disassembled and 
product scraped out.  Wet dust was very sticky, and required tedious scraping of the split tube to 
remove product from sampler.  Where moist and wet dust was encountered, the outside of the 
sampling unit required cleaning prior to removal of sample to minimise dispersion of product and to 
minimise problems related to seating sampler at the landing ring.  Under optimum conditions, the 
greatest rate of sampling achieved was 3 m per hour, based on a 0.6 m sample run. 

2.4.3 Modifications to Sampling Method 
A number of deviations from the general case described above were necessary, depending on 
sampling conditions.  The most common problem was a build-up of arsenic trioxide product inside 
the drill rod at the landing ring.  This accumulation was suspected to result from a combination of 
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product being forced inside during advance, and from residue exterior to the split tube being scraped 
off at the landing ring during retrieval of the sampling unit. 
 
The accumulation of product inside the base of the rods made it difficult to properly seat the 
sampling unit, which prevented the locking mechanism from engaging.  To achieve a proper seating, 
it was necessary to allow the sampling unit to ‘freefall’ for a short distance by releasing the brake on 
the wireline.  In order to minimise the drop distance and the potential for damage to the sampling 
unit, the wireline was initially allowed to drop only a short distance (~ 0.3 m).  This distance was 
incrementally increased by 0.3 m until the sampling unit seated properly.  This repeated freefall 
process lead to the wireline becoming unspooled, and frequent delays were required to fix the 
wireline. 
 
Initially, two split tubes were available, and the plan was to swap split tubes off the sampling unit to 
allowed continued collection of samples while product was extracted from the tube on surface.  
During initial sampling on the first hole, the entire sampling unit became disengaged from the 
wireline and fell unrestricted to the bottom of the rods.  This damaged the split tube portion of the 
sampling unit, as well as the landing ring, beyond repair, and subsequent sampling was carried out 
with a single split tube following the replacement of the landing ring.  This necessitated product 
removal from sampling unit prior to continuation of sample collection, which further delayed the 
sampling. 
 
Where advance of sampling unit became difficult, it was facilitated by slow rotation (25-45 rpm) of 
rods along with applied downward pressure.  On occasion, pulsed rotation of rods allowed the 
sampling unit to be advanced more easily.   

2.4.4 Decontamination Following Sampling 
Following sampling, drill rods were cleaned of gross contamination by pressure washing the rods as 
they were slowly removed from the drill hole.  Washing was undertaken at the top of the surface 
casing, underneath the drill rig, and wash water was directed back down the surface casing.  Rods 
were slowly rotating during the removal process, and a scrub brush wedged inside the surface casing 
was effective in scouring loose any arsenic trioxide that hadn’t been dislodged by water pressure 
alone.  This product was then also washed back down the hole.  The pressure washing was carried 
out by the SRK inspector, with close visual monitoring of the effectiveness of the decontamination.  
Close communication with the drill staff ensured that, where required, rods could be advanced back 
into the surface casing for removal of any remaining free product, and that the decontamination 
proceeded in a safe and effective manner. 
 
Challenges to decontamination of drill rods were largely related to cold temperatures, including ice 
build-up on rods, and freeze-up of water lines and the pressure washer nozzle.  On occasion, the 
degree of scrubbing required to clean the drill rods also hindered progress of the decontamination. 
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The sealed sample containers were cleaned of gross product with a brush, then a final cleaning was 
done by washing the sealed pails by hand with sponge, brush, soap and water.  The washing was 
followed by a clean water rinse.  The wash-rinse process was carried out a total of three times for 
each sample container, using clean water each time.  Contaminated water was stored in dedicated 
plastic garbage cans for final disposal within the South Pond. 

2.5 Instrumentation  

2.5.1 Instrument Selection 
An array of vibrating wire transducers, to measure water pressure, and resistance thermistors, to 
measure temperature, was installed in each drillhole sampled.  Each array was equipped with 
multiple thermistor beads and either one or two transducer units, with all sensors attached to a single, 
sealed cable for better protection during installation.   The instrument arrays and readout unit were 
manufactured by RST Instruments Inc of Coquitlam, BC.   
 
The pressure transducers used have an overall rated accuracy of +/-0.1% of their full range, 700kPA 
(0.70kPa), which translates to approximately 0.07 m (0.23 ft) of water pressure. The low range 
instrument error (for all readings near zero pressure, or unsaturated conditions) is specific to each 
instrument and was determined by the manufacturer through laboratory calibration. The individual 
low-range errors are listed on the figures showing in-situ data for the instrumented drillholes as 
discussed in section 3.  The maximum low range error of all instruments was 0.16 % of full range 
(1.14kPa, or 0.14m head). The transducers also measure temperature (used in temperature 
corrections when measuring pressure) and have a rated accuracy of +/ 0.1°C.  Thermistors have a 
rated accuracy of +/-0.2°C.  Temperature data from both types of instruments are shown on the 
figures.  Calibration sheets for all instruments are attached in Appendix A. 
 
Due to the time required to manufacture the instrument strings, the positions were predetermined 
based on chamber dimensions used in the drillhole planning.  Because of this, some cable design 
lengths did not match the final drillhole depth.  Therefore, some “extra” beads are located above the 
drillhole collar in holes that did not reach their planned depth.  The final position of each sensor bead 
was recalculated based on final drill measurements and amount of cable remaining at surface.   

2.5.2 Casing Installation 

2.5.2.1 PVC Installation (external instrument cable attachment) 
The initial installation of an instrument string in B235-P13 was unsuccessful due to breakage of the 
PVC pipe during retrieval of the HQ drill rods that the PVC were installed through.  It appeared that 
the PVC pipe was broken when the drill string was at, or near, the surface of the arsenic trioxide dust 
in the chamber, indicating that the steel rods may have “kicked out”, or moved laterally, causing the 
PVC to break.  The PVC pipe and attached instrument string above the dust surface collapsed into 
the chamber.  Attempts were made to retrieve the cable by fishing with a rebar hook on the end of 
the wireline.  This was unsuccessful, and further the string was abandoned in the chamber.  An 
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attempt will be made to retrieve the cable end via the underground inspection hatch when this 
chamber is next inspected. 

2.5.2.2 Alternative Installation: AQ/BQ Drill Rods (internal cable installation) 
Following the loss of the B235 string, it was decided even if heavier walled PVC or more flexible 
HDPE were used, the same problem could occur, especially in the inclined drillholes.  Therefore, 
after discussion with DIAND, a decision was made to install the instrument strings inside used AQ 
or BQ drill rods.  The proposed installation method was evaluated using both thermal modelling to 
determine if thermal conditions would be compromised by the steel rods, or by possible movement 
within the rods.  The steel was shown not to be an issue, except possibly very near surface, and as the 
rods are sealed at the top, vertical air movement would not occur. 
 
Because the instrument cables were installed inside the steel rods, the upper vibrating wire 
piezometers in drillholes B233-P9, C212-2, B208-1, B212-4, and B214-1 will not be hydraulically 
connected to the dust immediately outside the steel casing.  Therefore, water pressure data measured 
will be due to either drill water inside the steel pipe, or water pressure from the tip of the steel rods if 
the dust inside the rod is saturated.  The upper transducer data for the nodes listed above is may be 
misleading with respect to dust saturation levels at the depth illustrated, and so has not been included 
in the data plots at this time.   
 
However, the upper piezometers in drill holes C212-4 and B208-3 do measure actual piezometric 
levels outside the steel casing as slots were cut in the AQ/BQ rods at the appropriate depth prior to 
installation.  To prevent a hydraulic connection between the upper and lower transducer through the 
rods, cement grout was added to the inside of the rods.  This will restrict conductivity connecting 
pathway through the rods, but still allow for direct measurements of hydraulic pressure immediately 
outside the steel through the porous cement.  Fully cemented transducer installations have been 
successfully installed and monitored at other sites in a similar manner, so the resulting data are 
expected to be representative of adjacent dust saturation conditions. 

2.5.3 Instrumentation Installation 
Instrument cables were installed to the bottom of the internal drill rods placed in each drillhole. 
Foam insulation was wrapped around top 3m of cable below the collar to prevent surface air from 
descending the drill rod.  This foam insulation was not installed in C212-4 or in B208-3; these holes 
were grouted to surface shortly after cable installation as described above to hydraulically separate 
the two transducers.  
 
Vibrating wire piezometers were not pre-saturated at the surface because of the risk of freezing  
(-30oC air temperatures at time of installation).  Consequently, installed vibrating wire piezometers 
will require time to equilibrate with the saturation levels in the surrounding dust. 
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2.5.4 Grouting 
All of the drillholes were grouted at the end of the program to prevent entry of surface and shallow 
ground water into the arsenic storage chambers.  Temporary plugs were placed in instrumented and 
non-instrumented holes as described below, at approximately 10 to 20ft (3 to 6.1m) above the top of 
each chamber.  The final grouted length was to extend from the temporary plug above the chamber 
to well above the bottom of the surface casing.  In practice, holes were grouted from the plug 
location up to, or very near, the ground surface (within 2m). Grouting was conducted by Capital 
Transit Mix for all cavity monitoring holes except B214-1 and B208-2, which were filled by 
Connors Drilling.  

2.5.4.1 Cement Baskets 
As all cavity monitoring drillholes penetrated underground openings, it was necessary to form an 
initial plug in each drillhole that would prevent the grout from flowing freely down the hole and into 
the void.  Matters were complicated in instrumentation holes by the presence of the instrument 
conduit, which required some form of radial plug surrounding the conduit.  To achieve this, a series 
of ‘cement baskets’ were placed on each conduit at a distance of 3 to 6 meters above the void.  These 
cement baskets were constructed of pieces of rubber inner tube cut to size, and wired to the conduit 
to form an inverted cone.  It was critical that the size of the rubber cone be large enough to collapse 
outwards and block the entire drillhole, yet be small enough to allow the HQ rods to be pulled over 
the rubber and to fit through the opening in the shoe at the end of the rods.  The down-hole end of the 
cement basket system was secured with duct tape to minimise the possibility of the shoe catching on 
the cement basket during rod extraction, and the rubber was sprayed with lubricant to minimise 
friction.  
 
Three to five of these inverted cones were nested together to provide a composite system designed to 
catch an initial ~15L batch of cement and allow the formation of a blockage that would hold the final 
grout column during curing.  In some cases, bentonite pellets were added, followed by 20L of water, 
prior to the mixing and addition of the initial batch of cement. A minimum of ~15L of additional 
cement was added on top of the initial cement basket plug and allowed to set at least 48hrs before 
final grouting to surface.  
 
Table 2.2 shows the position of cement baskets and the initial radial cement plugs in the 
instrumentation drillholes. 
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Table 2.2:  Location of Starter Plugs in Instrumented Drillholes 

Hole ID Breakthrough Length 

m (ft) 

Position of Cement Basket (down-
hole length)* 

B233-P9 41.1 m (135 ft) 35.6 m (117 ft) 
C212-2 36.6 m (120 ft) 32.0 m (105 ft) 
C212-4 69.8 m (229 ft) 53.9 m (177 ft) 
B208-1 29.0 m (95 ft) Foam plug used: 23 m(75 ft)  
B208-3 77.7 m (255 ft) 73.1 m (240 ft) 
B212-4 27.7 m (91 ft) Foam plug used: 24.5 m (78 ft)  
B214-1 31.1 m (102 ft) 27.4 m (90 ft) 

* Distance along alignment of hole 
Note:  All lengths are feet below top of surface casing.   Positions have not been corrected for dip. 

2.5.4.2 Expanding Foam Plugs 
Drill holes B208-1 and B212-4 were not successfully sealed using the cement baskets.  Therefore, 
these drill holes were successfully sealed using expanding urethane foam injected through 15 mm ID 
tubing.  Foam plugs were set at approximately 23 m(75 ft) and 24.5 m (78 ft) respectively in each 
hole.  Following plugging with the foam, 30 L of cement was added to each hole to strengthen the 
initial plug. Each hole was grouted to surface after allowing the cement plugs to set for at least 1 
week. 

2.5.4.3 Non-Instrumented Holes: Starter Plugs 
To grout each cavity monitoring hole that did not contain instrumentation, a 178mm Nisku rubber 
plug was placed approximately three meters above the cavity to form the initial plug.  Following 
cavity monitoring, the drill was moved back onto the hole and the rubber plug was pushed down to 
the target depth using the drill rods. 
 
At drillhole B208-2, initial installation of the starter plug failed due to an accumulation of ice in the 
hole.  Seepage and ice development in the hole was observed as part of the cavity monitoring 
investigation, and appeared to result from water seeping from fractures cut by the drillhole.  The 
initial attempt advanced a rubber plug approximately 20ft (6.1m) down the hole before refusal.  An 
ice-cutting drill bit with jagged teeth was used in an attempt to turn the rubber plug and advance 
further.  No further advance was achieved, with the bit cutting through the rubber plug and coring 
approximately 1.5m of ice beneath the plug before removal of rods.  Attempts to plug B208-2 were 
put on hold pending development of a plan to deal with the unexpected situation, and the drill 
proceeded to plug the remaining holes without difficulty. 
 
Following plug installation in remaining holes, the drill was moved back onto B208-2.  It was 
decided to clean out the hole with a 6” tricone using hot CaCl2 brine as the drilling fluid.  
Immediately following breakthrough, a second rubber plug was installed to the appropriate depth, 
and B208-2 was immediately grouted to surface by drilling staff. 
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2.5.5 Surface Completions 
Steel lock-boxes were placed over instrumented drillhole collars to protect instrument cables and 
boxes from weather and tampering. Boxes are painted black to protect the steel against corrosion.  
The boxes were set into concrete pads to provide a solid work platform and long term protection as 
shown in (Figure 2.6). 

2.6 Laboratory Testing Program 

2.6.1 Sample Handling 
Laboratory geotechnical, geochemical and thermal testing of arsenic trioxide dust from samples 
collected during the Phase 2 program, and from product in surface storage (“stored barrel” sample) 
was carried out at three separate laboratories. 
 
The laboratories, the specific samples tested, and the tests carried out are listed in Table 2.3.   
  
• Discrete depth samples tested are delineated using an “X” in the table; 
• Composite samples tested are delineated using “C” for “composite in a combined box. 
• Several samples were submitted for testing, but not tested by the laboratory.  These are 

delineated using “nt” for “not tested 
 
The sample depth intervals listed in Table 2.5 do not always match the sample intervals listed in 
Table 7.3.  This discrepancy relates to the poor recovery of dust in some of the sample intervals.  The 
sample depth in Table 2.5 sample is a best estimate only. 
 
All samples were originally shipped to Lakefield SGS Labs.  Sub-samples were subsequently 
allocated to CanMet and EBA for their portion of the work.  Copies of all available shipping and 
chain of custody documents are attached in Appendix B.   
 
The “Stored Barrel” sample(s) tested consists of the remnants of material shipped to Lakefield 
laboratory in 2002 for use in cement and bitumen stabilization testing.  The arsenic trioxide dust in 
the barrel was reported to have been collected directly from the Giant Mine bag house in 1998 and 
1999. 
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Table 2.3:  Arsenic Trioxide Sample Submission 

Lakefield CANMET EBA 

Sample ID 
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Sample 
Interval 
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B233-P9 175-181 X X X X    X X X   

C212-2 140-168 X X X X         

C212-2 168-189 X X X X    X X X X X 

B235-P13 130-137 X X X nt         

B212-4 96-132 C C C C         

B212-4 132-166 C C C C         

B212-4 216-224 C C C C         

B212-4 224-231 C C C C         

B208-1 97-122 C C C C     C C   

B208-1 122-162 C C C C nt nt  nt C C X X 

B214-1 98-117 C C C C         

B214-1 117-147 C C C C         

B214-1 147-148 C C C C         

Stored 
Barrel n/a X nt X X X X X  X X X  

Sample Submission Codes: 
X = sample tested as depth discrete sample 
C = sample tested as part of composite 
nt = sample requested for testing in original submission, but not tested 

Note:  All sample depths have been corrected for drillhole dip. (ie: sample depth = true vertical position 
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2.6.2 Testing Procedures 
Specific laboratory test methods are listed in Table 2.4 below. 
 

Table 2.4:  Laboratory Test Details 

Laboratory Test Laboratory 
Laboratory 
Procedure 

Chemical analysis Lakefield strong acid digest. ICP analysis 

Specific Gravity Lakefield Micromeritics Multi-Volume Pycnometer 1305 

Particle Size Lakefield Malvern Model 2600 laser meter 

Atterberg Limits Lakefield ASTM D 4318 

Standard Proctor Lakefield ASTM D 698-91 

Wettability - column Lakefield Custom: see App 4 (SGS – Lakefield, 2004) 

Capillary rise Lakefield Custom: see App 4 (SGS – Lakefield, 2004 

Compaction Lakefield Custom: see App 4 (SGS – Lakefield, 2004 

Heat capacity Canmet ASTM E1269-01 

Mineralogy Canmet Rigaku D/MAX B Rotaflex powder diffractometer.  JADE 
v6.0 software 

Microscopy Canmet JEOL 820 SEM 

Thermal Conductivity EBA ASTM D 5334 

Unfrozen water content EBA see Topp et al (1980) and Smith and Tice (1988). 
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3 Field Results 

3.1 Occupational Health and Safety Monitoring 

3.1.1 Urine Arsenic Levels 
Figure 3.1 is a compilation of all urine arsenic results for all staff involved in on-site work as part of 
the Arsenic Chamber Drilling program.  As shown in Figure 3.1, there was only a single instance in 
which an individual’s urine tested above both the 100 ppb warning level and the maximum allowable 
level of 150 ppb for arsenic (Feb. 6, 2004).  Immediately on receipt of this result, the individual was 
barred from entering the high exposure risk zone (the drill shack under breakthrough/ sampling 
conditions) until additional testing showed acceptable arsenic levels in urine.  A sample was given 
the same day, and analysis was expedited.  This resulted in an acceptable urine arsenic reading for 
this individual (Feb. 13, 2004), and he was cleared for work in all zones.  This single high value 
could have been the result of dietary influence (fish and rice are known to increase urine arsenic 
levels) or of analytical error.  Alternatively, the individual may have had an acute exposure due to a 
breach of the PPE/ decontamination system. 
 
The remaining results all show generally low urine arsenic levels, with all values below the warning 
level.  This indicates that, throughout the program in general, the measures taken to protect workers 
against arsenic exposure were effective. 

3.1.2 Airborne particulate arsenic levels 
Table 3.1 shows the results of airborne particulate arsenic monitoring over the duration of the 
program.  All airborne arsenic concentrations are more than an order of magnitude lower than the 
exposure limits for unprotected workers of 0.2 mg of total arsenic per m3.  As samples were 
commonly collected during times when high exposures were considered possible, workers were 
equipped with respirators during the sample collection periods.  In effect, workers’ exposure to 
airborne particulate arsenic was more than two orders of magnitude lower than the exposure limit 
where respirators are in use. 

3.2 Drillholes Tested and Instrumented 
Final as-drilled characteristics of each drillhole are summarized in Table 3.2.  Coordinates provided 
are in the Giant Mine Engineering Grid system, and all lengths are listed in imperial units.  Lengths 
have not been corrected for drillhole angle, and so do not represent true vertical ‘depths’. 
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Table 3.1:  Airborne particulate arsenic sampling results 

Sample 
No. 

Client 
No. 

Start   
Date 

End   
Date Type Location Time 

(min) 
Flow 

(L/min) 
Vol    
(M3) 

Total 
Dust 
Mass 
(mg) 

Total Dust 
concentration 

(mg/m3) 

Arsenic  
Mass   
(ug) 

Arsenic 
Concentration 

(mg/m3) 

1 Jan11-S1 11/1/2004 11/1/2004 Area Drill Rig 651 1.95 1.27 0.18 0.14 ND ND 
2 Jan12-S1 12/1/2004 12/1/2004 Personal Geologist 750 1.95 1.46 0.23 0.16 0.350 0.00024 
3 Jan14-S1 14/1/2004 14/1/2004 Area Drill Shack 392 1.94 0.76 0.02 0.03 0.160 0.00021 
4 Jan14-S2 14/1/2004 14/1/2004 Personal Geologist 447 1.93 0.86 Nav Nav 0.220 0.00026 
5 Jan15-S1 15/1/2004 15/1/2004 Personal Driller 185 2.93 0.54 0.14 0.26 0.350 0.00065 
6 Jan15-S2 15/1/2004 15/1/2004 Area Drill Shack 321 2.95 0.95 0.13 0.14 0.070 0.00007 
7 B1 22/1/2004 22/1/2004 Blank Blank 0 0.00 0.00 0.00 n/a ND ND 
8 Feb8-S1 8/2/2004 9/2/2004 Area Drill Shack 562 2.07 1.16 0.08 <0.09 0.16 0.00014 
9 Feb9-S1 9/2/2004 9/2/2004 Area Drill Shack 399 2.80 1.12 0.12 0.11 15.00 0.01343 

10 Feb10-S1 10/2/2004 11/2/2004 Area Drill Shack 341 2.80 0.95 0.12 0.13 0.34 0.00036 
11 Feb11-S1 12/2/2004 12/2/2004 Area Drill Shack 176 2.80 0.49 0.28 0.57 1.71 0.00347 
12 Feb14-S1 14/2/2004 14/2/2004 Area Drill Shack 37 2.80 0.10 ND n/a <0.05 ND 
13 Feb14-S2 14/2/2004 14/2/2004 Area Drill Shack 72 2.80 0.20 ND n/a 0.45 0.00223 
14 Feb18-S1 18/2/2004 18/2/2004 Area Drill Shack Nav Nav 0.23 0.21 0.91 <0.0002 ND 
15 Mar13-S1 13/3/2004 13/3/2004 Area Drill Shack 207 2.80 0.58 0.06 0.10 0.06 0.00010 
16 Mar14-S1 14/3/2004 14/3/2004 Area Drill Shack 114 2.80 0.32 0.17 0.53 1.30 0.00407 
17 Mar23-S1 23/3/2004 23/3/2004 Area Drill Shack Nav Nav 0.91 0.06 0.07 0.06 0.00007 
18 Mar30-S1 30/3/2004 30/3/2004 Area Drill Shack 98 2.80 0.27 0.00 0.00 <0.05 ND 

Maximum arsenic exposure limit for unprotected workers: 0.20000 
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Table 3.2:  Summary of as-drilled details for chamber investigation drillholes 

Overburden Overburden Breakthrough Stope Bottom
Hole No. Instrument CPT North East Elev North East Elev Contact Length Length Length Dip Azimuth

Installation (ft) (ft) (ft) (ft) (ft) (ft) elev. (ft) (ft) (ft) (ft) (degrees) (degrees)
Stope C212 C212-2 yes yes 10470 6605 6003 10474 6603 5886 5956 50 120 189 -88 333

C212-3 no no 10522 6711 6003 10564 6645 5890 5943 50 no breakthrough hole missed stope -56 302
C212-4 yes no 10513 6690 6005 10523 6667 5781 5955 50 229 237 -84 294

Stope B208 B208-1 yes yes 11930 7445 6005 11951 7415 5921 5969 37 95 176 -67 306
B208-2 no no 11959 7489 6010 12000 7428 5920 5974 53 127 stope not drilled -51 305
B208-3 yes no 12199 7566 6019 12097 7440 5819 5976 55 255 296 -51 231

Stope B212 B212-1 no no 12510 7455 6017 12510 7455 5937 5960 59 84 stope not drilled -90 na
B212-3 no no 12561 7500 6017 12588 7469 5928 5953 71 98 stope not drilled -65 312
B212-4 yes yes 12529 7492 6020 12546 7457 5933 5960 59 91 230 -66 296

Stope B213 B213-1 no no 12445 7440 6015 12445 7440 5934 5964 49 86 stope not drilled -90 na
Stope B214 B214-1 yes yes 12425 7438 6017 12411 7387 5934 5961 71 102 180 -55 254

B214-3 no no 12440 7310 5986 12415 7335 5935 5981 33 64 stope not drilled -55 135
B214-5 no no 12450 7426 6018 12410 7350 5935 5969 76 135 stope not drilled -45 242

Chamber B233 B233-P9 yes yes 11655 7432 6020 11655 7432 5893 5979 6 135 257 -90 na
Chamber B235 B235-P12 no no 11577 7547 6020 11565 7543 5945 5996 24 no breakthrough stope not targeted -81 198

B235-P13 yes yes 11540 7570 6024 11540 7570 5923 6002 25 104 252 -90 na
Note: drill lengths listed represent distance from collar along hole axis, and have not been corrected for dip.  As such, these lengths are not true depths.

Collar Position Break Through Point
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3.3 CPT and Related Test Results 

3.3.1 CPT Test Results 
Data was successfully obtained in all six holes where cone penetration tests were attempted. The 
results are shown in Figures 3.2 to 3.6.  In most holes, the rod string + cone advanced under 
self-weight for about 10 ft (~3 m).  It was then pushed until it was considered unsafe to continue due 
to the risk of buckling of the rods.  Up to 31 ft (~10 m) of cone penetration were obtained in each of 
the six test holes. Table 3.3 summarizes the CPT intervals at each drillhole. It should be noted that 
the position of breakthrough into the chamber, top of dust, and refusal on the CPT push refer to the 
length along the vertical or angled drillhole.  Positions have not been corrected for dip of drillhole. 

Table 3.3:  Down-hole lengths for CPT boreholes 

Hole Date Distance to 
breakthrough

Distance to 
top of dust 

Distance to 
bottom of cone 

push 
Dip from 

horizontal 

  (ft) (m) (ft) (m) (ft) (m) (degrees) 

B235-P13 February 19 104 31.7 128 39.0 168 51.2 90 

B233-P9 February 24 135 41.1 160 48.8 180 54.9 90 

C212-2 February 28 120 36.6 140 42.7 167 50.9 88 

B208-1 March 3 95 29.0 105 32.0 133 40.5 67 

B212-4 March 7 91 27.7 96 29.3 132 40.2 66 

B214-1 March 12 102 31.2 106 32.3 142 43.3 55 

3.3.2 Tricone/Sampler Testing 
Results and observations for the drillholes tested using the tricone bit and/or sampler are discussed 
below. Details of the additional push testing intervals and final test depths are listed in Table 3.4.   
Figures 3.7 through 3.12 summarize the results of the correlated penetration resistance. 

Table 3.4:  Down-hole lengths for additional dust strength testing 

Hole Date 

Distance to bottom 
of cone push  

Test Sections  

(top/bottom depths) 
Dip from 

horizontal 

  (ft) (m) (ft) (m) (degrees) 
B235-P13 February 19 168 51.2 168 – 252 51.2 - 76.8 -90 

B233-P9 February 24 180 54.9 180 – 257 54.9 - 78.35 -90 

C212-2 February 28 167 50.9 167 – 187 50.9 - 57 -88 

B208-1 March 3 133 40.5 133 – 176 40.5 – 53.6 -67 

B212-4 March 7 132 40.2 132 – 233 40.2 – 71.0 -66 

B214-1 March 12 142 43.3 142 - 180 43.3 – 54.9 -55 
Note: all test intervals refer to length along drill trace, and have not been corrected for dip. 
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Hole B235-P13 
In B235-P13, the water did not freely drain from the rods below 190 ft (~58 m) depth.  At 220 ft 
(~67 m), a falling head test was undertaken.  This test showed a drop in water level from surface to 
about 102 ft (31 m) over five minutes, followed by 25 minutes of constant water level.  A subsequent 
test at 226 ft (~69 m) resulted in a drop in water level from surface to about 118 ft (~36 m), followed 
by 15 minutes of constant water level. In contrast, water level following completion of drilling 
stabilised at about 240 ft (~73 m), which is near the base of the hole.  At this point, it is unclear 
whether this water level and the previously recorded constant water levels represent perched water 
tables within the chamber or indicate the generally low vertical hydraulic conductivity within the 
dust. 
 
Hole B233-P9 
In B233-P9, a hard layer was encountered within the dust at approximately 174 ft (53 m).  
Penetration was not possible using downward hydraulic pressure alone, and conventional tricone 
drilling (rotation + pressure + flushing with water) was required to advance.  Below this layer, zones 
of loose material were again encountered as advance proceeded intermittently through application of 
hydraulic pressure and through acceleration due to self-weight only. 
 
Hole B208-1 
Sampling in B208-1 extended from the dust surface to the base of the hole.  At no time was the 
applied load from the drill insufficient to advance the sampling unit down hole.  Therefore, tricone 
drilling was necessary. 
 
Hole B212-4 
Sampling in B212-4 extended from the dust surface to 169 ft (~52 m), with advance over this 
interval requiring self-weight of rods + head only; no hydraulic pressure was applied.  From 169 ft 
(~52 m) through 217 ft (66 m), rods were advanced by rotating and applying pressure, with the end 
of rods plugged by the casing advancer.  At 217 ft (66 m), the casing advancer was retrieved and the 
sampling unit was reattached.  Sampling proceeded from 217 ft (66 m) to 232 ft (71 m) (EOH) 
through advance by rod + head weight only (no applied pressure). 
 
Hole B214-1 
Sampling in B14-1 extended from the dust surface to the base of the hole.  At no time was the 
applied load from the drill insufficient to advance the sampling unit down hole, and no tricone 
drilling was necessary.   
 
Hole C212-2 
Sampling in C212-2 extended from surface to the base of the hole.  The applied load from the drill 
was sufficient to advance the sampling unit and rods without developing unacceptably high pressures 
that would require replacing the sampling unit with a tricone bit. 
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3.3.3 In Situ Geotechnical Properties 
A commonly used chart to describe the material type of natural soils that relate tip stress to friction 
ratio is shown in Figure 3.20. In this chart the arsenic dust in the top 10 m has a maximum tip stress 
of 500 kPa and a friction ration of 1%. Natural materials in this range are likely to be fine-grained 
cohesive/non-cohesive soils to sensitive clays. However, visually, the dry dust does not have the 
consistency of clay.  It seems more like a loose non-cohesive frictional material.  If it is considered 
as a frictional material, then for natural materials the friction angle can be determined from the tip 
stress and the associated vertical stress as shown in Figure 3.21. Unfortunately the results from the 
dust intervals fall well below the published data from chamber tests on natural frictional materials as 
shown in Figure 3.22.  Hence the cone data cannot be used directly to determine a friction angle 
from existing charts. However, the data suggest a friction angle of 30° or less.  That value is slightly 
lower than what was measured in laboratory tests (see Section 4). 
 
The cone data for most of the tests in the dry upper dust are relatively consistent. In general, cone tip 
stress increases with depth in a linear fashion. Hence the increase in strength is probably dominated 
by gravitational forces rather than inter-particle electric charges (cohesive forces). However, in some 
holes, there are zones at depth that are particularly strong. These zones are probably cohesive in 
nature, which may be a result of wetting and subsequent drying, or some cementing process. 
 
The dust is in a loose state, such that under shock loading, such as seismic loading, the dust particles 
could rearrange themselves to a denser, more stable configuration thus inducing some settlement of 
the surface. Any surface fill load would consequently settle and it would not provide support to the 
rock crown. This problem would be eliminated once the dust had been frozen in place. 

3.4 Observations during Dust Sampling 
Sampled material was generally dry, with varying levels of humidity yielding a range of powdery to 
clumping dust.  Dust was generally a homogenous, light tan powder, with visible layering and colour 
darkening to a dark chocolate brown on rare occasions.  Sample recovery was generally poor near 
the surface of the dust and increased with sample depth. 
 
Wet sample material was encountered at the dust surface in vertical holes B233-P9 and B235-P13.  
Sampling in both vertical holes was terminated above the bottom of the respective chamber.  This 
moisture is thought to have been introduced by drilling and is not considered indicative of in situ 
conditions. 
 
Saturated material was encountered over a depth of approximately 0.25 m (1 ft) at the base of 
B214-1.  Arsenic trioxide dust was sampled over the entire dust interval encountered in this hole, as 
well in holes C212-2 and B208-1.  The arsenic trioxide encountered in B212-4 was sampled over the 
top 21 m (70ft) as well as over the bottom 4.5 m (15ft).  A 15 m (50ft) interval was skipped to reduce 
the amount of time required for sampling.  Table 3.5 summarizes the details of sample interval and 
volume recovered for each drillhole.   
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It should be noted that sample ID “positions” are related to the length along the vertical, or inclined, 
drillhole.  These position “depths” are listed in Table 3.5 to correspond with the sample ID labels 
recorded in the filed on the sample containers, and therefore subsequently used in all sample 
shipping and laboratory documentation.  True depth locations (corrected for dip of drillhole) of each 
sample interval is also listed in Table 3.5.  The actual sample intervals in each drill hole (except 
B235-P13) are shown in the accompanying diagrams (Figures 3.13 – 3.19). 
 

Table 3.5:  Summary of arsenic trioxide sample intervals 

  Total Sampled Interval – corrected for dip  

Hole ID Sample ID 
(Downhole Position) 

From 
(ft) To (ft) From (m) To (m) Sample 

Volume (L)* 
B208-1 106-133’ 97 122 29.6 37.2 3 
B208-1 133-176’ 122 162 37.2 49.4 12 
B212-4 97-133’ 96 132 29.3 40.2 3 
B212-4 133-167’ 132 166 40.2 50.6 10 
B212-4 217-225’ 216 224 65.8 68.3 2 
B212-4 225-232’ 224 231 68.3 70.4 1 
B214-1 119-143’ 98 117 29.9 35.7 10 
B214-1 143-179’ 117 147 35.7 44.8 10 
B214-1 179-180’ 147 148 44.8 45.1 <1 

B233-P9 157-181’ 157 181 47.9 55.2 3 
B235-P13 128-144’ 128 144 39 43.9 2 

C212-2 140-168’ 140 168 42.7 51.2 5 
C212-2 168-189 168 187 51.2 57.6 5 

Note:  * Sample volumes estimated 
   Sample ID:  Not corrected for dip 
   Sample Interval: corrected for dip in inclined holes 
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3.5 Instrument Cables 
Tables 3.6 and 3.7 show installed thermistor and transducer positions at the corrected true depths for 
all instrument cables.  All data presented are in the true position with respect to the drillhole collar. 

Table 3.6a:  Thermistor Locations (True Depth - metric) 

Hole ID Bead #1 
(m) 

Bead #2
(m) 

Bead #3
(m) 

Bead #4
(m) 

Bead #5
(m) 

Bead #6 
(m) 

Bead #7
(m) 

Bead #8
(m) 

C212-2 16.2 26.2 36.2 46.2 56.0    
B208-1 9.8 19.0 28.2 37.3 46.5    
B212-4 3.9 8.4 17.6 26.7 35.8 45.0 54.1 63.2 
B214-1 4.7 12.9 21.1 29.3 41.5    

B233-P9 3.5 8.5 18.5 28.5 38.5 48.5 58.5 68.5 
B208-3 -0.2 4.6 9.3 21.2 33.0 52.9 56.7 69.7 
C212-4 -3.7 0.3 7.9 23.0 45.7 59.6 66.9 72.1 

Note:  All depths are metres below top of surface casing  
 Positions have been corrected for dip. 

Table 3.6b:  Thermistor Locations (True Depth - Imperial) 

Hole ID Bead #1 
(ft) 

Bead #2
(ft) 

Bead #3
(ft) 

Bead #4
(ft) 

Bead #5
(ft) 

Bead #6 
(ft) 

Bead #7
(ft) 

Bead #8
(ft) 

C212-2 53.2 86.0 118.8 151.6 183.8    
B208-1 32.2 62.3 92.4 122.5 152.6    
B212-4 12.7 27.7 57.7 87.6 117.6 147.5 177.5 207.4 
B214-1 15.4 42.3 69.2 96.0 136.3    

B233-P9 11.4 27.8 60.6 93.4 126.2 159.0 191.8 224.6 
B208-3 -0.5 15.0 30.6 69.4 108.3 173.6 186.0 228.8 
C212-4 -12.0 0.9 25.8 75.5 150.0 195.7 219.5 236.4 

Note:  All depths are feet below top of surface casing  
 Positions have been corrected for dip. 

Table 3.7:  Vibrating wire transducer locations (True Depth) 

Hole ID Transducer #1 
(m) 

Transducer #1
(ft) 

Transducer #2
(m) 

Transducer #2
(ft) 

C212-2 36.2 118.8 57.2 187.6 
B208-1 46.5 152.6 Na na 
B212-4 26.7 87.6 64.1 210.4 
B214-1 25.2 82.6 44.0 144.4 

B233-P9 58.5 191.8 77.4 254.1 
B208-3 52.8 173.3 69.9 229.5 
C212-4 57.7 189.4 72.1 236.4 

Note:  All depths are feet below top of surface casing.  
 Positions have been corrected for dip. 
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Figures 3.13 through 3.18 show temperature and pressure head results for the instrumented 
drillholes.  Temperature fluctuations illustrated in some graphs (as noted in the figures) are thought 
to have been caused by warm drill fluids used during the installation, or hot brine used to clear 
accumulated frost in the drillholes during installation and grouting procedures.  The anomalous 
temperatures observed on April 7th, 2004 were likely caused by heat from hot water poured down 
the drillhole when checking initial plug seals.  Elevated temperatures are also noted in the thermistor 
beads that are located inside the steel box at surface due to radiant heating of the air inside the box 
during the day. 

4 Laboratory Testing Results 

4.1 Data Sources 
Laboratory reports are included in Appendix D and include the following: 
 
• SGS Lakefield Research (2004) – The Characterization of Various Arsenic Trioxide Dust 

Samples from Giant Mine Yellowknife Mine 
• CANMET (2004) – A Mineralogical Investigation of Arsenic Trioxide (As2O3) Rich Tailings 

from the Giant Mine, Yellowknife, NWT 
• CANMET (2004) – Heat Capacity Study of Dust Samples containing Arsenic Trioxide (CERL 

Report 2004-31 (CF)) 
• EBA (2004) - Results of Laboratory Measurements of the Thermal Properties of Arsenic 

Trioxide (File: 1100052) 

4.2 Physical Properties 
Table 4.1 provides a summary of physical properties measured in the studies to date.  None of the 
investigations have recovered intact samples, although direct and indirect in situ testing has been 
performed. The recovered dust samples were tested for a wide range of parameters for physical, 
chemical and thermal characterisations. The in situ testing provided some indication of the in-place 
density and strength, through standard penetration tests (SPT - split spoon) and cone penetration 
testing (CPT).  
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Table 4.1:  Physical Properties of Arsenic Trioxide Dust. 

Parameter Range 
(1998 and 2002) 

2004 Data Total Range/ Avg 

Grain Size 92 - 97% <0.0045mm 72 - 98 % <0.0045mm 72 - 98% / 88.5% 
(<0.0045mm) 

Dry Density (kg/m3)   Range = 
Maximum 1106.7 - 1459.3 kg/m3 1414.0 - 1726.0  kg/m3 1106.7 - 1726.0 kg/m3 
Minimum 653.9 - 890.6 kg/m3 1333.0 - 1369.0 kg/m3 653.9 - 1369.0 kg/m3 
In-situ 1340.7 - 1622.7 kg/m3  Avg. = 1402.3 kg/m3 
Specific Gravity 2.59 – 3.79 (avg. 3.17) 3.29 – 3.77 (avg. 3.48) 2.59 - 3.79 / 3.38 
Atterberg Limits    
Liquid limit inconclusive 25.0 – 41.7% 25.0 - 41.7% / 31.9 % 
Plastic limit 19% - 24% Nonplastic & 28.5% – 35.3% 19.0 - 35.3% / 28.6% 
Angle of Repose 46° - 58° NT 46° - 58° 
Angle of Internal Friction 33° - 35° NT 33° - 35° 
Hydraulic Conductivity  
(at 1150.1 kg/m3) 

7 x 10-7 m/s NT 7 x 10-7 m/s 

Thermal Conductivity  0.47 - 2.02 W/m-k 0.47 - 2.02 W/m-k 
at 0% H2O 0.093 W/m-k  0.093 W/m-k 
at 1% H2O 0.100 W/m-k  0.100 W/m-k 
Freezing point of 
saturated solution -0.7°C NT -0.7°C 

Notes:  
NT - not tested    

4.3 Geochemical  

4.3.1 Arsenic and Gold Content 
The arsenic trioxide dust product from the plant was assayed for arsenic and gold on a routine basis, 
generally daily, throughout the dust production period, from 1951 through 1999.  The weighted 
averages of these assays for the entire inventory of each chamber and stope are shown in Table 3.9.  
 
The roasting and gas cleaning circuits of the plant saw a number of changes during the early 
production period, the most significant of which were changes to the electrostatic precipitator 
circuits (Cottrells) and the installation of a baghouse.  The major changes affecting the quality of the 
arsenic trioxide dust were made in the period from 1958 through 1963, while the B235 and B236 
chambers were being filled..  The production assays in Table 3.9 show significantly lower arsenic 
concentrations and higher gold concentrations in the dust produced before these changes were 
completed.  The estimated total inventory of gold in the dust is approximately 4.3 million grams, and 
about 60% of the gold is contained in the five oldest chambers, which hold just 25% of the total dust 
inventory. 
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Results of arsenic and gold analyses completed on the samples collected in 2004 are also provided in 
Table 4.2.  The 2004 results for arsenic are generally within a reasonable range of the averages 
estimated from production assays.  The gold concentrations in the 2004 samples are generally 
significantly lower than the average concentrations estimated from the production assays.  Since the 
production data are based on the assays of hundreds of samples, while the 2004 data are based on 
only a few samples, differences probably reflect variability in the 2004 samples.  The 2004 data still 
show the general trend that the arsenic content is lower and the gold content is much higher in the 
older dust, as represented by the sample from Chamber B233. 
 

Table 4.2:  Arsenic and Gold Content of Arsenic Trioxide Dust 

Production Assays 
1951-1999 2004 – Laboratory Data 

Chamber / Stope 
Arsenic (%) Gold 

(g/t) 
Arsenic 

(%) 
Gold 
 (g/t) 

Number of 
Samples 

B 230 45.3 24.8    
B 233 36.9 57.3 39.5 38 1 
B 234 36.1 80.0    

B 235 / 236 53.7 26.3 66.0 (B235) 9 (B235) 1 
B 208 65.7 12.1 66.5 4 2 (comp) 

B 212 / 213 / 214 61.7 
15.5 

60.2 (B212) 
57.8 (B214) 

6 (B212) 
9 (B214) 

7 (comp) 

C 212 65.6 5.9 62.7 to 66.3 <2 to 6 2 
#9 67.5 4.3    

#10 66.8 4.6    
#11 67.4 4.8    
#12 65.9 5.9    
#14 65.5 5.5    

Inventory Averages 60.1 18.1    
Note: g/t = grams/tonne 

Range of values for C212 given as two depth discrete samples tested.  All other stopes are represented by either 
single depth discrete samples or composite samples. 
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4.3.2 Other Chemical Components 
The analytical results for other components of the dust sampled in 2004 are shown in Table 3.10, 
along with the range of measured concentrations.  The data indicate that the material collected from 
Chamber B233, the oldest dust, is distinctly different from the other materials.  The oldest material 
has significantly higher concentrations of all the elements measured above the method detection 
limits, with the exception of arsenic and antimony.  In particular, the silver, copper, iron, lead and 
zinc contents of the oldest dust are much higher than found in the dust produced later.  These 
differences reflect the inefficiency of the plant, during the 1950’s, in separating arsenic trioxide from 
other components of the dust produced by the roaster. 
 
The sample collected from Chamber B235 has chemical characteristics that are similar to the 
material collected from the chambers and stopes that were filled later.  This chamber was filled while 
major modifications were being made in the plant and the dust properties were changing, from 1958 
through 1962.  The chamber was also “topped up” with new dust in 1988.  The analytical results 
suggest that the sample collected from B235 probably represents later production. 
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Table 4.3:  Chemical Composition of “Old” and “New” Arsenic Trioxide Dust 

Parameter Unit “Old” 
Dust 

“New” 
Dust 

“Old” 
Dust 

2004 

“New” 
Dust 

2004 
Range 

As % 46.4 65.3 51.0 59.9 46.4 - 65.3 
Au g/t 36.7 3.2 na na 3.2 – 36.7 
Sb ppm 12200 11078 8200 10200 8200 - 12200 
Fe ppm 21400 22889 55000 23400 21400 - 55000 
Al ppm 9900 7180 20000 9500 7180 - 20000 
Ca ppm 6100 4718 9200 32300 4178 - 32300 
Mg ppm 3600 2078 6800 22200 2078 - 22200 
Si ppm 19400 6806 - - 6806 - 19400 
Ba ppm - 8.5 47 26 8.5 - 47 
Be ppm - <0.5 <0.2 <0.5 <0.2 - <0.5 
Cd ppm - 1.1 <25 <25 1.1 - <25 
Cr ppm - 12.6 48 31 12.6 - 48 
Co ppm - 18.6 57 41 18.6 - 57 
Cu ppm - 246 340 270 246 - 340 
Pb ppm - 472 1300 1140 472 - 1300 
Mn ppm - 87 250 135 87 - 250 
Hg ppm - 14 - - 1.4 
Mo ppm - 1.9 <20 <20 1.9 - <20 
Ni ppm - 43 100 78 43 - 100 
P ppm - 52 <100 <100 52 - <100 
K ppm - 889 5000 2670 889 - 5000 

Se ppm - <1 <60 <60 <1 - <60 
Ag ppm - 3.1 20 11 3.1 - 20 
Na ppm - 288 970 460 288 - 970 
Sn ppm - <20 <40 <40 <20 - <40 
Zn ppm - 154 510 600 154 - 600 

Note:    g/t = grams/tonne 
“New dust” data based on 2004 laboratory analysis of seven (7) discrete or composite samples of dust 

collected during drill program (Lakefield, 2004) 
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4.3.3 Mineralogy 
Four samples of the arsenic trioxide dust collected in 2004 were examined using X-ray diffraction, 
scanning electron microscopy and electron microprobe methods, in order to characterize the 
mineralogy of the materials.  The samples were taken from Chamber B233, and the stopes B208 and 
C212 underground.  The fourth sample came from material collected directly from the baghouse 
in 1999. 
 
Apart from differences in the amount of arsenic trioxide and the proportions of accessory phases, the 
samples were found to be broadly similar in mineralogy, and consistent with samples examined in 
previous mineralogical studies.  The largest variation between samples is the amount of arsenic 
trioxide grains they contain, with oldest material containing less of this phase.  The amount of 
hematite also varies greatly between samples, being classified as a minor phase in the oldest 
material, but only a trace phase in the later material.  Explanations for the variations in arsenic 
trioxide and hematite phases between samples can be drawn from the history of changes in the plant 
technology and operation.  The content of antimony minerals in the dust samples varied irregularly 
with respect to the time of production, and is seemingly not related to changes in the plant, 
suggesting that these variations are due to changes in the mineralogy of the ore being processed. 
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5 Summary 

5.1 Physical Properties 
The cone penetration testing showed that the arsenic dust behaves like a loose granular material 
when dry, with its strength increasing linearly with the confining pressure of the material. These 
findings can be used as a basis for designing a system to fill the voids above the dust.  Moist zones 
were encountered in some of the holes, but the majority was dry. The in situ testing, sampling and 
instrumentation of the dust inside the chambers and stopes did not detect any significant zone of 
saturated dust, other than a thin layer at the bottom of the stope.  Laboratory testing of samples taken 
in 2004 generally has provided estimates of other physical and thermal properties needed for the 
design of the freezing system. 

5.2 Geochemical Properties 
Laboratory test work on the arsenic trioxide dust samples collected from the chambers and stopes in 
2004 indicates geochemical characteristics that are consistent with the results of earlier studies.  The 
new data supports older data that has been used in various engineering assessments for the arsenic 
trioxide management project.  The key findings are that the dust produced early in the mine history, 
in the 1950’s, contains significantly less arsenic and more gold than found in the dust produced later.  
The reasons for these differences can be drawn from the history of changes in the technology and 
operation of the roaster and gas cleaning circuits of the plant.   
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EXECUTIVE SUMMARY 
 
Four samples of arsenic trioxide dust from the underground storage chambers of the 
Giant mine were examined using X-ray diffraction, SEM-EDS and electron microprobe 
as part of a study of their mineralogy.  The results of this study will be used to 
characterize the 237,000 tonnes of arsenic trioxide dust stored in stopes and chambers 
within the mine. 
 
Apart from changes in the amount of arsenic trioxide and the proportions of accessory 
phases, all the samples are broadly similar and are consistent with the samples 
described by Dutrizac et al. (2000).  One of the biggest changes is the amount of 
hematite.  In Old Feed and B233-p9 As-bearing hematite is a minor phase, whereas in 
C212-2 and B208-1 it is a trace phase.  The root cause of the variation in mineral 
proportions may be the result of two factors.  The first being less efficient collection of 
arsenic trioxide in the 1950’s leading to increased proportions of secondary phases and 
the second factor being variability in composition of the ore being processed.  Variability 
in the amount of antimony in the ore is also probably responsible for variation in the Sb 
content in the arsenic trioxide grains.  The higher hematite content in the Old Feed 
sample is likely the result of a atypical conditions in the plant during the mill shutdown. 
 
The arsenic trioxide grains have an apparent bimodal size distribution.  The most likely 
cause of this distribution is the growth of As2O3 crystals on surfaces in the baghouse 
and their subsequent release and collection. 
 
There is some evidence that arsenic trioxide content of the dust varies within the 
storage chambers.  One sample has a significantly different arsenic trioxide content 
than a sample from the same chamber examined in another study.  With the exception 
of the Old Feed sample, the bulk arsenic trioxide contents are consistent with the 
samples date of production (i.e. more recent samples are richer in arsenic trioxide). 



Protected Business Information 
Version:  October 07, 2004 

CANMET-MMSL Report 04-028(CR) ii

DISCLAIMER 
 
 
CANMET-MMSL makes no representation or warranty respecting the results arising 
from the Work, either expressly or implied by law or otherwise, including but not limited 
to implied warranties or conditions of merchantability or fitness for a particular purpose. 
 
CANMET-MMSL shall keep confidential and not disclose to third parties the information 
contained in or regarding this report for a period of three years from the coming into 
force of this Agreement, i.e. until February 5, 2007, except with the written consent of 
the CLIENT. 
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INTRODUCTION 
 
Since its initial opening in 1948 the Giant mine has produced over 6.8 million ounces of 
gold.  As a by-product of this gold production, large amounts of As2O3 dust (owing to the 
arsenopyrite-rich nature of the ore) were produced (Dutrizac et al., 2000).  Initially this 
dust was released to the environment, but from 1951 onward it has been captured and 
stored underground in mined-out stopes and specially built chambers.  When the mine’s 
owner (Royal Oak Mines) went out of business in 1999, responsibility for the mine and 
its wastes fell to the Department of Indian and Northern Affairs.  Presently, 
approximately 237,000 tonnes of dust containing from 50 to 88 weight percent arsenic 
trioxide are stored underground (SRK final report to DIAND, 2002, Giant Mine Arsenic 
Trioxide Management Technical Meeting Proceedings, 1997)). As part of a study 
dealing with long term storage options for this dust CANMET-MMSL was approached by 
SRK Consulting to carry out a mineralogical investigation of this dust.  Four samples of 
the dust were received on May 24th 2004.  They were labelled “Old Feed”, C212-2, 
B208-1 and B233-p9. 
 
Samples B208-1 and B233-p9 and C212-2 were collected from the underground stopes 
and chambers using split spoon samplers.  C212-2 and B208-1 samples are 
composites of several discrete depth samples collected from the drill holes.  The sample 
labelled “Old Feed” (also referred to as “Barrel”) is dust that was packed into barrels 
directly from the baghouse in 1998/99.  Sample B233-p9 represents material that was 
collected and deposited underground in the early-to-mid 1950’s.  The material 
represented by sample B208-1 was collected and deposited in the mid-1960’s.  The 
sample C212-2 material was produced and deposited underground in the 1970’s.  The 
Old Feed sample (also known as “Barrel”) was collected in the baghouse and packed 
directly into barrels in 1998/1999.  At this time the mine had ceased operations and 
operating conditions in the mill were atypical.  As a result the Old Feed sample may not 
be representative of samples produced in the 1990’s (Steven Schultz, SRK Consulting, 
pers. comm.). 
 

EXPERIMENTAL 
 
The samples consisted of an extremely fine-grained light grey powder.  For each of the 
powders a polished block was prepared by embedding the dust in a cold-set epoxy and 
polished using diamond compound on a lead lap.  Powder samples were prepared by 
dispersing the dust on double-sided carbon tape mounted on an aluminium SEM stub.  
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The polished sample was coated with a thin layer of carbon for conductivity and the 
powder sample was coated with a thin layer of gold for the same purpose. 
 
X-ray Diffraction 
 
All samples were submitted for X-ray diffraction (XRD) to determine the bulk mineralogy 
of the samples.  Samples were prepared for X-ray diffraction by grinding to -37 µm grain 
size in an agate mortar and pestle.  The powder samples were packed in a Teflon-
coated sample holder in preparation for analysis.  XRD powder patterns for each 
sample were obtained by means of a Rigaku D/MAX B Rotaflex powder diffractometer 
scanning from 5 to 90˚ (2�) with CuK� radiation produced at an accelerating voltage of 
55 kV and a beam current of 180 mA.  The scan rate was 10˚/minute at a step of 0.04˚.  
Phase identification was done using the JADE v6.0 search/match software. 
 
Electron Microscopy 
 
The polished samples were examined using a JEOL 820 scanning electron microscope 
with an LINK digital EDS detector.  Digital images were captured using Quartz PCI 
software.  Operating conditions were 15 kV and 2 to 0.002 nA.  Semi-quantitative EDS 
analyses were corrected using a standard ZAF matrix correction. 
 
Powder samples were examined using a Hitachi 3200N variable pressure scanning 
electron microscope in high-vacuum mode.  Digital images were captured using Quartz 
PCI software.  The electron gun was operated at 15 kV. 
 
Microprobe Analysis 
 
As2O3 and hematite in the polished blocks were quantitatively analysed using a JEOL 
8900 electron microprobe.  Matrix corrections were performed using the CiTZAF 
correction (Armstrong, 1995).  Operating conditions are provided below in Table 1. 
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Table 1 – Microprobe Analytical Conditions 
 
Analytical Conditions 
Accelerating Voltage 15 kV   
Beam Current 20 nA   
Spot Size 1 µm   
     
Element Standard Counting Times Precision 

(%) 
Detection 

Limit (ppm) 
As FeAs2 20s peak, 10 s bg* 1 3000 
Sb Sb2S3 20s peak, 10 s bg 2-15 900 
Fe Fe2O3 20s peak, 10 s bg 2-20** 1000 
S FeS2 20s peak, 10 s bg  700 
Si CaSiO3 20s peak, 10 s bg  700 
Ca CaSiO3 20s peak, 10 s bg  400 
Pb PbS 20s peak, 10 s bg  900 
Bi Bi2S3 20s peak, 10 s bg  1500 
Cr Chromite (GS2) 20s peak, 10 s bg  1100 
 * background 
** 2% in hematite, 20% in As2O3 
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RESULTS AND DISCUSSION 
 
 
X-ray Diffraction Results 
 
A summary of X-ray diffraction results is presented as Table 2.  Identification of phases 
as major or accessory is based on a qualitative assessment of the strength of X-ray 
lines and examination with SEM.  The actual diffraction patterns are presented in 
Appendix A. 
 
Table 2 – X-ray Diffraction results 

Identified Minerals Sample 

(major) (accessory) 

Old Feed As2O3, muscovite Gypsum, clinochlore, hematite, tennantite 
B208-1 As2O3 Muscovite, gypsum, dolomite (?) 
B233-p9 As2O3, hematite Muscovite, clinochlore, pyrite, gypsum 
C212-2 As2O3 Clinochlore, muscovite, gypsum 
 
 
SEM-EDS 
 
Examination of the samples using SEM-EDS reveals that all samples are grossly 
similar, consisting primarily of mainly euhedral arsenic trioxide with a grain size of less 
than 10 µm (Figures 1, 8, 15 and 22).  Sample B233-p9 (Figure 19)  is notable in that it 
contains significantly less arsenic trioxide than the other samples.  This agrees well with 
the bulk chemical assay for the sample and is consistent with the sample being 
produced in the mid-1950’s when collection efficiency was lower.  The B208-1 sample 
material, produced in the mid-1960’s (Figure 8) contains as much arsenic trioxide as the 
more recent sample, C212-2, (Figure 22) dating from the 1970’s.  This is also consistent 
with its bulk chemistry.  All of the samples contain varying amounts of a second coarser-
grained population of arsenic trioxide.  These grains are generally euhedral and range 
in size from 30 µm to 100 µm (Figures 3, 9,10, 13,18 and 28). 
 
 
Another significant difference between the samples is the amount of hematite.  Old 
Feed and B233-p9 both contain significant amounts of hematite (Figures 2, 15, 17 and 
20).  In both samples most of the hematite appears porous or spongy and occurs as 
small (10-20 µm) grains.  Larger grains (30-50 µm) are also observed (Figure 4) and 
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typically exhibit a banded structure probably indicative of cyclic oxidation of pyrite during 
roasting.  In the remaining samples B208-1 and C212-2 hematite is a very minor phase 
(Figures 14 and 22). 
 
Chlorite (clinochlore) and muscovite, gypsum and quartz are common accessory 
phases in all samples although the proportions vary.  Chlorite and muscovite occur as 
lathlike grains, which are often larger than the arsenic trioxide grains (Figures 12, 16, 19 
and 24).  Gypsum and quartz occur as small equant grains, typically less than 10 µm in 
diameter (Figures 2, 15, 16, 22 and 27). 
 
Some trace minerals found using SEM but not reported by X-ray diffraction include 
chalcopyrite (Figure 16) and an Fe-Ca arsenate tentatively identified as yukonite 
(Ca2Fe3(AsO4)4(OH)•12H2O) (Figures 22 and 26). 
 
Electron Microprobe Analyses 
 
Electron microprobe analyses were performed on As-bearing phases in all samples.  In 
all samples, small and large grains of As2O3 were analysed.  Additionally in the Old 
Feed sample and in B233-p9, hematite was sufficiently abundant to analyse.  Although 
the large arsenic trioxide grains were easily analysed the 1-2 �m grain size of the small 
As2O3 and hematite presented some difficulty.  In general the small As2O3 grains gave 
good totals and stoichiometry, but occasional poor results were probably due to the 
presence of other minerals within the analytical volume.  Hematite analyses were 
uniformly at least ten weight percent too low.  These poor results are attributable to the 
spongy nature of these grains.  Summaries of the results are presented as Tables 3 – 5 
and complete data sets are supplied in Appendix B. 
 
For all of the samples between ten and twenty randomly selected small grains of As2O3 

and between 10 and 15 large grains of As2O3 were selected for analysis.  Although the 
sample is small it can be seen from Tables 3-4 and Figure 30 that the majority of grains 
are relatively pure, with less than one percent impurities, the most common being 
antimony and iron. 
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Table 3 – Small As2O3 Grains (< 10 µm). Weight percent Oxide 
                   
  Old Feed n=17    B233-p9 n=14    B208-1 n=15    C212-2 n=15   

                     

  Average Max Min St. Dev.  Average Max Min St. Dev.  Average Max Min St. Dev.  Average Max Min St. Dev. 

   As2O3  92.92 100.24 77.35 6.56  98.02 100.16 95.19 1.42  88.38 98.08 58.40 12.34  97.30 100.98 93.04 2.68 

   Sb2O3  2.36 13.63 0.11 3.56  0.31 0.86 0.00 0.29  6.00 30.78 0.26 10.67  0.82 5.81 0.08 1.54 

   Fe2O3  0.43 1.33 0.20 0.32  1.12 1.54 0.63 0.29  0.36 2.85 0.07 0.70  0.18 0.36 0.08 0.07 

   SO3  0.03 0.16 0.00 0.04  0.04 0.21 0.00 0.05  0.07 0.24 0.00 0.08  0.02 0.08 0.00 0.03 

   CaO  0.00 0.04 0.00 0.01  0.05 0.37 0.00 0.09  0.06 0.80 0.00 0.21  0.02 0.09 0.00 0.03 

   SiO2  0.51 6.83 0.00 1.64  0.13 1.02 0.00 0.27  0.37 3.11 0.00 0.81  0.15 0.87 0.00 0.22 

   Bi2O3  0.03 0.20 0.00 0.06  0.03 0.13 0.00 0.04  0.05 0.20 0.00 0.06  0.04 0.14 0.00 0.05 

   Cr2O3  0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00  0.00 0.03 0.00 0.01 

   PbO  0.02 0.06 0.00 0.02  0.03 0.10 0.00 0.03  0.10 1.04 0.00 0.26  0.04 0.21 0.00 0.06 

  Total  96.30 105.35 86.26 4.71  99.72 101.66 97.36 1.24  95.39 100.96 86.97 4.24  98.58 101.51 94.25 2.53 

 
 
Table 4 � Large As2O3 Grains (> 30 µm). Weight percent Oxide 
                   

  Old Feed n=10    B233-p9 n=23    B208-1 n=10    C212-2 n=15   

                     

  Average Max Min St. Dev.  Average Max Min St. Dev.  Average Max Min St. Dev.  Average Max Min St. Dev. 

   As2O3  96.74 103.18 92.72 3.15  97.94 102.80 70.48 6.66  99.03 101.48 94.99 1.82  97.55 100.05 93.21 2.57 

   Sb2O3  0.27 0.75 0.00 0.25  0.24 1.41 0.00 0.36  0.47 0.80 0.20 0.18  0.77 5.11 0.08 1.63 

   Fe2O3  0.37 0.96 0.18 0.23  0.54 3.40 0.16 0.64  0.13 0.24 0.04 0.08  0.17 0.37 0.05 0.11 

   SO3  0.08 0.48 0.00 0.15  0.03 0.32 0.00 0.07  0.02 0.06 0.00 0.02  0.02 0.06 0.00 0.02 

   CaO  0.05 0.11 0.00 0.04  0.01 0.05 0.00 0.01  0.05 0.11 0.00 0.04  0.06 0.37 0.00 0.12 

   SiO2  0.28 0.74 0.00 0.25  0.05 0.35 0.00 0.08  0.14 0.58 0.00 0.19  0.21 1.26 0.00 0.40 

   Bi2O3  0.04 0.10 0.00 0.04  0.06 0.22 0.00 0.06  0.07 0.23 0.00 0.08  0.04 0.11 0.00 0.04 

   Cr2O3  0.01 0.08 0.00 0.03  0.00 0.00 0.00 0.00  0.02 0.10 0.00 0.03  0.00 0.00 0.00 0.00 

   PbO  0.01 0.06 0.00 0.02  0.01 0.05 0.00 0.02  0.02 0.07 0.00 0.02  0.02 0.05 0.00 0.02 

  Total  97.85 104.21 94.39 2.98  98.88 103.40 72.60 6.14  99.95 102.78 96.03 1.87  98.83 100.74 93.77 2.16 
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Table 5 – Hematite. Weight percent Oxide 
 
Hematite           
  Old Feed n=9    B233-p9 n=9   
           
  Average Max Min St. Dev.  Average Max Min St. Dev. 
   As2O3  5.97 12.96 3.34 3.12  8.50 13.14 5.90 2.43 
   Sb2O3  1.03 2.00 0.45 0.57  0.54 0.65 0.38 0.10 
   Fe2O3  80.73 89.14 68.12 7.01  76.31 80.95 62.30 5.76 
   SO3  1.37 3.82 0.24 1.14  0.28 0.66 0.11 0.17 
   CaO  0.03 0.10 0.00 0.03  0.38 0.49 0.25 0.08 
   SiO2  0.15 0.24 0.08 0.06  0.14 0.20 0.07 0.04 
   Bi2O3  0.03 0.10 0.00 0.04  0.04 0.10 0.00 0.04 
   Cr2O3  0.00 0.02 0.00 0.01  0.00 0.00 0.00 0.00 
   PbO  0.11 0.30 0.00 0.11  0.39 0.58 0.21 0.13 
  Total  89.42 94.21 79.57 4.63  86.57 90.05 77.52 3.79 
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Typically antimony occurs in concentrations of less than one weight percent oxide.  In 
some grains, especially the smaller ones antimony can become a major component of 
the arsenic trioxide.  In the Old Feed sample and in B208-1, in particular Sb 
concentrations can reach up to 30 weight percent Sb2O3.  (Semi-quantitative EDS data 
suggest values as high as 35 weight percent).  Elevated concentrations of Sb occur in 
the larger grains as well, but not to the extent observed in the smaller grains.  The 
elevated antimony contents of the arsenic trioxide grains in the Old Feed and B-208-1 
are consistent with their high bulk antimony assay (Appendix C).  B233-p9 which has 
the highest bulk antimony content of all the samples, appears to have a lower average 
antimony content in the arsenic trioxide grains.  Rare, coarser-grained Sb-rich arsenic 
trioxide grains were observed in this sample during SEM-EDS observation, but none 
were found during grain selection for electron microprobe analyses. 
 
The only other minor components of the arsenic trioxide grains are iron and silicon.  Iron 
occurs in similar concentrations in the small and large grains, with small grain averages 
ranging from 0.18 to 1.12 weight percent Fe2O3.  The large grains average between 
0.13 to 0.54 weight percent Fe2O3.  Maximum iron values are typically in the one to two 
percent range in the small grains.  These values may be somewhat inaccurate due to 
the possibility of fluorescence of hematite particles around the arsenic trioxide grains.  
Similar values in larger arsenic trioxide grains, however, suggest that the values for the 
smaller grains are reasonable.  The two samples with the highest bulk iron content 
(B233-p9 and Old Feed) have the highest iron content in both large and small arsenic 
trioxide grains. 
 
Silicon values range from 0.15 to 0.50 weight percent SiO2.  It is possible that silicate 
minerals adjacent to the small arsenic trioxide grains could elevate these 
concentrations, but again, similar values in the larger grains suggest that the values for 
the small grains are reasonable. 
 
Hematite analyses in samples Old Feed and B233-p9 show that the iron oxides 
incorporate significant amounts of arsenic and antimony.  Average As2O3 contents of 
the iron oxide phases are 5.97 and 8.50 weight percent for Old Feed and B233-p9 
respectively.  Maximum As2O3 contents reach approximately 13 weight percent As2O3 
for both samples.  Average Sb2O3 contents are 1.03 and 0.54 weight percent for Old 
Feed and B233-p9 respectively.  Maximum Sb2O3 contents reach approximately 
2 weight percent Sb2O3 in Old Feed and 0.65 weight percent in B233-p9.  Although 
microprobe analyses cannot confirm that these grains are hematite, the compositions 
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and the presence of a strong hematite line in the X-ray pattern indicates that the iron 
oxide is probably hematite.  Dutrizac et al. (2000) surmise that the incorporation of As 
and Sb into the hematite is an intermediate step in the formation of an arsenate mineral. 
 
Other impurities in the hematite include sulphur and lead.  Sulphur in the Old Feed 
hematites reaches up to 3.8 weight percent SO3 and averages 1.3 weight percent SO3.  
Sulphur content in B233-p9 hematites is considerably lower, reaching 0.66 weight 
percent and averaging 0.28 weight percent SO3. 
 
Hematite in sample B233-p9 contains up to 0.5 weight % PbO with average 
concentrations approximately 0.4 weight % PbO.  This is consistent with bulk assays of 
this sample, which indicate elevated lead concentrations, compared to the other 
samples.  In the Old Feed sample average PbO contents hover around the limit of 
detection (900 ppm). 
 
 
Discussion 
 
In general, as determined by XRD and SEM examination, the four samples are similar 
in the mineral phases they contain.  Where they differ is in the proportions of these 
minerals.  The largest variation is in the amount of arsenic trioxide grains they contain.  
In order of increasing arsenic trioxide, the ranking is B233-p9, Old Feed, C212-2 and 
B208-1.  This order is surprising given the origin of the samples.  B208-1 which was 
produced in the mid-1960’s has more arsenic trioxide than the samples produced in the 
1990’s (Old Feed) and the 1970’s (C212-2) when collection efficiency was supposedly 
better.  Dutrizac et al. (2000) in their investigation of another sample from the C212 
chamber found that it contained the least amount of As2O3 of all their samples (56% As 
as compared to 63% in C212-2 in the current study).  The high arsenic content of 
B208-1 and the variability in different samples from the C212 chamber suggest that 
there may be significant inhomogeneity within individual chambers.  The low arsenic 
trioxide content of Old Feed is likely the result of the unusual plant operating conditions 
at the time of its production. 
 
The apparent bimodal grain size distribution of the arsenic trioxide appears to be a 
function of residence time in the roaster.  The larger grains may have nucleated on a 
surface in the roaster during the process and had time to reach larger sizes before 
being detached and collected.  The presence of other minerals inside large arsenic 
trioxide supports this assertion (Figures 9 and 16). 
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The seemingly irregular variability in the antimony content of arsenic trioxide grains may 
be a function of the antimony content of the ore being processed at the time of crystal 
formation.  The presence of an antimony rich core in a large grain of arsenic trioxide 
(Figure 9) suggests that the crystal nucleated during a period in which Sb-rich ore was 
being processed and continued growing as the antimony content fell. 
 
 

CONCLUSIONS 
 
Four samples of arsenic trioxide dust from the underground storage chambers of the 
Giant mine were examined using X-ray diffraction, SEM-EDS and electron microprobe 
as part of a study of their mineralogy.  The results of this study will be used to assess 
long term storage options for the 237,000 tonnes of arsenic trioxide dust stored in 
stopes and chambers within the mine. 
 
Apart from changes in the amount of arsenic trioxide and the proportions of accessory 
phases, all the samples are broadly similar and are consistent with the samples 
described by Dutrizac et al. (2000).  One of the biggest changes is the amount of 
hematite.  In Old Feed and B233-p9 As-bearing hematite is a minor phase, whereas in 
C212-2 and B208-1 it is a trace phase.  The higher hematite content in sample B233-p9 
may be the result of two factors.  The first being less efficient collection of arsenic 
trioxide in the 1950’s leading to increased proportions of secondary phases and the 
second factor being variability in composition of the ore being processed.  Variation in 
the amount of antimony in the ore is probably responsible for variation in the Sb content 
in the arsenic trioxide grains.  The higher hematite content of the Old Feed sample is 
probably a result of the atypical plant operating conditions at the time of its production. 
 
The arsenic trioxide grains have an apparent bimodal size distribution.  The most likely 
cause of this distribution is the growth of As2O3 crystals on surfaces in the baghouse 
and their subsequent release and collection. 
 
There is some evidence that arsenic trioxide content of the dust varies within the 
storage chambers.  One sample has a significantly different arsenic trioxide content 
than a sample from the same chamber examined in another study.  With the exception 
of the Old Feed sample the bulk arsenic trioxide contents are consistent with the 
sample’s date of production (i.e. more recent samples are richer in arsenic trioxide). 
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If additional studies of the arsenic trioxide dust stored in the Giant mine are being 
considered they would benefit from a larger sample size in order to understand the 
variability in arsenic trioxide content within individual chambers.  This could be done by 
bulk chemistry or, if grain size information is required, by high-speed image processing 
methods.  This approach would also provide concrete data on the mineral proportions in 
each sample. 
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Figure 1. General view of Old Feed sample. All bright grains are As2O3. Darker grains are mainly silicates 
(e.g. chlorite and mica). 

 

Figure 2. A second general view of the Old Feed sample 1) hematite, 2), 3), 6) As2O3, 4) chlorite, 5) quartz, 
and 7) calcite. 
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Figure 3. Large As2O3 grain in Old Feed 1) As2O3, 2) chlorite, 3) As2O3 – silicate mix, 4) hematite, 
5) muscovite, and 6) chlorite. 

 

Figure 4. Large hematite grain in Old Feed 1) hematite, rest of numbered grains are As2O3. 
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Figure 5. General view of Old Feed powder mount. Equant prisms are As2O3, platy material is mainly silicate. 

 

Figure 6. Close-up view of muscovite flake from Old Feed. Note well-developed crystal faces on arsenic 
trioxide crystals. 
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Figure 7. General view of B208-1. 1) As2O3, 2) clinochlore, and 3) dolomite. 

 
 

 

Figure 8. General view of sample B208-1.  Tennantite (1) and Sb-bearing As2O3 (2).  As2O3 grain 
has approximately 20 wt% Sb2O3. 
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Figure 9. Sample B208-1. Large crystal of As2O3 exhibiting zonation in Sb. Point 1 has 2.5 wt % Sb. Point 2 
has 28 wt% Sb. 

 

Figure 10. Sample B028-1. Large crystal of As2O3. No Sb was detectable by EDS. 
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Figure 11. Sample B208-1.  All crystals are As2O3 except for marked quartz fibre. 

 

Figure 12. Sample B208-1.  Flake of muscovite (centre) and crystals of As2O3. 
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Figure 13. Sample B208-1.  Large bipyramidal crystal of As2O3 coated with smaller arsenic trioxide crystals. 

 

Figure 14. Sample B208-1.  Arsenic trioxide crystals and grains of hematite, quartz and alkali feldspar. 



Protected Business Information 
Version:  October 07, 2004 

CANMET-MMSL Report 04-028(CR) 20

 

 

Figure 15. General view of B233-p9.  Note quantity and spongy appearance of hematite. 

 

Figure 16. Close-up of mineral clump in B233-p9.  Bright mass is all arsenic trioxide.  Area marked as 
(As,Sb)2O3 is 66 weight % Sb2O3. 
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Figure 17. Sample B233-p9, spongy grain of hematite. 

 

Figure 18. Sample B233-p9, large crystals of arsenic trioxide. 
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Figure 19. Sample B233-p9, large grain of muscovite. 

 

Figure 20. General view of B233-p9 powder. Note relative scarcity of arsenic trioxide crystals. 
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Figure 21. Sample B233-p9. General view of powder sample. 

 

 

Figure 22. General mineralogy of sample C212-2. 1) hematite, 2) As2O3, 3) Fe-Ca arsenate (yukonite?), 
4) silicate, 5) As2O3, 6) quartz, 7) Fe-Ca arsenate (yukonite?), and 8) mica. 
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Figure 23. X-ray map of same area pictured in Figure 22. Intensity is proportional to the concentration of the 
element of interest for a given pixel. 

 

Figure 24. Sample C212-2. Large pyrite crystal. Darker oblong grains are muscovite.
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Figure 25. High contrast image of the same area as Figure 24. Bright area in pyrite grain is As-rich. 

 

 

Figure 26. Sample C212-2.  Very rare grain of yukonite (Ca2Fe3(AsO4)4(OH)••••12H2O). 



Protected Business Information 
Version:  October 07, 2004 

CANMET-MMSL Report 04-028(CR) 26

 

Figure 27. Sample C212-2. Rock fragment containing dolomite (1), muscovite (2), and quartz (3). 

 

 

Figure 28. Sample C212-2. Large bipyramidal crystal of As2O3. 
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Figure 29. Sample C212-2. High magnification image of average sized crystal of As2O3. 
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Figure 30. Average arsenic and antimony values for all analysed arsenic trioxide grains. 
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APPENDIX A 
 

X-ray Diffraction Patterns 
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Figure 31. X-ray pattern and mineral Identification from Old Feed sample. 
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Figure 32. X-ray pattern and mineral Identification from B208-1. 
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Figure 33. X-ray pattern and mineral identification from B233-p9 sample. 
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Figure 34. X-ray pattern and mineral identification from C212-2 sample. 
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Electron Microprobe Data 
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B233-p9 Small As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3        CaO      SiO2         Bi2O3    Cr2O3    PbO     Total            Comment   

35 97.04 0.70 1.33 0.02 0.00 0.00 0.00 0.00 0.00 99.08 B233-p9 Small As2O3  1 
36 95.19 0.41 1.47 0.03 0.04 0.14 0.04 0.00 0.03 97.36 B233-p9 Small As2O3  2 
37 99.27 0.50 0.91 0.01 0.00 0.00 0.00 0.00 0.00 100.68 B233-p9 Small As2O3  3 
38 97.24 0.41 1.54 0.21 0.37 1.02 0.13 0.00 0.03 100.94 B233-p9 Small As2O3  4 
39 95.85 0.65 1.34 0.00 0.05 0.30 0.00 0.00 0.00 98.19 B233-p9 Small As2O3  5 
40 97.72 0.01 0.80 0.04 0.02 0.00 0.06 0.00 0.03 98.67 B233-p9 Small As2O3  6 
41 99.18 0.00 1.29 0.02 0.03 0.07 0.00 0.00 0.00 100.58 B233-p9 Small As2O3  7 
43 96.83 0.86 0.64 0.04 0.00 0.01 0.00 0.00 0.01 98.39 B233-p9 Small As2O3  9 
44 100.16 0.08 1.36 0.06 0.02 0.00 0.00 0.00 0.00 101.66 B233-p9 Small As2O3 10 
45 98.88 0.22 1.21 0.03 0.04 0.21 0.05 0.00 0.10 100.74 B233-p9 Small As2O3 11 
46 98.60 0.04 0.63 0.00 0.00 0.05 0.00 0.00 0.08 99.39 B233-p9 Small As2O3 12 
47 98.91 0.00 0.98 0.02 0.05 0.00 0.05 0.00 0.05 100.06 B233-p9 Small As2O3 13 
48 98.51 0.41 1.05 0.05 0.00 0.00 0.01 0.00 0.04 100.07 B233-p9 Small As2O3a 14 
49 98.91 0.03 1.13 0.07 0.04 0.04 0.05 0.00 0.04 100.29 B233-p9 Small As2O3 15 

            
Average 98.02 0.31 1.12 0.04 0.05 0.13 0.03 0.00 0.03 99.72  
Max 100.16 0.86 1.54 0.21 0.37 1.02 0.13 0.00 0.10 101.66  
Min 95.19 0.00 0.63 0.00 0.00 0.00 0.00 0.00 0.00 97.36  
St. Dev. 1.42 0.29 0.29 0.05 0.09 0.27 0.04 0.00 0.03 1.24  

 
B233-p9 Small As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total            Comment   

35 1.972 0.010 0.043 0.001 0.000 0.000 0.000 0.000 0.000 2.026 B233-p9 Small As2O3  1 
36 1.968 0.006 0.049 0.001 0.002 0.005 0.000 0.000 0.000 2.032 B233-p9 Small As2O3  2 
37 1.981 0.007 0.029 0.000 0.000 0.000 0.000 0.000 0.000 2.017 B233-p9 Small As2O3  3 
38 1.930 0.006 0.049 0.006 0.015 0.039 0.001 0.000 0.000 2.046 B233-p9 Small As2O3  4 
39 1.963 0.010 0.044 0.000 0.002 0.012 0.000 0.000 0.000 2.030 B233-p9 Small As2O3  5 
40 1.988 0.000 0.026 0.001 0.001 0.000 0.001 0.000 0.000 2.016 B233-p9 Small As2O3  6 
41 1.980 0.000 0.041 0.001 0.001 0.003 0.000 0.000 0.000 2.026 B233-p9 Small As2O3  7 
43 1.977 0.012 0.021 0.001 0.000 0.001 0.000 0.000 0.000 2.013 B233-p9 Small As2O3  9 
44 1.980 0.001 0.043 0.002 0.001 0.000 0.000 0.000 0.000 2.026 B233-p9 Small As2O3 10 
45 1.973 0.003 0.038 0.001 0.002 0.008 0.001 0.000 0.001 2.026 B233-p9 Small As2O3 11 
46 1.990 0.001 0.020 0.000 0.000 0.002 0.000 0.000 0.001 2.013 B233-p9 Small As2O3 12 
47 1.985 0.000 0.032 0.001 0.002 0.000 0.001 0.000 0.001 2.021 B233-p9 Small As2O3 13 
48 1.979 0.006 0.034 0.001 0.000 0.000 0.000 0.000 0.000 2.020 B233-p9 Small As2O3 14 
49 1.981 0.000 0.036 0.002 0.002 0.002 0.001 0.000 0.000 2.023 B233-p9 Small As2O3 15 

            
Average 1.975 0.004 0.036 0.001 0.002 0.005 0.000 0.000 0.000 2.024  
Max 1.990 0.012 0.049 0.006 0.015 0.039 0.001 0.000 0.001 2.046  
Min 1.930 0.000 0.020 0.000 0.000 0.000 0.000 0.000 0.000 2.013  
St. Dev. 0.015 0.004 0.009 0.002 0.004 0.010 0.000 0.000 0.000 0.009  

 



Protected Business Information 
Version:  October 07, 2004 

CANMET-MMSL Report 04-028(CR) B3 

B233-P9 Large As2O3 Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3        CaO      SiO2        Bi2O3    Cr2O3    PbO     Total          Comment   

110 97.27 0.01 0.64 0.08 0.02 0.35 0.06 0.00 0.03 98.47 B233-p9 Large As2O3   30 um 1 1 
111 98.47 0.00 0.68 0.02 0.02 0.00 0.04 0.00 0.00 99.23 B233-p9 Large As2O3   30 um 1 2 
112 99.90 0.05 0.49 0.02 0.02 0.10 0.05 0.00 0.02 100.63 B233-p9 Large As2O3 100 um 2 1 
113 98.26 0.12 0.40 0.00 0.01 0.01 0.10 0.00 0.02 98.92 B233-p9 Large As2O3 100 um 2 2 
114 101.08 0.00 0.46 0.01 0.01 0.00 0.00 0.00 0.00 101.56 B233-p9 Large As2O3 100 um 2 3 
115 101.46 0.00 0.61 0.06 0.02 0.09 0.00 0.00 0.03 102.27 B233-p9 Large As2O3 100 um 2 4 
116 70.48 1.41 0.60 0.01 0.04 0.00 0.00 0.00 0.05 72.60 B233-p9 Large As2O3 100 um 2 5 
117 100.13 0.09 0.40 0.00 0.01 0.05 0.08 0.00 0.02 100.77 B233-p9 Large As2O3 120 um 3 1 
118 98.96 0.36 0.53 0.01 0.01 0.00 0.04 0.00 0.00 99.90 B233-p9 Large As2O3 120 um 3 2 
119 97.77 0.86 0.41 0.05 0.01 0.04 0.08 0.00 0.00 99.21 B233-p9 Large As2O3 120 um 3 3 
120 87.56 0.76 3.40 0.32 0.00 0.12 0.00 0.00 0.00 92.15 B233-p9 Large As2O3 120 um 3 4 
121 100.74 0.30 0.53 0.04 0.01 0.00 0.11 0.00 0.00 101.73 B233-p9 Large As2O3 120 um 3 5 
122 100.28 0.13 0.52 0.00 0.05 0.00 0.15 0.00 0.00 101.12 B233-p9 Large As2O3 120 um 3 6 
123 98.11 0.72 0.19 0.00 0.00 0.00 0.05 0.00 0.04 99.11 B233-p9 Large As2O3 200x100 um 4 1 
124 99.12 0.20 0.16 0.00 0.00 0.05 0.03 0.00 0.00 99.56 B233-p9 Large As2O3 200x100 um 4 2 
125 100.20 0.09 0.26 0.04 0.03 0.00 0.00 0.00 0.01 100.63 B233-p9 Large As2O3 200x100 um 4 3 
126 100.59 0.12 0.25 0.00 0.00 0.08 0.02 0.00 0.00 101.06 B233-p9 Large As2O3 200x100 um 4 4 
127 99.96 0.16 0.22 0.02 0.00 0.00 0.05 0.00 0.00 100.42 B233-p9 Large As2O3 200x100 um 4 5 
128 97.32 0.04 0.32 0.00 0.02 0.00 0.22 0.00 0.00 97.92 B233-p9 Large As2O3 200x100 um 5 1 
129 102.80 0.00 0.42 0.05 0.00 0.00 0.11 0.00 0.02 103.40 B233-p9 Large As2O3 200x100 um 5 2 
130 102.29 0.01 0.25 0.00 0.04 0.18 0.00 0.00 0.00 102.77 B233-p9 Large As2O3 200x100 um 5 3 
131 99.88 0.01 0.22 0.01 0.01 0.05 0.11 0.00 0.03 100.31 B233-p9 Large As2O3 200x100 um 5 4 
132 100.09 0.04 0.37 0.06 0.01 0.05 0.00 0.00 0.00 100.61 B233-p9 Large As2O3 200x100 um 5 5 

            
Average 97.94 0.24 0.54 0.03 0.01 0.05 0.06 0.00 0.01 98.88  
Max 102.80 1.41 3.40 0.32 0.05 0.35 0.22 0.00 0.05 103.40  
Min 70.48 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 72.60  
St. Dev. 6.66 0.36 0.64 0.07 0.01 0.08 0.06 0.00 0.02 6.14  
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B233-P9 Large As2O3 Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total             Comment   

110 1.977 0.000 0.021 0.002 0.001 0.014 0.001 0.000 0.000 2.016 B233-p9 Large As2O3   30 um 1 1 
111 1.990 0.000 0.022 0.001 0.001 0.000 0.000 0.000 0.000 2.014 B233-p9 Large As2O3   30 um 1 2 
112 1.989 0.001 0.016 0.001 0.001 0.004 0.000 0.000 0.000 2.011 B233-p9 Large As2O3 100 um 2 1 
113 1.992 0.002 0.013 0.000 0.000 0.001 0.001 0.000 0.000 2.009 B233-p9 Large As2O3 100 um 2 2 
114 1.994 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.000 2.009 B233-p9 Large As2O3 100 um 2 3 
115 1.987 0.000 0.019 0.002 0.001 0.003 0.000 0.000 0.000 2.013 B233-p9 Large As2O3 100 um 2 4 
116 1.960 0.028 0.027 0.000 0.002 0.000 0.000 0.000 0.001 2.018 B233-p9 Large As2O3 100 um 2 5 
117 1.992 0.001 0.013 0.000 0.001 0.002 0.001 0.000 0.000 2.009 B233-p9 Large As2O3 120 um 3 1 
118 1.987 0.005 0.017 0.000 0.000 0.000 0.000 0.000 0.000 2.010 B233-p9 Large As2O3 120 um 3 2 
119 1.979 0.012 0.013 0.001 0.000 0.002 0.001 0.000 0.000 2.009 B233-p9 Large As2O3 120 um 3 3 
120 1.924 0.012 0.120 0.010 0.000 0.005 0.000 0.000 0.000 2.071 B233-p9 Large As2O3 120 um 3 4 
121 1.987 0.004 0.017 0.001 0.000 0.000 0.001 0.000 0.000 2.010 B233-p9 Large As2O3 120 um 3 5 
122 1.990 0.002 0.016 0.000 0.002 0.000 0.001 0.000 0.000 2.012 B233-p9 Large As2O3 120 um 3 6 
123 1.987 0.010 0.006 0.000 0.000 0.000 0.001 0.000 0.000 2.004 B233-p9 Large As2O3 200x100 um 4 1 
124 1.993 0.003 0.005 0.000 0.000 0.002 0.000 0.000 0.000 2.004 B233-p9 Large As2O3 200x100 um 4 2 
125 1.994 0.001 0.008 0.001 0.001 0.000 0.000 0.000 0.000 2.006 B233-p9 Large As2O3 200x100 um 4 3 
126 1.993 0.002 0.008 0.000 0.000 0.003 0.000 0.000 0.000 2.006 B233-p9 Large As2O3 200x100 um 4 4 
127 1.994 0.002 0.007 0.001 0.000 0.000 0.001 0.000 0.000 2.004 B233-p9 Large As2O3 200x100 um 4 5 
128 1.994 0.001 0.010 0.000 0.001 0.000 0.002 0.000 0.000 2.008 B233-p9 Large As2O3 200x100 um 5 1 
129 1.992 0.000 0.013 0.002 0.000 0.000 0.001 0.000 0.000 2.008 B233-p9 Large As2O3 200x100 um 5 2 
130 1.991 0.000 0.008 0.000 0.002 0.007 0.000 0.000 0.000 2.007 B233-p9 Large As2O3 200x100 um 5 3 
131 1.994 0.000 0.007 0.000 0.000 0.002 0.001 0.000 0.000 2.005 B233-p9 Large As2O3 200x100 um 5 4 
132 1.991 0.001 0.012 0.002 0.000 0.002 0.000 0.000 0.000 2.007 B233-p9 Large As2O3 200x100 um 5 5 

             
Average 1.986 0.004 0.018 0.001 0.001 0.002 0.001 0.000 0.000 2.012   
Max 1.994 0.028 0.120 0.010 0.002 0.014 0.002 0.000 0.001 2.071   
Min 1.924 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 2.004   
St. Dev. 0.015 0.006 0.023 0.002 0.001 0.003 0.001 0.000 0.000 0.013   
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B233-P9 Hematite Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total         Comment   

50 5.90 0.45 79.47 0.25 0.25 0.07 0.08 0.00 0.58 87.06 B233-p9 Small Hematite  1 
51 11.55 0.62 74.77 0.11 0.34 0.16 0.00 0.00 0.44 88.00 B233-p9 Small Hematite  2 
53 7.40 0.53 80.95 0.18 0.34 0.13 0.02 0.00 0.49 90.05 B233-p9 Small Hematite  4 
54 8.53 0.55 77.82 0.16 0.35 0.20 0.00 0.00 0.23 87.85 B233-p9 Small Hematite  5 
55 7.55 0.61 79.30 0.31 0.43 0.19 0.05 0.00 0.54 88.99 B233-p9 Small Hematite  6 
56 6.79 0.38 80.86 0.32 0.49 0.13 0.00 0.00 0.21 89.19 B233-p9 Small Hematite  7 
57 6.47 0.45 76.67 0.14 0.33 0.14 0.07 0.00 0.28 84.53 B233-p9 Small Hematite  8 
58 9.14 0.65 74.63 0.66 0.46 0.11 0.00 0.00 0.36 86.00 B233-p9 Small Hematite  9 
59 13.14 0.62 62.30 0.39 0.43 0.17 0.10 0.00 0.37 77.52 B233-p9 Small Hematite 10 

            
Average 8.50 0.54 76.31 0.28 0.38 0.14 0.04 0.00 0.39 86.57  
Max 13.14 0.65 80.95 0.66 0.49 0.20 0.10 0.00 0.58 90.05  
Min 5.90 0.38 62.30 0.11 0.25 0.07 0.00 0.00 0.21 77.52  
St. Dev. 2.43 0.10 5.76 0.17 0.08 0.04 0.04 0.00 0.13 3.79  

 
 
B233-P9 Hematite Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total          Comment   

50 0.103 0.003 1.867 0.010 0.008 0.003 0.001 0.000 0.004 2.000 B233-p9 Small Hematite  1 
51 0.203 0.005 1.766 0.005 0.011 0.008 0.000 0.000 0.003 2.000 B233-p9 Small Hematite  2 
53 0.126 0.004 1.843 0.007 0.011 0.006 0.000 0.000 0.003 2.000 B233-p9 Small Hematite  4 
54 0.149 0.004 1.819 0.007 0.011 0.009 0.000 0.000 0.001 2.000 B233-p9 Small Hematite  5 
55 0.130 0.005 1.827 0.013 0.014 0.009 0.000 0.000 0.003 2.000 B233-p9 Small Hematite  6 
56 0.116 0.003 1.846 0.013 0.016 0.006 0.000 0.000 0.001 2.000 B233-p9 Small Hematite  7 
57 0.117 0.003 1.854 0.006 0.011 0.007 0.000 0.000 0.002 2.000 B233-p9 Small Hematite  8 
58 0.163 0.005 1.782 0.027 0.015 0.005 0.000 0.000 0.002 2.000 B233-p9 Small Hematite  9 
59 0.265 0.005 1.683 0.018 0.016 0.009 0.001 0.000 0.003 2.000 B233-p9 Small Hematite 10 

            
Average 0.15 0.00 1.81 0.01 0.01 0.01 0.00 0.00 0.00 2.00  
Max 0.26 0.01 1.87 0.03 0.02 0.01 0.00 0.00 0.00 2.00  
Min 0.10 0.00 1.68 0.00 0.01 0.00 0.00 0.00 0.00 2.00  
St. Dev. 0.05 0.00 0.06 0.01 0.00 0.00 0.00 0.00 0.00 0.00  
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B208-1 Small As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total               Comment   

60 95.06 2.18 0.16 0.03 0.00 0.61 0.20 0.00 0.09 98.33 B208-1 Small As2O3  1 
61 98.08 0.57 0.12 0.03 0.01 0.00 0.10 0.00 0.04 98.94 B208-1 Small As2O3  2 
62 97.92 2.86 0.09 0.06 0.00 0.00 0.00 0.00 0.03 100.96 B208-1 Small As2O3  3 
63 97.04 0.62 0.14 0.10 0.01 0.15 0.13 0.00 0.00 98.19 B208-1 Small As2O3  4 
64 95.36 0.66 0.27 0.00 0.00 0.01 0.00 0.00 0.00 96.30 B208-1 Small As2O3  5 
65 81.02 0.89 2.85 0.23 0.80 1.05 0.04 0.00 0.09 86.97 B208-1 Small As2O3  6 
66 94.44 1.49 0.15 0.11 0.00 0.02 0.09 0.00 0.03 96.32 B208-1 Small As2O3  7 
67 65.97 29.31 0.55 0.10 0.00 3.11 0.00 0.00 0.08 99.12 B208-1 Small As2O3  8 
68 86.77 0.81 0.07 0.00 0.00 0.20 0.00 0.00 0.00 87.84 B208-1 Small As2O3  9 
69 91.15 0.33 0.18 0.24 0.00 0.22 0.00 0.00 1.04 93.17 B208-1 Small As2O3 10 
70 95.07 1.01 0.07 0.03 0.00 0.05 0.03 0.00 0.02 96.28 B208-1 Small As2O3 11 
71 77.64 17.53 0.34 0.00 0.00 0.01 0.00 0.00 0.00 95.52 B208-1 Small As2O3 12 
72 96.89 0.67 0.15 0.05 0.01 0.07 0.10 0.00 0.12 98.06 B208-1 Small As2O3 13 
73 58.40 30.78 0.13 0.04 0.00 0.12 0.00 0.00 0.00 89.46 B208-1 Small As2O3 14 
74 94.90 0.26 0.20 0.00 0.01 0.00 0.00 0.00 0.00 95.38 B208-1 Small As2O3 15 

             
Average 88.38 6.00 0.36 0.07 0.06 0.37 0.05 0.00 0.10 95.39   
Max 98.08 30.78 2.85 0.24 0.80 3.11 0.20 0.00 1.04 100.96   
Min 58.40 0.26 0.07 0.00 0.00 0.00 0.00 0.00 0.00 86.97   
St. Dev. 12.34 10.67 0.70 0.08 0.21 0.81 0.06 0.00 0.26 4.24   
 

B208-1 Small As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total               Comment   

60 1.945 0.032 0.005 0.001 0.000 0.024 0.002 0.000 0.001 2.009 B208-1 Small As2O3  1 
61 1.988 0.008 0.004 0.001 0.000 0.000 0.001 0.000 0.000 2.003 B208-1 Small As2O3  2 
62 1.956 0.041 0.003 0.002 0.000 0.000 0.000 0.000 0.000 2.002 B208-1 Small As2O3  3 
63 1.980 0.009 0.004 0.003 0.001 0.006 0.001 0.000 0.000 2.004 B208-1 Small As2O3  4 
64 1.986 0.010 0.009 0.000 0.000 0.000 0.000 0.000 0.000 2.005 B208-1 Small As2O3  5 
65 1.881 0.015 0.106 0.008 0.038 0.047 0.001 0.000 0.001 2.095 B208-1 Small As2O3  6 
66 1.971 0.022 0.005 0.003 0.000 0.001 0.001 0.000 0.000 2.003 B208-1 Small As2O3  7 
67 1.433 0.452 0.019 0.003 0.000 0.129 0.000 0.000 0.001 2.037 B208-1 Small As2O3  8 
68 1.979 0.013 0.003 0.000 0.000 0.009 0.000 0.000 0.000 2.003 B208-1 Small As2O3  9 
69 1.972 0.005 0.006 0.008 0.000 0.009 0.000 0.000 0.012 2.011 B208-1 Small As2O3 10 
70 1.981 0.015 0.003 0.001 0.000 0.002 0.000 0.000 0.000 2.002 B208-1 Small As2O3 11 
71 1.719 0.276 0.012 0.000 0.000 0.000 0.000 0.000 0.000 2.007 B208-1 Small As2O3 12 
72 1.983 0.010 0.005 0.002 0.000 0.003 0.001 0.000 0.001 2.005 B208-1 Small As2O3 13 
73 1.449 0.543 0.005 0.001 0.000 0.006 0.000 0.000 0.000 2.004 B208-1 Small As2O3 14 
74 1.993 0.004 0.007 0.000 0.001 0.000 0.000 0.000 0.000 2.005 B208-1 Small As2O3 15 

             
Average 1.881 0.097 0.013 0.002 0.003 0.016 0.000 0.000 0.001 2.013   
Max 1.993 0.543 0.106 0.008 0.038 0.129 0.002 0.000 0.012 2.095   
Min 1.433 0.004 0.003 0.000 0.000 0.000 0.000 0.000 0.000 2.002   
St. Dev. 0.192 0.177 0.026 0.002 0.010 0.034 0.001 0.000 0.003 0.024   
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B208-1 Large As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total          Comment   

133 101.48 0.44 0.24 0.05 0.00 0.58 0.00 0.00 0.01 102.78 B208-1 Large As2O3 100 um 1 1 
134 97.18 0.42 0.21 0.06 0.02 0.14 0.02 0.00 0.01 98.05 B208-1 Large As2O3 100 um 1 2 
135 98.80 0.42 0.19 0.00 0.01 0.00 0.07 0.00 0.02 99.51 B208-1 Large As2O3 100 um 1 3 
136 100.37 0.44 0.21 0.01 0.09 0.02 0.18 0.00 0.00 101.31 B208-1 Large As2O3 100 um 1 4 
137 98.75 0.30 0.04 0.02 0.07 0.40 0.04 0.05 0.07 99.74 B208-1 Large As2O3   40 um 2 1 
138 62.62 0.21 0.07 0.00 0.05 0.00 0.11 0.00 0.02 63.08 B208-1 Large As2O3   40 um 2 2 
139 99.77 0.37 0.06 0.03 0.09 0.10 0.23 0.10 0.00 100.74 B208-1 Large As2O3   40 um 2 3 
140 88.44 1.31 0.68 0.09 0.15 0.12 0.11 0.00 0.00 90.89 B208-1 Large As2O3   80 um 3 1 
141 86.13 1.59 0.43 0.09 0.00 4.01 0.00 0.00 0.00 92.25 B208-1 Large As2O3   80 um 3 2 
142 94.99 0.80 0.15 0.01 0.02 0.07 0.00 0.00 0.00 96.03 B208-1 Large As2O3   80 um 3 3 
143 99.47 0.20 0.07 0.00 0.06 0.00 0.04 0.00 0.05 99.88 B208-1 Large As2O3   40 um 4 1 
144 99.29 0.61 0.12 0.00 0.07 0.00 0.02 0.00 0.00 100.11 B208-1 Large As2O3   40 um 4 2 
145 100.20 0.69 0.05 0.03 0.11 0.12 0.08 0.03 0.01 101.30 B208-1 Large As2O3   40 um 4 3 

            
Average 94.42 0.60 0.19 0.03 0.06 0.43 0.07 0.01 0.01 95.82  
Max 101.48 1.59 0.68 0.09 0.15 4.01 0.23 0.10 0.07 102.78  
Min 62.62 0.20 0.04 0.00 0.00 0.00 0.00 0.00 0.00 63.08  
St. Dev. 10.64 0.42 0.18 0.03 0.05 1.09 0.07 0.03 0.02 10.45  
 

 
B208-1 Large As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total         Comment   

133 1.972 0.006 0.007 0.001 0.000 0.021 0.000 0.000 0.000 2.009 B208-1 Large As2O3 100 um  1 1 
134 1.984 0.006 0.007 0.002 0.001 0.005 0.000 0.000 0.000 2.006 B208-1 Large As2O3 100 um  1 2 
135 1.991 0.006 0.006 0.000 0.001 0.000 0.001 0.000 0.000 2.004 B208-1 Large As2O3 100 um  1 3 
136 1.988 0.006 0.007 0.000 0.004 0.001 0.002 0.000 0.000 2.007 B208-1 Large As2O3 100 um  1 4 
137 1.980 0.004 0.001 0.001 0.003 0.016 0.000 0.002 0.001 2.007 B208-1 Large As2O3   40 um  2 1 
138 1.991 0.005 0.004 0.000 0.003 0.000 0.002 0.000 0.000 2.005 B208-1 Large As2O3   40 um  2 2 
139 1.986 0.005 0.002 0.001 0.004 0.004 0.002 0.003 0.000 2.006 B208-1 Large As2O3   40 um  2 3 
140 1.959 0.021 0.024 0.003 0.007 0.005 0.001 0.000 0.000 2.019 B208-1 Large As2O3   80 um  3 1 
141 1.836 0.024 0.015 0.003 0.000 0.164 0.000 0.000 0.000 2.041 B208-1 Large As2O3   80 um  3 2 
142 1.984 0.012 0.005 0.000 0.001 0.003 0.000 0.000 0.000 2.004 B208-1 Large As2O3   80 um  3 3 
143 1.995 0.003 0.002 0.000 0.003 0.000 0.000 0.000 0.001 2.003 B208-1 Large As2O3   40 um  4 1 
144 1.989 0.009 0.004 0.000 0.003 0.000 0.000 0.000 0.000 2.004 B208-1 Large As2O3   40 um  4 2 
145 1.983 0.010 0.002 0.001 0.004 0.005 0.001 0.001 0.000 2.005 B208-1 Large As2O3   40 um  4 3 

            
Average 1.972 0.009 0.007 0.001 0.002 0.017 0.001 0.000 0.000 2.009  
Max 1.995 0.024 0.024 0.003 0.007 0.164 0.002 0.003 0.001 2.041  
Min 1.836 0.003 0.001 0.000 0.000 0.000 0.000 0.000 0.000 2.003  
St. Dev. 0.042 0.006 0.006 0.001 0.002 0.044 0.001 0.001 0.000 0.010  
 



Protected Business Information 
Version:  October 07, 2004 

CANMET-MMSL Report 04-028(CR) B8 

C212-2 Small As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total           Comment   

75 93.93 0.09 0.11 0.00 0.00 0.02 0.09 0.00 0.00 94.25 C212-2 Small As2O3  1 
76 99.51 0.08 0.11 0.00 0.04 0.10 0.07 0.00 0.00 99.91 C212-2 Small As2O3  2 
77 99.09 0.27 0.25 0.00 0.00 0.07 0.14 0.00 0.05 99.86 C212-2 Small As2O3  3 
78 93.04 0.39 0.14 0.01 0.00 0.87 0.00 0.00 0.09 94.54 C212-2 Small As2O3  4 
79 99.77 0.57 0.19 0.00 0.00 0.00 0.04 0.00 0.03 100.60 C212-2 Small As2O3  5 
80 98.05 0.35 0.36 0.03 0.00 0.20 0.00 0.00 0.07 99.05 C212-2 Small As2O3  6 
81 99.98 0.11 0.16 0.00 0.09 0.00 0.00 0.00 0.00 100.34 C212-2 Small As2O3  7 
82 94.50 0.51 0.17 0.03 0.00 0.14 0.01 0.00 0.21 95.56 C212-2 Small As2O3  8 
83 93.73 5.81 0.26 0.08 0.00 0.25 0.00 0.00 0.05 100.18 C212-2 Small As2O3  9 
84 100.98 0.12 0.08 0.05 0.00 0.18 0.11 0.00 0.00 101.51 C212-2 Small As2O3 10 
85 96.68 0.17 0.13 0.05 0.06 0.11 0.00 0.00 0.05 97.24 C212-2 Small As2O3 11 
86 94.45 0.39 0.14 0.00 0.00 0.00 0.00 0.00 0.00 94.98 C212-2 Small As2O3 12 
87 99.12 0.10 0.20 0.00 0.08 0.14 0.14 0.03 0.04 99.84 C212-2 Small As2O3 13 
88 99.10 0.50 0.24 0.00 0.01 0.20 0.06 0.00 0.08 100.20 C212-2 Small As2O3 14 
89 97.58 2.88 0.16 0.01 0.00 0.00 0.00 0.00 0.00 100.63 C212-2 Small As2O3 15 

            
Average 97.30 0.82 0.18 0.02 0.02 0.15 0.04 0.00 0.04 98.58  
Max 100.98 5.81 0.36 0.08 0.09 0.87 0.14 0.03 0.21 101.51  
Min 93.04 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 94.25  
St. Dev. 2.68 1.54 0.07 0.03 0.03 0.22 0.05 0.01 0.06 2.53  
 
 

C212-2 Small As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total         Comment   

75 1.996 0.001 0.004 0.000 0.000 0.001 0.001 0.000 0.000 2.003 C212-2 Small As2O3  1 
76 1.993 0.001 0.004 0.000 0.002 0.004 0.001 0.000 0.000 2.004 C212-2 Small As2O3  2 
77 1.990 0.004 0.008 0.000 0.000 0.003 0.001 0.000 0.001 2.006 C212-2 Small As2O3  3 
78 1.963 0.006 0.005 0.000 0.000 0.035 0.000 0.000 0.001 2.011 C212-2 Small As2O3  4 
79 1.989 0.008 0.006 0.000 0.000 0.000 0.000 0.000 0.000 2.004 C212-2 Small As2O3  5 
80 1.983 0.005 0.012 0.001 0.000 0.008 0.000 0.000 0.001 2.009 C212-2 Small As2O3  6 
81 1.995 0.002 0.005 0.000 0.004 0.000 0.000 0.000 0.000 2.005 C212-2 Small As2O3  7 
82 1.984 0.008 0.006 0.001 0.000 0.006 0.000 0.000 0.002 2.006 C212-2 Small As2O3  8 
83 1.902 0.084 0.009 0.002 0.000 0.010 0.000 0.000 0.001 2.007 C212-2 Small As2O3  9 
84 1.990 0.002 0.002 0.002 0.000 0.007 0.001 0.000 0.000 2.003 C212-2 Small As2O3 10 
85 1.990 0.003 0.004 0.001 0.002 0.004 0.000 0.000 0.001 2.005 C212-2 Small As2O3 11 
86 1.992 0.006 0.005 0.000 0.000 0.000 0.000 0.000 0.000 2.003 C212-2 Small As2O3 12 
87 1.989 0.001 0.006 0.000 0.003 0.005 0.001 0.001 0.000 2.008 C212-2 Small As2O3 13 
88 1.983 0.007 0.008 0.000 0.001 0.008 0.001 0.000 0.001 2.007 C212-2 Small As2O3 14 
89 1.957 0.041 0.005 0.000 0.000 0.000 0.000 0.000 0.000 2.003 C212-2 Small As2O3 15 

            
Average 1.980 0.012 0.006 0.001 0.001 0.006 0.000 0.000 0.000 2.006  
Max 1.996 0.084 0.012 0.002 0.004 0.035 0.001 0.001 0.002 2.011  
Min 1.902 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 2.003  
St. Dev. 0.024 0.022 0.002 0.001 0.001 0.009 0.001 0.000 0.001 0.002  
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C212-2 Large As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total        Comment   

90 99.16 0.08 0.28 0.03 0.37 0.10 0.00 0.00 0.01 100.03 C212-2 Large As2O3 1 1 
91 93.21 0.21 0.07 0.00 0.00 0.11 0.11 0.00 0.04 93.77 C212-2 Large As2O3 1 2 
92 93.60 5.11 0.09 0.00 0.00 0.08 0.06 0.00 0.00 98.94 C212-2 Large As2O3 20 um 2 1 
93 96.99 0.17 0.07 0.00 0.02 0.00 0.07 0.00 0.00 97.32 C212-2 Large As2O3 30 um 3 1 
94 100.05 0.25 0.15 0.03 0.05 0.15 0.07 0.00 0.00 100.74 C212-2 Large As2O3 30 um 3 2 
95 98.86 0.52 0.14 0.03 0.00 0.00 0.06 0.00 0.05 99.65 C212-2 Large As2O3 40 um 4 1 
96 75.14 0.43 2.01 0.09 0.08 0.61 0.00 0.00 0.06 78.43 C212-2 Large As2O3 40 um 4 2 
97 99.82 0.18 0.37 0.06 0.00 0.15 0.03 0.00 0.04 100.64 C212-2 Large As2O3 30 um 5 1 
98 97.19 0.25 0.27 0.01 0.05 1.26 0.00 0.00 0.01 99.04 C212-2 Large As2O3 30 um 5 2 
99 99.03 0.14 0.05 0.00 0.03 0.05 0.00 0.00 0.00 99.30 C212-2 Large As2O3 30 um 6 1 

            
Average 95.31 0.73 0.35 0.02 0.06 0.25 0.04 0.00 0.02 96.79  
Max 100.05 5.11 2.01 0.09 0.37 1.26 0.11 0.00 0.06 100.74  
Min 75.14 0.08 0.05 0.00 0.00 0.00 0.00 0.00 0.00 78.43  
St. Dev. 7.49 1.54 0.59 0.03 0.11 0.39 0.04 0.00 0.03 6.76  
 
 
 
 
 

C212-2 Large As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total        Comment   

90 1.985 0.001 0.009 0.001 0.015 0.004 0.000 0.000 0.000 2.015 C212-2 Large As2O3 1 1 
91 1.991 0.003 0.003 0.000 0.000 0.005 0.001 0.000 0.001 2.003 C212-2 Large As2O3 1 2 
92 1.921 0.075 0.003 0.000 0.000 0.003 0.001 0.000 0.000 2.003 C212-2 Large As2O3 20 um 2 1 
93 1.996 0.002 0.002 0.000 0.001 0.000 0.001 0.000 0.000 2.002 C212-2 Large As2O3 30 um 3 1 
94 1.988 0.004 0.005 0.001 0.002 0.006 0.001 0.000 0.000 2.005 C212-2 Large As2O3 30 um 3 2 
95 1.989 0.007 0.004 0.001 0.000 0.000 0.001 0.000 0.001 2.003 C212-2 Large As2O3 40 um 4 1 
96 1.929 0.008 0.083 0.003 0.004 0.030 0.000 0.000 0.001 2.058 C212-2 Large As2O3 40 um 4 2 
97 1.986 0.003 0.012 0.002 0.000 0.006 0.000 0.000 0.000 2.008 C212-2 Large As2O3 30 um 5 1 
98 1.953 0.004 0.009 0.000 0.002 0.048 0.000 0.000 0.000 2.016 C212-2 Large As2O3 30 um 5 2 
99 1.995 0.002 0.002 0.000 0.001 0.002 0.000 0.000 0.000 2.002 C212-2 Large As2O3 30 um 6 1 

            
Average 1.973 0.011 0.013 0.001 0.003 0.010 0.000 0.000 0.000 2.012  
Max 1.996 0.075 0.083 0.003 0.015 0.048 0.001 0.000 0.001 2.058  
Min 1.921 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 2.002  
St. Dev. 0.028 0.022 0.025 0.001 0.005 0.016 0.000 0.000 0.000 0.017  
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Old Feed Small As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total            Comment   

8 96.10 0.32 0.29 0.03 0.00 0.23 0.00 0.00 0.00 96.97 Old Feed Small As2O3  1 
9 97.09 0.98 0.33 0.03 0.00 0.05 0.00 0.00 0.03 98.52 Old Feed Small As2O3  2 

10 88.98 0.36 1.33 0.09 0.00 0.00 0.00 0.00 0.01 90.77 Old Feed Small As2O3  3 
11 100.24 4.63 0.37 0.00 0.00 0.11 0.00 0.00 0.00 105.35 Old Feed Small As2O3  4 
12 93.92 5.27 0.48 0.00 0.00 0.09 0.00 0.00 0.00 99.76 Old Feed Small As2O3  5 
13 96.42 0.95 0.28 0.06 0.00 0.08 0.00 0.00 0.00 97.78 Old Feed Small As2O3  6 
14 96.82 1.43 0.25 0.00 0.00 0.00 0.00 0.00 0.06 98.56 Old Feed Small As2O3  7 
15 97.43 0.28 0.27 0.00 0.00 0.00 0.02 0.00 0.03 98.03 Old Feed Small As2O3  8 
16 82.10 13.63 0.32 0.00 0.00 0.07 0.00 0.00 0.00 96.12 Old Feed Small As2O3  9 
17 83.73 1.08 0.62 0.06 0.00 0.63 0.14 0.00 0.00 86.26 Old Feed Small As2O3 10 
18 93.04 0.12 0.30 0.02 0.01 0.00 0.00 0.00 0.00 93.50 Old Feed Small As2O3 11 
19 98.32 0.31 0.20 0.00 0.00 0.00 0.04 0.00 0.00 98.87 Old Feed Small As2O3 12 
20 97.56 3.35 0.22 0.01 0.00 0.25 0.00 0.00 0.01 101.40 Old Feed Small As2O3 13 
21 77.35 6.76 1.11 0.16 0.00 6.83 0.07 0.00 0.06 92.33 Old Feed Small As2O3 14 
22 88.01 0.11 0.28 0.01 0.04 0.18 0.20 0.00 0.00 88.83 Old Feed Small As2O3 15 
23 97.14 0.37 0.28 0.00 0.00 0.00 0.03 0.00 0.06 97.88 Old Feed Small As2O3 16 
24 95.40 0.20 0.36 0.00 0.00 0.12 0.03 0.00 0.02 96.12 Old Feed Small As2O3 16 

            
Average 92.92 2.36 0.43 0.03 0.00 0.51 0.03 0.00 0.02 96.30  
Max 100.24 13.63 1.33 0.16 0.04 6.83 0.20 0.00 0.06 105.35  
Min 77.35 0.11 0.20 0.00 0.00 0.00 0.00 0.00 0.00 86.26  
St. Dev. 6.56 3.56 0.32 0.04 0.01 1.64 0.06 0.00 0.02 4.71  
 
Old Feed Small As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total           Comment   

8 1.983 0.005 0.010 0.001 0.000 0.009 0.000 0.000 0.000 2.007 Old Feed Small As2O3  1 
9 1.979 0.014 0.011 0.001 0.000 0.002 0.000 0.000 0.000 2.007 Old Feed Small As2O3  2 

10 1.972 0.006 0.047 0.003 0.000 0.000 0.000 0.000 0.000 2.028 Old Feed Small As2O3  3 
11 1.929 0.063 0.011 0.000 0.000 0.004 0.000 0.000 0.000 2.008 Old Feed Small As2O3  4 
12 1.915 0.076 0.016 0.000 0.000 0.004 0.000 0.000 0.000 2.010 Old Feed Small As2O3  5 
13 1.978 0.014 0.009 0.002 0.000 0.003 0.000 0.000 0.000 2.006 Old Feed Small As2O3  6 
14 1.976 0.021 0.008 0.000 0.000 0.000 0.000 0.000 0.001 2.005 Old Feed Small As2O3  7 
15 1.992 0.004 0.009 0.000 0.000 0.000 0.000 0.000 0.000 2.006 Old Feed Small As2O3  8 
16 1.783 0.210 0.011 0.000 0.000 0.003 0.000 0.000 0.000 2.007 Old Feed Small As2O3  9 
17 1.947 0.018 0.023 0.002 0.000 0.028 0.002 0.000 0.000 2.020 Old Feed Small As2O3 10 
18 1.993 0.002 0.010 0.001 0.000 0.000 0.000 0.000 0.000 2.006 Old Feed Small As2O3 11 
19 1.993 0.005 0.007 0.000 0.000 0.000 0.000 0.000 0.000 2.004 Old Feed Small As2O3 12 
20 1.942 0.047 0.007 0.000 0.000 0.010 0.000 0.000 0.000 2.006 Old Feed Small As2O3 13 
21 1.652 0.103 0.038 0.005 0.000 0.279 0.001 0.000 0.001 2.078 Old Feed Small As2O3 14 
22 1.986 0.002 0.010 0.000 0.002 0.008 0.002 0.000 0.000 2.010 Old Feed Small As2O3 15 
23 1.991 0.005 0.009 0.000 0.000 0.000 0.000 0.000 0.001 2.006 Old Feed Small As2O3 16 
24 1.988 0.003 0.012 0.000 0.000 0.005 0.000 0.000 0.000 2.008 Old Feed Small As2O3 16 

            
Average 1.941 0.035 0.015 0.001 0.000 0.021 0.000 0.000 0.000 2.013  
Max 1.993 0.210 0.047 0.005 0.002 0.279 0.002 0.000 0.001 2.078  
Min 1.652 0.002 0.007 0.000 0.000 0.000 0.000 0.000 0.000 2.004   
St. Dev. 0.090 0.054 0.011 0.001 0.000 0.067 0.001 0.000 0.000 0.018   
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Old Feed Large As2O3 grains Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3       SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total     Comment   

100 103.18 0.44 0.33 0.07 0.00 0.10 0.09 0.00 0.00 104.21 Old Feed Large As2O3 40 um 1 1 
101 98.71 0.54 0.35 0.00 0.10 0.17 0.00 0.00 0.01 99.88 Old Feed Large As2O3 40 um 1 2 
102 97.94 0.00 0.18 0.00 0.08 0.21 0.00 0.00 0.03 98.44 Old Feed Large As2O3 50 um 2 1 
103 94.08 0.02 0.22 0.00 0.11 0.74 0.03 0.08 0.00 95.27 Old Feed Large As2O3 50 um 2 2 
104 99.18 0.03 0.24 0.00 0.10 0.49 0.10 0.05 0.01 100.20 Old Feed Large As2O3 50 um 2 3 
105 93.86 0.75 0.37 0.04 0.00 0.63 0.00 0.00 0.00 95.66 Old Feed Large As2O3 60 um 3 1 
106 95.16 0.24 0.55 0.10 0.01 0.00 0.00 0.00 0.01 96.08 Old Feed Large As2O3 60 um 3 2 
107 92.72 0.13 0.96 0.48 0.00 0.04 0.06 0.00 0.00 94.39 Old Feed Large As2O3 60 um 3 3 
108 97.33 0.35 0.22 0.05 0.05 0.14 0.00 0.00 0.06 98.19 Old Feed Large As2O3 30 um 4 1 
109 95.25 0.19 0.23 0.10 0.07 0.27 0.08 0.00 0.01 96.19 Old Feed Large As2O3 30 um 4 2 

            
Average 96.74 0.27 0.37 0.08 0.05 0.28 0.04 0.01 0.01 97.85  
Max 103.18 0.75 0.96 0.48 0.11 0.74 0.10 0.08 0.06 104.21  
Min 92.72 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 94.39  
St. Dev. 3.15 0.25 0.23 0.15 0.04 0.25 0.04 0.03 0.02 2.98  
 

Old Feed Large As2O3 grains Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total        Comment   

100 1.984 0.006 0.010 0.002 0.000 0.004 0.001 0.000 0.000 2.007 Old Feed Large As2O3 40 um 1 1 
101 1.981 0.008 0.011 0.000 0.004 0.007 0.000 0.000 0.000 2.011 Old Feed Large As2O3 40 um 1 2 
102 1.990 0.000 0.006 0.000 0.003 0.008 0.000 0.000 0.000 2.007 Old Feed Large As2O3 50 um 2 1 
103 1.970 0.000 0.007 0.000 0.005 0.030 0.000 0.003 0.000 2.014 Old Feed Large As2O3 50 um 2 2 
104 1.979 0.000 0.008 0.000 0.004 0.019 0.001 0.001 0.000 2.012 Old Feed Large As2O3 50 um 2 3 
105 1.962 0.011 0.012 0.001 0.000 0.025 0.000 0.000 0.000 2.012 Old Feed Large As2O3 60 um 3 1 
106 1.985 0.004 0.018 0.003 0.001 0.000 0.000 0.000 0.000 2.011 Old Feed Large As2O3 60 um 3 2 
107 1.966 0.002 0.032 0.015 0.000 0.002 0.001 0.000 0.000 2.017 Old Feed Large As2O3 60 um 3 3 
108 1.985 0.005 0.007 0.001 0.002 0.005 0.000 0.000 0.001 2.007 Old Feed Large As2O3 30 um 4 1 
109 1.981 0.003 0.008 0.003 0.003 0.011 0.001 0.000 0.000 2.008 Old Feed Large As2O3 30 um 4 2 

            
Average 1.978 0.004 0.012 0.003 0.002 0.011 0.000 0.000 0.000 2.011  
Max 1.990 0.011 0.032 0.015 0.005 0.030 0.001 0.003 0.001 2.017  
Min 1.962 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.000 2.007  
St. Dev. 0.009 0.004 0.008 0.004 0.002 0.010 0.000 0.001 0.000 0.003  
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Old Feed Hematite Weight Percent Oxide 
   No.     As2O3    Sb2O3    Fe2O3    SO3       CaO      SiO2        Bi2O3    Cr2O3    PbO     Total   Comment   

25 3.34 0.45 89.14 1.00 0.04 0.11 0.00 0.00 0.14 94.21 Old Feed Small Hematite  1 
27 12.96 1.31 68.12 3.82 0.00 0.21 0.00 0.00 0.00 86.42 Old Feed Small Hematite  3 
28 3.60 0.46 75.06 0.24 0.06 0.14 0.01 0.00 0.00 79.57 Old Feed Small Hematite  4 
29 5.42 1.32 85.22 0.88 0.03 0.24 0.09 0.02 0.16 93.38 Old Feed Small Hematite  5 
30 3.48 0.53 87.58 0.70 0.02 0.17 0.00 0.00 0.23 92.70 Old Feed Small Hematite  6 
31 4.07 0.74 87.09 0.40 0.02 0.21 0.03 0.00 0.30 92.85 Old Feed Small Hematite  7 
32 5.49 0.80 79.50 1.43 0.01 0.11 0.05 0.00 0.12 87.51 Old Feed Small Hematite  8 
33 8.04 2.00 77.49 1.34 0.00 0.08 0.10 0.00 0.03 89.08 Old Feed Small Hematite  9 
34 7.34 1.67 77.34 2.54 0.10 0.09 0.00 0.00 0.00 89.08 Old Feed Small Hematite 10 

            
Average 5.97 1.03 80.73 1.37 0.03 0.15 0.03 0.00 0.11 89.42  
Max 12.96 2.00 89.14 3.82 0.10 0.24 0.10 0.02 0.30 94.21  
Min 3.34 0.45 68.12 0.24 0.00 0.08 0.00 0.00 0.00 79.57  
St. Dev. 3.12 0.57 7.01 1.14 0.03 0.06 0.04 0.01 0.11 4.63  
 

Old Feed Hematite Cations on the Basis of Three Oxygen 
   No.        As       Sb       Fe       S        Ca       Si       Bi       Cr       Pb   Total   Comment   

25 0.053 0.003 1.900 0.037 0.001 0.005 0.000 0.000 0.001 2.000 Old Feed Small Hematite  1 
27 0.227 0.010 1.598 0.156 0.000 0.010 0.000 0.000 0.000 2.000 Old Feed Small Hematite  3  
28 0.068 0.004 1.908 0.011 0.002 0.007 0.000 0.000 0.000 2.000 Old Feed Small Hematite  4 
29 0.088 0.009 1.856 0.033 0.001 0.010 0.001 0.000 0.001 2.000 Old Feed Small Hematite  5 
30 0.056 0.004 1.904 0.026 0.001 0.007 0.000 0.000 0.001 2.000 Old Feed Small Hematite  6 
31 0.066 0.005 1.902 0.015 0.001 0.009 0.000 0.000 0.002 2.000 Old Feed Small Hematite  7 
32 0.094 0.006 1.836 0.058 0.000 0.005 0.000 0.000 0.001 2.000 Old Feed Small Hematite  8 
33 0.138 0.015 1.788 0.054 0.000 0.003 0.001 0.000 0.000 2.000 Old Feed Small Hematite  9 
34 0.124 0.012 1.756 0.100 0.003 0.004 0.000 0.000 0.000 2.000 Old Feed Small Hematite 10 

            
Average 0.10 0.01 1.83 0.05 0.00 0.01 0.00 0.00 0.00 2.00  
Max 0.23 0.02 1.91 0.16 0.00 0.01 0.00 0.00 0.00 2.00  
Min 0.05 0.00 1.60 0.01 0.00 0.00 0.00 0.00 0.00 2.00  
St. Dev. 0.06 0.00 0.10 0.05 0.00 0.00 0.00 0.00 0.00 0.00  
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Bulk Chemical Assays of Dust Samples* 

 

Sample ID Unit C-212-2 (168-189) B-233-P9 Old Feed B208 1 Comp 
Ag g/t 6 38 20 4 
Al g/t 6700 19000 20000 4300 
As g/t 10000 61000 7200  
Ba g/t 16 44 47 16 
Be g/t < 0.2 < 0.2 < 0.2 < 0.05 
Bi g/t < 20 < 20 < 20 < 20 
Ca g/t 2300 9300 9200 2300 
Cd g/t < 25 < 25 < 25 < 8 
Co g/t 28 110 57 < 25 
Cr g/t 23 71 48 16 
Cu g/t 230 810 340 100 
Fe g/t 21000 150000 55000 18000 
K g/t 1900 5200 5000 1200 
Li g/t < 40 < 40 < 40 < 40 
Mg g/t 2200 5900 6800 1600 
Mn g/t 88 300 250 74 
Mo g/t < 20 < 20 < 20 < 20 
Na g/t 230 960 970 230 
Ni g/t 53 230 100 40 
P g/t < 100 < 100 < 100 < 100 
Pb g/t 550 4300 1300 470 
Sb g/t 3600 18000 8200 11000 
Se g/t < 60 < 60 < 60 < 60 
Sn g/t < 40 < 40 < 40 < 40 
Sr g/t 5.7 14 16 3.2 
Ti g/t 510 2000 1400 160 
Tl g/t < 60 < 60 < 60 < 60 
V g/t 26 73 67 18 
Y g/t 0.9 2.1 1.8 0.7 
Zn g/t 250 2100 510 300 
As % 66.3 39.5 51 66.5 
 
 
*
Data provided by Diana Sollner, SRK Consulting Inc. 
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HEAT CAPACITY STUDY OF DUST SAMPLES CONTAINING ARSENIC 
TRIOXIDE 

Abstract  
Dust samples containing arsenic trioxide (As2O3) were analyzed using Differential Scanning 

Calorimetry (DSC) to determine their heat capacity.  Measurements were conducted in 

accordance with ASTM Standard Method E1269-01. 

Introduction 
Differential scanning calorimetry can be used to provide a fast, simple method for determining 

the specific heat capacity of materials.  The specific heat capacity of dust samples containing 

As2O3 can be determined using a standard test method consisting of heating the dust sample at a 

controlled rate in a controlled atmosphere through the temperature region of interest.  The 

difference in heat flow between the sample and a reference material due to energy changes in the 

sample is continuously monitored and recorded. 

Experimental 
Three different dust samples were provided by SRK Consulting and used without purification.   

A TA 5200 Thermal Analysis System with a 2910 DSC module and a Du Pont Instruments 

Mechanical Cooling Accessory was used to determine the specific heat capacity of the dust 

samples following ASTM standard test method E 1269-01 [1].  Hermetic Al pans containing 

samples of the dust were held isothermally at –10 °C for 5 minutes, then heated from –10 to 10 

°C at a heating rate of 5 °C min-1.  At the end of each run, the sample was held isothermally for 

an additional 5 minutes before the run was terminated.  Sample size varied from 9 mg to 20 mg 

between samples due to the varying densities of the different samples.  For the sample supplied 

with the label “Mar 0348 2/5 C-212-2(168-189) March 25/04 T38.4” (henceforth referred to as 

Sample A), 20.0 ± 0.3 mg was used in each run.  For the sample labelled “Mar 0348 3/5 old feed 

T38.4” (Sample B), 8.94 ± 0.02 mg was used in each run.  For the third sample, “Mar 0348 5/5 

B233-P9 T38.3” (Sample C), 9.6 ± 0.6 mg was used in each run.  Sample size was determined 

such that the sample container held the maximum amount of sample.  Each sample was run in 

duplicate.  The DSC was calibrated for heat flow [2] and temperature [3].  Synthetic sapphire 

was used as a reference material. 



Results and Discussion  
Originally, attempts were made to determine the specific heat capacity of the samples for the 

temperature region of –10 to 50 °C.  However, in the initial run on Sample C, a large exothermic 

peak was observed between 40 and 50 °C and a small endothermic peak in the 20 to 25 °C 

region.  It was therefore decided to determine the specific heat capacity only for the temperature 

region –10 to 10 °C.  The DSC thermal curves for the samples are shown in Appendix A. 

The thermal curves of the samples were compared with that of the sapphire reference to 

determine the specific heat capacities of the dust samples.  The calculations used for the 

determination of specific heat capacity can be found in the ASTM method E 1269-01 [1].  The 

plots of the specific heat capacities obtained for the samples are shown in Figure 1.  Error 

analysis for each sample can be found in Appendix B.  Variation between duplicate runs can be 

attributed to the inhomogeneity of the samples.  Variation between samples may be due to the 

different composition of the samples.  The specific heat capacity for Sample A was significantly 

lower than the heat capacities for Samples B and C.  Taking into account the error, there is no 

significant difference in the specific heat capacity values of Samples B and C. 

References 
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3. ASTM E 967, Standard Practice for Temperature Calibration of Differential Scanning 

Calorimeters and Differential Thermal Analyzers, American Society for Testing and 
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APPENDIX A 
Below are the thermal curves for the dust samples containing As2O3.  Each graph shows the duplicate curves of the sample, as well as the 
curves for the standard sapphire and the empty sample holders, used to calculate specific heat capacity. 

 



 



 
 



APPENDIX B 
Below are the individual plots of specific heat capacity for the different samples.  The dotted lines indicate 95% prediction limits for the 
linear regression, represented by the solid line. 
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