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SUMMARY 

The 1977-78 program con s i s t ed of two p a r t s . The f i r s t pa r t 

focused on the assessement of vege ta t i on growth and s o i l forming 

processes t ak i ng p l a ce on abandoned mine s p o i l s . The mines s e l e c t e d 

f o r t h i s study were Coal Creek, Emerald, H.B., Hedley and V e l v e t . 

The f i r s t , Coal Creek, i s an abandoned coal mine; the remainder are 

metal mines. In a d d i t i o n mon i to r ing s tud ie s continued a t Endako, 

Granby and Lornex. This was conducted to help v e r i f y some o f the e a r l i e r 

f i ndi ngs . 

The second phase o f the program was a c o n t i n u a t i o n of the 

weather ing , m i c r o b i o l o g i c a l o x i d a t i o n and greenhouse s tud ie s 

i n i t i a t e d i n 1976-77, as we l l as a study concerning P - f i x a t i o n 

capac i t y of s p o i l m a t e r i a l s . 

The f i e l d s tud ie s on s o i l - f o r m i n g processes and t h e i r 

e f f e c t s demonstrated that organ ic matter (measured as o r gan i c -

carbon) i s accumulat ing i n the su r f ace layer s of the mine s p o i l 

samples examined. Coal s p o i l seemed to respond most q u i c k l y to a b u i l d 

up of o rgan ic ma t te r . This accumulat ion of organ ic matter helps 

b u i l d up the n u t r i e n t pool f o r s u s t a i n i n g a vege ta t i ve cove r . 

Phy s i ca l cond i t i on s f o r growth, p a r t i c u l a r l y moi s ture a v a i l a b i l i t y 

were optimum a t the Coal Creek l o c a t i o n , but mois ture s t r e s s was 

extreme on some of the metal mine s p o i l s . Poor a e r a t i o n , e s p e c i a l l y 

at Hedley i s another growth l i m i t i n g f a c t o r . I r r i g a t i o n and/or 

f e r t i l i z a t i o n and seeding i n combination w i th deep ploughing would 

much improve the s p o i l as a growth medium. 
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In l abo ra to ry s t u d i e s , a le s s obvious but s t i l l ev ident 

ob se r va t i on i s tha t weathering has occurred i n the samples examined, 

r e l e a s i n g n u t r i e n t s . The beginning of the fo rmat ion of c l ay m i n e r a l s , 

notably v e r m i c u l i t e , supports t h i s . In Coal Creek samples phy s i ca l 

breakdown of the coarse f a c t i o n i s a l s o o c c u r r i n g . 

Phosphorus i s the main l i m i t i n g mineral n u t r i e n t i n a l l 

s p o i l samples examined. An e va l ua t i on of the t r ace element content 

of s p o i l m a t e r i a l and supported vege ta t i on d i d not show any u n i v e r s a l 

problem with t o x i c i t i e s . Low Cu:Mo r a t i o s d i d occur . This cou ld 

be a p o t e n t i a l problem wi th ruminants feed ing on the v e g e t a t i o n . 

S e c t i on II presents weather ing , m i c r o b i o l o g i c a l , greenhouse 

and P - f i x a t i o n s t u d i e s . The weather ing s tud ie s i n v o l v e app ly ing a 

technique of a r t i f i c i a l weather ing to s p o i l m a t e r i a l w i th i n t e r e s t 

i n p r e d i c t i o n o f long-term expectat ions i n the f i e l d . The degree of 

w e a t h e r a b i l i t y of s p e c i f i c s p o i l s as w e l l as p r e f e r e n t i a l removal of 

elements by leach ing are d i s cu s sed . 

M i c r o b i o l o g i c a l s tud ie s d i scuss the ecology of i r o n and 

s u l f u r o x i d i z i n g b a c t e r i a i n i r o n s u l f i d e mine t a i l i n g s and t h e i r f o l e 

i n i t s o x i d a t i o n . From the a n a l y s i s completed i t aopears tha t there i s 

a r e l a t i o n s h i p between kinds of organisms and the s t a t e of weather ing 

of the t a i l i n g s m a t e r i a l . Increase i n elemental s u l f u r content 

w i th a decrease i n pH appears to be l i n k e d to m i c r o b i a l o x i d a t i o n of 

i r o n s u l f i d e s . 
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Greenhouse s tud ie s concentrate on s o i l t e s t e v a l u a t i o n , 

copper-molybdenum r e l a t i o n s h i p s and o rgan ic matter amendments concerning 

s e l e c t e d t a i l i n g s m a t e r i a l s . Comparison of s o i l t e s t s on the var ious 

t a i l i n g s are made and the best methods f o r each type are suggested. 

Cu:Mo r a t i o s f o r s e l e c t e d t a i l i n g s are found to be gene ra l l y <2 which 

i s cons idered p o t e n t i a l l y hazardous f o r ruminant consumption. 

Keeping N f e r t i l i z e r rates at a moderate l e v e l decreases the 

concen t r a t i on of Mo i n p l a n t t i s s u e , w i t h the r e s u l t of r a i s i n g 

the Cu :Mo r a t i o . 

The e f f e c t s on a c i d t a i l i n g s of a v a r i e t y of o rgan ic 

amendments show tha t shor t - te rm e f f e c t s on p lant growth are b e n e f i c i a l 

i n a l l cases but that ch icken manure decreases Fe and Cu concent ra t ions 

i n p l a n t t i s s u e . Sawdust was not found to be p a r t i c u l a r l y e f f e c t i v e . 

Resu l ts of the P adso rp t i on s tud ie s are only p r e l i m i n a r y , 

f o r the method i s only being developed. I t was found, however, 

t ha t the capac i t y of P - f i x a t i o n (or adsorpt ion) f o r a v a r i e t y o f 

s p o i l ma te r i a l s can be p r e d i c t e d over t ime. This a l l ows more accura te 

f e r t i l i z e r add i t i on s to be est imated so t ha t excess P i s not s u b j e c t 

to l e a c h i n g , and costs can be min im ized . 
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INTRODUCTION 

This repor t i s presented in two s e c t i o n s . The f i r s t 

s e c t i o n inc ludes research conducted i n the 1977-78 season. This 

i nvo lved assessment of r evege ta t i on and s o i l - f o r m i n g processes 

o c cu r r i n g on o l d or i n a c t i v e mine s p o i l s . Included i s q u a l i t a t i v e and 

q u a n t i t a t i v e e va l ua t i on of vege ta t i on p r e sen t l y e s t a b l i s h e d on s p o i l 

m a t e r i a l s and general r e l a t i o n s h i p s e x i s t i n g between t h i s v ege ta t i on 

and the chemical and phy s i ca l c h a r a c t e r i s t i c s of the s p o i l s . Of 

prime i n t e r e s t i s a b e t t e r understanding o f n u t r i e n t r e c y c l i n g and 

a v a i l a b i l i t y , t o x i c i t y and/or d e f f i c i e n c y symptoms and organ ic 

matter accumulat ion r e l a t e d to fo rmat ion of s o i l s . 

F ive mine s p o i l s were chosen as study s i t e s . These were: 

Coal Creek, Emerald, H.B., Hedley and V e l v e t . These s p o i l s represent 

a c r o s s - s e c t i o n of types and ages o f m a t e r i a l s i n a v a r i e t y of b i o g e o c l i m a t i c 

zone s e t t i n g s . Three o ther mines were sampled f o r a d d i t i o n a l i n f o rmat i on 

on vege ta t i on assessment. These were Endako, Granby, and Lornex. 

The second s e c t i o n of t h i s repor t i nc ludes a summary of 

s t ud i e s i n i t i a t e d i n 1976-77, but s t i l l i n progress at the t ime o f pub

l i c a t i o n of the 1976-77 T a i l i n g s Research Report. The s tud ie s completed and 

summarized a r e : Soxhlet weather ing of mine t a i l i n g s , m i c r o 

b i o l o g i c a l s tud ie s and greenhouse experiments concern ing s o i l t e s t 

e v a l u a t i o n s . Fur ther l abo r a to r y research on a few se l e c ted t a i l i n g s 

i s a l so presented dea l i n g w i th P - f i x a t i o n c a p a c i t i e s . 



FIGURE CI : LOCATION OF STUDY SITES 
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2. DESCRIPTION OF STUDY SITES 
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DESCRIPTION OF STUDY SITES 

1. General De s c r i p t i on of Mines and S p o i l Areas 

A. COAL CREEK 

In 1897, coal mining began a t Coal Creek, i n southeastern 

B r i t i s h Columbia. This was l oca ted 5 km up the v a l l e y of Coal Creek 

from the present townsite o f Fe rn ie ( l a t . 49° 03 ' N, l ong . 115° 03 ' W). 

The coal was mined, so r ted and washed a t the p repa ra t i on p l a n t i n t h i s 

l o c a t i o n and was then removed v i a the company-owned r a i l w a y . Good 

q u a l i t y med ium-vo la t i l e bituminous cok ing coal was processed. The 

coking ovens were i n Fern ie and the coke produced supp l i ed many 

smelters i n southern B.C. and the United S t a t e s . P roduct ion occurred 

from 1910 t o 1913. In 1942 Elk R i ve r C o l l i e r y was b u i l t j u s t west 

of the prev ious Coal Creek C o l l i e r y i n order to s e r v i c e the newer 

mines coming i n t o ope r a t i on . A l l operat ions ceased i n 1958 as 

economic demand f o r coa l decreased. 

Coal Creek i s p h y s i o g r a p h i c a l l y pa r t of the Fern ie Coal 

A rea . This i s s i t u a t e d at the western edge o f the Crows nest Coal 

B a s i n , which i s the coa l - bea r i n g p o r t i o n of the Kootenay Format ion. 

The coal beds a t Coal Creek are l o ca ted a t the base o f an e l e va ted 

p lateau at an e l e v a t i o n of about 940 m a . s . l . The creek i s a t r i b u t a r y 

of the Elk R i v e r . 

The c l imate of the area i s coo l and humid. P r e c i p i t a t i o n 

averages 108 cm annua l l y w i th two t h i r d s f a l l i n g as r a i n . Temperatures 

range from an extreme minimum of -41.7°C to an extreme maximum of 

36.1°C. The average f r o s t - f r e e pe r i od i s 98 days: June 1st u n t i l 

September 7 t h . 
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S o i l s of the area are dominantly D y s t r i c or E u t r i c Brum s o l s 

or B r u n i s o l i c Gray L u v i s o l s . Where coa l outcroppings are found, D y s t r i c 

B run i so l s are deve lop ing ( L . L a c e l l e , personal communication, 1977). 

The sampling s i t e s were chosen on the bas i s of r e l i e f and 

vege ta t i on cover (Appendix V ). Much coal debr i s i s found a l l a long 

both banks of the creek as w e l l as along the s lopes of the narrow 

v a l l e y . Coal has been s t o c k p i l e d i n var ious l o c a t i o n s near both the 

o ld and the new p repa ra t i on p l a n t s . No areas are t o t a l l y l a c k i n g 

of vege ta t i on w i th the except i on of s t eep - s i ded s lopes and s t o c k p i l e s 

where e ro s i on i s e v i d e n t . 

B. EMERALD 

The Emerald mine i s s i t u a t e d on I ron Mounta in, only a sho r t 

d i s t ance from the H.B. mine ( l a t . 49° 06 ' N, l ong . 117° 13' W). I t 

began product ion i n 1906 and was i n ope ra t i on s p o r a d i c a l l y u n t i l 

1972. O r i g i n a l l y lead and z i n c ores were mined, but i n 1942 i t began 

product ion o f tungsten, and the name was change i n I n v i n c i b l e . The 

mine i s l o ca ted between Sheep and Lost Creeks a t an e l e v a t i o n of 

1340 m a . s . l . The tungsten m i n e r a l i z a t i o n i s main ly s c h e e l i t e 

d i s seminated i n s ka rn . Ore zones are i n flames o r i g i n a t i n g i n the 

g r a n i t i c c o n t a c t s , d im in i s h i ng as they proceed i n t o the a l t e r e d 

a r g i l l i t e beds over lapp ing belong ing to the Liab Group of Lower 

Cambrian Age. 

Emerald l i e s i n the same phys iog raph ic and c l i m a t i c 

s ubd i v i s i o n s as H.B. mine. The s o i l s o f the area are dominantly 

Podzols and B r u n i s o l s , formed under a mixed con i fe rous f o r e s t and 
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g ras s land cover . 

The sur face of the i n a c t i v e pond was t o t a l l y dry t h i s year 

whereas i n the summer of 1976 there was s tand ing water i n the c e n t e r . 

Vegetat ion cover i s less than 10% and i s composed t o a l a r ge ex ten t 

of a l f a l f a . The p a t t e r n of growth i s s i m i l a r to tha t of l a s t y e a r , 

being concentrated j u s t ou t s i de of where the water had s t ood . 

C. H .B. 

H.B. i s an underground mine l oca ted j u s t south of Salmo 

i n southeastern B . C . ( l a t . 49° 09 ' N, l ong . 117° 12 ' W). I t extends 

north from Sheep Creek on Aspen Creek and south of Annie Rooney Creek 

a t an e l e v a t i o n ranging from 762 m to 1672 m a . s . l . I t was d i scovered 

i n 1907, but p roduct ion only began i n 1955 w i th lead and z i n c being 

the primary economic m i n e r a l s . 

H.B. i s p h y s i o g r a p h i c a l l y l o ca ted i n the S e l k i r k s , which i s 

a mountain range c h a r a c t e r i z e d by deep t r o u g h - l i k e v a l l e y d i s s e c t i n g 

the mountains i n t o seve ra l d i s t i n c t groups. The very rugged and 

prominent peaks of the northern pa r t of the S e l k i r k s become more 

subdued i n the Salmo a rea . S u r f i c i a l geology i s dominanted by the 

presence of much g l a c i a l overburden, f o r the reg ion was h e a v i l y g l a c i a t e d 

dur ing the P l e i s t o c e n e . S o i l s formed on the t i l l and g l a c i o - f l u v i a l 

debr i s are dominantly Humo-Ferr ic Podzols and O r t h i c D y s t r i c B run i s o l s 

(Surveys and Mapping Branch, 1973). 

The orebody i s conta ined w i t h i n the do l om i t i z ed reg ion of 

the Reeves l imes tone , i n f o l d s o f a gent l y p lung ing s y n c l i n e south 

ward. M i n e r a l i z a t i o n c on s i s t s of s p h a l e r i t e and p y r i t e w i th galena 
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found i n narrow bands and lenses i n the do l om i te . 

C l i m a t i c cond i t i on s are t y p i c a l o f the southeastern i n t e r i o r . 

The f r o s t - f r e e pe r i od i s only 71 days, w i th an extreme minimum 

temperature o f -35.0°C and an extreme maximum of 42.8°C. Annual p r e c i p i t a t i o n 

averages 63.0 cm, w i th approximately one t h i r d f a l l i n g as snow. 

The area sampled was a s p i l l along the p r e s en t l y a c t i v e 

t a i l i n g s pond, at an e l e v a t i o n of about 700 m a . s . l . The t a i l i n g s m a t e r i a l 

i s q u i t e deep and has been depos i ted f o r a pe r i od of a t l e a s t 4 y e a r s . 

There are i n t e r m i t t e n t l ayer s of l e a f l i t t e r throughout the p r o f i l e , 

i n d i c a t i n g a s e r i e s of s p i l l s over t ime. The area i s medium to we l l 

d r a i n e d . As w i th Emerald, vegeta t ion i s concentrated l eav i ng areas 

ba r r en . 

D. HEDLEY 

Hedley townsite i s l o ca ted west of Keremeos, i n south c e n t r a l 

B.C. ( l a t . 120° 05 ' N, l ong . 49° 21 ' W) . I t was o r i g i n a l l y a mining 

camp f o r the N i c ke l P l a te and Hedley Mascot mining ope ra t i on s . The 

N i cke l P l a t e mine (1904-1958) was f o r some t ime, the primary producer 

of lode go ld i n Canada. The Hedley Mascot mine was i n ope ra t i on from 

1936 to 1949. I n i t i a l l y the Mascot mine t a i l i n g s were s l u i c e d d i r e c t l y 

i n t o the Similkameen R i v e r . A f t e r sometime, however, they were 

impounded i n t o a pond next to the r i v e r . These t a i l i n g s are the 

l o c a t i o n of one study area and are d i r e c t l y across the highway from 

Hedly t owns i t e . 

The Hedley Mascot was mined p r i m a r i l y f o r gold and to a l e s s e r 
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e x t e n t , s i l v e r , copper and a r s e n i c . The orebody i s of h igh-temperature 

replacement type wi th s u l f i d e s i n c l u d i n g arsenopyr i t e , c h a l c o p y r i t e 

and p y r r h o t i t e i n a gangue of l imestone s i l i c a t e s , or a t t h e i r j u n c t i o n 

w i th p o r p h y r i t i c r ock s . 

The physiography of the area i s d i ve r se being on the boundary 

of the Thompson P la teau and the Okanagan Highland reg i on s . The p o r t i o n 

of the v a l l e y where Hedley i s l oca ted i s appros imately 1210 m wide and 

the v a l l e y bottom i s 490 m a . s . l . The v a l l y i s bordered by s t eep -

s loped mountains reaching e l e v a t i o n s up to 1825 m a . s . l . Hedley i s 

a t the j u n c t i o n of 20 M i l e Creek and the Similkameen R i v e r . 

The c l ima te of the area i s m i l d , w i th low annual p r e c i p i t a t i o n . 

Tota l y e a r l y p r e c i p i t a t i o n averages only 29.6 cm of which 21 cm f a l l s 

as r a i n . Temperatures vary from an extreme minimum of -35.0°C to an 

extreme maximum of 41.1°C, w i t h an annual mean of 7.9°C. The f r o s t -

f r ee per iod i s from May 9th to October 9 t h , a t o t a l of 158 days. The 

growing season i s about 200 days. 

The Hedley area i s cons idered to be n o n - a g r i c u l t u r a l . S o i l s 

are dominantly E u t r i c B run i s o l s formed on g r a v e l l y and stoney te r races 

along the v a l l e y f l o o r ( L . L a c e l l e , personal communication, 1977). 

The pond i t s e l f i s p a r t i a l l y vege ta ted , p a r t i c u l a r l y along 

the ou t s i de oppos ite the launder and towards the sou th . Grasses are 

dominant but herb, shrub, and t ree spec ies are a l s o p re sen t . The 

pond i s extremely w e l l d r a i ned . 

E. VELVET 

The i n a c t i v e Ve l ve t mine i s l o ca ted 20 km west of Rossi and B.C. 
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a long the o l d Cascades Highway ( l a t . 49° 01" N, long . 117° 56 'W). 

Operat ions commenced i n the l a t e 1800's and ran i n t e r m i t t e n t l y u n t i l 

1962. Lode gold was the primary minera l e x t r a c t e d . 

P h y s i o g r a p h i c a l l y , Ve l ve t i s s i t u a t e d i n the Monashee 

Moutain Range. The mine i t s e l f i s on the northwestern s lopes of Mt. 

Sophia £t an e l e v a t i o n of 1280 m. The t a i l i n g s d i spo sa l area i s on 

the v a l l e y f l o o r near B i g Sheep Creek at an e l e v a t i o n of 825 m . a . s . l . 

The ore occurs i n no r t he r l y t rend ing replacement ve ins 

d ipp ing s t eep l y to the west and c u t t i n g a l t e r e d v o l c a n i c s . M i n e r a l i z a t i o n 

i nc ludes copper and i r o n s u l f i d e s i n a gangue of a l t e r e d w a l l - r o c k 

and q u a r t z . 

The c l imate of the v i c i n i t y i s t y p i c a l of the southeas t i n t e r i o r . 

Annual temperature extremes are -35.0°C and 42.8°C, w i th a mean of 7 . 8 ° C 

P r e c i p i t a t i o n averages 63.0 cm annua l l y , o f which two t h i r d s i s r a i n f a l l . 

The f r o s t - f r e e pe r i od i s from mid-May u n t i l l a t e September, about 

130 days . 

S o i l s of the area are dominantly O r t h i c D y s t r i c B run i s o l s 

formed on a l l u v i a l depos i t s ( L . L a c e l l e , personal communication, 1977). 

The study area of the i n a c t i v e t a i l i n g s pond i s bordered on one s i de 

by the road and on the o ther s ides by a dam. J u s t outs ide the dam area 

i s a s l ough . Vegetat ion i s abundant i n areas of the pond wh i le t o t a l l y 

l a c k i n g i n o the r s . Coniferous seed l ing s were o c c a s i o n a l l y found 

growing i n the shade of l a r g e r cottonwoods. Drainage v a r i e d from good 

to poor. 

2. B i o g e o c l i m a t i c Zone Se t t i n g s 

The mines v i s i t e d i n the Salmo area represent the Western 
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Larch Subzone of the I n t e r i o r Western Hemlock Zone descr ibed by 

K r a j i n a (1965). Hedley mine i s s i t u a t e d i n the Ponderosa P i n e -

Bunchgrass Zone. Coal Creek and Ve l ve t are both c l a s s i f i e d as 

being i n the I n t e r i o r Douglas F i r Zone. 

CIimate 

Tables 2 : 1 , 2:2 and 2:3 g i ve data i n d i c a t i n g c l i m a t i c c o n d i t i 

f o r the 5 study s i t e s . The i n f o rmat i on presented represents long-term 

averages monitored at permanent c l i m a t i c s t a t i o n s neares t to a l l areas 

of i n t e r e s t . D i f fe rences i n microtopography may have major e f f e c t s 

on p r e c i p i t a t i o n , temperature and f r o s t - f r e e per iods and as a 

r e s u l t , c l imate between the two may be v a r i a b l e . 



Table 2:1 Selected C l imat i c Da ta -P rec ip i t a t i on 

(Data from "Canadian Normals" 1941-1970, Environment Canada) E lev-
a t i on 

• Jan Feb Mar Apr May June Ju ly Aug Sept Oct Nov Dec Total (m) 

Coal Creek Total 143 .8 108, .0 80.3 69.3 66.3 86.6 36.8 48.0 66.0 106 .7 117.6 152.1 1081.5 1007 
(Fernie) Snow 99. .6 58, .7 39.4 19.1 1.5 0.0 0.0 0.0 0.3 8 .6 48.5 93.2 368.9 

Emerald/H.B. Total 79, .2 53, .8 44.7 32.8 57.2 64.3 32.0 34.0 34.0 53 .1 64.8 80.3 630.2 670/1000 
(Waneta) Snow 61 .0 33, .5 13.2 1.0 0.0 0.0 0.0 0.0 0.0 0, .3 20.3 49.8 179.1 (689) 

Hedley Total 27. .9 16. .8 13.2 21.6 31 .5 37.1 29.0 29.2 18.8 18. .0 21.3 28.2 292.6 538 Hedley 
Snow 24, .1 11. ,9 4.6 0.8 0.0 0.0 0.0 0.0 0.0 0. .5 9.1 24.1 75.1 

Velvet Total 108, .0 73, .2 66.0 53.6 76.7 84.8 37.8 45.7 43.7 77, .7 94.0 111 .0 872.2 731 ^ 
(Ross land) Snow 85. ,9 62. .2 42.2 9.1 2.5 0.0 0.0 0.0 0.3 9. ,7 48.3 84.3 344.5 (981) , 

* R a i n f a l l measured i n mm, snowfal l i n cm. Ra i n f a l l equivalent i s 1cm snow % 1mm ra in 



Coal Creek 
(Fernie) 

Emerald/H.B 
(Waneta) 

Hedley 

Velvet 
(Ross land) 

Coal Creek 
(Fernie) 

Emerald/H.B 
(Waneta) 

Hedley 

Velvet 
(Ross land) 

Table 2:2:SELECTED CLIMATIC DATA-MEAN DAILY TEMPERATURE (°C) 

(Data from "Canadian Normals" 1941-1970, Environment Canada) 

Jan Feb Mar Apr May June Ju ly Aug Sept Oct 

-k.3 -4.6 -1.8 4.7 9.7 13.2 16.4 15.5 10.8 5.6 

-4.7 -1.1 2.6 8.1 12.4 15.8 19.7 18.9 14.6 8.1 

-5.2 -0.6 3.3 8.3 13.1 16.5 19.8 18.7 14.7 8.1 

-6.0 -2.7 0.3 6.0 10.8 13.9 18.1 16.8 12.8 6.3 

Nov Dec Yearly 

-1.0 -5.8 4.5 

1.5 -2.3 7.8 

1.2 -2.7 7.9 

-0.6 -3.8 6.0 

Table 2:3:Selected C l imat ic Data-Extreme Maximum and Minimum Temperatures (°C) 

(Data from "Canadian Normals" 1941-1970, Emvironment Canada) 

i 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Yearly 

MAX 
MIN 

10.6 
-39.4 

12.2 
-40.0 

17.2 
-31.7 

26.7 
-20.0 

32.8 
-7.8 

36.1 
-2.2 

35.6 
0.0 

35.0 
-1.1 

31 .7 
-18.3 

25.6 
-24.4 

15.6 
-32.2 

12.2 
-41.7 

36.1 
-41 .7 

MAX 
MIN 

10.6 
-31.7 

16.7 
-30.0 

24.4 
-17.8 

32.2 
-13.9 

36.7 
-3.9 

40.0 
-2.2 

42.8 
0.6 

40.6 
0.6 

37.2 
-6.7 

32.2 
-17.2 

15.1 
-17.8 

13.3 
-35.8 

42.8 
-35.0 

MAX 
MIN 

11.1 
-32.8 

15.6 
-32.2 

23.9 
-26.1 

31 .7 
-10.0 

37.8 
-3.3 

37.8 
0.0 

41 .1 
3.9 

40.0 
0.0 

35.0 
-5.0 

31 .1 
-14.4 

22.2 
-23.3 

14.4 
-35.0 

41.1 
-35.0 

MAX 
MIN 

8.9 
-30.0 

10.6 
-27.8 

19.4 
-25.0 

26.1 
-16.7 

33.3 
-5.6 

33.9 
-1.1 

37.8 
1 .1 

37.2 
1.7 

33.9 
-10.6 

26.1 
-17.2 

14.4 
-21 .1 

12.2 
-26.1 

37.8 
-30.0 



3. METHODS AND MATERIALS 
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METHODS AND MATERIALS 

1. F i e l d Methods 

The choice of mine s i t e s to be s t ud i ed was based on the 

a c c e s s i b i l i t y of the mine s p o i l , the q u a l i t y and quan t i t y of the veg 

e t a t i o n p re sen t l y e s t a b l i s h e d and on the degree of s o i l development 

observed. With the except ion of Coal Creek,, a l l s i t e s chosen were 

t a i l i n g s ponds o r t a i l i n g s s p i l l a g e a reas . Every s p o i l has been 

i n a c t i v e f o r a per iod of a t l e a s t 4 years and i n some cases , f o r up to 

30 o r 40 years . 

S po i l s were sampled f o r i n d i c a t i o n s of s o i l - f o r m i n g processes 

ev ident i n t h e i r c h a r a c t e r i s t i c , phy s i c a l and chemical parameters. 

Vegetat ion was sampled to assess q u a l i t y and quan t i t y and to determine 

i t ' s r e l a t i o n s h i p to the s o i l - f o r m i n g processes and n u t r i e n t r e c y c l i n g . 

A l l sampling l o ca t i on s are presented on the maps l o ca ted i n Appendix V. 

A. Sampling of Spo i l s 

At each of the 5 mine areas v i s i t e d a " v e ge t a t ed " and an 

"unvegetated" p i t was dug. The l o c a t i o n of the " vege ta ted " p i t was 

chosen on the bas i s of the most e s t a b l i s h e d v e g e t a t i v e cover on the 

s p o i l . The "unvegetated" p i t was l oca ted where there was the l e a s t 

vege ta t i on p re sent . 

P i t s were dug to a depth beyond r oo t i ng and a bulk sample o f 

each major l a ye r was sampled f o r l abo ra to ry a n a l y s i s . For each l a y e r 

sampled, a sub-sample was taken f o r a bulk dens i ty de te rm ina t i on . E i t h e r 

the excavat ion or the core method of sampling was used, depending on the 

type o f m a t e r i a l being sampled ( smal l co re r used; D=2 cm). A general 

s o i l s d e s c r i p t i o n was made f o r each p i t , i n c l u d i n g Munsel l c o l ou r - cod i ng 

and hand t e x t u r i n g . 
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Photographs were taken of the sample area and background. 

These are f o r use as v i s u a l compliments to demonstrate the p h y s i c a l 

cha rac te r of the s i t e s as i n d i c a t e d i n Appendix V. 

B. Sampling of Vegetat ion 

a. I d e n t i f i c a t i o n of p l a n t spec ies present on the ponds 

was made. A 5 m area around each " vegeta ted " p i t was 

staked out and spec ies compos i t ion of t h i s area was recorded. 

A d d i t i o n a l l y , a number of p l a n t spec ies common to the 

t a i l i n g s pond and the background areas were sampled f o r 

q u a l i t a t i v e a n a l y s i s . These p l an t s were c o l l e c t e d i n paper 

bags and a t l e a s t a 10 g dry weight equ i va l en t was sampled. 

For t ree and shrub s p e c i e s , only leaves and p e t i o l e s were 

sampled. For herbs and g ra s se s , the whole p l a n t to the base 

was c o l l e c t e d . 

P l an t s were sampled randomly, from both w i t h i n the 5 m 

area and o therw i se . In the background, random p lan t s were 

a l s o sampled, but u su sa l l y from one s i de of the pond and 

f a r enough away as to prevent contaminat ion from t a i l i n g s 

m a t e r i a l . Due to d i f f e r i n g b i o g e o c l i m a t i c l o c a t i o n s and/ 

or d i f f e r e n c e s i n spec ie s p lanted on i n d i v i d u a l t a i l i n g s 

ponds, the same spec ies were not always c o l l e c t e d a t all 

of the mine s i t e s . Often only a few spec ies were present 

on the s p o i l i n q u a n t i t i e s l a r ge enough to sample and these 

were not always found i n the background a rea . This l i m i t e d 

sampling a l t e r n a t i v e s . 
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b. At Endako, Granby and Lornex, only r ep re sen t a t i v e 

samples from the pond and background areas were taken. 

Endako samples were c o l l e c t e d from the berm a t the north 

end of t a i l i n g s pond N o . l . Granby samples were taken from 

the inner boundary of the northwest dam. The only v ege t a t i on 

s u b s i s t i n g a t Lornex was on the research p l o t s on the 

Emergency Pond. 

2. Sample P repa ra t i on 

The s p o i l ma te r i a l s were a i r d r i e d immediately upon re tu rn 

from the f i e l d . Each sample was s i eved and i n cases where there was 

a >2 mm p o r t i o n , samples were weighed and % coarse f r a c t i o n was 

c a l c u l a t e d . Roots were a l so removed i n s i e v i n g . 

Vegetat ion was washed ar,d oven d r i ed (8C C C; immediately 

upon re tu rn from the f i e l d . The p lant s were then ground i n a Wi ley 

m i l l to <1 mm and s to red i n paper envelopes (no boron ana l y s i s conducted). 

3. Laboratory Methods 

Apart from bulk density, t e x t u r e and co l o r measured in situ, 

analyses of mine s p o i l s and vegeta t i on were conducted i n the l a b o r a t o r y . 

Chemical analyses of mine s p o i l s i n c l u d e d : pH, t o t a l e lemental 

a n a l y s i s , a v a i a l a b l e n u t r i e n t s , heavy metal r e l e a s e , c a t i o n exchange 

c a p a c i t y , A c i d Amonium Oxalate e x t r a c t a b l e Fe, A l , S i and Mn, 

phosphorus, s u l phu r , n i t r ogen and carbon. Phy s i ca l analyses i n c l u d e d : 

water r e t e n t i o n , p a r t i c l e s i z e a n a l y s i s , p a r t i c l e dens i t y and p o r o s i t y . 
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Analyses of vegeta t ion i n c l u d e d : t o t a l e lemental ana l y s i s 

a v a i l a b l e n u t r i e n t s , heavy metal r e l e a s e , phosphorus and n i t r o g e n . 

A l l r ou t i ne chemical and phy s i c a l analyses were conducted 

employing standard methods as o u t l i n e d i n Black (1965). Tota l 

e lemental ana l y s i s i s determined by the Buckley and Cranston method (1971). 

The f o l l o w i n g cat ions i n s o l u t i o n f o r a l l the mine s p o i l s and 

p lant samples were determined using atomic absorpt ion spect roscopy: 

Na, K, Ca, Mg, Fe, Mn, Al , S i , Cd ,Cr , Co, Cu, Mo, N i , Pb, Ti , Zn. 

New and non-rout ine methods of a n a l y s i s , such as are i n vo l ved 

i n Sec t i on II s tud ie s are desc r ibed i n t h e i r r e s pec t i v e s e c t i o n s . 



4. RESULTS AND DISCUSSION 
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RESULTS AND DISCUSSION 

1. F i e l d Studies-Mine Spo i l s and Vegetat ion 

The i n a c t i v e mine s p o i l s s t ud i ed i n t h i s r epo r t are 

s i m i l a r i n nature to the wastes being p re sen t l y c rea ted by a c t i v e 

mining ope r a t i on s . The primary d i f f e r e n c e s lay i n the changes 

occu r r i ng over t ime, under the i n f l uences of b i o g e o c l i m a t i c f a c t o r s . 

Some s p o i l s have been i n a c t i v e f o r 25 y e a r s , wh i l e others f o r only 

5 y e a r s . Vege ta t i on , to some degree, i s present at a l l s i t e s . 

In some i n s t a n c e s , formal r evege ta t i on procedures were 

apparent i n the s p o i l , wh i l e natura l i nvas ion by na t i ve spec ies was 

t o t a l l y r e spon s i b l e f o r r e vege ta t i on on o t h e r s . The l o c a t i o n of 

the s p o i l s i n d i f f e r i n g b i o g e o c l i m a t i c zones as w e l l as the 

v a r i e t y of parent ma te r i a l s presupposes the v a r i a b i l i t y of v ege ta t i on 

found between s i t e s . Appendix V conta ins maps which i n d i c a t e 

s p e c i f i c sampling s i t e s f o r each mine s p o i l s t u d i e d . 

A. COAL CREEK 

Un l i ke the other 4 study areas v i s i t e d the Coal Creek s p o i l s 

sampled were composed of a v a r i e t y of mine waste types , not j u s t 

s t r i c t l y i n a c t i v e t a i l i n g s . These s p o i l s were almost completely 

revegetated, apart from un s tab le , eroding s l o p e s . No evidence 

of c u l t i v a t i o n was found and p l a n t spec ies present were not t y p i c a l 

agronomics. The c l i m a t e , e l e v a t i o n , topography and p a r t i c u l a r 

nature of the coal seemed s u i t e d to support a p l a n t community. 
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Three s i t e s were sampled, where d i s t i n c t l y d i f f e r e n t 

s p o i l - v e g e t a t i o n r e l a t i o n s h i p s were e v i den t . 

The " t a i l i n g s pond" s i t e was l oca ted on the v a l l e y f l o o r i n 

an area that was used as a s e t t l i n g pond f o r coal f i ne s r e s u l t i n g from 

the washing process . Drainage was moderate to poor , wi th sha l low 

ponds of s tanding water being formed i n some p l a ce s . Vegetat ion was 

p l e n t i f u l being a combination of weedy-type herbs and grass spec ies 

and legumes. The roots of the legumes were g ene r a l l y found to be 

l a c k i n g N - f i x i n g nodules . Grasses were p r i m a r i l y t imothy, redtop 

and red fe scue . Evidence of ove r - g raz i ng was i n d i c a t e d . A few 

cottonwood, aspen, w i l l o w and spruce i n d i v i d u a l s were growing on 

the pond as w e l l as a l i m i t e d number of Douglas 1 maple and saskatoon. 

The p r o f i l e of the p i t i n F igure IV :1 shows the development 

of an Ah h o r i z o n . Below, the t y p i c a l l a y e r i n g of the coarse and 

f i n e f r a c t i o n c h a r a c t e r i s t i c i n t a i l i n g s d e p o s i t i o n can be seen. 

The coarse f r a t i o n was composed of f i n e g r a v e l - s i z e fragments wh i l e 

the f i ne s were dominantly s i l t - s i z e p a r t i c l e s . Dense, f i n e roots 

were congested i n the su r face few cen t ime te r s , and fewer, but more 

coarse roots were found lower i n the p r o f i l e . In some cases, the roots 

were growing h o r i z o n t a l l y along the l aye r s i n s tead of pene t r a t i n g to 

lower depths. This was l i k e l y a f u n c t i o n of l a y e r i n g , w i th roots 

f o l l o w i n g the coarse l aye r s h o r i z o n t a l l y i n s t ead of pene t r a t i n g 

the more compacted f i n e layer s where moisture i s less a v a i l a b l e . 

The "dry g r a s s l and " s i t e was c h a r a c t e r i z e d by an open and 

exposed l o c a t i o n and a much more coarse tex tu red parent m a t e r i a l . 

The s i t e was somewhat e l eva ted and drainage was good. P l a n t cover was 
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l i m i t e d to more drought r e s i s t a n t , weedy-type herb spec ies and 

grasses as shown i n Figure IV:2. B u l l t h i s t l e , bladder campion, 

sweet c l o v e r , f i r eweed and r abb i t - b ru sh were common herbs and grasses 

were predominantly redtop and red f e s cue . Problems of water s t r e s s 

were ev iden t a t t h i s s i t e . 

Layer ing of the parent ma te r i a l s was found i n the " t a i l i n g s 

pond" s i t e , but the coarse f r a c t i o n was composed of much l a r g e r coa l 

fragments. G r a v e l - s i z e fragments were h o r i z o n t a l l y s t r a t i f i e d w i th 

f i n e r t ex tu red m a t e r i a l s . The Ah hor i zon was much deeper than at the 

prev ious s i t e and t h i s i s l i k e l y due to two reasons: f i r s t , deeper 

pene t ra t i ng and more abundant roots are found at t h i s s i t e because of 

water s t r e s s ; t h i s r e s u l t s i n a deeper o rgan ic l a y e r ; secondly 

the f r e e r drainage al lows f o r downward t r a n s l o c a t i o n of o rgan ic 

matter i n the p r o f i l e . The presence of an Ah£ hor i zon i n d i c a t e s t h i s . 

The " f o r e s t e d " s i t e was the s i t e having the most lush 

v e g e t a t i o n . Drainage was moderate although the s i t e was s i t u a t e d 

on a s l i g h t l y e levated r i d g e . F i gure IV:3 and 4 demonstrate the 

v a r i e t y of vege ta t i on p re sen t , and the more coarse t ree roots i n 

the p i t f a c e . Predominant p l an t spec ies noted were t rembl ing 

aspen, cottonwood, sweet c l o v e r , red fescue and t imothy. 

The parent ma te r i a l at t h i s l o c a t i o n had a high percentage 

of coarse coal f r a c t i o n . In comparison to the "dry g r a s s l a nd " s i t e , 

the fragments were of a less uniform s i z e . In the lower p o r t i o n of 

the p i t , the fragments were of the c o b b l e - s i z e range, wh i l e nearer 

the sur face the coarse f r a c t i o n was mainly composed of g r a v e l y - s i z e 
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fragments. Rooting was p l e n t i f u l w i th many f i n e and medium roots i n 

the upper p r o f i l e and more coarse t ree roots down to a depth of 70 cm. 

The a s s o c i a t i o n of p l e n t i f u l roots w i th the d im in i s h i n g fragment 

s i z e of the coa l suggests t ha t roots may be s i g n i f i c a n t agents, 

i n degrading the l a r ge r coal f ragments. The Bm^ ho r i zon i s 

one i n d i c a t i o n of t h i s occur rence. 

B. EMERALD 

Emerald study s i t e i s an open, exposed t a i l i n g s pond 

s i t u a t e d i n a l o c a l e of moderate c l i m a t e . I t has only been 

i n a c t i v e f o r 5 years and as a r e s u l t i s s t i l l d r a i n i n g . U n t i l 

r e c e n t l y , a pond of s tand ing water was i n the c e n t e r , but the 

dropping water t ab l e has now dra ined i t . Vegetat ion on the pond i s 

not w e l l e s t ab l i s hed desp i te the adequate temperature and r a i n 

f a l l , and i s r e s t r i c t e d to pockets border ing the c e n t e r . This 

growth pa t te rn i s i n d i c a t e d i n F i gu re IV:7. Seeding and f e r t i l i z a t i o n 

were c a r r i e d out i n 1973 j u s t a yea r a f t e r mining operat ions 

ceased, and i n 1976 there was a v a r i e t y o f vege ta t i on to be 

found. Growth seemed to be progres s ing and the p a r t i c u l a r l y cool an 

and moist season was an advantage. Condi t ions f o r growth were 

more b o r d e r l i n e i n 1977, however and the vege ta t i on observed was 

more r e s t r i c t e d in l o c a t i o n , less i n v a r i e t y and had more symptoms 

of d e f i c i e n c y and drought. 

A l f a l f a was es t imated as being 70 % of the vege ta t i ve cove r . 
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B i r d s f o o t c l o v e r , sweet c l o ve r and t imothy were a l s o spec ies w e l l 

rep resented. Trees present i n c l uded cottonwood, t rembl ing aspen 

and a lde r s eed l i n g s . Rare i n d i v i d u a l s of other herbs were a l s o found. 

The lower ing of the water tab le i s no doubt l i m i t i n g spec ies s u r v i v a l 

as the water supply d imin i shes f o r the less d r o u g h t - r e s i s t a n t p l a n t s . 

The s p o i l m a t e r i a l was w e l l d ra ined but s t i l l found to be 

s a tu ra ted i n the lower p o r t i o n of the p r o f i l e . Where vege ta t i on 

was s u b s i s t i n g , there was a very sha l low organ ic l a ye r fo rming. Root 

development was gene ra l l y sha l low being very congested i n the upper 

23 cm (F igure IV:5 and 6) . A l l roots were f i n e and spreading h o r i z o n t a l l y 

i n the more porous l a y e r s . The roots have changed the massive 

nature of the top few cent imeters of the s p o i l to form a sur face ho r i zon 

wi th a g ranu la r s t r u c t u r e unde r l a i n by a ho r i zon with a p lay s t r u c t u r e . 

Compaction was much reduced i n these r o o t - r i c h sur face h o r i z o n s . 

The "unvegetated" p i t had a t h i n p l a t y su r face ho r i zon but 

no other s igns o f s o i l development. No obvious v i s u a l i n d i c a t i o n was 

ev iden t to o f f e r an exp l ana t i on f o r the lack of vegeta t i on observed 

on parts of the pond s u r f a c e . 

C. H.B. 

H.B. s p o i l i s almost i d e n t i c a l i n l o c a t i o n to Emerald. 

The type of s p o i l , however, i s very d i f f e r e n t and the area s t ud i ed 

was a c t u a l l y a sha l l ow t a i l i n g s s p i l l about 5 or 6 year o l d 
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as Figure IV: 9 po int s ou t . Vegeta t ion on t h i s s p o i l was almost 

t o t a l l y accounted f o r by h o r e s t a i l , exc lud ing the research p l o t . 

Redtop was the only other spec ies present to any s i g n i f i c a n t 

e x t e n t . Debris from launder c on s t r u c t i o n plus logs and branches 

were s ca t t e red a l l over the s p o i l . In t h e i r v i c i n i t y there was found 

to be a wider v a r i e t y of vegeta t i on represented due to the higher 

n u t r i e n t - s u p p l y i n g capac i t y of the decaying wood. No problems 

of a v a i l a b l e moisture were found on t h i s s p o i l , but p r e f e r e n t i a l 

growth pat terns were again c h a r a c t e r i s t i c . 

F igure IV:8 i l l u s t r a t e s the great v e r t i c a l v a r i a b i l i t y 

found i n the " vegeta ted " p i t . A t h i n Ah ho r i zon was deve lop ing , 

wi th roots growing i n clumps causing a wavy boundary. M o t t l i n g 

along root channels was ev ident throughout the e n t i r e p i t . 

The organ ic l ayer s found i n t e r m i t t e n t l y down the p r o f i l e i n d i c a t e 

the d e p o s i t i o n of the s p o i l was i n a number of stages w i th some 

organ ic bu i ldup occu r r i ng between succes s i ve s p i l l s . Most o f the 

roots i n the lower p r o f i l e were dead and decaying being roots o f 

p l an t s from bur ied v e g e t a t i o n . 

The "unvegetated" p i t was a heterogeneous as the 

" vege ta ted , " i n c l u d i n g layers of o rgan ic matter i n the p r o f i l e . 

A lens of mate r i a l from 23-41 cm deep was not t a i l i n g s , 

but f i n e g r a ve l s . 

D. HEDLEY 

Hedley mine s p o i l was the s i t e s t ud i ed where the most 
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extreme drought cond i t i on s e x i s t e d . The pond i s l o ca ted on the 

v a l l e y f l o o r i n an area cons idered to be n o n - a g r i c u l t u r a l . C u l t i v a t i o n 

was undertaken at some time i n the pa s t , as t i l l a g e l i n e s i n the growth 

pa t te rn of the grasses i n d i c a t e . The northern po r t i o n of the pond was 

almost t o t a l l y vo id of vege ta t i on wh i le the south had a v a r i e t y of t ree 

herb and grass spec ies as i l l u s t r a t e d i n Figure IV:11. The grasses were 

dominantly c res ted wheatgrass and were congested around the outer 

boundary of the western and southern edges of the s p o i l . Herbs such 

as sweet c l o v e r , Russ ian knapweed and goldenrod were randomly d i spe r sed 

i n the south center and east part s of the pond. Trees and shrubs were 

few but cottonwood and saskatoon i n d i v i d u a l s were t a l l and w e l l e s t a b l i s h e d . 

The pa t t e rn o f growth showed deeper r oo t i ng spec ies grew c l o s e r to the 

launder wh i l e grasses were more p reva len t i n the f i n e r tex tu red 

ma te r i a l s f u r t h e r towards the edge. The odd Douglas f i r and 

ponderosa pine were found growing i n the shade o f the deciduous t r e e s . 

Even at the time of sampling i n e a r l y summer, grasses and herbs were 

dry and going to seed. 

The " vegetated " s i t e had an Ah ho r i zon t ha t was poor ly 

d e f i n e d . The amount of organic matter accumulat ion was smal l c on s i de r i n g 

the length of i n a c t i v i t y of the pond (F igure IV: 10) - The s t r u c t u r e 

of the sur face was g ranu la r except i n bare patches where i t was s i n g l e 

g r a i n . The e f f e c t o f r oo t i n g was ev i den t to the bottom of the p l a t y 

ho r i zon a t a depth of 26.5 cm. Below t h i s p o i n t , compaction was 

g rea t , to the po in t o f being too d i f f i c u l t of excavate w i th a s h o v e l . 

Roots were abundant and f i n e near the sur face but con s i s t ed 

only of masses of m ic ro - roo t s below about 9cm. The m ic ro - roo t s 
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l i k e l y a s s i s t i n breaking up the extremely compacted l a y e r s , 

but t h i s process i s slow and has not proceded to any great depth i n 

the many years of vegeta t ion development. 

The "unvegetated" p i t was p l a t y near the su r face and the 

presence of dead decaying roots suggests tha t vege ta t i on was at one 

time growing i n t h i s a rea . The lack of any r e a l change i n s t r u c t u r e 

or co lou r i n d i c a t e s t ha t the vege ta t i on was not l o n g - l a s t i n g . Lower 

compaction at t h i s s i t e , to at l e a s t a depth o f 40 cm; may be re spon s i b l e 

f o r b e t t e r drainage le s s water a v a i l a b i l i t y and hence, lack of v ege ta t i on 

success . 

E. VELVET 

V e l v e t , l i k e Coal Creek i s an example of s p o i l t ha t shows 

no s i gn of formal r e vege ta t i on procedures (F igure IV:14) . A l l 

vege ta t i on present i s n a t u r a l l y o c c u r r i n g . The pond i s w e l l d ra ined 

i n some areas, but the northern and western edges are poor l y d ra ined 

o r submerged. These " s l ough " areas were not s tud ied due to t h e i r 

i naccess ib i 1 i t y . 

Large patches of the we l l d ra ined par t of the pond remain 

ba r r en . This p r e f e n t i a l growth pa t te rn was a very obvious c h a r a c t e r i s t i c 

of a l l of the study areas , w i th the except ion of Coal Creek. No 

v i s i b l e d i s t i n g u i s h i n g fea tu re s of the pond su r face account f o r t h i s 

p a t t e r n . 

Tree spec ies s u b s i s t i n g i nc luded a l d e r , w i l l o w , cottonwood 

and aspen. P ine seed l ings grew i n shaded spo t s . Grasses were main ly 
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redtop and t imothy. Quite a v a r i e t y of herb spec ies were present 

but only i n l i m i t e d numbers. H o r s e t a i l and sweet c l ove r were the 

most common. 

The " vege ta ted " s i t e was dominated by g ras ses . The dark 

co lou r of the t a i l i n g s and concomitant h igher temperatures a t t a i n e d 

near the surface may have some det r imenta l e f f e c t on the s u r v i v a l of 

vege ta t i on (F i gu re IV :12) . The Ah hor i zon was found to be very 

shal low wi th an abrupt boundary. U n l i k e any other study s i t e , high 

numbers of earthworms were found, but i n t h i s ho r i zon o n l y . Rooting 

d id not penetrate deeply, although some l a r ge r decaying roots were found 

lower i n the p i t . The roots were gene ra l l y found to be growing 

h o r i z o n t a l l y i n the 2 - 14 cm h o r i z o n . 

The "unvegetated" s i t e as i n d i c a t e d i n F igure IV: 13 i s extremely 

v a r i a b l e i n tex tu re and l a y e r i n g . The very s u r f ace , sandy tex tu red 

m a t e r i a l appeared to be windblown as i t was d i scont inuous and l oo se . 

F. ENDAKO, GRANBY AND LORNEX 

Endako, Granby and Lornex mine s i t e s were only s tud ied and 

sampled f o r v e ge t a t i on . A l l showed problems of water s t r e s s . 

At the Endako s i t e , on ly grasses growing a t the base of the upper 

bench were s u b s i s t i n g , due to the c o l l e c t i o n o f drainage water . A l l 

other grasses were dry and gone to seed. Beardless wheatgrass was about 

90% of the vegetat ion cover a t t h i s s i t e . 

Granby t a i l i n g s pond has been i n a c t i v e f o r some time and 

vegeta t ion was found to be m in ima l . Russ ian t h i s t l e was dominant on 
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the ea s te rn end of the pond wh i l e baby 's breath was common along 

the dam s l ope s . Much debr i s has been p i l e d over the sur face of the 

pond and vege ta t i on was beginning to invade where improved s h e l t e r and 

moisture e x i s t . 

Lornex emergency pond was very droughty w i th vege ta t i on 

being l i m i t e d almost e x c l u s i v e l y to re search p l o t s . D e f f i c i e n c y 

symptoms were extreme and growth s t un ted . 

G. CONLUSIQNS 

A f t e r s tudy ing the s p o i l and vege ta t i on of the 5 major study 

s i t e s , a number of general observat ions were made: 

1. Whether or not c u l t i v a t i o n had been p r a c t i c e d on the s p o i l , 

some degree of natura l r e vege ta t i on was o ccu r r i n g a t every s i t e . 

2. Apart from c u l t i v a t e d s pec i e s , a l l vegeta t i on present on the pond 

must a l so be present i n the background. This however, does not 

suggest a q u a n t i t a t i v e r e l a t i o n s h i p . O f ten , the most abundant i nvad ing 

spec ies are ra re occurrences i n the background. 

3. The r e l a t i v e number o f types of vegeta t ion which do succeed on 

the s p o i l , as compared to those present i n the background, i s smal l . 

Only those spec ies most adaptable to the cond i t i on s of growth on the 

s p o i l w i l l reproduce and s u b s i s t . 

4 . Time of m a t u r i t y f o r those spec ies that are found on and o f f the 

s p o i l areas i s o f t e n d i f f e r e n t . The f u l l r ep roduc t i ve c y c l e may not 

be completed f o r spec ies on the s p o i l , f o r water s t r e s s and n u t r i e n t 

problems may i n h i b i t normal development. Many spec ies growing on s p o i l s 
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were s t un ted , dry and/or had c o l o r a t i o n i n d i c a t i o n of n u t r i e n t 

imbalance. 

5. As s t a ted p r e v i o u s l y , species v a i a b i l i t y between ponds i s g r e a t . 

A few notable excep t i on s , however, are found to appear on the 

ma jo r i t y of the s p o i l a rea s . These are cottonwood, sweet c l o v e r and 

t imothy . Cottonwood i s n a t u r a l l y i n vad i ng , and sweet c l o v e r and 

t imothy can be e i t h e r seeded or are common enough i n natura l l a n d 

scapes to be n a t u r a l l y o c c u r r i n g . 

6. Grasses may or may not be the f i r s t invad ing spec ies on s p o i l areas 

but they appear to be the most dominant q u a n t i t a t i v e l y and o f most 

importance i n improving the s p o i l subs t ra te as a growth medium. Rooting 

i s fundamental i n s t a b i l i t y o f these s p o i l s as w e l l as i n improving 

s t r u c t u r e , r a i s i n g po r o s i t y and lower ing compaction. 

7. Gene ra l l y the o l de r s p o i l s i t e s have more v a r i e t y o f spec ies 

than the newer s p o i l s i t e s . The number o f i n d i v i d u a l s of each 

spec ies may be few, however, or spec ies s u b s i s t i n g may appear to 

have bo rde r l i n e s u r v i v a l c o n d i t i o n s . For example, c re s ted wheatgrass 

at Hedley shows symptoms of n u t r i e n t d e f i c i e n c i e s as we l l as phy s i c a l 

s t r e s s e s , but have been s u b s i s t i n g in t h i s environment f o r may 

y e a r s . 

8. A l l s p o i l s v i s i t e d have p r e f e r e n t i a l growth pat terns whether 

or not c u l t i v a t i o n i s e v i d e n t . Barren patches occur w i t h i n areas 

of vege ta t i on and some whole s ec t i on s o f s p o i l are unvegetated. Deep 

ploughing would help to lessen the v e r t i c a l s t r a t i f i c a t i o n of 

l a ye r s which i n h i b i t drainage and v e r t i c a l r oo t i n g as we l l as improve 

the massive s t r u c t u r e of the s p o i l by lower ing compact ion. 
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2. Laboratory Stud ies 

A. Mine Spoi ls„ Vegetat i on and Mineralogy 

While chemical p rope r t i e s of s p o i l ma te r i a l s may r e s t r i c t 

vegeta t i on q u a l i t y , p r a c t i c a l l i m i t a t i o n s of p l an t growth on these 

subs t ra tes are o f t e n more dependent upon the phy s i c a l parameters. 

Most s p o i l s d i scussed are i n a c t i v e or abandoned mine t a i l i n g s ponds. 

These t a i l i n g s are f i r s t l y , of the s and - s i ze p a r t i c l e range and 

second ly , composed of d i s t i n c t l aye r s of t a i l i n g s as a r e s u l t o f the 

method of depo s i t i o n and v a r i a b i l i t y i n c rush ing of the sediment, 

water and a i r and hence the degree of vege ta t i on success i s very 

s t r ong l y a f u n c t i o n of these phy s i c a l c o n d i t i o n s . 

Table 4:1 presents p a r t i c l e s i z e d i s t r i b u t i o n s of the 

s e l e c t e d s p o i l m a t e r i a l s . Ana l y s i s by the hydrometer method was not 

po s s i b l e on coal samples because of the o rgan i c nature, so the s i l t 

and c l a y - s i z e f r a c t i o n s of Coal Creek samples are i n d i s t i n g u i s h a b l e . 

Wet s i e v i n g was conducted, however, to determine % sand- s i ze versus 

% c l a y and s i l t - s i z e f r a c t i o n s . P a r t i c l e s i z e tends to i n c r ea se w i th 

decreas ing depth i n the p r o f i l e . That i s , the lower hor izons have 

h igher % sand- s i ze p a r t i c l e s than the s u r f a ce ho r i z on s . This may be 

due to d i s i n t e g r a t i o n of the l a r g e r coa l fragments by root a c t i o n . 

Emerald, H.B., Hedley and Ve l v e t are more t y p i c a l t a i l i n g s 

ma te r i a l s i n t h e i r v a r i a b i l i t y of p a r t i c l e s i z e . Ve l ve t i s more sandy 

i n nature than the other s p o i l s . There i s no obvious c o r r e l a t i o n of f i n e r 

textures near the top of the p r o f i l e i n d i c a t i n g e f f e c t of r o o t a c t i o n 

as was found at Coal Creek. M inera l sediments would not be broken 
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Table 4:1 : P a r t i c l e Size Analys is of Selected Mine Spo i l s 

Sample Depth 
(cm) 

Clay 
% 

S i l t 
% 

Sand 
% 

Textural 
Class 

COAL CREEK 

Ta i l ings Pond Vegetated 0-3.5 
3.5-10 
33-60 
60+ 

20 
42 

80 
58 
92 
97 

EMERALD 

Vegetated 

H.B 

Vegetated 

0.5-15 19 76 5 
15-23 6 77 17 
28-34 1 45 54 
34 42 11 87 2 
52+ 28 32 40 

0-2 4 48 48 
2-7 2 64 33 

32-49 1 12 87 
49-50 9 76 15 
56-67 22 14 64 
67-83 5 27 68 

s i l t y loam 
s i l t 

sandy loam 
s i l t 

clay loam 

s i l t y loam 
s i l t y loam 

sand 
s i l t y loam 

sandy clay loam 
sandy loam 

HEDLEY 

Vegetated ( l i t t e r ) 0 2 12 
0-9 16 

19-26.5 31 
26.5-35.5 31 
63.5-68.5 3 
68.5-91.5 8 

69 
75 
42 
38 
69 
66 

19 
8 

27 
31 
28 
26 

s i l t y loam 
s i l t y loam 
clay loam 
clay loam 
s i 1 ty 1 oam 
s i l t y loam 

VELVET 

Vegetated 

Endako Bulk 
Lornex Bulk (Emerg. Pond 
Su l l i v an Fe Oxidized Bulk 
S u l l i v a n Gypsum Bulk 
S u l l i v a n Si Oxidized Bulk 

0-2 
2-14 

14-17 
67+ 

10 
3 

34 
33 

5 
10 

4 
5 
4 

31 
37 
53 
16 

19 
34 
20 
20 
39 

59 sandy loam 
60 sandy loam 
13 s i l t y c lay loam 
51 sandy clay loam 

77 loamy sand 
56 sandy loam 
76 loamy sand 
55 sandy loam 
57 sandy loam 
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down by root a c t i o n w i th the ease that coal ma te r i a l s would. A l s o , 

Coal Creek had a l a r g e r percentage of coarse fragments which are more 

s u s c e p t i b l e to f ragmentat ion . 

The d i f f e r ence s i n p a r t i c l e s i z e f r a c t i o n s i n the l ayer s 

of the mineral s p o i l s i n d i c a t e p o t e n t i a l problems concerning i n f i l t r a t i o n 

of wate r , h y d r a u l i c c o n d u c t i v i t y and a e r a t i o n . The i n t e r f a c e s of these 

layer s i n h i b i t f ree v e r t i c a l f l ow of water and thu s , r u n - o f f , ponding 

and h o r i z o n t a l f low of water r e s u l t . This i s one reason f o r root develop

ment to be impeded and congest ion of roots and r o o t l e t s to be c h a r a c t e r i s t i c . 

The root development f o l l o w water movement pat te rns and ease of pene t r a t i on 

i n more coarse tex tured l a y e r s . Bulk dens i t y i s a f u n c t i o n of 

m i ne r a l o g i c a l compos i t ion , compaction and % organ ic matter content . 

G e n e r a l l y , deeper i n a p r o f i l e more compaction and lower % organ ic 

matter i s expected. This r e s u l t s i n i nc reased bulk d e n s i t y . Normal 

minera l s o i l s have bulk d e n s i t i e s ranging from 1.00 g/cc to 1.60 g/cc 

depending on compos i t i on . Organic s o i l s o f t en have bulk d e n s i t i e s 

of le s s than 1.00 g/cc. P a r t i c l e dens i t y i s s t r i c t l y a f u n c t i o n of 

m i n e r a l a l o g i c a l compos i t i on . V a r i a b i l i t y i s l e s s than f o r bulk 

d e n s i t y , averaging 2.60 g/cc to 2.75 g/cc and le s s f o r organ ics 

s o i l s or c o a l . P o r o s i t y , and ae r a t i on are parameters c a l c u l a t e d from 

the p a r t i c l u l a r p a r t i c l e s i z e s , bulk d e n s i t i e s and p a r t i c l e d e n s i t i e s 

of each s p o i l m a t e r i a l . Adequate p o r o s i t y i s around 50% of the t o t a l 

volume. Water and a i r of v a r i a b l e p ropor t ions occupy these spaces. 

Tables 4:2 and 4:3 g i ve r e s u l t s of bulk d e n s i t i e s and p a r t i c l e 

d e n s i t i e s f o r s e l e c t e d mine s p o i l s . Table 4:4 g ives p o r o s i t y , 

water content of s p o i l s at f i e l d c a p a c i t i e s and a e r a t i o n . Re lated water 
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Table 4 : 2 : Bulk Dens i t i e s of S e l e c t e d Mine S p o i l s 

Sample Depth Bulk Density 
(cm) (gm/cc) 

COAL CREEK 

T a i l i n g s Pond Vegetated 0-3.5 0.75 
3.5-10 0.80 

16-19 0.63 
33-60 0.98 

EMERALD 

HEDLEY 

VELVET 

60+ 0.63 

Vegetated 0.5-15 1.62 
15-23 1.20 
28-34 1.20 
34-42 1 .42 
52+ 1.54 

2-7 1.56 
32-49 2.19 
49-50 1.56 
56-67 1.46 
67-83 1.60 

Vegetated 0-9 1.07 
19-26.5 1.50 

26.5-35.5 1.20 
63.5-68.5 1.85 
68.5-91.5 2.16 

Vegetated 0-2 1 .46 
2-14 1.98 

14-17 2.03 
67+ 2.05 
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Table 4:3 : P a r t i c l e Dens i t i e s of S e l e c t ed Mine Spo i l s 

Sample Depth 
(cm) 

COAL CREEK 

T a i l i n g s Pond Vegetated 0-3.5 
3.5-10 

16-19 
33-60 
60+ 

P a r t i c l e Density 
(gm/cc) 

1 .89 
1 .39 
1.33 
1 .60 
1 .53 

EMERALD 

Vegetated 0.5-15 
15-23 
28-34 
34-42 
52+ 

3.03 
2.94 
2.98 
2.98 
3.20 

H. B. 

Vegetated 0-2 
2-7 

32-49 
49-50 
56-67 
67-83 

2.84 
2.93 
3.25 
2.99 
2.99 
3.00 

HEDLEY 

Vegetated 0-9 
IS-26.5 

26.5-35.5 
63.5-68.5 
68.5-91 .5 

2.58 
2.96 
2.94 
3.07 
2.96 

VELVET 

Vegetated 0-2 
2-14 

14-17 
67+ 

68 
63 
61 
62 

Endako Bulk 
Lornex Bulk (Emerg. Pond) 
S u l l i v a n Fe Ox id i zed Bulk 
S u l l i v a n Gypsum Bulk 
S u l l i v a n Si Ox id i zed Bulk 

2.69 
2.69 
3.06 
2.47 
2.85 
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Table 4:4: Po r o s i t y and A e r a t i o n a t F i e l d Capacity 

of Se l ec ted Mine Spo i l s 

Sample Depth 
cm 

Tota l 
P o r o s i t y 

cm 

F i e l d Capac i ty 
Water Capac i ty 

cm/cm 

Ae ra t i on a t 
F i e l d Capac i ty 
cm/cm % 

COAL CREEK 

T a i l i n g s Pond 0-3.5 0.50 0.38 0.22 37 
Vegetated 60+ 0.59 0.06 0.53 90 

EMERALD 

H.B 

Vegetated 0.5-15 0.47 0.89 
52+ 0.52 0.67 

Vegetated 2-7 0.47 0.64 
67-83 0.47 0.59 

HEDLEY 

Vegetated 0-9 0.59 0.42 0.17 29 
68.5-91.5 0.27 1.06 

VELVET 

Vegetated 2-14 0.45 0.77 
67+ 0.43 0.73 
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r e t e n t i o n va lues of these s e l e c t e d s p o i l s are g iven i n Table 4 :5 . 

A v a i l a b l e water s torage capac i t y (AWSC) i s a c a l c u l a t i o n e s t imat i ng the 

quan t i t y of water a v a i l a b l e to a p l an t growing on the m a t e r i a l i n 

que s t i on . I t i s the d i f f e r e n c e between f i e l d capac i t y (1/10 bar 

f o r more coarse t ex tu red m a t e r i a l s ) and w i l t i n g p o i n t (15 bars) -

maximum water ho ld ing capac i t y of the m a t e r i a l and the minimum water 

ho ld i ng capac i t y whereby roots are s t i l l - ab le to e x t r a c t mo i s t u re . 

Coal Creek i s the except ion i n the p a t t e r n of p h y s i c a l cha ra 

c t e r i s t i c s of the s p o i l m a t e r i a l s . I t i s o rgan ic and the re fo re has 

high p o r o s i t y , low bulk dens i ty and p a r t i c l e den s i t y , as w e l l as a low 

AWSC. The top hor i zons where s o i l development i s o c c u r r i n g , s t o re more 

a v a i l a b l e water due to h igher p o r o s i t y . 

The other mine s p o i l s are s i m i l a r to each other i n phy s i c a l 

c h a r a c t e r i s t i c s . P a r t i c l e d e n s i t i e s a l l tend to be h igher than i n 

normal s o i l s . Ve l ve t i n p a r t i c u l a r has high values l i k e l y due to i t s 

compos it ion of heavy m i n e r a l s . Bulk dens i t y values are lower near the 

s u r f a c e . I t would be l i k e l y t ha t p o r o s i t y would i nc rea se near the 

s u r f a ce due to less compact ion, more o rgan ic matter and consequently 

lower bulk d e n s i t y . The p o r o s i t y , however, stays constant w i th depth 

f o r a l l the s p o i l s except Hedley. Hedley t a i l i n g s were found to be 

extremely l ayered and very compacted under the top 20-30 cm. P a r t i c l e 

s i z e was f i n e and the s t r u c t u r e massive below r o o t i n g . The v a r i a t i o n 

i n bulk d e n s i t i e s of these l ayer s r e f l e c t s the presence o f hardpans 

throughout the p r o f i l e . The AWSC suggests t ha t Hedley s p o i l i s adequate 

f o r supp ly ing water to the vegeta t i on present on the pond. The 
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Table 4:5 : *Water Retention Data of Selected Mine Spo i l s 

Depth 1/10 9/10 3 bar 15 bar AWSC * * 
(cm) bar bar 

gm/gm 

COAL CREEK 

Ta i l i ng s Pond Vegetated 0-3.5 0. .500 0. .257 0, .147 0, .130 0. .370 
3.5-10 0, .397 0. .104 0, .066 0 .054 0. .343 
16-19 0. .135 0, .059 0, .037 0.036 0. .099 
33-60 0, .136 0.059 0, .035 0. .036 0, .100 
60+ 0. .094 0.052 0, .030 0, .031 0, .063 

EMERALD 

Vegetated 0.5-15 0. .547 0. .420 0, .173 0, .104 0. .443 
15-23 0, .405 0. .110 0, .090 0 .064 0, .341 
28-34 0, .423 0.093 0, .043 0, .039 0. .384 
34-42 0. .466 0, .365 0, .136 0. .078 0, .388 

H R 

52+ 0. .433 0. .112 0.042 0 .033 0. .400 

n . d . 

Vegetated 0-2 0. .389 0, .139 0, .058 0.055 0 .334 
2-7 0, .408 0, .071 0 .013 0 .010 0 .398 

32-49 0, .170 0, .035 0 .008 0 .007 0 .163 
49-50 0, .398 0. .205 0 .072 0 .038 0 .360 
56-67 0, .357 0, .052 0 .011 0 .010 0 .347 
67-83 0 .368 0.042 0 .011 0.008 0 .360 

HEDLEY 

Vegetated ( l i t t e r ) 0-2 0 .424 0 .162 0 .162 0 .136 0, .288 
0-9 0, .394 0 .206 0 .136 0 .110 0 .284 

19-26. 5 0 .481 0 .281 0 .128 0 .081 0 .400 
26.5-35. 5 0 .381 0 .042 0.039 0 .035 0 .346 
63.5-68. 5 0, .456 0 .123 0 .044 0.034 0, .422 
68.5-91 . 5 0 .492 0 .353 0 .190 0 .103 0, .389 

VELVET 

Vegetated 0-2 0 .312 0 .181 0 .119 0 .111 0 .201 
2-14 0 .387 0 .105 0 .031 0 .019 0 .370 

14-17 0 .394 0 .154 0 .042 0 .030 0 .364 
67+ 0 .355 0 .076 0 .016 0 .013 0 .342 

Endako Bulk 0 .181 0 .088 0 .039 0 .035 0 .141 
Lornex Bulk (Emerg Pond) 0 .348 0 .124 0 .060 0 .047 0 .301 
Su l l i v an Fe Oxidized Bulk 0 .412 0 .175 0 .120 0 .113 0 .299 
Sul1ivan Gyspum Buik 0 .384 0 .155 0 .197 0 .195 0 .189 
Su l l i v an Si Oxidi zed Bulk 0 .465 0 .208 0 .134 0 .115 0 .350 

* 1 bar - J ° " X 100 * * Ava i l ab le Water Storage Ca»:?-.:it' 
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compacted l a ye r s may, however, s t r ong l y i n h i b i t p l a n t growth, f o r 

the pores may be very small i n s i z e and dominantly occupied by mo i s tu re . 

Poor ae r a t i on i s the r e s u l t . 

Although Coal Creek s p o i l s have lower m o i s t u r e - r e t a i n i n g 

a b i l i t i e s and dark c o l o u r , growth i s lu sh because of adequate r a i n f a l l 

i n the a r ea . Lesser r a i n would not only mean moisture s t r e s s problems 

but a l s o overheat ing of the b l a ck - co l ou red coa l and burning of the 

p l a n t s . Hedley i n p a r t i c u l a r l i e s i n an area of minimal r a i n f a l l , 

so l acks natu ra l water a v a i a l a b i 1 i t y . This i n h i b i t s p l a n t growth, 

even though the subs t ra te i s t h e o r e t i c a l l y able to support v e g e t a t i o n . 

I r r i g a t i o n cou ld r e c t i f y t h i s . Ae ra t i on problems are ev ident i n most 

of the s p o i l s . This i s probably caused by the lack of s o i l format ion 

present i n the s ub s t r a t e s . They behave more l i k e s u b - s o i l s where t o t a l 

pore space as we l l as the average s i z e of the pores i s g ene r a l l y much 

l e s s . Lack of b i o l o g i c a l a c t i v i t y and roo t ing a l low massive s t r u c t u r e 

to s u b s i s t . 

Endako, Lornex and S u l l i v a n samples are d i scussed i n the 1976¬

77 T a i l i n g s Research Report and are again used f o r s tud ie s d i scussed 

i n Sec t i on I of t h i s repor t ( L a v k u l i c h et a l . , 1 9 7 6 - 7 7 ) . More sample 

was c o l l e c t e d t h i s yea r f o r c o n t i n u a t i o n of research and as a consequence, 

analyses of these samples are i n c l u d e d . 

Se l ec ted chemical analyses of the mine s p o i l s examined are 

g iven i n Table 4:6. With the except ion of S u l l i v a n t a i l i n g s , the 

remainder of the samples have pH values of around 7 or g r e a t e r . 

As i s u s u a l , pH measured i n C a C l 2 i s up to one pH u n i t lower than 



Tab le 4:6 : S e l e c t e d Chemical Ana ly ses o f Mine S p o i l s 

Exchangeable Cat ions 

Sample Depth pH pH % N % C CEC C a + + M g + + N a + K + %S 
(cm) (water ) (0.1M % % ma/lOOg % 

C a C l 2 ) ( L E C ° ) 

COAL CREEK 

Dry G ra s s l and 

Fo re s t ed 

EMERALD 

Vegetated 

Unvegetated 

Vegetated 0 -3 .5 8.1 7.1 0 .552 31. .43 17.41 47 .35 3, .00 0 .09 0, .15 0 .193 
3.5-10 8.2 7.1 0, .959 73. .89 3.31 4 .06 0 .82 0, .05 0 .06 0 .325 

12.5-16 8.1 7.1 0, .888 70. .13 4.02 6. .92 0, .21 0 .03 0. .09 0 .295 
16-19 7.9 6.5 1 .19 79, .69 2.42 2 .16 0, .51 0 .06 0. .06 0 .478 
19-33 7.4 6.4 1 .14 74 .65 3.89 0 .90 0 .85 0 .12 0. .11 0 .339 
30-33 7.4 6.3 0. .921 77, .42 3.67 4 .55 0 .64 0, .10 0, .10 0 .297 
33-60 7.5 6.4 0, .742 59 .94 3.49 7 .19 0. .93 0 .13 0. .17 0 .229 

60+ 7.3 6.3 0 .925 43 .38 3.00 4, .90 0. 76 0, .11 0. .".5 0, .288 

0-7 7.0 6.5 1 .10 64 .81 10.18 6, .85 1 .44 0 .04 0. ,23 0 .355 
7-21 6.2 6.9 1 .11 76 .09 1 .83 3. .71 0 .51 0 .02 0. .:7 0, .396 

27-34 7.8 6.9 1 .12 75 .19 1 .03 9 .31 9, .31 0 .45 0, .08 0 .365 
34-60 7.5 6.8 0 .696 49, .42 4.62 10 .80 1 .91 0 .03 0. ,30 0 .259 

( l i t t e r ) 2-0 7.3 7.0 1 .14 37 .39 3.36 32 .04 5 .75 0 .02 0, .77 0, .276 
0-5 7.3 7.3 0 .900 37 .24 85.02 61 .39 10 .29 0 .04 c . .82 0, .254 
5-16 7.8 7.1 0 .642 53 .27 14.54 14 .18 1 .81 0 .04 0 / 8 0 .269 

16-25 7.4 6.6 0 .821 66, .10 12.57 12 .30 1 .55 c. .04 0. .14 0, .311 
25-70 7.6 6.7 1 .04 68 .55 9.67 8 .54 1 .42 0 .06 0. .15 0, .378 
70+ 7.7 6.7 1 .01 65, .93 4.92 5 .83 1 .07 c .05 0. .16 0, .329 

0-0.5 6.8 7.0 0 .061 3 .57 2.51 29 .03 0 .45 0 .01 0, .;8 2 .72 
0 .5-15 6.9 7.2 0 .010 3, .84 5.46 40 .16 0 .97 0 .06 0, .'.7 2 .32 

15-23 7.1 7.3 0 .018 3 .39 5.07 62, .64 0 .91 0. .03 0, ,09 3, .17 
23-26 6.9 7.2 0 .029 2 .82 2.82 69 .01 0 .76 0 .03 0, .r-5 3 .85 
28-34 6.7 6.3 0 .008 3 .46 2.39 62 .39 ] .23 0 .02 0, . r<2 5 .83 
34-42 7.3 7.3 < .006 4 .76 5.47 19, .05 6 .74 0 .03 0, .11 2 .03 
42-52 7.3 7.4 < .006 3, .61 1 .40 19, .67 0 .51 0 .02 0 .07 7 . ^ 2 
52+ 7.2 7.3 < .006 4 .96 2.83 51 .65 2 .39 0 .02 0 .12 7 .25 

0-1 .5 6.0 5.9 0 .021 3 .13 7.56 70 .25 2 .25 0 .02 0 .07 0 .837 
1 .5-14.5 7.0 6.9 0 .007 3 .82 2.95 67 .75 0 .45 0 .01 0 .05 0 .533 

14.5-38.5 7.6 7.2 < .006 4 .07 2.23 65 .25 0 .35 0 .01 0 .03 C .380 
38.5-83.5 7.7 7.6 0 .007 4 .39 1 .57 25 .75 0 .55 0 .04 0 .05 1 .52 
83.5-90 7.9 7.8 0 .007 4 .20 6.22 29 .00 1 .70 0 .02 0 .14 0 .227 



( c o n t i n u e d ) . . . Tab l e 4:6 : S e l e c t e d Chemical Ana ly ses o f Mine S p o i l s 

Exchangeable Ca t i on s 

Sample Depth pH Ph % N % C CEC Ca ++ M g + + Na+ K + % S 
(cm) (water) (0.1M % % me/lOOg % 

C a C l 2 ) (LECO) 

H. B. 

Vegetated 

Unvegetated 

HEDLEY 

Vegetated 

Unvegetated 

VELVET 

Vegetated 

0-2 7.5 7.2 0.107 n .29 2.03 17 .42 0 .62 0 .02 0 .03 2 .18 
2-7 7.7 7.3 <.006 10 .35 0.55 20.67 0 .78 0 .01 0 .04 1 .87 
7-10 7.7 7.3 <.006 9 .23 0.67 20.05 0 .34 0 .01 0 .03 2 .66 

12-29 7.7 7.3 <.006 9.85 0.42 19.05 0 .91 0 .01 0 .01 2 .35 
32-49 7.5 7.1 <.006 9 .74 0.48 12 .55 0 .93 0 .01 0 .02 8 .41 
49-50 7.4 7.2 <.006 10 .42 0.97 18 .55 1 .67 0 .02 0 .04 3 .55 
50-56 6.8 7.2 <.006 9 .87 0.70 19 .30 1 .17 0, .04 0 .05 2 .51 
56-67 6.8 7.2 <.006 9, .88 0.48 12 .43 1 .40 0 .02 0 .05 2 .47 
67-83 6.8 6.8 <.006 10. .06 0.45 15 .18 1. .03 0, .02 0 .05 2 .45 

0-23 7.0 6.8 <.006 9.88 0.21 13 .93 0. ,88 0, .01 0. .04 9, .40 
23-41 7.1 7.0 <.006 9 .71 0.42 11 .93 0. ,62 0. ,01 0. .05 n .9 
20-38 6.9 7.0 <.006 10. .67 0.60 23. ,29 1, .71 0, .03 0, .07 2. .36 
38-56 7.1 6.9 <.006 9 .54 0.30 12, .18 0, .51 0, .02 0, .03 0, .731 

( l i t t e r ) 2-0 7.4 6.9 0.258 3, .89 28.75 31. .69 1, .23 0, .15 0, ,95 0. .369 
0-9 7.6 7.2 0.098 1.59 5.56 ' 44, ,35 2. .51 0. ,06 1, .14 0. ,040 
9-19 7.4 7.3 0.007 1 .28 2.28 32. ,04 0. .16 0.94 0, .54 0. ,507 

19-26, .5 7.3 7.2 0.006 1, .52 9.13 62. ,39 0, ,21 0, .10 0, ,39 0. 828 
26 .5 -35 . 5 7.6 7.3 <.006 1 , .23 4.79 57, .64 0. ,21 0. .07 0. ,25 1. .00 
35.5-43 7.5 7.3 <.006 1. .71 16.74 51 . .15 0, .42 0. .17 0. ,32 0. 478 

43-49, .5 7.7 7.3 <.0O6 1 .03 4.74 51 , .02 0, .25 0, .09 0. ,11 0. 923 
49 .5 -63 . .5 7.6 7.3 <.006 1 , .81 11 .01 48, .40 1, .05 0. .36 0, .79 0. ,317 
63.5-68. .5 7.6 7.3 <.006 1 , .18 4.59 50, .65 0. ,35 0. ,10 0. ,12 1. .08 
68 .5 -91 , .5 7.5 7.4 <.006 1. .54 11.27 55, .89 1, .13 0. .38 0, ,30 0. .370 

0-9 7.7 7.4 <.006 1 , .12 9.99 38. ,53 0. .54 0. .13 0, .24 0, .687 
9-15 7.7 7.4 <.006 1. .24 14.02 49. ,40 0. ,66 0. .20 0, ,32 0. .719 

15-30 7.7 7.3 0.009 1 , .01 6.71 39. ,16 0, .47 0. ,09 0. .11 1. .75 
30-40 7.7 7.2 <.006 1 .12 8.35 51 .77 0 .78 0 .14 0 .18 1 .46 
40+ 7.6 7.3 <.006 1 .37 12.83 66 .01 0 .68 0 .35 0 .26 0 .952 

0-2 6.9 7.1 0.245 4 .02 15.82 22 .86 1 .73 0 .10 0.40 0 .419 
2-14 7.9 7.2 <.006 0 .88 1.31 0 .90 0 .41 0 .04 0 .03 0 .315 

14-17 7.7 7.2 <.006 1 .28 1.07 12 .30 0 .58 0 .02 0.04 0 .428 
17-67 7.6 7.1 <.006 0 .59 0.88 5.81 0 .29 0 .02 0.C2 0 .386 
67+ 8.0 7.3 <.006 0 .77 1.43 11.05 0 .35 0 .03 0 .02 0 .363 

-pi 
CO 



( c o n t i n u e d ) . Tab le 4:6 : S e l e c t e d Chemical Ana ly ses o f Mine S p o i l s 

Exchangeable Cat ions 

Sample Depth pH pH % N % C CEC C a + + M g + + Na H 

(cm) (water ) (0.1M % % me/lOOg 
C a C l 2 ) (LECO) 

Unvegetated 0 -0 .5 7 .8 7 .6 0.013 
Su r f ace C lay 8 .0 7 .5 0.010 

0-27 8 .2 7 .3 <.006 
36-42 7 .8 7 .4 <.006 
49-55 3 .2 7 .4 <.C06 
55+ 8 .0 7 .4 <.006 

Endako Bulk 7 .8 7 .3 < .006 
Lornex Bulk (Emerg. Pond) 8 .0 7 .8 <.006 
S u l l i v a n Fe O x i d i z e d Bu lk 2 .2 2 .2 0.007 
S u l l i v a n Gypsum Bulk 3 .0 2 .9 0.006 
S u l l i v a n S i O x i d i z e d Bu lk 2 .3 2 .3 0.017 

0 .87 2.24 44.28 4 .38 0, .39 0 .44 1 .61 
1 .22 3.28 20.04 1 .28 0. ,03 0, i r > i -J 0 .449 
0 .43 0.58 6.59 0 .16 0. .01 0, .02 1 .25 
0 .75 1.43 19.42 0. .70 0, .03 0, .07 1 .10 
0 .49 1 .37 9.58 0 .27 0. .02 0, .05 0, .912 
0. .50 0.98 8.24 0 .29 0, .03 0, .03 2, .29 

0 .27 3.85 9.68 0 .78 0, .29 0 .17 0. .085 
0 .35 4.24 18.17 0 .84 0, .67 0, .31 0 .016 
0 .10 1 .94 18.05 1 .21 0 .22 0, .G4 11 , .73 
0 .09 1 .45 149.82 1 .05 0 .78 0 .96 6, .18 
0, .10 8.20 55.3 1 .85 0, .26 0, .02 1 .82 
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that measured in water. 

At Coal Creek the "dry grassland" and the "forested" sites 

had lower pH values at the surface than did the"tailings pond'.' 

S imi lar i ly at Velvet the "vegetated" s ite had a lower pH than the 

"unvegetated". This is probably the result of the more acidic 

nature of organic matter as i t decomposes. In none of the examples 

was the drop in pH suff ic ient to cause concern about acidity problems. 

Nitrogen values are low, with the exception of the spoil 

samples from Coal Creek. The latter samples ref lect the organic origin 

of coal with i t s inherent nitrogen content. In the "vegetated" 

sites nitrogen was greater in amount than in the "unvegetated" s i tes , 

indicating that there was a beginning of a build up of nitrogen 

in the system. This was not as evident for total carbon with the 

exception of Hedley and Velvet. The carbon values for Coal Creek 

again ref lect the nature of the spoi l . 

The presence of vegetation at the sites examined has 

increased the cation exchange capacity (CEC) of the spoil material. 

Obviously the presence of organic matter due to the vegetation has 

increased the spoils abi l i ty to adsorb cations (nutrients). The 

increase in CEC of the "vegetated , ; sites decreased with depth following 

the decrease in carbon with depth. This is exemplified part icular i ly 

at Hedley and Velvet. 

Exchangeable cation data are more variable. Calcium is the 

dominant exchangeable cation. At the high pH values observed the 

exchangeable calcium was greater than the measured cation exchange 
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c a p a c i t y . This i s the r e s u l t of the method of measurement. In 

measuring c a t i o n exchange c a p a c i t y , s o l u b l e ca t i on s are a l s o determined. 

Exchangeable magnesium i s next i n abundance but much lower i n quan t i t y 

than exchangeable c a l c i um. Only Hedley shows an i n c r e a s e , at the 

s u r f a c e , of exchangeable magnesium. The remaining r e s u l t s are v a r i a b l e 

w i th no trends i n d i c a t e d . Exchangeable sodium and potassium are 

low i n a l l samples i n v e s t i g a t e d . No de s ce r n i b l e e f f e c t or t rend 

can be a t t r i b u t e d to the presence of v e g e t a t i o n . 

With the except ion of H.B. and S u l l i v a n , t o t a l s u l f u r i s 

l e s s than 1%. At H.B. the "unvegetated" t a i l i n g s had a h igher amount 

of s u l f u r than the " vegeta ted " s i t e . In these cases pH tends to 

be lower when t o t a l s u l f u r i s g r e a t e r ; the r e s u l t s , however, are 

not c o n c l u s i v e . 

Table 4:7 g i ve the r e s u l t s of a v a i l a b l e nu t r i en t s and some 

metals that were ex t r a c ted from the mine s p o i l samples. In general 

a v a i l a b l e P was low i n a l l samples examined. The only p o t e n t i a l l y 

t o x i c samples f o r a v a i l a b l e elements were Cu at Ve l ve t and Pb a t 

the "unvegetated" s i t e a t H.B. Ca, although v a r i a b l e i n amount 

among samples and w i th depth, was the most dominant a v a i l a b l e n u t r i e n t . 

Calcium was f o l l owed by Mg and then K i n metal mine t a i l i n g s but 

Fe was more p reva l en t i n Coal Creek s p o i l as we l l as i n Endako and 

S u l l i v a n . With the except ion of Pb, as mentioned above, none of the 

mine s p o i l s appeared to have t o x i c amounts of a v a i l a b l e meta l s . 

From the r e s u l t s i t i s obvious tha t P i s l a c k i n g and needs to be 

added as a supplement. 



Table 4:7 : Available Nutrients of Mine Spoils 

Available Available Available with o.lN HC1 

Sample Depth P Ca Mg K Cu Zn Fe Mn Pb Cd Co 
(cm) ppm ppm ppm ppm 

COAL CREEK 

Tail ings Pond Vegetated 

Dry Grassland 

Forest ( l i t t e r ) 

EMERALD 

Vegetated 

Unvegetated 

0-3.5 38.3 38200 653.5 51 .0 0.1 0.1 <.5 4.75 1.0 0.3 <1.0 
3.5-10 5.3 1055 108.5 27.5 3.5 5.5 634.5 21.5 2.0 0.2 <1 .0 

12.5-16 3.0 1825 148.5 37.0 4.8 5.9 839.5 26.0 1.5 0.4 <1.0 
16-19 3.8 440 58.5 17.0 2.9 2.6 264.5 19.5 <1.0 0.1 <1.0 
19-33 6.0 900 123.5 29.5 4.6 5.3 559.5 38.5 1.0 0.3 <1.0 
30-33 12.3 995 83.5 27.5 3.4 4.4 574.5 12.5 1.0 0.4 <1 .0 
33-60 6.3 2495 128.5 54.5 4.1 6.2 819.5 13.5 1.0 0.6 <1.0 
60+ 9.8 1210 88.5 39.0 3.7 5.4 674.5 10.0 1.5 0.5 <1 .0 

0-7 16.5 1385 153.5 54.0 3.4 21.2 199.5 14.0 2.5 1 .1 <1.0 
7-21 5.3 895 98.5 17.0 5.2 9.8 469.5 19.0 2.0 0.4 <1.0 

27-34 0.5 3975 108.5 18.5 3.9 8.6 484.5 5.0 2.0 0.7 <1.0 
34-60 0.3 5270 278.5 52.0 1.9 33.3 749.5 18.5 <1.0 3.3 1.5 

2-0 54.8 11600 1298.5 490.0 0.1 9.5 3.95 33.5 <1.0 0.7 <1.0 
0-5 32.8 13000 1173.5 235.0 <.l 3.4 <.5 24.0 1.5 0.6 <1 .0 
5-16 12.0 2695 238.5 34.5 6.5 15.9 234.5 7.50 3.5 0.8 1 .0 

16-25 11.8 2985 223.5 47.0 7.4 24.0 324.5 41.5 4.0 1.0 2.5 
25-70 2.5 1925 183.5 49.5 7.8 32.3 244.5 31.5 5.0 1 .1 4.5 
70+ <.3 1465 153.5 55.0 8.9 38.3 419.5 15.0 3.5 1.4 2.5 

0-0.5 21.8 39250 263.5 245.0 0.5 0.2 <.5 350.5 2.0 0.4 <1.0 
0.5-15 44.8 41300 333.5 166.0 0.2 0.2 <.5 397.0 2.0 0.4 <1.0 

15-23 6.0 39450 333.5 147.0 0.3 <.l <.5 293.5 1.5 0.4 1.5 
23-26 1.5 25200 233.5 45.0 0.2 <.l <.5 345.0 2.0 0.4 1.0 
28.34 <.3 30850 318.5 55.0 0.2 <.l <.5 416.5 2.0 0.4 2.5 
34-42 60.8 37600 308.5 137.0 <.l 0.1 1.45 299.0 1.5 0.3 <1 .0 
42-52 6.8 22050 168.5 57.0 <.l 0.7 42.45 321.0 2.0 0.3 <1.0 
52+ 2.5 29450 418.5 91.5 0.1 0.3 <.5 399.0 2.0 0.3 <1.0 

0-1.5 0.6 16875 347.5 51.3 9.0 1.8 324.0 466.0 2.3 0.2 7.00 
1.5-14.5 0.2 29375 153.8 28.8 0.1 <.l <.5 393.5 1.3 0.1 2.00 

14.5-38.5 0.3 31875 166.3 27.5 0.1 <.l <.5 321 .0 1.8 0.1 1.50 
38.5-83.5 0.6 46125 213.8 85.0 <.l <.l <.5 358.0 1.3 0.1 2.00 
83.5-90.0 1.7 56250 387.5 197.5 0.1 <.l <.5 305.5 1.3 0.2 1.50 

ro 



(continued). Table 4:7 : Available Nutrients of Mine Spoils 

Avialable Available Avai lable with 0.1N HC1 

Sample Depth P Ca Mg K Cu Zn Fe Mn Pb Cd Co 
(cm) ppm „„_ 
x ' ppm ppm ppm 

H.B. 

Vegetated 

Unvegetated 

HEDLEY 

Vegetated 

Unvegetated 

VELVET 

Vegetated 

0-2 1.8 21200 443.5 112.0 0.7 108.5 <.5 24.5 2.5 2.8 <1.0 
2-7 5.0 29500 468.5 26.0 0.2 22.8 <.5 22.5 2.0 1.7 <1 .0 
7-10 1.0 24950 403.5 19.0 <.l 69.5 0.95 21.5 7.0 2.0 <1.0 

12-29 3.0 21200 403.5 35.0 <.l 16.0 0.95 23.5 3.0 2.0 <1.0 
32-49 1.0 14950 313.5 20.0 <.l 16.5 7.95 18.0 550 1.1 <1 .0 
49-50 <.3 26700 808.5 54.5 0.1 225.0 <.5 28.5 3.0 3.0 <1.0 
50-56 4.3 14950 508.5 39.0 <.l 298.0 27.45 21 .5 95.0 4.6 <1.0 
56-67 0.8 12850 478.5 25.5 <.l 126.5 55.95 26.0 125 3.0 <1 .0 
67-83 2.0 13100 483.5 29.0 1.1 283.0 40.95 40.5 155 3.7 1 .0 

0-23 0.8 5150 178.5 67.0 3.0 210.0 54.95 23.0 1000 4.9 1.0 
23-41 5.0 14000 253.5 34.5 1.4 115.0 64.45 28.0 450 1.9 1.0 
20-38 <.3 22800 958.5 72.5 <.l 328.0 .5 71.5 2.0 3.0 1.0 
38-56 2.0 16100 383.5 26.5 <.l 106.5 35.45 69.0 405 5.2 1.0 

er) 0-2 22.0 9650 153.5 340.0 0.6 8.4 12.45 159.0 1.0 0.5 6.0 
0-9 13.8 14450 358.5 265.0 0.1 0.2 <.5 12.0 <1 .0 0.4 <1.0 
9-19 13.8 26900 53.5 200.0 0.1 0.1 <.5 30.5 <1 .0 0.4 2.5 

19-26.5 58.0 31950 53.5 107.0 0.1 0.1 <.5 26.0 <1 .0 0.4 4.5 
26.5-35.5 5.0 26400 53.5 52.0 0.1 0.1 <.5 48.0 <1.0 0.4 6.5 
35.5-43 57.3 37250 93.5 93.0 0.1 <.l <.5 25.5 <1 .0 0.5 4.0 

43-49.5 6.8 22500 58.5 46.0 <.l <.l <.5 43.5 1.0 0.4 4.0 
49.5-63.5 89.8 34200 163.5 119.0 0.1 0.1 <.5 18.5 1.0 0.4 3.5 
63.5-68.5 9.8 29100 68.5 54.5 0.1 0.1 <.5 43.0 1 .0 0.4 5.5 
68.5-91.5 90.8 39200 168.5 119.0 0.1 <.l <.5 19.0 1 .0 0.4 6.5 

0-9 4.1 28100 88.5 118.0 <.l <.l <.5 51.5 1.0 0.4 1.0 
9-15 57.3 30400 113.5 125.0 0.1 0.1 <.5 29.5 1.0 0.4 2.5 

15-30 18.3 22300 78.5 55.0 <.l 1.7 1.45 57.5 1.0 0.5 5.0 
30-40 22.5 26 850 128.5 94.5 0.1 0.2 <.5 45.5 1.5 0.5 2.0 
40+ 91.8 33250 103.5 115.0 0.1 <.l <.5 17.5 1.0 0.4 4 0 

0-2 4.5 79650 288.5 245.0 120.1 3.6 97.95 241.5 2.0 0.6 5.0 
2-14 <.3 54650 198.5 66.0 290.0 0.9 359.5 110.0 1.5 0.4 1.0 

14-17 <.3 6100 368.5 76.5 260.0 0.9 434.5 153.5 1.5 0.6 2.0 
17-67 <.3 4000 98.5 38.0 190.0 0.6 289.5 93.0 1.0 0.4 1.0 
67+ <.3 9050 103.5 31.5 43.0 0.4 859.5 128.0 1.5 0.4 <1.0 

cn 
CO 



(continued). Table 4:7 : Available Nutrients of Mine Spoils 

Avai lable Available Available with 0.1N HC1  

Sample Depth P Ca Mg K Cu Zn Fe Mn Pb Cd Co 

( c m ) PPm ppm ppm ppm 

Unvegetated 0-0.5 <.3 14700 688.5 210.0 260.0 2.1 41.45 80.5 1.5 0 .5 <1.0 
surface clay <.3 19500 378.5 136.0 230 0.1 1.45 132.0 1.8 0 .5 1.5 

0-27 0.3 4700 53.5 11.5 510.0 0.7 224.5 82.0 1.5 0 .1 2.0 
36-42 <.3 11350 173.5 81.5 9.9 0.1 3.45 137.0 1.8 0 .2 2.0 
49-55 0.5 7750 58.5 52.5 19.6 0.6 319.5 87.5 2.0 0 .3 <1.0 
55+ 0.3 5850 63.5 38.0 43.5 0.8 509.5 89.5 1.5 0 .3 1.0 

Endako Bulk 8.1 4395 158.5 1320 5.5 2.3 1185.0 245.0 2.3 1 .0 0.2 
Lornex Bulk (Emerg Pond) 4.0 6195 158.5 180.0 58.5 3.3 154.5 175.0 0.8 0 .2 1.0 
Sul l ivan Fe Oxidized Bulk <.3 2660 153.5 <.5 8.3 28.6 4650.0 13.4 16.3 0 .3 1.5 
Sul l ivan Gyspum Bulk 145.8 8625 178.5 375.0 1.6 5.8 225.0 13.5 5.3 0 .2 1.0 
Sul l ivan Oxidized Bulk <.3 7015 273.5 14.5 2.1 28.8 1410.0 44.0 36.8 0 .3 1.0 
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I t i s a l so i n t e r e s t i n g to note that the " vege ta ted " s i t e s 

are beginning to concentrate P and i n some cases Ca and Mg i n the s u r f a ce 

layers of the mine s p o i l s when compared to the "unvegetated" s i t e s . 

I t thus appears that as vege ta t i on becomes e s t a b l i s h e d an organ ic 

n u t r i e n t c y c l e i s i n i t i a t e d . However, i n none of the cases s t u d i e d , 

does i t appear that supplemental P i s not needed. The " f o r e s t e d " 

s i t e at Coal Creek seems to have developed the l a r g e s t n u t r i e n t 

budget i n the su r face layer s of a l l the s i t e s examined. Although the 

r e s u l t s are p r e l i m i n a r y i n nature i t seems that i n some ins tances 

there i s s u f f i c i e n t b u i l d up of p l an t nu t r i en t s to s u s t a i n v ege t a t i on 

w i thou t a d d i t i o n a l i n p u t s . Obvious ly supplemental f e r t i 1 i z a t i o n would 

promote a more rap id accumulat ion of the n u t r i e n t p o o l . I t i s a l so 

apparent that the more o rgan ic matter t ha t i s b u i l t up on the mine 

s p o i l , the b e t t e r the n u t r i e n t c a p i t a l i s . 

In order to asses the bu i ldup organ ic carbon, the r e s u l t of 

s o i l - f o r m i n g processes, organic carbon was est imated by the Wa lk ley -

Black wet d i g e s t i o n technique f o r the samples from Coal Creek. In 

t h i s e va l ua t i on (Talbe 4 : 8 ) , Leco % C i s a measure of t o t a l carbon 

and Walk ley-B lack the s o - c a l l e d o rgan ic -carbon or " a c t i v e " carbon 

that has come from recent organ ic mat te r . The d i f f e r e n c e (A% C) i s an 

est imate of the amount of carbon tha t has come from recent s o i l 

forming processes . Thus the sma l l e r the A% C, the g rea te r the amount of 

C of recent o r i g i n from organic ma t te r . 

I t can be seen that i n a l l the su r face l aye r s app rec i ab l e 

C has accumulated from the vege ta t i on growing on the s i t e . This i s 

best demonstrated by the r e s u l t s obta ined f o r the " f o r e s t e d " s i t e 
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Table 4:8 : D i f f e rence Between Tota l % C (Leco) and % C o f S o i l 

Organic Matter (Walk ley -B lack ) of Coal Creek Mine S p o i l s 

Sample Depth % C % C A% C 
(cm) LECO Walk ley -

B lack 

T a i l i n g s Pond 0-3.5 31 .43 10.78 20.65 
3.5-10 73.89 15.44 58.45 

12.5-16 70.13 12.72 57.41 
16-19 79.69 4.21 75.48 
19-33 74.66 14.08 60.58 
30-33 77.42 3.20 74.22 
33-60 59.94 4.18 55.76 
60+ 43.38 2.78 40.60 

Dry Grass land 0-7 64.81 13.88 50.93 
7-21 76.09 17.18 58.91 

27-34 75.19 16.21 58.98 
34-60 49.42 4.64 44.78 

Forested ( l i t t e r ) 2-0 37.39 30.58 6.81 
0-5 37.24 32.72 4.52 
5-16 53.27 7.01 46.26 

16-25 66.10 12.52 53.58 
25-70 68.55 12.72 55.83 
70+ 65.93 12.14 53.79 
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a t Coal Creek. In the 0-5 cm depth almost a l l of the C i s " a c t i v e " . 

The same trends apply at the other s i t e s but not q u i t e so marked. 

In a l l cases organ ic carbon, as est imated by Wa l k l e y -B l a ck , decreases 

w i th depth. This i n d i c a t e s that organ ic matter i s s l owly accumulat ing 

at the su r f ace and should help to s to re nu t r i en t s and mo i s tu re . 

Further s tud ie s are p rogres s ing on these p r e l i m i n a r y f i n d i n g s . 

Ana ly s i s of the t o t a l e lemental content of s e l e c t e d mine 

s p o i l i s presented i n Table 4 :9 . I t can be noted t h a t , as expected, 

Coal Creek has very low amounts of t o t a l Ca, Mg, K, Mn, S i and the heavy 

meta l s . The remaining samples have h igher q u a n t i t i e s of Ca, Mg, K, 

Mn and Zn. In a l i k e f a sh i on H.B. has the h ighes t amount of Ca, a 

r e f l e c t i o n of the host ore rock, and the h ighest amount of Zn. 

Ve l ve t demonstrated the l a r g e s t amounts of Cr of the mines examined. 

None of the samples examined had values of elements that are normally 

cons idered to be i n t o x i c q u a n t i t i e s ( Lavku l i ch e t a l . , 1976 -77 ) . 

The r e s u l t of t o t a l e lemental ana l y s i s are r e l a t e d to the values 

g iven i n Table 4:7 f o r a v a i l a b l e n u t r i e n t s . 

Table 4:10 g ives the r e s u l t s of a c i d ammonium oxa l a te 

e x t r a c t a b l e Fe, A l , Si and Mn. These e x t r a c t i o n s were conducted as 

a means of assess ing whether or not the mine s p o i l s are undergoing 

weather ing w i t h the r e l ea se of amorphous weather ing p roduct s . 

Although the r e s u l t s are v a r i a b l e w i t h i n a s i t e , as w e l l 

as among s i t e s i t can be seen that Fe i s being l i b e r a t e d at the su r f ace 

a t the Coal Creek " t a i l i n g s pond" and at the Coal Creek " f o r e s t e d " 

s i t e . These are the s i t e s w i th the lowest pH va l ue s . This i s not 

ev ident at the "dry g r a s s l and " s i t e . S i m i l a r trends are observed f o r 



Table 4:9 : Total Elemental Analysis of Selected Mine Spoils 

Sample 

COAL CREEK 

Tai l ings Pond 
Vegetated 

EMERALD 

Vegetated 

H.B. 

Vegetated 

HEDLEY 

Vegetated 

VELVET 

Vegetated 

Depth Ca Mg Na K Fe Mn Al Si 
(cm) 

0-3.5 13.00 0.20 0.04 0.10 15.0 0.08 1.1 4 
3.5-10 <.01 0.06 0.03 0.06 2.8 0.01 1.5 3 

16-19 <.01 0.03 0.03 <.01 1.2 <.01 0.9 2 
33-60 0.14 0.14 0.05 0.34 6.6 0.01 5.1 9 
60+ <.01 0.09 0.05 0.29 6.6 0.01 3.5 7 

0.5-15 
15-23 
28-34 
34-42 
52+ 

0-2 
2-7 

32-49 
49-50 
56-67 
67-83 

0-2 
2-14 

14-17 
67+ 

Endako Bulk 
Lornex Bulk (Emerg. Pond) 
Sul l ivan Fe Oxidized Bulk 
Sul l ivan Gypsum Bulk 
Sul l ivan Si Oxidized Bulk 

9.56 1.76 0.31 0.55 9.1 1.60 3.0 12 
7.60 1.63 0.34 0.75 10.8 1.03 2.6 13 
6.91 1.27 0.38 0.52 12.1 0.91 1 .8 15 
9.86 1.59 0.30 0.75 7.8 1.20 3.1 13 
6.26 1.20 0.16 0.31 21.4 0.84 1.3 12 

18.80 
19.20 
13.00 
18.30 
17.30 
18.00 

9.70 
9.60 
6.00 
9.80 
9.20 
9.70 

0.03 
0.02 
0.09 
0.05 
0.08 
0.07 

0.08 
0.10 
0.15 
0.07 
0 07 
0.10 

2.9 
2.3 

15.8 
3.5 
4.6 
4.2 

0.05 
0.05 
0.03 
0.05 
0.04 
0.04 

0.2 
0.3 
0.2 
0.3 
0.3 
0.3 

0-9 1.69 1.68 1.88 1.14 4.8 0.13 6.3 19 
19-26 8.54 1.80 0.49 1 .00 7.5 . 0.33 3.0 16 

26.5-35.5 7.45 1 .82 0.44 1.01 8.8 0.32 2.6 19 
63.5-68.5 9.77 1 .95 0.32 0.67 10.4 0.42 2.4 17 
68.5-91.5 10.56 1.91 0.38 0.95 7.9 0.38 2.8 16 

0.67 2.60 0.36 1.00 24.9 0.11 3.2 13 
0.55 3.40 0.24 0.53 37.9 0.09 1.9 11 
0.69 4.40 0.13 0.35 35.9 0.09 1.6 9 
0.74 2.40 0.12 0.40 39.9 0.08 1.6 8 

0.26 0.38 2.06 3.15 2.1 0.05 6.1 25 
0.45 0.28 2.30 1.30 1.1 0.05 6.2 25 
0.10 0.29 0.09 0.13 34.9 0.11 0.8 3 

13.60 0.03 0.03 0.05 0.5 0.01 0.2 8 
1.17 1.22 0.64 1.08 14.9 0.46 4.1 14 

Cd 

% -

Co 

V 
0.001 
<.001 
0.009 
0.006 
0.005 
0.003 

A 

V 
0.03 
0.02 
<.01 
0.02 

A 

o 
o •— 

o 

Cr 

V 
< .001 
0.002 
< .001 
0.001 
<.001 

V 
0.007 
0.004 
0.005 
0.006 
0.007 

0.090 
0.194 
0.200 
0.195 

A 

Cu 

<.01 
<.01 
<.01 
0.01 
<.01 

0.04 
0.07 
0.04 
0.03 
0.10 

0.01 
0.01 
<.01 
0.01 
0.01 
0.01 

0.01 
0.02 
0.01 
0.01 
0.02 

0.09 
0.14 
0.22 
0.15 

0.01 
0.06 
0.02 
<.01 
0.01 

Mo Ni Pb Ti Zn 

0.03 
A 

A A 0 1 0 01 
0 2 < 01 
0 2 < 01 
0 5 < 01 
0 4 < 01 

•« 

o o 0 3 0 02 
V V 

0 3 0 02 
0 2 0 03 
0 3 0 02 
0 1 0 02 

1 
0. 02 0 .13 0 1 0 24 
0.02 0 .09 0 1 0 19 
0.01 0 .69 0 1 0 93 

A 0 .36 0 1 0 58 
0 .15 0 1 0 37 
0 .13 0 1 0 35 

0.08 0 8 0 .01 
o 0 .09 0 5 0 02 
V f 0 .11 0 4 0 02 

A 0 3 0 02 
0 3 0 02 

1 

0.02 *s 0 3 0 02 
0.06 o 0 2 0 02 
0. 07 V 0 2 0 .02 
0. 06 0 1 0 .02 

t 

\ 0 .3 0 .01 
V 0 .3 0 .01 

o 0 .57 0 .2 0 .22 
V <.01 0 .3 0 .01 

0.47 0 .5 0 .19 
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Table 4:10: A c i d Ammonium Oxalate Ex t r ac t ab l e 

Fe, A l , S i , Mn, of Mine S p o i l s 

Sample Depth 
(cm) 

Fe Al 
..... r\ r\m 

Si Mn Sample Depth 
(cm) ppm 

COAL CREEK 

T a i l i n g s Pond 0-3.5 12148 220 1400 428 
Vegetated 3.5-10 1668 44.0 80 32.0 

12.5-16 2708 60.0 80 24.0 
16-19 748 16.0 <1 24.0 
19-33 2068 64.0 <1 36.0 
30-33 2268 40.0 80 20.0 
33-60 3348 56.0 120 20.0 
60+ 2668 36.0 80 20.0 

Dry Grass land 0-7 2268 164 80 24.0 Dry Grass land 
7-21 2428 108 80 28.0 

27-34 1388 44.0 40 7.6 
34-60 8548 92.0 160 68.0 

Fores t ( l i t t e r ) 2-0 3748 616 440 256 
0-5 4108 888 480 292 
5-16 7388 1316 1120 116 

16-25 5268 792 600 60.0 
25-70 1228 160 80 32.0 
70+ 1308 48.0 40 20.0 

EMERALD 

Vegetated 0-0.5 27560 1675 2400 1240 
0.5-15 18760 1836 2160 1356 

15-23 25560 788 1600 1096 
23-26 43560 316 1040 1084 
28-34 31960 260 920 864 
34-42 15960 1436 1520 1664 
42-52 7228 212 320 420 
52+ 27960 516 800 1136 

H.B. 

Vegetated 0-2 5308 48.0 200 1 .2 
2-7 3588 32.0 <1 30.4 
7-10 3908 28.0 <1 4.0 

12-29 3428 20.0 <1 1 .6 
32-49 1628 20.0 <1 24.0 
49-50 2908 40.0 80 32.0 
50-56 3068 44.0 40 3.2 
56-67 2628 24.0 <1 2.0 
67-83 3228 76.0 40 0.8 
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(cont inued) Table 4:10: A c i d Ammonium Oxalate Ex t r ac tab le 

Fe, A l , S i , Mn, of Mine S p o i l s 

Sample Depth 
(cm) 

Fe Al 
ppm 

Si Mn 

Unvegetated 0-23 2428 20.0 80 44.0 Unvegetated 
23-41 1548 32.0 80 36.0 
20-38 3228 56.0 80 7.2 
38-56 21160 4.0 <1 60.0 

HEDLEY 

Vegetated ( l i t t e r ) 0 - 2 6148 1436 1480 476 
0-9 3388 1356 1560 464 
9-19 17560 1680 2800 172 

19-26.5 15960 1876 3200 196 
26.5-35.5 21160 964 2200 128 
35.5-43 13788 1508 2920 172 

43-49.5 17160 628 1640 116 
49,5-63.5 17560 1760 3200 172 
63.5-68.5 16760 752 1840 84.0 
68.5-91.5 14360 2156 3160 156 

Unvegetated 0-9 12988 1756 2720 292 
9-15 17960 2396 3920 360 

15-30 15160 912 2000 252 
30-40 22360 1596 2800 200 
40+ 17160 2036 3320 204 

VELVET 

Vegetated 0-2 46360 396 920 296 
2-14 107960 204 520 248 

14-17 51160 276 440 244 
17-67 89560 148 360 128 
67+ 106360 128 480 168 

Unvegetated 0-0.5 55960 180 560 140 
Surface c lay 27560 972 1440 352 

0-27 105160 68.0 400 112 
36-42 73160 464 640 140 
49-55 29960 248 280 76.0 
55+ 46760 184 320 64.0 

Endako Bulk 3348 492 640 144 
Lornex Bulk (Emerg. Pond) 2948 580 600 124 
S u l l i v a n Fe Ox id ized 1 Bulk 92760 344 320 32.0 
S u l l i v a n Gypsum Bulk 308 232 440 2.4 
S u l l i v a n S i Ox i d i zed Bulk 35160 576 240 76.0 
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A l , Si and Mn. I t thus appears that s o i l - f o r m i n g processes are a c t i v e 

at Coal Creek, beg inning d i f f e r e n t i a t i o n of the mine s p o i l s i n t o 

" n a t u r a l " s o i l . 

The r e s u l t s at Emerald are not q u i t e as e v i den t . Only S i 

shows an i nc rease a t the s u r f a c e , i n d i c a t i n g some breakdown of the 

minera l s occu r r i ng i n the t a i l i n g s . The remaining elements are v a r i a b l e 

e x h i b i t i n g the e f f e c t s of s t r a t i f i c a t i o n of the t a i l i n g s m a t e r i a l . 

H.B. samples e x h i b i t s i m i l a r trends to those found at Emerald. 

I t appears that these t a i l i n g s have not had s u f f i c i e n t t ime to 

r e l ea se weather ing products t h a t can be de tec ted . 

The r e s u l t s from Hedley r e f l e c t the dry environment of the 

a r e a . Very l i t t l e chemical breakdown has occurred s i n ce the t a i l i n g s 

have been depos i t ed . Again the r e s u l t s demonstrate the s t r a t i f i c a t i o n 

found i n the pond. Ve l ve t samples g i ve the same trends as were 

observed f o r Emerald and H.B. 

I t appears, t h e r e f o r e , that the mine s p o i l samples i n v e s t i g a t e d 

have not had s u f f i c i e n t time to produce amorphous weather ing products 

t ha t cou ld accumulate. There i s , however, some ev idence t ha t weather ing 

i s p roceed ing. 

B. Vegetat ion 

Table 4:11 report s on the r e s u l t s of e lemental ana l y s i s of 

vege ta t i on samples c o l l e c t e d dur ing the study y e a r . The samples 

were c o l l e c t e d from both mine s p o i l s and from vege ta t i on growing on 

" n a t u r a l " s o i l s i n the area so t ha t r e g i ona l comparisons cou ld be made. 



Table 4:11: Cherol 

Sample N Ca Mg K Na 

%  

COAL CREEK 

Tai l ings Pond , , n „ 
Cottonwood , 2.40 1.28 0.332 1.31 2.75 
Sweet Clover (wh., yw.) 3.21 1 .61 0.460 1.34 2.13 
Timothy 1.29 0.18 0.131 1.42 2.46 

Dry Grassland 
Cottonwood 2.10 1.78 0.593 0.92 1.02 
Sweet Clover (wh., yw.) 2.69 1.81 0.481 0.92 1.59 
Timothy 1.02 1.69 0.127 1.28 2.79 

Forested 
Cottonwood 2.50 2.37 0.502 1.60 0.635 
Saskatoon 1.93 1.77 0.474 1.45 1.01 
Sweet Clover (wh., yw.) 2.65 1.58 0.413 0.74 2.42 
Timothy 1.17 0.21 0.119 2.06 1.93 

Background 
Cottonwood 2.02 1.37 0.234 1.62 0.029 
Sweet Clover (wh., yw.) 2.56 1.88 0.413 1.10 1.82 
Timothy 0.813 0.19 0.084 1.37 1 .94 

EMERALD 

Tai l ings Pond 
A l f a l f a (purple) 1.73 1.93 0.199 1.39 0.026 
Cottonwood 2.42 2.02 0.412 1.42 1.06 
Sweet Clover (wh.) 1.71 2.42 0.385 1.18 2.84 
Timothy 0.500 0.14 0.051 1.01 2.48 

C o t t o S S r ° U B d 1-79 1.55 0.262 1.74 2.97 
Sweet Clover (wh.) 2.19 2.21 0.319 .33 .88 
Timothy 0.459 0.12 0.040 1.02 1.94 

H. B. 

Tail ings Pond „ _ 
Horsetail 1.29 3.28 0.255 2.63 2.75 
Red Top 0.500 0.28 0.081 0.96 1.16 

Background 
Red Top 0.584 0.15 0.131 1.21 1.07 

Mn 

ppm 

Zn Cu Mo Cu:Mo 
Ratio 

18.2 190 7.5 0.85 8, .8 

18.2 36.4 13.9 2.58 5. .4 
18.9 69.3 12.6 1.68 7, .5 

11.3 406 9.7 1.30 7. .5 
23.0 45.5 8.6 2.14 4 .0 
11.6 49.6 10.6 0.84 12 .6 

40.6 455 9.6 1.71 5 .6 
49.7 68.7 12.7 2.54 5 .0 
29.8 36.2 9.6 2.56 3 .8 
20.0 43.1 12.6 1.26 10, .0 

31.8 121 9.5 0.85 n . .2 
25.3 20.1 10.6 2.53 4 .2 
20.0 31.6 15.8 1.69 9, .3 

ro 

651 
941 
444 
398 

40.2 
512 

17.0 
13.6 

10.6 
17.2 
<1 
13.6 

2.54 
2.58 
6.81 
0.83 

4.2 
6.7 

16.4 

116 
220 
41.2 

218 
19.2 
11.6 

7.5 
7.5 

13.2 

1.71 
5.98 
2.55 

4.4 
1.3 
5.2 

54.5 
53.5 

693 
209 

15.3 
10.5 

1.71 
<.80 

8.9 

70.4 37.8 7.4 <.80 



(continued). Table 4:11: Chemical Analyses of Vegetation 

Sample N Ca Mg K Na P Fe Al Mn Zn Cu Mo Cu:Ko 
c nnm R a t i o 
% ppm 

HEDLEY 

T a i l i n g s Pond 
Cottonwood 2.02 2.09 0, .300 1.32 1. .74 
Cres ted Wheatgrass 0.292 0.35 0, .035 0.36 0. .634 
Russ ian Knapweed 0.448 0.85 0, .090 0.60 1. .45 
Saskatoon 1.42 1.24 0, .374 0.93 2. 82 
Sweet C l o v e r (wh.) 1.75 1.29 0. .271 1.11 2. ,45 

Background 
C re s t Wheatgrass 0.854 0.26 0. .052 0.86 1. 25 
Rus s i an Knapweed 0.854 0.86 0. .159 1.00 2. ,62 
Saskatoon 1.54 1.33 0, .419 1.11 2. 67 
Sweet C l o ve r (wh.) 1.77 1.44 0. .195 1.31 1. ,04 

VELVET 

T a i l i n g s Pond 
Cottonwood 1.75 1.48 0, .256 1.59 1. ,56 
H o r s e t a i 1 1.90 2.14 0. .464 2.47 0. 040 
Timothy 0.500 0.20 0, .068 0.82 1. 18 

Background 
C ottonwood 1.67 1.53 0, .279 1.42 1 . 60 
Hor se ta i1 1.29 2.02 0, .384 2.85 2. 54 
Timothy 0.646 0.14 0. .084 1.33 1. 56 

990 234 32 220 253 12.8 1.70 7 .5 
349 775 147 49.3 17.8 12.6 3.35 3 .8 
780 1177 228 55.7 9.5 12.2 5.93 2 .1 
825 698 148 1234 11.6 4.2 1 .69 2 .5 

1119 437 85 36.2 11.2 16.0 23.9 0 .7 

1160 466 117 24.9 20.7 24.4 <.80 
1755 761 233 57.1 16.9 11.6 1.69 6 .9 
281 314 73 102 23.0 7.3 2.51 2 .9 

1280 74 <10 32.5 16.8 6.3 10.1 o. .6 

1473 244 53 60.4 152 7.4 4.24 1, .7 
2097 342 21 58.8 21.4 11.8 4.28 2 .8 
586 136 31 22.0 17.8 17.8 <.80 

2383 253 127 56.9 172 10.5 2.53 4, .2 
3179 558 300 45.0 36.5 15.0 3.01 5, .0 
1587 251 73 31.3 20.9 <1 1.67 

ENDAKO 

T a i l i n g s Pond 
Bea rd l e s s Wheatgrass 
Red Fescue 
Ti.TiOthy 

Background 
Red Fescue 
Timothy 

0.625 0.23 0.123 0.82 2.68 1049 161 107 135 8, .6 12.8 129 0. .1 

0.626 0.21 0.106 0.63 0.928 1724 223 138 244 11, .7 18.0 41, .6 0. .4 

0.407 0.12 0.065 0.84 1 .71 1031 138 96 109 9, .6 17.0 40. .0 0. .4 

0.021 0.16 0.071 0.39 1.20 914 244 202 498 12 .8 13.8 51, .9 0 .3 

0.334 0.16 0.079 0.81 2.30 1142 246 235 257 14 .9 10.7 114 0, .1 



(continued). Table 4:11: Chemical Analyses of Vegetation 

Sample N Ca Mg K Na P Fe Al Mn Zn Cu Mo Cu:Mo 
R a t i o 

% ppm 

GRANBY 

T a i l i n g s Pond 
B a b y ' s B reath 
Cottonwood 
R us s i an Knapweed 
Russ ian T h i s t l e 
Sweet C l o v e r (wh.) 

Background 
Cottonwood 
Russ ian Knapweed 
Sweet C l o v e r (wh.) 

LORNEX 

T a i l i n g s Pond 
Sweet C l o v e r (yw.) 
Timothy 

Background 
Sweet C l o v e r (yw.) 

1.31 2.49 0.492 1.57 2.03 1435 306 222 108 17.9 29.6 4.22 7 _n 

2.79 2.01 0.381 1.52 1.46 1276 170 85 104 25.5 13.8 4.25 3 .2 

0.999 1.03 0.163 1.13 1.66 1361 188 84 49.2 10.5 11.5 2.51 4 .6 

1.40 2.15 0.399 4.39 1.75 1635 105 42 71.3 15.7 36.7 5.03 7 .3 

1.81 2.03 0.266 1.55 1.61 1040 170 96 60.5 22.3 10.6 3.40 2 .2 

0.788 1.94 0.348 0.67 0.986 1709 74 21 77.0 69.6 11.6 4.22 2 .7 

1.06 0.69 0.170 1.18 0.992 2372 178 136 50.4 22.0 7.3 5.04 1, .4 

2.13 1.01 0.276 1.21 2.71 1542 127 74 19.0 15.8 4.2 6.76 0, .6 

1 .25 1.63 0.207 1.09 0.065 871 157 262 49.3 16.8 48.3 72.2 c _ 7 
0.667 0.26 0.061 0.64 0.065 345 220 272 203 16.7 85.8 49.4 1. .7 

1.52 1.76 0.403 1.24 1.76 1455 137 53 50.6 13.7 73.8 4.22 17 .5 

* wh.* white; yw.» yellow 
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I t must be emphasized that only comparisons of vege ta t i on growing on 

the " n a t u r a l " s o i l s and mine s p o i l s are v a l i d . In the T a i l i n g s 

Research Report 1976-77, a few vege ta t i on samples e x h i b i t e d Cu:Mo 

r a t i o s of less than 2, which i s cons idered to cause n u t r i t i o n a l problems 

w i th ruminants. A f u r t h e r t e s t i n g dur ing 1977-78 was c a r r i e d out 

to eva lua te the e a r l i e r f i n d i n g s . 

At Coal Creek there were no obvious d i f f e r e n c e s i n the e lemental 

content of vegeta t ion growing on mine s p o i l s and the na tu ra l background 

except f o r P, Fe and A l . The concen t r a t i on of P, Fe and Al was lower 

i n the vege ta t i on growing on mine s p o i l s than i n the background 

samples. There does not seem to be a problem w i t h re spect to v e g e t a t i v e 

chemical q u a l i t y . The r e s u l t s do i n d i c a t e that the vege ta t i on growing 

on Coal Creek s p o i l have begun a r a the r we l l de f i ned n u t r i e n t ba lance . 

The r e s u l t s f o r Emerald aga in show tha t the amount of P 

i n p lants growing on mine t a i l i n g s i s less than i n the background 

vegeta t i on samples, e s p e c i a l l y sweet c l o ve r and t imothy. Vegetat ion 

growing on the t a i l i n g s had h igher amounts of Fe, Mn and po s s i b l y 

Zn i n comparison to the background samples. Only sweet c l o ve r had 

a Cu:Mo r a t i o less than 2.0. The remaining elements d i d not seem 

to show any trends and are w i t h i n normal ranges found i n p l a n t s . 

The lack of s u f f i c i e n t vege ta t i on samples a t H.B. does 

not a l l ow meaningful comment. The concent ra t ions recorded do 

not seem to be ou t s i de the range commonly found f o r p l a n t s p e c i e s . 

Again P content i s lower i n spec ies growing on the mine t a i l i n g s . 

At Hedley, again P was h igher i n amount i n the background 
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samples than t h a t found i n vegeta t i on growing on the abandoned 

t a i l i n g s . The reverse was found f o r Fe. Again sweet c l o v e r was the 

only spec ies having a Cu:Mo r a t i o of less than 2.0. Ve l v e t 

e x h i b i t e d s i m i l a r r e s u l t s . 

Endako vegeta t ion was the only area e x h i b i t i n g c o n s i s t e n t l y 

low Cu:Mo r a t i o s i n both the background and mine s p o i l v ege ta t i ve 

samples. This i s c o n s i s t e n t w i th the f i n d i n g s dur ing 1976-77. In 

t h i s reg ion i t appeas Cu d e f i c i e n c y i s a reg iona l problem f o r 

ruminant n u t r i t i o n . 

The r e s u l t s i n d i c a t e , i n g e n e r a l , t h a t w i th the except ion of 

P, vege ta t i on growing on mine s p o i l has s i m i l a r concent ra t i on s of 

elements t e s ted f o r as vege ta t i on growing on natura l s o i l s . In a few 

ins tances i t appears Zn i s found i n h igher amounts i n vege ta t i on growing 

on mine s p o i l , but i t does not appear to be reach ing t o x i c l i m i t s 

(500 ppm). Endako and Emerald are the only areas where the vege ta t i on 

could con t r i bu te to hypocupracemia, a c o n d i t i o n i n ruminants , 

occu r r i ng when the Cu:Mo r a t i o i s below 2.0. 

C. Mineralogy 

X-ray d i f f r a c t i o n analyses were conducted on s e l e c t e d mine 

s p o i l samples. The samples were s i eved p r i o r to analyses and only 

the l e s s than 200 mesh m a t e r i a l was sub jec ted t o X-ray d i f f r a c t i o n . 

In p repar ing the samples f o r X-ray analyses a number of pretreatments 

are necessary. These pretreatments can d i s s o l v e minera l s l i k e gypsum 

and t o a l e s s e r extent c a l c i t e and do lom i te . Thus the r e s u l t s are an 



- 67 -

underestimate of these m ine ra l s : Table 4:12 g ives the r e s u l t s of the 

X-ray d i f f r a c t i o n s t u d i e s . 

At Coal Creek i t appears v e r m i c u l i t e i s forming from micas 

that were i n the o r i g i n a l s p o i l m a t e r i a l . K a o l i n i t e , qua r t z and 

mica are present i n the unweathered mine s p o i l m a t e r i a l . 

At Emerald, v e r m i c u l i t e and c h l o r i t e are being formed a t 

the s u r f a c e , probably from the i nhe ren t mica of the t a i l i n g s . The 

remaining minera l s r e f l e c t the geology of the t a i l i n g s , w i th a broad 

assemblage of pr imary m i ne r a l s . The same seems to be the case a t 

H.B. and Hedley, except that no evidence was found f o r c h l o r i t e a t 

H.B. and no v e r m i c u l i t e at Hedley. 

I t i s more d i f f i c u l t to draw comparisons f o r Ve l ve t as t he re 

appears to be no d i f f e r e n c e s w i th depth (assuming t ha t minera l 

weathering decreases w i th depth) . The remaining samples i n d i c a t e 

r e l a t i v e l y f re sh minera l s wi th abundant primary minera l s p re sen t . 

In summary, i t appears t h a t mine s p o i l s are weather ing to 

form secondary minera l s e s p e c i a l l y v e r m i c u l i t e , probably from m i ca . 

As t h i s cont inues , the m a t e r i a l should move more towards a " n a t u r a l " 

s o i l having be t t e r chemical and phy s i c a l p r o p e r t i e s . 



Table 4:12: X-Ray D i f f r a c t i o n Resu l t s (Mineralogy) of the Less 

Than 200 Mesh Ma te r i a l of Se lected Mine Spo i l s 

SAMPLE CM DOMINANT MINERALS 

COAL CREEK 
T a i l i n g s Pond 

EMERALD 
Vegetated 

H.B. 
Vegetated 

HEDLEY 
Vegetated 

0-3.5 
3.5-10 

16-19 
33-60 
60+ 

0.5-15 

15-23 
28-34 

34-42 
52+ 

0-2 
2-7 

32-49 
49-50 
56-67 
67-83 

l i t t e r 2-0 
0-9 

v e r m i c u l i t e , k a o l i n i t e , m ica , q u a r t z , c a l c i t e 
k a o l i n i t e , m i ca , quar tz 
v e r m i c u l i t e , m i ca , q u a r t z , ( k a o l i n i t e ? ) 
m i ca , k a o l i n i t e , quar tz 
m ica , quar tz 

c h l o r i t e , m i ca , amphibole, k a o l i n i t e , q u a r t z , (gypsum?) c a l c i t e , 
do l om i te , ( a p a t i t e ? ) 
v e r m i c u l i t e , m i ca , amphibole, k a o l i n i t e , q u a r t z , do lomite 
m i ca , amphibole, k a o l i n i t e , ( f e l d s p a r ? ) q u a r t z , c a l c i t e , do l om i te , 
( apa t i t e ? ) 
m i ca , amphibole, k a o l i n i t e , c a l c i t e , quar tz 
m i ca , amphibole, k a o l i n i t e , q u a r t z , ( f e l d s p a r ? ) , c a l c i t e , do lomite 

v e r m i c u l i t e , m i ca , amphibole, do l om i te , c a l c i t e , q u a r t z , f e l d s p a r 
v e r m i c u l i t e , m i ca , amphibole, c a l c i t e , gypsum, ( a p a t i t e ? ) , do lomite 
magneti te 
m i ca , amphibole, gypsum, c a l c i t e , ( a p a t i t e ? ) , magnet i te , do lomite 
m ica , amphibole, c a l c i t e , gypsum, ( a p a t i t e ? ) , magnet i te , do lomite 
m i ca , amphibole, c a l c i t e , do l om i te , a p a t i t e , magnet i te , 
m i ca , q u a r t z , gypsum, c a l c i t e , magnet i te , do lomite 

c h l o r i t e , m i ca , k a o l i n i t e , a m p h i b o l e , f e l d s p a r , quar tz 
c h l o r i t e , m ica , k a o l i n i t e , a m p h i b o l e , f e l d s p a r , q u a r t z , c a l c i t e 

* Presence i n d i c a t e d 



Table 4:12 ( con t ' d ) 

SAMPLE CM DOMINANT MINERALS 

HEDLEY 
Vegetated 

VELVET 
Vegetated 

19-26.5 
26.5-35.5 
63.5-68.5 
68.5-91.5 

0-2 
2-14 

14-17 
67+ 

Endako Bulk 
Lornex Bulk (Emerg. Pond) 
S u l l i v a n Fe Ox id i zed Bulk 
S u l l i v a n Gypsum Bulk 
S u l l i v a n S i Ox id i zed Bulk 

( k a o l i n i t e ? ) , q u a r t z , f e l d s p a r , c a l c i t e , do l om i te , amphibole 
amphibole, f e l d s p a r , q u a r t z , c a l c i t e 
amphibole, f e l d s p a r , q u a r t z , c a l c i t e 
f e l d s p a r , q u a r t z , c a l c i t e , magnet i te , ( apa t i t e ? ) 

c h l o r i t e , m i ca , ( k a o l i n i t e ? ) , q u a r t z , f e l d s p a r , c a l c i t e , magnetite 
c h l o r i t e , m i ca , q u a r t z , f e l d s p a r , c a l c i t e , (gypsum?) 
c h l o r i t e , m i ca , q u a r t z , f e l d s p a r , c a l c i t e , gypsum 
c h l o r i t e , m i ca , q u a r t z , f e l d s p a r , c a l c i t e , gypsum 

mica , k a o l i n i t e , q u a r t z , f e l d s p a r , c a l c i t e * 
c h l o r i t e , m i ca , ( k a o l i n i t e ? ) q u a r t z , f e l d s p a r , c a l c i t e , (gypsum?) a p a t i t e 
amphibole, f e l d s p a r , m i c a * , q u a r t z , c a l c i t e * , ( apa t i t e ? ) 
amphibole, q u a r t z , c a l c i t e , (gypsum?), a p a t i t e 
c h l o r i t e , m i ca , q u a r t z , c a l c i t e * , ( apa t i t e ? ) 

* Presence i n d i c a t e d 
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GENERAL CONCLUSIONS 

Vegetat ion was found to occur on every s p o i l v i s i t e d , but 

growth was i n v a r i a b l y p r e f e r e n t i a l over the s p o i l s u r f a c e . Always, 

some natu ra l vege ta t i on was present even i f c u l t i v a t e d spec ies 

were e v i d e n t . Species were not found to be q u a n t i t a t i v e l y p r o p o r t i o n a l 

to spec ies i n the background. Cottonwood, sweet c l o ve r and timothy 

were o f very common occurrence at s p o i l s i t e s whether or not formal 

seeding had been undertaken. 

Phy s i ca l s igns of s t r e s s i n c l u d i n g symptoms of n u t r i e n t 

imbalance and/or water s t r e s s were o f t e n seve re . At no s i t e , 

however, was the vege ta t i on found to reach t o x i c l i m i t s i n heavy 

metal concent rat ions P was d e f f i c i e n t i n most case. 

G e n e r a l l y , grasses were the predominant cover e s t a b l i s h e d . 

Older s p o i l s had more v a r i e t y of spec ies present but not 

n e c e s s a r i l y a g r ea te r number of i n d i v i d u a l s . 

Phy s i ca l l i m i t a t i o n s of a l l of the metal mine s p o i l s were 

paramount. Coal Creek s i t e s and p a r t i c u l a r l y the " t a i l i n g s pond" 

and " f o r e s t e d " s i t e s were of l i t t l e problem, e i t h e r i n the p h y s i c a l or 

chemical nature of the s p o i l m a t e r i l s . Va r i e t y of vege ta t i on was g reat 

and the l o c a l e advantageous. At high e l e va t i on s or i n a low 

r a i n f a l l a r ea , na tu ra l r e vege ta t i on may not have been so s u c c e s s f u l . 

The p r e f e r e n t i a l growth pa t t e r n of vege ta t i on growth i s 

l i k e l y dominantly a f a c t o r of s p o i l phy s i c a l and c h a r a c t e r i s t i c s because 

no s i g n i f i c a n t chemical d i f f e r e n c e s were ev ident i n " vegeta ted " 
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versus "unvegetated" s i t e s . At Hedley as w e l l as Emerald, H.B. and 

Ve l ve t improved s t r u c t u r e , a e r a t i o n and bulk dens i t y would a l l ow f o r 

a more r ap i d vege ta t i on cover to e s t a b l i s h and r e s u l t i n a c ce l e r a t ed 

s o i l - f o r m i n g processes . Deep ploughing i n combinat ion w i th seeding 

and a d d i t i o n of ano rgan i c amendment would help to a l l u v i a t e many of 

the phy s i c a l problems. Water s t r e s s at Hedley i s severe and i r r i g a t i o n 

at l e a s t i n i t i a l l y , would undoubtedly be requ i red due to the a r i d 

c l i m a t e . Emerald has on ly been i n a c t i v e f o r a few years and i s s t i l l 

d r a i n i n g . I t may not be p a r t i c u l a r l y s t a b l e at t h i s po i n t i n t ime 

f o r support ing heavy machinery. The predominance of a l f a l f a s u b s i s t i n g 

on the pond and lack of presence of more sha l low r o o t i n g spec ies suggests 

t ha t as the water t ab l e cont inues to d rop, even the a l f a l f a may 

d i sappear . 

Species cho ice as w e l l as type of o rgan ic amendment are 

important f a c t o r s take i n t o acount i f g raz ing i s a n t i c i p a t e d . None 

of the s p o i l s e x h i b i t extreme t o x i c i t y problems under normal c i r 

cumstances (exc lud ing S u l l i v a n ) , but coupled wi th organ ic amendments 

which o f t en have high concen t r a t i on of heavy meta l s , p o t e n t i a l 

problems can be seen. Use of spec ies accumulat ing these metals can 

be avoided i f such amendments are used. 

D i f f i c i e n c i e s i n macronutr ients i s p r i m a r i l y w i t h P. 

There i s evidence of n u t r i e n t r e c y c l i n g , however, i n su r f ace hor izons 

of " vege ta ted " s i t e s and P and N bu i l dup i s noted. 

M i n e r a l o g i c a l l y , most s p o i l s showed minimal s igns of 

weather ing . Clay minera l f o rmat ion was o ccu r r i n g i n the s u r f a ce of 

" vegeta ted " s i t e s however, and r a i s e d n u t r i e n t - s u p p l y i n g c a p a c i t i e s 

r e s u l t . 
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6. WEATHERING OF MINE TAILINGS 
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Weathering of Mine T a i l i n g s 

1. I n t roduc t i on 

To p lan techniques f o r rec lamat ion of mine wastes, i t i s 

necessary to study the nature of the waste m a t e r i a l s i n d e t a i l . 

The w e a t h e r a b i l i t y of wastes such as mine t a i l i n g s i s o f u l t ima te 

importance because of t h e i r c h a r a c t e r i s t i c a l l y high degree of 

chemical r e a c t i v i t y . 

T a i l i n g s m a t e r i a l i s composed of ground waste rock tha t 

i s a r e s i d u a l product of ore e x t r a c t i o n . This ma te r i a l i s not i n 

chemical e q u i l i b r i u m w i t h cond i t i on s at the earths s u r f a c e . One 

r e s u l t i s t ha t weathering w i l l i n i t i a l l y occur r a p i d l y and as 

minera l s a l t e r and decompose, problems of contaminat ion may a r i s e 

i n the surrounding environment. For example, t o x i c q u a n t i t i e s of 

heavy metals may be re leased i n t o water systems and be taken up 

by vege ta t i on and an ima l s , or extremely a c i d i c cond i t i on s may be 

promoted as s u l f i d e minera l s o x i d i z e . To help i n the assessment of 

p o t e n t i a l problems of r e c l a im ing mine waste areas as w e l l as p lann ing 

p roduct i ve rec lamat ion p r o j e c t s , i n f o rmat i on concern ing the l ong -

termed behav ior of these t a i l i n g s i s r e q u i r e d . 

One method of s tudy ing the weather ing of t a i l i n g s i s by 

the u t i l i z a t i o n of the Soxh le t weather ing procedure. This i s a 

l abo ra to ry s i m u l a t i o n of natura l weather ing c o n d i t i o n s . The o b j e c t i v e 

of the procedure i s to speed up the weather ing process and a t the same 

t ime, c rea te s i m i l a r products t ha t would be formed over a prolonged 

time span i n ac tua l f i e l d c o n d i t i o n s . A more d e t a i l e d understanding 
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of the processes of s o i l - f o r m a t i o n w i l l hope fu l l y be one outcome 

of Soxh le t s t u d i e s . 

In the 1976 research r e p o r t , ( Lavku l i ch e t a l . , 1977) 

were d i s cu s sed . S ince t h i s t ime , m o d i f i c a t i o n s of the procedure have 

been necessary, f o r t h i s technique of a r t i f i c i a l weather ing i s only 

being developed as a method of study f o r s o i l - s i z e p a r t i c l e s 

( S i n g l e t o n , 1978). Weathering s tud ie s conducted f o r t h i s years 

r epo r t l a r g e l y u t i l i z e the s e l e c t ed t a i l i n g s d i scus sed i n 1976. 

Analyses and d e s c r i p t i o n s f o r some of the unweathered t a i l i n g s 

mentioned i n t h i s r epo r t have been p rev i ou s l y pub l i shed ( L a vku l i c h 

et a l . , 1977). 

2. Method of Weathering 

The Soxh let i s b a s i c a l l y a column leach ing apparatus . A 

column con ta i n i ng a th imble f i l l e d w i th the t a i l i n g s m a t e r i a l was 

p laced upon a f l a s k con ta i n i ng an e x t r a c t i o n l i q u i d . The f l a s k was 

heated and as the l i q u i d evaporated, i t was condensed above the column 

and r e c y c l e d as i n F igure 6 : 1 - The temperature at a po i n t j u s t 

above the th imble was regu la ted to 95 t 2°C i n order to s t anda rd i ze 

cond i t i on s from sample to sample. 

The th imble was f i l l e d and l i g h t l y packed w i th 150 to 250 g 

of sediment to be weathered. A smal l c i r c u l a r p i ece of f i l t e r paper 

i s p laced on the top to prevent the condensate from channel ing and 

sp lash eroding the sample s u r f a c e . The f l a s k i s f i l l e d w i th 300 ml 

of e i t h e r d i s t i l l e d water or 0.3N a c e t i c a c i d . The a c e t i c a c i d 

s o l u t i o n s has the advantage of s imu l a t i n g more i n t en se weather ing 
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FIGURE 6:1 
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c o n d i t i o n s . I t c reates a s l i g h t l y a c i d environment as i s found i n areas 

of moderate to high r a i n f a l l . The b u f f e r i n g c apac i t y and weak complexing 

a b i l i t y of a c e t i c ac id are a t t r i b u t e s a l s o found i n organ ic ac ids 

i n natura l systems. 

The r e c e i v i n g f l a s k conta ins a combinat ion of the l each ing 

l i q u i d and any s o l u b l e c on s t i t uen t s which have been removed from 

the sample. As these c o n s t i t i u e n t s are concentrated i n the f l a s k 

the s o l u t i o n becomes sa tu ra ted and p r e c i p i t a t i o n products are formed. 

The s o l u t i o n and p r e c i p i t a t i o n products were removed from 

the c o l l e c t i n g f l a s k weekly and were c e n t r i f u g e d to separate the s o l i d 

and l i q u i d phases. Fresh s o l u t i o n i s then placed i n t o the f l a s k . 

Both elemental ana l y s i s o f ca t ions i n the removed s o l u t i o n , conducted 

on the atomic ab so rp t i on spectrophotometer, and pH of the s o l u t i o n s 

was taken weekly t o monitor the changes i n chemistry o ccu r r i n g over 

t i m e . The p r e c i p i t a t e phase was d r i e d and weighed and may be c h a r a c t e r i z e d 

a t a l a t e r da te . The use o f a n a l y t i c a l methods such as X-ray 

d i f f r a c t i o n and t o t a l elemental w i l l supply i n f o rmat i on regard ing the 

nature of the p r e c i p i t a t e . R e c r y s t a l l i z a t i o n of these amorphous 

compounds not nece s s a r i l y present i n the o r i g i n a l weathered m a t e r i a l . 

At the end of 3 weeks, the th imble was removed from the 

apparatus m a t e r i a l o r "accumulat ion p roduct " was d i v i d e d i n t o a top 

and a bottom p o r t i o n by c u t t i n g the lower 5 cm away from the 

remaining upper p o r t i o n , as i n d i c a t e d i n F i gure IV: 15. This i s done 

i n order that arty extreme v e r t i c a l d i f f e r e n c e s c reated by weather ing 

may be detected dur ing a n a l y s i s . 
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The weight loss of the accumulat ion product v a r i e s w i th the 

p a r t i c u l a r sediment being weathered. The more i n e r t t a i l i n g s 

such as Lornex of Similkameen lo se only 1 or 2 g w h i l e the extremely 

s o l ub l e S u l l i v a n Gypsum loses up to 50% of i t s o r i g i n a l weight by 

the end of the 3 week leach ing pe r i od (F igure IV: 14 and IV: 18) . 

The sum of the p r e c i p i t a t e removed from the c o l l e c t i n g f l a s k and the 

ca t ions i n s o l u t i o n i d e a l l y account f o r the weight l o s s of the 

accumulat ion p roduct . There i s , however, h igh-temperature a r t i f a c t s 

c rea ted around the inner edges of the f l a s k . These a r t i f a c t s are a 

f u n c t i o n of the contact of the very hot f l a s k s ides w i th the f r ee 

p r e c i p i t a t e and the r e s u l t i s coat ings of p r e c i p i t a t e being depo s i t ed . 

The natue o f these a r t i f a c t s , and t h e i r r e l a t i o n s h i p ( i e . e q u i l i b r i a 

chemist ry) to the p r e c i p i t a t e i s being s t u d i e d by S i n g l e t o n . 

3. Resu l t s and D i scuss ion of Weathering 

A. Elemental Ana l y s i s of Accumulat ion Products v s . O r i g i n a l s 

Tota l elemental a na l y s i s of the 0.3N a c e t i c a c i d weathered 

and d i s t i l l e d water weathered t a i l i n g s i s presented i n Tables 6:1 

and 6:2. Table 6:3 g ives the corresponding t o t a l e lemental a n a l y s i s 

f o r the o r i g i a n l mine t a i l i n g s . The r e l a t i v e q u a n t i t i e s of elements 

found i n the weathered ma te r i a l s compared to o r i g i n a l m a t e r i a l s i n 

d i ca te s which elements are being removed from the weather ing 

system. Lower r e l a t i v e percentages of elements measured i n comparison 

to unweathered o r i g i n a l t a i l i n g s m a t e r i a l i n d i c a t e removal o f those 

e lements. Conversely, i f percentages of the elements i n c rea se i n 

r e l a t i o n to the o r i g i n a l sample, those elements are accumulat ing . 

A more in tense l each ing environment i s found near the 



Table 6:1 : Total Elemental Analysis of Soxhlet Weathered Mine Tail ings 

(0.3N Acetic Acid Weathered) 

Sample * Ca Mg Na K Cd Co Cr Cu Mn Mo Ni Pb Ti Zn Fe Al Si 

% 

Betnlehem Fresh Top 
Bottorr, 

0.06 
0.07 

0.46 
0.51 

3.15 
3.11 

1.17 
1.11 

8 rend a 0-8 cm Top 
Bottom 

0.37 
0.41 

0.62 
0.67 

2.66 
2.37 

2.37 
2.16 

Emerald 3 14.5-38.5 cm Top 
Bottom 

2.06 
5.36 

0.99 
1.30 

0.36 
0.30 

0.34 
0.34 

Endako Bulk Top 
Bottom 

0.02 
0.02 

0.15 
0.16 

2.26 
2.04 

3.11 
3.07 

Gibraltar Fresh Top 
Bottom 

0.32 
0.27 

0.88 
0.84 

2.10 
1.99 

0.95 
0.85 

H.B. Fresh Fines Top 
Bottom 

17.10 
17.50 

8.90 
9.00 

0.06 
0.05 

0.18 
0.19 

Kaiser Fresh Top 
Bottom 

<.01 
<.01 

0.05 
0.05 

0.05 
0.05 

0.41 
0.40 

Kaiser 0-26 cm Top 
Bottom 

<.01 
<.01 

0.02 
0.01 

0.03 
0.01 

0.03 
0.05 

Lornex Bulk (Emerg. Pond) Top 
Bottom 

0.02 
0.02 

0.14 
0.15 

2.26 
2.31 

1.35 
1.31 

Lornex Fresh Top 
Bottom 

0.03 
0.03 

0.07 
0.08 

2.04 
2.07 

1.65 
1.58 

Similkameen 30-60 an Top 0.67 1.99 3.45 1.09 

Bottom 0.76 2.07 3.44 1.09 

Sull ivan Fe Oxidized Bulk Top 
Bottom 

0.01 
<.01 

0.21 
0.22 

0.13 
0.09 

0.18 
0.15 

0.001 
0.001 

A 

0.14 0.01 
0.15 0.01 

0.01 0.03 
0.01 0.03 

0.04 1.03 
0.03 1.13 

<.01 0.01 
<.01 0.01 

0.11 0.04 
0.12 0.03 

0.01 0.04 
0.04 

<.01 
<.01 

<.01 
<.01 

0.04 0.01 
0.04 0.01 

0.13 
0.15 

0.07 
0.08 

0.02 
0.01 

0.01 
0.01 

0.06 
0.06 

0.10 
0.11 

0.15 
0.13 
A 

0.08 
0.33 

0.4 
0.4 

0.4 
0.4 

0.1 
0.2 

0.5 
0.5 

0.5 
0.5 

0.1 
0.1. 

0.6 
0.6 

0.2 
0.3 

0.2 
0.3 

0.2 
0.2 

0.9 
0.9 

0.2 
0.1 

<.01 
<.01 

<.01 
<.01 

0.02 
0.02 

<.01 
<.01 

0.01 
<.01 

0.28 
0.28 

V 
0.01 
<.01 

0.18 
0.18 

1.3 6.8 25 
1.5 6.9 24 

2.5 6.7 27 
2.8 6.7 25 

19.9 1.8 16 
15.4 1.5 14 

2.7 6.5 25 
1.8 6.4 24 

3.7 6.4 26 
3.5 6.5 25 

3.7 0.4 3 
3.3 0.4 3 

0.7 5.0 9 
0.6 5.0 8 

1.0 1.6 3 
1.0 1.6 3 

0.9 6.9 25 
0.9 6.9 26 

1.2 5.7 26 
1.1 5.8 26 

4.5 8.2 19 
4.7 8.2 18 

35.9 1.0 3 
36.9 0.8 3 

Sull ivan Gypsum Bulk Top 
Bottom 6.17 0.02 0.03 0.07 <.001 <.01 

no sample 
0.003 <.01 <.01 <.01 <.01 <.01 0.1 0.01 1.0 0.2 19 

Sul l ivan Gypsum 36-50 an Top 
Bottom 

Sul l ivan Gypsum 69-76 cm Top 
Bottom 

Sul l ivan Si Oxidized 
Bulk 

Sul l ivan Si Fresh 

Top 

Bottom 

Top 
Bottom 

16.70 

1.37 
3.03 

0.03 
0.09 

0.01 
0.01 

0.03 0.03 0.10 <.001 

0.03 
0.03 

1.15 
1.13 

0.95 
0.85 

0.04 
0.04 

0.81 
0.69 

0.21 
0.20 

0.13 
0.11 

1.22 
1.18 

0.31 
0.26 

0.001 
A 

V V 

I I 

no sample 
0.023 <.01 <.01 

0.012 
0.014 

<.001 
<.001 

<.001 
<.001 

<.01 
<.01 

0.01 
0.01 

<.01 
<.01 

0.46 
0.43 

<.01 0.13 
0.03 0.12 J I 

<.01 0.2 0.01 0.2 0.3 8 

<.01 0.1 0.01 0.7 0.4 33 
<.01 0.1 0.02 0.9 0.4 27 

0.08 0.5 0.18 15.9 5.2 17 
0.50 0.5 0.17 15.0 4.9 15 

0.52 0.2 0.45 34.9 2.0 6 
0.47 0.2 0.45 38.9 1.8 5 

*Botton refers to the lower 5 cm of ta i l ings i n the Soxhlet thimble; the top is the remainder. 



Table 6:2 : Total Elemental Analysis of Soxhelt Weathered Mine Tail ings 

(D i s t i l l ed Water Weathered) 

Sample * Ca Mg Na K Cd Co Cr Cu Mn Mo Ni Pb Ti Zn Fe Al Si 

% 

Bethlehem Fresh Top 
Bottom 

0.27 
0.32 

0.54 
0.54 

2.99 
3.05 

1.12 
1.08 

Brenda 0-8 cm Top 
Bottom 

0.47 
0.50 

0.67 
0.65 

2.29 
2.24 

2.17 
2.17 

Emerald 3 14.5-38.5 cm Top 
Bottom 

4.96 
5.41 

1.24 
1.27 

0.30 
0.29 

0.35 
0.35 

Endako Bulk Top 
Bottom 

0.07 
0.12 

0.29 
0.31 

2.03 
2.00 

3.21 
3.02 

Gibraltar Fresh Top 
Bottom 

0.36 
0.36 

0.81 
0.86 

1.95 
1.96 

0.82 
0.79 

H.B. Fresh Fines Top 
Bottom 

17.6 
18.1 

7.60 
7.70 

0.05 
0.04 

0.18 
0.15 

Kaiser Fresh Top 
Bottom 

<.01 
<.01 

0.11 
0.15 

0.04 
0.03 

0.35 
0.48 

Kaiser C-26 cm Top 
Bottom 

<.01 
<.01 

0.01 
0.01 

0.01 
0.01 

<.01 
<.01 

Lornex Bulk (Emerg. Pond) Top 
Bottom 

0.21 
0.22 

0.23 
0.23 

2.25 
2.30 

1.28 
1.30 

Lornex Fresh Top 
Bottom 

0.37 
0.39 

0.51 
0.57 

3.03 
3.07 

1.12 
1.15 

SimiIkameen 
30-60 cm 

Top 
Bottom 

1.71 
1.52 

1.97 
1.83 

3.28 
3.28 

1.06 
1.04 

Sul l ivan Fe Oxidized Bulk Top 
Bottom 

<.01 
<.01 

0.23 
0.21 

0.09 
0.21 

0.12 
0.22 

Sul l ivan Gypsum Bulk Top 
Bottom 

Sul l ivan Gypsum 36-50 an Top 
Bottom 

Sul l ivan Gypsum 69-76 an Top 
Bottom 

Sul l ivan Si Oxidized Bulk Top 
Bottom 

6.13 0.02 0.01 0.10 

17.6 0.30 0.03 0.10 
18.5 0.34 0.01 0.02 

3.24 0.33 0.03 0.08 

Sull ivan Si Fresh Top 
Bottom 

0.02 
0.03 

0.01 
<.01 

1.20 
1.17 

0.88 
0.83 

0.77 
0.78 

0.21 
0.19 

1.16 
1.17 

0.33 
0.30 

<.01 
<.01 

<.01 
<.01 

0.01 
0.02 

0.004 0.15 
<.001 0.16 

<.001 0.01 
0.086 0.01 

0.008 0.03 
0.016 0.04 

0.003 0.01 
0.004 <.01 

0.050 0.13 
0.071 0.12 

<.001 A 
0.005 | 

<.001 o 
<.001 v 

<.ooi I 
<.001 V 

0.001 0.06 
0.004 0.06 

<.001 0.17 
<.001 0.17 

0.018 0.08 
0.004 0.08 

<.001 0.02 
<.001 0.02 

0.01 <.01 
0.01 <.01 

0.05 <.01 
0.06 <.01 

1.03 0.01 
1.03 0.01 

0.04 <.01 
0.04 0.02 

0.05 
0.05 

0.04 
0.04 

<.01 
<.01 

<.01 
<.01 

0.04 0.01 
0.04 <.01 

0.02 0.01 
0.02 <.01 

0.08 0.01 
0.07 0.01 

o . n <.oi 
0.10 <.01 

<.01 
<.01 

<.01 
0.04 

<.01 
0.02 

<.01 
<.01 

<.01 
0.03 

• no sample 
0.020 0.01 <.01 <.01 

0.019 <.01 
0.021 <,01 

<.01 <.01 
<.01 <.01 

- no sample 
0.021 <.01 <.01 0.02 

0.003 0.01 
0.001 0.01 

0.004 0.03 
0.004 0.04 

0.52 <.01 
0.51 <.01 

0.13 <.01 
0.13 <.01 

A 0.4 <.01 1.7 6.8 25 
0.4 <.01 1 .5 6.9 24 

0.4 0.01 2.5 6.8 25 
0.4 0.03 3.2 6.7 25 

0.1 0.02 16.8 1.4 15 
0.1 0.02 16.6 1.3 14 

o 
> 0.3 0.01 1.9 5.4 27 

0.3 0.01 2.0 5.2 27 

0.5 0.02 3.5 6.8 23 
\ i 0.5 0.02 3.6 6.9 25 

0.14 0.1 0.28 3.0 0.5 3 
0.15 0.1 0.28 3.0 0.4 3 

<.01 0.6 <.01 1.2 5.2 11 
<.01 0.6 <.01 1.0 5.5 12 

1.00 0.2 <.01 1.0 1.8 4 
1.10 0.2 <.01 1.1 1.8 4 

A 0.2 0.01 1.1 5.6 28 
1 0.2 0.01 1.0 5.7 28 

0.2 <.01 1.3 5.7 25 
0.4 <.01 1.6 6.8 24 

0.6 0.02 4.2 6.5 19 
v 0.6 0.01 3.8 6.6 19 

0.32 0.2 0.17 37.9 0.8 3 
0.51 0.1 0.15 35.9 0.8 3 

<.01 0.1 0.15 1 .1 0.3 22 

<.01 0.1 0.01 0.2 0.2 5 
<.01 0.1 0.01 0.2 0.1 4 

<.01 0.2 0.01 1.1 0.4 28 

0.44 0.5 0.18 15.9 5.2 16 
0.51 0.6 0.18 15.9 5.1 16 

0.64 0.1 0.43 37.0 1.8 5 
0.51 0.1 0.42 36.0 1.7 4 

* Bottom refers to the lower 5 an. of ta i l ings in the Soxhlet thimble; the top is the remainder. 



Table6:3 : Total Elemental Analysis of Orig inal Mine Tail ings 

Sample Ca Mg Na K Cd Co Cr Cu 
0/ 

Mn Mo Ni Pb T i Zn Fe A l S i 

• . . . . ^ . . . . . . 

Bethlehem Fresh 0.26 0.55 3.03 1.16 0.001 
i \ 

0.001 0.17 0.01 0.02 0.02 <.01 0.1 <.01 1.8 7.9 16 

Brer.da 0-8 cm 0.40 0.71 2.36 2.29 0.001 0.001 0.04 0.05 0.01 0.01 <.01 0.6 0.01 4.1 7.6 15 

Eire m i d 3 
14.5-33.5 cm 

6.52 1.23 0.28 0.34 0.001 0.001 0.04 0.98 <.01 0.02 <.01 0.2 0.01 15.6 1.7 10 

G i b r a l t a r Fresh 0.30 0.83 2.05 0.81 <.001 0.001 0.11 0.04 0.01 0.01 <.01 0.5 <.01 3.5 7.1 17 

H.B. Fresh F ines 17.29 5.78 0.02 0.19 0.003 0.001 0.02 0.04 <.01 0.03 0.09 <.l 0.32 3.0 0.1 <1 

K a i s e r Fresh <.01 0.16 o.oa 0.45 <.001 <.001 0.02 <.01 <.01 0.01 <.01 0.6 <.01 1.2 5.6 4 

K a i s e r 0-26 cm <.01 0.02 0.03 0.06 <.001 
c 

<.001 0.01 <.01 <.01 <.01 <.01 0.2 <.01 1.3 2.1 1 

Lornex Fresh 0.07 0.18 2.13 1.75 <.001 V 0.001 0.27 0.02 0.01 0.02 0.03 0.3 0.01 1.7 6.8 19 

S i~ i I kameen 
20-60 cm 

1.66 2.01 3.28 1.15 0.002 0.002 0.10 0.08 <.01 0.01 0.03 1.0 0.01 4.8 8.9 14 

S u l l i v a n Gypsum 17.90 0.05 0.02 0.07 0.003 0.018 0.05 <.01 <.01 0.02 <.01 <.l 0.01 0.3 0.2 1 

S u l l i v a n Gypsum 
69-76 cm 

11.09 0.04 0.01 0.11 0.005 0.018 0.06 <.01 <.01 0.03 0.18 ' <.l 0.06 0.8 0.2 .12 

S u l l i v a n S i Fresh 0.08 1.07 0.27 0.38 0.001 7 0.001 0.05 0.17 <.01 0.02 0.59 0.2 0.48 45.4 2.3 2 
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sur face of the thimble and consequent ly , a comparison of top 

po r t i on s w i th the o r i g i a n l m a t e r i a l s i n d i c a t e the more extreme 

d i f f e r e n c e s . For example, i t can be seen tha t i n most cases, 

the percentage of Ca i s much lower i n the top p o r t i o n of the 

weathered sample whereas the percentage of K and o f ten Na are h i g he r . 

The removal o f these ca t ions i s l e s s r a p i d because o f t h e i r i n c o r p o r a t i o n 

i n t o the ac tua l minera l s t r u c t u r e s , and hence they lack r e a c t i v i t y . 

R e l a t i v e p ropor t ions of these elements i n the top p o r t i o n are 

changing w i th the time as Ca i s dep leted and K and Na are accumulated. 

Most heavy metals are not r e a d i l y mobi le i n environments w i t h pH 

>5.5, but some i n d i c a t i o n o f movement downward i n the p r o f i l e 

i s ev ident by h i gher values i n the bottom p o r t i o n s . With 0.3N a c e t i c 

a c i d , they tend to be s l i g h t l y s o l u b i l i z e d , due to the more a c i d i c 

environment which r e s u l t s i n h igher s o l u b i l i t y . Higher percentages 

of A l and Si i n the top p o r t i o n of the weathered m a t e r i a l a l s o r e f l e c t s 

t h e i r slow s o l u b i l i t y . 

B. pH and N u t r i e n t A v a i l a b i l i t y of Accumulation Products v s . O r i g i n a l s 

a) Tables 6:4, 6:5 and 6:6 g i ve r e s u l t s o f pH and 

a v i a l a b l e nu t r i e n t s of the o r i g i n a l unweathered and the Soxh le t 

weathered mine t a i l i n g s . Nu t r i en t a v a i l a b i l i t y by d e f i n i t i o n i s pH 

dependent. As pH decreases , a v a i l a b i l i t y of the dominant ca t i on s 

i n c r ea se s . The 0.3N a c e t i c a c i d s o l u t i o n as i t i s added to the 

l each ing system i s pH 2.7. I t q u i c k l y depletes the major ca t i on s 

of the s i l i c e o u s t a i l i n g s such as Lornex and Bethlehem. In the 

a c i d i c environment, the p o r t i o n of exchange s i t e s occupied by 



Table 6:4 : Available Nutrients of Soxhlet Weathered Mine Tai l ings 

(0.3N Acetic Acid Weathered) 

pH Available Available with 0.IN HC1  

Sample * H20 0.1M Ca Mg K Cu Zn Fe Mn Pb Cd Co 

CaCl 2 ppm ppm 

Bethlehem Fresh Top 
Bottom 

4.0 
4.1 

3.7 
3.9 

<.5 
3.0 

15.0 
9.0 

13.0 
15.0 

36.5 
55.5 

2.0 
2.5 

280 
460 

30.5 
68.5 

<1.0 
2.0 

<.l 
0.3 

<1.0 
2.0 

Brenda 0-8 cm Top 
Bottom 

4.3 
4.5 

3.9 
4.1 

<.5 
<.5 

20.5 
21.5 

89.0 
113.0 

10.2 
5.1 

5.6 
4.4 

1630 
980 

376 
199 

<1.0 
1.0 

<.l 
0.3 

2.0 
2.0 

Emerald 3 14.5-38.5 cm Top 
Bottom 

4.2 
6.8 

4.7 
6.5 

6865 
20700 

103.5 
183.5 

4.5 
5.5 

0.2 
<.l 

7.9 
<.l 

3180 
1.0 

12699 
10399 

3.0 
1.0 

1.1 
1.0 

8.0 
8.0 

Endako Bulk Top 
Bottom 

4.1 
4.1 

3.8 
4.0 

<.5 
<.5 

4.0 
4.5 

22.0 
23.5 

4.0 
3.7 

0.7 
1.1 

260 
490 

127 
156 

<1.0 
<1.0 

<.l 
<.l 

1.0 
2.0 

Gibraltar Fresh Top 
Bottom 

4.5 
4.4 

4.2 
4.1 

3.5 
<.5 

2.0 
1.5 

4.5 
1.0 

11.5 
12.3 

0.1 
0.1 

60.0 
80.0 

43.5 
38.5 

<1.0 
<1.0 

<.l 
0.3 

1 .0 
1.0 

H.B. Fresh Fines Top 
Bottom 

7.4 
7.7 

7.3 
7.1 

19250 
20600 

A 

933.5 
868.5 

37.5 
60.0 

0.2 
<.l 

252 
418 

10.0 
<1.0 

506 
383 

8.0 
6.0 

6.6 
5.7 

4.0 
38.0 

Kaiser Fresh Top 
Bottom 

3.6 
3.6 

3.7 
3.7 

4 
2.0 
3.0 

4.5 
4.5 

5.6 
10.1 

0.1 
0.8 

20.0 
30.0 

<.l 
<.l 

1.0 
2.0 

<.l 
<.l 

<1 .0 
<1.0 

Kaiser 0-26 an Top 
Bottom 

3.4 
3.3 

3.4 
3.3 U r> 

2.0 
1.0 

2.5 
<.5 

3.2 
2.8 

1.0 
7.4 

30.0 
70.0 

6.5 
1.5 

6.0 
2.0 

<.l 
<.l 

4.0 
<1.0 

Lornex Bulk 
( Emerg. Pond) 

Top 
Bottom 

4.1 
4.1 

4.0 
3.8 

V / 
1.5 
2.5 

12.5 
17.5 

24.4 
30.7 

3.3 
4.1 

200 
340 

146 
192 

<1.0 
<1.0 

<.l 
<.l 

<1.0 
<1.0 

Lornex Fresh Top 
Bottom 

4.1 
4.2 

4.0 
4.0 

2.0 
1.5 

9.5 
8.0 

32.0 
94.0 

4.1 
1.9 

60.0 
120 

128 
174 

<1.0 
<1.0 

0.3 
<.l 

<1.0 
<1.0 

Similkameen 30-60 cm Top 
Bottom 

4.0 
4.3 

4.2 
4.2 

1 

30.£ 
3.5 

20.5 
13.0 
23.0 

52.9 
83.5 

2.3 
3.5 

190 
380 

46.5 
84.5 

6.0 
5.0. 

0.3 
0.4 

4.0 
4.0 

Sul l ivan Fe Oxidized 
Bulk 

Top 
Bottom 

3.5 
3.5 

3.8 
3.7 

2.0 
47.5 

1.5 
3.0 

.5 
34.5 

2.9 
3.1 

1.2 
1.6 

260 
370 

4.5 
5.5 

71.0 
2149 

<.l 
<.l 

<1.0 
<1.0 

Sul l ivan Gypsum Bulk Top 
Bottom 

Sul l ivan Gypsum Bulk Top 
Bottom 4.0 4.2 17850 1.0 

no sample — 
20.0 3.1 1.9 60.0 4.5 2.0 0.4 2.0 

Sul l ivan Gypsum 36-50 
on 

Top 
Bottom 

Sul l ivan Gypsum 36-50 
on 

Top 
Bottom 3.6 3.8 8795 <.5 

— •— no sample • 
5.5 3.0 2.2 30.0 3.5 2.0 0.5 3.0 

Sull ivan Gypsum 69-76 
on 

Top 
Bottom 

1.2 
1.8 

1.9 
1.7 

240 
240 

7.5 
28.5 

9.0 
6.0 

0.5 
0.7 

3.0 
3.0 

Sull ivan Gypsum 69-76 
on 

Top 
Bottom 3.1 3.4 

no sample 
373.5 <.5 7.5 

1.2 
1.8 

1.9 
1.7 

240 
240 

7.5 
28.5 

9.0 
6.0 

0.5 
0.7 

3.0 
3.0 

Sul l ivan Si Oxidized 
Bulk 

Top 
Bottom 

3.3 
3.7 

3.9 
3.9 

<.5 
2580 

7.5 
11.0 

11.5 
19.5 

1.7 
3.0 

1.6 
2.3 

320 
330 

28.5 
60.5 

69.0 
263 

<.l 
0.3 

1.0 
2.0 

Sul l ivan Si Fresh Top 
Bottom 

2.7 
4.1 

3.1 
3.8 

10.5 
5.5 

10.5 
7.0 

2.5 
11.5 

5.4 
27.4 

2040 
1170 

43980 
32980 

119 
116 

84.0 
134 

6.8 
6.9 

15.0 
12.0 

* Bottom refers to the lower 5 an of ta i l ings to the Soxhlet thimble; the top i s the remainder. 



Table 6:5 : Available Nutrients of Soxhlet Weathered Mine Tail ings 

(D i s t i l l ed Water Weathered) 

_p_H Available Available with 0.1N HC1 

Sample * H20 0.1M 
CaCl 2 

Ca Mg K Cu Zn Fe Mn Pb Cd Co 0.1M 
CaCl 2 ppm ppm 

Bethlehem Fresh Top 
Bottom 

7.9 
8.0 

7.3 
7.3 

4315 
5450 

17.0 
25.5 

30.5 
36.5 

315 
273 

3.6 
3.7 

580 
570 

899 
929 

1.0 
1.0 

0.7 
0.7 

3.0 
4.0 

Brenda 0-8 cm Top 
Bottom 

8.3 
8.0 

7.7 
7.9 

5685 
5660 

45.0 
41.0 

206.0 
204.0 

39.0 
39.7 

9.3 
8.1 

1040 
980 

2349 
2539 

6.0 
4.0 

0.6 
0.7 

4.0 
4.0 

Emerald 3 14.5-38.5 cm Top 
Bottom 

7.0 
7.1 

6.9 
7.0 

22700 
22950 

200.0 
180.0 

7.0 
8.5 

<.l 
0.1 

1.9 
0.9 

<1 .0 
<1.0 

7499 
6999 

2.0 
1.0 

0.6 
0.7 

6.0 
6.0 

Endako Bulk Top 
Bottom 

7.3 
8.0 

6.7 
7.1 

1755 
3195 

120.0 
65.0 

26.0 
34.5 

16.6 
17.4 

4.7 
5.0 

1730 
1710 

4369 
4979 

3.0 
3.0 

0.3 
0.4 

3.0 
4.0 

Gibraltar Fresh Top 
Bottom 

8.4 
8.4 

7.5 
7.4 

4050 
2295 

30.0 
24.5 

4.5 
5.5 

299 
312 

3.9 
3.5 

520 
430 

1899 
1649 

3.0 
2.0 

0.5 
0.3 

4.0 
3.0 

H.B. Fresh Fines Top 
Bottom 

7.7 
7.7 

7.3 
7.3 

23500 
23850 

768.5 
788.5 

89.5 
89.5 

0.1 
<.l 

730 
610 

10.0 
<1.0 

365 
351 

3.0 
2.0 

5.6 
5.2 

4.0 
4.0 

Kaiser Fresh Top 
Bottom 

7.3 
7.3 

6.5 
6.8 

460.0 
910.0 

130.0 
130.0 

8.0 
9.5 

19.4 
34.0 

8.6 
11.1 

860 
1160 

241 
194 

2.0 
3.0 

0.3 
0.3 

3..0 
3.0 

Kaiser 0-26 cm Top 
Bottom 

4.9 
5.5 

4.5 
5.0 

369.0 
333.0 

16.0 
22.0 

2.0 
4.0 

17.5 
15.3 

6.4 
5.9 

380 
370 

90.5 
101 

2.0 
4.0 

<.l 
<.l 

<1.0 
<1.0 

Lornex Bulk Top 
Bottom 

8.2 
8.3 

6.5 
6.6 

8150 
9250 

60.0 
70.0 

19.0 
28.0 

150 
70.5 

7.5 
5.1 

460 
380 

4059 
4049 

<1.0 
<1.0 

1.0 
1.0 

5.0 
5.0 

Lornex Fresh 
(Emerg. Pond) 

Top 
Bottom 

6.9 
7.3 

5.2 
6.1 

265.0 
595.0 

24.5 
25.5 

12.5 
19.0 

1560 
1630 

10.8 
14.8 

730 
1020 

2119 
2649 

<1.0 
<1.0 

0.4 
0.4 

2.0 
3.0 

Similkameen 30-60 cm Top 
Bottom 

7.4 
8.2 

7.2 
7.7 

13900 
15450 

150.0 
85.0 

54.5 
98.0 

1.0 
0.5 

2.2 
1.4 

20.0 
10.0 

1509 
1459 

1.0 
2.0 

0.8 
0.8 

5.0 
5.0 

Sul l ivan Fe Oxidized 
Bulk 

Top 
Bottom 

4.4 
3.9 

4.4 
3.9 

2.1 
11.0 

22.5 
21.5 

5.0 
2.0 

14.3 
5.3 

6.7 
4.1 

230 
230 

325 1779 
24.5 3449 

<.l 
<.l 

<1.0 
<1.0 

Sul l ivan Gypsum Bulk Top 
Bottom 

Sull ivan Gypsum Bulk Top 
Bottom 5.2 4.8 8750 15.5 5.5 9.5 2.5 1070 39.5 8.0 0.8 4.0 

Sull ivan Gypsum 
36-50 cm 

Top 
Bottom 

5.0 
4.5 

5.3 
4.5 

16770 
8355 

1.0 
1.0 

21.0 
4.5 

3.5 
2.6 

1.5 
0.9 

770 
570 

10.5 
10.5 

12.0 
8.0 

0.8 
0.7 

3.0 
3.0 

Sull ivan Gypsum 
69-76 cm 

Top 
Bottom 

Sull ivan Gypsum 
69-76 cm 

Top 
Bottom 3.7 3.9 720.0 <.5 3.5 3.3 2.3 1090 20.5 2.0 0.8 3.0 

Sul l ivan Si Oxidized 
Bulk 

Top 
Bottom 

4.6 
4.2 

4.2 
4.0 

4.7 
13.9 

110.0 
105.0 

16.5 
23.0 

18.7 
7.1 

18 2 
11.6 

270 
310 

174 
162 

2749 
2269 

<.l 
<.l 

<1.0 
<1.0 

Sul l ivan Si Top 
Bottom 

3.8 
3.4 

3.9 
3.5 

37.0 
24.0 

35.0 
26.5 

12.0 
7.5 

45.3 
21.1 

1160 
1360 

30480 
31980 

472 
159 

166 
148 

7.7 
6.6 

10.0 
10.0 

* Bottom refers to the lower 5 cm of ta i l ings in the Soxhlet thimble; the top is the remainder 



Tab le 6:6: A v a i l a b l e N u t r i e n t s o f O r i g i n a l Mine T a i l i n g s 

Sample « A v a i l a b l e A v a i l a b l e A v a i l a b l e w i t h 0.1 N HC1 

H 2 0 0.1N P Ca Mg K Cu Zn Fe Mn Pb Cd Cc 
CaCl2 Ppffl Ppm ppm 

Bethlehem Fresh 8.6 8.2 2.0 7625 56.3 65.0 32.8 1 .0 229 40 .5 <1.0 < .1 1.0 

Brenda 0-8 cm 8.4 7.7 <.l 7850 72.0 231 7.1 2.1 780 126 2.0 < .1 1.0 

Emera ld 3 14.5-38.5 cm 7.6 7.2 0.3 31875 166 27.5 <.l <.l <1 .0 321 1.5 < .1 1 .5 

G i b r a l t a r Fresh 8.5 7.5 1.3 4850 50.0 22.0 98.3 1.2 555 113 <1.0 < .1 1 .0 

H.B. Fresh F i ne s 7.9 7.6 0.3 31125 885 86.3 <.l 57.5 <1 . .0 15, .5 2.0 2 .7 1.0 

K a i s e r Fresh 4.3 4.0 0.8 1730 144 60.0 8.3 4.2 860 9, .8 4.0 0, .1 1.0 

K a i s e r 0-26 cm 6.0 5.7 7.0 645 23.0 21.0 8.1 3.8 360 4. .9 1.0 <, .1 <1.0 

Lornex Fresh 8.5 7.3 1.8 890 23.0 45.0 6.32 6.6 1230 153 <1.0 .1 1.0 

S imi lkameen 30-60 cm 7.7 7.5 0.6 18750 328 272 14.0 2.0 <1. .0 74. .5 1.5 <, .1 2.0 

S u l l i v a n Gypsum 
36-50 cm 3.9 4.0 70.8 11375 2.5 28.8 1.1 0.4 149 1, .2 2.5 0. .2 <1.0 

S u l l i v a n Gypsum 
69-76 cm 3.2 3.4 97.8 11125 5.0 91.3 1 .3 1.3 204 0. .7 2.0 0. .1 <1.0 

S u l l i v a n S i F resh 4 .3 4.0 <.l 3350 263 65.0 104 354 15000 238 43.5 2. .3 3.5 
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Data i n Tables 6:4 and 5 show that i n almost a l l cases there i s more heavy 

metal a v a i l a b i l i t y i n the d i s t i l l e d water weathered t a i l i n g s , than 

i n unweathered t a i l i n g s . The l e a s t a v i a l a b i l i t y occurs i n the 0.3N 

a c e t i c a c i d weathered t a i l i n g s . The h igher a v i a l a b i l i t y i n the 

unweathered t a i l i n g s i n comparison to the a c e t i c a c i d weathered t a i l i n g s 

shows tha t most of the a v a i l a b l e metals were removed by the a c i d 

l e a c h i n g . With d i s t i l l e d water , not on ly i s there no d e p l e t i o n of 

a v a i l a b l e metals but there i s a c t u a l l y much h igher a v a i l a b i l i t y than 

i n the unweathered m a t e r i a l s . This may imply tha t although the water 

weather ing i n a d i s t i l l e d water system creates more a v a i l a b l e metals 

as the product i s weathered, these metals are not removed from the 

system. I t i s l i k e l y that a v a i l a b i l i t y of these metals i s i n c rea sed 

q u i t e markedly by the 0.3N a c e t i c a c i d , but s i nce they are q u i c k l y 

leached out o f the sample, t h i s i s not i n d i c a t e d i n the a v a i l a b i l i t y 

d a t a . 

C. Fe, A l , Si and Mn Ext racted from Accumulat ion Products v s . O r i g i n a l s 

Fe, A l , Si and Mn i s u se fu l i n supp ly ing i n f o rma t i on 

concerning the degree o f weather ing of s o i l s . By measuring the 

q u a n t i t i e s of these elements e x t r a c t a b l e by a v a r i e t y of e x t r a c t i n g 

s o l u t i o n s , the accumulat ion of secondary products of weather ing can 

be measured and d i s t i n gu i s hed from those i n h e r i t e d w i th the parent 

m a t e r i a l . This i n fo rmat ion i s of u l t i m a t e importance i n the 

c l a s s i f i c a t i o n of s o i l s . 

The s o l u t i o n s used to e x t r a c t secondary products are 

recognized as being i n d i c a t o r s of s p e c i f i c forms of Fe, A l , Si and 
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a v a i l a b l e cat ions such as C a + + and M g + + are rep laced by H + . The 

d i s p l a ced cat ions are then s ub j e c t to l e ach i ng by the pe r co l a t i n g 

s o l u t i o n . The b u f f e r i n g a b i l i t y of the a c i d keeps the pH r e l a t i v e l y 

low. As the s o l u t i o n s i s r e c y c l e d , the H + s u b s t i t u t i o n f o r C a + + 

and M g + + c on t i nue s . 

S u l l i v a n t a i l i n g s are a c i d i c by nature and as a consequence, 

n u t r i e n t a v a i l a b i l i t y i s not s t r ong l y a f f e c t e d by the a c e t i c a c i d . 

D i s t i l l e d water weather ing has much les s i n f l u e n c e on 

removal o f these c a t i o n s . The neut ra l pH and lack of b u f f e r i n g 

a b i l i t y o f water minimizes the extent o f c a t i o n d i sp lacement. The 

s i l i c a - r i c h as w e l l as the coa l t a i l i n g s , however, are s t i l l found 

to be e f f i c i e n t l y depleted of these c a t i o n s . S u l l i v a n t a i l i n g s 

e f f e c t i v e l y lower the pH of the l each ing s o l u t i o n by t h e i r own nature 

and the ex ten t of a v a i l a b l e n u t r i e n t removal i s not g r e a t l y d i f f e r e n t 

from the a c e t i c a c i d system. 

Most t a i l i n g s m a t e r i a l s found to be e a s i l y dep leted of t h e i r 

a v a i l a b l e n u t r i e n t s i n e i t h e r the 0.3N a c e t i c ac id or the d i s t i l l e d 

water weather ing system can be a n t i c i p a t e d to have poor n u t r i e n t -

supp ly ing c a p a c i t i e s and the re fo re be r e l a t i v e l y i n f e r t i l e . S u l l i v a n 

t a i l i n g s d i f f e r somewhat i n t h a t a v a i l a b i l i t y i s low, but con s tan t . 

The long-term n u t r i e n t - s u p p l y i n g capac i t y w i l l be b e t t e r , f o r d e p l e t i o n 

i s le s s r a p i d . 

b) With 0.1N HC1 

N u t r i e n t a v a i l a b i l i t y w i th 0.1N HC1 i s s i g n i f i c a n t i n 

determin ing removal o f p o t e n t i a l l y t o x i c heavy meta l s . Release of 

these metals i n d i c a t e s amounts tha t would be s l ow l y a v a i l a b l e . 
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Mn present i n s o i l s . The r e l a t i o n s h i p of the three e x t r a c t a n t s i s 

presented i n F igure 6:2. Sodium Pyrophosphate (pH 10) i s used as 

an e x t r a c t a n t of Fe and Al ( S i , Mn) tha t i s o r g a n i c a l l y bound or t ha t 

i s i n a very f i n e amorphous s t a t e . A c i d Ammonium Oxalate e x t r a c t s 

the above mentioned f i n e l y amorphous m a t e r i a l s as w e l l as 

those present i n more s t a b l e amorphous compounds are hydrous o x i de s . 

Ci t r a t e - B i c a r b o n a t e - D i t h i o n i t e (CBD) e x t r a c t i o n s measure both 

the preceding forms and more permanent, c r y s t a l l i n e oxides of Fe 

and A l ( S i , Mn). The methods o f these e x t r a c t i o n procedures are 

desc r ibed i n the Pedo l og i ca l Methods Manual ( L a v k u l i c h , 1977). 

The value of app ly ing these e x t r a c t i o n procedures to mine 

wastes i s i n s tudy ing the chemical and p h y s i c a l breakdown and a l t e r a t i o n 

o ccu r r i n g dur ing weather ing . As s o i l - f o r m i n g processes p rog re s s , 

geo log i c ma te r i a l s such as t a i l i n g s , are degraded and secondary products 

are c rea ted by d i s s o l u t i o n and concomitent p r e c i p i t a t i o n . These 

products tend to form coat ings or d i s c r e t e p a r t i c l e s on i n d i v i d u a l g ra ins 

known as f r ee ox i de s . I f these oxides remain i n the system long 

enough, they tend to become s t a b l e o r u n r e a c t i v e . As a r e s u l t , 

the more r e a c t i v e gra ins are i n e f f e c t , p ro tec ted by the i n e r t 

coat ings and p a r t i c l e s . Q u a l i t a t i v e and q u a n t i t a t i v e ana l y s i s of 

the f r ee oxides a l lows recent products of weather ing to be d i f f e r e n t i a t e d 

from i n h e r i t e d p roduct s . 

Tables 6:7 and 6:8 i n d i c a t e ana l y s i s of e x t r a c t a b l e Fe, A l , 

S i and Mn from the top and bottom por t i on s o f the 0.3N a c t i c a c i d and 

d i s t i l l e d water weathered t a i l i n g s . Table 6:9 i n d i c a t e s t h i s 

ana l y s i s f o r the o r i g i n a l unweathered t a i l i n g s . 
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FIGURE 6:2:RANGES OF COMPOUNDS REMOVABLE BY DIFFERENT 
EXTRACTANTS* 

INORGANIC IRON COMPOUNDS 
ORGANIC 

COMPLEXES 

SILCATES 
WELL 

CRYSTALIZED 
OXIDES 

AMORPHOUS 
'AGED' 

HYDROUS OXIDES 

AMORPHOUS 
'GEL' 

HYDROUS OXIDES 

ACID 
SOLUBLE 
'FULVATE* 

ACID 
INSOLUBLE 
'HUMATE' 

h 

h 

h 

(pH3-8) DITHIONITE 

(pH3) ACID OXALATE (1,2,3)1 

(pH7) PYROPHOSPHATE (4,5) 

j (pHIO) PYROPHOSPHATE (6) 

H 

X;:; •: y • ; 7 y ;.;': Fe res ; : -iVy I:: Feppt Fesol 

Fe ext 

EXTRACTION GOOD 
(1) SCHWERTMANN, 1959 
(2) KELLERMAN 8 TYSURUPA, 1965 
(3) MCKEAGUE 8 DAY, 1965 

EXTRACTION POOR 
(4) KONONOVA a TITOVA, 1959 
(5) KOSAKAaiZEKI, 1957 
(6) DUCHAUF0UR 8 J AC QU IN, 1966 

^BASCOMB, 1968 



Table 6:7 : Extractable Fe, A l , S i , Mn of Soxhlet Weathered Mine Tail ings 

( 0.3N Acetic Acid Weathered ) 

Sodium Pyrophosphate Acid Ammonium Oxalate Ci trate-Bicarbonate-Pi thi oni te 

Sample * Fe Al 
ppm 

Si Mn Fe Al 

ppm . 

Si Mn Fe Al 

PPm . 

Si Mn 

Bethlehem Fresh Top 
Bottom 

40 
70 

540 
570 

800 
500 

<1 
<1 

656 
948 

408 
700 

120 
520 

3.2 
1.6 

650 
1150 

775 
850 

<250 
<250 

<3 
<3 

Brenda 0-8 cm Top 
Bottom 

80 
160 

490 
420 

500 
300 

1 
<1 

716 
1800 

600 
.544 

120 
200 

4.0 
3.6 

1150 
1850 

375 
350 

<250 
<250 

3 
3 

Emerald 3 14.5-38.5 
cm 

fop 
Bottom 

6800 
750 

90 
<10 

200 
300 

218 
436 

12000 
14400 

376 
192 

360 
640 

508 
900 

77500 
4850 

825 
175 

1000 
1250 

1110 
1223 

Endako Bulk Top 
Bottom 

180 
190 

990 
850 

900 
400 

<1 
5 

640 
1120 

592 
732 

80 
200 

3.6 
6.4 

2250 
2425 

2900 
2225 

250 
<250 

<3 
<3 

Gibraltar Fresh Top 
Bottom 

30 
30 

150 
160 

300 
300 

<1 
<1 

216 
324 

160 
188 

40 
80 

<.4 
0.4 

575 
650 

150 
125 

<250 
250 

5 
<3 

H.B. Fresh Fines Top 
Bottom 

450 
310 

20 
10 

100 
200 

25 
20 

2200 
2480 

88 
76 

120 
160 

3.2 
23.2 

3275 
2200 

75 
50 

250 
250 

45 
30 

Kaiser Fresh Top 
Bottom 

100 
200 

230 
220 

<100 
<100 

<1 
<1 

800 
320 

272 
268 

40 
40 

<.4 
<.4 

525 
525 

950 
650 

<250 
<250 

<3 
<3 

Kaiser 0-26 cm Top 
Bottom 

400 
200 

260 
270 

<100 
<100 

3 
1 

1960 
1120 

108 
108 

<10 
<10 

1.2 
0.8 

1575 
1700 

50 
75 

<250 
<250 

5 
5 

Lornex Bulk 
(Emerg. Pond) 

Top 
Bottom 

130 
70 

1120 
690 

800 
200 

<1 
1 

428 
908 

800 
828 

160 
200 

3.6 
6.4 

1050 
1775 

400 
350 

<250 
250 

<3 
<3 

Lornex Fresh Top 
Bottom 

50 
40 

540 
490 

500 
300 

<1 
<1 

272 
372 

352 
336 

40 
40 

2.0 
1.6 

2125 
1875 

275 
300 

<250 
<250 

13 
8 

Similkameen 30-60 cm Top 
Bottom 

300 
290 

2690 
1770 

800 
500 

<1 
<1 

3600 
1280 

3800 
1320 

1280 
1040 

10.0 
13.6 

4700 
2875 

2925 
1850 

1000 
500 

10 
10 

Sull ivan Fe Oxidized 
Bulk 

Sul l ivan Gypsum 
Bulk 

Top 

Bottom 

Top 
Bottom 

200 
190 

20 
20 

<100 
<100 

3 
2 

6400 
8800 

156 
152 

<10 
<10 

2.0 
2.4 

142500 
122500 

750 
675 

<250 
1000 

130 
125 

Sull ivan Fe Oxidized 
Bulk 

Sul l ivan Gypsum 
Bulk 

Top 

Bottom 

Top 
Bottom 

170 20 100 <1 44 20 40 <.4 450 325 <250 <3 

Sull ivan Gypsum 
36-50 cm 

Top 
Bottom 

no sample 
Sull ivan Gypsum 

36-50 cm 
Top 
Bottom <10 10 800 <1 32 48 80 <.4 300 400 750 <3 

Sul l ivan Gypsum 
69-76 cm 

Top 
Bottom 

210 
230 

<10 
<10 

1100 
600 

1 
<1 

224 
268 

16 
20 

80 
80 

3.2 
3.2 

1050 
1075 

50 
75 

250 
250 

<3 
<3 

Sul l ivan Si Oxidized 
Bulk 

Top 
Bottom 

230 
290 

290 
260 

<100 
1600 

<1 
3 

3080 
4000 

528 
600 

80 
80 

4.4 
4.8 

107500 
95000 

25 
25 

750 
2500 

588 
563 

Sull ivan Si Fresh Top 
Bottom 

32000 
19000 

n o 
30 

<100 
<100 

2 
1 

40000 
33600 

392 
252 

120 
120 

9.2 
7.2 

50500 
64250 

25 
25 

<250 
<250 

13 
40 

* Bottom refers to the lower 5 cm of ta i l ings material 1n the Soxhlet thimble; the top is the remainder. 



Table 6:8 : Extractable Fe, A l , S i , Mn of Soxhlet Weathered Mine Tailings 

(D i s t i l l ed Water Weathered) 

Sodium Pyrophosphate Acid Ammonium Oxalate Citrate-Bicarbonate-Dnhionite 

Sample * Fe Al 
ppm 

Si Mn Fe Al 
ppm 

Si Mn Fe Al 
ppm 

Si Mr, 

Bethlehem Fresh Top 
Eottorr. 

70 
50 

120 
SO 

200 
200 

<1 
<1 

1040 
960 

444 
428 

640 
640 

21.6 
12.4 

1025 
875 

75 
75 

<250 
250 

28 

Brenda 0-8 cm Top 
Bottom 

90 
120 

70 
60 

200 
100 

41 
52 

2080 
2560 

372 
396 

400 
480 

55.2 
48.8 

1500 
1400 

125 
125 

<250 
<250 

90 
88 

Emerald 3 14.5-38.5 cm Top 
Bottom 

1100 
500 

<10 
<10 

<100 
<100 

259 
236 

15200 
18800 

240 
196 

640 
760 

820 
740 

47500 
47500 

250 
175 

500 ' 
500 

1575 
1150 

Endako Bulk Top 
Bottom 

70 
70 

140 
90 

200 
200 

53 
53 

4040 
3600 

812 
772 

760 
880 

204 
148 

2475 
1550 

100 
75 

<250 
<250 

123 
80 

Gibraltar Fresh Top 
Bottom 

20 
10 

40 
50 

100 
100 

21 
16 

760 
760 

160 
168 

200 
160 

27.6 
60.0 

875 
800 

75 
125 

<250 
< 250 

38 
65 

H. B. Fresh Fines Top 
Bottom 

310 
360 

20 
30 

100 
<100 

19 
20 

2440 
1840 

120 
60 

280 
120 

58.4 
30.8 

1400 
2175 

<25 
75 

<250 
<250 

13 
33 

Kaiser Fresh Top 
Bottom 

60 
30 

150 
90 

100 
100 

4 
<1 

3280 
3080 

160 
80 

160 
120 

19.6 
19.2 

2320 
1075 

50 
25 

<250 
< 250 

15 
13 

Kaiser 0-26 cm Top 
Bottom 

60 
70 

40 
30 

100 
<100 

4 
3 

2800 
2960 

80 
120 

160 
120 

7.6 
7.2 

2625 
2500 

<25 
75 

<250 
<250 

<3 
8 

Lornex Bulk 
(Emerg. Pond) 

Top 
Bottom 

40 
60 

90 
80 

200 
100 

71 
78 

2680 
2640 

704 
680 

720 
720 

120 
104 

1300 
1350 

200 
200 

250 
250 

113 
98 

Lornex Fresh Top 40 280 500 22 1520 20C 240 118 1750 100 <250 125 
Bottom 20 180 400 19 2240 212 280 137 2375 100 <250 145 

Similkameen 30-60 cm Top 
Bottom 

n o 
120 

150 
160 

300 
300 

34 
36 

5960 
6000 

1600 
1560 

1720 
1720 

61.6 
60.8 

2425 
2350 

225 
225 

<250 
<250 

33 
30 

Sull ivan Fe Oxidized 
Bulk 

Top 
Bottom 

60 
50 

20 
10 

<100 
<100 

<1 
<1 

4040 
3600 

96 
100 

120 
80 

2.4 
1.6 

127500 
120000 

775 
600 

500 
500 

88 
85 

Sul l ivan Gypsum Bulk Top 
Bottom 

Sul l ivan Gypsum Bulk Top 
Bottom 690 60 100 <1 1200 b aiup I e 

sc 
240 2.8 1175 ' 75 <250 <3 

Sull ivan Gypsum 36-50 
cm 

Top 
Bottom 

180 
120 

130 
210 

300 
200 

<1 
<1 

440 
340 

216 
300 

240 
280 

0.8 
0.8 

575 
400 

<25 
200 

<250 
<250 

<3 
<3 

Sull ivan Gypsum 69-76 
cm 

Top 
Bottom 

Sull ivan Gypsum 69-76 
cm 

Top 
Bottom 820 130 300 <1 1040 112 160 4.4 2400 75 <250 <3 

Sul l ivan Si Oxidized 
Bulk 

Top 
Bottom 

60 
120 

1C0 
150 

200 
1500 

<1 
<1 

2200 
3240 

288 
364 

280 
280 

12.8 
9.6 

72500 
90000 

2025 
1900 

750 
1750 

305 
363 

Sull ivan Si Fresh Top 
Bottom 

4100 
4200 

20 
20 

<100 
<100 

5 
36 

41200 
37600 

264 
304 

360 
240 

34.8 
16.0 

52500 
52500 

525 
625 

250 
250 

78 
58 

* Bottom refers to the lower 5 cm of ta i l ings material in the Soxhlet thimble; the top is the remainder. 



Table 6:9 : E x t r a c t a b l e F e , A l , S i , Mn o f O r i g i n a l Mine T a i l i n g s 

Sodium Pyrophosphate A c i d Ammonium Oxa late C i t r a t e - B i c a r b o n a t e - P i t h i o n i t e 

Sample Fe A l S i Mn Fe A l Si Mn Fe A l S i Mn 

ppm ppm ppm 

Bethlehem Fresh 50 100 200 16 1120 456 760 12.0 800 125 250 30 

Brenda 0 -8 cm 160 150 200 48 2560 352 280 36.8 1150 25 <250 23 

Emerald 3 14.5-38.5 320 
cm 

<10 <100 254 28800 136 440 704 40000 25 250 600 

Endako Su l k 180 230 300 71 2800 636 560 116 2075 150 250 113 

G i b r a l t a r Fresh 90 90 <100 29 520 160 80 14.4 575 25 <250 23 

H.B. Fresh F ines 460 <10 200 26 680 168 160 60.0 1225 25 <250 18 

K a i s e r Fresh 50 40 <100 <1 2400 92 40 13.6 875 50 <250 8 

K a i s e r 0-26 cm 30 10 <100 <1 3040 64 <40 10.8 1525 25 <250 3 

L c m e x Bu lk 
(Errerg. Pond) 

170 160 500 92 2480 600 680 96.0 1550 250 750 170 

Lornex Fresh 50 70 100 26 2120 196 320 116 1925 100 500 68 

S i milkameen 30-60 cm 410 150 500 47 4480 1276 1200 65.6 2500 .200 <250 50 

S u l l i v a n Fe 
O x i d i z e d Bulk 

280 n o 200 4 104000 372 400 32.8 175000 400 1500 148 

S u l l i v a n Gvpsum 
Bulk 

160 210 300 <1 260 248 480 5.6 350 250 250 15 

S u l l i v a n Gypsum 
36-50 cm 

60 260 100 <1 200 348 280 <.4 375 325 500 <3 

S u l l i v a n Gypsum 
69-76 cm 

460 310 <100 <1 396 244 160 <.4 1000 300 250 <3 

S u l l i v a n S i 
O x i d i z e d Bu lk 

950 100 3300 16 23600 620 360 54.0 102500 925 2500 530 

S u l l i v a n S i Fresh 7000 10 <100 126 42800 460 560 244 48750 325 500 200 
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Figures 6:3, 6:4, 6:5, 6:6 graphically represent some 

of the relationships found in these tables. It must be noted at 

this point, that only the top portions of the weathered materials 

are graphed in the above figures. This is due to the fact that more 

intensive leaching and higher temperatures are attained in the 

upper portion during weathering. The changes that are taking place 

in this portion can be more easily exemplified. One indication of 

this is the change in color observable after weathering. The top 

and very outer boundaries of the material in the thimble are often 

noticeably reddened. Also, i t appears that some of the very 

fine material is slowly being translocated downward in the thimble 

(Figure IV:16). 

Sullivan Si Bulk and Lornex Bulk are examples of two 

general types of tailings materials represented in the Figures 6:3, 

6:4, 6:5 and 6:6:sulfide-rich and s i l ica-r ich. Sullivan Si and Fe 

tailings are composed of up to 80% sulfide minerals and are therefore 

extremely acid by nature. As they weather, they inherently form fine-

grain materials. Emerald tailings are less fine grained, but are 

similar to these tailings in some ways. Lornex, on the other hand, 

is similar to Bethlehem, Similkameen and Brenda and is inherently 

more coarse-grained and inert material. Coal also tends to behave 

similarly to Lornex in many respects. 

The sulfide tailings shown in the previously mentioned 

figues generally follow the predicted extraction pattern of CBD > 

Acid Ammonium Oxalate > Sodium Pyrophosphate. An important 

consideration to note is that with these tailings, all concentrations 
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FIGURE 6:3: EXTRACTABLE IRON FROM ORIGINAL AND SOXHLET 
WEATHERED MINE TAILINGS 
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FIGURE 6 : 4 : EXTRACTABLE ALUMINUM FROM 
SOXHLET WEATHERED MINE TAILINGS 
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FIGURE6:5:EXTRACTABLE SILICON FROM ORIGINAL AND 
SOXHLET WEATHERED MINE TAILINGS 
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FIGURE 6:6' EXTRACTABLE MANGANESE FROM ORIGINAL AND 
SOXHLET WEATHERED MINE TAILINGS 
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of the Sodium Pyrophosphate e x t r a c t a b l e Fe, and Al (S i ,Mn) 

measured must be a t t r i b u t e d to f i n e l y amorphous m a t e r i a l s f o r there 

i s no organ ic component. The s c a l e of Fe e x t r a c t i o n i s much g r ea te r 

than f o r the other elements due to the extremely high q u a n t i t i e s o f 

Fe oxides p re sen t , p a r t i c u l a r l y as w e l l - c r y s t a l l i z e d c oa t i n g s . S u l l i v a n 

S i f r e sh i s h igher i n amounts of n o n - c r y s t a l l i n e coat ings as i n d i c a t e d 

by the high concentrat ions o f both Sodium Prophosphate and A c i d 

Ammonium Oxalate e x t r a c t a b l e Fe. I t has been crushed and weather ing 

w i th consequent coat ing fo rmat ion has not had a chance to occu r . 

In t ime, i t can be expected to behave i n a s i m i l a r manner as S u l l i v a n 

S i Ox id i zed Bu l k . 

A l , S i and Mn conform to the p a t t e r of Fe e x t r a c t i o n i n 

most cases. The r e l a t i v e q u a n t i t i e s e x t r a c t a b l e from the o r i g i n a l and 

each case of the weathered m a t e r i a l i s s i m i l a r , except that l e s s 

Al i s e x t r a c t e d w i th 0.3N a c e t i c a c i d and h igher S i i s e x t r a c t e d f o r 

the o r i g i n a l m a t e r i a l . 

The coa r se -g ra ined s i l i c e o u s t a i l i n g s do not f o l l o w the 

t y p i c a l CBD > Ac i d Ammonium Oxalte > Sodium Phrophosphate e x t r a c t i o n 

p a t t e r n , but i n s t ead Ac id Ammonium Oxalate e x t r a c t i o n seemed to be 

more s i g n i f i c a n t . A l l concent ra t ions of Fe, Si and Mn, but not A l , 

e x t r a c t e d are much lower than f o r the s u l f i d e t a i l i n g s . Fe and A l 

e x t r a c t i o n f o r the 0.3N a c e t i c a c i d weathered ma te r i a l s i s r e l a t i v e l y 

low as i s S i e x t r a c t i o n f o r the unweathered m a t e r i a l s . 

I t i s expected tha t the weathered t a i l i n g s m a t e r i a l s should be 

c o n s i s t e n t l y h igher i n secondary products as the ma te r i a l s break down. 
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This was found, but at the same t ime, the q u a n t i t i e s of these 

products are dep le ted as the l each ing l i q u i d removes s o l ub l e c o n s t i t u e n t s 

from the system. The o r i g i n a l t a i l i n g s t h e r e f o r e , may seem to be 

h igher in e x t r a c t a b l e Fe, A l , S i and Mn. 

As these ma te r i a l s weather and elements are r e l e a s e d , i t 

i s not s t r i c t l y t o t a l removal that occu r s . These elements may j u s t 

be t r an s l o ca ted or reassembled to form new compounds, r e s u l t i n g i n 

q u a l i t a t i v e change. The weather ing process may s o l u b i l i z e compounds 

changing the w e l l - c r y s t a l l i z e d oxides to les s s t a b l e Ac id Ammonium 

Oxalate or Sodium Pyrophosphate e x t r a c t a b l e forms. I f l i t t l e 

removal from the system occu r s , the weathered ma te r i a l s may be 

s i m i l a r to the o r i g i n a l t a i l i n g s i n quan t i t y o f Fe, A l , S i and Mn but 

the d i s t r i b u t i o n of compounds may be a l t e r e d . I f t h i s i s the ca se , 

a longer pe r i od of weather ing would s o l u b i l i z e the coat ings and 

remove them from the system. What i s d i s s o l v ed and removed by continuous 

hot l e a c h i n g , pe rpet ra te s the i n e q u i l i b r i u m of the s o l u t i o n - s o l i d 

phases and promotes d i s s o l u t i o n of the m a t e r i a l s . 

One other f a c t o r to be cons idered i s that normal ly these 

e x t r a c t i o n procedures i n vo l ve g r i nd i n g the sample to <.15 mm 

(100 mesh s i e v e ) . In ana l y s i s of the t a i l i n g s f o r e x t r a c t a b l e Fe, A l 

S i and Mn, the m a t e r i a l was not ground, but was j u s t l e f t as the <2 mm 

(10 mesh s i eve ) p a r t i c l e s i z e f r a c t i o n . This i s because i n t h i s 

study i n t e r e s t i s not i n removal of a l l of the c o a t i n g s , but to get 

some ideas as to what form coat ings are in situ and how t h e i r r e l a t i v e 

amounts change i n r e l a t i o n to weather ing . For example, do the 

coat ings on p a r t i c l e s change from the more permanent hydrous ox ides 
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to a more s o l ub l e amorphous s t a t e a f t e r a pe r i od of weathering? 

D. Ana l y s i s of Leachate 

Tables 6:10 and 6:11 present ana l y s i s o f leachate f o r 

weeks 1 and 3 f o r both the 0.3N a c e t i c a c i d and d i s t i l l e d water 

weathered t a i l i n g s . The pH of the i n i t i a l l each ing s o l u t i o n of 

d i s t i l l e d water i s 5.6 wh i l e i t i s 2.7 f o r the 0.3N a c e t i c a c i d . 

Thechange i n p H measured weekly i s an i n d i c a t i o n of changes occur ing 

as s o l ub l e con s t i t uen t s are removed from the accumulat ion product . 

The leachate environment compounds forming change as s o l ub l e 

c o n s i t i t u e n t s f l u c t u a t e between the s o l i d and l i q u i d phases 

( i e . s o l u t i o n and p r e c i p i t a t e ) . This s o l u b i l i t y e q u i l i b r i a i s 

p r i m a r i l y a f u n c t i o n of elements a v a i l a b l e i n s o l u t i o n , pH, and 

temperature. 

The pH from weeks 1 to 3 are good i n d i c a t i o n as to the 

a b i l i t y of the t a i l i n g s m a t e r i a l s to b u f f e r and the re fo re of t h e i r 

r e l a t i v e n u t r i e n t - s u p p l y i n g c a p a c i t y . This data can be r e l a t e d to 

r e s i d u a l n u t r i e n t a v a i l a b i l i t y i n the accumulat ion products (Tables 

6:4 and 6 :5 ) . In most cases , Ca taken i n t o s o l u t i o n was a f a c t o r 

of 10 to 100 times g rea te r than minor elements and Mg, K and Na 

i s s o l u t i o n v a r i e d l a r g e l y w i th the m a t e r i a l i n q u e s t i o n . 

0.3N a c e t i c ac id weather ing seemed to re l ea se h igher q u a n t i t i e s 

of heavy meta l s . This was not the case w i th S u l l i v a n however, where 

d i s t i l l e d water re leased more. By l ook i ng at the pH of S u l l i v a n ' s 

a c i d i c t a i l i n g s , i t can be seen that t h e i r pH i n water i s le s s than 

i n 0.3N a c e t i c a c i d , hence r a i s ed s o l u b i l i t i e s . The p roduct ion of s u l f a t e 

i s l a r g e l y re spons ib le f o r t h i s occur rence . 



Tab le 6:10: Chemical Ana lyses o f Leachate o f S e l e c t e d S o x h l e t Weathered Mine T a i l i n g s 

( 0.3N A c e t i c A c i d Weathered ) 

Sample * pH Ca Mg Na K Cd Co Cr. Cu Mn Ni Pb Zn Fe A l S i 
ppm 

Emerald 3 week 1 8.4 11900 4.2 72.5 113 0.10 0.8 0.33 0.25 0.3 0.8 <.3 0.10 < .3 <.3 85 
14.5-38.5 cm week 3 8.4 8925 320 31.3 32.5 0.15 <.3 0.15 0.23 8.0 0.5 <.3 0.03 1 .0 <.3 <3 

Endako Bu lk week 1 5.7 5625 830 215 328 0.10 0.8 0.08 0.13 268 0.8 <.3 0.68 280 <.3 C J 

week 3 3.8 95.0 136 200 218 0.03 <.3 <.03 0.43 7.5 4.3 <.3 1.38 825 21.0 348 

H.B. F resh week 1 8.6 4698 1488 5.8 75.6 0.19 0.7 <.02 0.12 16.3 0.9 1.2 0.30 < .2 <.2 <2 

F i nes week 3 7.3 4512 1.6 22.8 39.5 0.14 0.7 <.02 0.09 1.9 0.5 9.8 0.09 0 .2 <.2 14 

K a i s e r F resh week 1 5.1 3188 1000 7.8 113 <.03 1.3 <.03 0.19 38.4 2.2 1.9 5.91 1773 0.6 
week 3 3.6 0.1 6.6 3.6 24.1 <.03 <.3 <.03 0.91 <.3 0.3 4.1 1.31 153 116 18L 

Lornex Bu l k week 1 7.2' 9528 5.8 383 261 0.17 0.6 0.14 0.28 0.9 0.6 <.3 0.08 < .3 <.3 203 
(Emerg. Pond) week 3 3.6 200 55.3 286 69.4 0.03 <.3 <.03 53.1 11.5 <.3 <.3 1.36 164 16.1 514 

S u l l i v a n Fe week 1 0.9 409 455 25.7 241 0.45 2.3 0.41 41.6 63.6 3.0 8.6 227 7864 334 477 
O x i d . Bu lk week 3 3.4 25.0 177 27.7 34.1 <.02 <.2 0.05 0.11 37.1 0.5 21.0 38.0 818 24.3 614 

S u l l i v a n week 1 3.5 1821 124 171 439 0.14 0.4 0.29 0.07 8.7 4.6 <.4 3.82 246 19.6 304 
Gypsum Bu lk week 3 3.3 1311 11.1 16.4 53.6 0.07 <.4 1.57 0.11 0.5 <.4 <.4 1.18 146 47.5 214 

S u l l i v a n S i week 1 1.9 650 1100 43.8 405 <.03 0.8 0.33 10.70 155 1.3 10.5 228 1938 125 275 
O x i d . Bu l k week 3 3.4 700 268 33.5 95.0 <.03 <.3 <.03 1.7 38.0 <.3 18.0 14.0 460 32.8 625 

S u l l i v a n S i week 1 5.7 840 772 32.0 372 0.10 0.8 0.12 0.04 302 0.6 <.2 1.08 11000 <.2 <2 
Fresh week 3 5.7 36.0 30.6 25.6 38.9 0.08 0.4 0.04 0.04 9.4 0.2 <.2 1.44 8400 <.2 <2 

*Week 1 and week 3 refer to the solution removed from the co l lec t ing flasks a f ter 1 week and a f ter 3 weeks of weathering. 



Table 6 :11: Chemical Analyses of Leachate of Selected Soxhlet Weathered Mine Tai l ings 

( D i s t i l l e d Water Weathered ) 

Sample PH Ca Mg Na K Cd Co Cr Cu Mn Ni Pb Zn Fe A l S i 

ppm 

Emerald 3 week 1 8.8 1260 0.9 45.0 18.5 <.03 <.3 <.03 <.03 <.3 0.5 < 3 <.03 <̂ 3 < ? 93 
14.5-38.5 cm week 3 9.2 1113 0.9 38.8 2.6 <.03 <.3 <.03 <.03 <.3 0.5 <.3 <.03 <.3 <3 225 

Endako Bu lk week 1 9.8 321 <.2 150 150 <.02 <.2 <,02 <.02 <.2 <.2 . <.2 <.02 <.2 <.2 2 

week 3 10.6 35.7 <.2 667 36.7 <.02 <.2 <.02 <.02 <.2 <.2 <.2 <.02 <.2 <.2 69 

H.B. Fresh week 1 ** 655 4.1 35.5 30.0 ** <1.4 <.14 0.14 <1,4 <1.4 <1.4 <.14 <1.4 1.4 ";4 
F ines week 3 ** 698 0.2 69.5 15.7 0.02 0.2 <.02 0.07 < 2 <.2 <.2 <02 <.2 < 2 < 2 

K a i s e r F resh week 1 9.8 71.6 <.3 36.9 71.6 <.03 <.3 <.03 <.03 <.3 <.3 < 3 <03 <.3 <.3 44 
week 3 9.-9 64.7 <.3 29.4 8.3 <.03 <.3 <.03 <.03 < 3 < 3 <3 <.03 <.3 <.3 134 

Lornex Bu l k week 1 9.9 239 0.2 245 187 <.03 <.3 < 03 0.76 < 3 < 3 < 3 <.03 <.2 <2 8 
(Emerg. Pond) week 3 10.7 37.9 <.2 56.6 12.6 <.03 <.3 <.03 < 03 <.3 <3 < 3 <03 <.2 0.8 63 

S u l l i v a n Fe week 1 1.0 343 504 39.3 83.2 0.84 3.4 0.66 37.5 59.8 5.0 9.1 300 5582 307 295 
O x i d . Bu lk week 3 2.1 1.5 65.2 21.4 19.3 <.03 <.3 <03 0.14 7.3 0.7 9.1 8.86 157 1.1 341 

S u l l i v a n week 1 2.5 1111 196 193 396 0.07 0.7 0.78 0.74 14.2 4 .8 <4 6.67 20.4 50.7 3-3 
Gypsum Bu l k week 3 3.1 1578 1.6 11.1 10.2 <.04 <.4 <.04 <.04 0 .4 < 4 <.4 1.44 115 13.0 89 

S u l l i v a n S i week 1 1.7 644 822 28.3 478 0.36 1.1 0.33 4.83 114 2.5 9.7 192 833 289 16-:1 
O x i d . Bu l k week 3 2.5 706 431 45.0 160 0.06 <.3 <.03 0.06 15.5 1.4 12.5 0 5 0 156 1.1 12L2 

S u l l i v a n S i week 1 4.3 246 900 38.0 324 0.06 1.4 0.08 0.20 326 2.6 <.2 1300 7200 <.2 1C3 
Fresh week 3 4.0 408 27.4 17.4 29.8 <.02 <.2 <.02 <-02 8.6 <.2 1.0 4.38 152 <.2 ISO 

*Week 1 and week 3 refer to the so lut ion removed from the co l lect ing f lask after 1 week and after 3 weeks of weathering. 
* * Not avai lable 
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G e n e r a l l y , i t was found t ha t h igher concent ra t ions o f 

elements were removed dur ing the e a r l y stages of l each ing (week 1) 

than i n week 3. This i s due to quick removal o f h i g h l y s o l ub l e 

c o n s t i t u e n t s . Pb and S i are except ions and seem to be more s o l ub l e 

near the end of the leach ing p e r i o d . 

F igure 6:7 po in t s out from the leachate d a t a , how weather ing 

w i th 0.3N a c e t i c a c i d d i f f e r s from d i s t i l l e d water f o r the p r e v i o u s l y 

graphed S u l l i v a n S i Ox id i zed Bulk and Lornex Bulk t a i l i n g s . The 

concent ra t ions i n s o l u t i o n s represented are accumulated values o f 

weeks 1, 2 and 3 of weather ing . The d i f f e r e n c e s are much more e v i den t 

f o r Lornex Bulk w i th n e g l i g i b l e amounts o f Fe, A l or Mn s o l u b i l i z e d 

w i t h d i s t i l l e d water . The d i f f e r e n c e s a ga i n , are p r i m a r i l y r e l a t e d 

to the low pH a t t a i n e d by the a c e t i c a c i d . 

For S u l l i v a n Si Ox id i zed Bu l k , the a c e t i c a c i d - d i s t i l l e d 

water d i f f e r e n c e s are le s s dramatic because o f the i nhe ren t low pH 

of the m a t e r i a l . The p a t t e r n of s o l u b i l i t y i s about the same f o r 

both cases of t a i l i n g s , w i th t o t a l q u a n t i t i e s being g rea te r f o r 

S u l l i v a n . 

C. Conclus ions 

The data presented i n the preceding tab les i s an i n d i c a t i o n 

as t o what i n f o rmat i on can become a v a i l a b l e by stucfying the weather ing 

c h a r a c t e r i s t i c s of t a i l i n g s . I t i s expected t h a t a p p l i c a t i o n t o other 

types o f waste m a t e r i a l s would a l s o prove u s e f u l . 

P o t e n t i a l problems r e l a t e d to water q u a l i t y , n u t r i e n t a v a i l a b i l i t y 
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FIGURE 6:7:CHEMICAL ANALYSIS OF LEACHATE OF SELECTED SOXHLET 

WEATHERED MINE TAILINGS 
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and/or toxicity, and also physical changes such as compaction or 

decreasing particle size can be approached from these kinds of analyses. 

Some of the mine tailings presented in the tables are 

very unique: H.B. is neither sulfide-rich or siliceous; Emerald is 

sulfide-rich but has a less acidic nature than Sullivan ; Sullivan Gypsum 

is very soluble and has unrelated characteristics to Sullivan Fe 

and Si tailings; coal samples are low in nutrient status and inert. 

For this reason, i t is diff icult to make anything more than general 

observations and propose tentative relationships. (Figures IV: 17 and 

IV:18) 

Statistical analysis must be done to support these correlations 

and will be available at a later date. 

Future studies in the application of art i f ic ial weathering 

techniques would be of value. Some areas of interest are: 

1. Weathering for extended periods of time with continued 

monitoring of chemical and physical properties for specific 

tailings types. This would supply further information 

concerning what further changes might take place 

2. Actual time spans in a natural environment that might 

be comparable to the number of weeks of art i f ic ia l 

weathering. 

3. The effects of rate of percolation, temperature, leaching 

solution and controlled atmosphere variability. These 

are the predominant factors influencing final products. 



7. METHODS OF MICROBIOLOGICAL STUDY 
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METHODS OF MICROBIOLOGICAL STUDY 

The Ecology of Iron and S u l f u r O x i d i z i n g B a c t e r i a i n Iron S u l f i d e 

Mine T a i l i n g s and The i r Role i n i t s Ox ida t i on 

1. I n t r oduc t i on 

The mining of metal s u l f i d e depos i t s f o r economic minera l s 

produces, as a waste, t a i l i n g s h igh i n fe r rous s u l f i d e s which a re 

impounded i n the t a i l i n g s ponds. The subsequent o x i d a t i o n of these 

t a i l i n g s r e s u l t s i n the p roduct ion of a c i d mine d ra inage, unless the 

ac i d produced i s n e u t r a l i z e d by i nhe ren t or added bases. This a c i d 

drainage i f a l lowed to ente r ex tan t water bod ie s , i s d e l e t e r i o u s to 

aquat ic l i f e and t o water q u a l i t y f o r human purposes. 

Previous work, repor ted i n the 1976-1977 T a i l i n g s Research 

Report by the S o i l Sc ience Department a t U.B.C., i n d i c a t e d tha t 

b a c t e r i a of the genus Thiobaeillus are a c t i v e i n the o x i d a t i o n of 

metal s u l f i d e s p resent i n mine t a i l i n g s . Thiobaeilli appear t o be 

among the i n i t i a l c o l o n i a l i z e r s and remain a s i g n i f i c a n t p o r t i o n of 

the popu la t i on of micro-organisms as the t a i l i n g s are weathered. 

However, t h i s i n i t i a l work d i d not attempt to quan t i f y the r e l a t i o n s h i p 

between the popu la t i on or a c t i v i t y of these b a c t e r i a and the stages 

i n the weather ing p roces s . 

The study p re sen t l y being conducted i s designed to determine 

the weather ing processes and the r o l e micro-organ i sms, p a r t i c u l a r l y 

Thiobaeillus s p e c i e s , p lay i n i t s o x i da t i on . For t h i s i n t e n s i v e study 

the S u l l i v a n mine t a i l i n g s con ta i n i ng i r o n s u l f i d e s were chosen. 

This cho ice was based on the prev ious f i n d i n g of s eve ra l spec ies of 
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Thiobacilli i n the t a i l i n g s and e f f l u e n t water and the high amounts 

of a c i d mine drainage from these t a i l i n g s . Furthermore, i t appeared 

from the smal l number of samples ana lyzed f o r the 1976-77 T a i l i n g s 

Research Report that there was a pH dependent succes s ion of Thiobaeillus 

spec ies i n the S u l l i v a n t a i l i n g s . 

This study i nvo l ved the c o l l e c t i o n of t a i l i n g s samples from 

the S u l l i v a n Mine at K imber l y , B.C. and s u b j e c t i n g them to m i c r o b i o l o g i c a l , 

phy s i ca l and chemical a n a l y s i s . Thus f a r m i c r o b i o l o b i c a l and pa r t o f 

the chemical and p h y s i c a l a n a l y s i s has been conducted. P re sen ta t i on 

of s p e c i f i c data i s being w i thhe ld u n t i l the chemical and phy s i c a l 

ana l y s i s o f the data i s performed. However, a number of general 

observat ions can be reported a t t h i s t ime. 

2. F i e l d Methods 

A. S i t e s Sampled 

Samples of S u l l i v a n i r o n s u l f i d e mine t a i l i n g s were c o l l e c t e d 

dur ing the pe r i od of August 15th to 20th, 1977. Samples were c o l l e c t e d 

from e ighteen s i t e s on the t a i l i n g s . S i t e s s e l e c t i o n s were b iased to 

i n c l ude s i t e s e x h i b i t i n g seve ra l degrees of weather ing and m i n e r o l o g i c a l 

compos i t i on . Waterlogged a rea s , s l o p e s , and s i t e s covered w i th 

fe r rug inous c ru s t s were avoided f o r the sake of convenience. 

In t h i s study 120 su r f ace samples were c o l l e c t e d f o r 

l abo ra to r y a n a l y s i s . T h i r t y samples were from the s i l i c e o u s 

t a i l i n g s and n inety from the i r o n t a i l i n g s . Samples from the i r o n 

t a i l i n g s i n c l uded e leven samples from the 1948 t a i l i n g s s p i l l and 

n ine misce l laneous samples. These l a t t e r samples l a t e r turned out to 
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be organ ic matter c r u s t s ( four ) and i r o n ox ide depos i t s from o l d 

t a i l i n g f i r e s ( f i v e ) . The sampling s i t e s and the number of samples 

c o l l e c t e d from each are o u t l i n e d on the sampling s i t e map. (F i gu re 7:1) 

B. Sampling Methods 

F i ve to eleven samples were c o l l e c t e d from each area chosen 

f o r s tudy. The samples were c o l l e c t e d from the su r f ace 2.5 cm of the 

t a i l i n g s . The samples were chosen f o r t h e i r high degree of homogeneity. 

A metal co r i ng r i n g was used to c o l l e c t the samples. A l l samples 

were t r a n s f e r r e d to s t e r i l e p l a s t i c screwtop conta iner s i n the f i e l d 

and s to red under r e f r i g e r a t i o n a t 0°C u n t i l analyses were conducted. 

3. Laboratory Methods 

A. M i c r o b i o l o g i ca l 

To e s t imate the a c t i v i t y of the mi cro-orgainism i n the 

t a i l i n g s the popu l a t i on of each p h y s i o l o g i c a l group was determined by 

a d i l u t i o n s e r i e s method. The groups o f micro-organisms q u a n t i f i e d 

i nc lude f u n g i , a c i d t o l e r a n t he te r o t r oph i c b a c t e r i a , s u l f u r b a c t e r i a 

and i r o n b a c t e r i a . The media chosen f o r use i n t h i s study i n c l u d e : 

a) 9-K (S i l verman and Lundgren, 1959) f o r i r o n o x i d i z i n g 
ba c t e r i a . 

b) T h i o s u l f a t e (V i shn i ac and San te r , 1957) f o r s u l f u r 
o x i d i z i n g b a c t e r i a . 

c) A l i en s + 0.1% g l uco se , 0.1% y e a s t e x t r a c t and 0.1 mg 
cyc lohex im ide . ( A l l e n , 1959, as mod i f ied by B e l l y 
and Brock, 1974) f o r chemoheterotrophic b a c t e r i a . 

d) A l i e n s , but w i thou t cyc lohex imide ( A l l e n , 1959, as 
mod i f i ed by B e l l y and Brock , 1974) f o r he t e r o t r oph i c 
fungi . 



FIGURE 7:1 : SAMPLE SITES OF SULLIVAN IRON SULFIDE TAILINGS 
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A l l i ncubat ions were c a r r i e d out i n t e s t tubes at room 

temperature (18-26°C) f o r 30 to 45 days. Tubes which appeared 

p o s i t i v e were conf irmed by m ic ro scop i c examinat ion . Enumeration of 

these f ou r groups was by the Most - Probable - Number (M-P-N) 

technique us ing the tab le s of Co l lens (1964). Popu la t ions of 

micro-organisms were expressed as the M-P-N per gram of dry t a i l i n g s . 

A l l d i l u t i o n s e r i e s were c a r r i e d out i n t r i p l i c a t e . In the case of 

s u l f u r b a c t e r i a growing i n t h i o s u l f a t e media, the f i n a l pH o f the 

media was determined. I t has been found h e l p f u l by Hutchenson et 

a l . (1969) i n determin ing the spec ies of s u l f u r b a c t e r i a c a r r y i n g 

out the o x i d a t i o n . 

B. Chemical and Phy s i ca l 

Thus f a r the f o l l o w i n g chemical and phy s i c a l analyses o f the 

t a i l i n g s have been conducted: pH^conducti v i t y , elemental s u l f u r , 

% mo i s tu re , s t r u c t u r e , tex tu re and c o l o r . The l a t t e r f ou r analyses 

were conducted on a subsample f o r moi s ture de te rm ina t i on . 

The pH was done on a 1:1 t a i l i n g s e x t r a c t by the method 

of B lack (1965). Conduc t i v i t y was done on a 1:2 s o i l 

e x t r a c t as o u t l i n e d by the U.S. S a l i n i t y Laboratory S t a f f (1954). 

Elemental s u l f u r was analyzed f o r us ing the method of F l iermans and 

Brock (1972). S t r u c t u r e , t e x t u r e and c o l o r were done by procedures 

o u t l i n e d by the S o i l Survey S t a f f (1952). The t a i l i n g s textures 

by the hand t e x t u r i n g method, are s i g n i f i c a n t l y f i n e r i n tex tu re than 

other samples, c o l l e c t e d by Morton (1976), us ing a p a r t i c l e s i z e 

ana l y s i s method. Se l ec ted samples w i l l be sub jec ted to p a r t i c l e s i z e 

a n a l y s i s to eva luate the hand t e x t u r i n g r e s u l t s . 
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The hand t e x t u r i n g as w e l l as s t r u c t u r e and c o l o r determinat ions 

on the t a i l i n g s samples were done so tha t c o r r e l a t i o n s cou ld l a t e r be 

done between these q u a l i t a t i v e c h a r a c t e r i s t i c s and quanta t i ve 

l abo ra to ry a n a l y s i s . I t i s hoped tha t such an e f f o r t can a s s i s t the 

f i e l d worker i n i d e n t i f y i n g the p o t e n t i a l f o r a c i d p roduct ion a t 

s p e c i f i c s i t e s on the t a i l i n g s . 

P re sen t l y mono- and d i s u l f i d e s u l f u r i s being determined 

by the methods of Smittenburg e t a l . (1974). Over the next two months 

t o t a l n i t rogen w i l l be done c o l o r i m e t r i c a l l y by Auto Ana lyzer and 

t o t a l s u l f u r by Leco i n d u c t i o n f u r nace . These methods are de sc r i bed 

i n the Methods. Manual ( L a v k u l i c h , 1977). So lub le s u l f a t e s u l f u r 

w i l l be determined by the t u r b i d o - m e t r i c method o u t l i n e d i n Determinat ion 

of S u l f u r i n S o i l s and P l an t M a t e r i a l s (1968). 

Once a weather ing sequence f o r i r o n s u l f i d e s has been worked 

out X-ray d i f f r a c t i o n s tud ie s w i l l be conducted on s e l e c t e d samples 

to q u a l i t a t i v e l y determine the dominant minera l s i n the va r ious 

weather ing s tages . 

Resu l t s and D i scuss ion 

Comparisons between s e l e c t e d chemical parameters and m i c r o b i a l 

popu la t i ons are tabu la ted i n Table 7 :1 . The sample values are 

averaged over pH range increments which are used as a general guide to 

the degree o f weather ing. The pH increments are 0.5 pH un i t s i n range 

and the increments are ordered by decreas ing pH from 7.5 to le s s than 



Tab le7 :1 : Cor re la t ion Between Degree of Weathering and Microbia l Composition i n Iron Su l f i de Ta i l ing s Samples. 

Number of Samples Most Probable Number of Microorganisms/g Dry T a i l i n g s * Elemental 
pH Range i n pH Range Ac id Tolerant 

Heterotrophs 
Fungi Iron Bacter ia Su l f u r .Bac te r i a Su l fur % 

Dry weight 
basis 

Conductiv ity 
nmhos/cm 

7.5 - 7.0 7 4X10 6 (5) 2.5X10 4 (6) 4.5X10 6 (6) 0.33 1.96 

7.0 - 6.5 6 4.5X10 3 (2) 2.5X10 4 (4) 3X10 4 (6) 0.52 2.86 

6.5 - 6.0 5 5X10 3 

(1) 4X10 4 (5) 1X10 3 (1) 7X10 4 (5) 0.47 3.71 

6.0 - 5.5 4 3X10 3 (2) 3X10 4 (3) 7X10 5 (2) 0.82 # 4.08 

5.5 - 5.0 4 2X10 3 

(1) 9X10 5 (3) 3X10 4 (4) ' 1.59 3.80 

5.0 - 4.5 5 5.5X10 4 (2) 1 .5X10 5 (4) 1X10 7 (1) 5.5X10 6 (5) 2.67 2.80 

4.5 - 4.0 7 3.5X10 6 (2) 4X10 7 (2) 5.5X10 6 (6) 6.28 2.62 

4.0 - 3.5 9 1.5X10 5 (5) 8X10 4 (8) 3X10 5 (6) 1 .5X10 6 (9) 8.87 4.87 

3.5 - 3.0 5 5.5X10 3 (2) 4X10 5 (5) 1X10 3 (1) 2.5X10 5 (1) 2.64 10.76 

3.0 - 2.5 3 8X10 3 (D 4X10 5 (3) 4X10 3 (1) 3X10 3 (D 3.37 6.33 

2.5 - 2.0 57 5X10 5 (29) 5.5X10 5 (46) 2X10 7 (14) 4.5X10 5 (ID 1.99 >10.88 

< 2.0 8 3X10 4 (5) 7X10 4 (6) 1X10 3 (1) 9X10 4 (2) 4.03 >12.7 

* Numbers i n Parenthesis r e fe r to the number of p o s i t i v e samples/s i te 
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On the average, reduct ions i n pH are a s s oc i a t ed w i th changes 

i n elemental s u l f u r content and c o n d u c t i v i t y . As the pH decreases 

the content increases from 0.33% f o r pH 7.5 - 7.0 to 8.87% a t pH 

4.0 - 3.5. Below pH 3.5 the elemental s u l f u r content drops down to 

an average of 3.20%. This r i s e and then f a l l i n the average elemental 

s u l f u r content w i th pH i n d i c a t e s that i n i t i a l l y i r o n s u l f i d e s are 

weathered to elemental s u l f u r . As weather ing proceeds the r a te o f 

i r o n s u l f i d e o x i d a t i o n i s l e s s than the r a te of elemental s u l f u r 

o x i d a t i o n r e s u l t i n g i n a drop i n the elemental s u l f u r con ten t . 

In data on c o l o r of the samples verses pH not t abu la ted i n t h i s 

r e p o r t , those w i th low pH values tended to have high hues and chromas. 

This i n d i c a t e s that there i s a r educ t i on i n o x i d i z a b l e i r o n s u l f i d e 

content i n these samples. X-ray ana l y s i s conducted on S u l l i v a n i r o n 

s u l f i d e t a i l i n g s i n d i c a t e d that the minera l j a r o s i t e i s the predominant 

product of the i r o n s u l f i d e weather ing process ( L avku l i ch et a l .» 

1976-1977). 

The data presented on c o n d u c t i v i t y verses pH i n d i c a t e s t h a t 

c o n d u c t i v i t y tends to i nc rease as the pH drops . Between pH 7.5 and 

3.5 the average c o n d u c t i v i t y was le s s than 3.5 mmhos/cm. Below 

pH 3.5 the c o n d u c t i v i t y averaged over 10. 

M i c r o b i o l o g i c a l l y , there tended to be changes i n the 

m i c r o b i a l popu la t i on w i th decreases i n pH. At high pH values a c i d 

t o l e r a n t he te ro t roph i c b a c t e r i a , fungi and one spec ies of s u l f u r 

Tiobacillus Thioparus3 were found. However, numbers of a c i d 

t o l e r a n t b a c t e r i a and fungi tended to be low at the h igher pH 

va l ue s . As the pH dropped below 5.0, high numbers of i r o n 

b a c t e r i a Thiobaeillus ferrooxidans were o f t e n found. 
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Furthermore, the predominant spec ies of s u l f u r b a c t e r i a changed w i th 

a reduct ion i n the pH of the t a i l i n g s . 

Of the samples l i s t e d i n Table 7:1 over 50 % o f them have 

pH values below 2.5. The use of pH as an index of weather ing i s only 

u se fu l f o r d e l i n e a t i n g d i f f e r e n c e s i n m i c r o b i a l popu l a t i on and chemistry 

of s l i g h t l y weathered t a i l i n g s samples. Those samples w i th pH values 

below 2.5 represent a wide range of weather ing s t a t e s . For t h i s 

reason the samples and t h e i r aformentioned m i c r o b i a l and chemical 

parameters, have been averaged accord ing to sampling s i t e i n Table 7:2. 

The o rde r i n g of the data accord ing to the age of the t a i l i n g s s u r f a ce 

r e s u l t s i n a c l e a r e r r p re sen ta t i on of the m i c r o b i o l o g i c a l changes w i th 

weather i ng. 

In the case of the i r o n b a c t e r i a Thiobaeillus ferrooooidans^ 

the sma l l e s t popu lat ions were found a t s i t e 1, 2, 3, 4 , 5, 10, 12, 13 

16 and 17. The f i r s t f i v e s i t e s rep re sent r e l a t i v e l y unweathered 

sur faces w i th pH values above tha t where Thiobaeillus ferrooxidans* 

a c t i v e l y o x i d i z e i r o n and s u l f u r . Of the l a t t e r f i v e s i t e , numbers 

10, 12, 13 and 16 are the o l d e s t and probably the most weathered 

s i t e s sampled. S i t e 17 i s composed p r i m a r i l y o f i r o n ox ide res idues 

from an o ld t a i l i n g f i r e . 

The lowest l i v e l s of s u l f u r b a c t e r i a are i n samples from 

s i t e 10, 16 and 17 and these samples a l s o have low l e v e l s of e lemental 

s u l f u r . S u l f u r b a c t e r i a are a l s o low i n samples from s i t e 15. 

The popu la t ions of a c i d t o l e r a n t he te ro t r oph i c b a c t e r i a and 

fungi are r e l a t e d to the a v a i l a b i l i t y of o x i d i z a b l e o rgan ic matter i n 

the t a i l i n g s . He te ro t r oph i c microorganisms are low i n samples from the 

r e l a t i v e l y unox id ized and very unox id i zed s i t e s . In the former 



Tab l e 7 : 2 : M i c r o b i o l o g i c a l and Chemica l C h a r a c t e r i s t i c s o f t he S i t e s Sampled 

it 
Number o f Samples M o s t - P r o b a b l e - N u m b e r o f M i c r o o r g a n i s m s / g Dry T a i l i n g s 

S i t e Number A c i d T o l e r a n t Fungi I r o n B a c t e r i a S u l f u r B a c t e r i a E l e m e n t a l S u l f u r H r ^ ,• • 
% Dry Weight B a s i s p M ^ h o s / c m ' 

1 10 2 . 7 X 1 0 6 (4) 2 . 5 X 1 0 4 (8) 3 . 5X10 6 (9 ) 0 .44 6 .98 2.47 

2 5 1X10 4 (3) 3 X 1 0 4 (4) 3 X 1 0 4 (4) 0 .70 6.72 3.29 

3 5 3 X 1 0 5 (5 ) 1 . 5X10 3 (1 ) 5 X 1 0 6 (5 ) 0 .54 5.85 4.43 

4 5 9 X 1 0 3 (4) 1X10 3 

(1) 1 X 1 0 4 (3) 1.87 5.13 4 .26 

5 10 1 X 1 0 3 

(1) 4 . 5 X 1 0 5 (10) 3 X 1 0 6 (8) 2.77 4.50 3.33 

6 ' 5 5X10 6 (5) 1 X 1 0 5 (4 ) 6 X 1 0 7 (4) 5 X 1 0 5 (5) 4.21 3.94 4 .65 

7 5 2 X 1 0 5 (4 ) 2 X 1 0 5 (5) 3 . 5 X 1 0 6 (5) 4 . 5 X 1 0 6 (5) 16.04 3.82 4.81 

8 10 5 . 5 X 1 0 3 (4) 4 . 5 X 1 0 5 (10) 1 .0X10 6 (4 ) 3X10 6 (8 ) 2.93 3.28 8.09 

9 10 2 X 1 0 4 (8) 5 X 1 0 5 (9) 5 X 1 0 4 (3) 1 X 1 0 6 (3 ) 3.52 2.39 9 .82 

10 5 1 X 1 0 4 (3) 2 . 5 X 1 0 6 (5) 1 X 1 0 3 (1) 1 .21 2.20 6.46 

11 5 6 . 5 X 1 0 3 (3) 4 X 1 0 5 (4) 4 X 1 0 4 (3) 7 X 1 0 5 (4) 2.77 2.10 10.C4 

12 5 5X10 6 

(3 ) 6 X 1 0 5 (5) 2 . 5 X 1 0 3 (1) 2 X 1 0 5 (2) 7.80 2.07 6.93 

13 10 1X10 5 (7) 2 . 5 X 1 0 4 (8) 3 . 5 X 1 0 6 (9) 1.37 2.07 11.46 

14 5 3 . 5 X 1 0 4 (4) 2 X 1 0 6 (4) 5 X 1 0 5 (3) 5 X 1 0 5 0) 1.80 2.06 6.46 

15 5 4 X 1 0 3 (5) 2 . 5 X 1 0 5 (5) 8 . 5 X 1 0 4 (1) 3.01 2.06 11.46 

16 11 2 X 1 0 3 (4) 9 X 1 0 3 (5) 0 .17 2.04 10.58 

17 5 4 . 5 X 1 0 3 (2) 1 . 5X10 5 (5) 1 X 1 0 3 (1) 9 . 5 X 1 0 3 (5) 1 .10 2.01 10.0 

18 4 9 X 1 0 3 (2) 5 . 5 X 1 0 4 (2) 3 X 1 0 4 (2) 8 X 1 0 4 

(1 ) 1.53 1.85 > 18.0 

* Numbers i n P a r e n t h e s i s r e f e r t o the number o f p o s i t i v e s a m p l e s / s i t e . 
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case l a rge popu lat ions of he te ro t r oph i c microorganisms have not had 

a chance to b u i l d up. In the l a t t e r case i t i s p r obab le t h a t there 

are low l e v e l s of o rgan ic matter i n the samples. Ana ly s i s f o r o rgan ic 

matter content of the samples w i l l be conducted i f a s u i t a b l e 

technique can be dev i s ed . 

From the ana l y s i s completed i t appears there i s a r e l a t i o n 

s h i p between kinds of organisms and the s t a t e of weather ing of the 

t a i l i n g s m a t e r i a l . This i s congruent w i th the changes o r ranges of 

pH values found. The inc rease i n elemental s u l f u r content w i th a 

decrease i n pH appears to be l i n k e d to m i c r o b i a l o x i d a t i o n of 

i r o n s u l f i d e s . 



8. GREENHOUSE STUDIES 
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GREENHOUSE STUDIES 

1. I n t roduc t i on 

Greenhouse s tud ie s were concentrated i n th ree a reas : a) s o i l 

t e s t e v a l u a t i o n ; b) copper-molybdenum r e l a t i o n s h i p s ; and c) organ ic 

matter amendments. The f i r s t and t h i r d areas may p rov ide i n f o rmat i on 

f o r improving estabi I shment on mine t a i l i n g s o f v ege ta t i on and i t s 

subsequent f e r t i l i z e r needs. The second area i s o f i n t e r e s t because o f 

the p o t e n t i a l e f f e c t s on g raz ing animals of t race element content of 

forage grown on mine t a i l i n g s . Greenhouse pot s tud ie s and chemcical 

ana l y s i s have been completed and r e s u l t s w i l l be d i s cu s sed . 

2. S o i l Test E va l ua t i on 

Chemical s o i l t e s t i n g procedures developed f o r a g r i c u l t u r a l 

s o i l s have commonly been used to p r e d i c t f e r t i l i z e r requirements f o r 

p lants growing on mine t a i l i n g s . Research i n other regions has o f t en 

shown a poor c o r r e l a t i o n between p l a n t response to f e r t i l i z e r a d d i t i o n to 

mine wastes and s o i l t e s t r e s u l t s . The o b j e c t i v e of our work has been to 

determine the e f f e c t i v e n e s s of s o i l t e s t s commonly used i n B.C. i n 

e x t r a c t i n g p l a n t a v a i l a b l e P, K and Mg. N S o i l t e s t e v a l u a t i o n was not 

i n c l uded s i n c e the t a i l i n g s which were s t u d i e d are c o n s i s t e n t l y very low 

i n n i t rogen and do not p rov ide the range i n a v a i l a b l e n i t rogen necessary 

to study p l an t response. 

The e x t r a c t i n g reagents and procedures used i n t h i s study are 

those used by the B r i t i s h Columbia M i n i s t r y of A g r i c u l t u r e S o i l Te s t i ng 

Laboratory i n Kelowna. 
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The objectives of the experiment were: 

i) To evaluate Bray's Px extractant (0.03N NH4F and 0.025N HC1) as 

an index of the availability of P in four sulfide tailings. 

i i ) To evaluate neutral 1.ON ammonium acetate extractant as an index 

of the availabilityof K and Mg in four sulfide tailings. 

i i i ) To determine i f Mg is a limiting factor for plant growth in the 

four tailings under study. 

The third objective above represents a useful byproduct 

of the soil test evaluation study. Greenhouse work during the last 

two years has indicated that N, P and K are limiting to plant growth in 

some tailings, but no work has been done with Mg. 

Mg is an element required by plants in relatively large 

quantities. Its availability to plants may be limited by low concentration 

in the growth media or high concentrations of other cations such as Ca 

and K. Ca is present in large quantities in most of the "non-acid" sulfide 

tailings, and K is often added as fert i l izer in large quantities in 

revegetation programs. 

The tailings used in this experiment were from the Lornex, 

Bethlehem, Gibraltar and Endako mines. The soil test P. K and Mg 

values for these tailings are given in the Table 8:1. The test plant 

was orchardgrass (Dactylis glonerata L.) > T h e treatments include the 

following: 

1. N P K Mg with: N = 75 ppm 

2. N K Mg P = 50 ppm 

3. N P Mg K = 50 ppm 

4. N P K Mg = 50 ppm 
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Table 8 : 1 : B ray ' s P^ E x t r a c t ab l e P and 0.1N Ammonium Acetate E x t r a c t a b l e K, 

Mg and Ca f o r the T a i l i n g s used i n the S o i l Test Evua luat ion Study. 

T a i l i n g s Bray Pj K Mg Ca 

ppm 

Bethlehem 7.8 66.5 45.7 2700 

G i b r a l t a r 12.9 29.2 24.3 2148 

Lornex 53.0 165.3 187.8 4148 

Endako 74.8 74.3 62.8 2221 
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The tailings from Gibraltar and Bethlehem, which were lowest 

in available P by the Bray Method, gave dramatic increases in dry 

matter yield with P fertilization (Table 8:2). Yield results for 

the Lornex and Endako tailings were diff icult to interpret. It 

appears that yields on the Lornex tailings (53.0 ppm available P) were 

somewhat less in the NPKMg treatment than the NKMg. Plants growing on 

the Endako tailings responded to P despite a high init ial level of 

available P (74.3 ppm). 

It appears from initial yield results that Bray's Pj soil 

test detects tailings which are extremely deficient in P but is not 

effective in tailings with relatively high levels of available P. 

Additional yields were lower in the low P tailings than would be 

expected considering that the Gibraltar and Bethlehem tailings had 

available P levels of 12.9 and 7.8 ppm, respectively. With these 

levels, initial growth in this short-term stuc(y should have been better. 

In summary the Bray Pj soil test is useful in establishing the general 

level of adequacy of P in tailings however, more information on P 

chemistry in tailings is required before i t can be used to give precise 

ferti l izer recommendations. 

The ammonium acetate extractant predicted response to K 

reasonably well except with the Lornex tailings, which showed an 

available K level of 165.3 ppm but which gave l i t t le plant growth 

without added K. A slight yield increase was noted with the Bethlehem 

tailings, which had 66.5 ppm K, while the Gibraltar tailings, with 29.2 

ppm K, gave l i t t le growth without ferti l izer K added. 

Three of four tailings gave slightly lower yields without 

Mg added; however, these responses to added Mg were quite small. 
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Table 8:2 : Dry Matter Y i e ld s of Orchardgrass from S o i l Test Eva lua t i on 
Study. 

TREATMENT TAILINGS 

Lornex Bethlehem Endako G i b r a l t a r 

g/pot 

NPKMg 936 1292 1387 204 

NKMg 1491 <10 977 <10 

NPMg 83 985 1290 <10 

NPK 1308 1088 1119 191 

(Table 8 :2 ) . The Lornex NPK treatment a c t u a l l y y i e l d e d more than the 

NPKMg. This may be r e l a t e d to the f a c t t ha t the i n i t i a l Mg l e v e l o f 187.8 

ppm i n the Lornex t a i l i n g s was the h ighes t of any of the t a i l i n g s t e s t e d . 

Mg d i d not appear to be a severe l i m i t i n g f a c t o r i n the Lornex, 

Bethlehem, or Endako t a i l i n g s ; however, the low exchangeable Mg content 

(24.3 ppm) may i n d i c a t e a p o t e n t i a l problem i n the G i b r a l t a r t a i l i n g s . 

This m a t e r i a l gave very low y i e l d s and i t appears t ha t a growth f a c t o r 

(o r t o x i c i t y ) o ther than P, K or Mg i s l i m i t i n g growth. I f t h i s 

problem i s c o r r e c t e d , than Mg w i l l l i k e l y be a l i m i t i n g f a c t o r to p l a n t 

growth. In g e n e r a l , 0.1N ammonium acetate was adequate i n determin ing 

which t a i l i n g s were d e f i c i e n t i n K, however, more work needs to be 

done on magnesium a v a i l a b i l i t y . 

The p l a n t ana l y s i s and uptake data (Table 8:3) were q u i t e 

v a r i a b l e and were gene ra l l y un re l a ted to n u t r i e n t t rea tment s . This i s 

perhaps due to the smal l amount of p l a n t m a t e r i a l produced i n each pot . 
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Table 8:3: Concentrat ion i n P lan t T i s sue and Uptake o f P, K and Mg by 

Orchardgrass Crop i n the S o i l Test Eva lua t i on Study. 

Concent rat ion Uptake 
T a i l i ngs Treatment P K 

°L 
Mg P K Mg T a i l i ngs Treatment 

10 mg/pot 

NPKMg .21 1.02 .27 2.0 9.6 2.5 
Lornex NKMg .24 1.84 .18 3.6 15.1 2.7 

NPMg - - - - - -
NPK .37 2.45 .24 4.8 14.4 3.1 

NPKMg .46 1.20 .33 5.9 15.5 4.3 
Bethlehem NKMq - - - - - -

NPKMg .54 2.38 .31 5.3 23.4 3.0 
NPM .12 1.42 .25 1 .3 15.5 2.7 

NPKMg .25 1.19 .24 3.5 16.6 3.3 
Endako NKMg .32 0.92 .36 3.1 9.0 3.5 

NPMg .28 1 .18 .31 3.6 15.2 4.0 
NPK .35 1.13 .24 3.9 12.6 2.7 

NPKMg I n s u f f i c i e n t Sample 
G i b r a l t a r NPKMg i i 

NPMg 11 
NPK 11 
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3. Copper-Molybdenum Studies 

A. Experiment 1: AMELIORATION OF MOLYBDENUM (Mo) TOXICITY 

A d i s o rde r of ruminants known as molybdenosis o f t e n r e s u l t s 

from the consumption o f forage con ta i n i n g high l e v e l s o f Mo or having 

low r a t i o of Cu:Mo. Laboratory ana l y s i s of samples o f var ious forage 

spec ies grown i n rec l amat ion p r o j e c t s at the mine s i t e s has i n d i c a t e d 

that molybdenosis cou ld be a problem. I f ruminant animals use vege ta t i on 

growing on the high Mo mine t a i l i n g s f o r a s i g n i f i c a n t p o r t i o n o f 

t h e i r d i e t , copper d e f i c i e n c y cou ld r e s u l t . The o b j e c t i v e of t h i s 

experiment was to determine the e f f e c t i v e n e s s of var ious s o i l amendments 

i n lower ing the Mo content or i n c r e a s i n g the Cu:Mo r a t i o of p l a n t 

t i s s u e . Treatments i nc lude the f o l l o w i n g : 

1. C o n t r o l * 

2. Gypsum 1 (6.2 t/ha ) 

3. Gypsum 2 (12.4 t/ha ) 

4. Ammonium S u l f a t e 1 (1000kg/ha ) 

5. Ammonium S u l f a t e 2 (2000 kg/ha ) 

6. Copper S u l f a t e 1 ( l O k a / h a ) 

7. Copper S u l f a t e 2 ( 20ka/ha ) 

8. S u l f u r i c a c i d (17640 ppm) 

9. Hyd roch l o r i c a c i d (13140 ppm) 

10. Leached 

The a d d i t i o n of s u l f u r i c and h y d r o c h l o r i c ac ids to a c i d i f y 

the t a i l i n g s was done because Mo a v a i l a b i l i t y has been shown to decrease 

w i th i n c r ea s i n g a c i d i t y . 

* A l l treatments r e ce i ved 75 ppm N, 50 ppm P, and 75 ppm K as Ca(N0 3 ) 2 > 
CafHgPO/^, and KC1, r e s p e c t i v e l y . Endako and Bethlehem t a i l i n g s 
were used. 
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S ince the s u l f a t e i on a l s o tends to lower Mo a v a i l a b i l i t y , i t was thought 

t ha t s u l f u r i c a c i d would have an e f f e c t i n a d d i t i o n to a c i d i f i c a t i o n . 

However, the a d d i t i o n of s u l f u r i c a c i d to these t a i l i n g s r e s u l t e d i n 

the format ion of s a l t c ru s t (probably gypsum) on the sur face and no 

seed l i n g emergence was observed. This d i d not occur w i th h y d r o c h l o r i c 

a c i d and some seed l i n g emergence was observed. Growth i n these pots 

was poor, however. I t i s l i k e l y t h a t these a c i d i f i c a t i o n treatments 

are too severe f o r immediate b e n e f i t to growing p l a n t s . 

The treatments i n which pots were leached wi th water p r i o r 

to seeding r e s u l t e d i n extremely poor growth. The cause of t h i s i s 

not know at t h i s t ime. 

The gypsum treatments decreased dry matter y i e l d s i n 

both t a i l i n g s (Table 8:4). Gypsum inc reased t i s s u e Mo concent ra t ions i n 

the Bethlehem t a i l i n g s wh i le s l i g h t l y decreas ing Mo concent ra t i on i n the 

Endako t a i l i n g s . This r e s u l t e d i n s l i g h t l y lower Cu:Mo r a t i o s i n the 

Gypsum t rea ted Bethlehem t a i l i n g s and no change i n the Endako t a i l i n g s . 

Except f o r the 2000 kg/ha rate of (NH4)2 SO4 on the Bethlehem t a i l i n g s 

the ([^4)2 SO4 gave cons iderab le y i e l d inc reases but d i d not c o n s i s t e n t l y 

a f f e c t the Cu:Mo r a t i o i n e i t h e r t a i l i n g s m a t e r i a l . Cu SO^ added as 

a s o i l amendment was not e f f e c t i v e i n i n c r e a s i n g the Cu concen t r a t i on 

i n p l a n t t i s s u e . 

B. Experiment 2: MACRONUTRIENT (N AND P) FERTILIZATION EFFECTS ON 

Mo CONTENT OF PLANT TISSUE 

Heavy f e r t i l i z a t i o n w i th NPK i s a common p r a c t i c e i n r evege ta t i on 

of mine waste m a t e r i a l s . I f Cu:Mo r a t i o s or Mo content o f forage grown 

on mine wastes i s a p o t e n t i a l problem, then the e f f e c t s o f f e r t i l i z a t i o n 

on Mo uptake should be determined. K has not been showi to a f f e c t Mo 
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Table 8 :4 : Concent rat ion of Cu and Mo and Cu:Mo Rat io i n Orchardgrass 

i n Molybdenum Ame l i o r a t i on Experiment. 

Bethlehem Endako 

Tissue T i s sue 
Concentrat ion Concentrat ion 

Treatments Y i e l d Cu Mo Cu:Mo Y i e l d Cu Mo Cu:Mo 
mg/pot ppm — Rat io mg/pot ppm Ra t i o 

Contro l 1258 39 .3 5.5 7.1 1466 39.0 47 0.83 

Gypsum (6.2 t/ha ) 588 26 .1 12.8 2.0 1007 27.8 42.3 0.66 

Gypsum (12.4 t/ha) 833 53 .2 13.1 4.0 816 32.3 37.3 0.86 

Ammonium S u l f a t e 
(1000 kg/ha ) 

2090 71 .2 8.3 8.6 2588 24.8 25.2 0.98 

Ammonium S u l f a t e 
(2000 kg/ha) 

1261 26 .2 9.1 2.9 3011 36.3 30.0 1.21 

Copper S u l f a t e 
(10 kg/ha) 

1370 40 .2 20.3 2.0 1200 39.3 25.0 1.57 

Copper S u l f a t e 
(20 kg/ha) 

1039 38, .7 12.4 3.1 2107 30.3 123.0 0.25 

S u l f u r i c Ac id 
( 17640 ppm,) 

0 - - - 0 - -

Hydroch l o r i c Ac id 

( 13640 ppm ) 

Leached 

<10 

<10 

333 

<10 
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content i n o ther work and i s not i nc luded i n t h i s exper iment. P and Mo 

are qu i t e s i m i l a r i n t h e i r chemistry i n the s o i l . Other researchers 

have shown an increase i n Mo content wi th i nc reased P f e r t i l i z a t i o n . 

The e f f e c t s of N f e r t i l i z a t i o n on Mo uptake are not c l e a r . However, 

N o f t en causes a decrease i n the concent ra t ions o f other t r a ce 

e lements. I t was f e l t tha t N e f f e c t s may be important enough to 

j u s t i f y more work. 

The o b j e c t i v e of t h i s experiment was to determine the 

e f f e c t s of N and P f e r t i l i z a t i o n o f mine t a i l i n g s on the concen t ra t i on 

o f Mo i n p l a n t t i s s u e . The treatments con s i s t ed of two l e v e l s o f N and 

three l e v e l s of P arranged i n a f a c t o r i a l combinat ion. N was a p p l i e d 

a t ra te s of 25 and 75 ppm and P at rates o f 50, 100 and 150 ppm. 

N f e r t i l i z e r g r e a t l y i nc reased dry matter y i e l d s , wh i l e P had l i t t l e 

e f f e c t (Table 8 : 5 ) . P a l s o had l i t t l e e f f e c t on Cu or Mo concent ra t ions 

i n p l a n t t i s s u e . However, i n c r e a s i n g the N ra te from 25 to 75 ppm 

inc rea sed concent rat ions from a average o f 3.8 ppm to 15.5 ppm f o r 

the f i r s t c u t . Cu concent rat ions were not g r e a t l y i n f l u e n c e d by N o r 

P t reatments , i n e i t h e r cut 1 or 2. I nc reas ing the N rate decreased 

the Cu:Mo r a t i o from an average o f 1.1 a t 25 ppm N to 0.4 at 75 ppm N. 

With the except ion of the h ighes t P r a te the Mo concent ra t ions 

i n the second cu t were a l s o h igher where the h ighest N ra te 

was a p p l i e d . Regardless of N o r P t reatment , the Cu:Mo r a t i o s were 

low. Cu:Mo r a t i o s i n t h i s experiment were cons iderab ly less than 2 

which i s o f t e n quoted i n the l i t e r a t u r e as being p o t e n t i a l l y unsafe 

( M i l t i m o r e , Mason, MacArthus and Carson, 1964), (M i l t imo re and Mason, 

1971). I f forage grown on t a i l i n g s i s to be g razed, ca re should be 

taken to keep f e r t i l i z e r N r a te s a t a moderate l e v e l . 
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Table 8 :5: N and P F e r t i l i z a t i o n E f f e c t s on Dry Ma t te r Y i e l d 

Cu and Mo Concentrat ions and the Cu:Mo R a t i o . 

Cut 1 Cut i 2 

Treatment * 
D.M. 

Y i e l d 

mg/pot 

Cu Mo 

ppm 

Cu:Mo 
Rat io 

D.M. 
Y i e l d 

mg/pot 

Cu Mo 

ppm 

Cu:Mo 
Rat io 

N l P i 989 4.9 4.8 1.0 2461 4.4 18.1 0.2 

N i P 2 738 3.8 4.4 0.9 2308 5.6 11 .8 0.5 

N l P 3 

1003 3.2 2.3 1.4 2278 5.1 50.1 0.1 

N 2 P i 2070 4.9 15.4 0.3 3204 3.5 41.6 0.1 

N2P2 1512 7.3 16.1 0.4 3318 4.8 43.1 0.1 

N 2 P 3 
1879 8.0 15.1 0.5 3256 6.1 44.2 0.1 

* Ni and N 2 were added as NH4NO3 a t ra te s of 25 and 75 ppm, r e s p e c t i v e l y . 

P p P 2 and P 3 were added as Ca (H 2 P04)2 at rates of 50, 100 and 

ppm, r e s p e c t i v e l y . 
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4. Organic Matter Amendments 

Quite o f ten phy s i c a l p r ope r t i e s of t a i l i n g s may be more 

l i m i t i n g than chemical p r o p e r t i e s , e s p e c i a l l y i n d r i e r regions o f 

the B r i t i s h Columbia I n t e r i o r . Improving moisture and a e r a t i o n 

regimes of t a i l i n g s may be q u i t e b e n e f i c i a l i n r e vege t a t i on . The 

treatments g i ven below represent a va l ab l e sources of o rgan ic 

matter f o r improving mine t a i l i n g s . 

1. C o n t r o l * 

2. Cow manure (10,000 ppm) 

3. Cow manure (40,000 ppm) 

4. Pou l t r y manure (10,000 ppm) 

5. Pou l t r y manure (40,000 ppm) 

6. Sawdust (10,000 ppm) 

7. Sawdust (40,000 ppm) 

8. Sewage sludge (10,000 ppm) 

9. Sewage s ludge (40,000 ppm) 

S ince the organ ic amendments were not added as f e r t i l i z e r 

sources , NPK f e r t i l i z e r s were added to ma in ta i n p l a n t growth as we l l 

as to a i d m i c r o b i a l decompos i t ion of some of the o rgan ic ma te r i a l s 

such as sawdust. Lime treatments mainta ined pH of the t a i l i n g s between 

7.2 and 7.5 dur ing the exper iment. 

Ear ly observat ions i n d i c a t e d the p o u l t r y manure delayed the 

emergence of the t e s t crop ( o r cha rdg ra s s ) , p o s s i b l y due to high 

ammonia concen t r a t i on s . Even though emergence was de l a yed , f i n a l 

* A l l pots rece ived 100 ppm N, 50 ppm P, and 50 ppm K as NH4NO3, Ca 
( ^ 0 4 ) 0 5 and KC1. Sawdust pots r ece i ved and a d d i t i o n a l 100 ppm N. 
The pots a l s o r ece i ved 62,500 ppm CaCO^ to n e u t r a l i z e any a c i d i t y 
produced. 



Table 8:6: 

Dry Mat te r Y i e l d s , N, K, Fe and Cu Concentrat ions w i th A d d i t i o n of 

Var ious Sources of Organic Mat ter t o S u l l i v a n T a i l i n g s . 

Source Rate Dry matter 
y i e l d 
mg/pot 

N 

0/ 

K Fe Cu Mn Zn Source Rate Dry matter 
y i e l d 
mg/pot lo ppm 

Contro l -- 481 1 .03 1 .55 1863 50 276 161 

Cow Manure 10,000 597 1 .51 2 .70 2316 67 262 180 
40,000 1522 3.40 1 .78 747 30 272 126 

Pou l t r y Manure 10,000 2725 3.82 2 .40 784 28 396 166 
40,000 2742 7.17 2 .98 834 36 191 165 

Sawdust 10,000 735 1 .98 1 .90 1300 47 286 253 
40,000 451 1 .86 3425 61 205 426 

Sewage Sludge 10,000 831 1.22 2 .20 4450 50 452 272 
40,000 1742 3.13 1 .94 955 19 381 134 

y i e l d s f o r pou l t r y manure treatments were by f a r the h ighes t of any 

of the organics used (Table 8 :6 ) . 

With both cow manure and sewage s ludge, i n c r e a s i n g the 

a p p l i c a t i o n rate from 10,000 to 40,000 ppm g r e a t l y i nc reased y i e l d s . 

The same r a t e inc rease f o r sawdust r e s u l t e d i n a decrease i n y i e l d , w i th 

40,000 ppm r a t e being s i m i l a r to the c o n t r o l . Even though the sawdust 

pots rece i ved a t o t a l of 200 mg N/Kg they were s t i l l probably d e f i c i e n t 

i n N. 

Some of tha above d i f f e r e n c e s i n p l a n t response to organ ic 

amendments are l i k e l y due to the f e r t i l i z e r va lue of the m a t e r i a l s . The 

y i e l d increases r e s u l t i n g from the 10,000 ppm r a te of p o u l t r y manure, and 

the 40,000 ppm ra te of both cow manure and sewage s ludge c o i n c i d e d w i th 

inc reases i n p l an t N content i n a l l ca ses . In a d d i t i o n , the p o u l t r y 

manure treatments i nc reased the K content of the p l a n t s . Ca and Mg 

concent rat ions i n the p l a n t t i s s ue were not a l t e r e d by any of 
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the organ ic amendments. S ince the p l an t N % i n the sawdust t r ea ted 

pots was i nc reased over the con t ro l pots by approx imate ly 0.9 %, i t does 

not appear that the lack of response to the sawdust was due e n t i r e l y 

to N i m m o b i l i z a t i o n . I t i s p o s s i b l e t ha t unless the phy s i c a l s t a t e 

o f a growth media i s more seve re l y l i m i t i n g than i n the S u l l i v a n 

t a i l i n g s , a growth response to added o rgan i c amendments may not be 

obta ined i n a shor t - te rm pot exper iment. I t appears i n t h i s exper iment 

t h a t the f e r t i l i z e r v a l u e , e s p e c i a l l y N, overrode the p o t e n t i a l b e n e f i c i a l 

e f f e c t s of the o rgan ic m a t e r i a l s . The b e n e f i t s of o rgan ics are o f t e n 

of a long term nature and proper e v a l u a t i o n o f ph y s i c a l b ene f i t s of 

these m a t e r i a l s should be done i n long term f i e l d t r i a l s . The f e r t i l i z e r 

value of p o u l t r y manure, cow manure and sewage sludge can be important 

i n the shor t term, however, other organ ics such as sawdust may have 

longer term e f f e c t s on s o i l phy s i ca l p r o p e r t i e s . 

Another area of concern i s the chemical compos i t ion of p l an t s 

grown on the S u l l i v a n t a i l i n g s and the e f f e c t s on these o f the var ious 

o r gan i c s . P l an t ana l y s i s of orchardgrass t i s s u e grown on pots t r e a t e d 

w i th the above mentioned organ ic m a t e r i a l s i n d i c a t e d t ha t Mn and Zn 

conent rat ions were not a f f e c t e d by the o r g a n i c s . Fe and Cu l e v e l s , 

however, were gene ra l l y decreased as p l a n t y i e l d s were i nc rea sed by 

both rates of pou l t r y manure and by the 40,000 ppm rates of cow manure 

and sewage s ludge. In summary then, the main e f f e c t s of organ ic 

amendments on the t r a ce elements measured, was to e i t h e r have no e f f e c t 

o r to decrease t h e i r c o n c e n t r a t i o n , probably by carbohydrate d i l u t i o n . 

5. Conclus ions 

i ) The B ray ' s P x s o i l t e s t a l l owed the sepa ra t i on of the two 

severe ly P - d e f i c i e n t t a i l i n g s (Bethlehem and G i b r a l t a r ) from 
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t a i l i n g s w i th moderate P l e v e l s . 

The ammonium acetate e x t r a c t a b l e K was r e l a t e d to p l a n t response 

to K i n three of four t a i l i n g s . 

Y i e l d s from three or f ou r o f the t a i l i n g s t e s t ed were s l i g h t l y 

lower i n pots w i thout Mg; however, severe Mg d e f i c i e n c i e s were 

not observed. 

A d d i t i o n of gypsum, ammonium s u l f a t e , and copper s u l f a t e as s o i l 

amendments had l i t t l e e f f e c t on Cu:Mo r e l a t i o n s h i p s i n p l a n t 

t i s s ue grown on Bethlehem and Endako t a i l i n g s m a t e r i a l s . 

In the sho r t - te rm study o rgan ic amendments such as pou l t r y 

manure, cow manure and sewage s ludge improved p l an t growth on 

the S u l l i v a n t a i l i n g s . Sawdust was not as e f f e c t i v e as the 

manures and the s ludge. These sho r t - te rm e f f e c t s were probably 

due to the f e r t i l i z e r value o f the manure e s p e c i a l l y N. Cu and 

Fe concent ra t ions i n p l a n t t i s s ue were decreased by p o u l t r y manure 

and the h i ghes t rates of cow manure and sewage s l udge . 



9. PHOSPHORUS ADSORPTION 
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PHOSPHORUS ADSORPTION 

1. I n t r oduc t i on 

Next to n i t r o g e n , which i s a l i m i t i n g n u t r i e n t i n mine s p o i l s , 

phosphorus tends to be the major macro -nut r i en t f o r p l a n t n u t r i t i o n . 

Phosphorus i s an e s s e n t i a l p l a n t n u t r i e n t and one t ha t i s r e l a t i v e l y 

expensive to app l y . Phosphorus r e a c t i o n products vary w i th pH and 

with the chemical and m i n e r a l o g i c a l composit ion of the growth media. 

In some m a t e r i a l s , phosphorus i s adsorbed, when added as a f e r t i l i z e r , 

and i s rendered unava i l ab l e f o r p l a n t growth; t h i s i s o f ten pH-

dependent. A l so the f i x a t i o n of phosphorus i s t ime dependent; t h a t 

i s , added phosphorus may at f i r s t not be f i x e d i n t o unava i l ab l e 

p l a n t forms but w i th time the f i x a t i o n process renders the added 

phorphorus u n a v a i l a b l e . This has important p r a c t i c a l r a m i f i c a t i o n s 

not on ly i n the amount of phosphorus f i x a t i o n capac i t y but a l s o the 

amount of phosphorus that should be app l i ed i n one a p p l i c a t i o n . For 

example, i f a mine s p o i l has a high phosphorus f i x a t i o n capac i t y 

then to supply p l a n t a v a i l a b l e phosphorus i t may prove more p r a c t i c a l 

to apply f e r t i l i z e r phosphorus i n smal l amounts and a t s e ve r a l times 

throughout the growing season so tha t the p l a n t can absorb the phosphorus 

before i t i s f i x e d i n t o an unava i l ab l e form. 

To assess the phosphorus f i x a t i o n capac i t y of s e l e c t e d mine 

s p o i l s an experiment was conducted on r ep r e s en t a t i v e samples. The 

experiment was conducted"ag ing " the samples f o r 48 hours and then 

repeated a f t e r " a g i n g " t h e samples f o r two weeks. This was done to see 

i f time was a f a c t o r i n reduc ing phosphorus a v a i l a b i l i t y . 
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2. Methods and Materials 

A standard solution of KH2P04 was prepared in distilled 

water to produce a solution of 1000 ppm of P. The solution was 

standardized to pH 7.0. Aliquots of this standard solution were 

added to the selected mine spoil samples to cover the range of 0 

to 300 ppm. 

A. Method 1 - 48 hours 

Five grams of mine spoil sample were placed in an acid 

washed 150 ml Erlenmeyer flask. Aliquots of the standard P 

solution were added to the samples giving an outside range of 0 

to 300 ppm P. The solution was made up to 100 ml by adding 

appropriate volumes of disti l led water. The flasks were covered 

with parafilm, and swirled for 48 hours on an oscillating shaker. 

The samples were removed and subjected to centrifugation at 3,400 

rpm in an International No. 2 centrifuge. The amount of P remaining 

in solution was analyzed by the procedure of Dickman and Bray described 

in the Methods Manual (Lavkulich, 1977). 

B . Method 2 - 2 weeks 

Five grams of spoil were placed in an acid washed 150 ml 

Erlenmeyer flask. Aliquots of the P standards were added as in Method 1. 

The weight of the Erlenmeyer was recorded and the flasks were swirled 

as before. The samples were stored in the dark for two weeks for 

incubation. Following incubation, disti l led water was added to bring 

the contents of the Erlenmeyer flasks to the previously recorded 
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we ight . The contents were sub jec ted to c e n t r i f u g a t i o n as b e f o r e . 

S o l u t i o n pH and P i n s o l u t i o n were determined. The s p o i l ma te r i a l 

was washed w i th 20 ml a l i q u o t s of d i s t i l l e d water f o r a t o t a l of 100 

m l ; the r e s u l t i n g s o l u t i o n was analyzed f o r water s o l ub l e P. Fo l l ow ing 

d ry ing of the s p o i l samples, t o t a l P was determined. 

The s p o i l samples s e l e c t e d f o r phosphorus adsorpt ion 

s tud ie s c on s i t ed of: (1) T a i l i n g s samples from Bethlehem, 

Lornex, G i b r a l t a r , Emerald and S u l l i v a n . (2) Spo i l samples were 

s e l e c t e d from K a i s e r . 

3. Resu l ts and D i scus s ion 

Table 9:1 g ives the r e s u l t s of the amount of P added to the 

var ious s p o i l ma te r i a l s as a s tandard P s o l u t i o n and the amount remaining 

i n s o l u t i o n a f t e r 48 hours of r e a c t i on t ime. The t a i l i n g s or s p o i l s 

from the copper, molybdenum and coa l mines d i d not e x h i b i t a la rge 

P f i x a t i o n c a p a c i t y , as ev idenced by the amount remaining i n s o l u t i o n . 

(Bethlehem, K a i s e r , Lornex, G i b r a l t a r , Similkameen and Endako). 

Emerald t a i l i n g s f i x e d a cons iderab le amount of P as d id the t a i l i n g s 

from S u l l i v a n . S u l l i v a n gypsum had a low P f i x a t i o n c a p a c i t y . A l l 

the other samples of S u l l i v a n t e s t ed had high adsorpt ion c a p a c i t i e s 

f o r P. 

I t appears that there i s very l i t t l e problem w i t h P f i x a t i o n 

i n the copper mines, and the coal mine s t u d i e d , as w e l l as Endako (Mo). 

At these mine s i t e s i t appears one a p p l i c a t i o n of Phosphorus f e r t i l i z e r 

i n a r a the r l a rge dose could prove s a t i s f a c t o r y . However, care shou ld 

be taken tha t excess P - f e r t i l i z e r s are not added to e l e v i a t e the 
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Table 9:1: Phosphorus Adsorption After 48 Hours 

Added Remaining Added Remaining 
Sample P P (Solution) Sample P P (Solution) 

ppm ppm ppm ppm 

Bethlehem Fresh 

Emerald 1.5-14.5 cm 

Endako 0-4 cm 

Gibraltar Fresh 

Kaiser Fresh 

0 0.6 Kaiser 0-26 cm 0 1 .6 
5 4.7 5 6.7 

10 9.8 10 12.9 
15 14.4 15 17.2 
20 19.3 20 23.6 
25 24.0 25 26.6 
30 28.5 30 29.7 

cm 0 0.4 Lornex 0-10 cm 0 0 .0 
10 0.5 (Emerg. pond) 5 4.8 
20 0.7 10 9.7 
25 0.8 15 14.5 
30 1.5 20 18.9 
40 5.0 25 24.0 
50 10.3 30 28.7 
60 14.9 
70 19.9 Lornex Bulk 0 0.3 
80 21.6 (Emerg. pond) 5 4.7 
90 22.9 10 9.6 

100 26.2 15 14.5 
20 19.4 

0 0.1 25 24.3 
5 5.1 30 28.4 

10 10.1 
15 14.9 Lornex Fresh 0 0.2 
20 19.6 5 5.3 
25 24.5 10 9.8 
30 28.2 15 14.6 

20 19.2 
0 0.0 25 23.8 

10 9.6 30 28.3 
20 20.1 
30 29.5 Similkameen 0 0.0 
40 39.8 0-15 cm 5 3.0 

10 6.8 
0 1 .0 15 10.7 

10 10.5 20 14.8 
20 20.1 25 18.5 
30 30.0 30 22.2 
40 39.2 
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Table 9:1: Phosphorus Adsorpt ion A f t e r 48 Hours 

Sample Added Remai ni ng 
P P ( S o l u t i on ) 

ppm ppm 

Added Remai ni ng 
Sample P P ( S o l u t i on ) 

ppm ppm 

S u l l i v a n Fe Ox id i zed 0 0 .0 
Bulk 20 0.4 

60 0.6 
80 1 .1 

100 1.6 
150 6.0 
200 28.8 
250 60.0 
300 102.0 

S u l l i v a n Gypsum 0 8.0 
1-5 cm 5 10.7 

10 14.9 
15 18.8 
20 21.5 
25 25.2 
30 28.0 

S u l l i v a n S i - Fe 0 0.2 
0-1 cm 70 0.3 

80 1.9 
90 10.6 

100 14.7 
150 23.1 

S u l l i v a n S i - F e 0 0.0 
4-6 cm 50 0.2 

70 0.7 
80 1.4 
90 2.3 

100 3.7 
120 8.6 
150 20.2 

S u l l i v a n S i Ox id i zed 0 0.0 
Bulk 20 0.0 

40 0.1 
60 0.7 
80 1.6 

100 3.2 
120 
150 17.7 
200 45.0 

S u l l i v a n S i 
Fresh 

0 
100 
150 
200 
250 
300 
350 

0.2 
0.2 
0.2 
0.2 

23.6 
68.0 

119 

n.a. - Not A v a i l a b l e 
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P o s s i b i l i t y of deep l each ing of f e r t i l i z e r beyond the growth zone o f 

p l an t s or i n t o groundwater. 

Emerald had a r e l a t i v e l y high P f i x a t i o n capac i t y but the 

percent f i x e d decreased as the amount i n i t i a l l y added i n c r e a s e d . 

I t i s p o s s i b l e that at Emerald the p o t e n t i a l P f i x a t i o n capac i t y cou ld 

be reached and then more of the added P f e r t i l i z e r would be a v a i l a b l e 

f o r p l a n t growth. 

A l l of S u l l i v a n ' s t a i l i n g s (wi th the excep t i on of the gypsum 

pond) had a high P f i x a t i o n c a p a c i t y . I t appears t ha t the low pH o f 

the S u l l i v a n t a i l i n g s coupled w i th the high i r o n content makes P 

f e r t i l i z e r s l a r g e l y u n a v a i l a b l e . This i n d i c a t e s , t h e r e f o r e , tha t before 

P i s added as a f e r t i l i z e r the a c i d i t y problem requ i re s ameo lo ra t i on . 

Table 9:2 g ives the r e s u l t s of the P ad so rp t i on experiment 

conducted w i th two weeks of aging ( i n c u b a t i o n ) . Again the samples from 

Bethlehem, Lornex, Endako, Ka i se r and S u l l i v a n gypsum showed l i t t l e P 

f i x a t i o n as evidenced by the amount o f P remaining i n s o l u t i o n a f t e r 

aging f o r 2 weeks. A l so the pH va lues of the s o l u t i o n ( a f t e r 2 weeks) 

was above 7.0 as was the pH of the s p o i l 

Emerald and Similkameen e x h i b i t e d a g rea te r P f i x a t i o n 

capac i t y ( c . f . Table 9:1 and 9 :2 ) . Again S u l l i v a n t a i l i n g s e x h i b i t e d 

the l a r g e s t P f i x a t i o n c a p a c i t y , e s p e c i a l l y the S i - f r e s h and the Fe. 

In these cases the pH of the s o l u t i o n , a f t e r i n c u b a t i o n , and the ph of 

the s p o i l dropped below 7.0, w i th the excep t i on of Similkameen t a i l i n g s . 

A comparison of the amount of P f i x e d t h a t was water 

s o l ub l e to t h a t which was f i x e d i n an a v a i l a b l e form by the mine s p o i l s 

demonstrated s i m i l a r t rends , i n that of the amount adsorbed ( f i x e d ) , 

more was i n a water s o l u b l e form w i t h the s p o i l m a t e r i a l s from Bethlehem, 



Table 9:2: Phosphorus Adsorption A f te r 2 Weeks of Incubation 

Added Remaining Water Ava i l ab le P Total P pH pH 
Sample P (Solut ion) P (Solut ion) Soluble P (Spoi l ) (Spo i l ) (Solut ion)(Spoi1) 

ppm ppm (Spo i l ) ppm ppm 
ppm 

Bethlehem Fresh 

Emerald 1.5-14.5 cm 

Endako 0-4 cm 

Kaiser Fresh 

*7.00 -
0 0.2 2.8 5.0 280 8.03 8.62 

10 9.4 16.6 13.8 560 7.89 8.62 
20 18.7 29.6 16.4 540 7.84 8.58 
30 27.7 38.6 21 .0 500 7.70 8.79 

*7.00 _ 

0 0.0 1 .2 0.0 300 7.48 7.29 
60 6.2 19.8 358 1220 7.13 7.13 
80 11.6 108 438 1500 7.00 6.83 

100 14.4 136 640 1700 6.83 6.60 
120 16.0 198 934 1940 6.93 6.56 
150 19.6 224 1475 2100 6.84 6.34 

*7.00 
0 0.1 0.0 5.0 580 8.06 8.46 

10 9.5 15.4 16.8 720 7.89 8.23 
20 19.4 25.8 22.4 640 7.67 8.53 
30 28.4 35.6 22.8 680 7.59 8.55 

*7.00 
0 0.1 3.8 5.4 460 7.95 7.94 

10 9.2 27.2 16.2 560 7.89 7.82 
30 28.8 49.4 17.0 540 7.75 7.85 
50 49.0 67.6 24.6 640 7.57 7.89 
70 70.8 102 25.2 590 7.39 7.95 

* O r i g i na l pH of S o l u t i on . 



( con t i nued). Table 9:2: Phosphorus Adsorpt ion A f t e r 2 Weeks of Incubat ion 

Added Remaining Water A v a i l a b l e P Tota l P pH pH 
Sample P ( So l u t i on ) P ( So l u t i on ) So lub le P ( S po i l ) ( S po i l ) ( So l u t i on ) ( S po i l ) 

ppm ppm ( S p o i l ) ppm ppm 
ppm 

Ka i se r 0-26 cm 

Lornex 0-10 cm (Emerg. Pond) 

Lornex Bulk (Emerg. Pond) 

Lornex Fresh 

Similkameen 0-15 cm 

*7.00 -
0 0.2 0 12.0 600 7.33 6.94 

10 9.0 17.6 28.8 620 7.31 6.85 
30 28.2 38.6 42.2 580 7.20 6.93 
50 49.6 130.0 46.0 650 7.20 7.02 
70 70.0 176.0 45.0 700 7.18 7.05 

*7.00 _ 

0 0.2 5.0 6.2 380 7.91 8.68 
10 8.6 20.4 24.4 420 7.66 8.57 
20 18.0 43.4 31 .4 440 7.95 8.74 
30 26.5 61 .2 39.8 440 7.94 8.72 

*7.00 _ 

0 0.2 5.4 7.6 420 8.07 8.39 
10 7.8 30.2 27.2 400 7.79 8.32 
20 17.3 42.8 36.6 440 7.80 8.25 
30 25.0 46.8 58.8 420 7.78 8.26 

*7.00 _ 

0 0.2 4.0 5.8 480 7.86 8.35 
10 9.2 14.6 12.8 540 7.90 8.38 
20 18.8 26.6 17.8 460 7.72 8.47 
30 27.8 36.4 18.2 370 7.64 8.28 

*7.00 _ 

10 5.6 23.6 47.0 1480 7.96 8.10 
30 18.6 104.8 90.2 1540 7.83 8.22 

ro 

* O r i g i n a l pH of S o l u t i o n 



( cont i nued). Table 9:2: Phosphorus Adsorpt ion A f t e r 2 Weeks of Incubat ion 

Added Remaining Water A v a i l a b l e P Tota l P pH pH 
Sample P ( So l u t i on ) P ( So l u t i on ) So lub le P ( S po i l ) ( S po i l ) ( So l u t i on ) ( Spo i l ) 

ppm ppm ( S p o i l ) ppm ppm 
ppm 

S u l l i v a n Fe Ox id i zed Bulk 

S u l l i v a n Gypsum 1-5 cm 

S u l l i v a n S i Ox id i zed Bulk 

*7.00 -
0 0.0 0.8 2.4 100 2.28 2.80 

60 1 .1 39.2 387 1220 2.46 2.85 
80 1 .4 53.8 520 1420 2.42 2.87 

100 2.6 62.2 568 1820 2.44 2.86 
120 5.6 - 617 2080 2.45 2.89 
150 10.4 61 .2 748 2440 2.47 2.98 
200 25.6 52.6 840 3080 2.53 3.02 

*7.00 _ 

0 8.6 64.4 918 2480 5.22 5.43 
10 16.2 87.6 956 2580 6.00 5.78 
20 23.2 96.0 1174 2720 6.04 5.97 
30 28.1 93.2 1120 2740 5.53 5.85 

*7.00 
0 0.0 0.0 6.0 380 2.84 3.05 

60 0.4 3.2 123 1480 2.89 3.21 
80 0.6 4.6 211 1860 2.88 2.14 

100 4.5 11 .6 318 2020 2.88 3.15 
120 8.3 22.8 377 2380 2.92 3.19 
150 16.6 46.0 507 2800 2.99 3.24 
200 54.8 65.2 608 3100 3.13 3.41 

tn 

* O r i g i n a l pH of S o l u t i o n 



(continued). Table 9:2: Phosphorus Adsorption After 2 Weeks of Incubation 

Added Remaining Water Available P Total P pH pH 
P (Solution) P (Solution) Soluble P (Spoil) (Spoil) (Solution) (Spoil) 

ppm ppm (Spoil) ppm ppm 
ppm 

Sullivan Si Fresh *7.00 -
0 0.1 1.6 0 180 4.61 4.51 

80 0.2 3.8 470 1500 5.25 4.27 
100 0.7 7.6 553 1920 4.98 4.30 
150 11 .8 54.6 876 2360 4.83 4.49 
200 21 .6 42.4 1251 2780 4.90 4.69 
250 47.4 54.0 1664 3340 5.34 4.91 
300 50.8 92.8 1609 4300 5.29 5.15 

* Original pH of Solution -t* 
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Lornex, Ka i se r and S u l l i v a n gypsum than from the o the r mine samples 

i n v e s t i g a t e d . (Caut ion has to be e xe r c i s ed i n i n t e r p r e t i n g these 

r e s u l t s as ? they are based on weight of s p o i l and not amounts i n 

s o l u t i o n ) . Again Emerald and Similkameen t a i l i n g s had a l a r g e r 

p r opo r t i on of the f i x e d P i n a v a i l a b l e form i n the s p o i l m a t e r i a l than 

i n water s o l u b l e form. This was a l s o t rue f o r the S u l l i v a n gypsum 

mate r i a l t e s t e d . Once again S u l l i v a n Si and Fe t a i l i n g s f i x e d the 

most P i n t o water i n s o l u b l e compounds. 

To ta l P values f o r the t a i l i n g s e x h i b i t e d i n t e r e s t i n g r e s u l t s 

(aga in based on a weight b a s i s ) . Bethlehem, Lornex, Endako and Ka i s e r 

a l l had values from 280 ppm to about 700 ppm wi th the average about 

500 ppm; thus a r e l a t i v e l y low amount of natura l plus f i x e d 

phosphorus i s i n an u n a v a i l a b l e form to p l a n t s . A l l of the o ther 

mine samples f i x e d the added P i n a form that i s be l i e ved to be 

unava i l ab l e f o r p l a n t growth. 

A graph ic comparison of the amount of P f i x e d a f t e r 24 

hours and 2 weeks i s presented i n F igures 9:1 to 9:16. With the 

except ion of S u l l i v a n , a l l mine samples s t ud i ed inc reased the 

amount of P f i x e d f o l l o w i ng ag ing . The r e s u l t s obta ined f o r S u l l i v a n 

can not be exp la ined r e a d i l y . At the lower concent ra t ions l e s s of 

the added P i s f i x e d a f t e r i n cuba t i on f o r two weeks than a f t e r only 

48 hours. At h igher amounts added the two curves converge. The 

types of r e a c t i o n products formed requ i re f u r t h e r e l u c i d a t i o n . 
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FIGURE 9:1 
PHOSPHORUS FIXATION CAPACITY 

BETHLEHEM FRESH 

ADDED P (ppm) 



157 

30-

FIGURE 9:2 
PHOSPHORUS FIXATION CAPACITY 
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FIGURE 9:3 
PHOSPHORUS FIXATION CAPACITY 

ENDAKO 0-4 cm. 

ADDED P (ppm) 
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FIGURE 9:4 
PHOSPHORUS FIXATION CAPACITY 

GIBRALTAR FRESH 

ADDED P (ppm) 
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FIGURE 9:5 
PHOSPHORUS FIXATION CAPACITY 

KAISER FRESH 
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FIGURE 9:6 
PHOSPHORUS FIXATION CAPACITY 

KAISER 0-26 cm. 

1 1 1 1 r— 
5 10 15 20 25 

ADDED P (ppm) 
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FIGURE 9:7 
PHOSPHORUS FIXATION CAPACITY 

LORNEX O-IO cm. 
(Emerg. Pond) 
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FIGURE 9:8 
PHOSPHORUS FIXATION CAPACITY 

LORNEX BULK 
(Emerg. Pond) 

ADDED P (ppm) 
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FIGURE 9:9 
PHOSPHORUS FIXATION CAPACITY 

LORNEX FRESH 
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FIGURE 9:10 
PHOSPHORUS FIXATION CAPACITY 

SIMILKAMEEN 0-15 cm. 
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ADDED P (ppm) 
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FIGURE 9:11 
PHOSPHORUS FIXATION CAPACITY 

SULLIVAN Fe OXIDIZED BULK 

ADDED P (ppm) 
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FIGURE 9:12 
PHOSPHORUS FIXATION CAPACITY 

SULLIVAN GYPSUM |-5cm. 
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FIGURE 9:13 
PHOSPHORUS FIXATION CAPACITY 

SULLIVAN Si-Fe O-lcm. 
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FIGURE 9:14 
PHOSPHORUS FIXATION CAPACITY 

SULLIVAN Si-Fe 4-6 cm. 
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FIGURE 9M5 
PHOSPHORUS FIXATION CAPACITY 

SULLIVAN Si OXIDIZED BULK 
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FIGURE 9:16 
PHOSPHORUS FIXATION CAPACITY 

SULLIVAN Si FRESH 
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4. Conclus ion 

From the p r e l im i na r y r e s u l t s obta ined from t h i s study i t 

appears that a s i n g l e , r e l a t i v e l y l a rge dose o f phosphorus f e r t i l i z e r 

can be added to the mine s p o i l of Bethlehem, Lornex, Endako, and 

Ka i se r to overcome phosphorus d e f i c i e n c i e s f o r p l a n t growth. In 

general t h i s seems to apply to the S u l l i v a n gypsum t a i l i n g s a l s o . 

Emerald and to a l e s s e r extent Similkameen t a i l i n g s appear t o have a 

h igher P f i x a t i o n c a p a c i t y . I t appear t h a t the P f i x a t i o n p o t e n t i a l 

i n these t a i l i n g s could be overcome, w i th t ime , by i a r ge amounts of 

a s i n g l e a p p l i c a t i o n of phosphorus f e r t i l i z e r . To prevent p o s s i b l e 

losses of phosphorus f e r t i l i z e r to deep l each ing and p o s s i b l e contam

i n a t i o n of groundwaters, i t would probably be best to apply phosphorus 

f e r t i l i z e r s , a t l e a s t i n i t i a l l y i n one heavy dose f o l l owed by l i g h t 

top d res s ing subsequent ly . I t appears tha t w i th t ime , phosphorus 

a p p l i c a t i o n s cou ld become le s s f r equen t . 

S u l l i v a n t a i l i n g s are once aga in un ique. The r e a c t i o n 

products formed w i th phosphorus and the t a i l i n g s m a t e r i a l s are not 

understood. P r a c t i c a l l y , the pH and s a l t problem r e q u i r e s o l v i n g 

before meaningful recommendations can be g iven f o r phosphorus f i x a t i o n . 
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APPENDIX I: PLANT SPECIES LIST 

A. COAL CREEK 

a. T a i l i n g s Pond S i t e 

Trees 

Shrubs 

Herbs 

Cornus stolonifera 
Picea glauca 

*Populus tremuloides 
*Populus trichocarpa 

Acer douglasii 
Amelanchier alni folia 

Atemisia absinthium 
Capsella burs a-past oris 
Chenopodium album 
Epilobium minutum 
Equisetum hyemale 

*Heliopsis scabra 
Lepidium densiflorum 
Linaria vulgaris 

*Meli lotus alba 
*Melilotus officinalis 
Plantago major 

*Potentilla flabellifolia 
Potentilla gracilis 
Senecio serra 
Sonchus arvensis 
Taraxacum officinale 
Thalaspi arvense 
Trifolium agrarium 
Tri folium rep ens 

r e d - o s i e r dogwood 
white spruce 
t rembl ing aspen 
cottonwood 

Douglas 1 maple 
saskatoon 

abs inth ium 
Shepherd 's purse 
lambsquarter 
s m a l l - f l o w e r e d w i l l ow -he rb 
ho r se ta i 1 
ox-eye da i sy 
peppergrass 
b u t t e r and eggs 
white sweet c l o ve r 
y e l l o w sweet c l o v e r 
p l a n t a i n 
f a n - l e a f c i n q u e f o i l 
c i nquefoi 1 
butterweed groundsel 
sow t h i s t l e 
dandel ion 
s t i nkweed 
y e l l o w c l o v e r 
dutch c l o ve r 

Graminoids 

*Agrostis alba 
Agrostis sp. 
Alopecurus ssp. 
Festuca rubra 
*Phleum pratense 
Poa compress a 

redtop 
bentgrass 
f o x t a i 1 
red rescue 
timothy 
Canada bluegrass 

Mosses 
^Un i den t i f i e d 

* These spec ies were found growing w i t h i n 5 m of the " vege ta ted " 
pi t s i t e . 



Dry Grass land S i t e 

Trees 

Shrubs 

Herbs 

Populus trichocarpa 

k'Chrisothamnus nauseosus 

Achillea millefolium 
Artemisia absinthium 
Cirsium vulgare 
Epilobium angustifolium 

*Melilotus alba 
*Melilotus officinalis 
Phacelia hastata 
*Silene cucubalus 

Grami noids 
•k Agrostis alba 
•kFestuca rubra 
Phleum pratense 

Forested Si te 

Trees 

Shrubs 

Herbs 

Comics stolonifera 
Pinus contorta var. 

lati folia 
Populus tremuloides 
Populus trichocarpa 

Acer douglasii 
Amelanchier alni folia 

Achillea millefolium 
Arabis douglasii 
Epilobium angustifolium 
Heliapsis scabra 
Melilotus alba 

*Melilotus officinalis 
Potentilla gracilis 
Tanaxacum officinale 
Tri folium agrarium 

*Tri folium repens 
Verb as cum thapsus 
Vicia sp. 

cottonwood 

r abb i t - b r u sh 

yarrow 
absi nthium 
b u l l t h i s t l e 
f i reweed 
white sweet c l o v e r 
y e l l o w sweet c l o v e r 
s i l v e r l e a f p h a c e l i a 
b ladder campion 

red fescue 
redtop 
t imothy 

r e d - o s i e r dogwood 
lodgepole pine 

t rembl ing aspen 
cottonwood 

Douglas 1 maple 
saskatoon 

yarrow 
rockcress 
f i reweed 
h e l i o p s i s 
white sweet c l o v e r 
y e l l o w sweet c l o v e r 
c inquefo i 1 
common dandel ion 
y e l l o w c l o ve r 
dutch c l o v e r 
common m u l l e i n 
ve tch 

* These spec ies were found growing w i t h i n 5 m of the " vege ta ted " 
p i t s i t e . 



Graminoids 
Agrostis alba redtop 
*Agrostis exarata bentgrass 
*Festuea rubra red fescue 
*Phleum pratense t imothy 

B. EMERALD 

Trees 

Shrubs 

Herbs 

Populus tremuloides 
Populus trichocarpa 

Corylus cornuta 
Salix exigua 
Salix sp. 

Circium vulgare 
Epilobium minutum 
Fragaria virginiana 

*Linaria vulgaris 
Lotus corniculatus 

*Medicago sativa 
*Melilotus alba 
Melilotus officinalis 
Plantago major 
*Tanaxacum officinale 
Tri folium agrarium 

*Trifolium repens 
*Verbascum thapsus 

Grami noi ds 

*Agrostis stolonifera 
Agrostis sp. 
*Festuca rubra 
*Phleum pratense 
Secale cereale 

t rembl i ng aspen 
cottonwood 

haze lnut 
cyote wi 1 low 
wi How 

b u l l t h i s t l e 
sma l l - f l owe red w i l l ow -he rb 
b l u e l e a f s t rawberry 
bu t t e r and eggs 
bi r d s f o o t - t r e f o i 1 
a l f a l f a 
white sweet c l o ve r 
y e l l o w sweet c l o ve r 
p l a n t a i n 
dandel ion 
y e l l o w c l o v e r 
dutch c l o v e r 
mu l l e i n 

creeping bentgrass 
bentgrass 
red fescue 
t imothy 
rye 

C. H.B. 

Trees 
*Alnus sinuata s i t k a a l de r 
Crataegus douglasii var. b lack hawthorn 

douglasii 

* These spec ies were found growing w i t h i n 5 m of the " vege ta ted " 
p i t s i t e . 



Shrubs 
Salix sp. 

Herbs 
*Equisetum arvense 
Lo tus cornicula turn 
Tri folium repens 

Graminoids 
* Agrostis alba 
Agrostis sp. 
Poa trivialis 

Mosses 
U n i d e n t i f i e d 

wi 11 ow 

ho r se ta i 1 
b i r d s f o o t - t r e f o i 1 
dutch c l ove r 

redtop 
bentgrass 
rough bluegrass 

HEDLEY 

Trees 

Shrubs 

Herbs 

Pinus ponderosa 
Populus trichocarpa 
Pseudotsuga minziesii 

Amelanchier alnlfolia 
Chrisothamnus viscidiflorus 
Salix sp. 

Achillea . millefolium 
*Agroseris sp. 
Asperagus officinalis 
*Centaurea repens 
Conyza canadensis 
Grindelis squarrosa 

*Melilotus alba 
Silene cucubalus 
Solidago canadensis 
Spergula arvensis 

Graminoi ds 
*Agropyron crista turn 

ponderosa pine 
cottonwood 
Douglas f i r 

saskatoon 
rabbi t - brush 
wi How 

yarrow 
f a l s e - d a n d e l i o n 
w i l d asparagus 
Russian knapweed 
horseweed 
gumweed 
wh i te sweet c l o v e r 
b ladder campion 
goldenrod 
corn spurry 

c res ted wheatgrass 

* These spec ies were found growing w i t h i n 5 m of the " vege ta ted " 
pi t s i te . 



E. VELVET 

Trees 

Shrubs 

Herbs 

*Alnus sinuata 
Pinus ponderosa 
*Populus tremuloides 
*Populus trichocarpa 

Salix bebbiana 
* Salix sp. 

Anaphalis margaritaeea 
Antennaria anaphaloides 
Cos tilled a ssp. 
Cirsiwn vulgare 
Epilobium minutum 

*Equisetum hymale 
Erigeron philedephicus 
Lactuca scariola 
Melilotus alba 
Rumex crispus 
*Solidago canadensis 
Tanacetum vulgare 

* Tri folium agrarium 
*Trifolium pratense 
*Verbascum thapsus 

Grami noids 
*AgrostLs alba 
*Carex disperma 
Carex practicola 
Phleum pratense 
*Poa trivialis 

s i t k a a l de r 
ponderosa pi ne 
t rembl ing aspen 
cottonwood 

Bebb w i l l o w 
wi 11 ow 

p e a r l y - e v e r l a s t i ng 
t a l l pussy-toes 
Indian pa intbrush 
b u l l t h i s t l e 
sma l l - f l owe red w i l l ow -he rb 
ho r se ta i 1 
p r i c k l y l e t t u c e 
wh i te sweet c l o v e r 
cu r l y dock 
goldenrod 
common tansy 
y e l l o w c l o ve r 
red c l o v e r 
mul l e i n 
pink f leabane 

redtop 
s o f t - l e a v e d sedge 
meadow sedge 
timothy 
rough b luegrass 

Mossess 
• U n i d e n t i f i e d 

* These spec ies were found growing w i t h i n 5 m of the " vege ta ted " 
p i t s i t e . 



APPENDIX II 

PROFILE DESCRIPTIONS OF MINE SPOILS 

"VEGETATED" AND "UNVEGETATED" PITS 



PROFILE DESCRIPTION OF MINE SPOIL "VEGETATED" AMD "UNVEGETATED" PITS 

TAILINGS POND SITE 

HORIZON DEPTH (cm) 

Ah 0 - 3 . 5 

3.5 - 10 

10 - 12.5 

12.5 - 16 

16 - 19 

19 - 33 

lens 30 - 33 

COAL CREEK 

DESCRIPTION 

Black (10YR 2/1 m), very dark g ray i sh 
brown (10YR 3/2 d) f i n e sand; mott le s around 
r o o t s ; g r anu l a r ; f r i a b l e ; abundant, f i n e 
r o o t s ; coarse coal f r a c t i o n min ima l ; 
abrupt , wavy boundary; pH 8 .1 . 

B lack (7.SYR 2/0 m,d) very f i n e sand, 
mott les around r oo t s ; coar se , subangular 
b locky s t r u c t u r e ; few, coarse roots and 
abundant, f i n e , v e r t i c a l r o o t s ; no 
coarse coal f r a c t i o n ; ab rupt , wavy 
boundary; pH 8.2. 

B lack (7.5YR 2/0 m,d) medium sand; s i n g l e 
g r a i n ; l oose ; few, f i n e r oo t s ; abrupt , 
wavy boundary; pH 7.9. 

B lack (7.5YR 2/0 m,d) very f i n e sand; 
mass ive; very f r i a b l e ; few, f i n e r o o t s ; 
coarse coa l f r a c t i o n , 15%; abrupt , wavy 
boundary; pH 8.1 . 

B lack (7.5YR 2/0 m,d) medium sand; s i n g l e 
g r a i n ; l oo se ; f i n e , p l e n t i f u l roots and 
few, h o r i z o n t a l , coarse r o o t s ; abrupt , 
wavy boundary; pH 7.9. 

Black (7.5YR 2/0 m,d) f i n e sand; s i n g l e 
g r a i n ; l oo se , p l e n t i f u l , f i n e , v e r t i c a l 
roots becoming few and coarse near bottom; 
coarse coa l f r a c t i o n m in ima l ; ab rupt , 
wavy boundary; pH 7.5; lens becoming 
wide t o 5 cm found from 23 t o 28 cm; 
s i m i l a r to m a t e r i a l i n 60+ cm. 

Black (7.5YR 2/0 m,d) f i n e sand; s i n g l e 
g r a i n ; l oo se ; few, f i n e and few, coarse 
r o o t s , some growing v e r t i c a l l y ; coarse 
coal f r a c t i o n , 5%; abrupt, wavy boundary; 
pH 7.4; lens f ad ing out a t p i t s i d e s . 



HORIZON DEPTH (cm) DESCRIPTION 

33 - 60 Black (7.5YR 2/0 m,d) medium sand; 
s i n g l e g r a i n ; l o o se ; few, f i n e and 
few, coarse r o o t s , f o l l o w i n g f i n e l aye r s 
o f coarse m a t e r i a l h o r i z o n t a l l y ; coarse 
coa l f r a c t i o n m in ima l ; ab rupt , wavy 
boundary; pH 7.5. 

60+ Black (7.5YR 2/0 m,d) medium-coarse 
sand; s i n g l e g r a i n ; l o o se ; few, coarse 
roots to 90cm; coarse coa l f r a c t i o n , 5% 
pH 7.3. 

DRY GRASSLAND SITE 

Ah 0 - 7 B lack (7.5YR 2/0 m,d) very f i n e sand; 
g r anu l a r ; very f r i a b l e ; abundant, f i n e 
r oo t s ; coarse coal f r a c t i o n , 40%; abrupt , 
i r r e g u l a r boundary; 6 t o 9 cm t h i c k ; pH 
7.0. 

Ah 7 - 21 

21 - 27 

Black (7.5YR 2/0 m,d) very f i n e sand; 
mass ive; f r i a b l e ; few, f i n e r oo t s ; coarse 
coal f r a c t i o n , 20%; abrupt , i r r e g u l a r 
boundary; from 12 to 19 cm t h i c k ; pH 6.2. 

Black (7.5YR 2/0 m,d) very f i n e sand; 
s i n g l e g r a i n ; l oo se ; few, f i n e , v e r t i c a l 
r o o t s ; coarse coa l f r a c t i o n , 70%; ab rupt , 
wavy boundary; from 2 to 9 cm t h i c k ; pH 
7.5. 

27 - 34 

BC 34 - 60 

60+ 

B lack (7.5YR 2/0 m,d) very f i n e sand; 
mass ive; f r i a b l e ; p l e n t i f u l , f i n e r o o t s ; 
coarse coa l f r a c t i o n , 30%; abrupt , wavy 
boundary; from 4 to 11 cm t h i c k ; pH 7.8. 

B lack (7.5YR 2/0 m,d) very f i n e sand; 
s i n g l e g r a i n ; loose; few, f i n e r o o t s ; 
coarse coa l f r a c t i o n , 70%; abrupt , wavy 
boundary; pH 7.5. 

B lack (7.5YR 2/0 m,d) very f i n e sand; 
s i n g l e g r a i n ; loose; no r o o t s ; coarse 
coa l f r a c t i o n , 90%; pH 7.5. 



FORESTED SITE 

HORIZON 

Ah 

DEPTH (cm) 

2 - 0 

0 - 5 

Ahe 5 - 16 

Bm2 16 - 25 

Bm 2 25 - 70 

70 + 

DESCRIPTION 

Dark reddish brown (5YR 2/2 m) semi-
decomposed organ ic mat te r ; ab rupt , 
wavy boundary; pH 7.3. 

Black (7.5YR 2/0 m), very dark brown 
(10YR 2/2 d) sandy loam; g r anu l a r ; 
l oo se ; p l e n t i f u l , f i n e r o o t s ; coarse 
coal f r a c t i o n m in ima l ; abrupt , wavy 
boundary; pH 7.3. 

B lack (2.5YR 2/0 m), l i g h t gray (10YR 
7/2 m), s a l t and p e p p e r - l i k e ; g r a v e l l y , 
f i n e sand; g r a n u l a r ; l oo se ; p l e n t i f u l , 
f ine and few, medium, v e r t i c a l r oo t s ; 
few, coarse, h o r i z o n t a l roots at bottom 
of h o r i z o n ; coarse coal f r a c t i o n , 50%; 
abrupt , wavy boundary; pH 7.8. 

B lack (2.5YR 2/0 m,d) f i n e sand; s i n g l e 
g r a i n ; l o o se ; few, f i n e and few, medium 
r oo t s ; coarse coal f r a c t i o n , 75%; abrupt , 
wavy boundary; pH 7.4. 

Black (2.5YR 2/0 m,d) f i n e sand; s i n g l e 
g r a i n ; l oo se ; p l e n t i f u l , f i n e , v e r t i c a l 
roots and few, medium, h o r i z o n t a l r o o t s ; 
coarse coa l f r a c t i o n , 95%; g r adua l , 
i r r e g u l a r boundary, due to coa l up to 
10 cm di ameter; pH 7.6. 

Black (2.5YR 2/0 m,d) f i n e sand; s i n g l e 
g r a i n ; l o o s e ; no r o o t s ; coarse coa l 
f r a c t i o n , 65%; a l l s i z e s up to >10 cm; 
pH 7.7. 



PROFILE DESCRIPTION OF MINE SPOIL "VEGETATED" AND "UNVEGETATED" PITS 

VEGETATED SITE 

HORIZON DEPTH (cm) 

Ah 0 - 2 

2 - 7 

7 - 10 

10 - 12 

1 2 - 2 9 

29 - 32 

H. B. 

DESCRIPTION 

Grayish brown (2.5Y 5/2 m), l i g h t gray 
(2.5Y 7/2 d) loamy f i n e sand; g r anu l a r ; 
very f r i a b l e ; abundant, f i n e r o o t s ; 
abrupt , wavy boundary; 2 to 3 cm t h i c k ; 
pH 7.5. 

O l i v e gray (5Y 5/2 m), l i g h t gray (5Y 7/2 d) 
very f i n e sand; mott les i n o ld root channe l s ; 
medium-f ine, subangular b l o cky , and g r anu l a r 
around r o o t s ; many t i n y l a ye r s of s i m i l a r 
m a t e r i a l ; very f r i a b l e ; few, f i n e , v e r t i c a l 
roots and few, medium h o r i z o n t a l r o o t s ; 
abrupt , wavy boundary; 2 t o 6 cm t h i c k ; 
pH 7.7. 

O l i v e gray (5Y 5/3 m), pale o l i v e (5Y 6/3 d) 
very f i n e sand; mott le s i n o l d root 
channels ; s i n g l e g r a i n ; very f r i a b l e ; few, 
f i n e and few, coarse r o o t s ; abrupt , wavy 
boundary; 2 to 7 cm t h i c k ; pH 7.7. 

L i gh t o l i v e gray (5Y 6/2 m) and dark gray 
(2.5Y 4/0 m) d i s t i n c t l a y e r i n g of very 
f i n e sand; y e l l o w i s h brown (10YR 5/8 m) 
mott les along root channe l s ; massive to 
subangular b l o cky ; f r i a b l e ; p l e n t i f u l , 
medium, h o r i z o n t a l r oo t s ; ab rupt , wavy 
boundary; 0 to 2 cm t h i c k ; pH 7.7; 0.5 
cm of semidecomposed organ ic matter found 
at the base of t h i s l a y e r . 

Gray (7.5YR 5/0 m) and o l i v e y e l l o w 
(5Y 6/4 m) d i s t i n c t l aye r s of very 
f i n e sand; few, medium d i s t i n e t y e l l o w i s h 
brown (10YR 5/8 m) mot t le s along roo t 
channe l s ; massive to coa r se , subangular 
b l ocky ; f r i a b l e ; few, f i n e , v e r t i c a l 
roots and p l e n t i f u l , medium, h o r i z o n t a l 
r o o t s ; ab rupt , smooth boundary; 15 to 17 
cm th i ck; pH 7.7. 

Dark gray (N 4/0 m), gray (N 6/0 d) 
very f i n e sand; few, medium, d i s t i n c t 
y e l l o w i s h brown (10YR 5/8 m) m o t t l e s ; 
mass ive; p l e n t i f u l , medium r o o t s ; 
abrupt , wavy boundary; pH 7.4. 



HORIZON DEPTH (cm) 

32 - 49 

49 - 50 

50 - 56 

56 - 67 

67 - 83 

DESCRIPTION 

O l i v e (5Y 4/4 m), b lend ing to dark 
gray (2.5Y 4/0 m) f i n e sand; few, 
medium, d i s t i n c t y e l l o w i s h brown 
(10YR 5/8 m) m o t t l e s ; medium, subangular 
b l o cky ; f r i a b l e ; few, medium r o o t s ; 
abrupt , wavy boundary; pH 7.5. 

Dark gray (N 4/0 m), gray (N 6/0 d) 
very f i n e sand; few, medium, d i s t i n c t 
y e l l o w i s h brown (10YR 5/8 m) m o t t l e s ; 
mass ive; non s t i c k y ; very few, medium 
r o o t s ; abrupt, wavy boundary; from 0 
to 1 cm t h i c k ; only occurs i n one 
p o r t i o n of the p i t ; pH 7.4; smal l 
l a ye r of semi decomposed organ ic matter 
at the bottom. 

O l i v e gray (5Y 4/2 m), l i g h t o l i v e gray 
(5Y 6/2 d) f i n e and very f i n e sand; few, 
medium, d i s t i n c t y e l l o w i s h brown (10YR 5/8 m) 
m o t t l e s ; medium, subangular b l o c k y ; 
f r i a b l e ; few, medium, decaying r o o t s ; 
abrupt, wavy boundary; pH 6.8; a 
t r a n s i t i o n between the two border ing 
hor i zons. 

O l i v e (5Y 4/3 m), l i g h t o l i v e gray 
(5Y 6/2 d) f i n e sand; w i th f i n e lenses 
of o l i v e (5Y 4/3 m) d i l a t i n g , very f i n e 
sand; few, medium, d i s t i n c t s t rong 
brown (7.5YR 5/6 m) m o t t l e s ; medium, 
subangular b l o c k y ; f r i a b l e ; few, 
medium, decaying r o o t s ; c l e a r , wavy 
boundary; pH 6.8. 

O l i v e (5Y 4/3 m), l i g h t o l i v e gray 
(5Y 6/2 d) f i n e sand; few, medium, 
d i s t i net y e l lowish brown (10YR 5/8 m) 
mott les f o l l o w i n g decaying root channel s ; 
medium, subangular b l ocky ; f r i a b l e ; few, 
medium, decay ing , v e r t i c a l r oo t s ; pH 
6.8; t h i n , semi decomposed l a ye r of 
o rgan ic matter a t base. 



UNVEGETATED SITE  

HORIZON DEPTH (cm) 

0 - 23 

20 - 38 

lens 23 - 41 

38 - 56 

DESCRIPTION 

O l i ve gray (5Y 4/3 d , 5Y 5/3 d) and 
l i g h t o l i v e gray (5Y 6/2 d) i n t r i c a t e 
l ayer s of very f i n e and f i n e sand, w i th 
lenses of dark gray (2.5Y 4/0 d ) ; s i n g l e 
g r a i n ; f r i a b l e ; no r o o t s ; ab rup t , wavy 
boundary; pH 7.0. 

Dark gray (5Y 4/1 m), gray (5Y 6/1 d) 
s i l t ; few, medium, d i s t i n c t y e l l o w i s h 
brown (10YR 5/8 m) mott les along o l d roo t 
channels ; mass ive; f r i a b l e ; p l e n t i f u l 
o l d r o o t s ; abrupt , smooth boundary; pH 6.9. 

O l i v e (5Y 4/3 m), l i g h t o l i v e gray 
(5Y 6/2 d) coarse sand; lenses of f i n e 
g r a v e l ; s i n g l e g r a i n ; very f r i a b l e ; 
abrupt , wavy boundary; on ly e x i s t s to 
h a l f way around p i t ; 0 to 18 cm t h i c k ; 
pH 7 .1 . 

Pale o l i v e (5Y 5/3 m), l i g h t gray 
(5Y 7/2 d) f i n e sand; mass ive; f r i a b l e ; 
few, medium, o l d r o o t s ; pH 7.1; l ayer s of 
semi decomposed o rgan i c matter a t 40 cm 
and 45 cm, and below i s o r i g i n a l s o i l 
s u r f a c e . 



PROFILE DESCRIPTION OF MINE SPOIL "VEGETATED" AND "UNVEGETATED" PITS 

HEDLEY 

VEGETATED SITE 

HORIZON DEPTH (cm) 

0 - 9 

9 - 19 

19 - 26.5 

26.5 - 35.5 

35.5 - 43 

43 - 49.5 

49.5 - 63.5 

63.5 - 68.5 

DESCRIPTION 

Dark g rays ih brown (2.5Y 4/2 m), g ray i sh 
brown (2.5Y 5/2 d) s i l t loam; medium 
g ranu l a r but s i n g l e g r a i n where r o o t 
l e s s ; s o f t ; abundant, f i n e r o o t s ; abrupt , 
smooth boundary; pH 7.6. 

O l i v e gray (5Y 4/2 m), l i g h t o l i v e gray 
(5Y 6/2 d) s i l t ; s i n g l e g r a i n ; s l i g h t l y 
hard; abundant, micro r o o t s ; ab rupt , 
smooth boundary; pH 7.4. 

O l i v e (5Y 4/3 m), pa le o l i v e (5Y 6/3 d) 
s i l t ; medium p l a t y ; s l i g h t y hard; 
abundant, micro r oo t s ; abrupt , smooth 
boundary; pH 7.3. 

Dark o l i v e gray (5Y 3/2 m), o l i v e gray 
(5Y 5/2 d) f i n e sandy loam; smal l lenses 
of s t rong brown (7.5YR 5/6 d) s i l t ; 
s i n g l e g r a i n ; l o o se ; no r o o t s ; abrupt, 
broken boundary; pH 7.6. 

O l i v e (5Y 5/4, 5/6 d) and pa le y e l l o w 
(5Y 7/3 d) s i l t ; mass ive; f i r m ; many 
f i n e , d i s t i n c t l a y e r s ; abrupt , smooth 
boundary; pH 7.5. 

Very dark gray (5Y 3/1 m), o l i v e gray 
(5Y 5/2 d) f i n e , sandy loam; few lenses 
of o l i v e gray (5Y 5/4 m) s i l t ; s i n g l e 
g r a i n ; l oo se ; abrupt, broken boundary; 
pH 7.7. 

O l i v e y e l l o w (2.5Y 6/6 m), pale y e l l ow 
(5Y 7/4 m) and pa le o l i v e (5Y 6/3 m) 
s i l t ; mass ive; cont inuous , f i n e l a y e r i n g ; 
f i r m ; abrupt , broken boundary; pH 7.6. 

L i g h t o l i v e gray (5Y 4/2 m), o l i v e 
(5Y 6/2 d) f i n e sandy loam; smal l 
lenses of s t rong brown (7.5YR 5/6 d) 
s i l t ; mass ive; very f r i a b l e ; ab rupt , 
broken boundary; pH 7.6. 



HORIZON DEPTH (cm) 

68.5 - 91.5 

DESCRIPTION 

O l i v e y e l l o w (2.5Y 6/6 m), pa le y e l l o w 
(5Y 7/4 m) and pale o l i v e (5Y 6/3 m) 
s i l t ; smal l lenses of g leyed (N 6/0 m) 
s i l t ; mass ive; f i r m ; abundant, broken 
boundary; pH 7.5. 

UNVEGETATED SITE 

0 - 9 O l i v e gray (5Y 4/2 m), l i g h t o l i v e gray 
(5Y 6/2 d) s i l t ; very f i n e p l a t y ; 
very f r i a b l e ; very few, f i n e , dead r o o t s ; 
ab rupt , wavy boundary, pH 7.7. 

9 - 1 5 O l i v e (5Y 4/2 m), l i g h t o l i v e gray 
(5Y 6/2 d) s i l t ; very f i n e p l a t y ; 
very f r i a b l e ; very few, f i n e , dead 
r o o t s ; abrupt , smooth boundary; pH 7.7. 

1 5 - 3 0 O l i v e gray (5Y 4/2 m), l i g h t o l i v e gray 
(5Y 6/2 d) very f i n e sand; s i n g l e g r a i n ; 
l oo se ; ab rupt , wavy boundary; pH 7.7. 

30 - 40 Pale y e l l o w (5Y 7/3 m) f i n e sandy loam; 
f i n e l y v e s i c u l a r ; l i g h t o l i v e gray 
(5Y 6/2 m) very f i n e sand; very few, 
v e r t i c a l , f i n e to medium, dead r o o t s ; 
brown (10YR 5/3 m) very f i n e sandy loam; 
combined l a y e r s ; medium, subangular 
b l o cky ; very f r i a b l e ; few, f i n e , 
h o r i z o n t a l r o o t s , both at su r face and 
bottom of h o r i z o n ; abrupt , smooth 
boundary; pH 7.7. 

40+ O l i ve (5Y 5/4 m) and pale y e l l o w 
(5Y 6/4 m) f i n e sandy loam; f i n e l y 
l a y e r e d ; t h i n coat ings of o l i v e 
y e l l o w (5Y 6/6 m); very t h i n p l a t y ; 
f r i a b l e ; ab rupt , smooth boundary; 
pH 7.6. 



PROFILE DESCRIPTION OF MINE SPOIL "VEGETATED" AND "UNVEGETATED" PITS 

EMERALD 

VEGETATED SITE 

HORIZON 

Ah 

DEPTH (cm) 

0 - 0.5 

0.5 - 15 

1 5 - 2 3 

23 - 26 

26 - 28 

28 - 34 

34 - 42 

DESCRIPTION 

Pale brown (10YR 6/3 d ) , dark brown 
(TOYR 3/3 m) s i l t ; g r a n u l a r ; l oo se ; 
p l e n t i f u l , f i n e and p l e n t i f u l , medium 
r o o t s ; c l e a r , wavy boundary; pH 6.8. 

Dark gray (10YR 4/1 m, 6/1 d) s i l t ; few, 
f i n e , d i s t i n c t s t rong brown (7.5YR 5/6 m) 
m o t t l e s , f o l l o w i n g planes of p l a t i n e s s 
and along root channels ; f i n e to medium 
pi a t e l i ke; g ranu la r i n immediate r oo t i n g 
a r e a ; f i r m ; abundant, f i n e r o o t s , 
congested v e r t i c a l l y and spreading 
h o r i z o n t a l l y along p lanes ; ab rupt , smooth 
boundary; pH 6.9. 

Dark gray (2.5Y 5/0 m) and gray (2.5 6/0 m) 
s i l t l a ye r s and brownish y e l l o w (10YR 6/6 m 
and 6/8 m) loamy f i n e sand l a y e r s ; massive 
and s i n g l e g r a i n ; f r i a b l e ; p l e n t i f u l , f i n e 
r oo t s ; abrupt , smooth boundary; t o t a l 
pH 7.1; t r a n s i t i o n l a y e r . 

Ye l l ow i sh brown (10YR 5/6 d ) , dark reddish 
brown (5YR 3/4 m) loamy f i n e sand; s i n g l e 
g r a i n ; f r i a b l e ; very few, f i n e r oo t s ; 
abrupt , smooth boundary; pH 6.9. 

Dark gray (5Y 4/1 m), l i g h t gray (2/5Y 
7/0 d) s i l t loam; few, f i n e , prominant 
dark reddish brown (10YR 4/4 m) h o r i z o n t a l 
m o t t l e s ; mass ive; s l i g h t l y s t i c k y ; no 
r o o t i n g , abrupt , smooth boundary; pH 7.3. 

Dark brown (10YR 3/3 m), l i g h t o l i v e 
brown (2.5Y 5/4 d) changing along p i t 
s i de to o l i v e gray (5Y 5/2 m) f i n e sand; 
s i n g l e g r a i n ; very f r i a b l e ; ab rupt , 
smooth boundary; pH 6.7. 

Dark gray (5Y 4/1 m), l i g h t gray (2.5Y 7/0 d) 
s i l t loam; few, f i n e , prominant dark 
reddish brown (2-5YR 3/4 m) and dark y e l l o w i s h 
brown (10YR 4/4 m) h o r i z o n t a l m o t t l e s ; 
mass ive; s l i g h t l y s t i c k y ; abrupt , smooth 
boundary; pH 7.3. 



HORIZON DEPTH (cm) 

42 - 52 

52+ 

UNVEGETATED SITE 

0 - 1.5 

Cg 

1.5 - 14.5 

14.5 - 38.5 

38.5 - 83.5 

83.5 - 90 

DESCRIPTION 

Black (5Y 2/1 m, 4/1 d) f i n e sand 
changing to o l i v e (5Y 4/3 m) at p i t 
s i d e ; s i n g l e g r a i n ; very f r i a b l e ; 
abrupt , smooth boundary; pH 7.3. 

Very dark g ray i sh brown (2.5Y 3/2 m), 
dark gray (10YR 4/1 d) loamy f i n e sand; 
s i n g l e g r a i n ; very f r i a b l e ; pH 7.2. 

Reddish brown (5YR 4/4 d ) , dark reddish 
brown (5YR 3/3 m) f i n e sand; p l a t y ; 
f r i a b l e ; abrupt , wavy boundary; pH 6.0. 

Brown (10YR 5/3 m) f i n e sand; s i n g l e 
g r a i n ; very f r i a b l e ; d i f f u s e ; wavy boundary; 
pH 7.0. 

Dark redd i sh brown (5YR 2/2 m), dark brown 
(10YR 4/3 d) medium sand; s i n g l e g r a i n ; 
very f r i a b l e ; abrupt , wavy boundary; pH 7.6. 

Very dark gray (5Y 3/1 m), gray (2.5Y 5/0 d) 
very f i n e sand; s i n g l e g r a i n ; f r i a b l e ; 
ab rupt , wavy boundary; pH 7.7. 

Very dark gray (5Y 3/1 m), gray (5Y 6/1 d) 
s i l t ; mass ive; s l i g h t l y s t i c k y ; pH 7.9. 



PROFILE DESCRIPTION OF MINE SPOIL "VEGETATED" AND "UNVEGETATED" PITS 

VELVET 

VEGETATED SITE  

HORIZON 

L-H 

Ah 

DEPTH (cm) 

2 - 0 

0 - 2 

2 - 14 

14 - 17 

17 - 67 

eg 67+ 

DESCRIPTION 

Very dark brown (10YR 2/2 m), o l i v e gray 
(5Y 2.5/2 d) f i n e sandy loam w i th some 
semi decomposed o rgan ic mat te r ; g r anu l a r ; 
very f r i a b l e ; abundant, f i n e r oo t s ; ab rupt , 
wavy boundary; pH 6.9. 

B lack (N 2/0 m), very dark gray (N 3/0 d) 
f i n e sand; few, f i n e lenses of dark gray 
(5Y 4/1 m) and dark g ray i sh brown 
(2.5Y 4/2 m) s i l t ; medium, subangular 
b l o c k y ; f r i a b l e ; few, f i n e , h o r i z o n t a l 
r o o t s ; ab rupt , wavy boundary; pH 7.9. 

Very dark gray (N 2/0 m), b lack (N 3/0 d) 
very f i n e sand; mass ive; f r i a b l e ; no r o o t s ; 
abrupt , wavy boundary; pH 7.7. 

B lack (N 2/0 m) loamy f i n e sand and o l i v e 
gray (5Y 4/2 m) medium sand; s i n g l e g r a i n ; 
very f r i a b l e ; o l d , dead, medium to coa r se , 
h o r i z o n t a l r o o t s ; g radua l , smooth boundary, 
a c t u a l l y due to s a t u r a t i o n below; pH 7.6. 

B lack (N 2/0 m), b lack (5Y 2/2 d) loamy 
f i n e sand; s i n g l e g r a i n ; n o n - s t i c k y ; 
pH 8.0. 

UNVEGETATED SITE 

0 - 0.5 Black (N 2/0 m), dark gray (N 4/0 d) medium 
sand; g r anu l a r ; l o o se ; abrupt , broken 
boundary; may be windblown; pH 7.8. 

Surface Clay Dark gray (5Y 4/1 m), gray (5Y 6/1 d) 
s i l t ; subangular b l o cky ; f r i a b l e ; 
d i s con t i nuou s , random, v e s i c u l a r pores ; 
abrupt , broken boundary; 0 to 4 cm t h i c k ; 
pH 8.0. 



HORIZON DEPTH (cm) DESCRIPTION 

0 - 2 7 Black (N 2/0 m,d) f i n e sand and dark 
o l i v e gray (5Y 3/2 m) medium sand; 
s i n g l e g r a i n ; very f r i a b l e ; c l e a r , 
broken boundary; pH 8.2. 

27 - 33 B lack (N 2/0 m), dark gray (N 4/0 d) 
loamy f i n e sand; medium, subangular 
b l ocky ; f r i a b l e ; abrupt , broken boundary; 
pH 7.8. 

33 - 36 B lack ( 5YR 2/1 m) f i n e sand; s i n g l e 
g r a i n ; very f r i a b l e ; abrupt , broken 
boundary; pH 8.2. 

36 - 42 B lack (N 2/0 m), dark gray (N 4/0 d) 
loamy f i n e sand; t h i n lens a t su r face 
o f o l i v e (5Y 5/4 m) s i l t ; a l s o smal l 
lenses of dark o l i v e gray (5Y 3/2 m) 
medium sand; medium, subangular b l o c k y ; 
f r i a b l e ; c l e a r , i r r e g u l a r boundary; 
convoluted a t s i d e , up t o 25 cm; pH 7.8. 

42 - 49 B lack (N 2/0 m) medium sand; s i n g l e 
g r a i n ; very f r i a b l e ; ab rupt , wavy 
boundary; pH 8.0. 

49 - 55 Very dark gray (N 3/0 m) medium sand; 
s i n g l e g r a i n ; very f r i a b l e ; c l e a r , 
broken boundary; pH 8.2. 

55+ B lack (N 2/0 m) medium sand; s i n g l e 
g r a i n ; very f r i a b l e ; pH 8.0. 



APPENDIX I I I 

WATER RETENTION CURVES 

OF SELECTED MINE SPOILS 



FIGURE III: I COAL CREEK 
WATER RETENTION CURVES OF SELECTED MINE SPOILS 

TENSION (bars) 



FIGURE ill-2: EMERALD 
WATER RETENTION CURVES OF SELECTED MINE SPOILS 



FIGURE III'.3 H.B. 

WATER RETENTION CURVES OF SELECTED MINE SPOILS 

• 0 - 2 cm 
o 2 - 7 cm 
A 3 2 - 4 9 cm 
x 4 9 - 5 0 cm 
• 5 6 - 6 7 cm 
# 6 7 " 8 3 cm 
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FIGURE III-.4 HEDLEY 
WATER RETENTION CURVES OF SELECTED MINE SPOILS 

• 0 - 2 cm (litter) 
o 0 - 9 cm 
* 19-26.5cm 
X26.5-35.5cm 
• 63.5 -68.5 cm 
*68.5-91.5 cm 

TENSION (bars) 
10 15 

http://X26.5-35.5cm


FIGURE 111-5 VELVET 
WATER RETENTION CURVES OF SELECTED MINE SPOILS 

• 0-2 cm 
o 2 - l 4cm 
A |4-I7cm 
X67+ cm 



APPENDIX IV 

PHOTOGRAPHS OF MINE SITES 



FIGURE IV:2: COAL CREEK: " d r y g r a s s l a n d " s i t e . W e l l 
d r a i n e d due t o a s i g n i f i c a n t c o a r s e f r a c t i o n . 



FIGURE IV:4: COAL CREEK: " f o r e s t e d " s i t e . I n a c t i v e 
s p o i l area f o r approx imately 20 y e a r s . 



FIGURE IV :5 : EMERALD: " v e g e t a t e d " 
s i t e . V e g e t a t i o n i s 
r e s t r i c t e d t o c e r t a i n a r e a s 
o f t he pond and i s 
p r e d o m i n a n t l y a l f a l f a . 

FIGURE I V : 6 : EMERALD: " v e g e t a t e d " 
s i t e . Root deve lopment 
a s s i s t s i n b r e a k i n g 
up m a s s i v e m a t e r i a l 
as p a r t o f s o i l 
d e v e l o p m e n t . Roots 
f o l l o w i n g p l a n e s o f 
p l a t i n e s s h o r i z o n t a l l y . 



FIGURE IV:7: EMERALD: t a i l i n g s p o n d . I n a c t i v e s i n c e 
1972 and seeded and f e r t i l i z e d i n 1973. 

FIGURE IV :8 : H.B.: " v e g e t a t e d " s i t e 
P r o m i n a n t m o t t l i n g 
a l o n g r o o t c h a n n e l s . 
L a y e r o f o r g a n i c m a t t e r 
a t 15 cm i ndi c a t e s 
t h a t t h i s was once the 
s u r f a c e . 



FIGURE I V : 1 0 : HEDLEY: " v e g e t a t e d " 
p i t . V e g e t a t i o n 
mai n l y g r a s s e s . Ah 
u n d e r l a i n by p l a t y 
h o r i z o n and t hen by 
e x t r e m e l y compacted 
l a y e r s . 



FIGURE IV:11: HEDLEY: t a i l i n g s pond. V a r i a t i o n i n 
v e g e t a t i o n g rowth l i k e l y due to p a r t i c l e s i z e d i f f e r e n c e s 
and changes i n m o i s t u r e - h o l d i n g c a p a c i t y . 



FIGURE I V : 1 5 : LORNEX: S o x h l e t w e a t h e r e d mine t a i l i n g s . 
A c c u l u l a t i o n p r o d u c t a f t e r 3 weeks w e a t h e r i n g , 
T h i m b l e c o n t e n t s d e v i d e d i n t o a top and 
bo t tom p o r t i o n . 

FIGURE I V : 1 6 : SULLIVAN Fe: S o x h l e t w e a t h e r e d mine t a i l i n g s 
Redd i s h c o l o r change o c c u r r i n g as top 
p o r t i o n i s i n c r e a s i n g l y w e a t h e r e d . 



FIGURE IV :17 : SULLIVAN GYPSUM: S o x h l e t w e a t h e r e d m ine t a i l i n g s . 
Volume o f a c c u m u l a t i o n p r o d u c t i s e x t r e m e l y 
r educed due to h i g h s o l u b i l i t y o f gypsum. 

FIGURE IV : 18: SULLIVAN S i FRESH: S o x h l e t w e a t h e r e d mine 
t a i l i n g s . S u r f a c e becomes m e t a l l i c and 
v e s i c u l a r i n appea rance and f u s e s w i t h f i l t e r 
paper 



APPENDIX V 

MAPS OF MINE SPOILS INDICATING 

SAMPLE SITES 





FIGURE V;2: EMERALD SCALE 1:6500 



FIGURE V.3: H.B. SCALE 1:6670 



F I G U R E V I 4 : H E D L E Y S C A L E 1 : 6 1 0 0 






