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INTRODUCTION

representative samples of tailings and overburden

a general evaluation of the mechanical properties of

Laboratory testing was undertaken to provide

RoM.HARDY & ASSOCIATES LTD.e
RESULTS OF STRENGTH AND CLASSIFICATION TESTS

TAILINGS AND OVERBURDEN WASTE
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materials obtained from the Clinton Creek Mine in the

Yukon. The test results have been used to evaluate,

on a preliminary basis, characteristics of waste and

subgrade materials, environmental and other geotechnical

aspects of the project.

L
Tests, conducted in the R. M. Hardy and Associates

Ltd. laboratory in Calgary, included moisture content,

Atterberg Limits, grain size distribution and direct

shear strength determinations. All tests were run in

accordance with the American Society for Testing and

[

r
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Materials (A.S.T.M.) specifications. These are listed

in Table 1.
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Test SEecification Used

Moisture Content 1 D2216-63T (1963)A.S.T.M.

Atterberg Limits (plastic) 2 D424-59 (1971)A.S.T.M.

( liquid) 3 D423-66 (1972)A.S.T.M.

Sieve 4 D422-63 (1972)A.S.T.M.

Hydrometer 4 D422-63 (1972)A.S.T.M.

Direct Shear Strength 5 D3080-72 (modified)A.S.T.M.
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Testing Specifications
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1 Laboratory Determination of Moisture Content of Soil

2 Test for Plastic Limit and Plasticity Index of Soils

3 Test for Liquid Limit of Soils

4 Particle Size Analysis of Soils

5 Direct Shear Test of Soils Under Consolidated Drained
Conditions
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Moisture content, Atterberg Limits and grain

size distribution test results are shown on Plates 1

and 2. Moisture content is the ratio of the weight

of water contained in a sample to the over-dry sample

weight. The moisture content for both material samples

is 9.0%.

The plasticity index of a material is the liquid

limit minus the plastic limit. The liquid limit of a

material is expressed as the water content at which two

halves of a soil cake will flow together for a distance

of 0.5 in. (12 . .7 rom) along the bottom of the groove

separating the two halves under specified mechanically

induced vibrations.

The plastic limit of a material is the lowest

moisture content at which the material can be rolled

into threads 0.125 in. (3.175 rom) in diameter without

the threads breaking into pieces.

The plasticity index for the overburden material

is 8.6. The liquid limit and plastic limit is 27.3

and 18.7 respectively. According to the Modified Unified

Classification System for Soils the remolded material

. exhibits characteristics of a low plastic inorganic sandy

clay.



e R.M.HARDY & ASSOCIATES LTD.

L
r
[

[

Grain size distribution is calculated from two

methods as described below. The distribution of particle

sizes larger than 0.375 in. (9.525 rom) is determined by

standard sieving while the distribution of particle sizes

smaller than 0.375 in. (9.525 rom) is determined by a

sedimentation process, using a hydrometer. The resulting

grain size curves show that the overburden sample is

composed of particles corresponding to 52.5% sand size,

31.5% silt size and 16% clay size. This material breaks

down rapidly by slaking. These results cannot be considered

representative of the mass but only of the sample tested

for strength properties. The tailings material contains

59% sand sized particles, 34% gravel sizes and 7% fine

sizes. This material (predominately serpentine) is the most

stable of the overburden wastes and is therefore more

representative of the mass of tailings.

Direct shear strength tests were conducted on

both remolded samples. The results including visual

descriptions and shear stress versus horizontal displace­

ment and shear stress versus normal stress curves are

shown on Plates 3 and 4. The tests were oriented towards

determining the residual shear characteristics of the

materials and thus peak shear properties are only approxi­

mate.
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Preparation for direct shear testing involved

trimming the specimen to tightly fit a 2.36 in. (60.0 rom)

square box. The shear apparatus was then mounted in the

shear testing machine, submerged, and the specimen con­

solidated under a normal load.

The testing procedure is detailed below. The

specimen was initially sheared forward until 0.3 in.

(7.6 rom) horizontal displacement occurred. The shear

motion was then reversed and the specimen was sheared

backwards until the horizontal displacement was -0.3 in.

(-7.6 rom). Finally, the specimen was sheared forward

at a reduced rate until it passed the starting point.

The resulting shear stress at zero horizontal displace­

ment indicates the residual shear strength at that normal

load.

The tailings material was tested at two normal

loads (an = 69 KPa (10 psi) and 207 KPa (30 psi) and

the overburden sample at three normal loads {a = 138,
n

276 and 414 KPa (20, 40 and 60 psi)}. Generally, only

one specimen was necessary for all normal loads, however,

in one case lifting problems required the preparation

of two specimens.

Results indicate the residual angle of shear

resistance (¢L) is 30 and 23 degrees for the tailings and
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overburden materials respectively.

Residual cohesion values are close to zero for

both materials. (Cohesion in terms of effective residual

strength for these materials is expected to be zero.)

Cases where greater than zero cohesion has been obtained

may indicate that the pore pressures have not fully

dissipated during testing.

The rate of shear varied depending upon the

degree of perviousness of the samples, however~ it was

expected to be slow enough to allow the natural dissipation

of increase in pore pressures.
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Samples of both tailings and waste dump materials

and tissue samples from plants growing adjacent to the tail­

ings heap and near the townsite of Clinton Creek were taken

while on site in September and shipped to our Edmonton

Analytical Chemistry Laboratory for analysis. Because of

the general lack of research in the area of plant toxicities,

differences in analytical technique and the wide range of

tolerances that various species exhibit, it is difficult

to say with certainty the levels of various elements that

will retard plant growth or actually cause plant damage or

death. The following comments on specific aspects of the

analysis are based on an interpretation of the available

literature.

TAILINGS

The results of the chemical analysis of the mine

tailings were typical for a serpentine rich material, show­

ing high concentrations of nickel and magnesium and low levels

of the major fertilizer elements N, P and K. In addition

sulphates were found in what appear to be extremely toxic

levels (Table l).
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The few studies reported on nickel toxicity

(Chapman) 1966 suggest that concentrations of exchangeable

nickel anywhere from 3 to 70 ppm are excessive and may be

toxic. The analysis of the mine tailings shows a concentration

of 39 ppm which suggests that it is potentially toxic. The

tailings sulphate levels of 17,000 ppm are believed to be

highly toxic. Although there are no reported studies of the

effects of this high a concentration, levels of 5000 to 7000

ppm have been shown to reduce plant growth by 40 to 50%

(Chapman 1966).

The excessive magnesium levels in the tailings are

not so much a toxicity problem as one of nutrient imbalance.

Studies have shown that wherever magnesium occupies over 90%

of the sites on the exchange complex there are severe reduc­

tions in plant growth. This is believed to be related to

extreme calcium deficiency (Walker 1955). There is limited

information which suggests that this and nickel toxicity

may be corrected by liming (Hunter and Verganano 1952); however

much more work is needed in this area before this could be

applied as a general principle.

The major fertilizer elements N, P and K are at

levels too low to sustain plant growth. If an adequate cation

exchange capacity can be developed (see next section) this

problem can be overcome by the application of N, P and K at

90, 90 and 170 kg/ha respectively.
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The overburden material does not appear to pose

any toxicity problems. Like the tailings material it ex­

hibits low levels of the major fertilizer elements N, P and

K. These deficiencies can be overcome by fertilizing if an

adequate cation exchange capacity can be developed. The

cation exchange capacity is an index of the amount of

colloidal material in a soil capable of holding nutrients and

moisture. Without this colloidal material, water and any

applied nutrients move quickly through the system and are un­

available for plant use. The cation exchange capacity will

be reduced proportional to the amount of material larger

than 2 rnrn in a given sample. However the results do suggest

that fines are present from which a cation exchange capacity

can be developed and that the materials as deposited appear

to weather rapidly.

TISSUE ANALYSIS

While on site in September obvious differences in

the health of species adjacent to the tailings heaps and near

the townsite were noted and tissue samples collected for
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analysis. Because of the known serpentine origin of the ore

body it was suspected that plant health might suffer due to

a Ca/Mg imbalance and potential nickel, chromium or zinc

toxicity. In addition it was felt that excessive salts

could pose a problem and sodium and chlorides were added to

the list of elements for analysis. At that time it was not

suspected that sulphates were a potential problem and they

were not included in the analysis.

As suggested by the soil analysis neither sodium

nor chlorides appear to pose a problem (Table 2). The up­

take and concentration in plant tissues of sodium at 50 to

90 ppm and chlorides at 110 to 8600 ppm is below that generally

reported in the literature as resulting in reduced plant

growth (Chapman 1966).

The calcium levels in the plant tissues appear to

be generally in the intermediate ranges found for plants of

this type. The magnesium levels however are consistently

much higher than normal on the tailings site though the

literature is too scanty to determine if these levels are

actually toxic. As in soils, the Ca/Mg ratio is more dia­

gnostic than absolute tissue levels of either element. In

general, plants having adequate levels of calcium have a

Ca/Mg ratio of greater than one. As this ratio falls below

one, Ca deficiency and/or Mg toxicity begin to occur (Wallace

et "al. 1968, Walker 1954). The point at which damage begins
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Table 1. Chemical analysis of tailings and waste rock overburden (primarily argillite)
from C2ssiar's Clinton Creek Mine.

Analysis Units Tailing Overburden

Value Comments .Value Comments

pH (aqueous) 8.39 moderately alkaline 7.48 slightly alkaline

Conductivity mS/cm 0.95 no problem 1.75 no problem

Sodium Absorption 0.19 no problem 0.58 no problem
Ratio

Exchangeable Cations:

Sodium me/IOO g 0.02 no problem 0.06 no problem
Potassium " 0.01 deficient 0.12 deficient
Calcium " 0.9 deficient 38 no problem
Magnesium " 42 excessive 2. 8 no problem
Chromium )J gig < 0.1 no problem < 0.1 no problem
Nickel " 3.9 potentially toxic 0.65 no problem
Zinc " < 0.2 no problem 0.65 no problem

Cation Exchange
Capacity me/IOO g 42.5 moderate 41.6 moderate

Exchangeable Sodium % 0.05 no problem 0.15 no problem

Chloride )Jg/g 42.5 high but non-toxic 42.5 high but non-toxic

Sulphate " 17,000 excessive - likely 200 low to moderate
toxic

Nitr2.te - N " 3.5 deficient 2.5 deficient

Available Phosphorus " <1.5 deficient <1.5 deficient

Boron (hot water " 4.8 potentially toxic O. 8 no problem
soluble)
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Table 2. Chemical analysis of tissue samples of several plant species grown in the
vicinity of the townsite of Clinton Creek and adjacent to the mine tailings heap.

~

Ledum sp. Vaaoinium sp. Populus sp. Carex sp.
Sample units Tailing TOI-lnsite· Tailing Townsite Tailing Townsite 'railings

Sodium \Jg/g 61 90 50 83 54 65 75

Calcium " 3830 3480 3360 16300 6890 3440 2580

Magnesium " 5960 3140 16200 6120 8780 2510 7370

Chromium " . H. 5 3.7 36 3.7 15 6.2 30

Zinc " 31 32 24 386 218 23 73

Nickel " 24 4.3 80 4.6 41 6.7 70

Chloride " 960 1030 HO 8600 1010 500 220
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to take place has not been established for most plants. It

is known that a ratio of below .2 results in serious calcium

deficiencies in lettuce and tomatoes (Walker 1954). On the

tailings site all of the tissues analyzed had a Ca/Mg ratio

below 1, however only Vaccinium sp. and Carex sp. at .20 and

.35, respectively, had levels which approached those reported

as growth limiting for tomatoes and lettuce.

The levels of zinc within the tissues varied be­

tween sites, generally being below 40 ppm but reaching levels

of 200 to 400 ppm for two species. The literature is

sparse concerning this element but does suggest that tissue

levels of from 30 to 200 ppm are intermediate with levels above

400 potentially toxic (Chapman 1966).

Similar to vegetation grown on serpentine soils

(Walker 1954) tissue levels of chromium and nickel were

consistently higher in the vegetation adjacent to the tailings

site averaging 23.1 and 53.7 ppm, respectively, versus 4.3

and 5.2 ppm for vegetation near the townsite. The tissue

levels in plants adjacent to the tailings heap are in the

h~gh range ~Or both of these elements and in some cases may

be at toxic levels.

As can be seen from the foregoing, the available

literature is too incomplete to determine from tissue analysis

alone the causes of the observed plant toxicity symptoms on
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the Cassiar Mine site. These analyses do show that adjacent

to the tailings certain elements are being accumulated in

tissues at levels that would be toxic for some plants. It

should also be kept in mind that the plants eXhibiting these

toxicity symptoms are not growing on the tailing heap itself,

a material which analysis has shown to be definitely toxic,

but on undisturbed native soils adjacent to the tailings.

This strongly suggests that the increased tissue accumulations

have occurred due to movement of tailings material by wind

or water onto the adjacent soils. The maximum distance of

this impact from the tailings heap and the amount and rate

of accumulation of various potentially toxic elements in

plant tissue leading to injury are unknown at this time.
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