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NOTICE

This study is based on detailed technical information interpreted through standard and
advanced chemical and geoscientific techniques available at this time.  As with all geoscientific
investigations, the findings are based on data collected at discrete points in time and location.  In
portions of this report, it has been necessary to infer information between and beyond the measured
data points using established techniques and scientific judgement.  In our opinion, this report
contains the appropriate level of chemical and geoscientific information to reach the conclusions
stated herein.

This study has been conducted in accordance with British Columbia provincial law as stated
in the Engineers and Geoscientists Act and in the Applied Science Technologists and Technicians
Act.

Kevin A. Morin, Ph.D., P.Geo.
Registration No. 18,721
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EXECUTIVE SUMMARY/SOMMAIRE

This study represents another contribution in the MEND series on the prediction and control
of acidic drainage from waste-rock dumps.  The Samatosum Minesite in southeastern British
Columbia implemented full-scale layering of acid-generating and acid-neutralizing rock in its waste-
rock dump, based on a series of column tests.

This study has reviewed existing information, reinterpreted old data, and obtained new data
for the layered waste-rock dump at Samatosum and the column tests which simulated it.  Most of
the rock units at Samatosum had significant proportions of net-acid-generating rock, except for mafic
pyroclastics (MAF).  As a result, all rock was divided into MAF and Potentially Acid Generating
(PAG) rock.  The PAG was encapsulated by MAF layers within the dump, and the overall ratio of
Neutralization Potential (NP) to Total Acid Potential (TAP) within the dump was 3:1.

Column tests containing 10-50 kg of rock simulated various layered and unlayered sequences
of PAG and MAF rock.  These columns were operated up to 5.5 years to determine if the dump
design was appropriate.  However, the two columns containing layers of PAG and MAF to simulate
the dump had NP:TAP ratios close to 1:1, instead of 3:1.

Because effluent concentrations of metals like calcium and magnesium were not measured
during column testing, rates of NP consumption and depletion could not be determined.  However,
simple geochemical relationships and data from other mines indicated that the ratio of NP
consumption to sulphide depletion in the layered columns was likely greater than 1:1.  Additionally,
not all measured NP at Samatosum is available for neutralization: up to 10 t CaCO3/1000 t is
unavailable.  Therefore, the columns were predicted to eventually release net acidity if they had
continued.  This contradicted previous predictions, primarily because previous work assumed that
the rate of NP consumption was lower and equivalent to the rate of alkalinity production.  In reality,
alkalinity production typically represents only a portion of total NP consumption.

Comparisons of pre-test and post-test analyses on various grain-size ranges from the columns
indicated layering as small as 0.2 m did not alter the reaction rates and the geochemical behaviour
of the PAG and MAF material.  In other words, layering with MAF did not slow reaction rates in the
adjacent PAG layers.  However, the effluent from the layered columns did represent a composite
from the two materials.

Significant accumulation of sulphate from sulphide oxidation was noted in PAG, where it
originated, and in basal MAF layers within the columns.  Also, NP was significantly depleted in
MAF layers, particularly in the finest grain-size range.  In fact, NP depletion in the finest MAF
particles caused some MAF to become net acid generating and suggested that NP in the coarser
particles may not be readily available.  This also supported the prediction of net acidity from the
columns.



Control of Acidic Drainage in Layered Waste Rock: Samatosum vi

Minesite Drainage Assessment Group

Monitoring of drainage from the dump at Samatosum has revealed signs of impending net
acidity.  In fact, pH at one station has fluctuated between neutral and acidic values, with the acidic
values becoming lower and more persistent with time.  However, unlike the columns, the dump has
an overall ratio of NP:TAP of 3:1, and thus is not predicted to generate net acidity.

The reconciliation of predictions with monitoring data is based on (1) the observations in the
columns that layering does not suppress reaction rates in the PAG and (2) coarser rock can
preferentially channel water through a layer.  Consequently, the appearance of net acidity in some
dump drainage is simply the result of physical conditions rather than a failure of geochemical
principles.  This highlights the importance of physical design and physical hydrogeology in any
future design and construction of a layered dump.  If drainage does not pass through all available
neutralizing layers, acidic drainage may appear even in the presence of excess neutralizing potential.

A final note focusses on metal leaching.  Although acidic pH may be prevented with carefully
designed and implemented layering, leaching of metals is not so easily controlled.  Because reaction
rates in even small layers of net-acid-generating Samatosum rock, on the order of 0.2 m, could
proceed unattenuated by adjacent net-acid-neutralizing rock, metal leaching can probably occur at
accelerated rates in layered dumps.  If site-specific solubilities of secondary minerals are relatively
high, aqueous metal concentrations may then exceed water-quality requirements even in near-neutral
drainage.  Therefore, layering is not necessarily a control technique for metal leaching.
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SAMATOSUM

FIGURE 1-1.  Location of the Samatosum Minesite in
British Columbia.

1. INTRODUCTION AND OBJECTIVES

The Mine Environment Neutral Drainage (MEND) Program has sponsored numerous studies
in the areas of prediction, prevention, and control of acidic drainage.  This has led to improved
techniques and approaches under each area.  Through the combination of prediction and prevention,
this project contributes to the improvements by documenting how field-scale control for a full-size
waste-rock dump was designed using predictive techniques.

As documented in the references, much of the original work reported here was carried out
by Minnova Inc. (now Inmet Mining Corporation), its consultants, and regulatory agencies.  This
work showed thoughtful, long-range planning and execution of the dump design.  For the benefit of
the Canadian mining industry and regulatory agencies, MEND has sponsored this project which
compiles the original work, reinterprets the analytical data through more recent approaches, includes
additional sample analysis, and draws new conclusions for comparison to the initial ones.  

The Samatosum Minesite is
located near Kamloops, British
Columbia (Figures 1-1 to 1-3),
approximately 39 km east of
Barriere by road.  Average annual
net precipitation is 0.940 m.  The
mine was operated from May 1989
to September 1992 for recovery of
silver, gold, copper, zinc, and lead.
Initially, mining was in an open pit,
turning to underground methods in
1991.  The average daily rate of
mining was 465 tonnes.  In total,
565,700 t of ore and 9.6x106 t of
waste rock were mined (Piteau
Associates, 1996).

The following chapters
follow the logical design,
construction, and monitoring of the dump.  Specifically, Chapter 2 describes the geology and rock
units at Samatosum.  The types and volumes of these units were the key to designing the dump in
order to prevent acidic drainage.  Chapter 3 describes the predictive laboratory testwork, particularly
acid-base accounting and kinetic column tests, on which the dump was designed.  Monitoring of
drainage from the dump, as documented in Chapter 4, shows how relevant and representative the
predictive results were.  Various conclusions are then discussed in Chapter 5 about prediction and
prevention of acidic drainage at Samatosum.



FIGURE 1-3. Layout and Monitoring Sites of the Samatosum Minesite (adapted from Piteau Associates, 1996).
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2. GEOLOGY AND ROCK UNITS AT SAMATOSUM

The Samatosum Deposit is located in the Eagle Bay Assemblage of Early Cambrian to Late
Mississippian age (Hatfield Consultants Limited, 1988).  During the Jurassic and Cretaceous Periods
(65-190 million years ago), this rock was subjected to multiple stages of thrust faulting and folding,
causing it to be metamorphosed, strongly foliated, and overturned.  The Eagle Bay Assemblage was
then intruded by granodiorite, quartz monzonite, quartz-feldspar porphyry, basalt and lamprophyre
dykes.  All of this was later overlain by sedimentary and volcanic rocks and plateau lava.

The Samatosum Deposit is primarily a stratabound quartz-carbonate vein located within
volcanic-related mafic pyroclastics, sericitic tuffs, cherts, muddy tuffs, argillite, mudstone, and
greywacke (Hatfield Consultants Limited, 1988).  The Muddy Tuff Unit contains up to 60%
syngenetic to diagenetic pyrite, and 1 to 3% of zinc, lead, and copper over distances of 10-15 m.  Ore
is located near the interface of sericitic tuffs and cherts in the structural hanging wall and muddy tuff
and metasedimentary rocks in the footwall (Figure 2-1).  The ore rock is predominantly composed
of 11% pyrite, 32% quartz, and 19% dolomite (calcium-magnesium carbonate), as well as
tetrahedrite described as a copper-iron-zinc-silver-antimony sulphide, sphalerite, galena,
chalcopyrite, and electrum (native gold-silver mixture).  The degree of sericite alteration decreases
away from the ore zones (Denholm and Hallam, 1991).

From the complex geology in the area, seven rock units can be delineated (Table 2-1).  For
the purposes of this study, all units except the mafic pyroclastics (MAF, Table 2-1) are combined
into one group labelled “potentially acid generating” (PAG, Section 3.2).



Figure 2-1.  Geological Cross-section of the Samatosum Minesite (from Denholm and Hallam, 1991).
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TABLE 2-1
Rock Units at the Samatosum Minesite

(from Denholm and Hallam, 1991)

Rock Unit Mine Code Code for This
Study

Volume (Percentage) of
Total Waste Rock

mafic pyroclastics MAF MAF 2,000,000 m3 (58%)

sericitic tuff SERT

PAG

982,000 m3 (29%)

argillite ARG 173,000 m3 (5.0%)

muddy tuff MUT 116,000 m3 (3.4%)

quartz vein QV 87,000 m3 (2.5%)

quartzite QITE 72,000 m3 (2.1%)

chert CHERT 3,600 m3 (0.11%)



Control of Acidic Drainage in Layered Waste Rock: Samatosum 7

Minesite Drainage Assessment Group

3. RESULTS OF PREDICTIVE STATIC AND KINETIC TESTS

3.1 Introduction to Static and Kinetic Testing

Static tests characterize samples only once, at the time of analysis.  The results are then
extrapolated through time to estimate past conditions or predict future conditions.  The three most
common static tests are acid-base accounting (ABA), total-metal contents, and whole-rock
composition.  The latter two involve digestion of samples in acid followed by chemical analyses for
metals and nonmetals.  ABA is more complicated.

Acid-base accounting is a specialized chemical procedure that determines a sample’s balance
of potentially acid-generating and acid-neutralizing minerals.  The best known and most widely used
method is known as Sobek or EPA 600 ABA (e.g., Morin and Hutt, 1997).  This method was used
for column samples (Section 3.3), but the method used for past ABA on rock units (Section 3.2) was
not reported.

The total acid-generating potential, also known as Total Acid Potential (TAP), is
mathematically calculated from ABA’s total sulphur (TAP = %S total * 31.25).  The conversion
factor is based on various stoichiometric and environmental assumptions, and provides TAP in any
one of three equivalent units: tonnes (t) of CaCO3 equivalent/1000 tonnes of sample, kg of CaCO3
equivalent/t of sample, or parts of CaCO3 equivalent per thousand.

Since not all forms of sulphur are acid generating, the expanded version of ABA (used for
column samples) also includes analyses of non-acid-generating sulphate (including gypsum) and
acid-generating sulphide.  In theory, total sulphur equals sulphate plus sulphide, but other forms of
sulphur and analytical accuracy often cause some discrepancy (del %S).  The discrepancy is added
to sulphide so that Sulphide Acid Potential [SAP = (%S sulphide + del %S) * 31.25] is not
underestimated.

Expanded ABA also includes measurements of bulk Neutralization Potential (NP), based on
a hot acid bath, and Carbonate Neutralization Potential (CaNP), based on CO2 measurement.  The
comparison of NP to CaNP reveals that amount of NP consisting of fast-neutralizing carbonate
minerals and slower-neutralizing aluminosilicate minerals.  Like acid potentials, these NPs are
typically reported in any one of three equivalent units: tonnes (t) of CaCO3 equivalent/1000 tonnes
of sample, kg of CaCO3 equivalent/t of sample, or parts of CaCO3 equivalent per thousand.

The net balance of acid potentials (“xAP”) and neutralization potentials (“xNP”) are
determined through either subtraction or division.  With subtraction, Total Net Neutralization
Potential is calculated from Total Acid Potential (TNNP = NP - TAP) and Sulphide Net
Neutralization Potential (SNNP = NP - SAP).  In contrast, Total Net Potential Ratio (TNPR = NP
/ TAP) and Sulphide Net Potential Ratio (SNPR = NP / SAP) are calculated through division.
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According to general criteria, any sample with a TNNP or SNNP less than +10 t CaCO3/1000
t is declared net acid generating, although it may not be so at the time of analysis.  Similarly, any
sample with a TNPR or SNPR less than 1.0-2.0 is considered net acid generating.  Negligible levels
of sulphide (@ 0.05%S) are considered non-acid-generating regardless of their xNNP and xNPR
values.  Exceptions to these criteria are known, and site-specific kinetic testwork is needed to
determine site-specific criteria of xNNP and xNPR (Morin and Hutt, 1997).

Finally, ABA also includes a measurement of “paste pH” on a mixture of pulverized sample
and water.  If a sample’s paste pH is acidic, net acid generation has already begun and any measured
NP is not available for neutralization.

Another less-common type of static test, used for the Samatosum laboratory columns
(Section 3.3), was repetitive batch leaching of samples at pH 2 until pH remained constant.  This was
followed by distilled-water rinsing until pH recovered.  The remaining solids were then analyzed for
total-metal contents.  This revealed the amount of each metal that was retained in secondary minerals
or occurred in primary soluble minerals like calcite.

Since static tests like ABA are one-time analyses, they cannot provide information on
reaction rates.  They may indicate whether pH or water chemistry may change, but not when the
changes might happen.  For this information, kinetic tests are required.  One common kinetic test
is a Sobek humidity cell, which has been in use for approximately 30 years.  Another common test
uses columns to hold a sample.  Column tests containing 10-50 kg of sample were used for
Samatosum (Appendices B and F).

Column kinetic tests typically allow exposure of a sample to air with a thorough weekly rinse
or a nearly continuous trickling of water.  For Samatosum columns, approximately 20 L were passed
through each column weekly.  Samples were collected once a week and chemically analyzed.  Rates
of acid generation, acid neutralization, and metal leaching could then be calculated using:

Rate (mg/kg/wk)  =  Concentration (mg/L) * Flow (L/wk) / Weight (kg) (3-1)

Pre-test analyses combined with reaction rates allow the calculation of depletion rates and time to
total depletion within the columns.  For example, a pre-test copper level of 1000 ppm and a leach
rate of 10 mg Cu/kg of sample/wk indicate that copper would be fully leached and depleted in 100
weeks.  This is discussed further in Section 3.3.

3.2 Acid-Base Accounting of Rock Units

The various rock units at Samatosum (Table 2-1) were subjected to acid-base accounting of
the basic, rather than expanded, form (Section 3.1).  Pre-mining ABA characterization was based
on 61 samples (Hatfield Consultants Limited, 1988) that indicated that all rock units, except Mafic
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Pyroclastics (MAF), were considered potentially net acid generating (PAG).  In reality, Quartzite and
Quartz Vein were net-acid-neutralizing, but they could not be segregated from surrounding PAG
rock during mining.

A search of DBARD, the Database for Acid Rock Drainage (B. Price, personal
communication, 1996), provided 109 ABA analyses of Samatosum waste rock, ore, and overburden
(Appendix A1 and Table 3-1).  The original source of the data is not reported in DBARD, but
probably includes the 61 samples from Hatfield Consultants Limited (1988).

TABLE 3-1
Summary of ABA Samples for Samatosum Rock Units

(from DBARD, the Database for Acid Rock Drainage, 1996)

Unit No. of Samples Unit No. of Samples

Ore 10 Overburden 2

Waste Rock

Mafic Pyroclastics 8 Sericite Tuff 55

Muddy Tuff 10 Quartz Vein &
Quartzite

8

Chert 6 Argillite 10

A scatterplot of total sulphur against paste pH for Samatosum rock units (Figure 3-1) shows
that most samples had total sulphur levels less than 5 wt-%S.  A few samples had levels above
10%S, particularly the massive-sulphide ore.  Most of the acidic paste pHs (pH < 5.0) were
associated with the high-sulphide samples.

A scatterplot of NP against paste pH (Figure 3-2) shows that paste pH can decrease to acidic
levels as NP falls below 10 t/1000 t.  This level of “unavailable NP” (UNP) is typical of many mines
(Morin and Hutt, 1997) and can be subtracted from measured NP to obtain “effective NP” for
calculating xNNP and xNPR (Section 3.1).  Alternatively, any xNNP value below +10 t/1000 t can
be declared net acid generating, as already indicated in Section 3.1.

A comparison of total sulphur and measured NP (Figure 3-3) demonstrates no clear
correlation between the two parameters.  This is typical of most mines and confirms that these two
independent variables require separate evaluations before combining them into xNNP and xNPR
values.



FIGURE 3-1. ABA Paste pH vs. Total Sulphur. FIGURE 3-2. ABA Paste pH vs. Neutralization Potential.

FIGURE 3-3. ABA Total Sulphur vs. NP. FIGURE 3-4. ABA Paste pH vs. TNNP.
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FIGURE 3-5. ABA TNPR vs. TNNP.

Paste pH vs. TNNP (Figure 3-4) shows that most Samatosum rock units have significant
percentages capable of generating net acidity.  However, many of the samples were not doing so at
the time of analysis.

The correlation of TNNP
and TNPR demonstrates that the
Samatosum TNNP criterion of +10
t/1000 t is comparable to a TNPR
criterion of approximately 1.2
(Figure 3-5).  The best estimate for
the TNPR criterion is obtained from
kinetic tests, but the Samatosum
columns (Section 3.3) did not
include metals like calcium in the
effluent.  As a result, the TNPR
criterion cannot be accurately
estimated.  Morin and Hutt (1997)
indicate “safe” TNPR criteria for
mines like Samatosum with
significant quantities of carbonate
minerals are often in the range of
1.3-1.7.  This is discussed further in Section 3.3.

Based on ABA statistics by rock unit (Appendix A1 and Table 3-2), all units have some
percentage of net-acid-generating rock (Table 3-3).  On average, only Mafic Pyroclastics and
Quartzite/Quartz Veins are net acid neutralizing.  Thus, these units would be entirely net acid
neutralizing if the entire units were thoroughly blended, but would generate net acidity in places if
the net-acid-generating portions were piled separately or not well blended.
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TABLE 3-2
Summary TNNP Statistics for Samatosum Waste-Rock Units

(from Appendix A1)

Rock Unit Minimum TNNP1 Mean TNNP1 Maximum TNNP1

Mafic Pyroclastics -130 +305 +901

Sericite Tuffs -265 -33 +68

Muddy Tuffs -345 -221 -119

Quartzite & Qtz Veins -67 +46 +299

Cherts -588 -226 +29

Argillites -230 -52 +171

Overburden -17 +10 +36
1 TNNP (Total Net Neutralization Potential, see Section 3.1) in units of t CaCO3 equivalent/
1000 t.



TABLE 3-3
Predicted Tonnages and Weight-Averaged ABA Results

(from Hatfield Consultants Limited, 1988; Denholm and Hallam, 1991; and Appendix A1)

Unit Code Rock (t)1
Total Acid Potential Neutralization Potential

(t/1000 t)2 (tonnes) (t/1000 t)2 (tonnes)

Net Acid Neutralizing (MAF)

Mafic Pyroclastics MAF 5,300,000 73 387,000 377 2,000,000

Net Acid Generating (PAG)

Sericite Tuffs SERT 2,600,000 79 205,000 45 117,000

Muddy Tuffs MUT 307,000 235 72,100 14 4,300

Quartzite & Qtz Vein QITE & QV 421,000 85 35,800 131 55,200

Cherts CHERT 9,540 250 2,390 23 219

Argillites ARG 458,000 85 38,900 33 15,100

TOTAL PAG 3,800,000 354,000 192,000

Overburden

Overburden 728,580 10 7,290 19 13,800

GRAND TOTAL 9,830,000 748,000 2,210,000
1 Based on an assumed bulk density of 2.65 t /m3 in the original report and volumes in Table 2-1, except for overburden with an
assumed bulk density of 1.6 t /m3 for this report.  Total predicted tonnage excluding overburden is 9.8x106 t compared with a final
reported tonnage of 9.6x106 t (Piteau Associates, 1996).  This is due to some ambiguity in final volumes of each rock unit.
2 mean values from Appendix A1, as CaCO3 equivalent
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3.3 Laboratory Kinetic Column Tests

3.3.1 Design and Contents of Column Tests

Laboratory-based column tests (Section 3.1) were designed to test various aspects of layered
and unlayered net-acid-neutralizing MAF and net-acid-generating PAG waste rock (Table 3-4).
There were six columns containing various proportions of MAF and/or PAG rock (Figure 3-6, Table
3-4, and Appendix B). The first four columns were started in February 1989, and were operated for
up to 5½ years.  Columns 5 and 6 were started later, apparently to answer specific questions about
PAG reaction rates after all NP was removed (Column 5) and the effect of a single MAF layer above
a PAG layer.  Samples were retained in all columns with a basal perforated plastic plate with 1 cm
holes, covered with fiberglass.

Columns 2 and 3 were dismantled over a year before this study began.  Nevertheless, rock
from the MAF (acid “consuming”) and PAG (acid “producing”) layers were sampled and bagged at
that time for later analysis.  Columns 1, 4, and 6 were dismantled as part of this study (Appendix F),
and a sample from a large bag of Column 5 material was collected.  Dismantling of all columns was
handled by B.C. Research in Vancouver, and the authors collected samples for analysis.  B.C.
Research also indicated that the residence time of water during column testing was approximately
3-4 days.

Visual examination of dismantled Column 1 material (pure PAG) showed most of the
material was orange-brown silty sandy gravel with approximately 15% of the material well cemented
(but with some porosity) with fines and precipitants (Appendix F).  The bottom few cm was more
iron stained than higher material.

Secondary-mineral precipitants identified through x-ray diffraction of field samples (Piteau
Associates, 1996) were: iron oxides (Fe(OH)3), zinc-bearing copiapite (Fe2+Fe4

3+(SO4)6(OH)2
]20H2O), gypsum (CaSO4]H2O), and epsomite (MgSO4]7H2O).  These minerals are therefore also
expected in the observed column precipitants.

Column 4 (pure MAF) contained light grey-green silty gravel (Appendix F).  About 2% of
the material was well cemented with fine particles, but with no obvious precipitants and obvious
porosity.

The bag with Column 5 material (acid-leached PAG material) contained silty gravel, grey
to buff to orange-brown in colour.  Any cemented material was likely broken up during bagging.

Finally, Column 6 contained an upper MAF layer of grey-green silty gravel with 10%
cemented with fines having some porosity.  The lower PAG layer was grey to orange to tan/buff in
colour with 5% cemented with fines having some porosity (Appendix F).
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TABLE 3-4
Summary of Six Column Tests on Samatosum Waste Rock

(see Figure 3-1 and Appendix B)

Column No.
No. PAG/MAF

Layers
Start Date/No. Of

Weeks Initial/Final Rinse pH

1 1/0 08 Feb 89/214 7.5/2.95

2 1/2 08 Feb 89/286 7.6/7.05

3 2/3 08 Feb 89/286 7.9/7.19

4 0/1 08 Feb 89/20 7.6/7.9

5 1/0 19 Jul 89/131 2.9/3.2

6 1/1 19 Feb 92/128 7.4/8.15

Sieving of column samples into >11 mm, 2-11 mm, and < 2 mm was conducted by the Soil
Science Laboratory at the University of British Columbia.  Where sufficient sample for a grain-size
range was obtained, it was submitted for four static tests (Section 3.1): ABA (Appendices A2 and
A3), whole-rock composition (Appendix A4), total-metal contents (Appendices A5 and A6), and
acid-rinse tests (Appendix A2).  Results are discussed in Section 3.3.3.

3.3.2 Effluent Chemistry and Reaction Rates from Columns

Lead analyses were suspended at Week 74 for Columns 1, 2, and 3 and at Week 48 for
Column 5 because of low concentrations (Appendix B).  For the same reason, antimony analyses
were suspended at Week 70 for Columns 1, 2, and 3 and at Week 50 for Column 5.  On the other
hand, manganese analyses started at Week 70 for Columns 1, 2, and 3 and at Week 47 for Column
5, because elevated manganese was noticed in on-site drainage.

The effluent pH showed trends (Figure 3-7 and Table 3-4) which were generally expected,
that is, any column with some acid-consuming MAF material yielded nearly the same neutral
effluent during the length of the tests.  The major uncertainty was whether full neutralization would
continue until reactive sulphides were depleted.  The trends of sulphate in the effluents showed the
initial flushing effect of  retained sulphate (Figure 3-8).  Afterwards, sulphate-production rates began
to stabilize and reflect the rates of sulphide oxidation and acidity production.  The sulphate rate from
Column 4 was significantly lower than the other columns, because there was no highly reactive, acid-
generating PAG rock in this column.  Thus, the rate from Column 4 provides the acid-generation rate
from pure MAF rock.



FIGURE 3-6.  Schematic Diagrams of Samatosum Laboratory Columns (from Denholm and Hallam, 1991).
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FIGURE 3-8.  Temporal Trends of Sulphate Production
in the Samatosum Columns.
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FIGURE 3-7.  Temporal Trends of pH in the Samatosum
Columns.

Columns 1, 5, and 6 with
pure PAG rock yielded similar rates
indicating pretreatment with acid
and overlying MAF rock make little
difference in the long-term rate of
acid generation.

Calcium was not measured
in the effluent, so aqueous
saturation with respect to gypsum
and subsequent retention of
sulphate could not be determined.
However, post-test column
dismantling (Section 3.3.1) and
solid-phase sulphate analyses
(Section 3.3.3) show that significant
secondary-mineral precipitants and
sulphate was retained within PAG
material and basal MAF layers in
Columns 2 and 3.  Overall, columns
retained about 0.1-0.5 wt-%S as
sulphate.  This is equivalent to a
sulphate production rate (Figure 3-
8) of approximately 20-70
mg/kg/wk for pure PAG columns
and 10-20 mg/kg/wk for the layered
columns, with the exception of
Column 4 (pure MAF) which
s h o w e d  n o  s i g n i f i c a n t
accumulation.  Therefore, late-stage
sulphate-production (sulphide-
oxidation) rates of Table 3-5 were
actually 50-100% higher than listed
due to this internal retention of
sulphate.

With the assumption that all
sulphur in the columns would have oxidized and generated acidity, sulphur in the layered columns
would have been depleted in roughly 40-50 years.  Because metals like calcium and magnesium were
not measured, the corresponding consumption rate and depletion time of NP could not be
determined.  However, by assuming simple chemical relationships and stoichiometries of reactions
between sulphide and carbonate minerals, approximate theoretical NP rates could be calculated
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(Appendix B and Table 3-5).  These rates are 
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TABLE 3-5
Summary of Rates and Predictions from Column Tests

(from Appendix B)

Parameter Column
1

Column
2

Column
3

Column
4

Column
5

Column
6

Weeks of Testing 214 286 286 20 131 128

Initial wt. (kg) 28.9 46.2 46.2 11.5 17.2 35.8

pH, minimum 2.2 6.3 6.7 7.3 2.0 7.4

pH, maximum 8.2 8.3 8.3 8.0 3.4 8.23

pH, late stage1 2.9 7.3 7.3 7.7 3.2 8.0

SO4 rate 1 71 28 34 2.7 82 18

Years to sulphur depletion 22 48 38 30 14 56

Acidity rate 1 5.9 1.6 1.4 4.5 18 0.89

Alkalinity rate 1 0 8.9 8.0 87 0.00 22

Molar Ratio Alk/SO4 0.00 0.32 0.23 34 0.00 0.00

Theoretical Open-System NP Consumption

NP rate1 68 36 42 85 67 40

% remaining at end 33 78 77 98 45 87

Years to NP depletion 9.9 38 33 25 10 39

Theoretical Closed-System NP Consumption

NP rate1 140 56 70 1.4 150 36

% remaining at end -34 69 68 99 -59 84

Years to NP  depletion 2.7 24 20 1600 0.8 40

Dissolved copper rate 1 0.049 0.0022 0.0038 0.0011 0.085 0.0024

Dissolved zinc rate 1 0.21 0.011 0.014 0.019 0.24 0.0020
1 Late-stage rates as mg/kg/wk, defined as average of the last five weeks, or last eight weeks if
only one data value was available in the last five; these values used as long-term predictions
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FIGURE 3-9. Comparison of NP Consumption
Rate to Alkalinity Production from the
International Kinetic Database.

roughly 1-2 times greater than the sulphate
production rate on a molar ratio, and are
consistent with observations of 1.3-1.7 for
carbonate systems like Samatosum (Morin
and Hutt, 1997).

Based on these rates, NP in the
layered columns, which is close to a ratio of
1:1 with acid potential (Appendices B2 and
B3), will be depleted in 20-40 years, or
before all sulphide is oxidized.  Therefore,
eventual net acidity is expected from the
layered columns.

 This prediction is further reinforced
by the knowledge that approximately 10
t/1000 t of NP, or about 12% of total NP in
these columns, is unavailable for
neutralization (Section 3.2).  These
predictions of net acidity for the layered
columns contradict those of Denholm and
Hallam (1991), because they used measured
alkalinity for the rate of NP depletion.  

Alkalinity production is typically
less than NP consumption.  For example,
the International Kinetic Database (Morin
et al., 1996; Morin and Hutt, 1997) with
462 kinetic tests from 63 mines shows that NP consumption at levels of the layered columns often
exceeds alkalinity consumption by a 70-100% (Figure 3-9).  Also, carbonate molar ratios which
indicate the rate of NP consumption to sulphate production are virtually always greater than 1.0 in
near-neutral kinetic tests.  In comparison, the alkalinity/sulphate ratios for the layered Samatosum
columns were only 0.32 and 0.23, meaning that NP consumption was likely a factor of at least 3-4
times greater than alkalinity production.  Since the ratio of NP to acid potential in the layered
columns were close to 1:1, the preferential depletion of NP appeared inevitable.  Furthermore, post-
test analyses of the layered columns (Section 3.3.3) indicate that most of the NP in the finer, and
presumably most reactive, grains was nearly consumed by the end of the tests.  All these
observations indicate the prediction of eventual net acidity is reasonable.

Even Column 4 which contains pure MAF could eventually generate net acidity, depending
on its actual rate of NP consumption (Table 3-5).  However, this is not the result of active sulphide
oxidation, but to the opposite: because the rate of acid generation is so low, NP is preferentially
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depleted from the column simply by the water passing through it.  The late-stage ratio of alkalinity
to sulfate is 33.8 in Column 4, indicating that NP is being depleted at some rate greater than 34 times
the rate that acid is being generated.

3.3.3 Static Tests of Layers from Columns

Post-test samples from the various layers in the columns were sieved to three grain sizes and
analyzed for expanded ABA, total-metal contents, and whole-rock composition (Appendix A2; see
also Section 3.1 and 3.3.1).  Additionally, post-test samples from Columns 1 (PAG only) and 4
(MAF only) were submitted for mineralogical examinations (Appendix C).

Samples of the original PAG and MAF materials placed into the columns, stored in tightly
sealed plastic bags and apparently unreacted, unsorted, and unoxidized, were analyzed for
comparison to the post-test reacted rock.  Since this original material had already been analyzed by
ABA (Denholm and Hallam, 1991), these second ABA analyses were a check on accuracy of sample
splitting and chemical analyses.  A comparison of the results revealed discrepancies up to 50%.
Therefore, there are probably error bars on the order of 50% for chemical characterization of column
materials (see also Appendix A6).

To more easily examine and discuss ABA results for the column layers, ABA values were
graphed by grain size in Appendix A3.  In these diagrams, MAF material is labelled acid
“consuming” and PAG is acid “producing” to remain consistent with terminology in the original
column testwork.  Numbering of layers in layered Columns 2 and 3 begins with 1 at the bottom and
increases upward.

Paste pH (Appendix A3) for the PAG and MAF (acid “consuming”) in the original material
(“unreacted unsorted”) was near neutral (7.60 and 8.20, respectively).  Thus, all rock in the columns
initially started neutral, except Column 5 which was presoaked with acid.  Paste pH data for Column
4 (MAF only) show that pH was consistently alkaline for all grain sizes, whereas the finer grain sizes
were more acidic in Column 1 (PAG only).  This indicates that finer particles of PAG either
generated or retained acidity more than the coarser particles.  These same trends also appear in
layered Columns 2 and 3 (Appendix A3), so that layering made no difference to paste pH in the
individual layers.  In other words, the presence or absence of MAF material in the columns made
little difference to paste pH in the PAG material.

Total sulphur and sulphide in post-test MAF (acid “consuming”) rock reached minimum
values in the 2-11 mm size range in all columns (Appendix A3).  However, values in all ranges were
generally similar to values in the original MAF rock (“unreacted unsorted”), indicating no significant
depletion of sulphur in all ranges of MAF during the column tests.  This is consistent with the
relatively low sulphate production rate from pure MAF (Table 3-5).
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For the net-acid-generating PAG, total sulphur and sulphide were variable with grain size
between columns, but generally steady.  Post-test levels were generally higher than the original PAG,
indicating formation of sulphide in most samples.  The exception was the finest grain size (<2 mm)
of Column 1 which significant depletion of total sulphur and sulphide.  Since sulphide probably did
not form in the PAG material and the rate of sulphide depletion in the MAF should not be
significantly higher than in PAG, the preceding differences with original materials probably reflect
accuracy of the chemical analyses and sample compositing rather than actual chemical reactions
(discussed above).  In fact, two separate analyses of total sulphur for the PAG material yielded 2.63
and 3.62 %S, a difference of 38%.

Leachable sulphate (Appendices A2 and A3) increased markedly (1) with decreasing grain
size in post-test MAF (acid “consuming”) rock and (2), in comparison to original levels (“unreacted
unsorted”), within the bottom layers (“Consuming 1") in both layered columns.  The upper  MAF
layers in these columns showed only some increase in sulphate in the finest range.  The PAG layers
in these columns also showed some accumulation in the post-test unsorted and finest range.
Additionally, accumulation of sulphate occurred in the unlayered PAG columns and the basal PAG
in Column 6, particularly in the finest range.  Therefore, there are significant accumulations of
sulphate, probably as gypsum and/or epsomite, in all PAG rock and in the bottom layer of MAF in
the layered columns.  All columns, except Column 4, showed roughly 0.1-0.5 wt-%S retention of
sulphate over the duration of the tests.

Measured bulk NP and Carbonate NP in Column 4 containing only acid-consuming MAF
were relatively constant across the grain-size ranges and somewhat lower in comparison to the
original (“unreacted unsorted”) levels (Appendix A3).  In contrast, the MAF layers in layered
Columns 2 and 3 showed marked and often consistent decreases in NP and CaNP with decreasing
grain size and relative to original levels.  Thus, most of the neutralization within the columns came
from the finer grain sizes of MAF rock.  In contrast to MAF, NP and CaNP in PAG has not changed
much during the column tests, except for some depletion in the finest grain-size range.

Trends in TNNP (using NP) and RNNP (using CaNP) in the layered columns were parallel
to those of NP and CaNP for MAF rock (Appendix A3), again showing significant depletion with
decreasing grain size.  In fact, the TNNP and RNNP values of the finest grain sizes of MAF were
reduced toward and into net acid generating values.  In other words, the acid generation in the PAG
rock caused finer grains of MAF to become net acid generating.  However, the weighted average
TNNP and RNNP values for MAF were still net acid neutralizing, but there is some doubt on
whether the NP in the coarser grains is reactive, available, and can be counted on for neutralization.

TNPR and RNPR values (Appendix A3) for MAF rock showed peak values in the 2-11 mm
or > 11 mm range.  This primarily reflects the minimum sulphide values in these ranges (discussed
above) rather than a peak in NP values.  Trends in TNNP and RNPR for PAG rock were generally
constant with grain size and in comparison to original (“unreacted unsorted”) levels.



Control of Acidic Drainage in Layered Waste Rock: Samatosum 24

Minesite Drainage Assessment Group

Like ABA, whole-rock composition and total-metal contents were measured in original MAF
and PAG material (“unreacted unsorted”) and in the three grain-size ranges (Appendices A4 to A6).
Many metals like chromium and sodium displayed no clear and regular trend in the MAF and PAG
layers within the columns, and thus no clear pattern of enrichment or depletion.  On the other hand,
calcium and strontium clearly parallelled the concentrations of NP discussed above, demonstrating
the dominance of calcium-based carbonate minerals in reactive NP.  Notably, magnesium displayed
a trend different from NP and calcium, indicating magnesium-bearing minerals did not contribute
to NP in the columns.  This may be the result of the subsequent precipitation of epsomite
(magnesium sulphate, Section 3.3.1), rather than the lack of initial dolomite dissolution.

Comparisons of pre-test and post-test levels of arsenic, lead, molybdenum, and zinc showed
that MAF materials often display some depletion during the column test, whereas PAG layers often
show enrichment.  This suggests these metals were significantly leached from MAF and precipitated
in PAG rock.  Similar comparisons for aluminum, iron, and potassium show no significant depletion
or enrichment.

The repetitive acid-batch leaching explained in Section 3.1 was used to calculate the amount
of each metal that was retained in secondary minerals or occurred in primary soluble minerals like
calcite within the layered column tests.  Appendix A2 contains columns with the label, “remaining
after acid rinse test”, providing the percentage of total metal not removed by this test.  Due to
analytical accuracy, some values close to 100% are greater than 100%, meaning virtually none of the
metal was removed.  Most metals typically showed no significant removal (>50%) in the acid
washes.  The exceptions were: copper in a few samples of acid “producing” PAG rock, and silver
and sometimes cadmium in samples of acid “consuming” MAF rock.  Since these metals  showed
no clear enrichment or depletion in Appendices A3 to A5, they were probably dissolved from
primary minerals rather than secondary minerals formed during the column tests.  Thus, there was
only limited  secondary-mineral accumulation according to the total-metal, whole-rock, and acid-
leach static tests.

Notably, calcium and magnesium from the acid-leach tests showed generally 0-50% depletion
(mostly < 30%) in acid, meaning large amounts did not occur as soluble carbonate minerals
(discussed below).  Thus the preceding discussions on NP and calcium depletion in finer grain sizes
lead to the conclusion that most NP occurred as finer grains and was nearly depleted in the layered
columns, despite the persistence of most of the original non-carbonate calcium.

Mineralogical observations of Column 1 (pure PAG) rock revealed quartz-rich rock showing
iron-oxide staining and cementation by fine mica and iron oxides (Appendix C), which was also
noted during column dismantling (Section 3.3.1).  The lack of iron enrichment or depletion in the
post-test samples indicates the iron oxides were formed predominantly from the oxidized pyrite in
the PAG.  Chlorite at 3.5% in the PAG sample indicates some minor neutralization probably
occurred even after net acidity, and would likely be characterized by the release of magnesium.
Elevated magnesium levels have been noted in dump drainage (Chapter 4), but this has been
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attributed solely to dolomite dissolution in the past.  The low percentage of carbonate (0.2%) in the
PAG of Column 1 is in close agreement with CaNP from ABA analyses (Appendices A2 and A3),
confirming the presence of unavailable NP initially discussed in Section 3.2.

Mineralogical examination of a sample of MAF from Column 4 (pure MAF) noted little to
no reaction of the sulphide and carbonate minerals, in agreement with the relatively low NP reaction
rates in the absence of PAG (Section 3.3.2) and with no accumulation of secondary minerals in
Column 4.  The high levels of plagioclase, chlorite, and amphibole can provide additional NP, albeit
at a lower rate, to the already abundant carbonate in the MAF.

3.3.4 Summary of Column Results

Interpretations of rates and depletion times (Section 3.3.2) and comparison of pre-test and
post-test results by grain size (Section 3.3.3) have shown that PAG is relatively reactive from the
perspective of acid generation and generates net acidity within several weeks to months due to a
relative lack of neutralization potential (NP).  On the other hand, MAF contains excess NP and
sulphide oxidizes at a slower rate.  A significant amount of the sulphate from oxidation is retained
within PAG and basal (lower) MAF layers within the columns.

The layering of MAF and PAG within columns did not change the onset of net acidity or the
precipitation of secondary minerals in PAG and basal MAF layers relative to unlayered columns.
Therefore, layering on the order of 0.2-1.0 m did not affect reaction rates or geochemical behaviour
within individual layers, but the layering did affect the composite effluent from the columns.  For
example, layered columns produced near-neutral pH in spite of the presence of net acid generation
from PAG layers, although effluent pH and alkalinity were 0.4 pH units and a factor of 10 lower,
respectively, than the pure MAF column.

Mass-balance calculations of acid generation and NP depletion were hampered by the lack
of effluent analyses for metals like calcium and magnesium.  However, based on simple chemical
relationships and the International Kinetic Database, rates of NP consumption were estimated to be
greater than 1.0 relative to the rate of sulphate production.  Since the layered columns contained
nearly equal amounts of NP and acid potential, the excess consumption of NP led to a prediction of
eventual net acidity in 20-40 years.  However, not all measured NP is available for neutralization
(Section 3.2), so net acidity may have appeared in even less time.
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4. CONSTRUCTION, FIELD MONITORING, AND
PREDICTIONS FOR THE FULL-SCALE SAMATOSUM DUMP

The primary requirement behind the design of the waste-rock dump was the encapsulation
of net-acid-generating (PAG) layers within net-acid-neutralizing (MAF) layers (Figures 4-1 and 4-2),
as reflected in the laboratory columns (Section 3.3).  A basal MAF layer of 2 m thickness was placed
over the undisturbed till and organic soil with hydraulic conductivities around 10-5 to 10-7 m/s
(Denholm and Hallam, 1991).  Any mixing or blending of rock units within a layer was an
unintentional result of blasting, loadings, hauling, and dumping.

Because most MAF rock was removed from the pit by mid-1990 due to its shallow
occurrence, it was stockpiled for use as needed in dump layering.  Overburden (till) was also
stockpiled for a final, uppermost cover.  By the end of 1990, the 2 m base of MAF, the lower 6 m
of PAG, and 6 m of MAF were completed.  The second 6 m of PAG was half completed by mid-
1991 and completed by the end of mining.  The uppermost MAF layer was reportedly completed,
and the overburden was moved onto the dump at thicknesses of 0.3 to 1 m (Piteau Associates, 1996).

Eight strings of thermistors were installed during dump construction to monitor temperature.
However, all strings were apparently damaged by the unexpected degree of dump settlement.

Seepage through the waste-rock dump flows into the Minewater Sedimentation Pond
(MWSP), which is monitored at Site MOE-4 (Figures 1-2 and 1-3). Also, a trench was excavated
and lined at the base of the lowermost PAG layer, above the basal MAF, and drains to either side of
the dump (Sites MOE-6A and 6B).  As a result, drainage chemistry can be monitored at MWSP, in
seepage locations at the toe of the dump, and in the minor flow from the internal trench.  A sample
from the internal trench collected in April 1991 had insufficient volume for filtration and analysis
of dissolved metals, so only pH and total metals could be determined (Table 4-1).  This sample had
a near-neutral pH with detectable concentrations of several metals.

TABLE 4-1
Chemical Analysis of One Drainage Sample from the Internal Trench

Beneath the Lowermost PAG Layer in the Dump
(from Denholm and Hallam, 1991)

Total Metals as mg/L

pH Cu Pb Zn Fe Ag Cd Mn

7.3 0.03 0.2 0.84 3.37 <0.01 <0.01 29.3
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About 16bbbb
About 500 m

Samatosum Main Waste Dump
Schematic Portion of Long Section

FIGURE 4-1.  Schematic Diagram of the Layered Samatosum Waste-Rock
Dump (from Denholm and Hallam, 1991).

FIGURE 4-2. Cross-Section Through the Samatosum Waste-Rock Dump
Perpendicular to Dip of PAG Layers (adapted from Piteau Associates,
1996).
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Monitoring data for MOE-6A (Appendix D) show that pH has remained between 7.0 and 8.0.
However, sulphate has increased sharply since 1990, and this was found to be a sign of impending
onset of net acidity at Island Copper Mine (Morin et al., 1995a) and in kinetic tests (Morin and Hutt,
1997).  The accompanying increases in calcium and magnesium suggested that the dissolution rate
of carbonate minerals has increased in response to the accelerating rate of acid generation signalled
by sulphate.  Copper and zinc concentrations also increased through time, reaching peak
concentrations of 0.23 and 23 mg/L in spring of 1995.  The prediction for future drainage passing
MOE-6A is acidic pH with elevated metal concentrations.

Monitoring data for MOE-6B (Appendix D) show that acidic pH was first measured at this
location in spring of 1993, which then recovered to over 7.0.  Each spring the acidic water reappears,
probably reflecting the increased flow and flushing of the dump’s PAG layers. However, compared
to the previous year, each year has a lower pH for a longer duration.  This was also noted at one
waste-rock monitoring station at Island Copper Mine (Morin et al., 1995a).  Therefore, the prediction
for MOE-6B is acidic pH with elevated metal concentrations.

Monitoring data for MOE-4 (Appendix D) show that the combined drainage from the dump
and pit has remained consistently around pH 8.0.  Consequently, the pH fluctuations at MOE-6B do
not overwhelm the alkalinity in the entire drainage system.  Nevertheless, the trends of increasing
sulphate, increasing calcium, and decreasing alkalinity indicate acidic drainage may soon appear.
Due to this, Inmet Mining has built a water-treatment plant near MOE-4.

At this point, it is informative to examine various predictions for dump drainage and their
justifications.  The new treatment plant and preceding predictions seem to contrast with the
predictions of Piteau Associates (1996):

“In the short term, ARD rates ... are expected to increase in the waste
dump, but this increase is not expected to be significant....  Iron
precipitates may also be coating exposed pyrite crystals, which should
naturally reduce the rate of ARD generation over time, and sulphate
precipitates (e.g. gypsum) should start to blind off pathways for
oxygen and water flow through the dump.  The long term prognosis
is an improving trend in dump discharge water quality after the next
one or two decades.... [T]he waste dump actually contains much more
than twice the buffering capacity required to neutralize the products
of any sulphide oxidation which is likely to occur over time.” (p. iii-
iv)

These expectations appear overly optimistic since case studies show that (1) metal leaching can
continue at elevated levels for many decades and (2) acidic drainage can appear even when large-
scale calculations show excess neutralization potential (Morin and Hutt, 1997).  Although it is not
clear, Piteau Associates may have tempered their optimistic predictions later in their report:
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“Kinetic simulation and ABA data suggest that ARD in the waste
dump will be buffered by the available neutralization potential.
Nevertheless, some important dynamic factors such as channelling
and seasonal flushing are ignored in the column simulation.  Taking
these factors into account, one can conclude that ARD will be
significantly mitigated by the existing NP, but will not be totally
inhibited.” (p. 14)

Denholm and Hallam (1991) indicated that flowpaths of infiltration through the dump are
assumed to be vertical, turning to lateral as the drainage reaches the basal MAF layer and
undisturbed till.  However, lateral flow within layers is considered a possibility, particularly since
sericitized rock can have a low permeability.  Consequently, the appearance of acidic drainage from
the dump does not necessarily mean that all neutralizing capacities of the MAF layers are nearly
consumed.  This turns out to be the key factor in reconciling various predictions and monitoring data,
as explained below.

To reconcile predictions, estimates of acid generation and neutralization within the dump are
needed.  A relatively simple technique for assessing and predicting drainage chemistry involves the
compilation of all relevant monitoring data (Morin and Hutt, 1993; Morin et al., 1995b; Norecol,
Dames and Moore, 1996; Morin and Hutt, 1997).  This leads to an “empirical drainage-chemistry
model” (EDCM) that predicts average annual concentrations as well as shorter-term fluctuations
based on past data and an estimate of pH.

The compilation of relevant monitoring data (Appendix E) shows that some parameters like
alkalinity and copper produce reliable trends with pH, and are thus easily amenable to prediction.
Other parameters like sulphate and manganese show a poor trend with pH, particularly around
neutral values.  This is one of a few cases where the technique for the EDCM fails to reasonably
characterize overall drainage chemistry, and is the result of generally increasing concentrations
through time at constant pH which violates one of the premises of the model.

This means that a consistent and repeatable release of sulphate and calcium from the
Samatosum does not occur.  Instead, annual concentrations and loadings have fluctuated and
generally increased despite the neutral pH, by over an order of magnitude.  This is further
complicated by the precipitation and retention of sulphate within the dump, so the actual rate of in
situ sulphide oxidation is only known to be greater than the variable loadings draining from the
dump.  Consequently, depletion of sulphide and NP within the dump cannot be estimated accurately.

Piteau Associates ignored the significant internal retention of sulphate and other metals, and
calculated a flux of sulphate from the dump.  The estimated flux of approximately 280 t SO4/yr in
1995 was accompanied by warnings that significant error bars are attached to this flux.  Following
the same approach, the flux of calcium and magnesium can be estimated at 40 and 30 t/yr,
respectively.  When these fluxes are converted to molar values, the carbonate molar ratio
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[(Ca+Mg)/SO4] is 0.77 in the dump drainage.  Due to the error bars and internal retention, the ratio
is probably around or above the theoretical value of 1.0 (Section 3.3.2).

The uncertain mass balance for the dump can be avoided, for the most part, by noting that
the molar ratio of NP to TAP within the dump (Table 3-3) is approximately 3.  This is much greater
than the layered columns with ratios around 1.0 (Section 3.3.2).  Therefore, on a geochemical mass-
balance basis, it is unlikely that the dump can generate net acidity.  However, as noted in the
columns, even a PAG layer as thin as 0.2 m will generate net acidity at an unattenuated rate even
when surrounded by acid-neutralizing MAF rock.

This fact, combined with physical channelling of water through the dump, particularly the
coarser PAG layers, explains the discrepancies between predictions and observations.  In other
words, the release of net acidity from the dump is not a consequence of geochemical factors, but of
physical factors.  Because acidic drainage in the PAG layers does not always contact MAF material
before exiting the dump, this layered dump has released net acidity and will probably do so at a
greater rate in the future in spite of its overall 3:1 NP:TAP ratio.  This highlights the importance of
physical hydrogeology in the success of geochemical layering scenarios.

Recently, the ratio of NP to TAP in the Samatosum dump has been recalculated and reported
as between 10:1 and 13:1 (letter from E. Denholm to P. Mehling, 14 March 1997).  However, these
ratios are incorrect because they are based on averaged NNP values for PAG and MAF rock, rather
than NP and AP values for each unit (e.g., Table 3-3).  Since NP and AP are independent variables
(Section 3.2), averaged combinations of them as NNP or NPR are not valid.
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5. CONCLUSIONS

This study has reviewed existing information, reinterpreted old data, and obtained new data
for the layered waste-rock dump at Samatosum.  Most of the rock units at Samatosum had significant
proportions of net-acid-generating rock, except for mafic pyroclastics (MAF).  As a result, all rock
was divided into MAF and Potentially Acid Generating (PAG).  The PAG was encapsulated by MAF
layers within the dump, and the overall ratio of Neutralization Potential (NP) to Total Acid Potential
(TAP) was 3:1.

Column tests with various layered and unlayered sequences of PAG and MAF rock were used
to determine if the dump design was appropriate.  However, the two columns containing layers of
PAG and MAF, simulating the dump, had NP:TAP ratios only close to 1:1.  Because effluent
concentrations of metals like calcium and magnesium were not measured during column testing,
rates of NP consumption and depletion could not be determined.  However, simple geochemical
relationships and data from other mines indicated that the ratio of NP consumption to sulphide
depletion in the columns was likely greater than 1:1.  Additionally, as is typical at many minesites,
not all measured NP at Samatosum is available for neutralization: up to 10 t CaCO3/1000 t is
unavailable at Samatosum.  Therefore, the columns were predicted to eventually release net acidity
if they had continued.  This contradicted previous predictions, primarily because previous work
assumed that the rate of NP consumption was lower and equivalent to the rate of alkalinity
production.  In reality, alkalinity production typically represents only a portion of total NP
consumption.

Comparisons of pre-test and post-test analyses on various grain-size ranges indicated layering
as small as 0.2 m in the columns did not alter the reaction rates and the geochemical behaviour of
the PAG and MAF material.  In other words, layering with MAF did not slow reaction rates in the
adjacent PAG layers.  However, the effluent from the layered columns did represent a composite
from the two materials.

Significant accumulation of sulphate from sulphide oxidation was noted in PAG, where it
originated, and in basal (lower) MAF layers within the columns.  Also, NP was significantly depleted
in MAF layers, particularly in the finest grain-size range.  In fact, NP depletion in the finest MAF
particles caused some MAF to become net acid generating and suggested that NP in the coarser
particles may not be readily available.  This also supports the prediction of net acidity from the
columns.

Monitoring of drainage from the dump at Samatosum has revealed signs of impending net
acidity.  In fact, pH at one station has fluctuated between neutral and acidic values, with the acidic
values becoming lower and more persistent with time.  However, unlike the columns, the dump has
an overall ratio of NP:TAP of 3:1, and thus is not predicted to generate net acidity.
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The reconciliation of predictions with monitoring data is based on the observations in the
columns that layering does not suppress reaction rates in the PAG and that coarser rock can
preferentially channel water through a layer.  Consequently, the appearance of net acidity in some
dump drainage is simply the result of physical conditions rather than a failure of geochemical
principles.  This highlights the importance of physical design and physical hydrogeology in any
future design and construction of a layered dump.  If drainage does not pass through all available
neutralizing layers, acidic drainage may appear even in the presence of excess neutralizing potential.

A final note focusses on metal leaching.  Although acidic pH may be prevented with carefully
designed and implemented layering, leaching of metals is not so easily controlled.  Because reaction
rates in even small layers of net-acid-generating Samatosum rock, on the order of 0.2 m, could
proceed unattenuated by adjacent net-acid-neutralizing rock, metal leaching can probably occur at
accelerated rates in layered dumps.  If site-specific solubilities of secondary minerals are relatively
high, aqueous metal concentrations may then exceed water-quality requirements even in near-neutral
drainage.  Therefore, layering is not necessarily a control technique for metal leaching.
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APPENDIX

A. Data from Static Tests
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A1. Acid-Base Accounting (ABA) for Samatosum Rock Units
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Samatosum Mine ABA Data
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 Mine ABA Data
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 R o c k 1 . 0 4 3 3
 R o c k 7.4 0 . 1 0 3

2 0 Fw  R o c k a . 7 6 . 0 5
Fw  R o c k 9 . 1 2 . 9 5 9 2
Fw Waste  Rock a . 9 2.51
Hw  R o c k 7 . 7 1 . 7 3 54

2 1

2 5
214

a

2 9 9
- 1 2

a
1 1 1

1 3 6
4 6

9 . 1 6 . 0 5 3 4 6 2 9 9
M i n i m u m 7 . 4 0 . 1 0 a - 6 7

a . 4 2.71 1 3 1 4 6 2 . 6 6
S t a n d a r d  D e v i a t i o n
1 0

 P e r c e n t i l e
C o u n t

0 . 7
7 . 6
a . 4
9 . 1

a

2 . 1 3
0 . 7 6
2 . 1 2
5 . 7 9

a

6 7
24
6 6

1 8 1
a

1 3 9
1 0
7 2
314

a

1 2 7

- 2
la4

a

2.34
0 . 2 3
1 . 1 3
4.51

a

TAP  % S (Total) ‘31.25
TNNP  NP -TAP
T N P R  N P  I  T A P



Samatosum Mine

S a m p l e  I D

C h e r t

Sax376

C h e t t  +  M u d d y  

5
10-15

5
3 0

W a s t e 7 . 6 5 . 6 7
Fw W a s t e R o c k 7 . 4 3 . 4 6

W a s t e R o c k 4 . 0 1 2 . 0 0
F w W a s t e R o c k 3 . 2 1 6 . 6 0
Fw W a s t e R o c k 6 . 6 2 . 2 6
F w W a s t e R o c k 6 . 6 5 . 7 5

TAP N P

1 7 7 2 3
1 0 6 1 0
3 7 5 1
5 6 6 0
7 1 1 0 0

1 6 0 6

-154
- 9 6
-374
- 5 6 6

2 9
- 1 7 4

0 . 1 3
0 . 0 9

0 . 0 3

M a x i m u m 6 . 6 1 6 . 6 0 5 6 6 1 0 0 2 9 1 . 4 2
M i n i m u m 3 . 2 2 . 2 6 7 1 0 - 5 6 6 0 . 0 0
M e a n 6 . 3 7 . 9 9 2 5 0 2 3 - 2 2 6 0 . 2 8

ABA Data

M i n e
C o m p o n e n t

Material
T N N P

T N P R

S t a n d a r d  D e v i a t i o n 2 . 2 6 . 2 7 1 9 6 3 8 2 2 0 0 . 5 6
10  Percent i l e 3 . 6 2 . 8 6 8 9 1 -481 0 . 0 0

7 . 0 5.71 1 7 8 6 -164 0 . 0 6
9 0 8 . 2 1 5 . 4 0 4 6 1 6 2 -34 0.77

6 6 6 6 6 6

TAP  %  (Total) ‘31.25
TNNP = NP -TAP
T N P R  N P  I  T A P



Samatosum Mine ABA Data

S a m p l e  I D R o o k

8556 Waste  Rock
B C S 8558 Argilliie Waste  Rock

8568 Argilliie Waste  Rock
B C S 8 5 7 1 Waste  Rock

8572 Waste  Rock
8573 Waste  Rock
8589 Waste  Rock

Argilliie Waste  Rock
8594 Waste  Rock

Waste  Rock

8 . 1 0 . 2 0 6 7
7 . 7 1 . 0 0 3 1 2 3
8 . 3 0 . 5 0 34
7 . 5 0 . 8 0 1 9 1 5
4 . 3 7 . 4 0 2 3 1 5

4 . 0 7 . 4 0 2 3 17 . 9 0 . 0 4 1
7 . 6 0 . 5 0 1 6 2
8 . 8 2 . 0 0 63 233
4 . 4 7 . 5 0 234 4

1 1 . 1 2
- 8 0 . 7 4
1 8 2 . 1 8

0 . 8 0
- 2 2 6 0 . 0 2
- 2 2 9 0.01

4 1 0 . 0 0
-14 0 . 1 3

3 . 7 3
- 2 3 0 0 . 0 2

M a x i m u m 8 . 8 7 . 5 0 234 233 1 7 1 1 0 . 0 0
M i n i m u m 4 . 0 0 . 0 4 1 - 2 3 0 0.01. . . . . 
M e a n 6 . 9 2.71 85 33 -52
Standard 1 . 9 3 . 3 0 103 7 1 1 3 3 3 . 0 9
1 0 4 . 3 0 . 1 8 6 2 - 2 2 9 0 . 0 2

7 . 7 0 . 8 0 25 6 0 . 7 7
90 8 . 4 7.41 232 54 34 4 . 3 8
C o u n t 1 0 1 0 1 0 1 0 1 0 1 0

TAP = % S (Total) � 31.25
TNNP  NP -TAP
T N P R  N P  I  T A P



 Mine

S a m p l e  I D R o c k M i n e Material
Component Type

 S u l p h i d e O r e
 S u l p h k t e O r e

 +  M u d d y  
O r e

Q u a r t z  V e i n O r e
Q u a r t z  V e i n O r e
Q u a r t z  V e i n O r e
Q u a r t z  V e i n  +  

S e m i t e O r e

M a x i m u m
M i n i m u m

3 . 9 2 7 . 9 0
8 . 1 4 . 8 0
8.9 1 0 . 1 0
5 . 2 5 . 9 8
8 . 4 5 . 1 3
8 . 5 2 . 6 7
7 . 9 8 . 6 3
6 . 7 2 2 . 2 0
8 . 1 4 . 4 7
7 . 8 4 . 6 9

8 . 5 2 7 . 9 0
3 . 9 2 . 6 7
7 . 2 9 . 6 4

872 369 286 4 . 4 2
8 3 2 - 8 7 0 0.00

3 0 1 1 1 4 - 1 8 7 0.93
S t a n d a r d  D e v i a t i o n 1 . 5 8.51 2 6 8 1 2 9 357 1 . 3 9
10  Percent i l e 5 . 1 4 . 2 9 134 3 - 7 0 9 0 . 0 0
Median 7 . 9 5 . 5 6 174 6 7 - 1 4 0 0 . 3 2
90  Percent i l e 6 . 4 2 2 . 7 7 7 1 2 284 1 4 7 2 . 1 6
C o u n t 1 0 1 0 1 0 1 0 1 0

 Data
TAP N P

872 2 - 8 7 0
144 2 7 5 1 3 1
3 1 6 1 0 - 3 0 6
1 8 7 1 0 - 1 7 7
1 6 0 1 6 8 8
8 3 369 286
270 9 1 - 1 7 9
694 3 -691
1 4 0 1 6 8 28
1 4 7 4 3 -104

T N P R

0.00
1.91
0 . 0 3
0 . 0 5
1 . 0 6
4 . 4 2

0 . 2 9

TAP  (Total) � 31.25
TNNP  NP -TAP
T N P R  =  N P  I  T A P



Samatosum Mine ABA Data

S a m p l e R o c k M i n e Material
C o m p o n e n t

T A I L I N G S
AREA/SOILS
WASTE
D U M P / S O I L S Soils

M i n i m u m
M e a n

Tailings
Area  PI Unspec i f i ed

W a s t e
D u m p  P i Unspec i f i ed

7 . 9 0 . 0 3 1 3 7 3 6 1 0 . 0 0

0 . 2 0 . 5 6 1 - 1 7 0 . 0 7

a . 2 0.58 3 7 3 6 1 0 . 0 0
7 . 9 0 . 0 3 1 1 - 1 7 0 . 0 7

0.31 1 0 1 9 1 0 5 . 0 4
Standard 0 . 2 0 . 3 9 1 2 2 5 3 7 7 . 0 2
10  Percent i l e 7 . 9 0 . 0 9 3 5 - 1 2 1.06

0.31 1 0 1 9 5 . 0 4
90  Percent i l e a . 2 0 . 5 3 1 6 3 3 3 1 9.01

2 2 2 2 2 2

TAP  (Total) � 2131.25
TNNP = NP -TAP
TNPR  NP  TAP



A2. ABA, Whole-Rock and Total-Metal Contents for Column Samples

 Drainage Assessment  Group4 2



Ti025 vs Size Fraction
2

1.5

1

0.5

Column 2 Consuming 1

� Column 2 Producing 2

Column 2 Consuming 3

Reacted
Unsorted Unsorted

10 

LO1 vs Size Fraction

Column 2 Consuming 1

� Column 2 Producing 2

Column 2 Consuming 3

Reacted Unreacted
Unsorted Unsorted



 Mine Column Test Samples

Sample
Sample TAP SAP HAP NP TNNP SNNP RNNP HNNP

Size  s co2 TNPR SNPR RNPR HNPR
‘100

Column 2. 
 2.  1

Column 2, Consuming 1
 2.  1

Column 2.  2
Column 2. Producing 2

 2. Producing 2
 2.  2
 2.  3

Column 2. Consuming 3
Column 2.  3

 2. Consuming 3
 3.  1
 3.  1
 3.  1

Column 3.  1
 3.  2

Column 3.  2
 3.  2

Column 3.  2
 3.  3
 3. Consuming 3

Column 3.  3
Column 3. Consuming 3
Column 3.  4

 3.  4
column 3.  4
Column 3.  5
Column 3.  5

 3.  5
 3.  5
 PAG
 MAF
 I.  PAG
 I. 

Column I.  PAG
Column 1. Original PAG
Column 4.  MAF

 4.  MAF
Column 4.  MAF

 4.  MAF
Column 5

Column 5
 5

 MAF 
Column
Column  MAF (Top)
Column  MAF (Top)

 PAG (Bottom)
Column 6. PAG (Bottom)

Column 6. PAG (Bottom)

362 4
175.4
44
225
13.9

1360.2

792.7
436.2
61.6

5.20
7.60 0.14 0.09 0.06
7.60 0.34 0.26 0.07
7.30 0.61 0.55 027

4 3 3 116 4.50 102 112 113 100 113
11 6 6 74 2.70 63 66 53
25 17 17 17 0.30 7 0 -10 0

26.51 41.24 36.39
9.11 7.56

067 0.99 0.40

41.24 66
9.11 63
0.99 40

4.00
4.30

7 50
7.70

6.60 3.12 3.14 0.06
5.30 3.51 3.39 0.27
6.39 3.16 316 017
6.30 0.09 009 0.01

0.11 0.12 0.01
6.10 0.37 0.22 0.03

40 1.70 39 -56 -56 -56
110 14 0.70 16 -90 -92

99 99 35 1.60 36
3 3 3 91 3.40 77 66 75 66
3 4 4 77 2.50 57 74 73 53 73
12 IO 7 17 0.40 9 5 7 IO

0.41 0.41 0.39
0.13 0.13 0.15
035 0.35 0.37

32.36 32.36 27.49
22.40 20.53 15.16

0.41
0.13 114
0.35 104
32.36 65
20.53 74
2.47 54

179.2
266

194.3
79.7
173.2
15.6

1133.1
11063
149.5
740.1

6.30
3.80

7.60 0.16 0.06 007
7.49 0.36 021 0.16
6.30 0.33 0.66

1.47 1.65 0.68

17.76 28.65 25.60
5.56 10.06 7.62
045 1.36 0.66

40.00 66
76

1.36 65

3.30
3.10

3.00
4.10

2.62 2.76 0.15
4.40 3.42 3.14 0.49
5.60 3.21 3.04 0.33
7.90 0.20 0.16 0.02
7.60 0.40 0.32 0.03
7.50 0.63 0.43 0.15

0011 0.000
0.022 0.000
0.015 0.000

0.020 0.000
0.000

0.023 0.000
0.006
0.004 0.000
0.010 0.110

0 003 0.027
0 014 0.000
0.016

0.016 0.000
0.005 0.000

0.001 0.000
0.011 0.036
0.036 0.012

0.012 0.000
0.000

0.007 0.000
0.004 0.006
0 005 0.000

0.001

0.006 0.000
0.032 0.000

0.017 0.000
0.014
0.007 0.000

0.014
0.021 0.000
0.013 0.017
0.005 0.000

6 3 3 100 3.60 66 63
12 7 7 66 2.20 50 54 59 43 59
31 IO IO 14 0.40 Q 17 4 - 1 4

62 66 66 36 43 4 4 4 6 -43 4 6
107 96 7 0.40 9 -91
100 95 95 27 1.30 30 -73
6 6 6 74 2.80 59 66 66 54

13 11 IO 76 68 67 55 66
20 14 13 21 0.40 9 1 7 -5 6

0.46 0.44 0.50

252
297
251.5
746.5

0.07 0.07 0.09
0.27 0.26 0.31
11.64 13.16 10.51
6.24 5.66
1.07 1.52 0.66

0.44 114
0.07 130
0.26 110
13.16 60
7.60 65
1.56 43

935.6
196.4
799.5
242.6
26

Pulped 226.9
296

245.7

3.40
3.40

7.70
7.30

6.10
6.10
6.30
6.00

6.20

6.30
3.60
2.99

6.09
6.10
5.00

2.40 2.44 0.16
3.13 2.66 0.41
2.92 2.65 0.33
0.05 0.02 0.02
0.12 0.11 0.02
0.36 0.24 0.11

75 76 76 3.00 66 -15 -16 -16
96 69 24 1.20 27 -74 -62
91 63 33 1.60 36 -56 -50 -46 -60
2 1 1 76 2.30 52 76 77 52 77
4 3 3 2.30 52 65 66 66
11 6 6 41 0.60 14 30 33 6

0.60 0.79 0.69
0.25 0.27 0.31
0.36 0.40

16.40 20.07 15.22
3.64 5.45 1.61

0.79 114
0.27 114
0.40 110

67
20.07 76
5.47 33

 9.6 mm 2540
1565
610

3095
1215

 1 5 0 0
1705

2.80

2.40

6 70

760
2.60

3.62 3.62 0.11
0.14 0.14 0.02

3.00 2.65 0.35
2.64 2.17 0.47
1.56 0.51

0.44 0.40 0.02
0.16 0.13 0.03
0.26 0.23 002
1.39 0.97 042

113 113 113 35 1.60 41 -76 -76 -72 -76
4 4 4 125 5.30 121 121 121 116 121

63 63 45 2.20 50 4 9 -36 -33 -36
63 66 66 4 0.40 9 -7s
49 16 0.10 2 -67 -34 -14

14 13 13 95 3.30 75 61 62 62 63
5 4 4 3.70 64 94 60 95
9 6 7 66 3.10 71 63
43 30 30 13 0.60 -30 -17 -12 -17

0.31 0.31 0.36
26.57 26.57 27.55

0.46 0.54 0.60
0.05 0.06 0.13
-0.36 -1.13 0.14

6.91 7.34 5.60
24.37 29.71

1006 11.39
0.30 0.43 0.60

0.31 117
26.57

0.54 I l l
227

-1.13 -13

7.60 79
24.37 65
12.24
0.43 140

2  9.6 mm
765

1355
 9.6 mm 2370

7.49 1.42 1.42 0.03

0.22

1.12

020

0.006 0.000

71

113
2

64

113
1

‘lo

113
1

39

65 3.50 41

-22

121

13

35 1.92 1.79 1.92

2  9.6 mm 1445
1190

Unsorted 1725
 9.6 mm 1460

2  mm 1495
1015

3.70 6.30 2.27 2.04’ 0.006 0.004 42 2.60 59 -5 0.59 0.66 0.93 0.66

Minimum
3095 6.70
13.9 2 40

6.30
2.90
6.67

3.62 3.62
0.05 0.02

0.036 0.110
0.001 0.000

125

52
0.10
2.04

121
2
46

121

6

116

7

32.36 41.24 36.39 41.24
-0.36 -1.13 0.09 -1.13

141

227
-13

605.6 509 1.42 1.26 0 012 0.007 6.77 6.05 6.43
721.1 219 1.39 1.31 1.30 0.23 0.006 0.020 38 1.33 30 56 945 11.29 9.61 11.97 39

IO 80.1 266 5.12 0.13 0.10 002 0.005 0.000 4 3 3 13 0.40 9 -76 6 7 0.17 0.10 0.21 0.19 47
Median 740.1 4.10 7.40 0.61 0.43 0.11 0.009 25 14 13 42 2.20 1 7 1.07 1.52 0.69 66

1661.0 7.76 6.16 3.20 3.14 0.45 0.021 0.016 96 3.62 62 92 92 21.36 23.76 26.69 125
count 53 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35

 =  ‘32.06  HO000 HAP =  S  31.25 HNNP  NP  HAP RNPR  SAP
 s  s  s     If  s  set to 10

Note: If  S  0 then set  0 TNNP  NP  TAP  If  to 10
TAP =  S  31.25 SNNP  NP  SAP SNPR  NP I SAP Note:  then set to IO
SAP  S  31.25 RNNP  SAP  If  +  set to IO



 Mine C o l u m n  T e s t  S a m p l e s

   
 6.   
 
 6. 

13.18 7.66
5.48

15.01 2.37

9.58 1.43
17.07 0.79
11.87 1.34
13.13 6.84
14.15 5.88
14.89 2.92

12.71 7.40
13.30 4.84
14.26

9.34 1.59
17.10 0.68
13.01 1.23
12.84 5.33
13.91 5.82
15.51 2.48

7.60 2.34
1.25

11.66 1.46
13.59 5.89
13.18 4.86
1444 314

1237 1.41
12.93 8.89

9.18 1.92
12.44 0.55
17.77 026

13.51 6.12
13.32 7.16

5.91
12.53 0.76

13.07 4.75

13.10

17.77 7.68
0.26

13.23 3.52

0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010

0.010

0010
0.010
0.010
0.010

0.005
0.010
0.010
0.010
0.010
0010

0010
0.010

0.020
0 . 0 0 5
0.005

0.010
0.010
0.010

0.010

0.005

0.020

11.35 0.07 11.58 0.19 0.15 42.46 1 . 2 8 7.88 98.50
11.81 0.31 11.16 0.19 2.52 0.15 t . 4 2 6.19 98.40
12.99 0.69 11.91 0.27 2.08 0.17 44.21 1 . 6 2 7.47 9 8 . 7 8

6.05 2.15 2.07 0.11 0.16 0.14 71.96 0 . 5 9 5.14
r .56 4.11 1.78 0.09 0.33 0.16 59.08 0 . 9 9 6.91 9 8 . 9 0
6.71 2.70 2.10 0.11 0.27 0.13 67.42 0.71 6.08
11.38 0.08 12.08 0.17 2.58 0.15 U . 4 2 1.32 99.26
13.36 0.06 12.98 0.18 2.43 0.17 4 1 . 9 7 1.59 6.92 99.48
14.16 0.13 13.03 0.21 2.60 0.20 4 3 . 3 5 1.75 6.65 99.30

12.14 11.37 0.22 2.59 0.15 43.25 1.39 7.16
12.26 0.17 12.20 0.22 2.20 0.17 43.74 1.45 6.63
13.46 0.30 12.47 0.36 2.24 0.19 42.24 1.64 6.83 98.78

6.07 2.67 0.11 0.12 0.10 0.63
7.31 4.14 I .78 0.08 0.29 0.16 5 8 . 4 5 1.01 98.63
6.82 3.01 2.22 0.11 0.28 0.14 8 4 . 5 0 0.78 8.81 98.92
12.45 0.08 12.07 0.18 1.82 0.18 46.08 1.42
12.45 0.22 11.86 0.18 2.49 0.17 4 3 . 6 0 1.48 SS.55
13.86 0.63 12.41 0.33 2.15 0.21 45.48 1.69 4 . 0 8 95.64

5.87 1.55 2.86 0.15 0.17 0.09 7 2 . 3 6 0.58 5 . 2 3 99.00
7.51 3.26 2.27 0.10 0.36 0.15 6 2 . 3 4 0.89

2.59 2.47 0.11 0.25 0.13 65.81 0.77 6 . 5 7 98.78
12.12 12.10 0.17 1.36 6 . 7 7 99.15
12.11 0.08 12.94 0.17 2.16 0.17 40.63 141 12.58
13.85 0.14 13.19 0.22 2.33 0.19 4 2 . 8 1 1.69 7.16

6.49 2.57 1.71 0.10 0.30 0.15 6 7 . 0 0 0 . 6 6 5.87 98.84
10.87 0.62 9.27 0.19 1.69 0.18 46.04 1.32 6.83

6.91 1.73 3.13 0.15 0.25 0.10 6 5 . 0 7 0.58 8.33 9 5 . 3 7
2.87 1.52 0.08 0.21 0.15 6 6 . 5 2 0.78 6.40

8.60 4.22 1.52 0.05 0.38 0.19 5 5 . 7 7 1.07 9.52

12.37 0.07 12.05 0.17 2.49 0.17 42.41 1.52 9 8 . 4 7
12.u 12.04 0.18 2.42 0.16 4 2 . 2 5 1.46 7.80
13.34 0.13 12.86 0.18 2.11 0.18 41.00 1.62 7.74 98.86
4.54 2.75 1.61 0.41 0.11 0.74 5.85 97.13

11.26 0.87 9.22 0.18 0.15

0.12

0.21
0.09
0.15

7.25

6.14 2.76 1.83 0.10

1.45

0.23

0.12
1.43

47.93

64.82 6.10

14.16 4.22 13.19 0.36
4.54 0.06 1.52 0.05
9.99 1.35 7.69 0.16

72.36
40.63
52.94

1.29

0.88

1.75
0.88
1.19

12.58

7.01

98.19

99.58
9 8 . 3 7
9 8 . 6 8

2.10 2.37 0.003 3.07 1.41 4.98 1.05 0 . 0 3 11.38 0.38 1.48 0.85
10.36 0.77 0.005 6.10 0.08 1.74 0.09 0.23 0.11 42.24 0 . 6 6 5 . 4 8
13.18 2.78 0.010 11.35 0.69 11.16 0.17 1 . 8 2 0.15 46.04 1.32 98.88
15.31 6 . 8 7 0.010 3.16 12.58 0.22 0.19 1.63 8.45 99.38
35.00 35.00 35.m 35.00 35.00 35.00 35.00 35.00 35.00 35.m



S a m a t o s u m  M i n e

73400 73109 99.59
1 5 1 0 0

1 . 0
4.0
1.4

4
1
1

14.2

21.2
1.0
1.0
1.0

44.0
12.4

0.1 lo .w

50700
a2300  a9200  

72300 6
78200 92.97 2
79400

1 7 2 116.22
as.90

1000
240

66.14

2 1 6 0
420

21a .75

0.50
2.09
1.50
0.25
0.25
0.25

1 . 0 0
3.00 150.00

2
1

3.00
l .W 66.67

100.90
100.60

0.50 100.00 0.25 lo .w

1 9
23
22
47

60
55 98.21

1.0
1.0
0.8

0.1
66400 6
70800 97.16 m

40
1 6

790

0.25
0.25
0.2s

0.50 200.09
1
1
1

1

2300

44200

47100
100.00

0.25
1 . 5
2

2.5
2.5
2.5

0.5
0.25
1.5

0.25
56

99
53

12.0
11.4
134
0.1
4.6

300
156
13.4

02
06

3.0 25.00
13.6 119.36

0.1 2.17

 
a5600 a2000
65700

10569

1 5 0
1 9 6
1 6 2
10

1 6 4 109.33
94.90 210

710 104.41
247.62

0.50 1.50
2.56

0.50

3w .w 1
1

50.00
160.00

0.50
2.60

1 4 67.56
6 0
480 460 200.00 0.25

133.33

12.50

1 7 69.47
m 76.92

6 1 115.09
1630

2.50
1.50

1 1 o o o 7600

37100
1 5 2 0 0

2
1.5
2

2.5
2

0.5

1 9
26

52
53

13.2
14.2 91.03

67800 1 7 6
694W 43600 62.82 202

1 7 6
4

94.47 1 0
1 6

1 7 6 96.88
1 4 6 7327

20.w

240
320

440

0.1 2 1 4 0 70.00

1.50

0.25

2 . W
1.00

400.00
66.67 4w .w

96.07

69.09
41.30

51.75

31.06
106.02

2
2
2

75.00
1 6
l a

0.25 0.50 1  
0.25
0.25
0.25

05
1.5

1.50

0.25

1 8
23

56
65

55 98.21

1.2
06

1.2
7.4
17.4

1 . 0
1.0
1.0
12.4

64400

67700

1 3 2
76

226
1 6 6
346

1 6

1 3 2

1 3 7 0

730

310

260

550
220

1.50
0.50

1.50
2.50

025
0.25
0.25

44600
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A3. Graphs of ABA Results for Columns by Grain Size

49  Drainage Assessment Group
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A3.2. Column 3
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A4. Graphs of Whole-Rock Composition for Columns by Grain Size
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A4.3. Columns 1, 4, and 5
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A4.4. Column 6
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A5. Graphs of Total-Metal Contents for Columns by Grain Size
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A5.2. Column 3

 Drainage Assessment  Group



Aluminum vs Size Fraction

60000 \ ,A’  
\ .\ .

\ ,
. .

 

 
40000 I I I

200 

a

 

.I

Reacted Unreacted
Unsorted Unsorted

Antimony vs Size Fraction

Column 3 Consuming

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

 mm Reacted Unreacted
Unsorted Unsorted



Aluminum vs Size Fraction

60000 \ ,A’  
\ .\ .

\ ,
. .

 

 
40000 I I I

200 

a

 

.I

Reacted Unreacted
Unsorted Unsorted

Antimony vs Size Fraction

Column 3 Consuming

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

 mm Reacted Unreacted
Unsorted Unsorted



Beryllium vs Size 

3 Consuming 1

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming 5

Reacted Unreacted
Unsorted Unsorted

Bismuth vs Size Fraction

Column 3 Consuming 1

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming 5

 mm Reacted Unreacted
Unsorted



Cadmium vs Size Fraction

Column 3 Consuming

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming 5

Reacted Unreacted

6 0 0 0 0

Unsorted Unsorted

Calcium vs Size Fraction

Column 3 Consuming

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

 mm Reacted Unreacted
Unsorted Unsorted



Chromium vs Size Fraction
800 1 Column 3 Consuming 

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted

Cobalt vs Size Fraction
120

Column 3 Consuming 1
7 � Column 3 Producing 2

Column 3 Consuming 3

80 Column 3 Producing 4

Column 3 Consuming 5

 mm Unreacted
Unsorted



Chromium vs Size Fraction
800 1 Column 3 Consuming 

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted

Cobalt vs Size Fraction
120

Column 3 Consuming 1
7 � Column 3 Producing 2

Column 3 Consuming 3

80 Column 3 Producing 4

Column 3 Consuming 5

 mm Unreacted
Unsorted



Lead vs Size Fraction
Column 3 Consuming 1

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted

Mercury vs Size Fraction
0.8

\

 

 ����

Column 3 Consuming

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

j - Column 3 Consuming 5

 mm Reacted Unreacted
Unsorted Unsorted



Magnesium vs Size Fraction
80000 

Column 3 Consuming 1

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted

Manganese vs Size Fraction
Column 3 Consuming 1

Column 3 Producing 2

Column 3 Consuming 3

 Column 3 Producing 4

Column 3 Consuming 

1000 A-.
.  _ _ _ _

0 
I I

 mm Reacted Unreacted
Unsorted Unsorted



Molybdenum vs Size Fraction

Column 3 Consuming 1

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming 5

I
 mm

Reacted Unreacted
Unsorted Unsorted

Nickel vs Size Fraction
Column 3 Consuming 1

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming 5

Reacted Unreacted
Unsorted Unsorted



800

600

Column 3 Consuming Column 3 Consuming 

� � Column 3 Producing 2Column 3 Producing 2

Column 3 Consuming 3Column 3 Consuming 3

 Column 3 Producing 4 Column 3 Producing 4

Column 3 Consuming 5Column 3 Consuming 5

600 

  
 
 

 

Phosphorus vs Size FractionPhosphorus vs Size Fraction
1000 1000 

400400
I I I

Reacted UnreactedReacted Unreacted

 mm

Unsorted Unsorted

Potassium vs Size 
Column 3  1

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted



Selenium vs Size Fraction

Column 3 Consuming 1

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted

Silver vs Size Fraction
100

10

1

0.1

Column 3 Consuming 1

�  Column 3 Producing 2

Column 3 Consuming 3

 _ _ _ _  Column 3 Producing 4

Column 3 Consuming 5

 mm Reacted Unreacted
Unsorted Unsorted



Sodium vs Size Fraction

Column 3 Consuming 1

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming 

. I

10000 

 11 mm Reacted Unreacted
Unsorted Unsorted

Strontium vs Size Fraction Column 3 Consuming 1

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

 mm Reacted Unreacted
Unsorted Unsorted



Titanium vs Size Fraction
12000 

8000 

Column 3 Consuming 

� Column 3 Producing 2

Column 3 Consuming 3

 Column 3 Producing 4

Column 3 Consuming 

Reacted Unreacted
Unsorted Unsorted

Tungsten vs Size Fraction

Column 3 Consuming I

Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

 mm Reacted Unreacted
Unsorted Unsorted



Vanadium vs Size Fraction
300

200

4.I

100

0

Column 3 Consuming 1

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

Reacted Unreacted
Unsorted Unsorted

800

 4 0 0

.I

0

Zinc vs Size Fraction

Column 3 Consuming

� Column 3 Producing 2

Column 3 Consuming 3

Column 3 Producing 4

Column 3 Consuming

 mm Reacted Unreacted
Unsorted Unsorted



Control  of  Acidic  in Lavered Waste Rock: Samatosum 134

A5.3. Columns  and 5

 Drainage Assessment  Group
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A5.4. Column 6

149  Drainage Assessment  Group
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APPENDIX

B. Results of Column Tests

167  Drainage Assessment  Group
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1 0 3 9 71.15

57.27
9236 66.23
7975 55.42

0.10 215 0.63 3777
0.16 349 59.13 1.01
0.14 49.09 0.78 4676
0.18 393 740 46.93 1.42 8513
0.17 3 7 1 700 47.01 1.48 6873
0.21 458 42.72 1.69 1 0 1 3 2

1 7 2 4 8 -3.96
2.27 -9.52
2.47 148% -6.40
12.10
12.64

89500
74300

13.19
2.27
-5.36

0.15 1 1 6 2
0.10 n 4
0.11 852
0.17 1 3 1 7
0.17 1 3 1 7
0.22 1 7 0 4

6 3 1 24W 73.73 0.09 1% 57.31 0.58 3477
1 3 3 5 4200 68.21 0.15 327 45.45 0.89
927 74.94 0.13 2 8 4 49.35 4616
10720 57.29 0.15 3 2 7 550 40.49 1.36 8153

62.73 0.17 3 7 1 730 49.19 1.51 9052
8643 59.04 0.19 415 830 1.69 1 0 1 3 2

1.71 1 0 3 1 3 -2 10
9.27 -6.28

3.13
1.52 9167 2.48
1.52 9167 8500 -7.84

12.05 7 2 6 7 1
12.04
12.66 76349
1.61 9710

-6.56
-3.88
-3.04
6.64

0.10 7 7 4
0.19 1471

0.15 1 1 6 2
465

0.05 3 8 7

0.17 1 3 1 7
0.16 1 3 9 4
0.18 1 3 9 4

697

750 -13.59 0.28
1215 -14.73 1.82
IWO -10.64 2.49
2220 -15.12 2.15

1010 -15.02 0.17
-12.09 -21.01  0.38

1 1 1 5 -18.08 2.69
-4.91 2.16
-8.87 2.33

-17.34 030
1 3 0 0 -13.19 1.69

1 1 4 0 -1.90 0.25
-14.73 0.21

0.38

1 1 8 5 -11.10 2.49
1275 -9.34 2.42

-6.82 2.11
-12.42 0.41

1 1 1 3 72.18 0.15 3 2 7 640 48.86
6269 60.32 0.16 349 670 47.89 1.32 7913

927 3200 71.02 0.10 430 49.26 0.58 3477
779 78.36 3 2 7 696 52.57 0.76 4556
1410 4600 0.19 415 53.42 1.07 6415

57.44 0.17 3 7 1 1.52 9112
8976 0.16 349 710 So .83 1.46 8753
7827 61.82 0.18 393 826 52.10 1.62 9712
1 5 2 1 4500 66.20 0.11 240 52.W 0.74 4436

-3.93 0.16 1 2 3 9 1106 -12.14 1.45 5378  61 .68 327 47.21

1 . 8 3 -2.19 0.10 7 7 4 675 -14.73 1076  72.42 48.66 6276

13.19

7.69
9167
46390

6.64 2788 2390 -1.90 2.69 10720 8 2 . 8 8
-14.20 0.05 387 300 445 ‘54.92
-5.70 0.16 1 2 6 2 1 1 1 0 -13.36 1.43 5297 1 3 1 6 3 64.4543577

0.15

0.12

0.21
0.09
0.15

262

458
1%
337

890 57.31
430 40.49
85s 48.76

1.29

1.75

1.19

1 0 4 9 1
3477
7136

-18.66
-18.23

noo -26.13

-253.70
-229.72

IWO -183.76
-16.37

8400 -13.48
6900 -17.88

-15.74

-24.18 -24.45

-214.74

1800 -159.78
7500 -13.51

-18.30
-33.31

-167.47
1 9 0 0 -180.82

-156.45 -8.71
-9.07

8600 -17.81

IWO -171.35
-55.27

-148.36
-203.75
-191.57

-34.01
-12.21
-14.26

-216.88

67W -35.68

-210.33

8900 -8.71
low -253.70
4940 -94.48

 MAF

 
 

4.95 3 0 0 5 1 25017 4.45 0.07 5.15 3900 8633 8.17 0.03 6 1 112 3.60 0.38 2292 58.04
1.74 1 0 4 8 1 9986 -10.48 0.09 697 -18.01 0.23 838 3200 66.16 0.11 249 43.87 3969 1 4 0 0 -212.97
11.16 67363 -6.28 0.17 1 3 1 7 -13.19 1.82 6 7 5 1 61.58 0.15 327 660 48.86 1.32 7913 -34.01
12.58 7 5 8 9 1 73200 -0.76 0.22 1 7 0 4 1 5 3 3 -5.14 2.69 22300 75.63 0.19 612 52.36 1.63 9784 8360 -13.49

3 s . w 35.W 35 35.W



 Column 1

168  Drainage Assessment  Group



 ABA  ICP Metals Data
iamatosum Mine

 1 (Blend Control)

 Sample Weight (dry) (g)

 Results:
Slurry

 (Total)
 S (Sulphate)
 S (Sulphide)

% S (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

TNNP (tonne 
SNNP (tonne
RNNP (tonne 

SNPR
RNPR

2 8 9 0 0

8 . 3
3 . 6 2

1 1 3

6 1 . 5

-52

0 . 5 4

Area:
Surface Area

detals: (ppm)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Cadmium
Calcium
Chromium
cobalt

I r o n
Lanthium
L e a d
L i t h i u m
Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
Phosphorus
Potassium
S e l e n i u m
Silver
S o d i u m
Strontium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
AS
B a
B e

C d
C a
C r D a t a
co Not
cu A v a i l a b l e
F e
L a
P b

Mn

MO
N i
P
K
S e

N a
Sr

S n
Ti
W
V
Z n

D a t a
Not

A

 ABA 8 ICP Metals Data
 Mine

 1 (Blend Control)

 Sample Weight  (g)

 Results:

 s (Total)
 S (Sulphate)
 S (Sulphide)
 S (BaS04)

TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
 (tonne 

SNNP (tonne 
RNNP (tonne 

S N P R
RNPR

 Area:
Surface Area 

detals: (ppm)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
C a d m i u m
Calcium
C h r o m i u m
Cobalt
Copper
I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium
Manganese
Mercury

Al
Sb
As
B a
B e
B i
C d
C a
C r
CO
c u
F e
L a
P b
L i

Mr

Molybdenum MC
N i c k e l N i
Phosphorus P
Potassium K
S e l e n i u m S e
Silver
S o d i u m N a
Strontium Sr
Thallium TI
Tin
Titanium Ti
Tungsten W
Vanadium V
Zinc Z n

Data
Not

A

NOTE: W h e n  m e t a l s  w e r e  r e p o r t e d  as  d e t e c t i o n   t h e  v a l u e  o f  t h e  d e t e c t i o n  l i m i t
i s  s h o w n  i n   a n d  w a s u s e d  i n  s u b s e q u e n t  c a l c u l a t i o n s .



 Mine  Cell Data -Column  (Eland 



 Mine  Call Data -Column 1 (Blend Control)



I

0 . 0 5

0 . 0 6

0 . 0 6

47
I

i i
i i

I I I I I I
0.01 0.001 I

I I I I I I



 Cell Data -Column 1 (Bland Control)



  Humidi ty Cel l  Data  -Column  1 (Blend  Control)

1 0.003 0.66 4.9 0.003 1.6

I I I I I I I I I I I I I I I I
I

II 0.41 26 3.4
I I  I I I

I I I  I I I I I I I I I I
IO.001 0.37 I 3.1 0.001 0.94

 I I I I I I I I I I I I I I I I (2.3

I I I I I I I I I I I I I I I   

I I I I I I I I” I I I I I
I 126

I I I I I I I I I I I I I I  2.71
I  I I

I I I I I I I I I I I I I I I

I I I I I I I I I I I I I
I



 

8.20 3726 740 1 1 8 45.0 72.12 28.18 763.3 41003 99.75 461.1 24770 0.174 795 736 41033 99.51 1 5 3 1 99.10
 4900 2.26 215 210 1 0.0 1 0 3 0.66 0.00 59.3 2 6 6 62.24 161 62 57 302 33.28 1 1 9 5 5 1 -34.28

5.03 708 493 19.5 10.4 3 1 3 13.21 5.40 190.7 20133 81.46 115.2 1 2 1 6 3 0.048 1 9 9 191 20917 6 ' 3 . 9 9 3 8 4 4 6 9 4 4 33.42
5.65 512 5.5 6.5 2 4 0 4.63 3.02 155.6 1 5 5 5 3 94.0 9396 0.025 1 6 2 1 7 0 7 7 72.23 310 32133 47.75

1 6 1 7 5 2.91 367 650 0.0 1 2 7 5.87 70.9 62.49 42.9 24612 0.000 74 40783 33.69 1 4 2 -33.43

I
1 3 4 52
4 0 1 1 3 9 1 0 4
783 2 8 9 1 2 7

I 1 1 6 5 1 4 0
I

I I I I I I I I I I I I I I I I I I I I I I I
I



 Mine Humidity  -Column 1 (Blend 



 Mine  Cel l  Data  -Column  1 (Blend  Control)

I I I I I I I I I I I
0.001 0.21 0.02 5.1 0.001 1.2   

 3X-01     
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Samatosum Mine Humidity Cell  Column 1 (Blend Control)
Sulphate Production Rate  Remaining S vs Cycle
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Sulphate vs Conductivity
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Samatosum Mine Humidity Cell  Column 1 (Blend Control)
Sulphate vs Conductivity
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Samatosum Mine Humidity Cell  Column 1 (Blend Control)
Iron  Lead Leach Rate vs Cycle
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0.0010 
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0.0000



0.016

0.014

0.012

 

0.008
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Samatosum Mine Humidity Cell  Column 1 (Blend Control)
Antimony  Arsenic Leach Rate vs Cycle
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Control  of  Acidic  in Lavered Waste Rock: Samatosum 187

B2. Column 2

187  Drainage Assessment  Group



0



 ABA  ICP Metals Data 1

46160

6 . 4
2 . 4 4

7 6

7 6 . 2

2

1 . 0 3

1 . 5 2

Data
Not

Available

 Mine  Mine
 2 (Encapsulated 3 Layers)  2 (Encapsulated 3 Layers)

 Sample Weight (dry) (g)

 Results:
Slurry

 (Total)
 S (Sulphate)

 (Sulphide)
 (BaS04)

 (tonne 
SAP (tonne 
UP (tonne 

 (%)
 (t 
 (tonne 

SNNP (tonne 
 (tonne 

S N P R
R N P R

 Sample Weight (dry) (g)

 Results:

 (Total)
 (Sulphate)
 (Sulphide)
 (BaS04)
 (tonne 
 (tonne 

VP (tonne 
 (%)

 (t 
 (tonne 
 (tonne 

RNNP (tonne 

S N P R
R N P R

iurface Area:
Surface Area 

 (ppm)
A l u m i n u m
Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m
cobalt

I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium
Manganese
Mercury
M o l y b d e n u m
N i c k e l
Phosphorus
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
C a
Cr
CO
c u
F e
L a
P b
L i

Mr

M C

N i
P
K
S e

N a

Ti
W
V

iurface Area:
Surface Area 

fletals: (ppm)
A l u m i n u m
Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l t
C o p p e r
I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m

Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
C a
C r
c o
c u
F e
L a
P b
L i

Mr

M C
N i
P
K
S e

N a

Ti
W
V

N O T E :  W h e n   w e r e  r e p o t t e d  a s   d e t e c t i o n  l i m i t ,   t h e  v a l u e  o f  t h e  d e t e c t i o n  
i s  s h o w n  i n  i t a l i c s ,  a n d  w a s  u s e d  i n  s u b s e q u e n t  c a l c u l a t i o n s .

ost-Test ABA  ICP Metals Data

D a t a
Not

A v a i l a b l e

D a t a
Not

A v a i l a b l e

1



 Mine Humidity Cell Data -Column 2 (Encapsulated 3 Layers)



 Humidity Cell Data -Column  (Encapsulated 3 Layers)



 Cell Data -Column 2 (Encapsulated 3





 Mine  Cell Data -Column  (Encapsulated  Layers)

 0 . 0 6  

21 I I I I I I I I  I4 
0.005 0.001 0.001 0.03

I I I I I I  I I I I I , II I , I I I
I I I I

I I I I I I I :
0.005 10.001 I 0.004 I 0.005 I 0.001 I 0.1

49
0.002 0.001 0.005 0.001

51
52

0 . 0 5 7

0.04  1.6E-0



 Cell  -Column  (Encapsulated 3 Layers)



S a m a t o s u m  M i n e  H u m i d i t y   D a t a   2  ( E n c a p s u l a t e d  3  

0 . 0 0 2 0 . 0 0 3 2 0 . 0 0 1 0 . 0 1

I  

 I I I I I I I I , .  .  , . 

 0.05 I            
I I

I I I I I I I I I I I ,  

  I 005     I 0.01             
I I I I I I I I I  

Y - 9 2  , I I I I I I I  I I I ,
  0.001 I   0 . 0 0 2   0 . 0 0 1  I  0 . 0 1  I     

I I
 I I I I I I  I I I I I ,  

I I I I I
I I  

I I I I I I I I I I I I ,  
Q - 9 2 1 0 . 0 5 0 . 0 0 3 I 0 . 0 0 1 I 0 . 0 1 1 . 7 1

I I  .  I I I I I I  I I I I I I I I ,  

I I I
I I I I I  

I I I I I I  I I I I I ,  .

I  0 . 0 0 4   S E -0 4   0 . 0 5   0.002   I 0.01 I           
I I

I I I I I I I  I I I I I I I , ,  .  .  .

 I I  . 
 I I I I I I I  I I I I I I I I ,  

I O .0 0 3  0.603 I 0.05 I  0.001    0.02 I            
I I I I I I I

I I I I I I I  I I I I I
I I I I I I I

I I I I I I I  I I I I I
  0.05  0 . 0 0 1   0 . 0 0 1  I  0 . 0 1  I    I  I      3 . 9 5 0 3

I II I I I I I  I I I I I I I I ,  

I
I I I I I I  I I I I I I I I ,  

 0 . 0 0 2    I  0 . 0 5   0.001   I  0  I             1 . 6
-- I I I , I

I I I I I I  I I I I I I I
  0.003   I 0.05  0.001  0.001  0.01        

I
I I I 1 I I I I I I

I I I I I I
I I I I I I  I I I I I I I

 0 . 0 5  I  0.001  0.001  0 I     I  I      
I I I I I I I



 Mine  Cell Data -Column 2  5 

0.002 IO.001
I I I I I

I I I I I I I I I I I I I
I I I I I

I I I I I I I I I I I I I
 0.001 0.17  0.01 I

0.001 0.007 0.002 0.13 0.001 0.03
I I I I

I
I

 
I  I I I I I I I I I I I I I

 I  0.11  0.001  0.03 
 . __ I I I I I I I I I

79
a0  90
81 2%
a2  90
a3
a4 I S !
as

SC

I I I I I I I I I
I I I I I I I I I

I I I I I I I I I I I I
IO.001  0.019  0.005  0.09  0.02  7.98031 

I
0.005 0.005 0.13 0.01 ,  ---

 0.0097  0.001  0.02 I
I I I I I I I I I I I I I I



 Cell Data -Column  (Encapsulated  Layers)



  H u m i d i t y  C e l l  D a t a  -C o l u m n  2  ( E n c a p s u l a t e d  3  L a y e r s )

0 . 0 0 3 I 0 . 0 5 0 . 0 0 1 0 . 0 0 1 0 . 0 7 8 . 4 E -9 4

2 0 3 I I I I

I

I I I I I I I I I I I I I I

I I I I I I I I I I I I I



8.0

6.0

 5 . 0
8

4.0
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0.0

Samatosum Mine Humidity Cell  Column 2 (Encapsulated 3 Layers)
Weekly  Conductivity vs Cycle
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-o-Weekly +-Conduct iv i ty



0.008

0.007
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Samatosum Mine Humidity Cell  Column 2 (Encapsulated 3 Layers)
Antimony  Arsenic Leach Rate vs Cycle
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A





Sulphate vs Conductivity
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Samatosum Mine Humidity Cell  Column 2 (Encapsulated 3 Layers)
Sulphate vs Conductivity

y =  28.705
 = 0.8806
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Samatosum Mine Humidity Cell  Column 2 (Encapsulated 3 Layers)
Antimony & Arsenic Leach Rate vs Cycle

20  40  60  80 100 120 140 160 180 200 220 240 260 280

0.0050

0.0045

0.0040

0.0035 

0.0030 

0.0025 

0.0020 

0.0015 

0.0010

0.0005

0.0000

Cycle

I  Antimony -w--Arsenic I



0
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Samatosum Mine Humidity Cell  Column 2 (Encapsulated 3 Layers)
Manganese  Silver Leach Rate vs Cycle
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Control of Acidic Drainage in Waste Rock: Samatosum 209

B3. Column 3

209  Drainage Assessment  Group



4 6 1 5 0

8 . 4 1
2 . 3 5

7 3

79.33

6

1 . 0 8

‘re-Ted ABA 8  Metals Data
iamatosum Mine

 3 (Encapsulated  Layers)

Sample Weight (dry) (g)

 Results:
Slurry
% S (Total)
% S (Sulphate)
% S (Sulphide)
% S (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne 
SNNP (tonne 
RNNP (tonne 
TNPR
SNPR
RNPR

Surface Area:
Surface Area 

(ppm)
Aluminum
Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l t
Copper
I r o n
L a n t h i u m
L e a d

Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e

C d
C a
C r
c o
c u
F e
L a
P b

M a
N i
P
K
S e

N a
Sr

S n
Ti
W
V
Z n

1 . 5 1

Not
A

 ABA  ICP Metals Data
iamatosum Mine

 3 (Encapsulated 5 Layers)

 Sample Weight (dry) (g)

 Results:
Paste
% S (Total)
% S (Sulphate)
% S (Sulphide)
% S (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne 
SNNP (tonne 
RNNP (tonne 
TNPR
SNPR
RNPR

Surface Area:
Surface Area

(ppm)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
C a d m i u m
Calcium
C h r o m i u m
Cobalt
Copper
I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium

Al
Sb
As
B a
B e
B i
C d
C a
C r
c o
c u
F e
L a
P b
Li

Manganese
Mercury
Molybdenum MO
N i c k e l
Phosphorus P
P o t a s s i u m K
S e l e n i u m S e
Silver
S o d i u m N a
Strontium Sr
Thallium
Tin S n
Titanium
Tungsten W
Vanadium V
Zinc Z n

NOTE: W h e n  m e t a l s  w e r e  r e p o r t e d  a s   d e t e c t i o n   h a l f  t h e  v a l u e  o f  t h e  d e t e c t i o n  l i m i t
i s  s h o w n  i n  i t a l i c s ,  a n d  w a s u s e d  i n  s u b s e q u e n t  c a l c u l a t i o n s .

D a t a
Not

Available

D a t a
Not

Available



P
S
C

re-Test ABA  ICP Metals Data
amatosum Mine

 6 (Mafic Over Oxidized  PAG)

 Sample Weight (dry) (g)  Sample Weight (dry) (g)

 Results:

 S (Total)
 S (Sulphate)
 S (Sulphide)
 S (BaS04)

 (tonne 
 (tonne 

 (tonne 
 (%)

 (t 
 (tonne 
 (tonne 
 (tonne 

D a t a
Not

Available

 Results:
Paste
% s (Total)
% S (Sulphate)
% S (Sulphide)

 S (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne
SNNP (tonne
RNNP (tonne 
TNPR
SNPR
RNPR

 Area:
Surface Area 0.00

 Area:
Surface Area

 (ppm)

Antimony

B a r i u m
B e r y l l i u m
B i s m u t h
Cadmium
C a l c i u m
C h r o m i u m
cobalt

I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
Ca
C r
CO
c u
F e
L a
P b
L i

Mr

MC
N i
P
K
S e

N a
Sr

S t ?
Ti
W
V
Z n

D a t a
Not

Available

 (ppm)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
C a d m i u m
Calcium
C h r o m i u m
Cobalt
Copper
I r o n
L a n t h i u m
L e a d

Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
Phosphorus
Potassium
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e

C d
Ca
C r
c o
c u
F e
L a
P b
L i

M C
N i
P
K
S e

N a
Sr

S n
Ti
W
V
Z n

F

C

D a t a
Not

A

 ABA 8 ICP Metals Data
iamatosum Mine

 6 (Mafic Over Oxidized Foohvall PAG)

Data
Not

Available

N O T E :  W h e n  m e t a l s  w e r e   as   d e t e c t i o n  l i m i t .  h a l f  t h e  v a l u e  o f  t h e  d e t e c t i o n  l i m i t
is shown in italics, and was used in subsequent calculations.



 Mine  Data -Column  (Encapsulated  Layers)



 Mine  Call Data -Column  (Encapsulated 





 Mine  Data -Column 3 (Encapsulated  Layers)

0.002 IO.006 SE-04 0.044 0.001
 I I I I I I

I I I I I I
0.01 0.001

I I I I I I .

0.001  0 . 0 5  

 0 . 0 3  

I
 I  I

I I I I
0.001

0.001

0.001
I

52
53
54
55
56

 0 . 0 0 2



 Data -Column  (Encapsulated 



 Humidity  Data -Column  (Encapsulated  Layers)

I
I I I I I I I I I I I I I

 Rates:

0.002  0.004 I 0.009  0.035  0.001 I 0.04  I  5.2E-C

I I I I I I I I I I I I I I I
0.003  I 0.01 I  0.0012  0.06  I  I

I I I I I I I I I I I ’

I I

I I I I I I I I I I I I
0.002  0.028  0.0011 I  I 0.02  I . I I I ,

r-91 I I I I I I I I I I I I I I
0.001 0.016

I I I I I 17

I I I I I I I I I I I I I I I I
 0.001  0.02 I  I

I I I I I I I I I I I I I II I I I I
I I
I I I I I  I I I I I I I I

0.001 0.05 0.001 0.02 I 7.9E-C
I I I I I I I I I I I I I I

I I
I I I I I I I I I I I I I I

I I 0.05 I  0.001  0.01  I  4.2004 
I I I I I I I I I I I I II I I I I

I
I I I I I I I I I I I I I I

 0.05  0.002  0.001  0.01  I  I 2.9E-E
I I I I I I I I I I I I



 Cell Data -Column 3 (Encapsulated 

1 4  0 . 0 0 3 0.007 0.001 0.001 0.02
I

-90

- 9 0  I I I I I I I I I I I I I
I  0.001 I 0.005 I  0.0053  0.03 

I I I I I

I I I I I I I I I I I I I
0.002 0.005 0.001 0.01

I I I I I I I I I I I I I I I .
0.002 I I  0.005  0.001  0.01  II I I , I I I

0 . 0 0 2 0.017 0.02

 0.001  0.02 I
I I I II I I I I I I I I I I I

I I I I I I
I I I I I I I I I I I I I I

I  I 0.005  0.001  0.02  6.8E-C
I I I I I I I I I I I I I I I

� SI I
0.005 0 . 0 0 1 0.001 0.02 6.1E-C

I
r-91 I I I I I I I I I I I I I I
r-91  0.002  I 0.005  0 . 0 3  

1 1 1 I I I I I I I I I I I I I I

1 2 2
1 2 3
124
125

I27
126
129
130
131

 I I I I I I I I I I I I I I I
 I 0.006 I 0.016  I 0.11 I

.  .  . I II I I I I I I I I I I I I I I
I I I I I I I

I I I I I I I I I I I I I I
0.003 I  0.0043  0.001 I 0.01 I  I  I  I 3.3E-0

I I I I I I I I I I I I I I



 Cell Data -Column  (Encapsulated 5 Layers)

I
0.008 0.016 0.07 0.05 0.002 0.11 0.001 0.11 8X-04
0 . 0 0 1  0 . 0 0 0 5  0 . 0 0 5   0 . 0 0 0 7   0 . 0 1  

 0 . 0 0 6  0 . 0 0 4 0  0 . 0 2 8   0 . 0 3 1  
 0 . 0 0 4   0 . 0 1 7   0 . 0 0 5 3   0 . 0 3 0  

Mean  8 Weeks  0.050 0.0750

75%
50%
25% Remaining 
0%

I I I I



 Mine  Cell Data -Column 5 (Encapsulated 
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Weekly  Conductivity vs Cycle
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Control  of  Acidic Drainage in  Waste Rock:  Samatosum 230

B4. Column 4

230  Drainage Assessment  Group





 ABA  ICP Metals Data
iamatosum Mine

 4 (Mafic Pyroclastic Control)

nitial Sample Weight (dry) (g)

 Results:
Slurry
%  (Total)
%  (Sulphate)
%  (Sulphide)
%  (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne 
SNNP (tonne 
RNNP (tonne 
TNPR
S N P R
RNPR

 Area:
Surface Area 

Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m
cobalt

I r o n
L a n t h i u m
L e a d

Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
C a
Cr
c o
c u
F e
L a
Pb
Li

Mn

MO
N i
P
K
S e

N a
Sr
TI
S n
Ti
W
V
Z n

1 1 4 5 0

8 . 6
0.14

4

1 1 0 . 5

1 0 6

25.26

1.27

Data
Not

Available

D a t a
Not

A v a i l a b l e

 ABA  ICP Metals Data
 Mine

 4 (Mafic Pyroclastic Control)

 Sample Weight (dry) (g)

 Results:
Paste
%  (Total)
%  (Sulphate)
%  (Sulphide)
%  (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne 
SNNP (tonne
RNNP (tonne 
TNPR
SNPR
RNPR

Surface Area:
Surface Area

Wetals: (ppm)
Aluminum
Antimony
Arsenic
B a r i u m
Beryllium
Bismuth
C a d m i u m
Calcium
C h r o m i u m
Cobalt

I r o n
L a n t h i u m
L e a d

Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
Phosphorus
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
C a
C r
c o
c u
F e
L a
P b
L i

Mn

MO
N i
P
K
S e

Na
Sr
TI
S n
Ti
W
V
Z n

D a t a
Not

A v a i l a b l e

N O T E :  W h e n  m e t a l s  w e r e   as   d e t e c t i o n  l i m i t ,  h a l f  t h e  v a l u e  o f  t h e  d e t e c t i o n  
i s  s h o w n  i n   a n d  w a s  u s e d  i n  s u b s e q u e n t  c a l c u l a t i o n s .



 Mine Humidity Cell Data -Column 4  Control)

I

I I I I I I I I I I I I
II I I I I I I I I I I I I I I I I I I I I I

18 I I I I I I I I I I I I I I
17
18 IO.008 0.001 0.01

, I I I I I

I I I
0 004 0.018 0.001 NA 0.01 NA 2.2602 2.4602 NA

0.003 0.005 NA 0 NA 7.4E-W NA 3.3604
0.005 0.01 0.001 NA 0.0002 0.010 NA  7.3802 NA

, 0.005 0.001 NA 0.010 NA NA
 5 weeks 0.014 IO.9002 0.012 NA 2.3802 NA

I I I
75% Remaining 
50% I I
25%
0% I I

I



 Cell Data -Column 4  Control)
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Control  of  Acidic  in   Waste  Rock:  Samatosum 242

 Column 5

242  Drainage Assessment  Group



17210

8.3
3.62

61.5

-52

0.54

1 . 6 6

 ABA 8 ICP Metals Data
iamatosum Mine

 5 (Blend Control Alkalinity Removed)

nitial Sample Weight (dry) (g)

 Results:
Paste

 (Total)
% S (Sulphate)
%  (Sulphide)
%  (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne 
SNNP (tonne 
RNNP (tonne 
TNPR
SNPR
RNPR

Surface Area:
Surface Area 

Wetals: (ppm)
Aluminum
Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m

I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
C a
Cr
c o
c u
F e
L a
Pb

MO
N i
P
K
Se

Na

S n

W
V

Data
Not

A v a i l a b l e

Data
Not

A v a i l a b l e

 ABA  ICP Metals Data
 Mine

 5 (Blend Control Alkalinity Removed)

 Sample Weight (dry) (g)

 Results:
Paste
%  (Total)
%  (Sulphate)
%  (Sulphide)
%  (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne 
SNNP (tonne 
RNNP (tonne 
TNPR
S N P R
RNPR

 Area:
Surface Area 

(ppm)
Aluminum
Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l t
C o p p e r
I r o n
L a n t h i u m
L e a d
L i t h i u m
M a g n e s i u m
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
C a
Cr
c o
c u
F e
L a
Pb

Mn

MO
N i
P
K
S e

N a

TI
Sn
Ti
W
V
Z n

Data
Not

A v a i l a b l e

NOTE: When metals were reported as  detection limit, half the value of the detection limit
is shown in italics, and was used in subsequent calculations.





 Cell Data -Column  (Blend  Removed)



 Dab 



 Cell Data -Column  (Bleed  Removed)



 Mine  Cell Data  S  Control  Removed)



 Data -Column  (Blond Control  Removed)



Samatosum Mine Humidity Cell  Column 5 (Blend Control Alkalinity Removed)
Eh  Sulphate vs Cycle
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 Mine Humidity Cell  Column 5 (Blend Control Alkalinity Removed)
Weekly  Conductivity vs Cycle

0 20 30 40 60 70 80 100 110 120 130

Cycle

-y-Weekly +-Conductivity

500



2500

2000

 

1500

1000

500

0

Samatosum Mine Humidity Cell  Column 5 (Blend Control Alkalinity Removed)
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Sulphate vs Conductivity
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Control  of  Acidic Drainage in Lavered Waste Rock: Samatosum 259

B6. Column 6

259  Drainage Assessment  Group



0



P
S
C

re-Test ABA  ICP Metals Data
amatosum Mine

 6 (Mafic Over Oxidized  PAG)

 Sample Weight (dry) (g)  Sample Weight (dry) (g)

 Results:

 S (Total)
 S (Sulphate)
 S (Sulphide)
 S (BaS04)

 (tonne 
 (tonne 

 (tonne 
 (%)

 (t 
 (tonne 
 (tonne 
 (tonne 

D a t a
Not

Available

 Results:
Paste
% s (Total)
% S (Sulphate)
% S (Sulphide)

 S (BaS04)
TAP (tonne 
SAP (tonne 
NP (tonne 
Carbon (%)

 (t 
TNNP (tonne
SNNP (tonne
RNNP (tonne 
TNPR
SNPR
RNPR

 Area:
Surface Area 0.00

 Area:
Surface Area

 (ppm)

Antimony

B a r i u m
B e r y l l i u m
B i s m u t h
Cadmium
C a l c i u m
C h r o m i u m
cobalt

I r o n
L a n t h i u m
L e a d
L i t h i u m
Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
C d
Ca
C r
CO
c u
F e
L a
P b
L i

Mr

MC
N i
P
K
S e

N a
Sr

S t ?
Ti
W
V
Z n

D a t a
Not

Available

 (ppm)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
C a d m i u m
Calcium
C h r o m i u m
Cobalt
Copper
I r o n
L a n t h i u m
L e a d

Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
Phosphorus
Potassium
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e

C d
Ca
C r
c o
c u
F e
L a
P b
L i

M C
N i
P
K
S e

N a
Sr

S n
Ti
W
V
Z n

F

C

D a t a
Not

A

 ABA 8 ICP Metals Data
iamatosum Mine

 6 (Mafic Over Oxidized Foohvall PAG)

Data
Not

Available

N O T E :  W h e n  m e t a l s  w e r e   as   d e t e c t i o n  l i m i t .  h a l f  t h e  v a l u e  o f  t h e  d e t e c t i o n  l i m i t
is shown in italics, and was used in subsequent calculations.



 Cell Data -Column  Over Oxidized 



 Sample Weight (dry) (g) 35815 nal Sample Weight (dry) (g)

re-Test ABA  ICP Metals Data
amatosum Mine
olumn 6 (Mafic Over Oxidized  PAG)

 Results:

 s (Total)
lb S (Sulphate)
 S (Sulphide)
 S (BaS04)

 (tonne 
 (tonne 

 (tonne 
 (%)

 (t 
 (tonne 
 (tonne 
 (tonne 

S N P R
R N P R

8 . 4 5
1.88

5 9

85.95

2 7

1.46

 Area:
Surface Area 1 . 4 8

 (ppm)
A l u m i n u m
Antimony
Arsenic
B a r i u m
B e r y l l i u m
B i s m u t h
C a d m i u m
C a l c i u m
C h r o m i u m
cobalt

I r o n
L a n t h i u m
L e a d
L i i ium
Magnesium
Manganese
Mercury
Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
S t r o n t i u m
T h a l l i u m
Tin

Tungsten
Vanadium
Zinc

Al
Sb
As
B a
B e
B i
Cd
Ca
Cr

C L
F e
L a
P b
L i

MI

N i
P
K

S r
TI

Ti
W
V
Zr

Data
Not

A v a i l a b l e

 ABA  ICP Metals Data
 Mine

 6  Over Oxidized  PAG)

BA Results:

b S (Total)
b S (Sulphate)
 S (Sulphide)
 S (BaS04)

 (tonne 
 (tonne 

 (tonne 
 (%)

 (t 
 (tonne 
 (tonne 
 (tonne 

Data
Not

Available

Area:
 Area 

Molybdenum
N i c k e l
P h o s p h o r u s
P o t a s s i u m
S e l e n i u m
Silver
S o d i u m
Strontium
T h a l l i u m
Tin
Titanium
Tungsten
Vanadium

 (ppm)

Zinc

B i s m u t h

C a l c i u m
C h r o m i u m
C o b a l t

I r o n
L a n t h i u m
L e a d
L i i ium
M a g n e s i u m
M a n g a n e s e
Mercury

M O
N i
P
K
Se

N a
Sr
TI
Sn
Ti
W
V
zn

Al
Sb
As
B a
B e

C d
C a
Cr Data
co Not
c u A v a i l a b l e
F e
L a
Pb
L i

Mn

NOTE: When metals were reported as  detection limit, half the value of the detection 
is shown in  and was used in subsequent calculations.



   Cel l   -Column  6  Over    PAQ)

I
 I 1 8 8 9 9 7.05 357 0.0 1 5 9 1.62 32.1 52.70 5255 90.58 36 3595 NA 55.0 91.06 106.3 67.39
 1 9 1 0 0 0.0 49 1.62 26.05 5 4 5 1 90.34 1 6 3736 27.1 59.8 7960 52.0 1 1 2 4 4 86.92

Mean   8 8.01 1 6 9 250 2 0.0 35 0.89 21.6 17.91 6 7 4 7 88.04 1 2 4617 18.7 39.6

75%   534 392
50%   1321 935 924
25%   2107 1 4 7 0 1 5 1 4
0%   2020 2104

I I
             from   and     

I I I I I I I I I I I I
I



 Mine  Call Data -Column  Over 



 

I
0.05 0.001 0.01 I

70 I
7 1 I

,   ,
  

I I  I I I I  I I I I I I I I
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MINERALOGY AND GEOCHEMISTRY

534 ELLIS STREET, NORTH VANCOUVER, B.C., CANADA TELEPHONE (604) 929-5667

Report for: Morwijk Enterprises,
2401  289 Drake St.,
VANCOUVER, B.C.

Report 96-96

September 24, 1996

PETROGRAPHIC EXAMINATION OF SAMPLES FROM THE SAMATOSUM DEPOSIT

Introduction:

Two samples of crushed rock (designated COL. 1 and COL. 
representing the end products of prolonged simulated weathering in
humidity cells, were forwarded by Chemex Labs. Portions of the
1 10 mm size fractions from each sample were briquetted in epoxy
and prepared as polished thin sections.

Summary:

Sample 1 consists of fine-grained, quartz-rich rocks of 
sedimentary and  aspect. Carbonate is rare  its
estimated overall abundance in the sectioned material being about
0.2%. The estimated overall sulfide content is about as sporadic
fine-grained disseminations of pyrite. Rare traces of sphalerite
were also seen.

The constituent rock fragments show surface staining by transported
limonite and/or encrustation and incipient cementation by limonite-
impregnated, mica-rich fines. Pyrite in the rock matrices shows
no recognizable effects of oxidation. It would appear that, under
the conditions of the test, oxidation of sulfides was confined to
liberated, micron-sized grains in a minor slimes-sized component
of the crushed sample.

Sample COL. 4 consists of fragments of greenstone 
 probably original andesitic tuffs or volcaniclastics. They consist
dominantly of intergrowths of plagioclase, chlorite, actinolite and
carbonate. The overall carbonate is estimated as 18%.

Sulfides are rare (estimated 0.3% overall), and restricted to a very
few fragments. They consist of sparsely disseminated subhedra of
fresh pyrite up to 0.3 mm in size.

The rock fragments making up this sample are notably clean. They
show no surface staining or ferruginized coatings. This is also



PHOTOMICROGRAPHS

All photos are at a scale of 1  cm = 170  microns.

SAMPLE COL. 1

Neg. 406-18: Reflected light. Example of relatively abundant
development of disseminated pyrite in a siliceous rock matrix. The
pyrite is fresh. Two grey grains (left centre) are sphalerite.

Neg. 406-19: Cross-polarized transmitted light. Same field as
406-18 . Matrix at left side of field is varigranular quartz (greys).
That at right includes a band of fine-grained sericite 

Neg. 406-20: Reflected light. Example of the greywacke lithotype
commonly represented in this sample. Field includes sparse
disseminated pyrite (white) and a diagonal microfracture (dark)
delineated by local development of limonite. The pyrite grains show
no evidence of oxidation.

Neg. 406-21: Cross-polarized transmitted light. Same field as
405-20 . rock is composed of discrete quartz grains in a silty matrix
of quartz and sericite.

Neg. 406-22: Plane-polarized transmitted light. Fine-grained quartz
aggregate (probable  with vari-granular disseminated pyrite

equant black grains). Dark area at bottom is part of an
encrustation of limonite-cemented slimes coating the surface of the
rock fragment. Minor diffuse limonite staining (brown) is developed
in the body of the rock.

Neg. Reflected light. Same field as Note that
the pyrite grains show no evidence of oxidation (in the form of
limonite rims or leached outlines), even immediately adjacent to
the surface coating of limonite. The latter is indicated as being
of  (redistributed) origin  not derived from in-situ
oxidation of the pyrite in this particular rock fragment.

SAMPLE COL. 4

Neg. 406-24: Reflected light. Example of a rare development of
pyrite, as disseminated, fresh grains in a chlorite-rich matrix.

Neg. 406-25 : Cross-polarized transmitted light. Same field as
406-24 . Dark olive green is chlorite.  grains are quartz.
Tan  (lower right) are carbonate. The pyrite grains (opaque)
appear black.



true of the concentrations of carbonate within the fragments.
It would appear that little or no reaction has occurred under the
test conditions. The large excess of carbonate present can be
expected to have neutralized any incipient generation of acid.

Individual sample descriptions are attached, together with
illustrative photomicrographs.

J.F. Harris Ph.D.



SAMPLE: COL. 1

Estimated mode

Quartz 83
Sericite 12
Chlorite

Carbonate 0 . 2
Pyrite 1

Sphalerite trace
Limonite 0 . 3

This sample consists of fragments of a variety of lithotypes 
dominantly of siliceous  and probable meta-sedimentary
and/or meta-volcanic exhalative affinities.

They include greywackes composed of quartz grains, 50  500 microns
in size, in a silty matrix with minor accessory sericite;
microgranular quartz and quartz/sericite rocks (possible
intensely sheared quartz aggregates; coarsely granular vein-type
quartz; and compact aggregates of cryptocrystalline chlorite.

Carbonate is very minor. It was seen in only 2 of the 32 fragments
making up the thin section. These two occurrences consist of
disseminated small grains of carbonate in a compact chlorite rock;
and interstitial pockets of carbonate in a fragment of coarsely
granular, vein-type quartz.

Sulfides are also minor, but somewhat more widespread than the
carbonate. About 7 of the 32 constituent fragments contain an average
of 5% pyrite. This occurs as  fine-grained disseminations
of grains 5 100 microns in size, locally aggregating as small
clumps. Rare, small grains of sphalerite were seen in a couple of
fragments.

The rock fragments making up this sample typically show surface
staining by limonite and/or have thin surface coatings of limonite-
cemented micaceous fines. These ferruginized slimes sometimes
incorporate small, discrete rock chips, and act as a potential
cementing agent to the larger fragments.

The incidence of ferruginous coatings appears independent of the
presence or absence of sulfides in the fragments. Where pyrite does
occur in the body of the rock, it shows no recognizable evidence
of oxidation. This is true even of those grains immediately adjacent
to the limonite-stained surfaces. Apparently the latter effect
represents the redistribution of Fe from oxidation of liberated
sulfides in a minor slimes-sized component of the sample.



Neg. 406-26: Cross-polarized transmitted light. Example of a banded
concentration of carbonate (abundant in this sample). This takes
the form of an equigranular aggregate of carbonate (tan 
intergrown with plagioclase (grey). The upper half of the field
(dark/orange) is a compact aggregate of fine-grained actinolite.

Neg. 406-27: Reflected light. Fragment at upper left is compact
chlorite (greenish) with disseminated pyrite (one of the few
occurrences of sulfides in the thin section). The other fragment
is rich in carbonate (light-coloured flecks). Note freshness of
the pyrite, and lack of limonite staining or coatings on the fragment
surfaces.
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