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SUMMARY/SOMMAIRE

A geochemical, hydrogeological and hydrological study of the Kidd Creek tailings

impoundment was initiated in August 1991 at the request of Falconbridge Limited, Kidd Creek

Division.  This study is part of a larger investigation which is intended to aid in the

development of a comprehensive, long-term environmental management program for the Kidd

Creek tailings.  The goals of the Waterloo Centre for Groundwater Research study were to

characterize the hydrogeological flow system, the geochemical interactions between the

tailings pore water, pore gas and solids and to determine the influence of discharging tailings

pore water on the quality of run off from the tailings surface during storm events.  The results

of the research could then be used to aid in predicting the future effluent quality.

The elevated central area of the tailings cone is a groundwater recharge area where

precipitation infiltrates and moves downward to replace pore water that flows away from this

area.  Recharge rates vary from a maximum near the apex of the tailings cone and decline

outward toward the perimeter road.  The dominant pore-water flow direction is radially

outward from the centre of the impoundment to discharge in the flat-lying peripheral areas of

the impoundment.  Some pore-water flow occurs downward and inward toward the spigot road

in the centre of the impoundment.  This road is constructed of more permeable material than

the tailings and is a drain for the elevated central tailings.

The current practice of co-disposing natrojarosite with sulfide-rich tailings at Kidd

Creek introduces the natrojarosite to a neutral-pH and low-EH environment in which it is

thermodynamically unstable.  Geochemical modelling suggests that conditions favouring
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natrojarosite dissolution are present throughout most of the tailings impoundment.  Results of

this study indicate that the natrojarosite is dissolving, causing the release of Na, K, Mg, Mn,

Fe, Zn, Pb, As, HCO3 and SO4 to the pore water.   Mineralogical studies indicate that a

significant mass of natrojarosite remains in the tailings representing a long term source of

contamination.  Increased Fe 2+ concentrations in the pore water may cause acid drainage if

seepage occurs around the perimeter of the tailings impoundment.

The effects of natrojarosite dissolution on the pore-water composition can be

distinguished from the effects of sulfide oxidation.  Natrojarosite dissolution increases the

pore-water concentrations of Na, K, Fe, Pb, As and SO4 directly, and increases the

concentration of Mg, Mn, Fe and HCO3 indirectly through carbonate-mineral dissolution. 

Increases in Zn concentration result from natrojarosite disposal due primarily to the release

of Zn retained within the aqueous phase of the natrojarosite residue.  Sulfide oxidation

generates low-pH conditions in the pore water near the surface and further increases the

concentrations of Mg, Mn, Fe, Zn, Pb, As and SO4, as well as increasing the concentrations of

Al, Cd, Co, Cr, Cu, and Ni.  

Sulfide oxidation also causes the dissolution of carbonate minerals, thereby initially

increasing the pore-water concentration of HCO3; continued oxidation, however, will consume

the carbonate-mineral acid-neutralization capacity of the tailings and will subsequently deplete

the pore-water alkalinity.  Sulfide oxidation has been limited by continuous tailings deposition

on most of the main tailings cone.  As a result, there is no discernable depletion of sulfur at

the surface.  Due to variability in the initial carbonate content of the tailings, there is no
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distinguishable depletion of the carbonate-mineral content.

Assuming there are no changes to the present tailings surface due to erosion or

reclamation operations, sulfide oxidation modelling suggests that the most intense sulfide

oxidation will occur in the first 20 years that the tailings are exposed to the atmosphere. 

Oxidation rates and resultant Fe- and SO4-loading rates will decline after that period as the

process becomes limited by O2 diffusion into the tailings pore spaces.  The products of sulfide

oxidation reactions (dominantly aqueous Fe(II) and SO4), produced during that 20 year period,

will move through the tailings with the pore water.  The residence time for the reaction

products in the pore water, prior to discharging, will range from 0 to 1000's of years.

Hydrological studies were conducted to determine the amount of low quality tailings

pore water contributed to the surface run off from the impoundment during storm events.  The

maximum measured pore-water contribution to the run off was 23.5% during a moderate

intensity, long duration rainfall event.  The long duration rainfall events which cause the water

table to rise throughout the tailings impoundment represent the greatest potential for

contributing low-quality pore water to the surface-water effluent.
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1. SITE DESCRIPTION

The Kidd Creek Cu-Zn sulfide mine is located 20 km north of Timmins, Ontario (Fig.

1.1).  The ore is milled and concentrated at a metallurgical site located approximately 25 km

east of Timmins.  Tailings from the mill are disposed of in a 1200 ha impoundment at the

metallurgical site.  The Thickened Tailings Disposal method employed at Kidd Creek

(Robinsky et al., 1991) has resulted in the formation of a circular, conical-shaped tailings pile

(Fig. 1.1) which is currently 15 m thick at the apex of the cone and 2 to 3 m thick near the

perimeter.  Thickened Tailings Discharge minimizes hydraulic sorting of grain sizes which is

common in conventional tailings disposal techniques (Robinsky et al. 1991; Robertson, 1994). 

At Kidd Creek the tailings grain size is uniformly distributed between clay (0.001 mm) and

fine sand (0.5 mm).  Kidd Creek produces approximately 8,000 to 10,000 tonnes per day (tpd)

of tailings which contain 10 to 25 wt% pyrite, 1 to 2 wt% pyrrhotite and 1 to 2 wt% combined

sphalerite, chalcopyrite and galena (Al et al. 1994a).

At Kidd Creek, natrojarosite [NaFe 3(SO4)2(OH)6] is produced in the zinc refinery as a

method of removing Fe from Fe- and Zn-SO4 solutions.  Since 1985, the tailings that have

been disposed of in the impoundment contained approximately 2.5 wt% natrojarosite resulting

in a layer between 1 and 4 m thick at the surface that contains natrojarosite.  The underlying

tailings are free of natrojarosite.  Kidd Creek produces approximately 300 tpd of

natrojarosite.  Prior to 1985 the natrojarosite was disposed in a dedicated, lined settling pond

on the property; the pond was filled in 1985.

The Kidd Creek ore contains cassiterite (SnO2) which was recovered for a short period
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which cassiterite was recovered by gravity separation.  The residual pyrite concentrate was

disposed of in the southeast area of the present tailings impoundment which is referred to as

the pyrite cone.  Approximately 3 million tonnes of this concentrate, containing 80% pyrite,

were produced and then the tin recovery was discontinued.

2. GOALS AND OBJECTIVES

The goal of this study is to integrate knowledge of geochemical, hydrogeological and

hydrological processes occurring in the Kidd Creek tailings impoundment to construct a

conceptual model for the physical and chemical evolution of the tailings.

The principal objectives required to accomplish this goal are:

1) to determine the geochemical mechanisms that are responsible for changes in the tailings

pore-water composition through time,

2) to use the data provided from the geochemical sampling during consecutive summers to

determine the relative importance of the various mechanisms on the evolution of the pore-

water quality.

3) to define the groundwater flow regime within the tailings,

4) to model sulfide oxidation in the Kidd Creek tailings over a long term to estimate the

loading of Fe and SO4 to the tailings pore water, and

5) to determine the mechanisms of interaction between metal- and SO4-laden pore water, and

surface run off.
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3. PORE WATER CHEMISTRY

3.1 Introduction

Tailings pore water and tailings solids geochemical data were collected from numerous

piezometer nests within the tailings impoundment.  The data were used to distinguish the

effects of various processes such as sulfide oxidation reactions and mineral precipitation and

dissolution reactions on the current pore-water geochemistry.  Geochemical speciation

modelling was used to aid the interpretation of precipitation/dissolution reactions that may

affect the pore-water chemistry.  Interpretation of mass transfer reactions between the pore

water and tailings solids was further aided by mineralogical studies of the tailings solids

conducted by Dr. J. Jambor at the Canada Centre for Mineral and Energy Technology

(CANMET) (Jambor et al., 1993).

3.2 Methods of Investigation

Samples of the pore-water from surface, to the silt/clay underlying the tailings, were

collected along three sections across the impoundment from the central spigot road to the

perimeter road (Fig. 1.1).  Data were collected from a total of 25 piezometer nests on the main

tailings cone and three piezometer nests on the pyrite cone.  Core samples were collected

from most piezometer nests for analysis of the mineralogy and the solid-phase major and

trace-element composition.  The samples were collected between August 1991 and July 1993. 

Locations of piezometer nests on the main tailings were selected to be representative of the

most oxidized to the least oxidized tailings.  This was accomplished by selecting locations
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where the time between the most recent tailings disposal and the geochemical sampling varied

from approximately 2 weeks (KC14-least oxidized) to 7 years (KC1-most oxidized).  

3.2.1 Tailings Pore Water - Vadose Zone

Pore water from the vadose zone at all nests was sampled by collecting cores in thin-

walled aluminum casing, 7.62 cm in diameter.  The cores were cut into lengths of 20 to 25 cm,

and pore water was squeezed from each section using a method similar to that described by

Patterson et al. (1978), as modified by Smyth (1981) (Fig. 3.1).  This method minimizes

oxidation of Fe(II) by atmospheric oxygen during sample collection.  All pH and EH

measurements were made in the field.  Determinations of pore-water pH and EH were made at

least three times during the collection of each sample to obtain results that were reproducible

to within +/- 0.05 pH units and +/- 20 mV.  The pH electrode (Orion Ross combination pH

electrode, Model 815600) was calibrated with standard buffers at pH 4 and 7, and the EH

electrode (Orion platinum redox electrode, Model 96-7800) was checked regularly with

Zobell's solution (Garrels, 1960), and Light's solution (Light, 1972).  Sample volumes of 40 to

80 mL were obtained from most core sections.  Samples were filtered through 0.45-µm

cellulose acetate filters, then were split into two volumes.  One of the subsamples was

acidified with 12 N, analytical grade HCl to a pH of less than 1 for cation analysis, and the

unacidified subsample was used for anion analysis.  All samples were refrigerated until they

were analyzed.  The acidified pore-water samples were analyzed for Ag, Al, As, Ba, Ca, Cd,

Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Rb, Se, Si, Sr and Zn by atomic absorption
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spectroscopy.  The unacidified samples were analyzed by ion chromatography to determine

the concentrations of Cl, NO3, PO4, and SO4. Most samples were analyzed at the Water 
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Quality Lab at the University of Waterloo with the exception of 25 samples which were

analyzed by the analytical lab at the Kidd Creek Metallurgical Site.  Determinations of the

pore-water alkalinity were made in the field on subsamples of 3 to 10 mL using methyl red,

bromcresol green indicator (Greenberg et al., 1992) and a Hach Chemical Company digital

titrator.

3.2.2 Tailings Pore Water - Saturated Zone

Pore water from the saturated zone was collected with a peristaltic pump, in

polyethylene lines, from polyethylene-lined stainless steel or PVC, single-completion drive-

point piezometers (Fig. 3.2) installed at regular intervals of 1 to 2 m between the water table

and the base of the tailings.  The method of sample collection from single-completion drive-

point piezometers is similar to that used by Dubrovsky et al. (1984) and Coggans et al. (1991). 

The stainless steel piezometers have a screened interval that is 15 cm long and 1.25 cm in

diameter; the screened interval in the PVC piezometers is 15 cm long and 3.2 cm in diameter. 

All piezometers were bailed dry prior to sampling.  Measurements of pH and EH were made in

a sealed flow-through cell, maintained at groundwater temperature of 5 to 10o C.  Samples

were filtered with 0.45-µm cellulose acetate filters and were split into two subsamples.  One of

the subsamples was acidified, and the other was left unacidified.  The samples were

refrigerated until they were analyzed.  Groundwater temperatures were measured with a

thermistor probe in the piezometer tip after the sample was collected.  Alkalinity

determinations were made on all samples using 25 to 100 mL subsamples, a Hach 
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3.3 Results and Discussion

Pore-water data from four piezometer-nest locations (KC1, KC3, KC11 and KC14) are

referred to in discussing the effects of sulfide oxidation and natrojarosite co-disposal with the

tailings on pore-water quality.  At piezometer nest KC1 (Fig. 1.1), limited tailings deposition

has occurred for the past 5 to 7 years, and the tailings near the surface are affected by sulfide

oxidation to a depth of 20 to 40 cm.  Tailings at piezometer nest KC3 are near the point of

discharge, and the nearly continuous deposition at this location prior to the initial sampling in

1991 limited the extent of sulfide oxidation.  The water table has remained near the surface at

KC3 due to continued deposition nearby, consequently, there is very little evidence of sulfide

oxidation.  Tailings had been deposited at the location of KC11 until 6 months prior to

sampling in 1991.  When tailings deposition ceased at KC11, the water table at this nest

declined to maximum depths of between 6 and 7 metres during the dry summer months due to

proximity to the permeable spigot road.  As a result of the lower water table, the moisture

content of the tailings at the surface declined more than at other piezometer nest locations. 

The surface has been exposed at KC11 since 1991 and the surface samples from 1992 and

1993 record the evolution of geochemical characteristics attributable to sulfide oxidation.  The

initial sampling (1992) at KC14 was completed within 1 week of the cessation of tailings

deposition, these samples represent the initial chemical condition for pore water within the

tailings impoundment.  Follow-up sampling was done at this piezometer nest in 1993 and

comparison of the 1993 results with the data from 1992 reveal the changes that occur in the 
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pore-water geochemistry subsequent to tailings deposition.  Comparison is also made between

the pore-water composition from the tailings and the composition of the present mill-discharge

water (Table 3.1).

Measurements of concentrations of dissolved constituents in samples from all of the

vadose zone and saturated zone sampling points are presented in tabular form in Appendix I

and in graphic form in Appendix II.   Some general trends in the chemistry at all piezometer

Table 3.1 (see following page)



Table 3.1  Mill Discharge-water Composition
                                                                                    

Cations (mg/L)
1991 1992   Average

Ca 654 684 669
Mg 10.5 12.7 11.6
Mn 0.95 3.08 2.11
Na 47.3 50.3 48.8
K 25.7 20.4 23.1
Al <0.02 <0.02 <0.02
Fe 0.05 <0.05 <0.05
Zn 0.55 9.06 4.81
Cu 0.07 0.31 0.19
Ni 0.07 0.15 0.11
Co 0.05 0.10 0.08
Cd 1.23 0.16 0.70
Asa <3.0 3.5 1.8

Anions (mg/L)

SO4         1520       1780         1650
Cl 24.4 24.6 24.5

 HCO3 15.0 50.4 32.7
                                                                                    

Samples collected from the tailings thickener overflow.
Natrojarosite is added to the tailings prior to thickening.

a concentration in µg/L
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nests are evident and the data define four zones: the silt/clay underlying the tailings, the deep

zone where the pore water composition is similar to the mill-discharge water, the intermediate

to shallow zone where the pore water has been affected by natrojarosite disposal and the

shallow zone where sulfide oxidation has affected the pore-water composition.  Table 3.2

shows the range of concentrations of the metals and anions in Zones 2, 3 and 4 in two

representative profiles.

3.3.1 Zone 1 - Silt/Clay Underlying the Tailings
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At most piezometer nests the samples from the deepest one or two piezometers (Zone

1) are distinct in that there is high alkalinity and low SO4 concentrations.  In some cases Ca

concentrations decrease significantly in these deep samples (eg. KC1, KC3, KC4, KC6,

KC13).  In this interval the concentrations of other metals are all low to below detection, the

pH is between 6 and 7.5 and the EH is generally between 100 and 200 mV.  In some cases the

EH values in the saturated-zone samples are unusually high (eg. 1992 data at KC14) indicating

that oxidation of the Fe 2+ in the water column occurred in the 24 hours between purging and

sampling of the wells.  These deep samples are probably from the varved silt/clay soil present

below the tailings.  Cluster analysis, using the partitioned cluster method (Wilkinson, 1990),

was performed on pore-water geochemical data from most of these piezometers to support

this inference.  The analysis was conducted with 2 clusters, one to represent tailings and

another to represent the clay substrate.  The chosen variables were Ca, SO4 and HCO3: Ca

and SO4 because the mill discharge-water, which forms the tailings pore water, is near

saturation with respect to gypsum (CaSO4
.2H2O); HCO3 because high pore-

Table 3.2 (see following page)



Table 3.2 Elemental concentration ranges for 3 geochemical zones
at sites KC1 and KC3.

                                               Zone 4                   Zone 3                   Zone 2          
KC1

Depth (m)   0-0.6   0.6-3.0       3.0-6.0
    Na          885-911       447-861       71-84
    K           29-56         45-58         19-31
    Ca          432-454       433-486       444-450
    Mg          483-3190      270-773       155-247
    Mn          1.6-641       0.7-4.7       0.7-1.0
    Fe          266-991       1-239         2-8
    Al          0-71       -             -
    Zn          2.3-6210      0.4-5.3        0.4-0.5
    Pb         0.27-1.93     0-0.24       -
    Cu          0-38.0       -             -
    Cd          0-33.2 - -
    Co        0.1-27.1         -             -
    Cr          0-0.3         -             -
    Ni          0.1-5.4          -             -
    As (µg/l)    126-353       0-146          -
    SO4      5180-27100    3000-5410     1860-2470
    HCO3        0-141      64-239        91-136
                                                                                                                                  
KC3
    Depth (m)     0-0.2 0.2-6.0       6.0-10.0
    Na         983 550-1460      88-123
    K            89  44-78         16-28
    Ca         451   369-496       451-484
    Mg         706       170-359           71-175
    Mn           22   1.0-11.7      0.8-1.5
    Fe         330  74-512        8-19
    Al           -             -             -
    Zn              4.7         0.65-7.2      0.2-0.4
    Pb              0.14     0.1-0.2          -
    Cu            -             -             -
    Cd            -             -             -
    Co              0.11       -             -
    Cr            -             -             -
    Ni              0.1         -             -
    As (µg/L)      38.8     15.0-106.0    3-22
    SO4                6240        2970-5580     1660-3740
    HCO3        540      221-372       48-58
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water alkalinity occurs in many of the deep samples and in samples from piezometers within

the clay, outside the impoundment.  Almost all of the samples from the deepest piezometers at

each nest were distinguishable from the overlying samples by the cluster analysis method

suggesting that these piezometers are located within a different geochemical environment.

It is uncertain what chemical mechanism is responsible for the unusually high alkalinity

in these deep samples.  Acid neutralization reactions are an unlikely mechanism since there is

no apparent source of acidity.  One possible mechanism is sulfate reduction (reaction 1).  

[1] 1/2SO4
2- + CH2O   6    1/2HS- + 1/2H+ + HCO3-

At most piezometer nests, high alkalinity concentrations are coincident with very low SO4

concentrations, however, it is possible that if the samples are from the underlying soil, the low

SO4 may be a natural characteristic of the soil.  The submerged forest undergrowth at the

base of the tailings could contribute organic material for growth of heterotrophic sulfate-

reducing bacteria.

3.3.2 Zone 2 - Mill-Discharge Water Zone

A second geochemical zone (Zone 2) occurs above the deepest samples.  In this zone

there are low concentrations of Fe, Mg, Mn, Na, K, Zn, HCO3 and SO4; most other metals are

below detection, the pH is near-neutral and the EH is between 100 and 200 mV. The pore

water composition in Zone 2 (3 to 8 m at KC1, 5 to 10 m at KC3, 10 to 11 m at KC11 and 6 to

8 m at KC14) is similar to the present mill-discharge water composition.  In this zone there

has been very little change in the pore-water composition since the tailings were deposited,
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suggesting that the solid phases present within these tailings are relatively stable.  As an aid

to determining the mechanisms controlling the pore water composition in this zone, the

equilibrium geochemical speciation model MINTEQA2 (Allison et al., 1991) was used to

model the pore-water geochemical speciation and calculate saturation indices for mineral

phases.  A saturation index is the log of the ratio of a ion activity product (IAP) for the ionic

components of a mineral and the thermodynamic equilibrium constant (Ksp) for the respective

mineral (Nordstrom and Munoz, 1986):

SI = log(IAP/Ksp)

A negative SI indicates that the solution is undersaturated with respect to the mineral, zero

indicates conditions of equilibrium with respect to the mineral, and a positive SI indicates that

the solution is supersaturated with respect to the mineral phase.  Conditions where a solution

is undersaturated with respect to a mineral phase indicates that, thermodynamically,

conditions are favourable for the mineral to dissolve.  Dissolution may not occur, however,

due to kinetic limitations or other inhibiting effects.  Similarly, supersaturation with respect to

a mineral phase suggests that conditions are favourable for the mineral to precipitate. 

Calculated saturation indices for all of the pore water samples for selected phases are

included in Appendix III.

In general, geochemical calculations of saturation indices indicate that the pore water

in Zone 2 is slightly undersaturated to saturated with respect to calcite and dolomite

suggesting that these minerals may be dissolving and contributing Ca, Mg and HCO3 to the

pore water.  The pore water in this zone is slightly undersaturated to saturated with respect to
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siderite.   The pore water is slightly undersaturated to slightly supersaturated with respect to

Fe(OH)3 and supersaturated by several orders of magnitude with respect to goethite a-

FeO(OH) and lepidocrocite ?-FeO(OH).  These saturation indices suggest that the pore-water

ferric-iron concentration is controlled by precipitation and dissolution of Fe(OH)3.  The pore

water in Zone 2 is undersaturated with respect to jarosite (KFe 3[SO4]2[OH]6), natrojarosite

(NaFe 3[SO4]2[OH]6) and hydronium jarosite (H3OFe3[SO4]2[OH]6).  In general, the pore water

throughout the tailings is saturated with respect to gypsum.  Gypsum has been detected by X-

ray diffraction in most of the tailings samples (Jambor et al., 1993) indicating that gypsum

precipitation controls the pore-water concentrations of Ca and SO4.

3.3.3 Zone 3 - Natrojarosite Affected Zone

When the results of the first set of geochemical samples were received there were

indications that the natrojarosite that has been co-disposed with the tailings since 1985 was

affecting the pore-water quality.  Natrojarosite is thermodynamically unstable in the reducing

conditions within sulfide-rich tailings (Alpers et al., 1989; Brown, 1971; Dutrizac, 1980;

Kershaw and Pickering, 1980).  A subsequent objective was defined to determine if

natrojarosite is stable in the tailings impoundment.  The concern was, if the natrojarosite was

dissolving, the ferric iron released could cause anaerobic oxidation of the sulfides in the

impoundment by reaction 2.

[2] 14[Na0.75K0.01(H3O)0.24]Fe3(SO4)2(OH)6 + 3FeS2 6

21/2Na+ + 7/50K+ + 84/25H3O+ + 34SO4
2- + 45Fe 2+ + 36(OH)- + 24H2O
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At intermediate to shallow depths within the tailings there is a third zone (Zone 3) that

displays increased concentrations of Fe, Mg, Mn, Na, K, Zn, Pb, As, HCO3 and SO4.  The

thickness of this zone is variable throughout the tailings cone, however, it is thickest (8 to 10

m at KC11) at the apex of the cone, near the spigot road, and thins outward toward the

perimeter (0.25 m or less at KC6).  Among the principal constituents in the Kidd Creek

natrojarosite are Fe, Na, K, Pb, and SO4.  Sodium is the principal occupant of the monovalent

cation site of the natrojarosite produced at Kidd Creek with substitution of smaller amounts of

K and H3O+  (detailed chemical analyses of the natrojarosite are given in Table 3.3).  The high

concentrations of Na and K in the pore water in this zone are best explained by the dissolution

of natrojarosite.  The only alternative sources of these cations within the tailings are the more

stable silicate minerals albite, muscovite, stilpnomelane and amphibole, and the presence of

low concentrations of Na and K in the pore water in Zone 2 suggests that these minerals are

relatively stable in contact with the mill discharge water.  The ratios of Na to K in the tailings

pore water in Zone 3 range from 10 to 20, similar to the average Na/K ratio of 23.7 in

natrojarosite samples from the natrojarosite disposal pond (Jambor and Owens, 1992). 

Similarly, the increased concentrations of Fe, SO4, and Pb, which are significant components

of the natrojarosite (Table 3.3), can be attributed to natrojarosite dissolution.  The increased

concentrations of As in the pore water at this depth may also have resulted from natrojarosite

dissolution.  Minor solid-solution incorporation of As in jarosite at Kidd Creek and elsewhere

is well known (Dutrizac and Dinardo, 1983; Scott et al., 1986; Dutrizac and Jambor, 1987). 

Increased concentrations of Zn and As also may be due to retention of Zn and As in the
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aqueous phase during co-disposal (Jambor and Owens, 1992).  Electron-microprobe analyses

of natrojarosite samples collected from the Kidd Creek natrojarosite disposal pond indicated

average concentrations of 0.165 wt% As and 6.69 wt% Zn (Table 3.3).  The increased

concentrations of Mg, Mn and HCO3 in this zone (Table 3.2) may result from carbonate-

mineral dissolution following natrojarosite dissolution (reactions 3 and 4).

[3] [Na0.75K0.01(H3O)0.24]Fe3(SO4)2(OH)6 + 3H2O 6

Table 3.3 (see following page)



Table 3.3  Analyses of Natrojarosite Residue (Jambor and Owens, 1992)
                                                                                                    
                RANGE              MEAN    s        MINERALOGICAL SITE
              Min.    Max.                                                                      

Na 1.91 2.97 2.37  0.25   natrojarosite
K   0.06 0.16   0.10   0.03   natrojarosite
Ca 0.07 0.30  0.15  0.05   gypsum
Mg 0.05  0.11  0.08 0.02   Mg sulfate
Zn 3.93  8.04  6.69 1.21   Zn ferrite,natrojarosite, Zn sulfate
Cd 0.03 0.08 0.05 0.01   Zn ferrite
Ina       370.   1242. 728. 210. natrojarosite
Pb  0.72  2.97 1.63 0.54 plumbojarosite, anglesite
Aga  151.  511. 308. 90. natrojarosite, Ag sulfate
Cu    0.12  0.49 0.34 0.09   covellite, Cu sulfate
Fe   25.30 31.80 28.53  1.65 natrojarosite, Zn ferrite
S     8.58 24.60 12.36  4.82   So

As    0.08 0.32  0.16 0.06   natrojarosite
SO4  25.22 31.41 27.77 1.83   natrojarosite, various sulfate salts
H2O  26.06 36.82 32.00   2.97   
 
                                                                                                    
   n = 17

a g/kg, all other values in wt%

Small amounts of Mn, Sn, Al and SiO2 occur in the residue from MnO2 and
  Mn sulfate, cassiterite, natrojarosite, "silica gel" and quartz, respectively.

Silica gel is the amorphous hydrated-alumina-silica product of acid leaching chlorite.



21

3/4Na+ + 1/100K+ + 24/100H3O+ + 2SO4
2- + 3Fe(OH)3 + 3H+

[4] H+ + (Ca,Mg,Fe,Mn)CO3 6  HCO3
- + (Ca,Mg,Fe,Mn)2+

The change in pore water composition that results from natrojarosite disposal can be

observed in the geochemical data from KC14, 15, 17, 18, 19 and 20.  In 1992 tailings were

deposited at the surface at these piezometer nest locations.  The pore water geochemistry

from that year displays a gradual increase with depth in the concentrations of Na, K, Fe, Mg,

Mn, Zn, HCO3 and SO4.  The new tailings display pore-water concentrations that are similar

to the mill-discharge water but as natrojarosite dissolution proceeds, the concentrations of

natrojarosite-related components increase.  Subsequent sampling in 1993 at KC14 shows that

the pore-water concentrations of these components near the surface are similar to the

respective concentrations within Zone 3, where natrojarosite has been in contact with the pore

water for greater than 1 year.

In Zone 3, Cu, Ni, Co, Cd, Se, Cr, Ag, Ba, Al, NO3, and PO4 remain at, or below their

detection limits.  There is commonly a slight decrease in EH in this zone.  In the tailings pore

water, the dominant redox-sensitive species are Fe 2+ and Fe3+.  The decrease in EH may be

caused by increased activities of Fe 2+ that result from natrojarosite dissolution, and the

subsequent oxidation of pyrite (reaction 2).  This reaction consumes Fe 3+ and produces Fe 2+,

resulting in a decrease in EH.  Increased activity of Fe(II) in the pore water may also be

caused by dissolution of Fe-bearing carbonate minerals (reaction 4).

In general within Zone 3, geochemical calculations using MINTEQA2 indicate that the

pore water is undersaturated with respect to calcite and dolomite, and is slightly
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supersaturated with respect to siderite.  The pore water within this interval is generally

undersaturated with respect to carbonate minerals of Zn, Mn, Cd and other metals.  These

results suggest that H+ generated by natrojarosite dissolution (reaction 3) may be consumed

by the dissolution of calcite and dolomite (reaction 4).  Morin et al. (1988) inferred that

precipitation of siderite occurred as a consequence of pH-buffering by calcite dissolution in an

aquifer affected by acidic Fe- and SO4-rich tailings drainage water near Elliot Lake, Ontario. 

The observed supersaturation with respect to siderite and undersaturation with respect to

calcite and dolomite is consistent with that inference.  Geochemical calculations also indicate

that the pore water is undersaturated with respect to jarosite, natrojarosite and hydronium

jarosite, suggesting that natrojarosite dissolution, through reactions 2 or 3, is favoured.  The

water in this zone is generally supersaturated with respect to goethite, lepidocrocite, and

akaganeite, and is very close to saturation with respect to Fe(OH)3.  Near-saturation with

respect to Fe(OH)3 suggests that Fe(OH)3 may be precipitating as Fe 3+ is released by

natrojarosite dissolution.

Natrojarosite dissolution causes partial consumption of the acid-neutralization capacity

of the tailings solids.  The total carbonate content consumed by the co-disposal of 3 wt%

natrojarosite has been estimated with the assumptions that 100% of the natrojarosite

dissolves, that 75% contributes Fe 3+ to the precipitation of ferric hydroxide (reaction 3), and

that 25% contributes Fe 3+ to the oxidation of pyrite (reaction 2).  The 3 wt% natrojarosite (30

kg/t, or 62 mol/t) contributes 139.5 mol/t of Fe 3+ to the precipitation of ferric hydroxide which

generates 139.5 mol/t H+.  The oxidation of pyrite generates 32 mol/t OH-, resulting in a net
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production of 107.5 mol/t H+.  Neutralization of this H+ by carbonate dissolution (reaction 4),

assuming a combined carbonate-mineral composition of (Ca0.2,Fe0.73,Mg0.06,Mn0.01)CO3,

consumes 11.91 kg/t of carbonate or 0.67 wt%.  The initial carbonate content of the Kidd

Creek tailings is approximately 7 wt%, so the co-disposal of 3 wt% natrojarosite with the 

tailings can be expected to consume approximately 9.6% of the total carbonate acid-

neutralization capacity.  However, mineralogical studies indicate that not all of the

natrojarosite has dissolved and, as a result, the estimate of carbonate-mineral consumption is

probably high.

Natrojarosite dissolution contributes soluble Fe(II) to the pore water (reaction 3 and 4

combined and reaction 2) which can migrate and discharge at the surface of the tailings.  The

discharge of Fe(II), and the oxidation of Fe(II) to Fe(III), followed by hydrolysis and

precipitation of a ferric oxyhydroxide mineral (reaction 5) can create acidic drainage in

unbuffered geochemical systems (Fig 3.3).  If the pore-water concentration in moles of Fe(II)

is less than half the concentration of HCO3 then the oxidation of Fe(II) upon discharge of the

pore water will not generate acidic drainage.  The ratios of Fe(II) to HCO3 in the pore water of

the tailings are shown in Figure 3.4.  In Zones 1 and 2 it is obvious that most of the pore water

would not generate acid drainage after discharging.  The pore water in Zones 3 and

4,however, are potentially acid generating. 

[5] Fe2+ + ¼O2 + 2½H2O 6  Fe(OH)3 + 2H+
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The zones of increased Na,

K, Fe, Mg, Mn, Zn, Pb, As HCO3

and SO4 concentrations that define

Zone 3 are characteristic of all

piezometer nests within the Kidd

Creek impoundment where

natrojarosite has been added to the tailings.  This pore-water geochemical zone commonly

extends below the maximum depth of natrojarosite disposal (Fig. 3.5) as determined by

mineralogical analyses (Table 3.4).  The occurrence of natrojarosite-affected pore water at

depths greater than the occurrence of natrojarosite is a result of transport of solutes with

flowing groundwater.  The rates of transport determined from the measured transport

distances and the time since natrojarosite disposal began are within the range of advective

transport rates of non-reactive solutes (0.12 m/yr to 1.5 m/yr as calculated 
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 using the range of measured hydraulic conductivities and hydraulic gradients; Table 3.5).

Table 3.4 (See following page)



       Table 3.4 Thickness of the natrojarosite disposal zone.
                                                                                     
     Site        Depth (m)           Maximum Thickness
             From          To                                                

     KC1      0           0.81             0.81
     KC2      0           3.87             3.87
     KC3      0           4.30             4.30
     KC4      0           1.01             1.01
     KC5      0           1.23             1.23
     KC6      0           0.81             0.81
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Table 3.5 (see following page)



       Table 3.5  Hydraulic parameters and calculated distances for
                   advective solute transport.

                                                                                                       

Minimum         Maximum           

Hydraulic gradient              0.10        0.33

Hydraulic conductivity (m/s)a  2.12 x 10-8    6.22 x 10-8

Porosity                             0.4          0.5

Actual transport distances (m) 0.5          6.0

Calculated distancesb (m)   0.80           9.72

                                                                                                                     

a  The harmonic mean of the hydraulic conductivity distribution is taken
   as the minimum and the arithmetic mean is taken as the maximum 
   (after de Marsily, 1986, pg. 82)
b  Time since first natrojarosite disposal is assumed to be 6 years.  To 

  calculate the minimum distance, the minimum gradient and hydraulic 
   conductivity are used with the maximum porosity; vice versa for the 
   maximum distance.
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Acid Generation
Fe*++ &+ p J3 Ye(OH),  + 2H ’

Acid Neutralization
2HC03  +  2H+-WH  *O +  2C02

Figure 3.3 Schematic diagram showing the mechanism for generation of acid drainage by
discharge of Fe(U)-laden  water.
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3.3.4 Zone 4 - Sulfide Oxidation Zone

At several of the piezometer nests (KC1, KC3 in 1993, KC4, KC5, KC6, KC7a, KC9,

KC10, KC11, KC12, KC23, KC24 and KC27) there is a surficial zone (Zone 4) where

concentrations of Mg, Mn, Zn, Pb and SO4 increase.  In addition, this is the only zone within

the tailings where detectable concentrations of metals such as Al, Cu, Cd, Co, Ni, Cr occur. 

All piezometer nests where Zone 4 is discernable have one thing in common - the surface

tailings at these locations have been exposed to the atmosphere for greater than 6 months.  

This exposure to the atmosphere allows oxygen to diffuse into the unsaturated portion of the

tailings and cause oxidative dissolution of the sulfide minerals (eg. pyrite in reaction 6).  

[6] FeS2 + 15/4O2 + 7/2H2O 6  Fe(OH)3 + 2SO4
2- + 4H+

At piezometer nest locations where there is little visible evidence of sulfide oxidation (KC3,

KC4, KC5 etc), the early geochemical indications of sulfide oxidation are increased pore-

water concentrations of Zn, Mg, Mn, HCO3 and SO4.  The concentrations of Mg, Mn and

HCO3 in the pore water increase at the surface, a result of the neutralization of the H+

generated by sulfide oxidation, through carbonate-mineral dissolution (reaction 4).  As sulfide

oxidation proceeds, the pore-water pH decreases from approximately 6.5 to 5.5 (see KC11

from 1992 to 1993), however, occasionally during dry periods the alkalinity of the pore water

decreases to 0 at the surface and the pH drops below the carbonate-buffered levels (eg 2.52 in

August 1991 at KC1) despite the presence of carbonate minerals in the tailings.  The depleted

alkalinity and low pH suggest that the rate of carbonate-mineral dissolution is slow, relative to

the H+-production rate by sulfide oxidation.  Mineralogical studies determined that there is
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abundant dolomite and siderite in this interval, suggesting that some carbonate-mineral acid-

neutralization capacity remains.  The geochemical characteristics of the most advanced

sulfide oxidation zones include (see data from KC1, KC6 and KC11):  pH ranging between 2.5

and 5.5, EH between 300 and 600 mV, probably because of the increased solubility of Fe 3+ at

low pH, and high pore-water concentrations of Mg, Mn, Fe, Cd, Co, Cu, Pb, Zn, Ni, Cr, Al and

SO4.

In general, geochemical modelling of the pore-water chemistry from Zone 4 indicates

that the pore water is undersaturated with respect to all of the carbonate minerals, suggesting

a tendency for these minerals to dissolve.  Mineralogical study of core samples from oxidized

tailings indicates that dolomite and siderite are commonly present.  These results suggest that

the dissolution of dolomite and siderite may be kinetically inhibited.  The pore water in Zone 4

may be saturated to supersaturated with respect to jarosite and is commonly saturated with

respect to natrojarosite, and undersaturated with respect to hydronium jarosite.  The

saturation indices of the ferric iron hydroxide and oxyhydroxide phases are lowest in this

interval, a result of the low pH.  The pore water in this zone also approaches saturation with

respect to anglesite (PbSO4).  Anglesite, precipitated from tailings pore water, has been

observed at the Heath Steele tailings impoundment, New Brunswick (Boorman and Watson,

1976; Blowes, 1990).

3.3.5 Comparison with Mill-Discharge Water Chemistry

To illustrate the changes in pore-water chemistry that occur subsequent to tailings



33

disposal, with and without the addition of natrojarosite, the 1991 geochemical data from KC1

and KC3 have been normalized to the respective concentrations in the mill discharge-water. 

KC1 is chosen as a piezometer nest location that displays the effects of sulfide oxidation, and

KC3 is chosen because the effects of natrojarosite are evident from the pore-water chemistry

but there is little evidence of sulfide oxidation at the surface.  In Figure 3.6 the average pore- 
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water compositions at KC1 and KC3 for Zones 2, 3 and 4 are normalized to the present mill

discharge-water composition from Table 3.1.  The Zone 2 pore water displays slight increases

of Mg, Na, Fe and SO4 relative to the mill discharge water but, except for Fe, these

differences could be a result of variation in the mill discharge-water composition.  The Zone 3

pore water displays similar patterns at KC1 and KC3, Na, K, Fe, Mg, Mn, Zn, Pb, As, and

SO4 show increased concentrations relative to the mill discharge water.  The release of metals

to the pore water has been greatest in Zone 4.  The pore-water pH is low due to sulfide

oxidation, and increases in the concentrations of Mg, Fe, Zn, Pb, Cu, Ni, Co, Cd, Mn, As, Cr,

Al, and SO4 occur as a result of the oxidative dissolution of sulfide minerals and dissolution of

mineral phases such as carbonates and aluminosilicates.

3.3.6 Pyrite Cone

Pore-water samples were collected from the pyrite-cone tailings at 3 piezometer-nest

locations (KC22, KC25 and KC26; Figure 1.1).  At all 3 locations the pH is lowest near the

surface (between 4 and 5), probably a result of sulfide oxidation, and increases with depth to

between 6 and 8.  The highest EH values (between 400 and 600 mV) occur near the surface

indicating oxidized conditions and supporting the inference that sulfide oxidation contributes

to low pH values.  The profiles of metal and SO4 concentrations differ considerably between

the 3 piezometer nests, probably as a result of variations in the pore-water flow direction and 
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velocity at each piezometer nest location.   At KC25 the concentrations of Fe, SO4, Zn, Pb, As,

Cd and Ni are highest in the 0.5 m of tailings nearest the surface, probably a result of sulfide

oxidation.  There are also high concentrations of Mg and Mn at the surface suggesting that

acid generated by sulfide oxidation is being neutralized by carbonate-mineral dissolution. 

Hydraulic head measurements at this piezometer nest during the summer indicate slight

downward gradients, however, there has been very little downward transport of solutes

derived from sulfide oxidation.

Geochemical trends from the profiles at KC26 suggest that elevated concentrations of

metals and SO4 resulting from sulfide oxidation have penetrated to greater depths than at

KC25.  The pore-water pH varies between 4 and 5 from the surface down to 1.75 m depth. 

The EH is approximately 550 mV within this interval indicating oxidizing conditions.  There are

high concentrations of Fe, SO4, Zn, Pb and Ni in the pore water to 1.75 m depth as a result of

oxidative dissolution of sulfide minerals.  The oxidation front within the tailings at this location

occurs at approximately 0.35 m depth suggesting that the  Fe, SO4, Zn, Pb and Ni have been

transported to 1.75 m depth with the infiltrating tailings pore water.  There are increased

concentrations of Na and K to a depth of 1.75 m, probably a result of acid-neutralization

reactions involving aluminum-silicate minerals.  Similarly there are increased concentrations

of Mg and Mn resulting from acid-neutralization reactions with carbonate minerals.  The

pore-water alkalinity is very low down to 1.75 m depth.  The low pore-water pH, low alkalinity

and elevated Mg and Mn concentrations down to 1.75 m depth suggest that most of the

carbonate-mineral acid-neutralization capacity has been depleted from the tailings at this
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piezometer nest location.  The concentrations of Al, Cd and As are very low throughout the

profile except at the surface, within the zone of sulfide oxidation.  At 1.75 m depth there is a

sharp decline in the pore water concentrations of most elements.  This depth corresponds to

the depth at which the natural silt/clay underlying the tailings was intersected in core samples. 

The pore water below 1.75 m depth is characterized by high concentrations of alkalinity and

moderate concentrations of Ca, similar to the silt/clay underlying the main tailings.

The tailings at KC22 had been covered by 1 metre of slag for an undetermined period. 

In contrast to KC25, at KC22 the SO4 and most of the metal concentrations are lowest near

the surface and increase with depth to a maximum at the deepest sampling point.  The higher

concentrations in the deeper pore water are probably related to the slag cover on the tailings

at this location.  Prior to deposition of the slag, sulfide minerals at the surface of these tailings

would have undergone vigorous oxidation causing high pore-water concentrations of metals

and SO4 similar to those near the surface at KC25.  Subsequent to the slag deposition, the

rate of oxidation probably decreased as the slag caused oxygen supply to the surface of the

tailings to be limited by diffusion.  The pattern of increasing metal and SO4 concentrations at

depth suggests that high pore-water concentrations that resulted from the early period of

intense oxidation have infiltrated to the deeper levels in the tailings profile.  The lower pore-

water concentrations near the surface result from infiltration of precipitation subsequent to

deposition of the slag.  This water has lower concentrations because the rate of metal and SO4

loading to infiltrating water has decreased as the rate of sulfide oxidation decreased.  The

observed depth of infiltration is consistent with depths calculated assuming that the slag was



38

deposited 5 years previous to sampling, the hydraulic gradient is 0.01, the porosity is 0.4 and

the hydraulic conductivity is 1 x 10-6 m/s.

The geochemistry of the pore water in the pyrite-cone tailings differs from the pore

water in the main tailings in several ways.  Near the surface of the pyrite tailings at KC25 and

KC26, the concentrations of Pb and Fe are higher than has been observed from pore water

within the main tailings.  The pore-water alkalinity in the pyrite tailings is low throughout the

profile.  In the main tailings, acid generated by ferric iron hydrolysis following natrojarosite

dissolution creates increased alkalinity concentrations throughout the zone affected by

natrojarosite deposition.  Similarly, there are no increases in the concentrations of SO4 and

metals in the pyrite tailings at depths below that affected by sulfide oxidation.  There are

increased concentrations of Na and K in the pyrite-tailings pore water to depths of 5 m at

KC25 and 2 m at KC26, similar to the increased concentrations in the main tailings that are

related to natrojarosite dissolution, however, the maximum concentrations are lower in the

pyrite tailings (up to 300 mg/L Na).  The increased Na and K in the pyrite tailings are

probably related to the dissolution of aluminum-silicate minerals within the zone of low pH

where sulfide oxidation occurs at the surface.  When these elements are released to the pore

water they remain in solution and are transported downward with infiltrating water.  This

interpretation is supported by the occurrence of relatively high Na and K concentrations in

the deepest samples at KC22, within the zone that displays the highest concentrations of

metals and SO4 thought to be related to an earlier episode of intense sulfide oxidation. 
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4. TAILINGS SOLIDS

4.1 Introduction

Studies of sulfide-rich tailings deposits at Elliot Lake, Ontario, Noranda, Quebec,

Bathurst, New Brunswick and Sudbury, Ontario have documented depletion of sulfur, iron and

carbonate minerals in the near-surface tailings (Blowes, 1990; Blowes et al., 1991).  The

depletion results from oxidation of sulfide minerals forming aqueous Fe(II), SO4 and H+.  The

H+ is neutralized by carbonate-mineral dissolution and the resulting Fe(II)- and SO4-laden

pore water leaches downward to form a plume which is transported by groundwater flow

through the saturated zone of the tailings.  

4.2 Methods of Investigation

Core samples were collected at most piezometer nest locations using 7.62 cm diameter

aluminum tubing and a gas-powered impact drill.  The cores were cut into 20 to 25 cm long

sections and frozen at the field site.  In the lab the cores were cut in half along the tube axis

and a sample of the tailings was collected from the most undisturbed, central portion of the

core.  The samples were then oven dried at approximately 150 oC.  Subsamples of the dried

material from locations KC1, KC2, KC3, KC10, KC11 and KC27 were shipped to Activation

Labs in Ancaster, Ontario and the analytical lab at the Kidd Creek Metallurgical Site.  At

Activation Labs, whole-rock major-element analyses were conducted on fused beads by the

ICP-emission-spectrophotometry method and trace element analyses were done on pressed
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pellets by the X-ray fluorescence method.  At Kidd Creek the total carbon and total sulfur

contents of the tailings were determined using a Leco induction furnace and an infra-red

detector.  The carbon analytical results are expressed as wt% carbonate minerals.  The

conversion from the analytical total carbon content is done by assuming that all of the carbon

in the tailings is present in the form of carbonate minerals with an average formula of

(Ca0.2,Fe0.73,Mg0.06,Mn0.01)CO3  determined from data in Jambor et al. (1993).

4.3 Results and Discussion

The results of the major element, trace-element, inorganic carbon and sulfur analyses

are included in tabular form in Appendix IV.  There is spatial heterogeneity in the distribution

of major and trace elements throughout the main tailings.  The distribution of the major

elements and many of the trace elements is controlled by the mineralogy of the tailings,

therefore these data reflect the variable mineralogy of the mill feed through time.  There are

no obvious trends in major-element or trace-element compositions with depth except when

variations in elemental ratios are considered.  At KC3, a core was collected from surface

down to 10.5 m depth - almost the entire thickness of the tailings (~12 m at this location). 

Whole-rock data from this core displays significant increases in the ratios of Na/K, Na/Si and

Na/Al in the shallow tailings above 3 to 4 m depth (Fig. 4.1).  The higher ratios at KC3 are

similar to the ratios displayed in the samples from shallow cores at piezometer nests KC1,

KC10, KC11 and KC27.  The high Na/K, Na/Al and Na/Si ratios in the shallowest tailings

occur where natrojarosite has been disposed with the tailings.  In the deepest tailings that
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were deposited prior to natrojarosite co-disposal, the Na in the tailings would be dominantly

contained in the minerals plagioclase, and to a lesser extent, sericite and hornblende; Al-, Si-

and K-bearing phases.  With the co-disposal of natrojarosite in the upper tailings there is a

significant increase in the Na-content of the tailings without increasing Al, Si or K.  The

increased ratios of Na to those elements therefore are indicators of the depths where

natrojarosite occurs.

The sulfur content of the tailings ranges between 5.6 and 13.8 wt% which corresponds

to 10.5 to 25.9 wt% pyrite.  The continuing tailings disposal at Kidd Creek has limited the  
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extent of sulfide oxidation and, consequently, there is no apparent depletion of iron or sulfur

in the surface of the tailings.  The whole-rock total carbon results, expressed as wt%

carbonate minerals,  are shown in Figure 4.2.  The average carbonate-mineral content of the

tailings is approximately 7 wt%.  The distribution of carbonate minerals is heterogeneous

throughout the tailings, ranging between 4 and 10 wt%.  At KC1, the site with the most

advanced sulfide oxidation near the surface, the carbonate-content variation in the 1991

samples is greatest, with no obvious trends in the distribution of carbonate vs depth (Figure

4.2).  However, where low pH pore water has been generated by sulfide oxidation, the

carbonate-mineral content of the 1991 samples is lowest near the surface.  The depletion of

carbonate minerals in the low-pH zone near the surface is best displayed by the 1994 sample

data (Figure 4.2).  Data from a profile between surface and 10 m depth (near the base of the

tailings) at KC3 displays slightly greater carbonate-mineral contents in the tailings above 4 m

depth (8 to 10 wt%) than in the lower section (5 to 8 wt%).  There are trends toward 
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increasing carbonate-mineral content with depth at KC10 and KC27.  Piezometer nests KC10

and KC27 are located at the perimeter of the tailings cone where evidence of discharging pore

water is observed.  Oxidation of Fe(II) in the discharging water is an acid-generating process

(as discussed in section 4.1.3) and acid generated in this way may be responsible for the weak 
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trend toward depletion of carbonate minerals near the surface at these piezometer nest

locations.  At KC11 the distribution is relatively uniform near 8 wt%.  The lowest carbonate

content is approximately 6.5 wt% in the shallowest sample from 1992 where the pH of the

pore water is below average (5.5, down from 6.5 to 7 in deeper samples).  By 1994, the

carbonate content of the tailings near the surface at KC11 had decreased to approximately 4

wt% (Figure 4.2).  The deepest sample at KC27 contains >20 wt% carbonate minerals.  This

sample is from the varved silt/clay underlying the tailings.  Farkas et al. (1991) describe

similarly high carbonate-mineral contents in samples from the underlying soil.  

5. TAILINGS HYDROGEOLOGY AND PORE-WATER FLOW MODELLING

5.1 Introduction

The groundwater flow regime within a tailings impoundment provides the physical

mechanism for transporting metals and sulfate that are present in the tailings pore water.  An

understanding of the long-term effects of sulfide oxidation and natrojarosite dissolution on the

pore-water composition requires that the rate and direction of flow in the tailings pore water

be understood.  Dissolved products of sulfide oxidation and natrojarosite dissolution will be

transported with the flowing pore water and, depending on the flow regime, may discharge

within the tailings impoundment, or outside the impoundment.  The travel time of the solutes

between the source and the discharge point is also dependent on the flow rate and direction. 

Hydraulic conductivity and hydraulic head data were collected at the same piezometer nests

as the geochemical data to define and quantify the groundwater flow regime within the
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tailings.  

5.2 Methods of Investigation

Characterization of the regime of pore-water flow within the tailings required the

measurement of hydraulic conductivity (K), hydraulic head (f ), and the water-table elevation

at all of the piezometer-nest locations within the tailings impoundment. Measurements of K

were conducted in more than 100 piezometers by the method described by Hvorslev (1951).

The results were compared with values of K calculated with the grain-size technique of Hazen

(1892). Values obtained from the two methods were within one order of magnitude.

Measurements of vertical and horizontal hydraulic gradients were made by measuring f  in all

of the piezometers installed in the saturated zone. Transient variation in f  was recorded by

repeated measurements over a two-year period. The water-table elevation at each piezometer

nest was taken as the water level in the shallowest piezometer. The groundwater flow within

the tailings was modelled with a steady-state, two-dimensional, cross-sectional finite-element

program (FLONET; Guiger et al., 1992). The model iterates on the position of the water table

when the top boundary condition is specified as a recharge boundary. In this way, the

measured field data (K, f , and water-table elevation) were used to calibrate the model to

obtain the observed water-table and hydraulic-head configuration.

5.3 Results and Discussion

The thickened tailings-disposal method employed at Kidd Creek inhibits grain-size
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segregation in the slurry, which is common during conventional tailings disposal (Robinsky et

al., 1991). The narrow distribution of hydraulic conductivity displayed by the tailings (Figure

5.1) is a reflection of the relatively uniform grain-size distribution. Hydraulic conductivity

measurements in the tailings range between 1 × 10-8 to 1 × 10-6 m/s. There is a trend toward

decreasing K with depth (Figure 5.2) which may be due to consolidation of the tailings. The

lowest  measured values (<1.0 × 10-8 m/s) are obtained from the deepest piezometers, which

are installed within the underlying varved silt and clay (see section 3.3.1). In general,  
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measurements of f  display  (A) downward gradients in the central area of the impoundment,

near the apex of the conical tailings pile, (B) slightly downward and lateral gradients along the

slopes of the pile, and (C) upward gradients in the area of flat-lying tailings around the

periphery of the cone (Figures 5.3 and 5.4). The downward gradients near the apex of the cone

are divergent;  gradients near the permeable spigot-road are directed downward and converge

toward the road (Figure 5.5), but at greater radial distance from the road the gradients are

directed downward and diverge outward, toward the perimeter of the impoundment.

Changes in the water-table position were monitored closely in 1992. In May of 1992,

after the snow-melt, the water table was at the surface throughout the impoundment. By the

end of May, the water table had reached a state of dynamic equilibrium in which the depth to

the water table varied from 5 m (±1m) near the spigot road, to approximately 1.5 m (+0.5/-1

m) in the peripheral flat-lying areas. Short-term wetting and drying events cause the water-

table elevation to fluctuate during the summer and fall. The uniform grain-size distribution of

the tailings results in the formation of a thick capillary fringe when the water table declines in

the spring.  Moisture-content profiles measured during a week-long dry period in late July are

shown in Figure 5.6 for piezometer nests near the spigot road (KC14), and at the periphery of

the tailings cone (KC24).  Although the water table has declined to 6.5 m at KC14 and 1.75 
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m at KC24, the moisture content profiles indicate that the tailings have maintained saturation

to within 0.3 to 0.4 m from the surface, .

The groundwater flow-modelling for the north cross section (Fig. 5.3) was calibrated to

match data collected during May, 1992 and the modelling for the southwest cross section 
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(Fig. 5.4) was calibrated to match data collected during June 1993. The results suggest that

flow within the tailings is dominated by infiltration in the central area, and that the

groundwater flow is outward and radial, and discharges in the flat peripheral area. The flow-

net features also suggest that some groundwater flow from the apex of the cone is toward the

permeable central spigot road; this trend is consistent with the hydraulic-head gradients

measured near the road.  Pore water flowing into the spigot road from the elevated central

tailings, in the spring while the water table is high, discharges from the sides of the spigot road

onto the tailings at lower elevations along the road (Fig. 5.7).  The maximum pore-water

velocities (approximately 0.5 m/y) calculated by the model along the north section occur in the

region of downward flow near the apex of the tailings cone. This velocity is consistent with

independent measurements of pore-water velocity made from solute tracers derived from

natrojarosite dissolution. The depth of natrojarosite occurrence within the tailings has been

established (Jambor et al., 1993) at the piezometer nests along section A-AN (Figure 3.5). The

vertical pore-water velocity within the tailings is obtained by determining the difference

between the depth of natrojarosite occurrence and the depth of the natrojarosite-affected

zone, and dividing by the time since the beginning of natrojarosite co-disposal with the tailings

(6.5 years). The maximum velocity determined by this method is approximately 0.6 m/y

(Figure 5.8). The calculated vertical pore-water velocity declines to zero at approximately

1000 m 
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from the center of the cone along section A-AN, consistent with the flow-model indication that

pore water discharges beyond a radius of 900 m in this area.
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6. SULFIDE OXIDATION MODELLING

6.1 Introduction

The long term effects of sulfide oxidation on iron and sulfate loading to the tailings

pore water was simulated with a numerical model that has been developed recently at the

University of Waterloo in collaboration with the authors.  Several numerical models have been

developed to simulate sulfide oxidation in pyrite-rich mine waste rock (Jaynes et al. 1984;

Davis and Ritchie ,1986a,b; Hart et al. 1991).  All of the models treat sulfide oxidation as a

mass-transfer limited process where the rate of sulfide oxidation is controlled by the rate of

diffusion of O2 into the pore spaces of the waste rock pile, or by the rate of O2 diffusion from

the pore space into a reaction rim surrounding the pyrite grains (see Fig. 3.3).  The ability of

the model to simulate O2 diffusion is therefore critical to the quality of the model simulations. 

The diffusion process is generally considered to be Fickian and the diffusive flux of O2 is

therefore proportional to the concentration gradient:

[7] Flux O2 = D1dC/dx

where: D1 is the proportionality constant or Diffusion Coefficient for O2 diffusion into 

the pore space , C is the O2 concentration and x is the spatial dimension.

Most sulfide oxidation models are developed to represent O2 diffusion into the pore spaces of

a porous medium by assuming a uniform D1 diffusion coefficient.  Reardon and Moddle (1985)

have determined that the diffusion coefficient of O2 in tailings is a function of the air-
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filled porosity.  The air-filled porosity is in turn a function of the moisture content.  The

uniform diffusion coefficient assumption may be valid for waste rock where the water table is

commonly at the base of the pile and the moisture content is relatively uniform.  However, in

tailings there are commonly large variations in moisture content (and therefore diffusion

coefficient) between the water table and the surface.

6.2 Methods of Investigation

A one-dimensional, finite-element sulfide oxidation model has recently been written at

the University of Waterloo (Wunderly, 1994) in collaboration with the authors.  The model is

in the final stages of development and is capable of simulating sulfide oxidation under variable

moisture content, sulfide content and porosity.  The conceptual model of the system to be

modelled, including the boundary conditions, is shown in Figure 6.1.  The parameters required

by the model are included in Table 6.1.  Whenever possible, the parameters for the sulfide

oxidation modelling have been obtained from field measurements.  The elemental tailings

pyrite content of 0.15 was obtained from data in Jambor et al. (1993) and from solid phase

sulfur analyses (see section 4.2).  Measurements of the tailings moisture content in the

vadose zone have been made at all of the piezometer nest locations and the moisture content

profile was found to be similar throughout the impoundment.  A characteristic moisture

content profile (Fig. 6.2) was developed from this data and used for calculating O2 diffusion

coefficients by the method of Reardon and Moddle (1985):

[8] D1 = 3.98 x 10-5[(na-0.050/0.95]1.7T1.5
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where na is the air-filled porosity and T is temperature (K).

At air-filled porosity values less than 0.05, the method of Reardon and Moddle (1985)

indicates that the diffusion coefficient goes to zero.  When these conditions occur as a result

of high degrees of water saturation, the sulfide oxidation model sets the D1 value equal to the 
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diffusion coefficient of O2 in water because water occupies the pore spaces at low values of

air-filled porosity.  The total porosity of 0.4 was obtained by averaging calculations of porosity

in core samples of tailings.  The average temperature at the tailings surface was estimated to

be 15 oC and measurements of the temperature below the surface indicate an average

subsurface temperature of approximately 10 oC.  A bulk density of 1770 kg/m3 is used based

on measurements from core samples. 

Based on grain size distribution data from Robinsky et al. (1991), the initial radius of

pyrite grains used for the modelling was set at 50 µm.  The total depth for sulfide oxidation

modelling is determined by reviewing the tailings moisture-content data.  Oxidation is very

slow at high levels of water saturation because the diffusion of oxygen into the pore spaces is
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limited as the volume of gas-filled pore space diminishes.  The domain of rapid sulfide

oxidation is therefore restricted to the depth where a gas phase occurs within the pore spaces. 

The moisture content data from Kidd Creek indicate that the tailings are generally water

saturated below 0.25 m depth, as a result, 0.25 m was selected as the total depth of the

modelling domain.  Field measurements of O2 gas profiles from the vadose zone of sulfide-rich

tailings undergoing oxidation (Blowes, 1990; Johnson, 1993) and field observations indicate

that oxidation occurs along sharp fronts (Fig. 6.3).  Numerical modelling of processes

occurring along such fronts requires detailed discretization of the numerical domain.  A total

of 51 nodes were used for the 0.25 m deep domain resulting in the formation of 50 elements 

Table 6.1 (See following page)



Table 6.1  Parameters required for sulfide oxidation modelling.

Parameter Units

A) Elemental Properties

sulfide content (as fraction of sulfur) [-]
moisture content (fraction of total volume)[-]
total porosity (fraction of total volume) [-]
temperature [oC]
bulk density [kg/m3]

B) Constant Parameters

initial radius of pyrite grains [m]
total depth of domain [m]
number of nodes in domain [-]
time step increment [years]
total time for the simulation [years]
D2 (diffusion coefficient for O2 
    in grain reaction rims) [m2/s]
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0.5 cm long.  A time step of 1.0x10-2 years was used, however, the model is not very sensitive

to the time step increment.  Sulfide oxidation is inhibited while the surface of the tailings is

frozen or fully water saturated for approximately 6 months of the year (November to April). 

As a result, the total time for the simulation was 50 years, but one simulation year is assumed

to represent 2 years of real time, and the simulation results are presented for a period of 100

years.  In the ideal case of a shrinking core oxidation model where the pyrite grain is

surrounded by a thin film of immobile water, the D2 value represents the coefficient of O2

diffusion in the reaction rim.  The shape of the O2 profile is sensitive to D2; as D2 increases,

the profile becomes sharper with oxidation occurring along a sharp front, as D2 decreases the

profile becomes more diffuse, with oxidation proceeding deeper into the profile.  Numerical

oscillations result when the D2 value is too high because the high D2 value 
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imposes unrealistically high O2 consumption in the grains during each time step.  To maintain

consistency in the current modelling, the maximum D2 value that would eliminate numerical

oscillations in O2 concentration was used.  A value of 1.0x10-13 m2/s was used for modelling the

Kidd Creek tailings oxidation.

6.3 Results and Discussion

The sulfide oxidation modelling of the tailings using the observed moisture content and

sulfur content suggests that the most intense period of oxidation will occur during the first 20

years.  At the onset of oxidation, the production of SO4 indicated by the modelling is

approximately 5 kg/m2/yr of tailings surface and declines to approximately 1 kg/m2/yr after 20

years (Fig. 6.4a).  The sulfide oxidation rate continues to decline gradually as time proceeds

and by 35 to 40 years the rate has diminished to approximately 0.1 to 0.2 kg/m2/yr.  The initial

rapid drop in the rate of oxidation occurs as O2 diffusion into the pore spaces becomes limiting

at the deeper depths where higher degrees of water saturation occur (~0.12 to 0.15 m, Fig.

6.2).  The oxidation rate declines to low levels at 35 to 40 years, as the rate of oxidation is

limited by the low rate of O2 diffusion in the almost completely water-filled pore spaces.  The

effect of the variable moisture content on sulfide oxidation is observed in Figure 6.4b which

shows the depth of the sulfide oxidation reaction front at increasing time.  The reaction front

proceeds rapidly downward through the zone with lower moisture content (above 0.15 m) but

the progress of the reaction 
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front is much slower in the deeper, high-moisture zone.

The modelling is based on the representative moisture content profile from Figure 6.2

and these results probably represent an average condition for the oxidation of the Kidd Creek 
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Figure 6.4 Sulfide oxidation modelling results showing: a) the amount of SO,
generated per square,metre  of tailings surface vs time, and b) the depth of
penetration of the oxidation reaction front  in the tailings profile vs time.
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tailings.  Spatial variations in the moisture content of the tailings occur within the

impoundment and may be expected to influence the rate of sulfide oxidation.  In the central

elevated area of the tailings impoundment a condition of low moisture content may exist in the

near-surface tailings to greater depths and for longer periods of time than in the flat lying

peripheral areas.  These differences result from the deeper water table position in the

elevated central area and probably from greater evaporative losses of water from the tailings

surface in the central area.

No attempt has been made to model sulfide oxidation in the tailings under conditions

representative of possible closure designs such as tailings covered with a layer of de-pyritized

tailings to inhibit sulfide oxidation.  There are some general comments that can be made,

based on the existing data, about the controls on the sulfide oxidation rate.  The present

modelling suggests that the rate of oxidation is strongly inhibited by high moisture content. 

As a result, it is important to understand the mechanisms that cause the tailings near the

surface to become unsaturated.  The development of unsaturated conditions within the vadose

zone may occur during drainage, as the capillary pressure within the vadose zone exceeds the

air-entry pressure of the tailings material (Fig. 6.5).  The air-entry pressure of a porous

medium determines the thickness of the capillary fringe that may be formed above the water

table and varies with the grain size and grain-size distribution of the material.  The moisture

content data at Kidd Creek indicate that a capillary fringe may be maintained up to 6 to 7 m 
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above the water table (at least over short time intervals of several weeks; data from KC11

and KC14).  It is likely that the unsaturated zone observed at piezometer nests where the

water table is only 1 to 2 m deep is formed by some mechanism other than air entry due to

high 
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capillary pressures.  An unsaturated zone may also form when evaporation losses at the

surface exceed the upward flow of water from the water table due to capillarity.  Evaporation

may be responsible for the formation of an unsaturated zone at the tailings surface throughout

much of the Kidd Creek tailings impoundment.  The uniform depth of the unsaturated zone

throughout the impoundment (~0.25 m), despite the variation in water-table depth, supports

the suggestion that evaporation is a strong control on formation of the unsaturated zone.  In

the central area of the tailings where the water table is deepest, the unsaturated zone may be

formed by the combined processes of drainage and evaporation.  Evaporation of water from

the tailings surface may be the dominant process controlling the development of sulfide

oxidation.

7. STORM-WATER HYDROGRAPH SEPARATION

7.1 Introduction

The quality of surface-water effluent from the tailings impoundment to the water-

treatment ponds is controlled by the interaction between metal- and sulfate-containing pore

water and the surface run off.  The amount of metals and sulfate released to the surface-water

environment, and the rate of release, are dependant on the concentrations of metals and

sulfate in the tailings pore water and the mechanisms that govern the interaction between

tailings pore water and the natural groundwater and surface water.  One of the principal

concerns related to discharge of pore water from tailings is the potential for the generation of

acid drainage which results from discharge of Fe(II)-containing pore water.  Oxidation of the
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Fe(II) to Fe(III), followed by hydrolysis and precipitation of Fe(III) as Fe(OH)3 (reaction 5), or

another ferric oxyhydroxide such as schwertmannite (Bigham, 1994), is an acid generating

reaction.  The contribution of tailings pore water to surface run off was measured by the

chemical mass-balance technique of hydrograph separation described by Pinder and Jones

(1969) using Na, Cl and SO4 as tracers.  

7.2 Methods of Investigation

The response of the tailings cone to three rainfall events of variable duration and

intensity (Table 7.1) was monitored.  Storm run off in one of the ephemeral streams (Fig. 1.1)

was measured at a 90o, sharp-edge weir using the staged-discharge method.  Water levels 1 m

upstream of the weir were recorded in a 5 cm diameter stilling well.  Rainfall was measured at

frequent intervals throughout the storm events with a 10 cm diameter rain gauge.  The water-

table elevation in a 2.5 ha area surrounding the stream-gauging station was recorded

manually at regular intervals during the storm events using 16 water-table wells located as

shown in Figure 7.1 and at 2 other wells, located 200 and 400 m respectively, east of the area

represented in Figure 7.1.  The water-table wells were constructed of two inch diameter PVC

pipe, slotted over the entire length and screened with nylon mesh (Nytex®).  Vertical hydraulic

gradients at 2 piezometer nests (Fig. 7.2) in the saturated zone beneath the stream channel

were measured in nests of 3 piezometers installed at 0.5 m depth intervals.  
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Figure 7.1 Plan view of the study area within the tailings impoundment showing the
locations of the stream channel, water-table wells, piezometer nests and weir.
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Rainwater was collected in a 1 m square wooden frame lined with plastic sheeting. 

Samples of total run off were collected in 125 mL polyethylene bottles at the weir.  Samples of

total run off were filtered through 0.45 µm cellulose acetate disposable filters prior to

analysis; rainwater samples were not filtered.  Representative concentrations of Na and SO4

in 

Figure 7.1 (see following page)



Table 7.2 Tracer concentrations (mg/L), in rainwater and groundwater, used for hydrograph
separation.

                                                                                                                    
Event Tracer Rainwater Groundwater

Avg.        s n  Avg.  s n
                                                                                                                    

1 Na 3.46 2.64 5 670 379 75
SO4 4.68 3.08 5 4428 2958 75
Cl 1.27 1.04 5 15.62 4.42 15

2 Na 6.96 0.90 3    -  -  -
SO4 2.39 0.31 3  -  -  -
Cl 1.54 0.32 3  -  -  -

3 Na 2.00 2.23 7  -  -  -
SO4 1.63 1.38 7  -  -  -
Cl 1.09 0.26 7  -  -  -

Table 7.1 Description of rainfall events.

                                                                                                                                         
Event Peak Run-off        Total Rainfall     Duration Average Rainfall

Rate (L/s)     (mm)     (Hrs)   Rate (mm/Hr)
                                                                                                                                          

1     58 9 12.5     0.72

2      0.7 3.3     5 0.66

3     82 11.7    14.5      0.81

88
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groundwater are taken from Al et al. (1994b,c).  Concentrations of Cl were obtained from pore

water in core samples (25 cm long and 7.62 cm diameter) collected from the vadose zone

adjacent to the stream.  The pore water was extracted from the core samples by squeezing the

cores with the method described by Patterson et al. (1978), as modified by Smyth (1981).  The

concentrations of tracers Na, SO4 and Cl were measured in samples of rainwater and total run

off collected throughout the events (Table 7.2).  Cations were determined by atomic

absorption spectroscopy, Cl and SO4 were determined by ion chromatography.  Rainwater and

groundwater samples from the 3 events were analyzed for d18O for use as a conservative

tracer, however, the range of d18O in the groundwater overlapped the range of d18O of the

rainwater, consequently, 18O could not be used for hydrograph separation.  All analyses were

conducted by the Water Quality Laboratory at the University of Waterloo.

Figure 7.2 (see previous page)
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7.3 Results and Discussion

7.3.1 Description of the Steady-State Groundwater Regime

Hydraulic-head gradients along the section B-B' near the hydrology study area (Fig.

1.1) are generally downward and outward near the central, elevated area of the impoundment. 

Hydraulic gradients change from downward, to horizontal and gradually turn upward with

increasing distance from the centre of the impoundment.  The flow net (Fig. 5.4) suggests that

the pore water infiltrates in the central, elevated area of the impoundment, flows radially

outward toward the perimeter and then discharges toward the surface of the tailings in the

flat-lying peripheral areas of the impoundment.  The flow system is in a state of dynamic

equilibrium.  In response to rainfall and drying events, the depth to the water table varies

between 4 and 6 m near the apex of the cone and between 0 and 1 m in the peripheral areas.

The flow net shows that the hydrology study area is in a region of groundwater

discharge, consistent with measurements of hydraulic gradients prior to rainfall (Fig. 7.2) in

two piezometer nests installed in the stream channel.  Under the conditions applied for

modelling the pore-water flow, the water table is between 0.5 and 1 m below the surface,

indicating that groundwater does not discharge directly to the surface.  Exfiltration (a process

whereby capillary forces draw discharging groundwater to the surface where the water is lost

to evaporation) may be responsible for sustaining groundwater discharge while the water table

remains below the surface.  The uniform, fine grain size of the tailings supports the

development of a thick tension-saturated zone above the water table (up to 6 m near the

centre of the impoundment).  A typical moisture-content profile at piezometer nest KC24 near
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the study area (Fig. 5.6) shows water saturation to within 15 to 20 cm of the surface in the

vadose zone.  By maintaining tension saturation close to the surface, evaporative losses from

the tailings are maximized and it is possible for losses due to evaporation to equal or exceed

the flux of pore water discharging upward, across the water table.  Depending upon the

position of the water table, groundwater discharge may occur directly to the surface of the

tailings, or by exfiltration.

7.3.2 Hydrograph Separation

7.3.2.1 Selection of Chemical Tracers

Chloride is one of the more conservative chemical species in groundwater and is an

excellent tracer (Davis et al. 1985).  The consistently higher groundwater fraction calculated

with SO4, relative to Na and Cl (Fig. 7.3), suggests that there is a reactive source for SO4

within the tailings.  The soluble sulfate mineral gypsum (CaSO4<2H2O), is almost ubiquitous

within the tailings (Jambor et al. 1993) and represents a possible source for SO4.  The

observed non-conservative behaviour of SO4 is probably a result of the dissolution of gypsum

present at the tailings surface during run off, causing disproportionately high SO4

concentrations in the stream run off.  These indications of non-conservative behaviour for SO4

are inconsistent with the results reported by Blowes and Gillham (1988) for chemical

hydrograph separation of run off from a uranium tailings deposit.  In their results there was

good agreement between measured SO4 concentrations in the run off, and concentrations
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calculated on the basis of average groundwater SO4 concentrations and the groundwater

fraction of total run off determined with d18O and Cl as conservative tracers.  The tailings

impoundment at Elliot Lake had been inactive for approximately ten years prior to the work

of Blowes and Gillham (1986), during which time extensive leaching of soluble SO4 phases

may have occurred.

The observed similarity in the hydrograph separation based on Na and Cl suggests

that Na is a conservative chemical groundwater tracer in the study area.  Several factors may

contribute to non-conservative behaviour for Na.  The Na concentrations of the tailings pore

water are high (Al et al. 1994b,c) and when the surface of the tailings are allowed to dry, the

soluble sulfate mineral thenardite (Na2SO4) forms a crust on the surface with gypsum,

providing a possible source for Na in run off water.  The solubility of thenardite is greater

than gypsum, but gypsum is much more abundant in the tailings.  As a result, thenardite may

only represent a potential source for Na in the early stages of a rainfall event.  The lower 
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solubility and greater mass gypsum within the tailings suggests that its dissolution may result

in the observed non-conservative behaviour for SO4 +  Cation- 
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Figure 7.3 The groundwater component of the storm hydrographs for the 3
events, presented as a percentage of the total run-off.

68



95

exchange processes between aqueous Na and tailings-mineral surfaces may create a source

or sink for Na concentrations in the tailings pore water, leading to mass-balance errors in

chemical hydrograph separation.  

7.3.2.2 Event 1

Approximately 2 mm of rainfall had fallen during the night before data recording began

for event 1 (Fig. 7.4a).  Upon arrival at the site, the stream channel was dry and there was no

evidence that stream flow had occurred during the night.  A steady, low-intensity rain

continued for the next 8 hours, then stopped.  At this time water was ponded in depressions of

the stream channel due to the rising water table but there was no flow.  During the following

1.5 hours the clouds cleared and the weather was hot and sunny causing the surface of the

tailings to dry.  A sudden downpour occurred at 9.8 hours when 3 mm of rain were recorded in

approximately 10 minutes.  The downpour was followed by 2.5 hours of low intensity rainfall. 

Flow in the channel began immediately after the downpour started and at 10.3 hours flow

increased rapidly from 12 L/s to 58 L/s (Fig. 7.4b).  The rapid change in flow rate is

interpreted to result from interactions between topography and the direction of storm

movement.  The storm was travelling from west to east and the initial flow in the channel

occurred as surface run off began in the relatively flat-lying portion of the impoundment.  The

rapid rise in discharge rate occurred as the storm progressed eastward over the steepest

portions of the tailings cone where greater run off and increased collection 
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area combined to increase the channel flow rate.  Peak flow of 58 L/s occurred at 10.4 hours

and declined, first rapidly to approximately 10 L/s by 11 hours, then more gradually to 
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approximately 3 L/s by 12 hours.

The groundwater contribution to run off during the high intensity rainfall of event 1 was

small (Fig. 7.4b).  The high rate of rainfall was much greater than the maximum infiltration

rate and large volumes of surface run off were observed.  The groundwater fraction of the

hydrograph calculated from Na and Cl concentrations ranges between zero and 7% of the

total run off.  The groundwater fraction of run off determined with Na and Cl mass balances

show relatively high groundwater fractions at the onset of stream flow, probably due to

ponded groundwater that had collected in pools in the channel prior to the onset of flow.  The

groundwater fraction then declines to a minimum that coincides with peak flow, and there is a

gradual increase in the groundwater component to a maximum of 2 to 5% during recession. 

7.3.2.3 Event 2

A total of 3.5 mm of rainfall was recorded in a 5 hour period during event 2 (Fig. 7.5a). 

Minor surface run off was observed for approximately 10 minutes following an increase in the

rainfall rate between 3 and 4 hours (Fig. 7.5a).  The initiation of stream flow was coincident

with the increase in rainfall rate and surface run off (Fig. 7.5b).  Stream flow increased

between 3.8 and 4.5 hours when peak discharge of 0.7 L/s was attained.  The peak flow rate

was maintained until 4.9 hours when gradual recession to 0.25 L/s occurred between 4.8 and 6

hours.  The Na and Cl tracers indicate similar fractions of groundwater during event 
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2 which range between 11 and 17% for Na and 17 and 32.5% for Cl.  As with event 1, there

are high fractions of groundwater indicated by the initial samples collected, probably a result 
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of ponded groundwater in the channel prior to the initiation of flow.  If these high values are

removed, the ranges of groundwater fraction indicated by Na and Cl are much more

consistent (11 to 15% for Na and 17 to 23.5% for Cl).  

7.3.2.4 Event 3

Event 3 represents a moderate intensity, long-duration rainfall where a total of 11 mm

of rain were recorded over a period of 14.5 hours (Fig. 7.6a).  For the first 6 hours, the rainfall

rate was below 0.5 mL/hr.  During this period there was no surface run off observed.  In the

following 8.5 hours the rate ranged between 0.5 and 3 mL/hr (Fig. 7.6a) and variable amounts

of surface run off occurred throughout the time interval.  Flow in the stream began at

approximately 8 hours and increased gradually to 10 L/s by 9.5 hours (Fig. 7.6b).  At 9.5 hours

there was an increase in rainfall rate and a coincident increase in stream flow to

approximately 75 L/s between 9.5 and 11 hours.  The stream flow continued between 50 and

75 L/s until the 14.5 hour point when the weir failed.  The fractions of groundwater indicated

by Na and Cl are very similar, ranging between 11.5 and 18% for Na and 6.7 and 19.5% for

Cl (Fig. 7.3).  Similar to events 1 and 2, the initial groundwater fraction is high, the fraction

declines to a minimum at peak discharge followed by a gradual increase with increasing time.  

Comparison of results from the 3 events suggests that low and moderate intensity

rainfall, when infiltration is significant relative to surface run off, contributes a greater

fraction of groundwater to the total run off than high intensity rainfall where a large portion 
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of the precipitation reaches the stream as direct run off.  Assuming that the range of rainfall

and run-off conditions documented in this study are representative of the range of conditions 
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that may occur, the data suggest that the fraction of groundwater that may be contributed to

run off from the thickened tailings deposit at Kidd Creek is between 0 and 25% of the total

run off, depending on the duration and intensity of the rainfall event.  This range is between 1

and 3 times lower than that reported by Blowes and Gillham (1988) for run off from a

conventional, unthickened tailings deposit.  Hydraulic conductivity of the tailings at Elliot

Lake is approximately one half to one order of magnitude greater than at Kidd Creek, which

may contribute to a greater contribution of groundwater to the run off.  Reported hydraulic

conductivity values from individual measurements at the Elliot Lake tailings site range from

2.1 x 10-8 to 1 x 10-6 m/s (Blackport and Cherry, 1980; Blair, 1981) which are consistent with a

value of 1 x 10-7 m/s obtained in a pumping test (Blair, 1981).  As a result of the weir failure

during event 3, an estimate of the maximum possible groundwater flux under sustained

rainfall conditions (ie when the water table is at the surface of the tailings throughout the

impoundment) can not be made.  It is clear from the slow increase in the calculated fraction of

groundwater that continued up to the weir failure, that the maximum groundwater flux was not

attained.

7.3.3 Mechanisms of Pore-Water Interaction with Surface Water

7.3.3.1 Response of the water table to rainfall

For the three rainfall events studied, stream flow did not commence until the water-

table elevation had risen above the elevation of the stream-channel bottom.  It is likely that

stream flow would have occurred regardless of the water-table position during the high
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intensity rainfall event (event #1, Table 7.1), however, the 0.2 hours of high intensity rainfall 

during this event were preceded by approximately 8 hours of very low intensity rainfall that

caused the water table to approach the surface.  During each event, the onset of rainfall was

marked by a gradual increase in the water-table elevation.  

The magnitude of the water-table rise was much greater than the rise that would be

predicted from the amount of rainfall and the specific yield of a silty sand (~0.15; Domenico

and Schwartz, 1990).  Similar observations of water-table response to rainfall have been made

by Blowes and Gillham (1988), Novakowski and Gillham (1988) and Abdul and Gillham (1989)

and the disproportionate water-table rise has been attributed to the response of the capillary

fringe to rainfall.  Where tension saturation is maintained close to the surface, the effective

specific yield is very low and small amounts of infiltrating rain water cause the tension-

saturated zone to be converted to a pressure-saturated zone.  The water-table rise that results

during a rainfall event is a function of both the rainfall rate, and the infiltration rate, as well as

the storage capacity of the vadose zone.  If the rainfall rate is lower than the infiltration rate,

such that all the incident rainfall infiltrates, the water-table rise that results is predominantly a

function of the storage capacity.  Tailings in the study area are saturated to within 20 cm of

the surface (Fig. 5.6).  Changes in the water-table elevation at the 18 monitoring wells were

measured during low intensity rainfall of event 1 and event 3 when all of the rainfall was

observed to infiltrate.  The effective specific yields for each location and both of the events,

calculated as the amount of rainfall divided by the height of the water-table rise, are shown in

Figure 7.7.  The effective specific yield, and the water-table response 
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to rainfall, are variable in space and time.  The average values of 0.008 and 0.016 during the

two measurement periods are much lower than the specific yield for silty sand suggesting that 
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the water-table rise is in response to conversion of the tension-saturated zone to a pressure-

saturated zone.

7.3.3.2 Effects of the water-table rise on groundwater discharge to the stream

The studies performed by Abdul and Gillham (1989) and Blowes and Gillham (1988)

document ridging of the water table parallel to the stream where the capillary fringe

approaches the surface.  At Kidd Creek the capillary fringe maintains tension saturation near

the surface throughout the study area (Fig. 5.6) and rainfall results in a widespread rise of the

water table rather than ridging.  Contours of the water-table elevation and thickness of the

vadose zone at various times during event 3 are shown in Figures 7.8 and 7.9.  The water-

table elevation increases to levels that are above the base of the stream channel until the

tailings are saturated to the surface.  As the water-table elevation surpasses the elevation of

the channel bottom, there is a seepage face developed along the sides of the channel. 

Horizontal hydraulic gradients directed toward the stream result, causing groundwater to

discharge into the stream channel (Fig. 7.10).  The significance of this discharge as a

mechanism to contribute groundwater to the stream flow was investigated with the numerical

groundwater flow model FLONET.  The flux of groundwater to the channel was estimated with

the model.  The top boundary condition was specified as the water-table elevation.  The

bottom boundary was specified as a constant head equal to that measured in the deepest

piezometer at nest # 2.  The side boundaries were specified as zero-flux boundaries.  The 
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choice of top and bottom boundaries results in an overall downward hydraulic gradient across

the modelled domain, consistent with the downward gradients observed at the two piezometer 
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nests at large time (Fig. 7.2).  The model calculates an estimated flux into the stream at the

seepage face of 2.59x10-5 L/s per metre of stream length.  Multiplying by an estimated total

stream length of 3500 m gives an estimated groundwater discharge of 0.09 L/s, which is only

0.15%, 12.9%, and 0.11% of the event 1, 2 and 3 maximum discharges respectively.  Despite

the many uncertainties in the modelling, another mechanism for groundwater contributions to

the stream must be invoked to explain the larger measured groundwater components of total

discharge.  

The widespread water-table rise causes the vertical gradients in the study area to

change from upward- to downward-directed (Fig. 7.2).  The change in the direction of

groundwater flow that results from the water-table rise, suggests that contributions of

groundwater to the stream by saturated overland flow as proposed by Waddington et al.

(1993) and Eshleman et al. (1993) are not significant in this study.

7.3.3.3 Influence of fractures on groundwater discharge to streams

The tailings at Kidd Creek are deposited as a thickened slurry with approximately 65

to 70% by volume of water.  Once the tailings have been deposited, water loss is rapid and

the water content decreases to an average in situ value of approximately 38%.  The rapid loss

of water causes the formation of desiccation fractures that are observed to penetrate to

depths of 1 to 2 metres.  As the tailings surface matures, the open fractures commonly close

as tailings grains are washed over the surface and into the fractures by sheet flow during

intense run-off events.  The material sealing the fractures has been hydraulically sorted and
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macroscopic field observations indicate that the material is commonly of coarser grain size

than the surrounding tailings matrix.  Fluorescent dye tracer studies in fractured tailings and

unfractured tailings by Al et al. (in prep) indicate that the fractures represent a 3-dimensional

network of channels for preferential groundwater flow.  

Waddington et al. (1993) indicate that groundwater flow through pipes, or subsurface

pathways for preferential flow, may account for most of the pre-event water contributed to

storm flow in a forested swamp within a regional groundwater-discharge zone.  A similar

mechanism for contributing groundwater to the stream run off may be active within the

tailings, where fractures collect and channel discharging groundwater to the stream.  The high

hydraulic conductivity in the fractures due to hydraulic sorting of the grains, results in the

development of conduits similar to those described by Waddington et al. (1993). Also, because

of the coarser grain size of the fracture infilling material, the water-table rise in the fractures

would be expected to be slower than in the matrix.  Under these conditions, the fractures could

drain the tailings matrix as lateral hydraulic gradients develop.

This mechanism could explain large contributions of groundwater to the stream flow

despite the overall downward hydraulic gradient within the tailings matrix.  Field observations

of small seeps developed at the intersection of fractures with the main stream channel support

this hypothesis.  Further support is provided by the ubiquitous occurrence of ferric-iron

mineral crusts lining permeable fractures (Fig. 7.11).  Ferrous iron contained within the

vadose-zone pore-water oxidizes rapidly as it encounters oxygenated event water in

permeable fractures and the resulting Fe(III) subsequently hydrolyzes and precipitates along



Figure 7.11 Ferric oxide-mineral cmsts that are ubiquitous in permeable fractures that
intersect the stream channel in the study area.
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the fracture walls (equation 1).
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7.3.4 Estimates of Fe-Acidity Loading to Stream Run Off

Estimates of the total load of ferrous-iron acidity that may be contributed to the stream

have been made by applying the average Fe concentration of the tailings pore water to the

estimates of the fraction of groundwater that contributes to stream flow.  The average

concentration of Fe in the tailings pore water is taken from Al et al. (1994b,c).  Field

measurements of EH suggest that all of the Fe in the pore water is in the Fe(II) oxidation

state.  Estimates of Fe loading are calculated using an average between the fractions of

groundwater in the stream flow indicated by Na and Cl mass balances.  Despite the low

fraction of groundwater that contributes to flow during event 1, the large flow rate causes

significant loading of Fe(II) to the tailings effluent (up to 158 mg/s during peak flow, Fig. 7.12). 

During event 2 the fraction of groundwater in the stream is similar to the fraction of

groundwater in event 3, however, the mass of Fe(II) in the stream flow (maximum 23 mg/s) is

low as a result of the low flow rates.  The relatively large fraction of groundwater in event 3,

combined with the large flow rates, cause the greatest loading of Fe(II) to the stream flow (up

to 2800 mg/s when failure of the weir occurred).  These estimates suggest that the greatest

potential for loading of acidity, metals and sulfate to the tailings effluent occurs during

sustained rainfall events.

8. CONCEPTUAL MODEL FOR TAILINGS EVOLUTION

8.1 Introduction

The geochemical evolution of the tailings and tailings pore water is of interest because
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Figure 7.12 Graphs showing the estimated loading of Fe(H)-acidity  to the total stream run
off. The values  are obtained by applying the average groundwater Fe(H) concentration
from Al et al. (1994b,c)  to the estimates of groundwater contributing to the total
runoff.
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it is recognized that geochemical processes such as sulfide oxidation may degrade the pore 
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water quality in the tailings, and physical processes such as groundwater flow may transport

the reaction products to the surrounding environment.  It is therefore important to investigate

both the geochemical processes that represent the potential sources and attenuation

mechanisms for dissolved metals and sulfate in the tailings pore water, and the physical

processes that promote geochemical dispersion.  The following discussion, with reference to

Figure 8.1, is intended to integrate the results of the detailed investigations described in the

previous sections of the report.  Specifically, the conceptual model for the evolution of the

tailings pore water geochemistry will be described in the context of the physical processes

that promote transport of dissolved metals and sulfate with various geochemical sources and

attenuation processes superimposed on the physical system.

8.2 Physical Processes

During a precipitation event, a fraction of the water incident on the tailings surface

runs off to collect in the perimeter stream, and finally in the treatment ponds.  The remaining

fraction of precipitation on the tailings surface infiltrates below the ground surface causing an

increase in the water content of the vadose zone and may cause an increase in the water-table

elevation.  Of the water that infiltrates during a precipitation event, a fraction may remain in

the ground and contribute to net recharge, following the precipitation, the remaining fraction

of the water will be removed by evaporation from the surface of the tailings.  Thickening of

tailings at Kidd Creek promotes evaporation because capillary pressures are high in the

vadose zone, due to the uniform grain-size distribution, which allows a high moisture content to
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Figure 8.1 Conceptual model for the evolution of the tailings showing the principal source
areas for metals and sulfate, and the surface and groundwater flow paths that promote
mobilization of the solutes.
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be maintained close to the surface.  The vadose zone of the tailings represents a zone of 
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cyclical downward and upward movement of water; downward under the force of gravity

during precipitation and infiltration, and upward under the force of capillarity during

evaporation.  The relative magnitude of either downward or upward flow governs the

establishment of either a net recharge or net discharge zone.  The region of net recharge on

the Kidd Creek tailings is in the elevated, central portion of the impoundment (Fig. 8.1).

The addition of infiltrating water to the saturated zone causes an increase in the water-

table elevation, and therefore an increase in hydraulic gradient directed downward and

outward toward the impoundment perimeter.  Near the central spigot road the hydraulic

gradient is directed downward and toward the road.  As a result of recharge in the central

area, and in response to the hydraulic gradients, tailings water flow is directed downward and

inward toward the spigot road, and outward toward the impoundment perimeter.  Flow

modelling and evaluation of tracers derived from the natrojarosite in the tailings, indicate that

the pore-water velocity ranges up to 0.6 m/yr.  The highest velocities occur in the recharge

region near the spigot road and in the tailings nearest the surface where the hydraulic

conductivity is 1 to 2 orders of magnitude higher than the in the deepest tailings.  Fractures,

formed during drying of the fresh tailings occur over most of the impoundment surface and

create a surficial zone of high effective hydraulic conductivity that increases the discharge

rate of groundwater to the surface during storm events (see section 7.3.3.3).

Net discharge of tailings pore water occurs in the flat lying peripheral area of the

impoundment (Fig. 8.1).  Except during precipitation events, and possibly during spring run

off, the discharge of pore water occurs as exfiltration.  The loss of water from the tailings
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surface by evaporation is sufficient to maintain the water table below the surface despite the

discharge of pore water upward to the water table.  Capillarity in the vadose zone of the

thickened tailings transports the discharging water from the water table to the surface.

8.3 Geochemical Processes

8.3.1 Metal and Sulfate Sources

The principle sources of metals and sulfate in the tailings pore water are the

dissolution of natrojarosite and the oxidative dissolution of sulfide minerals (sections 3.3.3 and

3.3.4 respectively).  Natrojarosite dissolution occurs within the 1 to 4 m deep zone near the

surface of the tailings where natrojarosite has been disposed since 1985 (Fig. 8.1).  Sulphide

oxidation occurs in the upper 0.25 to 0.5 m of tailings (Fig. 8.1) where the tailings may become

unsaturated and O2 may diffuse into gas-filled pore spaces.  Acid generation resulting from

natrojarosite dissolution and sulfide oxidation causes acid-neutralization reactions involving

carbonate and aluminosilicate minerals.  Natrojarosite dissolution and sulfide oxidation

increase the pore-water concentrations of Na, K, Fe, Pb, Zn, As, Cu, Ni, Co, Cd, and SO4,

while acid-neutralization reactions increase the pore water concentrations of Na, K, Ca, Mg,

Mn, Fe, Al and HCO3.

8.3.2 Metal- and Sulfate-Concentration Attenuation

High concentrations of metals and sulfate in the pore water may be attenuated by

several mechanisms within the tailings impoundment.  Acid-neutralization reactions involving
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carbonate minerals maintain the pore-water pH in the neutral range above 5.  The dissolved

concentrations of many metals are relatively low at neutral pH where mineral-precipitation

controls by carbonate or hydroxide phases may be significant, and adsorption or surface

complexation reactions with ferric oxy-hydroxide minerals are most effective at lowering

metal concentrations.  Acid generated by sulfide oxidation and natrojarosite dissolution would

be neutralized by carbonate minerals within the sulfide oxidation and natrojarosite zones,

provided the carbonate-mineral content within these zones is not depleted.  In high sulfide-

content tailings such as Kidd Creek, the carbonate-mineral acid-neutralization capacity of the

tailings is commonly consumed by pH-buffering reactions prior to the depletion of the sulfide-

mineral content.  When sulfide oxidation continues at pH values below the carbonate-buffered

levels, the rate of oxidation of aqueous Fe(II) decreases and the potential for release of Fe(II)

to surface and groundwater increases.  Also, when the acid-generating capacity of the tailings

exceeds the carbonate-mineral acid-neutralization capacity, the acid generated by sulfide

oxidation would infiltrate to greater depth and consume carbonate minerals along the

groundwater flow path.  Acid-neutralization reactions involving aluminosilicate minerals occur

in the pH range of approximately 4 to 5.  In this pH range the solubility of many metals is high

relative to the carbonate-mineral-buffered pH range.  As a result, the aluminosilicate acid-

neutralization reactions are less effective in limiting metal concentrations in the pore water

than the carbonate-mineral reactions.

Precipitation controls by various mineral phases may limit the pore-water

concentrations of some metals and sulfate.  The precipitation of gypsum (CaSO4!2H2O) may
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limit the concentrations of Ca and SO4.  Gypsum is a moderately soluble mineral and

equilibrium with respect to gypsum may be expected to result in Ca and SO4 concentrations of

300 to 500 mg/L Ca and 1,500 to 2,500 mg/L SO4.  Geochemical and mineralogical

investigations suggest that gypsum precipitation occurs throughout the sulfide oxidation and

natrojarosite zone in the Kidd Creek tailings.  Precipitation of siderite (FeCO3) may limit the

Fe(II) and HCO3 concentrations in the pore water, however, the Fe concentrations in tailings

pore water due to sulfide oxidation may be in the thousands of mg/L and the effect of siderite

precipitation on pore water concentrations is probably very small.  Concentrations of Fe(II)

may also be limited by the precipitation of melanterite (FeSO4!7H2O), however, melanterite

is a very soluble sulfate mineral and limitation of Fe(II) by melanterite precipitation will only

occur at extremely high Fe concentrations.  The concentrations of Fe(II) and SO4 are not high

enough within the Kidd Creek tailings for melanterite precipitation to be a significant control

on Fe(II) concentrations.  Lead concentrations in the pore water may be limited by the

precipitation of anglesite (PbSO4).  Anglesite is a slightly soluble sulfate mineral and tailings

pore water at equilibrium with respect to anglesite may contain between 2 and 5 mg/L Pb. 

Geochemical modelling suggests that pore water approaches saturation with respect to

anglesite at KC1 and KC11 where sulfide oxidation is most developed.  The precipitation of

ferric oxy-hydroxide minerals such as amorphous Fe(OH)3 and goethite commonly controls

the concentration of Fe(III) in tailings pore water, however, the dominant redox state for Fe in

near-neutral pH water is Fe(II), and limitations on the concentration of Fe(III) are therefore

insignificant as a control on the total concentration of Fe.
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The concentrations of metals and SO4 in the pore water are commonly observed to be

below the limits of control by mineral precipitation reactions.  When this is the case, the

concentrations of the metals and SO4 may be controlled by reactions at mineral surfaces or by

co-precipitation of metals with carbonate or ferric oxy-hydroxide minerals.  Surfaces of clays,

carbonates and particularly ferric oxy-hydroxide minerals represent reactive sites for the

adsorption and exchange of aqueous-phase metals and SO4.  Unlike mineral precipitation

controls on concentrations, mineral-surface attenuation reactions have a limited capacity for

uptake of solutes from solution.

The final attenuation mechanism to be discussed is sulfate reduction.  In section 3.3.1

it was suggested that the pore-water geochemical data is consistent with the reduction of

aqueous SO4 near the interface between the base of the tailings and the underlying silt/clay. 

Sulfate reduction is a microbiologically mediated process which produces aqueous sulfide (S2-)

from SO4.  In contrast to sulfate minerals, sulfide minerals have very low solubility and the S2-

released by sulfate reduction would react to form sulfide minerals with any Fe, Zn, Cu, Co, Cd,

Ni and As remaining in solution.  The concentrations of these elements would be maintained

at very low levels by sulfate reduction provided there is an excess of sulfate.  In order for

sulfate reduction to proceed, conditions must be anaerobic and there must be a source of

organic carbon for bacterial respiration.  In the tailings, organic carbon is limiting and sulfate

reduction is not a significant attenuation mechanism.

  8.4 Mobility of Metals and Sulfate
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There are two general paths along which metals may be mobilized from the tailings: 1)

the surface-water run off may dissolve soluble salts at the surface of the tailings and transport

the salts to the effluent treatment ponds, and 2) metals and SO4 will accumulate in, and move

with, the water that infiltrates through the sulfide oxidation zone and natrojarosite zone. 

Soluble salts accumulate at the surface as a result of the upward flux of water and solutes that

occurs in the vadose zone during evaporation events.  Based on the current composition of the

pore water at Kidd Creek, these salts are probably comprised dominantly of gypsum and

thenardite (Na2SO4).  As sulfide oxidation proceeds it is expected, based on the pore-water

geochemistry, that there will be increasing amounts of Mg- and Zn-SO4 salts formed.

The sulfide oxidation modelling discussed in section 6 suggests that the most intense

sulfide oxidation will occur during the initial 20 years of exposure to atmospheric O2.  During

this period, the recharge water will accumulate metals and sulfate released by sulfide

oxidation.  These elements will be transported along the pore water flow path (Fig. 8.1) and

the composition of the pore water will be further affected by dissolution of natrojarosite. 

Some attenuation of metal concentrations will occur along the flow path, however, a plume of

metals and sulfate derived from sulfide oxidation and natrojarosite dissolution will be

transported with the pore water.  Although sulfide oxidation has been limited by continuous

deposition of tailings, the characteristics of the plume derived from natrojarosite dissolution

are well known and are described in section 3.3.3.  The travel time for the metals with the

pore water will vary depending on the flow path.  In Figure 8.1, the flow path shown from the

tailings into the spigot road represents a relatively short travel time such that Fe-bearing
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water currently discharges from the spigot road onto the tailings surface at lower elevations

(see Fig. 5.7).  The flow paths through the deepest sections of the tailings represent 100's to

1000's of years of travel time.  However, metals and sulfate derived from the sulfide oxidation

and natrojarosite dissolution that impacts the tailings pore water in the peripheral discharge

zone are currently being discharged to the surface during rainfall events (see section 7). 

Assuming that the tailings are not covered when tailings deposition stops, the surface of the

tailings will be exposed to the atmosphere and the loading of sulfide oxidation reaction

products to the effluent flowing into the treatment ponds and to the recharge water will

increase.  The reaction products will discharge with the tailings pore water for 100's to 1000's

of years.

9. SUMMARY OF CONCLUSIONS

9.1 Pore Water Chemistry

The co-disposal of natrojarosite with sulfide-rich tailings at Kidd Creek introduces the

natrojarosite to a neutral-pH and low-EH environment in which the natrojarosite is

thermodynamically unstable.  The natrojarosite is interpreted to be dissolving, causing the

release of Na, K, Mg, Mn, Fe, Zn, Pb, As, HCO3 and SO4 to the pore water.  Geochemical

modelling suggests that conditions favouring natrojarosite dissolution are present throughout

most of the tailings impoundment.   Mineralogical studies indicate that a significant mass of

natrojarosite remains in the tailings representing a long term source of contamination. 

Increased Fe(II) concentrations in the pore water may cause acid drainage if seepage occurs
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around the perimeter of the tailings impoundment.

The effects of natrojarosite dissolution on the pore-water composition can be

distinguished from the effects of sulfide oxidation.  Natrojarosite dissolution increases the

pore-water concentrations of Na, K, Fe, Pb, As and SO4 directly, and increases the

concentration of Mg, Mn, Fe and HCO3 indirectly through carbonate-mineral dissolution. 

Increases in Zn concentration result from natrojarosite disposal due primarily to zinc retained

within the aqueous phase of the natrojarosite residue.  Sulfide oxidation generates low-pH

conditions in the pore water and further increases the concentrations of Mg, Mn, Fe, Zn, Pb,

As and SO4, as well as increasing the concentrations of Al, Cd, Co, Cr, Cu, and Ni.  Sulfide

oxidation also causes the dissolution of carbonate minerals, thereby initially increasing the

pore-water concentration of HCO3; continued oxidation, however, will consume the carbonate-

mineral acid-neutralization capacity of the tailings and will subsequently deplete the pore-

water alkalinity.

9.2 Tailings Solids Chemistry

The whole rock geochemical data are useful to indicate the maximum depth of

occurrence of natrojarosite within the tailings, based on ratios of Na/Al, Na/Si or Na/K. 

Sulfide oxidation has been limited by continuous tailings deposition on the main tailings cone. 

As a result, there is no obvious depletion of sulfur at the surface due to oxidation and

leaching.  The carbonate-mineral content of the tailings has been depleted near the surface

where sulfide oxidation is most advanced as a result of acid-neutralization processes.  Low pH
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pore-water with high concentrations of metals such as Fe, Zn, Pb, Co and Cd occur near the

surface at several piezometer nests due to sulfide oxidation.  These results suggest that the

pore-water characteristics are more sensitive indicators of the geochemical processes

occurring in the tailings than the solid-phase composition.

9.3 Tailings Hydrogeology and Pore-Water Flow Modelling

The hydraulic measurements made on the tailings indicate that the hydraulic

conductivity is uniform, ranging between 1.0 x 10-9 and 1.0 x 10-6 m/s, and decreasing with depth

probably due to consolidation.  The hydraulic head measurements suggest that pore water

flow is from the centre of the tailings impoundment, outward to the perimeter, with pore water

discharge occurring in the flat-lying peripheral areas of the impoundment.  The elevated

central portion of the impoundment therefore represents the area of infiltration of

precipitation water.  This assessment of the flow regime is supported by 2-dimensional

groundwater modelling along 2 vertical sections from the centre of the impoundment, outward

toward the perimeter.  The water table is near the surface in the spring after snow melt and

declines to 5 to 6 m depth in the centre of the impoundment during the summer.  Despite the

low water-table position, observations of the tailings moisture content suggest that capillarity

is capable of maintaining saturation very near to the surface.  

9.4 Sulfide Oxidation Modelling

The sulfide oxidation modelling that has been conducted is a brief attempt to estimate
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the long term effects of oxidation on the Kidd Creek tailings assuming that there are no

modifications to the surface of the tailings during decommissioning of the impoundment. 

There has been no direct effort made toward determining the sensitivity of the sulfide

oxidation process to changes in parameters such as pyrite content, moisture content, grain

size distribution or the thickness and composition of cover layers that may be considered for

decommissioning.  However, the results of the modelling indicate that sulfide oxidation is

severely limited where high degrees of saturation are maintained within the tailings.  The

sulfide oxidation modelling also suggests that the most intense period of oxidation will occur in

the first 20 years, followed by a gradual decline in the rate of oxidation as the process

becomes limited by lower rates of O2 diffusion.  

Evaporation is a strong control on the formation of an unsaturated zone.  In the central

area of the tailings where the water table is deepest, the unsaturated zone may be formed by

the combined processes of drainage and evaporation.  Evaporation of water from the tailings

surface may be the dominant process controlling the development of sulfide oxidation.

9.5 Storm-Hydrograph Separation

Chemical hydrograph separation of storm run off in a stream draining the Kidd Creek

tailings, during three rainfall events, using Na and Cl as conservative tracers, indicates that

groundwater comprises between 0 and 23.5% of the total stream flow.  Sulfate was also used

as a tracer but it displayed non-conservative behaviour, probably due to gypsum dissolution

during infiltration and run off.  The 0-23.5% range is 1 to 3 times lower than the fraction of
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groundwater reported by Blowes and Gillham (1988) for run off from a conventional,

unthickened tailings deposit.  Estimates of the mass of Fe(II) that discharges to the surface

run off, from groundwater, range up to 2,800 mg/s during a moderate-intensity, long-duration

rainfall event.  The greatest potential for discharge of significant masses of solutes, derived

from groundwater, exists during long duration rainfall events when the water table rises to the

surface over large areas of the tailings impoundment.  
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Appendix I

Tabulated pore-water geochemical data



KiddCreekGeochemistry- 199lPoteWaterCh~micalData 

NESTKCl - 1991 

Cl1 Cl2 Cl3 Cl4 c2Q c30 C31 632 c33 UCl-3 UCl-4 uc1-6 KCl-6 KCi-9 
o-2424-48 48-72 72-91 w-124 124-149 149-174 174-lQ9 199-224 

PH 2.52 3.42 3.78 6.55 5.82 6.8 6.41 6.34 6.73 6.87 7.05 7.4 7.29 7.29 
Eh 604 580 527 137 256 157 155 159 146 185 348 123 193 133 
Akalm~ty 0 140.5 62.7 238.8 63.5 107.2 129.4 129.6 151.2 83.5 90.9 136.4 91.5 258.2 
Depth (m) 0.12 0.36 0.6 0.84 l.Oa 1.32 1.56 1.8 2.04 3 4 5 6 9 

ca 
Mg 
Na 
K 
Fe(t) 
Zn 
Pb 
CU 
NI 
CO 
Cd 
Mn 
SI 
Se fpm 
As (w 4 
Sn 
Cr 
Sb 
61 
Ag 
Ti 
cs 
Rb 
Y 
ae 
Al 
SO4 
NO3 
P04 
CI 

454 
3190 

911 
20.7 
991 

6210 
1.93 

38 
5.35 
27.1 
33.2 
641 

0 
126 

0.3 

0 0 

0 0 
0.05 0.05 
0.51 0.48 

0 0 
71.1 0 

27100 5230 
10.5 0.008 

0 0 
75.1 62.1 

440 432 441 449 486 437 
487 483 562 706 773 595 
907 005 809 696 644 768 

55.9 56.3 51.4 48 45.1 53.3 
285 266 118 106 27 239 

6.44 2.31 1.42 5.28 0.409 0.731 
0.43 0.27 0.16 0.24 0.14 0.13 

0 0 0 0 0 0 
0.09 0.17 0.06 0.1 0.06 0.06 
0.09 0.06 0.05 0.05 0.05 0 

0 0 0 0 0 0 
3.32 1.55 1.43 4.7 1 2.08 

0 
353 31: 

0 

0 

0 
0.05 
0.35 

0 

0 
122 

0 0 
146 127 

0 0 

0 

0 
00 

0.62 
00 

0 0 
92.5 78.3 

0 0 

0 0 

0 0 
00 00 

0.84 0.36 
00 00 

1.9 <5.0 <5.0 <5.0 
5180 4920 5410 5280 

0 

0 

0 
0.04 
0.49 

0 
0 

0 0 0 O.W4 0 
0 0 0 0 0 

29.9 33.9 21.2 14.7 76.4 

439 
5la 
061 

58.1 
183 

0.853 
0.14 

0.0s 
0 

1.360 

0 

0 

0 
0.04 
0.51 

0 
0 

4920 
0.008 

0.02 
74.5 

450 
489 
752 

54.9 
52.4 

0.439 
0.1 

0 
0.06 

0 
0 

0.5 

0 
17.7 

0 

0 

‘0 

433 450 
270 155 
447 63.7 

47.9 30.6 
0 2.03 

0.893 0.475 
0 0 
0 0 
0 0 
0 0 

0.6: 0.7: 
3.9 3.8 

0 0 
0 0 

0 

0 

0 
0.03 
0.43 

0 
0 

0 

0 

0 
0 

0.34 
0 
0 

1860 
0.54 

0 
13.5 

444 
247 

71.3 
18.9 
8.15 

0.404 
0 
0 
0 
0 
0 

1.02 
3.3 

0 
0 

0 

0 

0 

0.320 
0 
0 

2476 
0.34 

0 
11.6 

471 
134 

79.5 
14.5 

0 
0.144 

0 
0 
0 
0 

0.72 
4.5 

0 
0 

0 

0 

0 

0.260 
0 
0 

1870 
0.37 

10.5 



Kidd CreekGeochetistry - 1991 PoreWaterChemical Data 

NESTKCZ 

Cl5 Cl6 Cl7 Cl8 Cl9 c20 c21 c22 c23 KC2-6 KC2-8 KC2-10 KC2-12 KC2-14 
O-24.524.5-49 49-73.5 73.5-98 98-125 125-161 161-178 178-204 204-231 

DH 
Eh 
Akallnlty 
Deptn 

ca 
Mg 
Na 
K 
Fe(t) 
Zn 
Pb 
CU 
NI 
CO 
Cd 
Mn 
SI 
Se (ppb) 
As (W-3 
Sn 
Cr 
Sb 
61 
A9 
TI 
CS 
Rb 
ST 
Ba 
Al 
SO4 
NO3 
F’O4 
Cl 

6.49 
141 

115.; 
0.1225 

605 
152 
303 
46.3 
112 
11.5 
0.4 

0 
0.12 
0.09 

0 
11.7 

484 
268 
338 

47.4 
589 

9.86 
0.14 

0.120 
0.09 

0 
17.9 

508 404 479 482 494 503 472 
228 223 253 198 181 201 231 
337 309 454 451 518 497 634 

45.7 50.9 53.7 48.7 52 46.6 45 
292 721 694 401 199 116 180 

5.04 2.73 4.82 4.0 4.1 3.51 0.54 
0.17 0.19 0.11 0.19 0.18 0 0 

0 0 0 0 0 0 0 
0.08 0.06 0.08 0.07 0.08 0.06 0.05 
0.05 0.05 0.08 0.06 0.05 0 0 

0 0 0 0 0 0 0 
15.4 15.6 18 11.1 13.1 3.33 2.79 

0 0 0 0 
23.4 23.9 65.5 116 

0 0 0 

0 

0 
0 

1.91 
0 

0 

0 

0 
0.02 
0.94 

0 
1.4 

2400 
0 
0 

104 

6.4 6.67 6.51 6.42 6.54 6.30 6.8 6.09 6.4 7.25 7.12 7.2 6.85 
131 108 123 110 119 138 114 106 148 05 160 256 249 

192.0 292.8 271.2 465.6 264.5 180.0 355.2 477.6 115.2 148.5 66.5 59.4 512.1 
0.3675 0.6125 0.8575 1.1025 1.3675 1.6325 1.8975 2.1625 6 8 10 12 14 

0 
216 

0 

0 

0 
0.03 
2.02 

0 
0 

3700 
0.004 

0 
53.9 

0 
60.9 56.: 

0 0 
17 98 

363 
226 
951 

51.6 
191 

3.08 
0 
0 

0.05 
0 
0 

1.97 
7.0 

0 
3.3 

387 
215 
791 

43.7 
34.9 

0.490 
0 
0 
0 
0 

0.93 
6.8 

0 
17.1 

456 
122 

72.8 
24.5 
3.69 

0.298 
0 
0 
0 
0 

1.1 
4.1 

0” 

405 
270 

63.2 
9.83 

0 
0.118 

0 
0 
0 
0 
0 

0.59 
3.4 

0” 

425 
93.4 
94.8 
16.7 
4.94 
1.68 

0 
0 

0.05 
0 
0 

2.25 
9.4 

0 
0 

0 0 

0 

0 
0.04 
1.16 

0 
0 

3150 
0.004 

0 
126 

0 0 0 0 0 

0 

0 
0 

0.31 
0 
0 

2160 
0 
0 

10.2 

0 

0 0 0 0 0 0 0 0 

0 
0.02 
1.61 

0 

0 
0.04 
2.29 

0 
0 

3400 
0.004 

0 
152 

0 
0.03 
1.23 

0 
0 

3160 
0.004 

63.5 

0 0 
0.03 0.03 
1.01 0.94 

0 0 
0 0 

2900 3210 
0 0 

29.7 na 

0 
0.03 
0.39 

0 
0 

4830 
0.6 

0 
14.6 

0 
0.03 
0.37 

0 
0 

3370 
0.57 

16.3 

0 
0 

0.37 
0 
0 

1160 
0 
0 

11.6 

0 <5.0 
3400 2600 

0 0.004 
0 0 

114 107 



KiidCreekGeochercistry- 199lPoreWaterChemicalData 

NESTKC3 

c24 CZ5 ~26 c27 c28 KC3-3 KC3-4 KCB-6 KC3-6 KC3-8 KCS-10 KC3-13.6 
O-2424-28 48-72 72-96 96-120 

PH 
Eh 
Al)tallnIty 

Ca 
Mg 
Na 
K 
Fe(t) 
Zn 
Pb 
CU 
NI 
cc 
CU 
Mn 
SI 
Se (ppb) 
As (wb) 
Sll 
Cr 
Sb 
61 
AQ 
TI 
CS 
Rb 
Sr 
Ba 
Al 
SO4 
NO3 

CI 

6.68 
106 

540.0 
0.12 

451 480 496 477 462 
706 305 170 210 318 
983 795 550 560 823 

89.3 59.8 44.9 57.4 70.2 
330 512 236 108 147 

4.74 1.32 1.09 2.86 7.22 
0.14 0.12 0.13 0.1 0.13 

0 0 0 0 0 
0.09 0.06 0.06 0.05 0.00 
0.11 0 0 0 0.05 

0 0 0 0 0 
21.6 11.7 4.21 10.5 11.7 

0 
38.0 

0 

0 
63.6 

0 
106 

0 

0 

0 
0.03 
1.22 

0 
0 

2970 
0 
0 

29.1 

0 0 
87.5 23.9 

0 0 

0 

0 
0.04 
1.86 

0 

0 

0 

0 
00 

4.59 
00 

0 0 

0 0 
0.06 0.04 
1.00 1.35 

0 0 
0 0 

6240 4460 
O.OU 0 

0.02 0 
59.2 27.5 

6.51 6.7 6.74 6.6 6.63 6.55 6.9 6.99 6.98 7 6.71 
110 103 116 117 99 94 110 155 165 142 152 

336.0 346.0 244.6 266.6 372 190.7 221.2 57.6 48.0 48.5 666.6 
0.36 0.6 0.04 1.08 3 4 5 6 8 10 13.5 

400 369 396 464 
359 317 261 137 

1260 1460 849 87.9 
75.2 67.1 44.2 28.4 
235 388 74.2 9.2 

0.815 0.648 0.656 0.179 
0.14 0.2 0.11 0 

0 0 0 0 
0.05 0.06 0 0 

0 0 0 0 
0 0 0 0 

2.76 2.67 1.03 1.47 
10.5’ 9.5 7.4 2.9 

0 0 0 0 
17.6 19.3 15 3 

451 
175 
105 

22.4 
7.68 
0.15 

0 
0 
0 
0 
0 

1.25 
3.4 

21.80 

404 192 
71.4 45.4 
123 39.3 

15.9 13.9 
19.4 27.0 

0.372 0.516 
0 0 
0 0 
0 0 
0 0 
0 0 

0.78 0.72 
3 10.4 
0 0 

8.7 16.1 

0 

0 

0 
0.05 
0.51 

0 
0 

5100 
0 

18.60 

0 0 

0 

0 
0.02 
0.45 

0 
0 

3790 
0 
0 

14.6 

0 

0 

0 
0 

0.39 
0 
0 

1650 
0.31 

0 
11.7 

0 0 

0 0 

0.2. 
0.31 

0 
0 

5580 
0 
0 

16 

0 
0 

0.41 
0 
0 

3740 
0.26 

0 
16.2 

0 

0 

0 
0 

0.37 
0 
0 

1660 
0.39 

0 
10.9 

0 

0 
0 

0.35 

0 <SO 
3030 4000 

0 0 
0 0 

47.5 25 

0 
0 

306 
0 

2.3: 



Kidd CreekGeochemistry - 1991 PoreWaterChemicaliMa 

NESTKC4 

ci a c3 
LL2 g-v6 

c6 c7 09 09 Cl0 uc4-3 uc4-4 uc4-6 KC4-6 KC4-8 KCs-9.6 
O-2323-46 46-69 120-149 149-178 178-207 207-236 236-265 

6.55 6.64 7.09 6.93 6.33 
439 131 107 116 165 

32.0 84.0 400.0 336.0 145.0 
0.115 0.345 0.575 0.805 1.035 

6.65 

28:: 
i.145 

6.98 7.03 
77 76 

482.4 237.6 
1.435 1.725 

6.75 6.7 6.63 7 6.81 6.9 i 6.92 
98 112 146 115 174 132 113 

213.6 280.6 119.5 205.4 53.3 51.8 859.0 
2.015 2.305 3 4 5 6 8 

6.3 
179 

441.1 
9.6 

Ca 
Mg 
Na 
K 
Fe(t) 
Zn 
Pb 
CU 
NI 
CO 
CU 
Mil 
SI 
Se KW) 
As (wb) 
Sn 
Cr 
Sb 
i3I 
‘Q 
TI 
CS 0 
Rb 0 
Sr 1.18 
Ea 0 

437 482 
1230 507 
573 563 
76.1 62.9 

0 157 
267 10.1 

0.18 0.1 
0.05 0 
0.52 0.21 

3.3 0.07 
0.467 0 

93.2 19.2 

0 
40.1 

0.07 

0 

0 
109 

0 

0 

0 
0 

2.04 
0 

401 444 
335 289 
568 1040 

61 72.7 
35.4 118 
7.03 13.3 

0.1 0.1 
0 0 

0.09 0.14 
0 0.08 
0 0 

4.83 4.96 

0 0 
0 25.2 

0 0 

0 0 

0 0 
0 0 

1.06 1.09 
0 0 

415 
237 

89.3 
459 
10.8 
0.15 

0.1; 
0.09 

0.075 
15.3 

0 
0 

0 

0 

0 
0 

0.17 
0 

451 
398 

1050 
76.6 
183 

11.8 
0.15 

0 
0.22 
0.22 

0 
20.3 

0 
0 

0 

0 

0 
0 

0.57 
0 

Al c5.0 <5.0 <5.0 <5.0 <5.0 c5.0 
SO4 7550 4300 3590 4530 6330 5220 
NO3 3.96 O.W4 0.82 0.004 0.004 1.26 
POd 0 0 0 0 0 0 
CI 33.2 22.4 16.2 18.7 18.1 35.6 

442 422 
391 353 

1360 1370 
82.5 64.1 
159 128 

3.69 0.727 
0.15 0.13 

0 0 
0.16 0.18 
0.05 0.05 

0 0 
4.2 1.68 

0 0 
0 78.8 

0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0.07 0.08 0.05 00 0.04 0 0 
0.44 0.22 0.33 0.81 0.39 0.42 0.38 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

!5600 5790 5420 4870 4550 2326 2160 
O.IXl4 0.004 0.039 0.008 0 0 0.29 

0 0 0.02 0 0 0 0 
24.5 21.3 37.4 59.4 17 14.2 11.8 

432 437 
389 373 

1280 1170 
76.2 65.6 
151 70.4 

0.604 1.17 
0.12 0.13 

0 0 
0.08 0.11 
0.05 0.05 

0 0 
1.35 1.57 

1; 
0 

58.3 

0 0 

434 493 
342 233 

1070 214 
55.7 33.5 
139 30.8 

0.846 0.106 
0 0 

0.05” 
0 
0 

0 0 
0 0 

0.89 0.8 
7.8 5.8 

0 0 
5.9 32.3 

0 0 

490 
236 
85.1 
24.1 

5.6 
0.152 

0 
0 
0 
0 
0 

0.46 
4.3 

0 
7.7 

0 

505 
132 
90 

9.87 
27.6 

0.179 
0 
0 
0 
0 

0.350 
3.3 

0 
17.7 

0 

0 

0 
0 

0.3 
0 
0 

1760 
0.29 

0 
10.5 

391 144 
71.1 24.8 
37.1 20.5 
19.2 7 
20.5 26.5 

0.518 0.334 
0 0 
0 0 
0 0 
0 0 
0 0 

0.25 0.57 

0 
17 

0 

0 

0 
0 

0.32 
0 
0 

708 
0 

2.830 

0 
25.1 

0 

0 

0 
0 

0.22 
0 
0 

93.6 
0 
0 

2.93 



KKld Creek Geochetistry - 1991 Pore Water Chemical Ma 

NEST UC5 

c34 c35 c36 c37 cza c39 c40 KC6-3 KCS-4 KC6-6.3 
O-20.5 20.5-41 41-61.6 ô1.6-62 82-102.5 102.6-123 123-143.6 

6.4 1 
316 

50.4 
0.1025 

6.78 6.72 6.82 6.65 6.64 6.73 7.06 7.15 6.64 
113 135 116 142 157 153 436 142 133 

259.2 182.4 229.2 170.4 114.0 115.2 11.5 104.6 818.7 
0.3075 0.5125 0.7 175 0.9225 1.1275 1.3325 3 4 5.3 

PH 
Eh 
Akallntty 
Depth 

ca 
w Na 
K 
Fe(t) 
Zn 
Pb 
CU 
NI 
CO 
Cd 
Mn 
SI 

472 451 441 439 448 457 
751 988 530 390 357 284 
217 788 1290 1190 1150 922 

44.5 87.9 76.9 71.7 68.6 61.5 
2.2 81.5 98 67.5 131 44.6 

218 52.8 1.62 0.88 0.827 0.617 
0.14 0.16 0.15 0.11 0.14 0.12 

0 0 0 0 0 0 
058 0.3 0.08 0.07 0.07 0.07 
2.63 0.77 0 0 0 0 

0.229 0.065 0 0 0 0 
91.3 33.3 2.43 1.17 1.88 0.63 

Se (PW 
As (pp ‘4 
Sn 
Cr 
Sb 
BI 
4 
TI 
cs 0 
Rb 0.03 
Sr 0.64 
Ba 0 
Al 0 
SO4 4480 
N03 1.47 ,. 
PO4 0 
CI 35.5 

0 0 0 
213 46.6 61.7 

0 0 

0 0 

0 0 
0.06 0.08 
0.54 0.46 

0 0 
0 0 

6540 5620 
0 0 
0 0 

42.8 32.9 

0 

0 

0 
0.07 
0.4 1 

0 
0 

4790 
0 
0 

34.3 

0 
30.4 

0 

0 

0 
0.08 
0.47 

0 
0 

4910 
1.16 

0 
29 

500 

0 

0 

0 
0.05 
0.37 

0 
0 

4280 
0 
0 

28 

466 
215 
805 

63.8 
72.2 

0.872 
0 
0 

0.06 
0 

1.3: 

0 
27.4 

0 

0 

0 
0.05 
0.34 

0 
0 

3640 
0 

31.8 

521 
Il8 

95.6 
33.6 
33.6 

0 
0 
0 
0 
0 
0 

0.37 
2 
0 
0 

0 

0 

0 
0 

0.39 
0 
0 

1810 
0.31 

15.20 

517 
196 

79.4 
16.4 
16.4 

0 
0 
0 
0 
0 
0 

0.65 
4.7 

0” 

0 

0 

0 
0 

0.34 
0 
0 

2040 
0.3 

0 
10.2 

539 
59 

35.7 
14.6 
7 1.6 
0.27 

0 
0 
0 
0 
0 

0.38 
15 
0 

8.6 

0 

0 

0 

0.27 
0 
0 

983 
0.28 

0 
5.7 



Kidd Creek Geochemistry - 1991 Pore Water Chemical Data 

NESTKCG 

c41 C42 c43 c44 C45 c46 c47 KC6-1.76 KG~-2.5 KC6-3.65 KC6-4.6 
O-19.5 i9.5-39 39-68.5 68.5-78 78-97.6 97.6-117 117-130.6 

Eh 
Akalnly 
Depth 

ca 
Mg 
Na 
K 
Fe(t) 
Zn 
Ptl 
CU 
NI 
CO 
CO 
Mn 
SI 
se (ppb) 
As kW 
Sfl 
Cf 
SO 
BI 
A9 
TI 
CS 
40 
sr 
Ba 
Al 
SO4 
NO3 
KM 
CI 

5.49 6.62 6.61 7.09 7.07 7.28 7.24 7.28 7.45 7.67 6.95 
248 153 161 155 171 271 166 355 413 355 123 

45.0 162.4 203.3 100.0 266.0 172.5 81.2 62.9 13.9 212.7 722.3 
0.0975 0.2925 0.4875 0.6825 0.8775 1.0725 1.2675 1.75 2.5 3.65 4.5 

515 
2640 

562 
70.4 

4910 

0 0 
42.4 20.2 

0.09 0 

0 

0 
0.07 
0.38 

0 
19.7 

5570 
0.008 

0.02 
129 

527 
301 
180 

43.6 
107 

79.8 
0 
0 

0.3 1 
0.28 

22.: 

0 

0 
0.02 
0.45 

0 
0 

2960 
1.39 

35.3 

535 537 500 528 531 
100 188 214 177 144 
102 89.5 70.4 77 77.3 
34 33.1 30.9 33.3 33.3 

03.4 17.3 17.1 0 3.33 
4.20 0.9 13 0.596 1.17 0.402 

0 0 0 0 0 
0 0 0 0 0 

0.05 0.08 0.05 0.05 0.05 
0 0 0 0 0 
0 0 0 0 0 

3.23 1.4 1 0.76 1.09 0.79 

0 
9 

0 

0 

0 
0 

0.52 
0 
0 

2100 
0 
0 

17.0 

0 0 0 0 
12.4 3.8 6.3 7.5 

0 0 0 0 

0 0 0 0 

0 
0 

0.48 
0 
0 

2170 
1.4 

0 
27.7 

0 
0 

0.36 
0 
0 

2130 
0 

23.8 

0 0 
0 0.02 

0.32 0.29 
0 0 
0 0 

2050 1500 
0 0 
0 0 

13.9 17.2 

527 395 129 137 
150 90.6 84.9 46.1 

72.5 68.3 52.6 40 
29.2 31.9 27.9 13.2 

0 0 0 11.8 
0.776 0.112 0 0.4 15 

0 0 0 0 
0 0 0 0 

0.05 0 0 0 
0 0 0 0 
0 0 0 0 
1 0.4 1 0.11 0.36 

4.2 3 5.1 11.4 
0 0 0 0 
0 0 17.5 0 

0 0 0 0 

0 0 0 

0 0 0 

0.29 0.24 0.24 
0 0 0 
0 0 0 

2060 1410 509 
0.39 0.25 0 

0 0 0 
12.4 9.16 8.96 

0 

0 

0.21 
0 
0 

115 
0 
0 

9.05 



PH 4 95 549 5.67 6.36 6.5-5 6.47 6.66 0.91 
Eh 520 301 254 Il?5 161 140 152 144 
Ak aimty 35 33 8 75.4 m.1 ,029 143.8 1S.6 135.0 
Dwh (ml 01X6 0.3615 0.6025 O.Et% 1 .oe45 1.32% 1.365 1.8075 

sr 
sa 
*, 
SO4 
N33 
PC4 
CI 

c94 

426 
2970 

722 
43.1 
72 8 

2063 
0 

746 
544 
148 
9 74 
356 

18 

50 

0 

il 1 
17795 

36 00 

CO5 CO-3 CO? cm c99 Cl00 cl01 

442 482 473 481 461 496 417 
1370 711 574 5.48 ee2 612 444 

790 la33 877 692 890 1183 881 
33 60 8 54.2 50.1 57.9 66.2 59.1 

2330 510 173 641 227 (12 35.5 
516 28.9 2.92 2.43 0.95 0.46 0.476 

0.44 0 0 0.15 0 0 0 
0 0.02 0 0 0 0 0 
1 0.05 0 0 0 0.02 0 

217 0.1 0 0 0.02 0 0 
0.409 0.01 0 0 0 0 0 

161 21.3 5.07 3.23 4.43 1.33 0.39 
252 t4.7 9.5 10 10.6 6.92 10.2 

163 
0.18 

0 

50 

0 

60 

0 

548 
0.51 

0 

0 
0.73 

0 
0 

6420 
0.00 

21.00 

0 

0 

0.05 

0 

0 

0.00 

17.9 0 
0.56 0.46 

0 0 

0 
0.94 

0 
32 

7 m*o 
0.00 

0.63 0.,5 
5260 4615 

27.40 27M) 28.W 

0 
1.26 

0 
0 

5220 
0.00 

31.7 

Cl02 

7.64 
145 

153.1 
2.6465 

426 

724 
58 9 
5.67 

0.309 
0 
0 
0 
0 
0 

0.34 
0.1 

0 
, 
0 
0 

4400 
0.00 

36.40 

Cl03 

7.16 
193 

60.0 
2.2985 

SO4 
319 
64s 

6a2 
2.2 

0.61 
0 
0 
0 
0 
0 

045 
2.54 

54 

0 

0.18 
39l2 

61.60 



NEST KO 

DH 
Eh 
Akz.lt-q 
0eph m) 

ca 
Mg 
Na 
K 
WQ 
zn 
Pb 
CU 
Ni 
CO 
ai 
M” 
7% 
Se (Fob) 
AS (PPb) 
sn 
a 
93 
D 
AQ 
l-r 

C6 C? c6 Cl c2 cl c4 c6 

500 
308 
426 
51 

is) 
19.6 

0 
0 
0 
0 
0 

198 
24.3 
594 
0.49 

0 

0 
0 
0 

4 19 
0 
0 

3120 
ow 
000 

271 .oo 

5.96 
206 

,030 
0.3975 

6.56 
116 

387.8 

6.79 6.5 66 6.64 6.69 
tz? (4.4 110 128 166 

347.6 720 ,a., 136.5 47.3 
0.9075 1.13 1.2675 1.50 1.76 

493 471 497 475 466 
27l 283 2œ 195 tel 
470 532 492 538 483 
51.1 53.2 47.7 47.9 44.9 
367 516 263 3Y) 276 

496 1.71 2.27 2.21 1.36 
0 0 0 0 0 
0 0 0.25 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

17.6 7.04 4.01 6.05 3.21 
204 20 71.9 Q,6 125 

313 
0.46 

0 

0 

0 
0 

4.7 
0 
6 

3540 
0.00 
0.00 

301.w 

372 
0.5 

0 

0 

0 
0 

4.15 
0 
0 

4MO 
000 
000 

3Ot0 

49 t 
0.4, 

0 

0 

0 
0 

253 
0 
0 

3430 
0.W 
0.W 

30.00 

29.5 57.6 542 
0.39 0.4 0.38 

0 0 0 

0 0 

0 0 0 
0 0 0 

2.95 2.6 2.62 
0 0 0 
0 0 0 

2.690 3350 2630 
0.00 0.84 0.00 
0.00 0.00 0.00 

41.40 2870 35.60 

171 
541 

37.9 
133 

1.12 
0 
0 
0 
0 
0 

1.57 
101 

0 

480 
197 
653 

493 
667 
2.34 

0 
0 
0 
0 
0 

2.3 
9.3 

36.9 
0.36 

0 

0 

0 
0 

2.95 
0 
0 

3250 
0.00 

0 
36.1 



NEST KQ 

PH 031 
Eh 133 
Akaldly 3886 
Dwh (m) 0.125 

6‘ 
Rb 

c9 

501 
32.2 
783 

502 
107 

128 
0 
0 
0 
0 
0 

124 
128 

33.3 
061 

0 

0 

0 
0 

2.53 
0 
0 

I+x 
P04 
a 

CIO 

3.72 
IW 

1909 
0.375 

681 
293 
721 

55.0 
174 

7.48 
0 
0 
0 
0 
0 

7.82 
139 

553 
05 

0 

0 

0 
0 

2.97 
0 
0 

4œo 
0.00 
0.00 

37.70 

Cl1 

3.70 
l39 

iO50 
0.825 

4w 
2e4 
843 

7t.9 
tn 

4.14 
0 
0 
0 
0 
0 

7.88 
12 

57.2 
0.52 

0 

0 

0 
0 

4.34 
0 
0 

4420 
0.00 
0.00 

1œ.œ 

Cl2 

0.91 
138 

lT8.4 
0 875 

480 
314 
938 

81.4 
œ2 

53 
0 
0 
0 
0 
0 

5.97 
11.2 

487 
0.55 

0 

0 

0 
0 

2.80 
0 
0 

4450 
000 
0.00 

2820 

Cl5 

7.02 
1œ 
0.0 

t.125 

4œ 
2.71 
Dœ 

74.4 
4a3 
7.03 

0 
0 
0 
0 
0 

3.17 
0.0 

0 
0.52 

0 

0 

0 
0 

1.12 
0 
0 

4100 
0.00 
0.00 

3œ.w 

Cl4 

em 
131 

2723 
1.36 

480 
238 

low 
70. * 
537 
7.53 

0 
0 
0 
0 
0 

281 
10 

0 
0.51 

0 

0 

0 
0 

1.05 
0 
0 

3720 
0.00 
0.00 

79.00 

Cl6 Cl6 

em 8 53 
151 134 

188.4 520 
1.58 1.6 

481 43) 
2a) 2ra 

,140 1270 
747 7e 
125 359 

9.78 5.25 
0 0 
0 0 
0 0 
0 0 
0 0 

2.31 3.50 
101 10.9 

284 
0.47 

0 

0 

0 
0 

0.71 
0 
0 

4300 
000 
000 

74 20 

37 
05 

0 

0 

0 
0 
0 
0 
0 

4740 
000 
0 00 

88.80 



NES1 KW 
c31 

6 9, 
00 

5660 
0175 

403 

171 
0 71 

0 

0 

0 
0 

194 
0 
0 

42)o 
0 00 
000 

21 50 

c32 

6 78 
m 

76.4 
0.425 

451 
461 
610 

49 4 
112 

9.57 
0 
0 
0 
0 
0 

17.5 
9.0 

25 1 
067 

0 

0 

0 
0 

f 88 
0 
0 

4010 
000 
000 

105.w 

cxl CLU C35 CL37 c30 

6.75 6.73 6.6 6.77 6.71 6.9 6.58 
00 01 03 01 66 79 il5 

0.0 61.0 7a0 197.6 04.5 1 ca.0 647 
0.675 0.625 1.175 1.425 1.675 1.025 2.175 

49 438 436 434 434 426 434 
405 E-40 380 370 3el 376 360 
63 027 1oW (290 ,400 ,230 1270 

56 0 sa1 627 7a2 639 71.7 68 3 
193 149 247 303 227 80.4 50.0 

3.93 5.08 2.32 5.43 2.14 1.50 3.25 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

124 152 0.97 7.12 696 1.77 1.97 
0.3 3.4 10 01 9.6 8.3 6.7 6.2 

17.6 23.4 26.0 0 20.3 61.5 54.2 
0.63 0.75 0.62 0.66 0.66 0.63 0.6 

0 0 0 0 0 0 0 

0 

0 
0 

2.02 
0 
0 

4260 
0.00 
0.00 

235.00 

0 

0 
0 

1.66 
0 
0 

5260 
000 
0.00 

112.cQ 

0 

0 
0 

1.74 
0 
0 

5050 
0.00 
0.00 

74.50 

0 0 0 0 

0 
0 

0.64 

0 
WI0 
0.00 
0.00 

76.10 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

5670 5COO 5.030 
0.00 0.W 0.00 
0.00 0.00 0.00 

5240 87.20 61.5 



NES KC5 

PH 
Eh 
Akalmty 
Denh lm) 

C.¶ 
MQ 
Na 
K 

C40 

450 
w5 
327 

438 
7 87 
664 

0 
0 
0 

0 56 
0 

354 
55 

0 
0 78 

0 

0 

0 
0 

1 74 
0 
0 

ate0 
0 93 
000 

imoo 

Ul 

6.7 
234 

192.6 
0 34875 

432 
516 
783 

54.5 
294 

3.36 
0 
0 
0 
0 
0 

7.83 
126 

50 
0.74 

0 

0 

0 
0 

0.55 
0 
0 

4790 
0.00 
0.00 

31.50 

c42 

879 
22l 

144.4 
0.58125 

419 
444 

1CEQ 
64.9 

157 
0.736 

0 
0 
0 
0 
0 

1.6 
9.6 

188 
0.89 

0 

0 

0 
0 

0.69 
0 
0 

5680 
000 

38.w 

c43 

6.88 
189 

381.8 
0 81375 

42l 
442 

1100 
(13.5 
204 

1.21 
0 
0 
0 
0 
0 

2.71 
8.9 

7a1 
0.87 

0 

0 

0 
0 

0.66 
0 
0 

Mo0 
0.00 
0.00 

63 80 



MST Kc7A c23 c24 c25 c26 c27 KC’IA- 1 KC7A-2 

kh 
Akahnty~nC03) 
Deoh 

Pb 

cs 
Rb 
sr 
Ba 
II 
sa 
M3 
PO4 
CI 

5.60 
203 

435.6 
0.125 

53.6 
730.0 
386.5 

22.3 
748.w 
,7o.w 

0.00 
0.02s 

0.6 
1.2 

0.025 
5920 

29.4 
092 

0.025 

0 025 

0.05 

o.oto 
<SO 
5810 

0.003 
0.007 

17.7 

6.55 
105 

474 
0.375 

468.0 
5560 
476.0 

37.3 
23300 

3200 
0.00 

0.025 
0.025 
0.025 
0.025 
1100 

<lO 

437 
0 7, 

0 025 

0.025 

0.05 

0.010 
< 5.0 
4610 
0.003 
0007 

365 

6.94 7.30 7.23 6.59 
SS 140 63 131 

132.6 348.0 535.9 14348 
0.825 0.875 1.125 1.6 

466.0 
366.0 
417.0 

383 
37.50 
0.959 

0.00 
0.025 
0.025 
0.025 
0.025 

0.69 
410 

4460 
237.0 
238.0 
3ao 
2.13 

0.345 
0.00 

0.025 
0.025 

427.0 4440 
210.0 SO. 5 
(73.0 54.7 

35.0 11.0 
15.70 47.80 
0.427 0.723 

0.00 0.00 
0.025 0.005 
0.025 0.005 
0.025 0.005 
0.025 0.005 

0.51 5.45 
<lO 14.w 

17.5 
0.52 

0.025 

253 177 
0.34 0.2 

0.025 0.005 

0.025 

0.05 

0.010 
x50 
2560 
0.002 
0.007 

327 

0.025 
0.56 
<lO 

0 
037 

0.025 

0.025 

005 

<l.O 
c5.0 
lQ40 

0.002 
0.007 

365 

0 025 0.005 

0.05 

0.20 
C1.0 0.002 
<SO <l.O 
1500 465 
0.19 0.001 

0.007 0.002 
26.8 7.03 



NES1 KC7B C28 KC7B- 1 KC7B-2 

PH 0.80 
Eh 74 

CO 

2 
K 
F*(O 
73 
Pb 
CU 
N 
CO 
cd 

A0 
TI 
CS 
Flb 
sr 
B* 
Al 
SO4 
Mn 
PM 
a 

441.1 
0.1 

559.0 
14.0 
20.0 

195 
01.00 

1.50 

0.025 
0026 
0 025 
0026 

2.24 
<lO 

000 
0 33 

0.025 

0.025 

0.05 

Cl.0 
<6.0 
,050 

0.002 
0.007 

24 8 

8.05 
223 

21.3 
1.05 

441 .o 
17X0 
Sac.0 

225 
135.00 

3.67 
0.W 

0005 
0.006 
0005 
0.005 

225 
?.50 

0 
0.33 

0.005 

0.005 

0.01 

0.23 
0.002 
s1.0 
2480 

0 001 
0.003 

0.35 

5.73 
104 

2c5.7 
1.71 

8340 
179.0 
1340 

7.89 
21.40 
0.253 

0.00 
0005 
0.005 
0005 
0.005 
17.50 

900 

7.5 
0.31 

0005 

0.005 

0.0, 

021 
0.002 

<l.O 
1750 

0.001 
0.003 

9.58 



NEST KOB 028 c30 KCB-1 KCB-2 

*ESTIMATES 
PH 
Eh 
Akalrily(WCO3) o*ptl 

Pb 
CU 
N 

CS 
Rb 
8r 
Ea 
AI 
804 
ND3 
PM 
a 

489.0 
3000 
3420 

321 
357.00 

1aeo 
0.00 

0026 
0.026 

0.025 
002s 

9.52 
<lO 

022 
0.53 

0.025 

0.025 

0.05 
0 

1.21 
Ç1.0 
<SO 
3230 

0.002 
0.007 

Ta1 

a35 
in 
0.0 

0.3375 

851 
ta> 

KO.0 
1.1 

380.0 337.0 280 
124 aae 53 3 
1,o 4a9 225 

14.2 iae *os 
21.5 1.84 29.90 

3.3 2.75 1 .e7 
0 0.00 0.00 
0 0.006 0006 
0 0.005 o.ooci 
0 0.005 0.005 
0 0006 0006 

i.2 0.87 3 81 
17.0 Ii.10 ,450 

soi 
035 

0 

a0 
0.10 

0.005 

tt.2 
0.15 

0005 

0 
083 

0 
0 

lzu> 
1.24 

237 

0005 

0.01 

0.26 
0.002 
<lO 
en 

0.002 

49.1 

0.005 

0.0, 

0.23 
0.002 

e1.0 
180 

0 001 
0.002 

4.07 



NEST KQ) Cl7 06 CW KCS-1 KCD-2 KC9-3 

PH 
Eh 
Akalmty(HCO3) 
Ds~ti 

CE 
MQ 
Na 
K 
Fe@ 
2n 
Pb 
CU 

Ag 
T, 

4 
sf 
Ba 
Al 
SO4 
ho3 
Po4 
a 

5.37 
254 

329.5 
0.1 

lax 
0 
0 

2.61 
6.35 

0.722 
196 

167 

15 
144 

0 

0 
386 

6.56 6.66 6.76 6.06 
(38 212 150 250 

lrn.6 114.5 270.4 281.0 
0.4 0.6 t.1 2.05 

561 266 301 .o 332 
342 62 1œ.o 51.1 
(48 029 67.6 40.6 

24.7 21.2 16.7 14 7 
116 0 37.00 0.00 

285 0.517 7.36 0.147 
0 0 0.00 0.00 
0 0 0.00 0.00 
0 0 0.00 0.00 
0 0 0.00 0.w 
0 0 0.00 0.00 

13 0 51 3.75 0.14 
5.6 2.7 5.30 2.60 

0 
05 

0 

0 

0 
0 

0.64 
0 
0 

2970 
0 
0 

14.5 

0 
017 

0 

0 

0 
0 
0 
0 
0 

683 
0 
0 

581 

0 
02 

0.005 

0.005 

0.01 

0.24 
0.002 

<l.O 
180 

0.001 
0.002 

6.62 

0 
0 

0.005 

o.w5 

0.01 

0.010 0.15 
0.002 0.002 

<l.O 41.0 
91.6 10.3 

0.001 0.001 
0.002 0.w2 

7.26 2.63 

6.62 
156 

705.0 
3.2 

134.0 
282 
21.7 
133 

2440 
0.361 

0.w 
0.w 
0.00 
0.w 
0.00 
0.33 

14.60 

46 
0 

0.005 

0.005 

0.01 



NES1 KG?0 

PH 5.62 002 
Eh 240 110 
AkaldlyWC03) 753 lS%l 
Oeph 0.1225 0.375 

ca 
MO 
P(* 
K 
F*fl 
zn 
Pb 
QI 
N 
CO 
(21 
Mn 
SI 
S* twb) 
Aa ww sn 

Rb 

804 
ID3 
P04 
a 

090 
2.12 

0 
040 
10.8 

0 
0.08 

0 

ca C22 KClO-1 KClO-2 KClO-3 

e.05 
158 

440 
0.0225 

II.72 
224 

les.0 
1.08 

7.3e 
2oi 

374.4 
2.08 

oœ 
211 

7630 
33e 

488 
2n 

ea, 
287 
87.3 
3.25 

0 
0 
0 
0 
0 

7.80 
7.8 

WI 
*Fa 

81.8 
2a8 
17.1 
1.07 

0 
0 
0 
0 
0 

1 .a2 
5.8 

3t1.0 
207.0 

41.1) 
15.0 
7.52 
5.79 
0.00 
000 
000 
000 
000 
3.14 
<lO 

045 187.0 
40.0 233 
423 $14 
20.0 5.04 
1 02 2aoo 
1.04 0.404 
0.00 0.00 
0.00 000 
0.00 000 
OW 000 
0.00 0.00 
053 0.57 
22.0 1060 

0 
0.41 

0 

0 

0 
0 
0 
0 
0 

2140 
0.31 

0 
486 

,490 rdshJ 
0.20 mbshg 

0 mllSh0 
04.7 mbehg 

222 
0.29 

0 

0 

0 
0 
0 

: 

0 
0.3 

0 005 

0005 

0.01 

0,050 
0.01 

<6.0 

0 
O.f2 

0005 

0.005 

0.01 

0.10 
0.002 

<l.O 
3m 

0 001 
0.002 

e.83 

00 
O.f2 

0005 

0005 

0.0, 

0.25 
0.002 
<l.O 
14.0 

0.001 
0.002 

1.04 



NES7 Kcll 015 ci46 017 CEO c5i C52 CU KCll-3 KCll-4 KClf-5 KCll-6 KCIl-6 KCfl-(0 KCll-12 

PH 
Eh 
Ak alrMfy(HCO3) 
DWh 

CI 

664 679 666 6.74 6.58 6.63 6.74 635 6.43 8.86 DRY DRY DRY 6.65 5.72 6.95 
220 (37 132 133 153 ,eJ le6 174 tm l‘m 154 -46 158 

4233 332 3227 267.7 22l.4 1m.5 241.8 116.0 208.3 3357 2u.2 1665 6.2 
01 0.4 0.7 10 1.3 i.6 j.9 2.1 2.4 2.7 3.1 4.05 5.12 61 81 I0.l 

471 

527 
93.8 
63.7 
*e, 

025 
0 

261 
14.5 

3.9 
2w 
16 1 

46.2 
1.02 

0 

0 
227 

0 
0 

13300 
4.17 

53. i 

479 
4m 
62s 

61 1 
255 

20.7 
0.13 

0 
0 
0 
0 

18.6 
202 

624 
042 

0 

0 
327 

0 
0 

4820 
0 

362 

488 472 493 539 4.96 443 453 
293 247 lea 190 204 310 3t5 
997 7,s 4.31 521 546 11M ,010 

70 80.4 51.5 464 45.2 ml0 67.8 
401 456 781 89.5 101 63 77.4 

3.03 ,.6 0.076 i.81 2.94 @.Qe 9.36 
0.05 0.1 0.1 0 0 0.1* 0 

0 0 0 0.02 0 0 0 
0.05 0 0 0.02 0 0 0 
0.02 0 0 0 0 0 0 

0 0 0 0 0 0 0 
5.72 3.32 33 6.19 2.57 4.61 365 
154 19 153 10.6 148 14.2 14.2 

0 

0 

0.29 
4725 

38 

271 
0.3 

0 

0 
2 76 

0 
0 

42.30 
0 

232 

54.4 
0.24 

0 

0 

0 

328 0 
0.25 0.46 

0 0 

0 
2.64 

0 
0 

3240 
0 

226 

026 
3086 

0 
2.14 

0 
0 

3430 
0 

0 301 

0 
0.78 

0 
0 

6ZSO 
0 

34.1 

0 
0.35 

0 

0 
0.61 

0 
0 

5200 
0 

345 

501 
338 

1101 
70 

46.4 
6.44 

0 
0.02 

0.1 
0.03 

0 
2.5 

9.67 

0 

0 

0.31 
4542 

23 

663 
la2 

11.56 

382 412 367 5cM 
275 288 254 123 

1462 167.5 1028 222 
70.8 663 531 31.5 
128 176 14 iai 

4.73 2.14 0.2 0.64 
0 0 0 0 
0 0 0 0 

0.03 0 0 0.03 
0.02 0 0 0 
0.02 0 0 0 
213 162 0.66 1.4 
4.55 6 53 2.95 267 

50 

0 

0.07 
5ca5 

0 

50 

0 

0 
5045 

12 

50 

0 

0 
4œ5 

17 

50 

0 

0 
2196 

0 



NEST KCl2 

CI 
Rb 

6.48 
512 

71.4 
0.1256 

483 
649 
3zc 

565 
0 

,a5 
0.12 

0 
3.03 
6.74 
1.03 

a4 
139 

0 
0.54 

0 

0 
1 26 

0 
0 

5310 
244 

46 6 

C53 

645 
277 

298.7 
0.3885 

451 
551 
467 

45.6 
2P 

19 
0 
0 

0.2 
0.45 

0 
629 
131 

40 

0 

0.31 

CE6 

6.62 
265 

244.3 
0.6475 

461.6 
417.1 

533 
44.4 
1ol 

556 
0 
0 

0.35 
0.92 
0.13 
395 
126 

40 

0 

0.3 

30 44 

CE.7 

6.66 
m 

320.0 
0.9085 

451.4 
2S4 
456 

40.1 
119.3 

6.65 
0 
0 

0.06 
0.07 

0 
14.4 

11 

0 

0 

0.27 
3196 

51 

CE.0 

6.71 
256 

441.6 
1.3855 

558 
336 
627 

53. a 
666 
167 

0 
0 

0.06 
0.03 

0 
la.5 
1l.Q 

0 

0 

0.26 
3687 

37 

CC9 C60 CM cgi KCt2-3 KClZ-4 KC12-5 KClZ-6 KC12-6 KC12-9 

6.7 6.28 6.36 6.47 6.75 6.36 6.75 
227 239 197 163 143 263 141 

446.6 116., 166.0 336.2 464.6 274.0 188.9 
1.4245 1.6636 t .wzs 2.2015 2.4805 3.13 4.15 5.14 

6.95 6.76 
22) 24Q 

564 40.0 
7.88 6.97 

433 444 4oB 432 466 
276 277 252 242 246 
663 ,110 1671 1665 1647 

53.2 7a2 762 765 764 
2LQ 883 364 165 (16 
11.5 7.42 1.74 3.67 1.17 

0 0.11 0 0 0 
0.02 0 0 0 0 
0.09 0 0 0.03 0 
003 0 0.02 0.03 0 

0 0 0 0 0 
13.4 4.76 3.93 2.54 O.SP 
9.07 17 10.1 9 25 122 

415 
160 
546 

43 
385 
0.94 

530 540 
142 7% 
120 88.5 

27.4 17.1 
126 5.6 
0.49 0.46 

0 0 
0 0 
0 0.02 
0 0 
0 0 

1.54 1.3 
3.13 3 

0 

0 

0.29 
3196 

34 

166 
0.35 

0 

0 
0.46 

0 
0 

5870 
0 

37.2 

50 

0 

O.l6 
5632 

45 

0 

0 

0.26 
5412 

35 

0 

0 

0 
0 
0 
0 
0 

1.4 
3.4 

50 

0 

50 

0 

0.27 0 
5196 2653 

0.04 
2074 

17 0 

6.76 
260 
6.4 

6.16 

516 
la 
277 

37.5 
186 
1.16 

0 
0 

0.02 
0 
0 

1.5 
3.05 

0 

0 

0.05 
2430 

21 

50 

0 

0.05 
2076 

0 0 



YEST Kcl3 CM ces CE6 C67 C83 CBB cm c7i Ci-2 C73 KC,3-3 KC13-4 KC,3-5 KC,J-6 kC,J-6 

CS 
Ma 

“r 3 
=a4 
3 

6 91 66 6 53 6.72 6.56 6.59 646 662 6.58 6.6 DRY 6.72 6.78 6.73 
193 153 zz? 151 180 138 173 15s 150 143 396 281 3a3 

2664 5830 2663 331.9 1725 2708 76.2 143.2 045 1125 64.7 118.4 720 
01 04 0.6 0.9 1.1 13 1.6 1.8 2.1 2.3 3.05 4.0.9 4.89 6.02 

510 
693 
64 

57 9 
302 
24 1 

0 
0 

012 
021 
002 
21 6 
8 8.3 

0 

0 

0 35 
5046 

49 

444 44, 439 433 446 4-6 431 467 
486 477 493 490 476 442 37s 337 
701 821 1050 ,270 1290 1060 OP 735 

532 6l.6 68.9 74.3 729 72.3 (163 564 
47 6 tn 172 426 203 265 270 145 
19.4 6.63 6.63 4.18 3.88 3.69 8.62 3.62 

0.1 012 0.14 0.19 0 0.19 0.13 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0.04 0 0 0.03 
0 0 0 0 002 0 0 0.03 
0 0 0 0 0 0 0 0 

222 6.83 2.93 2 99 3 72 2.72 3.51 2 59 
149 153 157 176 8 92 132 13.2 64, 

51 9 
043 

0 

0 
1 95 

0 
0 

5120 
4.0, 

596 

25 9 
046 

0 

157 
044 

0 

0 
0 
0 
0 

6130 
0 

41 

27 
045 

0 

0 

0 

0 
0 
0 
0 0.19 

5626 

112 
0.44 

0 

0 
0 
0 
0 

17.6 
0.37 

0 

0 
0 
0 
0 

0 

0 

019 

0 

36 12 

468 
323 
542 

55.1 
111 

3.12 
0 
0 
0 
0 
0 

1.13 
11.1 

15.6 
0.46 

0 

0 
0.67 

0 
0 

4410 
0 

21.2 

435 506 
2s 266 
130 107 

25.1 2P.l 
3.26 34.6 
0.38 0.33 

0 0 
0 0 
0 0 
0 0 
0 0 

055 1 23 
t.66 315 

50 

0 

004 
2357 

0 

50 

0 

004 
246 

48 

562 
75.9 

79 
14.7 
13.5 
0.22 

0 
0 
0 
0 
0 

0.88 
3 

50 

0 

0.05 
1764 

0 

6.62 
217 

193 
67.2 
363 
10.1 
260 
0.58 

0 
0 
0 
0 
0 

0.47 
9 73 



NEST Km4 Cl22 Cl23 Cl24 Cl25 

PH 7.16 72 
Eh 2.9 164 
Ak~ldly(HC03) 0.0 709 
Lbph 0.1 03 

837 
,e3 
87.7 
229 

0 
1.17 

0 
0 
0 
0 
0 

060 
173 

0 0 
025 026 

0 0 

0 0 
2.42 2.5 

0 0 
0 0 

1340 1460 
48 5.28 

704 5.3 3 

772 
45.2 
no7 
283 
4.31 
3.30 

0 
0 
0 
0 
0 

3.41 
14.1 

ee4 
168 

1744 
OS 

611 
In> 
li7 

54.4 
818 
30.7 

0 
0 
0 

085 
0 

21.5 
14.8 

185 
034 

0 

0 
4.15 

0 
0 

2480 
2.83 

484 

8 rJe 
122 

1307 
O.? 

510 
334 
223 

34.7 
207 
122 
0.11 

0 
0 
0 
0 

21.8 
17.3 

2S 
053 

0 

0 
5.02 

0 
0 

2880 
0.88 

585 

Cl28 

887 
09 

1543 
0.0 

488 
348 
26? 

36 2 
401 
103 
0.12 

0 
0 
0 
0 

ID.4 
183 

444 
047 

0 

0 
4 03 

0 
0 

3280 
0 

(10.3 

Cl27 

00 
113 

2BJe 
1.1 

48) 
343 
347 

38 7 
284 

4.24 
0.1 

0 
0 
0 
0 

204 
217 

ICQ 
048 

0 

0 
454 

0 
0 

3120 
0 

838 

Cl28 

em 
loi 

2488 
13 

485 
358 
361 

40.5 
386 

1.13 
011 

0 
0 
0 
0 

155 
17.9 

164 
04s 

0 

0 
4 51 

0 
0 

3230 
0 

51.9 

ct20 

6.m 
102 

2709 
1.5 

488 
289 
430 

44.9 
3ol 

1 .Ol 
0 
a 
0 
0 
0 

7 es 
199 

In 
043 

0 

0 
47 

0 
0 

3c30 
0 

40 

Cl30 ct31 KCl4-3 KCl4-4 KCl4-5 KCl4-S KCl4-S 

OBI 
303 

273s 
1.7 

S.47 
l23 

IWO 
1 .o 

SO7 483 
281 270 
443 5P 

480 SI.8 
315 œa 

1.01 207 
0 0 
0 0 
0 0 
0 0 
0 0 

501 7.21 
21.4 22s 

2œ 
043 

0 

0 
4.32 

0 
0 

3œo 
0 

327 

272 
04S 

0 

0 
3 08 

0 
0 

3700 
0 

41.7 

(129 
438 

2195 
3 

4S3 
aco 
em 

47.9 
28 

4.M 
0 
0 
0 
0 
0 

4 se 
0.84 

50 

0 

007 
3837 

10 

S.4S 
288 

280 
4 

0 SO 
275 

341.4 
5 

430 
338 

1077 
45.5 

la 
0.23 

0 
0 
0 
0 
0 

2.0, 
7.00 

SO 

0 

0 
4431 

10 

03.2 
2eJJ 

184.3 
e 

(1.77 
277 

7ai 
8 

453 
388 

1058 
544 
323 

115 
0 
0 
0 

002 
0 

8 23 
782 

SO 

0 

0 
5œ2 

12 

417 457 
223 14 
esu 451 

427 4s. 2 
119 49. (I 

0.13 0.14 
0 0 
0 0 
0 0 
0 0 
0 0 

238 2.4 
7.32 4.92 

50 50 

0 0 

005 

10 

0.08 

0 



NES1 KClO ct7e Cl79 Cl80 ctot 

PH 3.74 1.42 e.52 645 
Eh te1 138 (11 104 
Ak~lrly(HCO3) es t 207.8 ta.5 2790 
Chptl 0.1206 0.3615 0.6025 0.8436 

E-0 Al 
SO4 
r-03 
PC4 
a 

63s 
53 

112 
365 

20 
4.08 

0 
0 
0 
0 
0 

3.45 
109 

tôe 
0.08 

0 

0 
2.12 

0 
0 

t.Sii 
s.,e 

1œ 

se1 407 470 
w 144 20( 

241 400 543 
423 48. t 529 

*œ 4.31 œt 
WI4 1.111 1.38 

0 0.1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

7.02 13.2 294 
14.0 108 1all 

327 23 43.2 
0.11 0.17 022 

0 0 0 

0 
3.34 

0 
0 

2lea 
2.10 

80 

0 
3.07 

0 
0 

aœo 
0 

07.6 

0 
6.1 

0 
0 

3770 
0 

SO3 

Cl82 

6.48 
90 

3053 
1.0845 

43a 
278 
841 

53 7 
7t3 

, .os 
0 
0 
0 

: 
27.8 
206 

101 
030 

0 

0 
4.45 

0 
0 

4170 
0 

b4.3 

CV33 

04.3 
70 

3584 
1.3255 

440 
234 
e-37 

58 3 
Es 

2 
0.12 

0 
0 
0 
0 

$53 
105 

107 
0 31 

0 

0 
4.t, 

0 
0 

4300 
0 

48.3 

Cte-4 

050 
,a> 

311.4 
I .ssœ 

483 
270 
753 

58 s 
4.50 

247 
O,P 

0 
0 
0 
0 

5.65 
148 

es 
027 

0 

0 
4.58 

0 
0 

4080 
0 

51.6 

C,BS 

0e.t 
7s 

3828 
10075 

45S 
284 
740 

sa1 
531 

1.41 
0 
0 
0 
0 
0 

3.39 
l.¶J 

2m 
0 20 

0 

0 
3.38 

0 
0 

4200 
0 

2t19 

c,œ 

605 
0.3 

221.0 
20485 

47, 
234 
ma 

47.0 
281 

164 
0 
0 
0 
0 
0 

1.64 
te.5 

142 
023 

0 

0 
37t 

0 
0 

3820 
0 

261 

Cl87 KClS-3 KCtS-4 KCtS-5 KCIS-8 KCtS-7.5 KCIS-a.ZSKClS-115 

378 842 3.43 885 
(18 211 110 PB 

4ol s 247 0 SS4 142.3 
2.2885 3.11 41 5.05 

40, 
233 
eu3 

4(L2 
825 
2.53 

0 
0 
0 

: 
282 
154 

404 383 
222 3m 
œn ,000 

SO4 50 5 
ta? me 

4.20 o.ea7 
0.te o.t5 

0 0 
0 0 
0 0 
0 0 

1.47 008 
85 0.4 

133 
022 

0 

229 
580 

37.8 
488 
4.01 
0.17 

0 
0 
0 
0 

3 82 
122 

0 
037 

0 

0 
042 

0 

0 
3.32 

0 
0 

3380 
0 

2se 

008 

0 
3080 

0 

149 

003 
0.38 

0 
4œo 

0 

140 

0 
0.56 

0 

003 
0.20 

0 
4850 

0 

Ille 

0.71 
œ 

2YO 
011 

303 
18s 

,Z?O 
55s 
144 

0.7M 
0.18 

0 
0 
0 
0 
1 

ta.1 

0 
OS8 

0 

0 03 
0.34 

0 
5130 

0 

17.1 

(183 0.0 e.e3 
271 200 te4 

230 ta2 4632 
7.0 83.37 Il.87 

467 4m 
‘18 101 
215 113 

39 7 30 
11.2 11.1 

O.MIl 0.724 
014 0.11 

0 0 
0 0 
0 0 
0 0 

0.W 0.51 
7.5 7.4 

0 0 
0.24 0.24 

0 0 

0.03 
0.27 

0 
2110 

0 

la0 

0 
0.35 

0 
tR0 

0 

,a, 

tifa 
214 

07.2 
2i.l 
64.7 
1.57 
0.13 

0 
0 
0 
0 

1.7 
1e 

4a3 
0.21 

0 

0 
0.25 

0 
tu0 

0 

(1.4 



KSTKClS 

PH 

F&,tity(“C03) 
oq>fh (m) 

C6 
MO 
NO 
K 
FN0 
zn 
Fb 
CU 
NI 
<a 
Cd 
Mn 

4 
TI 
Q 
F!b 
a 
Eh 
Al 
834 
NO3 
w4 
a 

Cl93 

3.95 
68 

4006 
0 123 

531 
218 
424 

57.2 
357 
e.27 

0 
0 
0 
0 
0 

122 
la2 

38.7 
0.28 

0 

0.04 
1.3 
0.2 

0 

CM Cl95 CI98 Cl97 Cl98 Cl99 CâM) cm1 ca2 KC18-3 KCl6-4 KClO-5 KCIO-8 KCIO-9 KCle-10 

e.w e.0 a.57 e 78 a.72 8 88 881 e8 a88 WIY 8.53 0.91 
77 62 6.5 53 71 71 47 44 43 348 300 

321 .o 370.5 4644 3955 321 .e 2XI4 2852 337.2 2998 113.7 ,702 
0.369 OBIS 0881 1.107 f ,353 f.599 ,.645 2091 2.337 3.05 404 5.05 

(1.93 a.57 
279 314 

1m.9 722 
8.1s m31 

485 433 439 480 438 443 431 474 458 388 4% 
241 293 210 190 186 188 2a 243 251 392 394 
434 840 844 4.35 532 529 503 587 573 1138 eœ 

533 55 54.5 483 50 453 469 538 55 5 58 5 47.9 
201 405 32D 194 385 256 908 143 174 211 51.7 

2 87 1.17 , .55 1 .Ol 19 1.77 4 75 7 35 540 2 25 023 
0 o.t1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 

969 7 58 4 52 2.39 379 3 25 204 5 5, e 44 3Q4 10 
le8 25 8 27.4 24 18 7 (4, 20 2 19 t le.8 5 39 4.34 

70 
IW 
104 

254 
101 

4.10 
0 
0 
0 

0.02 
0 

1 (12 
124 

37.4 77.1 
0.32 04 

0 0 

132 
0.34 

0 

0.05 
1.57 

02 
0 

475 134 97 Il, 
0 27 032 0 25 0 32 

0 0 0 0 

329 
035 

0 

0 05 
1 88 

0 
0 

233 
0 37 

0 

50 

0 

50 

0 

0.05 
‘ .52 

02 
0 

4œo 
0 

0.05 004 0.04 
173 1.24 098 

0 0 02 
0 0 0 

3380 3MO 3240 
0 0 0 

0.04 
1.84 

03 
0 

3480 
007 0 03 

5172 4029 

5.73 
WI 

oao 
et 

508 
249 
357 

41.4 
303 
0.44 

0 
0 

: 
0 

1 .w 
3.3 

50 

0 

008 
2887 

20 

50 

0 

007 

24>.4 327 287 507 

0 

224 0 51 0 



WSTKCI 7 

P” e 78 0 82 (1.74 089 a.64 0.02 
Eh 128 115 ta? 104 111 1œ 
Akalln’ly(l~C03) 17-60 247 2 3488 3x30 316.5 PST.2 
Oqilh 0-N O.l32 0 388 0.88 0.924 1.188 1.452 

Cl52 Cl53 Cl54 Cl55 Cl56 Cl57 

SS5 548 521 445 437 456 
115 12) 224 288 288 285 
311 330 465 642 775 eœ 

485 478 52 7 557 542 502 
?95 S4.5 I?d 21s 215 452 
2.45 4.10 4.35 204 1.07 194 

0 0% 0.1 0.13 0.13 O.ICI 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

103 12 127 4.56 1.73 2.21 
124 132 15 14.7 15.4 194 

28.8 
015 

0 
3 59 

0 
0 

2440 
3.05 

M.1 

280 545 97.2 1s 
OIS 0.22 0.28 0.20 

0 0 
3.02 42 

a 0 
0 0 

24% 3160 
2.5 0 

0 
4.00 

0 
0 

3880 
0 

38 1 

0 
4.06 

0 
0 

43% 
0 

47.8 27.4 

91.8 
0.28 

0 
3.28 

0 
0 

4700 
0 

27.4 

Cl56 

087 
113 

321.8 
1.718 

446 
315 
857 

59.3 
181 

BSS 
0.14 

0 
0 
0 
0 

ie2 
10.7 

16 
0.28 

0 
234 

0 
0 

4510 
0 

2s 1 

Cl58 KC17-3 KCl7-4 KCll-5 KCll-8 KCl7-S 

047 
114 

ISZO 
1 m 

4â8 
315 
ltol 

025 
478 

001 
0.22 

0 
0 
0 
0 

3.41 
i35 

179 
03 

0 
303 

0 
0 

48M> 
0 

289 

DRY DRY S4 
307 
85 

3 12 4 5.14 

420 
2% 
278 

37.9 
387 
0.99 

0 
0 
0 
0 
0 

1.58 
3.33 

50 

0 

ma 
PYJ 

77.1 
008 

510 
164 
1œ 

31.5 
29 
0.3 

0 
0 
0 
0 
0 

13 
4 03 

50 

0 

773 
144 
111 

293 
1œ 

2 58 

: 
0 
0 
0 

2.71 
13 

50 

0 

0.00 0 0.1 
2847 2337 2417 

10 13 0 



MSTKC16 
Cl42 Cl43 Cl44 

PH 645 6.43 6.56 
Eh 1% 116 Q6 
AkaYnity(HC03) 46.6 1167 331.6 
Dcplh W 0.116 0.354 0.59 

0 
Sb 
Bi 

,I 
or 
Rb 
sr 
sa 
Al 
934 
NO3 
m4 
a 

55s 5% 508 
113 149 2% 
252 360 463 

426 526 57.4 
1% 408 2s 

241 2.79 5.66 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

176 343 16.6 
123 146 13.5 

0 21.7 21 
0.13 0 36 0.26 

0 0 0 

0 0 ,o 
3.18 3.76 3.9 

0 0 0 
0 0 0 

2350 3050 2660 
0 0 0 

52 46.7 43.6 

Cl47 ca46 Cl49 Cl50 051 KC16-3 KCl6-4 KCl&5 KC16-6 

6.62 6.54 6.62 6.53 6.56 6.26 6.61 7.05 6.46 
1t9 116 103 137 144 256 146 $07 $56 

267.6 335.0 363.6 123.4 115.2 7P4 105.5 247.2 OP.5 
1.286 1.534 1.77 2.008 2.242 3.f 4.06 5.14 6.30 

485 
416 
74) 

57.7 
466 

2.79 
0.11 

0 
0 
0 
0 

5.35 
132 

510 
6Z? 

622 
146 

122 
O.,, 

0 
0 
0 
0 

6.54 
10 

463 446 4% 400 4Y) 456 469 
533 564 431 488 2a 176 642 
643 62.J 750 742 qc6 70.1 246 

61.6 -0 666 466 33 26 14.2 
667 IU? 554 724 4‘,6 25.2 47.0 

0.666 1.76 6.47 6.3 0.319 0.025 1.36 
0.14 0.1 0.13 o.i5 0.1 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

5.63 ,.6 0.76 , .42 0.54 0.25 0.62 
10.6 12 0.7 7.4 7.4 7.3 17.1 

98 
0.33 

0 

26.6 
0.36 

0 

0 
0.4 

0 

66.4 0 
0.34 0.65 

0 0 

0 286 
0.32 0.,6 

0 0 

0 0 0 
3.1 2.16 2.06 

0 0 0 
0 0 0 

4740 50x 5010 
0 0 0 

0.02 
0.46 

0 
0.35 

0 
1670 

0 

23 22 26 

iB3 
0.35 

0 

0 
1.66 

0 
0 

5a80 
0 

25.3 

0 
1.77 

0 
0 

4%0 
0 

324 

0 
4700 

0 

IA3 

0 
0.37 

0 

0 
0.4 

0 
2280 

0 

,5Q 126 

0 
0.3 

0 
764 

0 

7.07 



KMd c?ee Geccherdtty - ,962 Pore WJta a-le*alDabl 

Cl32 c,33 Ci34 

677 
rm 

237.0 
0.414 

57s 529 
14 214 
338 400 

47.6 556 
511 241 

27.0 127 
0 0 
0 0 
0 0 
0 0 
0 0 

26 5 260 
20 7 15 

102 
0, 

0 

0 
3.70 

0 
0 

3œo 
10.2 

10 

15 
0.1, 

0 

0 
4.49 

0 
0 

3240 
3.66 

55.2 

8.7 
ee 

2724 
0.646 

470 

64s 
58.1 
672 

1 .a0 
0 
0 
0 
0 
0 

il.3 
152 

37.0 
0.16 

0 

0 
3.83 

0 
0 

4080 
0 

49.7 

Cl35 Cl36 ci37 

6.6 0.72 a.52 
9œ es la) 

,940 163.1 158.6 
0.882 l.l,B 1.35 

440 
588 
746 

606 
040 

227 
0 
0 
0 
0 
0 

21.3 
(1.9 

430 

762 
54.5 

9.93 
0 
0 
0 
0 
0 

6.02 
15.4 

20.4 
0.21 

0 

0 
, .52 

0 
0 

5200 
0 

29. i 

480 
417 
7n 

54.0 
2% 

5.42 
0 
0 
0 
0 
0 

4.08 
125 

31.8 
0.27 

0 

0 
2.2 

0 
0 

6280 
0 

39.1 

120 
0.10 

0 

0 
1.74 

0 
0 

4670 
0 

21.2 

c13.3 

am 
12s 

lez.7 
1.564 

457 
345 
BSJ 

4cl8 
021 

0.061 
0 
0 
0 
0 
0 

1.00 
121 

585 
0.16 

0 

0 
1.17 

0 
0 

3830 
0 

2ua 

ct39 

s.9e 
119 

140.0 
1.810 

467 
318 
724 

488 
20.7 

0.368 
0 
0 
0 
0 
0 

0.78 
11.7 

426 
0.13 

0 

0 
0.88 

0 
0 

3.9,o 
0 

20.2 

C,40 

B.60 
163 

55 e 
2.052 

490 
32l 
79l 

50.4 
128 
t.13 

0 
0 
0 
0 
0 

0.7 
9.6 

51.1 
0.15 

0 

0 
0.88 

0 
0 

3880 
0 

20.2 

Cl41 KC,9-3 KCIB-4 KCW-5 KC,O-8 

6.29 
156 

424 
2.286 

298 
eco 

47 

t .05 
0 
0 
0 
0 
0 

2.38 
125 

ee.7 
0.14 

0 

0 
0.*0 

0 
0 

3670 
0 

228 

0.62 
147 

84.3 
3.08 

431 
286 
49 

387 
323 

0.185 
0 
0 
0 
0 
0 

0.62 
9.0 

0 
0.45 

0 

0.03 
0.47 

0 
3230 

0 

tao 

0.06 
143 

127.4 
4.05 

7.05 
107 

47, .o 
5.05 

478 320 
105 727 
112 37.0 

28.8 21.5 
37.9 259 

0.677 0.128 
0 0 
0 0 
0 0 
0 0 
0 0 

0.78 0.14 
0.4 t,., 

0 
0.32 

0 

0 
0.43 

0 
2100 

0 

11.4 

37.7 
0.17 

0 

0 
0.21 

0 
7et 

0 

7.35 

0.44 
(85 

1106.0 
5.52 

538 
563 
29.1 
13.9 
43.6 
1.73 

0 
0 
0 
0 
0 

1.02 
2t.9 

564 
0.10 

0 

0 
0.31 

0 
915 

0 

7.44 



PH 8.05 e.m 6.55 
Eh 250 143 137 
Akalnity(HCO3) 1640 ,273 161.2 
Dcplh (ml 0.125 0.375 0.625 

Cl12 Cl13 Cl14 

623 500 5SJ 
37 3 411.8 716 
$22 633.7 811 

30 65.6 70.2 
0 310 38) 

0.165 3.55 3.28 
0.1 0 0 

0 0 0 
0 0.03 0.03 
0 0.02 0.02 
0 0 0 

04 13.7 149 
124 8.81 11.3 

0 
029 

0 

0 
2.7 

0 
0 

la30 
0 

47.2 

50 

0 

0.03 
4664 

51 

M 

0 

0 
6783 

42 

Cl15 

8.88 
127 

288.4 
0.675 

519 
778 

74.2 
28 

13.4 
0 
0 

0.09 
0.04 

0 
135 
10.6 

M 

0 

0 
7515 

25 

Cl16 

648 
1.9 

185.6 
1.125 

491 
625 

1320 
767 
398 
4.6 

0 
0 

0.02 
0.02 

0 
5.47 
9.67 

50 

0 

0.1 
6330 

Cl(7 

6.14 
165 

984 
1.375 

48 
4‘s 

1119 
57.7 
458 

6.12 
0 
0 
0 

0.02 
0 

0.49 
6.24 

$0 

0 

0.04 
5677 

0 

Cl17 Ci18 Cl90 Cl20 Cl21 KC20-3 KC20-4 KC20-5 KC20-6 KC20-7 

6.14 6.67 0.37 (1.28 a.26 e.56 me 0.9s 
im 17l 16l (80 $92 133 970 Ve 

SS4 003 64.6 !Xl0 432 %Il 960 SS2 
1.625 1.675 2.125 2.375 2.625 3.01 4.01 5.02 

443 514 5œ 458 45S 
4’11 458 4w 333 311 

loIO ,102 ,165 eso4 em 
595 03, (10.3 499 44.8 
568 66 61.4 243 27S 

5.55 0.53 0.89 3.4 1.58 
0.10 0 0 0.12 0 

0 0 0 0 0 
0 0 0.02 0 0 
0 0 0 0 0 
0 0 0 0 0 

6.77 0.88 1.33 3.46 2.72 
10 9.60 9.46 17.5 21.0 

405 46i 4m 
3% 152 55.2 
045 141 t2l 

388 27.2 185 
213 644 327 

0.451 1.28 0.114 
0.*2 0 0.11 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

23 
0.52 

0 

2m 
0.48 

0 

22 21.3 20 
0.53 0.31 0.2 

0 0 0 

0 
1.74 

0 
0 

5380 
0 

10.2 

0.11 

0 

0.03 

0.2 

0 

0.17 

0 
1.œ 

0 
0 

3670 
0 

155 

402 
0.44 

0 

0 
0.97 

0 
0 

3650 
0 

17.4 

0.03 
0.46 

0 
4110 

0 

124 

0 
0.47 

0 
2030 

0 

0.00 

0 
0.23 

0 
1600 

0 

6.54 

7.1 
167 

w.e 
6 

411 
232 

1œ 
153 
0.19 

0 
0.12 

0 
0 
0 
0 

209 
0.13 

0 

0 
0.M 

0 
Ii360 

0 

4.6 

*.a0 
Kz 

6.63 

6% 
54.7 
10.8 
Ml 
0.77 
0.11 

0 
0 
0 
0 

87.4 
0.18 

0 

0 
0.3 

0 
em 

0 

4.31 



PH 6 74 
Eh 282 
Akahnty(HC03) ,120 
Dam cm) 3 

ca 506 
Mg 315 
Na 365 

k9 43 17.8 1 
zn 0.22 
m 0 
CU 0 
N, 0 
OJ 0 
Cd 0 

sf 
BS 
Al 
SO4 
NO3 
Foc 
a 

(1.85 
357 

4 

510 
485 
167 

14.5 
8.43 
0.16 

0 
0 
0 
0 
0 

0.3 
2.46 

50 

0 

7.57 
379 

207.6 
5 

688 
7.74 
124 

,a3 
0 
0 
0 
0 
0 
0 
0 

0.03 
2.41 

50 

0 

6.52 
212 

1o)o.o 
6 

676 
415 
5m 

0.56 
927 
0.61 

0 
0.02 

0 
0 
0 

0.47 
ta7 

50 

0 

0.06 008 003 004 
2832 ,748 317 1164 

0 0 0 0 



NEST KC23 

PH 
Eh 
Akalr*ty,HCO3) 
Deum Cm) 

c74 

6.72 
307 

246.3 
O.ll2 

453 
615 
799 

6s 
565 
24.6 
012 

0 
0 
0 
0 

18.3 
121 

223 
0.66 

0 

0 
1 63 

0 
0 

6470 
2.44 

61.7 

C75 

6.61 
147 

356.4 
0336 

476 
503 
769 

565 
461 
136 

0 
0 

0.07 
005 

0 
124 
10 1 

0 

0 

0.36 
‘WI6 

31 

CT6 

6.62 
729 

263.0 
0.56 

447 
571 
994 

61.4 
2% 

4.67 
0 
0 

002 
0.03 

0 
5.07 
10.4 

0 

0 

0.35 
5457 

36 

C77 

6.03 
115 

116.1 
0.764 

588 
,110 
66.3 
308 

2.w 
0 
0 
0 

0.34 
0 

33 
$22 

40 

0 

02? 
6031 

27 

C76 

6.36 
1542 

183 
t.006 

42? 
438 
5% 

49 0 
,080 
19.4 

0 
0 
0 
0 
0 

7.3 
14.6 

226 
0.43 

0 

0 
0 
0 
0 

6gsO 
0 

25.6 

c76 

6.71 
220 

238.0 
1.232 

sœ 
363 
234 

37.6 
w.7 
0.44 

0 
0 
0 
0 
0 

0.67 
6.02 

0 

0 

0.27 
3158 

10 

cm 

807 
2t3 

113.2 
1.456 

514 
347 
103 

306 
17.6 
0.26 

0 
0 

0.02 
0 
0 

0.64 
3.67 

50 

0 

0.04 
2835 

60 

CBI 

7.03 
208 

li6.6 
1.66 

481 
336 
113 

37.3 
6.67 

0.249 
0 
0 
0 
0 
0 

0.41 
6.3 

0 
0.31 

0 

0 
0.71 

0 
0 

3240 
0 

20.4 

cœ cg) KC23-3 KC23-4 KC23-5 KC23-6 

7.07 
216 

128.1 
1.604 

7.13 
244 

1œ.o 
2.126 

464 
477 

84.1 
331 
4.06 

0.166 

0 
0 
0 
0 

0.43 
11.2 

0 
0.38 

0 

0 
0.64 

0 
0 

3630 
0 

30.1 

6.6 6.01 7.23 6.78 
370 243 3œ 238 

663 720 1622 629.0 
3 4 5 6.11 

515 
49) 
111 

367 
5.9 
0.1 

0 
0 
0 
0 
0 

0.6 
3.77 

513 551 
565 203 
104 w.0 

25.2 156 
$66 266 

0.6 0.16 
0 0 
0 0 
0 0 
0 0 
0 0 

1.12 0.63 
3.45 3.06 

4Ol 
52 

25.2 
10.6 
243 

1.1 
0 
0 
0 
0 
0 

0.26 
*0.6 

50 

0 

0.05 
32l3 

20 

50 

0 

0.14 
3600 

0 

50 

0 

0.05 
2336 

0 

765 
566 
243 
2.06 
0.12 

0 
0 
0 
0 
0 

0.07 
2.66 

50 

0 

50 

0 

0.11 0.06 
1152 636 

12 0 



PH 
Eh 
Akali”it,WC03) 
Da* (m) 

CO 
MO 
Na 

b, 
zn 
m 
CU 
Ni 
CO 
Cd 
Mn 
5% 
se (FM) 
As (PFW 
sn 
0 
Sb 
a 

,I 
ca 
Rb 
sr 
ea 
Al 
504 
NO3 
xl4 
a 

C%l 

6 38 
21s 

1œ.1 
01185 

4% 
1080 

3R 
25 

207 
70 3 
0.16 

0 
0 

0.57 
0 

51 
143 

0 
0 76 

0 

0 
1 SS 

0 
0 

7860 
0 

55 

cm 

*.œ 
1m 

202.7 
0.34% 

514 

343 
387 
(15 

41.3 
0 
0 

0.21 
0.31 
0.02 

37 
11.56 

50 

0 

0.21 
!32z2 

37 

CaB 

0.87 
1% 

,833 
0.5825 

518 
785 
191 

347 
54.1 
123 

0 
0 

0.08 
0.11 

0 
136 
5.81 

SO 

0 

0.14 
4600 

32 

ce7 

6.97 
152 

216.6 
O..sI 56 

481 

i% 
338 
35.6 
e.34 

0 
0 

0.03 
0.08 

0 
9.4 

5.21 

50 

0 

0.11 
4œ3 

28 

C% 

0.88 
158 

lW.4 
1 .wm 

541 
5m 
la, 

2.04 
47.9 
1.92 

0 
0 

0.02 
0.02 

0 
3.1 

7.12 

50 

0 

0.18 
3672 

30 

cm 

0.7 
227 

le4.7 
1.2815 

504 
419 

73 
29.2 

M 
0.742 

0.14 
0 
0 
0 
0 

1.3 
14 

0 
0.46 

0 

0 
1.12 

0 
0 

3zflo 
0 

139 

cm ca CÇZ CO3 KGB-2 KC24-3.5 

em3 
282 

113.5 
1.5145 

e.8* 
237 

203.1 
1.7475 

7.05 
2s 

280.3 
l.O@S 

7.05 DRY .a.48 
20, 288 

2m.5 lc61.1 
2.2135 2 3.58 

51s 512 423 
354 282 217 

855 581 50 
27 253 257 

224 14.2 0.70 
11 0.88 0.257 

0 0 0 
0 0 0 
0 0 0 

0.02 0 0 
0 0 0 

2.4 1.03 1.4 
4.7 5.9 0.4 

388 
le5 

!Ta0 
27.4 
10.3 
0.a 

0 
0 
0 
0 
0 

1.11 

50 

0 

0.00 
2m5 

30 

50 

0 

2a4 
0.33 

0 

8.57 

50 

0 

0.09 
2477 

0 
0.52 

0 
0 

1880 
0 

20 195 

0 
1731 

0 



NESTKC27 

PH 
Eh 
Aksïnty(HCO3) 
W*h Cm) 

CI 
Mg 
Ns 

24 
Be 
Al 
934 
NOS 
Fo4 
cl 

Cl88 

6.M 
rm 

282.0 
0.925 

530 
833 
123 

258 
loi 

53.5 
0.15 

0 
0 41 
106 

0 
352 
121 

0 
0.43 

0 

0 
< 02 

0 
0 

5100 
809 

24 

CWO cm0 

0.72 7 5.07 
04 62 34 

435.0 378.0 541.4 
0.375 0.625 0.875 

511 
524 

El.9 
2a3 
90.4 
4.31 
0.92 

0 
0 
0 
0 

6.34 
125 

344 
281) 

61.5 
288 
31.4 
0.73 

0 
0 
0 
0 
0 

0.71 
7.5 

0 
0.18 

0 

SP 
2w 

87.1 
25.4 
507 

0.188 
0 
0 
0 
0 
0 

5.42 
19.2 

0 
0.20 

0 

0 
142 

0 
0 

3450 
0 

31.3 

603 
0.18 

0 

0 
121 

0 
0 

1790 
0 

14.3 

0 
0.98 

0 
0 

V(u0 
0 

$87 

Cl91 Cl02 

aso 
0) 

em.2 
1.125 

3a 
178 

538 
14.2 
74.4 

0.219 
0 
0 
0 
0 
0 

2.6 
22.2 

354 
0.1 

0 

0 
0.59 

0 
0 

1050 
0 

365 



Kidd Crack Geochemistty - 1993 Pom Water Ctmmical B.ta 

NESTKCI - 1993 Cl6 ci9 au C?l c22 c?3 c24 KCl -3 KCi-4 KCI -6 KCl-6 KCl -9 

DH 
Eh 
ALKALINITY (HCO3) 
Wwm) 
ca 
Mg 
FB 
K 
Fe(t) 
zn 
Pb 
CU 
Ni 
CO 
Cd 
Mn 
Si 
As 
AI 
SW 

CI 

3.70 
466 
0.0 

0.15225 
534 

4060 
592 
17.6 

4710 
4340 

1.3 
1.16 

37.6 
22.4 
10.8 
726 

33.6 
3.3 

11.8 
32600 10400 

43.3 23.6 

6.07 
100 

93.6 
0.45675 

454 
1310 

684 
34.6 

1410 
232 
0.4 

0 
0.34 
0.06 
0.22 

132 
16.2 

41.9 
0 

6.36 6.54 7.32 6.4 
66 63 50 77 

127.2 128.4 235.6 171 
0.76125 1 a575 1.37025 1.67475 

446 467 471 457 
672 615 632 992 
717 669 621 611 

45.4 47.4 44.7 49.6 
705 365 19.5 706 

23.7 2:65 0.561 13.5 
0 0 0 0 
0 0 0 0 

0.06 0.06 0 0 
0 0 0 0 

0.09 0.06 0 0 
4.93 9.63 0.596 34.9 
17.1 13.0 4.9 17.1 
491 156 6.7 372 

0 0 0 0 
6840 5770 5110 7450 

15.0 25.9 17.1 20.0 

6.56 
75 

141.4 
1.97925 

452 
667 
677 

50.6 
504 

23.4 
0 
0 
0 
0 
0 

22.9 
15.4 
444 

0 
6970 

13.7 

6.73 7.09 7.14 
140 64 53 

127.6 66 146.4 
3 4 5 

406 474 476 
342 155 241 
531 111 67.6 

36.0 32.6 16.4 
14.2 4.60 26.3 

0.167 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0.65 0.46 0.46 
6.6 5.7 7.1 
3.2 3.7 3.6 

0 0 0 
2960 1630 1690 

12.6 14.6 14.0 

7.14 
114 

65.1 
6 

394 
106 

6S.0 
11.9 

0.92 
0.072 

0 
0 
0 
0 
0 

0.40 
5.6 
3.7 

0 
1290 

11.9 

7.17 
172 

964.6 
9 

172 
63.0 

11.1 
1.62 
7.93 

0.15t 
0 
0 
0 
0 
0 

0.43 
12.6 

5.3 
0 

6.63 
4.51 



KiddCmek Geochemistry - 1993 Pom Water Chemlcal D& 

NEST KC3 - 1993 

DH 
;Eh 
ALKALININ (HCO3) 
c=wvw 
ca 
Mg 
r-43 
K 
FN) 
20 
Pb 
CU 
Ni 
CO 
Cd 
Mn 
Si 
AS 
Al 
SO0 
CI 

7.27 
53 

294.7 
0.135 

463 
ai1 

1120 
62.6 
20.0 
26.2 

0 
0 

0.16 
0 

0.15 
57.5 
12.3 

35 .a 
0 

6220 
32.7 

cx c27 CZQ c30 c31 c32 c33 U4 KQ-3 KQ-4 KU-6 Km-6 Km-6 KQ-10 KC3-136 

7.01 a.89 6.64 a.93 6.9 6.63 6.9 a.54 a.53 6.66 6.69 7.03 
45 50 53 40 52 50 53 79 a4 136 78 73 

330 330.3 727.3 300 320.4 285.2 337.4 la2 201.6 152.6 126.1 224.7 
0.405 0.675 0.945 1.215 1.465 1.755 2.025 2.265 2.56.5 3 4 5 

461 461 461 462 461 462 452 456 446 414 369 401 
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Appendix II

Profile plots of geochemical data
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Appendix III

Mineral saturation indices calculated with MINTEQA2



Calcite CaCO, 
Dolomite CaMgCO,), 
Epsomite MgSO,-7H,O 
Magnesite mco, 
Rhodochrosite MnCO, 
Siderite FeCO, 
Smithsonite ZnCO, 
Gibbsite AWO, 
Goethite aFeO(OH) 
Lepidocrocite yFeO(OH> 
Gypsum CaS0,*2H20 
Jarosite ~@WJ,(OH)6 
Natrojarosite NaFe3(S04)2(OH)6 
Hydronium Jarosite (H,OFe,GO&@H), 
Anglesite PbSO, 
Melanterite FeSO,=7H,O 
Thenardite Na,SO, 

LIST OF MINERALS 



Kidd Creek Geochemistry - SatirationIndices(MINTEQA2) 

DEPTH(m) Calcite Dolornite Epsomite Magwsite Rhododwosit Siderite ZnCOI,lH20 Smilhsonite 

Nestl - 1991 
0.12 
0.36 

0.6 
0.84 
1.08 
1.32 
1.56 

1.8 
2.04 

3 
4 
5 
9 

.****t l .i... -1.187 
-2.079 
-2.075 

-2.02 
-1.905 
-1.877 
-1.975 

-2.04 
-2.049 
-2.351 
-2.631 
-2.362 
-2.663 

l ***** l +**** .*.t*. ii***. CC**** 

-3.95 -7.622 
-3.953 -7.626 
-0.641 -0.951 
-1.953 -3.464 
-0.481 -0.501 
-1.086 -1.821 
-1.136 -1.988 
-0.659 -1.073 
-0.698 -1.409 

0.385 0.448 
0.039 -0.059 
0.268 0.077 

-4225 -4264 -2.396 -4.157 
-4225 -4.68 -2.401 -4,706 
-0.861 -1.332 0.529 -1.63 
-2.081 -2.116 -0.82 -2.362 
-0.588 -1.346 0.026 -2.029 
-1282 -1.598 0.401 -2.348 
-1.397 -1.635 0.23 -2.328 
-0.958 -1.805 0.15 -2.158 
-1.251 -1.684 l *t*** -1.834 
-0.461 -0.623 -2.642 -1.085 
-0.612 -0.812 -0.013 -1.464 
-0.696 -0.79 *t**** -1.729 

-4.531 
-5.083 

-2.01 
-2.744 
-2.414 
-2.736 
-2.719 
-2.552 
-2239 
-1522 
-1.917 
-2.197 

Nestl - 1992 

0.12 -4.326 -7.564 -1228 -3.792 -2.565 -3.426 -2205 -2.574 
0.36 - 2.924 -5.115 -1.52 -2.744 -1.548 -0.433 -1.444 -1.816 

0.6 -1.842 - 3.292 -1.925 -2.002 -1.393 -0.067 -1.555 -1.931 
0.84 -1.26 -2.209 -2.032 - 1.5 -1.417 0.06 -1.939 -2.319 
1.08 -1.013 -1.726 -1.964 -1262 -1.3;48 -0.107 -1.802 -2.184 
1.33 - 0.942 -1.507 -1.956 -1.113 -1.153 0.496 -2.108 -2.493 
1.57 -0.751 -1.195 -1.993 -0.991 -1.517 0.346 -2262 -2.65 
1.81 -0.576 -0.912 -2.073 -0.882 -1.794 0.103 -2.018 -2.408 
2.05 -0.343 -0.547 -2.181 -0.75 -1.635 -0.461 -1.973 -2.367 

Nestl - 1993 

0.15 **+*** 

0.46 -1.775 
0.76 -1.202 
1.07 - 0.973 
1.37 0.123 
1.67 -1.094 
1.98 -1.003 

3 - 0.739 
4 - 0.49 
5 -0.151 
6 -0.382 

****** -1.031 
-1.591 
-1.801 
-1.836 
-1.833 
-1.697 
-1.732 
-2215 
-2.647 
-2.435 

-2.82 

***t** l ***** c***** l ****. 

0.472 -0.594 

0.741 -0.97 
0.682 -1.669 
0.455 -1.313 

0.82 -1.124 
0.764 -0.784 

-0.507 -2.511 
-0.827 l ***** 

0.251 . ...+* 

-1.355 -2.547 

**t*** 
-2.861 
-1.898 

-1.5 
0.684 

-1.668 
-1.537 
-1.432 
-1.372 
-0.513 
-1257 

-1.636 -0.5 
-1243 -1.35 
-1.069 -0.841 

0.022 -0.988 
-1.108 -0.405 
-1.064 -0.40 
-1207 -1.736 

-1.39 -1.709 
-0.866 -1.367 
-1.374 -1.591 

-0.975 
-1.36 

-2.067 
-1.72 
-1.54 

-1207 
-2.983 

l ***** 

l ***** 

-3.025 



IGddCreek Geochemistry - SabrationIndices(MINTECA2) 

DEPTH(m) Calcite Epsomite Mag,esite Rhodochrosit Siderite ZnC03.1H20 Smtisonite 

Nest2-1991 

0.12 -0.728 -1.824 -2.7 -1.65 -0.639 
0.37 -0.624 -1.675 -2.408 -1.404 -0.456 
0.61 -0276 -0.681 -2.511 -0.954 -0.015 
0.86 -0.565 -1.287 -2.484 -1251 -0281 

1.1 -0.46 -0.982 -2.41 -1.07 -0.109 
1.37 -0.529 -1236 -2.519 -1252 -0.376 
1.63 -0.824 -1.88 -2.54 - 1.6 -0.6 

1.0 -0.08 -0.361 -2.51 -0.823 -0.484 
2.16 0.076 0.034 -2.435 -0.563 -0.391 

6 -0.993 -2.078 -2.265 -1.594 -1.457 
8 -0.23 -0.625 -2.352 -0.897 -1.057 

10 -0.493 -1.491 -2.666 -1.496 -1.317 
12 -0.571 -1.252 -2.318 -1.177 -1.611 
14 0.126 -0.365 -2.927 -0.964 -0.434 

0.293 
1.008 
1.208 
1.321 
1.414 
1.118 
0.515 
0.989 
1.348 
0.412 
0.396 

-0.922 
l ...** 

-023 

-0.809 -1271 
-0.962 -1.357 
-0.759 -1.139 
-1.308 -1.691 
-0.954 -1.34 
-1.004 -1.395 
-1.369 -1.764 
-0.728 -1.127 

-1.38 -1.783 
-1.55 -2.01 

-1.585 -2.058 
-2.096 -2.577 
-2.527 -3.011 
-0.767 -1257 

Nest2- 1992 

0.13 -0.617 -1.611 -2.36 -1.346 -0.419 0.492 -0.685 -1.057 
0.4 -1.519 -3.069 -2.366 -2.102 -1.155 0.109 -1.978 -2.354 

0.67 -0.402 -0.605 -2.346 -0.954 -0.443 1.366 -1.342 -1.721 
0.91 -0.137 -0.446 -2.494 -0.858 -0.449 1.311 -0.978 -1'.38 
1.13 -1.157 -2.482 -2.468 -1.874 -1235 0.468 -1.95 -2.336 
1.29 -0.569 -1.324 -2.505 -1.302 -0.942 0.932 -1588 -1.976 
1.56 -0.455 -1.152 -2.58 -1243 -1.139 0.725 -1.540 -1.041 

Ne~t3 - 1991 

0.12 -0209 0.013 -1.914 -0.333 0.244 1.378 -0.73 -1.102 
0.36 -0.516 -0.999 -2.303 -1.035 -0.339 1.249 -1.578 -1.953 

0.6 -0.103 -0.629 -2.602 -0.986 -0.486 1.207 -1.345 -1.724 
0.84 -0.316 -0.753 -2.482 -0.986 -0.183 0.772 -1.010 -1.401 
1.08 -0.267 -0.479 -228 -0.76 -0.074 0.968 -0.569 -0955 

3 -0.475 -0.818 -2.159 -0.877 -0.849 0.998 -1.673 -2.089 
4 -0.939 -1.797 -2.167 -1.379 -1275 0.786 -2.185 -2.625 
5 -0.399 -0.856 -228 -0.971 -1.191 0.558 -1.654 -2.106 
6 -0.685 -1.812 -2.640 -1.631 -1.384 -0.71 -2.513 -2.983 
8 - 0.943 -2206 -2.378 -1.765 -1.683 -1.022 -2.875 -3.352 

10 -0.724 -2.208 -2.937 -1.983 -1.719 -0.453 -2246 -2.726 
13.5 -0.086 -0.761 -3.613 -1.173 -0.852 0.603 -1.191 -1.672 



IGddCreekGeochemistry - SatirationIndices(MINTECV42) 

DEPTH(m) Calcite Dolornite Epsomite Magwslte Rhodochrosit Siderite ZnCOd.lH20 Smitrsonite 

Nest3 - 1992 

0.13 
0.38 
0.63 
0.88 
1.13 
1.36 
1.58 

-0.059 -0.005 
-0.42 -0.919 

-0.766 -1.513 
-0.441 -0.844 

l ***** l “**** 

-0218 -0.542 
-0.689 -1.471 

-2.227 
-2.323 

-2.28 
-2244 
-4.273 
-2.377 

-2.36 

-0.499 0.108 
-1.049 -0.501 
-1293 -0.73 
-0.946 -0.522 

l ***.* l ***** 

-0.858 -0.645 
-1.333 -1.065 

0.994 
0.801 
0.459 
0.584 

0.557 
0.481 

-0.167 -0.541 
-0.793 -1.175 
-1291 -1.681 
-0.865 -1264 

l ***** *C*l** 

-0.492 -0.906 
-0.819 -1241 

Nest3 - 1993 

0.14 0.144 0.766 -1.854 0.069 1.02 0.537 0.355 -0.018 
0.41 -0.049 0.278 -1.947 -0.223 0.631 0.798 0.005 -0.375 
0.68 -0.016 0.139 -2.127 -0.392 0.052 1.169 -0.771 -1.159 
0.95 0.161 0.374 -2.246 -0.33 -0.224 1.542 -1.06 -1.458 
1.22 -0.131 -0.2 -2.213 -0.61 -0.432 1.132 -1205 -1.608 
1.49 -0.159 -0.26 -2.23 -0.658 -0.513 0.982 -123 -1.64 
1.76 -0.145 -0.334 -2.273 -0.722 -0.784 0.818 -0.635 i -1.052 
2.03 -0.215 -0.483 -2.25 -0.797 -0.684 0.951 -0.663 -1.088 

2.3 -0.859 -1.834 -2.298 -1.501 -1.09 0.917 -1.666 -2.098 
2.57 -0.853 -1.843 -2.307 -1.511 -1.012 0.845 -1.817 -2.057 

3 -0.714 -1.725 -2.54 -1.526 -1.313 -0235 -2285 -2.738 
4 -0.974 -1.92 -2.179 -1.457 -1.369 0.664 -3.718 -4.176 
5 -0.236 -0.605 -2.353 -0.876 -1.092 0.832 *t***+ *..*a* 
6 -0.834 -1.701 -2.667 -1.572 -1.464 -0.497 li.... *a**** 

8 -0.547 -1.467 -2.593 -1.42 -1.511 -0.231 *te*.* l *..*t 

10 -0.422 -1.747 -3.124 -1.822 -1.331 0.047 *a**** l ****. 

Nest4- 1991 

0.12 -1.807 -2.528 -1.862 -1.473 -0.461 
0.34 -0.937 -1.619 -2.091 -1235 -0.523 
0.57 0.231 0.53 -2.283 -0252 -0.003 
0.81 -0.103 -0.168 -2.302 -0.615 -027 
1.03 -1.199 -2.417 -2.337 -1.767 -0.818 
1.15 -0.483 -0.801 -2.146 -0.866 -0.034 
1.44 0.047 0.256 -2.144 -0.338 -0204 
1.73 -0237 -0.34 -2.166 -0.648 -0.838 
2.02 -0.543 -0.948 -2.156 -0.948 -1246 
2.31 -0.446 -0.759 -2.164 -0.855 -1.096 

3 -0.891 -1.696 -2.196 -1.343 -1.788 
4 -0.11 -0.405 -2.44 -0.818 -1.117 
5 -0.888 -1.976 -2.414 -1.603 -2.111 
6 -0.765 -2.021 -2.69 -1.762 -2.124 
8 0.345 0.004 -3.217 -0.842 -1.175 

9.6 -0.711 -2.15 -4.272 -1.938 -1.428 

.*...* 

0.338 
0.815 
1.053 
0.601 
0.862 
1.316 
0.975 
0.736 
0.485 
0.348 
0.373 

-1.123 
-0.348 

0.617 
0.103 

-0.319 -0.69 
-1.085 -1.46 
-0.137 -0.514 
-0.145 -0.526 
-1296 -1.679 
-0.575 -0.959 
-0.579 -0.967 
-1.523 -1.915 
-1.778 -2.173 

-1.52 -1.919 
-2.076 -2.485 
-2227 -2.664 
-2.813 -3269 
-2.624 -3.092 
-1.073 -1.549 
-1.823 -2.302 



fiddCreekGeochemist!y - SallrationIndices(MINTEQ42) 

DEPTH(m) Calcite Dolomite Magesite Rhodoctwosil Siderite ZnCOJ,lH20 Smihsonite 

NestS - 1991 

0.1 -1.409 -2.38 -1.945 -1.525 -0.308 -1.989 
0.31 -0.417 -0267 -1.773 -0.404 0.247 0.585 
0.51 -0.609 -0.907 -2.03 -0.85 -1.064 0.481 
0.72 -0.38 -0.583 -2.175 -0.755 -1.157 0.551 
0.92 -0.676 -1.215 -2.212 -1.093 -1247 0.546 
1.13 -0.826 -1.637 -2.305 -1.36 -1.874 -0.082 
1.33 -0.696 -1.511 -2.445 -1.363 -1.437 0.245 

3 -1.182 -2.822 -2.792 -2.179 -2.514 -2.723 
4 -02 -0.674 -2.529 -0.998 -1.306 0.002 

5.3 0.17 -0.526 -3264 -1211 - 1.3 0.857 

-0205 -0.578 
0.135 -0238 

-1.54s -1.925 
-1.693 -2.071 
-1.907 -2279 
-2.176 -2.559 
-1.895 -228 
..***. ..C".. 
l ***.. l *.*** 

-1.662 -2.117 

Nest5 - 1992 

0.12 -1.356 -2.746 -2.251 -1.944 -0.77 -1.955 -0.79 -1.161 
0.35 -0.672 -0.926 -1.904 -0.808 -0.679 0.838 -1.335 -1.709 
0.58 -0.638 -0.655 -1.742 -0.569 -1276 0.662 -1.907 -2.283 

Nest6 - 1991 

0.1 -2.89 -4.806 -1.782 -2.471 -1.195 
0.29 -0.57 -1.15 -2.377 -1.134 -0.139 
0.49 -0.381 -1.006 -2.642 -1.179 -0.811 
0.66 -0205 -0.636 -2.603 -0.985 -0.983 
0.86 0.168 0.193 -2.557 -0.528 -0.879 
1.07 0.223 0.197 -2.637 -0.579 -0.68 

'1.27 -0.087 -0.518 -2.804 -0.983 -1.118 
1.75 -0219 -0.764 -2.69 - 1..095 -1.133 

2.5 -0.793 -2.048 -2.929 -1.791 -1.964 
3.65 0.229 0.399 -3.154 -0.352 -1.139 

-0233 
0.731 

0.55 
0.056 
0.425 

.*.*** 

-0.547 
L..... 
. ...*. 
l *t.** 

-0.486 -0.854 
0.148 -0224 

-0.941 -1.315 
-1.429 -1.804 
-1253 -1.628 
-0.918 -1295 
-1.853 -2.031 
-1.499 -1.88 
-2.755 -3.165 

l t**t. ..**t* 

Nest7a - 1992 

0.13 -2.35 -3.335 -1.889 -1.538 -0.514 0.53 -0.363 -0.739 
0.38 -1.327 -2.365 -2.023 -1.584 -1.139 0.12s -0.957 -1.348 
0.63 -0.394 -0.7 -2253 -0.846 -1.313 0.24 -1.536 -1.94 
0.88 0.431 0.755 -2.505 -021 -0.73 -0207 -0.822 -1237 
1.13 0.591 1.021 -2.606 -0.099 -0.633 0.783 -0.988 -1.416 



KiddCreek Geochemistry - SaWationIndices(MINTEQA2) 

DEPTH(m) Calcite Epsomite Magwaite Rhodochrosit Siderite ZnC03.lH20 Smitwnite 

Nest7b - 1992 

0.1 0.121 -0.122 -2.751 -0.793 -0.4 1.034 -0.95 -1.332 
1.08 -2.204 -4.779 -2.454 -3.055 -2.58 -1.071 -2.708 -3216 

NestB-1992 

0.11 
0.34 
0.88 

-1.435 -2.845 
l ***** **C*i* 

-2.337 
-2.866 
-3.123 

-1.959 -1.327 0.189 -1.345 
**dl**. l ***** l **.** l ***** 

-0.05 -0.73 -1.18 -0.917 -0.719 -0.618 

-1.729 
l ***** 

-1.095 

Nest9 -1992 

0.1 -1.905 -3.219 -1.765 -1.864 -0.571 
0.4 -0.818 -1.699 -2.265 -1.412 -0.663 
0.6 -0.770 -2.072 -3227 -1.814 -1.715 
1.1 -0.438 -1.312 -2.76 -1.352 -0.586 

2.05 0.211 0.57 -3.84 -0.114 -0.648 

0.467 
0.208 

*****t 

0.255 
****t* 

-0.044 -0.426 
-0.566 -0.988 
-1.898 -2.346 
-0.488 -0.999 
-1.036 -1.556 

NestlO - 1992 

0.12 -2.046 -3.74 
0.37 -0267 -0.623 
0.62 -0.677 -1.82 
1.08 -0.51 -1.222 
2.08 -0.024 -0.362 

-1.658 
-2.425 
-2.712 

l *.*.* 

-3.383 

-2.242 -1.042 -0.298 -0.762 -1.147 
-0.889 -0.272 0.691 -0.891 -1.31 
-1.658 -1zQoi -0.536 -1.83 -2281 
-1.189 -0.784 -0.561 -0.64 -1.153 

-0.81 -0.606 -0.461 -053 -1.049 

Nestll - 1992 

0.1 -0.529 -0.259 -1.456 -0284 0.902 0.346 1.209 0.838 
0.4 -0202 -0.192 -2.11 -0.543 0.173 1.257 -0.081 -0.457 
0.7 -0.385 -0.769 -2.3 -0.934 -0.525 1.263 -1.097 -1.479 

1 -0.363 -0.791 -2.373 -0.976 -0.721 1.355 -1.329 -1.717 
1.3 -0.561 -1.333 -2.509 -1.318 -0.937 0.76 -1.738 -2.131 
1.6 -0.494 -1241 -2.515 -129 -0.635 0.456 -1.434 -1.832 
1.9 -0.358 -0.899 -2.455 -1.082 -0.84 0.682 -1.056 -1.46 
2.1 -1234 -2.427 -2.178 -1.732 -1.379 -0.337 -1.39 -1.796 
2.4 -0.853 -1.667 -2.198 -1.37 -1.126 0.097 -1.043 -1,455 
2.7 -0.151 -0.295 -2.199 -0.678 -0.669 0.536 -0.545 -0.962 
6.1 -0.694 -1.437 -2.198 -1245 -1.155 0.49 -1.088 -1.562 
8.1 -1.726 -3.546 -2.217 -2.321 -2.333 -0.42 -2.486 -2.96 

10.1 -1.962 -3.981 -2251 -2.524 -2.69 -1.685 -3.675 -4.143 

. 



ffidd Creek Geochemistry - SabrationIndices(MINTEQA2) 

DEPTH (m) Calcite Dolomite Epsomile Magesite Rhodochrosit Siderite ZnCOS.lH20 Smitxxnite 

Nestll - 1993 

0.14 -2.672 -4244 -1.128 -2.125 -0.788 -3.828 -0.427 - 0.798 
0.43 -0.212 0.28 -1.59 -0.059 0.653 1.195 0.592 0.211 
0.71 -0.178 0.048 -1.872 -0.321 0.143 1.196 -0268 -0.657 

1 0.128 0.415 -2.144 -0.256 0.086 1.281 -0.53 -0.927 
1.28 -0.188 -0.33 -2.26 -0.681 -0.388 1.17 -0.805 -121 
1.57 -0.449 -0.991 -2.348 -1.078 -0.847 1.095 -1.652 -2.065 
1.85 -0.18 -0.421 -2.318 -0.774 -0.403 1.075 -0.784 -1.185 
2.14 -0.962 -2.116 -2.412 -1.882 -1.322 0.309 -1.696 -2.125 
2.42 -0.717 -1.521 -2271 -1.328 -0.896 0.938 -1206 -1.642 
2.71 -0.04 -0.106 -2.204 -0.585 -0.432 1.004 -0.454 -0.898 

8 -0.578 -1.23 -2.24 -1.152 -1245 0.793 -2.511 - 2.980 
10 -0.594 -1234 -2.209 -1.136 -1.403 0.025 -2.846 - 3.329 

Ne~t12 - 1992 

0.13 -127 -2.038 -1.815 -1.321 -0.142 
0.39 -0.632 -0.951 -2.049 -0.87 0.299 
0.65 -0.288 -0.42 -2.18 -0.681 0.346 
0.91 -0.303 -0.58 -2.344 -0.824 -0.016 
1.17 -0.069 -0.154 -2.269 -0.83 0.084 
1.42 -0.159 -0.315 -2.355 -0.698 0.028 
1.68 -1.333 -2.674 -2.255 -1.881 -1.485 
1.94 -1.123 -2.267 -2295 -1.881 -1.331 

2.2 -0.658 -1.387 -2.317 -1263 -1.095 
2.46 -0.174 -0.453 -2.31 -0.81 -1.108 
5.14 -0.578 -1.451 -2.438 -1.368 -1261 
6.18 -1.898 -4254 -2.523 -2.848 -2.628 
7.98 -0.691 -1.894 -2.605 - 1.7 -1.436 

..t..* 

0.795 
0.758 
0.837 
0.721 
0.329 

0.58 
0.58 
0.69 

0.908 
0.044 

-1.675 
-0.651 

-0.181 -0.534 
-0.502 -0.88 

0.287 - 0.097 
-0.498 -0.887 
-0.101 -0.495 

-024 -0.64 
-1.805 -2.01 
- 1.993 -2.403 
-1237 -1.652 

-1.3 -1.721 
-1.671 -2.156 

-2.95 -3.44 
-2.147 -2.63 

N~s113 - 1992 

0.1 -0.159 0.05 -1.946 -0.345 0.258 0.354 0.008 -0.365 
0.4 '0.015 0.23 -2.068 -0.304 0.448 0.723 0.077 -0.304 
0.6 -0.6 -0.948 -2.055 -0.896 -0.613 0.595 -0.933 -1.32 
0.9 -0.404 -0.55 -2.015 - 0.69 -0.785 0.916 -0.748 -1.144 
1.1 -0.893 -1.528 -1.992 -1.175 -124 0.842 -1.423 -1.825 
1.3 -0.613 -1.005 -2.038 -0.931 -0.894 0.766 -1.199 -1.606 
1.6 -1.348 -2.508 -2.019 -1.894 -1.733 0.173 -1.888 -2.304 
1.8 -0.901 -1.691 -2.09 -1.321 -1.184 0.615 -1.094 -1.517 
2.1 -1.031 -2.047 -2.193 -1.542 -1.476 0.178 -1.576 -2.007 
2.3 -0.736 -1.484 -2.175 -1271 -1.541 0.353 -1.382 -1.819 

4.08 -0.892 -1.904 -2263 -1.501 -1.997 -1.725 -2.37 -2.865 
4.69 -0.616 -1.455 -2.315 -1.331 -1.44 -0.132 -2227 -2.717 
6.02 -0.771 -2.355 -2.902 -2.077 -1.783 -0.748 -2.588 -3.075 



ffidd Creek Geochemistry - Sabration Indices(MINTECM2) 

DEPTH(m) Calcite Dolomite Epsomite Magwaite Rhodochrosit Siderite ZnCOJ.lH20 Smihsanite 

Nest14 - 1992 

0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.5 
1.7 
1.9 

3 
4 
5 
6 

Nest14 - 1993 

0.18 0.237 0.622 -2.161 -0.168 0.605 1.119 0.206 -0.168 
0.54 -0.126 -0.355 -2.416 -0.778 0.177 1.548 -0.079 -0,464 

0.9 -0215 -0.591 -2.451 -0.921 0.073 1.364 -0.542 -0.936 
1.26 -0.002 -0.414 -2.898 -0.952 0.144 1.332 -0.004 -0.408 
1.62 -0.187 -0.326 -2213 -0.674 -0.065 1.529 -1.44 -1.854 
1.99 -0.058 -0.158 -228 -0.83 -0.391 1.473 -0537 -0.981 
2.35 -0.104 -0299 -2294 -0.72 -0.743 1.353 -1.159 -1.593 

6 -0.631 -1.503 -2.468 -1.38 -0.977 0.471 -1.771 -2238 

Nestl5 - 1992 

0.12 -0.466 -1.781 -3.184 -1.869 -0.929 -1.101 -1.101 -1.474 
0.36 -0.572 -1.716 -2.929 -1.695 -0.683 0.684 -1.565 -1.944 

0.6 -0.852 -2.023 -2.665 -1.72 -0.621 0.864 -1.932 -2.316 
0.84 -0.659 -1.476 -2.488 -1.364 -0.076 1.224 -1.884 -2.074 
1.08 -0.645 -1287 -2.339 -1.186 -0.051 1.292 -1.751 -2.148 
1.33 -0.583 -1.168 -2.307 -1.125 -0261 1.28 -1.428 -1.827 
1.57 -0.497 -1.038 -2.33 -1.077 -0.618 1.207 -1253 -1.88 
1.81 -0.413 -0.881 -2.329 -1.004 -0.756 1.358 -1.415 -1.827 
2.05 -0.547 -1242 -2.404 -1228 -1208 0.957 -1.475 -1.893 
2.29 -0.062 -0.196 -2.439 -0.689 -0.566 0.896 -0.856 -1227 
3.11 -0.704 -1.576 -2.385 -1.393 -0.997 0.004 -1.139 -1.58 

4.1 -1.188 -2.515 -2.328 -1.84 -1.815 0.186 -1.621 -2.079 
5.05 -0.923 -1.73 -2.055 -1.313 -1.87 0.162 -2.142 -2.609 
6.11 - 0.659 -1.519 -2.347 -1.362 -1.429 0.804 -1.837 -2.31 

7.6 -1.474 -3.465 -2.679 -2.492 -2.504 -1.417 -2.625 -3.101 
8.37 -1.53 -3.658 -2.787 -2.629 -2.698 -1.496 -2.751 -3227 

l ***.* 

-0.028 
-0.108 

-0.59 
- 0.639 
-0.435 
-0.437 
-0.432 
- 0.398 
-1.069 
-0.906 
-0.814 
-0.569 
-0.302 

t.tttt 

-1.071 
-0.563 

-1.17 
-1241 
-0.852 

-0.87 
-0.925 
-0.907 
-2.236 

-1.93 
-1.647 
-1.184 
-0.854 

-3.741 
-3.329 
-2.613 
-2.314 
-2271 
-2.275 
-2.266 
-2.337 

-2.34 
-2.312 
-2.185 
-2.039 

-2.11 
l **t** 

l ***** 

-1.593 
-1.001 
-1.124 
-1.142 
-0.953 
-0.965 
-1.021 
-1.033 
-1.686 
-1.518 
-1.321 
-1.105 
-1.045 

l ***** 

-0.587 
0.231 

-0.166 
-0248 
-0.037 
-0.153 
-0.417 
-0.555 
-1.073 
-1.124 
-0.772 

-1.12 
-0.819 

l ***** **t*** l ***.. 

-0.485 -0.822 -1204 
-0223 0.128 -0262 

0.744 -0.688 -1.068 
0.993 -0.777 -1.182 
0.994 -0972 -1.384 
1.135 -1.542 -1.982 
1.069 -1.562 -1.99 
1.081 -1559 -1.995 
0.778 -1.885 -2.309 

-0.725 -1.375 -1.863 
0.68 -0.891 -1.388 

0.533 -2238 -2.73 
0.738 -2217 -2.705 



Kidd Creek Geochemisty - SaUrationIndices(MINTEQA2) 

DEPTH (m) Calcite Dolomlte Epsomite Magwsite Rhodochrostt 

Nestl6 - 1992 

0.12 0.167 0.212 -2.514 -0.528 0.31 0.729 -026 -0.634 
0.37 -0274 -0.63 -2.441 -0.907 -0.182 1.184 -0.992 -1.373 
0.61 -0.415 -0.704 -2.315 -0.917 -0.389 1.278 -1.484 -1.871 
0.66 -0.187 -0.45 -2.4 -0BO7 -0.432 1.351 -1.175 -1.569 
1.11 - 0.092 -0.392 -2.525 -0.842 -0.623 1.216 -1266 -1.667 
1.35 -0.335 -0.859 -2.508 -1.062 -0.614 1.329 -1.182 -1.59 

1.6 -0.413 -1.009 -2.477 -1.13 -0.763 1.05 -1291 -1.706 
1.04 -0263 -0.652 -2.414 -0.92 -0.60 0.759 -0.703 -1.125 
2.09 -0.101 -0.253 -2.421 -0.707 -0258 1.108 -0.42 -0.792 
2.34 -0233 -0.582 -2.338 -0.872 -0.301 1.034 -0.637 -1.073 
4.04 -1.163 -2252 -2.033 -1.588 -1.363 0.218 -1.88 -2.363 
5.05 -0.586 -1.168 -2.08 -1.079 -1.194 0.113 -2288 -2.771 

6.1 -1.026 -2.265 -2.31 -1.758 -1.707 -0.589 -2.517 -2.997 
8.16 -0257 -0.75 -2.32 -0.995 -1.038 0.429 -1.645 -2.119 

Nestl‘l - 1992 

0.13 -027 -1 -2.797 -1284 -0214 0.624 -1.101 -1.474 
0.4 -0.016 -0.437 -2.743 -0.972 0.107 0.786 -0.62 -0.998 

0.66 -0.139 -0.427 -2.466 -0.837 0.027 0.995 -0.713 -1.997 
0.92 -0.328 -0.636 -2.321 -0.855 -0.531 1.08 -1.006 -1.39s 
1.19 -0.439 -0.841 '-2.281 -0.946 -1.05 0.997 -1.548 -1.943 
1.45 -0.534 -1.07 -2.284 -1.079 -1.05 1.189 -1.399 -1.799 
1.72 -0.403 -0.765 -2.236 -0.901 -0.797 0.944 -0.615 -1.021 
1.98 -0.978 -1.902 -2222 -1.46 -1266 0.799 -1.134 -1.545 
5.14 -2294 -4.783 -2.301 -2.99 -2.99 -1.717 -3.407 -3.884 
6.08 -0.916 -2.187 -2.483 -1.769 -1.713 0.406 -2.564 -3.044 

Siderite ZnC03.1H20 StTIttlSOtlittl 



ffiddcreek Geochemistry - Sabration Indices(MINTEM2) 

DEPTH(m) Calcite Magwzsite Rhodochrosit Sidertte ZnC03.1H20 Smitwwxite 

Nestl8 - 1992 

0.12 -1.199 -2.858 -2.814 -2213 -0.879 0.03 -2 -2.373 
0.35 -0.938 -22 -2.655 -1.812 -0.315 0.703 -1.668 -2.048 
0.59 -0.328 -0.677 -2.391 -0.897 -0.028 1.084 -0.76 -1.146 
0.83 -0.739 -1.469 -2291 -1275 -0.597 1.157 -1.514 -1.906 
1.06 -0.764 -1.556 -2.313 -1.335 -0.794 1.049 -1239 -1.637 

1.3 -0.526 -0.904 -2.128 -0.918 -0.671 1.222 -1238 -1.642 
1.53 -0.533 -0.831 -2.021 -0.835 -0.47 0.689 -0.604 -1.015 
1.77 -0212 -0.183 -1.99 -0.503 -0.344 0.756 -1.438 -1.855 
2.01 -0.985 -1.684 -1.947 -1229 -1.571 0.295 -1.883 -2287 
2.24 -0.95 -1.764 -2.07 -1.341 -1.905 -0.147 -1.1 -1.53 

3.1 -1.52 -2.826 -1.985 -1.821 -2.158 -0.561 -1.785 -2237 
4.08 -0.667 -1.555 -2.408 -1.39 -1.793 -0.04 -2243 -2.716 
5.14 -0.026 -0.406 -2.534 -0.874 -1.525 0.347 -2.742 -3229 

Nestl9 - 1992 

0.18 -0.529 -1.438 -2.702 -1.462 -0.038 1.164 -0.311 -0.685 
0.41 -0.28 -0.727 -2.492 -0.999 0.217 1.117 -0.38 -0.759 
0.65 -0.436 -0,769 -2.254 -0.882 -0263 1.453 -1.3 -1.684 
0.88 -0.804 -127 -1.967 -1.013 -0.319 1.215 -0.597 -0.986 
1.12 -0.68 -1.094 -2.047 -0.959 -0.736 1.019 -0.814 -1207 
1.35 -0.853 -1.546 -2.127 -1.235 -1.098 0.63 -1262 -1.66 
1.58 -0.545 -1.018 -222 -1.012 -1.37 0.487 -1.737 -2.14 
1.82 -0.379 -0.735 -2.249 -0.895 -1.362 -0.002 -1.954 -2.362 
2.05 -1.097 -2.167 -2.229 -1.606 -2.097 -0.915 -2.165 -2.578 
2.29 -1.644 -3.308 -2264 -2.197 -2.12 -0.106 -2.549 -2.S67 
3.06 -0.759 -1.549 -2.283 -1.314 -1.793 0.234 -2.575 -3.009 
4.05 -0.454 -1209 -2.522 -1.267 -1.446 0.128 -1.733 -2.19 
5.05 0.257 -0.075 -3.141 -0.836 -1.413 0.74 -1.668 -2.139 

Nest20 - 1992 

0.13 1.107 1.213 -3.433 -0.447 -0.392 
0.38 -0.72 -1.3 -2.143 -1.13 -0.472 
0.63 -0.761 -1.19 -1.868 -0.976 -0.521 
0.88 -0.506 -0.627 -1.812 -0.665 -0.292 
1.13 -0.844 -1.386 -1.923 -1.081 -0.993 
1.38 -1.574 -2.919 -2.047 -1.882 -1.558 
1.38 -1.539 -2.875 -2.045 -1.868 -1.543 
1.63 -0.873 -1.631 -2.065 -1287 -1.78 
1.88 -1.371 -2.685 -2.108 -1.838 -2.137 
2.13 -1.609 -3216 -2.203 -2.127 -1.918 
2.38 ,-1.692 -3.425 -2.232 -2249 -2.107 
3.01 -1.193 -2.334 -2.129 -1.649 . ...** 
4.01 -0.632 -2.072 -2.585 -1.739 ***t** 
5.02 -0.451 -1.793 -3.053 -1.836 **C*l* 

L 6 -0.505 -22 -3.35 -2.188 C*C*** 

.*tt** 

0.377 
0.8 

0.929 
0.794 
0.209 
0.295 

-0.034 
-0.447 
-0.174 
-0205 

0.219 
-0.022 

0.027 
-0.494 

-1.168 -1.542 
-1.354 -1.735 
-1.494 -1.882 
-0.619 -1.015 
-1.372 -1.775 
-1.686 -2298 
-1.915 -2.334 
-2.325 -2.752 
-2.536 -2.971 
-2.183 -2.625 
-2.593 -3.044 
-2.599 -3.062 
-1.804 -2262 
-2.499 -2.986 

l *...* .***.. 



ffidd Creek Geochemisty - Satcration Indices (MINTEQA2) 

DEPTH (m) Calcite 

NestPl - 1992 

3 -0.713 -1.58 -2217 
4 l *i**+ l ***** -3.08 
5 0.858 -0.321 -4.819 

Nest23 - 1992 

0.11 -0.543 -0.545 - 1.735 -0.555 -0.132 -0.725 -0.357 -0.731 
0.34 -0.185 -0.012 -2.008 -0.397 0.033 0.548 -0216 -0.598 
0.58 -0.537 -0.754 - 1.992 -0.783 -0.888 0.95 - 1.022 -1.412 
0.78 -0.899 -1.518 - 1.948 -1.18 -127 0.832 - 1.783 -2.181 
1 .Ol ‘-2.151 -4.088 -2.037 -2.478 -2.089 0.011 - 1.988 -2.392 
1.23 -0.383 -0.881 -2.2 -0.833 - 1.335 0.454 - 1.888 -2.303 
1.48 -0.407 -0.82 -2243 -0,943 -1.51 -0.159 -2.12 -2.543 
1.88 -0.392 -0.785 -2.212 -0.919 - 1.858 -0.425 -2.133 -2.584 

1.9 -0.288 -0.494 -2.105 -0.727 - 1.424 -0.533 -2.452 -2.891 
2.13 -0.398 -0.887 -2.025 -0.788 - 1.842 -0.782 -2285 -2.713 

3 - 1.008 - 1.883 - 1.929 - 1.372 - 1.889 -0.922 -2.378 -2.88 
4 -0.88 - 1.701 -2.433 - 1.532 - 1.807 -0.335 -2.584 -3.058 
5 0.055 -0.554 -2.98 -1.1 - 1.933 -0.795 -1.SO3 -2.395 

Nest24 - 1992 

0.12 -1252 - 1.893 - 1.893 -1.194 -0.388 
0.35 -0.828 -0.708 - 1.738 -0.831 0.033 
0.58 -0.358 -0.313 - 1.889 -0.505 -0.138 
0.82 -0.191 -0.038 -1.97 -0.39 -0.107 
1.05 -0.358 -0.51 -2.052 -0.895 -0.798 
1.28 -0.533 -0.983 -2.184 -0.987 - 1.322 
1.51 -0.898 - 1.388 -2245 -1223 -1227 
1.75 -0.092 -0282 -2.381 -0.72 -1.012 
1.98 0.052 -0.035 -2.507 -0.814 -0.859 

Nest 27 - 1992 

0.13 
0.38 
0.83 
0.88 

Dolomite Epsomite Uagresite Rhodochrosit 3iderite ZnC03.1 Ii20 Smittsonite 

- 1.343 
***t** 

-1.871 

-1.941 
l ***** 

-0.152 

-1.82 

l t**t. 

l ***** 

-2.507 
l *t*.. 

l ***** 

-2.991 
t.t*** 
t*...* 

0.17 -0.578 -0.949 
0.489 -0218 -0.599 
0.404 -0.482 -0.849 
0.408 -0.554 -0.949 
0.319 -1272 - 1.874 

0.41 -1.825 -2234 
-0.343 - 1.852 -2.088 

0.037 -1.33 - 1.753 
0.09 - 1.838 -2.089 

-0.878 -0.93 -1.871 -0.804 -0.082 0.343 -0.189 -0.544 
-0.073 0.083 -2.111 -0.394 -0212 0.884 -0.853 -1.037 

0.092 0.273 -2.483 -0.384 -0.843 0.743 -1.09 - 1.483 
0.198 0.524 -2.479 -0216 0.134 1.039 - 1.585 - 1.987 



Kidd Creek Geochemistry - SaVration indices (MINTEQA2) 

DEPTH (m) AIOH3(a) AlOtiS Al4(OH)lOSO4 Gibbsita (c) 

Nest 1 - 1991 
0.12 
0.38 

0.8 
0.84 
1.08 
1.32 
1.58 

1.8 
2.04 

3 
4 
5 
9 

-8.81 -0.888 -17.982 -5.825 
c.*c** .***a* l ***** .*.*t* 

-8.12 -0.873 -10.815 -3.33 
l *.... ***t** et**** .*a*.. 
..**.. ***te. l *.*** et.... 
l *.**. **t*** .***i* t**tt* 
l ***.* **.*** ta**.*, tt.*** 
****.* .t*t** c***** l **.*. 

l ***.t ****t* **.*a* **.*** 

****** l ***** l ***i. t+**** 

l ***** l **.** .zz*** et...* 

*..*a* *.*.** et.*.. et.... 

l ***.* **tt** te**.* .L.... 

Nest 1 - 1992 

0.12 
0.38 

0.8 
0.04 
1 .OQ 
1.33 
1.57 
1.81 
2.05 

-2.092 0.989 
-1.139 0.938 
-0.458 0.593 
-0.087 -0.048 

l **..* l *.*** 

-0.473 -0.597 

-0.2 -0.895 
“...i. **.*** 

****.* l *i*** 

3.21 
8.087 
7.838 

8.38 
l i**** 

8.757 
7.533 

l ****t 

a****. 

0.893 
1.848 
2.332 
2.705 

..**** 

2.324 
2.599 

l *..** 

*****c 

Nest 1 - 1993 

0.15 
0.48 
0.78 
1.07 
1.37 
1.87 
1.98 

3 
4 
5 
8 

-5.978 
l ***.* 

l ***** 

l ***** 

l ***** 

***t** 

te.*** 

l .***” 

l .*... 

l ***.. 

l .**.. 

-0298 

l ***** 

.**i** 

*.t.*. 

.*+*t. 

.*.*a. 

**a.** 

. ..t*. 

..t*t* 

****.a 

.C.... 

-9.882 
.*t*t* 
*t**tt 
l t*.*t 

.**tt. 

l ***.* 

l ***** 

l ***** 

**.a+. 

2.e.i. 

.***** 

-3.19 
l *.*** 

a...*. 

l ***** 

l ***** 

**ta+* 

l ***c* 

**.**. 

l *..t. 

C*C.*. 

. ..a*. 

Gœthiie Lepidocrocit Oywm Jamsite K 

-2.87 2.853 0.854 0.097 0.878 
-0.744 4.788 2.777 0.008 3.878 
- 0.598 4.905 2.925 0.005 3.032 

0.528 8.017 4.047 0.002 -2.014 
0.382 5.884 3.903 0.02 -027 
0.981 8.454 4.502 0.043 - 1 A98 

0.72 8.184 4.241 0.009 -1.017 
0.47 5.925 3.091 0.004 -1.57 

0.858 8.304 4.379 0.027 - 1.583 
C***c* l ***** .***.* -0.042 L..... 

4.125 9.428 7.845 -0.09 3.771 
1.882 8.932 5.202 -0.048 -2.348 

.t**** l **.** **et** -0.084 l ***** 

2.321 7.842 5.844 0.085 8.513 
1.42 8.931 4.942 0.12 4.282 

1.178 8.877 4.897 0.043 2.072 
0.997 8.489 4.518 0.01 -0.088 
0.728 8.211 4.249 0.083 -1295 

0.77 8.243 4.291 0.008 - 1.072 
1.103 8.585 4.824 0.034 -0.813 

1.18 8.834 4.701 0.014 - 1.028 
0.83 8.275 4.351 0.003 -2.585 

-0.858 4.857 2.888 0.221 2.491 
-0.588 4.917 2.955 0.07 -3.782 

0.073 5.529 3.595 0.024 -2.915 
0.033 5.481 3.554 0.029 -3.818 
0.483 5.883 4.004 0.021 -4.748 

-0298 5.075 3.224 0.058 -4.147 
-0.005 5.339 3.518 0.052 -3.811 

0.191 5.441 3.712 -0.079 -4.447 
0.039 5.248 3.559 -0.108 -8.501 
0.187 5.357 3.888 -0.089 -8.545 

-0.143 5.028 3.377 -021 -7.827 



Kidd Creek Geochemistty - Satcrationlndices(MINTEQA2) 

DEPTH(m) AIOH3(a) AIOHS04 Al4(0H)lOS04 Gibbsite (c) Fe(OH)S(a) Gcethlle Oypsum JarositeK 

Nest2- 1991 

0.12 
0.37 
0.61 
0.66 

1.1 
1.37 
1.63 

1.9 
2.16 

6 
6 

10 
12 
14 

1.024 0.572 12.17 '. 3.61 0.531 6.048 4.051 0.036 
L.I... ***a*. .***** . . ..I. 0.745 6.25 4.265 -0.02 
t*.*** *..*.* . ..*** *.**.* 0.659 6.351 4.379 -0.034 
l *.*** a*..*. Cl.... l .**.. 1.002 6.462 4.522 -0.022 
l .**** l ****. l ..**. **..** 0.567 6.056 4.108 -0.01 
.***** l *..i* l **.** . ..*** 0.761 6.216 4.282 -0.014 
.**..* l .**.. l “**** l .**.* 0.311 5.753 3.032 0.01 
l ***** *.*.** l ..**. ..**.* 0.896 6.325 4.417 0.001 
l ***** l ***** I..... l ***** 1.179 6.595 4.7 -0.016 
. . ...* ..*... .t.**. l ..t** 0.363 5.565 3.684 -0.032 
l *.**. t*..t* *****. **a*.* 1.092 6.274 4.613 -0.056 
L..... ****t. ****a. *..*.A 1.164 6.34 4.704 -0.073 
l ***** .*.**. l ***** l .**.* ****.. . ..**. l ***.* -0.107 
l ***** *..a** l ***.* *tt*.* 2.074 7.202 5.594 -0222 

-2225 
-1.157 
-1.796 

-0.74 
-1.65 

-1.613 
-2.448 
-2.083 
-1.496 
-2.496 
-3247 
-3266 
.*t*.* 

-0.345 

. ..**. ***.** *..a*. 0.615 6.132 4.136 -0.014 -1.979 
1.604 12.757 3.642 0.565 6.07 4.085 0.003 -0295 

.a*.*. l *.*.* i..... 0.645 6.336 4.366 0.007 -1.166 
***II* l *..,* .*.**. 1.363 6.044 4.803 0.023 -0.424 
.*t*** l ***** l *.*.. 1.024 6.495 4.644 0.019 -0.542 
.****. l “.*** l ..t** 1.229 6.693 4.75 0.014 -0.931 
*I**l* . . . ..I t..... 1.363 6.635 4.904 -0.013 -0.703 

.f.... l *.“** i**.*. 0.801 6.319 4.323 01027 -1.104 
l **“.* i.***. 0.56 6.065 4.101 0.026 -1.661 
l .**.* l .*..* 0.739 6.233 4.26 -0.007 -2.128 
l *.*.. l ***.* 0.752 6.234 4.273 -0.016 -2.108 
*..*** ..**.* 1.031 6.501 4.552 0.004 -1.193 
***C*C **a*.. 0.316 5.689 3.837 -0.019 -2.902 
l ***** . ..**a 0.171 5.462 3.692 -0.034 -3262 
..**.. l ..**. 0.626 6.076 4.346 -0.04 -2.796 
CC.... .**.*. 1.113 6.306 4.633 -0.069 -2.943 
l t**.* L..... 1.055 6.224 4.576 0.065 -2.699 
l ***** l ****. 1.236 6.397 4.756 -0.064 -2.96 
.**.** l . ...* 0.732 5.666 4.252 -0.915 -4.696 

Nest2- 1992 

0.13 
0.4 

0.67 
0.91 
1.13 
1.29 
1.56 

Nest3- 1991 

l *t..* 

0.653 
l .**** 

CL.... 

l .tt** 

**C**i 

. . . ..L 

0.12 
0.36 

0.6 
0.84 
1.06 

3 
4 
5 
6 
8 

10 
13.5 

..***i 
l ““*.. 

*..*** 

l ...** 

.**..* 

l *.t.* 

..***t 

***.** 

..*.** 

l ***.* 

****t* 

.t...* 



Kidd Creek Geochemistry - Salrration Indices (MINTEQ42) 

DEPTH (m) AIOH3(a) AIOHS04 Al4 (OH) 1 OS04 Gibbsite (c) Fe(OH)3(a) Gœthite Lepidocrocit Gywm Jarceite K 

Nest3 - 1992 

0.13 
0.38 
0.63 
0.60 
1.13 
1.36 
1.58 

Nest3 - 1993 

0.14 
0.41 
0.68 
0.95 
1.22 
1.49 
1.76 
2.03 

2.3 
2.57 

3 
4 
5 
6 
0 

10 

Nest4 - 1991 

0.12 
0.34 
0.57 
0.81 
1.03 
1.15 
1.44 
1.73 
2.02 
2.31 

3 
4 
5 
6 
8 

9.6 

. . ...* 1.209 6.72 4.73 0.025 -0.767 

.*.**. 1.461 6.945 4.902 0.103 0.216 

. ..*.* 1.246 6.703 4.767 0.03 -0.401 

. . ...* 1.509 6.939 5.03 0.03 -0.066 

.*A*.* 1.009 6.412 4.53 0.058 - 1.923 
l . . . . . 1.049 6.425 4.569 0.003 -1.64 
..*... 1.15 6.503 4.671 0.03 -0.668 

l ...** 

l . ...* 

l *“*.. 

l .*... 

l **..* 

l .**.* 

L...“. 

. ...*. 

..*... 

.*...* 

. ...*. 

. . ...* 

t..... 

..,.L. 

l *..** 

Ii..... 

. . ..A. 

..**.* 

.*t... 

.*.... 

..L... 

..*..* 

. . . ..l 

..*... 

.*...* 

..*.*. 

. . . . . . 

. ..*.. 

..*.*. 

. . ...* 

..*... 

..*... 

l ..*.. 

.*.... 

. . . . . . 

.*.*.. 

. . ...* 

. . . . . . 

L..... 

..*.*. 

. . . . . . 

. . ...* 

..,**. 

II....* 

..,..* 

. ...*. 

.*..*. 0.433 5.945 3.954 0.036 -4.123 
l . ...* - 0.029 5.459 3.493 0.026 -4.647 
..*..* 0.406 5.669 3.927 0.036 -3.68 
l *..*. 0.17 5.609 3.691 0.019 -3.99 
. . . . . . 0.092 5.507 3.613 0.027 -4.483 
. ...** 0.06 5.45 3.581 0.017 -4.513 
. . ...* - 0.052 5.314 3.469 0.038 - 5.004 
.*..*. 0.027 5.368 3.548 0.053 -4.53 
. ...*. 0.024 5.34 3.545 0.052 -3.484 
. ..A.. -0.009 5.282 3.512 0.045 -3.606 
*.*..* 0.164 5.414 3.685 -0.06 -4217 
. . . ..L 0.235 5.465 3.756 -0.038 -3.645 
..**.. 0.699 5.909 4.22 -0.069 - 3.044 
. . . . . . 0.586 5.777 4.108 -0.098 -4.885 
. . . . . . 0.587 5.756 4.107 -0.102 -5.134 
. ..*.. 0.566 5.714 4.086 -0.117 -5.432 

L..... 

l *.*.. 

l *.**. 

..*.*. 

l . . . . . 

. . . . . . 

. . ...* 

. ..*.. 

. . ...* 

. . . . . . 

. ..*.. 

*..*.. 

. ..**. 

. . . . . . 

. ..a.. 

*..... 

.tt.t* 
-1228 
- 1.904 
-0.712 

0.185 
-2.766 
-2.158 
-2.149 
-2.519 
-3217 
- 1.076 
-3.108 
-3.539 

-3.7 
-5.584 
-6.865 

. . . . . . 

..**.. 
l ..*.. 

. ..*.. 

..t..* 

. ..t.* 

*..*.. 

l .**.* 

..*... 

. . . . . . 

.*.... 

. ..*.. 

l .*..* 

. ..a.. 

L..... 

. . . . . . 

. . . . . . . ...*. . . . . . . 
l *.... 0.667 6.376 
***ii. 1.12 6.619 
. . . . . . 1.285 6.774 
. . . . . . 0.896 6.376 
.*.... 0.303 5.779 
.*..*i 0.821 6.284 
. ...*. 0.863 6.314 
. . . . . . 0.501 5.939 
.*..*. 0.271 5.697 
. ...*. 0.974 6.367 
. ..*.. 0.94 6.242 
.*.... 0.711 5.949 
. . . . . . 0.95 6.151 
. . . . . . 0.479 5.652 
. . . . . . 0.063 5.228 

. . . . . . 
4.380 

4.64 
4.005 
4.417 
3.624 
4.342 
4.385 
4.022 
3.792 
4.495 
4.461 
4.232 

4.47 
4 

3.583 

0.022 
0.019 
0.006 
0.011 
0.029 
0.031 
0.029 
0.02% 
0.024 
0.013 
0.005 

-0.036 
-0.04 

-0.055 
-0.41 
- 1.43 



ffidd Creek Geochemislty - Satiration Indices (MINTEW2) 

DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)lOS04 Gibbsite (c) Fe(OH)J(a) Gœthite Lepidocrocil Gywum Jarœite K 

Nest5 - 1991 

0.1 
0.31 
0.51 
0.72 
0.92 
1.13 
1.33 

3 
4 

5.3 

. ..*.* 
..*.** 
. ..**i 
..*.*. 
l ..**. 

. ..CC. 

.*t**t 

. ..*** 

..*.*. 

l .**.. 

l ***** 

l ****. 

.I.... 

..**.. 

*.a*** 

L..... 

.****. 

l ..**t 

l ***** 

.***.. 

.f..“. 

***a*. 

l ...** 

l ***.. 

l .*..* 

l ..*** 

l *.**. 

*..**. 

*.*t** 

*en.**. 

l ***** 

..**** 

..*.*. 

L..... 

l ..*.. 

.C.... 

l *“*** 

a**.*. 

l ***t. 

**.*** 

1.559 7.079 5.08 -0.013 1.342 
0.608 6.12 4.129 0.028 -2205 
0.896 6.4 4.417 0.021 -1.127 
0.723 6.219 4.244 0.005 -2.057 
0.986 6.482 4.487 0.02 -0.77 
0.744 6.224 4.265 0.025 -1.573 
1.177 6.649 4.697 0.012 - 0.637 
4.881 10.289 8.402 -0.04 8.639 
1.637 6.947 5.158 -0.032 - 1.836 
0.227 5.468 3.747 -0222 -5.01 

1992 

0.12 . ..t** **.**. .*.*** t***.* 3.253 8.771 6.773 0.151 ****** 

0.35 ..tt.* *C*l.* ..t.*. ..***. 3.109 8.619 6.83 0.044 .C..C. 

0.58 l .**.. l ***** .c**** a.*..* 2.851 8.353 6.372 -0.003 . . . ..C 

1991 

0.1 
0.29 
0.49 
Oi66 
0.86 
1.07 
1.27 
1.75 

2.5 
3.65 

0.303 1.555 10.958 3.087 0.916 
. ..*** *.*..a *il**.* . . ..L. 1.323 
.t.t.* l ..**. l ..*.. . ...“. 1.118 
.**i** *....* ..I... l .*.“. 1.779 
l .**.* l ***** . ..*.* .***** 1.964 
l ...*. l ***.* l “.**. ****lb* .**.i. 
.**... l . . . . . L.I... .****. 1.755 
l ***** **..*t *.**.. .**..* ..*.** 
. ..I.. b..... ..C... ..**** t*.**. 
.*.*** l ****. *.**tt .*.... l **... 

6.441 4.439 
6.64 4.843 

6.632 4.639 
7.289 6.3 

7.47 5.464 
l ****. l .*.*. 

7.254 5.275 
l **..* 

l .**.* 

t****. 

-0.372 1.466 
0.001 -0.165 

-0.033 - 1.029 
-0.013 -0.462 
-0.054 0.096 

-0.03 .t.*.* 

-0.104 -1289 
-0.016 .***** 

-0.166 t***t* 

-0.683 .***t* 

Nest 5 

Nest 6 

Nest 7a - 1992 

0.13 
0.38 
0.63 
0.88 
1.13 

..*.** 

.*..** 
l **.*. 

.*.*** 

.t**t* 

..***i .***.. l **.** -0.314 5.189 3.207 -0.893 - 1.931 
*.*a*. . ..I.. .****t 0.291 5.751 3.812 0.019 -2.979 
***a** *..*a* .*...* 0.592 6.009 4.112 -0.041 -3.562 
a***.. . . . ..L . ..C.i 1.16 6.535 4.681 -0.128 -328 
l *.*** a..... .***.i 0.503 5.634 4.023 -0204 -5.419 



Kidd Creek Geochemistfy - Satrration Indices (MINTEW2) 

DEPTH (m) AIOH3(a) AIOHS04 Al4(OH) 10604 Gibbsite (c) Dow Gœthite 

Nest 7b - 1992 

0.1 
1.08 

l ***.* 

l .**** 

l *c*** 

.***** 

0.164 5.649 3.684 -0.041 -4.987 
0.601 5.668 4.122 -0.045 -1.8 

Nest8 - 1992 

0.11 
0.34 
0.86 

l ***** 

l ***.* 

.*.t** 

**et.* 

l ***** 

h1.Z.. 

0.216 5.694 3.737 -0.018 -2.833 
-0.901 4.492 2.82 -0259 -7278 

0.892 6.061 4.412 -0.375 -3981 

Nest9 - 1992 

0.1 
0.4 
0.6 
1.1 

2.05 

l ***.* 

l ***** 

tt**+* 

.t.*** 

. ..t** 

***ta* 
l ***.* 

l t.*** 

l ***.* 

.t+t** 

l **.** 

.t*... 

****a* 

.*ttt. 

l ..*** 

.***+* 

..*.t. 
l ..**. 

*.a**. 

h..... 

0.34 5.824 
0.64 5.993 

tt***t tt*t** 
0.887 5.945 

.****i .***** 

Nest 10 - 1992 

0.12 
0.37 
0.62 
1.08 
2.08 

*CI**. 

..**t. 

l ***** 

.***** 

.***** 

l ***** 

l .*..* 

*NI*.** 

l *t*** 

l ***** 

l ***** 

l .*... 

l **i** 

rr.... 

e**sss 

0.398 5.67 3.919 0.129 -0.06 
1.115 6.48 4.635 -0.073 -2.377 
1.373 6.628 4.893 -0.061 -2221 
1.561 6.611 5.081 cc**** l ***.* 

2.133 7.162 5.653 - 1.063 -2.429 

Nest 11 - 1992 

0.1 
0.4 
0.7 

1 
1.3 
1.6 
1.9 
2.1 
2.4 
2.7 
6.1 
8.1 

10.1 

*****. *te*** l ***ic 

a***** l ***** .a*+.. 

0.349 -0.153 9.605 
l ***** l ***** il**.* 
l ***.. t*+..* l .*... 

0.379 -0.081 10.055 
l *+*t. l ***** .t***i 
l ***.. l ...** *a*.** 
l ****. l ..*.* .+...* 

0.41 -0281 10.3 
-0202 -0.071 9.713 

l .*.*. tt*..* cc*.*. 
.*t*t* . ..*.* l *.t** 

**.**t 

**ta*. 

3.143 
i*.*.. 
*.*.+. 

3.187 
l ...*. 

*..t*. 

l ..**. 

3.234 
2.67 

C..... 
l .*ttt 

1.644 
1.573 
1.288 
1.611 
1.004 

1.45 
1.889 
0.226 
0.911 
1.224 
1.017 

-5216 
1.065 

7.363 5.366 
7.074 5.094 
6.771 4.809 
7.077 5.132 
6.533 4.605 
6.881 4.971 
7.303 5.41 
5.628 3.747 
6.296 4.432 
6.591 4.744 
6.195 4.538 

-0.038 - 1.695 
6.263 4.586 

Gvosum Jarœite K 

3.862 
4.16 

.t**** 

4.407 
.*.*** 

-0.005 
0.054 

-0.515 
-0293 
- 1.982 

0.165 
-2.622 

l *t*** 

-3.593 
.*...* 

0.121 2.404 
0.038 0.504 
0.046 0.063 
0.029 0.661 
0.025 -0.601 
0.049 0.145 
0.028 1.17 
0.075 -2.121 
0.064 -0.478 
0.063 -0.982 

-0.019 -127 
0.006 -17219 

-0.05 -2.189 

“.._ 
“- 



Kidd Creek Geochemistry - Sairration Indices (MINTEQAP) 

DEPTH (m) AIOH3(a) AIOHS04 Al4(OH) 1 OS04 Gibbsite (c) Fe(OH)J(a) Goethite Lepidocrocit Gywm Jarosite K 

Nest 11 .- 1993 

0.14 0.126 1.309 10.247 2.913 
0.43 .tt.*t l ***** ****** l ***** 

0.71 .****t ***t** l *.*** l ****. 

1 .***t* l ***** ..**** l ***** 

1.28 l .**.. l ****. l .**** l ***** 

1.57 ..*.t* l ****. l *.*** l ***** 

1.85 l ***** l ***** l ***** **t**. 

2.14 l ***** .***** l ***** l ***** 

2.42 ***ii* l ***** l ***** l .***. 

2.71 l ***** l ***** l ***** *..**. 

8 l ****. l ***** .**t** *lb**** 

10 l ***** .***** **CI** .***** 

Nest 12 - 1992 

0.13 
0.39 
0.65 
0.91 
1.17 
1.42 
1.68 
1.94 

2.2 
2.48 
5.14 
6.18 
7.98 

l ***** 

0.313 
0.331 
0.346 
0.363 
0.395 

l ***** 

-0.101 
0.243 
0.379 

l ***** 

-0.211 
-0223 

l *.*** l .*.*. 

0.166 9.744 
-0.562 9.169 
-0.274 9.599 

-025 9.774 
-0.19 10.029 

l ***** ..***t 

l ***** 

3.104 
3.127 
3.146 
3.168 
3.205 

****** 

0.252 9.182 2.718 
0.392 10.455 3.067 

-0.013 10.556 3.207 
l ***** l *.*** .***** 

-0.437 9.589 2.874 
-0924 8.955 2.657 

Nest 13 - 1992 

0.1 
0.4 
0.6 
0.9 
1.1 
1.3 
1.6 
1.8 
2.1 
2.3 

4.08 
4.69 
6.02 

0.308 
l ***** 

l ***** 

l .**** 

..*.*. 

-0.768 

0.174 
l ***** 

.***** 
0.02 

l ***** 

l ***** 

0.155 
l ***** 

-0.461 
-0.602 
-0.496 

8.703 
l ***** 

.***** 

l **.** 

..**** 

l ***** 

9.722 
..*..* 

0.191 
l ***** 

-0.32 
-0298 
-0.205 

.**.** 
10.339 
l ***** 

9.33 
9.186 
9.505 

3.095 
. ...*. 
..*.*. 
.*t**. 
. ..**. 

2.99 
..*.*. 
i..... 

3.027 
. . ..C. 

2.569 
2.588 
2.678 

-1 4.513 2.523 0.15 -4.03 
0.034 5.52 3.558 0.058 -4.069 
0.084 5.544 3.605 0.057 -4.061 
0.275 5.709 3.798 0.011 -4.304 

-0.016 5.392 3.505 -0.01 -4.644 
0.127 5.509 3.647 0.023 -3.921 
0.171 5.527 3.692 0.004 -4.451 

-0.633 4.697 2.888 0.021 -5.367 
-0.049 5.255 3.472 0.04 -4.026 

0.152 5.43 3.673 0.025 -4.657 
0.369 5.539 3.89 -0.043 -3.879 
0.736 5.886 4.257 -0.057 -3.763 

l ***.. 

2.965 
3.534 
2.433 

2.64 
1.921 
2.216 
1.456 
1.214 
1.119 

0.65 
2.566 
2.437 

****** 
8.462 
9.013 
7.694 
8.283 
7.346 
7.624 
6.845 
6.585 
6.472 
5.791 
7.694 
7.586 

l ***** 

6.486 
7.055 
5.953 
6.361 
5.442 
5.738 
4.977 
4.735 
4.641 
4.171 
6.086 
5.958 

0.051 
-0.007 

0.007 
-0.037 

0.067 
-0.051 

0.05 
0.011 
0.027 
0.054 

-0.044 
0.022 
0.011 

l ***.. 

5.491 
5.97 

2.931 
4.213 
1.399 
3.973 
1.462 
0.327 

-0.865 
-3253 

2.254 
1.097 

2.086 7.6 5.607 0.054 1.658 
1.106 6.591 4.627 0.022 -0.949 
1.951 7.417 5.472 0.031 2.453 

1.37 6.807 4.891 0.045 0.198 
1.49 6.908 5.011 0.055 1.042 
0.85 6.249 4.371 0.033 -1.111 

1.157 6.526 4.678 0.063 0.271 
1.328 6.676 4.849 0.056 0.18 
0.851 6.171 4.372 0.026 -1 A51 
1.303 6.603 4.824 0.056 -0.769 

3.77 8.882 7.29 -0.069 5.727 
2.931 6.055 6.451 -0.007 2.974 
3.145 6.281 6.665 0.004 3.484 



Kïdd Creek Geochemistry - SaUration Indices (MINTEMP) 

DEPTH (m) AIOH3(a) AIOHS04 Al4(OH)lOS04 Gibbsite (c) Fe(OH)3(a) Gœthite Lepidoaocit 

Nest 14 - 1992 

0.i 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.5 
1.7 
1.9 

3 
4 
5 
8 

l ****. 

.***t* 

l ***** 

l ****. 

l .**** 

l ***.. 

l **..* 

l ***.* 

..t.** 

l ***** 

-0.788 
l ***** 

l ***** 

-0.178 

l ***** l ***** .**... l *...* . ..*.. 
l . . . . . l .**** 1.788 7.253 5.288 
l ***** ..t*** 1.209 8.889 4.729 
*.*..* ..*..* 1.005 8.439 4.525 
c..... *t**** 0.798 8.205 4.317 
. . ...* .**..* 0.827 8.01 4.148 
. . ...* .*t*.* 0.784 8.141 4.305 
.*..*. ****** 0.849 5.98 4.189 
.****. l ***** 0.821 5.927 4.142 
. ..*** l .**.* 0.754 8.033 4.275 

8.328 2.098 4.188 9.299 7.887 
*****. l ****. 3.347 8.452 6.888 
l **.** l *i*** 3.018 8.13 8.539 
.t*.** 2.708 3.871 8.804 7.192 

Nest 14 - 1993 

0.18 
0.54 

0.9 
1.28 
1.82 
1.99 
2.35 

8 

l ***** 

.**t*. 

l ***** 

****** 

l ***** 

l ***** 

.**.*. 

..***. 

l ***** .***** 0.07 5.577 3.591 0.055 -4.477 
c..... l ***** 0.283 5.738 3.783 0.028 -3.533 
*****t l **.** -0.158 5.287 3.385 0.03 -4.582 
l .**** ****** -022 5.19 3.301 0.009 -5.475 
l **.** l ***** 0.048 5.423 3.587 0.013 -4.173 
l ***** . ..**. 0.421 5.785 3.942 0.013 -3.824 
l ***** l *.*** 0.241 5.551 3.781 0.024 -4.15 
l ***** .***** 0.211 5.42 3.731 -0.074 -4.305 

Nest 15 - 1992 

0.12 
0.38 

0.8 
0.84 
1.08 
1.33 
1.57 
1.81 
2.05 
2.29 
3.11 

4.1 
5.05 
8.11 

7.8 
8.37 

l ***** 

l .***. 

l ***** 

..**** 

.*.*** 

****** 

..t.*. 

l ***** 

l .**** 

l .**.* 

l ****. 

l ****. 

. ...*. 

*****. 

l ***** 

l **.** 

l ***** 

.***.. 

.*...t 

.***.* 

..**.* 

l ***** 

l ***** 

l ***** 

.***** 

l ***** 

.***** 

l *.*.. 

l **..* 

l ****. 

l **.** 

l ***** 

l ***** 

l ***** 

.**t** 

. ..*t. 

l ****. 

..**** 

. ..*.. 

..*.*. 

.*t*** 

.C.... 

. . . . . . 

l ..**. 

i..... 

l ***.. 

. ..*** 

l ..**. 

0.038 5.551 3.558 0.03 -4.892 
0.479 5.975 4 -0.004 -2289 
0.855 8.132 4.175 -0.603 - 1.847 
0.434 5.893 3.955 0.001 -2.197 
0.304 5.744 3.024 -0.024 -2.891 

-0.019 5.403 3.502 -0.001 -3.564 
0.557 5.98 4.078 0.004 -2253 
0.227 5.811 3.746 0.604 -3.34 
0.309 5.875 3.63 0.011 -3.384 

-0.108 5.412 3.413 0.004 -4.742 
1.052 8.338 4.573 -0.008 -0.81 
0.003 5.233 3.524 -0.017 -3.97 

-0.073 5.129 3.446 -0.024 -4.885 
0.023 5.205 3.544 -0.014 -4.48 
2.181 7.354 5.701 -0.039 1.54 

2.82 7.793 8.141 -0.088 2.888 

Jarosite K 

0.031 
0.033 
0.083 

-0.01 
-0.012 
-0.015 

-0.01 
-0.035 
-0.006 
-0.011 

0.026 
0.052 
0.014 

**.**. 

****** 
-1291 
- 1.739 
- 1.828 
-2.187 

-2.5 
-2283 
-2.854 
-2.773 
-1.711 

8.823 
5.921 
4.498 

l **..* 



ffidd Creek Geochemistry - SaUration Indices (MINTEQAP) 

DEPTH (m) AIOH3(a) AIOHS04 Al4(OH)lOSO4 Gibbsite (c) Fe(OH)S(a) Lepidoaocit Jarosite K 

Nest 16 - 1992 

0.12 
0.37 
0.61 
0.66 
1.11 
1.35 

1.6 
1 x.4 
2.09 
2.34 
4.04 
5.05 

6.1 
6.16 

..**.t ***a** 
l ***** l t**** 

l ***** ..,*** 

l ***** l t**t. 

l **..* l ***** 

****et ii*.** 

*****t l ***** 

l *.t** .***** 

l ***** l ***.* 

*ta*.* l ***** 

0.06 9.525 
-0.678 0.492 

-021 10.151 
-0.62 9.07 

l .**** 

. ..t*t 

*.t*.. 

*C.C.* 

l ***** 

te*... 

.***.* 

l ****. 

.*t*t* 

l ***** 

2.519 
2.421 
2.837 
2.705 

0.027 5.539 3.547 
0.262 5.751 3.782 

-0.106 5.361 3.415 
0.102 5.546 3.623 

-0.028 5.393 3.493 
0.401 5.799 3.922 

0.09 5.465 3.61 
-0.413 4.939 3.108 
-0.226 5.292 3.294 
-0.029 5.276 3.492 

4.34 9.409 7.861 
3.876 9.025 7.397 
3.387 8.548 6.907 
3.696 9.074 7.417 

0.012 -4.904 
-0.009 -3.403 
-0.024 -4.159 
-0.004 -3.88 
-0.012 -4.769 
-0.031 -3266 
-0.022 -4.186 
-0.032 -6.098 

0 -5.084 
0.001 -5.103 

0 8.91 
0.022 6.447 
0.037 5.02 
0.043 5.69 

-0.361 
-0.459 

-0.04 
-0.167 

Nest 17 - 1992 

0.13 
0.4 

0.66 
0.92 
1.19 
1.45 
1.72 
1.98 
5.14 
6.08 

.t**.t l ***** ***te* 
l .**.. l ***** 

*et*** .***.* 

****a* i.*t.. 

l .**** ii+*** 

..***. .*..+* 

.*...* c**+c. 

*Ml.**+ ..a*.. 

8.793 2.349 
l ***.* l *+*.i 

1 .OOl 6.515 4.521 
1.087 6.563 4.608 
0.583 6.061 4.104 
0.633 6.093 4.154 
0.602 6.043 4.123 
0.770 6.201 4.299 
0.631 6.038 4.152 
0.448 5.834 3.969 
2.636 7.805 6.157 
3.249 0.406 6.769 

0.029 
0.016 
0.026 
-0.01 
0.001 
0.027 
0.018 
0.004 
0.016 

-0.018 

- 1.633 
- 1.807 
-2.639 
-2226 
-2.149 
-1536 
-2.164 
-2.107 

3.712 
4.434 

****CI 

l ***** 

l ..*tt 

**.a** 

l *t*** 

l t**t* 

-0.065 
l ...** 

.**.t* 
l ***** 

- 0.526 
. ..*t* 



Kidd Creek Geochemistry - Satiration Indices (MINTEQA2) 

DEPTH (m) AIOH3(a) AIOHS04 Al4(OH)lOS04 Gibbsite (c) Fe(OH)J(a) Gœthite Lepidocrocit 

Nest 18 - 1992 

0.12 
0.35 
0.59 
0.83 
1.06 

1.3 
1.53 
1.77 
2.01 
2.24 

3.1 
4.08 
5.14 

t***** 
l ***** 

.t*tt* 

l ***** 

l ***.* 

.**.*. 

l ***** 

l ***** 

l *.*** 

l ***.* 

l ****. 

.tt.*t 

.*t*tt 

****** 
****** 
l ***** 

l ***** 

l . . . . . 

l ***** 

l ****. 

.**.** 

l ***** 

l ****. 

l ***** 

l ***** 

l ***** 

**.t*. 
.***t* 
**.**t 
l ***.* 

****** 

. ..*.i 

lb***** 

l ***** 

****i. 

+t**** 

l *.*** 

***PI*. 

l ****. 

l ***** 

t.*.** 

l **.** 

.i**** 

l *...* 

l .**** 

l ***** 

***.*. 

..**i* 

l **.** 

l .**.* 

..**.* 

l ***** 

0.478 5.991 3.999 0.012 -2282 
0.426 5.919 3.947 0.02 -2.192 

0.29 5.761 3.81 -0.031 -3.158 
0.297 5.747 3.818 0.025 -2.461 
0.338 5.788 3.859 0.027 -2.383 
1.013 6.422 4.534 0.022 -0.91 
0.167 5.554 3.688 0.028 -3.171 
0.526 5.892 4.047 0.035 -2.984 
0.554 5.899 4.075 0.02 -2.101 
0.367 5.69 3.888 0.03 -2.892 
1.534 6.784 5.055 -0.016 1.376 
1.051 6.232 4.571 -0.058 -2.442 
0.809 5.945 4.329 -0.086 -4216 

Nest 19 - 1992 

0.18 
0.41 
0.65 
0.88 
1.12 
1.35 
1.58 
1.82 
2.05 
2.29 
3.06 
4.05 
5.05 

l ***** 

l ***** 

l .**** 

l ****. 

l *..** 

l ***** 

l ***** 

c***** 

l ***** 

****** 

.**t** 

..t.** 

l ***** 

***tt* 
l *.*** 

l ***** 

**.**. 

. . ..C. 

tt.**t 

l .**.* 

t..... 

t**.t. 

l *..** 

*****. 

l ***** 

l ***** 

l ***** 

l ***** 

*+*.** 

l *.*** 

l ***** 

*****t 

l ..*** 

**te*** 

****** 

l ***** 

***.** 

l .**** 

t..... 

*.*ttt 
l ***** 

t**.** 

l ***.* 

l ..*.* 

.***** 

.**t*t 

l ***.* 

l ***** 

+*i*.. 

.*.*.* 

l ***.. 

****.* 

0.767 8.298 4.308 0.042 - 1.488 
1.017 8.512 4.538 0.03 - 1.376 
1.093 6.571 4.613 -0.013 -0.893 
0.978 6.34 4.399 0.029 - 1.002 
0.808 6.255 4.329 0.011 -1.714 
0.623 6.053 4.144 0.025 -1.74 

0.63 6.044 4.151 0.007 -2.366 
0.778 6.176 4.299 0.018 -2.879 
0.445 5.826 3.966 0.021 -2968 
0.472 5.836 3.992 0.022 -1.78 
1.362 6.672 4.883 -0.027 -0.979 
1.171 6.409 4.692 -0.051 -2286 
0.695 6.084 4.415 -0.418 -4.499 

Nest 20 - 1992 

0.13 l ***.* l ***** .*..*i l ***** 

0.38 -0.637 -1.181 5.804 2.157 
0.63 .t*t*. l .**** .***** l ***** 

0.88 .*t*** ..**tt l ***.* l .*..* 

1.13 -0.181 -0.15 8.417 2.632 
1.38 -1.182 -0.397 5.304 1.637 
1.38 l ***** l ***** c**.*e .*t*** 

1.63 -0.587 -0.835 6.992 2.265 
1.88 -0.106 0.276 9.629 2.733 
2.13 l ***** .CIC.. l **.** l .**** 

2.38 .t**t* **.... l .**** l ***** 

3.01 l ***.* l ***** l **.** l ***** 

4.01 .***** ****** ***.** l ..*.. 

5.02 .***.* l ..*** ****** .*t*** 

6 .*.**. l ...*. l ***** l ***** 

.***** l ..*** ****** 
1.006 6.492 4.527 
0.959 6.421 4.48 
0.997 6.434 4.518 
0.846 6.257 4.367 
0.726 6.112 4.247 
0.834 6.194 4.355 

1.21 6.545 4.731 
0.208 5.517 3.729 
0.772 6.055 4.293 
0.989 6.246 4.509 
0.673 5.891 4.194 
1.206 6.373 4.729 
1.691 8.828 5.212 
1.984 7.116 5.504 

Jarœite K 

-0.07 
0.066 
0.134 
0.122 
0.074 
0.006 
0.016 
0.066 
0.061 
0.003 

-0.002 
-0.023 
-0.062 
-0.068 

-0.07 

l ***** 

-0.852 
-0.491 
-0.737 
-0.763 
-0231 
-0.044 

-0.6 
-2.776 
- 1.035 
-0.459 
-2.339 

- 1.7 
-1.56 

-0.925 



Kidd Creek Geochemistry - Satiration Indices (MINTEGAP) 

DEPTH (m) AIOH3(a) AIOHS04 Al4(OH)lOSO4 Gibbsite (c) WOWW GOhit9 Lepidocrocit Gywm Jarosite K 

Nest21 - 1992 

3 -0.152 -0.343 9.77 2.728 3.393 0.537 6.913 0.018 4.548 
4 -0.123 -0.824 9.467 2.762 4.295 9.423 7.815 -0.021 6.28 
5 -0.895 -3.7 4.253 1.989 *a***. .*.t*. ..*t*t -0.495 l **.** 

Nest 23 - 1992 

0.11 
0.34 
0.56 
0.70 
1 .Ol 
1.23 
1.46 
1.68 

1.9 
2.13 

3 
4 
5 

.t***. ***a** .t..** 

0.403 
0.435 
0.329 

l ***** 

0.395 
-0.505 
****** 

-0.426 
.****a 

0.095 
-0.196 
-0.011 

-0~418 
0.088 
0.041 

l ***** 

-0.144 
- 1.529 

0.227 
-0.743 
- 1.408 

9,503 
10.251 
10.032 
***i** 

10.343 
6.406 

**.*Lt. 
6.943 

t***** 

11.038 
9.375 
9.265 

l *i*** 

3.197 
3.236 
3.137 

l ****i 

3.217 
2.323 

..**t* 

2.416 
.***a* 

2.974 
2.692 
2.676 

2.569 8.08 6.09 0.691 4.106 
1.06 6.544 4.581 0.M5 -1.198 

0.896 6.353 4.417 0.019 - 1.062 
0,824 6.255 4.345 0.086 -1256 
1.117 6.521 4.639 0.043 0.351 
2.238 7.613 5.758 0.007 2.018 
2.346 7.695 5.867 0.016 1.505 
2.121 7.442 5.642 0.023 0.675 
2.231 7.525 5.752 0.026 0.764 
2.671 7.937 6.192 0.044 1.93 
3.875 9.026 7.395 0.046 6.686 
2.854 7.974 6.375 0.029 2.2 

3.76 8.86 7.28 -0236 3.754 

Nest 24 - 1992 

0.12 
0.35 
0.58 
0.82 
1.05 
1.28 
1.51 
1.75 
1.98 

*.t+*. 

0.197 
-0.019 

-0.16 
0.142 

.*tt*t 

-0.127 
- 0.002 
C*C*** 

l ***** 

-0217 
-0.96 

-1293 
-0.748 

*****t 

9.058 
7.792 
7.165 
0.746 

.t...* 

-0.582 8.364 
-0.895 8.316 

l tt*** l .***t 

**.*.. 1.596 7.109 5.117 0.063 1.7 
2.99 1.463 6.952 4.965 0.071 0.467 
2.78 1.446 6.912 4.967 0.048 -0.531 

2.644 1.554 6.996 5.074 0.004 -0.637 
2.953 1.611 7.029 5.131 0.049 -0267 

l ***.. 2.458 7.853 5.978 0.018 2.661 
2.696 2.4 7.771 5.921 0.015 2.459 
2.747 2.286 7.633 5.807 -0.011 1.422 

l ***** 2.691 8.014 6.211 -0.134 1.815 

Nest 27 - 1992 

0.13 *t***t l ***.. ..***. ..**.. -0.64 4.868 2.881 0.066 -5291 
0.38 *et*** l ***** .*i**. .a...* -0.327 5.151 3.193 0.005 -5.594 
0.63 t***** l ***t* C*l*.. ****.* 0.087 5.536 3.608 -0251 - 5.595 
0.88 l t**t* ****** **.t*. . . ...* -0.319 5.1 3.201 -0.304 -6.943 



Kidd Creek Geochemistry - Sabration In dites (MINTECMP) 

DEPTH (m) Jarosite Na Jarosite Ii Anglesite Melanterite lhenardiie 

Nest 1 - 1991 
0.12 
0.36 

0.6 
0.84 
1.08 
1.32 
1.56 

1.8 
2.04 

3 
4 
5 
9 

- 1.583 -2.917 -0.131 -2.025 
1.083 -1.191 -0.849 -2.569 
0.42 -2215 -1.017 -2.569 

-4.629 -10.009 -1.481 -2.948 
-2.924 -7.518 -1.076 -2.961 
-4.159 -9.713 -1.58 -3.579 
-3.679 -8.931 -1.428 -2.807 
-4225 -9.47 -1.39 -2.727 
-4275 -9.884 -1.643 -3254 

l ***.* l ***** .t**** l ***** 

0.319 -5.88 l ***.* -7.114 
-5.676 -11.195 *a**** -4.06 
.t**** l ***** t.t*** l ***** 

-4.714 -9.425 -0.4 
-4.857 -10279 l .*t** 

-4.874 -10.112 l .***. 

-4.971 -4.79 ****CC 

-5.088 -5.671 .*.t+. 

-5.172 -4.83 Ch.... 

-5.002 -5.359 Il*.*.. 

-4.916 -5.417 .*.*+. 

-5.014 -484 i*..*. 

-5.566 -4234 t...** 

-7.138 -2.514 .t**.* 

-7201 -3.501 .t.t** 

-7.18 -4.149 .*..** 

Nest 1 - 1992 

0.12 5.96 2.298 t***** -3.182 -4.933 -5.018 
0.36 1.806 -2.441 -0.793 -1.526 -4.786 -4.606 

0.6 -0.506 -5.293 .t**.t -2.308 -4.768 -4.836 
0.84 -2.692 -7.92 l ***.* -2.789 -4.930 -4.81 
1.08 -3.967 -9.311 -1.347 -3.126 -5.005 -4.573 
1.33 -3.704 -9.069 l **.*. -2.662 -4.911 -5.102 
1.57 -3.204 -8.888 l ***** -2.971 -4.69 
1.81 -3.874 

-5.032 
-9.501 l ***** -3.403 -4.832 -4.577 

2.05 -5.326 -11213 l .i.+* -4206 -5.051 -4.465 

Nestl - 1993 

0.15 0.265 -2.071 -0286 -1262 -5.018 
0.46 -6.372 -11.104 -0.855 -1.801 -5.186 
0.78 -5.537 -10.733 l ***** -2.132 -5.051 
1.07 -6.287 -11.668 ..a*** -2.397 -5.111 
1.37 -7.449 -13.603 c.*c.* -3.709 -5223 
1.67 -6.905 -12.156 l **.t* -2.076 -5.159 
1.98 -6.544 -12.038 i..... -2209 -5.072 

3 -7204 -12.916 .***.* -3.81 -5.44 
4 -9.892 -15.357 ..t*.* -4.378 -6.955 
5 -9.855 -15.177 ..+*a* -3.609 -7.359 
6 -11 -16.369 l ..t.* -5.091 -7.411 

-7291 
-3.658 
-3.936 
-4.506 
-3.887 
-4.174 
-3.604 
-5.179 
..+*.. 
**i*** 

-4.635 

Cr(OH)3 (a) 

. ..**. 

.t.**. 
l ****. 

.+.*** 

. . ...* 

.*a.+. 

. ..*.. 

***t.. 

.*tt** 

*a**** 
.a***. 
l *..** 

l ***i. 

.***.. 

l *.t** 

l ****. 

.***** 

l Z.... 

CI.... 

.*..*. 



KïddCreek Geochemistty - Sabration Indices(MINTEQA2) 

DEPTH(m) Jarcsite Na Jarosite H Anglesite Meknterile lhenardite Zn(OH)P(a) Cr(OH)3 (a) 

Nest2-1991 

0.12 
0.37 
0.61 
0.66 

1.1 
1.37 
1.63 

1.9 
2.16 

6 
6 

10 
12 
14 

-5221 
-4.117 
-4.748 
-3.677 
-4.547 
-4.477 
-5285 
-4.098 
-4.191 
-5.139 
-5.914 
-6.731 
t,.... 

-3.541 

-10.106 
- 8.963 
-9.886 
-0.725 
-9.585 
-9.656 

-10.381 
-10.417 

-9.919 
-10.792 
-12.403 
-12.111 

C..... 

-1.067 
-1.507 
-1.675 
-1.462 
-1.765 
-1.474 
-1.374 
.**t.* 
.*.**. 
. ..*.* 
**,*a* 
.t**.* 
..**** 
***II* 

-3.077 
-2.315 
-2.667 
-2229 
-2241 
-2.463 
-2.739 
-3.009 
-2.815 
-2.573 
-3.349 
-4.402 

l .**.. 

-8.81 -4.459 

-5.997 -3.831 
-5.833 -4.149 
-5.891 -3.079 
-5.714 -4.498 
-5.552 -4.473 
-5.576 -4.189 
-5.438 -4.573 

-5.5 -3.817 
-5268 -4.492 
-4.776 -4.775 
-5.031 -3.776 
-7259 -4.099 

-7.35 -4.372 
-7.186 -3.91 

.**.** 
l ...** 

l .*.** 

. . ..I. 

. ..A.. 

. . ..*i 

l ..*** 

.*..t. 

l **.t. 

.**.*t 

l ***** 

.***** 

.****. 

.***** 

Nest2-1992 

0.13 -4.064 -9.949 
0.4 -3.143 -7.69 

0.67 -3.982 -9.194 
0.91 -3231 -6.66 
1.13 -3.317 -8.505 
1.29 -3.717 -9.182 
1.56 -3.489 -9.029 

.*.*** 

****** 

.****t 

. ..C.. 

****.a 

..*..* 

.*...a 

-2.839 -5.644 -3.53 
-2.496 -5.524 -5.333 
-2.345 -5.379 -4.662 
-2.641 -5.46 -4.06 
-2.462 -5.364 -4.622 
-2.567 -5.463 -4221 
-2.926 -5.477 -4.194 

.**... 
l *..** 

*****i 

a..... 

. ..*** 

.****. 

l ***** 

Nest3-1991 

0.12 -3.942 -9.493 
0.36 -4.366 -9.662 

0.6 -4.658 -10.234 
0.64 -4.941 -10.38 
1.08 - 3.994 -9.666 

3 -5.63 -11.335 
4 -5.004 -11.698 
5 -5.412 -11.488 
6 -6.378 -11.661 
6 -5958 -11.316 

10 -6.029 -11.514 
13.5 -8.392 -13.122 

-1.749 
-1.662 
-1.818 
-1.853 
-1.744 
-1.607 
-1254 
-1.729 
***A** 
l ***** 

.****i 

l .*.,* 

-2.523 -4.766 -4.009 ***t** 
-2.337 -5.005 -4.893 .*.**. 
-2.726 -5.408 -4.526 l *.**. 

-3.041 -5.364 -4.017 l **.** 

-2.869 -4.909 -3.558 .*.*t* 

- 2.592 -4.56 -4.907 l ****. 

-2.302 -4.409 -5.168 . ..t.. 

-3.048 -4.95 -4.385 l **... 

-4.019 -7.095 -4.58 C*e... 

-3.924 -6.704 -4.857 t..*t. 

-3.696 -6.827 -4221 .*..*a 

-4.126 -8.385 -4.617 ..**ï. 



ffiddcreek Geochemistry - Sabratien Indices(MINTEQA2) 

DEPTH(m) JarcsiteNa Jarosite H Anglesite lhenardiie Zn(OH)P (a) WOW (a) 

Nest3- 1992 

0.13 -3.447 -9.055 l ***** -3.053 -5.05 -3.301 t+.**. 

0.38 -2.491 -8.008 L..... -2.79 -5.105 -3.687 a..... 

0.63 -3.158 -8.815 C**C.* -2.843 -4.927 -3.884 l ...** 

0.88 -2.84 -8.729 . ..*t* -3.026 -4.836 -3.486 te*... 

1.13 -4.657 -10.703 ..tt** -3251 -4.778 -3.133 . . ..a* 

1.36 -4.345 -10.306 *.***a -3289 -4.829 -3.369 ***..a 

1.58 -3.340 -9.19 +***.. -2.851 -4.675 -3.671 l *.... 

Nest3 - 1993 

Nest4 -  1991 

0.14 -6.793 -12.999 l ***** -3.705 -4.66 
0.41 -7.519 -13.476 *t***+ -3243 -4.722 
0.68 -6.347 -12283 l **.** -2.881 -4.837 
0.95 -6.68 -12.502 .*.*.* -2.686 -4.839 
1.22 -7.226 -13.191 ****CI -2.783 -4.8 
1.49 -7236 -13.231 C*i*** -2.898 -4.729 
1.76 -7.705 -13.779 ***C*I -3.041 -4.697 
2.03 -7.1 -13.325 .C.... -2.807 -4.307 

2.3 -6.15 -12.015 l **i** -2>182 -4.386 
2.57 -6275 -12.168 l .*..* -2251 -4.374 

3 -6.929 -12.696 +.***t -3.545 -5.179 
4 -6.214 -12.329 -1229 -2.353 -4.422 
5 -6.485 -12.687 CC**.. -2.938 -5.139 
6 -8.309 -13.699 l .**.. -3.884 -7.115 
8 -8.37 -13.878 ii**.* -3.694 -6.981 

10 -8.514 -13.904 ..**a. -3.543 -7213 

0.12 
0.34 
0.57 
0.81 
1.03 
1.15 
1.44 
1.73 
2.02 
2.31 

3 
4 
5 
6 
8 

9.6 

ii**** l .*i*+ 

-4.084 -9.38 
-4.734 -10.516 
-3.371 -9243 
-2.401 -7.832 
-5.448 -11.059 
-4.761 -10.826 
-4.761 -10.895 
-5.123 -10.967 
-5.801 -11.575 

-3.64 -9.353 
-6.189 -11.717 

-8.9 -11.925 
-6.663 -11.866 
-9.235 -14.115 

-10.342 -14.381 

-1212 
-1.573 
-2206 

-1.95 
-1.337 
-1.555 
-1.863 
-1.724 
-1.812 
-1.637 

l ****. 

..i*** 

l **..* 

l ****. 

C****l 

..***a 

.***** 
-2.838 
-3.534 
-2.951 
-2286 
-2.734 
-2.804 
-2.858 
-2.784 
-3.135 
-2.814 

-3.55 
-4231 
-3569 
-4.048 

-4.52 

-5226 
-5.324 
-5.305 
-4.742 
-4.345 
-4.713 
-4.473 
-4.444 
-4.526 
-4.632 
-4.724 
-6293 
-7.107 
-7.106 
-8.192 

-2.159 
-2.82% 
-3.621 
-4.396 
-4.063 
-4.147 
-3.486 
-3.586 
-4.655 
-4.642 
-5.111 
-6.377 
..**** 
. ..CI. 
l ***** 

l ***** 

-2.558 1.01 
-3.701 l **.** 

-3.006 a+*.*. 

-3.083 l ***** 

-4.427 l **.** 

-3.704 CC.... 

-3.605 t..... 

-4.194 l **.t. 

-4.678 .i...* 

-4.594 .C...C 

-4.835 l **.** 

-4.855 *te**. 

-5.033 **te.. 

-4.725 +***+. 

-4274 t..... 

-5.495 l **.*. 

C**l** 
+**+er 
.**t*t 
..**** 
l ***** 

ta.+.* 

l ***.* 

l **.** 

.*.*** 

l ***** 

.***+* 

C*I*** 

.*..*i 

t*.... 

..Z... 

.a.*.. 



Kidd Cresk Geochemistry - Sabration Indices (MINTEQA2) 

DEPTH (m) Jarceite Na Jarosite H Anglesite lhenardite ZWW2 (4 WOWJ (4 

NestS - 1991 

0.1 - 1.774 -6.412 
0.31 -4.942 -10.505 
0.51 -3.709 -9.439 
0.72 -4.648 - 10.458 
0.92 -3.349 -8.949 
1.13 -4.215 -9.781 
1.33 -3.359 -8.952 

3 5.241 0.132 
4 -5.036 -10.279 

5.3 -8.534 -12.92 

- 1.362 
- 1.556 
- 1.498 
- 1.747 
- 1.507 
-1.513 

l ***** 

l ***** 

l ***** 

.t.**t 

-4.729 -8.186 -2.903 +++ecr 

-3.104 -4.961 -2.812 *I*+i+ 

-3.018 -4.532 -4.427 l .*i.. 

-3.187 -4,627 -4.581 t..*.* 

-2.892 -4.645 -4.834 te*..+ 

-3.343 -4.851 -4.947 ..C.C. 

-3.153 -5.007 -4.579 .**... 

-5.646 -7.037 l ***** a*..+. 

-3.831 -7.184 2.2.h. ***cc. 

-3.491 -8.152 -5.343 l *.*** 

Nest5 - 1992 

0.12 3.393 -0.343 l ***** -4.582 -7.493 -3.773 ****** 
0.35 1.445 -2.893 l ***** -2.577 -7.358 -4.068 l ***.. 

0.58 0.537 -3.972 l ***** -2.829 -7.174 -4.585 **et** 

Nest6 - 1991 

0.1 
0.29 
0.49 
0.68 
0.88 
1.07 
1.27 
1.75 

2.5 
3.65 

- 1.396 - 5.503 
-3.36 -8.142 

-4.367 -8.908 
-3.846 -8.815 
-3.317 -8214 
**..tt l ****. 

-0.892 
**ta** 
+**.*. 
+**.*. 
**t*+i 
***a** 
.*.**. 
*..a*. 
.*.+.* 
t.**** 

- 1.864 
-2.832 
-3233 
-3.882 
-3.923 

l .*..* 

-4.745 
l ****. 

t****+ 

l *.**i 

-9.825 
***t** 
l ***** 

.*i*** 

-4.686 
.+**.* 
*ii.*. 
..*..* 

-5.83 -3.372 -0.581 
-6.407 -2.77 .**t.* 

-6.968 -4.013 l ***** 

-7.059 -3.721 +..++t 

-7.184 -3.988 ***cc* 

-7203 -3258 ****c* 

-7.315 -3.707 l *.... 

-724 -3.399 ..i*** 

-7.375 -3.815 *te..* 

- 7.897 t...*. *..... 

Nest 7a - 1992 

0.13 -4.523 -8.588 l ***** -2.14 -5.822 -4.857 l ***** 

0.38 -5.697 - 10.892 l *.*** -2.625 -5.454 -3.387 *CCC*. 

0.63 -8.37 -11.987 ai++*. -3.478 -5.669 -4.057 ..+..+ 

0.88 -6.35 -12.129 l ***** -4.809 -6272 -3.404 l *.*.* 

1.13 -8.611 - 14276 l ****. -4.029 -6.62 -3.805 . . . ..c 



KIddCreek Geochemistry - Sa~rationIndices(MINTEQ42) 

DEPTH(m) Jarosite Na Jarosite H Anglesite lhenardiie Zn(OH)2 (a) Cr(OH)3 (a) 

Nest7b - 1992 

0.1 
1.06 

Nest6- 1992 

-7.626 -12.703 
-4.608 -9.653 

**..t* 
. ..*.. 

-3241 -6.309 -4.124 
-2.751 -5.896 -5248 

l *..*. 

l *..*t 

0.11 -5.627 -10.466 
0.34 -10211 -14.731 
0.88 -7253 -12.1 

Nest9 - -  1992 

0.1 
0.4 
0.6 
1.1 

2.05 

-2.558 -6.099 
-5.717 -10.564 
ii**.* l .***. 

-6.847 -12.082 
l *4.** **.*\I* 

NestlO 1992 

0.12 -3287 -6.773 
0.37 -5.867 -10.738 
0.62 -5.763 -10,773 
1.08 l .***t **t*** 

2.08 -6.105 -11.69 

Nestll 1992 

0.1 -0.633 -5.85 
0.4 -2296 - 7.793 
0.7 -2.599 -6.19 

1 -2.088 -7.642 
1.3 -3.464 -8.698 
1.6 -2.644 -8,008 
1.9 -1.592 -7.106 
2.1 -4.747 -10.178 
2.4 -3.154 -8.647 
2.7 -3.642 -9.63 
6.1 -3.867 -10.021 
8.1 -19.748 -25.023 

10.1 -4.818 -11.093 

..**.. 

.L.... 

. ..**. 

-2.504 -5.826 -3.995 0.366 
-3.844 -6.985 -4.512 . ..*.i 

-4.952 -7.872 -3.785 0.24 

. ..*** 

.*..*. 

. ..**” 

.*.... 

.*t.** 

-1.751 
-2.951 
. . ...* 

-3.433 
l ***.. 

-6.424 -4.196 l . ...* 

-6.588 -3.323 l . ...* 

-7.673 -4.642 l .**.* 

-7.162 -3.418 0.203 
-8.722 - 2.729 0.809 

I***i* 

.*.*** 

..*t** 

. . ..L. 

l *.**t 

-223 -6.964 
-3.153 -7.332 
-3.887 -7.539 

l **... ."...i 

-5.311 -8.159 

-4238 
-3.504 
-3.831 
-3.365 
-3.023 

..*... 

. ..*.. 

. . ...* 
0.213 
0.634 

-1.272 
-1.766 
-2.078 
-1.789 
-1.707 
.*.**. 
..*.*a 

-1.441 
l ***tt 

**Cl** 

*.*..t 

l *.*.* 

. ..L.. 

-3.146 -5.178 -1.991 
-2.628 -5.193 -3.163 

-2.42 -4.789 -4251 
-2.357 -5.082 -4.347 
-2.745 -5.476 -4.859 
-3.082 -5.433 -4.420 
-3.002 -5.354 -4.035 
-3.094 -4.571 -4.428 

-3.04 -4.723 -4244 
-3292 -4.706 -3.624 
-2.754 -4.403 -4.091 
-2.807 -4.311 -628 
-3.703 -4.752 -4.793 

..*t** 
l .**.* 

i.**** 

.****. 

.t*t** 

l ***.* 

..*.*i 

l *t*.* 

t.**** 

l ***.* 

l ***.* 

..***t 

i..*** 



Kïdd Creek Geochemistry - SaUration Indices (MINTEQA2) 

DEPTH (m) Jarosite Na Jarosite H Anglesite Mel;nterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a) 

Nest 11 - 1993 

0.14 -7.499 -11.484 
0.43 -6.966 - 12.463 
0.71 -6.831 - 12.475 

1 -7.034 -12.941 
1.28 -7.403 -13.116 
1.57 - 6.705 - 12289 
1.85 - 7243 -12.976 
2.14 -8.065 -13.52 
2.42 -6.655 -12.492 
2.71 -7.349 -13.601 

0 -6.457 - 12.823 
10 -6.428 - 12.924 

-0.528 
- 1.552 
.**i** 
et*.*. 
l ***** 

*.+**a 

i.+*.* 

. ..+.. 

*.*a** 

**a**. 

***te* 

l ***.t 

-4.951 
-2.653 

-2.67 
-2.92 

-2.719 
-2.483 
-2.775 
-2.725 
-2.309 
-2.914 
-2.585 
-3.336 

-6203 -2.915 
-5233 -2.463 
- 5.039 -3.328 

-5.05 - 3.475 
-5.108 -3.855 
-5.186 -4.659 
-5.319 -3.701 

-4.96 -4.819 
-4.578 - 4244 
-4.624 -3.379 
-4.414 -524 
-4.771 -5.011 

.tt*t. 

.*..** 
l ***** 

.**a** 

l ***** 

l .*.+* 

ii.*** 

.**.t+ 

l .*t*. 

*.***a 

l ***** 

*****. 

Nest 12 - 1992 

0.13 
0.39 
0.65 
0.91 
1.17 
1.42 
1.68 
1.94 

2.2 
2.48 
5.14 
6.18 
7.98 

l ***** .*t*t* -1.417 
*ii.** 
.****. 
***et* 
l .***t 

***i** 

- 1.438 
l ***** 

+**C*i 

.t.**t 

tttt*t 

l ***** 

l ****t 

. . . ..C 

2.707 -2.349 
3.228 -2.266 
0.194 -5.158 
1.445 -4.057 

- 1.347 -8.891 
1.315 -4.044 

- 1.053 -6.683 
-2.186 -7.953 

-3.39 -9.457 
-6.09 -11.978 

- 0.824 -6.451 
-2202 -7.635 

-2.702 
-3.059 
-2.997 
-3232 
-3.641 
-2.105 
-2.343 
-2.1371 
-2.898 
-3.313 
-3.636 
-3.845 

-5.724 -2.846 
-5.443 -3.841 
- 5.392 -2.605 
-5.485 -3.662 
-5258 -3.389 
-5226 -3.534 

-4.63 -4.639 
-4281 -5.133 
-4294 -4.59 
-4.318 -4.537 
- 5.399 -4.457 

-6.03 -4265 
-6.803 -4241 

l ***** 

*****lb 

l **.*. 

*****a 

et.... 

.****. 

. ..*.t 

.**+.t 

..+*+. 

l . ..t* 

****ta 

*et*** 

. ..**i 

Nest 13 - 1992 

0.1 
0.4 
0.6 
0.9 
1.1 
1.3 
1.6 
1.8 
2.1 
2.3 

4.08 
4.69 
6.02 

-1.101 -6.712 
-3.644 -9217 
-0245 -5.641 
-2.447 -8.172 
- 1.579 -7246 
-3.706 -9.444 
-2.418 -7.97 
-2.537 -8222 

-421 -9.791 
-3.657 -9.369 

2.49 -2.791 
-0294 -5.543 

0.268 -4.784 

l t**** 

-2.016 
- 1.606 
- 1.606 
-1277 
***.*a 

-1.18 
- 1.426 

l ****. 

l ***** 

l ***** 

l ***** 

l ****. 

-3.567 
-3.356 
-2.879 
-2.721 
-2285 
-2.651 

-2.46 
-2.459 
-2.776 
-2.852 
-4.772 
-3.402 
-3.859 

-5.185 -2.846 
- 5.084 -3227 
-4.912 -4203 
-4.671 -3.862 
-4.519 -4359 
-4.529 -4.337 
-4.646 -4.595 
-4.779 -3.912 
-5.078 -4283 
-5297 -3925 
-6.712 -4.837 
-6.883 -4.767 
- 7207 -4.997 

l ***** 

.***** 

. ...+* 

l ***.. 

t..... 

***.*i 

l .*.*t 

.**.** 

..**** 

ii.*** 

l i*..* 

***C*i 

..**.. 



KiddCreek Geochemistry - SatuationIndices(MINTECW2) 

DEPTH(m) Jarosite Na Jarosite H Anglesite Melwterite Thenardite &(OH)2 (a) Cr(OH)3 (a) 

Nest14 - 1992 

0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.5 
1.7 
1.9 

3 
4 
5 
6 

.**.*. .*.a** ..L... 

-4.616 -9.737 
-5.039 -10.036 
-4.658 -9.712 
-5.122 -10267 
-5.403 -10.623 
-5.197 -10.547 
-5.546 -10.966 
- 5.692 -11.164 
-4.588 -9.994 

6.153 0.512 
3.265 -2.666 
1.929 -4.116 

a****. l ***** 

.*.**. 
l . ...* 

..**** 

-1.67 
-1.607 
-1.792 
-1.734 

l **t*t 

*I***l 

*.*.** 

*I**I* 

*..**t 

*..*** 

I*l**. 

-4.537 
-4.15 

-2.759 
-2.447 
-2.636 
-2.473 
-2.551 
-2.526 
-2.147 
-3.679 
-2.322 
-2.757 
.**... 

-7.193 
-7219 
-6.797 
-6235 
-6.006 
-5.831 
-5.788 
-5.641 
-5.618 
-5.413 
-4.91s 
-4.719 
-4.719 
. . . . . . 

-3.346 
-2.65 

-2.529 
-3.436 
-3.573 
-4.111 
-4.526 
-4.611 
-4.608 
-4.694 

-4.75 
-4.026 
-5.408 
-4.898 

l . ...* 

l **... 

.**t*. 

. . . ..d 

a..... 

l *.*** 

.****t 

.****. 

.***.t 

..***. 

.a...* 

L..... 

a.**** 

l “**** 

Nestl4 - 1993 

0.16 -7.275 -12.957 
0.54 -6.322 -11.68 

0.9 -7.343 -12.652 
1.26 -8.429 -13.58 
1.62 -6.96 -12.446 
1.99 -6.444 -12.056 
2.35 -6.985 -12.673 

6 -7.015 -12.612 

*.a*.* 

.***.. 

l ***.. 

.*.*** 

.****t 

I*i... 

..*.i* 

..***. 

-3.193 -5.144 -2.957 
-2.407 -5.467 -3.32 

-2.46 -5.45 -3.099 
-2.724 -6.156 -3293 
-2.318 -5.382 -4.771 
-2.481 -5.46 -3.694 
-2.523 -5.394 -4287 
- 2.909 -5277 -4.643 

l *..** 

.*.... 

. . ...* 

*.a..* 

.*i*.* 

l *.... 

l .**.. 

L..... 

Nestl5 - 1992 

0.12 -8.021 -12.738 
0.36 -5.354 -10.101 

0.6 -4.75 - 9.829 
0.04 -5.013 -10.172 
1.08 -5.446 -10.737 
1.33 -6.345 -11.605 
1.57 -4.989 -10.5 
1.81 -6.072 -11.623 
2.05 -6.108 -11.67 
2.29 -7.433 -12.692 
3.11 -3.511 -6.902 

4.1 -6.626 -12.339 
5.05 -7255 -13.232 
6.11 -7.037 -13.158 

7.6 -1.551 -6.991 
6.37 -0.671 -5.702 

.*...* 

..**** 
-1.619 

l ***.* 

..*.ç* 

-1.637 
-1.663 

l .*..* 

l *..*. 

..*... 

-1.426 
-1278 
-1.362 
-1.367 
-1.305 
- 1.423 

-4.736 -6.911 -3.732 
-2.668 -6209 -4.616 
-2.397 -5.685 -4.812 
-2214 -5.382 -4.949 
-2.174 -5216 -5.004 
-2214 -5.124 -4.765 
-2.355 -5.069 -4.436 
-2276 -5.07 -4.655 
-2.525 -5206 -4.464 
-3.174 -5261 -4.046 
-3266 -5.336 -4.417 
-2.597 -4.066 -4.389 
-2.873 -4.71 -4.903 
-2.672 -4.544 -4.764 
-3.694 -6.063 -4.646 
- 3.944 -6.096 -4.729 

l .*.*. 

.****. 

.***** 

.**.** 

.t.... 

l .**** 

l ***.* 

..*... 

l *.**. 

l **.*. 

.*.t.* 

l **..* 

.**.*t 

.**.*t 

l .*.*. 

.*.... 



ffidd creek Geochemistry - Sabration Indices (MINTEQAP) 

DEPTH (m) Jarosite Na Jarasite H Anglesite Meknlerite Thanardite Zn(OH)P (a) Cr(OH)3 (a) 

Nest 16 - 1992 

0.12 -7.847 - 13.338 l ***** -3.578 -5.849 -3.282 
0.37 -6.312 -11.568 t***** -2.668 -5.601 -4.15 
0.61 -8.916 -12.282 -  1.77 -2.435 -5207 -4.756 
0.88 - 6.82 - 12.093 t***** -2.555 - 5.228 -4.483 
1.11 -7.613 -13.11 a.*.** - 2.779 - 5.509 -4.409 
1.35 -6.089 -11.592 l ..*.* -2.427 - 5.399 - 4262 

1.6 -6.977 -12.469 .***** -2.605 -5.409 -4.359 
1.84 - 8.87 - 14.565 *..*** -3.04 -5.315 -3.682 
2.09 -7.854 -13.32 l *.*** -2.926 - 5.304 -3.54 
2.34 - 7.97 - 13.766 l *.*** -2.732 - 5.324 -3.528 
4.04 6.27 0.315 .*.*** -2.517 -4.638 -4.633 
5.05 3.678 -2.354 “*.*** -3.177 -5.122 -4.957 

6.1 2.023 -3.634 l *.i** -3.43 - 5.768 -4.803 
8.16 2.555 -2.95 *..t** -3.188 -6.484 -4.24 

Nest 17 - 1992 

0.13 -4.64 -9.839 
0.4 -4.788 -10.166 

0.68 -5.517 - 10.879 
0.92 -4.991 - 10.46 
1.19 -4.825 -10.346 
1.45 -423 - 9.77 
1.72 -4.049 - 10.49 
1.98 -4.797 -10.281 
5.14 0.647 -4.563 
8.08 1.228 - 4.067 

**...* 
-2.022 
- 1.939 
- 1.725 
- 1.655 
- 1.502 
- 1.626 
-1211 
****.* 
t***.t 

- 3.208 -5.941 -3.932 
-3.303 -5.889 - 3.462 

-2.95 -5.537 -3.857 
-2.701 -5203 -4.167 
-2.651 -5.01 - 4.728 
- 2.328 -4.961 -4.519 
-2.701 -4.913 -3.772 
-2.272 -4.881 -4.144 
-3.317 - 5.996 - 5.092 
-2.597 -8.505 -5.012 

.*.*.. 

.i**** 
l ..**. 

..*.*. 

. ...** 

. ..*** 

.*t.** 

.**t.* 

*ii*.* 

. ...** 



Kidd Creek Gecchemistry - SabrationIndices(MINTEQA2) 

DEPTH(m) Jarasite Na Jarœite Ii Anglesite Meknterite Thenardite &(OH)2 (a) Cr(OH)3 (a) 

NestlS - 1992 

0.12 -5.324 -10.096 
0.35 -5.175 -10.099 
0.59 -8.059 -11288 
0.83 -5.271 -10.466 
1.06 -5.158 -10.365 

1.3 -3.882 -9.163 
1.53 -5.898 -11.41 
1.77 -5.703 -11.534 
2.01 -4.819 -10.377 
2.24 -5.836 -11237 

3.1 -1.339 -6.71 
4.08 -5.698 -11.056 
5.14 -7.73 -13.047 

NestlQ - 1992 

l ***.* 

.***** 

l ***** 

l ***** 

-1.633 
-1.672 

-1.67 
-1.712 
-1.539 
-1.424 
-1.266 
-1.654 

l ***** 

-2.889 -6.142 -4.577 
-2.457 -5.776 -4.615 
-2.724 -5.572 -4.021 
-2.173 -5257 -4.749 
-2241 -5256 -4.477 
-2298 -5.098 -4.348 
-2.805 -4,947 -3.691 
-3.038 -4.926 -4.479 
-2.728 -4.954 -4.725 

-3.18 -5.032 -3.879 
-3.022 -5.034 -4.697 
-3.348 -6.56 -4.736 

-3.6 -7.307 -5.359 

l **.*. 

l ***** 

l ***** 

l ****. 

l *.*.. 

l ***** 

+..... 

C**i.* 

.t**** 

l ***** 

l ***** 

l ***** 

l ***** 

0.18 -4.449 -9.431 l ***** -2.395 -5.853 -3.401 ****** 
0.41 -4.249 -9.64 l ***** -2.694 -5.499 -3.315 l ***** 

0.65 -3.686 -9.12 l ***** -2236 -5238 -4.3 l ***** 

0.66 -3.73 -9.154 l ***** -2.055 -5.005 -3.524 l ***** 

1.12 -4.385 -9.977 l ***** -2.382 -4.988 -3.809 ****** 

1.35 -4.427 -9.836 ****** -2.573 -5.014 -4249 l ***** 

1.58 -5.078 -10.639 ****** -3.031 -5.139 -4.672 l ***** 

1.82 -5.556 -11.46 l ***** -3.666 - 5.098 -4.443 ****** 

2.05 -5.626 -11289 l ***** -3.847 -5.007 -4.551 l ***** 

2.29 -4.534 -9.699 l ***** -2.479 -526 -5.174 l **.** 

3.06 -3.813 -9.444 l ***** -3.037 -5.576 -5.033 ****** 

4.05 -5.606 -10.821 l ***** -3.423 -6.865 -4259 l ***** 

5.05 -8.188 -13.184 l **.*. -3.857 -8.106 -4.6 ****** 

NestPO - 1992 

0.13 
0.38 
0.63 
0.88 
1.13 
1.38 
1.36 
1.63 
1.86 
2.13 
2.38 
3.01 
4.01 
5.02 

6 

l ***** ****** 
-3.68 -9.097 

-3.196 -8.656 
-3.322 -9.091 

-3.37 -8.991 
-2.789 -8.032 
-2.645 -7.905 
-3.191 -9.065 
-5.364 -10.966 
-3.715 -9.104 
-3.173 -8.507 
-5.028 -10.665 

-4.92 -10.112 
-4.641 -10.111 
-4.032 -9.567 

-3.08 
l ***** 

l ***** 

l ***** 

l ***** 

l ***** 

-1261 
l ***** 

l ***** 

-1.366 
l ***** 

-1.4 
****** 

l ***.* 

-2.953 
-2.406 
-2.531 
-2.358 
-2265 
-2.188 
-3.117 
-3.019 

-2.55 
-2.485 
-2.554 
-3.1.57 
-3.477 
-3.943 

-8.968 -2.705 
-5.164 -4.117 
-4.808 -4.488 
-4.483 -3.656 

-4.52 -4.444 
-4.837 -5.007 
-4.721 -5.013 
-4.655 -4.946 
-4.667 -5267 
-5.027 -4.869 
-5.182 -5226 
-5.182 -5212 
-6.667 -4.403 
-6.855 -4.818 
-6.665 l ***** 

l ***** 

l ***** 

****** 

l ***** 

****** 

l ***** 

.***** 

l ***** 

****** 

l ***** 

l ***** 

l ***** 

l *.*** 

l ***** 

**.*** 
-1.721 
-1.632 



ffidd Creek Geochemistty - Sabration indices (MINTECL42) 

DEPTH (m) Jarosite Na 

Nest21 - 1992 

3 
4 
5 

Nest23 - 1992 

1.625 
3.465 

l ***** 

Jarosite H Anglesite Melcnterite Thenardite &(OH)2 (a) Cr(OH)3 (a) 

l .*t.* -3.313 
l ***** -4.327 
*I*I** t..*.* 

-3.70 
-2216 
..*.** 

-6.366 
-6.399 
-7.572 

-5.074 
-4.635 
.*.*.. 

. . . . . . 
l ...** 

l *..** 

0.11 1.371 -4.128 
0.34 - 3.064 -9.500 
0.56 -3.676 -9.256 
0.78 - 3.882 -9.552 
1 .Ol -2.444 -7.57 
1.23 - 1.047 -6217 
1.46 - 1.736 -7.063 
1.68 -2.721 -7.967 

1 .s - 2.665 -7.979 
2.13 -1.56 -6.845 

3 3.368 - 1.627 
4 -0.984 -6.29 
5 0.168 -5272 

- 1.509 
.***** 
l *.*** 

****** 

l ***** 

..*.** 

.*i..* 

*.a*** 

l ***.* 

l .““** 

.**.** 

l ***** 

*I**l* 

-4224 -4.044 -3.364 
-3.379 -4.999 -3294 
-2.592 -4.775 -4.16 
-2.466 -4.657 -4.504 
- 1.861 -5214 -4.102 
-3221 -6.149 - 4.879 
- 3.764 -6.441 - 4.526 
-4.021 -6.738 -4.467 
-4211 -6.794 -4.709 
-4.317 -6.967 -4.439 
- 3.767 -6.827 -4.959 
-3.521 -7.03 -4.773 
-4.961 -7.613 -4243 

l **... 

. ..L.. 

..C.C. 

..***. 

*t*..* 

****a. 

. . . ..t 

l ****. 

l ***** 

l *.*** 

l *..** 

. . . ..I 

. . ..*i 

Nest 24 .-. 1992 

0.12 - 0.927 
0.35 - 2.367 
0.58 -3.607 
0.82 - 3.797 
1.05 - 3.559 
1.28 -0.793 
1.51 -1.017 
1.75 - 2.088 
1.90 - 1.777 

-5.739 
-7.448 
-8.724 
-8.962 
-0.403 
-5.422 
-5.595 
-6.828 
- 6.702 

- 1.299 
.**l** 
.*...* 
.****i 
l ***.* 

- 1.562 
l **... 

t..*** 

.**t*t 

-2.649 -5.563 -3.552 
-2.953 - 5.697 -3204 
-3296 -6252 -3.175 
-3.487 -6.456 -3243 
-3.349 -6.801 -3.952 
-3.097 -7.149 -4.665 
-3.672 -727 -4.377 
- 3.909 -7.40% -4288 
-4.107 -7.6 -4.367 

C..... 

l ..*.. 

.***** 

te.... 

.*t..* 

.*..** 

l *..** 

..**.* 

l .**** 

Nest 27 - 1992 

0.13 -8.385 - 12.736 
0.38 -0.97 -13.555 
0.63 -9.104 - 13.905 
0.88 -10.37 -15216 

- 1.494 
- 1.926 
.*.*** 
***C*I 

-3.043 -6.631 -3.579 
-3.149 - 7.062 -3.911 

-3.69 -7.45 -4.032 
-3.536 -7.425 -4.698 

l **+ec 

. . . . . . 

t..... 

l ***.. 



PIEZOMETER NEST KCl - SATURATION INDEX 
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PIEZOMETER NEST KCI - SATURAT!ON INDEX 
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PIEZOMETER NEST KC3 - SATURATION INDEX 
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PIEZOMETER NEST KC3 - SATURATION INDEX 
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PIEZOMETER NEST KCll - SATURATION INDEX 
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PIEZOMETER NEST KCI 1 - SATURATION INDEX 
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PIEZOMETER NEST KC14 - SATURATION INDEX 
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PIEZOMETER NEST KC14 - SATURATION INDEX 
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Appendix IV

Tabulated solid-phase geochemical data



KiddCreekTailingsSolid-Phase Geochemistry 

Nest 
Interval 

KCl 

O-10 0.05 0.05 446 10133 1113 21 142 
10-20 0.15 0.15 520 9579 2140 35 190 
20-30 0.25 0.25 949 14146 2122 7 191 
30-40 0.35 0.35 1380 15415 2394 20 189 
40-50 0.45 0.45 1181 12435 3080 16 173 
50-60 0.55 0.55 1304 10313 2486 19 154 
70-80 0.75 0.75 1279 9708 1505 25 131 
go-100 0.95 0.95 468 13642 1249 11 120 
110-120 1.15 1.15 357 9452 2408 40 210 
130-140 l-.35 1.35 1175 8755 1255 21 142 
150-160 1.55 1.55 1570 9617 1491 35 145 

KC3 

O-25 0.125 0.125 722 8593 1440 12 160 
25-50 0.375 0.375 618 7993 1294 42 125 
50-75 0.625 0.625 527 8342 1474 43 149 
75-100 0.875 0.875 289 9077 1379 7 129 
100-125 1.125 1.125 516 10918 1527 <5 143 
125-150 1.375 1.375 497 11398 923 25 111 
175-200 1.875 1.875 838 10553 1471 26 195 
275-300 2.875 2.875 662 14652 1955 18 174 
375-400 3.875 3.875 1412 14312 1604 12 132 
480-505 4.925 4.925 1189 13379 1583 26 139 
592-617 6.145 6.145 670 6226 1180 <5 102 
692- 720 7.145 7.145 823 10595 1469 <5 116 
770- 795 7.825 7.825 626 5509 917 <5 106 
873-898 8.855 8.855 831 5065 740 <fi 93 
973-998 9.855 9.855 1116 7751 894 <5 121 

Depth 
ON 

Depth 
(ml 



KiddCreek Tailings Solid-Phase Geochemistty 

Nest Depth 
lnterval (m) ,P% 

S 
% 

KCl 

O-10 0.05 36 58 315 12.5 
10-20 0.15 68 51 373 12.5 
20-30 0.25 38 59 487 16.8 
30-40 0.35 24 60 518 15.6 
40-50 0.45 44 60 458 14.4 
50-60 0.55 49 53 447 13.4 
70-80 0.75 65 46 431 14.5 
go-100 0.95 41 58 356 14.2 
110-120 1.15 47 49 361 13.6 
130-140 1.35 32 53 400 10.8 
150-160 1.55 35 52 407 10.8 

KC3 

o-25 0.125 39 59 326 11.9 
25-50 0.375 116 56 322 10.6 
50-75 0.625 98 59 346 10.2 
75-100 0.875 37 53 297 14.3 
100-12s 1.125 52 62 296 14 
125-150 1.375 58 57 267 21 
175-200 1.875 50 52 487 16.8 
275-300 2.875 52 54 341 13.7 
375-400 3.875 21 60 440 15 
480-505 4.925 26 50 392 14.3 
592-617 6.145 23 58 209 14.4 
692- 720 7.145 22 51 232 15.1 
770- 795 7.825 34 43 209 9.2 
873-898 8.855 32 52 224 11 
973- 998 9.855 40 51 262 14.6 

C 
% 

0.6 
1.06 
0.52 
0.83 
0.97 
0.96 
0.97 
0.52 
1.06 
0.74 
0.84 

0.9 
0.81 
0.89 
0.99 
1.12 
0.84 
0.86 
0.94 

0.7 
0.73 
0.76 
0.75 
0.56 
0.75 
0.74 



Kidd Creek Tailings Solid-Phase Geochemistty 

Nest Depth Si02 Al203 Fe203 Mn0 Mg0 
Interval 0-N w %) (W w (M %) w %) w %) 

KCl 

O-10 0.05 54.64 6.95 17.07 0.12 2.69 
10-20 0.15 56.18 6.25 17.36 0.15 3.47 
20-30 0.25 49.28 5.62 21.13 0.09 2.21 
30-40 0.35 45.3 5.52 20.44 0.14 2.47 
40-50 0.45 51.55 5.86 18.76 0.18 2.71 
50-60 0.55 54.21 5.89 18.18 0.16 2.81 
70-80 0.75 55.42 6.09 19.15 0.16 2.97 
go-100 0.95 51.66 6.56 20.54 0.1 2.58 
110-120 1.15 61.21 5.94 14.23 0.13 3.28 
130-140 1.35 58 6.85 16.55 0.14 3.22 
150-160 1.55 56.48 6.89 17.91 0.15 3.63 

KC3 

o-25 0.125 
25-50 0.375 
50-75 0.625 
75-100 0.875 
100-125 1.125 
125-150 1.375 
175-200 1.875 
275-300 2.875 
375-400 3.875 
480-505 4.925 
592-617 6.145 
692- 720 7.145 
770-795 7.825 
873-898 8.855 
973-998 9.855 

56.55 
60.69 
58.79 
54.76 
53.74 
50.89 
51.77 
57.21 
51.38 
55.45 
56.99 
57.18 
64.29 
60.98 
60.21 

7.69 16.44 0.14 2.65 
6.9 14.17 0.13 3.11 

7.47 16.04 0.14 3.37 
5.82 18.69 0.17 2.76 
8.46 15.45 0.18 2.82 
5.76 19.59 0.12 2.39 

6.4 17.57 0.14 2.7 
6.68 14.67 0.16 2.69 
7.01 17.53 0.12 2.79 
6.87 16.17 0.14 2.8 
6.68 17.32 0.14 2.54 
6.64 13.97 0.15 2.33 
8.28 12.57 0.11 2.7 
7.46 13.89 0.17 3.12 
7.75 15.7 0.14 2.42 



KiddCreekTailingsSolid-PhaseGeochemistry 

Nest 
Intetval 

Depth 
(m) 

Ca0 
(w-t %) 

Na20 
(wt %) (Z) 

KCl 

O-10 0.05 1.5 0.58 0.87 
10-20 0.15 1.54 0.38 0.63 
20-30 0.25 1.42 0.46 0.65 
30-40 0.35 1.49 0.37 0.57 
40-50 0.45 -1.61 0.38 0.61 
50-60 0.55 1.39 0.36 0.62 
70-80 0.75 1.41 0.36 0.67 
go-100 0.95 1.63 0.53 0.71 
110-120 1.15 1.41 0.35 0.61 
130-140 1.35 1.66 0.39 0.78 
150-160 1.55 1.75 0.39 0.71 

KC3 

O-25 0.125 1.88 0.68 0.92 
25-50 0.375 1.9 0.53 0.85 
50-75 0.625 1.9 0.59 0.96 
75-100 0.875 1.8 0.54 0.65 
100-125 1.125 1.76 0.59 0.75 
125-150 1.375 1.52 0.45 0.66 
175-200 1.875 1.52 0.56 0.71 
275-300 2.875 1.68 0.6 0.82 
375-400 3.875 1.72 0.55 0.8 
480-505 4.925 1.45 0.41 0.81 
592-617 6.145 1.79 0.4 0.81 
692-720 7.145 1.93 0.4 0.79 
770-795 7.825 1.48 0.4 1.15 
873-898 8.855 1.47 0.44 0.8 
973-998 9.855 1.54 0.45 1.16 



Kidd Creek Tailings Solid-Phase Geochemistry 

Nest Depth Depth 
Interval 0-N b-0 

CU 
(wm) 

CO 
(wm) 

KCIO 

O-10 0.05 0.05 495 7170 875 <5 89 
10-20 0.15 0.15 730 7376 1555 <5 97 
20-30 0.25 0.25 840 13035 1517 7 141 
30-40 0.35 0.35 573 7788 1007 <5 93 
40-50 0.45 0.45 325 4533 564 <5 63 
50-75 0.55 0.55 744 12721 963 <5 59 
75-100 0.875 0.875 815 6884 920 c5 112 
100-125 1.125 1.125 783 8567 866 <5 105 
125-150 1.375 1.375 979 15517 846 <5 116 

KCll 

O-25 0.125 0.125 1000 11336 1471 <5 123 
25-50 0.375 0.375 1059 10569 1749 28 116 
50-75 0.625 0.625 566 8437 1200 40 110 
75-100 0.875 0.875 746 7124 1034 44 117 
100-125 1.125 1.125 770 7838 1026 41 126 
125-150 1.375 1.375 597 6108 1202 14 155 
150-175 1.625 1.625 560 6084 1140 7 161 
175-200 1.875 1.875 502 10203 1367 18 171 
200-225 2.125 2.125 597 9844 1722 18 170 
225-250 2.375 2.375 646 35554 1883 9 221 

KC27 

O-10 
10-20 
25-37 
37-50 
50-75 
75-100 
100-125 

,/ 225-260 
,** -.a 

0.05 0.05 500 8561 1432 9 118 
0.15 0.15 783 8123 1354 33 131 
0.31 0.31 1093 11490 2142 21 122 

0.435 0.435 1027 10046 1665 17 129 
0.625 0.625 994 11554 1958 16 119 
0.875 0.875 377 5688 780 11 79 
1.125 1.125 466 6556 861 c5 89 
2.375 2.375 40 335 47 55 24 



Kidd CreekTailings Solid-Phase Geochemistry 

Nest Depth V 
Interval (ml (wm) 

KCIO 

O-10 0.05 46 48 178 10.9 0.55 
10-20 0.15 27 53 275 12.1 0.35 
20-30 0.25 26 56 309 14 0.5 
30-40 0.35 16 52 221 11 0.56 
40-50 0.45 25 46 124 8.5 0.8 
50-75 '0.55 15 55 209 11.3 0.68 
75-100 0.875 7 47 234 11.2 0.65 
100-125 1.125 33 50 205 14.1 0.72 
125-150 1.375 28 54 219 18.7 0.87 

KCll 

O-25 0.125 34 60 363 13.8 0.69 
25-50 0.375 73 59 359 13.7 0.89 
50-75 0.625 90 56 283 12.3 0.9 
75-100 0.875 115 56 337 11.3 0.86 
100-125 1.125 102 58 360 11.5 0.83 
125-150 1.375 67 59 375 11.2 0.97 
150-175 1.625 48 56 366 10.9 0.88 
175-200 1.875 68 63 373 13.3 1 
200-225 2.125 51 49 393 14 0.87 
225-250 2.375 54 51 492 16.3 0.74 

KC27 

O-10 0.05 59 55 307 12.8 0.59 
10-20 0.15 64 55 319 13.3 0.57 
25-37 0.31 52 56 259 13.3 0.75 
37-50 0.435 72 55 284 13.8 0.76 
50-75 0.625 51 53 241 14.7 0.87 
75-100 0.875 73 76 161 8.8 0.99 
100-125 1.125 47 54 186 9.3 0.87 
225-260 2.375 100 124 5 1.1 2.24 

As 
(wm) 

S 
% 

C 
% 

,: . .-. ., 



Kidd Creek Tailings Solid-Phase Geochemistry 

Nest Oepth Si02 Al203 Fe203 Mn0 NiO 
Interval 0-N w %) w %) (w w w %) (* %) 

KClO 

O-10 0.05 65.19 6.34 14.05 
10-20 0.15 61.29 6.8 15.98 
20-30 0.25 57.11 6.8 17.34 
30-40 0.35 62.94 6.5 15.49 
40-50 0.45 67.22 5.96 12.7 
50-75 0.55 59.48 7.99 14.63 
75-100 0.875 59.85 8.53 14.56 
100-12s 1.125 59.13 6.95 14.63 
125-150 1.375 54.2 5.65 16.02 

2.34 
2.23 
2.41 

2.4 
2.3 

2.92 
2.99 
2.45 
2.25 

KCll 

o-25 6.125 54.43 6.9 18.54 
25-50 0.375 55.63 7.19 16.82 
50-75, 0.625 59.33 7.05 15.29 
75-100 0.875 60.86 7.23 14.48 
100-125 1.125 59.43 7.26 15.15 
125-150 1.375 58.48 7.56 16.43 
150-175 1.625 57.97 7.74 16.94 
175-200 1.875 55.01 6.91 17.69 
200-225 2.125 55.77 6.81 17.73 
225-250 2.375 53.13 6.48 18.77 

KC37 

0.11 
0.09 
0.15 
0.14 
0.11 
0.15 
0.13 
0.12 
0.13 

0.14 
0.15 
0.13 
0.13 
0.13 
0.13 
0.14 
0.15 
0.13 
0.13 

j; 

2.62 
2.91 
2.97 

3.1 
3.13 
3.32 
3.43 
3.34 
3.08 
2.72 



Kidd Creek Tailings Solid-Phase Geochemistty 

Nest Depth Ca0 Na20 
Interval M-0 (w w (wt %) 

KCIO 

O-10 0.05 1.67 0.51 0.74 
10-20 0.15 1.65 0.52 0.86 
20-30 0.25 1.74 0.44 0.79 
30-40 0.35 1.76 0.45 0.72 
40-50 0.45 1.63 0.54 0.69 
50-75 0.55 1.62 0.42 0.97 
75- 100 0.875 1.47 0.42 1.04 
100-125 1.125 1.41 0.48 0.83 
125-150 1.375 1.48 0.43 0.67 

KCll 

o-25 0.125 1.97 0.63 0.84 
25-50 0.375 1.98 0.59 0.88 
50-75 0.625 1.87 0.56 0.91 
75-100 0.875 1.83 0.57 0.93 
100-125 1.125 2.04 0.62 0.93 
125-150 1.375 1.84 0.63 0.85 
150-175 1.625 1.83 0.67 0.86 
175-200 1.875 1.8 0.59 0.74 
200 - 225 2.125 1.53 0.47 0.69 
225-250 2.375 1.4 0.58 0.72 

KC27 

O-10 0.05 1.45 0.45 0.77 
10-20 0.15 1.7 0.43 0.86 
25-37 0.31 1.63 0.44 0.86 
37-50 0.435 1.72 0.38 0.84 
SO-75 0.625 2.1 0.64 0.96 
75-100 0.875 1.6 0.55 1.09 
100-125 1.125 2.22 1.74 3.38 
225-260 2.375 1.59 0.52 0.63 
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THE GEOCHEMISTRY OF MINE-WASTE PORE WATER AFFECTED BY THE

COMBINED DISPOSAL OF JAROSITE AND BASE-METAL SULFIDE TAILINGS

Since 1985 natrojarosite residue (NaFe 3(SO4)2(OH)6) from the zinc refinery at Kidd

Creek, near Timmins, Ontario has been disposed of with mine tailings containing up to 25

wt% pyrite.  Pore-water geochemical data have been collected from depth profiles through the

vadose and saturated zones in the tailings.  Three zones are defined by the concentrations of

metals, SO4 and HCO3.  In the deepest zone the concentrations of most metals and anions are

below detection and the concentrations of Fe, Mg, Na, K, Si, Zn, Mn, HCO3 and SO4 are low,

similar to those in the mill discharge-water.  Higher concentrations of Na, K, Fe, Mg, Mn, Si,

Zn, Pb, As, SO4 and HCO3 occur within an intermediate zone.  These increased concentrations

are attributed to natrojarosite dissolution.  A surficial zone affected by sulfide oxidation

contains high concentrations of metals and SO4.  High concentrations of Cd, Co, Cu, Ni, Cr

and Al in this zone characterize the effects of sulfide oxidation on pore-water composition as

distinct from the effects of natrojarosite dissolution.  The H+ released by Fe 3+ hydrolysis

following natrojarosite dissolution is neutralized by carbonate-mineral dissolution that reduces

the acid-neutralization capacity of the tailings and releases HCO3.



Chemical, Mineralogical, and Microbiological Characterization of the Kidd Creek 

Mine-tailings Impoundment, Timmins Area, Ontario

Bacterial enumeration for sulphide-rich tailings was undertaken at three sites in the

Kidd Creek tailings impoundment near Timmins, northern Ontario, Canada. At the first site,

which was geochemically and mineralogically characterized as having negligible oxidation-

derived alteration, the predominant species is Thiobacillus thioparus; most probable number

(MPN) values range from 1.1 × 105 to 1.3 × 107, with highest values occurring near the tailings

surface. The onset of acidification is geochemically evident at the second site, at which T.

thioparus is again the predominant species; its MPN value is greatest (1.8 × 105) in the high-

Eh zone near the tailings surface. The third site in the impoundment, at which oxidation and

acidification are well-established, contains abundances of T. thioparus similar to those at the

preceding relatively fresh to weakly altered sites; in contrast, however, the predominant

species are Thiobacillus ferrooxidans (MPN to 1.3 × 107) and Thiobacillus thiooxidans

(MPN to 1.4 × 104), both of which attain maximum abundances at 25 to 40 cm beneath the

impoundment surface. The occurrence of peak abundances at the interface between the zones

of unaltered and overlying partly altered sulphides suggests that coatings of iron

oxyhydroxides may shield the partly altered near-surface sulphides, thereby inhibiting

bacterial population growth.



STORM-WATER HYDROGRAPH SEPARATION OF RUN OFF FROM A MINE-

TAILINGS IMPOUNDMENT FORMED BY THICKENED TAILINGS DISCHARGE AT

KIDD CREEK, TIMMINS, ONTARIO

The Kidd Creek Cu-Zn sulfide mine is located near Timmins, Ontario.  Mill tailings

are thickened and deposited as a thickened slurry in a circular, conical-shaped pile with an

area of approximately 1200 ha.  Deposition of tailings as a thickened slurry results in a

relatively uniform grain-size distribution, and hydraulic conductivity, and a thick tension-

saturated zone above the water table.  The tailings are drained by numerous small, ephemeral

stream channels, which have developed in a radial pattern.  During storms, water from these

streams collects in catchment ponds where it is held prior to treatment.  The contribution of

tailings pore water to the run off is of interest because of the potential for discharge of pore

water containing high concentrations of Fe(II)-acidity, metals and SO4 to the stream. 

Hydraulic head measurements, measurements of water-table elevation and groundwater flow

modelling were conducted to determine the mechanisms responsible for tailings pore water

entering the surface streams.  Chemical hydrograph separation of storm run off in one of

these streams, during three rainfall events (May 24/1993, May 26/1993, May 30/1993), using

Na and Cl as conservative tracers, indicates that the integrated tailings pore water fraction

comprises between <1% and 20% of the total hydrograph.  This range is less than the

maximum fraction of tailings pore water of 22 to 65% reported for run off from a conventional

tailings deposit.  At this site, preferential flow through permeable fractures may be the

dominant mechanism causing discharge of tailings pore water to storm run off.  Estimates of



the mass of Fe(II) that discharges to the surface run off from the pore water range up to 2,800

mg/s during a moderate intensity, long duration rainfall event.  The greatest potential for

discharge of significant masses of solutes derived from the pore water, exists during long

duration rainfall events when the water table rises to the surface over large areas of the

tailings impoundment.



THE PORE-WATER GEOCHEMISTRY OF THE Cu-Zn 

MINE TAILINGS AT KIDD CREEK, NEAR TIMMINS, ONTARIO, CANADA

The Kidd Creek Cu-Zn sulfide deposit near Timmins, ON. has been in operation since

1966, with current production of approximately 10,000 tpd.  Tailings from the deposit contain

10 to 25 wt % pyrite and are disposed of as a thickened slurry in a 12- to 15-m high cone-

shaped deposit in a 1,200-ha impoundment.  Approximately 2.5 wt % natrojarosite residue

from the zinc concentrate refining circuit has been disposed of with the tailings since 1985. 

The natrojarosite residue is limited to the upper 4.5 m of tailings.  Three geochemical zones

are defined by the pore-water concentrations of metals and SO4.  In the deepest zone,

concentrations of most metals and anions are below detection and Na, K, Mg, Mn, Fe, Zn,

HCO3, and SO4 are low, reflecting the mill discharge-water released with the tailings.  In this

zone, gypsum precipitation controls the concentrations of Ca and SO4, the dominant elements

in the pore water.  Higher concentrations of Na, K, Mg, Mn, Fe, Zn, Pb, As, HCO3, and SO4

occur in an intermediate zone coincident with detectable natrojarosite in core samples.  These

increases indicate that some natrojarosite deposited with the tailings has dissolved.  Higher

Zn concentrations in the intermediate zone than in the deep zone are attributed to minor

substitution of Zn in natrojarosite and to residual aqueous Zn-sulfate in the natrojarosite

residue that is co-disposed with the tailings.  A surficial zone with visible signs of sulfide

oxidation contains high concentrations of Na, K, Mg, Mn, Fe, Zn, Pb, Cu, Ni, Co, Cd, Al, As,

NO3, and SO4.  Oxidation reactions, and the consequent pH decrease, have increased the

concentrations of metals and SO4 in the shallow pore-water.



STORM-WATER HYDROGRAPH SEPARATION OF RUN OFF FROM THE KIDD 

CREEK MINE-TAILINGS IMPOUNDMENT, TIMMINS, ONTARIO

The Kidd Creek tailings are deposited by thickened tailings discharge within a 1200 ha

impoundment which currently contains approximately 100 million tonnes of sulfide-rich

tailings.  Thickening the tailings results in a deposit with a uniform grain-size distribution,

uniform hydraulic conductivity, and a thick tension-saturated zone above the water table,

relative to conventional unthickened tailings.  Numerous small, ephemeral stream channels,

which have developed in a radial pattern, drain the tailings surface at Kidd Creek.  During

storm events, water from these streams collects in catchment ponds where it is held prior to

treatment.  Chemical hydrograph separation of storm run-off in one of these streams, during

three rainfall events, indicates that tailings pore water comprises between 0 and 23.5% of the

stream flow.  Preferential flow through fractures may be an important mechanism for causing

discharge of tailings pore water to storm run off.  Estimates of the mass of Fe(II) that

discharges to the surface run off from pore water range up to 2,800 mg/s during a moderate

intensity, long duration rainfall event.  The greatest potential for discharge of significant

masses of SO4, Fe and other metals derived from tailings pore water exists during long

duration rainfall events when the water table rises to the surface over large areas of the

tailings impoundment.
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