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ABSTRACT 

The end l a n d use o b j e c t i v e f o r most mines i n B r i t i s h 

Co lumbia i s a v e g e t a t i o n c o v e r o f e q u a l p r o d u c t i v i t y t o t h a t 

which e x i s t e d p r i o r t o m i n i n g . The s u b j e c t o f t h i s s tudy 

was the K i t s a u l t m i n e s i t e i n n o r t h c o a s t a l B . C . . The 

p r o j e c t had two components. The o b j e c t i v e o f t h e f i r s t was 

t o i d e n t i f y p l a n t and s o i l f a c t o r s impeding f o r e s t 

deve lopment . V i g o r o u s p l a n t growth i n d i c a t e d t h a t a number 

o f m a t e r i a l s and methods can be used t o a c h i e v e a s u s t a i n e d 

v e g e t a t i v e c o v e r on the was terock dumps. S t u d i e s o f s i m i l a r 

n a t u r a l s u b s t r a t e s ( r e c e n t l y exposed moraines i n S . E . 

A l a s k a ) showed t h a t l i t t e r and N a d d i t i o n s were the main , 

d r i v i n g f o r c e s f o r p l a n t and s o i l deve lopment . The two 

p l a n t s p e c i e s p r o d u c i n g the h i g h e s t amounts o f l i t t e r and N 

on t h e was terock dumps were S i t k a a l d e r and b i r d s f o o t 

t r e f o i l . W h i l e good p l a n t growth was a c h i e v e d on t h e dump 

benches , on the dump s l o p e s i t was impeded by t h e absence o f 

s o i l - s i z e d p a r t i c l e s . The b e s t source o f such p a r t i c l e s was 

t h e incompetent w a s t e r o c k . 

The o b j e c t i v e o f the second p a r t o f t h e s t u d y was t o 

e v a l u a t e the l o n g term performance o f the incompetent 

w a s t e r o c k , used as a source o f f i n e s , on s l o p e s a t the a n g l e 

o f r e p o s e . The h i g h e r p r o p o r t i o n o f f i n e p a r t i c l e s i n the 

incompetent was terock appeared t o r e s u l t from t h e r e l a t i v e l y 

l a r g e p r o p o r t i o n o f s e r i c i t e and c a l c i t e , most o f which 
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ended up i n the < 2mm f r a c t i o n . The modal c o m p o s i t i o n o f 

t h e incompetent was terock c o a r s e fragments was 90% q u a r t z 

and K f e l d s p a r . The r e s i l i e n c e o f these m i n e r a l s t o 

w e a t h e r i n g sugges t s t h a t f u r t h e r f r a g m e n t a t i o n , beyond t h a t 

o b s e r v e d i n t h e f i r s t few y e a r s , w i l l be l i m i t e d , and t h u s 

t h e v e n e e r o f incompetent was terock s h o u l d m a i n t a i n the 

a n g l e o f repose and m a i n t a i n good d r a i n a g e . W i t h r e g a r d s t o 

n u t r i e n t a v a i l a b i l i t y , the incompetent was terock appeared t o 

be a b e t t e r s o u r c e o f C a , K, Mg, and P t h a n any o f the o t h e r 

w a s t e r o c k t y p e s o r the m i n e r a l l a y e r s i n a d j a c e n t n a t u r a l 

s o i l s . Of the t r a c e e lements a n a l y s e d , l e v e l s i n t h e 

incompetent was terock were no h i g h e r t h a n i n t h e o t h e r 

w a s t e r o c k t y p e s . 
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1 . INTRODUCTION 

1. G l o s s a r y 

O r e : Rock t h a t c o n t a i n s s u f f i c i e n t amounts o f t h e 

e c o n o m i c a l l y v a l u a b l e e lements t o w a r r a n t i t s 

e x t r a c t i o n . 

Wasterock: Rock t h a t does not c o n t a i n s u f f i c i e n t amounts o f 

t h e e c o n o m i c a l l y v a l u a b l e e lements t o w a r r a n t i t s 

e x t r a c t i o n , but which has t o be removed t o a l l o w a c c e s s 

t o t h e o r e . The was terock i s b l a s t e d i n t o s m a l l e r 

p a r t i c l e s t o a l l o w i t s removal by t r u c k and s h o v e l . 

T a i l i n g s : M a t e r i a l r e m a i n i n g a f t e r the e c o n o m i c a l l y 

v a l u a b l e e lements a r e removed from t h e o r e . 

To remove the v a l u a b l e e l ements , i n t h i s case Mo, the 

b l a s t e d r o c k goes t h r o u g h s e v e r a l s t e p s o f c r u s h i n g and 

Mo e x t r a c t i o n . The r e s u l t i n g r e s i d u e o r t a i l i n g s 

u s u a l l y c o n s i s t s o f a s l u r r y o f sand a n d / o r s i l t - s i z e d 

p a r t i c l e s i n water . 

O v e r b u r d e n : A t c o a l mines , overburden i n c l u d e s b o t h bedrock 

and n a t u r a l l y u n c o n s o l i d a t e d s u r f i c i a l m a t e r i a l s on top 

o f t h e c o a l seams. A t meta l mines , the t erm overburden 

u s u a l l y o n l y r e f e r s t o n a t u r a l l y u n c o n s o l i d a t e d 

s u r f i c i a l m a t e r i a l s . The meta l mine d e f i n i t i o n was 

used i n t h i s t h e s i s . 
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S o i l : The r o o t i n g medium, p r e s e n t o r p o t e n t i a l . Man-made 

media on the s u r f a c e c o n t a i n i n g s o i l - s i z e d p a r t i c l e s 

and which can support p l a n t growth are o f t e n c a l l e d 

p r o t o - s o i l s . In t h i s study the term s o i l was used f o r 

both n a t u r a l and man-made r o o t i n g media. 

S o i l - s i z e d : P a r t i c l e s l e s s than 2 mm i n diameter. 

Incompetent Rock: A r e l a t i v e l y r a r e i n t r u s i v e r o c k type, 

i d e n t i f i e d by i t s l a c k o f co h e s i o n . Found i n t h e 

c e n t e r o f t h e p i t . 

P o t a s s i c Rock: The most common rock type found i n t h e 

waste a t K i t s a u l t , i t i s a c o h e s i v e i n t r u s i v e r ock, 

predominantly composed of qua r t z and K f e l d s p a r 

p h e n o c r y s t s . 
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2. O v e r v i ew o f t h e P r o j e c t 

The s u b j e c t o f t h i s s t u d y was t h e l a n d r e c l a m a t i o n o f 

mine w a s t e s a t t h e K i t s a u l t m i n e s i t e . The p r o j e c t had two 

components. The o b j e c t i v e i n t h e f i r s t , " P l a n t and S o i l 

F a c t o r s L i m i t i n g t h e Rate o f R e c l a m a t i o n " , was t o i d e n t i f y 

t h e f a c t o r s i m p e d i n g p l a n t growth. To meet t h i s o b j e c t i v e , 

p l a n t g r o w t h and s o i l p r o p e r t i e s i n f i e l d t r i a l s e s t a b l i s h e d 

between 1970 and 1982 were s t u d i e d , n a t u r a l p l a n t i n v a s i o n 

and t h e a s s o c i a t e d changes i n s o i l p r o p e r t i e s were measured, 

and e v a l u a t e d t e c h n i q u e s f o r e s t a b l i s h i n g p l a n t g r o w t h on 

t h e c o a r s e dump s l o p e s were e v a l u a t e d . 

C o n c l u s i o n s were r e a c h e d as t o t h e ma j o r l i m i t a t i o n s o f 

t h e s o i l and p l a n t r e s o u r c e s w i t h r e g a r d s t o f o r e s t 

development. T r a n s f o r m a t i o n s o c c u r r i n g on t h e w a s t e r o c k 

dumps were compared w i t h t h e changes o b s e r v e d i n p r i m a r y 

s u c c e s s i o n on r e c e n t l y d e g l a c i a t e d s i t e s i n S.E. A l a s k a , an 

a r e a w i t h s i m i l a r e n v i r o n m e n t a l c o n d i t i o n s , and s u g g e s t i o n s 

were made as t o t h e b e s t manner f o r a c c e l e r a t i n g t h e n a t u r a l 

p r o c e s s e s . The most i n h o s p i t a b l e e n v i r o n m e n t f o r p l a n t 

g r o w t h o c c u r r e d on t h e b o u l d e r c o v e r e d dump s l o p e s . Methods 

f o r a m e l i o r a t i n g t h e s l o p e s were t e s t e d i n f i e l d t r i a l s . 

The second p a r t o f t h e s t u d y , an o u t g r o w t h o f t h e s l o p e 

t r i a l s , examined whether a v e n e e r o f i n c o m p e t e n t w a s t e r o c k 

c o u l d be us e d on t h e a n g l e o f r e p o s e s l o p e s . The e x p o s u r e 

o f b l a s t e d r o c k p a r t i c l e s t o ambient l e v e l s o f p r e s s u r e and 

t e m p e r a t u r e , a i r and w a t e r , and o r g a n i c i n p u t s a s s o c i a t e d 

w i t h p l a n t growth i s l i k e l y t o r e s u l t i n s i g n i f i c a n t changes 
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i n t h e i r make-up. W i t h f u r t h e r s o i l development and p l a n t 

g r o w t h , f a c t o r s p r o m o t i n g w e a t h e r i n g w i l l be i n t e n s i f i e d . 

The o b j e c t i v e o f t h e second p a r t o f t h e s t u d y was t o p r e d i c t 

what e f f e c t s t h e s e changes w i l l have on t h e p r o p e r t i e s o f 

t h e i n c o m p e t e n t w a s t e r o c k , i n o r d e r t o d e t e r m i n e how 

c o m p a t i b l e i t w i l l be w i t h t h e g o a l s o f r e c l a m a t i o n : t h e 

development o f a w i l d e r n e s s f o r e s t w i t h p r o t e c t e d w a t e r s h e d 

v a l u e s . 

The f i r s t s t e p t o u n d e r s t a n d i n g how t h e i n c o m p e t e n t .• 

w a s t e r o c k w i l l p e r f o r m was t o d e t e r m i n e i t s c o m p o s i t i o n . 

A n a l y s e s were c a r r i e d o u t t o c h a r a c t e r i z e t h e i n c o m p e t e n t 

w a s t e r o c k and show how i t d i f f e r e d from t h e more common r o c k 

t y p e s f o u n d i n t h e waste. 

I n f o r m a t i o n on p e d o g e n e s i s and w e a t h e r i n g a t t h e 

m i n e s i t e was g a t h e r e d from two s o u r c e s : w a s t e r o c k on t h e 

abandoned dumps and two n a t u r a l s o i l p r o f i l e s w i t h i n t h e 

p r o p o s e d p i t l i m i t s . The changes i n t h e w a s t e r o c k on t h e 

abandoned dumps p r o v i d e d i n f o r m a t i o n about t h e t y p e o f 

changes t h a t w i l l o c c u r w i t h i n t e n y e a r s . The n a t u r a l s o i l 

p r o f i l e s showed t h e e f f e c t s o f much l o n g e r p e r i o d s o f 

p e d o g e n e s i s , and t h e c o n d i t i o n s under w h i c h p e d o g e n i c 

changes o c c u r r e d . I t was i m p o s s i b l e t o examine s o i l 

p r o f i l e s d e v e l o p e d from i n c o m p e t e n t r o c k , s i n c e a r e a s where 

t h e i n c o m p e t e n t r o c k may have been exposed had a l r e a d y been 

mined. A l t h o u g h t h e p a r e n t m a t e r i a l s o f t h e n a t u r a l s o i l s 

and much o f t h e weathered w a s t e r o c k were n o t composed o f 

i n c o m p e t e n t r o c k , t h e y had a g r e a t number o f p r o p e r t i e s i n 



common w i t h i t . Thus i n f o r m a t i o n about how t h e y a l t e r e d 

c o u l d be used t o p r e d i c t c e r t a i n a s p e c t s o f in c o m p e t e n t 

w a s t e r o c k a l t e r a t i o n . 

I n o r d e r t o more a c c u r a t e l y a s s e s s t h e e f f e c t s o f 

w e a t h e r i n g on p r o p e r t i e s such as p a r t i c l e s i z e , w e a t h e r i n g 

o f t h e i n c o m p e t e n t w a s t e r o c k was s i m u l a t e d i n t h e 

l a b o r a t o r y . The t e c h n i q u e u s e d was a s o x h l e t d i s t i l l a t i o n 

w i t h a c e t i c a c i d . 

W h i l e t h e d a t a c o l l e c t e d and t h e e n v i r o n m e n t a l e f f e c t s 

c o n s i d e r e d a r e t h o s e o f t h e K i t s a u l t m i n e s i t e , t h e w a s t e r o c k 

s o i l p r o p e r t i e s , g e o l o g y , and dump c o n s t r u c t i o n a r e s i m i l a r 

t o t h o s e o f many h a r d r o c k mines i n B.C. and e l s e w h e r e i n 

t h e w o r l d . Many mines l a c k s u f f i c i e n t r e s e r v e s o f 

u n c o n s o l i d a t e d s o i l - l i k e m a t e r i a l s t o use as s u r f a c e g r o w t h 

media, e i t h e r because much o f t h e mine had been d e v e l o p e d 

b e f o r e t h e n e c e s s i t y o f s o i l c o n s e r v a t i o n was r e a l i z e d o r 

because t h e q u a l i t y and q u a n t i t y o f t h e u n c o n s o l i d a t e d s o i l 

l i k e m a t e r i a l i s low i n s t e e p , g l a c i a t e d m o u n t a i n 

l a n d s c a p e s . Thus, a l t h o u g h t h e c o n c l u s i o n s r e a c h e d v i s a 

v i s i d e n t i f y i n g and u s i n g d i f f e r e n t w a s t e r o c k t y p e s 

s p e c i f i c a l l y r e f e r t o K i t s a u l t , t h e methodology i s g e n e r a l l y 

a p p l i c a b l e and t h e p o t e n t i a l b e n e f i t s o f o p t i m a l l y p l a c i n g 

d i f f e r e n t r o c k t y p e s have w i d e r s i g n i f i c a n c e . 
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3. D e s c r i p t i o n o f t h e Study S i t e 

3.1 L o c a t i o n 

The K i t s a u l t molybdenum mine i s l o c a t e d a t l a t i t u d e 55° 

25' n o r t h and l o n g i t u d e 129° 25» west, a p p r o x i m a t e l y 150 km 

n o r t h e a s t o f P r i n c e R u p e r t , B r i t i s h C o l u m b i a . The p r o p e r t y 

has two components, t h e t o w n s i t e and t h e m i l l - m i n e complex. 

The t o w n s i t e was b u i l t a t s e a - l e v e l , n e a r t h e head o f A l i c e 

Arm. The m i l l - m i n e complex i s s i t u a t e d 6 km s o u t h o f t h e - • 

t o w n s i t e , a t an e l e v a t i o n o f 600 t o 900 m. 

3.2 Geology 

The K i t s a u l t o r e body i s a p o r p h y r y Cu-Mo t y p e o f 

d e p o s i t ( E c k s t r a n d , 1984). Ore d e p o s i t s o f t h i s t y p e 

a c c o u n t f o r 60% o f t h e w o r l d ' s c o p p e r r e s e r v e s and 99% o f 

t h e w o r l d ' s molybdenum r e s e r v e s , and a l a r g e number o f 

companies a r e m i n i n g t h e s e d e p o s i t s b o t h i n Canada and 

ab r o a d . I n B.C. su c h mines i n c l u d e Endako, L o r n e x , 

Bethlehem, Brenda, G r a n i s l e , I s l a n d Copper, S i m i l k a m e e n , and 

A f t o n ( E c k s t r a n d , 1984). 

The g e o l o g y o f Cu-Mo p o r p h y r y d e p o s i t s has r e c e i v e d 

much a t t e n t i o n (Beane, 1982; C a r t e r , 1974; S o r e g a r o l i & 

S u t h e r l a n d Brown, 1976; Rose & B u r t , 1979). Most o f t h e 

p o r p h y r y Cu-Mo d e p o s i t s found i n w e s t - c e n t r a l B.C. a r e 

a s s o c i a t e d w i t h s m a l l s t o c k s , w h i c h i n t r u d e v o l c a n i c and 

s e d i m e n t a r y r o c k s ( C a r t e r , 1974). These i n t r u s i v e s t o c k s 

g e n e r a l l y do n o t exceed a k i l o m e t r e i n d i a m e t e r , a r e 
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commonly m u l t i p l e , and range i n c o m p o s i t i o n from q u a r t z 

d i o r i t e t o g r a n i t e . A c c o r d i n g t o G r i f f i t h s and Godwin 

(19 8 3 ) , Cu and Mo a r e d e r i v e d from t h e p r i m a r y g r a n i t o i d 

m e l t and t h e Cu:Mo r a t i o r e f l e c t s t h e c o m p o s i t i o n o f t h a t 

m e l t . O t h e r t r a c e e l e m e n t s , Pb, Zn, Au, and Ag, o c c u r i n 

v e i n s p e r i p h e r a l t o t h e p o r p h y r y i n t r u s i o n s , and t h e m e t a l 

c o n t e n t o f t h e s e v e i n s i s c o n t r o l l e d by t h e l i t h o l o g y o f t h e 

w a l l r o c k s . Of t h e p o r p h y r y Cu-Mo d e p o s i t s l o c a t e d i n west-

c e n t r a l B.C., K i t s a u l t had t h e most g r a n i t i c m i n e r a l o g y 

( C a r t e r , 1974; S o r e g a r o l i & S u t h e r l a n d Brown, 1976). Of t h e 

o t h e r o p e r a t i n g mines, t h e l i t h o l o g y o f t h e r o c k a t Endako 

was t h e most s i m i l a r t o K i t s a u l t . 

Molybdenum o r e a t K i t s a u l t i s a s s o c i a t e d w i t h t h e 

s e r i e s o f i g n e o u s s t o c k s w h i c h make up t h e Lime Creek 

I n t r u s i v e Complex. The h o s t r o c k s t h r o u g h w h i c h t h e i g n e o u s 

r o c k i n t r u d e d a r e i n t e r b e d d e d a r g i l l i t e s and graywackes o f 

t h e Bowser Lake Group. These were t h e r m a l l y metamorphosed 

i n t o h o r n f e l s . The i n t r u s i v e s s t o c k s v a r y i n c o m p o s i t i o n 

from q u a r t z d i o r i t e t o q u a r t z m o n z o n i t e p o r p h y r y , w i t h t h e 

l a t t e r making up most o f what has been mined t o d a t e . Much 

o f t h e i g n e o u s r o c k w i t h i n t h e p i t was h y d r o t h e r m a l l y 

a l t e r e d . S i l i c i c , p o t a s s i c , p h y l l i c , a r g i l l i c , and 

p r o p y l i t i c a l t e r a t i o n t y p e s have a l l been i d e n t i f i e d , 

however most o f t h e ig n e o u s o r e and w a s t e r o c k i s t h e 

p o t a s s i c a l t e r a t i o n t y p e . I n t h e p o t a s s i c r o c k t h e 

pre d o m i n a n t form o f h y d r o t h e r m a l a l t e r a t i o n was t h e 

s e l e c t i v e r e p l a c e m e n t o f p l a g i o c l a s e by K f e l d s p a r 
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( S t e i n i n g e r , 1985) . In the f i e l d , the p o t a s s i c r o c k was 

i d e n t i f i e d by the predominance o f c o a r s e g r a i n s o f K 

f e l d s p a r and q u a r t z . A n o t h e r l e s s common, b u t d i s t i n c t 

igneous r o c k t y p e was i d e n t i f i e d by i t s incompetent n a t u r e . 

3.3 C l i m a t e 

The m i n e s i t e has a c o o l , humid m a r i t i m e c l i m a t e , 

a l t h o u g h i t i s not u n u s u a l t o have 3 o r 4 weeks w i t h o u t 

p r e c i p i t a t i o n i n t h e summer. D u r i n g w i n t e r t h e m i c r o c l i m a t e 

a t t h e s o i l s u r f a c e i s moderated by the deep snow c o v e r . 

Under a s i m i l a r deep snow c o v e r , i n a s l i g h t l y h a r s h e r 

s u b a l p i n e environment i n S.W. B r i t i s h C o l u m b i a , Brooke e t a l 

(1970) found t h a t the s u r f a c e s o i l t e m p e r a t u r e r a r e l y 

dropped below 0 ° C . 

3.4 Topography and Dra inage 

The m i n e s i t e i s l o c a t e d i n rugged , mountainous t e r r a i n . 

W i t h i n a 10 km a r e a , the e l e v a t i o n v a r i e s from sea l e v e l t o 

1800 m. The m i n e s i t e i s d r a i n e d by t h e d e e p l y i n c i s e d 

c h a n n e l s o f the P a t s y and Lime C r e e k s . As a l l t h e s o i l s are 

c o a r s e t e x t u r e d , the r a t e o f d r a i n a g e l a r g e l y depends on the 

t o p o g r a p h y . 

3 .5 V e g e t a t i o n 

Changes i n s p e c i e s c o m p o s i t i o n o f the v e g e t a t i v e c o v e r 

i n t h e K i t s a u l t a r e a r e s u l t from changes i n e l e v a t i o n , and 

from the t r a n s i t i o n from a m a r i t i m e t o a more c o n t i n e n t a l 
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c l i m a t e . A c c o r d i n g t o H a e u s s l e r e t a l . (1974), the m i n e s i t e 

i s l o c a t e d a t t h e t r a n s i t i o n between t h e h i g h e l e v a t i o n 

v a r i a n t o f t h e N o r t h e r n D r i e r M a r i t i m e Subzone o f t h e 

C o a s t a l Western Hemlock Zone and t h e S u b a l p i n e Mounta in 

Hemlock Zone, and c l o s e t o the t r a n s i t i o n from S u b a l p i n e 

M o u n t a i n Hemlock t o the Englemann Spruce - S u b a l p i n e F i r 

zones . 

The d i s t r i b u t i o n o f v e g e t a t i o n and s o i l t y p e s i s 

c l o s e l y l i n k e d t o the t e r r a i n ( G i l l , 1978) . Where the 

topography i s r e l a t i v e l y f l a t and the d r a i n a g e i s p o o r , a 

sedge (Carex s p e c i e s ) - m o u n t a i n hemlock (Tsuga m e r t e n s i a n a 

(Bong.) C a r r ) p a r k l a n d ecosystem forms. On w e l l d r a i n e d 

s l o p e s t h e r e i s an overmature mixed wes tern (Tsuga  

h e t e r o p h v l l a ( R a f . ) S a r g . ) and mountain hemlock f o r e s t , w i t h 

a m a b a l i s f i r (Abies amaba l i s (Dougl . ) Forbes) common i n the 

u n d e r s t o r y . On w e l l d r a i n e d a r e a s , t h e most common shrubs 

a r e v a r i o u s V a c c i n i u m s p e c i e s and f a l s e a z a l e a ( M e n z i e s i a  

f e r r u g i n e a Smith) ( G i l l , 1978) . 

A d j a c e n t t o the mine , a dense c o v e r o f S i t k a a l d e r 

(Alnus s i n u a t a (Reg.) R y d b . ) , w i t h a s c a t t e r e d component o f 

b l a c k cottonwood (Populus t r i c h o c a r p a T o r r . and Gray) and 

w i l l o w s p e c i e s ( S a l i x s p p . ) a r e growing on ground d i s t u r b e d 

by mine e x p l o r a t i o n and on r e c e n t l y a c t i v e c o l l u v i u m . Where 

a l i t t e r l a y e r has deve loped beneath the a l d e r , S i t k a spruce 

( P i c e a s i t c h e n s i s (Bong.) C a r r . and hemlock (Tsuga s p p . ) 

s e e d l i n g s a r e growing v i g o r o u s l y . A t the e l e v a t i o n o f the 

m i n e s i t e , w i l l o w i s the most p r o l i f i c s p e c i e s on a c t i v e 
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a l l u v i u m , w h i l e a t lower e l e v a t i o n s (approx . 300-400 m), 50 

km n o r t h e a s t i n the Nass V a l l e y , l a r g e s t a n d s o f 

a p p r o x i m a t e l y 20 y e a r o l d l o d g e p o l e p i n e (P inus c o n t o r t a 

D o u g l . ) grow on r e c e n t l y burned a r e a s . Red a l d e r (Almas 

r u b r a B o n g . ) , a v e r y v i g o r o u s c o l o n i z e r o f d i s t u r b e d areas 

a t sea l e v e l ( e . g . , the t o w n s i t e ) , i s not found above about 

200 metres e l e v a t i o n . 

3 .6 S u r f i c i a l M a t e r i a l s and S o i l s 

A c c o r d i n g t o t h e B . C . t e r r a i n c l a s s i f i c a t i o n ( E . L . U . C . , 

1976) , t h e s u r f a c e c o v e r a d j a c e n t t o the mine i s l a r g e l y 

c o l l u v i u m w i t h l e s s e r amounts o f bedrock and o r g a n i c 

m a t e r i a l s , and a few areas o f m o r a i n a l and f l u v i a l m a t e r i a l . 

In most cases t h e u n c o n s o l i d a t e d m a t e r i a l s were mapped as 

v e n e e r s (10 cm t o 1 m deep) o r b l a n k e t s ( t h i c k e r t h a n 1 m, 

b u t not t h i c k enough t o mask u n d e r l y i n g minor t o p o g r a p h i c 

i r r e g u l a r i t i e s i n the b e d r o c k ) . Due t o t h e c o o l , humid 

c l i m a t e , p l a n t d e b r i s decomposes v e r y s l o w l y , and a l l b u t 

t h e most p r e c i p i t o u s s l o p e s a r e c o v e r e d by a t l e a s t 10 cm o f 

p l a n t l i t t e r . C o n s i d e r a b l y deeper o r g a n i c d e p o s i t s have 

accumula ted i n w a t e r l o g g e d h o l l o w s and on g e n t l e s l o p e s . 

No t h o r o u g h s o i l s u r v e y s have been c a r r i e d out i n the 

immediate v i c i n i t y o f the m i n e s i t e . In a b i o p h y s i c a l s tudy 

a d j a c e n t t o t h e mine , G i l l (1978) found O r t h i c H u m o - F e r r i c 

P o d z o l s and F o l i s o l s on the w e l l d r a i n e d s l o p e s . On areas 

w i t h impeded d r a i n a g e he found G l e y s o l s and f i b r i c o r mes ic 

o r g a n i c s o i l s . R e g o s o l s and B r u n i s o l s o c c u r r e d on more 
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r e c e n t l y d i s t u r b e d s i t e s . M i n e r a l s o i l s g e n e r a l l y had a 

h i g h c o a r s e fragment c o n t e n t , w i t h t e x t u r e s r a n g i n g from 

loam t o s a n d . 

3 .7 Mine H i s t o r y and M i n i n g Method 

The mine was i n i t i a l l y d e v e l o p e d by B r i t i s h Columbia 

Molybdenum L i m i t e d who o p e r a t e d i t from 1967 t o 1972. In 

1972, f a l l i n g molybdenum p r i c e s caused t h e mine t o c l o s e . 

S u b s e q u e n t l y i t was bought by Amax o f Canada L t d . , and was 

reopened i n 1980. In 1982, f a l l i n g molybdenum p r i c e s a g a i n 

l e d t o t h e c l o s u r e o f the mine , and a l t h o u g h i t has no t been 

abandoned, no m i n i n g has o c c u r r e d s i n c e t h a t d a t e . The 

f u t u r e v i a b i l i t y o f the mine w i l l depend upon t h e molybdenum 

m a r k e t . 

The mine was an open p i t t r u c k and s h o v e l o p e r a t i o n . 

The l a r g e s t t e r r e s t r i a l d i s t u r b a n c e s a r e t h e open p i t and 

t h e was terock dumps. I n i t i a l l y roads and b u i l d i n g s formed a 

s i g n i f i c a n t p r o p o r t i o n o f the d i s t u r b e d a r e a s , b u t as m i n i n g 

p r o c e e d e d , t h e i r s i z e r e l a t i v e t o t h e was terock dumps 

d e c r e a s e d . F o r use i n r e c l a m a t i o n , AMAX s t r i p p e d s o i l - l i k e 

o v e r b u r d e n p r i o r t o mine e x p a n s i o n . S o i l m a t e r i a l was no t 

c o n s e r v e d by t h e p r e d e c e s s o r company, BC Molybdenum. 

Due t o t h e s t eepness o f the t e r r a i n , w a s t e r o c k was 

s t o r e d i n t e r r a c e d dumps. The t e c h n i q u e used t o b u i l d a 

t e r r a c e was f o r a b u l l d o z e r t o push p i l e s o f b l a s t e d r o c k up 

t o and o v e r the a d v a n c i n g t e r r a c e f a c e . T h i s r e s u l t e d i n a 

g r a v i m e t r i c s e p a r a t i o n o f the r o c k , w i t h s tones and b o u l d e r s 
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b o u n c i n g down the s l o p e , w h i l e f i n e s were r e t a i n e d i n 

c r e v i c e s a t o r near the t o p . A t p r e s e n t , except f o r t h e 

bench a t t h e t o p , most o f the dump c o n t a i n s l i t t l e o r no 

f i n e s . A f o u n d a t i o n o f b o u l d e r s i s i m p o r t a n t f o r dump 

s t a b i l i t y as t h e l a r g e p o r e s between b o u l d e r s can conduct 

l a r g e volumes o f water , t h u s p r e v e n t i n g t h e b u i l d up o f 

h y d r a u l i c p r e s s u r e s t h a t c o u l d cause mass w a s t i n g . 

3 .8 P r e v i o u s R e c l a m a t i o n and the P r e s e n t R e c l a m a t i o n 

O b j e c t i v e 

When r e q u e s t i n g an e x t e n s i o n o f i t s m i n i n g p e r m i t i n 

1970, B . C . Molybdenum proposed t o t u r n t h e p i t i n t o a l a k e 

and a l l o w t h e waste r o c k dumps t o r e v e g e t a t e n a t u r a l l y 

( P r i c e , 1982) . The company's a s s u r a n c e t h a t n a t u r a l 

r e v e g e t a t i o n would o c c u r was based on: (1) t h e humid c l i m a t e 

and l u s h v i g o r o u s n a t u r a l v e g e t a t i o n , and (2) the e v i d e n c e 

o f n a t u r a l r e f o r e s t a t i o n t h a t had a l r e a d y o c c u r r e d a t t h e 

o l d Anyox mine s i t e . Anyox, a l a r g e s m e l t e r and underground 

mine abandoned i n t h e 1920's , i s l o c a t e d a t the mouth o f 

A l i c e Arm. In case n a t u r a l p l a n t i n v a s i o n f a i l e d , B . C . 

Molybdenum agreed t o s e t up f i e l d t r i a l s t o d e v e l o p 

a r t i f i c i a l r e c l a m a t i o n methods. S e v e r a l t r i a l s were 

e s t a b l i s h e d . The f i e l d t r i a l s were v i s u a l l y m o n i t o r e d each 

y e a r from 1970 t o 1978 ( P r i c e , 1982) . 

When t h e mine r e - o p e n e d i n 1980 more r i g o r o u s r u l e s f o r 

r e c l a m a t i o n were i n p l a c e . In o r d e r t o ge t a M i n i n g P e r m i t 

AMAX had t o submit an a c c e p t a b l e r e c l a m a t i o n p l a n t o the 
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p r o v i n c i a l government. A m i n i n g p e r m i t was g i v e n f o r the 

r e - o p e n i n g o f the mine on the b a s i s t h a t a f t e r m i n i n g , an 

e r o s i o n - p r e v e n t i n g f o r e s t c o v e r would be grown on a l l the 

d i s t u r b e d a r e a s , except the open p i t . I t i s t o be t u r n e d 

i n t o a l a k e . The e r o s i o n - p r e v e n t i n g end l a n d use was 

j u s t i f i e d on t h e b a s i s t h a t t h e p r e - m i n i n g env ironment was 

an overmature f o r e s t , w i t h no p r o d u c t i v e s o i l s , no t 

i m p o r t a n t w i l d l i f e h a b i t a t , and no a c c e s s f o r r e c r e a t i o n 

(AMAX, 1980) . A t p r e s e n t t h e r e i s no t ime l i m i t f o r 

r e c l a m a t i o n . 
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I I . PLANT AND SOIL FACTORS THAT COULD LIMIT 

THE RATE OF RECLAMATION 

1. OBJECTIVE 

The o b j e c t i v e o f t h e f i r s t p a r t o f t h e t h e s i s was t o 

i d e n t i f y t h e p l a n t and s o i l f a c t o r s l i m i t i n g t h e r a t e o f 

r e c l a m a t i o n on t h e t e r r a c e d w a s t e r o c k dumps. T h i s s t u d y 

f o c u s e d oh t h e t e r r a c e d w a s t e r o c k dumps f o r two r e a s o n s . 

F i r s t , a c c o r d i n g t o t h e r e c l a m a t i o n p l a n , when t h e mine i s 

c o m p l e t e d , dumps o f t h i s t y p e w i l l a c c o u n t f o r most o f t h e 

a r e a d i s t u r b e d . The second r e a s o n i s t h a t o b s e r v a t i o n s o f 

n a t u r a l p l a n t i n v a s i o n b o t h a t t h i s and o t h e r mines 

( L a v k u l i c h e t a l . , 1976) s u g g e s t t h a t t h e l a r g e dumps w i l l 

be t h e most d i f f i c u l t a r e a s t o r e v e g e t a t e . 

O t h e r f a c t o r s , s u c h as c l i m a t e , t o p o g r a p h y , t i m e and 

f i n a n c i a l c o n s i d e r a t i o n s , a r e p o t e n t i a l l y l i m i t i n g . However 

a t K i t s a u l t , t h e s e f a c t o r s a r e e i t h e r n o t l i k e l y t o pose 

p r o b l e m s o r t h e y w i l l be t a k e n i n t o a c c o u n t i n t h e s e l e c t i o n 

o f s o i l and p l a n t m a t e r i a l s and methods. F o r example, w i t h 

s u c h a heavy snow f a l l , a v a l a n c h i n g c o u l d be a p r o b l e m on 

l o n g , s t e e p s l o p e s . However, t h e mine p l a n s t o make t h e 

dump s l o p e s q u i t e s h o r t (AMAX, 1980). 



15 

2. LITERATURE REVIEW 

2 .1 P r o p e r t i e s o f Wasterock 

P o r p h y r y Cu-Mo mines a r e commonly r e f e r r e d t o as h a r d 

r o c k mines , because the r o c k mined i s g e n e r a l l y i n d u r a t e and 

competent . As a r e s u l t the was terock from p o r p h y r y Cu-Mo 

mines c o n t a i n a much s m a l l e r p r o p o r t i o n o f f i n e s t h a n 

was terock d e r i v e d from c o a l o v e r b u r d e n . On average o n l y 16 

t o 25% o f p a r t i c l e s i n was terock on t e r r a c e d dump benches a t 

p o r p h y r y Cu-Mo mines i n B . C . were < 2 mm (Murray , 1977) , 

w h i l e t h e a s s o c i a t e d s l o p e s were a lmost d e v o i d o f f i n e s 

( L a v k u l i c h e t a l . , 1976) . Most o f t h e s o i l - s i z e d p a r t i c l e s 

(60 t o 71%) were s a n d - s i z e d , and thus the w a s t e r o c k s had a 

low a v a i l a b l e water r e t e n t i o n (6 t o 11%) and a low CEC (7 t o 

15 m e q / l O O g ) . The h i g h b u l k d e n s i t y (1 .6 t o 1.8 g/cm3) o f 

w a s t e r o c k was a t t r i b u t e d t o the h i g h c o a r s e fragment 

c o n t e n t . 

The K i t s a u l t r o c k and was terock c o n t a i n e d more C a , K, 

and S t h a n the was terock from o t h e r p o r p h y r y Cu-Mo mines 

( S t e i n i n g e r , 1985; AMAX, 1980) . H i g h e r Ca v a l u e s may be 

a t t r i b u t e d t o the p r e s e n c e o f e i t h e r p l a g i o c l a s e o r c a l c i t e . 

H i g h e r t o t a l K v a l u e s r e s u l t e d i n h i g h e r a v a i l a b l e K l e v e l s 

(AMAX, 1980) . H i g h e r S v a l u e s i n the K i t s a u l t was terock 

sample sugges t t h a t a c i d g e n e r a t i o n may o c c u r . However 

s t u d i e s o f p o t e n t i a l a c i d p r o d u c t i o n on a wide range o f 

d i f f e r e n t r o c k t y p e s from K i t s a u l t c o n c l u d e d t h a t t h e h i g h 
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a c i d - c o n s u m i n g a b i l i t y w i l l p r e v e n t t h e was terock from 

becoming a c i d i c ( B . C . R e s e a r c h , 1981). 

By d e f i n i t i o n the t r a c e element c o m p o s i t i o n o f an ore 

body i s anomalous. A t K i t s a u l t , A s , C d , C u , Mo, Pb , and Zn 

l e v e l s i n t h e r o c k were a l l s i g n i f i c a n t l y h i g h e r t h a n the 

t y p i c a l c o m p o s i t i o n o f a g r a n i t e r o c k (AMAX, 1980) . A l l 

t r a c e e lements except Cu were h i g h e r t h a n t h e upper l i m i t s 

a l l o w e d i n A l b e r t a a g r i c u l t u r a l s o i l s ( B a l l a r d , 1980) . In 

t h e unweathered w a s t e r o c k , a v a i l a b l e l e v e l s o f t r a c e 

e lements a r e not l i k e l y t o be h i g h , but w i l l i n c r e a s e as 

w e a t h e r i n g p r o c e e d s . 

The a v a i l a b i l i t y o f d i f f e r e n t e lements depends on t h e 

o r i g i n a l c o m p o s i t i o n o f the r o c k and i t s s u s c e p t i b i l i t y t o 

w e a t h e r i n g . A l l t h e was terock t y p e s c o l l e c t e d from p o r p h y r y 

Cu-Mo mines by Murray (1977) were unweathered, and t h u s had 

h i g h pH v a l u e s r a n g i n g from 7.1 t o 8 . 3 . The range f o r pH 

w i t h C a C l 2 was 6.6 t o 7 . 5 , 0.7 t o 1.0 u n i t l ower t h a n t h a t 

i n w a t e r . L e v e l s o f ammonium a c e t a t e e x t r a c t a b l e Ca were 

h i g h (0 .1 t o 1.0 %), i n d i c a t i n g t h a t t h e was terock c o n t a i n e d 

c a l c i t e . C a l c i t e w i l l a l s o c o n t r i b u t e t o t h e h i g h p H . The 

low a v a i l a b l e P l e v e l s (0 t o 8 ppm) r e s u l t e d from a l a c k o f 

adsorbed P i n unweathered m a t e r i a l s . A v a i l a b l e P l e v e l s 

s h o u l d i n c r e a s e as w e a t h e r i n g proceeds ( B r a y , 1974) . 

R e s e a r c h e r s sampled f o l i a g e a t the bloom s t a g e from 

p l a n t s growing on mine wastes and on a d j a c e n t n a t u r a l s o i l s 

a t mines i n B . C . ( L a v k u l i c h e t a l . , 1976) . T r a c e e lements 

c o n c e n t r a t i o n s i n the f o l i a g e o f r e d f e scue grown on Endako 
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mine wastes were s i m i l a r t o the amounts found i n r e d f e scue 

grown on a d j a c e n t n a t u r a l s o i l s ( L a v k u l i c h e t a l . , 1976) . 

The c o n c e n t r a t i o n s o f Mo (42 t o 52 ppm) i n b o t h the mine 

wastes and a d j a c e n t n a t u r a l s o i l s were much h i g h e r t h a n the 

normal range o f 0.2 t o 3.0 ppm found i n s o i l s ( A r c h e r & 

Hodgson, 1987) . The Cu:Mo r a t i o o f 0.3 t o 0.4 was a l s o very-

low. A c c o r d i n g t o A g r i c u l t u r e Canada d i e t a r y g u i d e l i n e s 

(1981), r a t i o s o f l e s s t h a n 3:1 Cu:Mo i n f o r a g e a r e 

hazardous f o r bee f c a t t l e . Other r e s e a r c h e r s have proposed 

t h a t Cu:Mo r a t i o s l e s s t h a n 2:1 i n d i c a t e p o t e n t i a l l y t o x i c 

f e e d ( M i l t i m o r e & Mason, 1971) . A l t h o u g h Mo was o n l y 

d e t e r m i n e d f o r f o l i a g e grown on t a i l i n g s , s i m i l a r r e s u l t s 

may be expec ted on w a s t e r o c k . 

I n greenhouse t r i a l s , o r c h a r d g r a s s grown on Endako 

w a s t e r o c k showed a d r a m a t i c response t o N and P f e r t i l i z e r , 

b u t no response t o any o t h e r n u t r i e n t s ( L a v k u l i c h e t a l . , 

1976) . A l t h o u g h t i m o t h y (Phleum p r a t e n s e L . ) and r e d f e scue 

grown on n a t u r a l s o i l s c o n t a i n e d s u b s t a n t i a l l y more K t h a n 

i n d i v i d u a l s grown on mine wastes , a p p l y i n g K f e r t i l i z e r d i d 

no t i n c r e a s e e i t h e r f o l i a r K o r the y i e l d s . A p p l y i n g 

m i c r o n u t r i e n t s (B, C u , F e , Mn, Mo, and Zn) and t h e p r e s e n c e 

o f heavy m e t a l s a l s o d i d not appear t o a f f e c t p l a n t growth . 



18 

2.2 S u i t a b i l i t y o f Wasterock f o r Use as a S o i l 

P o o r p l a n t growth on w a s t e r o c k may be due t o a 

c o m b i n a t i o n o f f a c t o r s . V a r i o u s a u t h o r s (Bradshaw & 

Chadwick, 1980; Michaud, 1981; L y l e , 1986; W i l l i a m s & 

Schuman, 1987) have l i s t e d t h e w a s t e r o c k c h a r a c t e r i s t i c s 

t h a t l i m i t p l a n t growth and s u g g e s t e d d i f f e r e n t methods f o r 

i d e n t i f y i n g them. Sometimes d e l e t e r i o u s p r o p e r t i e s can be 

p r e d i c t e d from t h e c h a r a c t e r i s t i c s o f t h e p r e - w a s t e b e d r o c k . 

F o r example a c o a r s e g r a i n e d b e d r o c k i n d i c a t e s t h a t t h e 

w a ste w i l l have a c o a r s e t e x t u r e ( C a r r o l , 1970). However, 

d i f f e r e n c e s i n g e o l o g y , t h e g r e a t d i v e r s i t y i n e n v i r o n m e n t a l 

c o n d i t i o n s , and t h e l a c k o f r e s e a r c h a t o t h e r mines make 

p r e d i c t i o n s o f t h i s s o r t v e r y d i f f i c u l t . 

S e v e r a l a u t h o r s have d e v i s e d c r i t e r i a f o r e v a l u a t i n g 

t h e s u i t a b i l i t y o f d i s t u r b e d s o i l m a t e r i a l s as a r o o t i n g 

medium ( e . g . , S c h a f e r , 1979; U.S.D.A., 1979; A l b e r t a S o i l s 

A d v i s o r y Committee, 1981). A l l a r e from j u r i s d i c t i o n s where 

t h e p r e - m i n i n g s o i l c o v e r must be r e a p p l i e d and t h u s t h e 

c r i t e r i a a r e b ased on p r o p e r t i e s o f t h e p r e v i o u s s o i l c o v e r . 

The r a t i n g scheme most a p p l i c a b l e t o B.C. i s t h e one c r e a t e d 

f o r c o a l mines i n t h e E a s t e r n S l o p e s R e g i o n o f A l b e r t a 

(A.S.A.C., 1981). The E a s t e r n S l o p e s R e g i o n i s f o r e s t e d and 

m o untainous, s i m i l i a r t o most o f B.C., and as t h e aim o f 

mine r e c l a m a t i o n i n B.C. i s u s u a l l y t o r e t u r n t h e r o o t i n g 

medium t o i t s p r e v i o u s p r o d u c t i v i t y , i t i s a p p r o p r i a t e t o 

e v a l u a t e mine wast e s w i t h c r i t e r i a used t o e v a l u a t e t h e 

p r e v i o u s s o i l c o v e r . A c c o r d i n g t o t h e A.S.A.C. (1981) 
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c r i t e r i a , t h e l o w e s t r a t i n g f o r a p r o p e r t y d e t e r m i n e s t h e 

o v e r a l l r a t i n g o f a s o i l . Based on most o f t h e i r 

p r o p e r t i e s , t h e p o r p h y r y Cu-Mo w a s t e r o c k t y p e s (Murray, 

1977) would be r a t e d as e i t h e r good o r f a i r . A few 

m a t e r i a l s w i t h loamy sand t e x t u r e s would be r a t e d as p o o r . 

However a l l t h e w a s t e r o c k t y p e s would e a r n t h e r a t i n g o f 

u n s u i t a b l e o r p o o r on t h e b a s i s o f t h e i r h i g h c o a r s e 

f ragment c o n t e n t s . 

The n e g a t i v e a t t r i b u t e s o f r o c k f r a g m e n t s i n c l u d e a .. 

r e d u c t i o n i n r o o t i n g volume, a d e c l i n e i n t o t a l w a t e r -

h o l d i n g c a p a c i t y , a r e d u c t i o n i n t o t a l s o i l n u t r i e n t s , and 

e l e v a t e d s u r f a c e t e m p e r a t u r e s (Munn e t a l . , 1987). The 

e l e v a t e d s u r f a c e t e m p e r a t u r e r e s u l t s from an i n c r e a s e i n t h e 

s u r f a c e r o c k c o v e r a g e . I n f o r e s t r y , s i t e q u a l i t y i s o f t e n 

s t r o n g l y c o r r e l a t e d w i t h a v a i l a b l e s o i l m o i s t u r e and 

e f f e c t i v e r o o t i n g volume. S t o n i n e s s may a l s o r e q u i r e t h e 

use o f d i f f e r e n t s i t e p r e p a r a t i o n equipment, i f s t o n e s 

damage equipment used t o p r e p a r e t h e s u r f a c e , and may 

p r e c l u d e o t h e r w i s e s u i t a b l e c u l t u r a l t e c h n i q u e s . T r e e 

p l a n t i n g i s a l s o more d i f f i c u l t i n r o c k y s u b s t r a t e s . 

" P o s i t i v e a t t r i b u t e s o f r o c k f r a g m e n t s i n s o i l s i n c l u d e 

r e d u c e d s u s c e p t i b i l i t y t o e r o s i o n and c o m p a c t i o n (Munn e t 

a l . , 1 9 87)." McCormack e t a l . (1984) s u g g e s t e d t h a t t h e 

s e l f - m u l c h i n g p r o p e r t i e s o f r o c k f r a g m e n t s on t h e s u r f a c e 

may c o n t r i b u t e t o v e g e t a t i v e e s t a b l i s h m e n t on s i t e s s u b j e c t 

t o e r o s i o n . E v a p o r a t i o n may a l s o be r e d u c e d because i n a 

r o c k y s o i l a g i v e n q u a n t i t y o f w a t e r w i l l p e n e t r a t e t o a 
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g r e a t e r d e p t h , due t o a r e d u c e d w a t e r s t o r a g e c a p a c i t y p e r 

u n i t volume n e a r t h e s u r f a c e ( B i r k e l a n d , 1984). 

D e s p i t e t h e s e p o s i t i v e a t t r i b u t e s , t h e r o c k fragment 

s u i t a b i l i t y c r i t e r i a r e q u i r e d by U.S. a u t h o r i t i e s were even 

s t r i c t e r t h a n t h e s e f o r t h e E a s t e r n S l o p e s R e g i o n o f 

A l b e r t a . 

A l e s s a r b i t r a r y scheme f o r e v a l u a t i n g mine w a s t e s i s 

t o c h e c k whether t h e y meet t h e m i n i m a l p h y s i c a l and c h e m i c a l 

c h a r a c t e r i s t i c s a s s o c i a t e d w i t h t h e growth o f t h e d e s i r e d . -

v e g e t a t i o n c o v e r i n t h e s u r r o u n d i n g u n d i s t u r b e d e n v i r o n m e n t . 

T h i s a p p r o a c h has been used i n r e c o n s t r u c t i n g s o i l s on a r e a s 

d i s t u r b e d by t h e O i l Sands P r o j e c t i n A l b e r t a (Monenco 

C o n s u l t a n t s L t d . , 1983). One problem w i t h t h i s t e c h n i q u e i s 

t h a t i m p o r t a n t dynamic p r o c e s s e s and s u b t l e d i f f e r e n c e s a t 

t h e m i c r o s i t e l e v e l may be d i f f i c u l t t o measure. A n o t h e r 

p r o b l e m i s t h a t t h e m i n i m a l s o i l c h a r a c t e r i s t i c s a r e o f t e n 

p o o r l y d e f i n e d and t h i s t y p e o f i n f o r m a t i o n may be t i m e -

consuming and c o s t l y t o c o l l e c t . 

2.3 Mine R e c l a m a t i o n R e g u l a t i o n s 

I n B.C., mine r e c l a m a t i o n i s e n f o r c e d by p r o v i n c i a l 

l a w s r e g u l a t i n g t h e a l l o c a t i o n o f p e r m i t s and l i c e n s e s , 

w i t h o u t w h i c h m i n i n g i s i l l e g a l . To o b t a i n a M i n i n g P e r m i t , 

a mine must meet r e c l a m a t i o n r e q u i r e m e n t s s t i p u l a t e d i n 

s e c t i o n s 7, 8 and 9 o f t h e Mines A c t . However, t h e A c t does 

n o t e n f o r c e how t h e s t a n d a r d s must be met. The p h i l o s o p h y 

i s f o r " i n d u s t r y t o a c c o m p l i s h i t i n t h e way most s u i t e d t o 



them ( E r r i n g t o n , 1985)". A l i s t o f g u i d e l i n e s have been 

drawn up o u t l i n i n g c r i t e r i a f o r a c c e p t a b l e r e c l a m a t i o n i n 

a c c o r d a n c e w i t h t h e Mines A c t (Rogers, 1984). F o r 

p r o d u c t i v i t y , t h e g u i d e l i n e s s t a t e t h a t , "The l e v e l o f l a n d 

p r o d u c t i v i t y t o be a c h i e v e d on r e c l a i m e d l a n d s h a l l n o t be 

l e s s t h a n e x i s t e d p r i o r t o m i n i n g on an a v e r a g e p r o p e r t y 

b a s i s u n l e s s t h e p r o p o n e n t can produce adequate 

d o c u m e n t a t i o n t o s u p p o r t t h e i m p r a c t i c a l i t y o f t h i s l e v e l . 

Land s h a l l be v e g e t a t e d t o a s e l f s u s t a i n i n g s t a t e u s i n g 

a p p r o p r i a t e p l a n t s p e c i e s . " F o r s o i l s t h e g u i d e l i n e s s a y "A 

g r o w t h medium w h i c h w i l l s a t i s f y l a n d use and p r o d u c t i v i t y 

o b j e c t i v e s s h a l l be p l a c e d on t h e s u r f a c e . Where n e c e s s a r y , 

s u f f i c i e n t t o p s o i l o r o t h e r s u i t a b l e growth medium s h a l l be 

s a v e d f o r use i n r e c l a m a t i o n programs (Rogers, 1984)". 

2.4 R e c l a m a t i o n R e s e a r c h 

A g r e a t v a r i e t y o f d i f f e r e n t forms o f l a n d d i s t u r b a n c e 

r e q u i r e r e c l a m a t i o n . I n t h e P a c i f i c N.W., most o f t h e 

r e s e a r c h has been c a r r i e d o u t on l a n d d i s t u r b e d by l o g g i n g 

( e . g . , D r y n e s s , 1973), some o f w h i c h i s a p p l i c a b l e t o mine 

l a n d r e c l a m a t i o n . F o r example, agronomic seed mixes c r e a t e d 

f o r u se i n f o r e s t r y ( e . g . , C a r r , 1980) p r o v i d e a good 

s t a r t i n g p l a c e when l o o k i n g f o r t h e a p p r o p r i a t e agronomic 

s p e c i e s t o use i n mine l a n d r e c l a m a t i o n . However u n l i k e 

mine w a s t e s , w h i c h i n i t i a l l y a r e s t e r i l e , l a n d d i s t u r b e d by 

l o g g i n g and highway c o n s t r u c t i o n o f t e n a l r e a d y c o n t a i n s 

abundant p r o p a g u l e s and i s b i o l o g i c a l l y a c t i v e . 
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O t h e r d i f f e r e n c e s between l a n d d i s t u r b e d by l o g g i n g and 

mine w a s t e r o c k were i l l u s t r a t e d by E r r i n g t o n ' s (1975) s t u d y 

o f n a t u r a l p l a n t i n v a s i o n on abandoned l o g g i n g r o a d s and 

c o a l s p o i l s n e a r s e a l e v e l on t h e e a s t s i d e o f Vancouver 

I s l a n d . On l o g g i n g r o a d s , a l l i n v a d i n g p l a n t s p e c i e s 

i n c r e a s e d t h e i r c o v e r and f r e q u e n c y f o r t h e f i r s t 15 t o 20 

y e a r s . A t t h i s s t a g e r e d a l d e r , a r e l a t i v e l y l a t e a r r i v a l , 

became dominant and i t s c l o s e d canopy shaded t h e o t h e r 

s p e c i e s . I n t h e e a r l y s t a g e s o f p l a n t i n v a s i o n t h e r e was.a 

good c o r r e l a t i o n between t h e i n v a d i n g p l a n t s p e c i e s and t h e 

s p e c i e s a l r e a d y g r o w i n g b e s i d e t h e r o a d . A s i m i l a r 

r e l a t i o n s h i p was o b s e r v e d a l o n g t h e edge o f c o a l s p o i l s . 

Compared w i t h t h e l o g g i n g r o a d s , p l a n t c o l o n i z a t i o n o f 

t h e c o a l s p o i l s was much s l o w e r . One f a c t o r t h a t 

c o n t r i b u t e d t o t h i s was t h e r e l a t i v e l y l a r g e s i z e o f t h e 

c o a l dump, w h i c h l i m i t e d t h e e f f e c t o f s u r r o u n d i n g 

v e g e t a t i o n b o t h as a s o u r c e o f p r o p a g u l e s and as a s o u r c e o f 

shade. L a c k of, shade, a l o n g w i t h t h e s o u t h - f a c i n g a s p e c t , 

a f f e c t e d t h e s u r f a c e t e m p e r a t u r e and e v a p o t r a n s p i r a t i o n , 

i m p o r t a n t c o n s i d e r a t i o n s i n an a r e a w i t h a l a r g e summer 

w a t e r d e f i c i t . 

E r r i n g t o n ' s (1975) c o n c l u s i o n t h a t n a t u r a l p l a n t 

i n v a s i o n o f w a s t e r o c k was v e r y s l o w i n t h i s e n v i r o n m e n t was 

s u p p o r t e d by L a v k u l i c h e t a l . (1976) who found v e r y l i t t l e 

p l a n t c o l o n i z a t i o n on w a s t e r o c k dumps a t t h e ne a r b y Texada 

m e t a l mine. The growth o f v o l u n t e e r v e g e t a t i o n was much 

s t r o n g e r where n a t u r a l u n c o n s o l i d a t e d m a t e r i a l s were 
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p r e s e n t . The f a s t e r p l a n t c o l o n i z a t i o n on n a t u r a l 

o v e r b u r d e n was a t t r i b u t e d t o a f i n e r t e x t u r e . 

I n Canada, t h e j u r i s d i c t i o n w i t h t h e most r i g o r o u s mine 

r e c l a m a t i o n r e q u i r e m e n t s i s A l b e r t a . The A l b e r t a government 

has c a r r i e d o u t a t h o r o u g h r e s e a r c h program t o show why and 

how t h e i r r e q u i r e m e n t s must be met ( e . g . , Z i e m k i e w i c z , 

1985). U n f o r t u n a t e l y d i f f e r e n c e s i n t h e e n v i r o n m e n t , i n t h e 

t y p e o f mines, and i n t h e end l a n d use o b j e c t i v e s p r e v e n t 

one from u s i n g most o f t h i s t e c h n o l o g y on t h e humid, west 

c o a s t o f B.C.. I n B.C. t h e government has p l a y e d a l e s s 

a c t i v e r o l e i n r e c l a m a t i o n r e s e a r c h . Most o f t h e work i n 

B.C. has been done by i n d i v i d u a l companies o r by t h e i r 

c o n s u l t a n t s . As a r e s u l t , r e s e a r c h r e s u l t s g e n e r a l l y a r e 

p u b l i s h e d o n l y when t h e y can be used f o r p u b l i c r e l a t i o n s o r 

i n d e a l i n g w i t h r e g u l a t o r y a g e n c i e s . Thus t h e knowledge 

o b t a i n e d o f t e n i s n o t r e a d i l y a c c e s s i b l e . 

I n B.C., most o f t h e e f f o r t i n mine r e c l a m a t i o n has 

been d i r e c t e d a t p r o d u c i n g s u r f a c e c o v e r s o f agronomic 

g r a s s e s and legumes. A l a r g e number o f mines have succeeded 

i n t h i s r e g a r d . Agronomic s p e c i e s a r e a t t r a c t i v e f o r 

r e c l a m a t i o n f o r a number o f r e a s o n s : 

- cheap seed s o u r c e s o f known q u a l i t y a r e a v a i l a b l e , 

- t h e y a r e c o m p a t i b l e w i t h amendments s u c h as 

f e r t i l i z e r and l i m e s t o n e , 

- ease o f a p p l i c a t i o n and seed s t o r a g e , 

- t h e y grow i n a wide range o f c o n d i t i o n s , 

- t h e y grow r a p i d l y , p r o d u c i n g an a e s t h e t i c a l l y 
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p l e a s i n g e r o s i o n - c o n t r o l l i n g c o v e r . 

The a d a p t i o n t o a wide range o f c o n d i t i o n s i s i n p a r t due t o 

t h e g r e a t number o f s p e c i e s a v a i l a b l e . A d apted s p e c i e s can 

be found f o r a l l b u t t h e h a r s h e s t c o n d i t i o n s (Watson e t a l . , 

1 980). I n some c a s e s i n d i v i d u a l s p e c i e s a r e t o l e r a n t o f a 

wide range o f c o n d i t i o n s . F o r example, r e d f e s c u e has 

p e r f o r m e d w e l l on t h e west c o a s t o f Vancouver I s l a n d ( H i l l i s 

& Home, 1984), a t a v a r i e t y o f e l e v a t i o n s i n s o u t h e a s t e r n 

B.C. ( F r a s e r , 1984), on a number o f s u b s t r a t e s a t P i n c h i 

Lake n e a r F o r t S t . James ( W r i g h t & G a r d i n e r , 1980), and 

t h r o u g h o u t t h e Yukon (Y o u n k i n & M a r t e n s , 1985). 

Two d i f f e r e n t approaches f o r u s i n g agronomics a r e 

i l l u s t r a t e d by t h e work a t Westar and F o r d i n g C o a l M i n e s , 

mines i n s i m i l a r e n v i r o n m e n t s i n the. Crows N e s t Pass a r e a o f 

s o u t h e a s t B.C. A t Westar C o a l L t d . , t h e i n i t i a l p u r p o s e o f 

r e c l a m a t i o n was t o r e d u c e s u r f a c e e r o s i o n , p r o v i d e o r g a n i c 

m a t t e r f o r n u t r i e n t c y c l i n g and f a u n a l a c t i v i t y , and p r o v i d e 

f o r a g e f o r w i l d l i f e (Westar, 1983). To a c c o m p l i s h t h i s , 

s t a n d s p r e d o m i n a n t l y c o m p r i s e d Of g r a s s s p e c i e s were 

e s t a b l i s h e d and t h e n r e f e r t i l i z e d a n n u a l l y w i t h 200 kg/ha o f 

13-16-10. To d e t e r m i n e when a n n u a l r e - f e r t i l i z a t i o n c o u l d 

be s t o p p e d , s t u d i e s were c a r r i e d o u t t o see how l o n g i t t o o k 

t o d e v e l o p adequate n u t r i e n t c y c l i n g ( e . g . , F y l e s , 1984). 

F y l e ' s (1984) s t u d y o f N dynamics showed t h a t once 

f e r t i l i z a t i o n c e a s e d , r o o t N: s h o o t N r a t i o s i n c r e a s e d t o 

l e v e l s s i m i l a r t o n a t i v e g r a s s l a n d s . The dependence o f t h e 

g r a s s e s on new f e r t i l i z e r N d e c l i n e d s i g n i f i c a n t l y 2 t o 5 
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y e a r s a f t e r e s t a b l i s h m e n t . Based on t h e s e r e s u l t s , 

m aintenance f e r t i l i z a t i o n i s c o n t i n u e d f o r 5 t o 8 y e a r s 

a f t e r t h e g r a s s c o v e r has been e s t a b l i s h e d ( F r a s e r 1984). 

F r a s e r (1984) r e p o r t e d t h a t w i t h i n g r a s s s t a n d s t h e 

p r o p o r t i o n o f d i f f e r e n t s p e c i e s f l u c t u a t e d m a r k e d l y from 

y e a r t o y e a r . On exposed d r y e r s i t e s t h e dominant g r a s s 

s p e c i e s was r e d f e s c u e . A t l o w e r e l e v a t i o n and on m o i s t e r 

s i t e s t h e r e was a l a r g e r component o f t a l l g r a s s e s s u c h as 

bromegrass (Bromus i n e r m i s Leys) and o r c h a r d g r a s s ( D a c t v j . i s  

a l o m e r a t a L.) Y i e l d s a v e r a g e d 800-1500 kg/ha above ground 

w e i g h t on t h e d r i e r s i t e s and 1000-3000 kg/ha on t h e m o i s t e r 

a r e a s . 

I n c o n t r a s t t o Westar, a t F o r d i n g C o a l t h e s h o r t t e r m 

r e c l a m a t i o n o b j e c t i v e i s t o e s t a b l i s h legumes. Based on a 

number o f greenhouse and f i e l d t r i a l s , F o r d i n g d e v e l o p e d t h e 

f o l l o w i n g r e c i p e f o r r e c l a m a t i o n ( F o r d i n g C o a l , 1983). 

S e p a r a t e seed mixes a r e used a t low and h i g h e l e v a t i o n s . A t 

h i g h e l e v a t i o n t h e main s p e c i e s used i s s a i n f o i n ( O n o b r v c h i s  

v i c i i f o l i a S c o p . ) , w h i l e a t low e l e v a t i o n i t i s a l f a l f a 

(Medicago s a t i v a L . ) . The seed mixes a l s o i n c l u d e some 

g r a s s s p e c i e s , b u t t h e s e e d i n g r a t e f o r g r a s s e s i s k e p t down 

t o 56 kg/ha t o e n s u r e t h a t t h e legumes have room t o d e v e l o p . 

The f e r t i l i z e r r a t e i s 225 kg/ha o f 11-55-0. F i e l d t r i a l s 

have shown t h a t t h e h i g h P and low N f e r t i l i z e r f a v o u r s t h e 

growth o f legumes v e r s u s t h e g r a s s e s . K i s n o t r e q u i r e d , 

p r e s u m a b l y because t h e r o c k (mica i n s h a l e ) i s an adequate K 



s o u r c e . A t F o r d i n g , f e r t i l i z e r o n l y needs t o be a p p l i e d a t 

t h e t i m e o f s e e d i n g because legumes can use a t m o s p h e r i c N. 

A l t h o u g h agronomic p l a n t c o v e r s a t b o t h mines have 

s u s t a i n e d v i g o r o u s growth, i t i s u n c l e a r whether t h i s w i l l 

c o n t i n u e i n d e f i n i t e l y . There has been no p r e v i o u s r e s e a r c h 

w i t h t h e s e s p e c i e s i n t h i s e n vironment. I t i s hoped t h a t 

n a t i v e s p e c i e s w i l l g r a d u a l l y r e p l a c e t h e a g r o n o m i c s , b u t t o 

d a t e t h a t has n o t o c c u r r e d ( F r a s e r , 1984). As a r e s u l t b o t h 

mines a r e now i n v e s t i g a t i n g how t h e y may i n c o r p o r a t e n a t i v e 

h e r b a c e o u s s p e c i e s i n t o t h e ground c o v e r t o e n s u r e i t s l o n g 

t e r m s t a b i l i t y . 

F o r d i n g and Westar have a l s o c a r r i e d o u t t r i a l s w i t h 

woody s p e c i e s . A t b o t h mines, l o d g e p o l e p i n e ( P i n u s  

c o n t o r t a v a r . l a t i f o l i a . Engelm). has grown f a s t e r t h a n 

e i t h e r D o uglas f i r (Pseudotsuga m e n z i e s i i C a r r . ) o r 

Engelmann s p r u c e ( P i c e a e n g e l m a n n i i P e r r y ) ( F o r d i n g , 1983; 

W e s t a r , 1983). S a l i x and P o p u l u s s p e c i e s have a l s o grown 

w e l l , however a l l s p e c i e s have grown p o o r l y when p l a n t e d i n 

dense h e r b a c e o u s c o v e r s . Browse has a l s o been a p r o b l e m , 

e s p e c i a l l y f o r t h e d e c i d u o u s s p e c i e s ( F o r d i n g , 1983). 

Of t h e h a r d r o c k mines i n B.C. one o f t h e most t h o r o u g h 

r e c l a m a t i o n programs was c a r r i e d o u t by Cominco a t P i n c h i 

L ake. P i n c h i Lake was an open p i t and u nderground Hg mine, 

a p p r o x i m a t e l y 50 km n o r t h w e s t o f F o r t S t . James. The mine 

c e a s e d o p e r a t i o n , i n 1975, and s i n c e t h e n t r i a l s have been 

r u n on a v a r i e t y o f m a t e r i a l s t o t e s t d i f f e r e n t g r a s s and 

legume s p e c i e s , f e r t i l i z e r r a t e s , t h e e l i m i n a t i o n o f 
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maintenance f e r t i l i z e r , s e e d i n g r a t e s , and f a l l v e r s u s 

s p r i n g s e e d i n g . The s h o r t t e rm r e c l a m a t i o n o b j e c t i v e a t 

P i n c h i Lake was t o e s t a b l i s h an agronomic c o v e r t h a t would: 

- improve i n f i l t r a t i o n and p r e v e n t e r o s i o n , 

- r e t a i n and r e c y c l e n u t r i e n t s added as f e r t i l i z e r and 

we a t h e r e d from r o c k , 

- p r o v i d e c o v e r a g e and p r o t e c t i o n f o r w i l d l i f e , 

- improve t h e s i t e ' s appearance. 

As a r e s u l t o f r e s e a r c h work, G a r d i n e r & S t a t h e r s 

(1978) c o n c l u d e d t h a t a s e l f - s u s t a i n e d a l f a l f a - d o m i n a t e d 

s t a n d c o u l d be e s t a b l i s h e d . The r e c l a m a t i o n p r e s c r i p t i o n 

p r o d u c e d a 93% v e g e t a t i o n c o v e r , a 79% legume c o v e r and 6200 

kg/ha o f biomass. When t h e a n n u a l maintenance f e r t i l i z a t i o n 

was s t o p p e d t h e most p e r s i s t e n t s p e c i e s were a l f a l f a and 

c r e e p i n g r e d f e s u e . S p r i n g sowing r e s u l t e d i n a g r e a t e r 

legume c o v e r t h a n i f t h e seed mix was sown i n t h e f a l l 

( W r i g h t & G a r d i n e r , 1980). 

S u r v e y s c a r r i e d o u t a t P i n c h i Lake i n t h e 1983 showed 

t h a t a t h i c k humus l a y e r had d e v e l o p e d b e n e a t h v e g e t a t i o n , 

w h i c h had s u s t a i n e d growth w i t h o u t maintenance f e r t i l i z e r 

s i n c e 1975. From 1980 t o 1983 t h e g r a s s g r o w t h and c o v e r 

d e t e r i o r a t e d , w h i l e t h e c o v e r o f a l f a l f a and a l s i k e c l o v e r 

( T r i f o l i u m h y bridum L.) i n c r e a s e d . T h i s was a t t r i b u t e d t o a 

s o i l N d e f i c i e n c y . On many dumps i n c r e a s i n g numbers o f 

p o p l a r ( P o p u l u s spp.) and w i l l o w were a p p e a r i n g above t h e 

t a l l a l f a l f a . A l d e r and s p r u c e were a l s o n o t e d on a number 

o f dumps ( P i n c h i Lake, 1983). 
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One r e a s o n f o r t h e s t r o n g e r n a t u r a l i n v a s i o n on t h e 

w a s t e r o c k dumps a t P i n c h i Lake, r e l a t i v e t o Westar and 

F o r d i n g , was t h e w e t t e r c l i m a t e . V o g e l (1980), r e v i e w i n g 

r e s e a r c h i n t h e e a s t e r n U.S., c o n c l u d e d t h a t t r e e s grown i n 

c o m b i n a t i o n w i t h agronomic s p e c i e s seemed t o be most 

a f f e c t e d by c o m p e t i t i o n f o r m o i s t u r e , and t h a t t r e e s u r v i v a l 

was g r e a t e s t where adequate w a t e r was a v a i l a b l e . V o g e l 

(1980) a l s o n o t e d t h a t w h i l e dense s t a n d s o f legumes may 

i n i t i a l l y r e d u c e t r e e s u r v i v a l , t h e growth o f s u r v i v i n g 

t r e e s i n c r e a s e d . A n o t h e r common cause o f s e e d l i n g 

m o r t a l i t y i s c l i p p i n g by r o d e n t s . T h i s i s more pronounced 

when t r e e s a r e grown i n c o n j u n c t i o n w i t h a h e r b a c e o u s c o v e r , 

as g r a s s e s and legumes h i d e t h e r o d e n t s from p r e d a t o r s 

( W isch, 1985). 

The c l o s e s t l a r g e mines t o K i t s a u l t a r e t h e S c o t t y G o l d 

and t h e Granduc mines. However b o t h mines a r e l o c a t e d above 

t h e t r e e l i n e and t h e i r r e c l a m a t i o n does n o t i n c l u d e 

v e g e t a t i o n ( e . g . , W a l k e r , 1985). The Tasu mine on t h e Queen 

C h a r l o t t e I s l a n d s i s a t a s i m i l a r l a t i t u d e t o K i t s a u l t . 

A g ronomics were t e s t e d a t Tasu, b u t n a t u r a l i n v a s i o n by r e d 

a l d e r was so q u i c k t h a t i t was d e c i d e d t h a t no a r t i f i c i a l 

p l a n t e s t a b l i s h m e n t was r e q u i r e d ( W e s t f r o b , 1981). The 

m a j o r d i f f e r e n c e between t h e Tasu and K i t s a u l t m i n e s i t e s i s 

e l e v a t i o n , as t h e Tasu m i n e s i t e i s a t sea l e v e l . R a p i d r e d 

a l d e r c o l o n i z a t i o n o c c u r s a t sea l e v e l on d i s t u r b e d s u r f a c e s 

o f t h e K i t s a u l t T o w n s i t e . 



L i k e Tasu and t h e K i t s a u l t T o w n s i t e , t h e I s l a n d Copper 

Mine on t h e west c o a s t o f Vancouver I s l a n d i s a l s o a t sea 

l e v e l . A t I s l a n d Copper, r e c l a m a t i o n r e s e a r c h s t a r t e d i n 

1971 and a t p r e s e n t some dumps a r e i n t h e p r o c e s s o f b e i n g 

r e c l a i m e d t o a f o r e s t e d s t a t e . A c c o r d i n g t o H i l l i s and 

H ome (1984) t h e r e c i p e f o r w a s t e r o c k dump r e c l a m a t i o n a t 

I s l a n d Copper i s as f o l l o w s . S u r f a c e s a r e r e c o n t o u r e d t o 

c r e a t e g e n t l e s l o p e s and t h e n capped w i t h 30 cm o f t i l l . 

N e x t 110''kg/ha o f seed and 450 kg/ha o f f e r t i l i z e r a r e 

a p p l i e d . The seed mix i n c l u d e s 40% r e d f e s c u e , 25% 

r y e g r a s s e s ( L o l i u m s p e c i e s ) and 25% o f t h e legumes, a l f a l f a 

and w h i t e c l o v e r ( T r i f o l i u m repens L . ) . The f e r t i l i z e r 

a n a l y s i s i s 27-18-9 f o r s p r i n g p l a n t i n g and 13-16-10 f o r 

f a l l p l a n t i n g . L a t e r , a t some u n s p e c i f i e d t i m e , r e d a l d e r 

s e e d l i n g s a r e t r a n s p l a n t e d o n t o t h e s i t e . L o d g e p o l e p i n e 
. ' • v. ' • • ' ' ^ 

s e e d l i n g s were t e s t e d b u t t h e i r growth was much s l o w e r t h a n 

t h e a i d e r . I s l a n d Copper's a n n u a l r e c l a m a t i o n r e p o r t s do 

h o t s a y w h e t her agronomics were r e q u i r e d t o p r e v e n t e r o s i o n 

o r i f t h e y a c c e l e r a t e d t r e e g rowth. Nor was any d a t a 

p r e s e n t e d t o show why r e d a l d e r needed t o be a r t i f i c i a l l y 

e s t a b l i s h e d . 

P r o b a b l y t h e most e x t e n s i v e mine r e c l a m a t i o n program i n 

t h e P a c i f i c N o r t h w e s t i s t h a t c a r r i e d o u t a t t h e c o a l mine 

n e a r C e n t r a l i a , Washington (Wisch, 1985). P r e s e n t 

r e g u l a t i o n s f o r c e t h e mine t o r e a p p l y t h e o r i g i n a l t o p s o i l . 

However t h e r e a r e a l a r g e number o f a r e a s t h a t were 

d i s t u r b e d p r i o r t o t h e p r e s e n t r e g u l a t i o n s . These a r e a s , 
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w h i c h c o n s i s t o f s u b s o i l , were found t o be d e f i c i e n t i n N 

and i n s o i l b i o l o g i c a l a c t i v i t y . To r e c t i f y t h i s , s u b s o i l 

a r e a s were i n i t i a l l y v e g e t a t e d w i t h s e l e c t e d g r a s s e s , and 

p r o c e e d e d t h r o u g h a m u l t i - y e a r sequence o f t i l l a g e , sewage 

s l u d g e i n j e c t i o n , and c r o p p i n g u n t i l n u t r i e n t l e v e l s r e a c h e d 

t a r g e t l e v e l s o f 1,100-1,146 kg/ha o f t o t a l N. T h i s t o o k 3 

t o 6 y e a r s t o a c c o m p l i s h . Douglas f i r , i n o c u l a t e d w i t h 

e s s e n t i a l m y c o r r h i z a e , were t h e n p l a n t e d . " E a r l y e f f o r t s t o 

p l a n t t r e e s i n d i s c e d g r a s s r e s i d u e s r e s u l t e d i n h i g h 

m o r t a l i t y from b u r g e o n i n g p o p u l a t i o n s o f v o l e s , M i c r o t u s  

t o w n s e n d i i Bachman, (Wisch, 1985)". D u r i n g p e r i o d s o f 

d r o u g h t , c o m p e t i t i o n f o r m o i s t u r e was a l s o f e l t t o be a 

p r o b l e m . On some a r e a s , S i t k a a l d e r has been i n t e r p l a n t e d 

w i t h t h e Douglas f i r . The p l a n i s t h a t w i t h i n 10-15 y e a r s 

D o uglas F i r w i l l shade o u t t h e a l d e r . I n t h e meantime, t h e 

S i t k a a l d e r i s e x p e c t e d t o add 5-8 kg/ha o f N a n n u a l l y . 

S i t k a a l d e r was a l s o used t o b l o c k t h e encroachment o f non-

d e s i r a b l e s p e c i e s and improve t h e i n t e r n a l s o i l s t r u c t u r e 

and s u r f a c e s t a b i l i t y . 

I n c o m p a r i s o n w i t h K i t s a u l t , C e n t r a l i a has a more 

b e n i g n c l i m a t e ( e . g . , Douglas f i r ) and g e n t l e r l a n d s c a p e , 

and t h e s u r f a c e t o be v e g e t a t e d c o n t a i n s more f i n e s t h a n 

w a s t e r o c k (Wisch, 1985). 

2.5 R e c l a m a t i o n R e s e a r c h a t K i t s a u l t 

R e c l a m a t i o n r e s e a r c h was s t a r t e d a t t h e K i t s a u l t 

m i n e s i t e i n 1970. D e s c r i p t i o n s o f t h e t r i a l s b u i l t and t h e 
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m o n i t o r i n g r e s u l t s were s u b m i t t e d t o t h e M i n i s t r y o f Energy 

Mines and P e t r o l e u m R e s o u r c e s i n t h e a n n u a l r e c l a m a t i o n 

r e p o r t . T h i s i n f o r m a t i o n i s summarised i n P r i c e (1982). 

2.6 S o i l Development on Mine Wastes 

L i k e t h e s o i l development on r e c e n t l y exposed m o r a i n e s 

( U g o l i n i , 1967), t h e f i r s t change i n t h e morphology o f mine 

waste s i s u s u a l l y t h e development o f a d a r k c o l o u r e d A 

h o r i z o n . F o r example, on a m i x t u r e o f s a n d s t o n e and 

s i l t s t o n e w a s t e r o c k i n S.W. V i r g i n i a , f o u r y e a r s o f v i g o r o u s 

g r a s s g r o w t h c r e a t e d a 4 cm deep Ah h o r i z o n ( R o b e r t s e t a l . , 

1988b). Under t h e same c o n d i t i o n s p r e t r e a t m e n t s w i t h 

sawdust and s l u d g e deepened t h e Ah t o 7 and 14 cm 

r e s p e c t i v e l y . I n P e n n s y l v a n i a m i n e s o i l s ( C i o l k o s z e t a l . , 

1985), i t t o o k 3 t o 13 y e a r s t o form an Ah h o r i z o n , 6 t o 20 

y e a r s t o form an Ah, AC sequence, and 12 t o 28 y e a r s t o form 

an Ah, Bm sequence. S o i l h o r i z o n s were i d e n t i f i e d by t h e i r 

c o l o u r , as even t h e Ah h o r i z o n showed weak s t r u c t u r a l 

d evelopment. R o b e r t s e t a l . (1988b) found some s o i l 

d evelopment, i n c l u d i n g s t r u c t u r e , b e n e a t h t h e A h o r i z o n , b u t 

i t l a c k e d t h e c o n t i n u i t y o r s t r e n g t h t o c r e a t e a cambic B 

h o r i z o n . 

A c c o r d i n g t o S m i t h e t a l . (1971), t h e b u l k d e n s i t y , 

p o r o s i t y , and c o a r s e fragment c o n t e n t o f i r o n o r e s l a g i n W. 

V i r g i n i a had n o t changed 70 t o 130 y e a r s a f t e r b e i n g 

abandoned. The o n l y p h y s i c a l change a t t h e s e s i t e s was a 

l o s s o f c l a y from t h e upper 5 cm. I n P e n n s y l v a n i a 
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m i n e s o i l s , i t t o o k 15 t o 20 y e a r s f o r e l u v i a t i o n t o c r e a t e 

c l a y s k i n s and about 100 y e a r 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 c l a y t o move i n an Iowa s p o i l c o m p r i s e d o f l o e s s 

( H a l l b e r g e t a l . 1978). 

I n c o n t r a s t , a f t e r e i g h t y e a r s , t h e 0 t o 5 cm l a y e r i n 

a r e c l a i m e d c o l l i e r y s p o i l i n N.E. E n g l a n d had a l o w e r b u l k 

d e n s i t y and s t o n e c o n t e n t t h a n t h e m a t e r i a l below (Rimmer, 

1982). I n 0 t o 178 y e a r o l d c o l l i e r y waste i n S.W. E n g l a n d , 

p a r t i c l e breakdown was r e s t r i c t e d t o t h e upper 20 cm (Down, 

1975). Most o f t h e d i s i n t e g r a t i o n o c c u r r e d q u i t e q u i c k l y . 

The > 9.5 mm f r a c t i o n d e c l i n e d from 39 t o 1% w i t h i n 21 

y e a r s . The q u a n t i t y o f t h e 9.5-4.0 mm f r a c t i o n a l s o 

d e c r e a s e d , w i t h a c o n c u r r e n t i n c r e a s e i n t h e 4-2 mm and 2-1 

mm f r a c t i o n s . No s i g n i f i c a n t d i f f e r e n c e s were found i n t h e 

< 500 um f r a c t i o n a f t e r 21 t o 55 y e a r s . A f t e r r e c r e a t i n g 

r o c k d i s i n t e g r a t i o n i n t h e l a b o r a t o r y w i t h a l t e r n a t i n g 

w e t / d r y and f r e e z e / t h a w c y c l e s , Down (1975) a t t r i b u t e d t h e 

f i e l d changes t o p h y s i c a l w e a t h e r i n g . S c h a f e r e t a l . (1980) 

n o t e d t h a t i n a c o a l s p o i l i n S.E. Montana, t h e p r o p o r t i o n 

o f s o f t f r a g m e n t s d e c r e a s e d n e a r t h e s u r f a c e , w h i l e 

" r e s i s t a n t " c o a r s e fragments had a c o n s t a n t volume w i t h 

d e p t h . S c h a f e r e t a l . (198 0) were n o t c l e a r as t o t h e 

i d e n t i t y o f t h e s o f t f r a g m e n t s , o t h e r t h a n t o say t h a t t h e y 

d i s i n t e g r a t e d i n wa t e r . 

R o b e r t s e t a l . (1988a) i n S.W. V i r g i n i a , a l s o o b s e r v e d 

a r a p i d d e c l i n e i n t h e c o a r s e fragment c o n t e n t a t 0-5 cm i n 

b o t h s a n d s t o n e and s i l t s t o n e w a s t e r o c k . Changes i n f i n e r 
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f r a c t i o n s were l i m i t e d t o t h e s i l t s t o n e , whose sand f r a c t i o n 

d e c r e a s e d from 59 t o 48% and s i l t f r a c t i o n i n c r e a s e d from 30 

t o 40%. D i f f e r e n c e s o c c u r r e d a t b o t h 0-5 cm and 25-30 cm, 

t h e two depths sampled, and were a t t r i b u t e d t o t h e 

d i s s o l u t i o n o f c a r b o n a t e cements. As a r e s u l t o f i t s f i n e r 

t e x t u r e , t h e < 2 mm w a t e r h o l d i n g c a p a c i t y was h i g h e s t i n 

t h e s i l t s t o n e . On a t o t a l w e i g h t b a s i s , t h e w a t e r h o l d i n g 

c a p a c i t y was h i g h e s t i n t h e s a n d s t o n e , w h i c h c o n t a i n e d l e s s 

c o a r s e f r a g m e n t s (65% v s 7 7 % ) . 

V i g o r o u s p l a n t growth and o r g a n i c p r e t r e a t m e n t s , l i k e 

sewage s l u d g e , can d r a m a t i c a l l y i n c r e a s e t h e s u r f a c e o r g a n i c 

c o n t e n t o f a mine waste. On san d s t o n e and s i l t s t o n e 

w a s t e r o c k i n S.E. Montana, S c h a f e r e t a l . (1980) o b s e r v e d 

t h a t 0-10 cm o r g a n i c - C l e v e l s r e a c h e d c o n t e n t s found i n 

n a t u r a l s o i l s ( e.g. 5%) a f t e r 30 y e a r s o f g r a s s growth, b u t 

a t 20-50 cm would n o t r e a c h n a t u r a l l e v e l s f o r 400 y e a r s . 

I n t h e s t u d y c a r r i e d o u t by R o b e r t s e t a l . (1988b), t h e 

o r g a n i c c o n t e n t a t 0-5 cm a t t h e end o f t h e t h i r d g r o w i n g 

season was 2% i n t h e w a s t e r o c k c o n t r o l , 8.5% f o r t h e sawdust 

t r e a t m e n t , and from 4 t o 7% f o r v a r i o u s amounts o f sewage 

s l u d g e . I n 8 y e a r o l d c o l l i e r y wastes i n N.E. E n g l a n d , t h e 

0-5 cm o r g a n i c c o n t e n t was 7% on s i t e s s u p p o r t i n g v i g o r o u s 

agronomic growth (Rimmer, 1982). O r g a n i c a d d i t i o n s were 

a l s o s i g n i f i c a n t on o l d e r n a t u r a l l y i n v a d e d mine wastes 

(Down, 1975; Anderson, 1977). 

On 70 t o 130 y e a r o l d i r o n o r e s l a g i n W. V i r g i n i a , t h e 

r a t e s o f N a d d i t i o n and t h e N c o n t e n t n e a r t h e s u r f a c e were 
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comparable t o n a t u r a l s o i l s (Smith e t a l . , 1971). Data f o r 

N i n t h e mine wastes s t u d i e d i n S.W. V i r g i n i a i l l u s t r a t e d 

how a h i g h c o a r s e fragment c o n t e n t may c o n c e n t r a t e i n p u t s i n 

t h e < 2 mm f r a c t i o n . D e s p i t e s i m i l a r l e v e l s o f N on a 

v o l u m e t r i c b a s i s , t h e c o a r s e r s i l t s t o n e w a s t e r o c k c o n t a i n e d 

h i g h e r < 2 mm N c o n c e n t r a t i o n s t h a n t h e s a n d s t o n e w a s t e r o c k 

( R o b e r t s e t a l . , 1988a). I n t h i s s t u d y , a t 0-5 cm N l e v e l s 

were 1.5 t o 2 t i m e s h i g h e r t h a n a t 25-30 cm, and i n c r e a s e d 

each y e a r . 

B i c a r b o n a t e e x t r a c t a b l e P l e v e l s were a l s o 

s i g n i f i c a n t l y h i g h e r a t 0-5 cm t h a n a t 25-30 cm, and 

i n c r e a s e d w i t h t h e o r g a n i c s u r f a c e t r e a t m e n t s , sewage s l u d g e 

and sawdust. D i f f e r e n c e s p r o b a b l y r e s u l t e d from t h e P added 

i n t h e f e r t i l i z e r and o r g a n i c amendments. O r g a n i c 

amendments might a l s o have r e d u c e d t h e f i x a t i o n o f P by 

a v a i l a b l e Fe. The l e v e l s o f a v a i l a b l e Fe i n c r e a s e d 

d r a m a t i c a l l y from t h e end o f t h e f i r s t t o t h e end o f t h e 

second g r o w i n g season, and t h e n d e c r e a s e d s l i g h t l y by t h e 

end o f t h e t h i r d g r o w i n g season. 

W i t h t h e advent o f w e a t h e r i n g , one o f t h e major 

c h e m i c a l changes o b s e r v e d i n mine wastes i s t h e d i s s o l u t i o n 

o f s o l u b l e s a l t s and c a r b o n a t e s . I n a r i d c l i m a t e s , r e s e a r c h 

on mine wast e s has shown t h a t s o l u b l e s a l t s were l o s t from 

t h e upper 50 cm i n t e n s o f y e a r s , w h i l e c a r b o n a t e s w i l l t a k e 

t h o u s a n d s o f y e a r s t o remove (Anderson, 1977; S c h a f e r e t 

a l . , 1980). I n humid e n v i r o n m e n t s , t h e removal o f s a l t s and 

c a r b o n a t e s s h o u l d be q u i c k e r . F o r example, i n t h e s t u d y 
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c a r r i e d o ut by R o b e r t s e t a l . (1988a and b ) , t h e l o s s o f 

c a r b o n a t e s caused t h e l e v e l s o f exchangeable Ca and Mg t o 

d e c r e a s e s i g n i f i c a n t l y i n t h e f i r s t few y e a r s . Even w i t h 

g r e a t e r l e a c h i n g , m i n e s o i l s i n t h e e a s t e r n U.S.A. g e n e r a l l y 

c o n t a i n e d h i g h e r l e v e l s o f a v a i l a b l e c a t i o n s t h a n n a t u r a l 

s o i l s ( S m i t h e t a l . , 1971; C i o l k o s z e t a l . , 1985). T h i s i s 

a t t r i b u t e d t o t h e i r y o u t h and, i n some c a s e s , l a r g e r amounts 

o f r a p i d l y w e a t h e r i n g m i n e r a l s i n t h e minewastes. 

A n o t h e r change o b s e r v e d i n mine wastes was a d e c l i n e i n 

pH. I n t h e s t u d y c a r r i e d o ut by R o b e r t s e t a l . (1988a), 

s m a l l changes i n pH were a t t r i b u t e d t o t h e l e a c h i n g o f 

c a r b o n a t e s and base c a t i o n s , and t o n i t r i f i c a t i o n o f 

f e r t i l i z e r N. The m a t e r i a l s i n t h i s s t u d y c o n t a i n e d l i t t l e 

o r no s u l p h i d e m i n e r a l s . I n t h e P e n n s y l v a n i a mine s o i l s 

s t u d y ( C i o l k o s z e t a l . , 1985), seven o f t h e t w e n t y f o u r 

m i n e s o i l s had two o r more h o r i z o n s a t pH 4.0 o r l e s s , a 

f a c t o r a t t r i b u t e d t o s u l p h i d e o x i d a t i o n . N a t u r a l s o i l s i n 

t h e a r e a seldom have pH v a l u e s < 4.0. I n t h e c o l l i e r y waste 

s t u d i e d i n S.W. E n g l a n d , t h e pH dropped t o 3.0 i n f i v e y e a r s 

and r o s e back up t o 6.7 by 178 y e a r s (Down, 1975). 

Changes a s s o c i a t e d w i t h a d e c r e a s e d pH i n c l u d e t h e 

r e l e a s e o f K from mica f o r m i n g v e r m i c u l i t e ( S m i t h e t a l . , 

1971) and t h e r e d i s t r i b u t i o n o f t r a c e m e t a l s (Chase and 

W a i n w r i g h t , 1983). I n a 100 y e a r o l d Cu s m e l t e r waste i n 

Wales, t h e drop i n pH from 4.3 t o 4.0 a t 10 cm p a r a l l e l e d a 

s i m i l a r d r o p i n EDTA and a c e t i c a c i d e x t r a c t a b l e Cu, Zn, and 

e x t r a c t a b l e Pb. Deeper i n t h e p r o f i l e , t h e r e was no change 
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i n t h e c o n c e n t r a t i o n o f a v a i l a b l e Pb. However, t h e r e were 

l a r g e peaks o f e x t r a c t a b l e Cu a t 40 cm (pH 4.5) and 1.54 m 

(pH 6.0), and Zn a t 80 cm (pH 5.6). Long term c o n t i n u o u s 

l e a c h i n g s t u d i e s r u n i n t h e l a b o r a t o r y i n d i c a t e d t h a t pH 

g r a d i e n t s l a r g e l y d e t e r m i n e d t h e d i s t r i b u t i o n o f m e t a l s 

(Chase and W a i n w r i g h t , 1983). 

S o i l f l o r a and fauna can produce b e n e f i c i a l changes i n 

t h e p r o p e r t i e s o f mine waste ( E t t e r s h a n k e t a l . , 1978). 

P r i o r t o e x p o s u r e , mine wastes do n o t c o n t a i n t h e f l o r a and 

fauna found i n n a t u r a l s o i l s . B i o l o g i c a l a c t i v i t y o f t h i s 

k i n d may be enhanced by c a p p i n g t h e waste w i t h n a t u r a l 

t o p s o i l o r by u s i n g n a t i v e p l a n t s p e c i e s ( B i o n d i n i e t a l . , 

1985). A l t e r n a t i v e l y a n i m a l s p e c i e s , l i k e g r a s s h o p p e r s o r 

r o d e n t s , can a c t as v e c t o r s (Pender, 1980). 

2.7 N a t u r a l P l a n t S u c c e s s i o n . 

P r i m a r y p l a n t s u c c e s s i o n and s o i l development can 

produce a f e r t i l e s o i l and a p r o d u c t i v e f l o r a from b a r r e n 

i n f e r t i l e l a n d c r e a t e d by n a t u r a l p r o c e s s e s such as r e c e d i n g 

g l a c i e r s ( U g o l i n i , 1967), mudflows ( D i c k i n s o n & C r o c k e r , 

1953) and l a v a f l o w s (Mueller-Dombois & E l l e r i b e r g , 1974). 

I f c o n d i t i o n s a r e s i m i l a r t o t h o s e on w a s t e r o c k dumps, 

s t u d i e s o f n a t u r a l p l a n t s u c c e s s i o n may p r o v i d e u s e f u l 

i n f o r m a t i o n f o r r e c l a m a t i o n . F o r i n s t a n c e , s t u d i e s o f 

n a t u r a l s u c c e s s i o n c o u l d be used t o show w h i c h n a t i v e 

s p e c i e s a r e c a p a b l e o f g r o w i n g on t h e w a s t e r o c k dumps, how 

d i f f e r e n t s p e c i e s and amendments w i l l c o n t r i b u t e t o p l a n t 



37 

and s o i l development, and how p l a n t and s o i l development 

w i l l p r o c e e d . 

I n o r d e r f o r d a t a from n a t u r a l s u c c e s s i o n s t u d i e s t o be 

a p p l i c a b l e , e n v i r o n m e n t a l f a c t o r s s uch as c l i m a t e , f l o r a , 

f a una and r o o t i n g media s h o u l d be s i m i l a r . Most o f t h e 

r e s e a r c h on n a t u r a l p l a n t i n v a s i o n - s o i l development r e l e v a n t 

t o t h e w a s t e r o c k dumps.at K i t s a u l t has been done on r e c e n t l y 

d e g l a c i a t e d s i t e s i n B.C. and A l a s k a . D e s p i t e d i f f e r e n c e s 

i n l i t h o l o g y , p a r t i c l e s i z e and t h e t i m e o f e x p o s u r e , b o t h 

t h e g l a c i a l m oraines and mine waste r o c k a r e c o a r s e 

t e x t u r e d , r o c k y , b a r r e n r o o t i n g media. Of t h e a r e a s 

s t u d i e d , t h o s e most s i m i l a r t o K i t s a u l t a r e G l a c i e r Bay 

( C r o c k e r & M a j o r , 1955; Lawrence e t a l . , 1967; U g o l i n i , 

1967) and t h e H e r b e r t and M e n d e n h a l l G l a c i e r s ( C r o c k e r & 

D i c k s o n , 1957) i n s o u t h e a s t e r n A l a s k a . B o t h a r e a s , l i k e 

K i t s a u l t , have a P a c i f i c c o a s t a l c l i m a t e and d i f f e r e n c e s i n 

e l e v a t i o n ( t h e K i t s a u l t m i n e s i t e i s h i g h e r ) a r e compensated 

f o r by d i f f e r e n c e s i n l a t i t u d e . 

A t G l a c i e r Bay, p l a n t p r o p a g u l e s s t a r t e d t o a r r i v e soon 

a f t e r t h e g l a c i e r s r e c e d e d . The sequence o f p l a n t 

c o l o n i z a t i o n on t h e G l a c i e r Bay moraines has been t h e 

f o l l o w i n g ( U g o l i n i , 1967). 

S t a g e I 

0-5 y r s 

E a r l y p i o n e e r , l a r g e l y d r y a s (Dryas  

drummondii ( R i c h ) ) and w i l l o w spp. w i t h 
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Ecruisetum ( m o i s t s i t e s ) and E p i l o b i u m spp. 

(sandy s i t e s ) . 

S t a g e I I Dryas mats up t o 4 m o r more i n 

5-15 y r s d i a m e t e r . 

S t a g e I I I Dryas mats form a u n i f o r m c a r p e t w i t h 

15-20 y r s s c a t t e r e d S i t k a a l d e r and b l a c k cottonwood. 

S t a g e IV Clumps o f a l d e r 2 m o r more h i g h form 

20-25 y r s open t h i c k e t s . 

S t a g e V Clumps o f a l d e r c o a l e s c e . 

25-30 y r s 

S t a g e V I S c a t t e r e d p o p l a r t r e e s emerge above a l d e r . 

30-35 y r s 

S t a g e V I I S i t k a s p r u c e becomes dominant. 

40-70 t o A l d e r d i e s o u t . 

95 y r s 

S t a g e V I I I Spruce-hemlock (mountain and w e s t e r n 

hemlock) f o r e s t , c a r p e t e d w i t h t h i c k moss. 

The sequence o f p l a n t c o l o n i z a t i o n a t t h e M e n d e n h a l l 

and H e r b e r t g l a c i e r s was s i m i l a r , e x c e p t t h a t i t l a c k e d t h e 
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g r o w t h o f Dryas ( C r o c k e r & D i c k s o n , 1957). Dryas s p e c i e s 

have o n l y been r e p o r t e d g r o w i n g on c a l c a r e o u s m a t e r i a l s 

(Watson e t a l . , 1980; T i s d a l e e t a l . , 1966; V i e r e c k , 1966; 

G i v e n and Sopar, 1975) and t h u s presumably were u n a b l e t o 

grow on t h e M e n d e n h a l l and H e r b e r t g l a c i a l m o r a i n e s . 

Lawrence e t a l . (1967) s u g g e s t e d t h a t D r y a s , w h i c h has a low 

d e n s e l y m a t t e d c a r p e t - l i k e growth form, c o n t r i b u t e d t o 

p r i m a r y s u c c e s s i o n o f G l a c i e r Bay by: 

1. r a p i d l y s t a b i l i z i n g t h e s o i l s u r f a c e a g a i n s t 

e r o s i o n , 

2. i n c r e a s i n g t h e amount o f s o i l n i t r o g e n t h r o u g h i t s 

a b i l i t y t o c a r r y o u t N 2 f i x a t i o n , 

3. b e g i n n i n g t o d e v e l o p a humus l a y e r , and 

4. a i d i n g t h e s u r v i v a l and growth o f woody p l a n t s . 

V i e r e c k (1966) found Dryas c o n t r i b u t i n g i n t h e same manner 

t o t h e p l a n t s u c c e s s i o n on g r a v e l outwash t e r r a c e s o f t h e 

M u l d r o n G l a c i e r , n e a r Mt. M c K i n l e y , A l a s k a . I n a d d i t i o n 

V i e r e c k (1966) n o t e d t h a t w i n d blown s i l t and sand 

a c c u m u l a t e d w i t h i n t h e d r y a s clumps. 

Of D r y a s ' s v a r i o u s c o n t r i b u t i o n s , Lawrence e t a l . 

(1967) c o n s i d e r e d a i d i n g t h e s u r v i v a l and g r o w t h o f woody 

p l a n t s t o be t h e most i m p o r t a n t " s i n c e a l d e r i s so much more 

e f f i c i e n t i n p r o v i d i n g a ground c o v e r and e n r i c h i n g and 

b u i l d i n g up t h e s u r f a c e o r g a n i c l a y e r . " C o a l e s c e d Dryas 

mats c r e a t e a more f a v o u r a b l e m i c r o c l i m a t e and i n c r e a s e 

n u t r i e n t l e v e l s t h r o u g h N 2 f i x a t i o n and l i t t e r 

d e c o m p o s i t i o n . The i n c r e a s e d N l e v e l i s e s p e c i a l l y 



i m p o r t a n t f o r . non-N 2 f i x i n g W i l l o w spp. and cottonwood. 

Lawrence e t a l . (1967) t h o u g h t t h a t d r y a s , by s p e e d i n g up 

t h e e s t a b l i s h m e n t o f a l d e r , w h i c h i n t u r n prompted t h e 

g r o w t h o f s p r u c e , speeded up p l a n t s u c c e s s i o n . They 

s u g g e s t e d t h a t on t h e M e n d e n h a l l g l a c i a l m o r a i n e s i t t o o k an 

a d d i t i o n a l 20 t o 30 y e a r s f o r a l d e r t h i c k e t s t o c r e a t e an 

e r o s i o n - r e s i s t a n t b l a n k e t e q u i v a l e n t t o t h a t c r e a t e d by 

d r y a s a t G l a c i e r Bay. I n c o n t r a s t , C r o c k e r and D i c k s o n 

(1957), comparing t h e i r r e s u l t s w i t h t h o s e r e p o r t e d by 

C r o c k e r and M a j o r (1955) a t G l a c i e r Bay, found t h a t a l t h o u g h 

t h e y were o f t h e same o r d e r o f magnitude, t h e a b s o l u t e 

amount o f N t h a t a c c u m u l a t e d o v e r e q u i v a l e n t u n i t s o f t i m e 

was h i g h e r i n t h e M e n d e n h a l l - H e r b e r t sequences. T h i s t h e y 

a t t r i b u t e d t o M e n d e n h a l l - H e r b e r t * s s u p e r i o r c l i m a t e f o r 

p l a n t g r o w t h , and t h e much l a r g e r , a r e a d e g l a c i a t e d a t 

G l a c i e r Bay, r e s u l t i n g i n a s l o w e r , more e r r a t i c p l a n t 

c o l o n i z a t i o n . 

Why d i d t h i s complex s u c c e s s i o n t a k e p l a c e ? W i t h i n 5 

t o 10 y e a r s o f d e g l a c i a t i o n , young s p r u c e and hemlock were 

g r o w i n g on t h e m o r a i n e s ( C r o c k e r & D i c k s o n , 1957). So why 

d i d a s p r u c e f o r e s t n o t d e v e l o p d i r e c t l y ? C r o c k e r and 

D i c k s o n (1957) s u g g e s t e d t h i s was p a r t i a l l y due t o i n t e r 

s p e c i e s c o m p e t i t i o n and t o t h e d i f f e r e n t g r o w t h r a t e s o f t h e 

p l a n t s p e c i e s . A more i m p o r t a n t r e a s o n was t h e i n a b i l i t y o f 

s p r u c e , w h i c h c o u l d n o t f i x N, t o u t i l i z e t h e e a r l y 

s u c c e s s i o n a l e n vironment as f u l l y as t h e more p r o d u c t i v e , ,/ 

e a r l y s e r a i s p e c i e s . The f a i l u r e o f e a r l y s e r a i s p e c i e s t o 
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s u s t a i n t h e i r dominance r e s u l t e d from t h e i r i n a b i l i t y t o 

grow i n t h e shade o f t h e i r c o m p e t i t o r s ( C r o c k e r & D i c k s o n , 

1957; C r o c k e r & M a j o r , 1955). However, on t h e Muldrow 

G l a c i e r t e r r a c e s , V i e r e c k (1966) s u g g e s t e d t h a t e i t h e r t h e 

a c c u m u l a t i o n o f f i n e m a t e r i a l s w i t h i n t h e clumps o r t h e 

p r e s e n c e o f mosses k i l l e d d r y a s . 

2.8 The E a r l y S t a g e s o f N a t u r a l S o i l Development 

The f i r s t v i s i b l e s i g n o f s o i l f o r m a t i o n a t G l a c i e r Bay 

was t h e appearance o f a g r a y brown Ah h o r i z o n b e n e a t h a 

p a t c h y mix o f d r y a s and a c r u s t o f moss, on a r e a s 

d e g l a c i a t e d f o r a p p r o x i m a t e l y 10 y e a r s . The Ah h o r i z o n 

r e a c h e d a maximum d e p t h o f 10 cm 41 y e a r s a f t e r 

d e g l a c i a t i o n . Then, as s p r u c e became dominant and t h e a l d e r 

d i e d o u t , t h e Ah h o r i z o n was g r a d u a l l y r e p l a c e d by a B 

h o r i z o n w h i c h grew upwards, c o m p l e t e l y r e p l a c i n g t h e Ah 

h o r i z o n 85 t o 150 y e a r s a f t e r d e g l a c i a t i o n ( U g o l i n i 1967). 

An Ae h o r i z o n was f i r s t o b s e r v e d a t G l a c i e r Bay i n a r e a s 

d e g l a c i a t e d f o r about 150 y e a r s , w h i l e i n t h e M e n d e n h a l l and 

H e r b e r t sequences t h e Ae d e v e l o p e d a f t e r about 75 y e a r s . 

Two hundred and f i f t y y e a r s a f t e r d e g l a c i a t i o n none o f t h e 

Ae h o r i z o n s had i n c r e a s e d i n s i z e and t h e B h o r i z o n s 

r e m a i n e d s h a l l o w (< 15cm). 

A t b o t h G l a c i e r Bay and t h e M e n d e n h a l l / H e r b e r t 

sequences t h e most d r a m a t i c changes i n p r o p e r t i e s o f t h e 

r o o t i n g media were a s s o c i a t e d w i t h t h e development and 

d e e p e n i n g o f t h e s u r f a c e o r g a n i c l a y e r . An L l a y e r was 
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f i r s t n o t e d on s i t e s d e g l a c i a t e d f o r 11 y e a r s a t G l a c i e r 

Bay, and on s i t e s d e g l a c i a t e d f o r 20 and 34 y e a r s 

r e s p e c t i v e l y a t t h e M e n d e n h a l l and H e r b e r t G l a c i e r s . A t 

G l a c i e r Bay t h e l i t t e r l a y e r r e a c h e d a maximum t h i c k n e s s o f 

20 cm on 150 y e a r o l d s i t e s on w h i c h a l d e r and o t h e r 

u n d e r s t o r y p l a n t s were s t i l l c o n t r i b u t i n g l i t t e r . A t t h e 

M e n d e n h a l l and H e r b e r t s i t e s , even a f t e r a l d e r and o t h e r 

s h r u b s had d i e d o u t , t h e l i t t e r l a y e r c o n t i n u e d t o 

a c c u m u l a t e , a l t h o u g h a t a r e d u c e d r a t e . A t b o t h G l a c i e r Bay 

and t h e M e n d e n h a l l / H e r b e r t s i t e s , t h e development o f a 

h u m i f i e d (FH) l a y e r f o l l o w e d t h e c r e a t i o n o f a l i t t e r l a y e r 

by about 20 y e a r s . A t G l a c i e r Bay t h e FH l a y e r a c c o u n t e d 

f o r a p p r o x i m a t e l y h a l f o f t h e d e p t h o f t h e l i t t e r 250 y e a r s 

a f t e r d e g l a c i a t i o n . L i t t l e o r no m i x i n g o f l i t t e r and 

m i n e r a l s o i l o c c u r r e d a t any o f t h e s t u d y s i t e s , a l t h o u g h 

C r o c k e r and D i c k s o n (1957) n o t i c e d some e v i d e n c e o f o r g a n i c 

m a t t e r i l l u v i a t i o n i n v e r y sandy m o r a i n e s a t t h e H e r b e r t 

G l a c i e r . 

C o n c u r r e n t w i t h changes i n p l a n t c o v e r and t h e 

development o f s o i l h o r i z o n s , t h e r e were marked changes i n 

s o i l p r o p e r t i e s . Changes were g r e a t e s t i n p r o p e r t i e s 

a f f e c t e d by t h e a d d i t i o n and d e c o m p o s i t i o n o f o r g a n i c 

m a t t e r , and t h u s were most pronounced n e a r t h e s u r f a c e . 

P h y s i c a l changes i n c l u d e d d e c r e a s e s i n b u l k d e n s i t y and an 

i n c r e a s e i n t h e s o i l m o i s t u r e r e t e n t i o n ( C r o c k e r & D i c k s o n , 

1957). A t G l a c i e r Bay, U g o l i n i (1967) found no changes i n 

t h e sandy loam t e x t u r e and no s i g n o f c l a y movement. Bo t h 
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t h e G l a c i e r Bay and t h e M e n d e n h a l l / H e r b e r t g l a c i a l m o r a i n e s 

were v e r y s t o n e y . The f i n e e a r t h f r a c t i o n (< 2 mm) o f a r e a s 

sampled a t t h e M e n d e n h a l l / H e r b e r t v a r i e d from 45% t o 94%, 

d e s p i t e e f f o r t s t o s e l e c t s i t e s w i t h as few p o s s i b l e s t o n e s . 

A t G l a c i e r Bay t h e l o c a t i o n s sampled by U g o l i n i (1967) 

c o n t a i n e d a p p r o x i m a t e l y 50% f i n e s . V a r i a t i o n s i n t h e 

p e r c e n t s t o n e s w i l l have c o n t r i b u t e d t o t h e v a r i a b i l i t y 

o b s e r v e d i n b o t h p h y s i c a l and c h e m i c a l p r o p e r t i e s . 

Summarising t h e changes o b s e r v e d i n c h e m i c a l p r o p e r t i e s 

w i t h age: t h e pH d e c r e a s e d ; t h e CEC i n c r e a s e d ; s o i l o r g a n i c 

C i n c r e a s e d ; s o i l N l e v e l s i n c r e a s e d and t h e n l e v e l l e d o f f ; 

and t h e C/N r a t i o i n c r e a s e d . The r o l e o f o r g a n i c m a t t e r as 

a s o u r c e o f a c i d i t y was e v i d e n t from t h e low pH o f t h e 

l i t t e r l a y e r r e l a t i v e t o t h e m i n e r a l s o i l . A t t h e 

M e n d e n h a l l / H e r b e r t s i t e s t h e l o w e r pH o f t h e FH l a y e r , 

compared t o t h e undecomposed l i t t e r , was e v i d e n c e t h a t 

o r g a n i c a c i d s were b e i n g p r o d u c e d as t h e l i t t e r decomposed. 

I n b o t h s t u d i e s t h e l i t t e r pH d e c l i n e d w i t h t i m e . T h i s may 

be a t t r i b u t e d t o d e c o m p o s i t i o n and t o changes i n t h e t y p e o f 

l i t t e r w i t h t h e development o f a c o n i f e r o u s f o r e s t . I n t h e 

m i n e r a l s o i l , t h e d e c l i n e i n pH was most pronounced a t t h e 

s u r f a c e . Changes a t l o w e r d e p t h s l a g g e d b e h i n d . Two 

hundred f i f t y y e a r s a f t e r d e g l a c i a t i o n , on t h e H e r b e r t and 

G l a c i e r Bay m o r a i n e s t h e pH v a l u e s o f t h e L, FH, B, and C 

h o r i z o n s were a p p r o x i m a t e l y 4.3, 3.7, 4.7, and 5.8 

r e s p e c t i v e l y . 



D i f f e r e n c e s i n s o i l pH between G l a c i e r Bay and t h e 

M e n d e n h a l l / H e r b e r t s i t e s r e s u l t e d from t h e p r e s e n c e o f 

c a r b o n a t e s a t G l a c i e r Bay. Data from G l a c i e r Bay shows t h a t 

t h e d e c l i n e i n p e r c e n t c a r b o n a t e i n t h e < 2 mm f r a c t i o n was 

c o r r e l a t e d w i t h t h e pH d e c l i n e , w i t h t h e l o s s o f c a l c i t e 

o c c u r r i n g f a s t e r t h a n t h a t o f d o l o m i t e . I n t h e Ah h o r i z o n 

most o f t h e c a r b o n a t e was l o s t between 5 and 24 y e a r s a f t e r 

d e g l a c i a t i o n . A t 15-25cm, i n t h e C h o r i z o n , most o f t h e 

c a r b o n a t e was l o s t between 55 and 150 y e a r s a f t e r 

d e g l a c i a t i o n . 

Based on changes i n s o i l C, N and C/N, t h e sequence o f 

s o i l development can be s p l i t i n t o 2 p a r t s ; changes 

a t t r i b u t e d t o a l d e r and t h o s e o c c u r r i n g under a s p r u c e 

f o r e s t . I m m e d i a t e l y a f t e r d e g l a c i a t i o n t h e m o r a i n e s a r e 

wind-swept s u r f a c e s d e v o i d o f n i t r o g e n . T h i s l a c k o f N 

g i v e s N 2 f i x i n g s p e c i e s a c o m p e t i t i v e advantage. W i t h o u t 

any c o m p e t i t i o n , N 2 f i x i n g S i t k a a l d e r grew p r o l i f i c a l l y , 

i t s somewhat p r o s t r a t e , shrubby growth, p r o t e c t i n g t h e 

s u r f a c e from t h e w i n d and r a p i d l y b u i l d i n g up a f o r e s t 

f l o o r . As a r e s u l t o f t h e s t r o n g a l d e r growth a l a r g e 

amount o f N was added t o t h e e cosystem, and o r g a n i c r e s i d u e s 

i n b o t h t h e f o r e s t f l o o r and t h e m i n e r a l s o i l had a low C/N 

r a t i o . D u r i n g t h e p e r i o d o f a l d e r growth most o f t h e s o i l 

o r g a n i c m a t t e r was i n t h e s u r f a c e l i t t e r l a y e r . F o r t y - o n e 

y e a r s a f t e r d e g l a c i a t i o n a t G l a c i e r Bay, t h e l i t t e r l a y e r 

was 7 cm t h i c k , c o n t a i n e d 0.11 kg N/m2 and t h e FH l a y e r had 

a C:N r a t i o o f 21. 
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S p r u c e c a n n o t f i x a t m o s p h e r i c N 2 , so a f t e r s p r u c e 

r e p l a c e d a l d e r , t h e r a t e o f N a d d i t i o n s t o t h e ecos y s t e m was 

r e d u c e d . C o n s e q u e n t l y a t G l a c i e r Bay, N l e v e l s i n t h e 

l i t t e r d e c r e a s e d t o 0.08 kg N/m2 and t h e l i t t e r C:N r a t i o 

r o s e from 15 t o 30 up t o 45 t o 60. I n c o n t r a s t t o t h e 

l i t t e r , t h e m i n e r a l s o i l C and N c o n t e n t s under s p r u c e 

c o n t i n u e d t o r i s e a t much t h e same r a t e as under a l d e r 

c o v e r . As a r e s u l t o f o r g a n i c m a t t e r a d d i t i o n s , m i n e r a l 

s o i l CEC l e v e l s i n c r e a s e d from 7.3 t o 14.7 meq/lOOg and t h e 

a c c u m u l a t i o n o f o r g a n i c m a t t e r and i r o n i n t h e m i n e r a l s o i l 

c r e a t e d a p o d z o l i c B h o r i z o n . 

2.9 W e l l Developed S o i l s 

S o i l development beyond 250 y e a r s i n t h e G l a c i e r Bay 

r e g i o n was o b s e r v e d on a s e r i e s o f sand and g r a v e l c o v e r e d 

(2 t o 4 m e t r e s t h i c k ) , m a r i n e t e r r a c e s ( U g o l i n i & Mann, 

1979). The t e r r a c e s were 400, 2-3 x 1 0 3 , and 6-8 x l O 3 y e a r s 

o l d . The younger two t e r r a c e s were c o v e r e d by a c o n i f e r o u s 

f o r e s t , dominated by S i t k a s p r u c e and w e s t e r n hemlock. From 

t h e y o u n g e s t t e r r a c e t o t h e back o f t h e second t e r r a c e , t h e 

d e p t h o f s u r f a c e l i t t e r i n c r e a s e d from 20 t o 35 cm. On t h e 

400 y e a r o l d t e r r a c e , t h e main h o r i z o n was a w e a k l y 

d e v e l o p e d B, c o n t a i n i n g 0.6% o r g a n i c a l l y complexed Fe. On 

t h e 2-3 x 1 0 3 t e r r a c e , s o i l s c o n t a i n e d w e l l d e v e l o p e d Ae, 

Bhf , and B f h o r i z o n s . A t t h e back o f t h e second t e r r a c e t h e 

Bf had d e v e l o p e d i n t o an i m p e r v i o u s p l a c i c - B h o r i z o n , w h i c h 

impeded d r a i n a g e . 
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On t h e o l d e s t t e r r a c e , impeded d r a i n a g e had r e s u l t e d i n 

t h e a c c u m u l a t i o n o f a 1 t o 2 metres deep s u r f a c e p e a t l a y e r , 

c a p a b l e o f r e t a i n i n g w a t e r t h e whole y e a r r o u n d . Even a f t e r 

r e d u c i n g c o n d i t i o n s removed t h e p l a c i c h o r i z o n , a n a e r o b i c 

c o n d i t i o n s were m a i n t a i n e d by t h e deep p e a t . As a r e s u l t o f 

w a t e r l o g g i n g , t h e v e g e t a t i v e c o v e r on t h e o l d e s t t e r r a c e 

r a n g e d from. A l a s k a y e l l o w c e d a r (Chamaecyparis n o b t k a t e r i s i s 

D. Don Spach.) and mountain hemlock t o sphagnum, sedge, and 

e r i c a c e o u s s h r u b s . 

The c l o s e s t r e g i o n t o k i t s a u l t f o r w h i c h a s o i l s u r v e y 

was c a r r i e d o u t was t h e H a z e l t o n a r e a ( W i t t n e b e n , 1984). 

The s u r v e y e d a r e a c o n t a i n s a number o f p h y s i o g r a p h i c 

r e g i o n s , i n c l u d i n g t h e Skeena mountains, w h i c h a r e a d j a c e n t 

t o K i t s a u l t and have s i m i l a r t o p o g r a p h y , e l e v a t i o n , and 

v e g e t a t i o n t o t h e m i n e s i t e . On f l a t and g e n t l y s l o p e d * 

v a l l e y f l o o r s and d e p r e s s i o n s i n t h e Skeena m o u n t a i n s , 

t e r r a i n w h i c h r e s e m b l e s t h a t s t u d i e d a t G l a c i e r Bay, t h e 

s o i l s were c l a s s i f i e d as M e s i s o l s and p e a t y Rego Humic 

G l e y s o l s . On more s t e e p l y s l o p e d a r e a s , each p a r e n t 

m a t e r i a l - v e g e t a t i o n zone c o m b i n a t i o n had a d i f f e r e n t s o i l 

a s s o c i a t i o n . The K i s p i o x and J a n z e Lake s o i l a s s o c i a t i o n s , 

formed on t h e c o l l u v i u m i n t h e w e s t e r n and m o u n t a i n hemlock 

zones r e s p e c t i v e l y , were d e v e l o p e d under c o n d i t i o n s most 

s i m i l a r 'to K i t s a u l t w a s t e r o c k dumps. C o l l u v i u m had a h i g h 

c o a r s e fragment c o n t e n t , was g e n e r a l l y s t e e p , w e l l t o 

r a p i d l y d r a i n e d , and t h u s a n a l a g o u s t o a dump s l o p e . The 

c o a r s e fragment c o n t e n t o f t e n exceeded 50%, e s p e c i a l l y a t 
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h i g h e r e l e v a t i o n . The 50% i s presumably on a p e r volume 

b a s i s . The p r o p o r t i o n would be even h i g h e r i f r e p o r t e d on a 

p e r w e i g h t b a s i s . Compared t o a w a s t e r o c k dump t h e main 

d i f f e r e n c e i n t h e c o l l u v i u m was t h e d e p t h , w h i c h was u s u a l l y 

l e s s t h a n 2 m e t r e s . 

K i s p i o x s o i l s a r e g r a v e l l y sandy loams, w i t h a 5 t o 10 

cm deep mor l i t t e r l a y e r , c o v e r i n g up t o 10 cm o f Ae, and a 

B f . S t r o n g l y a c i d solum was u s u a l l y l e s s t h a n 50 cm t h i c k , 

and r e l a t i v e l y unweathered p a r e n t m a t e r i a l o c c u r r e d w i t h i n 

75 cm o f t h e s u r f a c e . Most o f t h e s o i l s were c l a s s i f i e d as 

O r t h i c H u m o - F e r r i c P o d z o l s . L u v i s o l i c H u m o - F e r r i c P o d z o l s 

o r P o d z o l i c Gray L u v i s o l s were found on f i n e r t e x t u r e d 

m a t e r i a l s . G l e y e d Humo-Ferric P o d z o l s o c c u r r e d i n seepage 

zones. 

A t h i g h e r e l e v a t i o n i n t h e M o u n t a i n H e m l o c k - S u b a l p i n e 

F i r Zone ( J a n z e Lake a s s o c i a t i o n ) , t h e main d i f f e r e n c e was 

t h e g r e a t e r a c c u m u l a t i o n o f i l l u v i a l o r g a n i c m a t t e r c r e a t i n g 

s u f f i c i e n t l y deep Bhf h o r i z o n s t o change t h e c l a s s i f i c a t i o n 

t o F e r r o - H u m i c P o d z o l s . I n b o t h v e g e t a t i o n zones, m o r a i n a l 

m a t e r i a l s had a g r a v e l l y loam o r g r a v e l l y c l a y loam t e x t u r e , 

were g e n e r a l l y f i n e r t h a n t h e c o l l u v i u m , m o d e r a t e l y 

p e r v i o u s , and u s u a l l y c l a s s i f i e d as l u v i s o l i c h u m o - f e r r i c o r 

f e r r o - h u m i c p o d z o l s , d e p ending on t h e e l e v a t i o n . 

A s u r v e y o f p o d z o l i c s o i l s formed i n S.E. A l a s k a found 

t h a t r o o t i n g was l a r g e l y c o n f i n e d t o t h e s u r f a c e o r g a n i c 

l a y e r s and t h e t o p few c e n t i m e t r e s o f t h e m i n e r a l s o i l 

( H ellman & Gass 1974). I n t h e s e same s o i l s t h e i n f l u e n c e o f 
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p a r e n t m a t e r i a l l i t h o l o g y on s o i l c h e m i c a l p r o p e r t i e s was 

o n l y e v i d e n t i n t h e l o w e s t h o r i z o n s . T y p i c a l l y t h e s o i l pH 

was between 3.5 and 4.5 f o r t h e l i t t e r l a y e r s and t h e Ae 

h o r i z o n s and between 4.5 and 5.5 f o r t h e B h o r i z o n (Hellman 

and Gass 1974, Stephens 1969). Stephens (1969) i n h i s s t u d y 

o f S.E. A l a s k a n p o d z o l m i n e r a l h o r i z o n s c o n c l u d e d t h a t 

o r g a n i c m a t t e r and s e s q u i o x i d e s were p r i m a r i l y r e s p o n s i b l e 

f o r t h e CEC and w a t e r r e t e n t i o n . A l u m i n o s i l i c a t e c l a y s 

e i t h e r had n o t formed o r had been l e a c h e d o u t o f t h e 

p r o f i l e s . 

3.0 Summary 

Wa s t e r o c k from o t h e r Cu-Mo p o r p h y r y mines c o n t a i n e d 75 

t o 85% c o a r s e f r a g m e n t s , had h i g h t r a c e element 

c o n c e n t r a t i o n s , and l a c k e d N and a v a i l a b l e P. A c c o r d i n g t o 

schemes f o r r a t i n g t h e q u a l i t y o f r o o t i n g media, t h e h i g h 

c o a r s e fragment c o n t e n t makes w a s t e r o c k an u n s u i t a b l e o r 

p o o r s u b s t r a t e . However t h e c o a r s e fragment c o n t e n t o f 

w a s t e r o c k was comparable t o t h a t o f c o l l u v i a l s o i l s i n t h e 

K i t s a u l t r e g i o n . As most o f t h e m i n e s i t e was o r i g i n a l l y 

c o v e r e d i n c o l l u v i u m , a h i g h c o a r s e fragment c o n t e n t w i l l 

t h e r e f o r e n o t compromise t h e p r o v i n c i a l r e c l a m a t i o n 

g u i d e l i n e s t h a t m i n e s i t e s s h o u l d be r e s t o r e d t o t h e i r p r e -

m i n i n g p r o d u c t i v i t y . 

R e s e a r c h on d i f f e r e n t d i s t u r b e d s u b s t r a t e s on Vancouver 

I s l a n d , showed t h a t t h e l a r g e r t h e a r e a d i s t u r b e d t h e s l o w e r 

was n a t u r a l p l a n t i n v a s i o n , and t h a t t h e c o m p o s i t i o n o f 
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s p e c i e s a r r i v i n g r e f l e c t e d t h e c o m p o s i t i o n o f t h e a d j a c e n t 

v e g e t a t i o n . Most o f t h e r e s e a r c h done i n B.C. has been i n 

e s t a b l i s h i n g agronomic c o v e r s . N a t u r a l p l a n t i n v a s i o n o f 

t h e g r a s s \ l e g u m e c o v e r s was g r e a t e s t i n a r e a s w i t h h i g h 

p r e c i p i t a t i o n . 

R e s e a r c h e r s have n o t e d changes i n mine w a s t e s w i t h t i m e 

and as a r e s u l t o f p l a n t growth. P h y s i c a l changes i n c l u d e d 

d e c r e a s e s i n b u l k d e n s i t y and c o a r s e fragment c o n t e n t , and 

c l a y movement. Changes i n s o i l c h e m i c a l p r o p e r t i e s i n c l u d e d 

i n c r e a s e d o r g a n i c m a t t e r , N, and a v a i l a b l e P, and d e c r e a s e s 

i n pH and c a r b o n a t e m i n e r a l s . D e c r e a s e s i n pH were 

a s s o c i a t e d w i t h t h e r e l e a s e o f K and t r a c e e l e m e n t s . 

The most r e l e v a n t s t u d i e s o f n a t u r a l p l a n t and s o i l 

development t o K i t s a u l t were t h o s e c a r r i e d o u t on r e c e n t l y 

e xposed m o r a i n e s i n S.E. A l a s k a . The sequence o f p l a n t 

s u c c e s s i o n on n o n - c a l c a r e o u s m o r a i n e s was S i t k a a l d e r , S i t k a 

s p r u c e , and w e s t e r n hemlock. I f t h e m o r a i n e s were 

c a l c a r e o u s , t h e f i r s t s p e c i e s t o i n v a d e was d r y a s , w h i c h i n 

t u r n a c c e l e r a t e d t h e i n v a s i o n o f a l d e r . The i n i t i a l s o i l 

changes ( e . g . , d e c r e a s e d b u l k d e n s i t y , pH, and c a l c i t e ) were 

s i m i l a r t o t h o s e o b s e r v e d on mine w a s t e s . The main f a c t o r s 

c o n t r o l l i n g p l a n t and s o i l development on t h e m o r a i n e s were 

t h e a d d i t i o n s o f l i t t e r and N, most o f w h i c h were added by 

a l d e r . A f t e r 400 y e a r s , t h e s o i l s on t h e m o r a i n e s d e v e l o p e d 

p o d z o l i c B f h o r i z o n s . S t u d i e s o f mature s o i l s , i n a r e a s 

w i t h s i m i l a r s o i l f o r m i n g f a c t o r s t o K i t s a u l t , f o u n d t h a t 

p o d z o l s d e v e l o p e d on a l l w e l l d r a i n e d p a r e n t m a t e r i a l s . I n 
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t h e s e s o i l s , r o o t i n g was c o n c e n t r a t e d i n t h e t h i c k , a c i d 

l i t t e r l a y e r . 
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3. MATERIALS AND METHODS 

3.1 D e s c r i p t i o n o f Study s i t e s 

3.1.1 S o i l R e s o u r c e s 

Most o f t h e s o i l samples came from t h e t e r r a c e d 

w a s t e r o c k dumps. The l o c a t i o n o f t h e s i t e s sampled i s shown 

i n F i g u r e 1.1. Sample s i t e s were chosen t o show t h e e f f e c t s 

o f a number o f f a c t o r s i n c l u d i n g r o c k t y p e , s l o p e s v s 

benches, t i m e s i n c e dump c o n s t r u c t i o n , and n a t u r a l p l a n t 

i n v a s i o n ( T a b l e s 1.1). A g e n e r a l d e s c r i p t i o n o f each o f t h e 

dumps sampled i s g i v e n i n T a b l e 1.2. 

Much o f t h e s a m p l i n g was c a r r i e d o u t i n 1980 d u r i n g t h e 

p e r i o d o f mine development p r i o r t o t h e mine r e - o p e n i n g . 

The s i t e s s e l e c t e d had n o t been d i s t u r b e d s i n c e t h e mine 

c l o s e d i n 1972. The c h o i c e o f s i t e s was l i m i t e d t o two 

t e r r a c e d dumps, t h e Sou t h E a s t Lower (SEL) and t h e Low Grade 

Ore (LG) dumps, because much o f t h e w a s t e r o c k mined from 

1965 t o 1972 was s p r e a d t h i n l y o v e r n a t u r a l s l o p e s o r had 

been u s e d as r o a d f i l l . Most o f t h e s a m p l i n g was c a r r i e d 

o u t on t h e LG dump because more e x t e n s i v e n a t u r a l p l a n t 

i n v a s i o n had o c c u r r e d t h e r e and i t was t h e l o c a t i o n o f 

s e v e r a l f i e l d t r i a l s . The LG c o n t a i n e d more m o l y b d e n i t e b u t 

o t h e r w i s e was s i m i l a r t o a " t y p i c a l " w a s t e r o c k dump. 

R e c e n t l y exposed w a s t e r o c k on t h e P a t s y (WR) and C l a r y 

(AR) dumps were sampled i n 1982 ( T a b l e 1.2), on s u r f a c e s 

u s e d f o r t h e 82.1 and 82.4 t r i a l . S a m p l i n g was c a r r i e d o u t 

soon a f t e r t h e dumps were b u i l t and i m m e d i a t e l y p r i o r t o 



LEGEND 

F i g u r e 1.1 A s c h e m a t i c d i a g r a m o f t l i e K i t s a u l t m i n e s h o w i n g 
t h e l o c a t i o n o f s i t e s e x a m i n e d i n t h i s s t u d y . 



Table 1.1 Surfaces sampled and number of samples analysed for untreated wasterock. 

Number of Samples Analysed 

Abbreviation 
Used in Text 

Dump Lithology Topography Cover Date 
Constructed 

Date 
Sampled 

For 
% < 2 mm 

For other 
physical 
analyses 

For 
Chemical 
Analyses 

SEL.HN South East Lower hornfels bench none pre-1973 1980 4 4 3 

SELPO.U potassic bench none pre-1973 1980 3 3 . 3 

SEL.PO.V annual 
species 

pre-1973 1*980 5 5 5 

LG.U.B Low Grade Ore potassic bench none or 
annual 
species 

pre-1973 1980 6 6 6 

LG.U.S slope none pre-1973 1980 9 9 9 

LG.V bench perennial 
species 

pre-1973 1980 7 7 7 

WR.82 Patsy potassic bench none 1982 1982 28 4 4 

WR.84 1984 8 - -

AR.82 Clary incompetent bench' none 1982 1982 8 - 4 4 

AR.84 1984 25 _ 



54 

T a b l e 1.2 D e s c r i p t i o n s o f t h e w a s t e r o c k dumps and 
t h e o v e r b u r d e n sampled i n t h i s s t u d y . 

WASTEROCK DUMPS 

SEL: s o u t h e a s t l o w e r dump; w a s t e r o c k f i l l s b ottom o f 
v a l l e y , i n t e r s e c t i n g P a t s y Creek on west s i d e ; b u i l t 
p r i o r t o 1972; b u r i e d i n 1981, 

LG: low gr a d e o r e dump; l a r g e p l a t e a u n o r t h o f p i t ; 
b u i l t p r i o r t o 1972; s i t e o f f i e l d t r i a l s 70.1, 
70.3, 75.1 and 77.1; u n t r e a t e d a r e a s p r e s e n t l y used 
t o s t o r e m a c h i n e r y and t o o l s , . 

WR: P a t s y dump; s e r i e s o f t e r r a c e s s o u t h e a s t o f p i t ; 
b u i l t from 1981 t o 1982; s i t e o f f i e l d t r i a l s 81.1, 
81.2, 81.3, 82.1 and 82.2, 

AR: C l a r y dump: a s e r i e s o f t e r r a c e s n o r t h o f p i t ; a t 
p o i n t sampled, a s i n g l e , l a r g e t e r r a c e , t h e bench o f 
w h i c h s e r v e s as a r o a d t o t h e C l a r y dump complex; 
b u i l t i n 1982; s i t e o f f i e l d t r i a l 82.4. 

OVERBURDEN 

OB.59 594 Bench: o v e r b u r d e n t e s t e d i n T r i a l 82.1; 
use d and sampled i m m e d i a t e l y a f t e r i t was 
s t r i p p e d ; a w e l l d r a i n e d , m i x t u r e o f c o l l u v i u m , 
t i l l , and f r a c t u r e d b e d r o c k . 

OB.SH Spy H i l l : o v e r b u r d e n t e s t e d i n T r i a l 82.1; 
m a t e r i a l from t h e Spy H i l l s t o c k p i l e ; s t r i p p e d 
from a w a t e r l o g g e d d e p r e s s i o n i n 1981. 
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a p p l y i n g t r i a l amendments. The P a t s y Dump was c o m p r i s e d o f 

" p o t a s s i c " r o c k , t h e most p e r v a s i v e t y p e o f w a s t e r o c k . When 

i t was re s a m p l e d i n 1984, samples were t a k e n from rows 

between t h e p l o t s . As i n 1982, s a m p l i n g was r e s t r i c t e d t o 

t h e t e r r a c e bench. The s l o p e s o f t h e P a t s y Dump were a l m o s t 

t o t a l l y d e v o i d o f f i n e s . 

The 82.4 t r i a l on t h e C l a r y Dump was l o c a t e d on a 

v e n e e r o f " i n c o m p e t e n t " w a s t e r o c k . T h i s m a t e r i a l had been 

pushed o n t o t h e s l o p e i n 1982, j u s t p r i o r t o s a m p l i n g . I n . 

1982, u n s t a b l e f o o t i n g l i m i t e d s a m p l i n g t o t h e upper 10% o f 

t h e s l o p e . I n 1984, e x t e n s i v e s a m p l i n g was c a r r i e d o u t 

a l o n g 5 t r a n s e c t s from c r e s t t o t o e . Samples were c o l l e c t e d 

e v e r y 20 m e t r e s . The 10% o f t h e s l o p e l a c k i n g < 2 mm 

m a t e r i a l was n o t sampled. 

The t r e a t m e n t s sampled and t h e number o f samples 

a n a l y s e d f o r t h e f i e l d t r i a l s a r e shown i n T a b l e 1.3. A l l 

t h e s a m p l i n g was c a r r i e d o u t i n 1980. L i k e t h e u n t r e a t e d 

s l o p e b e s i d e i t (LG.US), s a m p l i n g on t h e s l o p e t r i a l 75.1 

was l i m i t e d t o t h e upper 8 m e t r e s , t h e o n l y p o r t i o n o f t h e 

s l o p e c o n t a i n i n g < 2 mm p a r t i c l e s . 

W i t h i n d e s i g n a t e d a r e a s on t h e f i e l d t r i a l s and t h e 

u n t r e a t e d dumps, t h e s e l e c t i o n o f sample s i t e s was made 

randomly. E x c e p t i o n s t o t h i s were t h e v e g e t a t e d s i t e s on 

t h e SEL dump (SEL.PO.V), w h i c h were so few t h a t t h e y were 

a l l sampled. The o t h e r e x c e p t i o n was when p l o t s had t o be 

s h i f t e d t o a v o i d l a r g e r o c k s . T h i s happened about 20% o f 

t h e t i m e . 



56 

Overburden samples were t a k e n from t h e two m a t e r i a l s 

t e s t e d i n t h e P a t s y Dump t r i a l 82.1. D e s c r i p t i o n s o f each 

a r e g i v e n i n T a b l e 1.2. 

3.1.2 V e g e t a t i o n 

A summary o f t h e s i t e s where p l a n t g r o w t h was s t u d i e d 

i s g i v e n i n T a b l e 1.4. I n f o r m a t i o n on n a t u r a l p l a n t 

i n v a s i o n was c o l l e c t e d from T r i a l 70.1 and from u n t r e a t e d 

s u r f a c e s around t h e mine. Most o f t h e v e g e t a t i o n d a t a was 

c o l l e c t e d from f i e l d t r i a l s . T r i a l s were named a c c o r d i n g t o 

t h e y e a r i n w h i c h t h e y were e s t a b l i s h e d . T r i a l s e s t a b l i s h e d 

p r i o r t o 1980 were b u i l t by Dr. J.V. T h i r g o o d ( P r i c e , 1982). 

D e t a i l e d d e s c r i p t i o n s o f each t r i a l , i n c l u d i n g o b j e c t i v e s , 

e x p e r i m e n t a l d e s i g n , m a t e r i a l s , p l o t p r e p a r a t i o n , and 

m o n i t o r i n g a r e g i v e n i n Appendix A. The l o c a t i o n o f each 

t r i a l i s shown i n F i g u r e 1. L a t i n names o f agronomic 

s p e c i e s t e s t e d a t K i t s a u l t a r e g i v e n i n T a b l e 1.5. The 

components o f seed mixes a p p l i e d on t h e bench and s l o p e 

t r i a l s and t h e r a t e s a t w h i c h f e r t i l i z e r was a p p l i e d i n 

f i e l d t r i a l s a r e c o m p i l e d i n T a b l e s 1.6,1.7, and 1.8. The 

r e a d e r may want t o r e f e r t o i n f o r m a t i o n i n T a b l e s 1.4 t o 1.8 

when r e a d i n g t h e r e s u l t s and t h u s s h o u l d n o t e t h e i r 

l o c a t i o n . 

3.2 F o l i a g e and S o i l S a m p l i n g 

A 900 cm 2 q u a d r a n t (30 cm x 30 cm) was used t o 

d e l i n e a t e t h e b o u n d a r i e s o f each f o l i a g e sample. B e f o r e 
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Table 1.3 Treatments sampled and number of samples analysed for the field trials. 

, Number of Samples 

Abbreviation Trial Topography Surface * * Vegetation Seed Mix * * * Soil Foliar 
Used in Text Treatment Analyses Chemistry 

70R 

70PF 

70P1 

70P5 

70P6 

70F1 

70F5 

70F6 

70AI 

75.1 

77.1 

70.1 bench 

75.1 slope 

77.1 bench 

none 

peat 

peat 
(+ fertilizer) 

fertil izer 

fertilizer 

fertilizer 

none 

grass and 1,5 & 6 
legume 

grass and 1,5 & 6 
legume 

mainly 1 
grass 

mainly 5 
legume 

mainly 6 
grass 

mainly 1 
grass 

mainly 5 
legume 

mainly 6 
grass 

annual grass 

grass and A,B,C & D 
legume 

Sitka alder 

12 

3 

17 

4* 

12 

* : for % < 2 mm only 
* " : fertilizer rate listed in Table 8 

* * * : seed mixes described in Tables 6 (mixes 1,5,6) and 7 (mixes A,B,C,D) 
* * * * : Although the original trial plan stated that 70PF was fertilized while 70P was not, the 

high P and strong plant growth indicate that it was the 70P section which was fertilized. 
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Table 1.4 A list of the trials testing plant growth. 

Topography Plant Species Trio/ Treatments Tested 

Bench Agronomic 70. T 7 seed mixes on 4 surface covers 

82.1 4 seed mixes and 5 surface covers 

Bench Woody 70.3 conifer species with treatments applied in Trial 70.1 

77.1 Sitka alder 

82.1 . Sitka alder and lodgepole pine on 82.1 treatments 

Bench Natural Plant 
Invasion 

none 

70.1 treatments applied in Trial 70.1 

Slope Agronomic 75.1 4 seed mixes 

81.1 1 seed mix on 4 overburden depths 

82.4 incompetent wasterock 

* * Treatments described in detail in Appendix A, for seed mix composition 
and fertilizer rate refer to Tables 6, 7 and 8 
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T a b l e 1.5 The L a t i n names o f agronomic s p e c i e s t e s t e d a t 
K i t s a u l t . 

L a t i n Name Common Name 

G r a s s e s 

Agrostis alba L. 
Alopecurus arundinaceus P o i r . 
Dactyl is glomerata L. 
Deschampsia caespitosa (L.) Beauv. 
Festuca ovina L. 
Festuca rubra v a r . cdmmunata L. 
Festuca rubra v a r . r u b r a L. 
Lolium multifolium L. 
Lolium perenne L. 
Phalaris arundinacea L. 
Phleum pratense L. 
Poa compressa L. 
Poa pratensis L. 

r e d t o p 
c r e e p i n g f o x t a i l 
o r c h a r d g r a s s 
t u f t e d h a i r g r a s s 
h a r d f e s c u e 
chewings f e s c u e 
r e d f e s c u e 
a n n u a l r y e g r a s s 
p e r e n n i a l r y e g r a s s 
r e e d c a n a r y g r a s s 
t i m o t h y 
Canada b l u e g r a s s 
K e n t u c k y b l u e g r a s s 

Legumes 

Astragalus cicer L. 
L o t u s corniculatus L. 
Medicago sativa L. 
Onobrychis viciaefolia S c o p o l i 
Trifolium hybridum L. 
Trifolium pratense L. 
Trifolium repens L. 

m i l k v e t c h 
b i r d s f o o t t r e f o i l 
a l f a l f a 
common s a i n f o i n 
a l s i k e c l o v e r 
r e d c l o v e r 
w h i t e c l o v e r 
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T a b l e 1.6 Seed mixes a p p l i e d on t h e bench t r i a l s , 

70.1 - #1 70.1 - #5 

91.5 p e r e n n i a l r y e g r a s s 61.0 s a i n f o i n 
61.0 r e d f e s c u e 61.0 b i r d s f o o t t r e f o i l 
61.0 chewings f e s c u e 122.0 kg/ha 
61.0 K e n t u c k y b l u e g r a s s 
15.3 , r e d t o p 
15.3 w h i t e c l o v e r 

305.0 kg/ha 

70.1 - #6 81.1 bench 

65.4 t i m o t h y 5.0 p e r e n n i a l r y e g r a s s 
43.8 p e r e n n i a l r y e g r a s s 20.0 r e d f e s c u e 
65.4 h a r d f e s c u e 10.0 w h i t e c l o v e r 
21.8 r e d t o p 25.0 b i r d s f o o t t r e f o i l 
21.8 a l s i k e c l o v e r 5.0 r e d t o p 

218.0 kg/ha 65.0 kg/ha 

82.1 - AG 82.1 - L 

50.0 a n n u a l r y e g r a s s 35.8 b i r d s f o o t t r e f o i l 
35.8 a l s i k e c l o v e r 
35.8 w h i t e c l o v e r 

107.6 kg/ha 

82.1 - GL 82.1 - EC 

5.0 p e r e n n i a l r y e g r a s s 20.0 p e r e n n i a l r y e g r a s s 
5.0 o r c h a r d g r a s s 30.0 r e d f e s c u e 
5.0 r e d t o p 20.0 r e d t o p 
5.0 c r e e p i n g f o x t a i l 20.0 o r c h a r d g r a s s 

35.8 b i r d s f o o t t r e f o i l 20.0 t u f t e d h a i r g r a s s 
35.8 w h i t e c l o v e r 100.0 kg/ha 
91.6 kg/ha 
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T a b l e 1.7 Seed mixes a p p l i e d on t h e s l o p e t r i a l s . 

75.1 - A 75.1 - B 

9. 3 r e d t o p 16. 8 a l f a l f a 
9. 3 r e d f e s c u e 16. 8 b i r d s f o o t t r e f o i l 
9. 3 t i m o t h y 16. 8 s a i n f o i n 
9. 3 Canada b l u e g r a s s 16. 8 w h i t e c l o v e r 
9. 3 o r c h a r d g r a s s 16. 8 a l s i k e c l o v e r 
9. 3 p e r e n n i a l r y e g r a s s 84 kg/ha 

56 kg/ha 

75.1 - C 75.1 - D 

12. 6 t i m o t h y 12. 6 p e r e n n i a l r y e g r a s s 
12. 6 Canada b l u e g r a s s 12. 6 o r c h a r d g r a s s 
8. 4 r e d t o p 16. 8 a l f a l f a 

16. 8 b i r d s f o o t t r e f o i l 16. 8 w h i t e c l o v e r 
21. 0 s a i n f o i n 16. 8 m i l k v e t c h 
12. 6 a l s i k e c l o v e r 84 kg/ha 
84 kg/ha 

81.1 

10.0 p e r e n n i a l r y e g r a s s 
40.0 r e d f e s c u e 
20.0 w h i t e c l o v e r 
50.0 b i r d s f o o t t r e f o i l 
10.0 r e d t o p 

130 kg/ha 
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Table 1.8 The rate at which fertilizer was applied in the field trials 

Trial Surface Rate Analysis N P K 
(kg/ha) (kg/ha) 

Bench 

-70.1 WR & O B 610 13-16-10 79 43 51 
-82.1 . WR 417 12-39-12 50 71 42 
-82.1 OB '1 208 12-39-12 25 36 21 

jpe 

-75.1 WR 373 12-6-10 45 10 31 
-81.1 WR 625 12-39-12 75 107 63 
-81.1 OB '2 313 12-39-12 38 53 31 

OB : overburden 
WR : wasterock 

* 1 : also applied 69 kg/ha of lime 
*2 : also applied 103 kg/ha of lime 
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s a m p l i n g t h e p e r c e n t a g e c o v e r o f p l a n t s p e c i e s , moss, 

l i t t e r , f i n e s , and r o c k were v i s u a l l y e s t i m a t e d . The p i n 

i n t e r c e p t i o n t e c h n i q u e was used t o check t h e a c c u r a c y o f t h e 

v i s u a l c o v e r e s t i m a t e s . V i s u a l e s t i m a t e s were w i t h i n 10% o f 

t h e p i n d a t a . Where t h e f o l i a g e was sampled, a l l above 

ground m a t e r i a l w i t h i n t h e 900 cm 2 q u a d r a n t was c l i p p e d . 

A 225 cm 2 (15 cm x 15 cm) q u a d r a n t p l a c e d i n t h e c e n t e r 

o f each sample s i t e was used as an a r e a l g u i d e f o r d i g g i n g 

s o i l s a mples. To measure t h e volume o f m a t e r i a l removed, 

t h e s pace c r e a t e d was l i n e d w i t h a p l a s t i c bag. The h o l e 

was t h e n f i l l e d w i t h m a r b l e s (1.5 cm d i a m e t e r ) and t h e 

volume o f m a r b l e s d e t e r m i n e d i n a v o l u m e t r i c c y l i n d e r . 

M a r b l e s were used i n s t e a d o f w a t e r o r sand because i f , as 

o f t e n happened, t h e p l a s t i c was p u n c t u r e d by t h e s h a r p 

r o c k s , t h e m a t e r i a l below was n o t i r r e v o c a b l y c o n t a m i n a t e d . 

The dump s u r f a c e was v e r y rough and t h u s t h e uneven s u r f a c e 

o f t h e m a r b l e s d i d n o t compromise t h e a c c u r a c y o f t h e 

v o l u m e t r i c measurement. 

On s u r f a c e s abandoned p r i o r t o 1973 (sampled i n 1980), 

s e p a r a t e samples from t h e 0-5 and 5-10 cm d e p t h s were 

e x t r a c t e d . F o r s u r f a c e s dumped i n 1982 (sampled i n 1982 and 

1984), one 0-10 cm sample was c o l l e c t e d . I n b o t h c a s e s 

l i t t e r , p e a t , and r o o t s were sampled a l o n g w i t h t h e m i n e r a l 

m a t e r i a l . The d e p t h o f t h e s u r f a c e o r g a n i c l a y e r was 

measured a f t e r sample e x t r a c t i o n . 
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3.3 L a b o r a t o r y A n a l y s e si 

3.3.1 S o i l Samples 

S o i l samples were o v e n - d r i e d a t 80°C f o r 24 h o u r s and 

t h e n r e w e i g h e d t o d e t e r m i n e t o t a l d r y w e i g h t , w h i c h was used 

t o c a l c u l a t e t h e b u l k d e n s i t y . Next t h e sample was 

s e p a r a t e d i n t o > 12.7 mm, 12.7 t o 2 mm and < 2 mm f r a c t i o n s 

by s i e v i n g f o r 3 m i n u t e s on a r o t o - t a p m e c h a n i c a l s i e v e r . 

Where p r i m a r y p a r t i c l e s adhered t o one a n o t h e r , clumps were 

b r o k e n up u s i n g a r o l l i n g p i n . The samples were t h e n 

r e s i e v e d by hand. T h i s was alw a y s n e c e s s a r y when samples 

c o n t a i n e d p e a t . A f t e r s i e v i n g , each f r a c t i o n was weighed 

and t h e < 2 mm f r a c t i o n s were s t o r e d i n p l a s t i c c a r t o n s . pH 

and a v a i l a b l e P a s s a y s were done on t h e < 2 mm m a t e r i a l . 

F o r t o t a l C and N a n a l y s i s , a p o r t i o n o f each sample was 

ground t o < 50 um u s i n g a m o r t a r and p e s t l e . 

P r i o r t o p a r t i c l e s i z e a n a l y s i s , o r g a n i c m a t t e r was 

removed w i t h NaOCl, c a r b o n a t e s and s o l u b l e s a l t s were 

removed w i t h Na a c e t a t e , and s e s g u i o x i d e s were removed w i t h 

c i t r a t e d i t h i o n a t e b i c a r b o n a t e , a c c o r d i n g t o t h e methods o f 

L a v k u l i c h and Wiens (1970), and Kunze (1965). P a r t i c l e s i z e 

was t h e n d e t e r m i n e d by t h e hydrometer method (Day, 1965). 

pH was measured u s i n g a 1:2 mix o f s o i l and 0.01 M C a C l 2 

(Peech, 1965). T o t a l C was measured on a Leco d r y 

c o m b u s t i o n a n a l y s e r . T o t a l N was e x t r a c t e d by wet ( b l o c k ) 

d i g e s t i o n (Bremner, 1965). A v a i l a b l e phosphorus was 

e x t r a c t e d u s i n g t h e Br a y P I method ( O l s e n & Dean, 1965). N 
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and P e x t r a c t s were a n a l y z e d c o l o r i m e t r i c a l l y w i t h a 

T e c h n i c o n A u t o - A n a l y s e r I I . 

3.3.2 P l a n t Samples 

I m m e d i a t e l y a f t e r s a m p l i n g , f o l i a g e samples were oven 

d r i e d a t 80°C f o r 24 h o u r s , and t h e n r e w e i g h e d t o d e t e r m i n e 

t h e d r y w e i g h t . T o t a l C was measured on a Leco d r y 

c o m b u s t i o n a n a l y s e r . T o t a l N, P, K, Ca, and Mg were 

d e t e r m i n e d u s i n g P a r k i n s o n and A l l e n ' s (1975) wet o x i d a t i o n 

method. E x t r a c t K, Ca, and Mg were measured by f l a m e a t o m i c 

a b s o r p t i o n s p e c t r o s c o p y . N and P were measured 

c o l o r i m e t r i c a l l y w i t h a T e c h n i c o n A u t o - A n a l y s e r I I . 

3.4 D a t a A n a l y s i s 

3.4.1 S o i l R e s o u r c e s 

D e s c r i p t i v e s t a t i s t i c s (mean, s t a n d a r d d e v i a t i o n , 

c o e f f i c i e n t o f v a r i a n c e , minimum and maximum) were 

c a l c u l a t e d f o r each group, sample s i t e x d e p t h c o m b i n a t i o n . 

The Mann Whitney U t e s t was used t o d e t e r m i n e whether 

d i f f e r e n c e s among groups were s i g n i f i c a n t . The W i l c o x o n 

m a t c h e d - p a i r s s i g n e d - r a n k s t e s t was used t o d e t e r m i n e 

whether d i f f e r e n c e s between d e p t h s were s i g n i f i c a n t . B oth 

t h e Mann Whitney and t h e W i l c o x o n t e s t s a r e n o n - p a r a m e t r i c 

t e c h n i q u e s . These t e s t s were used because t h e d a t a d i d n o t 

meet some o f t h e r e q u i r e m e n t s ( e . g . , homogeneous v a r i a n c e , 

normal d i s t r i b u t i o n ) r e q u i r e d f o r p a r a m e t r i c t e c h n i q u e s 

( e . g . , T. t e s t ) . C o r r e l a t i o n s between v a r i a b l e s were r u n 
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s e p a r a t e l y on t h e samples from t h e f i e l d t r i a l s and on t h e 

samples from t h e u n t r e a t e d dumps. 

I n some c a s e s , groups w h i c h were n o t s i g n i f i c a n t l y 

d i f f e r e n t were lumped t o g e t h e r p r i o r t o i n t e r p r e t a t i o n . F o r 

example, u n v e g e t a t e d s i t e s , s i t e s c o l o n i z e d by a n n u a l 

s p e c i e s , and s i t e s i n h a b i t e d by p e r e n n i a l s p e c i e s were 

sampled on t h e LG dump. Subsequent s o i l a n a l y s i s showed no 

d i f f e r e n c e i n t h e p h y s i c a l a n d " c h e m i c a l p r o p e r t i e s between 

t h e u n v e g e t a t e d p l o t s and p l o t s c o l o n i z e d by a n n u a l p l a n t . -

s p e c i e s , so t h e s e two groups were combined i n t o one, LG.U.B. 

The two o t h e r c a s e s i n w h i c h groups were combined were on 

t h e f i e l d t r i a l s . I n T r i a l s 70.1 and 75.1, t h e r e were no 

s i g n i f i c a n t d i f f e r e n c e s i n t h e s o i l p r o p e r t i e s i n a r e a s sown 

w i t h d i f f e r e n t s eed m i x e s . So w i t h i n each s u r f a c e 
< 

t r e a t m e n t , p l o t s from a r e a s sown w i t h d i f f e r e n t seed mixes 

were combined i n t o one group. 
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4. RESULTS AND DISCUSSION 

4.1 S o i l R e s o u r c e s 

4.1.1 U n t r e a t e d Wasterock 

4.1.1.1 P h y s i c a l P r o p e r t i e s 

S u r f a c e c o n d i t i o n s f o r t h e samples c o l l e c t e d on t h e 

abandoned w a s t e r o c k dumps a r e shown i n A p p e n d i x A. A r e a x. 

de p t h means and s t a n d a r d d e v i a t i o n s a r e shown i n T a b l e 1.9. 

The t h i n d e p t h o f l i t t e r i n d i c a t e s t h a t t h e p l a n t g r o w t h has 

n o t been v e r y v i g o r o u s . Of t h e d i f f e r e n t measurements o f 

s u r f a c e c o v e r , moss was t h e most s t r o n g l y c o r r e l a t e d w i t h 

t h e d e p t h o f l i t t e r (r=0.76). A d d i n g e i t h e r t h e v a s c u l a r 

p l a n t o r t h e l i t t e r c o v e r t o t h e moss c o v e r r e d u c e d t h e 

c o r r e l a t i o n c o e f f i c i e n t . I t was n o t c l e a r whether moss 

growth was s t i m u l a t e d by p r e v i o u s o r g a n i c a d d i t i o n s from 

v a s c u l a r p l a n t s o r i f t h e moss i t s e l f was t h e p r i m a r y s o u r c e 

o f t h e s u r f a c e o r g a n i c l a y e r . P r o b a b l y b o t h s c e n e r i o s 

o c c u r r e d . 

S o i l p h y s i c a l d a t a f o r i n d i v i d u a l samples f o r each 

g r o u p o f samples c o l l e c t e d from t h e u n t r e a t e d dumps a r e 

t a b u l a t e d i n App e n d i x B. Area' x d e p t h means and s t a n d a r d 

d e v i a t i o n s f o r % < 2 mm, wt. < 2 mm/m3 and b u l k d e n s i t y a r e 

l i s t e d i n T a b l e 1.10. The u n t r e a t e d a r e a s showed 

c o n s i d e r a b l e v a r i a t i o n i n t h e i r a v e r a g e % < 2mm, wt. < 2 

mm/m3, and b u l k d e n s i t i e s . Many d f t h e d i f f e r e n c e s among 
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Table 1.9 Surface conditions in 1980 on areas of untreated wasterock 
and overburden abandoned in 1972. 

Site 
% 
Moss 

% 
Vascular Plant 

% 
Moss + Litter 

SELHN 
SELPO.U 
LG.U.S 
LG.U.B 
SEL.PO.V 
LG.V 

0 (0) a 
0 (0) a 
5 (6) b 
5(2) b 

23 (41) be 
35 (30) c 

0 (0) a 
0 (0) a 
0 (0) a 
3 (3) b 
9 (4) c 

26 (28) c 

1 (1) ab 
0 (0) a 
6 (6) be 
8 (5) c 

31 (56) bed 
40 (34) d 

70.OB 83 (13) d 

% Moss 
+ Vascular Plant 

47 (14) d 

Litter (cm) 

116 (9) e 

SEL.HN 
SELPO.U. 
LG.U.S 
LG.U.B 
SELPO.V 
LG.V 

0 (0) a 
0 (0) a 
5 (6) b 
8 (3) be 

32 (44) c 
61 (34) d 

0.0 (0.0) a 
0.0 (0.0) a 
0.2 (0.3) ab 
0.2 (0.4) ab 
0.7 (0.7) ab 
0.8 (0.8) b 

70.OB 130 (23) e 6.6 (4.5) c 

% : % cover 0 (0) : mean (std dev) cm : depth 

means followed by the same letter were not significantly different at p = 0.5 
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Table 1.10 Soil physical propertii 

%<2mm 
Site Depth 

SEL.HN 0-5cm 11 (4) a 
SELHN 5-10cm 12 (4) a 
LG.U.B 5-10cm 19 (5) b 
WR.84 0-10cm 19 (5) b 
LG.U.B 0-5cm 21 (6) be 
LG.U.S 0-5cm 23 (8) bed 
WR.82 0-10cm 24 (9) cde 
SELPO 0-5cm 25 (7) cde 
SELPO 5-10cm 25 (10) cde 
LG.U.S 5-10cm 26 (6) cde 
AR.84 0-10cm 32 03) ef 
AR.82 0-10cm 35 (10) f 
LG.V 5-10cm 36 (9) f 
LG.V 0-5cm 37 (11) f 

0 (0) : mean (standard deviation) 
means followed by the same letter were 

of the untreated wasterock clumps. 

<2mm/m3 Bulk Density 
(kg/m3) (1000 kg/m-3) 

198 (83) ab 1.87 (.23) be 
266 (63) be 2.21 (.23) a 
327 (58) cd 1.76 (.29) ecd 

379 (124) def 1.81 (.24) bed 
415 (149) defg 1.80 (.17) bed 
452 (194) efg 2.08 (.44) ab 
423 (112) efg 1.76 (.32) ecd 
483 (173) fgh 1.95 (.28) a be 
456 (102) efg 1.75 (.31) cd 

644 (191) h 1.82 (.12) be 
533 (153) gh 1.55 (.48) ed 
541 (133) gh 1.52 (.30) ed 

not significantly different at p = 0.5 

Table 1.11 The probability that differences exist between the physical properties 

the 0-5 and the 5-10 cm depths of the untreated wasterock dumps. 

Site % <2mm <2mm/m3 Bulk 
Density 

SEL.HN 0.23 0.07 0.07 
SELPO 0.47 0.20 0.03 

LG.U.S 0.34 0.30 0.38 
LG.U.B 0.22 0.07 0.26 

LG.V 0.43 0.43 0.20 

* : significant at the 0.05 level of probability 
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a r e a s were s t a t i s t i c a l l y s i g n i f i c a n t . L i k e o t h e r Cu-Mo 

p o r p h y r y mines i n B.C., i n c o m p a r i s o n w i t h a g r i c u l t u r a l 

s o i l s , t h e % < 2 mm o f t h e w a s t e r o c k was v e r y low and t h e 

b u l k d e n s i t y was v e r y h i g h . The range i n % < 2 mm and b u l k 

d e n s i t y f o r t h e p o t a s s i c w a s t e r o c k was s i m i l a r t o w a s t e r o c k 

o f s i m i l a r l i t h o l o g y a t t h e Endako, L o r n e x and Bethlehem 

mines, w h i l e t h e p r o p o r t i o n o f s o i l s i z e d p a r t i c l e s i n t h e 

f i n e r g r a i n e d h o r n f e l s w a s t e r o c k p a r a l l e l e d s i m i l a r low 

v a l u e s f o r f i n e g r a i n e d v o l c a n i c r o c k a t t h e S i m i l k a m e e n 

mine (Murray 1977). 

A c c o r d i n g t o t h e W i l c o x o n T e s t , t h e o n l y s i g n i f i c a n t 

d i f f e r e n c e between t h e 0-5 cm and t h e 5-10 cm s o i l p h y s i c a l 

d a t a was f o r SEL.PO b u l k . d e n s i t y ( T a b l e 1.11). However, i t 

c a n n o t be i n f e r r e d t h a t sample s i t e s were p h y s i c a l l y 

homogeneous. The h i g h e s t c o r r e l a t i o n c o e f f i c i e n t between 

p h y s i c a l p r o p e r t i e s a t d i f f e r e n t d e p t h s was o n l y 0.58 ( T a b l e 

1.12). T h i s was f o r t h e % < 2mm. Each i n d i v i d u a l s i t e was 

a h e t e r o g e n e o u s mix o f c o a r s e and f i n e f r a g m e n t s , t h e , 

p h y s i c a l p r o p e r t i e s o f w h i c h depended i n p a r t on whether 

l a r g e s t o n e s were i n t e r c e p t e d . 

Comparing t h e a v e r a g e d a t a f o r t h e u n t r e a t e d a r e a s , t h e 

f o l l o w i n g r e l a t i o n s h i p between % < 2 mm and r o c k t y p e was 

a p p a r e n t . 

h o r n f e l s < p o t a s s i c < i n c o m p e t e n t 

10-13% 19-26% 31-36% 

W i t h o n l y a few e x c e p t i o n s , d i f f e r e n c e s between a r e a s 

c o m p r i s e d o f d i f f e r e n t r o c k t y p e s were s i g n i f i c a n t . The 
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Table 1.12 Correlation coefficients for soil physical properties of the 
untreated wasterock dumps. 

Bulk % 
Density <2mm 

for all depths 

Bulk Density X 
%<2mm -.47 
<2mm/m3 -.07 

0-5 cm vs 0-5 cm 

Bulk Density 
%<2mm 
<2mm/m3 

X 
-.57* 
.18 

- among 0-5, 5-10 and 0-10 cm 
X samples from unweathered 

.89* and abandoned sites 

X 
.88* 

- among 0-5 cm samples 
from abandoned sites 

5-10 cm vs 5-10 cm  

Bulk Density X 
%<2mm -.61* X 
<2mm/m3 -.15 .86* 

0-5 cm vs 5-10 cm 

among 5-10 cm samples 
from abandoned sites 

Bulk Density .36 -.34 -.15 - between 0-5 cm and 5-1 
%<2mm -.44 .58" .43 sampi es from abandoned 
<2mm/m3 -.31 .53* .51* sites 

Bulk Density %<2 mm <2mm/m3 

0-5 5-1Q 0-5 5-10 0-5 5-10 

% Moss -.57* -.19 .51* .24 .21 .10 
% Vascular Plant -.15 -.02 .16 .19 .14 .18 * : 
% Moss + Litter -.53* -.13 .46 .25 .21 .15 
% Moss+Vas.Pl. -.51* -.15 .46 - .28 .22 .16 
Litter (cm) - .59' -.43 .52* .45 .22 .21 

* : > 0.5 
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c o n c l u s i o n t h a t f i n e g r a i n e d h o r n f e l s r o c k (SEL.HN) pr o d u c e s 

t h e s m a l l e s t % < 2 mm was s u p p o r t e d by t h e d a t a from t h e Spy 

H i l l o v e r b u r d e n (OB.SH), w h i c h was formed from h o r n f e l s 

r o c k , and w h i c h a l s o had a v e r y low % < 2 mm. 

Incompetent (AR) and p o t a s s i c (WR) w a s t e r o c k s u r f a c e s 

c r e a t e d i n 1982 were sampled t o compare t h e c h a r a c t e r i s t i c s 

o f t h e s e two r o c k t y p e s . I n b o t h 1982 and 1984, samples o f 

t h e i n c o m p e t e n t w a s t e r o c k c o n t a i n e d t h e h i g h e s t p r o p o r t i o n 

o f f i n e s . From 1982 t o 1984, t h e % < 2 mm o f b o t h t h e ...... 

i n c o m p e t e n t and p o t a s s i c w a s t e r o c k d e c l i n e d . A l o s s o f 

f i n e r p a r t i c l e s from t h e s u r f a c e can r e s u l t from s u r f a c e 

movement as a dump s e t t l e s . 

P o t a s s i c r o c k was t h e most common r o c k t y p e i n t h e 

waste and most o f t h e a r e a s sampled were c o m p r i s e d o f 

p o t a s s i c r o c k . D i f f e r e n c e s i n t h e p h y s i c a l c h a r a c t e r i s t i c s 

o f p o t a s s i c s u r f a c e s (Sel.PO and LG.U) may be a t t r i b u t e d t o 

l o c a l v a r i a t i o n s i n m a t e r i a l h a n d l i n g and t o l i t h o l o g i c a l 

d i f f e r e n c e s . The t e r m p o t a s s i c d e s c r i b e s r o c k p r e d o m i n a n t l y 

c o m p r i s e d o f c o a r s e g r a i n s o f K f e l d s p a r and q u a r t z . W i t h i n 

t h i s g e n e r a l d e f i n i t i o n , t h e r e can be c o n s i d e r a b l e v a r i a t i o n 

i n m i n e r a l o g y and g r a i n s i z e . These c h a r a c t e r i s t i c s 

i n f l u e n c e r o c k competency, w h i c h i n t u r n c a n a f f e c t t h e 

p h y s i c a l p r o p e r t i e s o f t h e w a s t e r o c k . 

Bench s i t e s on t h e LG dump s u p p o r t i n g s t r o n g p e r e n n i a l 

p l a n t g r o w t h (LG.V) c o n t a i n e d t h e h i g h e s t % < 2 mm. 

P o s s i b l e r e a s o n s f o r t h e h i g h e r % < 2 mm i n c l u d e some form 

o f s m a l l s c a l e p a r t i c l e s i z e s e g r e g a t i o n o r d e g r a d a t i o n 
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d u r i n g dump c o n s t r u c t i o n o r i n t e n s e w e a t h e r i n g r e s u l t i n g 

from p l a n t g r o w t h . A l t h o u g h b o t h d e p t h s o f LG.V had a low 

pH v a l u e s ( T a b l e 1.14), g i v e n t h e l i m i t e d t i m e p e r i o d s i n c e 

t h e m a t e r i a l was dumped, i t i s u n l i k e l y t h a t p l a n t growth 

( e . g . , r o o t growth and o r g a n i c a c i d p r o d u c t i o n ) was t h e 

p r i m a r y c ause o f t h e d i f f e r e n c e i n p h y s i c a l p r o p e r t i e s . 

P erhaps t h e b e s t e x p l a n a t i o n f o r t h e h i g h % < 2 mm i n LG.V 

i s t h a t p e r e n n i a l p l a n t s i n v a d e d a r e a s o f t h e LG dump 

c o n t a i n i n g p o c k e t s o f in c o m p e t e n t r o c k . W h i l e t h e 

i n c o m p e t e n t r o c k i s p e r v a s i v e i n o n l y a s m a l l p o r t i o n o f t h e 

p i t , p o c k e t s o f i t were more w i d e l y d i s s e m i n a t e d . D u r i n g 

t h e l a s t phase o f m i n i n g (1980 t o 1983), p o c k e t s o f 

i n c o m p e t e n t m a t e r i a l were found i n o r e w i t h s i m i l a r Mo 

c o n c e n t r a t i o n t o t h e r o c k s t o r e d i n t h e LG dump. The 

p r e s e n c e o f in c o m p e t e n t m a t e r i a l would e x p l a i n why LG.V had 

s i m i l a r < 2 mm c o n t e n t s t o t h e in c o m p e t e n t dump s l o p e (AR.82 

and AR.84). 

The range i n ave r a g e b u l k d e n s i t i e s was c o n s i d e r a b l y 

l e s s t h a n t h a t f o r % < 2 mm, and a c c o r d i n g t o t h e Mann 

Whitney U t e s t , t h e b u l k d e n s i t i e s o f 8 o f t h e 12 a r e a x 

d e p t h c o m b i n a t i o n s were n o t s i g n i f i c a n t l y d i f f e r e n t ( T a b l e 

1.10). However, t h e s t r o n g e s t c o r r e l a t i o n s between s o i l 

p h y s i c a l p r o p e r t i e s and d i f f e r e n t c o v e r measurements were 

f o r t h e 0-5 cm b u l k d e n s i t y w i t h t h e moss c o v e r (r=-0.57) 

and t h e t h i c k n e s s o f t h e l i t t e r l a y e r ( r = - 0 . 5 9 ) ( T a b l e 1.12). 

The 0-5 cm % < 2 mm a l s o had i t s s t r o n g e s t c o r r e l a t i o n s w i t h 

t h e s e two s u r f a c e measures. 
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S o i l p r o p e r t i e s w i t h t h e g r e a t e s t e f f e c t s on b u l k 

d e n s i t y were o r g a n i c m a t t e r and % < 2 mm. F o r example, 

LG.V, w h i c h had t h e l a r g e s t % < 2 mm and % o r g a n i c m a t t e r , 

had t h e l o w e s t b u l k d e n s i t y . SEL.HN, w h i c h had t h e l o w e s t % 

< 2 mm and c o n t a i n e d v e r y l i t t l e o r g a n i c m a t t e r , had t h e 

h i g h e s t b u l k d e n s i t y . E x p a n s i o n by r o o t g r o w t h and t h e l o s s 

o f s o l u b l e components ( e . g . , c a l c i t e ) m i g h t a l s o have 

c o n t r i b u t e d t o t h e low b u l k d e n s i t y a t LG.V s i t e s , many o f 

w h i c h were i n h o l l o w s . 

As e x p e c t e d from i t s h i g h e r % < 2 mm, t h e i n c o m p e t e n t 

w a s t e r o c k (AR.82) had a l o w e r b u l k d e n s i t y t h a n t h e 

unweathered p o t a s s i c w a s t e r o c k (WR.82). As a dump s e t t l e s , 

t h e s u r f a c e b u l k d e n s i t y , s h o u l d i n c r e a s e . However, t h e two 

r e c e n t l y dumped m a t e r i a l s (WR and AR) had h i g h e r b u l k 

d e n s i t i e s t h a n m a t e r i a l s w i t h a much l o w e r p r o p o r t i o n o f 

f i n e s . ' T h i s c o u l d be a r e s u l t o f measurement e r r o r s . B u l k , 

d e n s i t y d e t e r m i n a t i o n r e q u i r e s measurement o f t h e volume o f 

m a t e r i a l e x t r a c t e d , and t h i s n e c e s s i t a t e s an e s t i m a t i o n o f 

t h e o r i g i n a l s u r f a c e h e i g h t . S t o n e y dumps have a v e r y 

uneven m i c r o t o p o g r a p h y making t h i s v e r y d i f f i c u l t . As t h e 

unweathered p o t a s s i c s i t e was r i p p e d p r i o r t o s a m p l i n g , i t s 

s u r f a c e was v e r y rough and i t s b u l k d e n s i t y had a r e l a t i v e l y 

h i g h s t a n d a r d d e v i a t i o n . Problems e n c o u n t e r e d i n m e a s u r i n g 

sample volume were compounded on t h e i n c o m p e t e n t s i t e by t h e 

s t e e p n e s s o f t h e s l o p e and t h e u n s t a b l e c o n d i t i o n s j u s t 

a f t e r dumping. 
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Perhaps t h e most n o t a b l e f e a t u r e w i t h r e g a r d s t o s o i l 

t e x t u r e was how s i m i l a r a l l t h e groups were ( T a b l e 1.13). 

A l l s i t e s c o n t a i n e d v e r y l i t t l e c l a y and a t l e a s t 50% sand, 

and were c l a s s i f i e d as sandy loams based on t h e i r a verage 

sand, s i l t and c l a y c o n t e n t s . A few i n d i v i d u a l samples were 

loamy sands. 

The o n l y d i s t i n c t t e x t u r a l d i f f e r e n c e among groups was 

t h a t t h e h o r n f e l s w a s t e r o c k (SEL.HN) c o n t a i n e d more s i l t and 

c l a y , and l e s s sand t h a n t h e o t h e r m a t e r i a l s . The f i n e r 

s o i l t e x t u r e o f t h e h o r n f e l s w a s t e r o c k can be a t t r i b u t e d t o 

t h e f i n e r g r a i n s i z e o f t h e r o c k . No t e x t u r a l d i f f e r e n c e s 

were e v i d e n t between t h e unweathered i n c o m p e t e n t (AR) and 

p o t a s s i c (WR) w a s t e r o c k s o r between o t h e r g r o u p s t h a t 

d i f f e r e d i n % < 2 mm. 
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Table 1.13 Soil texture information for different sites on the untreated wasterock dumps. 

0-5 cm or 0-10 cm 5-10 cm 

# Sand Silt Clay Texture # Sand Silt Clay Te> 
Site % % % % % • % 

Average 

WR.82 4 66 29 5 si. 
AR.82 4 65 31 5 si. 

SELHN 3 57 37 6 si. 3 53 36 12 si. 
SELPO 6 68 23 9 si- 6 68 22 10 si. 

LGU.B 2 70 18 . 12 si. 2 65 27 9 si. 
LG.U.S 2 73 21 6 si. 2 73 18 9 si. 
LG.V 5 70 24 6 si. 5 67 24 9 si. 

Standard Deviation 

WR.82 
AR.82 

2 
6 

2 
7 

SELHN 
SELPO 

4 
3 

5 
4 

2 
3 

1 
6 

6 
5 

5 
4 

LG.U.B 
LG.U.S 
LG:V 

6 
9 
4 

9 
6 
4 

9 
3 
4 

1 
6 
2 

1 
5 

1 
4 
4 

# : number of samples s.l. : sandy loam 
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4.1.1.2 C h e m i c a l P r o p e r t i e s 

R e s u l t s from t h e f o u r c h e m i c a l a n a l y s e s (pH, C, N and 

a v a i l a b l e P) c a r r i e d o u t on t h e < 2 mm f r a c t i o n o f w a s t e r o c k 

s o i l a r e r e p o r t e d on a w e i g h t p e r w e i g h t (%, ppm) and 

weight/volume b a s i s . Data f o r i n d i v i d u a l samples can be 

found i n A p p e n d i x B. The pH d a t a was n o t c o n v e r t e d i n t o H + 

i o n a c t i v i t y p r i o r t o c a l c u l a t i n g t h e d e s c r i p t i v e 

s t a t i s t i c s . Thus t h e pH a v e r a g e s r e p o r t e d a r e g e o m e t r i c 

means. A l l o t h e r means a r e a r i t h m e t i c . 

D e s p i t e t h e problems e n c o u n t e r e d i n m e a s u r i n g t h e 

volume o f each sample, t h e v a r i a b i l i t y was n o t i n c r e a s e d 

when t h e d a t a was t r a n s f o r m e d i n t o t h e p e r m 3 b a s i s . The 

advantage o f d a t a r e p o r t e d on a weight/volume b a s i s i s t h a t 

i t a c c o u n t s f o r t h e l a r g e p r o p o r t i o n o f s t o n e s . T h i s i s 

p a r t i c u l a r l y i m p o r t a n t f o r comparing s o i l i n p u t s s i n c e a 

l a r g e s t o n e volume may i n c r e a s e t h e c o n c e n t r a t i o n o f t h e 

added m a t e r i a l i n t h e < 2 mm f r a c t i o n . 

D i f f e r e n c e s i n y e a r s o f ex p o s u r e ( e . g . , WR.82 v s 

LG.PO.U), r o c k t y p e ( e . g . , AR.82 v s WR.82, SEL.PO.U v s 

SEL.HN, and SEL v s LG), v e g e t a t i o n ( e . g . , SEL.PO.U v s 

SEL.PO.V), and s a m p l i n g d e p t h (0-5 v s 5-10 cm) r e s u l t e d i n 

s i g n i f i c a n t d i f f e r e n c e s between g r o u p s , as w e l l as a wide 

range o f ave r a g e v a l u e s ( T a b l e 1.14). The range i n v a l u e s 

i s a p p r o x i m a t e l y l O x f o r %C, 25x f o r %N, 200x f o r ppm 

a v a i l a b l e P, and 4000x f o r H i o n a c t i v i t y . The range i n 

v a l u e s i s s i m i l a r when t h e d a t a i s r e p o r t e d on a w e i g h t / n r 
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Table 1.14 Soil chemical properties of the untreated wasterock dumps. 

Site Depth pH* %c C/m3 Depth pH* 

(0.1) fg 
(kg/m3) 

WR.82 0-1 Ocm 7.6 (0.1) a 1.1 (0.1) fg 6.2 (1.6) .9 
AR.82 0-10cm 7.6 (0.2) a 1.4 (0.7) fg 7.8 (1.9) g 
SELPO.U 5-10cm 7.7 (0.2) a 0.5 (0.2) bed "2.4 (1.0) cde 
SEL.PO.U 0-5cm 7.5 (0.2) a 0.5 (0.2) cd 2.4 (1.1) cde 
SELHN 0-5cm 7.3 (0.0) b 0.8 (0.1) ef 1.3 (0.3) abc 
LG.U.B 5-10cm 7.1 (0.4) be 0.5 (0.2) cd 1.7 (0.7) cd 
SELHN 5-10cm 7.1 (0.2) bee 0.9 (0.1) ef 2.3 (0.3) cde 
SELPO.V 5-1 Ocm 7.0 (0.1) ed 0.4 (0.2) abc 2.2 (1.5) abed 
LG.U.B 0-5cm 6.5 (0.6) def 0.5 (0.4) cd 1.6 (0-6) cdf 
SELPO.V 0-5cm 6.4 (0.6) e 0.7 (0.6) def 2.7 (2.3) cde 
LG.U.S 5-10cm 6.4 (1.2) cdef 0.2 (0.1) a 0.9 (0.4) a 
LG.U.S 0-5cm 6.2 (1.2) cdef 0.2 (0.1) ab 1.0 (0.6) ab 
LG.V 5-10cm 4.1 (0.5) g 0.7 (0.2) cde 3.6 (0.7) ef 
LG.V 0-5cm 4.1 (0.3) g 1.2 (0.7) fg 6.5 (3.4) g 

Site Depth %N N/m3 availab e P Depth 
(kg/m3) (ppm) 

abc WR.82 0-1 Ocm 0.4 (0.1) abc 
AR.82 0-1 Ocm 0.5 (0.4) abc 
SELPO.U 5-10cm 0.004 (0.003) a 0.02 (0.00) a 0.2 (0.0) a 
SELPO.U 0-5cm 0.008 (0.003) abc 0.03 (0.01 }ab 0.4 (0.0) b 
SELHN 0-5cm 0.013 (0.002) be 0.02 (0.01) a 1.0 (0.4) cd 
LG.U.B 5-1 Ocm 0.012 (0.006) be 0.04 (0.02) ab 3.0 (2.7) def 
SELHN 5-10cm 0.0 n (0.004) abc 0.03 (0.02) ab 1.1 (0.1) d 
SEL.PO.V 5-10cm 0.007 (0.003) ab 0.03 (0.01 Jab 1.5 (0.9) d 
LG.U.B 0-5cm 0.020 (0.007) de 0.07 (0.02) c 2.2 (2:0) bcde 
SEL.PO.V 0-5cm 0.022 (0.018) cdef 0.09 (0.07) cd 3.0 (1.7) efg 
LG.U.S 5-10cm 0.006 (0:004) ab 0.03 (0.03) ab 6.5 (7.9) dfghi 
LG.U.S 0-5cm 0.011 (0.008) abed 0.05 (0.04) be 6.2 (7.6) delgr 
LG.V 5-1 Ocm 0.023 (0.010)ef 0.11 (0.03) d 19.2 (8.1) i k 

LG.V 0-5cm 0.038 (0.012) f 0.20 (0.08) e 12.4 (6.2) hijk 

Site Depth available P/m3 C / N xC/xN N /available P Depth 
g/m3) 

WR.82 0-1 Ocm 0.2 0.1) a 
AR.82 0-1 Ocm 0.2 0.1) ab 
SELPO.U 5-10cm 0.1 0.1) ab 144 72) a 115 206 (142) ab 
SELPO.U 0-5cm 0.2 0.0) a 76 35) abed 67 192 (77) ab 
SELHN 0-5cm 0.2 0.0) a 67 11) be 65 147 (50) abc 
LG.U.B 5-10cm 1.1 1.1) be 48 20) cdef 42 116 (161) a bee 
SELHN 5-10cm 0.3 0.1) abc 101 41) abd 83 103 (48) abed 
SELPO.V 5-1 Ocm 0.7 0.3) be 76 43) abcde 64 62 (35) abcde 
LG.U.B 0-5cm 1.0 1.0) abc 24 11) g 25 463 (949) a 
SEL.PO.V 0-5cm 1.2 0.8) c 37 16) defg 32 67 (20) bcde 
LG.U.S 5-10cm 3.5 4.5) cde 64 61) abedef 31 21 (14) 
LG.U.S 0-5cm 2.9 4.5) cd 29 18) fg 20 36 (22) el 
LG.V 5- 10cm 9.2 2.2) g 33 4) efg 29 13 (4) g 
LG.V 0-5cm 7.0 4.2) efg 31 9) efg 32 44 (30) def 

geometric mean xC/xN : mean %C / mean %N 0 (0) : mean (standard deviation) 
means followed by the same letter were not significantly different at p = 0.5 
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b a s i s . A l t h o u g h some o f t h e d i f f e r e n c e s were q u i t e l a r g e , 

i t i s i m p o r t a n t t o remember t h a t o n l y t h e t o p 0-10 cm was 

sampled. Even w i t h i n t h e t h i n l a y e r sampled, i n many c a s e s , 

marked changes o n l y o c c u r r e d i n t h e upper 5 cm. 

On newly exposed g l a c i a l m o r a i n e s i n t h i s e n v i r o n m e n t , 

U g o l i n i (1967) c o n c l u d e d t h a t most p e d o g e n i c changes 

r e s u l t e d from t h e a d d i t i o n o f p l a n t r e s i d u e s . P l a n t growth 

and t h e a d d i t i o n o f p l a n t r e s i d u e s a l s o a ppeared t o be t h e 

d r i v i n g f o r c e f o r many o f t h e changes o b s e r v e d on t h e newly 

exposed w a s t e r o c k dumps. There were a number o f s t r o n g 

c o r r e l a t i o n s between o r g a n i c c o v e r t y p e s and s o i l c h e m i c a l 

p r o p e r t i e s ( T a b l e 1.15), two o f t h e s t r o n g e s t o f w h i c h were 

f o r moss c o v e r w i t h t h e 0-5 cm %C (r=0.86) and %N (r=0.82) 

l e v e l s . T h i s can be e x p l a i n e d b o t h by t h e c o n t r i b u t i o n s o f 

moss t o t h e s o i l o r g a n i c m a t t e r and t h a t moss g r o w t h 

r e f l e c t e d t h e amount o f l i t t e r added i n t h e p a s t . Poor 

c o r r e l a t i o n s between t h e 0-5 cm C and N l e v e l s and t h e 

v a s c u l a r p l a n t c o v e r was p r o b a b l y because many o f t h e 

v a s c u l a r p l a n t s were a n n u a l s p e c i e s t h a t had n o t y e t 

c o n t r i b u t e d l i t t e r . 

C o r r e l a t i o n s between t h e d i f f e r e n t c o v e r t y p e s and t h e 

5-10 cm C and N l e v e l s were g e n e r a l l y weaker t h a n t h o s e f o r 

t h e 0-5 cm C and N d a t a . The e x c e p t i o n t o t h i s was f o r t h e 

v a s c u l a r p l a n t c o v e r . C o r r e l a t i o n c o e f f i c i e n t s between t h e 

5-10 cm %N and N/m3 and t h e v a s c u l a r p l a n t c o v e r were 0.63 

and 0.64 r e s p e c t i v e l y , and were t h e s t r o n g e s t c o r r e l a t i o n s 

w i t h t h e c h e m i c a l p r o p e r t i e s o f t h i s d e p t h . 



80 

Table 1.15 Correlation coefficients among soil chemical and other properties 
of the untreated wasterock dumps. 

Bulk % <2mm Moss Vas.Pl. S.O.C. Moss+ Utter 
Density <2mm /rr.3 Vas.Pl. Depth 

(percent cover) 
pH ALL 0.38 -0.49 -0.29 

0-5 0.41 -0.65 -0.53 -0.46 -0.47 -0.43 -0.58 -0.46 
5-10 0.37 -0.59 -0.40 -0.48 -0.46 -0.42 -0.59 -0.45 

%C ALL -0.29 0.18 -0.07 
0-5 -0.61 0.45 0.08 0.86 0.23 0.81 0.75 0.69 
5-10 0.09 -0.15 -0.18 0.25 0.42 0.22 0.39 0.05 

C/m3 ALL -0.41 0.60 0.39 
0-5 -0.62 0.75 0.45 0.82 0.24 0.78 0.73 0.70 
5-10 -0.13 0.45 0.45 0.47 0.55 0.43 0.60 0.37 

%N ALL -0.37 0.36 0.15 
0-5 -0.51 0.53 0.29 0.82 0.31 0.85 0.77 0.63 
5-10 -0.15 0.10 0.00 0.31 0.63 0.27 0.54 0.01 

N/m3 ALL -0.39 0.61 0.46 
0-5 -0.47 0.76 0.60 0.70 0.27 0.73 0.65 0.57 
5-10 -0.26 0.47 0.39 0.44 0.64 0.41 0.63 0.21 

avail. P ALL -0.32 0.42 0.28 
0-5 -0.31 0.55 0.52 0.33 0.54 0.32 0.52 0.17 
5-10 -0.35 0.43 0.24 0.54 0.41 0.43 0.61 0.48 

avail.P ALL -0.26 0.55 0.47 
/m3 0-5 -0.28 0.64 0.64 0.28 0.41 0.28 0.42 0.15 

5-10 -0.27 0.53 0.42 0.42 0.43 0.37 0.53 0.35. 
C / N ALL 0.13 -0.07 -0.02 

0-5 -0.04 -0.12 -0.20 -0.07 -0.13 -0.10 -0.12 -0.03 
5-10 0.12 -0.04 0.04 -0.19 -0.23 -0.17 -0.25 -0.17 

N/avail.P ALL 0.00 -0.13 -0.14 
0-5 0.00 -0.11 -0.12 -0.08 -0.07 -0.06 -0.10 -0.14 
5-10 0.09 -0.34 -0.33 -0.12 -0.21 -0.11 -0.19 -0.24 

5-10 cm 
pH %C C/m3 %N N/m3 avail.P avail.P C / N N / 

0-5 cm /m3 avail. P 
Bulk Density 0.50 -0.21 -0.30 -0.16 -0.27 -0.53 -0.43 0.05 0.04 
%<2mm -0.66 -0.10 0.33 0.19 0.43 0.72 0.69 -0.09 -0.26 
<2mm/m3 -0.47 -0.18 0.24 0.13 0.35 0.50 0.56 -0.06 -0.26 

0-5 cm 
pH %C C/m3 %N N/m3 avail. P avail.P C / N N / 

5-10 cm /m3 avail. P 
Bulk Density 0.39 0.20 -0.04 -0.03 -0.45 -0.17 -0.13 0.16 -0.09 
%<2mm -0.61 0.10 0.39 0.30 0.45 0.40 0.38 -0.08 -0.13 
<2mm/m3 -0.44 0.16 0.42 0.29 0.43 0.36 0.36 -0.02 -0.17 

Al l : 0-5, 5-10, and 0-10 cm samples S.O.C. : moss + peat + litter 
0-5 : 0-5 cm samples from sites abandoned in 1972 Vas.Pl. : Vascular Plants 
5-10 : 5-10 cm samples from sites abandoned in 1972 
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P r i o r t o a t m o s p h e r i c i n p u t s , t h e o n l y N i n t h e 

w a s t e r o c k c o n s i s t e d o f t r a c e s o f ammonium n i t r a t e l e f t a f t e r 

b l a s t i n g . Most N a d d i t i o n s o c c u r r e d a t t h e s u r f a c e ( e . g . , 

p r e c i p i t a t i o n , moss and a l g a e growth, and l i t t e r 

a c c u m u l a t i o n ) . As a r e s u l t , f o r a l l t h e s i t e s , e x c e p t 

SEL.HN, t h e 0-5 cm N l e v e l s were s i g n i f i c a n t l y g r e a t e r t h a n 

t h e l e v e l s a t 5-10 cm ( T a b l e 1.16). 

As e x p e c t e d , t h e two u n v e g e t a t e d s i t e s (SEL.PO.U and 

SEL.HN) c o n t a i n e d t h e l e a s t N. N i t r o g e n l e v e l s were 

s i g n i f i c a n t l y h i g h e r on t h r e e o f t h e f o u r v e g e t a t e d a r e a s 

(LG.U.B, SEL.PO.V, and LG.V). On t h e two s i t e s where t h e 

p l a n t g r o w t h was weak (LG.U.B, and SEL.PO.V), t h e i n c r e a s e 

i n N was l i m i t e d t o t h e 0-5 cm l a y e r . T h i s was n o t t h e c a s e 

f o r LG.V, f o r w h i c h t h e av e r a g e 5-10 cm N/m3 c o n t e n t was 

s i g n i f i c a n t l y h i g h e r t h a n t h e average N/m3 c o n t e n t o f a l l 

o t h e r a r e a x d e p t h c o m b i n a t i o n s e x c e p t SEL.PO.V a t 0-5 cm. 

A l t h o u g h N was a l m o s t e n t i r e l y o r g a n i c , c a r b o n o c c u r r e d 

i n two f r a c t i o n s : o r g a n i c - C and m i n e r a l o r c a r b o n a t e - C . I n 

t h e two r e c e n t l y - b u i l t dumps (AR.82 and WR.82), where t h e r e 

was no o p p o r t u n i t y f o r o r g a n i c i n p u t s , one c a n assume t h a t 

a l l t h e C was i n m i n e r a l form. Assuming t h a t a l l t h e C was 

c a l c i t e , t h e c a l c i t e c o n t e n t o f t h e < 2 mm f r a c t i o n o f t h e 

unweathered p o t a s s i c (WR.82) and i n c o m p e t e n t (AR.82) 

w a s t e r o c k were 11% and 14% r e s p e c t i v e l y . These l e v e l s were 

much h i g h e r t h a n t h o s e r e p o r t e d i n t h e g e o l o g i c a l s u r v e y o f 

t h e s i t e ( S t e i n i n g e r 1985), i n w h i c h c a l c i t e was s a i d t o be 

a t r a c e m i n e r a l . One p o s s i b l e e x p l a n a t i o n f o r t h e h i g h < 2 



Table 1.16 The probability that differences exist between the chemical 
properties of the 0-5 and 5-10 cm depths of the 
untreated wasterock dumps. 

Treatment 

Analysis 75.1 70.R 70F 70P 70PF 70AI 

pH .00* .00* .00* .00* .00* .14 
% C .00* .41 .00* .00* .00* .06 
C/m3 .00* .07 .00* .00* .00* .06 
%N .00* .04* .00* .00* .00* .06 
N/m3 .00* .19 .00* .00* .00* .06 
avail.P .00* .00* .06 .00* .01* .06 
avail.P/m3 .00* .00* .29 .02* .03* .06 
C / N .00* .00* .08 .21 :38 .29 
N/avail.P .or .30 .21 .00* .03* .14 

* : significant at 0.05 level of probability 
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mm c a l c i t e l e v e l s found i n t h i s s t u d y was t h a t a l l t h e 

c a l c i t e p r e s e n t i n t h e o r i g i n a l r o c k ended up i n t h e < 2 mm 

f r a c t i o n o f t h e w a s t e r o c k . I f t h i s was t h e c a s e , t h e 

c a l c i t e c o n t e n t o f t h e o r i g i n a l r o c k would have been o n l y 

2.6% i n WR.82 and 4.4% i n AR.82. 

Dumps exposed s i n c e 1972 c o n t a i n e d b o t h m i n e r a l and 

o r g a n i c forms o f C. The c a l c i t e and o r g a n i c m a t t e r c o n t e n t 

o f a number o f s i t e s a r e l i s t e d i n T a b l e 1.17. C a l c i t e was 

o n l y a s i g n i f i c a n t p r o p o r t i o n o f t h e t o t a l C i n samples 

whose pH was above 6.8. The d e c l i n e i n c a l c i t e as t h e pH 

i n c r e a s e d s u g g e s t t h a t t h e two p r o p e r t i e s were r e l a t e d . F o r 

a l l t h e samples i n T a b l e 1.17, t h e c o r r e l a t i o n c o e f f i c i e n t 

between c a l c i t e and pH was -0.67 . E x c l u d i n g t h e 

unweathered and t h e h o r n f e l s s i t e s i n c r e a s e d t h e r v a l u e t o 

-0.75 . The t r a c e s o f c a l c i t e i n low pH samples were 

p r o b a b l y s m a l l c r y s t a l s o c c l u d e d , and t h u s p r o t e c t e d , w i t h i n 

l a r g e s and g r a i n s . 

The o t h e r t r e n d shown i n T a b l e 1.17 i s t h e d e c r e a s e i n 

pH as o r g a n i c m a t t e r c o n t e n t i n c r e a s e d . The c o r r e l a t i o n 

between pH and t h e o r g a n i c m a t t e r had a c o e f f i c i e n t o f -0.80 

A l t h o u g h none o f them were v e r y s t r o n g , t h e n e g a t i v e 

c o r r e l a t i o n s between pH and t h e v a r i o u s o r g a n i c c o v e r t y p e s 

a l s o s u g g e s t t h a t p l a n t growth and l i t t e r were a m a j o r 

s o u r c e o f a c i d i t y . The s t r o n g c o r r e l a t i o n s between N/m3 and 

pH c o n f i r m t h i s ( F i g u r e s 1.2 and 1.3). 
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Table 1.17 The pH and the calcite and organic matter 
contents of selected wasterock samples. 

Site Depth pH %calcite %orgai 
-C -C 

Untreated -

WR.82 0-1 Ocm 7.69 1.17 0.00 
WR.82 0-10cm 7.61 1.04 0.00 
WR.82 0-1 Ocm 7.65 1.17 0.00 
WR.82 0-10cm 7.55 1.03 0.00 

AR.82 0-1 Ocm 7.71 1.25 0.00 
AR.82 0-1 Ocm 7.65 0.89 0.00 
AR.82 0-1 Ocm 7.38 0.93 0.00 
AR.82 0-1 Ocm 7.64 2.41 0.00 

SEL.PO.U 0-5cm 7.60 0.62 0.12 
LG.U.S 0-5cm 7.50 0.24 0.02 
SEL.HN 0-5cm 7.31 0.70 0.20 
SEL.PO.U 0-5cm 7.30 0.32 0.00 
SEL.HN 0-5cm 7.24 0.64 0.12 
SEL.HN 0-5cm 7.15 0.26 0.43 
LG.U.B 0-5cm 6.90 0.04 0.45 
SEL.PO.V 0-5cm 6.80 0.17 0.33 
SEL.PO.V 0-5cm 5.30 0.02 0.27 
LG.V 0-5cm 4.10 0.00 1.04 
LG.V 0-5cm 3.70 0.00 2.78 

Treated 

70P5 5- 10cm 5.30 0.07 0.66 
70P5 5- 10cm 4.80 0.02 1.13 
70P5 5-10cm 4.00 0.00 0.93 
70P5 5-T0cm 3.90 0.05 8.71 
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Figure 1.2 pH vs N/m3 for the 0-5 cm 
depth on the untreated dumps (r- -0.79). 
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Figure 1.3 pH vs N/m3 for the 5-10 cm 

depth on the untreated dumps (r- -0.83). 
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A c c o r d i n g t o t h e i r a verage pH, t h e a r e a x d e p t h 

c o m b i n a t i o n s from t h e u n t r e a t e d dumps can be s e p a r a t e d as 

f o l l o w s : 

pH 7.7-7.5 7.3-7.0 6.5-6.2 4.2-4.0 

a r e a x -WR.82 -SEL.HN -LG.U.B -LG.V 
d e p t h (0-10 cm) (0-10 cm) (0-5 cm) (0-10 cm) 

-AR.82 -LG.U.B -SEL.PO.V 
(0-10 cm) (5-10 cm) (0-5 cm) 
-SEL.PO.U -SEL.PO.V -TOP.SU 
(0-10 cm) (5-10 cm) (0-10 cm) 

W i t h t h e e x c e p t i o n o f a few groups i n t h e pH r a n g e s 7.3-7.0 

and 6.5-6.2, a r e a x d e p t h c o m b i n a t i o n s i n d i f f e r e n t r a n g e s 

v a r i e d s i g n i f i c a n t l y . 

As e x p e c t e d , t h e unweathered, r e c e n t l y dumped m a t e r i a l s 

(AR.82 and WR.82) were i n t h e h i g h e s t pH range . I m m e d i a t e l y 

a f t e r t h e b e d r o c k i s b l a s t e d a p a r t , t h e pH o f t h e w a s t e r o c k 

s o i l w i l l be s i m i l a r t o t h e a b r a s i o n pH o f t h e r o c k . 

D e s p i t e a t l e a s t 8 y e a r s e x p o s u r e and l e a c h i n g , t h e aver a g e 

pH v a l u e s a t b o t h d e p t h s on t h e u n v e g e t a t e d p o t a s s i c SEL 

s i t e s (SEL.PO.U) were a l s o between 7.5 and 7.7. The most 

l i k e l y c a u se o f t h e s t a b l e pH a t SEL.PO.U was c a l c i t e 

d i s s o l u t i o n . SEL.PO.U had a s i g n i f i c a n t l y l o w e r %C and l e s s 

t h a n h a l f t h e C/m3 o f t h e r e c e n t l y exposed p o t a s s i c m a t e r i a l 

(WR.82). 

L i k e SEL.PO.U, b o t h d e p t h s o f t h e u n v e g e t a t e d h o r n f e l s 

SEL s i t e (SEL.HN) had pH v a l u e s h i g h e r t h a n 7. The h i g h %C 

and C:N r a t i o s u g g e s t e d t h a t t h e w a s t e r o c k s t i l l c o n t a i n e d 

h i g h l e v e l s o f c a l c i t e . 

The two o t h e r a r e a x d e p t h c o m b i n a t i o n s whose ave r a g e 

pH f e l l i n t h e range o f 7.3 t o 7.0 were t h e 5-10 cm samples 
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from SEL.PO.V and LG.U.B. A t b o t h s i t e s t h e p l a n t growth 

was weak and s i g n i f i c a n t d i f f e r e n c e s i n c h e m i c a l p r o p e r t i e s 

from t h e unweathered samples were r e s t r i c t e d t o t h e 0-5 cm 

l a y e r . Assuming a C:N r a t i o f o r o r g a n i c m a t t e r o f between 

20 and 30, most o f t h e C i n t h e 0-5 cm l a y e r o f SEL.PO.V and 

LG.U.B was o r g a n i c , w h i l e a t 5-10 cm, t h e h i g h pH and h i g h 

C:N r a t i o i n d i c a t e d t h a t a s i g n i f i c a n t p r o p o r t i o n o f t h e C 

was c a l c i t e . The s u r f a c e s o f t h e s e s i t e s were n e a r t h e 

t h r e s h o l d p o i n t where c a l c i t e r e s e r v e s were e x h a u s t e d and., 

s m a l l o r g a n i c a c i d a d d i t i o n s and l e a c h i n g d r a m a t i c a l l y 

d e c r e a s e t h e pH. 

B o t h d e p t h s o f LG.V had a v e r a g e H i o n a c t i v i t i e s 100 

t i m e s l a r g e r t h a n t h o s e o f any o t h e r u n t r e a t e d a r e a x d e p t h 

c o m b i n a t i o n . The low pH i n d i c a t e s t h a t n e i t h e r d e p t h 

c o n t a i n e d c a l c i t e , and t h u s a l l t h e C p r e s e n t i n t h e t o p 10 

cm o f LG.V was o r g a n i c . O r g a n i c i n p u t s s h o u l d be e x p e c t e d 

as LG.V had t h e h i g h e s t p l a n t c o v e r ( 6 0 % ) . I n t h i s c o o l , 

humid e n v i r o n m e n t , t h e m i c r o b i a l d e c o m p o s i t i o n o f p l a n t 

r e s i d u e s r e s u l t s i n t h e f o r m a t i o n o f o r g a n i c a c i d s , w h i c h 

a r e r e s p o n s i b l e f o r low pH v a l u e s i n n a t u r a l s o i l s . 

The o t h e r p o s s i b l e c a use f o r low pH v a l u e s a t LG.V was 

s u l p h i d e o x i d a t i o n . I f , as s u g g e s t e d , LG.V s i t e s c o n t a i n e d 

i n c o m p e t e n t w a s t e r o c k , r o c k o f t h i s t y p e i s h i g h l y f r a c t u r e d 

and t h u s p e r m i t s q u i c k a c c e s s o f w a t e r , oxygen, and 

m i c r o o r g a n i s m s t o any s u l p h i d e g r a i n s t h a t a r e p r e s e n t . 

However, t h e s u l p h i d e c o n t e n t ( l a r g e l y p y r i t e ) o f t h e 
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K i t s a u l t w a s t e r o c k i s r e l a t i v e l y s m a l l ( S t e i n i n g e r 1985) and 

a c i d i f i c a t i o n by t h i s p r o c e s s w i l l be l i m i t e d . 

A c c o r d i n g t o t h e c o r r e l a t i o n c o e f f i c i e n t s , t h e p r o p e r t y 

most s t r o n g l y r e l a t e d t o pH was a v a i l a b l e P ( F i g u r e s 1.4 and 

5 ) . N o t a b l y , b o t h pH and a v a i l a b l e P a r e measures o f 

a v a i l a b l e r a t h e r t h a n t o t a l element c o n t e n t , and s i t e s whose 

pH was most v a r i a b l e a l s o had h i g h l y v a r i a b l e a v a i l a b l e P 

l e v e l s ( e . g . , LG.U.S). The i n c r e a s e i n a v a i l a b l e P as t h e 
r 

pH d e c r e a s e d can be e x p l a i n e d by t h e e f f e c t o f pH on a p a t i t e 

s t a b i l i t y . A p a t i t e was t h e o n l y common p r i m a r y P m i n e r a l 

f o u n d i n t h e w a s t e r o c k ( S t e i n i n g e r , 1985) and a p a t i t e 

s o l u b i l i t y i n c r e a s e s e x p o n e n t i a l l y as t h e pH d r o p s ( L i n d s a y 

& Moreno, 1960). 

I n t h e SEL samples, l e v e l s o f a v a i l a b l e P were h i g h e r 

a t 0-5 t h a n a t 5-10 cm. On t h e LG dump, a v a i l a b l e P l e v e l s 

a t 5-10 cm were g r e a t e r t h a n a t 0-5 cm. The LG dump d a t a 

was t h e o p p o s i t e o f what might be e x p e c t e d from t h e pH 

v a l u e s , and s u g g e s t t h a t e i t h e r P r e l e a s e d a t 0-5 cm was 

b e i n g f i x e d i n t o u n e x t r a c t a b l e forms, o r P r e l e a s e d a t t h e 

s u r f a c e was l o s t t h r o u g h l e a c h i n g . 

The o t h e r n o t a b l e f e a t u r e about t h e a v a i l a b l e P l e v e l s 

on t h e LG dump was t h e r e l a t i v e l y h i g h amounts o f a v a i l a b l e 

P a t LG.U.S. One e x p l a n a t i o n i s t h a t t h e pH d a t a o n l y 

p r o v i d e s a measure o f t h e p r e s e n t w e a t h e r i n g i n t e n s i t y . The 

d u r a t i o n o f l o w e r pH c o n d i t i o n s i s a l s o i m p o r t a n t , and t h e 

low 5-10 cm pH s u g g e s t s t h a t a d e c l i n e i n pH o c c u r r e d 

e a r l i e r on LG.U.S t h a n on LG.U.B o r SEL.PO.V. 
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Figure 1.4 pH V8 available P for the 
0-5 cm depth on the untreated dumps 

(r-0.79). 
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Figure 1.5 pH vs available P for the 
5-10 cm depth on the untreated dumps 

(r-0.90). 
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4.1.2 F i e l d T r i a l s 

4.1.2.1 S u r f a c e Cover 

T r e a t m e n t s a p p l i e d t o t h e f i e l d t r i a l s a r e d e s c r i b e d i n 

A p p e n d i x A, and a c o m p l e t e r e p o r t o f t h e r e s u l t i n g p l a n t 

g r o w t h i s p r e s e n t e d i n S e c t i o n 4.2. S o i l samples were t a k e n 

from t h e t r i a l s i n 1980. A c c o r d i n g t o t h e i r v a s c u l a r p l a n t 

c o v e r , t h e r a n k i n g o f t h e d i f f e r e n t t r e a t m e n t s i n 1980 was 

70AI ( f e r t i l i z e d ) < 70R ( c o n t r o l ) < 75.1 ( f e r t i l i z e d slope). 

< 70PF (peat) < 70F ( f e r t i l i z e r ) < 70P ( p e a t ) ( T a b l e 1.18). 

W i t h t h e e x c e p t i o n o f 70AI, v a s c u l a r p l a n t g r o w t h on t h e 

s i t e s sampled was a l m o s t e n t i r e l y p e r e n n i a l a g r o n o m i c s . 

T r e atment 70AI was s p r i n g r y e ( S e c a l e c e r e a l e L.) and b a r l e y 

(Hordeum v u l q a r e L.) sown on f e r t i l i z e d w a s t e r o c k . I n 1980, 

i t was t h e t r e a t m e n t i n T r i a l 70.1 w i t h t h e most v i g o r o u s 

i n v a s i o n o f n a t i v e s p e c i e s ( e . g . , w i l l o w and c o t t o n w o o d ) . 

The r e l a t i v e r a n k i n g o f d i f f e r e n t t r e a t m e n t s a c c o r d i n g 

t o moss c o v e r was s i m i l a r t o t h a t f o r v a s c u l a r p l a n t s ( T a b l e 

1.18). L i k e on t h e u n t r e a t e d dumps, t h e moss c o v e r on t h e 

f i e l d t r i a l s was g e n e r a l l y g r e a t e r t h a n t h a t o f t h e v a s c u l a r 

p l a n t s . 

One r e s u l t o f s t r o n g e r p l a n t g r o w t h on t h e f i e l d t r i a l s 

t h a n on t h e u n t r e a t e d dumps was t h e f o r m a t i o n o f t h i c k e r 

s u r f a c e l i t t e r l a y e r s . F i e l d t r i a l s , l i k e t h e u n t r e a t e d 

s i t e s , showed no n o t i c e a b l e i n c o r p o r a t i o n o f s u r f a c e l i t t e r . 

The t h i c k n e s s o f t h e s u r f a c e o r g a n i c l a y e r s r e f l e c t e d b o t h 

p r e v i o u s p l a n t growth and p e a t a p p l i c a t i o n . The s h a r p 
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Table 1.18 The surface cover on sampled areas of the field trials. 

Moss Litter Lichen Wort Inv. Grass Legume Litter 
Treatment 80 81 83 83 83 83 83 80 81 83 80 81 83 Depth 

(Percent Cover) (cm) 

70R1 6 6 12 5 1 tr tr 3 2 tr tr 0 0 0.2 
70R5 19 6 22 1 1 0 1 5 tr 1 4 3 2 0.3 
70R6 30 15 27 4 1 tr 1 6 1 1 1 1 1 0.3 

70F1 69 63 58 16 tr tr tr 36 14 2 5 4 2 1.4 
70F5 78 72 80 3 0 1 0 29 17 11 34 36 39 2.3 
70F6 72 63 62 5 p 0 tr 21 9 4 11 12 8 2.1 

70P1 91 72 84 9 0 tr 1 55 34 11 12 11 6 4.3 
70P5 95 89 95 tr 0 0 1 37 26 12 38 47 48 5.3 
70P6 92 91 92 3 0 tr tr 21 7 6 15 13 12 3.8 

70PF1 80 70 64 19 0 tr 1 39 17 8 5 2 1 2.9 
70PF5 63 32 41 16 tr 0 1 13 5 2 9 7 7 3.3 
70PF6 65 37 45 18 tr 0 1 14 4 2 7 2 3 2.5 

70 Al* 18 nm nm 38 0 0 46 3 nm nm 3 nm nm 1.7 
75.1 • 31 nm nm 1 0 0 0 4 nm nm 4 nm nm 0.8 

nm : not measured 
Inv : naturally invading vascular plants 
* : all data measured in 1980 

Litter : litter + peat 
Wort : liverwort 
tr : trace 
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boundary between t h e s u r f a c e o r g a n i c m a t t e r and t h e 

w a s t e r o c k i n d i c a t e d t h a t l i t t l e o r no f a u n a l m i x i n g had 

o c c u r r e d . O r g a n i c m a t t e r added t o t h e s u r f a c e remained 

t h e r e i n a L F H - l i k e l a y e r . J u d g i n g from t h e t h i c k n e s s o f 

t h e s u r f a c e o r g a n i c l a y e r s , o r g a n i c m a t t e r a d d i t i o n s from 

p l a n t g r o w t h on 70F had been a t l e a s t as l a r g e as t h e amount 

o f o r g a n i c m a t t e r a p p l i e d by t h e p e a t t r e a t m e n t p l u s p o o r 

p l a n t g r o w t h on 70PF. Treatment 7OP had b o t h s t r o n g p l a n t 

g r o w t h and a p e a t amendment, and as a r e s u l t , t h e a v e r a g e . , 

t h i c k n e s s o f i t s o r g a n i c l a y e r (4.5 cm) was o n l y s l i g h t l y 

l e s s t h a n t h e combined t o t a l f o r 70PF and 70F (4.8 cm). 

4.1.2.2 P h y s i c a l P r o p e r t i e s 

S o i l p h y s i c a l d a t a f o r i n d i v i d u a l samples a r e t a b u l a t e d 

i n A p p e n d i x B. 

L i k e o t h e r s o i l p r o p e r t i e s , t h e p h y s i c a l p r o p e r t i e s 

showed no s t a t i s t i c a l l y s i g n i f i c a n t r e s p o n s e t o t h e t y p e o f 

se e d mix sown. There were however many s i g n i f i c a n t 

d i f f e r e n c e s as a r e s u l t o f s u r f a c e t r e a t m e n t s ( T a b l e 1.19). 

The f i e l d t r i a l s , l i k e t h e u n t r e a t e d dumps, p r o d u c e d a weak 

n e g a t i v e c o r r e l a t i o n between b u l k d e n s i t y and % < 2 mm, and 

a s t r o n g e r p o s i t i v e c o r r e l a t i o n between % < 2 mm and w e i g h t 

< 2 mm/m3 ( T a b l e 1.20). Compared t o f i n d i n g s from t h e 

u n t r e a t e d dumps, t h e range i n average v a l u e s was s m a l l e r f o r 

% < 2 mm and wt. o f < 2 mm/m3 and l a r g e r f o r b u l k d e n s i t y . 

The narrow range i n < 2 mm c o n t e n t was p r o b a b l y because a l l 



Table 1.19 Soil physical properties of the field trials. 

%<2mm <2mm/m3 Bulk Density 
Treatment Depth (kg/m3) Ikg/m3) 

70AI 0 5cm 7 (3) a 157 (71) ab 2169 (98) a 
70P 5-10cm 12 (4) a 252 (82) be 2059 (532) ab 
70PF 5- 10cm 14 (7) a 261 (85) bed 2096 (594) ab 
70PF 0-5cm 14 (8) a 232 (139) abc 1693 (409) c 
70AI 5-10cm 14 (2) ab 276 (53) abede 1914 (105) b 
70R 0-5 cm 15 (4) ab 294 (91) cde 2013 (342) ab 
70F 0-5cm 16 (7) abc 212 (81) ab 1449 (358) d 
70F 5-10cm 17 (6) abc 300 (103) cde 1860 (293) b 
70R 5-10cm 18 (8) bed 353 (124) de 2113 (546) a 
75.1 5- 10cm 21 (5) d 385 (96) e 1868 (212) b 
75.1 0-5cm 21 (12) d 321 (168) cde 1551 (268) c 
70P 0-5cm 22 (11) d 200 (90) a 1011 (354) e 
77.84 0-1 Ocm 20 (4) cd 

0 (0) : mean (standard deviation) 
means followed by the same letter were not significantly different at p = 0.5 
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t h e t r e a t m e n t s sampled were on t h e same dump, and t h u s 

c o m p r i s e d o f s i m i l a r m a t e r i a l . 

A l t h o u g h , l i k e T r i a l s 75.1 and 77.1, T r i a l 70.1 was 

c o m p r i s e d o f p o t a s s i c r o c k , s e v e r a l o f t h e t r e a t m e n t x d e p t h 

c o m b i n a t i o n s ( e . g . , 0-5 cm 70R, 70F and 70PF) from i t had % 

< 2 mm c o n t e n t s w h i c h were more l i k e t h e u n t r e a t e d h o r n f e l s 

w a s t e r o c k (SEL.HN). The low % < 2 mm on T r i a l 70.1 was 

p r o b a b l y caused by t h e manner i n w h i c h t h e t r i a l was b u i l t . 

U n l i k e o t h e r t r i a l s , t h e 70.1 s i t e was l e v e l l e d by a g r a d e r 

b e f o r e amendments were a p p l i e d . As i t l e v e l s t h e s u r f a c e , a 

g r a d e r shakes and moves t h e m a t e r i a l , i n a p r o c e s s s i m i l a r 

t o s i e v i n g . W i t h s t o n e y m a t e r i a l l i k e w a s t e r o c k t h a t l a c k s 

c o h e s i o n , g r a d i n g shakes l o o s e s m a l l e r p a r t i c l e s w h i c h f a l l 

i n t o s p a c e s t h a t open below. S t o n e s t h a t a r e t o o l a r g e t o 

f i t i n t o c r e v a s s e s a r e l e f t s t r a n d e d a t t h e s u r f a c e . 

G r a d i n g may a l s o compact t h e s u r f a c e . 

The r e s u l t was a v e r y low 0-5 cm % < 2mm, t h e most 

extreme example o f w h i c h was 70AI. A f t e r g r a d i n g , t h e 

p a r t i c l e s i z e d i s t r i b u t i o n o f most o f T r i a l 70.1 was 

p r o b a b l y l i k e t h e p r e s e n t c o n d i t i o n o f t h e u n f e r t i l i z e d 

w a s t e r o c k (70R) p l o t s . S u b s e q u e n t l y , o r g a n i c m a t t e r , added 

e i t h e r as a p e a t amendment o r t h r o u g h r o o t and herbaceous 

g r o w t h , m o d i f i e d t h e p h y s i c a l p r o p e r t i e s o f t h e s u r f a c e . As 

i t l a c k e d a p e a t amendment and had l i t t l e p l a n t g r o w t h , t h e 

e f f e c t o f t h e s e p r o c e s s e s on 70R were m i n i m a l . 

As was found on t h e u n t r e a t e d s i t e s , t h e s o i l p h y s i c a l 

p r o p e r t y most s t r o n g l y c o r r e l a t e d w i t h t h e o r g a n i c c o v e r 



t y p e s was b u l k d e n s i t y . B u l k d e n s i t y c o r r e l a t e d most 

s t r o n g l y w i t h c o v e r t y p e s i n c l u d i n g moss ( T a b l e 1.20). On 

a l l t h e t r e a t m e n t s , e x c e p t 70R, t h e 0-5 cm b u l k d e n s i t y was 

s i g n i f i c a n t l y l o w e r t h a n a t 5-10 cm ( T a b l e 1.21). The o n l y 

s i g n i f i c a n t d i f f e r e n c e w i t h d e p t h i n % < 2 mm a t 0-5 cm was 

on 70P, t h e t r e a t m e n t w i t h t h e l a r g e s t d i f f e r e n c e between 

i t s 0-5 cm and 5-10 cm o r g a n i c - C c o n t e n t s . 

P erhaps t h e g r e a t e s t e f f e c t o f o r g a n i c m a t t e r a d d i t i o n 

on p a r t i c l e s i z e was i n r a i s i n g t h e s u r f a c e . I n t h i s 

manner, s u r f i c i a l o r g a n i c a d d i t i o n s d i l u t e d t h e amount o f 

w a s t e r o c k i n t h e 0-5 cm l a y e r , d r o p p i n g a p o r t i o n o f t h e 

o r i g i n a l f i n e s - d e f i c i e n t s u r f a c e m a t e r i a l i n t o t h e 5-10 cm 

d e p t h . 

As a r e s u l t o f b o t h c o n t i n u o u s l y s t r o n g p l a n t g r o w t h 

and t h e o r i g i n a l p e a t amendment, t h e t h i c k n e s s o f t h e LFH-

l i k e l a y e r was g r e a t e s t on t h e 70P p l o t s . On a v e r a g e , 4.4 

cm o f t h e upper 0-5 cm o f 70P was p e a t and l i t t e r , p u t t i n g 

most o f t h e o r i g i n a l h i g h d e n s i t y upper 5 cm o f w a s t e r o c k 

s o i l i n t h e 5-10 cm l a y e r . A t 5-10 cm, 70P had one o f t h e 

h i g h e s t b u l k d e n s i t i e s and t h e s m a l l e s t < 2 mm c o n t e n t s . 

C o n v e r s e l y , i n t h e h i g h l y o r g a n i c s u r f a c e , 7OP had t h e 

l o w e s t b u l k d e n s i t y and t h e h i g h e s t % < 2 mm, and t h e 0-5 cm 

b u l k d e n s i t y was s i g n i f i c a n t l y l o w e r t h a n t h a t o f a l l t h e 

t r e a t m e n t s . 

As e x p e c t e d from t h e i r s h a l l o w e r s u r f a c e o r g a n i c 

l a y e r s , t h e 0-5 cm d e p t h s on t h e 7OF and 70PF t r e a t m e n t s 

c o n t a i n e d s i g n i f i c a n t l y l e s s % < 2 mm and had h i g h e r b u l k 
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Table 1.20 Correlation coefficients for soil physical properties of the field trials. 

Bulk Density %<2mm <2mm/m3 
Depth ALL 0-5 5-10 ALL 0-5 5-10 0-5 5-10 

Bulk Density X X X 
%<2mm -.44 -.43 -.51 X X X 
<2mm/m3 .19 .19 -.03 .74 .76 .84 X X 

% Moss -.64 . -.08 .32 -.12 -.07 -.15 
% Vascular Plant -.39 -.18 .06 .01 -.13 -.06 
% Grass -.28 -.21 .12 -.09 -.03 -.18 
% Legume -.26 -.05 .00 .06 -.12 .05 
% Moss + Peat + Litter -.58 -.01 .31 -.16 -.02 -.18 
% Moss + Vascular Plant -.64 -.14 .26 -.08 -.11 -.14 
Utter (cm) -.36 .33 .22 -.44 -.04 -.33 

Table 1.21 The probability that differences exist between the soil physical 
properties of the 0-5 and 5-10 cm depths of the field trials. 

Treatment %<2mm <2mm/m3 Bulk Density 

75.1 0.08 0.36 0.00 • 
70R 0.16 0.19 0.19 
70F 0.24 0.00 • 0.00 • 
70P 0.00 0.04 * 0.00 • 
70PF 0.27 0.17 0.01 • ' 

significant at the 0.05 
level of probability 
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d e n s i t i e s t h a n t h e 7OP p l o t s . Comparing t h e two, t h e o n l y 

s i g n i f i c a n t d i f f e r e n c e i n t h e i r p h y s i c a l p r o p e r t i e s was t h a t 

7OF had a l o w e r 0-5 cm b u l k d e n s i t y . Thus 10 y e a r s o f s t r o n g 

p l a n t growth a f t e r t h e f e r t i l i z e r t r e a t m e n t (70F) had 

c r e a t e d s l i g h t l y b e t t e r p h y s i c a l c h a r a c t e r i s t i c s t h a n t h e 

i n i t i a l p e a t amendment w i t h p o o r p l a n t growth (7 0 P F ) . 

The f i n e s - c o n t a i n i n g p o r t i o n a t t h e t o p o f s l o p e T r i a l 

75.1 had a r e l a t i v e l y h i g h < 2 mm c o n t e n t and low b u l k 

d e n s i t y , p r e s u m a b l y because i t was n o t compacted by t r u c k s . 

o r r e w o r ked by t h e g r a d e r . 

A l t h o u g h a l a c k o f f i n e s and a h i g h b u l k d e n s i t y a r e 

n o t d e s i r a b l e c h a r a c t e r i s t i c s , t h e most v i g o r o u s n a t u r a l 

p l a n t i n v a s i o n o c c u r r e d on 70AI, t h e s i t e w i t h t h e l o w e s t % 

< 2 mm and h i g h e s t b u l k d e n s i t y . T h i s s u g g e s t s t h a t i f t h e 

dump benches a r e f e r t i l i z e d and sown w i t h a g r o n o m i c s , 

c o m p e t i t i o n f o r space i s a g r e a t e r l i m i t a t i o n t o p l a n t 

i n v a s i o n t h a n t h e p h y s i c a l c o n d i t i o n s . A h i g h c o a r s e 

fragment c o n t e n t r e s i s t s c o m p a c t i o n by t r u c k s , r e s u l t s i n 

good d r a i n a g e , and t h u s i s somewhat d e s i r a b l e . However, t h e 

f i n e r f r a c t i o n i s a l s o n e c e s s a r y and t h e l a c k o f f i n e s on 

a l l b u t t h e u p p e r p a r t o f t h e s l o p e s was an o b v i o u s 

impediment t o g r o w t h . 

The h i g h b u l k d e n s i t y on T r i a l 70.1 c o u l d have been 

p r e v e n t e d by r i p p i n g t h e s u r f a c e , r a t h e r t h a n g r a d i n g i t 

f l a t . H a v i n g a r o u g h e r s u r f a c e would a l s o c r e a t e a more 

v a r i e d m i c r o c l i m a t e , i n c r e a s i n g t h e r e t e n t i o n o f a i r b o r n e 



98 

seed and hence n a t u r a l p l a n t i n v a s i o n ( L a v k u l i c h e t a l . , 

1976). 

The s u r f a c e o f t h e t r i a l s , l i k e t h e u n t r e a t e d dumps, 

c o n t a i n e d v e r y l i t t l e c l a y and a t l e a s t 50% o f t h e < 2 mm 

f r a c t i o n was s a n d - s i z e d ( T a b l e 1.21). Based on ave r a g e 

sand, s i l t , and c l a y c o n t e n t s , t h e < 2 mm f r a c t i o n s o f a l l 

t h e t r e a t m e n t s were c l a s s i f i e d as sandy loams. A few 

i n d i v i d u a l samples i n d i f f e r e n t groups were loamy sands and 

s e v e r a l 0-5 cm samples from 7OP were loams. Compared t o t h e 

o t h e r g r o u p s , t h e 0-5 cm l a y e r o f 70P c o n t a i n e d l e s s sand 

and more s i l t and c l a y . One e x p l a n a t i o n f o r t h i s was t h a t 

t h e low pH and h i g h o r g a n i c c o n t e n t c a used more i n t e n s e 

p a r t i c l e breakdown t h a n i n any o t h e r t r e a t m e n t x d e p t h 

c o m b i n a t i o n . A n o t h e r p o s s i b l e r e a s o n was t h a t t h e low 

p r o p o r t i o n o f sand i n 70P was an a r t i f a c t o f t h e p r e 

t r e a t m e n t u s e d p r i o r t o t h e t e x t u r a l a n a l y s i s . A d d i n g more 

b l e a c h i n o r d e r t o o x i d i s e t h e h i g h e r o r g a n i c m a t t e r c o n t e n t 

o f t h e s e samples m i g h t have c a u s e d more p a r t i c l e 

d e g r a d a t i o n . A l t e r n a t i v e l y , t h e s i l t and c l a y f r a c t i o n s o f 

7OP c o u l d c o n t a i n u n o x i d i z e d o r g a n i c m a t t e r . O t h e r t h a n 

70P, t h e samples from t h e f i e l d t r i a l s a l l had t h e same 

t e x t u r e as t h e u n t r e a t e d dump samples. 
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Table 1.22 Soil texture information for different treatments in the 
field trials. 

0-5cm 5-1 Ocm 

Treatment Sand Silt Clay Texture Sand Silt Clay Texture 

Averages 

75.1 69 21 10 S.I. 66 22 11 s.l. 
70R 70 22 7 s.l. 62 26 12 s.l. 
70F 72 20 8 S.I. 68 24 8 s.l. 
70P 53 35 12 S. l . 66 26 8 s.l. 
70PF 62 27 11 s.l. 65 26 9 s.l. 
70AI 69 22 10 s.l. 72 21 8 s.l. 

Standard Deviation 

75.1 9.5 7.0 5.3 4.0 8.6 4.9 
70R 8.1 8.7 3.5 8.0 5.2 4.7 
70F 5.0 4.5 4.2 6.6 4.7 3.8 
70P 8.3 9.7 2.0 6.3 5.2 3.3 
70PF 4.3 2.1 3.2 2.9 3.5 2.9 
70AI 0.7 2.1 2.8 3.5 7.8 4.2 

s.l. : sandy loam 
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4.1.2.3 C h e m i c a l P r o p e r t i e s 

The s o i l c h e m i c a l p r o p e r t i e s o f i n d i v i d u a l samples can 

be f o u n d i n App e n d i x B. 

U n l i k e t h e u n t r e a t e d a r e a s , a l l t h e f i e l d t r i a l 

t r e a t m e n t s had had a t l e a s t some p l a n t growth on them. One 

r e s u l t o f t h e s t r o n g e r p l a n t growth was t h e a d d i t i o n o f more 

C and N. L i k e t h e u n t r e a t e d s i t e s , t h e 0-5 cm d e p t h s 

c o n t a i n e d more C/m3 and N/m3 t h a n t h e 5-10 cm l a y e r ( T a b l e . 

1.23 and 1.24). The e x c e p t i o n was t h e u n f e r t i l i z e d 

w a s t e r o c k (70R), w h i c h as a r e s u l t o f p o o r p l a n t g r o w t h , no 

p e a t amendment, and t h e p r e s e n c e o f c a l c i t e , c o n t a i n e d more 

C a t 5-10 cm. The dr o p i n pH a t t h e s u r f a c e o f 70R can be 

a t t r i b u t e d t o a l o s s o f c a l c i t e . 

The o t h e r t r e a t e d a r e a w i t h low C and N l e v e l s 'was t h e 

u n f e r t i l i z e d s l o p e ( 7 5 . 1 ) . V i s u a l o b s e r v a t i o n s made p r i o r 

t o 1980 ( P r i c e , 1982) and measurements o f p l a n t g r o w t h made 

i n t h i s s t u d y i n d i c a t e t h a t t h e p r i m a r y cause o f t h e low C 

and N l e v e l s on 75.1 was p o o r p l a n t g r o w t h . A l t h o u g h 75.1 

was f e r t i l i z e d , t h e p o o r g r o w t h c o u l d be due t o a l a c k o f N. 

Ave r a g e 0-5 cm and 5-10 cm N l e v e l s f o r 75.1 were l o w e r t h a n 

t h a t t h o s e o f 70R. 

W h i l e 70F and 70PF d i f f e r e d s i g n i f i c a n t l y i n pH and 

a v a i l a b l e P, t h e y c o n t a i n e d comparable amounts o f C and N. 

E l e v e n y e a r s o f r e l a t i v e l y s t r o n g p l a n t g r o w t h on f e r t i l i z e d 

w a s t e r o c k (70F) produce d o n l y s l i g h t l y l e s s C/m3 t h a n p o o r 

p l a n t g r o w t h p l u s t h e p e a t amendment on 70PF. Average N/m3 
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Table 1.23 Soil chemical properties of the field trials. 

Site Depth pH %C C/m3 
(kg/m3) 

70R 5-10cm 7.1 (0.5) a 0.7 (0.2) be 2.3 (0.8) bd 
75.1 5-1 Ocm 6.5 (0.8j b 0.3 (0.2) a 1.1 (0.6) a 
70F 5-10cm 5.9 (1.1) be 0.8 (0.4) c 2.3 (1.3) b 
75.1 0-5cm 5.8 (0.9) cd 0.6 (0.3) b 1.9 (1.2) bed 
70R 0-5cm 5.6 (1.1) cde 0.7 (0.4) b 1.9 (1.2) bd 
70AI 5-1 Ocm 5.4 (1.0) bede 0.3 (0.1) a 0.8 (0.2) a 
70PF 5-10cm 5.4 (1.1) d 0.9 (1.1) be 2.0 (1.7) ad 
70P 5-1 Ocm 4.9 (1.1) ef 2.0 (2.4) d 5.4 (7.0) c 
70AI 0-5cm 4.7 (0.3) ef 1.2 (0.7) bed 1.7 (0.7) abc 
70F 0-5cm 4.3 (0.6) f 5.1 (3.3) e 10.0 (6.4) f 
70PF 0-5cm 4.2 (0.7) g 6.2 (2.9) e 13.7 (1.2.3) f • 
70P 0-5cm 4.1 (0.6) h 12.5 (3.1) f 24.6 (12.5) g 

Site Depth %N N /m3 avail.P 
(kg/m3) (ppm) 

70R 5-10cm 0.020 (0.006) be 0.07 (0.01) cd 1 (1) a 
75.1 5-1 Ocm 0.007 (0.002) a 0.03 (0.01) a 9 (9) bed 
70F 5-1 Ocm 0.039 (0.018) e 0.12 (0.08) d 17 (16) deg 
75.1 0-5cm 0.031 (0.018) de 0.11 (0.12) d 23 (18) efg 
70R 0-5cm 0.031 (0.017) cde 0.08 (0.04) cd 3 (2) a 
70AI 5-10cm 0.015 (0.006) b 0.04 (0.01) ab 5 (5) abce 
70PF 5-10cm 0.030 (0.025) bed 0.07 (0.05) bed 7 (10) ab 
70P 5-10cm 0.067 (0.058) e 0.17 (0.17) d 15 (10) efg 
70AI 0-5cm 0.065 (0.048) bede 0.08 (0.03) be 26 (22) gh 
70F 0-5cm 0.167 (0.08) f 0.33 (0.19) e 31 (17) i 
70PF 0-5cm 0.211 (0.099) f 0.39 (0.17) e 14 (9) e 
70P 0-5cm 0.369 (0.213) g 0.61 (0.24) f 29 (6) h 

Site Depth avail.P /m3 C / N xC/xN N /avail .P 
(g/m3) 

70R 5-10cm 0.3 (0.3) a 34 (8) a 34 250 (151) a 
75.1 5-10cm 3.4 (3.2) c 46 (25) a 45 14 (10) g 
70F 5-1 Ocm 5.1 (5.1) cd 21 (8) cd 21 44 (32) de 
75.1 0-5cm 6.5 (4.1) d 21 (9)c 20 20 (17) fg 
70R 0-5cm 1.0 (0.8) b 21 (6) cd 22 177 (185) abc 
70AI 5-1 Ocm 1.2 (1.0) ab 22 (4) b 20 67 (49) abd 
70PF 5-10cm 1.8 (2.7) b 36 (25) abc 30 89 (79) be 
70P 5-10cm 3.9 (3.3) c 31 (16) ab 29 56 (48) de 
70AI 0-5cm 2.8 (1.2) cd 23 (5) b 19 28 (6) ef 
70F 0-5cm 5.8 (3.0) d 30 (14) abd 30 82 (97) cd 
70PF 0-5cm 2.6 (1.4) c 31 (11) ab 29 185 (147) ab 
70P 0-5cm 5.8 (2.9) d 37 (17) ab 34 135 (84) b 

7 (9) : average (standard deviation) 
means followed by the same letter were not significantly different at p = 0.5 
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Table 1.24 The probability that differences exist between the physical properties 
of the 0-5 and 5-10 cm depths on the treated dumps. 

75.1 70R 70F 70P 70PF 70AI 

pH .00* .00* .00* .00* .00* .14 
%C .00* .41 .00* .00* .00* .06 
C/m3 .00* .07 .00* .00* .00* .06 
%N .00* .04* .00* .00* .00* .06 
N/m3 .00* .19 .00* .00* .00* .06 
avail. P .00* .00* .06 .00* .01* .06 
avail.P /m3 .00* .00*' .29 .02* .03* .06 
C / N .00* .00* .08 .21 .38 . .29 
N /avail.P .01 • .30 .21 .00* .03* .14 

significant at 0.05 level of probability 

c 

12-

8 

4 -

O 0-5 cm r- -0.63 

+ 6-10 cm r» -0.35 

+ 

4.5 5 

+ 
+ o o + 

• J-
5.5 6 
pH (CaCI2) 

+ ~i 
6.5 

Figure 1.6 pH vs %C for the field 
trial treatment x depth averages. 

7 7.5 
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l e v e l s were s l i g h t l y h i g h e r on 7OF, presumably as a r e s u l t 

o f t h e s t r o n g legume growth on 70F5. 

As one would e x p e c t from t h e t h i c k e r s u r f a c e o r g a n i c 

l a y e r , a t b o t h 0-5 and 5-10 cm, 70P had h i g h e r C and N 

l e v e l s t h a n any o f t h e o t h e r t r e a t m e n t s . Amounts o f C and N 

i n 7OP were a p p r o x i m a t e l y e q u a l t o t h e sum o f t h e s e f o r 7OF 

and 70PF. 

I n t h e f i e l d t r i a l s , s o i l C and N were l a r g e l y p r e s e n t 

i n t h e o r g a n i c form. The s t r o n g e r c o r r e l a t i o n s between C 

and N a t 0-5 cm t h a n a t 5-10 cm ( T a b l e 1.25) were due t o a 

g r e a t e r s p r e a d i n v a l u e s a t 0-5 cm and t h e absence o f 

c a l c i t e . The s o u r c e o f o r g a n i c m a t t e r a f f e c t e d t h e C:N 

r a t i o . - A verage C:N r a t i o s were s i g n i f i c a n t l y h i g h e r on t h e 

peat-amended t r e a t m e n t s (7OP and 70PF) t h a n on t r e a t m e n t s on 

w h i c h t h e main s o u r c e o f o r g a n i c m a t t e r was p l a n t g r o w t h 

( e . g . , 7 0 F ) . 

Through t h e f o r m a t i o n o f o r g a n i c a c i d s , o r g a n i c m a t t e r 

a d d i t i o n s c a n l o w e r t h e pH. The 0-5 cm l a y e r , t h e zone o f 

maximum o r g a n i c a d d i t i o n s , was t h e most a c i d i c f o r a l l t h e 

t r e a t m e n t s . A l l o f t h e t r e a t m e n t s w i t h s t r o n g p l a n t growth 

o r on w h i c h p e a t was a p p l i e d had C a C l 2 pH v a l u e s l o w e r t h a n 

5. 

The r e l a t i o n s h i p between o r g a n i c m a t t e r and pH i s 

i l l u s t r a t e d by t h e p l o t o f average C v e r s u s pH ( F i g u r e 1.6), 

w h i c h shows a c u r v i l i n e a r r e l a t i o n s h i p . A t h i g h pH t h e r e 

a r e r e l a t i v e l y l a r g e d r o p s i n pH w i t h o n l y s m a l l i n c r e a s e s 

i n C. The l a r g e pH d r o p s s u g g e s t t h a t i n t h i s pH range t h e 
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Table 1.25 Correlation coefficients for soil chemical properties of 
the field trials. 

P H ALL 
0-5 
5-10 

P H 

X 
X 
X 

%C C/m3 %N N/m3 avail.P avail.P 
/m3 

C / N 

%C ALL 
0-5 
5-10 

-0.53 
-0.53 
-0.35 

X 
X 
X 

C/m3 ALL 
0-5 
5-10 

-0.47 
-0.47 
-0.27 

0.85 
0.80 
0.94 

X 
X 
X 

%N ALL 
0-5 
5-10 

-0.46 
-0.40 
-0.43 

0.86 
0.82 
0.83 

0.54 
0.43 
0.78 

X 
X 
X 

N/m3 ALL 
0-5 
5-10 

-0.48 
-0.42 
-0.34 

0.83 
0.79 
0.77 

0.80 
0.76 
0.85 

0.82 
0.77 
0.91 

X 
X 
X 

avail.P ALL -0.29 0.44 0.32 0.36 0.33 X 
(ppm) 0-5 -0.10 0.36 0.20 0.27 0.20 X 

5-10 -0.26 0.28 0.30 0.29 0.31 X 

avail.P ALL. -0.15 0.22 0.32 0.08 0.27 0.81 X 
/m3 0-5 0.00 0.15 0.29 -0.05 0.19 0.72 X 

5-10 -0.12 0.22 0.31 0.20 0.33 0.93 X 

C / N ALL 
0-5 
5-10 

0.04 
-0.26 
0.15 

0.24 
0.58 
0.10 

0.34 
0.73 
0.11 

-0.03 
0.13 

-0.22 

0.06 
0.37 

-0.21 

0.02 
0.22 

-0.08 

0.05 X 
0.24 X 

-0.04 X 

N / ALL 0.05 0.27 0.16 0.35 0.27 -0.29 
avail.P 0-5 0.07 0.25 0.12 0.37 0.25 -0.38 

5-10 0.24 0.09 0.04 0.15 0.10 -0.38 

-0.40 -0.08 
-0.49 0.05 
-0.39 -0.17 

ALL : 0-5, 5-10, and 0-10 cm samples 
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w a s t e r o c k s o i l had v e r y l i t t l e pH b u f f e r i n g c a p a b i l i t y , 

o t h e r p r o c e s s e s such as l e a c h i n g and o x i d a t i o n c o n t r i b u t e d 

t o t h e a c i d i t y , and t h a t t h e t o t a l C and N l e v e l s were n o t 

good measures o f t h e a c i d i f y i n g a c t i o n o f o r g a n i c m a t t e r . 

F o r example, t h e l e v e l s o f %C a t 5-10 cm do n o t n e c e s s a r i l y 

i n d i c a t e t h e r a t e a t w h i c h o r g a n i c a c i d s have l e a c h e d 

t h r o u g h t h i s l a y e r . Nor do t h e y i n d i c a t e t h e s t r e n g t h o f 

t h e a c i d s o r f o r how l o n g l e a c h i n g has been o c c u r r i n g . 

O r g a n i c a c i d a d d i t i o n s t o t h e 5-10 cm l a y e r o f t h e p e a t 

amended s i t e s w i l l have s t a r t e d e a r l i e r t h a n on t h e 

f e r t i l i z e d w a s t e r o c k ( 7 0 F ) . T h i s may e x p l a i n why a t 5-10 

cm, 70PF had a s i g n i f i c a n t l y l o w e r pH b u t c o n t a i n e d l e s s C 

t h a n 70F. The i m p o r t a n c e o f t h e s u r f a c e c o n d i t i o n s i n 

c o n t r o l l i n g t h e 5-10 cm pH was i l l u s t r a t e d by t h e s t r o n g 

c o r r e l a t i o n between t h e 0-5 cm and t h e 5-10 cm pH v a l u e s 

( r=0.74). 

Below about pH 4.8, t h e r a t e o f pH d e c r e a s e r e l a t i v e t o 

t h e i n c r e a s e i n C becomes s t e a d i l y s m a l l e r . T h i s s u g g e s t s 

some form o f pH b u f f e r i n g . B u f f e r i n g may r e s u l t from 

e l e m e n t s r e l e a s e d by w e a t h e r i n g , such as Fe and A l , o r 

b ecause t h e pH approached t h e i s o e l e c t r i c pH o f o r g a n i c a c i d 

f u n c t i o n a l g r o u p s . A d e c r e a s e i n pH w i l l a c c e l e r a t e m i n e r a l 

w e a t h e r i n g , r e l e a s i n g e l e m e n t s l i k e A l w h i c h p l a y an 

i m p o r t a n t r o l e i n r e g u l a t i n g s o i l pH. 

On t h e f i e l d t r i a l s , t h e r e were no s t r o n g c o r r e l a t i o n s 

w i t h a v a i l a b l e P, i n d i c a t i n g t h a t s e v e r a l f a c t o r s p l a y e d a 

r o l e i n P a v a i l a b i l i t y . F o r example, by i n c r e a s i n g t h e 
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r e l e a s e and a v a i l a b i l i t y o f Fe and A l , a c i d i c c o n d i t i o n s , 

w h i c h a c c e l e r a t e a p a t i t e w e a t h e r i n g , may a l s o have 

a c c e l e r a t e d P f i x a t i o n . 

The p r e s e n c e o f r e s i d u a l f e r t i l i z e r may e x p l a i n why 

l e v e l s o f a v a i l a b l e P/m3 i n 70P, 70F, and 75.1 were 

s i g n i f i c a n t l y h i g h e r t h a n t h o s e o f 70PF and 7OR. N o t a b l y , 

t h e d i f f e r e n c e s i n a v a i l a b l e P l e v e l s between 70P and 70PF 

were s i m i l a r t o d i f f e r e n c e s i n t h e i r C and N c o n t e n t s . T h i s 

o b s e r v a t i o n s u g g e s t s t h a t t h e r e was a c o r r e l a t i o n between^ 

t h e a v a i l a b l e P and t h e o r g a n i c m a t t e r c o n t e n t on t h e p e a t 

amended p l o t s , and t h a t t h e P r e l e a s e d by t h e B r a y 

e x t r a c t a n t was m a i n l y from t h e o r g a n i c f r a c t i o n . A l t h o u g h 

n o t v e r y s t r o n g , t h e h i g h e s t c o r r e l a t i o n c o e f f i c i e n t s 

between a v a i l a b l e P and o t h e r s o i l c h e m i c a l p r o p e r t i e s were 

f o r a v a i l a b l e P w i t h 0-5 cm C and C/m3. 

L i k e t h e p h y s i c a l p r o p e r t i e s , s o i l c h e m i c a l p r o p e r t i e s 

showed no s t a t i s t i c a l l y s i g n i f i c a n t r e s p o n s e t o t h e t y p e o f 

see d mix us e d . T h i s was t o be e x p e c t e d i n T r i a l 75.1 and on 

t r e a t m e n t s 70R and 70PF, where none o f t h e seed mixes 

p r o d u c e d s t r o n g g r o w t h . The growth o f agronomic s p e c i e s was 

much s t r o n g e r on 7OF and 7OP, and h e r e l a r g e d i f f e r e n c e s i n 

p l a n t g r o w t h r e s u l t e d i n some l a r g e d i f f e r e n c e s i n average 

s o i l v a l u e s on s e c t i o n s sown w i t h d i f f e r e n t seed mixes 

( T a b l e 1.26). I n 1980, t h e h i g h e s t p l a n t g r o w t h was on 

p l o t s sown w i t h seed mix 5. T h i s r e s u l t e d i n t h e t h i c k e s t 

s u r f a c e o r g a n i c l a y e r and h i g h e s t c o n c e n t r a t i o n s o f C and N. 

N i t r o g e n was e s p e c i a l l y h i g h , as a r e s u l t o f t h e growth o f 



Table 1.26 Average data for soil chemical properties on sections of 70F and 70P 
sown with different seed mixes. 

Treat Depth pH %C C/m3 %N N/m3 avail.P avail.P/m3 C / N N / Depth 
(kg/m3) (kg/m3) (ppm) (g/m3) avail.P 

70F1 5-10cm 6.1 0.8 2.4 0.03 0.09 27 8.4 24 18 
70F6 5-10cm 5.9 0.9 1.5 0.04 0.08 11 1.5 20 62 
70F5 5-10cm 5.8 0.8 3.0 0.05 0.18 14 5.4 19 53 
70P6 5-10cm 5.2 1.1 3.0 0.03 0.09 8 2.3 41 60 
70P1 5-10cm 4.9 1.9 6.2 0.06 0.17 21 5.8 32 25 
70F5 0-5cm 4.7 7.0 13.7 0.19 0.39 44 8.3 36 48 
70P5 5-10cm 4.5 2.9 6.8 0.11 0.26 16 3.5 22 83 
70F1 0-5cm 4.2 4.5 10.0 0.14 0.31 18 4.0 30 142 
70P6 0-5cm 4.1 10.6 19.6 0.30 0.51 27 5.0 41 127 
70F6 0.-5cm 4.1 3.7 6.4 0.17 0.28 31 5.0 24 56 
70P5 0-5cm 4.1 14.5 23.5 0.52 0.63 29 4.8 27 184 
70P1 0-5cm 4.0 1.2.3 30.8 0.28 0.67 30 7.4 44 94 
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b i r d s f o o t t r e f o i l ( L o t u s c o r n i c u l a t u s L . ) . The f a i l u r e o f 

t h e s e d i f f e r e n c e s t o be s t a t i s t i c a l l y s i g n i f i c a n t was due t o 

t h e g r e a t v a r i a b i l i t y i n t h e s o i l d a t a , w h i c h was a r e s u l t 

o f t h e g r e a t v a r i a b i l i t y i n p l a n t growth w i t h i n each 

t r e a t m e n t (see S e c t i o n 4.2). 
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4.1.3 Overburden 

O b s e r v a t i o n s o f p l a n t i n v a s i o n around t h e m i n e s i t e 

s u g g e s t t h a t t h e o v e r b u r d e n was a more h o s p i t a b l e medium f o r 

p l a n t g r o w t h t h a n t h e w a s t e r o c k . S i m i l a r l y on t h e T r i a l 

70.1, p l a n t growth was more abundant and v i g o r o u s where an 

o r g a n i c r i c h o v e r b u r d e n had slumped o n t o t h e dump (70.OB). 

The p r o p o r t i o n and w e i g h t p e r m 3 o f p a r t i c l e s < 2 mm i n 

d i a m e t e r i n t h e o v e r b u r d e n were s i m i l a r t o t h o s e f o u n d i n 

t h e h o r n f e l s and p o t a s s i c w a s t e r o c k s ( T a b l e 1.27). However, 

OB.59 and b o t h d e p t h s o f 70.OB had l o w e r a v e r a g e b u l k 

d e n s i t i e s t h a n any o f t h e w a s t e r o c k a r e a x d e p t h 

c o m b i n a t i o n s . The l o w e r b u l k d e n s i t i e s o f t h e o v e r b u r d e n 

c a n be a t t r i b u t e d i n p a r t t o t h e i r h i g h ( v e r y h i g h f o r 

7O.OB) o r g a n i c m a t t e r c o n t e n t . A n o t h e r r e a s o n was t h a t 

t r u c k s and b u l l d o z e r s , r a n o v e r t h e dump, c o m p a c t i n g t h e 

w a s t e r o c k . W h i l e t h e o v e r b u r d e n was s p r e a d by a backhoe. A 

backhoe was us e d f o r t h e f i e l d t r i a l s . However, i f 

o v e r b u r d e n i s t o be a p p l i e d on a l a r g e r s c a l e , a b u l l d o z e r 

p r o b a b l y w o u l d be used t o s p r e a d i t , and t h i s s h o u l d 

i n c r e a s e i t s b u l k d e n s i t y . 

Of t h e d i f f e r e n t o v e r b u r d e n t y p e s , OB.SH had t h e 

h i g h e s t b u l k d e n s i t y . OB.SH had a h i g h s t o n e c o n t e n t 

r e l a t i v e t o OB.59, and a low o r g a n i c m a t t e r c o n t e n t compared 

w i t h 7O.OB. M i n e r a l p a r t i c l e s i n OB.SH were d e r i v e d from 

h o r n f e l s r o c k , e x p l a i n i n g i t s low % < 2mm. Compared t o b o t h 

t h e w a s t e r o c k and t h e o t h e r o v e r b u r d e n t y p e s , t h e % < 2mm 

and b u l k d e n s i t y o f 70.OB were h i g h l y v a r i a b l e . T h i s was 
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Table 1.27 Soil properties of the overburden. 

< 2mm 
Site 

OB.SH 
70.OB 
70.OB 
OB.59 

Depth 

0.10cm 
5-10cm 
0-5cm 
0-1 Ocm 

15.(4) 
20 (13) 
30 (17) 
30 (7) 

a 
a bede 
abedef 
def 

<2mm/m3 
(kg/m3) 

294 (126) bed 
174 (75) abc 
147 (51) a 
373 (102) de 

Bulk Density 
(1000 kg/rr.3) 

1.75 (.45) cde 
1.23 (.58) ef 
0.74 (.51) f 
1.38 (.33) f 

Site 

OB.SH 
OB.59 
70.OB 
70.OB 

Depth 

0-1 Ocm 
0-10cm 
5-10cm 
0-5cm 

6.5 
4.3 

(0.3) 
(0.3) 

4.8 (1.6) 
3.8 (0.5) 

f 

g 

.'•:* %C 

2.3 (0.7) fg 
1.9 (0.7) fg 

12.4 (12.6) h 
18.1 (11.8) h 

C/m3 
(kg/m3) 

6.21 (3.2) eg 
7.80 (3.5) g 

16.25 (12.1) gh 
23.51 (10.7) gh 

Site . Depth %N 

OB.SH 0-1 Ocm 0.110 (0.010)g 
OB.59 0-10cm 0.090 (0.030) g 
70.OB 5-1 Ocm 0.239 (0.193) gh 
70.OB 0-5cm 0.381 (0.225) h 

N/m3 
(kg/m3) 

0.36 (0.11) ef 
0.30 (0.09) ef 
0.29 (0.19)ef 
C 5 0 (0.20) f 

available P 
(ppm) 

6.3 (0.3) fi 
8.2 (0.8) h 

(29.6) kl 
(7.5) I 

38.1 
33.1 

Site 

OB.SH 
OB.59 
70.OB 
70.OB 

Depth 

0-1 Ocm 
0-1 Ocm 
5-10cm 
0-5cm 

available P/m3 
(g/m3) 
(0.7) c 
(0.4) e 

f 
f 

1.6 
3.1 
4.9 (2.4) 
4.7 (1.6) 

C / N 

20 (5) g 
21 (15) g 
43 (11) cdef 
46 (3) cdef 

xC/xN N /available P 

20 109 (44) abc 
21 181 (26) abc 
52 102 (83) abedef 
47 110 (47) abc 

* : geometric mean xC/xN : mean %C / mean %N 
means followed by the same letter were not significantly different at p = 0.5 
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p r o b a b l y due t o t h e wide v a r i a t i o n i n t h e t h i c k n e s s o f i t s 

s u r f a c e o r g a n i c l a y e r . 

Carbon and n i t r o g e n l e v e l s o f OB.SH and OB.59 were 

h i g h e r t h a n t h o s e o f 70R and l e s s t h a n t h o s e o f 70F. L e v e l s 

o f C, N, and a v a i l a b l e P i n 7O.OB were s i m i l a r t o t h o s e o f 

70P. OB.59 and 70.OB were a c i d i c , h a v i n g pH v a l u e s s i m i l a r 

t o t h o s e f o u n d i n n a t u r a l s o i l s i n t h e a r e a . The h i g h pH o f 

OB.SH s u g g e s t e d t h e i n c l u s i o n o f unweathered, u n l e a c h e d 

r o c k . 

The h i g h o r g a n i c c o n t e n t and an a c t i v e b i o t a were t h e 

most l i k e l y r e a s o n s f o r t h e v i g o r o u s n a t u r a l p l a n t i n v a s i o n 

o b s e r v e d on t h e o v e r b u r d e n . H i g h e r c o n c e n t r a t i o n s o f N i n 

t h e o v e r b u r d e n a c c e l e r a t e t h e growth o f p l a n t s p e c i e s u n a b l e 

t o f i x N. An a c t i v e b i o t a ( e . g . , m y c o r r h i z a ) may make 

i m p o r t a n t c o n t r i b u t i o n s t o P a v a i l a b i l i t y . On t h e r e c e n t l y 

e xposed s t e r i l e w a s t e r o c k , P w i l l be a l i m i t a t i o n f o r 

g e r m i n a t i n g s e e d l i n g s u n a b l e t o r e l e a s e P from a p a t i t e . I n 

some c a s e s , a c c e l e r a t e d p l a n t c o l o n i z a t i o n r e s u l t e d from 

p l a n t p r o p a g u l e s a l r e a d y p r e s e n t i n t h e o v e r b u r d e n . Some o f 

t h e p l a n t g r o w t h on 70.OB ( e . g . , v a c c i n i u m ) p r o b a b l y 

r e s u l t e d from t h i s . However, many o f t h e e a r l y c o l o n i z e r s 

( e . g . , w i l l o w ) were n o t p r e s e n t i n t h e s u r r o u n d i n g f o r e s t 

and a r r i v e d from o f f s i t e . 

O f f t h e w a s t e r o c k dumps, s u b s u r f a c e seepage c o n t r i b u t e s 

t o t h e s t r o n g growth o f p l a n t s e s t a b l i s h e d on t h e 

o v e r b u r d e n , and c o l o n i z a t i o n o f t e n f o l l o w e d seepage l i n e s . 

I n g e n e r a l , t h e d i s t u r b e d o v e r b u r d e n was v e r y s h a l l o w , 
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a l l o w i n g p l a n t s t o i n t e r c e p t d r a i n a g e t h a t c o l l e c t e d and 

f l o w e d a l o n g t h e b e d r o c k / s o i l i n t e r f a c e . However, when 

o v e r b u r d e n i s s p r e a d as a v e n e e r on t h e s u r f a c e o f a w e l l 

d r a i n e d dump, t h i s w i l l n o t o c c u r . 
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4.2 P l a n t Growth 

4.2.1 G r a s s and Legume Growth on t h e Bench T r i a l s 

4.2.1.1 T r i a l 70.1: Species/Amendment 

T r i a l 70.1 t e s t e d f o u r s u r f a c e t r e a t m e n t s and seven seed 

m i x e s . The seed mixes and f e r t i l i z e r r a t e s a r e l i s t e d i n 

T a b l e s 1.6 and 1.8. The f o u r s u r f a c e t r e a t m e n t s were a 

c o n t r o l (70R), f e r t i l i z e r ( 7 0 F ) , and two t r e a t m e n t s r e c e i v i n g 

p e a t (70P and 7 0 P F ) . No r e c o r d was k e p t o f t h e amount o f p e a t 

a p p l i e d . 

P e r c e n t c o v e r , biomass, and f o l i a r c h e m i s t r y were measured on 

t h e r e s u l t i n g g rowth. 

The v e g e t a t i v e c o v e r was measured i n 1980, 1981, and 

1983, t h e 1 1 t h , 1 2 t h and 1 4 t h g r o w i n g s e a s o n s . The raw d a t a 

i s p r e s e n t e d i n A p p e n d i x C. The a v e r a g e moss, n a t i v e v a s c u l a r 

p l a n t , g r a s s , and legume c o v e r s f o r t h e m o n i t o r i n g p e r i o d a r e 

l i s t e d i n T a b l e 1.28. The g r a s s p l u s legume c o v e r f o r each 

t r e a t m e n t c o m b i n a t i o n i n 1971, 1972, and 1976 (from P r i c e , 

1982) a r e a l s o i n c l u d e d . The a v e r a g e c o v e r o f i n d i v i d u a l 

v a s c u l a r p l a n t s whose c o v e r was g r e a t e r t h a n 0.5% i s g i v e n i n 

T a b l e 1.29. 

The p o o r e s t s u b s t r a t e f o r agronomic growth was t h e 

u n f e r t i l i z e d w a s t e r o c k (7OR). Clumps o f g r a s s f o u n d on 70R 

were s m a l l , c h l o r o t i c , and had few f l o w e r s . The o n l y n o t a b l e 

change i n t h e v e g e t a t i o n on t h i s t r e a t m e n t m o s t was t h e 

i n v a s i o n o f n a t i v e s p e c i e s . I n 1983, t h e c o v e r o f n a t i v e 
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Table 1.28 Average percent cover on different treatments in Trial 70.1 

% Grass + Leg urne % Grass % Legume %lnv % Moss 
Treatment 71 72 76 80 81 83 80 81 83 80 81 83 83 81 83 

70R1 12 6 1 3 2 1 3 2 tr tr 0 0 tr 6 12 
70R2 11 6 1 3 tr 1 3 tr tr 0 tr tr 1 2 11 
70R3 2 2 1 4 tr 1 4 tr tr 0 0 0 1 . 2 13 
70R4 9 7 2 5 1 1 4 0 tr 1 1 tr tr 9 20 
70R5 6 5 3 8 3 4 5 tr 1 4 3 2 1 6 22 
70R6 12 19 3 7 2 3 6 1 1 1 1 1 1 15 27 

70F1 72 77 48 40 19 4 36 14 2 5 4 2 tr 63 58 
70F2 66 52 25 33 12 3 31 10 2 2 2 1 1 53 40 
70F3 60 87 45 45 27 9 35 19 6 10 8 3 tr 64 66 
70F4 42 66 18 24 9 9 18 4 4 6 4 3 1 59 47 
70F5 24 65 58 63 53 50 29 17 11 34 36 39 0 72 80 
70F6 64 83 34 32 20 12 21 9 4 11 12 8 tr 63 62 

70P1 76 95 72 66 39 18 55 34 11 12 11 6 1 72 84 
70P5 27 98 79 74 74 61 37 26 12 38 47 48 1 89 95 
70P6 68 98 52 36 20 18 21 7 6 15 13 12 tr 91 92 

70PF1 34 51 55 44 20 10 39 17 8 5 2 1 1 70 64 
70PF5 5 18 25 22 13 10 13 5 2 9 7 7 1 32 41 
70PF6 13 18 17 21 14 5 14 4 2 7 2 3 1 37 45 

tr : 0.5-0.9% 
71, 72, & 76 : from Price (1982) Inv : naturally invading vascular plants 
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Table 1.29 Average percent cover for individual agronomic 
species growing on Trial 70.1. 

Birdsfoot Alsike White Sainfoin 
Trefoil Clover Clover 

Treatment 81 83 81 83 81 83 81 83 

70F1 1 tr 4 2 
70F2 1 1 
70F3 5 2 2 1 
70F4 1 2 2 1 tr tr 
70F5 35 37 1 1 1 1 
70F6 8 5 3 2 

70P1 7 4 2 tr 3 2 
70P5 46 48 1 1 
70P6 8 9 5 1 

70PF1 1 . tr 1 1 
70PF5 6 7 
70PF6 3 1 2 1 

Red Top Red Orchard Timothy Reed Canary 
Fescue Grass Grass 

Treatment 81 83 81 83 81 83 81 83 81 83 

70F1 14 2 
70F2 10 1 
70F3 3 1 16 4 
70F4 tr 1 2 1 2 1 
70F5 3 1 3 2 4 2 2 1 6 5 
70F6 6 3 1 1 1 1 

70P1 34 11 
70P5 3 2 19 10 3 0 1 1 
70P6 2 2 4 3 1 tr 

70PF1 17 8 
70PF5 1 tr 5 2 
70PF6 2 1 2 1 

tr : 0.5-0.9% 
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v a s c u l a r p l a n t s exceeded 1% on a number o f t h e 7OR t r e a t m e n t 

c o m b i n a t i o n s . 

W h i l e s t r o n g e r t h a n on 70R, agronomic g r o w t h on t h e 70PF 

p e a t t r e a t m e n t was s i g n i f i c a n t l y l o w e r t h a n t h a t on 70P and 

7OF. I n c o n t r a s t t o t r e a t m e n t s 7OF and 7OP, 70PF d i d n o t 

produce e i t h e r v i g o r o u s g r a s s growth o r s u s t a i n e d b i r d s f o o t 

t r e f o i l g r o w t h . The r e l a t i v e l y l a r g e c o v e r on 70PF1 p r o b a b l y 

r e s u l t e d from i t s p r o x i m i t y t o t h e 70P t r e a t e d p l o t s . 

A c c o r d i n g t o t h e o r i g i n a l t r i a l p l a n , t h e s u r f a c e 

t r e a t m e n t on t h e 70PF p l o t s was p e a t p l u s f e r t i l i z e r . W h i l e 

t h e c l o s e c o n t a c t between seed and f e r t i l i z e r o r e x c e s s 

a c i d i t y from a c i d i f i c a t i o n m i g h t a c c o u n t f o r t h e p o o r growth 

on f e r t i l i z e d p e a t , t h e s e t h e o r i e s do n o t a c c o u n t f o r t h e 

v i g o r o u s and abundant growth on t h e " s u p p o s e d l y " u n f e r t i l i z e d 

p e a t (7OP). P e a t from t h e same s o u r c e was used as a s u r f a c e 

t r e a t m e n t i n T r i a l 81.1 ( S e c t i o n 4.2.4.2). The p o o r agronomic 

c o v e r on 70PF was s i m i l a r t o t h e u n f e r t i l i z e d p e a t i n T r i a l 

81.1, and t h e v i g o r o u s growth on t h e f e r t i l i z e d p e a t i n T r i a l 

81.1 was more l i k e t h e 70P t r e a t m e n t . T h i s s u g g e s t s t h a t t h e 

70P, r a t h e r t h a n t h e PF, t r e a t m e n t was f e r t i l i z e d . The t h e o r y 

t h a t p l a n t s g r o w i n g on p e a t r e q u i r e f e r t i l i z e r i s s u p p o r t e d by 

d a t a from o t h e r s t u d i e s . F o r i n s t a n c e , Maas (1972) s t a t e d 

t h a t f o r o r g a n i c s o i l s on Vancouver I s l a n d , " a l t h o u g h t h e 

l e v e l o f t o t a l n i t r o g e n i n an o r g a n i c s o i l may be t e n t i m e s as 

h i g h as i n a m i n e r a l s o i l , i t s a b i l i t y t o r e l e a s e a v a i l a b l e N 

i s q u i t e low. A t t h e same t i m e t h e i n i t i a l l e v e l s o f 

a v a i l a b l e P and e x c h a n g e a b l e K a r e a l s o low." I n Maas' (1972) 
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s t u d y t h e growth o f agronomic s p e c i e s was v e r y p o o r on 

u n f e r t i l i z e d p e a t s o i l s . Low a v a i l a b l e P l e v e l s and a h i g h 

C:N r a t i o i n s o i l samples c o l l e c t e d from t h e 70PF p l o t s 

s u g g e s t e d t h a t a f e r t i l i z e r a p p l i c a t i o n would improve growth. 

The low l e v e l s o f a v a i l a b l e P i n 70PF i n d i c a t e t h a t P 

f e r t i l i z e r had n o t been a p p l i e d . 

F o r a l l t h e f e r t i l i z e d w a s t e r o c k and t h e p e a t t r e a t m e n t s , 

e x c e p t 70F2, t h e agronomic c o v e r i n c r e a s e d from t h e 2nd t o t h e 

3 r d g r o w i n g s e a s o n . The i n c r e a s e was most d r a m a t i c on p l o t s 

sown w i t h seed mix 5. 

From t h e 3 r d t o t h e 7 t h g r o w i n g s e a s o n , t h e c o v e r on a l l 

t h e t r e a t m e n t s d e c l i n e d . The d e c l i n e was g r e a t e s t on t h e 

g r a s s - d o m i n a t e d seed mixes (1,2,3,4 ,and 6 ) , and may be, a t 

l e a s t p a r t i a l l y , a t t r i b u t e d t o a d r o p i n t h e c o v e r o f v i g o r o u s 

s h o r t l i v e d s p e c i e s l i k e p e r e n n i a l r y e g r a s s . E x h a u s t e d 

f e r t i l i t y may a l s o have p l a y e d a r o l e . On t h e f e r t i l i z e d 

w a s t e r o c k , t h e d r o p i n s u r f a c e pH as a s u r f a c e l i t t e r l a y e r 

d e v e l o p e d may a l s o have r e d u c e d g r a s s g r o w t h . 

From t h e 7 t h t o t h e 1 1 t h g r o w i n g s e a s o n ( 1 9 8 0 ) , t h e 

agronomic c o v e r remained f a i r l y s t a b l e . D u r i n g t h e m o n i t o r i n g 

p e r i o d o f t h i s s t u d y ( t h e 1 1 t h , 12th,and 1 3 t h g r o w i n g seasons) 

t h e r e was a d e c l i n e i n t h e c o v e r on a l l t h e s e e d mixes 

dominated by g r a s s e s ( T a b l e 1.31). The d e c l i n e was 

p a r t i c u l a r l y s t r o n g on f e s c u e - d o m i n a t e d seed mix 1. A g a i n 

i n f e r t i l i t y and a d r o p i n pH were l i k e l y t h e c a u s e . 

I n f e r t i l i t y was s u g g e s t e d by t h e o b s e r v a t i o n t h a t t h e b e s t 

g r a s s g r o w t h o c c u r r e d b e s i d e o r w i t h i n b i r d s f o o t t r e f o i l 
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clumps. On 70F5 and 70P5, t h e d e c r e a s e i n g r a s s c o v e r was 

p a r t i a l l y compensated f o r by an i n c r e a s e i n t h e c o v e r o f 

b i r d s f o o t t r e f o i l . D u r i n g t h e m o n i t o r i n g p e r i o d b i r d s f o o t 

t r e f o i l was t h e o n l y agronomic s p e c i e s w h i c h i n c r e a s e d i t s 

c o v e r . 

Throughout t h e m o n i t o r i n g p e r i o d , t h e l a r g e s t agronomic 

c o v e r s were on t r e a t m e n t s 70F5 and 70P5. I n 1983, t h e c o v e r 

on t h e s e t r e a t m e n t s were, r e s p e c t i v e l y , 50% and 61%. The n e x t 

h i g h e s t c o v e r s , on 70P1 and 70P6, were o n l y 18%. The v i g o r o u s 

g r o w t h on 70F5 and 70P5 was a r e s u l t o f s u s t a i n e d s t r o n g 

b i r d s f o o t t r e f o i l g r o w t h . On e i t h e r t r e a t m e n t , b i r d s f o o t 

t r e f o i l a c c o u n t e d f o r o v e r 75% o f t h e c o v e r and, g i v e n i t s 

l a r g e bushy gr o w t h form, an even l a r g e r p r o p o r t i o n o f t h e 

a e r i a l b i o m a s s . I n 1983, presumably as a r e s u l t o f t h e addded 

N, 70F5 and 70P5 a l s o had t h e h i g h e s t g r a s s c o v e r . G r a s s e s 

were n o t i n c l u d e d i n seed mix 5. 

A l t h o u g h l e s s w i d e s p r e a d , v i g o r o u s g r a s s g r o w t h and 

l i t t e r p r o d u c t i o n were a l s o a s s o c i a t e d w i t h t h e growt h o f a 

number o f o t h e r legume s p e c i e s . A f t e r b i r d s f o o t t r e f o i l , t h e 

two commonest legumes were w h i t e and a l s i k e c l o v e r . The most 

v i g o r o u s g r o w t h o f w h i t e c l o v e r was on p l o t s sown w i t h seed 

mix 1, where i t was s c a t t e r e d amongst t h e f e s c u e swards. 

A l s i k e c l o v e r was a component o f seed mixes 3 and 6. 

The most common g r a s s e s were r e d f e s c u e and r e d t o p . Red 

f e s c u e was t h e dominant s p e c i e s on p l o t s sown w i t h seed mixes 

1,2, and 3, w h i l e r e d t o p was t h e most common s p e c i e s on p l o t s 

sown w i t h seed mix 6. U n l i k e t h e o t h e r s p e c i e s w h i c h grew 
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s i n g u l a r l y o r i n clumps, r e d f e s c u e p r o d u c e d a dense matted 

t u r f - l i k e g rowth. The o n l y o t h e r abundant g r a s s e s d u r i n g t h e 

m o n i t o r i n g p e r i o d o f t h i s s t u d y , were o r c h a r d g r a s s , r e e d 

c a n a r y g r a s s , and t i m o t h y . These s p e c i e s have h i g h e r 

f e r t i l i t y r e q u i r e m e n t s t h a n r e d t o p and r e d f e s c u e (Watson e t 

a l . , 1980), and were g r o w i n g w e l l o n l y amongst t h e b i r d s f o o t 

t r e f o i l clumps. Even t h e r e , s t r o n g growth was i n f r e q u e n t . 

On a l l t h e s u r f a c e t r e a t m e n t x seed mix c o m b i n a t i o n s , 

p l a n t c o v e r was h i g h l y v a r i a b l e ( T a b l e 1.30). V a r i a b i l i t y was 

g r e a t e s t f o r i n d i v i d u a l s p e c i e s ( T a b l e 1.31). T h i s was 

e s p e c i a l l y t r u e f o r legumes l i k e a l s i k e c l o v e r , t h a t grew i n 

s c a t t e r e d clumps and had, i n many c a s e s , c o e f f i c i e n t s o f 

v a r i a n c e o v e r 200%. The d i s t r i b u t i o n o f g r a s s s p e c i e s tended' 

t o be l e s s v a r i a b l e . 

F o r a l l t r e a t m e n t c o m b i n a t i o n s , t h e c o v e r o f moss was 

g r e a t e r t h a n t h a t o f v a s c u l a r p l a n t s ( T a b l e 1.28). From 

h i g h e s t t o l o w e s t , t h e r a n k i n g o f s u r f a c e t r e a t m e n t s w i t h 

r e g a r d t o moss c o v e r was 70P > 70F = 70PF > 70R. On 70P, 

d i f f e r e n c e s i n moss c o v e r between s e e d mixes were much s m a l l e r 

t h a n d i f f e r e n c e s i n agronomic g r o w t h . S m a l l e r moss c o v e r on 

70P1, compared t o 70P5 and 70P6, may be a t t r i b u t e d t o t h e 

c o m p e t i t i o n f o r space between moss and t h e m a t - l i k e clumps o f 

r e d f e s c u e . D e s p i t e t h e s t r o n g v a s c u l a r p l a n t g r o w t h , 

c o m p e t i t i o n f o r space d i d n o t appear t o be a p r o b l e m on 70F5 

and 70P5. Most o f t h e b i r d s f o o t t r e f o i l f o l i a g e was q u i t e 

h i g h and t h e moss was a b l e t o grow u n d e r n e a t h i t . 
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Table 1.30 Coefficients of variance for different cover types in Trial 70.1 

%Grass+Legume % Grass % Legume % Moss %lnv 
satment 80 81 83 80 81 83 80 81 83 81 83 83 

70R1 107 172 144 105 172 65 54 
70R2 103 122 103 112 72 152 
70R3 98 85 98 78 76 . , 8 7 

70R4 94 336 114 83 305 336 72 72 
70R5 122 189 125 100 126 173 214 174 81 62 128 
70R6 53 117 94 50 95 95 151 195 218 48 45 110 

70F1 39 64 77 33 53 47 130 116 135 42 48 
70F2 36 43 61 36 39 95 127 146 158 54 61 137 
70F3 33 80 74 37 94 103 93 81 97 34 30 
70F4 49 80 54 54 74 76 99 134 75 42 48 158 
70F5 33 75 62 38 90 81 45 70 60 34 15 
70F6 37 87 68 30 79 95 100 109 71 55 46 

70P1 37 56 55 35 59 77 80 65 72 27 13 270 
70P5 24 49 37 26 51 57 31 54 43 14 1 200 
70P6 50 60 58 57 78 72 54 60 66 6 4 

70PF1 59 95 101 61 107 124 107 110 112 23 31 112 
70PF5 67 97 108 58 98 134 100 118 119 70 63 129 
70PF6 68 77 60 78 68 67 99 191 86 33 58 123 

Inv : naturally invading vascular plants 
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Table 1.31 Coefficient of variance for different grass and 
legume species growing on Trial 70.1. 

Birdsfoot Alsike White Sainfoin 
Trefoil Clover Clover 

Treatment 81 83 81 83 81 83 81 83 

70F1 200 106 122 
70F2 146 137 
70F3 83 86 186 235 
70F4 115 95 247 178 
70F5 73 61 387 361 291 292 
70F6 140 83 167 167 

70P1 50 76 198 123 134 
70P5 54 43 265 325 
70P6 52 71 146 115 

70PF1 159 123 125 
70PF5 132 120 
70PF6 190 146 45 89 

Red Top Red Fescue Orchard Timothy Reed Canary 
Grass Grass 

Treatment 81 83 81 83 81 83 81 83 81 83 

70F1 56 51 
70F2 36 87 
70F3 76 84 113 135 
70F4 120 112 94 141 134 
70F5 104 96 160 165 159 124 188 120 90 90 
70F6 80 79 100 150 183 214 

70P1 59 77 
70P5 101 68 72 69 141 109 217 183 
70P6 66 61 101 122 

70PF1 108 128 
70PF5 146 114 141 
70PF6 65 60 116 106 
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R h a c o m i t r i u m canescens (Hedw.) B r i d . was t h e dominant 

c o l o n i z e r on t h e s t o n e y c o v e r o f 70R. Where some f i n e s o r 

l i t t e r a c c u m u l a t e d o r where t h e s u r f a c e was g r a v e l l y r a t h e r 

t h a n s t o n e y , t h e most common moss s p e c i e s was P o l v t r i c h u m  

i u n i p e r u m Hedw. Where a dense o r g a n i c l a y e r had b u i l t up, 

p o l y t r i c h u m clumps were o f t e n mixed w i t h t h o s e o f o t h e r 

s p e c i e s ( e . g . , D r e p a n o c l a d u s aduncus and Aulacomnium p a l u s t r e 

(Hedw.) Schwaegr.). 

L i c h e n growth was o n l y found on a r e a s ( e . g . , 70R) l a c k i n g , 

a s u r f a c e o r g a n i c l a y e r . S i m i l a r t o t h e i n c r e a s e i n c o v e r o f 

moss from 1981 t o 1983 on t h e u n f e r t i l i z e d w a s t e r o c k , 

i n c r e a s e s were a l s o n o t e d f o r t h e l i c h e n . 

By t h e 1 5 t h season (1983), t h e c o v e r o f n a t i v e s p e c i e s 

i n v a d i n g t h e t r i a l s i t e had r e a c h e d 1% on more t h a n h a l f t h e 

s u r f a c e t r e a t m e n t x seed mix c o m b i n a t i o n s ( T a b l e 1.28). 

I n v a d i n g s p e c i e s i n c l u d e d a mix o f e a r l y s u c c e s s i o n a l s p e c i e s , 

l i k e w i l l o w , cottonwood, and f i r e w e e d , and s p e c i e s f o u n d i n 

t h e s u r r o u n d i n g f o r e s t , s u c h as hemlock, v a c c i n i u m , S i t k a 

s p r u c e , and b u n c h b e r r y (Cornus c a n a d e n s i s L . ) . The growth o f 

woody n a t i v e s p e c i e s i s d i s c u s s e d i n S e c t i o n 4.2.2.1. 

The above ground biomass was sampled i n 1980, 1981, and 

1984. Raw d a t a f o r biomass w e i g h t i s g i v e n i n A p p e n d i x C. I n 

1980, f o l i a g e was sampled a t t h e l o c a t i o n s as t h e s o i l s . The 

above ground b i o m a s s , s u r f a c e c o v e r , and some measures o f 

f o l i a r c h e m i s t r y a r e i n c l u d e d i n T a b l e 1.32. F o r 70F and 70P, 

u n l i k e t h e s o i l s d a t a , t h e r e were s i g n i f i c a n t d i f f e r e n c e s i n 

t h e f o l i a r biomass prod u c e d by d i f f e r e n t s e e d m i x e s . 



Table 1.32 Above ground biomass and foliar chemistry data from Trial 70.1 in 1980. 

Treatment Biomass (g/m2) % Legume % Grass 

R 7 (5) a 0 (0) a 1 (1) a 
PF 27 (25) b 1 ID a 8.(9) be 
F16 33 (18) b 5 (5) a 9 (10) be 
P16 53 (40) b 1 (2| • a 20 (27) c 
P5 213 (100) c 38 (24) b 7 (7) ab 
F5 390 (386) c 51 (39) b 2 (2) a 

Treatment %N %P %K 

R 1.06 (0.50) be 0.096 (.043) b 0.54 (0.24) b 
PF 0.72 (0.20) a 0.086 (.026) a 0.47 (0.17) a 
F16 1.37 (0.59) c 0.111 (.016) be 0.83 (0.27) be 
P16 0.93 (0.31) b 0.112 (.024) c 0.78 (0.34) be 
P5 2.07 (0.40) c 0.132 (.025) c 1.17 (0.10) c 
F5 2.02 (0.18) c 0.095 (.026) ab 1.08 (0.33) c 

7 (9) : average (standard deviation) 
means followed by the same letter were not significantly different at p = 0.5 
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D i f f e r e n c e s were between t h e legume-dominated seed mix 5 and 

t h e g r a s s - d o m i n a t e d seed mixes 1 and 6. As a r e s u l t , f o r 7OF 

and 70P, biomass d a t a from seed mix 5 was t r e a t e d s e p a r a t e l y , 

w h i l e d a t a f o r seed mixes 1 and 6 were combined. On 7OR and 

70PF t h e r e were no s i g n i f i c a n t d i f f e r e n c e s i n among seed 

m i x e s , so t h e d a t a from d i f f e r e n t seed mixes were combined. 

As e x p e c t e d from i t s s m a l l p l a n t c o v e r , 70R had a 

s i g n i f i c a n t l y l o w e r f o l i a r biomass w e i g h t t h a n a l l t h e o t h e r 

t r e a t m e n t s . Next l o w e s t were 70PF, 70F16, and 70P16, none o f 

w h i c h were s i g n i f i c a n t l y d i f f e r e n t , a l t h o u g h t h e a v e r a g e 

biomass on 70PF was a l m o s t h a l f t h a t on 70P16. Biomass 

w e i g h t s from 70F5 and 70P5 were s i g n i f i c a n t l y h i g h e r t h a n a l l 

t h e o t h e r t r e a t m e n t s . The biomass samples t a k e n o f i n d i v i d u a l 

samples i n 1981 c o n f i r m e d t h a t t h e s t r o n g p l a n t g r o w t h from 

seed mix 5 was a r e s u l t o f v i g o r o u s b i r d s f o o t t r e f o i l growth 

( T a b l e 1.33). F i f t e e n s easons a f t e r t h e t r i a l was 

e s t a b l i s h e d , b i r d s f o o t t r e f o i l s t i l l p r o d u c e d y i e l d s o f 3000 

t o 4000 kg biomass/ha, y i e l d s as l a r g e as t h e b e s t g r o w t h on 

r e c e n t l y f e r t i l i z e d t r e a t m e n t s i n o t h e r t r i a l s ( T a b l e 1.34). 

L i k e t h e p l a n t c o v e r d a t a , t h e biomass p r o d u c t i o n w i t h i n 

t r e a t m e n t s was h i g h l y v a r i a b l e ( T a b l e 1.34). A l m o s t a l l t h e 

t r e a t m e n t s had c o e f f i c i e n t s o f v a r i a t i o n g r e a t e r t h a n 50%. 

Many were more t h a n 100%. The most v a r i a b l e g r o w t h was on 

70F5. A l t h o u g h t h e a v e r a g e biomass on 70F5 was much l a r g e r 

t h a n on P5, due t o t h e h i g h v a r i a b i l i t y on 70F5, t h e two 

t r e a t m e n t s were n o t s i g n i f i c a n t l y d i f f e r e n t . 



125 

Table 1.33 Above ground biomass of species sampled in 
Trial 70.1 in September, 1981. 

Above Ground Biomass (g/m2) 
Species 70R 70F 70P 70PF 

Red Fescue 43 74 117 141 

Alsike Clover 73 229 90 98 

Birdsfoot Trefoil 13 257 397 98 

Table 1.34 Above ground biomass of agronomic species in 
trials in September, 1984. 

Above Ground Biomass (g/m2) 

Trial Treatment # Mean Std Dev Species 

70.1 70F5 4 389 263 birdsfoot trefoil 
70P5 4 374 64 birdsfoot trefoil 

81.1 Peat+Fert. 12 383 169 grass + legume 

82.1 WR 8 308 106 mainly grass 
OBSH.10 8 195 66 mainly grass 
OBSH.30 8 98 '49 mainly grass 
OB59.10 8 223 49 mainly grass 
OB59.30 8 211 19 mainly grass 

82.1 EG 10 214 126 grass 
GL 10 226 50 grass 
L 10 182 88 grass + legume 

# : number of samples 
P : peat 

F or WR: fertilized wasterock 
OB : overburden 
SH : Spy Hill 

594 : 594 bench 
5 : seed mix #5 

10 : 10 cm deep 
30 : 30 cm deep 
EG : erosion controlling 

grasses 
GL : grass + legume 

L : legumes 
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The r a n k i n g o f t r e a t m e n t s i n terms o f biomass p r o d u c t i o n 

compared more c l o s e l y w i t h t h e agronomic p l a n t c o v e r i n 1983 

t h a n t h a t i n 1980. T h i s was because many o f t h e s p e c i e s w i t h 

l a r g e c o v e r s i n 1980 were t h r i f t y g r a s s e s w i t h s h o r t , t h i n 

l e a v e s , and t h u s l i t t l e biomass. T h i s was i l l u s t r a t e d by t h e 

r e l a t i v e l y s m a l l biomass o f v i g o r o u s r e d f e s c u e growth i n 1981 

( T a b l e 1.33). Compared t o t h e g r a s s e s , t h e legumes had much 

l a r g e r stems and l e a v e s and grew much h i g h e r . I n 1980, t h e 

t h r i f t y g r a s s e s c o n t r i b u t e d a l o t o f c o v e r b u t n o t much 

biomas s . I n 1983, t h e y d i d n o t c o n t r i b u t e much c o v e r e i t h e r . 

As e x p e c t e d , t h e p r e d o m i n a n t l y legume samples from 70F5 

and 70P5 c o n t a i n e d s u b s t a n t i a l l y more N t h a n t h e o t h e r 

t r e a t m e n t s . The c o r r e l a t i o n c o e f f i c i e n t f o r N and legume 

c o v e r was r=0.67. Of t h e g r a s s - d o m i n a t e d t r e a t m e n t s , t h e 

p e a t - t r e a t e d a r e a s (70PF and 70P16) had l o w e r a v e r a g e f o l i a r N 

c o n c e n t r a t i o n s t h a n e i t h e r o f t h e w a s t e r o c k t r e a t m e n t s (70R 

and 70F16). A l a c k o f a v a i l a b l e s o i l N on t h e p e a t c o u l d have 

r e s u l t e d from m i c r o b i a l i m m o b i l i z a t i o n , as t h e s e s o i l s had 

h i g h C:N r a t i o s . 

T h e re were no s t r o n g c o r r e l a t i o n s f o r measures o f f o l i a r 

c o m p o s i t i o n w i t h s o i l p r o p e r t i e s . Of t h e d i f f e r e n t s o i l 

a s s a y s , f o l i a r N was most s t r o n g l y c o r r e l a t e d w i t h t h e 5-10cm 

%N l e v e l s (r=0.44). 

Some d i f f e r e n c e s i n f o l i a r P ( e . g . , 70P5 and 70P16 > 70R 

and 70PF) may be a s c r i b e d t o d i f f e r e n c e s i n a v a i l a b i l i t y o f 

s o i l P, as t h e s t r o n g e s t c o r r e l a t i o n between p l a n t P and t h e 
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s o i l c h e m i c a l p r o p e r t i e s was w i t h t h e 5-10 cm a v a i l a b l e P. 

However a g a i n t h e c o r r e l a t i o n was n o t v e r y s t r o n g ( r = 0.4). 

The r a n k i n g o f t r e a t m e n t means f o r %K g e n e r a l l y f o l l o w e d 

t h a t o f f o l i a r b iomass. W i t h t h e h i g h p r e c i p i t a t i o n , i t was 

u n l i k e l y t h a t r e s i d u a l f e r t i l i z e r K remained. Thus K uptake 

l i k e l y depended upon t h e a b i l i t y o f p l a n t s t o e x p l o i t K 

p r e s e n t i n t h e w a s t e r o c k . 

C o n v e r t i n g f o l i a r c h e m i s t r y d a t a i n t o a w e i g h t p e r a r e a 

b a s i s d i d n o t n e c e s s a r i l y r e s u l t i n more s t a t i s t i c a l l y 

s i g n i f i c a n t d i f f e r e n c e s among t r e a t m e n t s , because t h e r e was 

a l s o much more w i t h i n group v a r i a b i l i t y when t h e d a t a was 

e x p r e s s e d i n t h i s form. F o r example, f o r 70F5, t h e 

c o e f f i c i e n t s o f v a r i a n c e f o r %N and N/m2 were 9% and 99% 

r e s p e c t i v e l y . N o t a b l y t h e c o e f f i c i e n t o f v a r i a n c e f o r N/m2 on 

70F5 was t h e same as t h a t f o r f o l i a r b i omass. 
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4.2.1.2 T r i a l 82.1: Species/Amendment 

The o b j e c t i v e o f t h i s t r i a l was t o t e s t t h e e f f e c t i v e n e s s 

o f d i f f e r e n t o v e r b u r d e n t r e a t m e n t s , seed m i x e s , and t r e e 

s p e c i e s , components i n t h e p r o p o s e d sequence o f amendments f o r 

d e v e l o p i n g a f o r e s t on t h e w a s t e r o c k dumps. The s u r f a c e 

t r e a t m e n t s were a w a s t e r o c k c o n t r o l (WR), and 10 and 30 cm 

d e p t h s o f two o v e r b u r d e n t y p e s (OB.SH and OB.59). The seed 

m i x e s c o n t a i n e d e r o s i o n - c o n t r o l l i n g g r a s s e s ( E C ) , g r a s s e s and 

legumes (GL) , legumes ( L ) , and a n n u a l r y e g r a s s (AG). The., 

components o f t h e seed mixes and t h e r a t e s a t w h i c h t h e seed 

and f e r t i l i z e r were a p p l i e d a r e l i s t e d i n T a b l e s 1.6 and 1.8. 

These amendments were a p p l i e d i n 1982. A l d e r and p i n e 

s e e d l i n g s were p l a n t e d i n 1983. T h e i r g r o w t h i s d i s c u s s e d i n 

S e c t i o n 4.2.2.3. The t r i a l d e s i g n i n c l u d e d f o u r b l o c k s , each 

c o n t a i n i n g f i v e p l o t s . Each s u r f a c e t r e a t m e n t was a p p l i e d t o 

one p l o t i n each b l o c k . Each seed mix was a p p l i e d t o one 

s p l i t p l o t i n each p l o t , and f i v e o f each s e e d l i n g s p e c i e s 

were p l a n t e d on one s p l i t - s p l i t p l o t i n each s p l i t p l o t . The 

raw d a t a c o l l e c t e d from T r i a l 82.1 i s p r e s e n t e d i n A p p e n d i x C. 

R e s u l t s o f t h e a n a l y s i s o f v a r i a n c e done f o r c o v e r a r e 

shown i n A p p e n d i x C. I n t h e a n a l y s i s o f v a r i a n c e , f i v e x 

second o r d e r i n t e r a c t i o n s were s i g n i f i c a n t . These were b l o c k 

x s o i l , b l o c k x y e a r , s o i l x h e r b , s o i l x d a t e , and h e r b x 
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d a t e . Treatment means 1 f o r t h e s e , a l o n g w i t h t h e r e s u l t s o f 

Duncans M u l t i p l e Range T e s t , a r e l i s t e d i n t h e App e n d i x C. 

F o r seed mix x d a t e e f f e c t s , t h e g r e a t e s t s o u r c e o f 

v a r i a t i o n was t h e r a p i d d e c l i n e i n t h e a n n u a l g r a s s c o v e r 

( F i g u r e 1.7). A n n u a l g r a s s had t h e l a r g e s t c o v e r i n t h e f i r s t 

y e a r , and t h e s m a l l e s t i n subsequent y e a r s . F o r t h e o t h e r 

s e e d m i x e s , t h e s i z e o f t h e c o v e r f o r a l l 3 y e a r s was EC > GL 

» L. F o r a l l t h r e e p e r e n n i a l seed m i x e s , t h e c o v e r was 

h i g h e s t i n 1983 and l o w e s t i n 1982. . • 

The r a n k i n g o f s o i l t y p e s a c c o r d i n g t o c o v e r was WR > 

OB59.10cm > OB59.30cm and OBSH.lOcm > OBSH.30cm ( F i g u r e 1.8). 

None o f t h e b l o c k e f f e c t s were s i g n i f i c a n t l y d i f f e r e n t 

f o r t h e w a s t e r o c k ( F i g u r e 1.9). However, t h e c o v e r on t h e 

o v e r b u r d e n t r e a t m e n t s v a r i e d s i g n i f i c a n t l y . V a r i a b l e growth 

on t h e same o v e r b u r d e n t r e a t m e n t c a n be a t t r i b u t e d t o 

d i f f e r e n c e s i n t h e o r i g i n a l u n c o n s o l i d a t e d m a t e r i a l . No 

e f f o r t was made t o mix t h e o v e r b u r d e n p r i o r t o a p p l y i n g i t . 

D i f f e r e n c e s may a l s o r e s u l t from any s t r a t i f i c a t i o n ( e . g . , 

g r a v i m e t r i c s e p a r a t i o n by p a r t i c l e s i z e ) d u r i n g t h e l o a d i n g 

and u n l o a d i n g o f t h e o v e r b u r d e n o n t o and o u t o f t h e t r u c k s . 

A t t h e end o f t h e f i r s t g r o w i n g s e a s o n , t h e most v i g o r o u s 

s p e c i e s was a n n u a l r y e g r a s s . A t t h e end o f t h e second g r o w i n g 

s e a s o n , t h e most v i g o r o u s s p e c i e s were p e r e n n i a l r y e g r a s s , r e d 

I n o r d e r t o meet t h e homogeneous v a r i a n c e r e q u i r e m e n t f o r 
a n a l y s i s o f v a r i a n c e , b o t h t h e p e r c e n t c o v e r and t h e biomass 
d a t a were t r a n s f o r m e d i n t o t h e l o g a r i t h m i c form. Thus t h e 
t r e a t m e n t means l i s t e d a r e g e o m e t r i c r a t h e r t h a n a r i t h m e t i c 
a v e r a g e s . 
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Figure 1.7 Average agronomic cover for 
the year x seed mix combinations in 

Trial 82.1. 
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Figure 1.8 Average agronomic cover for 
the soil type x seed mix combinations 

In Trial 82.1. 
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Figure 1.9 Average agronomic cover for 
the block x soil type combinations In 

Trial 82.1. 
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f e s c u e , r e d t o p , and o r c h a r d g r a s s ( T a b l e 1.35). I n t h e t h i r d 

s e a s o n t h e c o v e r o f p e r e n n i a l r y e g r a s s d e c l i n e d d r a m a t i c a l l y , 

w h i l e t h a t o f r e d f e s c u e i n c r e a s e d . The d e c l i n e i n r y e g r a s s 

c o v e r can be a t t r i b u t e d t o i t s s h o r t l i f e s p a n . Changes i n t h e 

c o v e r o f o t h e r g r a s s e s were p r o b a b l y a f u n c t i o n o f t h e 

c o m p e t i t i o n f o r r e s o u r c e s and space. The good ground c o v e r 

and abundance o f l i t t e r p r o d u c e d by t h e g r a s s e s on t h e EC and 

GL t r e a t m e n t s s u g g e s t t h a t b o t h t h e s e seed mixes c o u l d be used 

f o r e r o s i o n c o n t r o l . N o t a b l y , t h e c o v e r t h a t r e s u l t e d from 

t h e 20 kg/ha o f g r a s s seed a p p l i e d as p a r t o f t h e GL seed mix 

a l m o s t e q u a l l e d t h a t grown from t h e 100 kg/ha a p p l i e d on t h e 

EC p l o t s . 

W h i l e i t s p e r f o r m a n c e i n terms o f e r o s i o n c o n t r o l was 

p r o m i s i n g , t h e GL seed mix f a i l e d t o p r o duce a good c o v e r o f 

legumes. L i t t l e o r no legume growth o c c u r r e d on any o f t h e 

p l o t s . T h i s was s u r p r i s i n g because i n t h e GL s e e d mix, t h e 

amount o f g r a s s seed was l o w e r , w h i l e t h a t o f legumes 

( b i r d s f o o t t r e f o i l and w h i t e c l o v e r ) was h i g h e r t h a n t h e seed 

mix, w h i c h p r o d u c e d a good c o v e r o f legumes i n T r i a l 81.1. 

T h i s can be a t t r i b u t e d t o t h e p o o r growth o f b i r d s f o o t t r e f o i l 

( T a b l e 1.35). R e s u l t s from d e m o n s t a t i o n p l o t s s e t up a d j a c e n t 

t o t h e t r i a l i n d i c a t e t h a t t h e p o o r b i r d s f o o t t r e f o i l growth 

r e s u l t e d from t h e p o o r v i a b i l i t y o f t h e seed. 

On t h e p l o t s sown e n t i r e l y w i t h legumes, i n i t i a l l y t h e 

dominant s p e c i e s was a l s i k e c l o v e r . However t h e a l s i k e c l o v e r 

c o v e r d e c l i n e d p r e c i p i t o u s l y i n t h e t h i r d y e a r , and t i m o t h y , 
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Table 1.35 Average percent cover of agronomic species in Trial 82.1. 

WR OBSH OBSH OB59 OB59 
Seed Mix - Species 10 cm 30 cm 10 cm 30 cm 

82 83 82 83 82 83 82 83 82 83 

Annual Grass 

-Annual Ryegrass 46 8 33 7 23 6 36 8 28 7 

83 84 83 84 83 84 83 84 83 84 

Erosion Control 

-Perennial Ryegrass 35 2 34 2 18 3 33 1 23 2 

-Red Top 28 16 7 7 4 4 25 15 22 12 

-Orchard Grass 18 28 3 5 3 5 8 10 12 8 

-Red Fescue 20 33 15 14 10 8 21 20 26 23 

Grass + Legume 

-Perennial Ryegrass 29 1 21 1 14 4 25 0 14 1 

-Red Top 25 15 10 5 3 5 32 19 21 19 

-Orchard Grass 16 16 13 19 6 6 17 14 13 10 

-Creeping Foxtail 2 10 1 6 1 0 2 7 2 10 

Legume 

-Timothy 4 1 1 3 6 2 4 5 7 4 6 

-Alsike Clover 34 5 15 6 9 8 26 13 22 11 

-Birdsfoot Trefoil 1 1 1 1 0 0 1 0 1 0 

82 : at the end of the first growing season 
83 : at the end of the second growing season 
84 : at the end of the third growing season 
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w h i c h was a c o n t a m i n a n t , became t h e most v i g o r o u s s p e c i e s . 

A g a i n t h e r e was l i t t l e o r no b i r d s f o o t t r e f o i l growth. 

Biomass was sampled on T r i a l 82.1 i n 1984. R e s u l t s o f 

t h e a n a l y s i s o f v a r i a n c e a r e g i v e n i n A p p e n d i x C. The r a n k i n g 

o f a verage biomass w e i g h t s f o r t h e main e f f e c t s were t h e same 

as f o r p e r c e n t c o v e r ( T a b l e 1.34). However u n l i k e c o v e r , f o r 

biomass s i g n i f i c a n t d i f f e r e n c e s were found i n s o i l x b l o c k x 

s e e d mix e f f e c t . The g r e a t v a r i a b i l i t y i n t h e biomass d a t a 

was a r e s u l t o f e s t i m a t i n g biomass from s m a l l s u b s a m p l e s . . . A l l 

t h e c o v e r t y p e s c o n t a i n e d a h i g h p r o p o r t i o n o f c o a r s e 

f r a g m e n t s and t h e number o f samples and t h e s i z e o f t h e a r e a 

sampled (900 cm 2) were t o o s m a l l t o a v e r a g e o u t t h e l o c a l 

e f f e c t s o f s u r f a c e s t o n e s on p l a n t growth, e f f e c t s w h i c h were 

a v e r a g e d o u t i n t h e c o v e r measurements. The number o f biomass 

samples was n o t i n c r e a s e d t o a v o i d t h e d e s t r u c t i v e e f f e c t s o f 

t h i s form o f s a m p l i n g on subsequent p l a n t and s o i l 

d evelopment. 



135 

4.2.2 Woody P l a n t Growth i n Bench T r i a l s 

4.2.2.1 T r i a l 70.1: C o n i f e r S p e c i e s 

F o u r c o n i f e r s p e c i e s were t e s t e d ; a m a b a l i s f i r , w e s t e r n 

hemlock, S i t k a s p r u c e , and l o d g e p o l e p i n e . The s u r f a c e 

t r e a t m e n t s , seed m i x e s , and f e r t i l i z e r a p p l i e d were t h o s e o f 

T r i a l 70.1. No r e c o r d was k e p t o f t h e number o f s e e d l i n g s 

p l a n t e d , so i t was n o t p o s s i b l e t o measure t h e i r % s u r v i v a l . 

Mean h e i g h t and g r o w t h - p e r - y e a r f o r each s p e c i e s x t r e a t m e n t 

c o m b i n a t i o n a f t e r 10 (1980), 12 (1982) and 15 (1985) y e a r s o f 

g r o w t h a r e shown i n T a b l e 1.36. 

Of t h e f o u r s p e c i e s , a m a b a l i s f i r (/Abies a m a b a l i s 

(Dougl.) F o r b e s ) p e r f o r m e d p o o r e s t . On t h e rows between t h e 

u n f e r t i l i z e d (70R) and t h e f e r t i l i z e d w a s t e r o c k (70F) p l o t s , 

i t b a r e l y s u r v i v e d and as a r e s u l t o f d i e b a c k , i t s a v e r a g e 

h e i g h t a c t u a l l y d e c r e a s e d . A m a b a l i s f i r ' s b e s t g r o w t h was on 

t h e p e a t (70PF) and t h e a n n u a l g r a s s (70AG) p l o t s , where i t 

a v e r a g e d 1.0 and 1.5 cm o f h e i g h t growth p e r y e a r . 

A l t h o u g h t h e y grew f a s t e r t h a n t h e f i r , t h e S i t k a s p r u c e 

( P i c e a s i t c h e n s i s (Bong.) C a r r . ) and w e s t e r n hemlock (Tsuga  

h e t e r o p h y l l a (Raf.) Sarg.) a l s o grew s l o w l y . Hemlock and 

s p r u c e s e e d l i n g s p l a n t e d on t h e i n t e r - p l o t rows o f t r e a t m e n t s 

70F5 and 70P5 grew 5 t o 7 cm p e r y e a r . T h i s was t h e b e s t 

i n t e r - p l o t growth o f e i t h e r s p e c i e s , and was due, i n p a r t , t o 

t h e c o n t r i b u t i o n o f N from n e i g h b o u r i n g b i r d s f o o t t r e f o i l . 

The b e s t g r o w t h o f S i t k a s p r u c e was by s e e d l i n g s p l a n t e d on 

70P5 p l o t s . A v e r a g i n g 102 cm, t h e s e i n d i v i d u a l s were ma r k e d l y 
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Table 1.36 Average heights and annual growth of conifers 
planted in Trial 70.3. 

Mean Height Growth 
(cm) (cm/yr) 

Species Treat Plot # 10 yr 12 yr 15 yr 

Amabalis R P 4 13 13 15 0.2 
Fir 1 16 12 12 12 -0.1 

F-5 1 7 17 17 16 -0.3 
F5 1 2 22 19 19 -0.7 
PF 1 9 22 24 27 1.0 
AG1 1 2 34 36 42 1.5 

Western R P 3 27 33 41 2.9 
Hemlock 1 13 30 35 35 1.0 

F-5 1 6 26 29 49 4.7 
F5 1 2 29 40 63 6.7 
PF P 2 23 30 38 3.0 

- 1 9 25 27 34 1.8 
AG1 1 11 27 33 41 2.8 

Sitka R P 2 13 16 20 1.5 
Spruce 1 16 30 30 32 0.4 

F-5 1 8 29 29 33 0.7 
F5 1 2 30 44 55 5.0 
P5 P 9 69 85 102 6.6 

1 5 49 62 74 4.9 
P16 P 1 62 59 91 5.8 
AG1 P 1 44 47 54 2.0 

Lodgepole R | 6 34 34 40 1.6 
Pine F-5 I 1 65 81 112 9.4 

F5 1 1 30 51 82 10.4 
PF I 10 58 76 95 7.4 
AG1 I 9 80 91 104 4.8 
AG2 I 15 78 86 99 4.2 

Plot P : plot Plot I : interplot 
# : number of seedling measured 

5 : seed mix #5 
-5 : all seed mixes except # 5 
16 : seed mixes 1 and 6 
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t a l l e r t h a n any o f t h e s p r u c e s e e d l i n g s p l a n t e d between t h e 

p l o t s . They a l s o l o o k e d h e a l t h i e r , w i t h t h i c k , d a r k g r e e n 

f o l i a g e and l o n g e r n e e d l e s . 

On t h e u n f e r t i l i z e d w a s t e r o c k , t h e h e i g h t o f l o d g e p o l e 

p i n e ( P i n u s c o n t o r t a v a r . c o n t o r t a Dougl.) was s i m i l a r t o t h a t 

o f w e s t e r n hemlock. On a l l t h e o t h e r t r e a t m e n t s , l o d g e p o l e 

p i n e was much t a l l e r t h a n t h e o t h e r c o n i f e r s . On 70PF, 70AG1, 

and 70AG2, t h e p i n e f o l i a g e had good c o l o u r and t h e r e was 

s t r o n g l e a d e r growth. However where t h e p i n e were g r o w i n g 

f a s t e s t , a l a r g e number had b r o k e n b r a n c h e s and pronounced 

c o r k - s c r e w i n g o f t h e i r stems, s i g n s o f snow damage. 

4.2.2.2 T r i a l 77.1: S i t k a A l d e r 

T h i s T r i a l was e s t a b l i s h e d on t h e t e r r a c e bench a d j a c e n t 

t o T r i a l 70.1. The S i t k a a l d e r s e e d l i n g s were t r a n s p l a n t e d 

from a d i s t u r b e d a r e a n e a r t h e m i l l . U n l i k e t h e c o n i f e r s 

p l a n t e d i n T r i a l 70.1, t h e a l d e r were n o t f e r t i l i z e d . The 

i n d i v i d u a l a l d e r h e i g h t s , and i n some c a s e s , w i d t h s measured 

a f t e r 3 (1980), 4 (1981), 5 (1982), 6 (1983), 7 (1984), 8 

(1985) and 10 (1987) y e a r s o f growth a r e l i s t e d i n A ppendix C. 

The d a t a from 1987 was c o l l e c t e d by AMAX. The mean h e i g h t , 

s t a n d a r d d e v i a t i o n , a v e r a g e growth r a t e , and number i n 

d i f f e r e n t h e i g h t c a t e g o r i e s a r e shown i n T a b l e 1.37. 

From 1980 t o 1987, t h e a v e r a g e h e i g h t o f t h e a l d e r 

s e e d l i n g s i n c r e a s e d from 42 cm t o 158 cm, an i n c r e a s e o f 16.6 

cm p e r y e a r . H e i g h t measurements were made on t h e t a l l e s t 

s h o o t . Most s e e d l i n g s had f i v e o r s i x l a r g e s h o o t s , many o f 



Table 1.37 Alder growth statistics from Trial 77.1. 

Number of Seedlings 
Year Height Growth 0- 51- 76- 101- 126- >201 

(cm) (cm/yr) 51 75 100 125 200 
Mean Std 

(cm/yr) 
cm cm cm cm cm cm 

Dev 

3 42 15 20 4 1 
4 56 27 14 14 7 2 1 1 
5 68 31 12 8 9 5 1 2 
6 90 39 22 3 7 6 6 3 
7 n o 46 20 1 6 3 5 8 2 
8 118 48 8 1 6 3 4 9 2 

10 158 59 20 4 5 11 5 

» 
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w h i c h were n o t j u s t g r o w i n g up b u t a l s o s p r e a d i n g o u t . As a 

r e s u l t , t h e w i d t h o f each s h r u b was g r o w i n g a t much t h e same 

r a t e as t h e h e i g h t . By t h e 7 t h y e a r g r o w i n g s e a s o n , t h e 

c a n o p i e s o f t h e s h r u b s , w h i c h were p l a n t e d a t a 4 f t . row 

s p a c i n g , s t a r t e d t o c o a l e s c e . Many i n d i v i d u a l s p r o d u c e d seed, 

and l i t t e r had a c c u m u l a t e d b e n e a t h the, p r o s t r a t e l o w e r 

b r a n c h e s . 

4.2.2.3 T r i a l 82.1: S i t k a A l d e r and L o d g e p o l e P i n e 

The s u r f a c e amendments, seed m i x e s , and f e r t i l i z e r 

a p p l i e d i n t h i s t r i a l a r e d e s c r i b e d b r i e f l y i n S e c t i o n 4.2.1.2 

and i n more d e p t h i n Appendix A. I n 1983, a y e a r a f t e r t h e 

se e d and f e r t i l i z e r were a p p l i e d , f i v e one y e a r - o l d l o d g e p o l e 

p i n e and S i t k a a l d e r s e e d l i n g s were p l a n t e d on each b l o c k x 

s o i l t y p e x seed mix c o m b i n a t i o n i n T r i a l 82.1. The average 

r a t e o f s u r v i v a l f o r each s p e c i e s i n each y e a r i s shown i n 

T a b l e 1.38. I n 1985, 59% o f t h e a l d e r and 27% o f t h e p i n e 

s u r v i v e d . 

The r e s u l t s from t h e a n a l y s i s o f v a r i a n c e c a r r i e d o u t on 

t h e s e e d l i n g s u r v i v a l d a t a from 1985 a r e shown i n Ap p e n d i x C. 

A c c o r d i n g t o t h e a n a l y s i s o f v a r i a n c e , s o i l x b l o c k , s o i l x 

t r e e s p e c i e s and seed mix e f f e c t s were a l l s i g n i f i c a n t . I n 

1985, a l d e r s u r v i v a l was g r e a t e r t h a n p i n e s u r v i v a l on a l l t h e 

s o i l t y p e s and seed mixes ( T a b l e 1.39). S e e d l i n g m o r t a l i t y 

was a t t r i b u t e d t o 3 c a u s e s : s o i l c o v e r , c o m p e t i t i o n w i t h 

agronomic p l a n t s , and damage by t h e l o n g t a i l e d v o l e ( M i c r o t u s  

l o n q i c a u d u s ( M e r r i a m ) ) . F o r a l d e r , t h e r e was a s i g n i f i c a n t 
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Table 1.38 Average survival of alder and pine over the first three 
years of growth in Trial 82.1. 

% Survival 
Year Species Mean Std Dev 

1 alder 77 c 31 
2 alder 59 b 37 
3 alder 59 b 36 

1 pine 62 b 31 
2 pine 27 a 32 
3 pine 27 a 31 

means followed by the same letter were not significantly different at p = .05 

Table 1.39 Average, height, and growth of seedlings on different treatments 
in Trial 82.1. 

Soil Type 

Sitka Alder 

% Height Growth 
Survival 84 87 (cm/yr) 

(cm) 

Lodgepole Pine 

% Height Growth 
Survival 84 87 (cm/yr) 

(cm) 

WR 34 22 83 20 4 17 14 -1 
OB59.10 51 18 94 25 34 26 38 4 
OB59.30 63 20 100 26 30 27 41 4 
OBSH.10 75 29 112 28 29 23 26 1 
OBSH.30 88 38 143 35 23 25 37 4 

Seed Mix 

AG 83 33 129 32 36 22 30 3 
L 63 29 108 26 19 22 30 2 
GL 53 19 92 24 20 29 42 4 
EC 49 20 99 27 20 27 33 2 
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c o r r e l a t i o n between s u r v i v a l i n 1985 and t h e h e rbaceous c o v e r 

i n 1983 ( r = - . 6 7 ) , s u g g e s t i n g t h a t problems r e s u l t i n g from t h e 

h e r baceous c o v e r masked any d i f f e r e n c e s due t o s o i l 

p r o p e r t i e s . The c o r r e l a t i o n between p i n e s u r v i v a l and 1983 

h e r baceous c o v e r was much weaker ( r = - . 3 0 ) . P i n e s u r v i v a l was 

l o w e s t on t h e two Spy H i l l o v e r b u r d e n t r e a t m e n t s . 

C o m p e t i t i o n w i t h v i g o r o u s agronomic p l a n t growth was a 

p r o b l e m where t h e t a l l , dense g r a s s g r o w t h b u r i e d t h e 

s e e d l i n g s ( e . g . , seed mixes EC and GL on s u r f a c e t r e a t m e n t s 

WR). P l a n t i n g t h e s e e d l i n g s i n t h e second g r o w i n g s e a s o n p u t 

t h e s e e d l i n g s a t a d i s a d v a n t a g e by c o m b i n i n g t h e p e r i o d when 

g r a s s g r o w t h was most v i g o r o u s w i t h t h e t i m e when t h e 

s e e d l i n g s were most v u l n e r a b l e . 

W h i l e d i r e c t c o m p e t i t i o n caused some s e e d l i n g m o r t a l i t y , 

t h e g r e a t e s t e f f e c t o f t h e h e rbaceous g r o w t h was i t s r o l e as a 

h a b i t a t f o r v o l e s . I n 1982, t h e r e were no s i g n s o f v o l e s . 

However, i n l a t e A u g u s t - e a r l y September 1983 t h e s i g n s o f v o l e 

a c t i v i t y were everywhere. The most o b v i o u s s i g n s were t h e 

v o l e s t h e m s e l v e s . There were a l s o a number o f n e s t s , l o t s o f 

c l i p p e d g r a s s and f a e c e s , and a l a r g e number o f c l i p p e d o r 

g i r d l e d s e e d l i n g s . V o l e - i n f l i c t e d damage was most e x t e n s i v e 

and s e v e r e on t h e t r e a t m e n t s w i t h t h e l a r g e s t c o v e r . However 

t h e r e was an edge e f f e c t , as t h e g r a s s c o v e r on t h e EC and GL 

s u b p l o t s a l s o i n f l u e n c e d t h e amount o f v o l e a c t i v i t y on t h e 

n e i g h b o u r i n g AG and L t r e a t m e n t s . 

I n t h e s e e d l i n g s f i r s t g r o w i n g season (1983), t h e v o l e s 

p r e f e r r e d t o e a t t h e a l d e r . Over t h e s e e d l i n g s f i r s t w i n t e r 
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(1983-1984), a l m o s t a l l t h e a l d e r and a l a r g e p r o p o r t i o n o f 

t h e p i n e were a t t a c k e d . A l t h o u g h more a l d e r were a t t a c k e d , 

more p i n e were k i l l e d . T h i s was because t h e p i n e d i d n o t 

r e s p r o u t a f t e r i t s t h e main stem was c u t , w h i l e even where a l l 

t h e above-ground a l d e r growth was e a t e n o v e r t h e w i n t e r , i t 

p r o d u c e d b a s a l s h o o t s and l e a v e s t h e n e x t s p r i n g . 

I n 1984, undamaged s e e d l i n g s r o s e above t h e g r a s s c o v e r . 

However, s h o o t s on damaged s e e d l i n g s were much l o w e r , and 

c o u l d be b u r i e d by dense f o l i a g e and l i t t e r . I n 1984, s i g n s 

o f v o l e a c t i v i t y had d e c r e a s e d . A l t h o u g h t h e g r a s s was 

c l i p p e d i n a few a r e a s , t h e r e was no new s e e d l i n g damage. One 

r e a s o n f o r t h e d e c r e a s e d v o l e a c t i v i t y was t h e i n c r e a s e d 

a c t i v i t y o f p r e d a t o r s . I n t h e f a l l o f 1984, a l a r g e hawk was 

o b s e r v e d on numerous o c c a s i o n s c a t c h i n g v o l e s a t t h e s i t e . I n 

1985, t h e r e were no new s i g n s o f v o l e a c t i v i t y . 

A v e r a ge h e i g h t and growth d a t a f o r 1984 t o 1 9 8 7 4 f o r each 

s o i l t y p e and seed mix c o m b i n a t i o n shows t h e g r e a t d i f f e r e n c e 

between p i n e and a l d e r growth ( T a b l e 1.39). 1984 was used as 

t h e i n i t i a l y e a r f o r c a l c u l a t i n g g rowth t o a v o i d t h e changes 

i n h e i g h t r e s u l t i n g from v o l e damage. Over t h e s t u d y p e r i o d 

p i n e grew v e r y s l o w l y . The maximum ave r a g e g r o w t h o f p i n e was 

4 cm p e r y e a r . By c o m p a r i s o n , a l d e r a v e r a g e d from 20 t o 35 cm 

h e i g h t g r o w t h p e r y e a r and by t h e end o f i t s f i f t h g r o w i n g 

s e a s o n a v e r a g e d o v e r a meter t a l l . Comparing d i f f e r e n t 

t r e a t m e n t s , t h e a l d e r growth was g r e a t e s t where i t s s u r v i v a l 

was h i g h e s t . On t h e s e t r e a t m e n t s ( e . g . , OBSH.30), most o f t h e 

a l d e r o n l y had one stem, w h i l e growth o f damaged a l d e r was 
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u s u a l l y s p l i t among a number o f s h o o t s . I n b o t h c a s e s , growth 

exceeded t h a t o f a l l o t h e r s p e c i e s . 

4 
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4.2.3 N a t u r a l P l a n t I n v a s i o n 

4.2.3.1 N a t u r a l P l a n t I n v a s i o n o f U n t r e a t e d S u r f a c e s 

T a b l e 1.1 shows t h e number and h e i g h t o f n a t i v e s p e c i e s 

g r o w i n g on s u r f a c e s d i s t u r b e d p r i o r t o 1973. Two k i n d s o f 

s u r f a c e s were examined: d i s t u r b e d n a t u r a l s u r f a c e s and 

w a s t e r o c k . The s i t e s sampled on t h e o v e r b u r d e n were randomly 

chosen. On t h e w a s t e r o c k , o n l y t h e s i t e s w i t h t h e s t r o n g e s t 

p l a n t g r o w t h were examined. As a r e s u l t , s a m p l i n g o f t h e 

w a s t e r o c k was r e s t r i c t e d t o t h e benches. There was no growth 

on t h e s l o p e s e x c e p t f o r t h e t h i n f i n e s - c o n t a i n i n g s t r i p a t 

t h e t o p . 

On t h e o v e r b u r d e n and w a s t e r o c k t h e most numerous 

i n v a d e r s were t h e a n n u a l f o r b s f i r e w e e d ( E p i l o b i u m  

a n g u s t i f o l i u m L.) and redweed ( E p i l o b i u m u l a t i f o l i u m L.) 

r e s p e c t i v e l y . The dominant u n d e r s t o r y s p e c i e s i n t h e 

s u r r o u n d i n g f o r e s t , v a c c i n i u m and f a l s e a z a l e a , were a l s o 

q u i t e common, a l t h o u g h n e i t h e r was g r o w i n g v e r y v i g o r o u s l y . 

P l a n t i n v a s i o n was s u b s t a n t i a l l y g r e a t e r on t h e 

o v e r b u r d e n t h a n on t h e w a s t e r o c k ( T a b l e 1.40). Even more 

s t r i k i n g t h a n t h e d i f f e r e n c e s i n t h e number o f s e e d l i n g s 

e s t a b l i s h e d were t h e d i f f e r e n c e s i n s e e d l i n g h e i g h t . The 

a v e r a g e number o f s e e d l i n g s p e r 100 m2 t a l l e r t h a n 69 cm was 

31 on t h e o v e r b u r d e n and l e s s t h a n 2 on t h e w a s t e r o c k . T h i s 

i n d i c a t e s t h a t t h e woody s p e c i e s i n v a d e d s o o n e r and have grown 

f a s t e r on t h e o v e r b u r d e n . On a l l t h e s u r f a c e s , cottonwood and 



Table 1.40 The number and height of woody species in 1984 on untreated surfaces abandoned in 1972. 

Number of Seedlings per 100 m2 

Overburden Overburden Overburden Overburden Overburden 
A B C 1 D E 

10- >70 10- >70 10- >70 10- >70 10- >70 
Species 69cm cm 69cm cm 69cm cm 69cm cm 69cm cm 

Cottonwood 7 5 12 14 2 15 2 3 25 
Willow spp. 7 10 32 16 7 22 6 5 15 25 
Sitka Alder 1 1 1 2 12 
Hemlock spp. 1 11 1 12 
Sitka Spruce 1 

Total 16 17 44 30 20 40 10 8 27 62 

Wasterock Wasterock Wasterock Wasterock Wasterock Wasterock 
Bench A Bench B Bench C Bench D Bench E Bench F 

10- >70 10- >70 10- >70 10- >70 10- >70 10- >70 
Species 69cm cm 69cm cm 69cm cm 69cm cm 69cm cm 69cm cm 

Cottonwood 17 26 2 17 6 6 3 
Willow spp. 11 2 19 10 4 3 2 1 2 1 
Sitka Alder 
Hemlock spp. 17 3 4 5 
Sitka Spruce 3 1 2 
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w i l l o w were t h e most v i g o r o u s t r e e s p e c i e s . The s u r r o u n d i n g 

f o r e s t p r o v i d e d l a r g e amounts o f hemlock seed and t h u s hemlock 

s e e d l i n g s were a l s o common, b u t t h e y were n o t g r o w i n g v e r y 

v i g o r o u s l y . The o n l y hemlock t a l l e r t h a n 69 cm was g r o w i n g 

b e s i d e a l a r g e S i t k a a l d e r . 

S i t k a a l d e r was t h e dominant s p e c i e s on n a t u r a l l y 

d i s t u r b e d a r e a s a d j a c e n t t o t h e mine s i t e and on d i s t u r b e d 

o v e r b u r d e n n e a r t h e m i l l . On t h e w a s t e r o c k dumps and 

d i s t u r b e d o v e r b u r d e n around t h e p i t , S i t k a a l d e r was 

r e l a t i v e l y s c a r c e . However where i t was e s t a b l i s h e d i t was 

g r o w i n g v i g o r o u s l y . Of t h e 17 S i t k a a l d e r f o u n d on t h e 

o v e r b u r d e n s i t e s , 14 were h i g h e r t h a n 70 cm h i g h . Due t o i t s 

dense bushy g r o w t h , t h e above-ground biomass and l i t t e r 

a c c u m u l a t i o n b e n e a t h t h e S i t k a a l d e r were g r e a t e r t h a n t h a t 

f o r any o t h e r s p e c i e s . I n a d d i t i o n t o h a v i n g d e n s e r g r o w t h , 

t h e a l d e r f o l i a g e a l s o was l e s s c h l o r o t i c and had l e s s i n s e c t 

damage. 

4.2.3.2 Woody P l a n t I n v a s i o n o f T r i a l 70.1 

The h e i g h t o f each woody p l a n t t h a t i n v a d e d t h e 70.1 

f i e l d t r i a l was measured i n t h e t r i a l ' s 1 1 t h ( 1 9 8 0 ) , 1 3 t h 

(1982) and 1 6 t h (1985) s e a s o n o f growth. T h i s d a t a i s shown 

i n A p p e n d i x C. Hemlock, v a c c i n i u m , w i l l o w , o r cottonwood 

a c c o u n t e d f o r a l m o s t a l l t h e woody p l a n t s t h a t i n v a d e d t h e 

t r i a l s i t e , b u t t h e r e were a l s o a few a l d e r and s p r u c e 

s e e d l i n g s and a number o f s m a l l f a l s e a z a l e a . On a l l t h e 

t r e a t m e n t s t h e r a t e o f p l a n t i n v a s i o n was h i g h e r on t h e i n t e r -
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p l o t rows t h a n on t h e p l o t s ( T a b l e 1.41). T h i s was e s p e c i a l l y 

t r u e on t h e t r e a t m e n t s w i t h s t r o n g agronomic p l a n t growth, and 

s u g g e s t s t h a t c o m p e t i t i o n f o r space a f f e c t e d t h e r a t e o f 

i n v a s i o n t h a t can o c c u r . 

Hemlock was t h e most common s p e c i e s on t h e s u r f a c e 

t r e a t m e n t s where t h e r e was l i t t l e o r no agronomic p l a n t 

g r o w t h , w h i l e v a c c i n i u m was most common s p e c i e s on t h e 

t r e a t m e n t s (7OF, 7OP and 70PF) w i t h a s u r f a c e l i t t e r o r p e a t 

l a y e r . The p r o l i f i c i n v a s i o n o f hemlock and v a c c i n i u m 

r e s u l t e d from t h e i r dominance i n t h e s u r r o u n d i n g f o r e s t , where 

t h e y a r e t h e most common o v e r s t o r y and u n d e r s t o r y s p e c i e s 

r e s p e c t i v e l y . The t r i a l s i t e b o r d e r e d t h e f o r e s t on one s i d e . 

On more i s o l a t e d s e c t i o n s o f w a s t e r o c k , t h e r a t e o f hemlock 

and v a c c i n i u m i n v a s i o n would be r e d u c e d . 

W h i l e n a t u r a l c o l o n i z a t i o n p r o d u c e d a good s t o c k o f 

hemlock, t h i s was n o t t h e c a s e f o r o t h e r s p e c i e s . I n p l a n t 

s u c c e s s i o n on g l a c i a l m o r a i n e s i n S.E. A l a s k a ( U g o l i n i , 1967), 

S i t k a s p r u c e was t h e f i r s t c o n i f e r t o grow v i g o r o u s l y . The 

f o r e s t a d j a c e n t t o t h e K i t s a u l t mine was ov e r - m a t u r e , w i t h 

l i t t l e s p r u c e , and v e r y few s p r u c e s e e d l i n g s were found on t h e 

w a s t e r o c k dumps. Thus i t does n o t appear as i f n a t u r a l 

i n v a s i o n c a n be r e l i e d upon t o i n t r o d u c e s p r u c e a t K i t s a u l t . 

The same c o n c l u s i o n a p p l i e s t o S i t k a a l d e r . Where a l d e r was 

e s t a b l i s h e d i t grew s t r o n g l y , b u t o n l y a few i n d i v i d u a l s were 

p r e s e n t . 

The i n v a s i o n o f cottonwood and w i l l o w was g r e a t e s t on 

f e r t i l i z e d w a s t e r o c k o r i g i n a l l y sown w i t h a n n u a l g r a s s . The 
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Table 1.41 The number of seedlings colonizing different treatments in Trial 
70.1 in 1982. 

Number/100 m2 Number/100 m2 

Species Treatment Plot Inter- Species Treatment Plot Irtter-
Row Row 

Hemlock R 57 68 Cottonwood R 6 9 
Species F16 11 12 F16 1 6 

F5 0 13 F5 0 6 
P16 0 . 14 P16 1 4 
P5 0 19 P5 3 6 
PF 47 86 PF 2 4 
AG1 47 55 AG1 23 21 
AG 2 44 62 AG 2 18 10 

Vaccinium R 10 14 Willow R 8 8 
Species F16 17 92 Species F16 0 7 

F5 6 57 F5 0 0 
P16 19 163 P16 0 4 
P5 2 32 P5 0 0 
PF 33 57 PF 1 8 
AG1 11 13 A G ! 11 10 
AG 2 7 4 AG 2 10 0 
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s t r o n g c o l o n i z a t i o n on t h e s e a r e a s can be a s c r i b e d t o a l a c k 

o f h e r b a c e o u s c o m p e t i t i o n f o r space and t h e r e s i d u a l 

f e r t i l i z e r and o r g a n i c m a t t e r . C o n v e r s e l y t h e p o o r 

c o l o n i z a t i o n o f w i l l o w and cottonwood on t h e 70PF t r e a t m e n t , 

where c o m p e t i t i o n f o r space was a l s o n e v e r i n t e n s e , s u g g e s t e d 

t h a t t h e h i g h l y a c i d i c s u r f a c e o r g a n i c l a y e r i n h i b i t e d t h e i r 

g e r m i n a t i o n . 

W h i l e t h e r e were more hemlock and v a c c i n i u m , t h e 

cottonwood and w i l l o w grew much f a s t e r . T here were no 

v a c c i n i u m and o n l y one hemlock t a l l e r t h a n 49 cm ( T a b l e 1.42). 

Even on t h e p e a t t r e a t m e n t s , hemlock and v a c c i n i u m were u n a b l e 

t o u t i l i s e t h e e a r l y s u c c e s s i o n a l e n v i r o n m e n t as f u l l y as t h e 

cottonwood and w i l l o w . 

Growing r a t e s were c a l c u l a t e d f o r i n d i v i d u a l s t a l l e r t h a n 

49 cm t o i l l u s t r a t e t h e growth r a t e o f e s t a b l i s h e d s e e d l i n g s 

( T a b l e 1.42). The d a t a shows t h a t on a wide range o f 

t r e a t m e n t s , w i l l o w and cottonwood growth exceeded 10 cm/year. 

I n a number o f c a s e s , t h e i r g r o w t h e q u a l l e d o r exceeded t h e 

g r o w t h o f S i t k a a l d e r i n T r i a l 77.1 (16.6 cm/year). However, 

cottonwood has o n l y one stem, so compared t o an a l d e r o f 

s i m i l a r h e i g h t , i t s biomass and c o v e r was f a r l e s s . W i l l o w , 

l i k e a l d e r , p r o d u c e s a number o f p r o s t r a t e stems, and l i t t e r 

had a c c u m u l a t e d beneath a few o f t h e l a r g e w i l l o w s . The 

amount o f l i t t e r was l e s s t h a n t h a t p r o d u c e d by a l d e r o f t h e 

same h e i g h t because t h e w i l l o w s p r o d u c e d l e s s l e a v e s . 

Compared t o t h e c o n i f e r s p l a n t e d on t h e same s i t e , t h e 

cottonwood and w i l l o w were g r o w i n g f a s t e r and i n many c a s e s 
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Table 1.42 The number, height, and growth of invading seedlings 
taller than 49 cm on different treatments in Trial 70.1. 

Number Height Growth 
Species Treatment (cm) (cm/yr) 

1980 1982 1985 80-85 

Hemlock P5 Plot 1 10 55 9 

Cottonwood R Plot 6 22 49 69 10 
F5 Plot 1 59 
PF Plot 3 17 62 90 15 
AG1 Plot 28 45 72 98 11 
AG2 Plot 16 56 71 98 8 

R Inter-Row 2 26 40 59 7 
F16 Inter-Row 3 40 75 126 17 
F5 Inter-Row 1 20 39 98 16 
P5 Inter-Row 1 10 83 15 
AG1 Inter-Row 5 66 118 169 21 

Willow R Plot 7 21 48 76 11 
PF Plot 1 35 111 118 17 
AG1 Plot 7 70 105 121 10 
AG2 Plot 6 64 107 129 13 

R Inter-Row 5 26 47 68 8 
F16 Inter-Row 2 53 88 134 16 
P16 Inter-Row 1 30 60 64 7 
PF Inter-Row 3 40 58 77 7 
AG1 Inter-Row 3 40 77 141 20 
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were l a r g e r . A number o f cottonwood and w i l l o w on t r e a t m e n t 

AG1 exceeded 2 m t a l l . U n l i k e t h e l o d g e p o l e p i n e , t h e w i l l o w 

and cottonwood showed no s i g n s o f snow damage. 



152 

4.2.4 E v a l u a t i n g t h e Long Term Performance o f 

M a t e r i a l s and Methods T e s t e d i n t h e F i e l d T r i a l s 

V i g o r o u s p l a n t growth i n f i e l d t r i a l s i n d i c a t e d t h a t a 

number o f m a t e r i a l s and methods can be u s e d t o a c h i e v e a 

s u s t a i n e d v e g e t a t i v e c o v e r on t h e t e r r a c e benches. The main 

q u e s t i o n s r e m a i n i n g a r e 1. what i s t h e o p t i m a l c o m b i n a t i o n o f 

components and 2. a t what s t a g e o f p l a n t and s o i l development 

c a n t h e s i t e be abandoned? The r e c l a m a t i o n o b j e c t i v e a t 

K i t s a u l t i s an e r o s i o n - c o n t r o l l i n g f o r e s t c o v e r . D e c i s i o n s 

about t h e a p p r o p r i a t e n e s s o f t h e r e c l a m a t i o n methods f o r 

m e e t i n g t h e o v e r a l l r e c l a m a t i o n o b j e c t i v e and about t h e s t a g e 

o f p l a n t and s o i l development a t w h i c h t h e s i t e c a n be 

abandoned r e m a i n unanswered a t most B.C. mines. Where l o n g 

t e r m p l a n t and s o i l development i s r e q u i r e d , f i e l d t r i a l s can 

o n l y i l l u s t r a t e t h e p r e l i m i n a r y s t a g e s , and hence t h e i r 

u s e f u l n e s s i n a n s w e r i n g t h e s e q u e s t i o n s w i l l be l i m i t e d . 

T h ere i s l i t t l e l o n g t e r m e v i d e n c e t o draw upon from t h e 

m i n i n g i n d u s t r y . L a r g e open p i t mines a r e a r e l a t i v e l y new 

development (1960s) and t h e r e c l a m a t i o n o f t h e s e mines i s an 

even more r e c e n t ( 1 9 7 0 s ) . I n a d d i t i o n mine w a s t e s a r e u n i q u e 

s u b s t r a t e s , and t h u s t o a c e r t a i n degree each r e c l a m a t i o n 

p r o j e c t i s b r e a k i n g new ground. T h i s i s e s p e c i a l l y t r u e i n 

B.C., where s m a l l g e o g r a p h i c a l d i f f e r e n c e s can r e s u l t i n l a r g e 

e n v i r o n m e n t a l changes. 

Most mines have been a b l e t o s u s t a i n agronomic p l a n t 

g r o w t h on t h e i r mine w a s t e s . However each new y e a r o f growth 
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i s a r e c o r d f o r t h a t e n v i r o n m e n t . R e c l a m a t i o n p r o c e e d s under 

t h e a s s u m p t i o n s t h a t any s t r o n g e r o s i o n - c o n t r o l l i n g p l a n t 

g rowth a m e l i o r a t e s t h e r o o t i n g media, and t h a t e i t h e r s u i t a b l e 

n a t i v e s p e c i e s w i l l e v e n t u a l l y r e p l a c e g r a s s / l e g u m e c o v e r o r 

t h a t t h e g r a s s / l e g u m e growth w i l l c o n t i n u e i n d e f i n i t e l y t o 

meet t h e r e c l a m a t i o n o b j e c t i v e . L i t t l e o r no e v i d e n c e i s 

g i v e n t o s u b s t a n t i a t e t h e s e a s s u m p t i o n s . 

The t e c h n i q u e u sed i n t h i s s t u d y t o answer q u e s t i o n s 

a b out t h e a p p r o p r i a t e n e s s o f r e c l a m a t i o n methods, and f o r . . 

d e c i d i n g under what c o n d i t i o n s t h e s i t e c a n be abandoned, was 

t o l o o k f o r a n a t u r a l a n a l o g u e o f t h e p r o c e s s e s o f p l a n t and 

s o i l development. The a n a l o g o u s s i t u a t i o n s e l e c t e d was t h e 

f o r e s t development o c u r r i n g on m o r a i n e s exposed by r e t r e a t i n g 

g l a c i e r s i n S.E. A l a s k a ( U g o l i n i , 1967; C r o c k e r & M a j o r , 

1955). D e s p i t e t h e g e o g r a p h i c a l d i f f e r e n c e s , t h e m o r a i n e s and 

w a s t e r o c k dumps a r e l o c a t e d i n a r e a s w i t h s i m i l a r c l i m a t e s , 

t h e a v a i l a b l e f l o r a s a r e a l m o s t i d e n t i c a l and b o t h have a 

c o a r s e , b a r r e n r o o t i n g media. As a r e s u l t t h e main p e d o g e n i c 

changes ( t h e i n c r e a s e i n N and s u r f a c e l i t t e r and t h e d e c r e a s e 

i n pH and b u l k d e n s i t y ) on t h e dumps were s i m i l a r t o t h o s e 

o b s e r v e d d u r i n g t h e e a r l y s t a g e s o f p l a n t s u c c e s s i o n on t h e 

m o r a i n e s . The i n i t i a l s t a g e s o f p l a n t s u c c e s s i o n ( t h e 

e s t a b l i s h m e n t o f a mix o f p i o n e e r and s e r a l l y more advanced 

s p e c i e s , and t h e v i g o r o u s growth o f c ottonwood, w i l l o w and 

a l d e r ) on d i s t u r b e d n a t u r a l s u r f a c e s and i n T r i a l 70.1 were 

a l s o v e r y s i m i l a r t o t h e i n i t i a l s t a g e s o f p l a n t s u c c e s s i o n on 

t h e m o r a i n e s . 
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On t h e m o r a i n e s , t h e main d r i v i n g f o r c e s f o r s o i l and 

p l a n t development were t h e i n c r e a s e s i n s o i l N and t h e 

a d d i t i o n o f s u r f a c e l i t t e r , most o f w h i c h r e s u l t e d from t h e 

v i g o r o u s g r o w t h o f S i t k a a l d e r . The i m p o r t a n c e o f N f o r p l a n t 

g rowth on t h e w a s t e r o c k dumps was i n d i c a t e d by t h e dominance 

o f b i r d s f o o t t r e f o i l i n T r i a l 70.1, d e s p i t e t h e i n i t i a l 

a p p l i c a t i o n o f N f e r t i l i z e r and 15 y e a r s o f o r g a n i c i n p u t s . 

The r o l e o f l i t t e r d e p o s i t i o n i n s o i l development was 

i n d i c a t e d , even a t t h i s e a r l y s t a g e , by t h e s t r o n g 

r e l a t i o n s h i p between p e d o g e n i c changes and p l a n t g r o w t h and by 

t h e c o n c e n t r a t i o n o f t h e s e changes a t t h e s u r f a c e . 

S i t k a a l d e r was t h e most p r o d u c t i v e s p e c i e s i n t h e f i e l d 

t r i a l s . I n T r i a l 82.1, t h e a v e r a g e h e i g h t g r o w t h o f a l d e r 

r e a c h e d 35 cm p e r y e a r and, u n l i k e o t h e r woody s p e c i e s , i t s 

l a t e r a l g r o w t h was a l m o s t as g r e a t as t h e v e r t i c a l . 

I f n a t u r a l s u c c e s s i o n was r e l i e d upon, t h e r e would be a 

p r o b l e m i n g e t t i n g a l d e r e s t a b l i s h e d . Even on t h e m o r a i n e s , 

i t t o o k 15 t o 20 y e a r s f o r n a t i v e i n v a s i o n t o s t o c k t h e s i t e . 

N a t u r a l a l d e r c o l o n i z a t i o n appeared t o be even s l o w e r on t h e 

w a s t e r o c k dumps. One r e a s o n f o r t h i s i s t h a t dump 

c o n s t r u c t i o n i s an a b r u p t e v e n t , w h i l e m oraine e x p o s u r e was a 

p r o g r e s s i v e p r o c e s s , o c c u r r i n g a d j a c e n t t o p r e v i o u s l y exposed 

s i t e s w e l l s t o c k e d w i t h s e e d - b e a r i n g a l d e r . T h i s s u g g e s t s 

t h a t f o r e s t development would be s i g n i f i c a n t l y a c c e l e r a t e d i f 

t h e a l d e r were i n t r o d u c e d . The t r i a l s i n d i c a t e t h a t t h i s can 

be done u s i n g s e e d l i n g s p r o p a g a t e d from seed c o l l e c t e d i n t h e 

a r e a o r by t r a n s p l a n t i n g a l d e r from o t h e r d i s t u r b e d s i t e s . 
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I n c o n t r a s t t o a l d e r , t h e l i g h t e r - s e e d e d w i l l o w and 

cottonwood r a p i d l y c o l o n i z e d b o t h t h e mo r a i n e s and t h e 

w a s t e r o c k . A l t h o u g h l e s s e f f i c i e n t a t l i t t e r p r o d u c t i o n t h a n 

a l d e r , t h e i r p r e s e n c e i s i m p o r t a n t f o r s p e c i e s d i v e r s i t y . 

N o t a b l y i n T r i a l 70.1, t h e w i l l o w and cottonwood i n v a s i o n and 

growth were m a r k e d l y h i g h e r a f t e r a p r e t r e a t m e n t o f a n n u a l 

g r a s s and f e r t i l i z e r . 

The l a t e r s t a g e s o f f o r e s t development on t h e mo r a i n e s 

were dominated by S i t k a s p r u c e and Hemlock s p e c i e s . On t h e 

m o r a i n e s , w i t h i n 5 t o 10 y e a r s o f d e g l a c i a t i o n , a l a r g e number 

o f s p r u c e and hemlock s e e d l i n g s were e s t a b l i s h e d . On t h e 

m o r a i n e s , t h e c o n i f e r o u s s e e d l i n g s d i d n o t s t a r t g r o w i n g 

v i g o r o u s l y u n t i l t h e r e were d r a m a t i c i n c r e a s e s i n s o i l - N and 

l i t t e r . O b s e r v a t i o n s from u n t r e a t e d a r e a s on t h e abandoned 

dumps and i n T r i a l 70.1, i n d i c a t e t h a t t h e r e w i l l be a s i m i l a r 

good s t o c k i n g o f hemlock s e e d l i n g s , b u t t h e r e were v e r y few 

s p r u c e . The mo r a i n e s a r e a t sea l e v e l , where s p r u c e i s 

common, w h i l e t h e w a s t e r o c k dumps, a t 900 m, a r e s u r r o u n d e d by 

an over - m a t u r e f o r e s t c o n t a i n i n g v e r y l i t t l e s p r u c e . On t h e 

m o r a i n e s , s p r u c e was a b l e t o u t i l i z e t h e s i t e p r o d u c t i v i t y 

much e a r l i e r t h a n t h e hemlock. Thus i f a c c e l e r a t i n g t h e 

c o n i f e r o u s s t a g e o f f o r e s t development i s i m p o r t a n t , s p r u c e 

s h o u l d be i n t r o d u c e d . 

The o n l y common s p e c i e s found i n t h e p l a n t s u c c e s s i o n s on 

t h e m o r a i n e s , n o t found on t h e dumps, was d r y a s . The absence 

o f d r y a s i s a t t r i b u t e d t o t h e absence o f l i m e s t o n e . A c c o r d i n g 

t o Lawrence e t a l , (1967) t h e main c o n t r i b u t i o n o f d r y a s was 
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t o a i d i n t h e e s t a b l i s h m e n t and s t i m u l a t e t h e e a r l y growth o f 

woody p l a n t s . These f u n c t i o n s can be r e p l a c e d by a d d i n g 

f e r t i l i z e r and p l a n t i n g s e e d l i n g s . 

U s i n g t h e n a t u r a l p l a n t s u c c e s s i o n t o s e l e c t t h e most 

a p p r o p r i a t e r e c l a m a t i o n t e c h n i q u e s does n o t l i m i t t h e c h o i c e 

t o n a t i v e s p e c i e s o r t o p l a n t s f o r t h a t m a t t e r . Some 

f e r t i l i t y p r o blems can be r e s o l v e d by u s i n g p l a n t s p e c i e s 

a d a p t e d t o i n f e r t i l e c o n d i t i o n s . However, e s p e c i a l l y when 

p l a n t s a r e i n t r o d u c e d , an a p p l i c a t i o n o f f e r t i l i z e r s h o u l d -

i n c r e a s e g r o w t h . An a p p l i c a t i o n o f f e r t i l i z e r was r e q u i r e d , 

t o i n i t i a t e t h e g r o w t h o f agronomic s p e c i e s . A number o f 

agronomic s p e c i e s p e r f o r m e d w e l l i n t h e f i e l d t r i a l s , and 

t h e r e a r e a number o f s i t u a t i o n s i n w h i c h t h e y may c o n t r i b u t e . 

One way a l r e a d y s u g g e s t e d was t o use a f e r t i l i z e d a n n u a l g r a s s 

t r e a t m e n t t o a c c e l e r a t e cottonwood and w i l l o w i n v a s i o n . 

A n o t h e r s i t u a t i o n where agronomic s p e c i e s p l a y a r o l e would be 

f o r e r o s i o n c o n t r o l . However as T r i a l 82.1 i l l u s t r a t e d , 

v i g o r o u s g r a s s g r o w t h c r e a t e d a h a b i t a t f o r v o l e s , w h i c h may 

r e t a r d t h e g r o w t h o f woody s p e c i e s . I f a dense g r a s s c o v e r i s 

r e q u i r e d f o r e r o s i o n c o n t r o l , s e e d l i n g s s h o u l d n o t be p l a n t e d 

i n t h e s e cond y e a r . 

Of t h e agronomic s p e c i e s t e s t e d a t K i t s a u l t , by f a r t h e 

most p r o d u c t i v e s p e c i e s , w i t h r e g a r d s t o N a d d i t i o n s and 

l i t t e r p r o d u c t i o n , was b i r d s f o o t t r e f o i l . I t s s l o w i n i t i a l 

g r o w t h and c o a t e d seed w i l l make i t l e s s o f a p r o b l e m i n terms 

o f v o l e damage. The s l o w i n i t i a l g r owth o f t r e f o i l w i l l a l s o 

r e d u c e t h e c o m p e t i t i o n w i t h i n t r o d u c e d s e e d l i n g s . W h i l e t h e 
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a d d i t i o n s o f N by b i r d s f o o t t r e f o i l a c c e l e r a t e d t h e growth o f 

n o n - N - f i x i n g s p e c i e s , i t s p r o l i f i c growth a l s o r e t a r d e d p l a n t 

i n v a s i o n . 

I n t h e m o r a i n a l s u c c e s s i o n , t h e s t a g e o f p l a n t and s o i l 

development when N and l i t t e r a d d i t i o n s were g r e a t e s t and t h e 

p r o c e s s o f f o r e s t development seemed a s s u r e d was when t h e 

clumps o f a l d e r s t a r t e d t o c o a l e s c e . A t t h i s t i m e , t h e 

s u r f a c e was no l o n g e r windswept, and hence a l l t h e l i t t e r 

p r o d u c t i o n was c o n s e r v e d . I t was a l s o t h e t i m e when l i t t e r 

and N l e v e l s were h i g h enough t o s t i m u l a t e t h e g r o w t h o f 

c o n i f e r o u s s p e c i e s . Thus t h i s a p p e a r s t o be t h e e a r l i e s t 

s t a g e o f p l a n t and s o i l s u c c e s s i o n a t w h i c h t h e g o a l s o f 

f o r e s t development and e r o s i o n c o n t r o l a r e a s s u r e d and t h e 

s i t e can be abandoned. The e x a c t c o n d i t i o n s a t abandonment, 

w i t h r e g a r d s t o s p e c i e s d i v e r s i t y and t h e p r e s e n c e o f c o n i f e r s 

( e . g . , s t o c k i n g and s p e c i e s c o m p o s i t i o n ) , w i l l depend on t h e 

speed w i t h w h i c h f o r e s t development i s r e q u i r e d . 

4.2.5 S l o p e T r i a l s 

I n t h e p r o v i n c i a l r e c l a m a t i o n g u i d e l i n e s , t h e s u g g e s t e d 

method o f r e c l a i m i n g t e r r a c e d dump s l o p e s i s t o r e g r a d e s l o p e s 

t o a s h a l l o w e r a n g l e . To meet t h i s r e q u i r e m e n t , t h e K i t s a u l t 

dumps have been d e s i g n e d so t h a t two s l o p e s and one bench can 

be r e g r a d e d i n t o one l o n g s l o p e . The advantages o f r e g r a d i n g 

a r e t h a t : 1) i t r e d u c e s t h e l i k e l i h o o d o f mass w a s t i n g and 2) 

by moving f i n e r p a r t i c l e s from t h e bench o n t o t h e s l o p e s , one 
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c r e a t e s a b e t t e r media t o s u p p o r t p l a n t g r o w t h . The 

d i s a d v a n t a g e s o f t h i s p r o c e d u r e a r e t h e d i f f i c u l t y and 

i n h e r e n t c o s t s o f moving l a r g e amounts o f m a t e r i a l . 

W h i l e i t i s s u g g e s t e d t h a t s l o p e s be r e g r a d e d , mines a l s o 

have t h e o p t i o n t o l e a v e s l o p e s a t t h e i r a n g l e o f r e p o s e . 

However i n o r d e r t o do t h i s , mines must f i r s t show t h a t t h i s 

does n o t compromise t h e r e c l a m a t i o n o b j e c t i v e . The g r e a t 

d i f f i c u l t y and c o s t o f r e g r a d i n g dumps makes r e c l a i m i n g 

w i t h o u t r e g r a d i n g a v e r y a t t r a c t i v e p r o p o s i t i o n . However.to 

d a t e no m i n i n g companies have p r o v e n t h a t t h i s i s p o s s i b l e . 

4.2.5.1 T r i a l 75.1: Wasterock T r i a l 

The f i r s t t r i a l e s t a b l i s h e d on t h e s l o p e s , T r i a l 75.1 was 

l o c a t e d on t h e n o r t h f a c i n g s i d e o f t h e low gr a d e o r e dump. 

The s l o p e was 61 m l o n g , a p p r o x i m a t e l y 36°, and composed o f 

p o t a s s i c w a s t e r o c k . P l o t s were 6 m wide and r a n from t h e 

c r e s t t o t h e bottom o f t h e s l o p e . The o n l y amendments were 

se e d and f e r t i l i z e r . T h e c o m p o s i t i o n o f t h e f o u r seed m ixes and 

t h e f e r t i l i z e r r a t e a r e l i s t e d i n T a b l e s 1.7 and 1.8. 

M o n i t o r i n g was c a r r i e d o u t a t t h e end o f t h e s i x t h g r o w i n g 

s e a s o n , j u s t p r i o r t o t h e remo v a l o f t h i s s e c t i o n o f t h e dump. 

A l t h o u g h seed and f e r t i l i z e r were b r o a d c a s t o v e r t h e 

e n t i r e s l o p e l e n g t h , p l a n t s growth was r e s t r i c t e d t o t h e upper 

10 m, t h e o n l y p o r t i o n o f t h e s l o p e c o n t a i n i n g f i n e s . Even 

w i t h i n t h i s l i m i t e d a r e a , p l a n t growth was p a t c h y , n e v e r 

e x c e e d i n g a 2% c o v e r . 
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4.2.5.2 81.1 S l o p e : Overburden T r i a l 

The l a c k o f p l a n t growth i n T r i a l 75.1 i n d i c a t e d t h a t t h e 

main l i m i t a t i o n t o r e c l a m a t i o n on t h e a n g l e o f r e p o s e s l o p e s 

was t h e absence o f f i n e s . I f t h e s e s l o p e s a r e t o be 

r e c l a i m e d , t h e y must f i r s t be c o v e r e d w i t h a l a y e r o f s o i l -

s i z e d p a r t i c l e s . 

The o b v i o u s s o u r c e o f s o i l - s i z e d m a t e r i a l s was t h e 

o v e r b u r d e n ( u n c o n s o l i d a t e d s o i l s and s u b s u r f a c e m a t e r i a l s ) 

t h a t c o v e r e d t h e m i n e s i t e b e f o r e t h e mine was b u i l t . The. . 

o b j e c t i v e o f t h i s t r i a l was t o t e s t t h e use o f s t o c k p i l e d 

o v e r b u r d e n as a s o u r c e o f f i n e s on a n g l e o f r e p o s e s l o p e s . 

The t r i a l s i t e c hosen was a r e c e n t l y b u i l t dump, whose s l o p e 

was 30 m l o n g and s t o o d a t 36°. A g a i n t h e w a s t e r o c k was 

composed o f p o t a s s i c r o c k . Overburden was a p p l i e d by p u s h i n g 

i t o v e r t h e s l o p e c r e s t , where i t was s p r e a d by g r a v i t y . 

The o v e r b u r d e n used was p e a t , w h i c h , a l t h o u g h i t c o n t a i n e d 

many l o g s and r o o t s , was r e l a t i v e l y s t o n e f r e e compared t o t h e 

o t h e r s t o c k p i l e d o v e r b u r d e n . Three r a t e s , 0.6, 1.2, and, 2.4 

x 1 0 3 m 3/ha, o f t h e p e a t y o v e r b u r d e n were a p p l i e d . H a l f t h e 

o v e r b u r d e n and t h e two w a s t e r o c k p l o t s were f e r t i l i z e d when 

t h e t r i a l was e s t a b l i s h e d . The u n f e r t i l i z e d p l o t s were 

f e r t i l i z e d t h e f o l l o w i n g s p r i n g . 

W i t h a l l t h r e e o v e r b u r d e n t r e a t m e n t s , t h e p e a t s l i d 

a p p r o x i m a t e l y t h e same d i s t a n c e (10-15 m) down t h e s l o p e . 

T r i p l i n g t h e amount a p p l i e d t h i c k e n e d t h e d e p t h o f t h e 

o v e r b u r d e n cap w i t h o u t i n c r e a s i n g t h e p o r t i o n o f t h e s l o p e 

c o v e r e d . The f a i l u r e o f t h e p e a t t o c o v e r more o f t h e s l o p e 
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i n d i c a t e s t h a t i t had h i g h e r a n g l e o f r e p o s e t h a n t h e 

w a s t e r o c k . The h i g h a n g l e o f r e p o s e appeared t o be caused by 

t h e c o h e s i v e and f i b r o u s n a t u r e o f t h e peat." A f t e r t h e t r i a l 

was c o n s t r u c t e d , b o t h t h e dump f a c e and o v e r b u r d e n s e t t l e d . 

T h i s a l s o made t h e o v e r b u r d e n cap more s t a b l e . Subsequent 

r o o t g r o w t h w i l l have a l s o c o n t r i b u t e d t o t h e s t r e n g t h o f t h e 

o v e r b u r d e n v e n e e r by b i n d i n g p a r t i c l e s t o g e t h e r and a n c h o r i n g 

t h e o v e r b u r d e n t o t h e w a s t e r o c k below. I n t h e f o u r y e a r s t h a t 

t h e t r i a l was m o n i t o r e d , t h e r e were no s i g n s o f e i t h e r s u r f a c e " 

e r o s i o n o r mass w a s t i n g . E r o s i o n and mass w a s t i n g c o u l d have 

c o v e r e d a l a r g e r a r e a o f t h e s l o p e w i t h f i n e s and t h u s a t 

l e a s t i n i t i a l l y , m i g h t be d e s i r a b l e . 

A l t h o u g h f e r t i l i z e r and seed were a p p l i e d o v e r t h e whole 

s l o p e l e n g t h , p l a n t growth was l i m i t e d t o t h e upper f i n e s -

c o n t a i n i n g s e c t i o n o f t h e p l o t s . The c o v e r e s t i m a t e s g i v e n i n 

T a b l e 1.43 r e f e r o n l y t o t h e v e g e t a t e d p o r t i o n s o f t h e p l o t s . 

On t h e p l o t s w i t h o u t an o v e r b u r d e n amendment, t h e f i n e s -

c o n t a i n i n g s e c t i o n was o n l y 2 t o 3 m l o n g . Even where 

agronomic s p e c i e s e s t a b l i s h e d t h e m s e l v e s on t h e w a s t e r o c k , 

t h e i r c o v e r ( e . g . , 16% a t t h e end o f t h e 4 t h season) was much 

l o w e r t h a n on t h e o v e r b u r d e n . The o n l y v i g o r o u s agronomic 

gr o w t h on t h e w a s t e r o c k o c c u r r e d on a tongue o f f i n e s c r e a t e d 

where b o u l d e r s o f in c o m p e t e n t r o c k had c r u m b l e d i n t o s m a l l e r 

p a r t i c l e s . 

On p l o t s w i t h an o v e r b u r d e n t r e a t m e n t , p l a n t grew more 

v i g o r o u s l y and on a l a r g e r p r o p o r t i o n o f t h e s l o p e , b u t growth 

was r e s t r i c t e d t o t h e p o r t i o n o f t h e s l o p e c o v e r e d w i t h 
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Table 1.43 Cover of agronomic species on fines-containing 
portions of Trial 81.1. 

Treatment Year Percent Cover 
Total Grass Legume 

Fertilized 81 9 6 3 
Wasterock 83 23 19 4 

84 16 6 10 

Fertilized 81 40 35 5 
Overburden 83 77 75 2 
(0.6 m3/ha) 84 52 50 2 

Fertilized 81 70 60 10 
Overburden 83 52 40 12 
(1.2 m3/ha) 84 96 90 6 

Fertilized 81 50 35 15 
Overburden 83 52 40 12 
(2.4 m3/ha) 84 106 70 36 

Overburden * * 81 10 4 6 : fertilized 
(0.6 m3/ha) 83 55 50 5 in second 

84 41 26 15 year 

Overburden * * 81 20 10 10 
(1.2 m3/ha) 83 55 50 5 

84 52 42 10 

Overburden * * 81 15 6 9 
(2.4 m3/ha) 83 41 21 20 

84 77 32 45 
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o v e r b u r d e n . The l o w e r h a l f t o two t h i r d s o f t h e s e p l o t s were 

c o v e r e d w i t h b o u l d e r s and t h u s remained b a r r e n . 

A t t h e end o f t h e f i r s t g r o w i n g s e a s o n , t h e c o v e r on t h e 

f e r t i l i z e d o v e r b u r d e n ranged from 40 t o 70%, c o n s i d e r a b l y 

g r e a t e r t h a n t h e 10 t o 20% c o v e r on t h e u n f e r t i l i z e d 

o v e r b u r d e n . The l a c k o f e r o s i o n on t h e u n f e r t i l i z e d 

o v e r b u r d e n p l o t s i n d i c a t e d t h a t , a t l e a s t o v e r t h e f i r s t 

w i n t e r , a s t r o n g e r o s i o n - c o n t r o l l i n g p l a n t c o v e r was 

u n n e c c e s s a r y . 

F o u r y e a r s l a t e r t h e agronomic p l a n t g r o w t h on t h e 

p a t c h e s o f o v e r b u r d e n was comparable t o t h e b e s t g r o w t h i n 

o t h e r t r i a l s (383 g/m2 mean a e r i a l biomass - T a b l e 1.34). The 

c o v e r remained g r e a t e r on t h e f e r t i l i z e d o v e r b u r d e n , b u t had 

i n c r e a s e d f o r a l l t h e t r e a t m e n t s . N o t a b l y f o r b o t h t h e 

f e r t i l i z e d and u n f e r t i l i z e d t r e a t m e n t s , t h e h i g h e s t o v e r b u r d e n 

r a t e had t h e l a r g e s t c o v e r and t h e l a r g e s t c o v e r o f legumes. 

Most o f t h e legume c o v e r r e s u l t e d from t h e g r o w t h o f b i r d s f o o t 

t r e f o i l . S u b s e q u e n t l y , b i r d s f o o t t r e f o i l has become t h e 

dominant s p e c i e s on a l l t h e p l o t s . 

The c o n c l u s i o n d e r i v e d from t h i s t r i a l was t h a t p e a t y 

o v e r b u r d e n would o n l y be a good s o u r c e o f f i n e s i f some way 

was f o u n d t o s p r e a d i t o u t . The o t h e r p r o b l e m w i t h u s i n g p e a t 

was t h a t t h e r e was n o t enough t o c o v e r a l l t h e s l o p e s . W h i l e 

any o v e r b u r d e n e n c o u n t e r e d d u r i n g t h e most r e c e n t mine 

e x p a n s i o n were c o n s e r v e d , o v e r b u r d e n from a r e a s d e v e l o p e d 

e a r l i e r have been b u r i e d . A n o t h e r r e s t r i c t i o n on t h e q u a n t i t y 

o f o v e r b u r d e n was t h a t i t s d e p t h was g e n e r a l l y t h i n . Most o f 
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t h e a r e a o v e r w h i c h t h e mine has r e c e n t l y expanded was 

p r e v i o u s l y c o v e r e d by a t h i n l a y e r o f c o l l u v i u m . I n 

w a t e r l o g g e d d e p r e s s i o n s , deeper o r g a n i c d e p o s i t s were found 

b u t t h e s e were n o t v e r y e x t e n s i v e . 

The o t h e r p r o b l e m w i t h u s i n g o v e r b u r d e n as an amendment i s i t s 

q u a l i t y . Most o f t h e c o l l u v i u m c o n t a i n e d t h e same p r o p o r t i o n 

o f c o a r s e f r a g m e n t s as t h e w a s t e r o c k , and t h e rugged 

m i c r o r e l i e f made i t i m p o s s i b l e f o r t h e machine o p e r a t e r s t o 

s e p e r a t e t h e s u r f a c e o r g a n i c l a y e r from t h e r o c k y m i n e r a l . . 

m a t e r i a l . The p o o r q u a l i t y o f t h e o v e r b u r d e n was i l l u s t r a t e d 

by t h e d a t a from T r i a l 82.1. The ave r a g e % < 2 mm i n t h e two 

o v e r b u r d e n t y p e s were 15 and 28%, compared t o 30% f o r t h e 

w a s t e r o c k . And t h e two o v e r b u r d e n t y p e s were p i c k e d because 

t h e y c o n t a i n e d more f i n e r p a r t i c l e s t h a n most o f t h e m a t e r i a l 

s t o c k p i l e d . As t h e o v e r b u r d e n had a l r e a d y been exposed t o 

ambient c o n d i t i o n s , t h e i r c o a r s e f r a g m e n t s s h o u l d be 

r e l a t i v e l y r e s i s t a n t t o w e a t h e r i n g . The p o o r q u a l i t y o f t h e 

o v e r b u r d e n was r e f l e c t e d i n T r i a l 82.1, where t h e growt h o f 

agronomic s p e c i e s was as good o r b e t t e r on t h e w a s t e r o c k . 

I n summary t h e a v a i l a b l e o v e r b u r d e n r e s o u r c e s on t h e 

m i n e s i t e a r e l i m i t e d and much o f i t i s p o o r q u a l i t y . 

T h e r e f o r e o t h e r s o u r c e s o f f i n e s s h o u l d be c o n s i d e r e d . 

B r i n g i n g s o i l s from o t h e r a r e a s i s u n d e s i r a b l e , as i t would be 

b o t h p r o h i b i t i v e l y e x p e n s i v e and i t would i n c r e a s e t h e a r e a o f 

l a n d d i s t u r b e d . 
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4.2.5.3 T r i a l 82.4 : Incompetent Wasterock T r i a l 

An a l t e r n a t i v e t o u s i n g " n a t u r a l s o i l " i s t o use t h e 

w a s t e r o c k i t s e l f . As has a l r e a d y been s u g g e s t e d , f o r t h e most 

p a r t t h e w a s t e r o c k i s t o o r o c k y t o be s u i t a b l e . T h a t was t h e 

o r i g i n a l problem. However, l i k e most p o r p h y r y d e p o s i t s , t h e 

Lime Creek i n t r u s i v e c o n t a i n s a mosaic o f d i f f e r e n t r o c k 

t y p e s . I n T r i a l 81.1 a p o r t i o n o f t h e w a s t e r o c k q u i c k l y 

c r u m b l e d i n t o s m a l l e r p a r t i c l e s . F o l l o w i n g up on t h i s 

o b s e r v a t i o n , t h e r e g i o n i n t h e p i t c o n t a i n i n g t h e in c o m p e t e n t 

r o c k was l o c a t e d and a dump s l o p e was s e t a s i d e f o r a t r i a l . 

The t e s t s l o p e , r a n g i n g fom 75m t o o v e r 120 m a t t h e n o r t h 

end, was t h e l o n g e s t s l o p e on t h e s i t e . When r e c l a i m e d t h e 

s l o p e w i l l be b r o k e n up i n t o s h o r t e r l e n g t h s . F o r 

e x p e r i m e n t a l p u r p o s e s i t posed a r i g o r o u s t e s t . The 

in c o m p e t e n t w a s t e r o c k was a p p l i e d i n t h e u s u a l f a s h i o n by a 

b u l l d o z e r p u s h i n g i t o v e r c r e s t . I n a l l , 15,000 t o n n e s were 

a p p l i e d t o two 20 m wide p l o t s . 

I n t h e f i r s t y e a r o n l y t h e upper 25% o f t h e v e n e e r o f 

in c o m p e t e n t w a s t e r o c k c o n t a i n e d s o i l - s i z e d m a t e r i a l . When 

f i r s t dumped t h e f i n e s - c o n t a i n i n g m a t e r i a l a t t h e t o p o f t h e 

s l o p e s t o o d a t a h i g h e r a n g l e o f r e p o s e t h a n t h e r e s t o f t h e 

s l o p e . Over t h e f i r s t w i n t e r (1984-1985), s l u m p i n g 

r e d i s t r i b u t e d m a t e r i a l , l o w e r i n g t h e a n g l e a t t h e t o p , and 

c o v e r i n g more o f t h e l o w e r s e c t i o n s w i t h f i n e s . W h i l e t h e r e 

was no f u r t h e r s u r f a c e movement, r o c k breakdown c o n t i n u e d t o 

i n c r e a s e t h e p r o p o r t i o n o f f i n e s . R e s u l t s from samples t a k e n 

a l o n g t r a n s e c t l i n e s show t h a t by t h e t h i r d s e ason (1984) 80 
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Table 1.44 Proportion of < 2 mm particles in upper 1 0 cm of 
slope, three years after it was covered with 
incompetent wasterock. 

Percent < 2 mm 

North Plot (130 m long) 

Distance * * 20m 40m 60m 80m 100m 120m 

Transect A 44 27 39 43 13 0 
Transect B 32 33 38 28 31 37 

South Plot (85 m long) 

Distance * * 10m 20m 35m 45m 55m 65m 75m 

Transect C 44 38 66 44 21 24 0 
Transect D 57 28 28 26 29 23 0 
Transect E 17 42 24 21 16 0 0 

* * distance from the crest 
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t o 90% o f t h e s l o p e s u r f a c e c o n t a i n e d a h i g h enough p r o p o r t i o n 

o f < 2 mm p a r t i c l e s (> 15%) t o s u p p o r t p l a n t g r o w t h ( T a b l e 

1.44). By com p a r i s o n o n l y 5% o f t h e s u r r o u n d i n g s l o p e s 

c o n t a i n e d d e t e c t a b l e f i n e s . The r e s u l t s o f T r i a l 82.4 s u g g e s t 

t h a t t h e in c o m p e t e n t w a s t e r o c k was a good s o u r c e o f f i n e s . 

S e l e c t i v e placement o f i n c o m p e t e n t w a s t e r o c k on t h e s l o p e s i s 

an a t t r a c t i v e p r o p o s i t i o n , as i t would be p l a c e d on t h e dumps 

anyway, and i t s l a c k o f c o h e s i o n s u g g e s t s t h a t i t would n o t 

make a good f o u n d a t i o n . 

R e s u l t s from T r i a l 82.4 i n d i c a t e d c a p p i n g t h e s l o p e s w i t h 

i n c o m p e t e n t w a s t e r o c k would be a good method f o r a d d i n g f i n e s . 

However, as f o r t h e work done on t h e benches, t h e u s e f u l n e s s 

o f t h e - f i e l d t r i a l s as a b a s i s f o r e v a l u a t i n g t h e l o n g t e r m 

p e r f o r m a n c e o f m a t e r i a l s i s l i m i t e d by t h e i r s h o r t d u r a t i o n . 

U n l i k e t h e bench s i t u a t i o n d e s c r i b e d e a r l i e r , where 

i n f o r m a t i o n was o b t a i n e d from an a n a l o g o u s n a t u r a l s i t u a t i o n , 

t h e r e a r e no good n a t u r a l a n a l o g u e s t o a v e n e e r o f in c o m p e t e n t 

w a s t e r o c k on an a n g l e o f r e p o s e s l o p e . 
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5. SUMMARY 

A p p r o x i m a t e l y 12 y e a r s a f t e r t h e s u r f a c e s were 

d i s t u r b e d , p l a n t i n v a s i o n on n a t u r a l s u b s t r a t e s has been 

q u i t e v i g o r o u s . P i o n e e r s p e c i e s i n c l u d e d v i g o r o u s l y g r o w i n g 

cottonwood, w i l l o w , and S i t k a a l d e r . I n c o n t r a s t , n a t u r a l 

p l a n t i n v a s i o n on u n t r e a t e d s e c t i o n s o f t h e w a s t e r o c k dumps 

was p o o r on t h e bench p o r t i o n s and a l m o s t n o n - e x i s t e n t on 

t h e s l o p e s e c t i o n s . 

A c c o r d i n g t o v a r i o u s schemes f o r r a t i n g t h e s u i t a b i l i t y 

o f d i s t u r b e d s o i l m a t e r i a l s as r o o t i n g media ( S c h a f e r , 1979; 

USDA, 1979; A l b e r t a S o i l s A d v i s o r y Committee, 1981), t h e 

l i m i t i n g c h a r a c t e r i s t i c o f t h e bench s u r f a c e s i s t h e h i g h 

p r o p o r t i o n o f c o a r s e f r a g m e n t s . The ave r a g e p r o p o r t i o n by 

w e i g h t o f < 2 mm-sized p a r t i c l e s on d i f f e r e n t bench s i t e s 

n e v e r exceeded 40%, and most were l e s s t h a n 25%. However, 

t h e s u r f a c e m a t e r i a l s ( m a i n l y c o l l u v i u m ) on t h e m i n e s i t e 

p r i o r t o m i n i n g c o n t a i n e d a s i m i l a r p r o p o r t i o n o f f i n e s . 

The main d i f f e r e n c e s were t h a t t h e n a t u r a l l y 

u n c o n s o l i d a t e d m a t e r i a l s c o n t a i n e d more o r g a n i c m a t t e r , N, 

and a v a i l a b l e P. I n i t s o r i g i n a l s t a t e , t h e w a s t e r o c k was 

i n f e r t i l e , l a c k i n g b o t h N and a v a i l a b l e P. To some e x t e n t , 

t h e s e f e r t i l i t y p roblems can be r e s o l v e d by a d d i n g 

f e r t i l i z e r and by u s i n g p l a n t s p e c i e s a d a p t e d t o i n f e r t i l e 

c o n d i t i o n s . When f e r t i l i z e d , agronomic g r o w t h on t h e 

w a s t e r o c k was s t r o n g e r t h a n t h a t a c h i e v e d on f e r t i l i z e d 

o v e r b u r d e n . P a r t o f t h e r e a s o n f o r t h i s a p p e a r s t o be t h e 
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g r e a t e r s u p p l y o f r e a d i l y - w e a t h e r e d m i n e r a l s i n t h e 

w a s t e r o c k . As t h e y weather, m i n e r a l s l i k e c a l c i t e s u p p l y 

n u t r i e n t s and b u f f e r t h e pH. The a c i d i c pH i n d i c a t e s t h a t 

most o f t h e base r i c h components had a l r e a d y been l e a c h e d 

from t h e o v e r b u r d e n . One r e a s o n f o r t h e r e l a t i v e l y p o o r 

g r o w t h on t h e o v e r b u r d e n was t h a t i t l a c k e d t h e " a c t i v e 

i n g r e d i e n t " o f n a t u r a l s o i l s , t h e s u r f a c e l i t t e r l a y e r . 

The o b j e c t i v e s f o r u s i n g g r a s s e s and legumes were t o 

p r o d u c e an e r o s i o n - c o n t r o l l i n g c o v e r and f o r s i t e 

a m e l i o r a t i o n . A number o f g r a s s e s showed t h e y c o u l d p r o v i d e 

t h e q u i c k l y d e v e l o p i n g , dense r o o t e d ground c o v e r r e q u i r e d 

f o r e r o s i o n c o n t r o l . The f a s t e s t g r o w i n g s p e c i e s was a n n u a l 

r y e g r a s s w h i c h , when sown on f e r t i l i z e d w a s t e r o c k , p r o d u c e d 

a c o v e r o f 46% i n 4 months. A l t h o u g h i t d i d n o t regrow t h e 

f o l l o w i n g s e a s o n , i t s l i t t e r and dead r o o t s p r o v i d e d some 

r e s i d u a l s u r f a c e p r o t e c t i o n , w i t h o u t c o m p e t i n g w i t h t h e 

woody s p e c i e s . The s e e d l i n g s u r v i v a l i n T r i a l 82.1 and t h e 

w i l l o w and cottonwood i n v a s i o n i n T r i a l 70.3 were g r e a t e s t 

on t h e f e r t i l i z e d a n n u a l g r a s s p l o t s 

A number o f o t h e r g r a s s e s p r o v i d e d e r o s i o n c o n t r o l f o r 

l o n g e r p e r i o d s . Of t h e s e , p e r e n n i a l r y e g r a s s was t h e most 

v i g o r o u s f o r t h e f i r s t 2 y e a r s ( e . g . T r i a l 8 2 . 1 ) . However 

i t was r e l a t i v e l y s h o r t l i v e d and c o u l d n o t be c o u n t e d on as 

a c o v e r f o r more t h a n 2 o r 3 y e a r s . O r c h a r d g r a s s , t i m o t h y , 

and r e d t o p p r o v i d e d a c o v e r f o r l o n g e r p e r i o d s . However 

r e f e r t i l i z a t i o n would be r e q u i r e d t o s u s t a i n t h e i r growth 
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beyond 5 y e a r s . O r c h a r d g r a s s and t i m o t h y , w i t h r e l a t i v e l y 

b i g l e a v e s , produce l a r g e amounts o f l i t t e r . 

A f t e r t h e d e c l i n e o f p e r e n n i a l r y e g r a s s , r e d f e s c u e was 

t h e most v i g o r o u s and abundant g r a s s s p e c i e s . W i t h o u t 

r e f e r t i l i z i n g one may e x p e c t r e d f e s c u e t o s u s t a i n a good 

c o v e r f o r a t l e a s t 10 y e a r s . I n T r i a l 81.1, t h e s t r o n g 

b i r d s f o o t t r e f o i l growth i n p l o t s w i t h a l a r g e f e s c u e c o v e r 

s u g g e s t t h a t f e s c u e can be used f o r e r o s i o n c o n t r o l w i t h o u t 

s a c r i f i c i n g s u s t a i n e d l i t t e r p r o d u c t i o n . 

F o r s u s t a i n e d l i t t e r p r o d u c t i o n and N a d d i t i o n , t h e 

b e s t agronomic s p e c i e s was t h e legume b i r d s f o o t t r e f o i l . I n 

T r i a l 70.1, b i r d s f o o t t r e f o i l was s t i l l p r o d u c i n g 300 t o 400 

g/m2 d r y a e r i a l biomass 15 y e a r s a f t e r t h e t r i a l was 

e s t a b l i s h e d . A number o f o t h e r legumes a l s o grew w e l l i n 

f i e l d t r i a l s ( e.g. a l s i k e c l o v e r i n T r i a l 8 2 . 1 ) , b u t t h e i r 

biomass was always much s m a l l e r and t h e y were p r o d u c t i v e f o r 

a s h o r t e r p e r i o d . The b e s t g r a s s growth i n T r i a l 70.1 

o c c u r r e d n e x t t o t h e clumps o f legumes. T h i s s u g g e s t s t h a t 

a l a c k o f N l i m i t e d g r a s s growth and t h a t t h e legumes 

improved s o i l f e r t i l i t y . F u r t h e r e v i d e n c e t h a t s u s t a i n e d 

legume growth a m e l i o r a t e s t h e s o i l was p r o v i d e d by T r i a l 

70.3, where t h e b e s t growth o f S i t k a s p r u c e and w e s t e r n 

hemlock o c c u r r e d b e s i d e t h e b i r d s f o o t t r e f o i l . B i r d s f o o t 

t r e f o i l s h o u l d a l s o s t i m u l a t e t h e growth on non-N2 f i x i n g 

d e c i d u o u s s p e c i e s such as cottonwood and w i l l o w . 

One d i s a d v a n t a g e i n u s i n g b i r d s f o o t t r e f o i l was growth 

impeded t h e i n v a s i o n o f p i o n e e r s p e c i e s , l i k e cottonwood and 
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w i l l o w . The o t h e r p o s s i b l e d i s a d v a n t a g e was t h a t i t s 

i n i t i a l l y s l o w growth makes i t u n s u i t a b l e f o r e r o s i o n 

c o n t r o l and s u s c e p t i b l e t o c o m p e t i t i o n from q u i c k l y g r o w i n g 

g r a s s e s . However t h e s l o w s t a r t a l s o means t h a t i n i t i a l l y 

b i r d s f o o t t r e f o i l w i l l n o t compete w i t h t r e e s e e d l i n g s and 

w i l l n o t c r e a t e a c o v e r f o r v o l e s . 

Of t h e c o n i f e r s p e c i e s t e s t e d i n 1970, l o d g e p o l e p i n e 

grew t h e f a s t e s t . However a l l t h e c o n i f e r s grew s l o w e r t h a n 

t h e d e c i d u o u s i n v a d e r s w i l l o w and cottonwood. The r a p i d 

r a t e a t w h i c h cottonwood and w i l l o w i n v a d e d T r i a l 70.3 

i n d i c a t e d t h a t n a t u r a l p l a n t i n v a s i o n can be r e l i e d upon f o r 

e s t a b l i s h m e n t . Data from T r i a l 70.3 a l s o s u g g e s t e d t h a t 

n a t u r a l p l a n t i n v a s i o n w i l l a d e q u a t e l y s t o c k t h e dumps w i t h 

hemlock s e e d l i n g s . 

The most p r o d u c t i v e s p e c i e s g r o w i n g i n t h e f i e l d t r i a l s 

was S i t k a a l d e r . T h i s c o n c u r s w i t h o b s e r v a t i o n s made o f 

n a t u r a l p l a n t growth on d i s t u r b e d s i t e s i n t h i s e n v i r o n m e n t . 

I n T r i a l 82.1, a l d e r s u r v i v a l and gro w t h was s u b s t a n t i a l l y 

g r e a t e r t h a n t h a t o f l o d g e p o l e p i n e . I t s a v e r a g e h e i g h t 

g r o w t h on many t r e a t m e n t s exceeded 30 cm p e r y e a r . U n l i k e 

most woody s p e c i e s , a l d e r a l s o s p r e a d o u t l a t e r a l l y , 

t r a p p i n g l i t t e r b e n e a t h i t s recumbent growth form. 

I n b o t h t h e f i e l d t r i a l s and on u n t r e a t e d s e c t i o n s o f 

t h e dump, p l a n t growth d r a m a t i c a l l y i n c r e a s e d t h e o r g a n i c 

m a t t e r c o n t e n t o f t h e s u r f a c e s o i l . L i t t e r f a l l i n g on t h e 

s u r f a c e was n o t mixed i n w i t h t h e w a s t e r o c k and t h u s i t 

a c c u m u l a t e d i n a m o r - l i k e c o v e r i n g . A f t e r 10 y e a r s o f 
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s t r o n g agronomic p l a n t growth on f e r t i l i z e d w a s t e r o c k , t h e 

l i t t e r l a y e r was 2 t o 3 cm t h i c k , and l e v e l s o f N (0.19%) 

and a v a i l a b l e P (44 ppm) a t 0-5 cm on p l o t s sown w i t h 

b i r d s f o o t t r e f o i l were s i g n i f i c a n t l y h i g h e r t h a n t h e l e v e l s 

found i n s t o c k p i l e d o v e r b u r d e n . The p e d o g e n i c changes 

a s s o c i a t e d w i t h t h e a d d i t i o n o f o r g a n i c m a t t e r ( e . g . , 

d e c r e a s e d b u l k d e n s i t y and pH) were a l s o c o n c e n t r a t e d a t t h e 

s u r f a c e . A l t h o u g h some o f t h e d i f f e r e n c e s were q u i t e l a r g e , 

i t i s i m p o r t a n t t o remember t h a t o n l y t h e t o p 0-10 cm was. . 

sampled. I n many c a s e s , marked p e d o g e n i c changes o n l y 

o c c u r r e d i n t h e upper 5 cm. 

One o f t h e f i r s t t r a n s f o r m a t i o n s on t h e w a s t e r o c k dumps 

was t h e l o s s o f c a l c i t e . W h i l e some o f t h e l o s s may be due 

s o l e l y t o p r e c i p i t a t i o n and l e a c h i n g , t h e l o s s o f c a l c i t e 

was g r e a t e s t on s i t e s w i t h p l a n t growth. Once c a l c i t e was 

l o s t , t h e s u r f a c e pH r a p i d l y d e c l i n e d . A f t e r 10 y e a r s , o f 

s t r o n g p l a n t g r o w t h on t h e f e r t i l i z e d w a s t e r o c k , t h e 0-5 cm 

pH d e c l i n e d t o 4.3. The a c i d i c pH may have c o n t r i b u t e d t o 

t h e r e d u c e d v i g o r o f a number o f agronomic s p e c i e s i n t h e 

f i e l d t r i a l s . However t h e low pH d i d n o t appear t o have had 

an a d v e r s e e f f e c t on t h e growth o f b i r d s f o o t t r e f o i l o r 

i n v a d i n g n a t i v e t r e e s . A d j a c e n t t o t h e m i n e s i t e , n a t u r a l 

s o i l s a r e c o v e r e d w i t h v e r y a c i d l i t t e r l a y e r s and have low 

pH v a l u e s t h r o u g h o u t t h e i r solum, so t h e n a t i v e v e g e t a t i o n 

i s c o m p a t i b l e w i t h t h e a c i d i c c o n d i t i o n s . On u n t r e a t e d 

s i t e s t h e d e c l i n e i n s u r f a c e pH was s t r o n g l y p o s i t i v e l y 
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c o r r e l a t e d w i t h " a v a i l a b l e " (Bray P i ) phosphorus l e v e l s . 

L o w e r i n g t h e pH appeared t o a c c e l e r a t e a p a t i t e w e a t h e r i n g . 

One p r o b l e m t h a t c o u l d r e s u l t from low pH c o n d i t i o n s i s 

i n c r e a s i n g m e t a l s o l u b i l i t i e s . However t h e r e were no v i s u a l 

symptoms o f m e t a l t o x i c i t y o r element i m b a l a n c e s i n 

v e g e t a t i o n g r o w i n g on e i t h e r t h e w a s t e r o c k dumps o r on 

n a t u r a l s o i l s d e v e l o p e d from o r e c o n t a i n i n g r o c k . Time 

c o n s t r a i n t s p r e v e n t e d a s t u d y o f t r a c e element a c c u m u l a t i o n 

i n t h e b i o t a . 

The w a s t e r o c k was c o m p r i s e d o f a number o f d i f f e r e n t 

r o c k t y p e s and t h i s a f f e c t e d i t s p a r t i c l e s i z e . A verage 

p r o p o r t i o n s o f < 2 mm p a r t i c l e s were 10 t o 13% f o r t h e 

h o r n f e l s , 19 t o 26% f o r p o t a s s i c , and 31 t o 36% f o r t h e 

in c o m p e t e n t w a s t e r o c k . On t h e dump benches, n a t u r a l p l a n t 

i n v a s i o n was g r e a t e s t on s i t e s w i t h t h e h i g h e s t p r o p o r t i o n 

o f < 2 mm p a r t i c l e s (LG.V). However t h e v i g o r o u s g r o w t h o f 

b o t h agronomic and woody p l a n t s p e c i e s i n f i e l d t r i a l s 

i n d i c a t e d t h a t , i f f e r t i l i z e d and p l a n t s were a r t i f i c a l l y 

i n t r o d u c e d , 15% t o 25% was an adequate < 2 mm c o n t e n t . 

The g r e a t e s t l i m i t a t i o n t o p l a n t g r o w t h on t h e mine 

w a s t e s was a l a c k o f s o i l - s i z e d p a r t i c l e s on t h e s u r f a c e o f 

t e r r a c e s l o p e s . A f o u n d a t i o n o f b o u l d e r s i s c r u c i a l f o r 

dump s t a b i l i t y , b u t was an i m p o s s i b l e medium f o r p l a n t s t o 

r o o t i n . To r e v e g e t a t e dump s l o p e s , t h e B.C. M i n e s 

I n s p e c t i o n B r a n c h a d v o c a t e s r e g r a d i n g t h e s l o p e s t o a 

g e n t l e r a n g l e , and i n t h e p r o c e s s c o v e r i n g t h e s l o p e s w i t h 

f i n e s from t h e bench. R e g r a d i n g w i l l i n v o l v e moving l a r g e 
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amounts o f m a t e r i a l , r e s u l t i n g i n l a r g e m a c h i n e r y c o s t s . 

T h i s makes i t p r o h i b i t i v e l y e x p e n s i v e f o r most B.C. mines, 

i n c l u d i n g K i t s a u l t . 

I f one i s t o e s t a b l i s h v e g e t a t i o n on t h e s l o p e s , t h e 

a l t e r n a t i v e t o r e g r a d i n g i s t o a p p l y a v e n e e r o f s o i l - s i z e d 

p a r t i c l e s . One s o u r c e o f f i n e s i s t h e o v e r b u r d e n o r t o p s o i l 

t h a t c o v e r e d t h e s e a r e a s p r i o r t o m i n i n g . When t h e mine r e 

opened i n 1980 u n c o n s o l i d a t e d d e p o s i t s o f s o i l - l i k e p e a t , 

t i l l , and c o l l u v i u m were s t r i p p e d and saved f o r use i n 

r e c l a m a t i o n . However u s i n g t h e n a t u r a l s o i l has many 

l i m i t a t i o n s . One p r o b l e m i s t h e q u a n t i t y a v a i l a b l e as 

d e p o s i t s o f o v e r b u r d e n were g e n e r a l l y s h a l l o w . The o t h e r 

p r o b l e m was t h a t most o f t h e o v e r b u r d e n c o n t a i n e d t h e same 

p r o p o r t i o n o f c o a r s e f r a g m e n t s as t h e w a s t e r o c k . The p o o r 

q u a l i t y o f t h e o v e r b u r d e n was i l l u s t r a t e d i n T r i a l 82.1 by 

t h e b e t t e r growth o f agronomics on t h e w a s t e r o c k . The h i g h 

c o a r s e fragment c o n t e n t and t h e r e s i s t a n c e o f t h e s e 

f r a g m e n t s t o w e a t h e r i n g meant t h a t t h e o v e r b u r d e n would n o t 

be a good s o u r c e o f f i n e s . 

The a l t e r n a t i v e t o u s i n g n a t u r a l m a t e r i a l s was t o use 

t h e w a s t e r o c k i t s e l f . O b s e r v a t i o n s from T r i a l 81.1 

s u g g e s t e d t h a t once exposed a p o r t i o n o f t h e w a s t e r o c k 

q u i c k l y d i s i n t e g r a t e d . F o l l o w i n g up on t h i s o b s e r v a t i o n , a 

v e n e e r o f i n c o m p e t e n t w a s t e r o c k was t e s t e d on a s l o p e ( T r i a l 

82 . 4 ) . A f t e r t h r e e y e a r s , 85% o f t h e s l o p e s u r f a c e 

c o n t a i n e d a h i g h enough p r o p o r t i o n o f < 2 mm p a r t i c l e s (> 

15%) t o s u p p o r t p l a n t growth. By c o m p a r i s o n o n l y 5% o f t h e 
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s u r r o u n d i n g s l o p e s c o n t a i n e d d e t e c t a b l e f i n e s . The r e s u l t s 

o f T r i a l 82.4 s u g g e s t t h a t t h e i n c o m p e t e n t w a s t e r o c k was a 

good s o u r c e o f f i n e s . S e l e c t i v e placement o f w a s t e r o c k on 

t h e s l o p e s i s an a t t r a c t i v e p r o p o s i t i o n , as one would be 

u s i n g m a t e r i a l s t h a t would be p l a c e d on t h e dumps anyway. 
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I I I . PREDICTING THE LONG TERM PERFORMANCE OF THE 

INCOMPETENT WASTEROCK, USED AS A SOURCE OF 

FINES, ON ANGLE OF REPOSE SLOPES 

1. INTRODUCTION 

1.1 O b j e c t i v e 

W h i l e v i g o r o u s p l a n t growth was a c h i e v e d on t h e t e r r a c e 

benches, t h i s was n o t t h e c a s e on t h e dump s l o p e s . On t h e • 

dump s l o p e s u r f a c e s , t h e absence o f s o i l - s i z e d p a r t i c l e s 

p r e v e n t e d p l a n t growth. F i e l d t r i a l s showed t h a t i n t h e 

s h o r t t e r m t h e b e s t way t o r e c t i f y t h i s was t o c o v e r t h e 

s l o p e s w i t h a v e n e e r o f inc o m p e t e n t w a s t e r o c k . However, t h e 

l i m i t e d d u r a t i o n o f f i e l d t r i a l s r e s t r i c t s t h e i r a b i l i t y as 

t o o l s f o r p r e d i c t i n g whether t h e v e n e e r o f i n c o m p e t e n t 

w a s t e r o c k i s c o m p a t i b l e w i t h t h e l o n g t e r m r e c l a m a t i o n 

o b j e c t i v e s . 

The o b j e c t i v e o f t h e second p a r t o f t h e s t u d y was t o 

e v a l u a t e t h e l o n g t e r m p e r f o r m a n c e o f a v e n e e r o f 

in c o m p e t e n t w a s t e r o c k on a n g l e o f r e p o s e s l o p e s . 

C h a r a c t e r i s t i c s o f t h e inc o m p e t e n t w a s t e r o c k t h a t w i l l 

a f f e c t i t s p e r f o r m a n c e a r e : 

- t h e p r o p o r t i o n o f s o i l - s i z e d p a r t i c l e s 

- t h e p r o p o r t i o n o f s i l t and c l a y , and 

- t h e a v a i l a b i l i t y o f t r a c e e l e m e n t s and n u t r i e n t s . 

W h i l e s o i l - s i z e d m a t e r i a l i s n e c e s s a r y f o r m o i s t u r e and 

n u t r i e n t r e t e n t i o n , p r o p e r t i e s r e q u i r e d f o r p l a n t g r o w t h , a 
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l a r g e p r o p o r t i o n o f c o a r s e fragments must be p r e s e n t i n 

o r d e r t o m a i n t a i n t h e s l o p e s a n g l e o f r e p o s e and f o r 

d r a i n a g e . The amount o f s i l t and c l a y w i l l a l s o a f f e c t 

m o i s t u r e and n u t r i e n t r e t e n t i o n , as w e l l p h y s i c a l p r o p e r t i e s 

s u c h as i n f i l t r a t i o n c a p a c i t y . I n s u f f i c i e n t i n f i l t r a t i o n 

w i l l l e a d t o s u r f a c e r u n o f f , w h i c h i n a d d i t i o n t o r e d u c i n g 

w a t e r q u a l i t y may remove t h e p l a n t c o v e r and erode t h e 

f e r t i l e u p p er l a y e r s o f t h e s o i l . 

I n o r d e r t o p r e d i c t t h e l o n g t e r m p e r f o r m a n c e o f t h e • • 

i n c o m p e t e n t w a s t e r o c k , i n f o r m a t i o n was c o l l e c t e d from 

unweathered m a t e r i a l s , from weathered m a t e r i a l s i n t h e r o c k 

dumps and i n n a t u r a l s o i l s , and from a s i m u l a t i o n o f 

w e a t h e r i n g i n t h e l a b o r a t o r y . The f i r s t s t e p t o 

u n d e r s t a n d i n g how t h e i n c o m p e t e n t w a s t e r o c k w i l l p e r f o r m was 

t o d e t e r m i n e i t s i n i t i a l c o m p o s i t i o n . A n a l y s e s were c a r r i e d 

o u t on samples o f exposed b e d r o c k i n t h e p i t ( p i t r o c k ) and 

r e c e n t l y dumped w a s t e r o c k t o c h a r a c t e r i z e t h e i n c o m p e t e n t 

w a s t e r o c k and t o show how i t d i f f e r e d from t h e more common 

r o c k t y p e s f o u n d i n t h e waste. 

I n f o r m a t i o n on p e d o g e n e s i s and w e a t h e r i n g a t t h e 

m i n e s i t e were g a t h e r e d from two s o u r c e s : w a s t e r o c k on t h e 

abandoned dumps and two n a t u r a l s o i l p r o f i l e s w i t h i n t h e 

p r o p o s e d p i t l i m i t s . The changes i n t h e w a s t e r o c k showed 

t h e t y p e o f changes t h a t w i l l o c c u r w i t h i n t e n y e a r s . The 

n a t u r a l s o i l p r o f i l e s showed t h e e f f e c t s o f much l o n g e r 

p e r i o d s o f p e d o g e n e s i s , and t h e c o n d i t i o n s under w h i c h 

p e d o g e n i c changes o c c u r r e d . I t was i m p o s s i b l e t o examine 



185 

s o i l p r o f i l e s d e v e l o p e d from i n c o m p e t e n t r o c k , s i n c e a r e a s 

where t h e i n c o m p e t e n t r o c k may have been exposed had a l r e a d y 

been mined. A l t h o u g h t h e n a t u r a l s o i l s and much o f t h e 

weathered w a s t e r o c k were n o t composed o f i n c o m p e t e n t r o c k , 

t h e y had a g r e a t number o f p r o p e r t i e s i n common w i t h i t . 

Thus i n f o r m a t i o n about how t h e y a l t e r e d c o u l d be used t o 

p r e d i c t c e r t a i n a s p e c t s o f i n c o m p e t e n t w a s t e r o c k a l t e r a t i o n . 

I n o r d e r t o more a c c u r a t e l y a s s e s s t h e e f f e c t s o f 

w e a t h e r i n g on p r o p e r t i e s s uch as p a r t i c l e s i z e , w e a t h e r i n g , 

o f t h e i n c o m p e t e n t w a s t e r o c k was s i m u l a t e d i n t h e 

l a b o r a t o r y . The t e c h n i q u e used was a S o x h l e t d i s t i l l a t i o n 

w i t h a c e t i c a c i d . The advantage o f s i m u l a t e d w e a t h e r i n g 

o v e r t h e f i e l d s t u d i e s was t h a t i t p e r m i t t e d t h e d i r e c t 

s t u d y o f d i f f e r e n t f r a c t i o n s o f t h e i n c o m p e t e n t w a s t e r o c k . 

The l a b o r a t o r y s t u d y s i m u l a t e d a p p r o x i m a t e l y 100 y e a r s o f 

w e a t h e r i n g . 
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1.2 L i t e r a t u r e Review 

1.2.3 P r o p e r t i e s o f P o d z o l i c S o i l s 

S t u d i e s o f s o i l development and s o i l s u r v e y s c a r r i e d 

o u t i n t h e a r e a showed t h a t p o d z o l s form on w e l l d r a i n e d 

p a r e n t m a t e r i a l s . An u n d e r s t a n d i n g o f p r o p e r t i e s o f p o d z o l s 

i s i m p o r t a n t as p e d o g e n e s i s on t h e dump s l o p e s s h o u l d 

e v e n t u a l l y c r e a t e p o d z o l i c s o i l s . 

P o d z o l i c s o i l s a r e c h a r a c t e r i z e d by h o r i z o n s e n r i c h e d 

i n amorphous o r g a n i c - s e s g u i o x i d e complexes. I n t h e C a n a d i a n 

System o f S o i l C l a s s i f i c a t i o n t h e r e a r e t h r e e G r e a t Groups 

w i t h i n t h e P o d z o l i c o r d e r . The two found i n t h e K i t s a u l t 

r e g i o n a r e t h e Ferro-Humic and Humo-Ferric p o d z o l s 

( W i t t n e b e n , 1984). The d i a g n o s t i c p o d z o l i c B h o r i z o n 

c o n t a i n a t l e a s t 0.6 % p y r o p h o s p h a t e Fe + A l , and i s a t 

l e a s t 10 cm t h i c k . I n t h e Ferro-Humic g r e a t group t h e 

d i a g n o s t i c h o r i z o n c o n t a i n s more t h a n 5% o r g a n i c - C . I n t h e 

H u m o - F e r r i c g r e a t group t h e C c o n t e n t i s 0.5 t o 5%. 

West c o a s t p o d z o l s t y p i c a l l y have t h i c k mor s u r f a c e 

l a y e r s and r e l a t i v e l y h i g h B h o r i z o n c a r b o n c o n t e n t s . I n 

p o d z o l s from d i f f e r e n t m o i s t u r e subzones i n t h e C o a s t a l 

Western Hemlock zone, t h e average t h i c k n e s s o f t h e s u r f a c e 

l i t t e r l a y e r r anged from 11 t o 20 cm ( C a r t e r e t a l . , 1985). 

Compared t o p o d z o l s i n C e n t r a l Canada, L e w i s (1976) 

c o n c l u d e d t h a t i n p o d z o l s from Vancouver I s l a n d , have l e s s 

r e d i s t r i b u t i o n o f o r g a n i c m a t t e r and s e s q u i o x i d e s w i t h i n t h e 

solum, and t h u s weaker h o r i z o n a t i o n . 
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P a r e n t m a t e r i a l p r o p e r t i e s i n f l u e n c e p o d z o l morphology. 

I n s o i l s d e v e l o p e d from b a s a l t i c p a r e n t m a t e r i a l s , a l b i c 

(Ae) h o r i z o n s o c c u r from 0 t o 27% o f t h e t i m e , compared t o 

25 t o 83 % g r a n i t i c p a r e n t m a t e r i a l s ( C a r t e r e t a l . , 1985). 

F o r b o t h r o c k t y p e s , t h e l o w e s t p r o p o r t i o n o f Ae h o r i z o n s 

were found on t h e d r i e r s i t e s . G r e a t e r w e a t h e r i n g , more 

t r e e t h r o w , and more m a f i c p a r e n t m a t e r i a l s were s u g g e s t e d 

as p o s s i b l e r e a s o n s f o r t h e s m a l l s i z e o r l a c k o f Ae 

h o r i z o n s . The o c c u r r e n c e o f g r e a t e r w e a t h e r i n g was 

e x p l a i n e d by t h e f a c t t h a t t h e s o i l s do n o t f r e e z e i n t h e 

w i n t e r . On Vancouver I s l a n d , t h e s t r o n g e s t Ae and weakest B 

h o r i z o n s were found i n p o d z o l s d e v e l o p e d on d r y s i t e s from 

h i g h S i , low Fe g r a n i t i c p a r e n t m a t e r i a l s ( L e w i s , 1976). 

H i g h c o n t e n t s o f Fe (> 5%) and c l a y impede t h e f o r m a t i o n o f 

m o b i l e o r g a n i c - s e s q u i o x i d e complexes, and t h u s e l u v i a t i o n 

(Duchaufour and S o u c h i e r , 1978). 

A number o f r e s e a r c h e r s have n o t e d t h a t t h e h o r i z o n s i n 

west c o a s t p o d z o l s o f t e n a r e n o t p a r a l l e l t o t h e s u r f a c e , 

and t h a t maximum i l l u v i a t i o n does n o t alwa y s o c c u r a t t h e 

t o p o f t h e i l l u v i a l l a y e r ( M a r t i n & Lowe, 1989; Sanborn, 

1987). P r e f e r r e d d r a i n a g e pathways, h e t e r o g e n e o u s r o o t 

g r o w t h , and f r e q u e n t t r e e throw a r e s u g g e s t e d c a u s e s f o r t h e 

o b l i q u e , i r r e g u l a r h o r i z o n s . Compacted l a y e r s o f t i l l , f o r 

example, w h i c h l e a d t o zones o f i n t e n s e r o o t growth and 

seepage f l o w , r e s u l t i n t h e zone o f maximum C and 

s e s q u i o x i d e a c c u m u l a t i o n n e a r t h e bottom o f t h e solum. 
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S u r f a c e o r g a n i c m a t t e r , i l l u v i a l o r g a n i c m a t t e r and 

s e s q u i o x i d e s have s t r o n g e f f e c t s on t h e c h e m i c a l p r o p e r t i e s 

o f p o d z o l i c s o i l s , and t h u s have been t h e f o c u s o f much 

r e s e a r c h . Three forms o f e x t r a c t a b l e Fe and A l a n a l y s i s a r e 

commonly c a r r i e d o u t on p o d z o l i c s o i l s (McKeague & Day, 

1966; P a r f i t t and Henmi, 1982; Farmer e t a l . , 1980; Adams & 

Ka s s i m , 1984). 

(1) P y r o p h o s p h a t e (pyr) o r EDTA e x t r a c t o r g a n i c a l l y 
complexed Fe and A l , 

(2) O x a l a t e (AAO) e x t r a c t s b o t h o r g a n i c a l l y complexed 
and amorphous Fe and A l , 

(3) C i 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 e x t r a c t s f r e e o x i d e 
and h y d r o x i d e forms o f Fe, b u t i s n o t s e l e c t i v e 

f o r 
a p a r t i c u l a r A l f r a c t i o n . 

The r e l a t i v e p r o p o r t i o n o f each f r a c t i o n v a r i e s . However, 

t h e p r o p o r t i o n o f o r g a n i c a l l y - c o m p l e x e d Fe and A l i s 

g e n e r a l l y h i g h e s t n e a r t h e s u r f a c e . 

F o r t h e w e a t h e r i n g r e q u i r e d t o r e l e a s e Fe and A l from 

p r i m a r y m i n e r a l s and f o r o r g a n i c e l u v i a t i o n t o o c c u r , t h e 

s o i l must have a low pH. Thus i n c o n d i t i o n s c o n d u c i v e t o 

p o d z o l f o r m a t i o n , b u t where p a r e n t m a t e r i a l s c o n t a i n c a l c i t e 

o r l a r g e amounts o f c l a y , t h e l o s s o f t h e s e components 

p r e c e d e s t h e development o f p o d z o l i c h o r i z o n s . C a r t e r e t 

a l . (1985) s t u d i e d p o d z o l development i n t h e Western Hemlock 

c l i m a t i c zone. I n p o d z o l s d e v e l o p e d i n t h i s a r e a , t h e 

aver a g e pH o f t h e l i t t e r was from 3.2 t o 4.1. The average 

pH o f t h e p o d z o l i c B h o r i z o n s ranged from 4.1 t o 4.5. F o r 

t h e s e same s o i l s , B h o r i z o n AAO-Fe (0.6 t o 2.4%) and - A l 

(1.2 t o 2.4%) l e v e l s were h i g h e r t h a n t h o s e o f p y r - F e (0.2 
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t o 1.8%) and - A l (0.6 t o 1.5%). Low pH v a l u e s and h i g h 

c o n c e n t r a t i o n s o f i l l u v i a l C, A l , and Fe were a l s o found i n 

p o d z o l s i n S.E. A l a s k a (Heilman & Gass, 1974; S t e phens, 

1969) and i n o t h e r s t u d i e s c a r r i e d o u t i n B r i t i s h Columbia 

( M a r t i n & Lowe, 1989; Sanborn, 1987). I n C a r t e r e t a l ' s 

(1985) s t u d y t h e h i g h e s t c o n c e n t r a t i o n o f B h o r i z o n c a r b o n 

(9.6%) and o x a l a t e -Fe (2.1%) and - A l (4.4%) were found i n 

p o d z o l s d e v e l o p e d under t h e w e t t e s t c l i m a t e . 

I n a d d i t i o n t o t h e c l i m a c t i c i n f l u e n c e s , L e w i s (1976> 

a l s o f o u n d t h a t t i l l c o m p o s i t i o n d i f f e r e n c e s were r e f l e c t e d 

i n B h o r i z o n c h a r a c t e r i s t i c s . F o r example, f o r a l l t h r e e 

e x t r a c t i o n s , t h e l e v e l s o f Fe n e a r t h e s u r f a c e were h i g h e s t 

i n t h e p o d z o l s d e v e l o p e d i n t h e l i m e s t o n e t i l l . T h i s was 

t h o u g h t t o r e s u l t from t h e w e a t h e r i n g o f l e s s r e s i s t a n t Fe-

c o n t a i n i n g c a r b o n a t e m i n e r a l s . Of t h e s o i l s s t u d i e d by 

L e w i s (1976), i n h e r i t e d d i f f e r e n c e s were most pronounced i n 

t h e d r i e r subzones and i n younger s o i l s where w e a t h e r i n g was 

l e s s i n t e n s e . 

Most r e s e a r c h on p o d z o l i c s o i l s has f o c u s e d on t h e 

manner i n w h i c h s e s q u i o x i d e - e n r i c h e d l a y e r s form. The 

t r a d i t i o n a l t h e o r y o f p o d z o l g e n e s i s i s t h a t s e s q u i o x i d e s , 

r e l e a s e d by t h e w e a t h e r i n g o f p r i m a r y m i n e r a l s , a r e 

t r a n s p o r t e d as complexes w i t h s o l u b l e o r g a n i c m a t t e r 

(McKeague e t a l . , 1983). The s e s q u i o x i d e - o r g a n i c complex 

p r e c i p i t a t e s when t h e r a t i o o f A l and Fe t o o r g a n i c m a t t e r 

becomes t o o h i g h , o r i f a b s o r b e d by o t h e r complexes o r by A l 

o r Fe h y d r o x i d e s . The s i t e o f d e p o s i t i o n depends upon many 
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f a c t o r s i n c l u d i n g t h e amount o f a v a i l a b l e A l and Fe. I n 

s o i l s w i t h h i g h c o n t e n t s o f e a s i l y - w e a t h e r e d m i n e r a l s , 

d e p o s i t i o n may o c c u r a t o r n e a r t h e s u r f a c e . 

An a l t e r n a t i v e h y p o t h e s i s f o r p o d z o l g e n e s i s s u g g e s t s 

t h a t A l and Fe move as hydrous o x i d e s o l s w i t h o u t o r g a n i c 

m a t t e r (Anderson e t a l , 1982). A c c o r d i n g t o t h i s 

h y p o t h e s i s , o r g a n i c m a t t e r a r r i v e s l a t e r and p r e c i p i t a t e s on 

t h e i n o r g a n i c components. G i v e n t h e g r e a t v a r i e t y i n form 

and c o m p o s i t i o n , i t i s u n l i k e l y t h a t o n l y one mechanism 

o p e r a t e s i n a p a r t i c u l a r h o r i z o n , l e t a l o n e t h r o u g h o u t t h e 

whole solum. 

R e s u l t s from d i f f e r e n t s t u d i e s o f west c o a s t p o d z o l s 

showed no c o n s i s t e n t p a t t e r n o f t e x t u r a l changes w i t h d e p t h 

o r among h o r i z o n s , and no e v i d e n c e o f c l a y t r a n s l o c a t i o n 

( S t e p h e n s , 1969; Sanborn, 1987). T h i s c o n c u r s w i t h a s u r v e y 

o f F r e n c h p o d z o l s c a r r i e d o u t by L e g r o s and Pedro (1985), 

who c o n c l u d e d t h a t g r a i n s i z e d i s t r i b u t i o n changes i n 

p o d z o l i c s o i l s were s m a l l and i r r e g u l a r and r e s u l t from 

f r a g m e n t a t i o n , d i s s o l u t i o n , and p a r t i c l e movement. They 

a t t r i b u t e d t h e l a c k o f change i n p o d z o l i c s o i l s t o t h e 

dominance o f d i s s o l u t i o n . 

D i s s o l u t i o n d e c r e a s e s t h e s i z e o f each p a r t i c l e , and 

can cause a n e g a t i v e e n r i c h m e n t i n c o a r s e p a r t i c l e s , because 

f i n e r p a r t i c l e s a r e more r a p i d l y e l i m i n a t e d . However, 

computer s i m u l a t i o n s c a r r i e d o u t by L e g r o s and Pedro (1985) 

showed t h a t 87.5% o f t h e mass i s l o s t i n r e d u c i n g s p h e r i c a l 

p a r t i c l e s from 2 t o 1 mm i n d i a m e t e r . F r a g m e n t a t i o n o f 
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s a n d - s i z e d p a r t i c l e s c r e a t e d a g r e a t e r p r o p o r t i o n o f s i l t , 

w i t h a s l o w e r b u t p r o g r e s s i v e e n r i c h m e n t i n c l a y . However, 

c o a r s e sand f r a g m e n t a t i o n , u n l e s s v e r y pronounced, a l s o had 

v e r y l i t t l e e f f e c t on t h e p a r t i c l e s i z e d i s t r i b u t i o n . 

D i s s o l u t i o n r e s u l t s from w e a t h e r i n g . I n p o d z o l s , most 

o f t h e changes i n t h e m i n e r a l o g y o f t h e sand and s i l t - s i z e d 

f r a c t i o n s a t t r i b u t a b l e t o w e a t h e r i n g a r e found i n t h e A 

h o r i z o n . I n New E n g l a n d p o d z o l s , A p r i l e t a l . ( 1 9 8 6 ) , found 

t h a t h o r n b l e n d e and p y r o x e n e s were c o m p l e t e l y removed from . 

t h e A h o r i z o n , w h i l e t h e r e was l i t t l e m i n e r a l o g i c a l change 

i n t h e sand and s i l t f r a c t i o n s o f t h e u n d e r l y i n g m a t e r i a l . 

McKeague e t a l . (1983), a t t r i b u t e d t h e g r e a t e r 

w e a t h e r i n g i n t h e Ae h o r i z o n t o t h e l a c k o f p r o t e c t i v e 

s e s g u i o x i d e c o a t i n g s . A c c o r d i n g t o McKeague e t a l . (1983), 

f e r r o m a g n e s i a n m i n e r a l s a r e g e n e r a l l y d e p l e t e d and q u a r t z i s 

e n r i c h e d i n t h e Ae h o r i z o n . The q u a r t z : f e l d s p a r r a t i o 

i n c r e a s e s i n o n l y some s o i l s . The r a t i n g o f sand and s i l t -

s i z e d m i n e r a l s a c c o r d i n g t o t h e i r w e a t h e r a b i l i t y i n p o d z o l s 

was a m p h i b o l e s > t r i o c t a h e d r a l c h l o r i t e > b i o t i t e > 

m u s c o v i t e and f e l d s p a r > q u a r t z (McKeague e t a l . , 1983). 

S i l t - s i z e d p h y l l o s i l i c a t e s , l i k e c l a y , o f t e n w e a t h e r t o 

mixed l a y e r m i n e r a l s ( e . g . , c h l o r i t e - v e r m i c u l i t e ) . 

Data on t h e w e a t h e r i n g o f heavy m i n e r a l s was r e v i e w e d 

by M i t c h e l l (1975). D i f f e r e n c e s i n t h e r e l a t i v e s t a b i l i t i e s 

o f heavy m i n e r a l s i n s u b t e r r a n e a n s t r a t a and i n s u b a e r i a l 

e n v i r o n m e n t s were a t t r i b u t e d t o d i f f e r e n c e s i n t h e 

c o n d i t i o n s under w h i c h t h e changes o c c u r r e d . S t u d i e s o f t h e 
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w e a t h e r i n g o f heavy m i n e r a l s i n t h e f i n e sand f r a c t i o n s i n 

p o d z o l i c s o i l s , summarized by Batement and C a t t (1985), 

showed t h a t t h e s t a b i l i t y o f heavy m i n e r a l s was r u t i l e > 

z i r c o n > sphene > e p i d o t e > h o r n b l e n d e (Mg) > h o r n b l e n d e 

(Fe) > a p a t i t e . Even i n i n t e n s e l y weathered p o d z o l s , t h e r e 

was no d e p l e t i o n i n t h e sphene c o n t e n t . 

R e l a t i v e l y few s t u d i e s o f p o d z o l s have l o o k e d a t t h e 

sand and s i l t f r a c t i o n s . Even fewer have l o o k e d a t t h e 

c o m p o s i t i o n o f t h e c o a r s e f r a g m e n t s . I n an a c i d s o i l 

d e v e l o p e d by i n s i t u w e a t h e r i n g from a g r a n o d i o r i t e p a r e n t 

m a t e r i a l , K a t o (1964) n o t e d marked d i f f e r e n c e s i n t h e 

c o m p o s i t i o n o f f r e s h r o c k f r a g m e n t s compared t o we a t h e r e d 

p a r t i c l e s . I n t h e l o w e s t u n c o n s o l i d a t e d l a y e r , t h e 4-2 mm 

and t h e sand f r a c t i o n s were e n r i c h e d i n b i o t i t e and d e p l e t e d 

i n q u a r t z , r e l a t i v e t o t h e f r e s h r o c k . However, t h e 

p r o p o r t i o n o f q u a r t z i n c r e a s e d moving up t h r o u g h t h e C 

l a y e r s . The 4-2 mm and 2-0.2 mm f r a c t i o n s o f t h e A, B, and 

upper C h o r i z o n s were e n r i c h e d i n q u a r t z r e l a t i v e t o t h e 

f r e s h r o c k , w h i l e t h e 4-2 mm f r a c t i o n i n t h e s e same h o r i z o n s 

c o n t a i n e d l o w e r amounts o f b i o t i t e . A t t h e same t i m e as t h e 

p r o p o r t i o n o f q u a r t z i n c r e a s e d , t h e 4-2 mm f e l d s p a r 

c o n c e n t r a t i o n d e c l i n e d . F e l d s p a r was d e p l e t e d r e l a t i v e t o 

t h e f r e s h r o c k i n a l l t h e < 2 mm f r a c t i o n s . 

I n s u b a l p i n e a r e a s i n F r a n c e , R o b e r t e t a l . (1980) 

fo u n d a l a c k o f ferromagnesium and p l a g i o c l a s e m i n e r a l s i n 

t h e g r a v e l f r a c t i o n s o f p o d z o l s compared t o f r e s h r o c k . I n 

New Z e a l a n d p o d z o l s , Farmer e t a l . , (1984) found t h a t p a r e n t 
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sand and g r a v e l were l i t t l e w e athered below t h e cemented Bh. 

I n t h e e l u v i a t e d A, s t o n e s were c o m p l e t e l y w e a t h e r e d t o 

s a n d - s i z e d q u a r t z and r e s i s t a n t f e l d s p a r . S t o n e s p r o j e c t i n g 

t h r o u g h t h e Bh h o r i z o n were o n l y s t r o n g l y w e a t h e r e d on t h e i r 

u pper s u r f a c e s . 

Compared t o o t h e r Canadian s o i l s , t h e p r o c e s s e s o f c l a y 

m i n e r a l a l t e r a t i o n a r e most i n t e n s e i n p o d z o l s (Kodama, 

1979). As a r e s u l t , t h e r e a r e o f t e n l a r g e m i n e r a l o g i c a l 

d i f f e r e n c e s between t h e < 2 um f r a c t i o n s from d i f f e r e n t 

p o d z o l h o r i z o n s , and t h e r e s u l t i n g m i n e r a l o g y p r o f i l e s a r e 

u n l i k e t h o s e o f any o t h e r C a n a d i a n s o i l o r d e r . 

F o r t h e most p a r t , changes i n c l a y m i n e r a l o g y r e s u l t 

from t h e a l t e r a t i o n o f e x i s t i n g p h y l l o s i l i c a t e s . A l l e n and 

F a n n i n g (1983) c h a r a c t e r i z e d t h e changes o c c u r r i n g i n 

p o d z o l s a s : t r i o c t a h e d r a l c h l o r i t e t o v e r m i c u l i t e and 

p e d o g e n i c c h l o r i t e t o s m e c t i t e . A c c o r d i n g t o McKeague e t 

a l . , ( 1 9 83), t h e c l a y f r a c t i o n s o f p o d z o l C h o r i z o n s 

g e n e r a l l y c o n t a i n q u a r t z and f e l d s p a r , a l o n g w i t h some 

c o m b i n a t i o n o f m i c a , c h l o r i t e , and k a o l i n i t e . I n p o d z o l i c B 

h o r i z o n s s e s q u i o x i d e - o r g a n i c c o a t i n g s p r o t e c t m i n e r a l s from 

w e a t h e r i n g and l e a d t o i n t e r l a y e r i n g . The r e s u l t i n g c l a y 

m i n e r a l s i n c l u d e e i t h e r c h l o r i t i z e d v e r m i c u l i t e and 

t r a n s f o r m a t i o n p r o d u c t s o f m i c a , o r p r i m a r y c h l o r i t e w i t h o u t 

A l i n t e r l a y e r i n g . W e a t h e r i n g o c c u r s t h r o u g h t h e removal o f 

K from m i c a and t h e OH s h e e t from c h l o r i t e , combined w i t h 

t h e o x i d a t i o n o f Fe and p o s s i b l y t h e r e m o v a l o f o t h e r 

o c t a h e d r a l c a t i o n s ( J a c k s o n , 1965). 
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A c c o r d i n g t o McKeague e t a l . (1983), t h e s m e c t i t e found 

i n t h e A h o r i z o n s o f p o d z o l s i s t h e A l - r i c h b e i d e l l i t e form. 

J a c k s o n (1965) t h o u g h t t h a t s m e c t i t e formed i n A h o r i z o n s 

from t h e c h e l a t i o n o f A l and Fe by o r g a n i c c o l l o i d s and from 

t h e r e d u c t i o n o f Fe. 

U n t r a n s f o r m e d c h l o r i t e and b i o t i t e a r e g e n e r a l l y a b s e n t 

i n p o d z o l i c A h o r i z o n s . On average t h e c l a y f r a c t i o n s o f A 

h o r i z o n s i n U.S. p o d z o l s c o n t a i n e q u a l p r o p o r t i o n s o f m i c a , 

v e r m i c u l i t e , and k a o l i n i t e ( F o l k o f f and Meetemeyer, 1985) -

McKeague e t a l . (1983) c o n c l u d e d t h a t p o d z o l i c A h o r i z o n s 

a r e dominated by s m e c t i t e o r v e r m i c u l i t e , c o n c l u s i o n s 

s u p p o r t e d by r e s e a r c h c a r r i e d o u t i n New E n g l a n d ( A p r i l e t 

a l , 1986), Quebec (De Kimpe e t a l . , 1984), J a p a n ( M i z o t a , 

1982), and Y u g o s l a v i a (Gjems, 1970). I n t h e p o d z o l s s t u d i e d 

by R u t h e r f o r d and Kemp (1983) i n O n t a r i o , t h e dominant A 

h o r i z o n c l a y m i n e r a l was an i n t e r s t r a t i f i e d v e r m i c u l i t e o r 

s m e c t i t e w i t h c h l o r i t e . 

R e v i e w i n g t h e c l a y m i n e r a l o g y o f C a n a d i a n s o i l s , Kodama 

(1979) found t h e p r e s e n c e o f c h l o r i t i z e d s m e c t i t e s o r 

v e r m i c u l i t e s i n t h e s u r f a c e h o r i z o n s o f o n l y B.C. and 

A l b e r t a p o d z o l s . Kodama (1979) found c h l o r i t e more 

s u s c e p t i b l e t o w e a t h e r i n g t h a n m i c a , and c o n s i d e r e d t h e 

p r e s e n c e o f i n h e r i t e d c h l o r i t e i n t h e s u r f a c e h o r i z o n s t o be 

a s i g n o f l e s s advanced s o i l g e n e s i s . Of t h e d i f f e r e n t 

c h l o r i t e t y p e s , t h e i r s u s c e p t i b i l i t y t o w e a t h e r i n g was Fe > 

Mg > A l . The low r e s i s t a n c e o f t h e Fe c h l o r i t e r e s u l t s from 

i t s s u s c e p t i b i l i t y t o o x i d a t i o n . 
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C l a y - s i z e d c h l o r i t e m i n e r a l s i n Canadian p o d z o l s 

decomposed i n t o n o n - c r y s t a l l i n e s u b s t a n c e s o r a l t e r e d i n t o 

i n t e r s t r a t i f i e d v e r m i c u l i t e - c h l o r i t e and s m e c t i t e - c h l o r i t e , 

w h i l e c l a y - s i z e d m i c a m i n e r a l s a l t e r e d t o p a r t i a l l y o r f u l l y 

e x p a n s i b l e c l a y m i n e r a l s (Kodama, 1979). I n a S c o t t i s h 

p o d z o l , <2 um c h l o r i t e l o s t t h r o u g h w e a t h e r i n g was 

r e p l e n i s h e d t h r o u g h a d d i t i o n s from t h e s i l t f r a c t i o n ( B a i n 

and D u l h i e 1984). I n t h i s s o i l , t h e g r e a t e s t d e c l i n e i n 

c h l o r i t e c o n t e n t o c c u r r e d i n t h e s i l t f r a c t i o n . I n many 

p o d z o l i c B h o r i z o n s , c h l o r i t i c m i n e r a l s a r e formed by t h e 

p r e c i p i t a t i o n o f A l and Fe h y d r o x i d e s between e x p a n s i b l e 

s i l i c a t e l a y e r s ( e . g . , De Kimpe e t a l . , 1984). 

I n p o d z o l s d e v e l o p e d on a v a r i e t y o f p a r e n t m a t e r i a l s 

i n J a p a n ( M i z o t a , 1982), t h e dominant c l a y m i n e r a l s i n t h e A 

and u pper B h o r i z o n s were v e r m i c u l i t e and s m e c t i t e w i t h o u t 

A l i n t e r l a y e r s . V e r m i c u l i t e - c h l o r i t e i n t e g r a t e d w i t h w e l l 

d e v e l o p e d i n t e r l a y e r s were found i n t h e l o w e r B and C 

h o r i z o n s . 

Gjems (1970) found an i n c r e a s e i n k a o l i n i t e , and a 

d e c r e a s e i n i l l i t e and c h l o r i t e , moving upwards i n a p o d z o l 

p r o f i l e i n Y u g o s l a v i a . The dominant m i n e r a l s i n t h e A, B, 

and C h o r i z o n s were r e s p e c t i v e l y s m e c t i t e , A l - i n t e r l a y e r e d 

m i n e r a l s , and i l l i t e . 

I n r e c e n t y e a r s , i n p a r t as a r e s u l t o f i n t e r e s t i n t h e 

h y d r o u s o x i d e s o l t h e o r y o f p o d z o l g e n e s i s (Anderson e t a l . , 

1982), t h e r e has been i n c r e a s e d i n t e r e s t i n c l a y - s i z e d 

m i n e r a l s formed from s e s q u i o x i d e s (Farmer e t a l . , 1980; 
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C h i l d s et. a l . , 1983; Adams & Kas s i m , 1984). F o r example, 

i m o g o l i t e has been found i n cemented h o r i z o n s o f some 

B r i t i s h C olumbia s o i l s (McKeague & Kodama, 1981) and i n 

b r u n i s o l s i n e a s t e r n O n t a r i o (Wang & Kodama, 1986). A l l e n 

and F a n n i n g (1983) s u g g e s t e d t h a t amorphous Fe i n p o d z o l s 

r e c r y s t a l l i z e s as f e r r i h y d r i t e , w h i c h i n t u r n a l t e r s t o 

g o e t h i t e . A c c o r d i n g t o Schwertmann and F i s c h e r (1973), 

f e r r i h y d r i t e i s t h e main Fe o x i d e i n p o d z o l i c B h o r i z o n s . 

1.2.3. Methods o f S i m u l a t i n g W e a t h e r i n g 

W e a t h e r i n g i n v o l v e s a complex c o m b i n a t i o n o f p r o c e s s e s 

( B i r k e l a n d , 1984). C o n s e q u e n t l y p r e d i c t i o n s as t o how a 

c e r t a i n m a t e r i a l w i l l w eather a r e u s u a l l y b ased on f i e l d 

o b s e r v a t i o n s made on s i m i l a r m a t e r i a l s i n s i m i l a r 

e n v i r o n m e n t s . However i f t h e c o n d i t i o n s d e s i r e d do n o t 

a l r e a d y e x i s t , r e s e a r c h e r s must t h e n a t t e m p t t o s i m u l a t e 

w e a t h e r i n g a r t i f i c i a l l y . The e a s i e s t and most r e p r o d u c i b l e 

method f o r r e p l i c a t i n g w e a t h e r i n g i s t o i n s e r t t h e m a t e r i a l 

i n t o t h e w e a t h e r i n g environment ( H a t t o n e t a l . , 1987; 

P a t e r s o n e t a l . , 1987). The drawback t o t h i s a p p r o a c h i s 

t h e t i m e r e q u i r e d . W e a t h e r i n g i s a r e l a t i v e l y s l o w p r o c e s s . 

I n o r d e r t o r e p l i c a t e w e a t h e r i n g changes more q u i c k l y , 

one must a t t e m p t t o s i m u l a t e w e a t h e r i n g by a c c e l e r a t i n g t h e 

p r o c e s s e s i n v o l v e d . The main drawback i n a c c e l e r a t i n g t h e 

w e a t h e r i n g r e a c t i o n s i s t h a t i t i s d i f f i c u l t t o m a i n t a i n t h e 

n a t u r a l b a l a n c e between p r o c e s s e s . T h i s i s e s p e c i a l l y t r u e 

when t h e p r o c e s s e s a r e c a t a l y s e d by b i o l o g i c a l a c t i v i t y , as 
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i s t h e c a s e when p y r i t e i s o x i d i z e d . A v a r i e t y o f methods 

f o r s i m u l a t i n g w e a t h e r i n g a r e used t o p r e d i c t whether 

p y r i t i c mine wast e s w i l l become a c i d g e n e r a t i n g . These 

i n c l u d e b a t c h t e s t s ( B r u y n e s t e y n & N a c k e l , 1984), h u m i d i t y 

c e l l s (Sobek e t a l . , 1978), column t e s t s ( P a t t e r s o n , 1987), 

and S o x h l e t d i s t i l l a t i o n p r o c e s s e s ( S u l l i v a n & Sobek, 1982). 

S o x h l e t e x t r a c t o r s have been used by v a r i o u s 

i n v e s t i g a t o r s t o mimic g e o c h e m i c a l w e a t h e r i n g r e a c t i o n s , 

w i t h d i f f e r e n t e x t r a c t i n g c o n d i t i o n s p r o d u c i n g d i f f e r e n t . . 

t y p e s and r a t e s o f change. F o r example, H e n i n and Pedro 

(1965) f o u n d t h a t a c e t i c a c i d c a u s e d t h e r a p i d r e m o v a l o f 

Fe, A l and b a s i c c a t i o n s , i n a p r o c e s s s i m i l a r t o t h a t 

o b s e r v e d i n p o d z o l i c s o i l s . An a l t e r n a t i v e a p p r o a c h f o r 

r e c r e a t i n g t h e e f f e c t s o f p o d z o l i z a t i o n was r e p o r t e d by 

B e r t h e l i n and B e l g y (1979), who found t h a t p e r f u s i n g 

n u t r i e n t s o l u t i o n f o r 22 weeks t h r o u g h a column o f r o c k 

f r a g m e n t s t r a n s f o r m e d b i o t i t e and i l l i t e - v e r m i c u l i t e i n t o 

v e r m i c u l i t e , m i n e r a l t r a n s f o r m a t i o n s shown t o o c c u r d u r i n g 

p o d z o l i z a t i o n i n t h e f i e l d . 

W h i l e a number o f r e s e a r c h e r s have d u p l i c a t e d 

t r a n s f o r m a t i o n s o b s e r v e d i n s o i l and i n mine w a s t e s , v e r y 

l i t t l e work has been done i n m a t c h i n g chronoseguences 

o b s e r v e d i n t h e f i e l d w i t h t h e sequence o f changes o b s e r v e d 

i n t h e l a b o r a t o r y . F o r t h e c o a s t a l B.C. e n v i r o n m e n t , t h e 

o n l y r e s e a c h o f t h i s t y p e was done by S i n g l e t o n and 

L a v k u l i c h ( 1 989), who used a c e t i c a c i d and s o x h l e t 

e x t r a c t o r s t o d u p l i c a t e some o f t h e changes o b s e r v e d i n a 
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Vancouver I s l a n d chronosequence. I n t h e i r s t u d y " t h e 

e q u i v a l e n t o f 13 y e a r s o f c a l c i u m - b o u n d phosphate removal 

from t h e s u r f a c e 10 cm o f t h e s o i l was a c h i e v e d by one week 

o f l e a c h i n g i n t h e S o x h l e t s . " S o x h l e t l e a c h i n g a l s o 

d u p l i c a t e d t h e removal o f Ca, Na, K, A l and S i . However i t 

d i d n o t remove Fe and Mg as e f f e c t i v e l y as n a t u r a l l e a c h i n g 

under p o d z o l i c f i e l d c o n d i t i o n s . 
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2. CHARACTERISTICS OF ROCK TYPES FOUND IN THE WASTE 

2.1 O b j e c t i v e 

The o b j e c t i v e was t o c h a r a c t e r i s e t h e " i n c o m p e t e n t " 

w a s t e r o c k , and t o show how i t d i f f e r e d from t h e main r o c k 

t y p e s found i n t h e waste. 

2.2 M a t e r i a l s and Methods 

2.2.1 Sample S e l e c t i o n 

C h a r a c t e r i s i n g a l l t h e v a r i a t i o n w i t h i n and among r o c k 

t y p e s was beyond t h e scope o f t h i s s t u d y , s o s a m p l i n g was 

r e s t r i c t e d t o t h r e e r o c k t y p e s . The two o t h e r ( o t h e r t h a n 

t h e i n c o m p e t e n t r o c k ) r o c k t y p e s examined were t h e h o r n f e l s 

and t h e p o t a s s i c a l l y - a l t e r e d i n t r u s i v e , chosen because t h e y 

were t h e most common r o c k t y p e s i n t h e waste. W i t h t h e a i d 

o f one o f t h e mine g e o l o g i s t s , f i v e samples o f each r o c k 

t y p e were c o l l e c t e d from exposed f a c e s i n t h e p i t ( r o c k ) . 

The unweathered w a s t e r o c k samples were c o l l e c t e d from 

r e c e n t l y b u i l t dumps. 

2.2.2 Sample A n a l y s i s 

P r i o r t o a n a l y s i s , t h e w a s t e r o c k samples were s e p a r a t e d 

i n t o t h r e e d i f f e r e n t s i z e f r a c t i o n s ( > 12.7 mm, 12.7-2.0 

mm, and < 2.0 mm). The v a r i o u s f r a c t i o n s examined and t h e 

a n a l y s e s c a r r i e d o u t a r e summarised i n T a b l e 2.1. 

Subsamples a n a l y s e d f o r t o t a l m i n e r a l o g y , t o t a l e l e m e n t a l 

c o m p o s i t i o n , and c a r b o n a t e - C were f i r s t ground t o < 50 um on 



Table 2.1 Analyses carried out on different fractions of the rock and wasterock. 

Thin Particle XRD XRF 
Section Size powder oriented major trace 

Rock Samples 

Rock Fragments 
< 2 um particles 

Wasterock Samples 

Stone Fraction X 
Gravel Fraction X 
< 2 mm fraction X X 
< 2 um fraction 
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a N i s t e e l r i n g g r i n d e r . F o r t h e > 12.7 mm w a s t e r o c k 

f r a c t i o n and t h e r o c k samples, p r i o r t o g r i n d i n g , t h e 

subsample was p u t t h r o u g h a p l a t e c r u s h e r . 

G r a i n s i z e d i s t r i b u t i o n and a s s o c i a t e d m i n e r a l o g y were 

d e t e r m i n e d w i t h a p e t r o g r a p h i c m i c r o s c o p e on t h i n s e c t i o n s 

c u t from each r o c k sample. Three hundred p o i n t s were 

examined on each s e c t i o n . To d i s t i n g u i s h K f e l d s p a r from 

p l a g i o c l a s e and q u a r t z , a second s e c t i o n was e t c h e d w i t h HF 

and s t a i n e d w i t h sodium c o b a l t i n i t r i t e . 

T o t a l m i n e r a l o g y was e s t i m a t e d from t h e peak 

i n t e n s i t i e s g e n e r a t e d from an X-ray d i f f r a c t i o n s c a n (XRD) 

o f a subsample p r e s s e d i n t o a p e l l e t . I s l a m and L o t s e 

(1986) r e v i e w e d t h e use o f c o n s t a n t s t o c o r r e c t f o r 

d i f f e r e n c e s between t h e r e l a t i v e XRD i n t e n s i t y and t h e 

w e i g h t p r o p o r t i o n o f t h e m i n e r a l . C o n s t a n t s u s e d i n t h i s 

s t u d y were s i m i l a r t o t h e ones t h e y used. The f a c t o r (x2) 

u s e d t o c o r r e c t t h e i n t e n s i t i e s o f t h e groundmass m i n e r a l s , 

s e r i c i t e and k a o l i n i t e , was d e t e r m i n e d e m p i r i c a l l y from t h e 

two samples a l m o s t e n t i r e l y c o m p r i s e d o f s e r i c i t e and 

c a l c i t e . M u l t i p l y i n g t h e s e r i c i t e peak i n t e n s i t y by 2 gave 

a s i m i l a r s e r i c i t e : c a l c i t e r a t i o t o t h a t d e t e r m i n e d by 

c a r b o n a t e - C and by t h i n s e c t i o n a n a l y s i s . The r a t i o o f t h e 

0.499 nm t o 1.00 nm peak i n s e r i c i t e was d e t e r m i n e d on 

samples i n w h i c h s e r i c i t e was t h e o n l y m i c a m i n e r a l . 

The c o r r e c t i o n f a c t o r f o r q u a r t z was chosen t o e n s u r e 

t h a t t h e q u a r t z : f e l d s p a r r a t i o s o f t h e powder mounts were 

s i m i l a r t o t h o s e o b s e r v e d i n t h e t h i n s e c t i o n s . The g r e a t e r 
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i n t e n s i t y o f q u a r t z can be a t t r i b u t e d t o t h e b e t t e r 

c r y s t a l l i n i t y and t h e absence o f h y d r o t h e r m a l l y i n d u c e d 

f l a w s . 

The r e l a t i v e p r o p o r t i o n o f each m i n e r a l was e s t i m a t e d 

as f o l l o w s . 

Q u a r t z : i n t e n s i t y o f t h e 0.334 nm peak minus i n t e n s i t y 
o f t h e 1.00 nm peak ( m i c a ) , a l l d i v i d e d by 2, 

K F e l d s p a r : i n t e n s i t y o f 0.324 nm peak, 

P l a g i o c l a s e : i n t e n s i t y o f 0.318 nm peak, 

S e r i c i t e : i n t e n s i t y o f 0.499 nm peak d i v i d e d by 0.4, 
m u l t i p l i e d by 2, 

B i o t i t e : i n t e n s i t y o f 1.00 nm peak, minus i n t e n s i t y o f 
0.499 nm peak d i v i d e d by 0.4, 

C h l o r i t e : i n t e n s i t y o f 1.4 nm peak, 

K a o l i n i t e : i n t e n s i t y o f 0.71 nm peak , m u l t i p l i e d by 2, 
( t h e s h a r p k a o l i n i t e peak was e a s i l y 
s e p a r a t e d from t h e b r o a d 002 c h l o r i t e p e a k ) , 

H o r n b l e n d e : i n t e n s i t y o f 0.84 nm peak, 

The < 2 um f r a c t i o n s o f t h e w a s t e r o c k were s e p a r a t e d by 

c e n t r i f u g i n g a subsample o f t h e < 2 mm f r a c t i o n ( K i t t r i c k 

and Hope, 1963). F o r t h e r o c k samples, a < 2 mm f r a c t i o n 

was c r e a t e d by c r u s h i n g each sample u n t i l a l l p a r t i c l e s 

p a s s e d t h r o u g h a 2 mm s i e v e . The m i n e r a l s p r e s e n t i n t h e < 

2 um f r a c t i o n were i d e n t i f i e d from t h e peaks g e n e r a t e d from 

XRD s c a n s o f o r i e n t e d samples, a f t e r p r e t r e a t m e n t s w i t h Mg, 

M g - g l y c e r o l , K, K-300c, K-550c (Kodama e t a l . , 1977). The 

r e l a t i v e p r o p o r t i o n o f each m i n e r a l was c a l c u l a t e d from i t s 

c o n t r i b u t i o n t o t h e peaks g e n e r a t e d a f t e r Mg s a t u r a t i o n . 

The c o r r e c t i o n f a c t o r s a p p l i e d t o a c c o u n t t h e r e l a t i v e 
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s t r e n g t h s o f r e f l e c t a n c e were 0.5 f o r q u a r t z and f e l d s p a r 

and 2 f o r s m e c t i t e ( I s l a m and L o t s e , 1986). 

F o r b o t h t h e t o t a l and < 2 um f r a c t i o n s , XRD scans were 

made on an automated P h i l i p s PW 1710 Powder D i f f r a c t o m e t e r 

u s i n g CuKa X - r a d i a t i o n and a N i f i l t e r . 

T o t a l e l e m e n t a l c o m p o s i t i o n was measured w i t h an 

automated P h i l i p s PW 1400 X-ray f l u o r e s c e n c e s p e c t r o m e t e r 

(XRF), u s i n g f u s e d g l a s s d i s c s f o r major elements and 

p r e s s e d powder d i s c s f o r t r a c e element a n a l y s i s . The s u i t e 

o f t r a c e elements was d e t e r m i n e d by t h e c a p a b i l i t i e s o f XRF, 

and i n c l u d e d a number o f n u t r i e n t s and elements t h a t may 

c o n t r i b u t e t o t o x i c i t i e s . Carbonate-C was measured by a c i d 

t i t r a t i o n . A l l c h e m i c a l d a t a was r e p o r t e d on an oven d r y 

w e i g h t b a s i s . U n l e s s n o t e d o t h e r w i s e a n a l y s e s o f t h e 

w a s t e r o c k were c a r r i e d o u t on t h e < 2 mm f r a c t i o n . 

2.2.3 Data A n a l y s i s 

As t h e d a t a d i d n o t meet t h e r e q u i r e m e n t s o f homogeneus 

v a r i a n c e s and normal d i s t r i b u t i o n , n o n - p a r a m e t r i c 

s t a t i s t i c a l t e c h n i q u e s were used t o compare gr o u p s . 

U n r e l a t e d samples were compared w i t h t h e Mann-Whitney U 

t e s t . Data from t h e same samples were compared w i t h t h e 

W i l c o x o n m a t c h e d - p a i r s s i g n e d - r a n k s t e s t . The degree o f 

c o r r e l a t i o n among d i f f e r e n t p r o p e r t i e s o f t h e i g n e o u s r o c k 

samples were i n d i c a t e d by t h e Spearman r a n k c o r r e l a t i o n 

c o e f f i c i e n t . F o r a l l t e s t s 0.05 was used as t h e l e v e l o f 

p r o b a b i l i t y a t w h i c h d i f f e r e n c e s were c o n s i d e r e d 

s i g n i f i c a n t . 
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2.3 R e s u l t s and D i s c u s s i o n 

2.3.1 G r a i n S i z e 

The p o t a s s i c and incompetent r o c k were b o t h 

p o r p h y r i e s , c o n t a i n i n g l a r g e c r y s t a l s o r p h e n o c r y s t s , a l o n g 

w i t h f i n e r g r a i n s o r groundmass. I n t h e p o t a s s i c r o c k most 

o f t h e g r a i n s were p h e n o c r y s t s . On average 88% o f t h e 

g r a i n s i n t h e p o t a s s i c r o c k were i n t h e 2000 t o 100 um 

range ( T a b l e 2.2 and 2.3). 

The g r a i n s i z e d i s t r i b u t i o n was more v a r i a b l e i n t h e • • 

i n c o m p e t e n t r o c k samples. Based on t h e i r g r a i n s i z e , t h e 

i n c o m p e t e n t r o c k samples were s p l i t i n t o two g r o u p s ; 

groundmass and p o r p h y r y . I n t h e two groundmass samples 70% 

o f t h e g r a i n s were s m a l l e r t h a n 50 um, and no g r a i n s were 

l a r g e r t h a n 500 um. I n t h e t h r e e p o r p h y r y samples, t h e • 

p r o p o r t i o n o f g r a i n s 2000-500 um ranged from 27 t o 72% and 

t h e p r o p o r t i o n o f g r a i n s l e s s t h a n 50 um r a n g e d from 1 t o 

31%. 

U n l i k e t h e i g n e o u s r o c k t y p e s , t h e h o r n f e l s were 

e q u i g r a n u l a r . Most o f t h e g r a i n s i n t h e h o r n f e l s r o c k were 

c o a r s e s i l t - s i z e d , and no g r a i n s were l a r g e r t h a n 500 um. 

2.3.2 T o t a l M i n e r a l o g y 

I n o r d e r o f abundance, t h e t h r e e most common m i n e r a l s 

i n t h e h o r n f e l s r o c k were q u a r t z , p l a g i o c l a s e , and b i o t i t e 

( T a b l e 2 .4). Most o f t h e h o r n f e l s r o c k samples a l s o 

c o n t a i n e d some c h l o r i t e and K f e l d s p a r . Compared t o t h e two 

i g n e o u s r o c k t y p e s , t h e h o r n f e l s r o c k c o n t a i n e d h i g h e r 



Table 2.2 The grain size distribution in different rock types. 

Rock Type # of 2000-
samples 500um 

% 

Hornfels Mean 4 0 
Minimum 
Maximum 

Potassic Mean 5 62 
Minimum 52 
Maximum 72 

Incompetent Mean 3 49 
Porphyry Minimum 27 

Maximum 72 

Incompetent Mean 2 0 
Groundmass Minimum 

Maximum 

500- 100-
10Oum 50um < 50um 

% % % 

9 17 75 
0 10 56 
20 24 83 

26 5 7 
17 1 1 
33 6 11 

26 10 15 
10 4 1 
35 18 31 

15 11 74 
13 10 70 
18 12 77 
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Table 2.3 Proportion and size of different minerals in potassic and incompetent 
rock thin sections. 

2000- 500- 100- <50um 
Rock Mineral Total 500um lOOum 50um 

% % % % % 

Potassic Quartz Meam 44 31 10 2 - 0 
Minimum 36 24 5 0 0 
Maximum 54 37 20 5 0 

K feldspar Meam 42 25 15 2 0 
Minimum 39 14 6 0 0 
Maximum 48 33 27 7 0 

Felsic Meam 8 0 0 0 8 
Phyllosilicale Minimum 4 0 0 0 4 

Maximum 11 0 0 0 11 

Isotropic Meam 2 0 0 1 0 
Minimum 0 0 0 0 0 
Maximum 4 0 1 4 1 

Calcite Meam 1 0 0 1 1 
Minimum 0 0 0 0 0 
Maximum 2 0 0 2 2 

Ptagiodase Meam 3 2 1 0 0 
Minimum 0 0 0 0 0 
Maximum 10 8 3 0 0 

Incompetent Quartz Meam 48 27 16 2 3 
Porphyry Minimum 30 11 3 0 0 

Maximum 64 47 29 3 8 

K feldspar Meam 36 27 4 5 0 
Minimum 0 0 0 0 0 
Maximum 60 43 7 11 0 

Biotite Meam 2 1 1 1 0 
Minimum 0 0 0 0 0 
Maximum 6 2 2 2 0 

Calcite Meam 4 0 0 2 2 
Minimum 1 0 0 0 0 
Maximum 12 0 1 6 6 

Isotropic Meam 2 0 0 0 1 
Minimum 0 0 0 0 0 
Maximum 3 1 0 1 3 

Felsic Meam 7 0 0 0 7 
Phyllosilicale Minimum 0 0 0 0 0 

Maximum 21 0 0 0 21 

Incompetent Felsic Meam 74 0 2 5 66 
Groundmass Phytlosilicate Minimum 69 0 2 5 62 

Maximum 78 0 2 5 71 

Calcite Meam 27 0 13 6 8 
Minimum 22 0 11 5 6 
Maximum 31 0 16 7 9 
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Table 2.4 Mineralogy of hornfels, potassic, and incompetent rock and wasterock. 

# of 
Rock Type Sample Fraction samples 

Quartz tfeldspar Plogioclase Chlorite Biotile Seriate Kaolinite Calc i te . 

(estimated proportion in %) 

Homfe 

Potassic 

Porphyry 

Groundmass 

Wasterock 

rock 5 Mean 5 7 9 2 0 6 8 1 1 0 
Minimum 42 0 12 0 0 0 0 0 
Maximum 75 27 29 9 23 3 4 0 

wasterock <2mm 3 Mean 44 11 8 4 11 10 6 5 
Minimum 34 11 6 0 0 7 5 4 
Maximum 58 12 10 7 18 14 7 6 

rock 5 Mean 5 0 34 4 0 3 5 2 3 
Minimum 39 25 0 0 2 0 0 2 
Maximum 62 4 5 11 1 3 8 6 3 

wasterock composite 4 Mean 52 28 4 1 2 6 3 3 
Minimum 46 26 2 0 1 5 2 3 
Maximum 5 7 34 9 2 5 8 4 3 

> 12.7mm 4 Mean 5 7 3 0 5 1 2 3 1 2 
Minimum 4 7 2 7 2 0 0 2 0 2 
Maximum 64 37 11 2 5 5 2 2 

12.7- 4 Mean 6 0 2 7 3 1 2 3 2 2 
2mm Minimum 54 24 2 0 0 2 1 1 

Maximum 64 32 7 1 3 5 2 3 

< 2 mm 4 Mean 32 28 4 1 4 15 7 6 
Minimum 27 22 2 0 3 13 6 5 
Maximum 36 32 7 2 6 18 11 7 

rock 3 Mean 52 16 4 1 9 12 1 4 
Minimum 32 2 0 0 0 0 0 2 
Maximum 68 31 7 3 24 23 1 5 

rock 2 Mean 0 0 0 0 0 74 0 26 
Minimum 0 0 0 0 0 69 0 22 
Maximum 0 0 0 0 0 78 0 30 

wasterock composite 4 Mean 3 7 22 1 0 1 25 2 10 
Minimum 6 3 1 0 0 9 0 3 
Maximum 5 5 38 0 1 6 0 4 26 

> 12.7 mm 4 Mean 45 2 7 0 0 15 1 11 
Minimum 9 7 1 0 0 3 0 2 
Maximum 73 5 9 0 1 4 9 2 35 

12.7- 4. Mean 4 7 22 1 0 0 15 2 10 
2 mm Minimum 9 3 1 0 0 5 1 1 

Maximum 65 32 2 0 0 42 2 30 

< 2 mm 4 Mean 31 19 2 0 1 35 3 9 
Minimum 0 0 0 0 0 11 0 4 
Maximum 4 7 33 4 0 3 86 9 15 
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amounts o f p l a g i o c l a s e and l e s s K f e l d s p a r , s e r i c i t e , and 

c a l c i t e . 

Compared t o t h e r o c k samples, t h e < 2 mm f r a c t i o n o f 

t h e h o r n f e l s w a s t e r o c k c o n t a i n e d l e s s p l a g i o c l a s e and q u a r t z 

and more s e r i c i t e , k a o l i n i t e , and c a l c i t e . The b e s t 

e x p l a n a t i o n f o r t h e s e d i f f e r e n c e s was t h a t t h e < 2 mm 

f r a c t i o n c o n t a i n e d l a r g e r c o n c e n t r a t i o n s o f t h e e a s i l y 

w e a t h e r e d and weaker m i n e r a l s ( e . g . , s e r i c i t e and c a l c i t e ) , 

m i n e r a l s t h a t p r o b a b l y caused t h i s f r a c t i o n o f t h e r o c k t o • 

d i s i n t e g r a t e . 

M i n e r a l o g i c a l l y t h e inc o m p e t e n t and p o t a s s i c r o c k were 

q u i t e s i m i l a r . I n b o t h , t h e p h e n o c r y s t s were m a i n l y q u a r t z 

and K f e l d s p a r , w h i l e c a l c i t e and f e l s i c p h y l l o s i l i c a t e 

m i n e r a l s were t h e most common c o n s t i t u e n t s o f t h e groundmass 

( T a b l e 2 .3). Two f e l s i c p h y l l o s i l i c a t e s , s e r i c i t e and 

k a o l i n i t e , were i d e n t i f i e d i n t h e XRD a n a l y s i s ( T a b l e 2.4). 

Of t h e two, s e r i c i t e was t h e most common. 

As one would e x p e c t from t h e l a r g e p r o p o r t i o n o f 

p h e n o c r y s t s , t h e most common m i n e r a l s i n t h e p o t a s s i c r o c k 

were q u a r t z and K f e l d s p a r . Groundmass components a c c o u n t e d 

f o r < 16% o f t h e p o t a s s i c r o c k s c o m p o s i t i o n . The o n l y 

m i n e r a l o g i c a l d i f f e r e n c e between t h e p o t a s s i c r o c k and 

w a s t e r o c k was t h a t t h e w a s t e r o c k was l e s s v a r i a b l e , a f a c t o r 

t h a t may be a t t r i b u t e d t o t h e m i x i n g t h a t o c c u r s d u r i n g 

b l a s t i n g , r e m o v a l , and dumping. Among t h e t h r e e s i z e 

f r a c t i o n s i n t h e p o t a s s i c w a s t e r o c k , o n l y t h e m i n e r a l o g y o f 

t h e < 2 mm f r a c t i o n was s i g n i f i c a n t l y d i f f e r e n t . Compared 
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t o t h e c o a r s e r f r a c t i o n s , t h e < 2 mm f r a c t i o n c o n t a i n e d more 

c h l o r i t e , b i o t i t e , s e r i c i t e , k a o l i n i t e , and c a l c i t e , and 

l e s s q u a r t z . 

L i k e t h e i r g r a i n s i z e d i s t r i b u t i o n , t h e m i n e r a l o g y o f 

th e p o r p h y r y and groundmass i n c o m p e t e n t r o c k samples were 

q u i t e d i f f e r e n t . F o r example, q u a r t z and K f e l d s p a r , t h e 

most common m i n e r a l s i n t h e p o r p h y r y samples, were a b s e n t i n 

t h e groundmass samples. The two groundmass samples 

c o n t a i n e d o n l y s e r i c i t e and c a l c i t e . 

W h i l e t h e l a r g e s t s o u r c e o f v a r i a t i o n i n t h e 

i n c o m p e t e n t r o c k r e s u l t e d from d i f f e r e n c e s between t h e 

groundmass and t h e p o r p h y r y samples, t h e t h r e e p o r p h y r y 

samples were t h e m s e l v e s v e r y v a r i a b l e . One p o r p h y r y sample 

c o n t a i n e d l a r g e amounts o f p o t a s s i u m f e l d s p a r and b i o t i t e , 

b u t l i t t l e o r no s e r i c i t e , w h i l e t h e o t h e r two c o n t a i n e d 

r e l a t i v e l y l a r g e amounts o f s e r i c i t e and q u a r t z c o n t e n t s , 

b u t v e r y l i t t l e b i o t i t e and p o t a s s i u m f e l d s p a r . 

C ombining t h e d a t a from t h e f i v e i n c o m p e t e n t r o c k 

s a m p l e s , one g e t s a p i c t u r e o f a v e r y h e t e r o g e n e o u s 

m a t e r i a l . Because t h e c o m p o s i t i o n o f t h e i n c o m p e t e n t 

samples was so v a r i a b l e , t h e o n l y s i g n i f i c a n t d i f f e r e n c e 

from t h e p o t a s s i c r o c k was a h i g h e r c a l c i t e c o n t e n t . 

However, i f t h e b i o t i t e - r i c h sample was e x c l u d e d , t h e 

i n c o m p e t e n t r o c k a l s o had more s e r i c i t e , more g r a i n s < 50 

um, and l e s s K f e l d s p a r t h a n t h e p o t a s s i c r o c k . 

The m i n e r a l o g y o f t h e i n c o m p e t e n t w a s t e r o c k , w h i l e n o t 

q u i t e as v a r i a b l e as t h e i n c o m p e t e n t r o c k samples, was much 
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more v a r i a b l e t h a n t h e p o t a s s i c w a s t e r o c k . F o r example, t h e 

range i n < 2 mm s e r i c i t e c o n t e n t , w h i c h was 7 t o 18% i n t h e 

p o t a s s i c w a s t e r o c k , was 11 t o 86% i n t h e i n c o m p e t e n t 

w a s t e r o c k . A l t h o u g h t h e g r e a t v a r i a t i o n i n t h e i n c o m p e t e n t 

w a s t e r o c k o b s c u r e d d i f f e r e n c e s among d i f f e r e n t s i z e 

f r a c t i o n s i n u n r e l a t e d samples, compared t o t h e c o a r s e 

f r a c t i o n s from t h e same samples, t h e < 2 mm f r a c t i o n s 

c o n t a i n e d t h e more s e r i c i t e , k a o l i n i t e , and b i o t i t e . 

Compared t o t h e p o t a s s i c w a s t e r o c k , t h e i n c o m p e t e n t 

w a s t e r o c k c o n t a i n e d s i g n i f i c a n t l y more s e r i c i t e and c a l c i t e , 

and l e s s q u a r t z p l u s f e l d s p a r , b i o t i t e and c h l o r i t e . 

The l o w e r l e v e l s o f m a f i c p h y l l o s i l i c a t e s i n t h e 

i n c o m p e t e n t w a s t e r o c k i n d i c a t e t h a t t h e i n c o m p e t e n t r o c k was 

m a i n l y formed by a r g i l l i c and p r o p y l i t i c h y d r o t h e r m a l 

a l t e r a t i o n , p r o c e s s e s i n w h i c h p l a g i o c l a s e , b i o t i t e , and 

c h l o r i t e were r e p l a c e d by s e r i c i t e and c a l c i t e ( S t e i n i n g e r , 

1 985). I n p o t a s s i c h y d r o t h e r m a l a l t e r a t i o n , a l l t h e 

m i n e r a l s e x c e p t q u a r t z may be r e p l a c e d by K f e l d s p a r , w i t h 

s m a l l b i o t i t e g r a i n s added t o t h e more i n t e n s e l y p o t a s s i c 

r o c k . The l a c k o f b i o t i t e i n t h e i n c o m p e t e n t w a s t e r o c k 

i n d i c a t e s t h a t t h e in c o m p e t e n t r o c k sample w i t h a h i g h 

b i o t i t e c o n t e n t was an anomaly, and may more p r o p e r l y be 

d e s c r i b e d as an e x t r e m e l y p o t a s s i c r o c k . 

The l a r g e r amounts o f c a l c i t e and s e r i c i t e i n t h e 

i n c o m p e t e n t w a s t e r o c k , and t h e c o n c e n t r a t i o n o f t h e s e 

m i n e r a l s i n t h e < 2 mm f r a c t i o n , s u g g e s t t h a t c a l c i t e and 

s e r i c i t e were r e s p o n s i b l e f o r t h e i n c o m p e t e n t r o c k s r a p i d 
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d e g r a d a t i o n . S o l u b l e i n r a i n w a t e r , c a l c i t e s h o u l d d i s s o l v e 

q u i t e q u i c k l y i n a h i g h p r e c i p i t a t i o n e n v i r o n m e n t l i k e 

K i t s a u l t . As c a l c i t e d i s s o l v e s , p o r e s w i l l be c r e a t e d , 

w h i c h weaken t h e s u p p o r t around p h e n o c r y s t s , and a l l o w 

w e a t h e r i n g a g e n t s t o p e n e t r a t e i n t o t h e r o c k s . A c c o r d i n g t o 

m i n e r a l s t a b i l i t y schemes ( e . g . , G o l d i c h , 1938), s e r i c i t e , 

w h i c h i s a f i n e g r a i n e d m u s c o v i t e , s h o u l d be r e l a t i v e l y 

r e s i s t a n t t o w e a t h e r i n g . However, c r y s t a l s formed by 

h y d r o t h e r m a l a l t e r a t i o n may c o n t a i n more f l a w s t h a n t h e 

c r y s t a l s s t u d i e d by G o l d i c h (1938), i n w h i c h c a s e s e r i c i t e 

w e a t h e r i n g may p r o c e e d f a s t e r t h a n p r e d i c t e d . 

W h i l e c h e m i c a l w e a t h e r i n g on t h e dumps may c o n t r i b u t e 

t o the-breakdown o f i n c o m p e t e n t w a s t e r o c k , a c o n s i d e r a b l e 

amount o f breakdown o c c u r s p r i o r t o and d u r i n g i t s r e m o v a l 

from t h e p i t . F o r example fra g m e n t s o f i n c o m p e t e n t r o c k i n 

t h e p i t c o u l d be s c r a t c h e d w i t h a f i n g e r n a i l , c r u m b l e d when 

dropp e d , and had t o be i m p r e g n a t e d w i t h r e s i n i n o r d e r t o 

make t h i n s e c t i o n s . The l o w e r s t r e n g t h a p p a r e n t l y r e s u l t s 

from a l a c k o f c o h e s i o n among s e r i c i t e g r a i n s . The same 

l a c k o f s t r e n g t h was n o t e d i n t h e h i g h - b i o t i t e r o c k sample, 

i n d i c a t i n g t h a t low c o h e s i o n was a p r o p e r t y o f 

p h y l l o s i l i c a t e s c r e a t e d by h y d r o t h e r m a l a l t e r a t i o n . 

S i m i l a r t o t h e w e a t h e r i n g p r o c e s s e s p r e v i o u s l y 

d e s c r i b e d f o r t h e i n c o m p e t e n t r o c k , w e a t h e r i n g o f t h e 

p o t a s s i c r o c k s h o u l d s t a r t w i t h t h e groundmass. However, i n 

t h e p o t a s s i c r o c k t h e amount o f exposed groundmass i s 

r e l a t i v e l y s m a l l . A f t e r t h i s i s l o s t , t h e s u r f a c e i s 
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e n t i r e l y c o v e r e d w i t h q u a r t z and K f e l d s p a r p h e n o c r y s t s . 

C o h e s i v e and r e s i s t a n t , t h e s e c r y s t a l s w i l l r e s i s t f u r t h e r 

d e g r a d a t i o n . 

I n t h e h o r n f e l s r o c k , h y d r o t h e r m a l a l t e r a t i o n was 

r e s t r i c t e d t o t h i n v e i n s and narrow a l t e r a t i o n h a l o s . The 

g r e a t e r c o h e s i v e n e s s o f h o r n f e l s f r a g m e n t s t h a n t h e ig n e o u s 

r o c k f r a g m e n t s a p p e a r s t o be due t o t h e t i g h t i n t e r l o c k i n g 

o f s m a l l g r a i n s and t h e p r e s e n c e o f l a r g e amounts o f q u a r t z . 

V a r i o u s r e s e a r c h e r s have o b s e r v e d t h a t f i n e - g r a i n e d r o c k s . . 

we a t h e r more s l o w l y t h a n c o a r s e - g r a i n e d r o c k s ( C a r r o l , 

1970). One r e a s o n f o r t h i s i s t h a t t h e i n t e r g r a n u l a r 

s u r f a c e a r e a i n c r e a s e s w i t h a d e c r e a s e i n s u r f a c e g r a i n 

s i z e ; hence more energy i s r e q u i r e d t o d i s a g g r e g a t e t h e 

g r a i n s i n f i n e r r o c k ( B i r k e l a n d , 1974). The c o h e s i v e 

i n t e r l o c k i n g s t r u c t u r e o f m i n e r a l s i n t h e h o r n f e l s r o c k w i l l 

be a b a r r i e r t o w a t e r and o t h e r w e a t h e r i n g a g e n t s . T h i s 

r e s t r i c t s m i n e r a l breakdown t o exposed g r a i n s on t h e 

s u r f a c e . F u r t h e r w e a t h e r i n g w i l l a l s o be a r r e s t e d by t h e 

h i g h q u a n t i t y o f q u a r t z , a m i n e r a l t h a t i s v e r y r e s i s t a n t t o 

w e a t h e r i n g ( G o l d i c h 1938). P e t r o g r a p h i c s t u d i e s show t h a t 

p l a g i o c l a s e and b i o t i t e c r y s t a l s i n t h e h o r n f e l s were 

s u r r o u n d e d by q u a r t z . S h o u l d one o f t h e s e more e a s i l y 

w e a t h e r e d m i n e r a l s be removed, t h e r e s u l t i n g c a v i t y w i l l 

l i k e l y be l i n e d w i t h q u a r t z , p r e v e n t i n g f u r t h e r p e n e t r a t i o n 

o f w e a t h e r i n g a g e n t s . As t h e g r a i n s a r e s m a l l , t h e l o s s o f 

a few b i o t i t e o r p l a g i o c l a s e g r a i n s from t h e s u r f a c e w i l l 

n o t s i g n i f i c a n t l y r e d uce t h e o v e r a l l s t r e n g t h o f t h e r o c k . 
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2.3.3 M a j o r Elements 

D i f f e r e n c e s i n m i n e r a l o g y have r e s u l t e d i n a l a r g e 

number o f d i f f e r e n c e s i n element c o m p o s i t i o n ( T a b l e 2.5). 

F o r example, t h e h i g h e r Na and Fe, and l o w e r K c o n t e n t s i n 

t h e h o r n f e l s samples can be a t t r i b u t e d t o d i f f e r e n c e s i n 

p l a g i o c l a s e , m a f i c m i n e r a l s , and K f e l d s p a r . 

I n t h e p o t a s s i c and h o r n f e l s samples, t h e h i g h e r A l , C, 

and Ca l e v e l s i n t h e < 2 mm f r a c t i o n s , compared t o t h e r o c k , 

r e s u l t e d from t h e h i g h e r c o n c e n t r a t i o n s o f s e r i c i t e and 

c a l c i t e . The h i g h e s t c o n c e n t r a t i o n s o f A l , C, and Ca were 

i n t h e groundmass r o c k samples. The two groundmass r o c k 

samples a l s o c o n t a i n e d more Mg, P, S, and T i t h a n any o f t h e 

o t h e r i g n e o u s f r a c t i o n s . The most l i k e l y forms o f Mg and P, 

d o l o m i t e and a p a t i t e , ( S t e i n i n g e r 1985), weather r a p i d l y i n 

a c i d s o i l s and t h u s s h o u l d be a good s o u r c e o f t h e s e 

n u t r i e n t s . 

A l t h o u g h p y r i t e was n o t i d e n t i f i e d i n t h e XRD a n a l y s i s , 

i t was t h e o n l y common s u l p h i d e m i n e r a l ( S t e i n i n g e r , 1985) 

and t h u s i t s c o n c e n t r a t i o n c o u l d be e s t i m a t e d from l e v e l s o f 

S. Assuming t h a t a l l t h e S was p y r i t e , a verage p y r i t e 

c o n c e n t r a t i o n s ranged from 0.9% i n t h e h o r n f e l s r o c k t o 5.7% 

i n t h e i n c o m p e t e n t groundmass. The r a t i o o f Fe:S i n t h e 

groundmass was 0.84, t h e same as t h a t o f p y r i t e , i n d i c a t i n g 

t h a t a l l t h e Fe i n t h e s e o c c u r r e d i n t h i s form. Assuming 

t h a t a l l t h e C was c a l c i t e , and t h a t c a l c i t e d i s s o l u t i o n 

o c c u r s c o n c u r r e n t l y w i t h p y r i t e o x i d a t i o n , t h e amount o f 



Table 2.5 Major element concentrations in the rock samples and the < 2 mm fractions of the wasterock. 

Sample # of %AI %C %Ca %Fe %K 
samples 

Hornfels 5 mean 6.5 0.2 0.7 3.8 2.2 
rock min 5.5 0.0 0.1 1.8 0.8 

max 7.9 0.8 2.1 5.7 4.9 

Hornfels 3 mean 8.0 0.8 2.4 4.6 3.4 
wasterock min 7.7 0.7 1.3 3.9 3.3 
< 2 mm max 8.4 0.9 3.0 4.9 3.5 

Potassic 5 mean 5.8 0.6 1.2 1.9 5.6 
rock min 5.1 0.4 0.8 0.8 4.8 

max 6.6 1.0 1.3 3.6 6.7 

Potassic 4 mean 6.9 1.1 2.4 2.4 4.7 
wasterock min 6.6 1.0 2.0 1.9 4.3 
< 2 mm max 7.1 1.2 2.9 3.1 5.2 

Incompetent 3 mean 5.9 0.7 1.7 1.6 3.8 
Porphyry min 5.0 0.3 1.1 1.2 2.2 
rock max 7.1 0.8 2.1 2.1 5.4 

Incompetent 2 mean 12.2 3.5 9.9 2.6 6.2 
Groundmass min 11.4 3.2 8.2 2.5 5.8 
rock max 13.0 3.7 11.5 2.7 6.5 

Incompetent 4 mean 9.1 1.4 3.5 1.7 5.4 
wasterock min 7.1 0.9 2.0 1.1 4.6 
< 2 mm max 13.6 2.4 5.6 3.1 6.7 

%Mg %Na %P %S %Si %Ti Pyrite Calcite Calcite 
% % /Pyrite 

1.5 1.9 0.09 0.5 33.7 0.4 0.9 1.5 1.7 
0.3 1.2 0.05 0.0 31.0 0.2 0.1 0.0 0.0 
2.3 2.6 0.17 1.5 36.3 0.5 2.9 6.4 2.2 

0.9 0.9 0.14 2.8 29.0 0.5 5.2 6.5 1.3 
0.7 0.7 0.12 2.4 27.8 0.4 4.6 5.8 1.3 
1.1 1.1 0.16 3.2 31.2 0.5 5.9 7.5 1.3 

0.3 0.6 0.08 1.3 34.3 0.2 2.5 5.2 2.1 
0.2 0.3 0.07 0.4 30.6 0.2 0.7 3.7 5.5 
0.4 1.0 0.09 3.1 35.5 0.3 5.8 8.5 1.5 

0.7 0.5 0.14 1.8 31.3 0.3 3.4 9.2 2.7 
0.6 0.4 0.12 1.7 30.8 0.3 3.1 8.6 2.7 
0.9 0.8 0.16 2.2 32.7 0.3 4.1 9.8 2.4 

0.6 0.5 0.10 0.8 34.9 0.3 1.5 5.4 3.5 
0.3 0.1 0.08 0.3 32.9 0.2 0.6 2.5 4.4 
1.2 0.8 0.12 1.3 37.0 0.4 2.5 6.9 2.8 

1.5 0.0 0.27 3.1 15.8 0.5 5.7 29.0 5.1 
1.3 0.0 0.25 3.0 14.8 0.4 5.6 26.9 4.8 
1.7 0.0 0.30 3.1 16.7 0.6 5.9 31.1 5.3 

0.8 0.2 0.15 1.6 28.2 0.4 3.0 11.4 3.8 
0.5 0.1 0.11 0.9 18.3 0.3 1.8 7.4 4.2 
1.4 0.4 0.28 3.5- 32.8 0.6 6.5 20.1 3.1 
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c a l c i t e was s u f f i c i e n t t o n e u t r a l i s e a l l t h e a c i d i t y p y r i t e 

can p r oduce i n a l l b u t t h e < 2 mm h o r n f e l s samples. The 

s m a l l e x c e s s p y r i t e a c i d i t y i n t h e h o r n f e l s w a s t e r o c k can be 

n e u t r a l i s e d by m i x i n g i t w i t h o t h e r w a s t e r o c k o f o t h e r r o c k 

t y p e s . N o t a b l y , t h e inc o m p e t e n t sample t y p e s had t h e h i g h e s t 

a v e r a g e c a l c i t e : p y r i t e r a t i o s . 

2.3.4 < 2 um M i n e r a l o g y 

The < 2 um f r a c t i o n o f a l l t h r e e w a s t e r o c k t y p e s were, 

a l m o s t e n t i r e l y composed o f p h y l l o s i l i c a t e s ( T a b l e 2 .6). 

S m e c t i t e was t h e most common m i n e r a l i n t h e h o r n f e l s 

w a s t e r o c k , f o l l o w e d i n o r d e r by k a o l i n i t e , s e r i c i t e , and 

c h l o r i t e . The r e l a t i v e abundance o f < 2 um m i n e r a l s was 

q u i t e s i m i l a r i n t h e p o t a s s i c w a s t e r o c k . The o n l y 

d i f f e r e n c e was t h a t i n t h e p o t a s s i c samples t h e 

c o n c e n t r a t i o n s s m e c t i t e and k a o l i n i t e o v e r l a p p e d . 

I n t h e in c o m p e t e n t w a s t e r o c k , s e r i c i t e and s m e c t i t e 

were t h e most common < 2 um m i n e r a l s . Compared t o t h e 

h o r n f e l s and p o t a s s i c w a s t e r o c k , t h e in c o m p e t e n t w a s t e r o c k 

c o n t a i n e d more s e r i c i t e , l e s s k a o l i n i t e ( 5 - 2 5 % ) , and t h e 

c o n c e n t r a t i o n s o f s e r i c i t e and s m e c t i t e were more v a r i a b l e . 

The i n c o m p e t e n t w a s t e r o c k a l s o d i f f e r e d from t h e two 

c o h e s i v e r o c k t y p e s by c o n t a i n i n g no c h l o r i t e . 

Compared t o t h e < 2 um f r a c t i o n s from t h e w a s t e r o c k , 

t h e < 2 um f r a c t i o n s c r e a t e d by g r i n d i n g t h e r o c k samples 

had a much h i g h e r p r o p o r t i o n o f q u a r t z and f e l d s p a r . 

A n o t h e r d i f f e r e n c e r e s u l t i n g from g r i n d i n g was t h e i n c r e a s e d 



Table 2.6 Mineralogy of the < 2 um fractions in the wasterock and the crushed rock. 

%Wt Quartz 
Sample # of < 2 um 

samples 

Hornfels 4 Mean 4.9 
Wasterock Minimum 4.4 

Maximum 5.2 

Potassic 4 Mean 4.2 
Wasterock Minimum 3.4 

Maximum 4.9 

Incompetent 4 Mean 3.1 
Wasterock Minimum 2.2 

Maximum 4.3 

Hornfels 4 Mean 0.8 20 
Rock Minimum 0.3 10 

Maximum 1.2 30 

Potassic 4 Mean 2.0 9 
Rock Minimum 0.2 0 

Maximum 6.6 30 

Incompetent 4 Mean 2.0 10 
Rock Minimum 0.5 10 

Maximum 3.8 10 

K feldspar Plagioclase Chlorite Sericite Kaolinite Smectite 

(estimated proportion in %) 

5 10 38 47 
5 5 35 45 
5 15 40 50 

2 8 13 36 43 
0 5 10 30 35 
5 10 20 50 55 

3 44 18 38 
0 10 5 5 
5 90 25 60 

8 33 15 23 
5 25 10 20 

10 40 20 25 

8 2 9 18 27 27 
0 0 0 5 0 0 

20 5 25 40 80 65 

2 • • 59 5 28 
0 0 0 0 
5 • 95 15 95 
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v a r i a b i l i t y . F o r example, t h e < 2 um s m e c t i t e c o n t e n t o f 

t h e ground p o t a s s i c r o c k ranged from 3 t o 63%, compared t o 

35 t o 55% < 2 um s m e c t i t e i n t h e w a s t e r o c k . 

The c o m p o s i t i o n o f t h e < 2 um f r a c t i o n c r e a t e d from t h e 

i n c o m p e t e n t r o c k , l i k e t h a t found i n t h e w a s t e r o c k , 

c o n t a i n e d no c h l o r i t e and t h e p r o p o r t i o n o f k a o l i n i t e d i d 

n o t exceed 30%. The groundmass r o c k samples, w h i c h had t h e 

h i g h e s t s e r i c i t e c o n t e n t , had t h e h i g h e s t < 2 um s e r i c i t e 

c o n t e n t s . The h i g h e s t s m e c t i t e c o n t e n t (94%) was i n t h e < 2 

um f r a c t i o n c r e a t e d from t h e i n c o m p e t e n t r o c k sample h i g h i n 

b i o t i t e , s u g g e s t i n g a r e l a t i o n s h i p between b i o t i t e 

p h e n o c r y s t s and < 2 um s m e c t i t e . 

By d e f i n i t i o n s m e c t i t e expands when h y d r a t e d , a 

p r o p e r t y w h i c h can r e d u c e t h e s t r e n g t h o f t h e c o a r s e 

f r a g m e n t s . F o r e x p a n s i o n t o o c c u r , t h e s m e c t i t e must have 

a c c e s s t o w a t e r . Water e n t r y w i l l be l i m i t e d i n t h e d e n s e l y 

p a c k e d h o r n f e l s f r a g m e n t s . However t h e l a r g e number o f 

f r a c t u r e s a l l o w i n g w a t e r e n t r y and r e s u l t i n g i n s m e c t i t e 

e x p a n s i o n , may be one r e a s o n why t h e i n t e n s e l y 

h y d r o t h e r m a l l y a l t e r e d r o c k s were l e s s c o h e s i v e . 

2.3.5 T r a c e Elements 

Of t h e t r a c e e lements measured, Co, Mo, Pb, Se, and Zn 

were f o u n d i n h i g h e r c o n c e n t r a t i o n s t h a n t h e l e v e l s commonly 

found i n r o c k s and s o i l s ( T a b l e 2.7). The c o n c e n t r a t i o n s o f 

Mo were up t o t h r e e o r d e r s o f magnitude h i g h e r t h a n t h e 

l e v e l s commonly found i n s o i l s . As a r e s u l t , t h e f o l i a g e 



Table 2.7 Trace element concentrations in the rock and the < 2 mm fractions of the wasterock. 

Sample # of Co Cr Cu . Mn Mo Nb Ni Pb Ru Se Sr V Y Zn Zr Sample 
samples 

Hornfels 5 Mean 40 247 37 588 28 2 78 19 90 1 211 113 23 96 122 
rock Minimum 23 17 8 216 0 0 1 5 34 0 136 39 13 49 106 

Maximum 56 463 75 1255 113 7 149 34 175 1 264 218 30 211 142 

Hornfels 3 Mean 21 54 152 1928 1941 7 19 184 155 5 172 158 35 329 150 
wasterock Minimum 15 29 130 1417 1197 6 12 90 147 5 144 138 29 224 134 
< 2 mm Maximum 28 102 185 2230 2317 7 34 241 165 6 196 182 39 416 160 

Potassic 5 Mean 167 18 36 536 166 5 0 90 174 1 320 60 8 453 86 
rock Minimum 124 6 9 243 19 4 0 9 144 0 245 44 7 32 74 

Maximum 234 46 85 879 287 6 1 185 239 2 417 86 9 1436 99 

Potassic 4 Mean 59 26 63 773 350 8 5 209 157 4 330 116 12 394 106 
wasterock Minimum 52 16 36 669 207 7 2 145 143 3 307 112 10 280 99 
< 2 mm Maximum 63 41 97 864 553 8 10 309 166 4 358 124 17 703 110 

Incompetent 3 Mean 118 14 17 391 459 5 0 115 111 3 258 65 8 162 89 
Porphyry Minimum 64 8 9 334 268 4 0 8 95 2 105 35 7 55 79 
rock Maximum 158 18 26 468 759 5 0 296 127 3 406 101 8 371 99 

Incompetent 2 Mean 21 3 14 832 66 10 0 70 248 11 774 50 11 267 182 
Groundmass Minimum 20 0 13 703 52 8 0 45 235 10 741 36 11 130 154 
rock Maximum 21 5 15 961 81 11 0 95 260 13 807 65 11 405 210 

Incompetent 4 Mean 70 7 39 452 346 11 0 92 173 5 633 95 11 132 138 
wasterock Minimum 13 6 24 300 245 7 0 35 132 3 381 80 8 82 91 
< 2 mm Maximum 107 9 53 665 492 19 0 155 264 7 912 123 17 195 235 

Granite range 1-15 2-90 4-30 1-6 2-20 6-30 9-90 5-140 
•1 mean 5 20 15 1.4 8 18 0.0 60 40 

Shale/ range 5-25 30- 18- 20- 16-50 30- 18-
Oay *1 590 120 250 200 180 

mean 20 120 50 2.5 68 20 0.0 130 90 

Soil "1 range <2- 5- <10- 200- 1-5 10- <20- 20-
80 3000 100 5000 800 80 250 

* 1 data from Adriano 1986 note: all Irqce element concentrations in ppm 
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grown on t h e w a s t e r o c k dumps w i l l p r o b a b l y have a h i g h Mo:Cu 

r a t i o . 

The a v a i l a b i l i t y o f t h e t r a c e e l e m e n t s w i l l depend i n 

p a r t on t h e i r form and d i s t r i b u t i o n . A c c o r d i n g t o 

S t e i n i n g e r (1985) t h e main m i n e r a l forms o f Mo, Pb, and Zn 

were m o l y b d e n i t e (MoS 2), g a l e n a (PbS), and s p h a l e r i t e (ZnS). 

No s p e c i f i c Co o r Se m i n e r a l s were mentioned i n t h e K i t s a u l t 

g e o l o g y r e p o r t s , however a c c o r d i n g t o Rose e t a l . (1979), Co 

i s commonly a t r a c e component o f m a f i c m i n e r a l s , w h i l e Se, a 

c h a l c o p h i l e , i s a component o f many o f t h e s u l p h i d e 

m i n e r a l s . 

C o r r e l a t i o n s i n d i c a t e some a s s o c i a t i o n s o f t h e t r a c e 

e l e m e n t s w i t h m i n e r a l s . S i g n i f i c a n t c o r r e l a t i o n s f o r S w i t h 

Pb (r=0.70) and Zn (r=0.67) i n d i c a t e t h a t t h e s e m e t a l s were 

a s s o c i a t e d w i t h p y r i t e . Molybdenum (r=0.67) and c o b a l t 

(r=0.82) were b o t h c o r r e l a t e d w i t h q u a r t z . S e l e n i u m was 

p o s i t i v e l y c o r r e l a t e d w i t h c a l c i t e (r=0.66) and s e r i c i t e 

(r=0.66) and n e g a t i v e l y c o r r e l a t e d w i t h K f e l d s p a r ( r = -

0.72). 

The g r e a t v a r i a t i o n i n t h e c o n c e n t r a t i o n s o f many t r a c e 

e l e m e n t s r e s u l t e d because t h e y p r i m a r i l y o c c u r r e d i n v e i n s 

and a l o n g f r a c t u r e c o a t i n g s , s t r u c t u r e s w i t h a r a t h e r random 

d i s t r i b u t i o n . A c c o r d i n g t o S t e i n i n g e r (1985), 80 t o 90% o f 

t h e m o l y b d e n i t e was i n d i v i d u a l g r a i n s , < 50 um i n d i a m e t e r , 

d i s s e m i n a t e d i n q u a r t z v e i n l e t s . The v e i n s i d e n t i f i e d by 

S t e i n i n g e r (1985) i n c l u d e d b a r r e n q u a r t z , q u a r t z -

m o l y b d e n i t e , q u a r t z - p o l y m e t a l l i e , and c a r b o n a t e . 
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D e s p i t e t h e v a r i a t i o n w i t h i n each group, t h e r e were a 

l a r g e number o f s i g n i f i c a n t d i f f e r e n c e s among d i f f e r e n t r o c k 

t y p e s and among t h e r o c k and t h e w a s t e r o c k samples. F o r 

example, t h e h o r n f e l s r o c k had t h e l o w e s t l e v e l s o f Mo. 

T h i s s h a r p l y c o n t r a s t e d w i t h t h e < 2 mm f r a c t i o n o f h o r n f e l s 

w a s t e r o c k whose Cu, Mn, and Mo l e v e l s were more t h a n d o u b l e 

t h o s e t h e i g n e o u s samples. These d i f f e r e n c e s s u g g e s t t h a t 

t h e degree o f m i n e r a l i z a t i o n v a r i e d g r e a t l y i n t h e h o r n f e l s 

r o c k . 

The t r a c e element c o n c e n t r a t i o n s o f t h e i g n e o u s r o c k 

samples r e s e m b l e d t h a t o f t h e major e l e m e n t s , i n t h a t 

c o m p o s i t i o n o f t h e in c o m p e t e n t p o r p h y r y and t h e p o t a s s i c 

r o c k samples were s i m i l a r , and t h e i n c o m p e t e n t groundmass 

samples was d i s t i n c t l y d i f f e r e n t . Compared t o t h e p o r p h y r y 

samples, t h e i n c o m p e t e n t groundmass samples was h i g h e r i n 

Mn, Nb, Ru, Se, S r , Y, and Z r , and l o w e r i n Co, C r , and Mo. 

Compared t o t h e t h e p o t a s s i c w a s t e r o c k , t h e i n c o m p e t e n t 

w a s t e r o c k was h i g h e r i n S r and l o w e r i n C r , Mn, Pb, and Zn. 
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2.4 Summary 

The i n c o m p e t e n t r o c k was c o m p r i s e d o f a heterogeneous 

mix o f p h e n o c r y s t s and groundmass. Q u a r t z and K f e l d s p a r 

dominated t h e p h e n o c r y s t s . S e r i c i t e and c a l c i t e dominated 

t h e groundmass. The p h e n o c r y s t g r a i n s were l a r g e l y 2000 t o 

100 um i n d i a m e t e r w h i l e t h e groundmass g r a i n s were 

p r e d o m i n a n t l y s i l t s i z e d . 

I n c o n t r a s t t o t h e in c o m p e t e n t r o c k , t h e h o r n f e l s was • 

e n t i r e l y f i n e g r a i n e d . M i n e r a l o g i c a l l y t h e h o r n f e l s 

d i f f e r e d from t h e i n c o m p e t e n t r o c k by c o n t a i n i n g h i g h e r 

amounts o f p l a g i o c l a s e and l o w e r amounts o f K f e l d s p a r , 

s e r i c i t e and c a l c i t e . The t i g h t i n t e r l o c k i n g o f t h e g r a i n s , 

w h i c h l i m i t e d t h e e x t e n t o f h y d r o t h e r m a l a l t e r a t i o n 

( S t e i n i n g e r , 1985), makes t h e h o r n f e l s c o a r s e f r a g m e n t s v e r y 

c o h e s i v e . 

The c o h e s i v e p o t a s s i c r o c k had t h e same range i n g r a i n 

s i z e and c o n t a i n e d t h e same m i n e r a l s as t h e i n c o m p e t e n t 

w a s t e r o c k . The main d i f f e r e n c e was t h a t t h e i n c o m p e t e n t 

r o c k c o n t a i n e d a l a r g e r p r o p o r t i o n o f s e r i c i t e and c a l c i t e . 

These two m i n e r a l s appeared t o be r e s p o n s i b l e f o r t h e l a c k 

o f c o h e s i v e n e s s o f t h e inc o m p e t e n t w a s t e r o c k . 

F o r a l l t h r e e r o c k t y p e s , t h e < 2 mm f r a c t i o n s o f t h e 

w a s t e r o c k were e n r i c h e d i n b i o t i t e , k a o l i n i t e , s e r i c i t e , and 

c a l c i t e . H i g h e r c o n c e n t r a t i o n s o f s e r i c i t e s and c a l i c i t e i n 

t h e < 2 mm f r a c t i o n s were r e s p o n s i b l e f o r t h e h i g h e r 

c o n c e n t r a t i o n s o f A l , C, and Ca. W h i l e p y r i t e was n o t 
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d e t e c t e d i n t h e XRD s c a n s , e s t i m a t e s made from t h e l e v e l s o f 

S gave average v a l u e s o f up t o 5.7 %. 

D e s p i t e some h i g h average p y r i t e c o n c e n t r a t i o n s , t h e 

amount o f c a l c i t e i n t h e w a t e r o c k was more t h a n s u f f i c i e w n t 

t o n e u t r a l i z e any p o t e n t i a l a c i d i t y . Of t h e t h r e e r o c k 

t y p e s , t h e incompetent w a s t e r o c k had t h e g r e a t e s t e x c e s s o f 

c a l c i t e . 

The most common < 2 um m i n e r a l s i n t h e w a s t e r o c k were 

s m e c t i t e , k a o l i n i t e , and s e r i c i t e . S m e c t i t e expands when 

h y d r a t e d and t h i s can be a s o u r c e o f i n s t a b i l i t y i n r o c k s . 

I n most r o c k s , t h e dense p a c k i n g o f g r a i n s w i l l p r e v e n t t h e 

e n t r y o f w a t e r and t h u s s m e c t i t e e x p a n s i o n w i l l n o t be a 

problem. However, t h e i n t e n s e l y a l t e r e d r o c k i s h i g h l y 

f r a c t u r e d and p o r o u s . T h i s p e r m i t s w a t e r g r e a t e r a c c e s s t o 

t h e s m e c t i t e and t h u s s m e c t i t e e x p a n s i o n might c o n t r i b u t e t o 

t h e o b s e r v e d i n s t a b i l i t y . 

Of t h e t r a c e elements measured i n t h e h o r n f e l s , 

p o t a s s i c , and incompetent r o c k samples, Co, Mo, Pb, Se, and 

Zn were a l l p r e s e n t i n h i g h e r c o n c e n t r a t i o n s t h a n t h e l e v e l s 

commonly found i n s o i l s . Compared t o t h e c o n c e n t r a t i o n s o f 

t h e s e e l e m e n t s i n t h e o t h e r r o c k t y p e s , t h e in c o m p e t e n t 

samples c o n t a i n e d s i m i l a r amounts o f Co, Mo, and Se, and 

l o w e r amounts o f Pb and Zn. 
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3. CHARACTERISTICS OF WEATHERED WASTEROCK 

3.1 O b j e c t i v e 

The o b j e c t i v e was t o show how t h e < 2 mm f r a c t i o n o f 

t h e w a s t e r o c k had changed as a r e s u l t o f 10 y e a r s o f 

w e a t h e r i n g and p e d o g e n e s i s . 

3.2 M a t e r i a l s and Methods 

3.2.1 Sample S e l e c t i o n 

Twelve samples were s e l e c t e d t o show t h e range i n 

c o n d i t i o n s on t h e abandoned dumps. As most o f t h e weathered 

samples were p o t a s s i c w a s t e r o c k , most o f t h e samples chosen 

were o f t h i s t y p e (PO). The e x c e p t i o n s were two n a t u r a l l y 

v e g e t a t e d samples, w h i c h , j u d g i n g from t h e i r h i g h f i n e s 

c o n t e n t , c o n t a i n e d i n c o m p e t e n t w a s t e r o c k (INC .LG). F o u r o f 

t h e p o t a s s i c samples were from b e n e a t h t h e p e a t x b i r d s f o o t 

t r e f o i l t r e a t m e n t i n T r i a l 70.1 (PO.LGP5). The o t h e r 

samples were from t h e 0-5 cm d e p t h on u n t r e a t e d s e c t i o n s o f 

t h e Low- Grade Ore (LG) and Sout h E a s t Lower (SEL) dump. 

Unweathered (UW) in c o m p e t e n t and p o t a s s i c w a s t e r o c k samples 

were i n c l u d e d as c o n t r o l s . 

3.2.2 Sample A n a l y s e s 

W i t h t h e e x c e p t i o n o f t h e < 2 um m i n e r a l o g y , a l l 

a n a l y s e s were c a r r i e d o u t on t h e < 2 mm f r a c t i o n . M a j o r and 
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t r a c e e l e m e n t s , t o t a l m i n e r a l o g y , c l a y m i n e r a l o g y , and 

c a r b o n a t e - C were measured i n t h e same manner as i n S e c t i o n 

2. C a t i o n s from d i f f e r e n t f r a c t i o n s were e x t r a c t e d w i t h 

a c i d ammonium o x a l a t e (McKeague and Day, 1966), EDTA (Farmer 

e t a l . , 1980), and ammonium a c e t a t e (Anderson, 1975). 

L e v e l s o f S i , A l , Fe, Ca, Mg, Na, and K i n t h e l e a c h a t e were 

d e t e r m i n e d by fl a m e a t o m i c a b s o r p t i o n s p e c t r o s c o p y . The pH 

and a v a i l a b l e P a s s a y s were c a r r i e d o u t i n t h e same manner 

as i n t h e f i r s t p a r t o f t h e t h e s i s . O r g a n i c - C was 

c a l c u l a t e d by s u b t r a c t i n g c a r b o n a t e - C from t o t a l - C . 

P r i o r t o p a r t i c l e s i z e a n a l y s i s , o r g a n i c m a t t e r was 

removed w i t h NaOCl, c a r b o n a t e s and s o l u b l e s a l t s were 

removed w i t h Na a c e t a t e , and s e s q u i o x i d e s were removed w i t h 

c i t r a t e d i t h i o n a t e b i c a r b o n a t e , a c c o r d i n g t o t h e methods o f 

L a v k u l i c h and Wiens (1970) and Kunze (1965). The s i z e s o f 

t h e v a r i o u s sand f r a c t i o n s were d e t e r m i n e d by s i e v i n g . The 

s i z e s o f t h e s i l t and c l a y f r a c t i o n s were d e t e r m i n e d by t h e 

hydrometer method (Day, 1965). The < 2 um f r a c t i o n was t h e n 

s e p e r a t e d a c c o r d i n g t o t h e method o f K i t t r i c k and Hope 

(1963). 

3.2.3 Data A n a l y s i s 

S t a t i s t i c a l t e c h n i q u e s were t h e same as t h o s e used i n 

t h e p r e v i o u s s e c t i o n . U n r e l a t e d samples were compared w i t h 

t h e Mann-Whitney U t e s t . Data from t h e same samples were 

compared w i t h t h e W i l c o x o n m a t c h e d - p a i r s s i g n e d - r a n k s t e s t . 
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The degree o f c o r r e l a t i o n between d i f f e r e n t p r o p e r t i e s o f 

t h e p o t a s s i c and a r g i l l i c w a s t e r o c k were i n d i c a t e d by t h e 

Spearman r a n k c o r r e l a t i o n c o e f f i c i e n t . F o r a l l t e s t s , 0.05 

was used as t h e l e v e l o f p r o b a b i l i t y a t w h i c h d i f f e r e n c e s 

were c o n s i d e r e d s i g n i f i c a n t . 

3.3 R e s u l t s and D i s c u s s i o n 

3.3.1 pH and O r g a n i c - C 

Of t h e v a r i o u s p r o p e r t i e s measured, d e c r e a s e s i n pH and 

i n c r e a s e s i n o r g a n i c - C were most i n d i c a t i v e o f p e d o g e n i c 

development ( T a b l e 2.8). O r g a n i c m a t t e r was t h e s o u r c e o f 

o r g a n i c a c i d s , w h i c h i n t u r n was t h e main s o u r c e o f a c i d i t y . 

As a r e s u l t , pH and o r g a n i c - C were s t r o n g l y c o r r e l a t e d (r= -

0.92). Samples whose pH was > 7 c o n t a i n e d v e r y l i t t l e 

o r g a n i c - C . 

3.3.2 M i n e r a l o g y and M a j o r Element C o n t e n t 

o f t h e < 2 mm F r a c t i o n 

There were a number o f s t r o n g c o r r e l a t i o n s among pH and 

m i n e r a l s ( e . g . c a l c i t e r=0.95, q u a r t z r=-0.75) and major 

e l e m e n t s (Ca r=0.95, S i r=-0.84) found i n t h e w a s t e r o c k 

( T a b l e 2.16). Of t h e d i f f e r e n c e s found between t h e 

unweathered and t h e low pH samples, t h e most d r a m a t i c change 

i n m i n e r a l o g y was a l o s s o f c a l c i t e ( T a b l e 2.9). T h i s was 

accompanied by a s i m i l a r d e c r e a s e i n Ca ( T a b l e 2.10). 
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Table 2.8 The pH, carbonate-C, and organic-C levels of the 
weathered and unweathered wasterock. 

P H carbonate-C organic-C 
Sample % % 

INC.UW 7.7 1.1 0.0 
INC.UW 7.7 0.8 0.0 
INC.UW 7.6 1.8 0.0 
INC.UW 7.4 0.8 0.0 

PO.UW 7.7 0.9 0.0 
PO.UW 7.7 0.7 0.0 
PO.UW 7.6 0.7 0.0 
PO.UW 7.6 0.6 0.0 

PO.SEL 7.6 0.6 0.1 
PO.LG 7.5 0.2 0.0 
PO.SEL 7.3 0.3 0.0 
PO.LG 6.9 0.0 0.4 
PO.SEL 6.8 0.2 0.2 

PO.LGP5 5.3 0.1 0.7 
PO.SEL 5.3 0.0 0.3 
PO.LGP5 4.8 0.0 1.1 
INC.LG 4.1 0.0 1.0 
PO.LGP5 4.0 0.0 0.9 
PO.LGP5 3.9 0.1 8.8 
INC.LG 3.7 0.0 2.8 



Table 2.9 Mineralogy of the < 2 mm fractions of the unweathered and weathered wasterock. 

Quartz K feldspar Plagioclase Chlorite Biotite Sericite Kaolinite Calcite Vermiculite 
Sample pH 

(estimated proportion in %) 

INC.UW 7.7 21 18 0 0 3 34 9 9 0 
INC.UW 7.7 32 28 0 0 2 17 7 7 0 
INC.UW 7.6 0 0 0 0 0 86 0 14 0 
INC.UW 7.4 36 23 4 0 1 31 2 6 0 

PO.UW 7.7 27 31 2 0 3 14 11 7 0 
PO.UW 7.7 36 22 7 2 6 16 6 6 0 
PO.UW 7.6 31 32 2 2 5 13 6 6 0 
PO.UW 7.6 35 25 4 1 3 18 6 5 0 

PO.SEL 7.6 24 27 4 12 6 10 11 6 0 
PO.LG 7.5 36 24 5 2 4 11 14 3 0 
PO.SEL 7.3 27 30 2 12 6 10 8 5 0 
PO.LG 6.9 44 21 10 6 4 13 0 2 0 
PO.SEL 6.8 29 30 2 13 10 7 7 2 0 

PO.SEL 5.3 37 27 6 6 4 11 7 . 3 0 
PO.LGP5 5.3 35 33 6 2 3 11 9 0 0 
PO.LGP5 4.8 54 19 5 0 4 10 8 0 0 
INC.LG 4.1 37 44 2 3 2 7 4 0 2 
PO.LGP5 4.0 55 22 5 0 5 7 6 0 0 
PO.LGP5 3.9 39 21 8 5 4 14 12 0 3 
INC.LG 3.7 40 32 4 0 1 8. 12 0 3 



Table 2.10 Major element concentrations in the < 2 mm fractions of the unweathered 
and weathered wasterock. 

Sample 

INC.UW 
INC.UW 
INC.UW 
INC.UW 

PO.UW 
PO.UW 
PO.UW 
PO.UW 

PO.SEL 
PO.LG 
PO.SEL 
PO.LG 
PO.SEL 

PO.LGP5 
PO.SEL 
PO.LGP5 
INC.LG 
PO.LGP5 
PO.LGP5 
INC.LG 

pH %AI %C 

7.7 8.4 1.3 
7.7 7.1 0.9 
7.6 13.6 2.4 
7.4 7.1 0.9 

7.7 6.8 1.2 
7.7 6.8 1.2 
7.6 7.1 1.0 
7.6 6.6 1.0 

7.6 7.8 0.7 
7.5 7.4 0.3 
7.3 7.3 0.3 
6.9 7.5 0.5 
6.8 7.3 0.3 

5.3 7.2 0.7 
5.3 7.3 0.3 
4.8 7.4 1.2 
4.1 8.0 1.0 
4.0 6.6 0.9 
3.9 8.0 8.9 
3.7 7.7 2.8 

%Ca %Fe %K 

3.5 1.2 5.5 
2.9 1.3 5.0 
5.6 3.1 6.7 
2.0 1.1 4.6 

2.9 2.1 5.2 
2.3 3.1 4.3 
2.5 2.4 4.9 
2.0 1.9 4.5 

2.5 1.6 5.9 
1.2 2.1 4.9 
1.5 1.5 5.4 
0.8 3.2 3.2 
1.0 1.4 5.6 

0.7 2.6 5.0 
0.6 1.7 5.6 
0.6 2.5 5.1 
0.5 2.0 5.7 
0.4 2.0 5.1 
0.6 3.1 4.3 
0.4 1.5 5.8 

%Mg %Na %P 

0.6 0.2 0.1 
0.5 0.2 0.1 
1.4 0.1 0.3 
0.6 0.4 0.1 

0.7 0.4 0.1 
0.8 0.8 0.1 
0.9 0.4 0.2 
0.6 0.4 0.1 

0.7 0.3 0.2 
0.6 0.6 0.2 
0.7 0.6 0.1 
1.1 1.3 0.1 
0.7 0.6 0.1 

0.6 0.7 0.2 
0.7 0.8 0.1 
0.7 0.8 0.2 
0.8 0.9 0.2 
0.6 0.8 0.1 
0.8 1.0 0.2 
0.5 0.5 0.2 

%S %Si %Ti 

1.1 29.6 0.3 
0.9 32.0 0.3 
3.5 18.3 0.6 
1.0 32.8 0.3 

1.7 30.9 0.3 
2.2 30.8 0.3 
1.7 30.9 0.3 
1.7 32.7 0.3 

0.9 31.1 0.3 
0.8 33.0 0.4 
0.7 33.0 0.3 
0.6 33.2 0.4 
0.5 33.6 0.3 

1.1 33.3 0.4 
0.7 33.7 0.3 
0.8 33.2 0.4 
0.1 33.1 0.4 
0.7 34.6 0.4 
0.6 32.5 0.5 
0.1 34.1 0.4 
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S o l u b l e i n s l i g h t l y a c i d s o l u t i o n s , c a l c i t e w e a thered 

r a p i d l y i n r e c e n t l y exposed g l a c i a l m o r a i n e s i n s o u t h e a s t 

A l a s k a ( U g o l i n i , 1967). C a l c i u m i o n s r e l e a s e d from c a l c i t e 

a r e r a p i d l y l e a c h e d from a p o r o u s , w e l l d r a i n e d , s u b s t r a t e , 

l i k e t h e w a s t e r o c k . Any Ca r e m a i n i n g i n t h e low pH samples 

i s p r o b a b l y a component o f p l a g i o c l a s e . 

The c a r b o n a t e a n i o n s r e l e a s e d from c a l c i t e were a l s o 

s u s c e p t a b l e t o l e a c h i n g . However, t h e e f f e c t o f c a r b o n a t e - C 

l o s s e s on t h e t o t a l - C c o n c e n t r a t i o n s was masked by t h e 

c o n c u r r e n t i n c r e a s e i n o r g a n i c - C . As a r e s u l t t h e samples 

w i t h an i n t e r m e d i a t e pH, w h i c h c o n t a i n e d l i t t l e o f e i t h e r C 

t y p e , had t h e l o w e s t t o t a l - C l e v e l s . 

S u l p h a t e a n i o n s c r e a t e d by t h e o x i d a t i o n o f s u l p h i d e 

m i n e r a l s t e n d t o r e m a i n i n s o l u t i o n and a r e r e a d i l y l e a c h e d . 

As a r e s u l t , one can assume t h a t a l l t h e S i n t h e w a s t e r o c k 

o c c u r r e d i n s u l p h i d e m i n e r a l s . The s i g n i f i c a n t c o r r e l a t i o n 

between pH and S (r=0.77) i n d i c a t e s t h a t a s i g n i f i c a n t 

p o r t i o n o f t h e p y r i t e has weathered. W h i l e d i f f e r e n c e s i n S 

c o n t e n t m i g h t r e s u l t from l i t h o l o g i c a l f a c t o r s , t h e low pH 

samples were a l m o s t a l l from t h e LG dump, and t h u s i n i t i a l l y 

w o u ld be e x p e c t e d t o c o n t a i n more S t h a n w a s t e r o c k from 

o t h e r s o u r c e s . 

Of t h e samples examined, t h e l o w e s t S c o n c e n t r a t i o n s 

were i n t h e a c i d i c samples o f i n c o m p e t e n t w a s t e r o c k . 

E v i d e n c e from t h e r o c k samples s u g g e s t t h a t S i n t h e 

i n c o m p e t e n t r o c k i s c o n c e n t r a t e d i n t h e groundmass, w h i l e a 

l a r g e r p r o p o r t i o n o f t h e S i n t h e p o t a s s i c r o c k o c c u r s i n 
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q u a r t z v e i n s . The g r e a t e r a c c e s s i b i l i t y o f a i r and w a t e r 

i n t o t h e groundmass, l e a d i n g t o a c c e l e r a t e d S o x i d a t i o n , 

w o u l d r e s u l t i n f a s t e r and more complete p y r i t e o x i d a t i o n 

W h i l e some m i n e r a l o g i c a l d i f f e r e n c e s r e s u l t e d from 

w e a t h e r i n g , o t h e r s changes appeared t o be a r e s u l t o f 

l i t h o l o g i c a l d i f f e r e n c e s . F o r example, w h i l e t h e h i g h e r 

l e v e l s o f amorphous A l i n t h e low pH samples ( T a b l e 2.15), 

i n d i c a t e t h e w e a t h e r i n g o f a l u m i n o s i l i c a t e s . Amorphous A l 

l e v e l s were n o t h i g h enough t o a c c o u n t f o r t h e 3 t o 4% 

d e c r e a s e i n s e r i c i t e c o n t e n t n o t e d i n t h e more a c i d i c 

s amples. 

The v a r i a b l e n a t u r e o f t h e r o c k w i l l o b s c u r e any s m a l l 

changes. F o r example, t h e l o s s o f c a l c i t e s h o u l d i n c r e a s e 

t h e p r o p o r t i o n o f more r e s i s t a n t components by n e g a t i v e 

e n r i c h m e n t , and t h i s m i g h t e x p l a i n t h e n e g a t i v e c o r r e l a t i o n s 

f o r q u a r t z and p l a g i o c l a s e w i t h pH. However g i v e n t h e g r e a t 

v a r i a t i o n i n q u a r t z and p l a g i o c l a s e c o n t e n t s , and t h e 

r e l a t i v e l y s m a l l c a l c i t e c o n c e n t r a t i o n s i n t h e unweathered 

samples, i t was u n l i k e l y t h a t n e g a t i v e e n r i c h m e n t was t h e 

s o l e r e a s o n f o r t h e d i f f e r e n c e s o b s e r v e d . The h i g h q u a r t z 

and p l a g i o c l a s e c o n t e n t s i n t h e LG samples w i t h r e l a t i v e l y 

h i g h pH v a l u e s s u g g e s t a l i t h o l o g i c a l e x p l a n a t i o n . 

A f t e r 10 y e a r s o f e x p o s u r e , t h e o n l y e v i d e n c e i n t h e < 

2 mm f r a c t i o n o f m i n e r a l a l t e r a t i o n o r a u t h i g e n e s i s was an 

1.15 nm peak i n t h e two INC.LG and one P0.LGP5 samples. The 

low pH v a l u e s and h i g h o r g a n i c m a t t e r c o n t e n t s o f t h e s e 

samples s u g g e s t t h a t t h i s peak was c r e a t e d by p e d o g e n e s i s . 
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P o s s i b l e modes o f f o r m a t i o n i n c l u d e t h e removal o f Mg 

hy d r o x y i n t e r l a y e r s from c h l o r i t e o r t h e c o n v e r s i o n o f 

s e r i c i t e i n t o v e r m i c u l i t e . B oth p r o c e s s e s would be 

s t i m u l a t e d by t h e o n s e t o f a c i d i c c o n d i t i o n s . 

3.3.3 < 2 um M i n e r a l o g y 

V a r i a t i o n i n t h e m i n e r a l o g y o f t h e < 2 um f r a c t i o n 

a p p e a r s t o have r e s u l t e d from l i t h o l o g i c a l d i f f e r e n c e r a t h e r 

t h a n w e a t h e r i n g as none o f t h e < 2 um m i n e r a l s were 

c o r r e l a t e d w i t h pH ( T a b l e 2.11). Nor were t h e r e any s i g n s 

o f m i n e r a l a l t e r a t i o n o r a u t h i g e n e s i s . The 1.15 nm peak 

found i n t h e < 2 mm f r a c t i o n o f some o f t h e most i n t e n s e l y 

w e a t h e r e d samples d i d n o t appear i n t h e XRD s c a n s o f t h e < 2 

um samples. T h i s s u g g e s t s t h a t e i t h e r t h e 1.15 nm peak 

r e s u l t e d from t h e f o r m a t i o n o f a m i n e r a l a l r e a d y p r e s e n t i n 

t h e < 2 um f r a c t i o n , o r t h e p r e t r e a t m e n t s a l t e r e d i t back t o 

i t s o r i g i n a l form ( e . g . , removal o f A l h y d r o x y i n t e r l a y e r s ) , 

o r i t o n l y o c c u r r e d i n p a r t i c l e s l a r g e r t h a n < 2 um. F o r 

example, t h e 1.15 nm peak may have been p r o d u c e d by t h e 

f o r m a t i o n o f v e r m i c u l i t e o r s m e c t i t e i n l a r g e s h e a t h e s o f 

s e r i c i t e . 

3.3.4 P a r t i c l e S i z e 

The o n l y s t r o n g c o r r e l a t i o n between pH and a p a r t i c l e 

s i z e f r a c t i o n was w i t h sand (r=-0.76). P o s s i b l e mechanisms 

by w h i c h p e d o g e n e s i s might i n c r e a s e t h e p r o p o r t i o n o f sand 
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Table 2.11 Mineralogy of the < 2 um fractions of the unweathered and 
weathered wasterock. 

< 2um Quartz K feldspar Chlorite Sericite Kaolinite Smectite 
Sample pH 

(estimated proportion in %) 

INC.UW 7.7 2.6 tr 15 25 60 
INC.UW 7.7 3.4 tr 10 25 60 
INC.UW 7.6 4.3 90 5 5 
INC.UW 7.4 2.2 5 60 15 25 

PO.UW 7.7 3.5 tr 5 10 50 35 
PO.UW 7.7 4.9 5 10 10 35 40 
PO.UW 7.6 3.4 5 10 30 55 
PO.UW 7.6 4.9 tr 10 20 30 40 

PO.SEL 7.6 1.8 5 tr 30 65 
PO.LG 7.5 2.7 tr 5 5 50 40 
PO.SEL 7.3 3.7 tr 15 80 
PO.LG 6.9 2.6 tr 5 10 35 45 
PO.SEL 6.8 2.4 tr 10 90 

PO.LGP5 5.3 3.6 5 10 50 40 
PO.SEL 5.3 2.5 5 tr 20 75 
PO.LGP5 4.8 4.6 5 10 50 40 
INC.LG 4.1 3.5 tr 5 5 35 55 
PO.LGP5 4.0 3.2 tr tr 10 55 30 
PO.LGP5 3.9 4.1 5 10 45 40 
INC.LG 3.7 2.0 tr 5 70 25 
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Table 2.12 Particle size distribution of the unweathered and weathered wasterock. 

pH % Sa Si CI VCSa CSa MSa FSa VFSa CSi MFSi 
Sample <2mm 

(percent of < 2 mm fraction) 

INC.UW 7.7 38 65 27 8 13 14 14 14 10 8 19 
INC.UW 7.7 28 66 22 12 20 14 12 12 9 8 15 
INC.UW 7.6 52 77 17 6 19 18 17 14 9 7 10 
INC.UW 7.4 23 58 31 11 8 12 13 14 11 10 21 

PO.UW 7.7 19 64 19 18 18 12 11 12 10 7 IT 
PO.UW 7.7 31 65 21 14 18 15 13 12 10 7 14 
PO.UW 7.6 27 66 24 10 16 13 12 12 9 8 16 
PO.UW 7.6 31 70 22 8 21 16 12 12 8 8 15 

PO.SEL 7.6 28 66 23 10 18 15 12 12 9 7 17 
PO.LG 7.5 18 72 20 8 23 17 16 11 8 7 13 
PO.SEL 7.3 34 69 17 14 19 16 13 12 8 6 11 
PO.LG 6.9 21 74 19 7 27 20 13 9 5 7 11 
PO.SEL 6.8 25 72 24 4 21 17 13 12 8 6 .18 

PO.LGP5 5.3 9 70 21 9 18 14 13 13 11 9 12 
PO.SEL 5.3 29 72 18 10 20 17 14 13 9 6 12 
PO.LGP5 4.8 10 70 21 9 17 14 13 14 12 9 12 
INC.LG 4.1 39 74 18 8 19 18 15 13 9 7 11 
PO.LGP5 4.0 29 76 17 7 23 17 13 12 10 7 9 
PO.LGP5 3.9 18 62 25 14 14 14 12 12 9 8 16 
INC.LG 3.7 44 75 19 6 20 18 15 13 9 6 12 

Sa: 2000-50um 
Si: 50-2um 
CI: < 2um 

VCSa: 2000-lOOOum FSa: 250-100um 
CSa: 1000-500um VFSa: 100-50um 

MSa: 500-250um CSi: 50-20um MFSi: 20-2um 
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i n c l u d e t h e l o s s o f c a l c i t e from t h e s i l t f r a c t i o n and t h e 

r e l e a s e o f p h e n o c r y s t s i z e g r a i n s from t h e c o a r s e f r a g m e n t s . 

However, t h e d i f f e r e n c e s i n sand c o n t e n t may a l s o have 

r e s u l t e d l i t h o l o g i c a l d i f f e r e n c e s , as most o f t h e a c i d i c 

samples were from t h e LG dump ( T a b l e 2.12). The h i g h e r 

q u a r t z and p l a g i o c l a s e and l o w e r s e r i c i t e l e v e l s i n t h e LG 

samples s u p p o r t s t h i s a s s u m p t i o n , and i f o n l y samples from 

t h e LG dump a r e i n c l u d e d , t h e c o r r e l a t i o n between pH and 

sand i s no l o n g e r s i g n i f i c a n t . 

3.3.5 T r a c e Element C o n t e n t o f t h e < 2 mm F r a c t i o n 

I n g e n e r a l , t r a c e element c o n c e n t r a t i o n s i n t h e 

abandoned dumps were n o t s i g n i f i c a n t l y d i f f e r e n t from t h o s e 

o f t h e unweathered w a s t e r o c k ( T a b l e 2.13). Of t h e t r a c e 

e l e m e n t s (Co, Mo, Pb, Se, and Zn) t h a t exceeded t h e l e v e l s 

commonly found i n s o i l s , o n l y Co d e c r e a s e d i n t h e more 

a c i d i c samples. G i v e n t h e s t a b i l i t y o f o t h e r more m o b i l e 

t r a c e e l e m e n t s , i t i s u n l i k e l y t h a t t h e d e c r e a s e i n Co 

r e s u l t e d from w e a t h e r i n g . 

The l a r g e s t d i f f e r e n c e i n t r a c e element c o n c e n t r a t i o n s 

between t h e unweathered and t h e low pH samples was i n Mo. 

Molybdenum was a l s o t h e o n l y t r a c e element s t r o n g l y 

c o r r e l a t e d w i t h pH, a f a c t o r l a r g e l y due t o t h e h i g h Mo 

c o n c e n t r a t i o n s i n t h e LG dump samples. Wasterock i n t h e LG 

dump was i n i t i a l l y s e l e c t e d f o r i t s h i g h Mo c o n t e n t . H i g h 

Mo c o n c e n t r a t i o n s i n t h e PO.SEL samples can be a t t r i b u t e d t o 

t h e h i g h e r c u t - o f f grade f o r waste i n t h e e a r l i e r m i n i n g . 
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Table 2.1 3 Trace element concentrations in the < 2 mm fractions 
of the unweathered and weathered wasterock. 

Sample P H Co Cr Cu Mn Mo Pb Se Sr Zn Zr 

INC.UW 7.7 52 7 39 480 299 116 6 912 127 123 
INC.UW 7.7 107 6 53 364 349 155 5 649 195 102 
INC.UW 7.6 13 9 24 665 245 63 7 589 127 235 
INC.UW 7.4 107 6 41 300 492 35 3 381 82 91 

PO.UW 7.7 61 19 36 758 285 235 4 331 280 99 
PO.UW 7.7 52 29 97 864 553 145 3 307 302 108 
PO.UW 7.6 63 41 67 669 354 148 4 358 292 108 
PO.UW 7.6 62 16 53 802 207 309 4 323 703 110 

PO.SEL 7.6 15 24 51 536 760 47 5 319 157 105 
PO.SEL 7.3 6 29 88 498 528 83 4 286 129 93 
PO.SEL 6.8 9 28 978 489 369 397 4 322 103 99 
PO.SEL 5.3 6 16 296 436 642 69 4 359 85 109 

PO.LG 7.5 17 69 94 805 963 83 3 289 171 147 
PO.LG 6.9 19 106 77 1198 714 107 4 209 154 129 

PO.LGP5 5.3 14 32 174 1158 1113 219 5 301 465 111 
PO.LGP5 4.8 18 28 157 990 1161 181 8 283 442 113 
PO.LGP5 4.0 12 20 92 604 1086 126 5 274 249 101 
PO.LGP5 3.9 13 81 112 885 1236 173 20 256 219 146 

INC.LG 4.1 84 26 35 852 709 150 6 341 143 126 
INC.LG 3.7 62 23 39 1205 807 131 11 295 166 115 

note: all trace element concentrations in ppm 
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3.3.6 E x t r a c t a b l e Elements 

Three e x t r a c t a n t s were used t o c h a r a c t e r i z e t h e 

a v a i l a b i l i t y o f major c a t i o n s . A c i d ammonium o x a l a t e 

e x t r a c t s amorphous S i , Fe, and A l , a l o n g w i t h o r g a n i c 

complexes (McKeague & Day, 1966), EDTA i s s e l e c t i v e f o r 

c a t i o n s bound i n o r g a n i c complexes (Anderson e t a l . , 1982), 

and ammonium a c e t a t e (pH 7) e x t r a c t s e x c h a n g e a b l e c a t i o n s 

and c a t i o n s bound i n e a s i l y s o l u b l e compounds (Anderson, 

1975). The r e l a t i v e e f f e c t i v e n e s s o f t h e e x t r a c t a n t s was 

a c i d ammonium o x a l a t e (AAO) > Na-EDTA >= ammonium a c e t a t e 

(Ac) . 

Of t h e l a r g e number o f e x t r a c t a n t x element 

c o m b i n a t i o n s , pH was s i g n i f i c a n t l y c o r r e l a t e d w i t h measures 

o f e x t r a c t a b l e Fe, A l , Ca, and Mg ( T a b l e 2.14). Of t h e s e 

t h e c o r r e l a t i o n w i t h EDTA-Ca was t h e s t r o n g e s t (r=0.91). 

The c o r r e l a t i o n f o r Ac-Ca w i t h pH was a l s o s i g n i f i c a n t 

(r=0.72). AAO was n o t used as an e x t r a c t a n t f o r a v a i l a b l e 

Ca because Ca o x a l a t e i s i n s o l u b l e . The h i g h l e v e l s o f Ca 

e x t r a c t e d from t h e unweathered w a s t e r o c k i n d i c a t e t h a t EDTA 

and Ac e x t r a c t e d Ca d i r e c t l y from c a l c i t e ( T a b l e 2.15). 

Wasterock samples from t h e abandoned dumps, w i t h s i m i l a r 

amounts o f c a l c i t e had much l o w e r EDTA-Ca l e v e l s . T h i s 

d i f f e r e n c e c o u l d n o t be e x p l a i n e d by t h e c a l c i t e c o n t e n t and 

d i d n o t o c c u r w i t h Ac-Ca. 

U n l i k e t h e forms o f e x t r a c t a b l e Ca, none o f t h e forms 

o f e x t r a c t a b l e Mg were s i g n i f i c a n t l y c o r r e l a t e d w i t h t h e Mg 

m i n e r a l s o r w i t h t o t a l - M g ( T a b l e 2.16). The s t r o n g e s t 



Table 2.14 Spearman correlation coefficients for significant correlations between levels of extractable elements in the unweathered and weathered wasterock 

PH avail.P Sand Fe Fe Al Al Si Si Ca Ca Mg Mg Na Na K 
AAO EDTA AAO EDTA AAO EDTA EDTA Ac AAO EDTA Ac AAO Ac AAO 

pH X 
available P -0.89 X 
Sand -0.76 0.61 X 
Fe-AAO -0.59 X 
Fe-EDTA X 
Al-AAO -0.77 0.71 0.55 0.84 X 
Al-EDTA -0.77 0.71 0.62 0.77 0.46 0.83 X 
Si-AAO 0.66 0.77 X 
Si-EDTA X 
Ca-EDTA 0.91 -0.82 -0.67 -0.49 -0.71 -0.66 X 
Co-Ac 0.72 -0.80 -0.56 -0.75 -0.70 -0.78 0.64 X 
Mg-AAO 0.78 -0.59 -0.63 -0.58 -0.46 0.82 0.45 X 
Mg-EDTA 0.64 -0.48 -0.46 0.48 0.54 0.68 0.90 X 
Mg-Ac -0.48 0.54 0.73 X 
Na-AAO 0.48 0.48 0.45 X 
Na-Ac X 
K-AAO 0.45 X 
K-EDTA 0.60 0.79 
K-Ac 0.69 

organic-C -0.92 0.87 0.63 0,61 0.84 0.72 -0.95 -0.69 -0.80 -0.68 

K K 
EDTA Ac 

M 
Ui 

X 
0.82 



Table 2.15 Extractable element concentrations in the < 2 mm fractions of the wasterock and the crushed (< 2mm) rock samples. 

%Fe %Fe %Al %Al %Si %Si %Ca %Ca %Mg %Mg %Mg %Na %Na %K %K %K av.P 
Sample PH AAO EDTA AAO EDTA AAO EDTA EDTA AAc AAO EDTA AAc AAO AAc AAO EDTA AAc ppm 

WASTEROCK 

INC.UW 7.7 0.13 0.07 0.013 0.001 0.016 0.001 0.37 0.32 0.064 0.010 0.012 0.002 0.001 0.012 0.006 0.010 0.3 
INC.UW 7.7 0.25 0.01 0.018 0.001 0.020 0.002 0.37 0.35 0.040 0.009 0.015 0.002 0.001 0.009 0.004 0.010 0.3 
INC.UW 7.6 0.04 0.00 0.009 0.001 0.012 0.001 0.43 0.29 0.080 0.009 0.008 0.002 0.001 0.012 0.006 0.012 1.0 
INC.UW 7.4 0.28 0.02 0.018 0.002 0.020 0.003 0.33 0.24 0.125 0.018 0.007 0.003 0.001 0.018 0.007 0.011 8.2 

PO.UW 7.7 0.43 0.01 0.024 0.001 0.028 0.002 0.39 0.30 0.089 0.011 0.012 0.002 0.001 0.014 0.005 0.010 0.5 
PO.UW 7.7 0.72 0.01 0.041 0.007 0.044 0.009 1.11 0.29 0.139 0.045 0.018 0.005 0.002 0.016 0.007 0.010 0.5 
PO.UW 7.6 0.49 0.02 0.036 0.002 0.040 0.003 0.38 0.30 0.078 0.011 0.013 0.002 0.001 0.016 0.005 0.010 0.3 
PO.UW 7.6 0.51 0.02 0.024 0.003 0.028 0.004 0.37 0.31 0.116 0.019 0.025 0.009 0.001 0.014 0.006 0.010 0.3 

PO.SEL 7.6 0.21 0.00 0.023 0.001 0.024 0.001 0.05 0.38 0.049 0.003 0.010 0.001 0.001 0.014 0.004 0.010 0.6 
PO.LG 7.5 0.56 0.00 0.039 0.001 0.054 0.002 0.06 0.27 0.046 0.004 0.009 0.001 0.001 0.012 0.004 0.010 1.6 
PO.SEL 7.3 0.23 0.00 0.022 0.001 0.028 0.001 0.08 0.37 0.019 0.001 0.005 0.002 0.001 0.024 0.009 0.016 0.9 
PO.LG 6.9 0.72 0.01 0.116 0.003 0.060 0.002 0.05 0.08 0.023 0.002 0.005 0.002 0.001 0.009 0.002 0.005 3.2 
PO.SEL 6.8 0.27 0.00 0.045 0.002 0.032 0.001 0.05 0.33 0.018 0.001 0.005 0.002 0.001 0.014 0.003 0.010 2.1 

PO.LGP5 5.3 1.23 0.02 0.100 0.006 0.052 0.002 0.02 0.08 0.040 0.005 0.012 0.002 0.001 0.014 0.004 0.010 19.2 
PO.SEL 5.3 0.28 0.01 0.032 0.005 0.020 0.001 0.03 0.20 0.018 0.002 0.007 0̂ 002 0.001 0.018 0.005 0.010 5.5 
PO.LGP5 4.8 0.79 0.02 0.096 0.009 0.030 0.001 0.02 0.07 0.030 0.004 0.009 0.003 0.001 0.021 0.008 0.011 23.4 
INC.LG 4.1 0.67 0.01 0.273 0.034 0.052 0.003 0.00 0.07 0.014 0.002 0.008 0.002 0.001 0.008 0.002 0.004 19.6 
PO.LGP5 4.0 0.99 0.04 0.063 0.007 0.020 0.001 0.01 0.03 0.017 0.003 0.007 0.002 0.001 0.009 0.004 0.010 8.5 
PO.LGP5 3.9 0.98 0.03 0.334 0.015 0.049 0.001 0.01 0.14 0.026 0.004 0.014 0.002 0.001 0.009 0.003 0.010 29.6 
INC.LG 3.7 0.56 0.01 0.173 0.020 0.032 0.002 0.00 0.04 0.012 0.002 0.009 0.003 0.001 0.025 0.017 0.026 18.4 



Table 2.16 Spearman correlation coefficients for significant correlations between extractable element concentrations and other properties of the wasterock. 

pH avail.P Sand Fe Fe Al Al Si Si Ca Ca Mg Mg Mg Na Na K K K 
AAO EDTA AAO EDTA AAO EDTA EDTA Ac AAO EDTA Ac AAO Ac AAO EDTA Ac 

Quartz -0.75 0.68 0.64 0.80 0.75 0.80 -0.64 -0.82 -0.49 
K feldspar 
Plagioclase -0.50 0.52 0.75 0.63 0.56 0.54 -0.52 
Chlorite -0.55 0.45 -0.57 -0.45 
Biotite 
Sericite 0.68 -0.51 -0.55 -0.60 0.74 0.79 0.78 0.48 
Kaolinite 
Calcite 0.93 -0.83 -0.68 -0.77 -0.89 -0.80 -0.58 0.88 0.72 0.72 0.56 
Mafic Ph. -0.52 fu 
Felsic Ph. 0.51 -0.55 -0.53 0.49 0.65 0.64 0.48 £ 

Al -0.49 
Ba -0.49 
C 0.54 0.48 
Ca 0.95 -0.81 -0.74 -0.69 -0.81 -0.81 0.88 0.77 0.78 0.60 
Fe 0.57 0.46 0.53 
K -0.50 -0.45 -0.48 
Mg 
Na -0.65 0.63 0.79 0.84 0.73 0.70 -0.53 -0.61 -0.47 
P 
S 0.77 -0.62 -0.70 -0.62 0.81 0.90 0.86 0.57 
Si -0.84 0.65 -0.73 0.48 0.59 0.55 -0.79 -0.58 -0.79 -0.68 -0.55 
Ti -0.53 0.65 0.47 0.59 -0.61 

Ph. : phyllosilicates 
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c o r r e l a t i o n s w i t h e x t r a c t a b l e Mg were w i t h t o t a l S. The 

most l i k e l y e x p l a n a t i o n f o r t h i s i s a r e l a t i o n s h i p between 

d o l o m i t e and p y r i t e . A c c o r d i n g t o S t e i n i n g e r (1985), a t t h e 

same t i m e as h y d r o t h e r m a l a l t e r a t i o n c r e a t e s s e r i c i t e from 

p l a g i o c l a s e , Fe and Mg may be r e l e a s e d from b i o t i t e and 

c h l o r i t e . R e l e a s e d Fe forms p y r i t e , w h i l e Mg, a l o n g w i t h 

Ca, forms d o l o m i t e . 

The rem o v a l o f d o l o m i t i c Mg by t h e e x t r a c t a n t s may be 

r e s p o n s i b l e f o r t h e h i g h c o n c e n t r a t i o n s o f AAO- and EDTA-Mg 

i n t h e unweathered w a s t e r o c k . The low AAO- and EDTA-Mg 

l e v e l s i n t h e more a c i d i c samples i n d i c a t e t h a t w e a t h e r i n g 

removed d o l o m i t e . D o l o m i t e i s s o l u b l e under a c i d i c 

c o n d i t i o n s , and t h u s can be e x p e c t e d t o we a t h e r f a s t e r t h a n 

m a f i c s i l i c a t e s l i k e b i o t i t e and c h l o r i t e . 

The n e g a t i v e c o r r e l a t i o n s f o r Fe and A l w i t h pH, 

i n d i c a t e t h a t A l and Fe r e l e a s e d by w e a t h e r i n g 

r e p r e c i p i t a t e d i n - s i t u . AAO was t h e most e f f e c t i v e 

e x t r a c t a n t f o r b o t h Fe and A l . F o r A l , a l t h o u g h AAO 

e x t r a c t e d from 5 t o 40 t i m e s more t h a n EDTA, t h e 

c o r r e l a t i o n s f o r t h e two e x t r a c t a n t s w i t h pH were t h e same 

s t r e n g t h ( r =-0.77). However w i t h o t h e r p r o p e r t i e s i n most 

o t h e r c a s e s , t h e c o r r e l a t i o n s w i t h AAO-A1 were s t r o n g e r . 

The s t r o n g e s t c o r r e l a t i o n w i t h AAO-A1 was w i t h c a l c i t e ( r = -

0.89) . 

As e x p e c t e d from t h e l a r g e number o f A l c o n t a i n i n g 

m i n e r a l s , n e i t h e r AAO- o r EDTA-A1 were s t r o n g l y c o r r e l a t e d 

w i t h t o t a l - A l o r a p a r t i c u l a r A l m i n e r a l . Weak c o r r e l a t i o n s 
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o f e x t r a c t a b l e A l w i t h p l a g i o c l a s e and s e r i c i t e , r e s u l t e d 

from c o i n c i d e n t a l a s s o c i a t i o n s between l i t h o l o g y and t h e 

s i t e s o f maximum p l a n t growth. 

C o n c e n t r a t i o n s o f AAO-Fe were a l l s i g n i f i c a n t l y l a r g e r 

t h a n t h o s e o f AA0-A1. I n t h e exposed w a s t e r o c k t h i s may be 

a t t r i b u t e d t o t h e p r e s e n c e o f amorphous Fe r e l e a s e d from 

o x i d i z e d p y r i t e . However, t h e r e l a t i v e l y h i g h AAO-Fe 

c o n c e n t r a t i o n s i n t h e unweathered p o t a s s i c samples s u g g e s t 

t h a t AAO was a l s o c a p a b l e o f e x t r a c t i n g Fe from p r i m a r y 

m i n e r a l s . The weak c o r r e l a t i o n between AAO-Fe and pH ( r = -

0.59) r e s u l t e d from t h e low l e v e l s i n some o f t h e exposed 

w a s t e r o c k (LG.INC and PO.SEL). I n t h e h i g h pH, low s u l p h u r 

SEL.PO samples, t h e low l e v e l s o f AAO-Fe were p r o b a b l y due 

t o a l a c k o f p y r i t e o x i d a t i o n . I n t h e v e r y a c i d i c LG.INC 

samples, t h e a l m o s t complete absence o f S s u g g e s t s t h a t Fe 

r e l e a s e d from p y r i t e o x i d a t i o n has been removed by l e a c h i n g . 

U n l i k e t h e c a t i o n s p r e v i o u s l y d i s c u s s e d , measures o f 

e x t r a c t a b l e S i , K, and Na showed no change as a r e s u l t o f 

changes i n pH. The l a c k o f change i n t h e s e e l e m e n t s r e s u l t s 

from t h e i r o c c u r r e n c e i n common m i n e r a l s , t h e s t a b i l i t y o f 

t h e s e m i n e r a l s , and, i n t h e c a s e o f K and Na, t h e m o b i l i t y 

o f t h e element when r e l e a s e d . 

The o n l y a n i o n measured, a v a i l a b l e P was s t r o n g l y 

c o r r e l a t e d w i t h pH (r=-0.89) and o r g a n i c - C (r=0.87). The 

l a c k o f a c o r r e l a t i o n between t o t a l - P and pH i n d i c a t e s t h a t 

P r e l e a s e d by w e a t h e r i n g was c o n s e r v e d . The l a c k o f a 

c o r r e l a t i o n between t o t a l and a v a i l a b l e P s u g g e s t s t h a t 
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c h e m i c a l c o n d i t i o n s , r a t h e r t h a n t o t a l P s u p p l y , were t h e 

p r i m a r y f a c t o r s c o n t r o l l i n g P a v a i l a b i l i t y . 

3.4 Summary 

I n t h i s s e c t i o n , samples o f w a s t e r o c k from t h e 

abandoned dumps were a n a l y s e d t o see t h e e f f e c t s o f 10 y e a r s 

w e a t h e r i n g and p e d o g e n e s i s . Of t h e v a r i o u s p r o p e r t i e s 

measured d e c r e a s e s i n pH and i n c r e a s e s i n o r g a n i c - C were 

most i n d i c a t i v e o f pedogen i c development. The s t r o n g e s t 

c o r r e l a t i o n s w i t h pH were w i t h c a l c i t e (r=0.93), and 

p r o p e r t i e s a s s o c i a t e d w i t h i t ( e . g . , Ca r=0.95). The pH was 

a l s o p o s i t i v e l y , c o r r e l a t e d w i t h l e v e l s o f e x t r a c t a b l e Mg 

( e . g . , AAO-Mg r=0.78), a f a c t o r a t t r i b u t e d t o t h e 

d i s s o l u t i o n o f d o l o m i t e . 

Low S c o n c e n t r a t i o n s i n t h e more a c i d i c samples, and 

t h e c o r r e l a t i o n between S and pH (r=0.77), i n d i c a t e t h a t 

s u l p h i d e o x i d a t i o n had o c c u r r e d . The l o w e s t S 

c o n c e n t r a t i o n s were i n t h e low pH inc o m p e t e n t w a s t e r o c k 

samples. D e c r e a s e s i n pH r e s u l t e d i n i n c r e a s e s i n 

e x t r a c t a b l e Fe and A l . P y r i t e o x i d a t i o n was a p p a r e n t l y 

r e s p o n s i b l e f o r t h e g r e a t e r i n c r e a s e i n e x t r a c t a b l e Fe. 

V e r y l i t t l e o f e i t h e r AAO-Fe o r - A l was o r g a n i c a l l y 

complexed (EDTA e x t r a c t a b l e ) . 

The l a c k o f changes i n t r a c e element c o n c e n t r a t i o n s 

s u g g e s t s t h a t m e t a l s r e l e a s e d by s u l p h i d e o x i d a t i o n were 

complexed by Fe, and t h u s n o t r e a d i l y l e a c h e d . The f a i l u r e 

t o d e t e c t changes i n t r a c e element c o n c e n t r a t i o n s , o r 
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p a r t i c l e s i z e , may a l s o be due t o t h e g r e a t l i t h o l o g i c a l 

v a r i a b i l i t y o f t h e w a s t e r o c k . The o n l y e v i d e n c e o f m i n e r a l 

t r a n s f o r m a t i o n on t h e dumps was t h e appearance o f an 1 1 . 5 mm 

peak i n t h e < 2 mm XRD s c a n s . 
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4. PROPERTIES OF NATURAL SOILS ADJACENT TO THE MINESITE 

4 . 1 Objectives 

The o b j e c t i v e s o f t h i s s e c t i o n were: 1) t o measure t h e 

e f f e c t o f n a t u r a l s o i l development on s o i l p r o p e r t i e s , and 

2) t o d e t e r m i n e t h e c o n d i t i o n s under w h i c h t h e s e changes 

o c c u r r e d . An u n d e r s t a n d i n g o f p e d o g e n e s i s and t h e 

p r o p e r t i e s o f n a t u r a l s o i l s a d j a c e n t t o t h e mine i s 

i m p o r t a n t , a s , w i t h a s i m i l a r c l i m a t e and f l o r a , t h e dump-

s l o p e s s h o u l d a l t e r i n a s i m i l a r f a s h i o n . 

4 . 2 Materials and Methods 

4 . 2 . 1 . Sample Selection 

I d e a l l y , t o p r e d i c t how t h e i n c o m p e t e n t w a s t e r o c k w i l l 

a l t e r , one would s t u d y s o i l s d e v e l o p e d from i n c o m p e t e n t 

r o c k . However, t h e a r e a i n w h i c h t h e i n c o m p e t e n t r o c k m i g h t 

have o u t c r o p p e d had a l r e a d y been mined, so i t was n e c e s s a r y 

t o l o o k a t o t h e r p a r e n t m a t e r i a l s . I n t h e sample s e l e c t i o n 

p r o c e s s , t h e o b j e c t i v e was t o s e l e c t s o i l p r o f i l e s d e v e l o p e d 

under c o n d i t i o n s s i m i l a r t o a dump s l o p e , e.g. deep, c o a r s e 

p a r e n t m a t e r i a l s , on s t e e p s l o p e s , a t t h e same e l e v a t i o n as 

t h e mine. 

The c r i t e r i a o f s t e e p s l o p e s was e a s i l y a c h i e v e d as 

most o f t h e s u r r o u n d i n g t e r r a i n was s t e e p , w i t h many n a t u r a l 

s l o p e s m a t c h i n g t h e a n g l e o f r e p o s e o f t h e dump s l o p e s . 

C o a r s e p a r e n t m a t e r i a l s were a l s o common, as most o f t h e 

u n c o n s o l i d a t e d m i n e r a l m a t e r i a l was c o l l u v i u m . I t was more 
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d i f f i c u l t t o f i n d deep p a r e n t m a t e r i a l s . On most s l o p e s 

around t h e mine t h e u n c o n s o l i d a t e d m i n e r a l l a y e r was l e s s 

t h a n 40 cm t h i c k . Above t h e c o h e s i v e b e d r o c k o f t h e c o a s t 

p l u t o n i c complex, w h i c h a f t e r t h e K i t s a u l t i n t r u s i v e complex 

was t h e c l o s e s t l a r g e s o u r c e o f i g n e o u s r o c k , t h e 

u n c o n s o l i d a t e d m i n e r a l l a y e r r a r e l y exceeded 2 0 cm.. 

A l t h o u g h much o f i t s s u r f a c e had been d i s t u r b e d , t h e 

l a r g e s t s o u r c e o f s o i l s m a t c h i n g t h e c r i t e r i a o u t l i n e d were 

p a r e n t m a t e r i a l s d e r i v e d from t h e K i t s a u l t i n t r u s i v e 

complex. Two s o i l p r o f i l e s were s e l e c t e d , one d e v e l o p e d 

from h o r n f e l s (HN), t h e o t h e r d e v e l o p e d from q u a r t z d i o r i t e 

(QD) r o c k . B o t h s o i l s , l i k e a l l t h e w e l l d e v e l o p e d s o i l s on 

s t e e p c o a r s e p a r e n t m a t e r i a l s i n t h i s r e g i o n , were p o d z o l s . 

4.2.2 S i t e D e s c r i p t i o n 

A s p e c t , t o p o g r a p h y and v e g e t a t i v e c o v e r were r e c o r d e d 

a l o n g w i t h t h e 1) d e p t h , 2) t h i c k n e s s , boundary 3) c o a r s e 

f ragment c o n t e n t , 4) m a t r i x c o l o u r , 5) m o t t l e c o l o u r , 6) 

s t r u c t u r e , and 7) abundance o f r o o t s , 8) boundary 

d i s t i n c t n e s s and form f o r each h o r i z o n . 

4.2.3 Sample A n a l y s i s 

The f r a c t i o n s a n a l y z e d and t h e a n a l y s e s c a r r i e d out a r e 

l i s t e d i n T a b l e . 2.17. C o arse fragment c o n t e n t , p a r t i c l e 

s i z e , c o a r s e fragment and < 2 mm m i n e r a l o g y (XRD), < 2 um 

m i n e r a l o g y (XRD), major and m i nor e l e m e n t s (XRF), t o t a l - C 

(Leco I n d u c t i o n f u r n a c e ) , pH (0.01M C a C l 2 ) , a v a i l a b l e P 



Table 2.17 Analyses carried out on samples from the natural soils. 

Particle XRD Heavy XRF %C pH avail. AAO Pyr 
Size powder oriented Mineral major trace P 

Quartz Diorite 

Coarse Fragments 
< 2 mm 
< 2 mm (-AAO) 
Sand & Coarse Silt 
20-2 um 
< 2 um 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

to 
CN 

Hornf els 

Coarse Fragments 
< 2 mm 
< 2 um 

X 
X 

X 
X 

X 
X 

X 
X 

AAO : acid ammonium oxalate Pyr : Na pyrophosphate 
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(Bray P I ) , and amorphous Fe, A l , S i , Mg, Na, and K (AAO) 

a n a l y s e s and p r e t r e a t m e n t s were c a r r i e d o u t i n t h e same 

manner as i n t h e p r e v i o u s s e c t i o n . O r g a n i c a l l y bound Fe, 

A l , and S i were e x t r a c t e d w i t h 0.1 M sodium p y r o p h o s p h a t e 

(pyr) (Bascomb, 1968) and t h e l e v e l s o f Fe, A l , and S i 

e x t r a c t e d were d e t e r m i n e d by f l a m e a t o m i c a b s o r p t i o n 

s p e c t r o s c o p y . The XRF d a t a was r e p o r t e d on an i g n i t e d 

w e i g h t b a s i s t o remove t h e d i l u t i n g e f f e c t o f d i f f e r e n c e s i n 

o r g a n i c m a t t e r c o n c e n t r a t i o n s . A l l o t h e r r e s u l t s were 

r e p o r t e d on an oven d r y w e i g h t b a s i s . T o t a l - C a n a l y s i s 

c a r r i e d o u t on t h e unweathered c o a r s e f r a g m e n t s showed t h e r e 

were no c a r b o n a t e s p r e s e n t . T h e r e f o r e t h e measure o f t o t a l -

C was a measure o f o r g a n i c - C . 

I n a d d i t i o n t o a n a l y z i n g t h e major c a t i o n s i n t h e AAO 

e x t r a c t , a measure o f t h e AAO e x t r a c t a b l e c o n c e n t r a t i o n s o f 

m a j o r and m i n o r e l e m e n t s i n t h e q u a r t z d i o r i t e samples were 

measured u s i n g XRF. I n t h i s p r o c e d u r e , t h e major and m i n o r 

e l e m e n t a l c o m p o s i t i o n o f t h e r e s i d u e was d e t e r m i n e d a f t e r 

t h e AAO e x t r a c t i o n and compared w i t h t h e c o n c e n t r a t i o n s i n 

t h e o r i g i n a l samples. 

The p r o p o r t i o n o f each m i n e r a l d e t e c t e d i n t h e c o a r s e 

f r a g m e n t s , t h e < 2 mm f r a c t i o n , and i n d i v i d u a l sand and t h e 

c o a r s e s i l t - s i z e f r a c t i o n s were e s t i m a t e d i n t h e same manner 

as t h a t used f o r t h e < 2 mm f r a c t i o n i n s e c t i o n 2. The 

c o r r e c t i o n f a c t o r used t o a c c o u n t f o r t h e r e l a t i v e s t r e n g t h s 

o f r e f l e c t a n c e f o r s e r i c i t e and k a o l i n i t e (x2) was a l s o used 

f o r t h e peak i n t e n s i t i e s o f v e r m i c u l i t e (1.15 mm) and A l -
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v e r m i c u l i t e (1.35 mm). The term i l l i t e i s used h e r e t o 

r e f e r t o t h e c l a y - m i n e r a l m u s c o v i t e , r a t h e r t h a n s e r i c i t e , 

t o i n d i c a t e t h a t p e d o g e n e s i s may have p l a y e d a r o l e i n i t s 

o r i g i n (Gary e t a l . , 1972). The term s e r i c i t e i s used where 

t h e o r i g i n o f m u s c o v i t e i s s t r i c t l y h y d r o t h e r m a l . 

The < 2 um and 2-20 um p h y l l o s i l i c a t e m i n e r a l s were 

i d e n t i f i e d by t h e f o l l o w i n g c o m b i n a t i o n s o f t r e a t m e n t s and 

peak l o c a t i o n s . 

K a o l i n i t e : K 300°C 0.7 nm; 

C h l o r i t e : Mg 1.4 nm; Mg g l y c e r o l 1.4 nm; K 1.4 nm; 
K 300°C 1.4 nm; K 500°C 1.4 nm;. 

I l l i t e : Mg 1.0 nm; 

S m e c t i t e : Mg 1.38 nm; Mg g l y c e r o l 1.76 nm; 
K 1.2-1.0 nm; 

S m e c t i t e / I l l i t e : Mg 1.2 nm; Mg g l y c e r o l 1.30 nm; 
K 1.1-1.0 nm; 

V e r m i c u l i t e : Mg 1.33 nm; Mg g l y c e r o l 1.33 nm; 
K 1.13 nm; 

C h l o r i t i z e d - V e r m i c u l i t e : Mg 1.4 nm; Mg g l y c e r o l 1.4 nm 
K 1.4 1.35 nm; K 300°C 1.39-1.07 nm; 
K 550°C 1.38-1.0 nm; 

C h - V m / I l l i t e : Mg 1.24-1.18 nm; Mg g l y c e r o l 1.24-1.18 
nm ; K 1.21-1.15 nm; K 300°C 1.06-1.00 
nm; K 550°C 1.0 nm; 

W i t h t h e e x c e p t i o n o f c h l o r i t e , k a o l i n i t e and i l l i t e , 

p eaks were g e n e r a l l y b r o a d mounds and t h u s o n l y t h e 

a p p r o x i m a t e peak i n t e n s i t i e s were d e t e r m i n e d . The 

c o r r e c t i o n f a c t o r s a p p l i e d t o a c c o u n t f o r t h e r e l a t i v e 

s t r e n g t h s o f r e f l e c t a n c e o f t h e < 2 um m i n e r a l s were 0.5 f o r 

q u a r t z and f e l d s p a r and 2 f o r s m e c t i t e , v e r m i c u l i t e , 
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c h l o r i t i z e d v e r m i c u l i t e , and t h e i n t e r s t r a t i f i e d m i n e r a l s 

( I s l a m and L o t s e , 1986). 

Heavy m i n e r a l a n a l y s i s was c a r r i e d o u t on t h e f i n e sand 

(250-100 um), v e r y f i n e sand (100-50 um), and c o a r s e s i l t 

(50-20 um) s i z e f r a c t i o n s from s e l e c t e d QD s o i l samples. 

M i n e r a l s w i t h d i f f e r e n t d e n s i t i e s were s e p a r a t e d w i t h a 

s e p a r a t o r y f u n n e l , u s i n g m e t h y l i o d i d e t o s e p a r a t e m i n e r a l s 

whose d e n s i t y was > 3.31 g/cm 3, and bromoform t o c o l l e c t 

m i n e r a l s whose d e n s i t y was from 2.89 t o 3.31 g/cm 3. 

A n a l y s i s was l i m i t e d t o p a r t i c l e s < 250 um t o a v o i d m u l t i -

m i n e r a l g r a i n s . 

The m i n e r a l o g y o f t h e >3.31 g/cm 3 100 t o 50 um 

f r a c t i o n s was d e t e r m i n e d u s i n g back s c a t t e r e d e l e c t r o n s on a 

s c a n n i n g e l e c t r o n m i c r o s c o p e (SEM) t o d i f f e r e n t i a t e g r a i n s 

w i t h d i f f e r e n t a verage a t o m i c numbers, energy d i s p e r s i v e X-

r a y e m i s s i o n s p e c t r o s c o p y (EDXS) t o c r e a t e e m i s s i o n maps f o r 

Ca, Fe, S, and T i , and a r e f l e c t e d l i g h t m i c r o s c o p e t o 

d i f f e r e n t i a t e between m a g n e t i t e and g r a i n s c o m p r i s e d o f 

o x i d i z e d i r o n . SEM and EDXS were c a r r i e d o u t w i t h a Semco 

Naro Lab 7. 

4.3 R e s u l t s and D i s c u s s i o n 

4.3.1 S i t e and P r o f i l e D e s c r i p t i o n s 

The HN s o i l p r o f i l e was mid s l o p e , on t h e n o r t h w e s t 

s i d e o f a s m a l l h i l l , o v e r l o o k i n g t h e low gr a d e o r e dump. 

The s l o p e was a p p r o x i m a t e l y 20°. The QD p r o f i l e was on a 

l o n g (200 m), u n d u l a t i n g s l o p e , s o u t h o f t h e j u n c t i o n 
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between t h e e a s t w a l l o f t h e p i t and P a t s y c r e e k . The 

p r o f i l e was e x c a v a t e d from a s t e e p s e c t i o n (36°), 

a p p r o x i m a t e l y a q u a r t e r o f t h e way up t h e main s l o p e . A t 

b o t h s i t e s , t h e o v e r s t o r y v e g e t a t i o n was a mix o f w e s t e r n 

and mountain hemlock, w i t h some a m a b a l i s f i r . The 

u n d e r s t o r y was a s c a t t e r e d c o v e r o f v a c c i n i u m . Most o f t h e 

s u r f a c e was c o v e r e d w i t h moss, w i t h a number o f r o t t i n g l o g s 

c l o s e by. 

D e s c r i p t i o n s o f each p r o f i l e a r e g i v e n i n T a b l e 2.18. . 

The two f o r e s t f l o o r s were t h e same t h i c k n e s s ( a p p r o x i m a t e l y 

20 cm deep) and b o t h were c o v e r e d by a few c e n t i m e t e r s o f 

l o o s e n e e d l e s , l e a v e s , and t w i g s . Below t h i s were 5 t o 10 

cm o f m a t t e d , more h i g h l y decomposed m a t e r i a l , l a c e d w i t h 

f u n g a l hyphae. The l o w e r 10 cm was m a s s i v e and g r e a s y , and 

a l l t h e p l a n t m a t e r i a l was w e l l decomposed. 

A t b o t h s i t e s , r o o t i n g was c o n c e n t r a t e d i n t h e f o r e s t 

f l o o r , w i t h no e v i d e n c e o f f a u n a l a c t i v i t y m i x i n g t h e 

s u r f a c e l i t t e r i n t o t h e m i n e r a l l a y e r s below. The d e p t h o f 

t h e s u r f a c e o r g a n i c l a y e r s a l s o i n d i c a t e d t h a t t h e s i t e had 

n o t r e c e n t l y been d i s t u r b e d by f i r e o r t r e e t h r o w . 

A c c o r d i n g t o G i l l (1978), t h e a v e r a g e pH v a l u e s o f LFH 

l a y e r s i n t h e r e g i o n were 3.3 t o 3.5. 

B o t h s o i l s had h i g h c o a r s e fragment c o n t e n t s . I n t h e 

HN p r o f i l e , t h e c o a r s e fragment c o n t e n t r a n g e d from 35% a t 

t h e s u r f a c e t o 70% i n t h e C h o r i z o n . U n l i k e c o a r s e 

f r a g m e n t s i n t h e QD s o i l , a l l t h e HN c o a r s e f r a g m e n t s were 

a l l < 7.5 cm i n d i a m e t e r . The l a c k o f l a r g e f r a g m e n t s 



Table 2.18 Profile descriptions for the natural soils. 

Hornf els 

LFH 
Ae 
Bfl 
Bf2 
Bf3 
Cg 

Depth 
(cm) 

Thickness % Coarse Fragments 
mm max by <7.5 

wt cm 

22-0 20 25 
0-5 2 10 35 100 

5-15 5 12 50 100 
15-35 15 25 55 100 
35-50 9 19 65 100 
50+ 70 100 

7.5-
25cm 

>25 
cm 

Matrix Colour 

reddish grey 
yellowish red 
strong brown 
brown 
dark grey 
* * (strong brown 

Structure Roots Boundary 
# dist form 

a 
P 

5YR 5/2 w.sb f c w 
5YR 5/6 w.sb f d i 
7.5YR 5/8 w.sb f d i 
10YR 4/3 sg V c w 
7.5YR 4 /0 sg c w 
7.5YR 5/8) 

t o 

Quartz Diorite 

LHF 20-0 15 25 
a 
P 

Ae 0-4 0 6 55 80 15 5 light yel. brown 10YR 6/4 sg P c w 
Bhfl 4-19 0 30 55 80 15 5 black 10R 2.5/1 w.sb P c w 
Bhf2 19-29 0 20 85 80 15 5 dark red 2.5YR 2.5/5 w.sb P d i 
Bf 29-39 0 20 85 70 20 10 yellowish red 5YR 4/6 w.sb f d i 
BC1 39-74 30 40 80 60 25 15 brownish yellow 10YR 6/6 sg f d i 
BC2 74-90 80 40 30 30 yellowish brown 10YR 5/6 sg V c w 
BC3 90-110 85 40 30 30 yellowish red 5YR 4/6 sg V 
BC4 110-130 85 20 30 50 brown 7.5YR 4/4 sg V 
BC5 130-150 80 20 30 50 yellowish brown 10YR 5/6 sg 

* * mottles colour 
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i n d i c a t e s t h a t t h e HN p a r e n t m a t e r i a l was g l a c i a l t i l l , 

r a t h e r t h a n c o l l u v i u m o r f r a c t u r e d b e d r o c k . 

The p r o p o r t i o n o f c o a r s e f r a g m e n t s i n t h e QD s o i l 

r a n ged from 55 t o 85%, v a l u e s comparable t o w a s t e r o c k . L i k e 

t h e HN s o i l , t h e QD c o a r s e fragment c o n t e n t was l o w e s t a t 

t h e s u r f a c e . However, t h e c o a r s e fragment c o n t e n t d i d n o t 

i n c r e a s e r e g u l a r l y w i t h d e p t h , r e m a i n i n g 80 t o 85% from 19 

t o 150 cm. 

The p r o p o r t i o n o f QD c o a r s e fragments l a r g e r t h a n 25.cm 

i n c r e a s e d from 5% i n t h e Ae and Bhf t o 50% i n t h e BC4 and 

BC5. The s i z e o f t h e c o a r s e f r a g m e n t s i n l o w e r s e c t i o n s o f 

t h e QD s o i l was comparable t o t h e w a s t e r o c k . 

A l s o l i k e t h e w a s t e r o c k , and u n l i k e t h e HN s o i l , QD 

c o a r s e f r a g m e n t s i n a l l b u t t h e Ae and B h f l were s h a r p l y 

a n g u l a r . I n p a r t , r o u g h e r , s h a r p e r s u r f a c e s w i l l r e s u l t 

from t h e l a r g e r g r a i n s i z e o f t h e r o c k . They a l s o i n d i c a t e 

t h a t t h e QD p r o f i l e was c o m p r i s e d o f f r a c t u r e d b e d r o c k o r 

c o l l u v i u m , r a t h e r t h a n t i l l . The l e s s a n g u l a r , l o w e r c o a r s e 

fragment m a t e r i a l a t t h e s u r f a c e m i g h t be a t h i n l a y e r o f 

t i l l , o r t i l l r e worked by c o l l u v i a l p r o c e s s e s . Rounder 

s t o n e s and l o w e r amounts o f c o a r s e f r a g m e n t s may a l s o be due 

t o w e a t h e r i n g , as t h e s e f e a t u r e s were a l s o e v i d e n t a t t h e 

s u r f a c e o f t h e HN s o i l . I n t h e HN c o a r s e f r a g m e n t s , c o l o u r 

changes i n d i c a t i v e o f w e a t h e r i n g were r e s t r i c t e d t o t h e 

w e a t h e r i n g r i n d s . I n t h e QD c o a r s e f r a g m e n t s r e d d i s h s t a i n s 

i n d i c a t i v e o f Fe o x i d a t i o n were more e x t e n s i v e . 
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I n b o t h s o i l s , t h e l o w e r h o r i z o n s were s i n g l e g r a i n e d . 

Weak s u b - a n g u l a r b l o c k y s t r u c t u r e s i n t h e B h o r i z o n s were 

a t t r i b u t a b l e t o t h e a c c u m u l a t i o n o f o r g a n i c m a t t e r and 

s e s q u i o x i d e s . The HN Ae a l s o had a weak s u b a n g u l a r b l o c k y 

s t r u c t u r e . I n t h e QD p r o f i l e t h e Ae, w h i c h was low i n 

s e s q u i o x i d e s and o r g a n i c m a t t e r , was s i n g l e g r a i n e d . 

W i t h l i t t l e s t r u c t u r e development, t h e main c r i t e r i a 

f o r s e p a r a t i n g h o r i z o n s was t h e i r c o l o u r . I n t h e HN 

p r o f i l e , t h e r e were d i s t i n c t d i f f e r e n c e s between t h e 

b l e a c h e d A, t h e red-brown B h o r i z o n s , and a g r a y C h o r i z o n . 

The g r a y c o l o u r , and m o t t l e s , i n d i c a t e d t h a t t h e HN C 

h o r i z o n was u s u a l l y w a t e r l o g g e d . 

The r e d brown c o l o u r s i n t h e B h o r i z o n s and t h e g r e y Ae 

i n d i c a t e t h e i l l u v i a t i o n and e l u v i a t i o n o f amorphous i r o n , 

r e s p e c t i v e l y . A l t h o u g h most o f t h e exposed s u r f a c e s i n t h e 

A and B h o r i z o n s o f t h e HN p r o f i l e were t h e c o l o u r s l i s t e d 

i n T a b l e 2.18, each h o r i z o n a l s o c o n t a i n e d a number o f 

s m a l l , d a r k e r s t a i n e d p a t c h e s . These appeared t o be a 

r e s u l t o f o r g a n i c m a t t e r d e p o s i t i o n a l o n g r o o t c h a n n e l s and 

p r e f e r r e d d r a i n a g e pathways. 

The QD p r o f i l e c o n t a i n e d many s i m i l a r h o r i z o n s t o t h e 

HN s o i l . The p r e s e n c e o f a b l a c k c o l o u r e d l a y e r a t t h e t o p 

o f t h e B h o r i z o n i n d i c a t e d t h a t t h e i l l u v i a t i o n o f o r g a n i c 

m a t t e r was g r e a t e r i n t h e QD t h a n i n t h e HN p r o f i l e . 

A n o t h e r d i f f e r e n c e from t h e HN s o i l was t h e p r e s e n c e o f a 

second r e d d i s h h o r i z o n a t a p p r o x i m a t e l y 90 t o 110 cm. The 

y e l l o w i s h r e d c o l o u r o f t h e BC3 h o r i z o n was t h e same as t h a t 
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o f t h e BF h o r i z o n , s u g g e s t i n g t h a t i t was a l s o e n r i c h e d i n 

amorphous Fe. The l a c k o f a g r a y C h o r i z o n i n t h e QD 

p r o f i l e i n d i c a t e d t h a t , a t l e a s t t o t h e d e p t h e x c a v a t e d , i t 

was n o t w a t e r l o g g e d . 

I n t h e HN p r o f i l e , t h e upper h o r i z o n s had v e r y 

i r r e g u l a r b o u n d a r i e s , t h e low p o i n t s o f w h i c h p r o b a b l y 

o c c u r r e d i n p l a c e s where l e a c h i n g was c o n c e n t r a t e d . D e s p i t e 

t h e u n d u l a t i o n s , h o r i z o n s i n t h e HN s o i l were e s s e n t i a l l y 

p a r a l l e l t o t h e s u r f a c e . 

The range i n h o r i z o n t h i c k n e s s was much g r e a t e r i n t h e 

QD s o i l . T h i s was e s p e c i a l l y t r u e o f t h e Bhf and B f 

h o r i z o n s , p a r t s o f w h i c h were a l m o s t p e r p e n d i c u l a r t o t h e 

s u r f a c e . The v e r t i c a l components o f t h e i l l u v i a l h o r i z o n s 

i n d i c a t e t h a t d r a i n a g e , r o o t growth and t h e movement and 

p r e c i p i t a t i o n o f o r g a n i c m a t t e r and s e s g u i o x i d e s was n o t 

u n i f o r m l y d i s t r i b u t e d . One r e a s o n f o r t h i s i s t h a t l a r g e 

c o a r s e f r a g m e n t s c r e a t e p r e f e r r e d pathways o f d r a i n a g e and 

r o o t g r o w t h t h r o u g h t h e solum. 

4 . 3 . 2 E x t r a c t a b l e E l e m e n t s 

B o t h s o i l s had t h e low s o i l pH v a l u e s , h i g h i l l u v i a l 

o r g a n i c - C c o n c e n t r a t i o n s , and h i g h e x t r a c t a b l e Fe and A l 

c o n c e n t r a t i o n s t y p i c a l o f p o d z o l s ( T a b l e 2.19). Even i n t h e 

l o w e s t h o r i z o n s , pH v a l u e s were l o w e r t h a n 5, and s e v e r a l o f 

t h e u p p e r h o r i z o n s had pH v a l u e s l o w e r t h a n 4. I n b o t h 

s o i l s , pH v a l u e s i n c r e a s e d w i t h d e p t h . W i t h r o o t i n g 
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Table 2.19 Extractable element concentrations in the natural soils. 

%C pH %Fe %AI %Si Mg Na K avail.P 
CaCl AAO Pyr AAO Pyr AAO Pyr AAO AAO AAO Bray 

ppm ppm ppm ppm 
Hornfels 

Ae 4.7 3.3 0.8 0.6 0.5 0.4 0.0 0.0 231 84 368 2.1 
Bfl 3.5 3.4 3.1 2.6 0.8 0.5 0.2 0.1 755 77 437 0.1 
Bf2 2.5 4.1 1.6 0.9 1.2 0.7 0.4 0.2 423 67 446 0.8 
Bf3 2.0 4.3 1.2 0.7 1.4 0.8 0.5 0.2 615 104 698 2.6 
Cg 0.8 4.4 0.9 0.1 0.8 0.3 0.3 0.1 355 61 446 12.7 

Quartz Diorite 
Ae 3.7 2.7 0.2 0.1 0.2 0.1 0.0 0.0 71 142 516* 0.8 
Bhfl 13.7 3.1 1.7 1.5 1.3 1.3 0.1 0.1 185 65 239 12.0 
Bhf2 9.7 3.7 3.2 3.2 2.8 2.3 1.0 0.3 220 55 176 0.2 
Bf 4.5 4.3 3.3 0.9 3.9 1.3 1.4 0.2 110 77 241 0.2 
BC1 1.0 4.7 1.3 0.0 1.4 0.3 0.6 0.1 123 72 236 7.2 
BC2 1.0 4.5 2.0 0.2 0.9 0.3 0.3 0.1 174 72 287 59.4 
BC3 0.5 4.8 4.4 0.1 0.9 0.3 0.4 0.0 183 51 204 13.2 
BC4 0.8 4.8 2.8 0.1 0.9 0.3 0.3 0.1 234 71 224 10.2 

Table 2.20 AAO extractable element concentrations in the quartz diorite 
soil (in total composition before and after AAO extraction.) 

%Wt %AI %Fe %P %S %Ti Mn Mo 
- ppm -

Ae 1.4 -0.8 -0.2 0.02 0.00 0.00 -31 3 
Bhfl 29.0 2.7 2.3 0.05 0.00 0.35 66 235 
Bhf2 34.5 4.4 5.6 0.05 0.04 0.23 98 175 
Bf 31.7 5.8 4.4 0.04 0.17 0.14 124 163 
BC1 10.1 0.7 1.1 0.07 0.16 0.00 59 166 
BC2 9.7 0.1 1.7 0.18 0.00 0.00 126 541 
BC3 14.2 0.5 4.2 0.17 0.01 0.00 1463 1355 
BC4 10.5 0.4 3.4 0.12 0.12 0.02 1503 506 
BC5 10.1 1.4 3.2 0.19 1.17 0.05 587 821 
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c o n c e n t r a t e d i n t h e o r g a n i c l a y e r , most o f t h e C i n t h e 

m i n e r a l h o r i z o n s was added by l e a c h i n g . 

I n t h e HN p r o f i l e , C l e v e l s d e c r e a s e d w i t h d e p t h from 

maximum c o n c e n t r a t i o n s i n t h e Ae. AAO- and p y r - F e l e v e l s 

were h i g h e s t i n t h e B f l , w h i l e AAO- and p y r - A l and S i peaked 

i n t h e B f 3 . I n t h e Ae and B f l , c o n c e n t r a t i o n s o f AAO- and 

p y r - F e were v e r y s i m i l a r , as were c o n c e n t r a t i o n s o f AAO- and 

p y r - A l , i n d i c a t i n g t h a t a l m o s t a l l t h e amorphous Fe and A l 

i n t h e upper h o r i z o n s was o r g a n i c a l l y complexed. 

By c o m p a r i s o n t o t h e HN Ae, t h e QD Ae c o n t a i n e d a l m o s t 

no e x t r a c t a b l e Fe and A l and had l o w e r c o n c e n t r a t i o n s o f 

o r g a n i c - C . The HN Ae c o n t a i n e d a p p r o x i m a t e l y d o u b l e t h e 

p r o p o r t i o n o f c l a y found i n t h e QD Ae ( T a b l e 2.25). Thus, 

p h y s i c a l r e t e n t i o n as a r e s u l t o f s m a l l e r p o r e s i z e , and t h e 

f o r m a t i o n o f c l a y - o r g a n i c complexes, a r e p o s s i b l e 

e x p l a n a t i o n s f o r t h e h i g h e r o r g a n i c - C c o n c e n t r a t i o n s i n t h e 

HN Ae. The h i g h e r Ae c l a y c o n t e n t may a l s o a c c o u n t f o r t h e 

h i g h e r e x t r a c t a b l e Fe and A l i n t h e HN s o i l , and f o r t h e 

l o w e r C i l l u v i a t i o n i n t o t h e HN B h o r i z o n s . 

As t h e b l a c k and d a r k r e d c o l o u r s o f t h e QD h o r i z o n s 

i n d i c a t e d , C c o n c e n t r a t i o n s i n t h e QD B h f l (13.7%) and Bhf2 

(9.7) were h i g h e r t h a n i n t h e HN B f ( 3 . 5 % ) . L i k e t h e HN B f , 

a l m o s t a l l t h e e x t r a c t a b l e Fe and A l i n t h e QD Bhf h o r i z o n s 

was o r g a n i c a l l y complexed. I n t h e QD s o i l , t h e p y r - F e and -

A l c o n c e n t r a t i o n s peaked i n t h e B h f 2 . AAO-Fe and - A l 

c o n c e n t r a t i o n s peaked i n t h e B f . 
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I n c o n t r a s t t o t h e HN s o i l where t h e r e d c o l o u r o f 

o x i d i z e d Fe s t o p p e d a t 50 cm, i n t h e QD s o i l , c o a r s e 

f ragments and f i n e s were s t a i n e d r e d t h r o u g h o u t t h e d e p t h 

examined (150 cm) . The AAO-Fe c o n c e n t r a t i o n s i n t h e r e d d i s h 

BC h o r i z o n s exceeded t h e AAO-Fe c o n c e n t r a t i o n s i n t h e B 

h o r i z o n s . The low c o n c e n t r a t i o n s o f AAO-A1 and - S i i n t h e BC 

h o r i z o n s i n d i c a t e t h a t t h e s o u r c e o f AAC—Fe were n o t 

a l u m i n o s i l i c a t e m i n e r a l s . The most l i k e l y s o u r c e o f AAO-Fe 

i n t h e QD p r o f i l e BC h o r i z o n s was p y r i t e . T h i s i s s u g g e s t e d 

by t h e h i g h S c o n t e n t (1.8 t o 3.6%) i n t h e unweathered 

c o a r s e f r a g m e n t s , and a l a c k o f S i n a l l b u t t h e BC5 < 2 mm 

f r a c t i o n ( T a b l e 2.26). The deep, w e l l d r a i n e d n a t u r e o f t h e 

QD p r o f i l e was c o n d u c i v e t o s u l p h i d e o x i d a t i o n . Much l o w e r 

p y r i t e c o n c e n t r a t i o n (0.24% S) and poor d r a i n a g e p r e c l u d e d 

s i m i l a r l y h i g h AAO-Fe c o n c e n t r a t i o n s i n t h e l o w e r HN 

h o r i z o n s . 

The p r i m a r y cause o f t h e v a r i a t i o n i n AAO-Fe was 

p r o b a b l y some form o f r e d i s t r i b u t i o n a f t e r Fe was r e l e a s e d . 

A t t h e m o d e r a t e l y a c i d pH v a l u e s and low o r g a n i c m a t t e r 

c o n c e n t r a t i o n s found i n t h e BC h o r i z o n s , Fe movement i s not 

l i k e l y t o o c c u r t h r o u g h s o l u t i o n o r c h e l a t i o n . An 

a l t e r n a t i v e mechanism f o r Fe movement i s by suspended f l o e s , 

i n t h e same manner as c l a y t r a n s l o c a t i o n . The f l o e s , o r 

i n o r g a n i c g e l s , e v e n t u a l l y a c c umulated where p o r o s i t y , and 

hence l e a c h i n g , were r e s t r i c t e d . One s o u r c e o f e v i d e n c e 

s u p p o r t i n g t h e i n o r g a n i c g e l t r a n s l o c a t i o n t h e o r y was t h e 

o c c u r r e n c e o f f l o e s o f amorphous Fe i n p u d d l e s a t t h e base 
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o f a s m a l l s e c t i o n o f h i g h l y f r a c t u r e d r o c k i n t h e c e n t e r o f 

t h e p i t . 

O r g a n i c m a t t e r complexes amorphous Fe. As a r e s u l t i n 

t h e A and B h o r i z o n s , f l o e m i g r a t i o n would have p r e d a t e t h e 

a c c u m u l a t i o n o f o r g a n i c a c i d s . S u b s e q u e n t l y Fe and A l would 

move as s o l u b l e o r g a n i c c h e l a t e s , p r e c i p i t a t i n g when t h e 

r a t i o o f s e s q u i o x i d e s : o r g a n i c m a t t e r o r t h e pH i n c r e a s e s 

(McKeague e t a l . , 1983). N o t a b l y i n b o t h s o i l s , t h e 

h o r i z o n s w i t h t h e h i g h e s t c o n c e n t r a t i o n s o f AA0-A1 had same 

pH v a l u e s (4.3) . 

R e s u l t s o f t h e A A O - e x t r a c t a b l e c o n c e n t r a t i o n s o f major 

and m i n o r e l e m e n t s , d e t e r m i n e d by comparing t h e t o t a l 

c o m p o s i t i o n b e f o r e and a f t e r AAO e x t r a c t i o n a r e g i v e n i n 

Appendix D. F o r most elements l o s s e s i n t h e AAO e x t r a c t i o n , 

w h i c h were p r o b a b l y n e g l i b l e , were h i d d e n by t h e v a r i a t i o n 

among subsamples. However, t h e XRF measurements d i d show 

t h a t AAO e x t r a c t e d s i g n i f i c a n t p r o p o r t i o n s o f t h e t o t a l A l , 

Fe, P, S, T i , Mn, and Mo ( T a b l e 2.20). C o n c e n t r a t i o n s o f 

AA0-A1 and -Fe, d e t e r m i n e d by XRF, were s i m i l a r t o t h o s e 

measured i n t h e AAO- e x t r a c t . The c o n c e n t r a t i o n s o f P, Mn, 

and Mo e x t r a c t e d were a l l h i g h e s t i n t h e BC h o r i z o n s . F o r 

Mn, t h i s may be e x p l a i n e d by t h e f a c t t h a t i t commonly 

o c c u r s as a t r a c e component o f p y r i t e . F o r P and Mo, i t 

s u g g e s t s t h a t t h e i r p r i m a r y m i n e r a l forms, a p a t i t e and 

m o l y b d e n i t e , weathered a t t h e same t i m e o r s h o r t l y a f t e r t h e 

Fe was r e l e a s e d . 
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AAO e x t r a c t e d a l m o s t a l l t h e S p r e s e n t i n t h e < 2 mm 

f r a c t i o n s , i n c i c a t i n g t h a t a l l t h e p y r i t e i n t h i s f r a c t i o n 

had been o x i d i z e d . The h i g h e s t AAO-S c o n c e n t r a t i o n s were i n 

t h e l o w e s t h o r i z o n . By c o n t r a s t , t h e c o n c e n t r a t i o n o f AAO-Ti 

was h i g h e s t i n t h e B h f l h o r i z o n , i n d i c a t i n g t h a t p r i m a r y T i 

m i n e r a l s were o n l y w e a t h e r i n g i n t h e upper h o r i z o n s . 

Many h o r i z o n s i n b o t h s o i l s c o n t a i n e d a l m o s t no 

e x t r a c t a b l e P. I n t h e HN p r o f i l e , o n l y t h e Cg c o n t a i n e d 

more t h a n 5 ppm a v a i l a b l e P. By f a r t h e h i g h e s t a v a i l a b l e ' P 

l e v e l s i n e i t h e r s o i l were e x t r a c t e d from t h e BC2 o f t h e QD 

s o i l . The l o c a t i o n o f t h e e x t r a c t a b l e P peak above t h a t o f 

amorphous 

Fe, i n d i c a t e s t h a t t h e d i s s o l u t i o n o f a p a t i t e o c c u r r e d a f t e r 

t h e w e a t h e r i n g o f t h e Fe s o u r c e , and t h a t e x t r a c t a b l e P was 

complexed w i t h Fe. The l a c k o f e x t r a c t a b l e P i n t h e l o w e r B 

h o r i z o n s o f e i t h e r s o i l s u g g e s t t h a t t h e d i s s o l u t i o n o f 

a p a t i t e and subsequent l e a c h i n g o f P o c c u r r e d p r i o r t o t h e 

Fe d e p o s i t o n o r t h a t complexed P was u n a v a i l a b l e . 

I n t h e QD s o i l , a s m a l l e r e x t r a c t a b l e P peak o c c u r r e d 

i n t h e B h f l . As t h i s was t h e h o r i z o n w i t h t h e h i g h e s t 

amount o f o r g a n i c m a t t e r , t h i s i n d i c a t e s t h a t t h e P was 

added i n t h i s form. 

4 . 3 . 3 C o a r s e Fragment and < 2 mm M i n e r a l o g y 

A l t h o u g h t h e same m i n e r a l s were found i n b o t h s o i l s , 

t h e y were p r e s e n t i n d i f f e r e n t amounts ( T a b l e 2.21). Coarse 

f r a g m e n t s from t h e HN s o i l c o n t a i n e d 75% q u a r t z , 20% 

p l a g i o c l a s e , and 5 % c h l o r i t e . 



Table 2.21 Estimated mineralogy of the coarse fragments and < 2 mm fractions of the natural soi 

Quartz K feldspar Plagioclase Hornblende Chlorite Biotite Sericite Kaolinite Vermiculite 
(Estimated Percentage of) 

Hornfels 
Ae < 2mm 85 5 10 
Bfl < 2mm 75 5 10 5 5 
Bf2 < 2mm 70 5 15 5 5 
Bf3 < 2mm 70 tr 15 5 5 5 
Cg < 2mm 65 tr 20 5 5 5 

Bf3 rock 75 20 5 

Quartz Diorite 
Ae < 2mm 75 5 20 1 
Bhfl < 2mm 45 20 35 tr 
Bhf2 < 2mm 45 20 35 tr tr 
Bf < 2mm 45 20 35 tr 
BC1 < 2mm 40 20 40 tr 1 1 1 
BC2 < 2mm 35 20 40 1 1 2 3 
BC3 < 2mm 40 20 35 2 1 1 3 
BC4 < 2mm 35 20 40 1 1 2 2 
BC5 < 2mm 30 20 40 2 1 1 2 

BC3 rock 15 5 75 1 1 2 2 
BC4 rock 15 5 75 1 2 1 1 
BC5 rock 10 5 80 tr 1 2 1 
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Compared t o t h e c o a r s e f r a g m e n t s , < 2 mm f r a c t i o n s from 

t h e l o w e r h o r i z o n s o f t h e HN p r o f i l e c o n t a i n e d s i m i l a r 

amounts o f p l a g i o c l a s e (20%) and c h l o r i t e ( 5 % ) , l o w e r 

amounts o f q u a r t z ( 6 5 % ) , and h i g h e r amounts o f s e r i c i t e 

( 5 % ) , k a o l i n i t e ( 5 % ) . W h i l e some w e a t h e r i n g may have 

o c c u r r e d , t h e d e c l i n e i n r e l a t i v e l y r e s i s t a n t m i n e r a l s l i k e 

q u a r t z s u g g e s t s t h a t t h e d i f f e r e n c e s between t h e c o a r s e 

f r a g m e n t s and t h e < 2 mm f r a c t i o n were a r e s u l t o f e i t h e r 

s e l e c t i v e d i s i n t e g r a t i o n i n t h e o r i g i n a l b e d r o c k o r changes 

i n p a r e n t m a t e r i a l . 

Moving up t h r o u g h t h e HN p r o f i l e t h e r e was a g r a d u a l 

d e c l i n e i n < 2 mm p l a g i o c l a s e and an i n c r e a s e i n q u a r t z . 

The d e c r e a s e i n p l a g i o c l a s e p r o b a b l y r e s u l t e d from 

w e a t h e r i n g , w h i l e t h e i n c r e a s e i n q u a r t z , may be a t t r i b u t e d 

t o n e g a t i v e e n r i c h m e n t . A t t h e low pH v a l u e s found i n t h e 

up p e r h o r i z o n s , q u a r t z s o l u b i l i t y i s v e r y low. 

Three p h y l l o s i l i c a t e s were d e t e c t e d i n t h e HN < 2 mm 

f r a c t i o n s K a o l i n i t e was found i n t h e Bf3 and Cg, and 

c h l o r i t e and s e r i c i t e were found i n a l l t h e h o r i z o n s e x c e p t 

t h e Ae. N o t a b l y t h e l o w e s t h o r i z o n s c o n t a i n i n g k a o l i n i t e 

(Bf3) and c h l o r i t e ( B f l ) c o n t a i n e d t h e most AAO-Al and AAO-

Fe, s u g g e s t i n g t h a t w e a t h e r i n g k a o l i n i t e and c h l o r i t e were 

p r i m a r y s o u r c e s o f amorphous A l and Fe, r e s p e c t i v e l y . 

A c c o r d i n g t o v a r i o u s r e s e a r c h e r s (McKeague e t a l . , 

1983; Kodama, 1979), under a c i d c o n d i t i o n s c h l o r i t e 

g e n e r a l l y w e a t h e r s f a s t e r t h a n k a o l i n i t e . The remo v a l o f 

k a o l i n i t e i n p r e f e r e n c e t o c h l o r i t e may r e s u l t from s e v e r a l 
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f a c t o r s , s uch as t h e k a o l i n i t e g r a i n s b e i n g s m a l l e r o r 

because c h l o r i t e was c o n t i n u a l l y r e p l e n i s h e d by g r a i n s 

r e l e a s e d from t h e c o a r s e f r a g m e n t s . The r e s i l i e n c e o f 

c h l o r i t e m i g h t a l s o be a r e s u l t o f p e d o g e n i c c h l o r i t e 

r e p l a c i n g p r i m a r y c h l o r i t e l o s t t h r o u g h w e a t h e r i n g . 

The unweathered QD c o a r s e f r a g m e n t s from t h e l o w e r BC 

h o r i z o n s c o n t a i n e d from 75 t o 80% p l a g i o c l a s e , 10 t o 15% 

q u a r t z , and 5% K f e l d s p a r , a l o n g w i t h s m a l l amounts o f 

h o r n b l e n d e , c h l o r i t e , b i o t i t e , and s e r i c i t e . By c o m p a r i s o n , 

t h e < 2 mm f r a c t i o n s from t h e same h o r i z o n s c o n t a i n e d 

s e v e r a l t i m e s more q u a r t z (35 t o 40%) and K f e l d s p a r ( 2 0 % ) , 

and o n l y h a l f as much p l a g i o c l a s e s (35 t o 45 % ) . The < 2 mm 

f r a c t i o n s a l s o l a c k e d h o r n b l e n d e and c h l o r i t e , and c o n t a i n e d 

k a o l i n i t e and a 1.15 nm m i n e r a l , t h a t was p r o b a b l y 

v e r m i c u l i t e . 

Changes i n t h e p r o p o r t i o n o f q u a r t z , K f e l d s p a r , 

p l a g i o c l a s e , and k a o l i n i t e p r o b a b l y r e s u l t e d from t h e 

s e l e c t i v e d i s i n t e g r a t i o n o f t h e b e d r o c k . A l t h o u g h 

w e a t h e r i n g was p r o b a b l y n o t r e s p o n s i b l e f o r t h e l a r g e 

changes i n t h e t e c t o s i l i c a t e c o n t e n t , i t c o u l d a c c o u n t f o r 

t h e l o s s o f h o r n b l e n d e and c h l o r i t e and t h e f o r m a t i o n o f t h e 

v e r m i c u l i t e . Of t h e m i n e r a l s commonly found i n p o d z o l s , 

h o r n b l e n d e and c h l o r i t e a r e c o n s i d e r e d t h e most w e a t h e r a b l e , 

w h i l e v e r m i c u l i t e i s t h e most common p r o d u c t o f 

p h y l l o s i l i c a t e a l t e r a t i o n (McKeague e t a l . , 1983). 

Moving up t h e QD p r o f i l e , t h e p r o p o r t i o n o f < 2 mm 

q u a r t z i n c r e a s e d from 30 % i n t h e BC5 t o 45 % i n t h e B h f l . 
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T h i s was a p p a r e n t l y a r e s u l t o f n e g a t i v e e n r i c h m e n t . The 

l a c k o f p h y l l o s i l i c a t e s above t h e BC h o r i z o n s i n d i c a t e s 

e i t h e r t h a t t h e s u p p l y o f t h e s e m i n e r a l s i n t h e c o a r s e 

f r a g m e n t s was e x h a u s t e d o r t h a t t h e r a t e o f w e a t h e r i n g i n 

t h e < 2 mm f r a c t i o n was f a s t enough t o remove any new 

a d d i t i o n s . The absence o f changes i n t h e p r o p o r t i o n o f 

c o a r s e f r a g m e n t s i n t h e l o w e r B h o r i z o n s i n d i c a t e t h a t v e r y 

l i t t l e c o a r s e fragment breakdown o c c u r r e d . 

One u n u s u a l f e a t u r e o f t h e QD s o i l was t h e p r e s e n c e o f 

h o r n b l e n d e i n t h e Ae and Bhf h o r i z o n s . H o r n b l e n d e w e a t h e r s 

r a p i d l y u nder a c i d i c c o n d i t i o n s , w h i c h e x p l a i n s i t s absence 

from t h e < 2 mm f r a c t i o n o f t h e BC h o r i z o n s . However t h i s 

a l s o s u g g e s t s t h a t h o r n b l e n d e would be even l e s s common n e a r 

t h e s u r f a c e . A l i k e l y e x p l a n a t i o n f o r t h e o c c u r e n c e o f . 

h o r n b l e n d e s i n t h e upper h o r i z o n s i s a change i n t h e p a r e n t 

m a t e r i a l , e i t h e r due t o v a r i a t i o n i n t h e h o s t b e d r o c k o r 

t h r o u g h s u r f a c e i n p u t s ( t i l l o r c o l l u v i a l ) . N o t a b l y , 

i n t r u s i v e r o c k r i c h i n h o r n b l e n d e (10% a c c o r d i n g t o 

S t e i n i n g e r , 1985), from t h e E a s t e r n S t o c k , o u t c r o p p e d 

n e a r b y . 

From t h e B h f l t o t h e Ae t h e r e was a 30% i n c r e a s e i n t h e 

< 2 mm q u a r t z , and 15% i n c r e a s e s each i n t h e < 2 mm 

p l a g i o c l a s e and < 2 mm K f e l d s p a r . W i t h t h e l o w e s t pH, 

g r e a t e s t o r g a n i c a c i d l e a c h i n g , and a l m o s t no amorphous Fe 

and A l t o p r o t e c t g r a i n s u r f a c e s , p a r t i c l e s i n t h e Ae were 

exposed t o t h e most i n t e n s e w e a t h e r i n g . However, as 

s u g g e s t e d f o r h o r n b l e n d e , t h e i n c r e a s e i n q u a r t z may r e s u l t 
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from s u r f a c e a d d i t i o n s o f some o t h e r r o c k t y p e s ( e . g . , 

h o r n f e l s ) . 

M i n e r a l o l o g i c a l d a t a from i n d i v i d u a l sand f r a c t i o n s 

showed t h a t changes i n < 2 mm m i n e r a l o g y d i d n o t o c c u r 

u n i f o r m l y i n a l l t h e f r a c t i o n s . ( T a b l e 2.22). F o r example, 

d e c r e a s e s i n p l a g i o c l a s e and i n c r e a s e s i n q u a r t z were most 

pronounced i n t h e c o a r s e r f r a c t i o n s . 

As e x p e c t e d from t h e < 2 mm d a t a , p h y l l o s i l i c a t e 

c o n c e n t r a t i o n s were g r e a t e s t i n t h e BC3. No p h y l l o s i l i c a t e s 

were d e t e c t e d i n t h e i n t e n s e l y weathered Ae. I n t h e B h f l 

s m a l l amounts o f s e r i c i t e and k a o l i n i t e were found i n t h e 

c o a r s e sand. The absence o f k a o l i n i t e and s e r i c i t e i n f i n e r 

f r a c t i o n s , e q u i v a l e n t t o t h e i r g r a i n s i z e , i n d i c a t e s t h a t 

n e i t h e r m i n e r a l was s t a b l e . The p e r s i s t e n c e o f k a o l i n i t e 

and s e r i c i t e i n t h e c o a r s e sand may be due t o o c c l u s i o n 

w i t h i n c l u s t e r s o f more r e s i s t a n t m i n e r a l s . 

I n c o n t r a s t t o t h e B h f l , i n t h e B f k a o l i n i t e p e r s i s t e d 

i n a l l f o u r sand f r a c t i o n s . However, s e r i c i t e was o n l y 

f o u n d i n t h e c o a r s e sand. The p r e s e n c e o f v e r m i c u l i t e and 

t h e absence o f s e r i c i t e i n t h e f i n e r f r a c t i o n s s u g g e s t s t h a t 

s e r i c i t e a l t e r e d i n t o v e r m i c u l i t e . B i o t i t e , w h i c h was a l s o 

r e s t r i c t e d t o t h e l a r g e r sand f r a c t i o n s , may a l s o have been 

w e a t h e r i n g i n t o v e r m i c u l i t e . 

K a o l i n i t e and v e r m i c u l i t e were t h e most common 

p h y l l o s i l i c a t e s i n t h e B f and t h e BC3. A g a i n t h e 

r e s t r i c t i o n o f < 2 mm s e r i c i t e t o t h e l a r g e r f r a c t i o n s 

i n d i c a t e s t h a t i t was u n s t a b l e and r e a d i l y a l t e r e d , 



Table 2.22 Estimated mineralogy of the sand and coarse silt fractions of the Ae, Bhfl, Bf, and BC3 horizons 
the quartz diorite soil. 

Horizon Fraction Wt Quartz K feldspar Plagioclase Hornblende Biotite Sericite Kaolinite Vermiculite Al-Vermiculite 
(um) % 

(Estimated Percentage of) 

Ae 2000-500 7 90 5 3 1 
500-250 12 85 10 5 tr 
250-100 19 70 15 15 tr 
100-50 20 45 20 35 2 
50-20 5 55 15 30 3 

Bhfl 2000-500 9 55 25 15 1 1 1 
500-250 15 70 15 15 1 1 
250-100 21 50 20 30 1 
100-50 20 25 15 60 2 
50-20 10 35 20 40 3 

Bf 2000-500 20 20 20 60 1 1 1 
500-250 14 35 15 45 1 1 3 
250-100 13 50 15 30 1 2 2 
100-50 10 35 20 40 1 3 2 
50-20 13 40 25 35 4 

BC3 2000-500 43 20 25 55 1 1 1 
500-250 16 20 35 40 1 1 3 1 
250-100 11 25 20 50 1 tr 3 3 

•100-50 8 30 20 25 4 • 9 11 
50-20 6 35 25 25 4 * 7 7 
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presumably, t o v e r m i c u l i t e . I n c o n t r a s t , v e r m i c u l i t e , 

b i o t i t e and k a o l i n i t e were a l l more common i n t h e f i n e r 

f r a c t i o n s . 

L i k e t h e < 2 mm samples, h o r n b l e n d e was found i n t h e 

s t r o n g l y w e athered h o r i z o n s b u t n o t i n t h e BC3, t h e r e v e r s e 

o f what one mi g h t e x p e c t f o r a r e l a t i v e l y e a s i l y w e a thered 

m i n e r a l . 

4.3.4 Heavy M i n e r a l s i n t h e Q u a r t z D i o r i t e (OD) S o i l 

The p r o p o r t i o n o f heavy m i n e r a l s was measured i n t h e . . 

f i n e (250-100 um) and v e r y f i n e (100 t o 50 um) sand and t h e 

c o a r s e s i l t (50 t o 20 um) f r a c t i o n s o f t h e Ae, B h f l and BC3 

h o r i z o n s o f t h e QD s o i l ( T a b l e 2.23). I n t h e two sand 

f r a c t i o n s , t h e c o n c e n t r a t i o n o f t h e > 3.31 g/cm 3 f r a c t i o n 

d e c r e a s e d w i t h d e p t h , w h i l e t h a t o f p a r t i c l e s 2.89 t o 3.31 

g/cm 3 i n c r e a s e d . I n t h e c o a r s e s i l t t h e > 3.31 g/cm 3 

f r a c t i o n was l a r g e s t i n t h e Ae, w h i l e t h e 2.89 t o 3.31 g/cm 3 

f r a c t i o n was s i g n i f i c a n t l y l a r g e r i n t h e BC. When c o n v e r t e d 

t o p r o p o r t i o n s o f t h e < 2 mm f r a c t i o n , t h e w e i g h t o f > 3.31 

g/cm 3 p a r t i c l e s i n b o t h sand f r a c t i o n s d e c r e a s e d w i t h d e p t h , 

where as t h e amount o f 2.89 t o 3.31 g/cm 3 p a r t i c l e s i n t h e 

B h f l and BC h o r i z o n s were no l o n g e r s u b s t a n t i a l l y d i f f e r e n t . 

The 2.89 t o 3.31 g/cm 3 f r a c t i o n was a s i m i l a r 

p r o p o r t i o n o f a l l t h r e e s i z e f r a c t i o n s . The > 3.31 g/cm 3 

f r a c t i o n was l a r g e s t i n t h e f i n e sand f r a c t i o n . I n a l l 

t h r e e s i z e f r a c t i o n s , t h e w e i g h t o f 2.89 t o 3.31 g/cm 3 

p a r t i c l e s was much l a r g e r t h a n t h a t o f t h e > 3.31 g/cm 3 
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Table 2.23 Heavy mineral contents in selected horizons of the 
quartz diorite soil. 

Total % of % of 
Horizon Size % of Size Fraction < 2 mm Fraction 

Fraction < 2mm A B A B 

Ae 50-20u 5 2.7 2.06 0.1 0.10 
Bhfl 50-20u 10 4.1 0.16 0.4 0.02 
Bf 50-20u 13 1.7 0.21 0.2 0.03 
BC 50-20u 5 20.4 0.13 1.1 0.01 

Ae 100-50u 20 3.9 0.38 0.8 0.08 
Bhfl 100-50u 20 7.2 0.23 1.4 0.05 
BC 100-50u 11 11.2 0.11 1.1 0.01 

Ae 250-lOOu 19 2.2 1.52 0.4 0.29 
Bhfl 250-lOOu 21 4.7 1.06 1.0 0.22 
Bf 250-lOOu 13 8.4 0.83 1.1 0.11 
BC 250-1 OOu 13 8.8 0.76 1.2 0.10 

A : 2.89 - 3.31 g/cm3 B : > 3.31 g/cm3 
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p a r t i c l e s , and t h e two d e n s i t y f r a c t i o n s combined r a r e l y 

exceeded 10%. 

Data from t h e < 3.31 g/cm 3 100 t o 50 um f r a c t i o n o f t h e 

Ae, B h f l , and BC h o r i z o n s showed t h a t t h e p r o p o r t i o n o f 

sphene, o x i d i z e d Fe, p y r i t e , and s c h e e l i t e d e c r e a s e d 

s u b s t a n t i a l l y i n t h e s u r f a c e h o r i z o n s ( T a b l e 2.24). w h i l e 

t h e p r o p o r t i o n s o f m a g n e t i t e and h o r n b l e n d e were much l a r g e r 

t h a n t h e i r c o n c e n t r a t i o n s i n t h e BC h o r i z o n s . M a g n e t i t e and 

h o r n b l e n d e a c c o u n t e d f o r 80% o f t h e > 3.31 g/cm 3 f r a c t i o n - i n 

t h e Ae, b u t o n l y 38% i n t h e BC h o r i z o n . 

Changes i n heavy m i n e r a l c o n c e n t r a t i o n s may r e s u l t from 

a number o f f a c t o r s i n c l u d i n g n e g a t i v e e n r i c h m e n t , g r e a t e r 

c o a r s e . f r a g m e n t d i s i n t e g r a t i o n , d i f f e r e n c e s i n t h e b e d r o c k , 

o r t h e a d d i t i o n o f s u r f a c e c o n t a m i n a n t s ( e . g . c o l l u v i u m ) . 

N o t a b l y t h e few p y r i t e g r a i n s found a l l had t h i c k r i n d s o f 

o x i d i z e d Fe. The p r e s e n c e o f 100 t o 50 um g r a i n s o f 

o x i d i z e d Fe s u p p o r t s t h e a s s u m p t i o n t h a t some o f t h e 

i l l u v i a l Fe had r e c r y s t a l l i z e d i n t o s e c o n d a r y Fe o x i d e s and 

h y d r o x i d e s . 

4 .3.5 P a r t i c l e S i z e 

I n b o t h s o i l s t h e p r o p o r t i o n o f sand i n c r e a s e d w i t h 

d e p t h ( T a b l e 2.25), w i t h a d i f f e r e n c e i n p a r t i c l e s i z e 

c o n t e n t between t h e Ae and t h e l o w e r h o r i z o n o f 20 t o 25% 

f o r sand and 10 t o 13% each f o r s i l t and c l a y . 

I n t h e HN p r o f i l e , t h e Ae and t h e B f l h o r i z o n s were 

c l a y loams, w h i l e t h e l o w e r B and Cg h o r i z o n s were 
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Table 2 .24 Proportion of individual heavy minerals in the > 3.31 g/cvc\3, 
100-50 um fraction of selected horizons in the 
quartz diorite soil. 

Magnetite llmenite Rutile Sphene Oxidized Hornblende Pyrite Scheelite 
Horizon Iron 

(Average) 

Ae 49 7 4 6 3 31 0.1 0.0 
Bhfl 27 9 5 19 8 33 0.3 0.0 . 
BC 23 6 7 28 21 15 0.5 0.3 

std (Standard Deviation) 

Ae 2 0 0 1 1 0 0.1 0.0 
Bhfl 1 1 1 3 4 5 0.2 0.0 
BC 5 2 2 1 7 2 0.3 0.2 

(Ratio with Magnetite) 

Ae 7 12 8 17 2 361 0 
Bhfl 3 6 1 3 1 78 0 
BC 4 3 1 1 2 47 70 
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Table 2.25 Particle size distribution in the < 2 mm fractions of the natural soils. 

Depth Sand Silt Clay VCSa CSa MSa FSa VFSa CSi MFSi Texture 
(cm) 

(Percentage of the < 2 mm Fraction) 

Hornfels 

Ae 0-5 26 46 28 3 3 5 7 8 7 39 cl 
Bfl 5-15 25 46 30 3 4 5 6 7 6 40 cl 
Bf2 15-35 38 42 21 6 7 8 8 8 4 38 1 
Bf3 35-50 44 35 21 8 9 9 9 8 5 30 1 
Cg 50+ 50 35 15 8 10 11 12 9 4 31 1 

jartz Diorite 

Ae 0-4 58 27 15 2 5 12 19 20 5 22 si 
Bhfl 4-16 64 25 10 2 7 15 21 20 10 15 si 
Bhf2 16-28 62 30 8 5 10 15 17 16 9 21 si 
Bf 28-48 57 33 10 7 13 14 13 10 13 20 si 
BC1 48-70 75 20 5 11 18 18 15 12 8 13 Is 
BC2 70-90 77 20 3 16 18 17 14 12 7 13 Is 
BC3 90-110 79 16 5 21 22 16 11 8 6 9 Is 
BC4 110-130 85 13 2 16 22 20 15 12 4 9 Is 
BC5 130-150 80 17 4 16 21 18 14 11 8 9 Is 

Sa: 2000-50um VCSa: 2000-1 OOOum FSa: 250-1 OOum 
Si: 50-2um CSa: 1000-500um VFSa: 100-50um 
Cl: < 2um MSa: 500-250um CSi: 50-20um MFSi: 20-2um 

cl : clay loam I : loam si : sand loam Is : loamy sand 
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c l a s s i f i e d as loams. The p r o p o r t i o n o f a l l t h e i n d i v i d u a l 

HN sand f r a c t i o n s , e x c e p t t h e v e r y f i n e sand (100 - 50 um), 

s t e a d i l y i n c r e a s e d w i t h d e p t h . Most o f t h e d e c r e a s e w i t h 

d e p t h i n t h e f i n e r f r a c t i o n s o c c u r r e d i n t h e medium f i n e 

s i l t (20-2 um) and t h e c l a y (< 2 um). L i t t l e change w i t h 

d e p t h o c c u r r e d i n t h e f r a c t i o n s (100 t o 20 um) c o r r e s p o n d i n g 

t o t h e dominant g r a i n s i z e i n t h e HN r o c k . 

I n t h e QD s o i l , t h e BC h o r i z o n s had a loamy sand 

t e x t u r e and t h e A and B h o r i z o n s were sandy loams. From BC2 

t o BC5 t h e r e was no r e l a t i o n s h i p between p a r t i c l e s i z e and 

d e p t h . From BC1 t o t h e s u r f a c e t h e r e was a c o n s i s t e n t 

d e c r e a s e i n v e r y c o a r s e (2000 t o 1000 um) and c o a r s e sand 

(1000 - 500 um), an i r r e g u l a r d e c r e a s e i n medium sand (500 -

250 um), and an i r r e g u l a r i n c r e a s e i n f i n e (250 - 100 um) 

and v e r y f i n e (100 - 50 um) sand. A g a i n changes p r i m a r i l y 

o c c u r r e d i n t h e f r a c t i o n s l a r g e r t h a n t h e modal g r a i n s i z e , 

w h i c h was f i n e t o medium s a n d - s i z e d . P a r t i c l e s 2000 t o 250 

um were g e n e r a l l y m u l t i - g r a i n a g g r e g a t e s , and t h u s 

f r a g m e n t a t i o n was p r o b a b l y t h e main f a c t o r r e s p o n s i b l e f o r 

t h e d e c r e a s e i n t h e p r o p o r t i o n o f t h e s e p a r t i c l e s . 

One d i v e r g e n c e from t h e r e g u l a r changes i n p a r t i c l e 

s i z e w i t h d e p t h was t h e h i g h s i l t c o n t e n t s o f t h e QD Bhf2 

and B f . H i g h amorphous Fe and A l i n t h e s e h o r i z o n s s u g g e s t 

t h a t t h e h i g h s i l t c o n t e n t s r e s u l t e d from t h e a c c u m u l a t i o n 

o f s e s q u i o x i d e s e i t h e r as cements o r as d i s c r e t e g r a i n s . 

The deep r e d c o l o u r o f t h e s e f r a c t i o n s i n d i c a t e t h a t t h e 
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p r e t r e a t m e n t w i t h c i 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 was n o t 

s u f f i c i e n t t o remove a l l t h e Fe o x i d e s and h y d r o x i d e s . 

4 . 3 . 6 M a j o r Elements 

M i n e r a l o g i c a l d i f f e r e n c e s a c c o u n t e d f o r many o f t h e 

d i f f e r e n c e s o b s e r v e d i n e l e m e n t a l c o m p o s i t i o n ( T a b l e 2.26). 

F o r example, S i l e v e l s were h i g h e s t i n t h e HN s o i l and i n 

t h e Ae h o r i z o n s , samples c o n t a i n i n g r e l a t i v e l y h i g h amounts 

o f q u a r t z . I n t h e HN s o i l , t h e r e l a t i v e l y low S i 

c o n c e n t r a t i o n s i n t h e B h o r i z o n s , can be a t t r i b u t e d t o t h e 

d i l u t i n g e f f e c t o f a d d i t i o n s o f Fe and A l . 

Removing amorphous Fe and A l w i t h an AAO p r e t r e a t m e n t 

s i g n i f i c a n t l y i n c r e a s e d t h e S i c o n c e n t r a t i o n s i n t h e QD 

samples. A f t e r t h e AAO p r e t r e a t m e n t , S i c o n c e n t r a t i o n s i n 

t h e QD samples i n c r e a s e d from 30.3% i n t h e BC5 t o 33.8% i n 

t h e BC1, 37.2% i n t h e B h f l and 40.2% i n t h e Ae. The o t h e r 

m a j o r e l e m e n t s whose c o n c e n t r a t i o n s were s i g n i f i c a n t l y 

i n c r e a s e d by t h e AAO p r e t r e a t m e n t were Ca, K, and Na. I n 

t h e HN p r o f i l e , t h e d e c r e a s e i n Ca and Na t o w a r d s t h e 

s u r f a c e i n d i c a t e a d e c l i n e i n t h e p l a g i o c l a s e c o n t e n t . L i k e 

t h e p l a g i o c l a s e l e v e l s , t o t a l Ca and Na l e v e l s i n t h e QD 

s o i l f l u c t u a t e d t h r o u g h o u t t h e B and BC samples, e x h i b i t i n g 

no r e l a t i o n s h i p w i t h d e p t h . The o n l y s i g n i f i c a n t 

d i f f e r e n c e s were t h e low Ca and Na c o n c e n t r a t i o n s i n t h e Ae. 

I n b o t h p r o f i l e s c o n c e n t r a t i o n s o f Mg i n c r e a s e d w i t h 

d e p t h . As v e r y l i t t l e Mg was AAO e x t r a c t a b l e and Mg, l i k e 

o t h e r base c a t i o n s , i s r a p i d l y l e a c h e d from a c i d s o i l s , t h e 
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Table 2.26 Major element composition of the coarse fragments and 
< 2 mm fraction of the natural soils. 

Horizon Fraction %Al %Ca %Fe %K %Mg%Na %P %S %Si %Ti 

Hornfels (+AAO) 
Ae <2mm 6.2 0.15 1.8 1.9 0.4 1.0 0.05 0.05 37.0 0.65 
Bfl <2mm 7.4 0.17 7.8 1.5 1.3 1.1 0.03 0.05 31.5 0.57 
Bf2 <2mm 8.3 0.23 5.1 1.5 1.6 1.4 0.03 0.06 31.5 0.51 
Bf3 <2mm 8.5 0.29 5.0 1.5 1.6 1.5 0.06 0.13 31.2 0.50 
Cg <2mm 8.4 0.37 4.9 1.7 1.7 1.7 0.08 0.11 33.3 0.49" 

Bf3 rock 6.7 0.27 6.1 0.8 2.1 1.9 0.18 0.24 36.4 0.45 

Quartz Diorite (+AAO) 
Ae <2mm 6.6 1.06 2.3 2.9 0.2 1.6 0.03 0.00 35.0 0.66 
Bhfl <2mm 9.3 1.63 4.3 3.0 0.4 2.1 0.08 0.00 29.9 0.98 
Bhf2 <2mm 10.5 1.49 9.7 2.4 0.6 1.9 0.10 0.04 24.4 0.71 
Bf <2mm 12.5 1.31 8.3 2.6 0.8 1.9 0.07 0.20 25.9 0.59 
BC1 <2mm 9.7 1.48 5.5 3.1 0.9 2.4 0.12 0.21 28.0 0.49 
BC2 <2mm 9.3 1.45 6.7 3.6 1.1 2.2 0.26 0.06 27.1 0.54 
BC3 <2mm 8.5 1.16 9.3 3.6 1.3 1.8 0.26 0.03 25.7 0.53 
BC4 <2mm 9.0 1.64 9.0 3.5 1.2 2.0 0.24 0.14 25.6 0.56 
BC5 <2mm 9.7 1.67 7.3 3.8 1.3 2.2 0.27 1.19 28.4 0.58 

BC5 rock 9.6 2.88 4.1 2.6 1.2 3.2 0.23 3.58 28.3 0.48 
BC4 rock 9.4 2.65 4.1 3.0 1.1 2.9 0.19 3.14 29.5 0.46 
BC3 rock 10.2 3.21 4.8 2.7 1.3 3.3 0.26 1.82 29.2 0.57 

Quartz Diorite (-AAO) 
Ae <2mm 7.5 
Bhfl <2mm 9.2 
Bhf2 <2mm 9.3 
Bf <2mm 9.9 
BC1 <2mm 10.1 
BC2 <2mm 10.1 
BC3 <2mm 9.3 
BC4 <2mm 9.6 
BC5 <2mm 9.2 

1.20 2.6 3.3 0.2 1.7 
1.95 2.8 3.6 0.5 2.7 
1.95 6.2 3.2 0.9 2.7 
1.78 5.6 3.6 1.0 2.8 
1.76 5.0 3.9 1.2 2.9 
1.79 5.5 4.3 1.3 2.9 
1.38 5.9 4.4 1.6 2.5 
1.91 6.2 4.2 1.4 2.4 
1.78 4.5 4.1 1.3 2.5 

0.01 0.00 40.2 0.76 
0.03 0.00 37.2 0.88 
0.07 0.00 32.6 0.73 
0.05 0.05 33.1 0.65 
0.05 0.05 33.8 0.54 
0.10 0.08 33.8 0.62 
0.10 0.02 31.1 0.63 
0.13 0.02 30.3 0.60 
0.09 0.02 30.3 0.59 
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d e c l i n e i n Mg can be a t t r i b u t e d t o a d e c l i n e i n m a f i c 

m i n e r a l s . I n t h e HN p r o f i l e , s i z a b l e d r o p s i n Mg c o n t e n t 

o c c u r r e d between t h e c o a r s e f r a g m e n t s and t h e < 2 mm 

f r a c t i o n s and between t h e < 2 mm B f l and Ae samples. 

I n t h e HN p r o f i l e , h i g h e r A l c o n c e n t r a t i o n s i n t h e < 2 

mm f r a c t i o n s , compared t o t h e c o a r s e f r a g m e n t s , can be 

a t t r i b u t e d t o t h e h i g h e r s e r i c i t e and k a o l i n i t e 

c o n c e n t r a t i o n s i n t h e f o r m e r . S u b t r a c t i n g t h e AA0-A1 from 

t o t a l A l would g i v e t h e f o l l o w i n g A l c o n c e n t r a t i o n s : Cg 

7.6%, Bf3 7.1%, Bf2 7.1%, B f l 6.6%, and Ae 5.7%. The 

d e c l i n e i n A l i n t h e upper h o r i z o n s can be a t t r i b u t e d t o 

l o s s e s o f s e r i c i t e , k a o l i n i t e , and p l a g i o c l a s e . However t h e 

5.7% A l i n t h e HN Ae i n d i c a t e s t h a t t h e p r o p o r t i o n o f 

a l u m i n o s i l i c a t e m i n e r a l s was g r e a t e r t h a n t h a t e s t i m a t e d 

from t h e XRD peak i n t e n s i t i e s , and perhaps c l o s e r t o t h a t o f 

t h e QD Ae, w h i c h had a s i m i l a r A l c o n c e n t r a t i o n . 

The AAO p r e t r e a t m e n t removed l a r g e amounts o f A l v a l u e s 

from t h e QD B h o r i z o n s . As a r e s u l t , t h e r e was v e r y l i t t l e 

v a r i a t i o n i n t o t a l A l below t h e Ae. 

S u b t r a c t i n g AAO-Fe, Fe c o n c e n t r a t i o n s i n t h e HN p r o f i l e 

were Cg 4.0%, Bf3 3.8%, Bf2 3.5%, B f l 4.7%, and Ae 1.0%. 

The r e l a t i v e l y h i g h Fe l e v e l s i n t h e B f l , p r o b a b l y r e s u l t 

from t h e p r e s e n c e o f s e c o n d a r y c r y s t a l l i n e Fe, n o t e x t r a c t e d 

by AAO and n o t d e t e c t e d by XRD. W i t h t h e e x c e p t i o n o f t h e 

B f l , a l l t h e HN < 2 mm f r a c t i o n s had l o w e r t o t a l - F e l e v e l s 

t h a n t h e c o a r s e f r a g m e n t s . 
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I n c o n t r a s t t o t h e HN s o i l , i n t h e QD p r o f i l e , o n l y t h e 

Ae and t h e B h f l c o n t a i n e d l e s s t o t a l -Fe t h a t t h e c o a r s e 

f r a g m e n t s . The c o n c e n t r a t i o n s o f t o t a l - F e i n B h f 2 , BC3, and 

BC5 < 2 mm f r a c t i o n s ( B h f 2 , BC3, and BC5) were more t h a n 

d o u b l e t h o s e o f t h e c o a r s e f r a g m e n t s . 

The most l i k e l y e x p l a n a t i o n f o r t h e e l e v a t e d < 2 mm Fe 

l e v e l s i n t h e QD p r o f i l e i s t h a t Fe r e l e a s e d from t h e c o a r s e 

f r a g m e n t s by w e a t h e r i n g was c o n s e r v e d i n t h e < 2 mm 

f r a c t i o n . C o a r s e f r a g m e n t s a c c o u n t e d f o r most o f t h e s o i l s 

mass, and t h u s even i f o n l y a s m a l l p r o p o r t i o n o f t h e c o a r s e 

fragment Fe was r e l e a s e d , i t would s i g n i f i c a n t l y i n c r e a s e 

t h e < 2 mm Fe l e v e l s . 

The h i g h c o n c e n t r a t i o n s o f S i n d i c a t e t h a t t h e 

unweathered QD c o a r s e f r a g m e n t s c o n t a i n e d h i g h 

c o n c e n t r a t i o n s o f p y r i t e , a m i n e r a l t h a t w e a t h e r s v e r y 

q u i c k l y u nder a e r o b i c c o n d i t i o n s . O n l y unweathered c o a r s e 

f r a g m e n t s from t h e base o f t h e p r o f i l e were a n a l y z e d , s o 

t h e r e i s no c o n c l u s i v e p r o o f t h a t p y r i t e o x i d a t i o n o c c u r r e d 

w i t h i n t h e c o a r s e f r a g m e n t s . The abundance o f r e d d i s h 

s t a i n s a l o n g f r a c t u r e s and v e i n s i n d i c a t e t h a t Fe o x i d a t i o n 

had o c c u r r e d w i t h i n c o a r s e f r a g m e n t s i n t h e A and B 

h o r i z o n s . The c o n s i s t e n t l y h i g h c o a r s e fragment c o n t e n t was 

e v i d e n c e t h a t , below t h e Ae and B h f l , w e a t h e r i n g was n o t 

i n t e n s e enough t o cause t h e c o a r s e f r a g m e n t s t o 

d i s i n t e g r a t e . 

J u d g i n g from t h e low S c o n c e n t r a t i o n s i n t h e QD < 2 mm 

f r a c t i o n s , most o f t h e S r e l e a s e d as p y r i t e w e athered was 
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removed from t h e p r o f i l e . O n l y t h e BC5 < 2 mm f r a c t i o n 

c o n t a i n e d a s i g n i f i c a n t amount o f S, a l m o s t a l l o f w h i c h was 

AAO e x t r a c t a b l e and t h e r e f o r e p r o b a b l y s u l p h a t e - S complexed 

w i t h amorphous-Fe. 

4 . 3 . 6 T r a c e Elements 

T r a c e element c o n c e n t r a t i o n s v a r i e d b o t h between and 

w i t h i n s o i l p r o f i l e s ( T a b l e 2.27). L i k e t h e w a s t e r o c k , t h e 

n a t u r a l s o i l s c o n t a i n e d a n o m a l o u s l y h i g h c o n c e n t r a t i o n s o f 

Co, Mo, Pb, and Se. As t h e h i g h S c o n c e n t r a t i o n s i n d i c a t e d , 

t h e QD p a r e n t m a t e r i a l was h i g h l y m i n e r a l i z e d and Mo and Pb 

c o n c e n t r a t i o n s i n i t s c o a r s e f r a g m e n t s were s i m i l a r t o t h e 

p o t a s s i c and i n c o m p e t e n t r o c k ( T a b l e XXX). C o n c e n t r a t i o n s 

o f Cu, Mo, Pb, and S r i n t h e QD c o a r s e f r a g m e n t s were a t 

l e a s t d o u b l e t h o s e o f t h e HN s o i l c o a r s e f r a g m e n t s . The HN 

s o i l was r e l a t i v e l y e n r i c h e d i n Co and C r . 

Manganese was t h e commonest t r a c e element i n b o t h 

s o i l s , and i n b o t h p r o f i l e s < 2 mm Mn c o n c e n t r a t i o n s 

i n c r e a s e d w i t h d e p t h , b e i n g d e p l e t e d w i t h r e g a r d t o t h e 

c o a r s e f r a g m e n t s i n t h e upper h o r i z o n s , and e n r i c h e d i n t h e 

l o w e r h o r i z o n s . A l t h o u g h Mn i s o f t e n a s s o c i a t e d w i t h Fe 

h y d r o x i d e s , n e i t h e r s o i l had h i g h Mn c o n c e n t r a t i o n s i n t h e B 

h o r i z o n . The h i g h e s t Mn c o n c e n t r a t i o n i n t h e HN s o i l were 

f o u n d i n t h e Cg. 

I n t h e QD s o i l , Mn was a s s o c i a t e d w i t h t h e h i g h t o t a l 

and AAO-Fe c o n c e n t r a t i o n s i n t h e BC h o r i z o n s and l i k e Fe, a 

l a r g e p r o p o r t i o n o f t h e Mn was AAO e x t r a c t a b l e . One 

p o s s i b l e e x p l a n a t i o n f o r t h e a s s o c i a t i o n between Fe and Mn 
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Table 2.27 Minor element concentrations in the coarse fragments 
and < 2 mm fractions of the natural soils. 

Horizon Fraction Co Cr Cu Mn Mo Pb Se Sr Zn Zr 

Hornfels (+AAO) 

Ae <2mm 234 210 14 167 88 24 15 87 22 192 
Bfl <2mm 182 281 38 705 144 39 16 98 95 178 
Bf2 <2mm 149 264 47 770 71 38 13 117 102 150 
Bf3 <2mm 108 227 54 1022 26 22 12 125 106 131 
Cg <2mm 49 207 65 1371 25 19 7 147 99 129 

Bf3 rock 31 274 58 816 2 15 0 147 109 131* 

Quartz Diorite (+AAO) 

Ae <2mm 190 38 30 266 366 8 10 453 20 292 
Bhfl <2mm 95 35 35 441 611 25 48 601 34 260 
Bhf2 <2mm 22 31 76 454 605 19 42 588 63 182 
Bf <2mm 34 39 74 500 474 25 28 564 60 174 
BC1 <2mm 15 25 91 487 801 17 9 727 76 171 
BC2 <2mm 20 17 108 598 1450 72 8 710 83 157 
BC3 <2mm 38 20 133 2139 2361 1229 9 559 140 152 
BC4 <2mm 39 11 156 2076 1070 605 8 702 128 163 
BC5 <2mm 19 12 145 1108 1279 291 0 850 125 221 

BC5 rock 54 10 161 969 146 44 0 1292 119 181 
BC4 rock 56 11 125 632 256 48 0 1192 95 167 
BC3 rock 59 12 135 804 232 65 0 1463 123 183 

Quartz Diorite (-AAO) 

Ae <2mm 229 17 25 301 369 12 0 531 14 344 
Bhfl <2mm 78 0 27 528 530 22 0 786 34 311 
Bhf2 <2mm 53 0 94 543 656 24 0 898 80 251 
Bf <2mm 60 0 81 551 454 22 0 880 76 221 
BC1 <2mm 147 0 94 475 707 24 0 970 78 200 
BC2 <2mm 95 0 133 522 1006 91 0 966 98 206 
BC3 <2mm 52 0 153 787 1172 1590 0 704 171 213 
BC4 <2mm 64 0 163 640 630 615 0 916 149 194 
BC5 <2mm 67 0 117 579 509 306 0 851 115 210 

note : all trace element concentrations in ppm 
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i n t h e BC h o r i z o n was t h a t Mn was a t r a c e component o f 

p y r i t e ( A u b e r t & P i n t a , 1977). I f so t h e d i s t r i b u t i o n o f Mn 

mi g h t p a r a l l e l t h e d i s t r i b u t i o n o f Fe r e l e a s e d from p y r i t e . 

A l t h o u g h t h e Mo c o n c e n t r a t i o n s were s i g n i f i c a n t l y 

h i g h e r i n t h e QD s o i l , c o n c e n t r a t i o n s i n b o t h p r o f i l e s 

g r e a t l y exceeded t h e l e v e l s commonly found i n s o i l s 

( A d r i a n o , 1986). A t t h e m i n e s i t e , Mo o c c u r s i n t h e m i n e r a l 

m o l y b d e n i t e , a s u l p h i d e m i n e r a l w h i c h one would e x p e c t t o 

w e a t h e r a t a s i m i l a r r a t e t o p y r i t e . I n t h e QD s o i l , t h e -

c o n c e n t r a t i o n o f Mo, l i k e Mn, i n c r e a s e d w i t h d e p t h , r e a c h i n g 

a maximum i n t h e BC3 (2361 ppm). L i k e Mn, t h i s s u g g e s t s 

t h a t t h e r e l e a s e o f Mo o c c u r r e d a t t h e same t i m e as p y r i t e 

and t h a t Mo was subsequent complexed by Fe. 

U n l i k e Mn, a l l t h e QD < 2 mm Mo c o n c e n t r a t i o n s were 

g r e a t e r t h a n t h o s e o f t h e c o a r s e f r a g m e n t s . One p o s s i b l e 

e x p l a n a t i o n f o r t h e r e l a t i v e l y h i g h < 2 mm Mo 

c o n c e n t r a t i o n s , was t h a t a l l t h e Mo i n t h e c o a r s e f r a g m e n t s 

i s r e l e a s e d i n t o and c o n s e r v e d i n t h e < 2 mm f r a c t i o n . The 

g r e a t e r e n r i c h m e n t o f Mo, compared t o Fe and Mn, may be 

e x p l a i n e d by t h e f a c t t h a t Mo o n l y o c c u r r e d as a s u l p h i d e 

m i n e r a l , w h i l e Fe and Mn were found i n a number o f 

a l u m i n o s i l i c a t e m i n e r a l s more r e s i s t a n t t o w e a t h e r i n g t h a n 

s u l p h i d e s . S e l e c t i v e d i s i n t e g r a t i o n o f t h e f r a c t i o n o f t h e 

r o c k c o n t a i n i n g most o f t h e m o l y b d e n i t e p r o b a b l y a l s o 

c o n t r i b u t e d t o t h e h i g h Mo c o n c e n t r a t i o n s . 

I n t h e HN p r o f i l e , t h e maximum Mo c o n c e n t r a t i o n s were 

found i n t h e B f l (144 ppm) and t h e Ae (88 ppm). 
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I n t h e HN p r o f i l e t h e d i f f e r e n c e s between t h e Mo 

c o n c e n t r a t i o n s o f t h e unweathered c o a r s e f r a g m e n t s and t h e < 

2 mm f r a c t i o n s were t o o l a r g e t o be s o l e l y a r e s u l t o f t h e 

c o n s e r v a t i o n o f Mo r e l e a s e d by w e a t h e r i n g . 

One e x p l a n a t i o n , s u g g e s t e d by t h e r e l a t i v e l y h i g h 

c o n c e n t r a t i o n o f Mo i n t h e Ae, was t h a t Mo was added a t t h e 

s u r f a c e . Dust i s r a i s e d by b l a s t i n g , by moving t r u c k s , when 

r o c k i s dumped, and by t h e wind b l o w i n g o v e r d r y dumps. A l l 

common o c c u r r e n c e s a t a mine, and a t a Mo mine t h e d u s t w i l l 

c o n t a i n h i g h c o n c e n t r a t i o n s o f Mo. Due t o t h e l o w e r 

b a ckground c o n c e n t r a t i o n s o f Mo i n t h e HN s o i l , and i t s 

p o s i t i o n downwind from t h e low grade o r e dump, a t m o s p h e r i c 

a d d i t i o n s c o u l d s i g n i f i c a n t l y i n c r e a s e i t s Mo c o n t e n t . 

S i m i l a r a d d i t i o n s t o t h e more h i g h l y m i n e r a l i z e d QD s o i l 

w o u ld have a l e s s d r a m a t i c e f f e c t . 

U n l i k e t h e a n o m a l o u s l y l a r g e d i f f e r e n c e s i n Mo, w h i c h 

were l i m i t e d t o t h e HN p r o f i l e , v e r y low c o a r s e fragment and 

much h i g h e r < 2 mm Se c o n t e n t s a l s o o c c u r r e d i n t h e QD s o i l . 

S e l e n i u m c o n c e n t r a t i o n s i n t h e < 2 mm f r a c t i o n s o f b o t h 

s o i l s were f a r i n e x c e s s o f t h e v a l u e s n o r m a l l y f o u n d i n 

s o i l s ( A r c h e r & Hodgson, 1987). The s i m i l a r i t i e s between 

t h e two s o i l s i n t h i s r e g a r d , and t h e o c c u r r e n c e , i n b o t h , 

o f g r e a t e r Se c o n c e n t r a t i o n s n e a r t h e s u r f a c e , s u g g e s t t h a t 

Se was added a t t h e s u r f a c e e i t h e r o r g a n i c a l l y o r t h r o u g h 

wet o r d r y d e p o s i t i o n . I n b o t h s o i l s , t h e h i g h e s t Se 

c o n t e n t s were i n t h e h o r i z o n s w i t h t h e h i g h e s t o r g a n i c -C 

l e v e l s . 
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The h i g h c o n c e n t r a t i o n s o f Co and Cr i n t h e HN s o i l 

were more t y p i c a l o f u l t r a m a f i c r o c k s , t h a n r o c k w i t h a 

s i z e a b l e q u a r t z c o n t e n t . C o b a l t l e v e l s were a l s o r e l a t i v e l y 

h i g h i n t h e QD samples. I n b o t h s o i l s , t h e h i g h e s t Co 

c o n c e n t r a t i o n s were found i n t h e Ae h o r i z o n s . A c c o r d i n g t o 

A u b e r t and P i n t a (1977), Co i s g e n e r a l l y m o b i l e under a c i d i c 

c o n d i t i o n s , a c c u m u l a t i n g i n i l l u v i a l B h o r i z o n s , w i t h 

r e l a t i v e l y low c o n c e n t r a t i o n s i n p o d z o l i c Ae h o r i z o n s . 

However, as Co i n r o c k s i s g e n e r a l l y a c o n t a m i n a n t i n Fe .. 

m i n e r a l s ( K a b a t a - P e n d i a s & P e n d i a s , 1984), i t s c o n c e n t r a t i o n 

i n t h e Ae may r e s u l t from t h e h i g h e r c o n t e n t o f m a g n e t i t e 

( T a b l e 2.24). 

The < 2 mm C r v a l u e s i n t h e HN s o i l were comparable t o 

t h e c o a r s e f r a g m e n t s . A l t h o u g h t h e v a r i a t i o n i n v a l u e s was 

n o t as l a r g e (207 t o 281 ppm), t h e d i s t r i b u t i o n g e n e r a l l y 

p a r a l l e l e d t h a t o f Fe, w i t h a maximum i n t h e B f l and 

minimums i n t h e Ae and Cg. By co m p a r i s o n C r v a l u e s i n t h e 

QD s o i l g e n e r a l l y d e c l i n e d w i t h d e p t h , r e a c h i n g v a l u e s (11 

t o 12 ppm) s i m i l a r t o t h e c o a r s e f r a g m e n t s i n BC4 and BC5. 

The l e v e l s o f Cu (125 t o 161 ppm), Pb (44 t o 65 ppm), 

and Zn (95 t o 123 ppm) i n t h e QD c o a r s e f r a g m e n t s were i n 

t h e upper p a r t o f t h e range n o r m a l l y found i n s o i l s 

( A d r i a n o , 1986). L i k e Mn, a l l t h r e e were d e p l e t e d r e l a t i v e 

t o t h e c o a r s e f r a g m e n t s i n t h e upper h o r i z o n s , b u t i n c r e a s e d 

w i t h d e p t h . As a l l t h r e e were m e t a l s , one would e x p e c t 

t h e i r m o b i l i t y t o i n c r e a s e as t h e pH d e c r e a s e d . F o r Cu and 

Zn maximum < 2 mm c o n c e n t r a t i o n s i n t h e l o w e r BC h o r i z o n s 
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were o n l y as h i g h as t h o s e i n t h e c o a r s e f r a g m e n t s . 

Assuming t h a t t h e Cu and Zn v a l u e s i n a l l t h e QD < 2 mm 

f r a c t i o n s were o r i g i n a l l y e q u i v a l e n t t o t h o s e i n t h e c o a r s e 

f r a g m e n t s , t h e r e had been a n e t l o s s o f Cu and Zn from t h e 

p r o f i l e . By c o n t r a s t , < 2 mm Pb v a l u e s i n t h e BC3, BC4, and 

BC5, l i k e Mo, were an o r d e r o f magnitude g r e a t e r t h a n t h o s e 

o f t h e c o a r s e f r a g m e n t s , i n d i c a t i n g t h a t Pb r e l e a s e d by 

w e a t h e r i n g was d e p o s i t e d a t t h e base o f t h e p r o f i l e . 

I n t h e HN s o i l , > 2 mm Cu v a l u e s a l s o i n c r e a s e d w i t h - • 

d e p t h , r e a c h i n g t h e c o n c e n t r a t i o n found i n t h e c o a r s e 

f r a g m e n t s o n l y a t t h e base o f t h e p r o f i l e . The < 2 mm Pb 

and Zn v a l u e s i n t h e Cg h o r i z o n were a l s o s i m i l a r t o t h e HN 

c o a r s e f r a g m e n t s . However, u n l i k e Cu, < 2 mm Z r v a l u e s were 

o n l y d e p l e t e d i n t h e Ae. F o r Pb t h e l o w e s t < 2 mm 

c o n c e n t r a t i o n s o c c u r r e d i n t h e Cg. The maximum 

c o n c e n t r a t i o n s o f Pb (38 t o 39 ppm) were f o u n d i n t h e B f l 

and B f 2 . 

I n b o t h p r o f i l e s , < 2 mm Z r c o n c e n t r a t i o n s were s i m i l a r 

t o t h e c o a r s e f r a g m e n t s i n t h e l o w e s t h o r i z o n s , and s t e a d i l y 

i n c r e a s e d t o w a r d s t h e s u r f a c e . As t h e p r i m a r y m i n e r a l form 

o f Z r , z i r c o n , i s v e r y r e s i s t a n t t o w e a t h e r i n g , t h e i n c r e a s e 

i n < 2 mm Z r c a n be a t t r i b u t e d t o n e g a t i v e e n r i c h m e n t . 

4.3.7 < 2 um and 2 - 20 um M i n e r a l o g y 

The m i n e r a l o g i c a l c o m p o s i t i o n was measured on t h e < 2 

um f r a c t i o n from t h e HN s o i l , and t h e < 2 um and 2 - 20 um 

f r a c t i o n s from t h e QD s o i l . 
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I n a l l t h r e e f r a c t i o n s , t h e r e were b o t h r e s i d u a l 

m i n e r a l s and m i n e r a l s formed d u r i n g p e d o g e n e s i s ( T a b l e 

2.28). The most common m i n e r a l s i n t h e B and BC h o r i z o n s o f 

t h e QD 2 - 20 um f r a c t i o n s were k a o l i n i t e , c h l o r i t i z e d 

v e r m i c u l i t e and i n t e r s t r a t i f i e d c h l o r i t i z e d v e r m i c u l i t e -

i l l i t e . I n t h e h i g h l y l e a c h e d Ae h o r i z o n t h e most common 

m i n e r a l s were s m e c t i t e , i n t e r s t r a t i f i e d s m e c t i t e - i l l i t e , and 

t h e r e was a h i g h e r p r o p o r t i o n o f q u a r t z , p l a g i o c l a s e and 

i l l i t e . 

I n t h e QD < 2 um f r a c t i o n , t h e dominant m i n e r a l s were 

v e r m i c u l i t e and c h l o r i t i z e d v e r m i c u l i t e , w i t h l e s s e r amounts 

o f q u a r t z and k a o l i n i t e . C h l o r i t i z e d v e r m i c u l i t e was t h e 

most common m i n e r a l i n t h e Bhf2 and BC3 h o r i z o n s , w i t h 

v e r m i c u l i t e d o m i n a t i n g i n h o r i z o n s w i t h l o w e r c o n c e n t r a t i o n s 

o f AAO-A1 p l u s Fe. No s t r o n g peaks were d e t e c t e d i n t h e QD 

B f < 2 um f r a c t i o n , a f a c t o r a t t r i b u t e d t o t h e h i g h l e v e l s 

o f amorphous Fe and A l . L i k e t h e QD 2 - 20 um f r a c t i o n , i n 

t h e Ae, < 2 um v e r m i c u l i t e was c o m p l e t e l y r e p l a c e d by t h e 

s m e c t i t e . Moderate amounts o f < 2 um s m e c t i t e found i n t h e 

QD BC3 p r o b a b l y o r i g i n a t e d i n t h e Ae. The l a c k o f 

i n t e r s t r a t i f i e d m i n e r a l s i n t h e < 2 um f r a c t i o n s c a n be 

e x p l a i n e d by t h e g r e a t e r a c c e s s o f w e a t h e r i n g a g e n t s t o 

s m a l l e r p a r t i c l e s . L i m i t e d removal o f h y d r o x i d e s r e l e a s e d 

d u r i n g m i n e r a l a l t e r a t i o n may a l s o e x p l a i n why c h l o r i t i z e d 

v e r m i c u l i t e , b u t n o t v e r m i c u l i t e , was found i n t h e QD < 2 -

20 um f r a c t i o n . 
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Table 2.28 Estimated mineralogy of the < 2 um and 2-20 um 
fractions of natural soils. 

Qt Kf PI Hb Ch II Kao Sm Vm Ch.Vm Sm/ll Ch.Vm/ll 
Horizon 

Hornfel : < 2um 

Ae XX X XX XXXX 
Bfl XX X XX XX XXX 
Bf2 XX X XX tr X XXXX 
Bf3 X X XX XXXX 
Cg XX X XX XXX XX 

Quartz Diorite : < 2 um 

Ae XX X XXXX 
Bhfl X X XXXX 
Bhf2 XX XXXX 
Bf tr 
BC1 tr tr XXXX 
BC2 XX XXX XXX 
BC3 X XX XX XX XXX 
BC4 X X XXXX XX 

Quartz Diorite : 2-20 um 

Ae XX tr XX tr X XX XX 
Bhfl X tr XX tr tr tr XX XX XX 
Bhf2 tr tr XX tr tr XX XXX XX 
Bf X tr X XX XXXX XX 
BC1 tr tr X tr XX XX XXX 
BC2 tr X X tr tr XX XX XXX 
BC3 X X X tr X XX XX XXX 
BC4 tr X X tr tr XX XX XXX 

Qt : quartz 
Kf : potassium feldspar 
Pi : plagioclase 
Hb : hornblende 
Ch : chlorite 
Ch.Vm : chloritized vermiculite 

II : illite 
Se : sericite 
Ka : kaolinite 
Sm : smectite 
Vm : vermiculite 

XXXX : > 50 % 
XXX : 31 - 50 % 
XX : 11 - 30 % 
X : 5 - 1 0 % 
tr : < 5 % 

/ : intergrade 
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Compared t o t h e QD < 2 um f r a c t i o n , t h e HN < 2 um 

c o n t a i n e d more k a o l i n i t e and l e s s c h l o r i t i z e d v e r m i c u l i t e . 

The h i g h e r c o n c e n t r a t i o n s o f r e s i d u a l m i n e r a l s , l i k e 

k a o l i n i t e , c h l o r i t e and i l l i t e , i n t h e HN < 2 um f r a c t i o n 

i n d i c a t e s t h a t t h e h o r n f e l s p r o f i l e was l e s s i n t e n s e l y 

weathered. The l i m i t e d o c c u r r e n c e o f c h l o r i t i z e d 

v e r m i c u l i t e can be a t t r i b u t e d t o t h e l o w e r c o n c e n t r a t i o n s 

o f amorphous Fe and A l . C h l o r i t i z e d v e r m i c u l i t e was o n l y 

found i n t h e HN B f l , t h e h o r i z o n w i t h h i g h e s t AAO-Fe and A l . 

I n HN Ae, t h e dominant m i n e r a l was v e r m i c u l i t e . The 

f o r m a t i o n o f s m e c t i t e i n t h e QD Ae, may be a t t r i b u t e d t o t h e 

g r e a t e r o r g a n i c m a t t e r e l u v i a t i o n . 

4.4 Summary 

A s u r v e y o f s o i l s a d j a c e n t t o t h e m i n e s i t e showed t h a t 

s o i l development and t r e e growth can o c c u r on s l o p e s as 

s t e e p as t h e w a s t e r o c k ' s a n g l e o f r e p o s e . As a r e s u l t o f 

t h e c o o l , humid c o n d i t i o n s , t h e s u r f a c e was c o v e r e d by a 

deep f o r e s t f l o o r . W i t h r o o t i n g c o n c e n t r a t e d i n t h e f o r e s t 

f l o o r , most o f t h e C i n t h e m i n e r a l h o r i z o n s was added by 

l e a c h i n g . The two s o i l s s t u d i e d had low pH v a l u e s and h i g h 

i l l u v i a l o r g a n i c - C c o n c e n t r a t i o n s , p r o p e r t i e s t y p i c a l o f 

west c o a s t p o d z o l s and c o n d i t i o n s c o n d u c i v e t o r a p i d 

w e a t h e r i n g . Even i n t h e l o w e s t h o r i z o n s , pH v a l u e s were 

l o w e r t h a n 5, and s e v e r a l o f t h e upper h o r i z o n s had pH 

v a l u e s l o w e r t h a n 4. 
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I n b o t h s o i l s , t h e r e was a d e c r e a s e i n t h e p r o p o r t i o n 

o f s i l t and c l a y w i t h d e p t h . I n t h e HN p r o f i l e , t h e Ae and 

B f l h o r i z o n s were c l a y loams, w h i l e t h e Lower B and Cg 

h o r i z o n s were c l a s s i f i e d as loams. I n t h e QD p r o f i l e , t h e 

BC h o r i z o n s were loamy sands w h i l e A and B h o r i z o n s were 

sandy loams. 

The QD s o i l was d e v e l o p e d on a 36° s l o p e and c o n t a i n e d 

a h i g h p r o p o r t i o n o f l a r g e c o a r s e f r a g m e n t s , c o n d i t i o n s 

i d e n t i c a l t o a w a s t e r o c k dump. I n c o m p a r i s o n , t h e HN s o i l 

was d e v e l o p e d on a 20° and t h e c o a r s e fragment c o n t e n t was 

n o t as l a r g e . W i t h i n t h e QD p r o f i l e t h e o n l y d e c r e a s e i n 

c o a r s e fragment c o n t e n t o c c u r r e d i n t h e upper 19 cm. The 

c o h e s i v e n e s s o f c o a r s e fragments i n t h e r e s t o f t h e p r o f i l e 

r e s u l t e d from t h e r e s i l i e n c e o f t h e main r o c k f o r m i n g 

m i n e r a l s p l a g i o c l a s e , q u a r t z , and K f e l d s p a r . The o n l y 

d e c r e a s e i n t h e QD < 2 mm p l a g i o c l a s e and K f e l d s p a r c o n t e n t 

o c c u r r e d i n t h e Ae. 

M a f i c and p h y l l o s i l i c a t e m i n e r a l s were l e s s s t a b l e , 

w i t h h o r n b l e n d e and c h l o r i t e removed f i r s t , f o l l o w e d by 

s e r i c i t e , b i o t i t e , and k a o l i n i t e . D i f f e r e n c e s i n t h e r a t e 

o f removal were a f f e c t e d by t h e s i z e and q u a n t i t y o f t h e 

m i n e r a l (e.g. s e r i c i t e v e r s u s b i o t i t e ) , i n a d d i t i o n t o t h e 

w e a t h e r a b i l i t y . I n t h e QD p r o f i l e , o n l y t r a c e s o f t h e 

p h y l l o s i l i c a t e s were found i n t h e < 2 mm f r a c t i o n s i n t h e 

upper 40 cm. I n t h e l e s s i n t e n s e l y l e a c h e d HN p r o f i l e , 

c h l o r i t e and s e r i c i t e were common i n a l l b u t t h e Ae h o r i z o n . 

A n a l y s i s o f t h e 100 t o 50 um heavy m i n e r a l f r a c t i o n from t h e 



286 

QD s o i l showed t h a t t h e p r o p o r t i o n o f sphene d e c r e a s e d 

s u b s t a n t i a l l y i n t h e s u r f a c e h o r i z o n s , w h i l e t h a t o f 

m a g n e t i t e and s c h e e l i t e i n c r e a s e d . The o n l y s u l p h i d e 

m i n e r a l found was p y r i t e . The few p y r i t e g r a i n s , w h i c h were 

a l m o s t c o m p l e t e l y o x i d i z e d , were found i n t h e BC h o r i z o n . 

V e r m i c u l i t e and c h l o r i t i z e d v e r m i c u l i t e were t h e most 

common < 2 um m i n e r a l s i n b o t h t h e QD and HN p r o f i l e s , w i t h 

c h l o r i t i z e d v e r m i c u l i t e h i g h e s t i n h o r i z o n s w i t h h i g h 

c o n c e n t r a t i o n s o f amorphous Fe and A l . The f o r m a t i o n o f 

s m e c t i t e i n t h e QD Ae may be a t t r i b u t e d t o t h e g r e a t e r 

o r g a n i c m a t t e r e l u v i a t i o n . 

M a j o r e l e m e n t a l c o n c e n t r a t i o n s i n t h e < 2 mm f r a c t i o n s 

o f t h e two s o i l s r e f l e c t e d changes i n m i n e r a l o g y and t h e 

a c c u m u l a t i o n o f i l l u v i a l Fe and A l . One o f t h e most 

s t r i k i n g d i f f e r e n c e s from t h e unweathered q u a r t z d i o r i t e 

c o a r s e f r a g m e n t s was t h e a l m o s t c o m p l e t e l a c k o f S i n t h e < 

2 mm f r a c t i o n . The o p p o s i t e was t r u e f o r Fe. I n many 

h o r i z o n s t h e < 2 mm t o t a l - F e c o n c e n t r a t i o n s were a t l e a s t 

d o u b l e t h o s e o f t h e unweathered c o a r s e f r a g m e n t s . The l o s s 

o f S presumably r e s u l t e d from t h e o x i d a t i o n o f p y r i t e and 

t h e subsequent l e a c h i n g o f s u l p h a t e - S . The r e l e a s e o f Fe 

from p y r i t e i n c o a r s e f r a g m e n t s was t h e most l i k e l y s o u r c e 

f o r t h e h i g h amounts o f Fe. The l a c k o f a s i m i l a r Fe 

e n r i c h m e n t i n t h e h o r n f e l s p r o f i l e can be a t t r i b u t e d t o 

r e d u c e d c o a r s e fragment w e a t h e r i n g , a l o w e r p y r i t e c o n t e n t 

and, i n t h e l o w e r h o r i z o n s , t o w a t e r l o g g i n g . 
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As a r e s u l t o f w e a t h e r i n g , b o t h s o i l s c o n t a i n e d h i g h 

c o n c e n t r a t i o n s o f e x t r a c t a b l e Fe and A l . I n HN p r o f i l e , 

p e d o g e n e s i s was l i m i t e d by w a t e r l o g g i n g t o t h e upper 50 cm 

I n t h e c o a r s e r QD p r o f i l e , s u r f a c e s showed e v i d e n c e o f Fe 

o x i d a t i o n t o a t l e a s t 150 cm, and t h e r e was a r e g i o n o f AAO-

Fe e n r i c h m e n t from 75 t o 130 cm. 

L i k e t h e w a s t e r o c k , t h e n a t u r a l s o i l s c o n t a i n e d 

a n o m a l o u s l y h i g h c o n c e n t r a t i o n s o f Co, Mo, Pb and Se. The 

HN s o i l was e s p e c i a l l y e n r i c h e d i n Co, w h i l e t h e QD s o i l ... 

c o n t a i n e d v e r y h i g h l e v e l s o f Mo and Pb, a s s o c i a t e d w i t h t h e 

h i g h BC h o r i z o n AAO-Fe c o n c e n t r a t i o n s . The s p a c i a l 

a s s o c i a t i o n between AAO-Fe, Mn, Mo, and P s u g g e s t e d a 

t e m p o r a l a s s o c i a t i o n i n t h e w e a t h e r i n g o f t h e i r p r i m a r y 

m i n e r a l forms. 
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5 SIMULATED WEATHERING 

5.1 I n t r o d u c t i o n 

Data from t h e abandoned w a s t e r o c k dumps and from n a t u r a l 

s o i l s a d j a c e n t t o t h e m i n e s i t e p r o v i d e d i n f o r m a t i o n about t h e 

t y p e and s t r e n g t h o f w e a t h e r i n g p r o c e s s e s i n t h i s e n v i r o n m e n t , 

i n f o r m a t i o n t h a t can be used t o p r e d i c t how t h e i n c o m p e t e n t 

w a s t e r o c k w i l l weather. W h i l e s i m i l a r i t i e s i n m i n e r a l o g y and 

c h e m i s t r y , a l l o w one t o e x t r a p o l a t e i n f o r m a t i o n g a t h e r e d from 

o t h e r m a t e r i a l s , each m a t e r i a l w i l l e x e r t i t s own s p e c i f i c 

e f f e c t s . As t h e r e were no n a t u r a l examples o f l o n g - t e r m 

i n c o m p e t e n t r o c k w e a t h e r i n g , i t was n e c e s s a r y t o use 

l a b o r a t o r y t e c h n i q u e s t o s i m u l a t e w e a t h e r i n g . The t e c h n i q u e 

u s e d was a S o x h l e t d i s t i l l a t i o n w i t h a c e t i c a c i d ( S i n g l e t o n 

and L a v k u l i c h , 1978). I n p r e v i o u s r e s e a r c h , t h i s t e c h n i q u e 

s u c c e s s f u l l y d u p l i c a t e d e l e m e n t a l changes o b s e r v e d i n a "west 

c o a s t " p o d z o l chronosequence on Vancouver I s l a n d ( S i n g l e t o n , 

1978). Seven t o e i g h t weeks o f S o x h l e t l e a c h i n g removed 

s i m i l a r e l e m e n t a l c o n c e n t r a t i o n s t o 100 y e a r s o f w e a t h e r i n g . 

5.2 O b j e c t i v e 

The o b j e c t i v e o f t h i s s e c t i o n was t o r e p l i c a t e t h e 

w e a t h e r i n g changes t h a t w i l l o c c u r i n a v e n e e r o f incompetent 

w a s t e r o c k a f t e r 100 y e a r s o f w e a t h e r i n g , u s i n g t h e S o x h l e t 

t e c h n i q u e d e v e l o p e d by S i n g l e t o n and L a v k u l i c h (1978). 
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5.3 M a t e r i a l s and Methods 

5.3.1 Samples 

The t h r e e m a t e r i a l s used c o v e r e d t h e range o f 

c o m p o s i t i o n s f o u n d i n t h e i n c o m p e t e n t w a s t e r o c k . A l l were 

o b t a i n e d from t h e unweathered i n c o m p e t e n t w a s t e r o c k samples 

examined i n s e c t i o n I I I 2. F r a c t i o n 1 (CF) was a c o m p o s i t e o f 

t h e g r a v e l (4.75 - 2 mm) f r a c t i o n s . I n t h a t t h e r e was no 

d i f f e r e n c e between t h e s t o n e and g r a v e l f r a c t i o n s , CF was-

r e p r e s e n t a t i v e o f t h e modal c o m p o s i t i o n o f c o a r s e f r a g m e n t s 

found i n t h e i n c o m p e t e n t w a s t e r o c k . F r a c t i o n 2 ( F I ) was a 

c o m p o s i t e o f t h e < 2 mm f r a c t i o n from t h e s e same samples. 

F r a c t i o n 3 (GM) was t h e < 2 mm f r a c t i o n o f an i n c o m p e t e n t 

w a s t e r o c k sample e n t i r e l y c o m p r i s e d o f groundmass. 

5.3.2 S o x h l e t Methods and Sample A n a l y s i s 

The f r e e d r a i n i n g model o f S o x h l e t was used ( S i n g l e t o n & 

L a v k u l i c h , 1978). The S o x h l e t s accommodate 43 x 123 mm 

c e l l u l o s e e x t r a c t i o n t h i m b l e s . 80 g o f t h e d e s i g n a t e d 

m a t e r i a l was p l a c e d i n a p r e - l e a c h e d , p r e - w e i g h e d t h i m b l e , 

capped w i t h two p i e c e s o f f i l t e r p a p e r , and p l a c e d i n t h e 

S o x h l e t b a r r e l . The b a r r e l s were a t t a c h e d t o 500 ml f l a t 

bottomed f l a s k s c o n t a i n i n g 200 ml o f pH 2.5 0.5 M a c e t i c a c i d . 

Three b o i l ease T e f l o n beads were added t o f a c i l i t a t e b o i l i n g . 

The l e a c h i n g r a t e was c o n t r o l l e d by t h e t e m p e r a t u r e o f t h e 

b u r n e r s . L e a c h i n g was c a r r i e d o u t a t a r a t e o f 1 l i t r e / d a y . 

Over t h e d u r a t i o n o f t h e s t u d y t h e t e m p e r a t u r e j u s t above t h e 
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t h i m b l e s v a r i e d from 40 t o 60°C. The l e a c h a t e was r e p l a c e d 

w i t h f r e s h a c e t i c a c i d each week. D u p l i c a t e s o f each m a t e r i a l 

p l u s b l a n k s were l e a c h e d f o r 2, 4, and 8 weeks. 

A f t e r t h e p r e s c r i b e d amount o f l e a c h i n g , t h e t h i m b l e was 

removed, f r e e z e d r i e d , and weighed t o d e t e r m i n e w e i g h t l o s s 

from t h e r e s i d u e . Subsamples were t h e n t a k e n and a n a l y z e d f o r 

c a r b o n a t e - C , p a r t i c l e s i z e ( h y d r o m e t e r ) , and t o t a l e l e m e n t a l 

c o m p o s i t i o n (XRF). The < 2 um f r a c t i o n from t h e p a r t i c l e s i z e 

a n a l y s i s was used f o r m i n e r a l o g i c a l a n a l y s i s (XRD). A l l 

a n a l y s e s were c a r r i e d o u t i n t h e manner used i n s e c t i o n I I I 2. 

A f t e r i t c o o l e d , t h e pH o f t h e l i q u i d l e a c h a t e i n t h e 

E r l e n m e y e r f l a s k s was measured. The l i q u i d p o r t i o n o f t h e 

l e a c h a t e was t h e n poured i n t o d i s h e s . M a t e r i a l p r e c i p i t a t e d 

on t h e s i d e s o f t h e f l a s k s was d i s l o d g e d u s i n g u l t r a s o n i c 

t r e a t m e n t s , c o n c e n t r a t e d H C l , and by p h y s i c a l l y s c r a p i n g . I t 

was t h e n a l s o washed i n t o t h e d i s h e s . M a t e r i a l i n t h e d i s h e s 

was c o n c e n t r a t e d t h r o u g h e v a p o r a t i o n , washed t o d i l u t e any 

a c i d , and r e - c o n c e n t r a t e d , b e i n g c a r e f u l n o t t o l e t i t d r y 

o u t . The r e s u l t i n g s u s p e n s i o n was f r e e z e d r i e d and weighed. 

Subsamples o f t h e f r e e z e d r i e d l e a c h a t e were d i g e s t e d 

w i t h a q u a - r e g i a and HF a c c o r d i n g t o t h e method o f R a n t a l a and 

L o r i n g (1973). The e l e m e n t a l c o m p o s i t i o n o f t h e d i g e s t was 

d e t e r m i n e d by e m i s s i o n s p e c t r o p h o t o m e t r y w i t h a J a r r e l l - A s h 

Atom Comp S e r i e s 1100 i n d u c t i v e l y c o u p l e d a r g o n plasma 

e m i s s i o n s p e c t r o p h o t o m e t e r ( I C P ) . 
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5.4 R e s u l t s and D i s c u s s i o n 

5.4.1 Weight L o s s and C a l c i t e D i s s o l u t i o n 

Data f o r w e i g h t l o s s , c a l c i t e d i s s o l u t i o n , and l e a c h a t e 

pH from t h e t h r e e f r a c t i o n s i s p r e s e n t e d i n T a b l e 2.29. 

C a l c i t e d i s s o l u t i o n was e s t i m a t e d from t h e change i n C and Ca 

c o n c e n t r a t i o n s i n t h e r e s i d u e s and from t h e w e i g h t o f Ca 

r e c o v e r e d i n t h e l e a c h a t e . C a l c i t e e s t i m a t e s made from 

changes i n C l e v e l s were h i g h e r t h a n t h o s e based on changes i n 

Ca, i n d i c a t i n g t h a t o t h e r forms o f c a r b o n a t e were p r e s e n t i n 

t h e samples. 

Over t h e 8 week p e r i o d , a c e t i c a c i d l e a c h i n g removed 

s i g n i f i c a n t amounts o f m a t e r i a l . I n a l l t h r e e f r a c t i o n s , t h e 

h i g h Ca l e v e l s i n t h e l e a c h a t e i n d i c a t e s t h a t most o f t h e 

w e i g h t l o s s r e s u l t e d from t h e d i s s o l u t i o n o f c a l c i t e . C a l c i t e 

d i s s o l u t i o n was a l s o i n d i c a t e d by t h e d e c r e a s e s i n t h e C and 

Ca c o n c e n t r a t i o n s o f t h e r e s i d u e . Assuming t h a t a l l t h e C was 

c a l c i t e , t h e change i n c a r b o n a t e - C c o n c e n t r a t i o n s s u g g e s t t h a t 

o v e r t h e 8 weeks 80% o f t h e w e i g h t l o s s from t h e CF samples 

r e s u l t e d from c a l c i t e d i s s o l u t i o n . I n t h e F I and GM samples 

t h e p r o p o r t i o n o f w e i g h t l o s s a t t r i b u t a b l e t o c a l c i t e 

d i s s o l u t i o n was 70% and 94%, r e s p e c t i v e l y . 

T o t a l w e i g h t l o s s e s were 8.3% from t h e CF, 10.8% from t h e 

F I , and 16.9% from t h e GM. Reasons f o r t h e s m a l l e r w e i g h t 

l o s s from t h e CF samples i n c l u d e t h e s m a l l e r c a l c i t e c o n t e n t , 

s m a l l e r s u r f a c e a r e a , and t h e o c c l u s i o n o f e a s i l y weathered 

m i n e r a l s w i t h i n t h e l a r g e r f r a g m e n t s . D i f f e r e n c e s i n c a l c i t e 
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Table 2 .29 Average weight loss and other properties of the Soxhlet residue 
and leachate. 

Sample Residual Leachate Residual Residual Leachate Leach 
Wt % Wt % %C Cal-A %Ca Cal-B Ca Cal-C pH 
(g) (g) (g) (g) (g) (g) 

CF.l 4.8 6.0 1.5 3.9 5.5 
CF.2 5.9 7.4 5.7 7.1 0.8 5.3 2.2 4.4 1.8 4.5 3.8 
CF.3 5.9 7.4 1.8 4.6 3.1 
CF.4 6.8 8.5 6.2 7.7 0.8 5.3 2.3 4.6 1.8 4.6 3.1 
CF.5 6.3 7.9 1.8 4.6 3.0 
CF.6 6.4 8.1 1.9 4.6 3.0 
CF.7 6.7 8.3 1.9 4.6 3.0 
CF.8 6.6 8.3 6.9 8.6 0.8 5.3 2.3 4.6 1.9 4.7 2.9 

Fl.l 
- • 

5.6 7.0 1.8 4.4 6.8 
FI.2 7.1 8.9 6.9 8.6 0.9 6.0 2.6 5.2 2.1 5.2 3.9 
FI.3 7.4 9.2 2.1 5.3 3.2 
FI.4 7.1 8.9 7.7 9.6 0.9 6.0 2.6 5.2 2.1 5.3 3.1 
FI.5 8.0 9.9 2.1 5.4 3.1 
FI.6 8.1 10.1 2.1 5.4 3.0 
FI.7 8.4 10.5 2.2 5.4 3.1 
FI.8 8.6 10.8 8.7 10.9 0.9 6.0 2.6 5.2 2.2 5.4 3.1 

GM. l 5.5 6.9 1.8 4.5 6.8 
GM.2 9.4 11.8 9.5 11.9 1.3 8.7 3.3 6.6 3.1 7.8 4.8 
GM.3 11.6 14.4 3.8 9.4 4.3 
GM.4 12.6 15.8 12.7 15.9 1.8 12.0 4.7 9.4 4.1 10.3 4.0 
GM.5 13.2 16.5 4.2 10.6 3.5 
GM.6 13.4 16.7 4.3 10.7 3.3 
GM.7 13.6 17.0 4.3 10.8 3.0 
GM.8 13.5 16.9 13.8 17.3 1.9 12.7 5.2 10.4 4.4 10.9 3.0 

GM.8 : material.week 
Cal-A : calcite calculated from %C 

Cal-B : calcite calculated from %Ca 
Cal-C : calcite calculated from Ca (g) 
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c o n t e n t a c c o u n t f o r t h e l a r g e r w e i g h t l o s s from t h e GM, 

compared t o t h e F I f r a c t i o n . N o t a b l y , t h e GM m a t e r i a l a l s o 

had a f i n e r t e x t u r e , and hence g r e a t e r s u r f a c e a r e a . 

Over t h e f i r s t week a c e t i c a c i d removed 6.0% o f t h e CF, 

7.0% o f t h e F I , and 6.9% o f t h e GM. I n t h e second week t h e 

w e i g h t l o s s from t h e CF and F I d e c l i n e d t o 0.3% and 1.6%, 

r e s p e c t i v e l y . A c c o r d i n g t o t h e r e s i d u e C d a t a , a l l t h e 

c a r b o n a t e m i n e r a l s had been removed from t h e CF and F I samples 

by t h e end o f t h e second week. Subsequent w e i g h t l o s s i n . t h e 

CF samples, was o n l y 0.2 t o 0.3% p e r week. I n t h e F I samples, 

w e i g h t l o s s f o r t h e r e m a i n d e r o f t h e t r i a l was 0.2 t o 0.4% p e r 

week. 

As a r e s u l t o f a h i g h e r i n i t i a l c a r b o n a t e c o n t e n t , i t 

t o o k a p p r o x i m a t e l y 5 weeks t o remove c a r b o n a t e - C from t h e GM 

samples. From t h e second t o t h e f i f t h week, t h e w e i g h t l o s s 

from t h e GM samples were 5.0%, 2.5%, 1.5% and 0.6%. Over t h e 

l a s t t h r e e weeks o f l e a c h i n g , w e i g h t l o s s from t h e GM samples 

(0.2 t o 0.3%) was s i m i l a r t o t h a t o b s e r v e d i n t h e o t h e r 

samples. 

L e a c h a t e pH v a l u e s were s t r o n g l y c o r r e l a t e d w i t h t h e 

l e a c h a t e w e i g h t and Ca c o n t e n t . F o r example, t h e pH o f t h e CF 

l e a c h a t e d e c l i n e d from 5.5 t o 3.8 t o 3.1 o v e r t h e f i r s t t h r e e 

weeks. Over t h e n e x t f i v e weeks, t h e CF l e a c h a t e pH g r a d u a l l y 

d e c l i n e d t o 2.9. L i k e l e a c h a t e w e i g h t , t h e l e a c h a t e pH v a l u e s 

were h i g h e r i n t h e F I t h a n t h e CF samples. The l o w e s t F I 

l e a c h a t e pH v a l u e , i n t h e s i x t h week, c o r r e s p o n d e d t o t h e 

p e r i o d w i t h t h e l o w e s t w e i g h t l o s s ( 0 . 2 % ) . The h i g h e r w e i g h t 
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l o s s e s from t h e GM samples o v e r t h e f i r s t 5 weeks r e s u l t e d i n 

h i g h e r l e a c h a t e pH v a l u e s t h a n t h e o t h e r samples. Over t h e 

l a s t two weeks (7 and 8 ) , l o w e r w e i g h t l o s s e s from t h e GM 

samples r e s u l t e d i n l o w e r l e a c h a t e pH v a l u e s t h a n t h e F I 

samples. 

5.4.2 P a r t i c l e S i z e 

S i m u l a t e d w e a t h e r i n g i n c r e a s e d t h e p r o p o r t i o n o f f i n e r 

p a r t i c l e s i n a l l t h r e e f r a c t i o n s ( T a b l e 2.30). As one would 

e x p e c t t h e l a r g e s t i n c r e a s e i n f i n e r p a r t i c l e s o c c u r r e d i n t h e 

GM samples. Over t h e 8 weeks o f l e a c h i n g , t h e p r o p o r t i o n o f 

p a r t i c l e s < 50 um i n t h e GM samples i n c r e a s e d from 39 t o 49%. 

Most o f t h i s i n c r e a s e o c c u r r e d d u r i n g t h e f i r s t two weeks (39' 

t o 46%) and was c o n c e n t r a t e d i n t h e s i l t f r a c t i o n , w h i c h 

i n c r e a s e d from 25 t o 33%. The l a r g e s t d e c r e a s e o c c u r r e d i n 

t h e v e r y c o a r s e sand (7 t o 3 % ) . A f t e r 8 weeks o f l e a c h i n g , 

t h e t e x t u r e o f t h e GM samples had changed from sandy loam t o 

loam. W h i l e a r e d u c t i o n i n p a r t i c l e s i z e w i l l a f f e c t p h y s i c a l 

p r o p e r t i e s , w i t h s k e l e t a l c o a r s e f r a g m e n t s m a i n t a i n i n g t h e 

volume, a d v e r s e e f f e c t s w i l l be moderated by t h e l a r g e l o s s o f 

w e i g h t ( 1 8 % ) . 

Of t h e t h r e e m a t e r i a l s t e s t e d t h e l a r g e s t change i n 

p a r t i c l e s i z e o c c u r r e d i n t h e CF, t h e f r a c t i o n r e p r e s e n t a t i v e 

o f t h e i n c o m p e t e n t w a s t e r o c k ' s c o a r s e f r a g m e n t s . I n t h e CF 

f r a c t i o n t h e p r o p o r t i o n o f p a r t i c l e s < 2 mm i n c r e a s e d from 4 

t o 17%. A g a i n most o f t h e change happened o v e r t h e f i r s t 2 

weeks (4 t o 16%) i n a s s o c i a t i o n w i t h t h e rem o v a l o f c a l c i t e . 
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Table 2.30 Average particle size distribution after Soxhlet leaching. 

Sample %Wt > 2 2mm- 2-1 1- 500- 250- 100- 50- < 2 
mm 50um mm 0.5 250 100 50um 2um um 

mm um um 

CF.O 100 96 4 3 0 0 0 0 0 0 
CF.2 93 84 16 8 3 2 2 1 0 0 
CF.4 92 83 17 8 3 2 2 1 0 0 
CF.8 92 83 17 7 3 3 3 1 0 0 

FI.O 100 0 69 13 15 16 15 10 20 11 
FI.2 91 0 68 12 15 16 15 10 20 12 
FI.4 91 0 66 12 15 16 15 9 22 12 
FI.8 89 0 66 9 14 17 16 10 20 14 

GM.O 100 0 61 7 12 15 16 11 25 14 
GM.2 88 0 54 5 12 13 14 11 32 14 
GM.4 84 0 53 4 10 13 14 10 33 14 
GM.8 83 0 51 3 10 13 14 11 33 16 
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L o s s e s from t h e g r a v e l f r a c t i o n s r e s u l t e d i n t h e f o r m a t i o n o f 

s a n d - s i z e d p a r t i c l e s . I n t h e CF samples t h e r e was no 

d e t e c t a b l e s i l t o r c l a y f o r m a t i o n . I n c r e a s e s o f 3 t o 4% 

o c c u r r e d i n a l l t h e sand f r a c t i o n s , e x c e p t t h e v e r y f i n e sand 

w h i c h i n c r e a s e d from 0 t o 1%. The f o r m a t i o n o f sand 

i l l u s t r a t e d t h e v a l u e o f t h e c o a r s e f r a g m e n t s as a s o u r c e o f 

f i n e s . However, t h e r e d u c t i o n i n p a r t i c l e s i z e was l i m i t e d . 

The s t a b i l i t y o f o v e r 80% o f t h e CF g r a v e l p a r t i c l e s 

i l l u s t r a t e s t h e r e s i l i e n c e o f i n c o m p e t e n t w a s t e r o c k c o a r s e 

f r a g m e n t s t o t h i s k i n d o f w e a t h e r i n g . 

A s i m i l a r r e s i l i e n c e was n o t e d i n t h e s a n d - s i z e d 

p a r t i c l e s o f t h e F I samples. Over t h e e n t i r e l e a c h i n g p e r i o d , 

t h e p r o p o r t i o n o f sand, t h e l a r g e s t p a r t i c l e s i n t h e F I 

s a m p l e s , o n l y d e c r e a s e d from 69 t o 66%. The g r e a t e s t change 

i n an i n d i v i d u a l f r a c t i o n o f t h e F I samples o c c u r r e d i n t h e 

v e r y c o a r s e sand (13 t o 9%) and t h e c l a y (11 t o 1 4 % ) . U n l i k e 

t h e GM samples, t h e r e was no n o t i c e a b l e change i n t h e 

p r o p o r t i o n o f s i l t . 

5 . 4.3 2-20 um and 2 um M i n e r a l o g y 

The m i n e r a l o g y o f t h e 2-20 um and < 2 um f r a c t i o n s o f t h e 

F I and GM samples b e f o r e and a f t e r 8 weeks o f a c e t i c a c i d 

l e a c h i n g a r e shown i n T a b l e 2.31. There were v e r y few 

d i f f e r e n c e s between t h e l e a c h e d and t h e u n l e a c h e d samples. I n 

t h e F I samples, t h e o n l y d e t e c t a b l e changes were s l i g h t 

i n c r e a s e s i n t h e 2-20 um K f e l d s p a r and t h e < 2 um q u a r t z and 

k a o l i n i t e , and s l i g h t d e c r e a s e s i n t h e 2-20 um s e r i c i t e . I n 
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Table 2.31 Estimated mineralogy of the < 2 and 2-20 um 
fractions of the FI and G M samples before and 
after 8 weeks of Soxhlet leaching. 

Quartz K feldspar Sericite Kaolinite Smectite Vermiculite 
Fraction Sample 

2-20 FI.O XX X XXX XX XX 
um FI.8 XX XX XX XX XX 

< 2 FI.O XX XX XX XX 
um FI.8 tr XX XXX XX XX 

2-20 GM.O XXXX tr tr 
um GM.8 XXXX tr 

<2 GM.O XXXX tr X 
um GM.8 XXXX tr tr 

XXXX : >51% 
XXX : 31-50% 

XX : 11-30% 
X : 5-10% 

tr : < 5% 
GM.8 : material.week 
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t h e GM samples, t h e o n l y n o t i c e a b l e changes were d e c r e a s e s i n 

t h e 2-20 um k a o l i n i t e and t h e < 2 um v e r m i c u l i t e . None o f t h e 

changes were l a r g e enough t o have a s i g n i f i c a n t e f f e c t on s o i l 

p r o p e r t i e s . 

5 . 4 . 4 M a j o r Element C o m p o s i t i o n 

The e l e m e n t a l c o m p o s i t i o n o f t h e r e s i d u e , a l o n g w i t h t h e 

c o n c e n t r a t i o n s , c u m u l a t i v e w e i g h t g a i n s , and p r o p o r t i o n s o f 

t h e i n i t i a l sample w e i g h t r e c o v e r e d i n t h e l e a c h a t e , f o r each 

f r a c t i o n x week x r e p l i c a t e c o m b i n a t i o n a r e l i s t e d i n Appendix 

D. The a v e r a g e major element c o m p o s i t i o n o f t h e r e s i d u e s , and 

a v e r a g e c u m u l a t i v e w e i g h t and p r o p o r t i o n s o f m a j o r e l e m e n t s 

r e c o v e r e d i n t h e l e a c h a t e f o r each f r a c t i o n x week c o m b i n a t i o n 

a r e shown i n T a b l e s 2.32 and 2.33. S i m i l a r d a t a f o r t h e t r a c e 

e l e m e n t s i s shown i n T a b l e s 2.35 and 2.36. A c o m p a r i s o n o f 

w e i g h t l o s s e s from t h e r e s i d u e s and w e i g h t g a i n s i n t h e 

l e a c h a t e i s g i v e n i n T a b l e 2.34. 

The c o m p a r i s o n o f w e i g h t l o s s from t h e r e s i d u e s and 

w e i g h t g a i n i n t h e l e a c h a t e showed a number o f d i s c r e p a n c i e s . 

D i f f e r e n c e s between t h e l e a c h a t e and r e s i d u e d a t a were 

g r e a t e s t f o r t h e t r a c e e l e m e n t s and f o r m a j o r e l e m e n t s where 

t h e r a t e o f r e l e a s e was s m a l l . D i s c r e p a n c i e s were due t o 

v a r i a t i o n i n i n i t i a l r e s i d u e c o m p o s i t i o n and from t h e use o f 

d i f f e r e n t t e c h n i q u e s t o a n a l y s e t h e l e a c h a t e (ICP) and 

r e s i d u e s (XRF). As t h e o r i g i n a l r e s i d u e c o m p o s i t i o n was o n l y 

d e t e r m i n e d by XRF, t h e r e s i d u e d a t a g i v e s a more a c c u r a t e 

measure o f t h e e x t r a c t e d p r o p o r t i o n o f e a ch element. W h i l e 
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Table 2.32 Average major element composition of the Soxhlet residues. 

C Al Ca Fe K Mg Na P S Si Ti 
Sample 

Mg 

Concentration of Elements (major elements in %, trace elements in ppm) 

CF.O 100 0.8 5.4 2.4 0.8 4.3 0.4 0.33 0.07 0.3 35.1 0.2 
CF.2 93 0.0 5.7 0.2 0.9 4.4 0.2 0.27 0.05 0.6 37.6 0.2 
CF.4 92 0.0 5.7 0.1 0.6 4.6 0.2 0.32 0.04 0.4 37.6 0.2 
CF.8 92 0.0 6.0 0.1 0.7 4.6 0.2 0.27 0.02 0.4 37.3 0.2 

FLO 100 0.9 7.6 2.7 1.4 4.9 0.6 0.20 0.11 1.1 30.9 0.3 
FI.2 91 0.0 8.3 0.1 1.2 5.2 0.4 0.23 0.06 1.0 34.0 0.3 
FI.4 91 0.0 8.2 0.1 1.1 5.2 0.3 0.20 0.04 0.9 34.3 0.3 
FI.8 89 0.0 8.2 0.1 1.0 5.2 0.3 0.24 0.00 0.9 34.2 0.3 

GM.O 100 1.9 13.8 5.3 3.0 6.5 1.5 0.03 0.28 3.5 18.9 0.6 
GM.2 88 0.6 15.1 2.0 3.6 7.3 1.0 0.01 0.25 4.2 20.9 0.7 
GM.4 84 0.1 15.6 0.6 3.3 7.7 0.9 0.00 0.21 3.8 21.6 0.7 
GM.8 83 0.0 16.2 0.1 3.3 7.7 0.9 0.01 0.05 3.7 22.1 0.8 

Weight of Elements (major elements in g, trace elements in mg) 

CF.O 80.0 0.64 4.3 1.92 0.65 3.40 0.34 0.26 0.06 0.22 28.1 0.17 
CF.2 74.1 0.00 4.2 0.12 0.65 3.24 0.15 0.20 0.04 0.47 27.8 0.17 
CF.4 73.2 0.01 4.1 0.09 0.47 3.37 0.16 0.24 0.03 0.28 27.5 0.17 
CF.8 73.4 0.01 4.4 0.05 0.50 3.34 0.13 0.20 0.01 0.27 27.4 0.17 

FI.O 80.0 0.71 6.1 2.17 1.12 3.95 0.49 0.16 0.09 0.86 24.7 0.23 
FI.2 72.9 0.00 6.0 0.10 0.85 3.78 0.27 0.17 0.04 0.71 24.8 0.23 
FI.4 72.9 0.01 6.0 0.08 0.82 3.77 0.23 0.14 0.03 0.69 25.0 0.23 
FI.8 71.4 0.01 5.9 0.04 0.71 3.70 0.22 0.17 0.00 0.65 24.4 0.23 

GM.0 80.0 1.50 11.0 4.27 2.37 5.20 1.16 0.02 0.23 2.81 15.1 0.49 
GM.2 70.6 0.40 10.7 1.38 2.52 5.18 0.72 0.01 0.17 2.96 14.7 0.48 
GM.4 67.4 0.05 10.5 0.39 2.21 5.18 0.60 0.00 0.14 2.56 14.5 0.49 
GM.8 66.5 0.00 10.8 0.08 2.17 5.12 0.57 0.01 0.04 2.45 14.7 0.50 

Percent Remaining from Initial Weight 

CF.2 93 0 98 6 99 95 46 76 68 211 99 99 
CF.4 92 3 97 4 72 99 48 91 49 126 98 98 
CF.8 92 2 102 3 76 98 38 76 21 121 98 102 

FI.2 91 1 99 4 76 96 55 105 49 82 100 101 
FI.4 91 1 98 3 74 95 47 89 30 80 101 102 
FI.8 89 1 96 2 64 94 45 109 2 75 99 101 

GM.2 88 30 97 32 106 100 62 25 78 106 97 97 
GM.4 84 4 95 9 93 100 52 0 62 91 96 100 
GM.8 83 0 98 2 91 98 49 35 16 87 97 103 
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Table 2.33 Average cumulative and proportion of initial major 
element weigh) recovered in the leachate. 

Wl Al Ca Fe K Mg Na P Si Ti 
Sample 

Mg 
Sample 

lg) Cumulative Weight (mg) 

CT.l 4.8 33 1545 26 625 121 2 3 8 o.i' 
CF.2 5.7 50 1790 46 741 154 2 15 38 0.1 
CF.3 5.9 60 1823 62 774 163 -1 26 58 0.1 
CF.4 6.2 68 1839 76 807 171 3 29 85 0.2 
CT.5 6.3 76 1847 86 833 176 4 32 104 0.2 
a.6 6.4 80 1852 93 856 179 5 32 118 0.2 
CT.7 6.7 91 1857 102 883 184 15 33 153 0.3 
CF.8 6.9 102 1878 109 914 187 15 43 175 0.3 

CF Orig 80.0 4281 1921 655 3404 335 261 59 28051 170 

n.i 5.6 61 1774 55 734 153 13 6 48 0.0 
R.2 6.9 93 2076 106 911 202 16 31 132 0.0 
R.3 7.4 116 2116 139 963 216 15 54 190 0.0 
R.4 7.7 130 2136 163 1010 225 14 58 235 0.0 
R.5 8.0 148 2145 184 1049 233 13 62 284 0.1 
R.6 8.1 156 2147 192 1070 237 12 63 301 0.1 
R.7 8.4 178 2151 205 1110 244 21 64 364 0.2 
R.8 8.7 202 2153 217 1147 249 25 64 423 0.2 

R Orig 80.0 6115 2175 1116 3953 487 160 88 24673 228 

GM.l 5.5 2 1790 24 714 200 9 17 17 0.0 
GM.2 9.5 39 3111 28 1257 371 7 34 26 0.0 
GM.3 11.6 61 3760 31 1528 454 4 55 32 0.0 
GM.4 12.7 75 4110 37 1651 496 2 77 41 0.0 
GM.5 13.2 80 4245 47 1705 511 1 95 52 -0.1 
GM.6 13.4 82 4298 50 1727 516 3 101 52 0.0 
GM.7 13.6 86 4327 63 1749 517 4 113 67 0.0 
GM.8 13.8 94 4373 75 1779 519 7 134 77 0.0 

GM Orig 80 11008 4275 2374 5198 1160 21 225 15098 489 

Proportion of Initial Sample Weight Recovered in Leachate (%) 

CT.l 6 1 80 4 18 36 1 5 0.0 0.0 
CF.2 7 1 93 7 22 46 1 25 0.1 0.0 
CT.3 7 1 95 9 23 49 0 45 0.2 0.1 
CF.4 8 2 96 12 24 51 1 50 0.3 0.1 
CF.5 8 2 96 13 24 52 1 55 0.4 0.1 
CT.6 8 2 96 14 25 53 2 55 0.4 0.1 
a .7 8 2 97 16 26 55 6 57 0.5 0.2 
CF.8 9 2 98 17 27 56 6 74 0.6 0.2 

R.l 7 1 82 5 19 31 8 7 0.2 0.0 
R.2 9 2 95 9 23 42 10 36 0.5 0.0 
R.3 9 2 97 12 24 44 9 61 0.8 0.0 
R.4 10 2 98 15 26 46 9 66 1.0 0.0 
FI.5 10 2 99 16 27 48 8 71 1.2 0.0 
R.6 10 3 99 17 27 49 8 71 1.2 0.0 
R.7 11 3 99 18 28 50 13 72 1.5 0.1 
R.8 11 3 99 19 29 51 15 73 1.7 0.1 

GM.1 7 0 42 1 14 17 43 7 0.1 0.0 
GM.2 12 0 73 1 24 32 32 15 0.2 0.0 
GM.3 14 1 88 1 29 39 21 25 0.2 0.0 
GM.4 16 1 96 2 32 43 9 34 0.3 0.0 
GM.5 17 1 99 2 33 44 3 42 0.3 0.0 
GM.6 17 1 101 2 33 44 -13 45 0.3 0.0 
GM.7 17 1 101 3 34 45 20 50 0.4 0.0 
GM.8 17 1 102 3 34 45 32 60 0.5 0.0 

GM.8 : malerial.week Orig : weight initially in residue 



Table 2.34 A comparison of weight losses from the residues and weight gains in the leachate. 

Al C a Fe K M g N a P Si Ti Co Cr Cu Mn M o Pb Sr Zn Zr 
Sample 

M g 
(map or elements in mg, trace elements in ug) 

Soxhlet Leachate Weight Gain 

C F O - 2 5 0 1 7 9 0 46 741 154 2 15 38 0.1 29 25 7 0 1 5 9 0 3 2 0 471 13237 361 6 
CF 2-4 17 4 9 29 6 7 16 1 15 4 7 0.1 15 3 16 531 7 316 1176 161 4 
CF 4-8 34 4 0 34 107 17 12 14 9 0 0.2 18 0 4 7 395 11 575 1134 244 8 

FI 0-2 93 2076 106 911 202 16 31 132 0.0 56 1 3 6 1 7 7 2 1 9 6 9 0 42 3064 29771 1935 21 
FI 2-4 37 6 0 5 7 9 9 23 0 27 103 0.0 26 45 2 7 7 6 2 0 18 1105 1412 309 7 
FI 4-8 72 17 54 137 24 11 6 188 0.2 26 14 134 465 19 894 9B9 3 3 0 12 

G M 0 - 2 39 3111 2 8 1 2 5 7 371 7 34 26 0.0 31 18 243 28096 33 1 1 3 0 2 9 0 3 2 4 3 4 18 
G M 2 - 4 36 999 9 394 125 0 43 15 0.0 9 78 53 9003 12 355 5 7 0 0 164 5 
G M 4 - 8 19 262 38 128 22 5 58 36 0.0 12 28 158 1696 6 1376 1759 91 7 

C F 0 - 8 102 1878 109 914 187 15 43 175 0.3 63 27 133 16829 38 1 3 6 2 1 5 5 4 6 7 6 6 18 
FI0-8 202 2153 2 1 7 1 1 4 7 249 25 64 423 0.2 109 195 2183 20774 79 5064 32172 2574 4 0 
G M 0 - 8 94 4373 75 1779 5 1 9 7 134 77 0.0 52 124 4 5 4 38794 51 2 8 6 1 3 6 4 9 1 6 8 8 3 0 

Soxhlet Residue Weight Loss 

C F 0 - 2 85 1797 7 166 181 6 3 19 212 1.5 4 4 0 9 119 3 5 0 2 5 0 7 2 11313 -16816141 3 9 0 553 

a 2-4 
51 38 174 -136 -7 -39 11 321 2.0 -3973 -24 703 -444 -10626 -5614 4692 -3406 225 

C F 4 - 8 -240 37 -27 31 35 38 17 150 -6.9 2042 -12 -437 224 12407 2 5 5 0 -210 1472 -1944 

R 0 - 2 88 2078 265 169 221 -7 45 -91 -1.7 6 3 0 6 7 4 7 9 5 27673 • 1432 1 8 5 5 4 3 7 8 0 1524 -762 
R 2-4 32 21 28 19 35 25 16 -266 -2.1 256 -5 451 6 9 0 -2184 -351 -1862 422 -71 
R 4-8 135 37 114 63 11 -32 25 599 2.6 -1126 11 202 5 4 9 3808 -3373 3698 -1539 -264 

G M 0 - 2 338 2891 -144 16 4 3 6 15 5 0 378 13.1 -136 77 1397 39289 -338 -419640721 -4800 906 
G M 2-4 164 995 309 -1 120 5 34 180 -11.1 716 35 43 13039 -877 5 9 4 9 8987 5911 -1495 
G M 4 - 8 -275 308 42 63 36 -7 105 • 140 -17.2 •205 16 7 9 6 3040 143 1300 3139 7 5 9 2233 

Leachate Weight Gain / Residue Weight Lou 

C F 0 - 2 0.6 1.0 6.3 4.5 0.9 0.0 0.8 0.2 0.0 0.0 0.2 0.2 0.6 0.0 -2.8 0.8 0.9 0.0 
CF 2-4 0.3 1.3 0.2 -0.5 -2.3 0.0 1.4 0.1 0.1 0.0 -0.1 0.0 -1.2 0.0 -0.1 0.3 0.0 0.0 
C F 4 - 8 -0.1 1.1 -1.3 3.4 0.5 0.3 0.8 0.6 0.0 0.0 0.0 -0.1 1.8 0.0 0.2 -5.4 0.2 0.0 

R 0-2 1.1 1.0 0.4 5.4 0.9 -2.1 0.7 -1.4 0.0 0.1 2.0 0.4 0.7 0.0 1.7 0.7 1.3 0.0 
FI 2-4 1.2 2.9 2.0 5.2 0.7 -0.1 1.6 -0.4 0.0 0.1 -9.8 0.6 0.9 0.0 -3.2 -0.8 0.7 -0.1 
FI4-8 0.5 0.5 0.5 2.2 2.2 -0.4 0.3 0.3 0.1 0.0 1.3 0.7 0.8 0.0 -0.3 0.3 -0.2 0.0 

G M 0-2 0.1 1.1 -0.2 77.2 0.9 0.4 0.7 0.1 0.0 -0.2 0.2 0.2 0.7 -0.1. . -0.3 0.7 -0.1 0.0 
G M 2-4 0.2 1.0 0.0 -363 1.0 -0.9 1.2 0.1 0.0 0.0 2.2 1.2 0.7 0.0. 0.1 0.6 0.0 0.0 
G M 4-8 -0.1 0.9 0.9 2.0 0.6 -0.6 0.5 -0.3 0.0 •0.1 1.7 0.2 0.6 0.0 1.1 0.6 0.1 0.0 

o 

G M 0-2 sample 1 0 - 2 weeks 
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t h e l e a c h a t e d a t a was p r o b a b l y l e s s a c c u r a t e i n terms o f 

w e i g h t removed, t h e l e a c h a t e samples were c o l l e c t e d more o f t e n 

and t h u s g i v e a b e t t e r p i c t u r e o f t h e t i m i n g o f r e l e a s e . I n 

a l l c a s e s where a s u b s t a n t i a l p r o p o r t i o n o f t h e element was 

e x t r a c t e d , t h e r e l a t i v e r a n k i n g o f t h e t h r e e f r a c t i o n s , i n 

terms o f l o s s from t h e r e s i d u e s and g a i n t o t h e l e a c h a t e , were 

t h e same. 

As n o t e d e a r l i e r , C and Ca were r a p i d l y removed from a l l 

t h r e e f r a c t i o n s . A f t e r 8 weeks o f l e a c h i n g , 97 t o 98% o f . t h e 

Ca had been removed from t h e r e s i d u e s . P o s s i b l e s o u r c e s o f 

t h e r e m a i n i n g Ca i n c l u d e a p a t i t e and t r a c e amounts o f 

a n o r t h i t e . 

Magnesium was a l s o removed i n s u b s t a n t i a l amounts i n t h e 

f i r s t few weeks. Magnesium d i s s o l u t i o n o c c u r r e d i n two 

s t a g e s . An i n i t i a l r a p i d d i s s o l u t i o n o f 45 t o 55% o f t h e Mg, 

f o l l o w e d by a s l o w r a t e o f a p p r o x i m a t e l y 1% p e r week. The 

l a t t e r s l o w r a t e o f Mg r e l e a s e p a r a l l e l e d a s i m i l a r s l o w b u t 

r e g u l a r r e l e a s e o f Fe, and i s t h u s l i k e l y due t o t h e 

d i s s o l u t i o n o f m a f i c m i n e r a l s . 

The r a p i d i n i t i a l r a t e o f Mg r e l e a s e c a n be a t t r i b u t e d t o 

t h e r a p i d d i s s o l u t i o n o f d o l o m i t e . I n c o n t r a s t t o Ca, i n t h e 

f i r s t week t h e l o w e s t w e i g h t l o s s o f Mg was from t h e GM 

f r a c t i o n . One e x p l a n a t i o n f o r t h i s i s t h a t d o l o m i t e i s l e s s 

s o l u b l e t h a n c a l c i t e . As a r e s u l t o f t h e l a r g e r s u r f a c e a r e a 

and h i g h e r c a l c i t e c o n t e n t , t h e i n c r e a s e i n l e a c h a t e pH above 

v a l u e s a t w h i c h d o l o m i t e was s o l u b l e p r o b a b l y happened f a s t e r 

i n t h e f i n e r t e x t u r e d GM samples, t h a n i n t h e f r a c t i o n s . 
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A c c o r d i n g t o t h e l e a c h a t e d a t a , l e a c h i n g removed 27 t o 

34% o f t h e K, w h i l e t h e r e s i d u e d a t a showed l o s s e s o f o n l y 2 

t o 6%. The l a c k o f change i n t h e c o n t e n t o f K b e a r i n g 

m i n e r a l s i n t h e < 2 um and 2-20 um f r a c t i o n s , and i n t h e 

c o n t e n t o f o t h e r e lements ( e . g . , A l and S i ) found i n K b e a r i n g 

m i n e r a l s s u g g e s t t h a t t h e r e s i d u e d a t a was c o r r e c t and t h a t K 

l e a c h i n g was n o t v e r y h i g h . 

A c c o r d i n g t o t h e l e a c h a t e d a t a , t h e r e l e a s e o f K o c c u r r e d 

a l m o s t e n t i r e l y o v e r t h e f i r s t two weeks from t h e CF and F I 

samples, and o v e r t h e f i r s t f i v e weeks from t h e GM f r a c t i o n . 

T h i s p a r a l l e l s t h e p e r i o d s o f c a r b o n a t e l e a c h i n g . Assuming 

t h a t K was o n l y p r e s e n t i n t h e K m i n e r a l s , m u s c o v i t e and K 

f e l d s p a r , o b s e r v e d i n t h i n s e c t i o n s and f o u n d i n t h e XRD 

s c a n s , t h e s o u r c e o f K was p r o b a b l y l o o s e l y bound K a t t h e 

edge o f g r a i n s and i n p o o r l y o r d e r e d f i n e c r y s t a l s . 

I n a l l t h r e e f r a c t i o n s , P r e l e a s e o c c u r r e d s t e a d i l y 

t h r o u g h o u t t h e 8 weeks o f l e a c h i n g . A c c o r d i n g t o t h e r e s i d u e 

d a t a , a f t e r 2, 4, and 8 weeks o f l e a c h i n g 32, 51, and 79% o f 

t h e P i n t h e CF f r a c t i o n had been removed. F o r t h e F I 

f r a c t i o n i t was 51, 70, and 98%, and f o r t h e GM f r a c t i o n i t 

was 22, 38, and 84%. H i g h e r P d i s s o l u t i o n i n t h e F I t h a n t h e 

CF f r a c t i o n c a n be a t t r i b u t e d t o t h e l a r g e r s u r f a c e a r e a and 

l e s s l i k e l i h o o d o f o c c l u s i o n i n t h e f o r m e r . The h i g h e r 

p r o p o r t i o n o f P d i s s o l v e d i n t h e F I t h a n t h e GM f r a c t i o n can 

be a t t r i b u t e d t o t h e much h i g h e r i n i t i a l P c o n c e n t r a t i o n i n 

t h e GM f r a c t i o n . The w e i g h t o f P e x t r a c t e d from t h e GM 

f r a c t i o n was s i g n i f i c a n t l y h i g h e r t h a n t h a t l e a c h e d from t h e 
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F I f r a c t i o n . 

A n o t h e r f a c t o r t h a t appeared t o a f f e c t t h e P d i s s o l u t i o n 

was l e a c h a t e pH. I n t h e l e a c h a t e d a t a from t h e CF and F I 

f r a c t i o n s t h e r e was a l a g i n P d i s s o l u t i o n i n t h e f i r s t week, 

t h e p e r i o d when t h e l e a c h a t e pH was o v e r 5. I n t h e CF and F I 

f r a c t i o n s , P e x t r a c t i o n was h i g h e s t i n t h e second and t h i r d 

weeks. I n t h e GM f r a c t i o n s , P e x t r a c t i o n was h i g h e s t i n t h e 

t h i r d and f o u r t h weeks. 

The i r r e g u l a r d i s t r i b u t i o n o f S i n t h e r e s i d u e s o f a l l 

t h r e e f r a c t i o n s r e s u l t s b o t h from a nugget e f f e c t and from t h e 

v a r i a b l e number o f v e i n s . I n t h e two < 2 mm f r a c t i o n s , F I and 

GM, t h e p r o p o r t i o n o f t h e i n i t i a l S c o n c e n t r a t i o n s r e m a i n i n g 

i n t h e . l e a c h e d r e s i d u e s ranged from 75 t o 106%. T h i s 

i n d i c a t e s t h a t t h e r a t e o f s u l p h i d e d i s s o l u t i o n was 

s i g n i f i c a n t l y s l o w e r t h a n t h a t o f c a r b o n a t e d i s s o l u t i o n . 

I n b o t h t h e l e a c h a t e and r e s i d u e d a t a , t h e r a n k i n g o f 

f r a c t i o n s i n terms o f t h e w e i g h t o f Fe removed was F I > CF > 

GM. A c c o r d i n g t o t h e l e a c h a t e d a t a , s i m i l a r p r o p o r t i o n s o f 

t o t a l Fe were e x t r a c t e d from t h e F I and CF f r a c t i o n s . A much 

l o w e r p r o p o r t i o n was e x t r a c t e d from t h e GM f r a c t i o n , w h i c h had 

t h e h i g h e s t c o n c e n t r a t i o n s o f t o t a l - F e . W i t h r e g a r d t o Fe, 

t h e main d i f f e r e n c e between t h e GM and t h e F I and CF f r a c t i o n s 

was t h e absence o f m a f i c a l u m i n o s i l i c a t e s i n t h e f o r m e r . 

The r a t i o o f Fe t o S i n p y r i t e i s 0.87. The p r e - l e a c h e d 

Fe:S r a t i o s o f t h e CF, F I , and GM f r a c t i o n s were 2.7, 1.3, and 

0.86, r e s p e c t i v e l y . The Fe:S r a t i o i n t h e GM f r a c t i o n a f t e r 8 

weeks o f l e a c h i n g was 0.89, i n d i c a t i n g t h a t t h e l a c k o f Fe 
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e x t r a c t i o n was n o t due t o r e p r e c i p i t a t i o n . W h i l e t h e l o n g e r 

d u r a t i o n o f low pH c o n d i t i o n s might be p a r t i a l l y r e s p o n s i b l e 

f o r t h e s l o w e r Fe r e l e a s e from t h e GM f r a c t i o n , t h e t h e o r y 

t h a t m a f i c s i l i c a t e s ( e . g . , b i o t i t e ) were more s o l u b l e t h a t 

p y r i t e was s u p p o r t e d by t h e d e c l i n e i n t h e Fe:S r a t i o s o f t h e 

F I and t h e CF f r a c t i o n s t o from 1.3 t o 1.1 and from 2.7 t o 

1.8, r e s p e c t i v e l y , a f t e r 8 weeks o f l e a c h i n g . 

The r e l a t i v e l y r a p i d r a t e o f m a f i c s i l i c a t e s breakdown, 

compared t o t h a t o f p y r i t e , was t h e r e v e r s e o f what was 

o b s e r v e d i n t h e n a t u r a l s o i l s , i n d i c a t i n g t h a t t h e S o x h l e t 

a c e t i c a c i d l e a c h i n g d i s p r o p o r t i o n a t e l y f a v o u r e d d i s s o l u t i o n 

o v e r o x i d a t i o n . A l a c k o f m i c r o b i a l a c t i v i t y and t h e 

s a t u r a t i o n o f t h e r e s i d u e s a r e p o s s i b l e c a u s e s f o r t h e l a c k o f 

o x i d a t i o n . Over t h e 8 weeks o f l e a c h i n g t h e r e s i d u e s r e t a i n e d 

t h e i r i n i t i a l g r e y i s h c o l o u r . The o n l y e v i d e n c e o f Fe 

o x i d a t i o n were r e d d i s h Fe s t a i n s a t t h e base o f t h e t h i m b l e s . 

B o t h t h e l e a c h a t e and r e s i d u e d a t a showed t h a t l e a c h i n g 

removed v e r y l i t t l e A l , S i , o r T i A c c o r d i n g t o t h e l e a c h a t e 

d a t a t h e r e l a t i v e p r o p o r t i o n s removed were A l > S i > T i . 

L e a c h a t e w e i g h t g a i n s o f A l were 2% i n t h e CF, 3% i n t h e F I , 

and 1% i n t h e GM f r a c t i o n . The g r e a t e r r e m o v a l o f A l from t h e 

F I t h a n CF f r a c t i o n can be a t t r i b u t e d t o t h e l a r g e r s u r f a c e 

a r e a o f t h e f o r m e r . The l a r g e r A l w e i g h t l o s s from t h e F I 

compared t o t h e GM f r a c t i o n can be i n p a r t be a t t r i b u t e d t o 

t h e l o n g e r d u r a t i o n o f low pH l e a c h i n g i n t h e F I f r a c t i o n . 

The low r a t e o f K, A l , and S i removal from a l l t h r e e f r a c t i o n s 
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i n d i c a t e s t h a t s e r i c i t e d i s s o l u t i o n was o c c u r r i n g a t a v e r y 

s l o w r a t e . 

5.4.5 T r a c e Element C o m p o s i t i o n 

I n many c a s e s t h e p e r c e n t a g e o f t r a c e e l e m e n t s r e m a i n i n g 

i n t h e l e a c h e d r e s i d u e s were h i g h e r t h a n t h o s e i n t h e 

u n l e a c h e d sample. The b e s t example o f t h i s was Pb. I n t h e CF 

f r a c t i o n , t h e c o n c e n t r a t i o n o f Pb r e m a i n i n g i n t h e l e a c h e d 

r e s i d u e s was 109%, 406%, and 271% a f t e r 2, 4, and 8 weeks.of 

l e a c h i n g . The g r e a t v a r i a t i o n i n Pb l e v e l s was i n p a r t due t o 

t h e h e t e r o g e n e o u s d i s t r i b u t i o n o f m e t a l c o n t a i n i n g v e i n s . 

There was a l s o a nugget e f f e c t f o r t r a c e e l e m e n t s , because o f 

t h e i r low c o n c e n t r a t i o n s . 

As a r e s u l t o f t h e v a r i a b i l i t y i n t h e r e s i d u e s , t h e 

l e a c h a t e d a t a was a b e t t e r g u i d e t o t h e t i m i n g o f t r a c e 

e l e m e n t s r e l e a s e . A c c o r d i n g t o t h e l e a c h a t e d a t a , Pb was 

r e l e a s e d s t e a d i l y o v e r t h e whole 8 weeks, i n p r o p o r t i o n s 

s i m i l a r t o P. Copper and z i n c , l i k e magnesium, were r e l e a s e d 

i n r e l a t i v e l y h i g h amounts i n i t i a l l y , and a t a r e d u c e d r a t e 

f o r t h e r e s t o f t h e l e a c h i n g s t u d y . The r e l e a s e p a t t e r n s f o r 

As, Cd, Mn, and S r were s i m i l a r t o t h a t o f Ca. 

The t r a c e e l e m e n t s e x t r a c t e d i n t h e s m a l l e s t p r o p o r t i o n s 

were Co, Mo, and Z r . These e l e m e n t s were e x t r a c t e d i n even 

s m a l l e r p r o p o r t i o n s t h a n S i . F o r a l l t h r e e , t h e h i g h e s t 

w e i g h t s and p r o p o r t i o n s were e x t r a c t e d from t h e F I f r a c t i o n . 

The low r a t e a t w h i c h Co and Z r d i s s o l v e d c a n be e x p l a i n e d by 

t h e i r o c c u r r e n c e i n t h e r e s i s t a n t m i n e r a l s , m a g n e t i t e and 
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Table 2.35 Average trace element composition of the Soxhlet residues. 

Wr C Co Cr Cu Mn Mo Pb Sr Zn Zr 
Sample 

(%) (%) Concentration (ppm) 

CF.O 100 0.8 197 10 17 326 433 24 519 45 95 
CF.2 93 0.0 153 9 14 14 314 28 343 43 95 
CF.4 92 0.0 209 10 4 20 463 104 283 90 93 
CF.8 92 0.0 181 10 10 17 293 70 285 70 119 

FI.O 100 0.9 105 10 80 375 383 79 772 166 129 
FI.2 91 0.0 106 10 22 31 440 61 247 162 151 
FI.4 91 0.0 103 10 15 22 470 66 272 156 152 
FI.8 89 0.0 121 10 13 15 427 114 226 181 159 

GM.O 100 1.9 23 9 40 702 251 73 687 180 273 
GM.2 88 0.6 28 9 25 238 289 141 201 272 296 
GM.4 84 0.1 19 8 26 56 316 60 77 197 332 
GM.8 83 0.0 22 8 14 12 318 42 31 189 303 

(g) (g) Weight (mg) 

CF.O 80.0 0.64 15.8 0.8 1.4 26.1 34.6 1.9 41.6 3.6 7.6 
CF.2 74.1 0.00 11.3 0.7 1.0 1.0 23.3 2.1 25.4 3.2 7.0 
CF.4 73.2 0.01 15.3 0.7 0.3 1.5 33.9 7.7 20.7 6.6 6.8 
CF.8 73.4 0.01 13.3 0.7 0.8 1.2 21.5 5.1 20.9 5.1 8.7 

FI.O 80.0 0.71 8.4 0.8 6.4 30.0 30.6 6.3 61.8 13.3 10.3 
FI.2 72.9 0.00 7.8 0.7 1.6 2.3 32.1 4.5 18.0 11.8 11.0 
FI.4 72.9 0.01 7.5 0.7 1.1 1.6 34.3 4.8 19.8 11.4 11.1 
FI.8 71.4 0.01 8.6 0.7 0.9 1.0 30.5 8.2 16.1 12.9 11.4 

GM.O 80.0 1.50 1.9 0.7 3.2 56.1 20.1 5.8 54.9 14.4 21.8 
GM.2 70.6 0.40 2.0 0.6 1.8 16.8 20.4 10.0 14.2 19.2 20.9 
GM.4 67.4 0.05 1.3 0.6 1.7 3.8 21.3 4.1 5.2 13.3 22.4 
GM.8 66.5 0.00 1.5 0.6 0.9 0.8 21.1 2.8 2.1 12.5 20.2 

Percent Remaining from Initial Weight 

CF.2 93 0 72 85 74 4 67 109 61 89 93 
CF.4 92 3 97 88 23 6 98 406 50 184 90 
CF.8 92 2 84 90 55 5 62 271 50 143 115 

FI.2 91 1 92 91 25 8 105 71 29 89 107 
FI.4 91 1 89 92 18 5 112 76 32 85 108 
FI.8 89 1 103 91 14 3 99 130 26 97 111 

GM.2 88 30 107 89 56 30 102 172 26 133 96 
GM.4 84 4 69 83 55 7 106 70 10 92 103 
GM.8 83 0 80 81 30 1 105 48 4 87 92 

GM.8 : material.week 
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Table 2.36 Average cumulative and proportion of initial trace element weight 
recovered in the leachate. 

Wt As Cd Co Cr Cu Mn Mo Pb Se Sr Zn Zr 
Sample 

(g) Cumulative Weight (ug) 

CF.l 4.8 34 4 22 -3 54 13672 15 249 151 11243 245 2.9 
CF.2 5.7 39 6 29 25 70 15903 20 471 180 13237 361 5.6 
CT.3 5.9 39 6 37 28 81 16236 24 619 191 13886 434 7.5 
CF.4 6.2 39 8 45 28 86 16435 27 787 208 14413 522 9.9 
CF.5 6.3 38 8 50 30 90 16566 30 929 218 14779 572 11.7 
CF.6 6.4 37 8 54 28 106 16643 32 979 227 14976 628 12.8 
CF.7 6.7 37 9 58 28 119 16741 35 1119 243 15258 709 14.7 
CF.8 6.9 36 9 63 27 133 16829 38 1362 264 15546 766 17.7 

CF Orig 80.0 nd nd 15758 807 1369 26101 34614 1891 nd 41565 3578 7561 

R.l 5.6 42 15 24 -2 649 16365 23 1150 182 26435 1339 14.9 
R.2 6.9 50 28 56 136 1772 19690 42 3064 237 29771 1935 20.9 
R.3 7.4 51 30 71 168 1946 20062 54 3818 275 30607 2125 24.1 
FI.4 7.7 52 32 82 18) 2049 20309 60 4169 295 31183 2244 28.0 
FI.5 8.0 52 33 92 188 2111 20493 66 4427 324 31584 2349 31.6 
R.6 8.1 51 34 95 189 2124 20568 68 4489 335 31723 2377 32.7 
R.7 8.4 51 35 102 193 2148 20681 74 4801 370 31973 2478 36.4 
R.8 8.7 51 37 109 195 2183 20774 79 5064 402 32172 2574 39.7 

R Orig 80.0 nd nd 8380 787 6366 29957 30648 6314 nd 61752 13310 10278 

GM.1 5.5 40 13 19 -3 212 17019 18 851 174 21384 303 12.6 
GM.2 9.5 68 15 31 18 243 28096 33 1130 300 29032 434 18.3 
GM.3 11.6 82 18 36 16 258 34078 40 1286 361 32692 537 22.7 
GM.4 12.7 89 19 39 96 296 37099 45 1485 395 34732 597 22.9 
GM.5 13.2 91 20 43 91 360 38239 47 1888 409 35615 620 24.6 
GM.6 13.4 90 20 44 83 381 38637 48 1892 411 35965 635 24.4 
GM.7 13.6 90 20 48 128 426 38727 49 2369 414 36194 658 26.6 
GM.8 13.8 90 19 52 124 454 38794 51 2861 422 36491 688 29.6 

GM Orig 80 nd nd 1862 682 3174 56137 20062 5828 nd 54928 14417 21606 

Proportion of Initial Sample Weight Recovered in Leachate (%) 

CF.l 6 nd nd 0.1 0 4 52 0.0 13 nd 27 7 0.0 
CF.2 7 nd nd 0.2 3 5 61 0.1 25 nd 32 10 0.1 
CT.3 7 nd nd 0.2 3 6 62 0.1 33 nd 33 12 0.1 
CF.4 8 nd nd 0.3 3 6 63 0.1 42 nd 35 15 0.1 
CF.5 8 nd nd 0.3 4 7 63 0.1 49 nd 36 16 0.2 
CT.6 8 nd nd 0.3 3 8 64 0.1 52 nd 36 18 0.2 
CF.7 8 nd nd 0.4 3 9 64 0.1 59 nd 37 20 0.2 
CF.8 9 nd nd 0.4 3 10 64 0.1 72 nd 37 21 0.2 

R.l 7 nd nd 0.3 0 10 55 0.1 18 nd 43 10 0.1 
R.2 9 nd nd 0.7 17 28 66 0.1 49 nd 48 15 0.2 
R.3 9 nd nd 0.9 21 31 67 0.2 60 nd 50 16 0.2 
R.4 10 nd nd 1.0 23 32 68 0.2 66 nd 50 17 0.3 
FI.5 10 nd nd 1.1 24 33 68 0.2 70 nd 51 18 0.3 
R.6 10 nd nd 1.1 24 33 69 0.2 71 nd 51 18 0.3 
R.7 11 nd nd 1.2 24 34 69 0.2 76 nd 52 19 0.4 
R.8 11 nd nd 1.3 25 34 69 0.3 80 nd 52 19 0.4 

GM.l 7 nd nd 1.0 0 7 30 0.1 15 nd 39 2 0.1 
GM.2 12 nd nd 1.7 3 8 50 0.2 19 nd 53 3 0.1 
GM.3 14 nd nd 2.0 2 8 61 0.2 22 nd 60 4 0.1 
GM.4 16 nd nd 2.1 14 9 66 0.2 25 nd 63 4 0.1 
GM.5 17 nd nd 2.3 13 11 68 0.2 32 nd 65 4 0.1 
GM.6 17 nd nd 2.4 12 12 69 0.2 32 nd 65 4 0.1 
GM.7 17 nd nd 2.6 19 13 69 0.2 41 nd 66 5 0.1 
GM.8 17 nd nd 2.8 18 14 69 0.3 49 nd 66 5 0.1 

GM.8 : material.week 
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z i r c o n r e s p e c t i v e l y . As a r e s u l t o f t h e i r r e s i s t a n c e t o 

w e a t h e r i n g , b o t h Co and Z r were found i n h i g h c o n c e n t r a t i o n s 

i n t h e Ae h o r i z o n s o f t h e two n a t u r a l s o i l s examined i n 

s e c t i o n I I I 4. 

The low r a t e o f Mo removal was s u r p r i s i n g g i v e n i t s 

a p p a r e n t m o b i l i t y i n t h e n a t u r a l s o i l s . One would e x p e c t a 

s u l p h i d e m i n e r a l , l i k e m o l y b d e n i t e , t o weather q u i c k l y under 

w e l l a e r a t e d , a c i d i c c o n d i t i o n s . W h i l e low s o l u b i l i t y i n 

a c i d i c s o l u t i o n s may p l a y a r o l e i n t h e r e t e n t i o n o f Mo, i t s 

r e t e n t i o n was f u r t h e r e v i d e n c e t h a t t h e t e c h n i q u e u s e d t o 

s i m u l a t e w e a t h e r i n g r e s u l t e d i n r e l a t i v e l y l i t t l e o x i d a t i o n . 

5.5 Summary 

S i m u l a t e d w e a t h e r i n g r e s u l t e d i n w e i g h t l o s s e s o f 8.3% 

from t h e i n c o m p e t e n t w a s t e r o c k c o a r s e f r a g m e n t s ( C F ) , 10.8% 

from t h e < 2 mm f r a c t i o n ( F I ) , and 16.9% from t h e groundmass 

(GM). Most o f t h e w e i g h t l o s s e s were a s s o c i a t e d w i t h c a l c i t e 

r e m o v a l . C a l c i t e d i s s o l u t i o n t o o k two weeks i n t h e CF and F I 

f r a c t i o n s , w h i c h c o n t a i n e d 6.7 and 7.5% c a l c i t e r e s p e c t i v e l y , 

and f o u r weeks i n t h e GM f r a c t i o n , w h i c h c o n t a i n e d 15.8% 

c a l c i t e . S u b s e q u e n t l y w e i g h t l o s s o c c u r r e d a t between 0.2 t o 

0.4% p e r week. 

A number o f el e m e n t s ( e . g . , Mg, Mn, S r ) were removed i n 

s u b s t a n t i a l amounts i n t h e f i r s t few weeks, i n d i c a t i n g t h a t a 

s i g n i f i c a n t p r o p o r t i o n o f t h e i r t o t a l w e i g h t o c c u r r e d i n 

c a r b o n a t e m i n e r a l s . O t h e r e l e m e n t s , such as Fe, P, and Pb, 

were r e l e a s e d s t e a d i l y o v e r t h e e n t i r e e i g h t weeks, t h e r a t e 
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o f removal v a r y i n g f o r each element. A f t e r t h e i n i t i a l p e r i o d 

o f r a p i d Mg d i s s o l u t i o n , presumably from d o l o m i t e , t h e 

p r o p o r t i o n o f Mg r e l e a s e was s i m i l a r t o t h a t o f Fe, s u g g e s t i n g 

t h a t t h e two e l e m e n t s were r e l e a s e d from t h e same m i n e r a l s 

( e . g . , b i o t i t e ) . The r e l a t i v e l y r a p i d r a t e o f m a f i c s i l i c a t e 

breakdown, compared t o t h a t o f p y r i t e , was t h e r e v e r s e o f what 

was o b s e r v e d i n t h e n a t u r a l s o i l s , and i n d i c a t e s t h a t t h e 

S o x h l e t t e c h n i q u e d i s p r o p o r t i o n a t e l y f a v o u r e d d i s s o l u t i o n o v e r 

o x i d a t i o n . The l a c k o f Mo r e m o v a l was a l s o e v i d e n c e o f t h i s . 

Of t h e t h r e e m a t e r i a l s t e s t e d , t h e l a r g e s t change i n 

p a r t i c l e s i z e o c c u r r e d i n t h e CF, t h e f r a c t i o n r e p r e s e n t a t i v e 

o f t h e i n c o m p e t e n t w a s t e r o c k ' s c o a r s e f r a g m e n t s . I n t h e CF 

f r a c t i o n , t h e p r o p o r t i o n o f s a n d - s i z e d p a r t i c l e s i n c r e a s e d 

from 4 t o 17%. However, t h e r e was no d e t e c t a b l e s i l t o r c l a y 

f o r m a t i o n . A s i m i l a r r e s i l i e n c e o f t h e s a n d - s i z e d p a r t i c l e s 

was n o t e d i n t h e F I samples. Over t h e e n t i r e l e a c h i n g p e r i o d , 

t h e p r o p o r t i o n o f sand, t h e l a r g e s t p a r t i c l e s i n t h e F I 

samples, o n l y d e c r e a s e d from 69 t o 66%. As one would e x p e c t 

t h e l a r g e s t i n c r e a s e i n s i l t and c l a y o c c u r r e d i n t h e GM 

samples (39 t o 4 9 % ) . W h i l e a r e d u c t i o n i n p a r t i c l e s i z e may 

r e d u c e t h e r a t e o f d r a i n a g e , t h e l a r g e l o s s o f w e i g h t (18%) 

w i l l have t h e r e v e r s e e f f e c t . W i t h t h e s o i l volume m a i n t a i n e d 

by t h e s k e l e t a l c o u r s e f r a g m e n t s , any w e i g h t l o s s s h o u l d 

i n c r e a s e t h e p o r o s i t y . L i k e t h e w e i g h t l o s s , most o f t h e 

changes i n p a r t i c l e s i z e happened i n a s s o c i a t i o n w i t h t h e 

r e m o v a l o f c a l c i t e . 
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IV. CONCLUSIONS 

1 . P l a n t and S o i l f a c t o r s L i m i t i n g R e c l a m a t i o n 

P l a n t i n v a s i o n on abandoned s u r f a c e s a t t h e mine showed 

t h a t t h e most d i f f i c u l t a r e a s t o v e g e t a t e w i l l be t h e 

w a s t e r o c k dumps. T h i s c o n c u r s w i t h t h e f i n d i n g s a t o t h e r 

mines ( L a v k u l i c h e t a l . , 1976). W i t h i n t h e dumps, t h e p l a n t 

i n v a s i o n was po o r on t h e t e r r a c e d dumps and n o n - e x i s t e n t on 

dump s l o p e s . G r e a t e r i n v a s i o n and growth on t h e n a t u r a l l y 

u n c o n s o l i d a t e d m a t e r i a l s , t h a n on t h e w a s t e r o c k , can be 

a s c r i b e d t o h i g h e r l e v e l s o f o r g a n i c m a t t e r , N, and 

a v a i l a b l e P. On t h e w a s t e r o c k benches, f e r t i l i t y p roblems 

can be r e s o l v e d by a d d i n g f e r t i l i z e r and by u s i n g p l a n t 

s p e c i e s a d a p t e d t o t h e i n f e r t i l e c o n d i t i o n s . I f f e r t i l i z e d , 

t h e w a s t e r o c k i s a b e t t e r s u b s t r a t e f o r p l a n t growth t h a n 

t h e s t o c k p i l e d n a t u r a l l y u n c o n s o l i d a t e d m a t e r i a l s . 

The v i g o r o u s p l a n t growth i n f i e l d t r i a l s i n d i c a t e d 

t h a t a number o f m a t e r i a l s and methods can be used t o 

a c h i e v e a s u s t a i n e d v e g e t a t i v e c o v e r . I n o r d e r t o e v a l u a t e 

t h e l o n g t e r m performance o f t h e s e t e c h n i q u e s , r e s u l t s from 

K i t s a u l t were compared w i t h t h e sequence o f n a t u r a l s o i l and 

f o r e s t development on r e c e n t l y exposed moraines i n S.E. 

A l a s k a . The i n i t i a l s t a g e s o f p l a n t s u c c e s s i o n and s o i l 

development on t h e w a s t e r o c k dumps re s e m b l e d t h o s e on t h e 
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m o r a i n e s . S i m i l a r i t i e s i n e n v i r o n m e n t a l c o n d i t i o n s , 

a v a i l a b l e f l o r a , and s u b s t r a t e s , i n d i c a t e t h a t many o f t h e 

same p r o c e s s e s w i l l o p e r a t e i n t h e f u t u r e . 

The most p r o d u c t i v e p l a n t s p e c i e s on t h e w a s t e r o c k 

dumps was S i t k a a l d e r . F i v e y e a r s a f t e r t h e y were p l a n t e d , 

t h e a v e r a g e h e i g h t growth o f a l d e r s e e d l i n g s was o v e r 25 cm 

p e r y e a r , and l i t t e r l a y e r s were f o r m i n g b e n e a t h t h e i r 

p r o s t r a t e b r a n c h e s . On t h e m o r a i n e s , a l d e r was t h e main 

s o u r c e o f l i t t e r and N, and l i t t e r and N were t h e d r i v i n g . . 

f o r c e s f o r f u r t h e r p l a n t and s o i l development. I f a l d e r i s 

t o be u sed i n r e c l a i m i n g t h e dumps, i t w i l l have t o be 

i n t r o d u c e d . N a t u r a l a l d e r i n v a s i o n was v e r y s l o w . 

The o t h e r woody s p e c i e s g r o w i n g v i g o r o u s l y on t h e dumps 

were w i l l o w and cottonwood. W i l l o w and cottonwood a v e r a g e d 

10 t o 20 cm growth p e r y e a r , and, u n l i k e t h e a l d e r , were 

p r o l i f i c i n v a d e r s . T h e i r i n v a s i o n was g r e a t e s t on 

f e r t i l i z e d a r e a s sown w i t h a n n u a l g r a s s e s (34 p e r 100 m 2). 

N a t u r a l i n v a s i o n o f hemlock and v a c c i n i u m , t h e s p e c i e s 

w h i c h dominated t h e s u r r o u n d i n g f o r e s t , was even more 

p r o l i f i c (50 t o 100 p e r 100 m 2). However once e s t a b l i s h e d , 

n e i t h e r s p e c i e s was a b l e t o grow. T h i s was a l s o t h e c a s e 

f o r c o n i f e r o u s s e e d l i n g s p l a n t e d i n t h e f i e l d t r i a l s . The 

b e s t g r o w t h o f S i t k a s p r u c e and w e s t e r n hemlock (6 cm p e r 

y e a r ) was by s e e d l i n g s a d j a c e n t t o b i r d s f o o t t r e f o i l , 

i n d i c a t i n g t h a t a l a c k o f N was one o f t h e c o n s t r a i n t s on 

c o n i f e r g r o w t h . On t h e m o r a i n e s , c o n i f e r s e e d l i n g s remained 

dormant u n t i l t h e l i t t e r l a y e r was a t l e a s t 6 cm deep. The 
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f i r s t c o n i f e r t o grow v i g o r o u s l y on t h e m o r a i n e s was S i t k a 

s p r u c e . S p r u c e i n v a s i o n a t t h e m i n e s i t e was v e r y s l o w , 

i n d i c a t i n g t h a t i f s p r u c e was i n c l u d e d i n t h e r e c l a m a t i o n 

p l a n , i t would have t o be i n t r o d u c e d . 

A number o f agronomic s p e c i e s grew v i g o r o u s l y i n t h e 

f i e l d t r i a l s , t h e i r g rowth p r o t e c t i n g exposed s u r f a c e s from 

e r o s i o n , p r o d u c i n g l a r g e amounts o f l i t t e r , and i n some 

c a s e s a d d i n g N. A number o f g r a s s s p e c i e s q u i c k l y p r o d u c e d 

a dense, p r o t e c t i v e ground c o v e r . The b e s t o f t h e s e was r e d 

f e s c u e , w h i c h , w i t h o u t f u r t h e r a d d i t i o n s o f f e r t i l i z e r , was 

a b l e t o s u s t a i n a good c o v e r f o r a t l e a s t 10 y e a r s . One 

p r o b l e m a s s o c i a t e d w i t h v i g o r o u s p l a n t growth i s t h a t i t can 

l i m i t t h e g r o w t h o f o t h e r s p e c i e s , e i t h e r t h r o u g h d i r e c t 

c o m p e t i t i o n o r by p r o v i d i n g a c o v e r f o r v o l e s . The 

c o m p e t i t i v e a s p e c t s o f g r a s s growth a r e a v o i d e d by u s i n g 

a n n u a l r y e g r a s s . A n n u a l r y e g r a s s p r o d u c e d a 40% c o v e r i n 

t h e f i r s t y e a r , and t h e s t u b b l e and l i t t e r p r o v i d e d r e s i d u a l 

s u r f a c e p r o t e c t i o n . F o r l i t t e r and N a d d i t i o n s , c l e a r l y t h e 

most p r o d u c t i v e agronomic s p e c i e s was b i r d s f o o t t r e f o i l . 

T r e f o i l was s t i l l p r o d u c i n g 300 t o 400 g/m2 d r y a e r i a l 

b i o m a s s , 15 y e a r s a f t e r i t was e s t a b l i s h e d . 

C l e a r l y t h e most p r o d u c t i v e p l a n t c o v e r would be a l d e r 

s e e d l i n g s i n t e r s p e r s e d w i t h a ground c o v e r o f b i r d s f o o t 

t r e f o i l . E v e n t u a l l y t h e a l d e r s h o u l d shade o u t t h e t r e f o i l , 

a l l o w i n g t h e n a t u r a l i n v a s i o n o f hemlock. 

P l a n t growth d r a m a t i c a l l y i n c r e a s e d t h e o r g a n i c m a t t e r 

c o n t e n t o f t h e s u r f a c e s o i l . F o r example, t e n y e a r s o f 
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s t r o n g agronomic growth produced a 2 t o 3 cm t h i c k l i t t e r 

l a y e r and i n c r e a s e d 0.5 cm N l e v e l s (0.39 kg N/m3) and 

a v a i l a b l e P (8.3 g/m3) above t h o s e found i n t h e s t o c k p i l e d 

o v e r b u r d e n . N i t r o g e n l e v e l s were h i g h e s t b e n e a t h t h e 

b i r d s f o o t t r e f o i l . Most o f t h e p e d o g e n i c changes o b s e r v e d 

i n t h e w a s t e r o c k (e.g. d e c r e a s e d b u l k d e n s i t y ) were 

a s s o c i a t e d w i t h t h e a d d i t i o n o f l i t t e r . As a r e s u l t , 

changes were g r e a t e s t n e a r t h e s u r f a c e . I n some c a s e s 

marked changes o n l y o c c u r r e d i n t h e u pper 5 cm. 

The s u r f a c e pH v a l u e s (0.01 M C a C l 2 ) o f t h e w a s t e r o c k 

dumps d e c r e a s e d from between 7 and 8 t o as low as 3. W h i l e 

t h e g r e a t e s t pH d e c r e a s e s r e s u l t e d from p l a n t g r o w t h , some 

v a r i a t i o n a l s o o c c u r r e d as a r e s u l t o f d i f f e r e n c e s i n 

l i t h o l o g y , t o p o g r a p h y , and s u r f a c e t r e a t m e n t s . The low pH 

v a l u e s were s i m i l a r t o t h o s e o f t h e s u r r o u n d i n g n a t u r a l 

s o i l s and d i d n o t appear t o r e d u c e t h e g r o w t h o f t h e n a t i v e 

v e g e t a t i o n . 

On u n t r e a t e d s i t e s t h e i n c r e a s e i n a c i d i t y was s t r o n g l y 

c o r r e l a t e d w i t h an i n c r e a s e i n a v a i l a b l e P ( B r a y P I ) l e v e l s . 

L o w e r i n g t h e pH appeared t o a c c e l e r a t e a p a t i t e w e a t h e r i n g . 

M e t a l s o l u b i l i t i e s s h o u l d a l s o i n c r e a s e as t h e pH d e c l i n e s , 

however t h e r e were no v i s u a l symptoms o f m e t a l t o x i c i t i e s o r 

element i m b a l a n c e s . 

On t h e dump benches, n a t u r a l p l a n t i n v a s i o n was 

g r e a t e s t on s i t e s w i t h t h e h i g h e s t p r o p o r t i o n o f < 2 mm 

p a r t i c l e s . T h i s was n o t t h e c a s e i n t h e f i e l d t r i a l s , where 

t h e v i g o r o u s growth o f a number o f d i f f e r e n t s p e c i e s 
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i n d i c a t e d t h a t an average o f 15 t o 25% < 2 mm p a r t i c l e s was 

adequate i f t h e w a s t e r o c k was f e r t i l i z e d . The a v e r a g e < 2 

mm c o n t e n t o f t h e n a t u r a l u n c o n s o l i d a t e d m a t e r i a l s s t r i p p e d 

p r i o r t o m i n i n g ranged from 15 t o 30%. D i f f e r e n c e s i n 

l i t h o l o g y a f f e c t e d t h e p r o p o r t i o n o f f i n e s i n t h e w a s t e r o c k . 

The a v e r a g e p r o p o r t i o n o f s o i l - s i z e d p a r t i c l e s i n t h e 

p o t a s s i c (19 t o 26%) and i n c o m p e t e n t (31 t o 36%) w a s t e r o c k 

were adequate f o r p l a n t g r o w t h , w h i l e t h a t i n t h e h o r n f e l s 

w a s t e r o c k (10 t o 13%) was t o o low. 

The g r e a t e s t d i f f e r e n c e s i n p a r t i c l e s i z e on t h e dumps 

were between t h e benches and t h e s l o p e s . On t h e bench 

s u r f a c e s c o n d i t i o n s were c o n d u c i v e t o p l a n t g r o w t h and t h u s 

t h e r e c l a m a t i o n problems were a m a t t e r o f s e l e c t i n g t h e b e s t 

m a t e r i a l s and methods f o r f o r e s t development. On t h e 

s l o p e s , t h e absence o f s o i l - s i z e d p a r t i c l e s p r e c l u d e d p l a n t 

g r o w t h . The absence o f f i n e s was caused b o t h by t h e h i g h 

p r o p o r t i o n o f c o a r s e f r a g m e n t s i n t h e w a s t e r o c k and t h e 

method u s e d t o b u i l d t h e dumps. The r e s u l t i n g f o u n d a t i o n o f 

b o u l d e r s i s c r u c i a l f o r dump s t a b i l i t y , b u t as a r e s u l t 

b o u l d e r s c o v e r t h e s l o p e s making p l a n t growth i m p o s s i b l e . 

I n t h e i r p r e s e n t c o n d i t i o n , t h e s l o p e s r e q u i r e an 

a d d i t i o n o f s o i l - s i z e d p a r t i c l e s t o e s t a b l i s h v e g e t a t i o n . 

One p o t e n t i a l s o u r c e o f f i n e s i s t h e n a t u r a l l y 

u n c o n s o l i d a t e d m a t e r i a l t h a t c o v e r e d t h e s u r f a c e p r i o r t o 

m i n i n g . However most o f t h i s c o n t a i n e d t h e same p r o p o r t i o n 

o f c o a r s e f r a g m e n t s as t h e w a s t e r o c k . 
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The o t h e r a l t e r n a t i v e was t o use t h e w a s t e r o c k i t s e l f . 

O b s e r v a t i o n s from t h e dumps s u g g e s t e d t h a t some o f t h e 

exposed w a s t e r o c k q u i c k l y d i s i n t e g r a t e d . F o l l o w i n g up on 

t h i s o b s e r v a t i o n , a v e n e e r o f incompetent w a s t e r o c k was 

t e s t e d i n T r i a l 82.4. A f t e r t h r e e y e a r s , 85% o f t h e s l o p e 

s u r f a c e c o n t a i n e d a h i g h enough p r o p o r t i o n o f < 2 mm 

p a r t i c l e s (> 15%) t o s u p p o r t p l a n t growth. By com p a r i s o n 

o n l y 5% o f t h e s u r r o u n d i n g s l o p e s c o n t a i n e d d e t e c t a b l e 

f i n e s . The s h o r t t e rm r e s u l t s o f T r i a l 82.4 i n d i c a t e d t h a t 

t h e i n c o m p e t e n t w a s t e r o c k was a good s o u r c e o f f i n e s . 

2. Long Term Performance o f t h e Incompetent W a s t e r o c k ,  

Used as a Source o f F i n e s on A n g l e o f Repose S l o p e s 

The c o m p a r i s o n o f t h e r o c k t y p e s and o f t h e d i f f e r e n t 

/ s i z e f r a c t i o n s i n t h e w a s t e r o c k i n d i c a t e d t h a t t h e g r e a t e r 

f r a g m e n t a t i o n i n t h e incompetent r o c k r e s u l t e d from t h e 

l a r g e r p r o p o r t i o n o f c a l c i t e and s e r i c i t e . S e r i c i t e 

c o n t r i b u t e d t o f r a g m e n t a t i o n by t h e l a c k c o h e s i o n among 

s e r i c i t e g r a i n s , w h i c h r e d u c e d t h e a b i l i t y o f t h e r o c k t o 

w i t h s t a n d t h e rough t r e a t m e n t d u r i n g dump c o n s t r u c t i o n . 

W h i l e d a t a from s o i l s a d j a c e n t t o t h e m i n e s i t e showed t h a t 

s e r i c i t e i s u n s t a b l e under low pH c o n d i t i o n s , t h e l a c k o f K, 

A l , o r S i removal and t h e l a c k o f change i n t h e m i n e r a l o g y 

o f t h e < 2 um and 2-20 um f r a c t i o n s a f t e r a c e t i c a c i d 

l e a c h i n g i n d i c a t e d t h a t t h e c h e m i c a l w e a t h e r i n g o f s e r i c i t e 

was a s l o w p r o c e s s , t h a t w i l l t a k e many hundreds o r 
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thousands o f y e a r s . C a l c i t e c o n t r i b u t e d t o f r a g m e n t a t i o n 

t h r o u g h i t s r a p i d d i s s o l u t i o n . T h i s was i l l u s t r a t e d by t h e 

t e m p o r a l a s s o c i a t i o n between d e c r e a s e s i n p a r t i c l e s i z e and 

c a r b o n a t e removal i n t h e w e a t h e r i n g s i m u l a t i o n . 

The o t h e r m i n e r a l t h a t might c o n t r i b u t e t o 

f r a g m e n t a t i o n i s p y r i t e . Data from t h e w a s t e r o c k dumps, 

s u g g e s t s t h a t s i g n i f i c a n t p y r i t e o x i d a t i o n o c c u r r e d w i t h i n 

t e n y e a r s . However most o f t h e S i n t h e unweathered 

i n c o m p e t e n t w a s t e r o c k was a l r e a d y i n t h e < 2 mm f r a c t i o n , 

and t h u s t h e p o t e n t i a l e f f e c t s o f p y r i t e o x i d a t i o n on r o c k 

s t a b i l i t y a r e l i m i t e d . 

W h i l e t h e breakdown i n t o 20 t o 40% s o i l - s i z e d p a r t i c l e s 

i s a d e s i r a b l e p r o p e r t y , f u r t h e r r e d u c t i o n i n t h e c o a r s e 

fragment c o n t e n t c o u l d l o w e r t h e a n g l e o f r e p o s e , l e a d i n g t o 

e r o s i o n and mass w a s t i n g . R e s u l t s from t h e w e a t h e r i n g 

s i m u l a t i o n showed t h a t o v e r 80% o f t h e c o a r s e f r a g m e n t s were 

r e s i s t a n t t o a c i d l e a c h i n g . T h i s , combined w i t h t h e 

s t a b i l i t y o f a l l t h e f r a c t i o n s a f t e r t h e removal o f t h e 

c a r b o n a t e s , s u g g e s t t h a t a f t e r t h e dump s e t t l e s and c a l c i t e 

i s removed, f u r t h e r d e c r e a s e s i n t h e c o a r s e fragment c o n t e n t 

w i l l o c c u r v e r y s l o w l y . 

O t h e r e v i d e n c e s u p p o r t i n g t h e a s s u m p t i o n t h a t f u r t h e r 

f r a g m e n t a t i o n w i l l be l i m i t e d was t h e s t a b i l i t y o f c o a r s e 

f r a g m e n t s i n t h e q u a r t z d i o r i t e s o i l p r o f i l e . A c c o r d i n g t o 

XRD e s t i m a t e s , q u a r t z p l u s f e l d s p a r c o m p r i s e d 92% o f t h e 

unweathered q u a r t z d i o r i t e c o a r s e f r a g m e n t s . The modal 

c o m p o s i t i o n o f q u a r t z and K f e l d s p a r i n t h e i n c o m p e t e n t 
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w a s t e r o c k were 89% i n t h e s t o n e s and 88% i n t h e g r a v e l 

f r a c t i o n s . The h i g h p r o p o r t i o n o f t h e s e r e s i s t a n t 

p h e n o c r y s t s s h o u l d e n s u r e a s i m i l a r s t a b i l i t y t o t h e q u a r t z 

d i o r i t e c o a r s e f r a g m e n t s . 

A n o t h e r p o s s i b l e problem i n terms o f s u r f a c e s t a b i l i t y 

i s i f f i n e r p a r t i c l e s formed by w e a t h e r i n g c l o g p o r e s , 

r e s t r i c t i n g d r a i n a g e . A g a i n r e s u l t s from t h e w e a t h e r i n g 

s i m u l a t i o n s u g g e s t t h a t t h i s w i l l n o t o c c u r . A f t e r 8 weeks 

o f l e a c h i n g , t h e p r o p o r t i o n o f s i l t and c l a y i n t h e modal < 

2 mm f r a c t i o n o n l y i n c r e a s e d by 3%. No d e t e c t a b l e amounts 

o f s i l t and c l a y were produced from t h e c o a r s e f r a g m e n t s . 

I n t h e groundmass f r a c t i o n t h e p r o p o r t i o n o f s i l t and c l a y 

i n c r e a s e d from 39 t o 49%. However t h i s was accompanied by a 

17% w e i g h t l o s s , w h i c h , w i t h s k e l e t a l c o a r s e f r a g m e n t s 

m a i n t a i n i n g t h e s o i l volume, s h o u l d s i g n i f i c a n t l y i n c r e a s e 

p o r o s i t y . 

I n t h e two n a t u r a l s o i l s s t u d i e d , t h e p r o p o r t i o n o f 

s i l t and c l a y i n c r e a s e d towards t h e s u r f a c e . However even 

i n t h e c l a y loam t e x t u r e d h o r n f e l s s o i l , d r a i n a g e was 

adequate. H i g h c o a r s e fragment c o n t e n t s and w e i g h t l o s s 

from w e a t h e r i n g w i l l c o n t r i b u t e t o good d r a i n a g e . I n b o t h 

s o i l s , w e i g h t l o s s was i n d i c a t e d by t h e n e g a t i v e e n r i c h m e n t 

o f q u a r t z and Z r . 

The h i g h c o n c e n t r a t i o n s o f c a l c i t e - C a , d olomite-Mg, 

a p a t i t e - P , and s e r i c i t e - K s h o u l d make t h e i n c o m p e t e n t 

w a s t e r o c k a b e t t e r s o u r c e o f t h e s e n u t r i e n t s t h a n o t h e r 

w a s t e r o c k t y p e s o r t h e m i n e r a l l a y e r s o f n a t u r a l s o i l s . The 
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a v a i l a b i l i t y o f Ca, Mg, and P was i l l u s t r a t e d by t h e i r 

r e l e a s e d u r i n g s i m u l a t e d w e a t h e r i n g . The h i g h e s t 

c o n c e n t r a t i o n s o f e x t r a c t a b l e Ca, Mg, and P were found i n 

t h e groundmass samples, w h i c h e x p l a i n s why t h e incompetent 

r o c k w i l l be a b e t t e r s o u r c e o f t h e s e elements t h a n o t h e r 

r o c k s found i n t h e waste. 

Of t h e t r a c e elements a n a l y s e d , f i v e , Co, Mo, Pb, Se, 

and Zn, were p r e s e n t i n a l l t h r e e w a s t e r o c k t y p e s i n h i g h e r 

c o n c e n t r a t i o n s t h a n commonly found i n s o i l s and r o c k . 

However none o f t h e s e elements were a s s o c i a t e d w i t h a 

p a r t i c u l a r r o c k t y p e , so i n t h i s r e g a r d t h e r e appeared t o be 

no d i s a d v a n t a g e i n p l a c i n g t h e incompetent w a s t e r o c k on t h e 

s u r f a c e . Comparing t h e d i f f e r e n t i n c ompetent w a s t e r o c k 

f r a c t i o n s l e a c h e d i n t h e w e a t h e r i n g s i m u l a t i o n , t h e c o a r s e 

f r a g m e n t s were r e l a t i v e l y e n r i c h e d and t h e groundmass 

d e p l e t e d i n Co and Mo. L e v e l s o f Pb and Zn were h i g h e s t i n 

t h e < 2 mm f r a c t i o n . 

T r a c e element c o n c e n t r a t i o n s i n n a t u r a l s o i l s d e v e l o p e d 

a d j a c e n t t o t h e m i n e s i t e were comparable t o t h o s e i n t h e 

w a s t e r o c k . I n t h e q u a r t z d i o r i t e s o i l , Mo and Pb r e l e a s e d 

by w e a t h e r i n g were complexed by se c o n d a r y Fe compounds and 

c o n s e r v e d i n t h e < 2 mm f r a c t i o n . Amorphous Fe e n r i c h e d i n 

Mo and Pb a c c u m u l a t e d a t t h e base o f t h e s o i l , where t h e 

m a t e r i a l was d e n s e l y packed, and presumably l e a c h i n g was 

r e s t r i c t e d . I n t h e deeper, w e l l d r a i n e d w a s t e r o c k dumps, 

t r a c e element d e p o s i t i o n may o c c u r i n d e p r e s s i o n s a t t h e 
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base o f t h e dumps and i n s e c t i o n s o f t h e dumps a d j a c e n t t o 

p r e f e r r e d d r a i n a g e pathways. 

I n c o n c l u s i o n t h e f i n d i n g s o f t h i s s t u d y i n d i c a t e t h a t 

i n t h e l o n g t erm, a v e n e e r o f incompetent w a s t e r o c k can 

c o n t r i b u t e t o t h e g o a l o f f o r e s t development. The h i g h 

p r o p o r t i o n o f r e s i s t a n t c o a r s e fragments s h o u l d e n s u r e t h a t 

t h e v e n e e r o f incompetent w a s t e r o c k r e t a i n s i t s a n g l e o f 

r e p o s e , w h i l e between 20 t o 40% s o i l - s i z e d p a r t i c l e s i s 

comparable t o t h a t o f s u r r o u n d i n g s o i l s , and t h u s s u f f i c i e n t 

f o r f o r e s t development. The h i g h p r o p o r t i o n o f c o a r s e 

f r a g m e n t s and sand w i l l e n s u r e t h a t t h e s u r f a c e i s w e l l 

d r a i n e d . A h i g h base s t a t u s and h i g h c o n c e n t r a t i o n s o f 

s e r i c i t e - K and a p a t i t e - P make t h e incompetent w a s t e r o c k a 

r e l a t i v e l y f e r t i l e s u b s t r a t e f o r N f i x i n g p l a n t s p e c i e s . 

W i t h t h e a d d i t i o n incompetent w a s t e r o c k as a s o u r c e o f 

f i n e s , and some s m a l l m o d i f i c a t i o n s , s u c h as t h e use o f a 

t a c k i f i e r t o s t i c k seed and f e r t i l i z e r t o s t e e p s u r f a c e s , 

m a t e r i a l s and methods s e l e c t e d on t h e dump benches s h o u l d 

a l s o r e s u l t i n f o r e s t development on t h e s l o p e s . 

W i t h r e g a r d s t o u s i n g t h e r e s u l t s from t h i s s t u d y 

e l s e w h e r e , many mines l a c k s u f f i c i e n t r e s e r v e s o f n a t u r a l 

s o i l - l i k e m a t e r i a l s t o use as growth media, e i t h e r because 

t h e mine had been d e v e l o p e d b e f o r e t h e n e c e s s i t y o f s o i l 

c o n s e r v a t i o n was r e a l i z e d o r because t h e q u a l i t y and 

q u a n t i t y o f t h e u n c o n s o l i d a t e d s o i l - l i k e m a t e r i a l i s low i n 

s t e e p , g l a c i a t e d mountain l a n d s c a p e s . Thus, a l t h o u g h t h e 

c o n c l u s i o n s r e a c h e d v i s a v i s i d e n t i f y i n g and u s i n g 
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d i f f e r e n t w a s t e r o c k t y p e s s p e c i f i c a l l y r e f e r t o K i t s a u l t , 

t h e methodology i s g e n e r a l l y a p p l i c a b l e and t h e p o t e n t i a l 

b e n e f i t s o f o p t i m a l l y p l a c i n g d i f f e r e n t r o c k t y p e s have 

w i d e r s i g n i f i c a n c e . 

The use o f n a t u r a l a n a l o g u e s ( e . g . , p r i m a r y s u c c e s s i o n ) 

and methods l i k e a r t i f i c i a l w e a t h e r i n g t o p r e d i c t t h e l o n g 

t e r m p e rformance o f r e c l a m a t i o n t e c h n i q u e s have an even 

w i d e r a p p l i c a t i o n . I n t h e i n c r e a s i n g l y i m p a t i e n t w o r l d o f 

e n v i r o n m e n t a l r e s t o r a t i o n , t h e l o n g term i m p l i c a t i o n s o f 

q u i c k - f i x a c t i o n s s h o u l d n o t be o v e r l o o k e d . 
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APPENDIX A : DESCRIPTIONS OF THE FIELD TRIALS 

1. 1 70. 1 Bench : Species/Amendment T r i a l 

1. 2 70. 3 Bench : C o n i f e r T r i a l 

1. 3 75. 1 S l o p e : Grass/Legume T r i a l 

1. 4 77. 1 Bench : S i t k a A l d e r T r i a l 

1. 5 81. 1 S l o p e : Overburden T r i a l 

1. 6 82. 1 Bench : Species/Amendment T r i a l 

1. 7 82. 4 S l o p e : Incompetent Wasterock T r i a l 
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1.1 70.1 Bench : Species/Amendment T r i a l 

Study Period: 

Established July 9th, 1970, the t r i a l i s ongoing. 

Objectives: 

To determine 

- whether the dump w i l l support vegetative growth 

- the best grass and legume species 

- whether a treatment of peat and f e r t i l i z e r w i l l 

accelerate the growth of grasses and legumes 

Experimental Design: 

The p l o t layout i s described i n Table 1. Treatments were 

4 surface treatments X 3 herbaceous seed mixes, plus 4 

other seed mixes that were tested on only 2 amendments. 

Location: 

Bench top of low grade ore dump 

Materials: 

L i s t e d i n Tables 1 and 2. 

T r i a l Preparation: 

Dump was b u i l t eight months before seeding. A grader was 

used to l e v e l the s i t e . The large boulders (greater than 
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SEED: 
Mix 1 

2 

3 

4 

5 

6 

7 

4 X 5 lbs. for use in Blocks A, B, CI, C2. (272.25 lbs/ac 
2 5 lbs. for use in Blocks A, B . (136 lbs/ac) 

2 X 4 lbs. for use in Blocks A, B. (217.8 lbs/ac) 

2 X 2 lbs. for use in Blocks A, B. (108.9 lbs/ac) 

4 X 2 lbs. for use in Blocks A, B, CI, C2. (108.9 lbs/ac) 
4 X 4 lbs. for use in Blocks A, B, CI, C2, (217.8 lbs/ac) 
2 X 5 lbs. for use in Blocks Dl . D2. (90.75 lbs/acre) 

FERTILIZER: 
13-16-10 (N-P-K) 

Block B used 6 x 10 lbs. 
Block C2 used 3 x 10 lbs. 

Block D2 used 1 x 10 lbs. 

- 544.5 lbs/acre 

- 181.5 lbs/acre 

MUSKEG: 

Block C used approx. 17 cubic feet of muskeg/strip of plots = 0.648 
cm deep spread over 800 square feet. This 
information in the original t r i a l plan conflicts 
with Dr. Thirgood's recollection that peat was 
applied to at least a depth of 4.0cm. 

Muskeg obtained from a meadow adjacent to the plot. 

TRIAL GROUND AREA: 

200 feet by 120 feet 

The area is divided into 4 blocks: A, B, C, and D, each 30 feet 
by 200 feet. Blocks A, B, & C are further divided into 6 strips 
each 200 feet by 5 feet. Block D is separated into 2 s tr ips . 
Each 200 foot long strip is composed of 20 8ft . long plots, with 
a 2 f t . wide separation in between each plot. The plots in Blocks 
A, B, & C are 5 feet wide. The 20 plots are set out in 4 blocks: 
A, B, C, and D as follows: 

Block A - 6 plots: Waste rock. Seed mixtures #1-6, one per str ip. 

Block B - 6 plots: Waste rock plus f e r t i l i z e r . Seed mixtures 
#1-6, one per s t r ip . 

Block CI - 3 plots: Waste rock plus muskeg. Seed mixture #1,5 and 
6, one per s t r i p . 

C2 - 3 plots: Waste rock plus muskeg plus f e r t i l i z e r . Seed 
mixtures #1, 5 and 6, one per s t r i p . Muskeg 
added from area opposite the plot . 

Block Dl - 1 plot: Waste rock. Seed mixture #7 
D2 - 1 plot: Waste rock plus f e r t i l i z e r . Seed mixture "7 

Table 1 - Ma t e r i a l s applied i n T r i a l 70.1. 
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1. 30* Perennial ryegrass (Lolium perenne) 
20% Creeping red fescue~Tr~estuca~fubra) 
20* Chewings fescue (Festuca pratensis) 
20* Kentucky bluegrass (Poa tr ival is) 
5% Red top (Agrostis alba) 
5% White dutch clover (Trifolium repens) 

2. 20* Annual ryegrass (Lolium species) 
25% Creeping red fescue (h"estuca rubra) 
20% Chewings fescue (Festuca pratensis) 
15% Kentucky bluegrass (Poa tr ival is) 
15% Canada bluegrass (Poa compressa) 
5% Highland bent (Agrostis species) 

3. Buckerfield's M-ll mix: 
20% Double cut red clover (Trifolium pratense) 
18% Alsike.clover (Trifolium hybridum) 
15% New Zealand perennial ryegrass (Lolium perenne) 
10% Climax Timothy (Phleum pratense) 
5% HI ryegrass (Lolium species) -

10% Tall fescue (Festuca arundinacea) 
5% Red top (Aorostis alba) 

12% U.S. perennial ryegrass (Lolium perenne) 
5% New Zealand wild white clover (Trifolium repens) 

4. Reed canarygrass - solid stand (Phalaris arundinacea) 

5. Legume mixture: 
50% Sainfoin (Onobrvchis viciafolia) 
50% Birdsfoot trefoi l (Lotus corniculatus) 

6. 30% Timothy (Phleum pratense) 
20% Perennial ryegrass (Lolium perenne) 
30% Meadow fescue (Festuca species) " 
10% Red top (Agrostis alba) 
10% Alsike clover (Trifolium hybridum) 

7. 33.3% Spring rye (Secale cereale) 
33.3% Barley (Hordeum vulgare) 
33.3% Winter vetch (Vicia species) 
Al l legumes to be double inoculated 

T a b l e 2 - S e e d m i x e s a p p l i e d i n T r i a l 7 0 . 1 . 
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one f o o t i n d i a m e t e r ) found on t h e s u r f a c e were removed. 

Seed and o t h e r amendments were a p p l i e d on J u l y 9 t h , 1970. 

M o n i t o r i n g : 

(a) V i s u a l E v a l u a t i o n 

Made a n n u a l l y e x c e p t 1979. A q u a n t i t a t i v e 

e v a l u a t i o n o f p l a n t s p e c i e s c o v e r was made i n 1980, 

1981 and 1983. S p e c i e s f r e q u e n c y was measured i n 

1976. 

(b) S o i l and P l a n t A n a l y s i s 

A t h o r o u g h s a m p l i n g program was c a r r i e d o u t i n 1980. 

The samples have been a n a l y z e d as p a r t o f t h i s 

s t u d y . Samples o f b i r d s f o o t t r e f o i l were c o l l e c t e d 

i n 1983 and 1984 t o e s t i m a t e a e r i a l biomass 

p r o d u c t i o n . 

1.2 70.3 Bench : C o n i f e r T r i a l 

S t u d y P e r i o d : 

E s t a b l i s h e d O c t o b e r , 1970, t h e t r i a l i s o n g o i n g . 

O b j e c t i v e : 

The o r i g i n a l o b j e c t i v e was t o t e s t f o u r c o n i f e r s on 

w a s t e r o c k t r e a t e d w i t h v a r i o u s s u r f a c e amendments. 

S u b s e q u e n t l y t h e o b j e c t i v e was expanded t o i n c l u d e an 

e x a m i n a t i o n o f t h e r a t e o f i n v a s i o n and g r o w t h o f n a t i v e 

woody s p e c i e s . 
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E x p e r i m e n t a l D e s i g n : 

The o r i g i n a l p l a n was t o p l a n t t h e t r e e s i n rows between 

t h e p l o t s i n T r i a l 70.1. The w i t h i n row s p a c i n g o f t h e 

t r e e s was t o be f o u r f e e t . The s p a c i n g between rows was 

t e n f e e t ( t h i s was d e t e r m i n e d by t h e w i d t h o f t h e 

gr a s s / l e g u m e p l o t s ) . The p r e s c r i b e d l a y o u t was n o t 

c a r e f u l l y f o l l o w e d . More t h a n t h e s p e c i f i e d number o f 

t r e e s , 500, were p l a n t e d , and some t r e e s were p l a n t e d 

w i t h i n t h e p l o t s . 

M a t e r i a l s : 

S i t k a s p r u c e , w e s t e r n hemlock, a m a b a l i s f i r , and 

l o d g e p o l e p i n e s e e d l i n g s were p l a n t e d . The s e e d l i n g s , 

grown from seed c o l l e c t e d by Ca n a d i a n C e l l u l o s e L t d . , 

were o b t a i n e d from a n u r s e r y n e a r K i t i m a t . The s e e d l i n g s 

were b a r e r o o t s t o c k . 

P l a n t i n g P r o c e d u r e : 

The s e e d l i n g s were p l a n t e d i n O c t o b e r , i n h o l e s p r e p a r e d 

w i t h a p i c k m attock. A h a n d f u l o f 13-16-10 f e r t i l i z e r 

was s p r e a d on t h e s u r f a c e around each s e e d l i n g . As a 

r e s u l t o f p o o r p l a n t i n g , i n a number o f c a s e s t h e r o o t s 

were l e f t exposed. 
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M o n i t o r i n g : 

(a) V i s u a l E v a l u a t i o n - made a n n u a l l y w i t h t h e e x c e p t i o n 

o f 1979. C o n i f e r s u r v i v a l was measured i n 1971, 

1972, 1974 and 1976. 

(b) H e i g h t Measurement - The h e i g h t o f n a t u r a l l y 

i n v a d i n g and i n t r o d u c e d s p e c i e s were measured i n 

1980, 1981, 1982, 1984 and 1985. 

1.3 75.1 S l o p e : Grass/Legume T r i a l 

S t u d y P e r i o d : 

A u g u s t , 1975 t o September, 1980. 

O b j e c t i v e : 

To d e t e r m i n e : 1. Whether t h e waste dump s l o p e s w i l l 

s u p p o r t g r a s s and legume growth. 2. Which g r a s s and 

legume s p e c i e s grow b e s t on t h e waste dump s l o p e s . 

L o c a t i o n : 

N o r t h west f a c i n g s l o p e o f t h e low gr a d e o r e dump. 

E x p e r i m e n t a l D e s i g n : 

The t r i a l c o n s i s t e d o f t e n 1/10 a c r e p l o t s , each 20 f e e t 

by 200 f e e t l o n g . P l o t c o r n e r s were w e l l marked w i t h 

m e t a l r o d s , r e d p a i n t on s u i t a b l e r o c k s u r f a c e s , and 

wooden markers c a r r y i n g r e d p l a s t i c t a p e . A t e n f o o t 

i n t e r v a l was l e f t between p l o t s a t t h e t o p o f t h e s l o p e . 
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Because o f t h e c u r v e o f t h e s l o p e t h e s e i n t e r v a l s fanned 

o u t t o between t w e n t y and f i f t y f e e t a t t h e l o w e r end. 

M a t e r i a l : 

The components o f each seed mix and q u a n t i t i e s a p p l i e d 

a r e o u t l i n e d i n t h e t e x t . Growth i n T r i a l 70.1 was used 

t o choose p l a n t s p e c i e s . 333 l b s / a c r e o f 12-6-10 NPK 

f e r t i l i z e r was a p p l i e d t o each p l o t . 

T r i a l P r e p a r a t i o n : 

The s l o p e , w h i c h was a t t h e n a t u r a l a n g l e o f r e p o s e , was 

b u i l t by dumping o v e r an a d v a n c i n g dump f a c e . Seed and 

f e r t i l i z e r were hand b r o a d c a s t . The number o f 

r e p l i c a t i o n s was l i m i t e d by t h e q u a n t i t y o f seed p r e s e n t . 

The s l o p e was e x t r e m e l y u n s t a b l e . To measure s u r f a c e 

movement, t h r e e r e d p a i n t bands, each f i f t e e n f e e t l o n g 

and s i x i n c h e s w i d e , were p a i n t e d a c r o s s t h e s l o p e , i n 

t h e rows between t h e p l o t s . Movement would be i n d i c a t e d 

by d i s c o n t i n u i t i e s i n t h e s e bands. 

Seed and f e r t i l i z e r were sown i n e a r l y A u g u s t , 1975. 

M o n i t o r i n g : 

(a) V i s u a l e v a l u a t i o n - Made a n n u a l l y from 1975 t o 1980, 

w i t h t h e e x c e p t i o n o f 1979. S p e c i e s p e r c e n t c o v e r 

was e s t i m a t e d i n 1980. 



(b) S o i l A n a l y s i s - samples were c o l l e c t e d i n 1980 and 

a n a l y z e d as p a r t o f t h i s s t u d y . 

1.4 77.1 Bench : S i t k a A l d e r T r i a l 

S t u d y P e r i o d : 

E s t a b l i s h e d i n 1977, t h e t r i a l i s o n g o i n g . 

O b j e c t i v e : 

To t e s t t h e growth o f S i t k a a l d e r i n t h e w a s t e r o c k 

L o c a t i o n : 

The a l d e r t e s t p l o t i s l o c a t e d a t t h e 2,200 f e e t 

e l e v a t i o n , on t h e s o u t h w e s t e r n edge o f t h e low- g r a d e o r e 

dump, a d j a c e n t t o t h e 70.1 grass/legume p l o t t r i a l s i t e . 

M a t e r i a l s : 

The a l d e r t r a n s p l a n t s were c o l l e c t e d i n l a t e O c t o b e r 1977 

a f t e r most o f t h e l e a v e s had f a l l e n from t h e t r e e s . 

Twenty s i x s m a l l a l d e r s were s e l e c t e d f o r t r a n s p l a n t i n g . 

The a l d e r s were c o l l e c t e d from t h e s l o p e j u s t below t h e 

p r i m a r y c r u s h e r . T h i s a r e a has an a l t i t u d e o f 

a p p r o x i m a t e l y 1,700 f e e t and an e x p o s u r e s i m i l a r t o t h e 

dump t r i a l s i t e . 

The t r a n s p l a n t e d s e e d l i n g s ranged from e i g h t i n c h e s t o 

two f e e t t a l l . They were removed from t h e ground by 
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v e r t i c a l p u l l i n g and no a t t e m p t was made t o r e t a i n 

s u r r o u n d i n g s o i l and f i n e r o o t s . However most d i d r e t a i n 

some f i n e r o o t s and s o i l . 

S o i l P r e p a r a t i o n : 

No s p e c i a l p r o c e d u r e s were o b s e r v e d d u r i n g p l a n t i n g 

beyond t h e u s u a l p r e c a u t i o n s ; s w i f t t r a n s p o r t a t i o n t o t h e 

t e s t s i t e t o m i n i m i z e r o o t e x p o s u r e ; h o l e s o f s u f f i c i e n t 

s i z e t o accommodate r o o t s y s t e m s ; t a m p i n g around t r e e s t o 

p r e v e n t a i r p o c k e t s f o r m i n g around t h e r o o t s . W i t h i n an 

h o u r , a l l t h e a l d e r s had been r e p l a n t e d a t t h e t e s t s i t e . 

The p l a n t s were n o t w a t e r e d f o l l o w i n g t r a n s p l a n t i n g 

because o f e x i s t i n g wet ground c o n d i t i o n s . 

M o n i t o r i n g : 

(a) V i s u a l E v a l u a t i o n : Conducted a n n u a l l y e x c e p t 1979 

(b) H e i g h t Measurement: Made a n n u a l l y s i n c e 1980 

1.5 81.1 S l o p e : Overburden T r i a l 

O b j e c t i v e : 

The o b j e c t i v e was t o t e s t t h e a b i l i t y o f d i f f e r e n t r a t e s 

o f p e a t y o v e r b u r d e n , used as s o u r c e s o f f i n e s , on a n g l e 

o f r e p o s e s l o p e s . 

S t u d y P e r i o d : 

From t h e end o f t h e f i r s t g r o w i n g s e a s o n t o t h e p r e s e n t . 
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E x p e r i m e n t a l D e s i g n ; 

The main t r e a t m e n t s were 0, 6, 12, and 24 cm deep t o p s o i l 

l a y e r s . Each p l o t r e c e i v e d one t o p s o i l d e p t h . 

F e r t i l i z e r and l i m e s t o n e were added t o h a l f o f each p l o t . 

I n 1982 s e c t i o n s o f a l l t h e s l o p e p l o t s had been b u r i e d 

p r e v e n t i n g any f u r t h e r c o m p a r i s o n o f i n d i v i d u a l 

t r e a t m e n t s . 

M a t e r i a l s : 

The seed and f e r t i l i z e r a p p l i e d a r e l i s t e d i n t h e t e x t . 

The t o p s o i l used was r e c e n t l y e x c a v a t e d p e a t . A l m o s t 

e n t i r e l y o r g a n i c and c o n t a i n i n g r e l a t i v e l y few s t o n e s , 

t h i s appeared t o be t h e b e s t o f t h e s t o c k p i l e d m a t e r i a l . 

T r i a l P r e p a r a t i o n : 

The dump was b u i l t j u s t p r i o r t o c r e a t i n g t h e t r i a l . 

O verburden was dropped o v e r t h e c r e s t by a f r o n t end 

l o a d e r . Seed and f e r t i l i z e r were b r o a d c a s t by hand. 

M o n i t o r i n g : 

The v e g e t a t i v e c o v e r and s p e c i e s c o m p o s i t i o n was 

e s t i m a t e d each y e a r . 
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1.6 82.1 Bench : Amendment T r i a l 

O b j e c t i v e : 

The g o a l o f t h i s t r i a l was t o i d e n t i f y t h e b e s t 

c o m b i n a t i o n o f amendments ( r e c i p e ) f o r g r o w i n g a f o r e s t . 

I n t h e s h o r t term t h e o b j e c t i v e was t o maximise s h r u b 

growth and l i t t e r d e p o s i t i o n . S t u d i e s o f n a t u r a l 

r e f o r e s t a t i o n from a r e a s w i t h a s i m i l a r c l i m a t i c 

c o n d i t i o n s and w i t h t h e same f l o r a , showed t h a t a dense 

s h r u b c o v e r and t h i c k l i t t e r l a y e r w i l l s t i m u l a t e f o r e s t 

development. 

A" s e c o n d a r y o b j e c t i v e o f t h e t r i a l was t o t e s t p r o p o s a l s 

made i n t h e companies r e c l a m a t i o n p l a n . Most i m p o r t a n t 

o f t h e s e was t h e p r o p o s a l t o r e s p r e a d o v e r b u r d e n p r i o r t o 

v e g e t a t i o n e s t a b l i s h m e n t . 

E x p e r i m e n t a l D e s i g n : 

The s e l e c t e d amendments were 5 d i f f e r e n t r o o t i n g medias, 

4 h erbaceous seed m i x e s , and 2 t r e e s p e c i e s . The 

e x p e r i m e n t a l d e s i g n i s a randomised c o m p l e t e b l o c k , 

s p l i t - s p l i t - s p l i t p l o t d e s i g n . T h i s d e s i g n was chosen t o 

make t h e most e f f i c i e n t use o f t h e a v a i l a b l e space and 

m a t e r i a l s . There were f i v e 8.0 x 8.0 m 2 p l o t s i n each 

b l o c k . Each o v e r b u r d e n t y p e was a s s i g n e d t o one p l o t i n 

each b l o c k . Each o f t h e herbaceous seed m i xes was 

b r o a d c a s t on one o f t h e f o u r 4.0 x 4.0 m 2 s p l i t p l o t s 
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c r e a t e d on t h e main p l o t s . Each o f t h e s e e d l i n g t y p e s 

were p l a n t e d i n one o f t h e f o u r 2.0 x 2.0 m 2 s p l i t - s p l i t 

p l o t s i n each seed mix s p l i t p l o t . S e e d l i n g s were 

p l a n t e d i n a c o n f i g u r a t i o n l i k e t h a t o f a f i v e on a d i e . 

The l a s t f a c t o r i n t h e e x p e r i m e n t a l d e s i g n was t i m e o f 

s a m p l i n g . 

M a t e r i a l s : 

The s e e d and f e r t i l i z e r a p p l i e d a r e l i s t e d i n t h e t e x t . 

The t e r r a c e was m a i n l y c o m p r i s e d o f t h e p o t a s s i c 

a l t e r a t i o n r o c k t y p e . The dump was b u i l t d u r i n g t h e 

w i n t e r p r i o r t o t h e e s t a b l i s h m e n t o f t h e t r i a l . The two 

o v e r b u r d e n t y p e s used were t y p i c a l o f t h e m a t e r i a l found 

i n t h e o v e r b u r d e n s t o c k p i l e s , most o f w h i c h a p p e a r s t o 

have a s i m i l a r p a r t i c l e s i z e d i s t r i b u t i o n t o w a s t e r o c k on 

t e r r a c e d bench t o p s . . The o v e r b u r d e n can be 

d i s t i n g u i s h e d from w a s t e r o c k by i t s d a r k e r brown 

( o x i d a t i o n ) c o l o u r . 

The amount o f f e r t i l i z e r a p p l i e d on t h e o v e r b u r d e n p l o t s 

d i f f e r e d from t h a t a p p l i e d t o t h e w a s t e r o c k . On t h e 

o v e r b u r d e n t r e a t e d p l o t s t h e f e r t i l i z e r r a t e was h a l v e d 

and l i m e s t o n e was a p p l i e d t o a v o i d t h e n e g a t i v e e f f e c t 

n o t e d when a h i g h r a t e o f f e r t i l i z e r was added t o 

o v e r b u r d e n i n T r i a l 70.1. T h i s remedy was s u c c e s s f u l i n 

T r i a l 81.1. The l i m i n g r a t e was e q u i v a l e n t t o t h e a c i d -

f o r m i n g a b i l i t y o f t h e f e r t i l i z e r . 
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I n t h e o r i g i n a l t r i a l p l a n , f o u r s e e d l i n g t y p e s were t o 

be t e s t e d . However, t h e p r o p a g a t i o n o f s i t k a w i l l o w and 

b l a c k cottonwood was u n s u c c e s s f u l , so o n l y l o d g e p o l e p i n e 

and s i t k a a l d e r were p l a n t e d . The s e e d l i n g s were 

o r i g i n a l l y o r d e r e d f o r T r i a l 81.1, and t h u s were p l a n t e d 

a y e a r ahead o f s c h e d u l e . 

T r i a l P r e p a r a t i o n : 

P r i o r t o a p p l y i n g t h e t r e a t m e n t s , a g r a d e r r i p p e d t h e 

dump s u r f a c e t o a d e p t h o f 25 cm. Overburden was p u t on 

t h e p l o t s by a f r o n t end l o a d e r and s p r e a d by a backhoe. 

F e r t i l i z e r , s e ed, and l i m e s t o n e were b r o a d c a s t by hand i n 

J u n e , 1982. T r e e s e e d l i n g s were p l a n t e d i n May, 1983. A 

t e a s p o o n o f 12:39:12 f e r t i l i z e r was s p r e a d around each 

s e e d l i n g . 

M o n i t o r i n g : 

Herbaceous c o v e r was measured i n 1982, 1983 and 1984. 

A e r i a l biomass was measured i n 1984. S e e d l i n g s u r v i v a l 

and h e i g h t were measured each y e a r s t a r t i n g i n 1983. 

S a m p l i n g t h e above ground biomass p r o d u c t i o n was o n l y 

done once because i t was d e s t r u c t i v e . S e e d l i n g h e i g h t s 

were measured t o t h e h i g h e s t above ground p a r t . 
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Data A n a l y s i s : 

The a ssignment o f e x p e r i m e n t a l u n i t s and t h e s e l e c t i o n o f 

where w i t h i n each s p l i t p l o t t o sample t h e biomass was 

done randomly. As t h e r e was o n l y a s m a l l number o f 

samples i t was n o t p o s s i b l e t o t e s t f o r a normal 

d i s t r i b u t i o n . However a l l t h e d a t a was t e s t e d f o r 

homogeneity o f v a r i a n c e . I n t e s t i n g f o r homogeneity o f 

v a r i a n c e , where t h e r e were no b l o c k - t r e a t m e n t r e p l i c a t e s 

( e . g . , herbaceous c o v e r and s e e d l i n g s u r v i v a l ) t h e 

v a r i a n c e w i t h i n t h e second h i g h e s t o r d e r o f i n t e r a c t i o n 

was t e s t e d . E q u a l i t y o f v a r i a n c e d a t a i s shown i n T a b l e 

5. U n t r a n s f o r m e d t h e s e e d l i n g s u r v i v a l d a t a met t h e 

homogeneous v a r i a n c e r e q u i r e m e n t , w h i l e s e e d l i n g h e i g h t s , 

h e r baceous p e r c e n t c o v e r and h e rbaceous biomass d i d n o t . 

V a r i o u s t r a n s f o r m a t i o n s were t r i e d . A l o g a r i t h m i c 

t r a n s f o r m a t i o n was r e q u i r e d t o homogenize t h e v a r i a n c e s 

o f t h e h e rbaceous biomass and p e r c e n t c o v e r . No 

t r a n s f o r m a t i o n was f o u n d t o s u c c e s s f u l l y homogenize 

s e e d l i n g h e i g h t t r e a t m e n t v a r i a n c e s , so an AOV was n o t 

c a r r i e d o u t on t h i s d a t a . 
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T a b l e 3. The p r o b a b i l i t y o f e q u a l i t y o f v a r i a n c e 
(E.O.V.) f o r d i f f e r e n t t y p e s o f m o n i t o r i n g d a t a . 

Type o f Data Treatment T r a n s f o r E.O.V. 
Groups -mation Probab 
E v a l u a t e d 

TREE BSHT NONE .0755 
SURVIVAL YBSH •i 1.0 
( f o r a l l YBHT •i .1256 
d a t e s ) YSHT it .5753 

YBST •i .0343 

TREE SBH NONE 1.0 
SURVIVAL SBT ti .4183 
( f o r 1985) SHT •i .5054 

BHT •i .2571 

HERBACEOUS YBS LOG e .0848 
PERCENT COVER YBH LOG e .0136 

YSH LOG e .7561 

BIOMASS YBSH LOG e .6169 

TREE HEIGHT YBSHT LOG e .0000 
POWER 0.2995 .0000 

Y: YEAR, SAMPLING DATE 
B: BLOCK 
T: SEEDLING SPECIES 

S: SOIL TYPE 
H: HERBACEOUS SEED MIX 
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F a c t o r s i n c l u d e d i n t h e AOV model f o r p e r c e n t c o v e r were 

b l o c k s ( 4 ) , s o i l t y p e s ( 5 ) , herbaceous seed mixes ( 4 ) , 

and y e a r ( 3 ) . As t h e t r e a t m e n t c o m b i n a t i o n s were n o t 

r e p l i c a t e d , t h e h i g h e s t o r d e r i n t e r a c t i o n was used as t h e 

e x p e r i m e n t a l e r r o r . 

F a c t o r s i n t h e AOV model f o r biomass were b l o c k s ( 4 ) , 

s o i l t y p e s ( 5 ) , and herbaceous seed m ixes ( 3 ) . By t h e 

t h i r d y e a r t h e a n n u a l g r a s s had l a r g e l y d i e d o u t and'thus 

i t was n o t sampled. Two biomass samples were t a k e n from 

each t r e a t m e n t c o m b i n a t i o n . The v a r i a t i o n between 

samples from t h e h i g h e s t o r d e r o f i n t e r a c t i o n was used as 

t h e e x p e r i m e n t a l e r r o r . 

F a c t o r s i n t h e AOV model f o r s e e d l i n g s u r v i v a l were 

b l o c k s ( 4 ) , s o i l t y p e s ( 5 ) , herbaceous seed mixes ( 4 ) , 

t r e e s p e c i e s ( 2 ) , and y e a r ( 3 ) . As t r e a t m e n t 

c o m b i n a t i o n s were n o t r e p l i c a t e d , t h e h i g h e s t o r d e r 

i n t e r a c t i o n was used as t h e e x p e r i m e n t a l e r r o r . 

A Duncans m u l t i p l e range t e s t was c a r r i e d o u t t o show 

w h i c h means were s i g n i f i c a n t l y d i f f e r e n t . 
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1.7 8 2 . 4 S l o p e : Incompetent Wasterock T r i a l 

O b j e c t i v e ; 

To examine t h e c h a r a c t e r i s t i c s o f a c a p p i n g o f 

in c o m p e t e n t waste r o c k . 

S t u d y P e r i o d : 

1982 t o t h e p r e s e n t , and o n g o i n g . 

L o c a t i o n : 

T e r r a c e s l o p e i n t h e C l a r y dump. 

E x p e r i m e n t a l D e s i g n : 

The t r i a l i s c o m p r i s e d o f 2 p l o t s . The s o u t h e r n p l o t i s 

40 m w i d e , 97 m l o n g , and c o v e r s an a r e a o f 5,040 m2. 

The n o r t h e r n p l o t i s 65 m wi d e , 134 m l o n g , and c o v e r s an 

a r e a o f 11,850 m2. 

M a t e r i a l s : 

The t r i a l s i t e i s a west f a c i n g t e r r a c e s l o p e , o v e r 120 m 

l o n g a t t h e n o r t h end, and s t a n d i n g a t 36°, t h e n a t u r a l 

a n g l e o f r e p o s e o f t h e w a s t e r o c k . When r e c l a i m e d t h e 

s l o p e w i l l be b r o k e n up i n t o s h o r t e r l e n g t h s . F o r 

e x p e r i m e n t a l p u r p o s e s i t posed a r i g o r o u s t e s t . The 

s l o p e s u r f a c e , p r i o r t o dumping t h e i n c o m p e t e n t waste 

r o c k , was c o m p r i s e d o f h o r n f e l s . 
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The i n c o m p e t e n t r o c k was d i s t i n g u i s h e d by i t s l a c k o f 

c o h e s i o n when h a n d l e d . The inc o m p e t e n t w a s t e r o c k came 

from t h e c e n t e r o f t h e p i t . 15,000 t o n n e s o f incompetent 

w a s t e r o c k were a p p l i e d . 

T r i a l P r e p a r a t i o n ; 

Two p l o t s , 20 m wide were marked o u t on t h e c r e s t o f t h e 

s l o p e , and berms were b u i l t a l o n g t h e bottom f o r 

a v a l a n c h e and sediment c o n t r o l . I n t h e u s u a l t r u c k and 

s h o v e l o p e r a t i o n , t h e inc o m p e t e n t w a s t e r o c k was b r o u g h t 

t o t h e s i t e and t h e n a b u l l d o z e r pushed i t o v e r t h e 

c r e s t . G r a v i t y s p r e a d i t o u t . 
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APPENDIX B : SOIL RESOURCES RAW DATA 

T a b l e 1. S u r f a c e Cover 

T a b l e 2. S o i l P h y s i c a l P r o p e r t i e s 

T a b l e 3. S o i l C h e m i c a l P r o p e r t i e s 
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Table 1. Surface cover data for individual soil sample sites. 

Group 

75.1 

SELPO.V 

SELPO.U 

SELHN 

SELHNV 
LG.V 

LG.U.B 

LG.U.S 

R o d Fines Peat Moss Vascular Grass Legume Litter Moss + Moss+ Organic 
Plant Litter + Vas.Ptant Matter 

Peat Depth 

75 10 0 15 10 0 0 0 15 25 0.5 
60 0 0 40 11 1 10 1 41 51 1.0 
60 10 0 30 3 0 0 0 30 33 1.0 
40 0 0 60 1 1 0 0 60 61 1.0 
60 0 0 40 3 3 0 0 40 43 0.5 
80 0 0 20 5 4 1 0 20 25 0.5 
85 5 0 10 26 1 25 10 20 36 0.5 
99 0 0 1 0 0 0 0 1 1 0.0 
82 0 0 18 30 30 0 0 18 48 0.5 
40 0 0 60 21 20 0 0 60 81 2.0 
50 0 0 50 10 10 0 0 50 60 1.0 
60 0 0 40 13 2 10 0 40 53 1.0 
75 0 0 25 5 0 0 1 26 30 liO-
90 0 0 10 2 0 0 0 10 12 0.0 
65 30 0 5 0 0 0 0 5 5 0.5 
20 0 0 80 22 2 20 5 85 102 2.0 
80 0 0 20 3 3 0 0 20 23 0.5 
82 5 5 8 8 0 0 0 13 16 1.0 
90 10 0 0 5 0 0 0 0 5 1.0 
85 15 0 0 5 0 0 1 1 5 0.0 
88 0 0 12 10 0 0 0 12 22 0.0 

0 0 0 95 15 0 0 35 130 110 1.5 
95 5 0 0 0 0 0 0 0 0 0.0 
60 40 0 0 0 0 0 0 0 0 0.0 
90 10 0 0 0 0 0 0 0 0 0.0 

100 0 0 0 0 0 0 0 0 0 0.0 
100 0 0 0 0 0 0 0 0 0 0.0 
100 0 0 0 0 0 0 2 2 0 0.0 
98 0 0 2 5 0 0 1 3 7 0.0 
55 0 0 45 50 0 0 0 45 95 0.5 
78 5 0 17 8 0 0 0 17 25 0.5 
70 5 0 25 75 0 0 0 25 100 0.0 

3 0 0 97 0 0 0 0 97 97 2.5 
86 7 0 7 25 0 0 0 7 32 1.0 
70 15 0 15 25 0 0 0 15 40 0.5 
25 35 35 40 1 0 0 0 75 41 0.5 
95 0 0 5 8 0 0 0 5 13 1.0 
90 5 0 5 0 0 0 0 5 5 0.0 
84 0 8 9 2 0 0 0 17 11 0.0 
80 10 5 5 0 0 0 0 10 5 0.5 
75 20 0 5 0 0 0 0 5 5 0.0 
94 5 0 0 5 0 0 1 1 5 0.0 
80 10 0 5 5 0 0 5 10 10 0.0 
85 15 0 5 5 2 0 5 10 10 0.0 
85 10 0 5 5 0 0 0 5 10 0.0 
55 30 0 15 0 0 0 0 15 15 0.5 
55 45 0 1 0 0 0 1 2 1 0.0 
70 30 0 0 0 0 0 0 0 0 0.0 
70 25 0 5 0 0 0 0 5 5 0.0 
80 10 0 10 0 0 0 0 10 10 0.5 
94 5 0 1 0 0 0 0 1 1 0.0 

Note : except for organic matter Depth, all measurements are percent cover 
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Table 1. Surface cover data for individual soil sample sites (continued). 

Group Rock Fines Peat Moss Vascular Grass Legume Litter Moss + Moss* Litter 
Plant Litter + Vas.Plant Depth 

Peat 

70R 79 5 0 15 1 1 0 0 15 16 0.0 
80 5 0 10 1 1 0 0 10 11 0.0 
58 35 0 3 4 4 0 0 3 7 0.5 
75 2 0 25 2 0 0 0 25 27 0.0 
85 0 0 15 1 1 0 0 15 16 0.5 
90 0 0 10 2 1 1 0 10 12 0.5 
85 0 2 13 2 2 0 0 15 15 0.0 
92 3 0 5 0 0 0 0 5 5 0.5 
82 0 8 10 2 1 0 0 18 12 0.5 

70PF 40 0 30 30 5 5 0 0 60 35 4.0 
15 0 30 55 20 18 2 0 85 75 3.0 
1 0 20 80 31 30 1 0 100 111 2.5 

15 0 82 3 12 12 0 0 85 15 2.0 • 
25 0 30 30 1 1 0 14 74 31 7.5 
40 0 25 35 3 3 0 0 60 38 2.0 
10 0 30 55 14 9 5 10 95 69 2.0 
60 0 0 15 2 2 0 0 15 17 2.0 
25 0 50 25 1 1 0 0 75 26 4.0 
40 0 30 25 2 1 0 0 55 27 1.5 
5 0 0 95 10 10 0 0 95 105 2.5 

30 0 20 40 3 3 0 0 60 43 2.0 
70F1 25 0 35 25 15 10 5 0 60 40 0.0 

30 0 10 40 9 6 3 20 70 49 1.0 
5 0 0 40 30 30 0 35 75 70 2.5 
4 0 0 80 30 15 15 0 80 110 2.0 

70F5 25 0 0 75 6 1 5 2 77 81 2.0 
20 0 0 75 40 5 35 5 80 115 2.0 
0 0 0 80 91 1 90 20 100 171 2.5 
0 0 0 60 76 1 75 40 100 136 2.5 

70F6 68 0 2 30 8 2 6 2 34 38 2.0 
60 0 10 30 4 4 0 0 40 34 2.0 

1 0 0 99 9 1 8 0 99 108 2.0 
10 0 0 70 7 7 0 25 95 77 2.5 

70P1 5 0 5 90 1 1 0 0 95 91 7.0 
1 0 0 70 65 65 0 0 70 135 3.5 
1 0 7 32 61 61 0 0 39 93 2.5 
3 0 0 95 25 20 5 0 95 120 4.0 

70P5 16 0 5 85 27 1 26 3 93 112 7.5 
0 0 0 90 32 17 15 15 105 122 4.0 
0 0 0 70 76 6 70 30 100 146 5.0 
5 0 0 80 44 4 40 20 100 124 4.5 

70P6 3 0 10 87 0 5 0 0 97 87 5.0 
1 0 0 99 2 2 0 1 100 101 3.5 
0 0 0 100 3 3 0 0 100 103 3.5 
0 0 4 96 8 7 1 0 100 104 3.0 

70AI 70 30 61 3 8 70 100 91 3.0 
97 2 1 8 10 2 0.5 
42 22 77 5 35 57 99 1.5 

70.OB 10 90 71 2 20 n o 161 12.0 
10 90 35 5 35 125 125 3.0 
5 90 46 6 40 35 125 136 10.0 

40 60 37 17 45 105 97 1.5 

Note : except (or organic matter Depth, all measurements are percent cover 



Table 2. Soil physical data (or individual sample sites. 

Treatment Year Site Weight Volume Bulk Density % stones % grovel % <2.0mm < 2mm/m3 Year Site Weiqhl %<2.0mm 
(g) (cm3) (Icg/m3) Ikg/m3) Igl 

Depth 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 Depth 0-10 0-10 

75.1 1980 100 193121261125 1125 1716 1890 75 49 16 33 9 17 162 327 82.1 1984 6EG1 1456 19 
1980 101 1998234311251125 1776 2083 48 55 29 25 23 20 400 420 1984 6EG2 1098 12 
1980 102 2324 1936 1125 1125 2066 1721 59 50 26 33 15 17 310 294 1984 8EG1 783 23 
1980 103 1471 1931 1125 1125 1308 1717 37 53 36 26 28 20 363 345 1984 8EG2 1238 20 
1980 104 157423861125 1125 1399 2121 20 45 40 32 39 23 548 491 1984 6L1 1253 24 
1980 105 19172143 1125 1125 1704 1905 83 28 10 41 7 31 117 589 1984 6L2 1479 25 
1980 106 21262352 1125 1125 1889 2091 73 51 15 28 12 21 227 433 1984 8L1 1621 17 
1980 107 180920081125 1125 1608 1785 63 48 29 35 7 17 120 303 1984 8L2 1506 14 
1980 108 131419001125 1125 1168 1689 20 47 46 28 34 26 399 432 77.1 1984 1.8 866 26 
1980 109 1456246211251125 1295 2188 32 55 33 26 35 19 449 422 1984 1.1 944 19 
1980 110 1932236611251125 1717 2103 29 68 34 18 36 14 624 294 1984 2.8 1469 17 
1980 111 179)1849 11251125 1592 1643 66 50 16 27 18 23 286 380 1984 3.3 901 17 
1980 112 16892124 1125 1125 1502 1688 57 39 26 35 17 26 255 496 82.4 1984 A20 1550 44 
1980 113 168421161125 1125 1497 1881 85 52 8 28 7 19 105 359 1984 B20 912 33 
1980 114 10962139 1125 1125 974 1902 42 66 34 20 24 14 235 271 1984 A40 1432 27 
1980 115 1785 2032 1125 1125 1587 1806 18 40 43 35 40 26 630 464 1984 B40 1224 33 
1980 116 17801528 1125 1125 1582 1358 57 46 29 38 14 16 225 220 1984 A60 1783 37 

SELPO.V 1980 23 212718501125 1125 1891 1645 35 40 35 32 30 28 571 454 1984 B60 1453 38 
1980 24 215920631125 1125 1919 1833 40 27 36 34 24 39 459 720 1984 A80 2371 43 
1980 25 16592053 1125 1125 1474 1825 30 54 40 25 30 21 439 378 1984 B80 1306 27 
1980 27 2626 2733 1125 1125 2334 2430 78 67 14 22 9 11 202 272 1984 A100 2437 13 
1980 29 15342621 1125 1125 1363 2330 30 44 43 35 27 21 363 491 1984 B100 1457 31 

SELPO.U 1980 22 1672216411251125 1486 1924 37 26 33 36 30 38 -442 732 1984 B120 2354 37 
1980 30 2090202611251125 1857 1801 41 41 31 31 28 29 522 518 1984 SA10 1788 44 
1980 35 19942051 1125 1125 1772 1823 40 52 39 32 22 16 389 298 1984 SB10 1529 57 

SELHN.U 1980 26 216421001125 1125 1923 1867 73 50 16 32 11 19 211 348 1984 SC10 2111 17 
1980 31 23952591 1125 1125 2129 2303 77 62 15 26 8 11 178 262 1984 SA20 1603 38 
1980 33 17582651 1125 1125 1563 2356 81 74 13 18 6 8 101 194 1984 SB20 1617 29 

SELHN.V 1980 32 2088 259011251125 1856 2303 54 62 30 27 16 11 302 259 1984 SC20 1645 42 
LG.V 1980 1 175327661125 1125 1558 2459 26 68 34 12 40 19 630 476 1984 SAB35 1036 66 

1980 2 1823171211251125 1621 1522 21 43 32 24 46 33 749 498 1984 SC35 1283 24 
1980 5 1863155011251125 1656 1378 62 42 15 26 23 32 381 439 1984 SA45 1501 44 
1980 6 1029 9191125 1125 915 817 14 36 34 28 52 36 477 290 1984 SB45 1702 25 
1980 7 156916691125 1125 1395 1484 40 38 22 21 38 41 529 604 1984 SC45 2115 21 
1980 8 212317861125 1125 1887 1588 54 25 25 31 21 44 401 703 1984 SA55 1401 22 
1980 9 182117831125 1125 1618 1585 36 28 25 27 38 45 618 720 1984 SB55 1189 29 

LG.U.B 1980 3 1574149711251125 1399 1330 64 46 20 27 16 27 224 353 1984 SBC55 2296 20 
1980 10 2150216711251125 1911 1926 44 57 27 23 29 19 560 372 1984 SC55 1891 16 
1980 13 212414491125 1125 1888 1288 49 36 27 39 24 24 449 315 1984 SA65 1566 11 
1980 14 23102312 1125 1125 2054 2055 58 57 21 24 22 20 442 402 1984 SB65 1970 23 
1980 15 1897204611251125 1686 1818 59 55 21 27 20 17 330 317 
1980 17 226521601125 1125 2013 1920 77 56 14 31 9 13 182 255 
1980 117 1766 2271 1125 1125 1570 2018 45 67 31 22 23 11 366 222 
1980 118 1921 1804 1125 1125 1708 1603 49 42 31 37 21 21 354 331 . 
1980 119 23592075 1125 1125 2097 1844 50 42 26 37 24 20 503 376 • 

stones : > 12.7 mm gravel : 12.7 - 2.0 mm 
0-5 : 0-5 cm 510:510 cm 0-10: 0-10 cm 
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Table 2. Soil physical data for individual sample sites (continued). 

Treatment Year Site Weight Volume Bulk Density % stones % gravel % <2.0mm < 2mm/m3 
<9> (ar>3) (kg/m3) |kg/m3) 

Depth 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 0-5 5-10 

LG.U.S I960 11 1890 1822 1125 1125 1680 1619 67 19 17 45 16 36 265 575 
1980 12 1850 2142 1125 1125 1644 1904 29 42 35 29 36 29 595 550 
1980 18 2213 2012 1125 1125 1967 1788 62 42 23 36 14 22 283 388 
1980 19 2267 1922 1125 1125 2015 1709 39 37 33 35 28 28 573 477 
1980 20 2105 1450 1125 1125 1871 1289 39 38 36 39 25 24 470 303 
1980 21 1829 2487 1125 1125 1626 2211 54 51 27 29 19 20 307 439 

70R 1980 41 1720 1968 1125 1125 1529 1750 79 47 13 38 8 15 122 264 
1980 42 2154 3595 1125 1125 1915 3195 60 83 20 10 19 7 370 216 
1980 43 2784 1741 1125 1125 2474 1548 75 53 16 26 9 21 229 331 
1980 44 2385 2464 1125 1125 2120 2190 56 52 25 33 18 15 392 333 
1980 45 2300 2520 1125 1125 2045 2240 63 39 26 34 12 28 241 622 
1980 46 2147 2560 1125 1125 1908 2275 71 69 16 17 13 14 248 327 
1980 47 2758 2891 1125 1125 2451 2570 64 74 21 17 15 9 362 244 
1980 48 2430 1694 1125 1125 2160 1505 53 34 29 39 17 27 326. 400 
1980 49 1710 1965 1125 1125 1520 1747 53 42 27 32 20 25 310 442 

70PF 1980 74 2924 3170 1125 1125 2599 2818 79 68 9 18 12 15 324 410 
1980 75 1708 1845 1125 1125 1518 1640 67 51 20 33 13 16 196 264 
1980 76 1095 1681 1125 1125 973 1494 67 42 15 33 18 25 172 378 
1980 77 1695 2817 1125 1125 1507 2504 41 65 29 21 30 14 452 343 
1980 78 2112 3333 1125 1125 1877 2963 61 90 15 5 25 5 464 154 
1980 79 2352 2948 1125 1125 2090 2620 76 78 14 12 11 10 223 267 
1980 80 1902 2176 1125 1125 1691 1934 49 73 29 16 22 11 375 218 
1980 81 1940 2814 1125 1125 1724 2501 94 88 2 7 4 5 68 124 
1980 82 2105 2229 1125 1125 1871 1981 83 61 7 26 10 13 195 263 
1980 83 1613 1092 1125 1125 1434 970 89 45 5 29 6 26 89 254 
1980 84 1480 1997 1125 1125 1315 1775 85 70 6 19 9 11 119 193 
1980 85 1942 2208 1125 1125 1726 1962 89 63 5 23 6 14 110 269 

70F1 1980 50 1444 1783 1125 1125 1283 1585 49 37 30 40 20 23 260 363 
1980 51 1932 1968 1125 1125 1717 1750 58 57 25 25 17 18 292 320 
1980 52 1334 2069 1125 1125 1186 1839 48 49 26 31 25 21 299 380 
1980 53 1531 1936 1125 1125 1361 1721 75 58 13 27 12 15 161 266 

70F5 I960 54 1898 2526 1125 1125 1687 2245 71 57 20 29 9 14 153 316 
1980 55 1758 2201 1125 1125 1562 1957 62 60 24 25 14 15 214 289 
1980 56 1173 1942 1125 1125 1043 1726 65 28 19 46 16 25 168 438 
1980 57 1194 2191 1125 1125 1062 1948 57 50 17 29 26 21 271 405 

70F6 1980 58 2643 2501 1125 1125 2349 2223 93 65 2 11 4 5 100 102 
1980 59 1664 2037 1125 1125 1479 1811 92 81 4 13 4 6 62 116 
1980 60 1416 1416 1125 1125 1259 1259 42 42 37 37 22 22 271 271 
1980 61 1576 2544 1125 1125 1401 2262 57 61 22 24 21 15 288 338 

70P1 1980 62 955 3197 1125 1125 849 2842 31 75 25 12 43 13 369 363 
1980 63 1327 1620 1125 1125 1179 1440 77 78 11 15 12 7 142 100 
1980 64 1626 2280 1125 1125 1446 2026 67 70 17 18 15 11 218 225 
1980 65 1210 2229 1125 1125 1076 1981 54 60 23 24 23 16 250 320 

70P5 1980 66 1427 3091 1125 1125 1269 2747 62 82 11 9 27 9 342 247 
1980 67 430 1439 1125 1125 382 1279 25 48 35 34 40 18 155 226 
1980 68 1158 1893 1125 1125 1030 1683 89 76 3 14 9 10 92 169 
1980 69 1524 3000 1125 1125 1355 2667 84 80 8 11 9 9 117 230 

70P6 1980 70 1675 2861 1125 1125 1489 2543 68 69 15 19 17 11 258 288 
1980 71 694 2409 1125 1125 617 2141 62 49 22 32 16 18 102 393 
1980 72 833 1915 1125 1125 741 1702 46 67 31 21 23 11 170 194 
1980 73 793 1875 1125 1125 705 1667 21 64 53 20 26 16 186 274 

70AI 1980 91 2387 2006 1125 1125 2122 1784 90 67 7 22 3 11 72 202 
1980 92 2594 2294 1125 1125 2305 2040 79 59 14 26 7 15 155 310 
1980 93 2341 2158 1125 1125 2081 1919 68 60 20 23 12 17 245 318 

70.OB 1980 86 227 256. 1125 1125 202 228 17 8 34 50 49 41 98 94 
1980 90 1761 1796 1125 1125 1565 1597 79 60 12 24 10 16 151 253 
1980 89 567 1817 1125 1125 504 1615 31 74 24 11 45 15 228 245 
1980 87 793 1677 1125 1125 705 1491 73 90 11 4 16 7 110 102 

stones : > 12.7 mm 
0-5 : 0-5 cm 

gravel : 12.7 - 2.0 mm 
5-10: 5-10 cm 0-10: 0-10 cm 
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Table 2. Soil physical data for individual sample sites (continued). 

Depth 

82.1 

KM82.4 

OB.SH 

OB.59 

82.1 

OB.SH 

OB.59 

Year Site Weight Volume Bulk Density % stones % grovel % <2.0mm < 2mm/m3 
lg) (cm3) (kg/m3) (kg/m3) 

0-10 0-10 0-10 0-10 0-10 0-10 0-10 

1982 4 1450 750 1944 41 28 31 599 
1982 7 1455 750 1937 33 35 31 603 
1982 8 1461 750 1947 44 30 26 497 
1982 10 1671 875 1910 56 25 19 358 
1982 12 1603 950 1687 49 24 27 481 
1982 14 1897 1150 1597 71 18 11 193 
1982 1.1 2897 1400 2069 35 31 34 694 
1982 1.2 3100 1700 1824 30 32 38 692 
1982 1.3 2446 1300 1882 34 35 32 596 
1982 1.4 2728 1500 1819 42 31 28 502 
1982 2.1 3902 2150 1815 18 29 52 951 
1982 2.2 3132 1800 1740 46 26 28 4 8 7 
1982 2.3 2298 1400 1641 43 34 23 381 
1982 2.4 3687 2050 1799 20 33 47 . • 843 
1982 2 1113 775 1436 65 19 16 232 
1982 5 1318 625 2213 66 17 17 397 
1982 7 1412 675 2099 65 19 16 347 
1982 10 1586 750 2115 72 16 11 237 
1982 12 1245 800 1556 63 20 17 257 
1982 2 1253 825 1453 50 24 26 339 
1982 4 1161 925 1253 33 37 30 372 
1982 7 988 800 1322 32 31 37 493 
1982 10 895 900 994 43 25 32 3H 
1982 11 1175 875 1356 46 28 26 351 
1982 4.1 1473 700 2104 55 22 23 488 . 
1982 4.2 1427 800 1784 26 34 40 709 
1982 7.1 1586 800 1983 43 31 26 521 
1982 7.2 1324 700 1891 24 40 36 684 
1982 8.1 1197 750 1596 39 35 26 416 
1982 8.2 1724 750 2299 49 26 25 579 
1982 10.1 1701 900 1890 50 31 20 373 
1982 10.2 1641 850 1931 63 19 18 342 
1982 12.1 2110 950 2221 38 31 31 685 
1982 12.2 1096 950 1154 59 17 24 276 
1982 14.1 1233 950 1298 81 12 7 88 
1982 14.2 2561 1350 1897 61 23 16 298 
1982 2.1 1132 800 1415 71 15 14 195 
1982 2.2 1093 750 1457 59 23 18 268 
1982 5.1 1266 750 1688 75 12 13 217 
1982 5.2 1369 500 2738 58 21 21 576 
1982 7.1 1328 700 1897 75 13 12 229 
1982 7.2 1495 650 2300 54 25 20 465 
1982 10.1 1518 750 2024 73 18 9 184 
1982 10.2 1654 750 2205 72 15 13 291 
1982 12.1 1386 800 1733 65 20 15 253 
1982 12.2 1104 800 1380 60 21 19 261 
1982 2.1 744 650 1145 27 37 36 414 
1982 2.2 1761 1000 1761 73 12 15 264 
1982 4.1 1274 1000 1274 33 40 27 349 
1982 4.2 1048 850 1233 33 35 32 395 
1982 7.1 1004 600 1673 29 33 38 635 
1982 7.2 971 1000 971 35 29 36 350 
1982 10.1 726 900 807 41 23 36 288 
1982 10.2 1064 900 1182 45 27 28 333 
1982 11.1 1087 750 1449 47 29 24 347 
1982 11.2 1263 1000 1263 45 27 28 356 

stones : > 12.7 mm 
0-5 : 0-5 cm 

gravel : 12.7 - 2.0 mm 
5-10: 5-10 cm 0-10: 0-10 cm 



Table 3. Soil chemistry data for individual sample sites. 

Treatment Year Site PH %C %N avail.P pH %C %N avail.P C/m3 N/m3 avail.P/m3 C/m3 N/m3 avail.P/m3 C/N C/N N/avail.P N/avc PH 
(ppm) (ppm) (kg/m3) (kg/m3) (g/m3) (kg/m3) (Wm3| (g/m3) 

N/avail.P N/avc 

Depth 0-5 0-5 0-5 0-5 5-10 5-10 5-10 5-10 0-5 0-5 0-5 5-10 5-10 5-10 0-5 5-10 0-5 5-1 

75.1 1980 100 6.7 0.50 0.025 66.0 7.3 0.45 0.006 40.1 0.81 0.041 10.72 1.47 0.020 13.12 20 75 4 1 
1980 101 6.4 0.56 0.031 18.4 6.6 0.15 0.008 8.3 2.24 0.124 7.36 0.63 0.034 3.49 18 19 17 10 
1980 102 7.3 0.33 0.018 20.1 7.6 0.38 0.004 4.7 1.02 0.056 6.23 1.12 0.012 1.38 18 95 9 9 
1980 103 7.0 0.82 0.039 16.2 7.2 0.47 0.006 1.5 2.98 0.142 5.89 1.62 0.021 0.52 21 78 24 40 
1980 104 5.4 0.42 0.018 5.8 6.5 0.18 0.006 1.8 2.30 0.099 3.18 0.88 0.029 0.88 23 30 31 33 
1980 105 6.4 1.32 0.055 60.0 6.9 0.43 0.010 11.9 1.55 0.064 7.03 2.53 0.059 7.01 24 43 9 8 
1980 106 4.4 0.74 0.027 21.1 6.3 0.14 0.008 10.7 1.68 0.061 4.78 0.61 0.035 4.63 27 18 13 7 
1980 107 4.1 0.08 0.008 8.6 3.8 0.004 4.6 0.10 0.010 1.03 0.012 1.39 10 9 9 
1980 108 5.4 0.87 0.032 41.5 6.6 0.29 0.009 15.0 3.47 0.128 16.56 1.25 0.039 6.48 27 32 8 6 
1980 109 6.0 0.81 0.029 16.2 6.3 0.43 0.007 5.8 3.64 0.130 7.27 1.82 0.030 2.45 28 61 18 12 
1980 110 5.2 0.56 0.024 14.4 6.2 0.79 0.009 8.3 3.49 0.150 8.98 2.32 0.026 2.44 23 88 17 11 
1980 111 5.6 0.41 0.029 41.1 6.0 0.10 0.007 14.3 1.17 0.083 11.77 0.38 0.027 5.43 14 14 7 5 
1980 112 5.8 0.23 0.025 23.5 6.8 0.18 0.007 9.5 0.59 0.064 5.99 0.89 0.035 4.71 9 26 11 7 
1980 113 5.2 0.70 0.032 14.8 6.2 0.20 0.005 4.6 0.73 0.034 1.55 0.72 0.018 1.65 22 40 22 11 
1980 114 6.9 0.75 0.015 2.3 7.0 0.23 0.004 1.6 1.76 0.035 0.54 0.62 0.011 0.43 50 58 65 25 
1980 115 5.1 0.63 0.089 15.0 6.3 0.17 0.006 2.8 3.97 0.561 9.45 0.79 0.028 1.30 7 28 59 21 
1980 116 6.6 0.56 0.027 12.3 7.4 0.25 0.007 3.1 1.26 0.061 2.77 0.55 0.015 0.68 21 36 22 23 

SEL.PO.V 1980 23 5.3 0.29 0.022 3.9 7.2 0.18 0.006 1.2 1.65 0.126 2.23 0.82 0.027 0.54 13 30 56 50 
1980 24 7.1 0.48 0.008 1.5 6.9 0.55 0.005 1.0 2.20 0.037 0.69 3.96 0.036 0.72 60 110 53 50 
1980 25 6.8 0.33 0.007 1.6 6.8 0.40 0.003 3.4 1.45 0.031 0.70 1.51 0.011 1.28 47 133 44 9 
1980 27 6.8 0.48 0.017 2.0 7.2 0.26 0.010 1.0 0.97 0.034 0.40 0.71 0.027 0.27 28 26 85 100 
1980 29 6.3 1.96 0.057 6.0 7.0 0.79 0.010 1.0 7.11 0.207 2.18 3.88 0.049 0.49 34 79 95 100 

SELPO.U 1980 22 7.3 0.33 0.005 0.4 7.4 0.25 0.002 0.3 1.46 0.022 0.18 1.83 0.015 0.22 66 125 125 67 
1980 30 7.6 0.74 0.006 0.4 7.9 0.72 0.003 0.2 3.86 0.031 0.21 3.73 0.016 0.10 123 240 150 150 
1980 35 7.7 0.48 0.012 0.4 7.7 0.53 0.008 0.2 1.87 0.047 0.16 1.58 0.024 0.06 40 66 300 400 

SEL.HN.U 1980 26 7.3 0.82 0.016 1.0 6.8 0.74 0.017 1.0 1.73 0.034 0.21 2.57 0.059 0.35 51 44 160 170 
1980 31 7.2 0.76 0.010 0.5 7.3 0.94 0.007 1.2 1.35 0.018 0.09 2.46 0.018 0.31 76 134 200 58 
1980 33 7.3 0.90 0.012 1.5 7.1 0.99 0.008 1.0 0.91 0.012 0.15 1.92 0.016 0.19 75 124 80 80 

SELHN.V 1980 32 7.2 0.69 0.023 1.5 7.0 0.50 0.018 1.2 2.08 0.069 0.45 1.30 0.047 0.31 30 28 153 150 
LG.V 1980 1 4.8 0.85 0.027 15.8 4.7 0.74 0.022 26.0 5.36 0.170 9.96 3.52 0.105 12.36 31 34 17 8 

1980 2 4.1 1.04 0.033 19.1 4.2 0.80 0.021 23.5 7.79 0.247 14.30 3.98 0.105 11.70 32 38 17 9 
1980 5 4.0 1.18 0.034 20.7 4.1 1.08 0.035 17.5 4.50 0.130 7.89 4.74 0.154 7.69 35 31 16 20 
1980 6 3.7 2.78 0.056 6.5 3.2 0.040 33.0 13.27 0.267 3.10 0.116 9.57 50 86 12 
1980 7 3.8 0.95 0.038 9.3 3.9 0.43 0.012 13.3 5.03 0.201 4.92 2.60 0.072 8.03 25 36 41 9 
1980 8 4.2 0.39 0.021 2.3 4.8 0.43 0.012 7.7 1.56 0.084 0.92 3.02 0.084 5.41 19 36 91 16 
1980 9 3.9 1.24 0.054 13.2 3.9 0.48 0.019 13.6 7.66 0.334 8.15 3.45 0.137 9.79 23 25 41 14 

LG.U.B 1980 3 6.4 0.38 0.011 2.0 6.7 0.76 0.011 4.6 0.85 0.025 0.45 2.69 0.039 1.63 35 69 55 24 
1980 10 6.2 0.32 0.018 3.9 6.4 0.51 0.016 7.5 1.79 0.101 2.18 1.90 0.060 2.79 18 32 46 21 
1980 13 5.7 0.26 0.020 4.2 7.2 0.41 0.010 1.6 1.17 0.090 1.89 1.29 0.032 0.50 13 41 48 63 
1980 14 5.4 0.35 0.023 6.2 6.6 0.29 0.011 7.4 1.55 0.102 2.74 1.17 0.044 2.97 15 26 37 15 
1980 15 6.8 0.36 0.020 0.8 7.4 0.32 0.011 0.2 1.19 0.066 0.26 1.02 0.035 0.06 18 29 250 550 
1980 17 7.1 1.77 0.036 0.0 7.5 0.62 0.012 1.0 3.23 0.066 0.00 1.58 0.031 0.26 49 52 120 
1980 117 7.3 0.37 0.015 1.0 7.5 0.32 0.004 1.0 1.36 0.055 0.37 0.71 0,009 0.22 25 80 150 40 
1980 118 6.9 0.49 0.024 0.3 7.2 0.81 0.026 1.5 1.73 0.085 0.11 2.68 0.086 0.50 20 31 2967 173 
1980 119 6.9 0.32 0.016 1.8 7.3 0.51 0.007 1.9 1.61 0.080 0.91 1.92 0.026 0.71 20 73 150 37 

0-5 : 0-5 cm 5-10 : 5-10 cm 0-10: 0-10 cm 



Table 3. Soil chemistry data for individual sample sites (continued]. 

Treatment Year Site pH %C %N avail.P pH %C %N avail.P C/m3 pH 
(ppm) (kg/m3) 

Depth 0-5 0-5 0-5 0-5 5-10 5-10 5-10 5-10 0-5 

LG.U.S 1980 11 5.8 0.34 0.024 10.1 6.4 0.24 0.011 12.0 0.90 
1980 12 4.0 0.38 0.021 21.7 4.0 0.27 0.013 21.7 2.26 
1980 18 7.5 0.26 0.005 1.4 7.3 0.22 0.002 1.6 0.74 
1980 19 6.7 0.14 0.008 1.0 7.3 0.18 0.001 0.5 0.80 
1980 20 7.6 0.17 0.003 1.1 7.4 0.18 0.006 1.3 0.80 
1980 21 5.8 0.10 0.007 1.8 6.2 0.10 0.005 1.6 0.31 

70R 1980 41 6.2 1.45 0.065 1.0 7.4 0.55 0.020 1.0 1.76 
1980 42 6.9 1.33 0.047 2.3 7.4 0.57 0.022 0.4 4.92 
1980 43 7.0 1.07 0.048 1.8 7.3 0.93 0.021 1.1 2.45 
1980 44 5.2 0.48 0.017 1.5 7.4 1.01 0.022 0.0 1.88 
1980 45 5.5 0.39 0.019 3.4 7.6 0.53 0.013 0.0 0.94 
1980 46 6.3 0.49 0.029 1.6 7.3 0.73 0.020 0.0 1.22 
1980 47 3.6 0.51 0.018 8.0 5.6 1.09 0.035 3.9 1.85 
1980 48 4.0 0.14 0.016 4.6 7.1 0.52 0.015 1.0 0.53 
1980 49 5.7 0.36 0.023 3.8 7.1 0.34 0.016 0.5 1.11 

70PF 1980 74 4.3 7.17 0.180 13.9 6.6 0.96 0.025 1.5 23.20 
1980 75 3.8 4.18 0.175 16.7 4.5 0.36 0.017 39.0 8.20 
1980 76 3.9 8.37 0.240 20.8 4.5 0.35 0.048 4.5 14.41 
1980 77 6.4 2.18 0.066 1.5 7.4 0.61 0.006 0.0 9.84 
1980 78 3.7 10.78 0.185 8.1 4.3 4.48 0.102 5.3 50.01 
1980 79 4.3 1.80 0.088 8.3 4.8 0.28 0.004 7.9 4.01 
1980 80 4.1 2.72 0.092 8.9 5.0 0.23 0.014 4.7 10.20 
1980 81 4.6 8.16 0.422 9.1 6.3 0.96 0.036 1.5 5.51 
1980 82 4.0 9.45 0.240 7.1 6.8 0.97 0.024 0.0 18.45 
1980 83 3.5 4.93 0.288 19.3 4.3 0.43 0.022 7.0 4.40 
1980 84 3.9 8.95 0.313 40.0 4.5 0.84 0.038 8.0 10.64 
1980 85 3.9 5.32 0.239 13.1 6.1 0.53 0.026 3.7 5.83 

70F1 1980 50 3.9 1.24 0.066 12.3 6.0 1.19 0.044 20.7 3.22 
1980 51 3.5 2.02 0.061 21.5 4.9 0.83 0.023 5.7 5.90 
1980 52 5.0 5.07 0.135 3.4 7.4 0.05 0.012 21.5 15.15 
1980 53 4.5 9.73 0.307 35.0 6.0 0.98 0.035 61.0 15.69 

70F5 1980 54 4.5 9.90 0.216 51.9 6.9 0.84 0.030 4.0 15.11 
1980 55 3.8 0.94 0.092 19.1 4.1 0.50 0.027 6.7 2.01 
1980 56 5.5 8.95 0.154 72.0 5.1 1.17 0.074 9.2 15.04 
1980 57 4.9 8.38 0.280 34.0 7.3 0.73 0.051 35.0 22.69 

70F6 1980 58 4.3 6.13 0.241 36.0 5.9 1.49 0.074 20.0 6.16 
1980 59 3.7 2.26 0.171 37.9 4.5 0.89 0.044 18.5 1.41 
1980 60 3.8 3.20 0.079 25.2 6.3 0.54 0.025 2.8 8.68 
1980 61 4.6 3.20 0.200 25.2 7.0 0.64 0.033 3.4 9.23 

70P1 1980 62 3.8 14.79 0.259 31.0 4.1 5.48 0.146 36.0 54.62 
1980 63 3.8 12.39 0.283 26.8 4.5 0.59 0.026 12.3 17.56 
1980 64 3.8 12.68 0.333 31.0 4.3 0.62 0.018 26.1 27.66 
1980 65 4.6 9.28 0.245 31.0 6.6 0.95 0.030 9.3 23.18 

0-5 : 0-5 cm 5-10 : : 5-10 cm 0-10: 0-10 cm 

N/m3 avail.P/m3 C/m3 N/m3 avoil.P/m3 C/N C/N N/avail.P N/avail.P 
(kg/ni3) (g/m3) Ikg/m3) fcg/m3) (g/m3| 

N/avail.P 

0-5 0-5 5-10 5-10 5-10 0-5 5-10 0-5 5-10 

0.064 2.68 1.38 0.063 6.90 14 22 24 9 
0.125 12.90 1.49 0.072 11.94 18 21 10 6 
0.014 0.40 0.85 0.008 0.62 52 110 36 13 
0.046 0.57 0.86 0.005 0.24 18 180 80 20 
0.014 0.52 0.55 0.018 0.39 57 30 27 46 
0.021 0.55 0.44 0.022 0.70 14 20 39 31 
0.079 0.12 1.45 0.053 0.26 22 28 650 200 
0.174 0.85 1.23 0.047 0.09 28 26 204 550 
0.110 0.41 3.07 0.069 0.36 22 44 267 191 
0.067 0.59 3.36 0.073 0.00 28 46 113 
0.046 0.82 3.29 0.081 0.00 21 41 56 
0.072 0.40 2.39 0.065 0.00 17 37 181 
0.065 2.90 2.65 0.085 0.95 28 31 23 90 
0.060 1.73 2.08 0.060 0.40 9 35 35 150 
0.071 1.18 1.50 0.071 0.22 16 21 61 320 
0.582 4.50 3.94 0.103 0.62 40 38 13 167 
0.343 3.28 0.95 0.045 10.30 24 21 7 4 
0.413 3.58 1.32 0.182 1.70 35 7 115 107 
0.298 0.68 2.09 0.021 0.00 33 102 440 
0.858 3.76 6.89 0.157 0.81 58 44 228 192 
0.196 1.85 0.75 0.011 2.11 20 70 106 5 
0.345 3.34 0.50 0.031 1.03 30 16 103 30 
0.285 0.61 1.17 0.044 0.18 19 27 464 240 
0.468 1.39 2.55 0.063 0.00 39 40 338 
0.257 1.72 1.09 0.056 1.78 17 20 149 31 
0.372 4.75 1.62 0.073 1.54 29 22 78 48 
0.262 1.43 1.43 0.070 1.00 22 20 182 70 
0.171 3.19 4.32 0.160 7.51 19 27 54 21 
0.178 6.28 2.66 0.074 1.82 33 36 28 40 
0.403 1.02 0.19 0.046 8.17 38 4 397 6 
0.495 5.64 2.61 0.093 16.24 32 28 88 6 
0.330 7.92 2.66 0.095 1.26 46 28 42 75 
0.197 4.08 1.44 0.078 1.94 10 19 48 40 
0.259 12.10 5.13 0.324 4.03 58 16 21 80 
0.758 9.21 2.96 0.207 14.17 30 14 82 15 
0.242 3.62 1.53 0.076 2.05 25 20 67 37 
0.106 2.36 1.03 0.051 2.14 13 20 45 24 
0.214 6.83 1.46 0.068 0.76 41 22 31 89 
0.577 7.27 2.16 0.111 1.15 16 19 79 97 
0.957 11.45 19.92 0.531 13.08 57 38 84 41 
0.401 3.80 0.59 0.026 1.23 44 23 106 21 
0.726 6.76 1.39 0.040 5.87 38 34 107 7 
0.612 7.74 3.04 0,096 2.97 38 32 79 32 



Table 3. Soil chemistry data (or individual sample sites (continued). 

Treatment Year Site pH %C %N 

Depth 0-5 0-5 0-5 

70P5 1980 66 3.3 11.17 0.029 
1980 67 4.2 13.31 0.584 
1980 68 4.6 17.42 0.841 
1980 69 4.1 16.26 0.641 

70P6 1980 70 3.7 14.85 0.190 
1980 71 3.8 10.89 0.378 
1980 72 3.7 11.20 0.249 
1980 73 5.5 5.38 0.399 

70AI 1980 91 4.3 2.13 0.131 
1980 92 4.8 0.54 0.019 
1980 93 5.0 1.07 0.045 

70OB 1980 86 3.0 38.32 0.764 
1980 90 4.3 8.41 0.182 
1980 89 3.8 13.30 0.286 
1980 87 4.1 12.30 0.293 

Depth 

82.1 1982 4 
1982 7 
1982 10 
1982 12 

82.4 1982 1 
1982 2 
1982 3 
1982 4 

OB.SH 1982 5 
1982 7 
1982 10 
1982 12 

OB.59 1982 2 
1982 4 
1982 7 
1982 10 

0-5 : 0-5 cm 

avail.P pH %C %N avail.P C/m3 
(ppm) (ppm) (kg/m3) 

0-5 5-10 5-10 5-10 5-10 0-5 

24.5 3.9 8.76 0.190 27.5 38.16 
29.0 4.0 0.93 0.041 5.9 20.59 
24.0 4.8 1.15 0.078 21.6 16.10 
37.0 5.3 0.74 0.148 9.4 18.98 
38.0 5.9 1.74 0.046 8.3 38.33 
32.0 3.9 0.53 0.015 11.5 11.07 
13.6 3.9 1.02 0.015 7.3 19.09 
25.6 7.1 1.10 0.052 3.4 9.99 
56.6 4.7 0.37 0.022 12.5 1.54 

8.2 4.8 0.20 0.008 0.6 0.84 
12.3 6.8 0.33 0.014 2.8 2.62 
40.0 2.7 33.76 0.560 36.0 37.54 
21.3 6.8 1.82 0.056 19.5 12.67 
32.0 3.9 9.80 0.210 10.0 30.28 
39.0 5.8 4.35 0.131 86.7 13.56 

0-10 0-10 0-10 0-10 

7.7 1.17 0.5 
7.6 1.04 0.3 
7.7 1.17 0.5 
7.6 1.03 0.3 
7.7 1.25 0.3 
7.7 0.89 0.3 
7.4 0.93 8.2 
7.6 2.41 1.0 
6.6 1.43 0.12 5.99 
6.5 1.96 0.11 6.33 
6.0 2.74 0.12 5.33 
6.8 0.96 0.09 7.33 
4.0 1.57 0.11 8.99 
4.3 2.98 0.06 7.32 
4.3 1.65 0.12 8.65 
4.7 1.47 0.07 7.66 

5-10: 5-10 cm 0-10: 0-10 cm 

N/m3 avail.P/m3 C/m3 N/m3 
(kg/m3) (g/m3) Ikg/m3) (kg/m3) 

0-5 0-5 5-10 5-10 

0.099 8.37 21.60 0.468 
0.903 4.49 2.10 0.092 
0.777 2.22 1.94 0.132 
0.748 4.32 1.70 0.340 
0.490 9.81 5.01 0.133 
0.384 3.25 2.08 0.059 
0.425 2.32 1.98 0.029 
0.741 4.76 3.01 0.142 
0.095 4.09 0.75 0.045 
0.029 1.27 0.62 0.025 
0.110 3.01 1.05 0.045 
0.748 3.92 31.90 0.529 
0.274 3.21 4.60 0.141 
0.651 7.28 24.05 0.515 
0.323 4.30 4.44 0.134 

0-10 0-10 

7.16 
6.29 
4.19 
4.76 
8.65 
4.47 
8.84 
9.18 
3.31 0.277 
6.63 0.372 
6.45 0.282 
2.50 0.234 
5.83 0.408 

11.10 0.223 
8.07 0.586 
4.67 0.222 

iil.P/m3 C/N C/N N/avail.P N/avail.P 
Ig/m3) 
5-10 0-5 5-10 0-5 5-10 

6.78 39 46 12 69 
1.33 23 23 201 69 
3.64 21 15 350 36 
2.16 25 5 173 157 
2.39 78 38 50 55 
4.52 29 35 118 13 
1.42 45 68 183 21 
0.93 13 21 156 153 
2.53 16 17 23 18 
0.19 28 25 23 133 
0.89 24 24 37 50 
3.40 50 60 191 156 
4.93 46 33 85 29 
2.45 47 47 89 210 
8.85 42 33 75 15 

0-10 0-10 0-10 

0.30 
0.18 
0.18 
0.14 
0.21 
0.15 
7.80 
0.38 
1.39 12 200 
2.19 18 174 
1.26 23 225 
1.88 11 123 
3.05 14 122 
2.72 50 82 
4.26 14 139 
2.38 21 91 
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APPENDIX C : PLANT GROWTH DATA 

T a b l e 1. Cover d a t a from T r i a l 70.1 i n 1980. 

T a b l e 2. Cover d a t a from T r i a l 70.1 i n 1980. 

T a b l e 3. Cover d a t a from T r i a l 70.1 i n 1980. 

T a b l e 4. F o l i a r c h e m i s t r y d a t a from T r i a l 70.1 i n 1980. 

T a b l e 5. Number and s i z e o f i n v a d i n g woody s p e c i e s i n 
T r i a l 70.3. 

T a b l e 6. The h e i g h t o f S i t k a a l d e r i n T r i a l 77.1. 

T a b l e 7. Data C o l l e c t e d from T r i a l 82.1 i n 1982. 

T a b l e 8. Data C o l l e c t e d from T r i a l 82.1 i n 1983. 

T a b l e 9. Data C o l l e c t e d from T r i a l 82.1 i n May 1984. 

T a b l e 10. Data C o l l e c t e d from T r i a l 82.1 i n September 1984 

T a b l e 11. Data C o l l e c t e d from T r i a l 82.1 i n 1985. 

T a b l e 12. Data C o l l e c t e d from T r i a l 82.1 i n 1987. 

T a b l e 13. R e s u l t s o f t h e a n a l y s i s o f v a r i a n c e c a r r i e d o u t 
on herbaceous c o v e r d a t a c o l l e c t e d from T r i a l 
82.1 i n 1982, 1983, and 1984. 

T a b l e 14. R e s u l t s o f t h e a n a l y s i s o f v a r i a n c e c a r r i e d o u t 
on herbaceous biomass d a t a c o l l e c t e d from T r i a l 
82.1 i n 1984. 

T a b l e 15. R e s u l t s o f t h e a n a l y s i s o f v a r i a n c e c a r r i e d o u t 
on t h i r d y e a r s e e d l i n g s u r v i v a l d a t a . 
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TRIAL 7 0 . 1 : LEGEND 

ST : s t a t u s YR : y e a r TR : t r e a t m e n t 

# : p l o t number B : b u r i e d W : ponded 

Treatment ** 

R : u n f e r t i l i z e d w a s t e r o c k 

F : f e r t i l i z e d w a s t e r o c k 

P : p e a t ( p l u s f e r t i l i z e r ) 

PF : p e a t 

AG1 : f e r t i l i z e d w a s t e r o c k p l u s a n n u a l g r a s s 

AG2 : u n f e r t i l i z e d w a s t e r o c k p l u s a n n u a l g r a s s 

** F o r t r e a t m e n t s R, F, P, and PF, numbers f o l l o w i n g 
t r e a t m e n t r e f e r t o seed mixes 

Cover Types 

M : moss P : 

F : s o i l - s i z e d m i n e r a l m a t e r i a l 

L i : l i c h e n W : 

V : g r a s s p l u s legume 

G : g r a s s L : 

p e a t 

l i v e r w o r t 

legume 

n a t u r a l l y i n v a d i n g p l a n t s p e c i e s 



359 

TRIAL 70.1 : LEGEND ( c o n t i n u e d ) 

G r a s s e s 

AG A g r o s t i s g i g a n t e a (Red Top) 
DG D a c t y l i s g l o m e r a t a (Orchard G r a s s ) 
FA F e s t u c a a r u n d i n a c e a ( T a l l Fescue) 
FP F e s t u c a p r a t e n s i s (Chewing Fescue) 
FR F e s t u c a r u b r a (Red Fescue) 
HV Hordeum v u l g a r e ( B a r l e y ) 
LP L o l i u m perene ( P e r e n i a l R y e g r a s s ) 
PA P h a l a r i s a r u n d i n a c e a (Reed Canary G r a s s ) 
PP Phleum p r a t e n s e (Timothy) 
PC Poa compressa (Canada B l u e g r a s s ) 
PP Poa p r a t e n s i s (Kentucky B l u e g r a s s ) 

Legumes 

LC L o t u s c o r n i c u l a t u s ( B i r d s f o o t T r e e f o i l ) 
MS Medicago s a t i v a ( A l f a l f a ) 
SN O n o b r y c h i s v i c i a f o l i a ( S a i n f o i n ) 
TH T r i f o l i u m h v b r i d i u m ( A l s i k e C l o v e r ) 
TP T r i f o l i u m p r a t e n s e (Red C l o v e r ) 
TR T r i f o l i u m r e p e n s e (White C l o v e r ) 
V V i c i a s p e c i e s (Vetch) 

I n v a d i n g P l a n t S p e c i e s 

AZ A c h i l l e a m i l l e f o l i u m (Yarrow) 
Co Cornus c a n a d e n s i s (Bunchberry) 
F E p i l o b i u m a n g u s t i f o l i u m (Fireweed) 
F e r n P o l v p o d i a c e a s p e c i e s (Fern) 
He Tsuga spp. (Hemlock) 
Po P o p u l u s t r i c h o c a r p a ( B l a c k Cottonwood) 
R E p i l o b i u m 1 a t i f o l i u m ( W i l l o w Herb) 
SS P i c e a s i t c h e n s i s ( S i t k a Spruce) 
V V a c c i n i u m s p e c i e s 
W S a l i x s p e c i e s ( W i l l o w ) 
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Table 1. Cover data collected from Trial 70.1 in 1980. 

YR TR ST 
80 Rl 

# M P F W V G 
1 5 0 5 5 
2 2 0 5 5 
3 5 0 5 5 
4 3 0 1 1 
5 2 0 1 1 
6 2 0 1 1 
7 2 0 1 1 

10 10 0 0 0 
11 15 0 0 0 
12 10 10 0 0 
16 3 20 2 2 
17 5 17 3 3 
18 5 17 2 2 
19 5 20 10 10 
20 10 10 11 10 

X 6 6 3 3 
SD 4 8 3 3 

W 8 10 0 1 1 
w 9 17 0 3 3 
w 13 13 7 0 0 
w 14 5 15 5 5 
w 15 5 15 5 5 

X 10 7 3 3 
SD 5 7 2 2 

ST # M P F W V G 
1 20 0 10 10 
2 10 0 2 2 
3 12 0 5 5 
4 10 0 5 5 
5 15 0 0 0 
6 7 7 0 0 
7 10 0 2 0 0 

10 10 10 2 2 
11 7 7 0 0 
12 15 10 0 0 
14 5 15 5 5 
15 10 10 7 7 
16 5 10 2 2 
17 5 15 0 0 
18 5 20 5 5 
19 5 10 2 2 
20 10 0 10 10 

X 9 7 3 3 
SD 4 6 3 3 

W 8 10 0 3 3 
W 9 20 0 5 5 
W 13 6 15 5 5 

X 12 
SD 6 

5 
7 

4 4 
1 1 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

YR TR 
R3 

80 R4 

ST # M P F W V G L TH 
1 15 8 8 
2 8 6 6 
3 12 6 6 
4 5 3 3 
5 15 2 2 
6 10 0 0 
7 8 1 1 

10 8 6 6 
11 3 1 1 
12 8 3 3 
15 2 2 0 0 
16 2 1 1 
17 1 2 2 
18 5 2 2 
19 10 5 5 
20 10 15 15 

X 8 4 4 
SD 4 4 4 

W 8 5 1 1 
W 9 10 9 9 
W 13 3 1 1 
W 14 2 3 3 

X 5 4 4 
SD 3 3 3 

ST # M P F W V G L TH 
1 15 8 8 0 0 
2 20 0 0 0 0 
3 20 5 5 0 0 
4 20 8 8 0 0 
5 15 4 4 0 0 
6 12 4 4 0 0 
7 15 0 0 0 0 

10 40 14 11 3 2 
11 20 1 1 0 0 
14 45 2 2 0 0 
15 30 0 0 0 0 
16 20 0 0 0 0 
17 10 4 4 0 0 
18 30 5 5 0 0 
19 25 6 6 0 0 
20 20 14 4 10 10 

X 22 5 4 1 1 
SD 9 4 3 2 2 

W 8 20 1 1 
W 9 40 3 3 
W 12 35 3 3 
W 13 40 2 2 

X 34 2 2 
SD 8 1 1 

TP TR LC SN 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

ST # M P F W V G L TH TP TR LC SN 
1 20 5 5 0 0 0 
2 25 11 6 5 5 0 
3 20 8 7 1 1 0 
4 30 0 0 0 0 0 
5 10 0 0 0 0 0 
6 5 0 0 0 0 0 
7 20 2 2 0 0 0 
9 30 27 12 15 15 0 

10 30 12 10 2 2 0 
11 15 0 0 0 0 0 
14 10 6 3 3 3 0 
15 25 2 0 2 2 0 
16 40 15 7 8 0 8 
17 20 4 4 0 0 0 
18 10 5 3 2 1 1 
19 10 40 15 25 5 20 
20 15 7 6 1 0 1 

X 19 8 5 4 2 2 
SD 10 10 5 7 4 5 

W 8 25 4 4 
W 12 25 0 0 
W 13 20 3 3 

X 23 2 2 
SD 2 2 2 

ST # M P F W V G L TH TP TR LC SN 
1 20 12 8 4 4 
2 15 7 7 0 0 
3 10 5 5 0 0 
4 15 6 6 0 0 
5 10 4 4 0 0 
6 17 4 2 2 2 
7 27 3 2 1 1 
9 40 6 6 0 0 

10 45 3 3 0 0 
11 40 5 5 0 0 
12 40 3 3 0 0 
13 35 6 6 0 0 
14 40 8 5 3 3 
15 25 5 5 0 0 
16 50 11 11 0 0 
17 30 6 6 0 0 
18 40 10 7 3 0 2 1 
19 50 17 13 4 2 2 
20 20 13 12 1 1 

X 30 7 6 1 1 
SD 13 4 3 1 1 

W 8 35 3 2 1 1 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

80 FI 
# M P F W V G L 
1 60 28 28 0 
2 50 33 23 10 
3 60 30 30 0 
4 50 26 26 0 
5 60 60 45 15 
6 80 28 25 3 
7 70 20 20 0 

10 80 26 26 0 
11 90 30 30 0 
12 80 56 41 15 
13 70 30 30 0 
14 90 52 40 12 
15 95 52 50 2 
16 90 40 40 0 
17 80 30 30 0 
18 50 75 60 15 
19 40 67 60 7 
20 50 42 40 2 

0 
10 
0 
0 

15 
3 
0 
0 
0 

15 
0 

12 
2 
0 
0 

15 
3 
2 

YR TR ST 
80 F2 

W 

X 69 40 36 5 4 
SD 17 16 12 6 6 

8 70 15 15 
9 50 25 25 

X 60 20 20 
SD 10 5 5 

# M P F W V G L TH TP TR 
1 60 45 45 0 0 
2 30 21 20 1 1 
3 65 35 35 0 0 
4 20 40 40 0 0 
5 30 40 40 0 0 
6 40 25 25 0 0 
7 60 20 20 0 0 

10 80 10 10 0 0 
11 90 15 15 0 0 
12 90 28 25 3 0 
13 85 35 35 0 0 
14 85 35 30 5 5 
15 95 55 50 5 ; 5 
16 95 47 45 2 2 
17 95 43 40 3 3 
18 80 46 40 6 4 2 
19 70 38 30 8 8 
20 60 22 20 2 2 

X 68 33 31 2 2 
SD 24 12 11 2 2 

8 70 15 15 
9 60 17 17 

IC SN 

X 65 
SD 5 

16 16 
1 1 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

80 F3 

YR 
80 

TR 
F4 

ST # M 
1 50 
2 85 
3 90 
4 60 
5 35 
6 65 
7 70 

11 90 
12 80 
13 90 
14 98 
15 95 
16 95 
17 90 
18 99 
19 96 
20 70 

X 80 
SD 18 

W 8 50 
W 9 35 
W 10 70 

X 52 
SD 14 

ST # M 
1 30 
2 50 
3 40 
4 25 
5 30 
6 25 
7 45 
8 45 

11 85 
12 80 
13 75 
14 90 
15 90 
16 85 
17 50 
18 95 
19 90 
20 80 

X 62 
SD 25 

W 9 55 
W 10 80 

F W 

F W 

V G L TH TP TR LC 
9 9 0 0 0 0 

37 29 8 8 0 0 
60 33 27 25 2 0 
65 30 35 15 0 20 
38 26 12 2 0 10 
46 35 11 2 2 7 
40 25 15 15 0 0 
22 20 2 2 0 0 
43 33 10 10 0 0 
30 30 0 0 0 0 
44 41 3 1 2 0 
63 58 5 0 0 5 
58 53 5 5 0 0 
48 44 4 4 0 0 
52 42 10 10 0 0 
65 60 5 0 5 0 
45 32 13 5 0 8 

45 35 10 6 1 3 
15 13 9 7 1 5 

20 20 
25 25 
31 31 

25 25 
4 4 

V G L TH TP TR LC 
30 25 5 5 
25 14 11 0 1 0 10 
11 8 3 0 1 2 0 
5 4 1 1 0 0 

14 5 9 0 1 0 8 
19 19 0 0 0 0 
17 10 7 2 0 5 
18 18 0 0 0 0 
11 9 2 0 0 2 
21 20 1 0 1 0 
30 30 0 0 0 0 
23 12 11 0 1 10 0 
32 32 0 0 0 0 
42 27 15 15 0 0 

8 7 1 0 1 0 0 
32 20 12 12 0 0 
40 20 20 20 0 0 
46 37 9 0 1 8 

24 18 6 3 1 2 
12 9 6 6 2 3 

33 33 
25 25 

X 68 
SD 13 

29 29 
4 4 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

# M P F W V G L TH TP TR LC SN 
1 60 69 26 43 30 13 
2 60 55 15 40 5 35 0 
3 40 41 26 15 15 0 
4 50 26 16 10 10 0 
5 60 52 22 30 30 0 
6 50 56 16 40 40 0 
7 95 97 47 50 50 0 

11 90 35 20 15 15 0 
12 90 60 30 30 30 0 
13 85 80 45 35 35 0 
14 99 83 23 60 60 0 
15 85 80 50 30 30 0 
16 85 50 30 20 20 0 
17 80 50 20 30 20 10 
18 99 80 30 50 50 0 
19 98 101 41 60 60 0 
20 98 52 37 15 15 0 

X 78 63 29 34 32 1 
SD 19 21 11 15 15 4 

w 8 40 45 25 20 20 
w 9 50 48 40 8 8 
w 10 70 40 25 15 15 

X 53 44 30 14 14 
SD 12 3 7 5 5 

ST # M P F W V G L TH TP TR IC 
1 70 43 38 5 5 0 
2 70 32 30 2 2 0 
3 40 18 16 2 2 0 
4 10 15 15 0 0 0 
5 35 23 21 2 2 0 
6 35 28 20 8 0 8 
7 40 40 24 16 2 4 10 
8 60 36 33 3 0 3 

10 80 20 16 4 0 4 
11 80 16 16 0 0 0 
12 90 20 18 2 0 2 
13 85 48 18 30 15 15 
14 90 43 13 30 10 20 
15 95 35 20 15 15 0 
16 95 32 22 10 5 5 
17 95 23 15 8 8 0 
18 97 39 24 15 15 0 
19 95 59 24 35 5 30 
20 98 31 18 13 3 10 

X 72 32 21 11 5 6 
SD 26 12 6 10 5 8 

W 9 50 37 32 5 5 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

YR TR ST # M P F W V G I TH TP TR LC SN 
PI 3 92 25 17 8 0 0 8 

4 80 30 25 5 0 0 5 
5 90 75 55 20 0 5 15 
6 70 36 30 6 0 3 3 
7 85 42 32 10 0 0 10 
8 90 92 70 22 0 0 22 
9 80 63 60 3 0 0 3 

10 90 77 72 5 0 0 5 
11 92 80 80 0 0 0 0 
12 92 96 81 15 0 0 15 
13 95 42 42 0 0 0 0 
14 93 37 37 0 0 0 0 
15 98 105 80 25 0 25 0 
16 95 78 65 13 3 10 0 
17 98 68 60 8 3 5 0 
18 98 99 66 33 15 15 3 
19 97 75 53 22 2 20 0 
20 98 75 60 15 0 15 0 

X 91 66 55 12 1 5 5 
SD 7 24 19 9 3 8 6 

S 1 70 57 50 7 5 2 
S 2 70 28 28 0 0 0 

X 70 43 39 4 3 1 
SD 0 15 11 4 3 1 

YR TR ST # M P F W V G L TH TP TR LC SN 
80 P5 3 98 40 10 30 30 

4 98 52 22 30 30 
5 90 65 30 35 35 
6 85 75 45 30 30 
7 90 65 35 30 30 
8 95 45 30 15 15 
9 95 65 40 25 25 

10 98 60 40 20 20 
11 98 95 45 50 50 
12 95 70 30 40 40 
13 95 95 45 50 50 
14 90 65 30 35 35 
15 98 90 45 45 45 
16 99 88 45 43 40 3 
17 98 88 40 48 5 40 3 
18 99 90 40 50 50 
19 92 85 45 40 40 
20 99 102 42 60 60 

X 95 74 37 38 37 
SD 4 18 9 12 11 

S 1 80 85 55 30 30 
S 2 95 60 30 30 30 

X 88 73 43 30 30 
SD 8 13 13 0 0 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

80 P6 
# M P F W V G L TH TP TR LC 
3 85 26 6 20 5 15 
4 90 12 8 4 2 2 
5 85 23 16 7 2 5 
6 95 45 17 28 8 20 
7 80 14 6 8 0 8 
8 75 16 8 8 0 8 
9 90 24 13 11 1 10 

10 95 34 17 17 2 15 
11 97 38 28 10 0 10 
12 95 41 27 14 4 10 
13 95 57 32 25 5 20 
14 97 32 18 14 4 10 
15 92 16 9 7 6 1 
16 98 65 36 29 25 4 
17 99 71 46 25 25 0 
18 99 62 42 20 20 0 
19 93 36 26 10 10 0 
20 90 29 23 6 6 0 

X 92 36 21 15 7 8 
SD 7 18 12 8 8 7 

S 1 75 
S 2 90 

27 19 8 8 
26 18 8 8 

X 83 
SD 8 

27 19 8 8 
1 1 0 0 

80 PF1 
# M P F W V G L TH TP TR 
3 80 15 15 0 0 0 
4 80 20 20 0 0 0 
5 70 11 11 0 0 0 
6 80 22 22 0 0 0 
7 60 33 27 6 0 6 
8 70 28 25 3 0 3 
9 80 59 51 8 0 8 

10 75 35 31 4 0 4 
11 92 87 82 5 0 5 
12 95 88 87 1 0 1 
13 95 84 80 4 0 4 
14 90 65 57 8 0 8 
15 80 21 20 1 0 1 
16 80 66 51 15 0 15 
17 80 41 41 0 0 0 
18 90 51 41 10 0 10 
19 80 46 31 15 10 5 
20 70 11 10 1 0 1 

X 80 44 39 5 1 4 
SD 9 25 24 5 2 4 

1 80 60 60 0 0 
2 65 32 27 5 5 

X 73 
SD 8 

46 44 3 
14 17 3 

3 
3 
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Table 1. Cover data collected from Trial 70.1 in 1980 (continued). 

80 PF5 
# M P F W V G L TH TP TR LC 
3 60 4 4 0 0 
4 40 4 3 1 1 0 
5 50 6 5 1 1 
6 40 17 15 2 2 
7 60 17 17 0 0 
8 60 16 16 0 0 
9 40 9 1 8 8 

10 50 23 11 12 2 10 
11 75 33 21 12 2 10 
12 95 52 27 25 25 
13 95 41 21 20 20 
14 70 34 19 15 15 
15 65 20 18 2 2 
16 75 7 7 0 0 
17 75 40 15 25 25 
18 75 46 26 20 20 
19 60 26 12 14 12 
20 40 7 4 3 3 

X 63 22 13 9 9 
SO 17 15 8 9 9 

1 99 40 15 25 25 
2 70 25 10 15 15 

X 85 33 13 20 20 
SD 15 8 3 5 5 

YR TR 
80 PF6 

ST # 
4 
5 
6 
7 

M 
50 
70 
80 
80 

F W 

8 60 
9 50 

10 70 
11 70 
12 90 
13 80 
14 65 
15 70 
16 70 
17 70 
18 50 
19 50 
20 30 

V 
0 

12 
9 
6 

13 
12 
19 

G 
0 
6 
9 
6 
9 
2 
7 

L TH TP TR LC SN 
0 
6 
0 
0 
4 

0 
6 
0 
0 
4 

23 15 
47 29 18 
38 34 
42 37 
23 23 

2 2 
42 21 21 
35 23 12 
21 6 
14 14 

10 10 
12 12 
8 8 

6 
4 
5 
0 
0 

16 
8 

15 15 
0 0 

0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
5 
4 
0 
0 

X 65 
SD 15 

21 14 7 6 
14 11 7 5 

s 1 99 32 29 3 3 
s 2 80 26 26 0 0 
s 3 80 2 1 1 1 

X 86 
SD 9 

20 19 
13 13 

1 1 
1 1 
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Table 2. Cover data collected from Trial 70.1 in 1981. 

YR TR ST # M P U W V G L 1 A G D G FR 
81 Rl 1 7 0 4 4 4 

2 11 0 3 3 3 
3 14 0 0 0 0 
4 5 0 0 0 0 
5 8 0 0 0 0 
6 4 0 0 0 0 
7 4 0 0 0 0 

10 3 0 0 0 0 
11 3 0 0 0 0 
12 8 0 0 0 0 
17 1 2 0 0 0 0 
18 1 2 0 0 0 0 
19 8 3 0 6 6 4 
20 3 15 8 8 8 

Rl X 6 6 2 2 1 
Rl SD 4 10 3 3 2 

W 8 2 0 0 0 0 
W 9 5 3 3 3 
W 13 8 2 1 1 1 
W 14 1 1 1 1 

Rl W X 9 2 1 1 
Rl W SD 7 1 1 1 

LP PA PC PP TH TP TR M S LC S N Po V W H e F R A z SS Co 

B W 1 5 

B 16 

YR TR ST # M P U W V G 1 
81 R2 1 10 4 0 0 

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

10 4 5 0 0 
11 2 5 0 0 
12 3 7 0 0 
14 0 5 0 0 
15 0 2 0 0 
17 0 15 0 0 
18 0 15 0 0 
19 0 2 0 0 0 
2 0 5 2 0 3 2 1 

R2 X 2 6 0 0 
R2 SD 3 7 1 0 

W 8 3 1 0 0 
W 9 12 2 0 0 
W 13 2 3 0 0 

R2 W X 6 2 0 0 
R2 W SD 4 1 0 0 

L I A G D G FR LP PA PC PP TH TP T R M S LC S N Po V W H e F R A z SS Co 

B 16 
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Table 2. Caver data collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P U w V G L 
81 R3 1 7 0 0 0 

2 4 0 0 0 
3 3 0 0 0 
4 2 0 0 0 
5 5 0 0 0 
6 3 0 0 0 
7 3 0 0 0 

10 2 1 0 0 
11 1 2 0 0 
12 1 2 0 0 
15 0 8 0 0 
16 0 10 0 0 
17 0 8 0 0 
18 1 4 0 0 
19 3 3 0 0 
20 4 4 1 1 

R3 X 2 3 0 0 
R3 SD 2 3 0 0 

W 8 1 0 0 0 
W 9 1 1 0 0 
W 13 0 3 0 0 
W 14 0 2 0 0 

R3 W X 1 2 0 0 
R3 W SD 1 1 0 0 

YR TR ST # M P U w V G L 
81 R4 1 15 1 0 0 0 

2 20 1 0 0 0 
3 10 2 0 0 0 
4 15 2 0 0 0 
5 5 1 0 0 0 
6 10 1 0 0 0 
7 8 2 0 0 0 

10 10 20 0 0 0 
11 2 5 0 0 0 
15 2 3 0 0 0 
16 1 5 0 0 0 
17 1 4 0 0 0 
18 3 6 0 0 0 
19 10 2 1 0 1 
20 20 5 9 0 9 

R4 X 9 4 1 0 1 
R4 SD 6 5 2 0 2 

W 8 10 3 0 0 0 
W 9 10 20 0 0 0 
W 12 1 5 0 0 0 
W 13 3 5 0 0 0 

R4 W X 6 8 0 0 0 
R4 W SD 4 7 0 0 0 

I AGDG FR LP PA PC PP TH TP TR MS LC SN Po V WHe F R Az SS Co 

I AGDG FR LP PA PC PP TH TP TRMS LC SN Po V WHe F R Az SS Co 

B 14 
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Table 2. Cover data collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P U W V G L I AG DG FR LP PA PC PP TH TP TR MS LC SN Po V W He F R Az SS Co 
81 R5 I 10 0 0 0 0 0 0 

0 2 2 0 
0 2 2 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 3 1 3 0 
2 0 1 1 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 10 1 0 10 
0 0 2 0 0 2 
1 4 1 1 2 2 1 
2 23 1 1 3 20 

1 0 1 1 0 0 

R5 X 6 1 3 0 3 1 2 
R5 SD 5 1 6 1 6 1 5 

0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 

YR TR ST # M P U W V G L I AGDG FR LP PA PC PP TH TP TR MS LC SN Po V WHe F R Az SS Co 
81 R6 1 15 2 4 2 2 

2 15 2 2 2 0 
3 6 1 1 1 0 
4 8 0 1 1 0 
5 4 2 0 0 0 
6 8 2 2 1 1 
7 25 3 0 0 0 
9 30 10 1 0 0 

10 30 10 0 0 0 
11 10 20 0 0 0 
12 15 15 2 0 0 
13 15 10 0 0 0 
14 20 10 4 1 0 
15 15 10 2 1 0 
16 15 10 2 1 0 
17 10 15 0 0 0 
18 15 5 9 1 4 4 0 2 2 2 2 
19 25 5 9 1 6 2 3 3 2 
20 10 0 6 1 5 

R6 X 15 7 2 1 1 
R6 SD 7 6 3 1 2 

R6 W 8 20 10 0 0 0 

ST # M P U W V 
1 10 0 0 
2 15 0 2 
3 10 0 2 
4 10 0 0 
5 2 0 0 
6 2 0 0 
7 10 1 0 
9 15 1 4 

10 5 2 2 
11 3 1 0 
14 2 2 0 
15 1 4 0 
16 1 1 11 
17 1 2 2 
18 2 2 6 
19 4 1 25 
20 6 1 1 

X 6 1 3 
SD 5 1 6 

W 8 10 1 0 
W 12 2 2 0 
W 13 5 2 0 

W X 6 2 0 
W SD 3 0 0 

0 2 2 
0 2 0 
0 1 0 
0 1 0 
0 0 
0 1 1 
0 0 
1 1 0 
0 0 
0 0 
2 0 2 
0 0 
3 3 3 
1 0 1 
1 0 
0 0 
4 0 2 2 
2 3 3 
0 3 2 

1 1 
1 1 

0 
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Table 2. Cover dole collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P U W V G L I AG DG FR LP PA PC PP TH TP TR MS LC SN Po V W He F R Az SS Co 
81 FI 1 20 10 10 10 0 2 8 0 0 

2 20 10 14 10 4 2 8 0 4 
3 20 10 . 16 15 1 15 0 1 
4 15 5 10 10 0 10 0 0 
5 55 10 15 10 5 10 0 5 
6 60 10 8 5 3 5 0 3 
7 65 20 4 4 0 1 1 3 0 0 1 

10 60 25 7 7 0 2 5 0 0 
11 70 20 15 15 0 15 0 0 
12 90 0 29 21 8 1 20 0 8 
13 90 2 12 10 2 10 0 2 
14 85 0 25 20 5 20 0 5 
15 70 0 40 30 10 30 0 10 
16 94 0 10 10 0 10 0 0 
17 94 0 10 10 0 10 0 0 
18 90 0 35 20 15 20 5 10 
19 70 0 35 20 15 20 5 10 
20 60 0 42 30 12 30 2 10 

FI X 63 7 19 14 4 14 1 4 
FI SD 27 8 12 7 5 8 2 4 

W 8 15 30 1 1 0 1 1 1 
W 9 40 15 5 5 0 0 5 0 

FI W X 28 23 3 3 0 1 3 1 
FI W SD 13 8 2 2 0 1 2 1 

YR TR ST # M P U W V G l l AGDG FR LP PA PC PP TH TP TR MS LC SN Po V WHe F R Az SS Co 
81 F2 1 70 10 18 18 0 5 10 3 0 

2 30 0 8 8 0 8 0 
3 25 20 11 10 1 10 1 0 
4 5 5 10 10 0 10 0 
5 25 10 15 15 0 15 0 
6 25 10 12 10 1 1 10 1 0 1 
7 35 10 11 10 0 1 10 0 1 

10 15 15 7 5 0 2 5 0 2 
11 50 20 5 3 0 2 3 0 2 
12 75 10 8 8 0 8 0 
13 75 10 10 10 0 10 0 
14 75 10 15 10 5 10 5 
15 90 0 25 15 10 15 5 5 
16 90 0 IB 15 3 15 3 
17 90 0 18 12 6 12 2 4 
18 90 0 18 10 7 10 5 2 
19 65 0 7 5 2 1 5 2 1 
20 30 0 6 5 1 5 1 

F2 X 53 7 12 10 2 10 1 
F2 SD 29 7 5 4 3 3 2 

W 8 15 15 6 5 0 1 0 5 0 1 
W 9 15 5 7 8 8 0 0 2 5 1 0 

F2 W X 15 10 7 7 0 1 1 ~ 5 1 1 
F2 W SD 0 5 1 2 0 1 1 0 1 1 
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Table 2. Cover data collected from Trial 70.1 in 1981 (continued). 

TR ST # M P U W V G L 1 AGDG FR LP PA PC PP TH TP TRMS LCSN Po V WHe 
F3 1 55 0 6 6 0 2 3 0 1 0 0 0 

2 85 5 18 8 10 2 2 2 2 8 0 2 
3 85 10 23 9 13 1 1 8 12 0 1 
4 50 10 21 6 15 1 5 5 0 10 
5 30 15 13 9 4 1 8 2 0 2 
6 60 10 38 25 11 2 4 20 1 10 1 0 1 1 
7 60 5 19 7 12 1 5 2 10 0 2 1 
8 25 5 5 4 1 1 2 1 1 0 0 

11 85 10 9 5 3 1 2 3 3 0 0 1 
12 75 0 14 10 3 1 2 1 5 2 2 1 0 1 
13 95 0 15 15 0 0 15 0 0 0 
14 90 0 14 18 2 8 10 1 1 0 
15 85 0 35 30 4 1 5 25 3 2 0 2 1 
16 80 0 31 28 3 3 25 3 0 0 
17 70 0 38 33 5 1 1 30 1 5 0 0 
18 35 0 78 63 15 2 1 60 15 0 0 
19 40 0 85 65 20 5 60 10 10 0 
20 50 0 23 7 16 2 5 8 0 8 

F3 X 64 4 27 19 8 3 16 5 1 2 
F3 SD 22 5 22 18 6 2 18 4 2 3 

W 8 25 5 5 4 1 0 1 2 0 1 1 0 
W 9 18 2 12 10 0 2 0 10 0 0 0 2 
W 10 20 20 7 7 0 0 1 1 5 0 0 0 

F3 W X 21 9 8 7 0 1 1 4 2 0 0 1 
F3 W SD 3 8 3 2 0 1 0 4 2 0 0 1 

TR ST # M P U w V G L 1 AGDG FR LP PA PC PP TH TP TRMS LCSN Po V WHe 
F4 1 30 0 6 4 1 1 0 1 1 1 0 1 1 

2 70 0 11 7 4 0 2 5 0 4 
3 40 0 2 0 2 0 0 0 1 1 0 
4 25 0 1 0 1 0 0 0 0 1 0 
5 25 0 5 0 4 1 0 0 1 0 4 1 
6 20 5 7 6 1 0 2 3 0 1 0 1 
7 35 10 6 1 3 2 0 1 0 3 2 
8 60 0 9 7 0 2 0 3 4 0 0 2 

11 85 5 2 0 2 0 0 0 0 2 
12 80 0 5 5 0 0 0 5 0 0 
13 85 0 7 6 1 0 4 2 0 1 
14 90 0 3 2 1 0 2 0 0 1 0 
15 90 0 14 11 0 3 1 0 10 0 0 3 
16 88 0 27 7 19 1 2 3 2 0 4 1 
17 45 15 4 2 2 0 2 0 2 0 
18 60 15 21 6 15 0 4 2 15 0 
19 80 5 23 7 16 0 1 5 1 0 15 1 
20 50 0 13 8 5 0 2 2 3 1 1 1 3 

F4 X 59 3 9 4 4 1 2 2 2 1 
F4 SD 25 5 7 3 6 1 2 3 5 2 

YR TR ST # M P U W V G L I AGDG FR LP PA PC PP TH TP TRMS LCSN Po V WHe F R Az SS Co 

BW 9 

F4 W 10 60 20 6 6 0 
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Table 2. Cover data collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P U W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LCSN 
81 F5 1 65 0 38 16 22 3 0 0 10 3 20 2 

2 45 0 19 4 15 0 0 0 4 0 15 0 
3 20 0 12 2 10 0 0 2 0 0 10 0 
4 40 0 10 0 10 0 0 0 0 0 10 0 
5 40 0 15 0 15 0 0 0 0 0 15 0 
7 80 0 64 14 50 2 0 8 4 0 50 0 

11 90 0 8 3 5 0 0 2 1 0 5 0 
14 80 0 101 31 70 5 5 5 15 3 70 0 
15 90 0 48 23 25 5 10 0 8 0 25 0 
16 90 0 65 20 45 10 0 0 10 0 45 0 
17 80 0 30 7 23 5 2 0 0 0 15 8 
18 95 0 88 23 65 0 3 5 10 5 65 0 
19 95 0 115 45 70 5 15 0 15 10 70 0 
20 95 0 125 45 80 5 20 15 5 0 80 0 

F5 X 72 0 53 17 36 3 4 3 6 2 35 1 
F5 SD 24 0 39 15 25 3 6 4 5 3 26 2 

BW 8 
BW 9 
BW10 

B 6 
B 12 
B 13 

YR TR ST # M P U W V G L I AG DG FR LP PA PC PP TH TP TR MS LC SN Po V W He F R Az SS Co 
F6 1 70 9 7 2 5 2 0 2 0 

2 80 9 6 3 6 0 0 0 0 
3 15 5 3 1 1 3 0 0 0 0 
4 5 5 2 3 1 1 0 0 3 
5 30 4 2 2 1 1 0 2 0 
6 30 12 4 8 3 1 0 0 8 
7 25 12 4 8 2 2 0 3 5 

11 85 7 5 2 2 3 0 0 2 
16 95 30 10 20 10 0 0 10 10 
17 90 24 17 7 15 2 0 7 0 
18 98 45 10 35 5 0 5 20 15 
19 100 58 18 40 10 1 2 5 0 40 
20 98 45 25 20 15 5 5 0 20 

F6 X 63 20 9 12 6 1 1 3 8 
F6 SD 35 18 7 13 5 1 2 6 11 

B 8 
8 10 
B 12 
B 13 
B 14 
B 15 

BW 9 



375 

Table 2. Cover data collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P u W V G I 1 AGDG FR LP PA PC PP TH TP TRMS LCSN 
81 PI 3 95 26 10 10 0 10 0 0 10 

4 90 11 10 5 0 10 0 0 5 
5 75 5 20 20 12 0 20 0 2 10 
6 75 15 15 5 0 15 0 3 2 
7 70 32 30 8 0 30 0 0 8 
8 60 20 60 5 2 60 0 0 5 

11 30 80 75 0 5 75 0 0 0 
17 50 64 50 14 0 50 2 2 10 
18 60 60 35 25 0 35 10 5 10 
19 90 51 30 21 0 30 5 8 8 
20 95 50 35 15 0 35 0 10 5 

PI X 72 39 34 11 1 34 2 3 7 
PI SD 20 22 20 7 1 20 3 3 3 

S 1 75 10 26 21 5 1 20 2 3 
S 2 90 0 11 11 0 1 10 0 0 

PI S X 83 5 19 16 3 1 15 1 2 
PI S SD 8 5 8 5 3 0 5 1 2 

B 9 
B 10 
B 12 
B 13 
B 14 
B 15 
B 16 

YR TR ST # M P u W V G L 1 AGDG FR LP PA PC PP TH TP TRMS LCSN 
81 P5 3 95 0 19 4 15 1 2 1 0 0 15 0 

4 97 0 51 21 30 3 10 8 0 0 30 0 
5 90 3 62 22 40 2 10 10 0 0 40 0 
6 90 0 55 25 30 0 8 5 12 0 30 0 
7 95 0 68 8 60 3 0 5 0 0 60 0 
8 95 0 21 10 10 1 5 0 5 0 0 10 0 
9 85 5 43 23 20 2 1 20 0 0 20 0 

10 90 5 28 13 15 1 0 12 0 0 15 0 
11 50 0 127 52 70 5 0 2 50 0 0 70 0 
14 85 0 85 35 50 5 5 25 0 0 50 0 
15 95 0 111 31 80 1 15 15 0 0 80 0 
16 0 127 37 90 5 0 30 2 0 85 5 
17 75 0 70 20 50 0 0 20 0 10 35 5 
18 100 0 110 40 70 10 0 30 0 0 70 0 
19 96 0 78 38 40 8 0 25 5 0 40 0 
20 100 0 124 44 80 0 0 40 4 0 80 0 

P5 X 89 1 74 26 47 3 3 19 1 1 46 1 
P5 SD 12 2 36 13 25 3 5 13 3 2 25 2 

S 1 85 2 60 10 50 5 0 5 0 50 
S 2 90 0 39 14 25 2 5 5 2 25 

P5 S X 68 1 50 12 38 4 3 5 1 38 
P5 S SD 3 1 11 2 13 2 3 0 1 13 

B 
B 

12 
13 
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Table 2. Cover data collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P U W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LCSN Po V WHe F R Az SS Co 
81 P6 3 85 5 14 1 13 1 0 0 3 10 

4 95 2 6 2 4 2 0 0 2 2 
5 92 5 12 6 6 3 0 3 1 5 
6 97 2 23 3 20 0 0 1 2 5 15 
7 80 5 8 3 5 2 1 0 0 5 
8 80 5 6 3 3 1 2 0 1 2 
9 95 0 15 5 10 2 2 1 0 1 

10 98 0 12 5 7 2 1 2 2 5 
11 93 0 20 9 11 2 5 2 1 10 
12 96 0 19 8 11 1 6 1 1 10 
14 95 2 23 13 10 5 8 0 0 10 
15 87 5 11 2 8 2 0 0 0 8 1 
16 97 0 33 8 25 1 5 2 15 10 
17 95 0 52 22 30 1 10 1 25 5 
18 97 0 34 11 23 3 8 0 15 8 
19 85 4 33 13 20 2 10 1 5 15 
20 88 2 15 2 13 0 2 0 3 10 

P6 X 91 2 20 7 13 2 4 1 5 8 
P6 SD 6 2 12 5 8 1 4 1 7 4 

S 1 98 0 37 21 15 1 20 1 5 0 10 1 0 0 
S 2 90 5 35 6 21 8 4 2 5 1 15 3 3 2 

P6 S X 94 3 36 14 18 5 12 2 5 1 13 2 2 1 
P6 S SD 4 3 1 8 3 4 8 1 0 1 3 1 2 1 

B 13 

YR TR ST # M P Ll W V G L 1 AG 1X5 FR LP PA PC PP TH TP TR MS LCSN Po V WHe F R Az SS Co 
81 PF1 3 65 15 1 1 0 1 0 0 

4 65 15 2 2 0 2 0 0 
5 40 20 1 1 0 1 0 0 
6 64 15 2 2 0 2 0 0 
7 55 10 13 10 1 2 10 0 1 2 
8 65 10 8 8 0 8 0 0 
9 75 5 25 20 5 20 0 5 

10 77 8 14 10 4 10 1 3 
11 90 1 51 50 1 50 0 1 
12 95 0 65 65 0 65 0 0 
13 99 0 51 50 1 50 1 0 
14 90 10 25 22 3 2 20 0 3 
15 65 10 8 8 0 6 0 0 
16 75 15 11 5 6 5 4 2 
17 83 10 20 15 5 15 2 2 1 
18 50 45 31 25 6 25 1 5 
19 65 10 21 15 6 15 3 3 
20 45 15 3 2 1 2 1 0 

PF1 X 70 12 20 17 2 17 1 1 
PF1 SD 16 10 19 19 2 19 1 2 

S 1 65 1 37 35 0 2 15 30 0 2 
S 2 55 15 8 6 2 0 0 6 2 0 

PF1 s X 60 8 23 21 1 1 8 18 1 1 
PF1 s SD 5 7 15 15 1 1 8 12 1 1 
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Table 2. Cover data collected from Trial 70.1 in 1981 (continued). 

YR TR ST # M P U W V G L 1 AG DG FR LP PA PC PP TH TP TRMS LCSN Po V W He 
81 PF5 3 25 15 1 1 0 0 1 0 0 

4 15 15 2 0 0 2 0 0 0 2 
5 15 15 0 0 0 0 0 0 0 
6 12 13 3 1 2 0 0 1 2 
7 20 10 4 3 0 1 0 3 0 1 
8 32 8 5 4 0 1 0 4 0 1 
9 15 10 5 4 0 1 1 3 0 1 

10 30 10 15 2 11 2 0 2 1 0 1 1 
11 50 20 25 13 10 2 0 12 1 10 2 
12 93 5 38 18 20 0 0 18 20 
13 88 2 35 15 20 0 0 15 20 2 
14 30 5 28 8 20 0 3 5 20 
15 25 15 5 4 0 1 2 2 0 
16 25 15 1 1 0 0 0 1 0 
17 40 20 27 5 22 0 1 1 3 2 20 
18 20 40 15 7 8 0 2 5 8 
19 30 20 20 8 12 0 0 8 10 2 
20 15 15 2 1 1 0 1 0 1 

PF5 X 32 14 13 5 7 1 1 5 6 
PF5 SD 23 8 12 5 8 1 1 5 8 , 

S 1 80 0 98 45 30 23 15 30 30 20 
S 2 45 5 12 11 1 0 10 1 1 0 

PF5 s X 63 3 55 28 16 12 13 16 16 10 
PF5 s SD 18 3 43 17 15 12 3 15 15 10 

YR TR ST # M P U W V G L I AGDG FR LP PA PC PP TH TP TRMS LCSN Po V WHe F R Az SS Co 
PF6 4 40 15 11 0 4 5 5 5 2 0 0 2 

5 25 5 0 0 5 0 0 5 0 0 
6 30 3 3 0 0 1 2 0 0 0 
7 70 10 6 3 1 3 3 3 0 0 0 1 
8 30 6 4 0 2 2 2 1 0 1 
9 30 4 1 0 3 1 0 2 0 1 

10 25 11 3 1 7 3 0 1 4 1 2 
11 30 14 3 3 8 2 0 1 3 0 6 1 1 
12 40 11 3 0 8 2 1 0 4 1 1 2 
13 60 11 3 0 8 3 0 0 0 4 4 
14 30 27 3 15 9 3 0 1 2 12 4 1 2 2 
15 25 39 8 15 16 6 2 15 2 13 1 
16 40 39 8 0 31 2 6 0 10 20 1 
17 50 7 4 0 3 1 3 0 0 1 1 1 
18 30 10 1 2 7 1 0 2 0 5 2 0 0 
19 40 15 4 3 8 1 3 3 0 5 2 1 
20 40 9 3 0 6 3 0 0 1 1 3 1 

PF6 X 37 14 4 2 7 2 2 2 3 3 3 1 
PF6 SD 12 11 3 5 7 1 2 1 5 3 5 1 

S 1 80 58 22 3 33 20 0 1 3 5 20 0 
S 2 80 34 18 0 16 15 2 1 0 5 10 0 
S 3 60 33 22 0 11 20 1 0 0 1 0 0 10 

PF6 S X 73 42 21 1 20 18 1 1 1 3 10 3 
PF6 s SD 9 12 2 1 9 2 1 0 1 2 8 5 
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Table 3. Cover data collected from Trial 70.1 in 1983. 

YR 
83 

TR ST 
Rl 

# M P F W V G L 1 
1 20 0 5 0 0 0 
2 20 0 5 0 0 0 
3 20 0 2 0 0 0 
4 20 0 2 0 0 0 
5 15 0 2 0 0 0 
6 15 0 1 0 0 0 
7 15 0 1 0 0 0 

10 10 15 0 0 0 0 
11 10 5 0 1 1 0 1 
12 5 10 0 1 0 1 
17 2 5 0 2 0 2 
18 2 10 0 0 0 0 
19 5 10 0 2 1 1 
20 10 10 0 2 2 0 

Rl 
Rl 

YR 
83 R2 

R2 
R2 

X 12 5 1 1 0 0 
SD 7 5 2 1 1 1 

w 8 25 5 1 1 0 
w 9 10 10 1 1 0 
w 13 5 30 1 0 1 
w 14 2 30 1 1 0 

w X 11 19 1 1 0 
w SD 9 11 .0 0 0 

BW 15 1 2 3 1 2 

B 16 1 2 3 2 1 

ST # M P F W V G L 1 
1 20 1 5 0 0 0 
2 20 0 2 0 0 0 
3 15 0 2 0 0 0 
4 10 0 2 0 0 0 
5 20 0 2 0 0 0 
6 10 1 0 0 0 0 
7 25 0 0 0 0 0 

10 15 5 0 1 0 1 
11 10 2 0 0 0 0 
12 5 5 0 1 0 1 
14 1 5 0 1 1 0 
15 2 2 0 4 1 3 
17 2 5 0 2 0 2 
18 1 5 0 3 0 3 
19 2 10 0 2 1 1 
20 15 10 0 2 1 1 0 

X 11 3 1 1 0 1 
SD 8 3 1 1 0 1 

W 8 30 2 3 0 3 
W 9 50 2 3 0 3 
W 13 1 5 5 1 4 

W X 27 3 4 0 3 
W SD 20 1 1 0 0 

B 16 2 2 7 1 6 

1 
1 
0 

1 

1 
0 

I AG DG FR LP PA PC PP TH TP TR MS LC SN 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 1 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

YR 

YR 
83 

TR ST # M P F W V G I 1 
R3 1 30 0 5 0 0 0 

2 20 0 5 1 0 1 
3 20 0 5 1 0 1 
4 25 0 5 0 0 0 
5 30 0 5 2 0 2 
6 20 0 2 1 0 1 
7 20 0 1 3 0 2 

10 7 1 0 2 1 1 
11 5 1 0 0 0 0 
12 5 1 0 1 0 1 
15 5 2 0 3 0 3 
16 5 1 0 1 0 1 
17 3 1 0 2 0 2 
18 2 1 0 0 0 0 
19 5 1 0 0 0 0 
20 5 11 0 2 1 1 

R3 X 13 1 2 1 0 1 
R3 SD 10 3 2 1 0 1 

W 8 15 2 2 0 2 
W 9 5 2 3 1 2 
W 13 4 2 5 1 4 
W 14 5 1 1 1 0 

R3 W X 7 2 3 1 2 
R3 W SD 4 0 1 0 1 

TR ST # M P F W V G L 1 
R4 1 40 2 0 2 1 0 1 

2 50 1 0 1 0 0 1 
3 35 2 0 0 0 0 0 
4 30 1 0 0 0 0 0 
5 25 1 1 0 0 0 0 
6 25 1 1 0 0 0 0 
7 20 2 0 0 0 0 0 

10 10 10 0 1 1 0 0 
11 5 5 0 0 0 0 0 
15 3 1 0 1 0 0 1 
16 5 0 0 1 1 0 0 
17 5 2 0 1 0 0 1 
18 5 2 0 2 0 0 2 
19 15 2 0 1 1 0 0 
20 20 0 1 4 1 3 0 

R4 X 20 2 0 1 0 0 0 
R4 SD 14 2 0 1 0 1 1 

W 8 20 5 0 0 
W 9 10 10 2 1 I 
W 12 5 10 1 1 
W 13 10 5 0 0 

R4 W X 11 8 1 1 
R4 W SD 5 3 1 1 

I AG DG FR LP PA PC PP TH TP TR MS LC SN 

0 
1 
1 
0 

B 14 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

TR ST # M P F w V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC SN 
R5 1 40 0 2 1 1 0 0 1 0 0 

2 50 0 1 4 1 3 0 1 3 0 
3 30 0 2 2 0 2 0 2 0 

4 40 0 2 0 0 0 0 0 0 

5 20 0 2 1 0 0 1 0 0 
6 15 0 2 0 0 0 0 0 0 
7 30 0 2 0 0 0 0 0 0 
9 40 0 0 7 1 3 3 1 3 0 

10 30 5 0 3 2 1 0 1 1 1 0 
11 15 5 0 2 0 0 2 0 0 
14 15 0 0 1 1 0 0 1 0 0 
15 10 5 0 0 0 0 0 0 0 
16 5 0 0 13 1 10 2 1 0 10 
17 3 0 0 3 0 0 3 0 0 
18 10 0 0 6 2 2 2 1 1 1 1 
19 15 0 0 19 3 16 0 1 1 1 1 15 * 
20 10 0 2 6 0 4 2 1 1 2 

R5 X 22 1 1 4 1 2 1 1 2 
R5 SD 14 2 1 5 1 4 1 1 4 

W 8 40 0 0 2 0 2 0 
W 12 15 3 0 4 2 2 1 1 
w 13 25 1 1 2 1 1 1 

R5 w X 27 1 0 3 1 2 1 
R5 w SD 10 1 0 1 1 0 0 

TR ST # M P F w V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC SN 
R6 1 20 0 2 2 1 1 0 1 1 

2 30 0 0 1 1 0 0 1 
3 20 0 3 1 1 1 0 0 1 
4 30 0 3 1 1 1 0 0 1 
5 30 0 5 1 1 0 0 1 
6 30 0 2 0 0 0 0 0 
7 45 0 2 3 1 1 1 1 1 

- 9 50 5 0 4 1 0 3 0 1 
10 50 5 0 1 1 0 0 1 
11 15 15 0 3 2 0 1 1 1 
12 25 10 0 5 2 0 3 1 1 
13 40 5 0 1 0 0 1 0 
14 20 5 1 5 1 0 4 0 1 
15 15 10 0 1 0 0 1 0 
16 15 15 0 1 0 0 1 0 
17 10 5 0 1 0 0 1 0 
18 15 0 0 11 0 6 5 0 1 3 2 
19 40 0 0 6 0 2 4 0 2 
20 20 0 0 5 0 3 2 0 1 1 1 

R6 X 27 4 1 3 1 1 1 0 
R6 SD 12 5 1 3 1 1 2 0 

R6 w 8 30 5 1 1 1 1 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

YR 

TR ST # M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR 
FI 1 15 10 1 1 0 1 0 

2 20 10 4 2 2 1 1 1 1 
3 7 10 2 2 0 2 0 
4 10 7 2 2 0 2 0 
5 70 5 2 4 3 1 3 1 
6 55 20 1 3 2 1 2 1 
7 60 30 1 2 1 0 1 1 0 

10 35 45 2 2 0 1 1 0 
11 50 40 1 1 0 1 0 
12 85 10 5 2 2 1 2 2 
13 85 10 1 1 2 1 1 1 1 
14 90 5 6 2 4 2 4 
15 80 15 6 1 5 1 5 
16 80 15 1 1 0 1 0 
17 80 15 1 1 0 1 0 
18 85 10 7 2 5 2 5 
19 80 15 10 0 10 0 5 5 
20 60 15 11 3 7 1 3 2 5 

FI X 58 16 4 2 2 2 2 
FI SD 28 11 3 1 3 1 2 

W 8 20 20 2 1 1 1 
W 9 50 15 1 1 0 1 

FI W X 35 18 2 1 1 1 
FI W SD 15 3 1 0 1 0 

TR ST # M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR 
F2 1 75 15 0 6 6 0 0 1 5 0 

2 20 15 1 1 1 0 0 1 0 
3 15 25 4 3 3 0 0 3 0 
4 7 15 1 1 2 2 0 0 2 0 
5 20 20 5 4 3 1 0 3 1 
6 10 20 1 3 2 0 1 2 0 
7 15 20 0 2 1 0 1 1 0 

10 15 30 0 1 0 0 2 0 0 
11 30 45 0 0 0 0 0 0 0 
12 60 30 1 3 1 0 2 1 0 
13 50 30 3 1 1 0 0 1 0 
14 60 15 4 3 2 1 0 2 1 
15 75 15 1 3 6 2 4 0 2 2 
16 75 20 1 1 1 0 0 1 0 
17 60 30 0 3 1 2 0 1 2 
18 70 15 0 4 1 2 1 1 1 1 
19 45 15 1 2 0 1 1 0 1 
20 25 10 1 3 2 0 1 1 0 1 

F2 X 40 21 2 3 2 1 ! 1 1 
F2 SD 25 8 2 2 1 1 1 1 1 

W 8 15 15 2 1 ! 1 
W 9 20 30 3 2 1 2 

F2 W X 18 23 3 2 1 2 
F2 W SD 3 8 1 1 0 1 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

TR ST # M P F w V G L 1 AG DG FR LP PA 
F3 1 45 15 4 4 0 2 1 0 

2 85 10 6 6 0 1 1 1 3 
3 80 15 10 5 5 1 4 
4 40 20 12 4 8 2 2 
5 15 15 4 4 0 2 2 
6 50 25 3 9 7 2 2 5 
7 55 20 1 11 5 5 1 3 2 

11 65 30 3 0 3 0 0 
12 70 15 4 2 2 1 0 2 
13 80 10 9 2 7 0 2 
14 85 10 1 2 2 0 0 2 
15 85 10 7 5 1 1 1 3 
16 87 10 4 3 1 1 2 
17 80 15 7 5 2 5 
18 70 15 27 23 4 20 
19 80 10 21 21 0 1 20 
20 55 15 6 3 3 1 2 

F3 X 66 15 9 6 3 , 4 
F3 SD 20 6 6 6 2 1 6 

W 8 40 20 2 2 0 1 
W 9 35 25 3 2 1 2 
W 10 20 30 3 3 0 1 1 

F3 W X 32 25 3 2 0 1 
F3 W SD 8 4 0 0 0 0 0 

TR ST # M P F w V G I 1 AG DG FR LP PA 
F4 1 1 11 9 1 1 0 1 1 0 

2 45 5 1 2 21 12 9 0 0 2 0 
3 25 5 1 0 9 3 5 1 1 1 1 
4 10 5 1 3 3 2 1 0 1 1 0 
5 20 5 0 2 4 1 3 0 0 0 1 
6 15 10 0 0 7 4 3 0 1 2 1 
7 30 10 0 5 14 1 5 8 0 0 1 
8 40 20 0 0 9 3 0 6 0 0 1 2 

11 50 30 0 0 4 2 2 0 0 0 1 1 
12 50 20 0 2 6 5 0 1 0 0 5 
13 65 15 1 5 6 4 4 0 1 2 1 
14 50 30 1 3 6 2 4 0 1 1 0 
15 75 15 0 1 10 6 2 2 1 0 0 
16 80 10 0 2 19 9 1 0 1 3 5 
17 35 25 0 0 2 0 1 1 0 0 0 
18 80 15 0 1 13 3 7 3 0 2 1 
19 85 10 1 0 10 2 6 2 0 1 1 
20 50 10 0 1 11 6 5 0 2 2 2 

F4 X 47 14 0 2 9 4 3 1 1 1 
F4 SD 23 8 0 2 5 3 2 2 1 1 1 

BW 9 80 10 8 2 6 1 1 

F4 W 10 60 20 3 3 0 2 

0 0 
0 0 
5 0 
3 5 
0 0 
2 0 
5 0 
3 0 
1 1 
5 2 1 
0 0 
1 0 
1 0 
2 0 
4 0 
1 0 
2 1 

2 1 
2 1 

0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
7 
1 
7 
3 
0 

1 
2 

1 
8 
0 
1 
2 
2 
5 
0 
2 
0 
4 
2 
2 
3 
0 
0 
3 
4 

2 
2 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

# M P F w V G I 1 AG DG FR LP PA PC PP TH TP TR MS LC SN 
1 70 0 0 1 37 14 23 3 0 0 10 1 0 20 2 
2 80 0 1 0 27 7 20 2 0 0 5 0 0 20 0 
3 65 0 1 1 19 4 15 1 0 2 0 1 0 15 0 
4 60 0 0 0 15 0 15 0 0 0 0 0 0 15 0 
5 80 0 1 0 20 0 20 0 0 0 0 0 0 20 0 
7 95 0 0 0 52 12 40 1 0 5 5 1 0 40 0 

11 80 10 0 0 11 3 8 0 0 2 1 0 0 8 0 
14 90 0 1 1 71 11 60 2 0 2 5 2 0 60 0 
15 85 5 0 3 47 7 40 1 3 0 3 0 0 40 0 
16 80 10 1 0 74 24 50 3 5 0 5 1 0 50 0 
17 70 10 1 1 32 4 28 1 2 0 1 0 0 20 8 
18 100 0 0 0 95 15 80 0 5 0 10 0 10 70 0 
19 95 0 0 0 100 25 75 0 5 2 15 3 0 75 0 
20 70 0 0 0 98 28 70 1 5 10 10 2 0 70 0 

X 80 3 0 1 50 11 39 1 2 2 5 1 1 37 1 
SD 12 4 0 1 31 9 23 1 2 3 5 1 3 23 2 

BW 8 
BW 9 
BW 10 75 20 11 4 5 2 

B 6 
B 12 

13 70 5 69 19 50 2 5 10 2 50 

# M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC 
1 45 10 6 6 1 5 1 0 1 0 
2 50 20 5 5 0 5 0 0 0 0 
3 15 5 5 2 3 1 2 0 0 1 2 
4 20 0 9 1 8 1 0 0 0 8 
5 35 0 3 1 2 1 0 0 1 1 
6 50 0 11 1 10 1 0 0 0 10 
7 50 0 8 3 5 1 2 0 0 5 

11 80 10 5 2 3 1 1 0 0 3 
16 87 10 13 3 10 3 0 0 0 10 
17 85 10 16 4 12 3 1 0 10 2 
18 95 2 19 4 15 3 0 1 10 5 
19 100 0 22 7 15 5 0 2 5 10 
20 95 0 32 17 15 10 3 4 0 15 

X 62 5 12 4 8 3 1 1 2 5 
SD 28 6 8 4 5 3 1 1 4 5 

B 8 
B 10 
B 12 
B 13 
B 14 
B 15 

70 10 

50 
85 

0 
0 

6 4 

14 8 6 
12 4 8 

BW 9 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

YR TR ST # 
83 PI 

PI 
PI 

PI 
PI 

# M P F W V G L 1 
3 80 15 7 4 3 0 
4 75 20 7 2 5 0 
5 80 10 16 5 11 0 
6 60 15 7 3 4 0 
7 75 10 8 4 4 0 
8 90 5 32 30 1 1 

11 95 3 22 15 1 6 
17 85 12 30 15 15 0 
18 95 2 32 20 12 0 
19 95 4 1 14 10 4 0 
20 95 3 21 10 11 0 

X 84 9 18 11 6 1 
SD 11 6 10 8 5 2 

1 70 15 3 2 1 
2 65 25 3 3 0 

X 68 20 3 3 1 
SD 3 5 0 1 1 

1 
0 

1 
1 

4 
2 
5 
3 
4 

30 
15 
15 
20 
10 
10 

11 
8 

1 
3 

2 
1 

0 
0 
1 
2 
0 
0 
0 
4 
5 
0 
6 

2 
2 

3 
5 

10 
2 
4 
1 
1 

10 
7 
0 
5 

4 
3 

1 
0 

YR 
83 

B 9 
B 10 
B 12 
B 13 
B 14 
B 15 
B 16 95 2 26 20 6 20 1 5 

TR ST # M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC SN 
P5 3 90 5 22 2 20 0 1 0 1 20 0 

4 95 38 3 30 5 1 2 0 30 0 
5 95 58 8 50 0 3 5 0 50 0 
6 95 76 16 60 0 1 10 5 60 0 
7 95 56 6 50 1 4 2 0 50 0 
8 95 22 5 10 7 2 3 0 10 0 
9 95 48 17 30 1 2 15 0 30 0 

10 95 43 23 20 0 2 20 1 20 0 
11 95 57 17 40 0 2 15 0 40 0 
14 95 80 20 60 0 0 20 0 60 0 
15 95 83 13 70 0 2 10 1 70 0 
16 95 96 24 72 0 2 20 2 70 2 
17 95 57 7 50 0 2 5 0 40 10 
18 95 81 11 70 0 1 10 0 70 0 
19 95 67 5 60 2 0 5 0 60 0 
20 95 96 16 80 0 0 15 1 80 0 

P5 X 95 61 12 48 1 2 10 1 48 1 
P5 SD 1 22 7 21 2 1 7 1 20 2 

S 1 85 5 56 25 30 1 10 15 30 
S 2 90 5 48 2 30 16 1 1 30 

P5 s X 88 5 52 14 30 9 6 8 30 
P5 s SD 3 0 4 12 0 8 5 7 0 

B 12 95 
B 13 

57 15 40 2 15 40 

t 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

YR TR ST # M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC 
P6 3 85 10 1 10 4 6 0 2 1 1 1 5 

4 90 5 2 1 1 0 1 0 1 0 
5 90 8 10 3 6 1 2 1 1 5 
6 95 3 34 5 29 0 3 0 2 4 2 
7 90 5 6 3 3 0 2 1 0 3 
8 85 7 2 6 2 3 1 1 1 1 2 
9 95 0 1 9 3 5 1 1 2 0 5 

10 95 2 9 4 5 0 3 1 0 5 
11 95 4 17 5 10 2 0 5 0 10 
12 95 2 22 11 11 0 1 10 1 10 
14 95 0 39 19 20 0 4 15 0 20 
15 95 0 24 4 20 0 2 2 0 20 
16 95 0 26 5 20 1 3 2 5 15 
17 95 0 24 9 15 0 5 3 5 10 
18 95 0 19 6 13 0 5 1 2 1 10 
19 90 5 31 10 21 0 5 5 1 20 
20 90 5 18 5 13 0 2 3 3 10 

P6 X 92 3 18 6 12 0 2 3 1 9 
P6 SD 3 3 10 4 8 1 1 4 2 6 

S 1 90 5 8 5 3 0 5 0 1 2 
S 2 90 5 15 4 5 4 2 2 0 5 

P6 s X 90 5 12 5 4 2 4 1 1 4 
P6 s SD 0 0 4 1 1 2 2 1 1 2 

B 13 

YR TR ST 
83 PF1 

# M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC 
3 45 30 1 0 0 1 0 0 
4 40 40 2 0 0 2 0 0 
5 25 35 1 1 0 0 1 0 0 
6 65 20 3 2 1 0 1 1 1 0 
7 45 15 5 2 1 2 2 1 
8 60 15 4 2 1 1 2 1 
9 80 10 8 5 3 0 5 3 

10 80 15 8 6 2 0 1 5 1 1 
11 90 5 30 30 0 0 30 0 
12 90 5 33 30 1 2 30 0 1 
13 95 5 31 30 0 1 30 0 
14 70 15 14 11 2 1 1 10 1 1 
15 70 15 3 3 0 0 3 0 
16 75 15 1 9 5 4 0 5 1 3 
17 75 20 13 7 5 1 7 1 3 1 
18 45 50 13 10 3 0 10 3 
19 60 15 5 3 1 1 3 1 
20 40 10 1 1 0 0 1 0 

PF1 X 64 19 
PF1 SD 20 12 

10 8 1 
10 10 1 

8 
10 

S 1 60 0 
S 2 40 35 

51 40 
5 3 

1 10 
2 0 

30 
3 

PF1 S X 50 18 
Ffl S SD 10 18 

28 22 
23 19 

2 10 17 
1 0 14 
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Table 3. Cover data collected from Trial 70.1 in 1983 (continued). 

YR 

TR ST # M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC 
PF5 3 40 20 0 0 0 0 0 0 

4 15 25 3 0 0 3 0 0 
5 5 25 1 0 1 0 0 1 
6 5 15 3 0 3 0 0 3 
7 15 10 1 1 0 0 1 0 
8 40 15 2 1 0 1 1 0 
9 25 15 1 0 1 0 0 1 

10 45 15 12 1 10 1 1 10 
11 70 15 15 5 7 1 5 7 
12 95 2 36 10 25 1 10 25 
13 95 2 26 5 20 1 5 20 
14 60 10 14 4 10 0 1 3 10 
15 50 15 4 0 1 3 0 1 
16 40 20 1 0 0 1 0 0 
17 45 20 23 2 20 1 1 1 20 
18 20 35 16 6 10 0 1 5 10 
19 40 20 1 14 2 12 0 2 10 
20 30 15 1 0 0 0 0 0 0 

PF5 X 41 16 10 2 7 1 2 7 
PF5 SD 26 8 10 3 8 1 3 8 

S 1 80 5 55 15 10 30 5 10 10 
S 2 35 15 7 7 0 0 5 2 0 

PF5 S X 58 10 31 11 5 15 5 6 5 
PF5 S SD 23 5 24 4 5 15 0 4 5 

TR ST # M P F W V G L 1 AG DG FR LP PA PC PP TH TP TR MS LC 
PF6 4 15 35 4 1 0 3 1 0 0 0 

5 15 25 2 0 2 0 0 0 1 1 
6 10 30 0 0 0 0 0 0 0 0 
7 35 10 2 1 1 0 1 0 1 0 
8 40 10 1 4 1 2 1 1 0 2 0 
9 25 10 3 1 1 1 1 0 1 0 

10 30 10 6 2 2 2 1 1 2 0 
11 70 5 7 3 2 2 2 1 2 0 
12 95 0 8 3 5 0 1 1 1 0 5 
13 85 5 6 3 2 1 2 1 1 1 
14 80 5 7 3 4 0 1 2 2 2 
15 40 20 3 3 0 0 1 2 0 0 
16 30 20 1 1 0 1 1 0 0 0 
17 50 40 9 3 4 2 2 1 1 3 
18 15 60 11 5 6 0 3 2 3 3 
19 70 10 1 10 2 7 0 1 1 2 5 
20 60 10 1 6 1 5 0 1 0 0 0 

PF6 X 45 18 5 2 3 1 1 1 1 1 
PF6 SD 26 15 3 1 2 1 1 1 1 2 

S 1 25 5 20 5 
S 2 85 5 20 10 10 10 
S 3 30 30 3 1 2 1 

PF6 S X 58 18 16 5 11 5 
PF6 S SD 28 13 9 4 7 4 
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Table 4. Foliar chemistry data from Trial 70.1 in 1980. 

GROUP PLOT %C %N %P %K %Ca %Mg Wt/m2 

70R 41 0.46 0.37 0.44 
42 0.00 
43 1.34 0.06 0.50 0.20 0.08 7.89 
44 36.27 0.64 0.05 0.52 0.14 0.02 8.33 
45 36.57 1.33 
46 39.36 1.81 0.15 0.59 1.27 0.29 11.44 
47 
4 R 

33.73 0.75 0.13 0.88 0.23 0.07 13.22 

**o 
49 42.80 0.78 0.09 0.22 0.32 0.01 8.11 

70PF 74 40.17 0.59 0.07 0.37 0.29 0.08 11.11 
75 37.31 1.18 0.12 0.85 0.52 0.10 37.22 
76 38.37 0.83 0.09 0.58 0.36 0.09 36.67 
77 38.33 0.74 0.06 0.59 0.48 0.10 15.56 
78 39.46 0.66 0.07 0.28 0.11 0.29 9.78 
79 36.87 0.59 0.08 0.35 0.30 0.07 34.11 
80 38.83 0.93 0.08 0.45 0.39 0.09 77.89 
81 38.20 0.59 0.06 0.31 0.35 0.08 8.56 
82 0.55 0.08 0.40 0.09 0.26 4.89 
83 40.51 0.15 0.67 0.10 4.56 
84 38.93 0.69 0.10 0.62 0.24 0.08 71.67 
85 38.65 0.51 0.07 0.36 0.31 0.09 17.00 

70F1 50 39.81 1.74 0.10 0.87 0.95 0.13 6.89 
51 38.96 1.16 0.09 0.59 0.32 0.12 17.22 
52 39.60 0.76 0.10 0.56 0.53 0.10 34.11 
53 38.63 1.83 0.13 0.98 0.85 0.18 56.00 

70F5 54 41.29 1.75 0.06 0.59 0.46 0.11 39.78 
55 41.44 2.16 0.12 1.28 0.68 0.14 163.00 
56 40.20 2.07 0.09 1.19 0.52 0.15 909.78 
57 40.68 2.09 0.11 1.25 0.60 0.17 447.11 

70F6 58 39.42 2.24 0.12 1.16 0.97 0.27 35.56 
59 37.89 0.73 0.10 0.54 0.24 0.09 29.33 
60 38.88 1.73 0.13 1.20 0.80 0.22 27.00 
61 40.24 0.77 0.12 0.73 0.32 0.12 59.11 

70P1 62 39.96 0.83 0.12 0.66 0.29 0.12 15.44 
63 38.84 0.72 0.09 0.48 0.25 0.08 104.00 
64 39.93 0.77 0.11 0.60 0.31 0.07 119.11 
65 39.37 1.60 0.14 1.08 0.60 0.13 33.11 

70P5 66 42.03 2.52 0.14 1.30 0.60 0.15 124.33 
67 41.18 1.60 0.10 1.06 0.45 0.14 129.67 
68 40.93 2.23 0.13 1.17 0.49 0.16 300.33 
69 42.71 1.93 0.16 1.15 0.54 0.13 298.67 

70P6 70 37.52 0.72 0.10 1.42 0.56 0.16 25.67 
71 40.64 1.04 0.15 0.90 0.37 0.10 25.78 
72 40.02 0.66 0.08 0.40 0.22 0.07 30.33 
73 38.56 1.06 0.11 0.68 0.49 0.15 73.78 
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Table 5. Number and size of invading woody species in Trial 70.1 

Species 

Hemlock 

Vaccinium 

eatment 0-9cm 10-19cm 20-39cm 
Year Plot Inter- Plot Inter- Plot Inter-

Row Row Row 

R 1980 11 20 
1982 535 619 30 52 10 
1985 6 10 

F-5 1980 12 
1982 7 124 10 7 
1985 3 12 

F5 1980 63 
1982 63 63 
1985 63 

P16 1980 69 35 
1982 10 69 35 35 
1985 35 69 

P5 1980 17 63 
1982 63 63 63 
1985 63 

PF 1980 36 100 5 20 
1982 305 127 240 36 40 
1985 56 100 

-AG1 1980 132 105 11 
1982 211 295 237 232 26 21 
1985 95 42 

AG 2 1980 55 
1982 284 154 20 
1985 20 20 

R 1980 
1982 96 142 6 
1985 3 

F-5 1980 
1982 133 755 39 161 
1985 19 87 

F5 1980 
1982 58 443 127 
1985 19 63 

P16 1980 
1982 135 1458 58 174 
1985 48 278 

P5 1980 
1982 17 127 190 
1985 253 

PF 1980 
1982 274 500 51 60 5 
1985 61 40 

AG1 1980 
1982 58 63 47 63 
1985 26 21 

AG 2 1980 
1982 60 40 5 
1985 10 20 

Row Row 

63 
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Table 5. Number and size of invading woody species in Trial 70.1 (continued). 

Treatment 0-9cm 10-19cm 20-39cm 40-69cm >70crn 
Species Year Plot Inter- Plot Inter- Plot Inter- Plot Inter- Plot Inter-

Row Row Row Row Row 
Cottonwood 

R 1980 8 30 3 20 
1982 17 31 14 20 19 30 14 10 
1985 25 20 25 30 3 

F-5 1980 7 3 12 12 
1982 7 7 25 25 12 
1985 10 25 37 

F5 1980 63 
1982 63 
1985 19 19 

PI 6 1980 35 
1982 10 35 • 

1985 10 35 
P5 1980 17 63 

1982 17 63 
1985 17 63 

PF 1980 10 20 
1982 5 5 40 5 5 
1985 40 5 10 

AG1 1980 47 21 58 42 58 42 16 42 
1982 11 26 42 47 21 74 42 69 105 
1985 42 84 69 21 95 105 

AG 2 1980 20 20 40 25 25 
1982 30 40 45 60 55 20 30 
1985 35 60 55 40 

Willow 
R 1980 6 20 14 30 10 

1982 33 10 11 10 25 10 11 51 3 
1985 19 10 16 41 8 20 

F-5 1980 25 25 
1982 3 12 12 25 25 
1985 37 25 

F5 1980 
1982 
1985 

P16 1980 35 
1982 35 
1985 35 

P5 1980 
1982 
1985 

PF 1980 5 20 20 
1982 20 20 20 5 20 
1985 40 40 5 20 

AG1 1980 26 21 21 21 16 42 16 
1982 11 16 37 42 26 21 21 42 
1985 37 21 32 26 63 

AG 2 1980 20 10 15 10 
1982 20 15 25 15 20 
1985 20 15 25 
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Table 6. The height of Sitka alder in Trial 77.1 

Years 

ROW 1 

ROW 2 

ROW 3 

3rd 4th 5th 6th 7th 8th 10th 
ht ht width ht width ht width ht ht ht 

E-W N-S E-W N-S E-W N-S 
# cm cm cm cm cm cm cm cm cm cm cm cm cm 

1 54 74 118 79 106 160 140 130 190 180 152 161 197 
2 50 75 115 140 92 165 146 110 125 175 128 102 146 
3 60 55 61 86 65 90 101 95 120 135 120 130 152 
4 50 53 88 63 65 114 80 85 140 105 95 96 127 
5 36 38 24 31 46 34 37 60 60 55 65 65 79 
6 97 140 110 130 160 137 170 190 165 165 225 230 289 
7 34 33 38 38 31 40 37 45 60 70 61 64-116 
8 40 40 90 60 62 112 123 90 115 145 127 141 192 
9 28 30 56 46 33 59 52 60 85 95 87 105 166 

10 44 55 60 53 65 88 75 110 125 110 132 145 216 

1 54 78 138 125 80 146 160 110 175 175 115 158 230 
2 35 106 40 63 93 45 100 120 70 65 142 160 215 
3 43 32 77 72 50 86 86 60 90 80 75 83 95 
4 30 28 37 38 26 46 48 35 55 65 52 67 106 
5 20 27 52 58 35 69 78 55 75 75 70 75 108 
6 35 36 47 44 40 39 42 45 45 50 45 48 73 
7 28 40 41 32 54 62 43 75 65 95 113 120 171 
8 55 87 127 142 127 180 180 180 150 190 217 220 266 
9 36 74 82 110 85 120 137 105 145 110 127 132 173 

10* 34 65 107 130 160 180 231 
11 47 57 96 75 75 112 92 100 145 120 137 154 193 

1 36 47 55 62 77 86 107 100 150 145 125 133 172 
2 39 48 72 71 45 80 87 55 85 85 55 60 106 
3 34 49 78 91 62 96 108 80 110 115 87 95 116 
4 35 43 80 64 71 112 80 100 120 100 118 133 179 
5 40 44 42 62 51 50 70 60 65 100 71 75 96 

* cottonwood 
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T r i a l 82.1 : LEGEND 

S o i l Type 

A : w a s t e r o c k 
B : 10 cm Spy 
C : 30 cm Spy 
D : 10 cm 594 
E : 30 cm 594 

H i l l o v e r b u r d e n 
H i l l o v e r b u r d e n 
Bench o v e r b u r d e n 
Bench o v e r b u r d e n 

Seed M i x Type 

A : a n n u a l g r a s s 
L : legume 
EC : e r o s i o n c o n t r o l 
GL : g r a s s p l u s legume 
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Table 7. Data collected from Trial 82.1 in 1982. 

Year Block Soil Seed % 
Type Mix Cover 

82A 1 A A 45 
82A 1 A L 20 
82A 1 A E 35 
82A 1 A G 30 
82A 1 B A 30 
82A 1 B L 5 
82A 1 B E 25 
82A 1 B G 10 
82A 1 C A 10 
82A 1 C L 5 
82A 1 C E 5 
82A 1 C G 5 
82A 1 D A 30 
82A 1 D L 15 
82A 1 D E 30 
82A 1 D G 20 
82A 1 E A 15 
82A 1 E L 2 
82A 1 E E 15 
82A 1 E G 10 
82A 2 A A 40 
82A 2 A L 20 
82A 2 A E 25 
82A 2 A G 20 
82A 2 B A 30 
82A 2 B L 7 
82A 2 B E 10 
82A 2 B G 15 
82A 2 C A 20 
82A 2 C L 2 
82A 2 C E 10 
82A 2 C G 10 
82A 2 D A 35 
82A 2 D L 20 
82A 2 D E 25 
82A 2 D G 35 
82A 2 E A 25 
82A 2 E L 10 
82A 2 E E 15 
82A 2 E G 15 

Year Block Soil Seed % 
Type Mix Cover 

82A 3 A A 50 
82A 3 A L 15 
82A 3 A E 30 
82A 3 A G 25 
82A 3 B A 35 
82A 3 B L 10 
82A 3 B E 20 
82A 3 B G 20 
82A 3 C A 30 
82A 3 C L 2 
82A 3 C E 15 
82A 3 C G 5 
82A 3 D A 30 
82A 3 D L 10 
82A 3 D E 20 
82A 3 D G 15 
82A 3 E A 35 
82A 3 E L 5 
82A 3 E E 20 
82A 3 E G 10 
82A 4 A A 50 
82A 4 A L 20 
82A 4 A E 35 
82A 4 A G 20 
82A 4 B A 35 
82A 4 B L 10 
82A 4 B E 35 
82A 4 B G 15 
82A 4 C A 30 
82A 4 C L 5 
82A 4 C E 20 
82A 4 C G 10 
82A 4 D A 50 
82A 4 D L 15 
82A 4 D E 35 
82A 4 D G 35 
82A 4 E A 35 
82A 4 E L 5 
82A 4 E E 20 
82A 4 E G 15 
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Table 8. Data collected from Trial 82.1 in 1983. 

Year Block Soil Seed % Biom Alder Pine 
Type Mix Cover (g/m2) # Height(cm) # Height(cm) 

83A 1 A A 8 76.7 5 45 40 17 14 14 5 30 27 26 25 17 
83A 1 A L 35 301.1 3 55 42 35 3 30 20 17 
83A 1 A E 90 491.1 0 2 17 16 
83A 1 A G 45 376.7 4 55 50 50 28 1 25 
83A 1 B A 3 68.9 5 50 50 47 30 25 5 32 28 28 25 24 
83A 1 B L 12 16.7 5 50 45 43 29 19 5 36 32 27 23 19 
83A 1 B E 35 51.1 3 57 40 23 4 34 27 26 14 
83A 1 B G 35 134.4 4 55 30 22 14 5 30 27 25 17 15 
83A 1 C A 2 5 67 35 35 27 20 3 30 15 15 
83A 1 C L 5 5 65 55 55 20 10 1 27 
83A 1 C E 7 5 55 47 30 22 15 1 25 
83A 1 C G 5 4 30 30 10 10 2 30 20 
83A 1 D A 5 2 30 28 4 30 25 20 20 
83A 1 D L 30 1 30 5 25 18 17 12 10 
83A 1 D E 70 4 41 20 18 7 3 25 22 20 
83A 1 D G 60 4 33 18 15 8 5 20 18 17 15 13 
83A 1 E A 5 5 35 25 15 15 15 4 30 30 30 25 
83A 1 E L 7 4 45 30 30 25 5 40 35 30 20 10 
83A 1 E E 50 5 20 13 10 10 5 5 35 30 30 30 20 
83A 1 E G 30 5 24 1 1 1 1 4 35 35 30 15 
83A 2 A A 5 86.7 5 45 34 28 22 22 2 27 22 
83A 2 ' A L 35 80.0 4 45 45 24 20 3 23 20 15 
83A 2 A E 95 146.7 1 12 3 22 21 20 
83A 2 A G 90 423.3 1 45 0 
83A 2 B A 8 4 40 35 30 13 5 30 30 28 25 20 
83A 2 B L 15 5 45 45 40 30 25 5 32 30 25 25 25 
83A 2 B E 50 4 60 20 9 5 4 30 28 24 23 
83A 2 B G 25 5 27 20 15 15 10 5 25 23 21 20 20 
83A 2 C A 5 5 38 35 23 20 10 5 30 27 25 23 15 
83A 2 C L 3 5 35 25 23 23 17 3 30 25 8 
83A 2 C E 20 5 35 20 12 7 7 3 30 27 22 
83A 2 C G 15 5 55 33 30 17 9 4 25 20 20 15 
83A 2 D A 6 91.1 5 64 37 31 15 15 4 31 30 25 20 
83A 2 D L 35 140.0 5 45 20 20 18 17 2 22 12 
83A 2 D E 95 200.0 4 60 36 8 5 4 22 20 15 12 
83A 2 D G 70 118.9 5 47 47 37 19 16 5 26 21 17 14 11 
83A 2 E A 9 287.8 5 47 43 40 38 13 0 
83A 2 E L 30 77.8 4 50 47 45 22 3 30 30 28 
83A 2 E E 80 202.2 4 16 13 4 1 4 28 25 22 12 
83A 2 E G 70 542.2 5 28 18 16 9 6 4 30 20 15 10 
83A 3 A A 10 5 45 30 25 25 15 2 30 25 
83A 3 A L 30 5 40 35 35 32 25 1 30 
83A 3 A E 100 1 22 2 23 20 
83A 3 A G 80 0 1 30 
83A 3 B A 7 0.0 5 22 21 20 18 10 2 22 17 
83A 3 B L 30 211.1 5 25 19 15 10 7 1 10 
83A 3 B E 60 22.2 4 10 8 6 2 2 32 25 
83A 3 B G 65 212.2 3 23 7 1 1 30 
83A 3 C A 10 107.8 5 55 45 40 37 25 2 20 18 
83A 3 C L 20 35.6 4 65 48 27 23 4 38 30 28 -25 
83A 3 C E 50 98.9 3 40 33 23 0 
83A 3 C G 40 51.1 5 61 50 48 37 35 3 40 23 20 
83A 3 D A 15 5 36 25 25 25 12 4 35 30 20 15 
83A 3 D L 25 5 50 37 30 30 10 5 30 25 20 20 15 
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Table 8. Data collected from Trial 82.1 in 1983 (continued). 

Year Block Soil Seed % Biom Alder Pine 
Type Miix Cover (g/m2) # Height(cm) # Height(cm) 

83A 3 D E 90 5 60 45 37 10 5 3 25 25 23 
83A 3 D G 75 3 35 34 20 5 30 28 27 27 25 
83A 3 E A 5 85.6 5 60 30 30 19 15 4 25 25 22 20 
83A 3 E L 40 64.4 5 55 45 45 15 10 4 25 25 15 10 
83A 3 E E 75 233.3 4 23 20 10 5 5 35 35 35 30 20 
83A 3 E G 65 46.7 5 50 28 20 15 5 5 30 25 23 23 20 
83A 4 A A 8 4 37 30 15 5 3 35 35 25 
83A 4 A L 70 3 32 20 20 1 28 
83A 4 A E 95 0 2 28 5 
83A 4 A G 70 0 2 30 30 
83A 4 6 A 8 1 2 5 30 28 28 25 25 
83A 4 6 L 20 5 40 40 35 20 5 5 36 30 25 20 10 
83A 4 B E 80 2 30 22 1 30 * •* 

83A 4 B G 70 1 2 5 30 28 28 25 25 
83A 4 C A 5 146.7 5 60 42 35 30 20 1 23 
83A 4 C L 15 33.3 5 55 55 50 45 35 1 25 
83A 4 C E 50 107.8 5 50 40 40 40 30 1 30 
83A 4 C G 35 298.9 4 50 35 25 10 0 
83A 4 D A 5 92.2 5 60 30 30 27 25 4 25 24 24 15 
83A 4 D L 40 117.8 5 65 45 40 15 15 2 20 7 
83A 4 . D E 80 463.3 3 25 25 12 3 25 20 15 
83A 4 D G 75 268.9 3 75 35 15 4 30 22 15 12 
83A 4 E A 8 3 60 55 45 3 30 25 25 
83A 4 E L 25 5 60 60 40 32 30 4 25 23 20 15 
83A 4 E E 80 0 3 30 28 25 
83A 4 E G 40 4 50 15 8 5 2 25 2 
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Table 9. Data collected from Trial 82.1 in May, 1984. 

Year Block Soil Seed Alder Pine Year Block Soil Seed Alder Pine 
Type Mix # # Type Mix # # 

84S 1 A A 4 3 84S 3 A A 3 1 
84S 1 A L 1 0 84S 3 A L 4 2 
84S 1 A E 1 1 84S 3 A E 0 0 
84S 1 A G 1 1 84S 3 A G 0 0 
84S 1 B A 0 0 84S 3 B A 2 0 
84S 1 B L 1 0 84S 3 B L 1 0 
84S 1 B E 0 0 84S 3 B E 2 0 
84S 1 B G 2 0 84S 3 B G 0 0 
84S 1 C A 5 1 84S 3 C A 5 ... 1 
84S 1 C L 2 1 84S 3 C L 4 1 
84S 1 C E 1 0 84S 3 C E 1 0 
84S 1 C G 3 2 84S 3 C G 4 1 
84S 1 D A 2 3 84S 3 D A 2 2 
84S 1 D L 1 3 84S 3 D L 1 2 
84S 1 D E 4 3 84S 3 D E 2 2 
84S 1 D G 1 4 84S 3 D G 2 3 
84S 1 E A 4 2 84S 3 E A 4 4 
84S 1 E L 1 3 84S 3 E L 2 0 
84S 1 E E 1 3 84S 3 E E 2 1 
84S 1 E G 2 3 84S 3 E G 0 1 
84S 2 A A 3 0 84S 4 A A 1 1 
84S 2 A L 0 0 84S 4 A L 0 0 
84S 2 A E 0 0 84S 4 A E 0 0 
84S 2 A G 0 0 84S 4 A G 0 0 
84S 2 B A 4 1 84S 4 B A 2 1 
84S 2 B L 5 - 3 84S 4 B L 1 1 
84S 2 B E 2 3 84S 4 B E 1 0 
84S 2 B G 4 3 84S 4 B G 0 0 
84S 2 C A 5 3 84S 4 C A 3 0 
84S 2 C L 2 1 84S 4 C L 2 1 
84S 2 C E 2 3 84S 4 C E 0 0 
84S 2 C G 4 0 84S 4 C G 2 0 
84S 2 D A 2 1 84S 4 D A 4 0 
84S 2 D L 1 0 84S 4 D L 3 0 
84S 2 D E 2 0 84S 4 D E 3 0 
84S 2 D G 0 2 84S 4 D G 1 0 
84S 2 E A 4 0 84S 4 E A 2 0 
84S 2 E L 1 0 84S 4 E L 2 0 
84S 2 E E 0 0 84S 4 E E 0 - 0 
84S 2 E G 0 0 84S 4 E G 3 0 
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Table 10. Data collected from Trial 82.1 in September, 1984. 

Year Block Soil Seed % Biomass Aide 
Type Mix Cover (g/m2) # 

84A 1 A A 0.0 0.0 0.0 4 
84A 1 A I 20.0 153.3 428.9 3 
84A 1 A E 75.0 186.7 511.1 0 
84A 1 A G 40.0 214.4 127.8 2 
84A 1 B A 1.0 0.0 0.0 5 
84A 1 B L 15.0 556.7 115.6 3 
84A 1 B E 15.0 30.0 87.8 2 
84A 1 B G 15.0 16.7 73.3 3 
84A 1 C A 0.0 0.0 0.0 5 
84 A 1 C I 4.0 0.0 12.2 5 
84A 1 C E 10.0 91.1 52.2 4 
84A 1 c G 7.0 80.0 18.9 4 
84A 1 D A 0.0 0.0 0.0 2 
84A 1 D I 20.0 80.0 344.4 1 
84A 1 D E 30.0 125.6 165.6 5 
84A 1 D G 25.0 113.3 201.1 4 
84A 1 E A 0.5 0.0 0.0 4 
84A 1 E I 3.0 36.7 41.1 4 
84A 1 E E 35.0 146.7 188.9 5 
84A 1 E G 12.0 68.9 97.8 3 
84A 2 A A 2.0 0.0 0.0 3 
84A 2 A I 18.0 174.4 43.3 0 
84A 2 A E 85.0 650.0 411.1 0 
84A 2 A G 70.0 211.1 335.6 0 
84A 2 B A 0.0 0.0 0.0 4 
84A 2 B L 8.0 110.0 46.7 5 
84A 2 B E 15.0 175.6 195.6 4 
84A 2 B G 12.0 76.7 167.8 5 
84A 2 C A 0.0 0.0 0.0 5 
84A 2 C I 5.0 0.0 47.8 4 
84A 2 c E 15.0 40.0 140.0 5 
84A 2 c G 10.0 37.8 61.1 5 
84A 2 D A 6.0 0.0 0.0 5 
84A 2 D L 34.0 144.4 436.7 1 
84A 2 D E 55.0 202.2 222.2 3 
84A 2 D G 40.0 343.3 138.9 0 
84A 2 E A 3.0 0.0 0.0 5 
84A 2 E I 22.0 167.8 221.1 2 
84A 2 E E 70.0 187.8 194.4 0 
84A 2 E G 75.0 335.6 334.4 0 
84A 3 A A 1.0 0.0 0.0 4 
84A 3 A L 11.0 98.9 267.8 4 
84A 3 A E 75.0 292.2 173.3 0 
84A 3 A G 35.0 207.8 265.6 0 
84A 3 B A 0.0 0.0 0.0 5 
84A 3 B L 18.0 426.7 73.3 4 
84A 3 B E 25.0 161.1 181.1 2 
84A 3 B G 40.0 103.3 144.4 0 
84A 3 C A 0.0 0.0 0.0 5 
84A 3 C L 20.0 121.1 95.6 4 
84A 3 C E 28.0 150.0 106.7 2 
84A 3 c G 20.0 72.2 608.9 5 
84A 3 D A 0.0 0.0 0.0 4 
84A 3 D I 15.0 113.3 86.7 3 
84A 3 D E 60.0 487.8 292.2 3 
84A 3 D G 70.0 710.0 121.1 3 
84A 3 E A 1.0 0.0 0.0 5 
84A 3 E L 23.0 130.0 721.1 3 
84A 3 E E 30.0 110.0 267.8 3 
84A 3 E G 40.0 96.7 503.3 0 
84A 4 A A 0.0 0.0 0.0 3 

Pine 
Height (cm) # Height (cm) 

25 13 13 10 1 5 
15 15 5 0 

0 
34 15 0 
52 36 35 25 23 3 27 13 10 
40 37 36 0 
84 27 2 20 18 
40 24 3 2 30 22 

114 66 62 45 34 3 20 16 14 
90 54 40 17 15 1 30 
37 34 24 15 1 18 
44 40 16 13 2 28 27 
68 40 4 37 23 23 10 
20 4 30 25 24 10 
22 18 12 12 3 3 28 25 25 
17 14 5 4 4 25 25 23 22 
20 20 20 23 3 34 32 13 
40 36 34 25 5 43 34 27 26 12 
28 30 11 18 18 4 39 36 35 14 
13 10 7 3 42 40 36 
33 28 3 0 

2 20 5 
0 
0 

60 52 50 21 5 20 14 14 12 2 
47 44 44 43 71 4 27 26 23 15 
83 57 10 5 3 32 30 30 
40 36 35 27 25 3 35 31 24 
56 45 42 42 40 5 30 30 18 16 13 
42 38 25 8 1 33 
44 26 23 20 20 3 30 28 26 
42 38 35 23 5 0 
33 31 30 27 22 3 36 23 13 
9 0 

43 2 2 0 
2 32 32 

53 48 30 27 22 0 
60 2 0 

3 32 31 31 
0 

40 22 15 15 1 22 
50 40 40 38 1 16 

0 
0 

46 21 15 12 10 0 
51 18 13 8 0 
7 5 0 

0 
55 55 40 40 37 0 

140 52 51 48 3 24 8 6 
33 27 0 
46 42 21 20 12 1 40 
21 21 20 12 3 40 23 8 
33 32 20 3 30 30 8 
5 2 2 2 31 28 

40 10 6 3 45 40 20 
40 34 30 13 3 4 33 30 25 22 
10 5 3 0 
10 6 5 1 34 

1 5 
35 28 5 1 33 
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Table 10. Data collected from Trial 82.1 in September, 1984 (continued). 

Year Block Soil Seed % Biomass Alder Pine 
Type Mix Cover (g/m2) # Height I !cm) # 

84A 4 A L 20.0 1142.2 94.4 2 10 7 0 
84A 4 A E 75.0 855.6 255.6 0 0 
84A 4 A G 25.0 227.8 164.4 0 0 
84A 4 B A 1.0 0.0 0.0 5 53 38 28 28 27 1 
84A 4 B L 10.0 0.0 106.7 5 45 40 35 15 4 3 
84A 4 B E 45.0 110.0 160.0 3 25 8 7 7 7 0 
84A 4 B G 50.0 964.4 584.4 1 2 0 
84A 4 C A 0.0 0.0 0.0 5 64 54 40 38 20 0 
84A 4 C L 10.0 34.4 127.8 5 66 50 47 18 12 0 
84A 4 C E 20.0 42.2 87.8 4 60 29 8 2 0 
84A 4 c G 35.0 218.9 108.9 5 54 54 44 34 5 0 
84A 4 D A 2.0 0.0 0.0 4 41 33 30 14 0 
84A 4 D L 15.0 54.4 136.7 1 16 0 
64A 4 D E 45.0 123.3 163.3 1 5 0 
84A 4 D G 35.0 217.8 340.0 1 3 0 
84A 4 E A 0.0 0.0 0.0 3 62 31 26 0 
84A 4 E L 20.0 138.9 245.6 0 53 33 26 12 0 
84A 4 E E 25.0 235.6 284.4 0 0 
84A 4 E G 30.0 184.4 238.9 3 16 15 10 0 

Height (cm) 

27 
34 15 
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Table 11. Data collected from Trial 82.1 in 1985. 

Year Block Soil Seed Alder Pine 
Type Mix # Height (cm) # Height (cm) 

85U 1 A A 4 45 38 34 22 2 17 7 
85U 1 A L 3 37 27 13 0 
85U 1 A E 0 0 
85U 1 A G 2 34 22 0 
85U 1 B A 5 80 67 53 42 38 3 29 13 10 
85U 1 B L 3 63 56 47 0 
85U 1 B E 2 106 50 2 20 18 
85U 1 B G 4 37 29 13 10 3 32 23 7 
85U 1 C A 5 132 87 94 67 57 3 22 14 13 
85U 1 C L 5 79 74 72 43 18 1 27 
85U 1 C E 4 46 40 39 20 0 
85U 1 C G 5 59 50 41 18 5 2 30 27 
85U 1 D A 2 80 52 4 41 24 22 10 
85U 1 D L 1 30 4 41 32 23 10 
85U 1 D E 5 41 31 30 29 8 3 31 30 24 
85U 1 D G 4 27 24 13 9 4 26 24 23 23 
85U 1 E A 4 44 40 32 24 3 37 31 13 
85U 1 E L 4 54 52 36 30 5 47 42 35 27 19 
85U 1 E E 5 49 46 30 28 21 3 39 35 30 
85U 1 E G 3 28 26 25 3 42 35 33 
85U 2 A A 2 23 12 0 
85U 2 A L 1 7 0 
85U 2 A E 0 0 
85U 2 A G 0 0 
85U 2 B A 4 82 77 73 43 5 18 18 13 5 2 
85U 2 B L 5 91 63 35 35 23 5 27 24 23 11 3 
85U 2 B E 4 98 34 14 13 3 27 26 10 
85U 2 B G 5 65 58 57 54 50 3 39 30 23 
85U 2 C A 5 89 75 71 68 55 5 30 26 21 21 13 
85U 2 C L 4 64 46 23 20 1 29 
85U 2 C E 4 75 46 40 10 3 28 28 26 
85U 2 C G 5 66 64 53 44 16 1 4 
85U 2 D A 5 70 57 47 43 41 2 39 24 
85U 2 D L 1 13 0 
85U 2 D E 3 31 12 7 0 
85U 2 D G 0 3 32 31 21 
85U 2 E A 4 70 64 46 45 0 
85U 2 E L 3 31 13 11 0 
85U 2 E E 0 2 35 32 
85U 2 E G 0 0 
85U 3 A A 4 64 39 31 29 0 
85U 3 A L 3 65 60 13 0 
85U 3 A E 0 0 
85U 3 A G 0 0 
85U 3 B A 4 61 37 23 18 0 
85U 3 B L 4 30 6 5 2 0 
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Table 11. Data collected from Trial 82.1 in 1985 (continued). 

Year Block Soil Seed Alder 
Type Mix # Height (cm) 

85U 3 B E 3 21 12 
85U 3 B G 0 
85U 3 C A 5 75 73 
85U 3 C L 4 122 89 
85U 3 C E 2 59 33 
85U 3 C G 5 81 62 
85U 3 D A 4 30 21 
85U 3 D I 3 29 18 
85U 3 D E 2 5 7 
85U 3 D G 3 25 14 
85U 3 E A 5 61 58 
85U 3 E L 3 22 21 
85U 3 E E 3 19 16 
85U 3 E G 4 13 13 
85U 4 A A 3 46 35 
85U 4 A I 1 23 
85U 4 A E 0 
85U 4 . A G 0 
85U 4 B A 5 77 52 
85U 4 B I 5 70 56 
85U 4 B E 3 45 13 
85U 4 B G 0 
85U 4 C A 5 83 71 
85U 4 C L 5 76 62 
85U 4 C E 4 73 52 
85U 4 C G 4 80 13 
85U 4 D A 4 55 51 
85U 4 D L 1 14 
85U 4 D E 1 12 
85U 4 D G 2 20 9 
85U 4 E A 0 
85U 4 E L 4 54 47 
85U 4 E E 0 
85U 4 E G 3 29 17 

Pine 
# Height (cm) 

9 0 
0 

70 64 47 0 
71 31 2 22 13 

0 
49 37 26 2 63 40 
18 13 3 45 26 8 
14 2 19 13 

2 30 25 
6 3 50 44 44 . 

50 31 19 4 34 32 26 25 
4 0 

11 1 38 
11 8 1 11 
12 2 34 8 

0 
0 
2 18 4 

51 41 34 1 27 
26 24 19 2 8 5 

6 0 
0 

63 63 50 0 
47 41 15 0 
51 29 0 
13 8 0 
46 28 1 5 

0 
0 
0 
0 

47 15 0 
0 

16 0 
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Table 12. Data collected from Trial 82.1 in 1987. 

Year Block Soil Seed Alder 
Type Mix # Height (cm) 

85U 1 A A 5 124 98 
85U 1 A L 3 95 70 
85U 1 A E 0 
85U 1 A G 2 90 83 
85U 1 B A 5 155 153 
85U 1 B L 3 136 123 
85U 1 B E 2 158 124 
85U 1 B G 4 119 108 
85U 1 C A 5 209 191 
85U 1 C L 5 182 170 
85U 1 C E 4 140 122 
85U 1 C G 4 161 131 
85U 1 D A 2 164 142 
85U 1 D L 1 75 
85U 1 D E 5 125 119 
85U 1 D G 4 95 91 
85U 1 E A 4 91 90 
85U 1 E L 4 136 129 
85U 1 E E 5 115 108 
85U 1 E G 3 93 75 
85U 2 A A 2 107 91 
85U 2 A L 0 
85U 2 A E 0 
85U 2 A G 1 76 
85U 2 B A 4 162 156 
85U 2 B I 5 144 144 
85U 2 B E 4 160 118 
85U 2 B G 5 142 141 
85U 2 C A 5 176 162 
85U 2 C L 4 160 128 
85U 2 C E 4 164 141 
85U 2 C G 5 146 137 
85U 2 D A 5 152 138 
85U 2 D L 1 69 
85U 2 D E 3 95 88 
85U 2 D G 0 
85U 2 E A 4 168 164 
85U 2 E L 3 154 96 
85U 2 E E 1 77 
85U 2 E G 1 66 
85U 3 A A 4 123 112 
85U 3 A L 3 133 116 
85U 3 A E 0 
85U 3 A G 1 49 
85U 3 B A 4 160 110 
85U 3 B L 5 109 70 

Pine 
# Height (cm) 

95 90 58 0 
69 0 

0 
0 

142 132 122 3 43 36 30 
120 0 

2 22 2 
104 84 3 39 30 8 
171 167 161 3 28 21 16 
162 144 94 1 53 
121 91 0 
117 98 2 52 32 

4 52 32 31 17 
4 60 47 32 20 

104 101 85 3 32 31 31 
85 71 4 45 30 28 25 
71 45 4 53 50 43 17 

108 103 5 50 48 47 34 29 
102 78 51 3 53 43 35 
56 3 47 44 39 

0 
0 
0 
0 

151 129 4 21 13 11 8 
127 118 110 5 38 32 29 12 6 
94 88 3 38 31 31 

136 134 125 3 60 46 23 
148 148 136 5 38 36 27 25 22 
110 101 1 35 
126 94 87 3 44 35 33 
120 118 101 0 
135 134 112 3 53 32 25 

0 
70 0 

2 46 39 
137 106 0 
85 0 

2 49 41 
0 

n o 93 0 
98 1 5 

0 
0 

103 95 0 
50 31 27 0 



401 

Table 12. Data collected from Trial 82.1 in 1987 (continued). 

Year Block Soil Seed 
Type Mix 

85U 3 B E 
85U 3 B G 
85U 3 C A 
85U 3 C L 
85U 3 C E 
85U 3 C G 
85U 3 D A 
85U 3 D L 
85U 3 D E 
85U 3 D G 
85U 3 E A 
85U 3 E L 
85U 3 E E 
85U 3 E G 
85U 4 A A 
851) 4 A L 
85U 4 A E 
85U 4 A G 
85U 4 B A 
85U 4 B L 
85U 4 B E 
85U 4 B G 
85U 4 C A 
85U 4 C I 
85U 4 C E 
85U 4 C G 
85U 4 D A 
85U 4 D L 
85U 4 D E 
85U 4 D G 
85U 4 E A 
85U 4 E L 
85U 4 E E 
85U 4 E G 

Alder 
# Height (cm) 

3 97 92 70 
1 78 
5 180 177 176 
4 218 191 164 
2 139 133 
5 152 140 132 
4 107 94 84 
3 118 104 92 
2 66 26 
3 122 74 64 
5 170 158 150 
3 117 105 90 
3 118 98 90 
3 125 76 29 
3 113 100 62 
1 69 
0 
2 52 34 
5 173 139 120 
5 135 129 116 
5 131 97 56 
0 
5 180 177 170 
5 181 180 170 
4 160 147 134 
4 176 125 100 
4 150 139 120 
1 60 
1 90 
2 95 90 
3 171 130 86 
4 160 150 138 
1 65 
3 110 90 71 

Pine 
# Height (cm) 

0 
0 

164 116 0 
136 2 28 24 

0 
120 118 1 50 
84 3 50 31 

0 
2 38 34 
2 57 50 

120 88 4 4 5 42 
0 
2 41 7 
0 
2 37 8 
0 
0 
0 

106 102 0 
105 94 0 
52 3 0 

0 
167 143 0 
125 104 0 
120 0 
67 0 

109 0 
0 
0 
0 
1 

82 0 
0 
0 
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Table 1 3. Results of the analysis of variance carried out on herbaceous 
cover data collected from Trial 82.1 in 1982 , 1983 and 1984. 

Log Percent Cover Data 
source df mean sq F value F prob 

a 4 7.95 81.11 0.00 * 
b 3 2.61 26.59 0.00 • 
ab 12 0.71 7.32 0.00 • 
c 3 31.50 321.17 0.00 • 
ac 12 0.24 2.53 0.00 • 
be 9 0.07 0.73 0.68 
abc 36 0.14 1.48 0.08 * 
d 2 10.97 111.93 0.00 * 
ad 8 0.22 2.27 0.03 ' 
bd 6 0.38 3.91 0.00 • 
abd 24 0.14 1.38 0.15 
cd 6 16.70 170.34 0.00 • 
acd 24 0.09 0.97 0.52 
bed 18 0.11 1.21 0.27 
abed 72 0.09 

: soil type c : seed mix * : significant at the 0.05 
: block d : year level of probability 

Table 14. Results of the analysis of variance carried out on herbaceous 
biomass data collected from Trial 82.1 in 1984. 

Biomass Data 
source df mean sq F value F prob 

a 4 5.36 9.61 0.00 • 
b 3 2.16 4.84 0.00 • 
ab 12 0.56 1.25 0.27 
c 2 2.28 4.10 0.07 
ac 8 0.29 0.37 0.93 
be 6 0.56 1.25 0.30 
abc 24 0.77 1.73 0.04 * 

60 0.44 

a : soil type 
b : block 

c : seed mix * : significant at the 0.05 
level of probability 
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15. Results of the analysis of variance carried out on third 
year seedling survival data. 

Seedling Survival Data 
source df mean sq F value F prob 

a 4 17.90 11.85 0.00 * 
b 3 13.77 9.12 0.00 • 
ab 12 6.28 4.16 0.00 • 
c 3 12.87 8.52 0.00 • 
ac 12 1.35 0.90 0.56 
be 9 0.74 0.49 0.87 
abc 36 1.59 1.05 0.44 
d 1 105.60 69.93 0.00 * 
ad 4 7.66 5.07 o.oo • 
bd 3 2.74 1.82 0.16 
abd 12 1.57 1.04 0.44 
cd 3 2.48 1.64 0.20 
acd 12 1.15 0.76 0.68 
bed 9 0.57 0.38 0.94 
abed 36 1.51 

a : soil type c : seed mix * : significant at the 0.05 
b : block d : tree species level of probability 
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APPENDIX D : LONG TERM PERFORMANCE OF INCOMPETENT WASTEROCK 

T a b l e 1. The g r a i n s i z e d i s t r i b u t i o n i n d i f f e r e n t r o c k 
t y p e s . 

T a b l e 2. M i n e r a l o g y o f h o r n f e l s , p o t a s s i c , and inc o m p e t e n t 
r o c k and w a s t e r o c k 

T a b l e 3. P r o p o r t i o n and s i z e o f d i f f e r e n t m i n e r a l s i n 
p o t a s s i c and inc o m p e t e n t r o c k t h i n s e c t i o n s 

T a b l e 4. M a j o r element c o n c e n t r a t i o n s i n t h e r o c k samples 
and t h e < 2 mm f r a c t i o n o f t h e w a s t e r o c k 

T a b l e 5. M i n e r a l o g y o f t h e < 2 um f r a c t i o n s o f t h e 
w a s t e r o c k and t h e c r u s h e d r o c k 

T a b l e 6. T r a c e element c o n c e n t r a t i o n s i n t h e r o c k and t h e 
< 2 mm f r a c t i o n s o f t h e w a s t e r o c k 

T a b l e 7. AAO e x t r a c t a b l e element c o n c e n t r a t i o n s i n q u a r t z 
d i o r i t e s o i l 

T a b l e 8. P a r t i c l e s i z e d i s t r i b u t i o n a f t e r s i m u l a t e d 
w e a t h e r i n g 

T a b l e 9. E l e m e n t a l c o m p o s i t i o n o f s o x h l e t r e s i d u e s 

T a b l e 10. C o n c e n t r a t i o n o f ele m e n t s i n s o x h l e t l e a c h a t e 

T a b l e 11. C u m u l a t i v e w e i g h t g a i n i n s o x h l e t l e a c h a t e 

T a b l e 12. P r o p o r t i o n o f i n i t i a l sample w e i g h t r e c o v e r e d 
i n l e a c h a t e 
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Table 1. The grain size distribution of different rock types. 

Rock % Grain Size 
Type 2000- 500- 100- < 50um 

500um lOOum 50um 

HN.l 0 0 17 83 
HN.2 0 20 24 56 
HN.3 0 14 10 76 
HN.4 0 0 17 83 

PO.l 64 30 5 1 
PO.2 52 33 5 10 
PO.3 63 28 1 8 
PO.4 72 17 6 5 
PO.5 59 24 6 11 

INC.l 72 10 4 14 
INC.2 48 33 18 1 
INC.3 27 35 7 31 
INC.4 0 18 12 70 
INC.5 0 13 10 77 

HN : hornfels 
INC : incompetent 

PO : potassic 
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Table 2. Mineralogy of hornfels, potassic, and incompetent rock and wasterock. 

Quartz Kfeldspar Pbgiodose Chlorite Biotite Sericite Kaolinite Calcite 
Sample Fraction 

Kfeldspar 
(estimated proportion in %) 

HN.l rock 42 9 29 6 17 2 4 0 
HN.2 rock 43 2 18 9 23 3 2 0 
HN.3 rock 65 5 23 6 0 1 0 0 
HN.4 rock 61 27 12 0 0 0 0 0 
HN.5 rock 75 0 ]8 7 0 0 0 0 

HN.WR1 < 2mm 39 11 6 6 18 7 7 6 
HN.WR2 < 2 mm 58 11 8 0 0 14 5 4 
HN.WR3 < 2mm 34 12 10 7 14 10 6 6 

PO.l rool 48 33 11 1 3 0 0 2 
PO.2 rock 62 25 1 0 3 8 2 2 
PO.3 rock 39 45 4 0 3 7 0 3 
PO.4 rock 54 30 2 0 2 5 4 3 
PO.5 rock 47 37 0 0 2 5 6 3 

PO.UW 1 com 48 34 2 0 1 6 4 3 - • 
PO.UW2 com 56 27 2 0 2 5 3 3 
PO.UW3 com 46 26 9 2 5 8 2 3 
PO.UW4 com 57 26 3 0 1 7 2 3 

PO.UW1 stone 54 37 2 0 1 3 2 2 
PO.UW2 stone 64 27 2 0 1 2 2 2 
PO.UW3 stone 47 27 11 2 5 5 0 2 
PO.UW4 si one 63 27 4 0 0 3 1 2 

PO.UW 1 grovel 57 32 2 1 0 3 1 2 
PO.UW2 grovel 64 24 2 0 3 2 1 3 
PO.UW3 grovel 54 27 7 1 3 5 2 1 
PO.UW4 grovel 64 26 2 0 0 3 2 3 

PO.UW 1 < 2mm 27 31 2 0 3 14 11 7 
PO.UW2 < 2mm 31 32 2 2 5 13 6 6 
PO.UW3 < 2mm 36 22 7 2 6 16 6 6 
PO.UW4 < 2mm 35 25 4 1 3 18 6 5 

INC.1 rock 56 14 6 0 3 14 1 5 
INC.2 rock 32 31 7 3 24 0 0 2 
INC. 3 rock 68 2 0 0 0 23 1 5 

INC.4 GM rock 0 0 0 0 0 69 0 30 
INC.5 GM rock 0 0 0 0 0 78 0 22 

INC.UW 1 com 48 21 ! 0 1 16 4 7 
INC.UW2 com 41 38 ] 0 1 9 4 5 
INC.UW3 com 55 25 0 1 14 1 3 
INC.UW4 com 6 3 0 0 60 0 26 

INC.UW 1 stone 73 15 0 0 5 1 5 
INC.UW2 stone 31 59 1 0 0 3 2 3 
INC.UW3 stone 65 25 0 1 4 1 2 
INC.UW4 stone 9 7 0 0 49 0 35 

INC.UW1 grovel 52 32 1 0 0 7 2 6 
INC.UW2 gravel 61 27 1 0 0 5 2 4 
INC.UW3 gravel 65 26 2 0 0 5 1 1 
INC.UW4 gravel 9 3 1 0 0 42 1 30 

INC.UW 1 < 2mm 21 18 0 0 3 34 9 9 
INC.UW2 < 2mm 32 28 0 0 2 17 7 7 
INC.UW3 < 2mm 36 23 4 0 1 31 2 6 
INC.UW4 < 2mm 0 0 0 0 0 86 0 14 

INC.UW5 < 2mm 44 33 0 0 0 15 0 9 
INC.UW6 < 2mm 47 26 3 0 0 11 3 10 . 
INC.UW7 < 2mm 47 21 4 0 0 23 1 4 
INC.UW8 < 2mm 19 4 4 0 0 61 2 15 

UW : unweathered wasterock com : wasterock composite, v weighted average of 3 fractions GM : groundmass 
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Table 3. Proportion and size of different minerals in potassic 
and incompetebt rock thin sections. 

2000- 500- 100- <50om 
Sample Mineral Total 500um lOOum 50um 

% CUi cu. cu. cu. 
T O T O T U T O 

PO.l Quartz 38 33 5 0 0 
K feldspar 48 14 27 7 0 
Plagioclase 10 8 3 0 0 
Felsic Phyf. 4 0 0 0 4 

PO.2 Ouartz 54 29 20 5 0 
K feldspar 39 26 13 0 0 
Felsic Phyl. 6 0 0 0 6 
Isotropic 1 0 0 1 0 

PO.3 Ouartz 36 24 10 1 0 
K feldspar 44 31 13 0 0 
Piagiodase 4 2 2 0 0 
Felsic Phyl. 7 0 0 0 7 
Isotropic 4 0 0 4 0 
Calcite 2 0 0 0 2 
Biotite 3 2 1 0 0 

PO.4 Ouartz 46 32 9 5 0 
K feldspar 40 33 6 1 0 
Felsic Phyl. 11 0 0 0 11 
bolropic 1 0 0 0 1 
Calcite 2 0 0 1 1 

PO.5 Ouartz 46 37 7 2 0 
K feldspar 39 21 14 4 0 
Felsic Phyl. 10 0 0 0 10 
bolropic 3 0 1 1 1 
Calcite 2 0 0 2 0 

INC1 Ouartz 50 47 3 0 0 
K feldspar 49 39 7 3 0 
Biotite 1 0 0 1 0 

INC.2 Ouartz 30 11 16 3 0 
K feldspar 60 43 6 11 0 
Biotite 6 2 2 2 0 
Calale 1 0 1 0 0 
Isotropic 3 1 0 1 1 

INC. 3 Ouartz 64 24 29 3 8 
Colcile 12 0 0 6 6 
Isotropic 3 0 0 0 3 
Felsic Phyl. 21 0 0 0 21 

INC.4 Felsic Phyl. 69 0 2 5 62 
GM Calcite 31 0 16 7 9 

INC.5 Felsic Phyl. 78 0 2 5 71 
GM Calcite 22 0 11 5 6 

Phyl : Phyllosilicates 
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Table 4. Major element concentrations in the rock samples and the < 2 mm fractions of 
the wasterock. 

%AI %Ba %C %Ca %Fe %K %Mg %Na %P %S %Si %Ti 
Sample Fraction 

%Mg 

HN.l rock 7.0 0.1 0.8 2.1 4.7 1.7 0.8 2.6 0.1 1.5 31.0 0.4 
HN.2 rock 7.9 0.1 0.1 1.0 3.6 2.0 2.3 2.3 0.1 0.4 31.7 0.5 
HN.3 rock 5.5 0.1 0.0 0.2 3.2 1.5 2.0 1.5 0.0 0.0 35.9 0.4 
HN.4 rock 5.8 0.2 0.0 0.1 1.8 4.9 0.3 1.2 0.1 0.1 36.3 0.2 
HN.5 rock 6.2 0.1 0.0 0.2 5.7 0.8 1.9 1.7 0.2 0.2 33.7* 0.4 

HN.WR1 < 2mm 8.4 0.1 0.8 2.9 4.9 3.5 1.1 1.1 0.1 2.4 27.8 0.5 
HN.WR2 < 2mm 7.7 0.1 0.7 1.3 3.9 3.5 0.7 0.7 0.1 3.2 31.2 0.4 
HN.WR3 < 2mm 7.9 0.1 0.9 3.0 4.9 3.3 1.1 1.0 0.2 2.7 28.0 0.5 

PO.l rock 5.1 0.2 0.6 1.3 2.3 4.8 0.3 0.9 0.1 1.0 35.2 0.2" 
PO.2 rock 5.8 0.3 0.5 0.8 1.5 5.1 0.4 0.3 0.1 1.4 35.2 0.3 
PO.3 rock 6.6 0.3 1.0 1.2 3.6 6.7 0.4 1.0 0.1 3.1 30.6 0.2 
PO.4 rock 5.8 0.2 0.4 1.2 1.0 5.7 0.2 0.4 0.1 0.4 35.5 0.2 
PO.5 rock 5.9 0.2 0.6 1.3 0.8 6.0 0.2 0.3 0.1 0.8 35.0 0.2 

PO.UW 1 < 2mm 6.8 0.3 1.2 2.9 2.1 5.2 0.7 0.4 0.1 1.7 30.9 0.3 
PO.UW2 < 2mm 7.1 0.3 1.0 2.5 2.4 4.9 0.9 0.4 0.2 1.7 30.9 0.3 
PO.UW3 < 2mm 6.8 0.2 1.2 2.3 3.1 4.3 0.8 0.8 0.1 2.2 30.8 0.3 
PO.UW4 < 2mm 6.6 0.3 1.0 2.0 1.9 4.5 0.6 0.4 0.1 1.7 32.7 0.3 

INC.! rock 5.5 0.2 0.8 2.1 1.6 3.8 0.4 0.6 0.1 1.3 34.7 0.2 
INC. 2 rock 7.1 0.2 0.3 1.1 2.1 5.4 1.2 0.8 0.1 0.3 32.9 0.4 
INC.3 rock 5.0 0.1 0.8 2.0 1.2 2.2 0.3 0.1 0.1 0.8 37.0 0.2 

INC.4 GM rock 11.4 0.1 3.7 11.5 2.7 5.8 1.7 0.0 0.3 3.0 14.8 0.4 
INC.5 GM rock 13.0 0.0 3.2 8.2 2.5 6.5 1.3 0.0 0.3 3.1 16.7 0.6 

INC.UW1 < 2mm 8.4 0.3 1.3 3.5 1.2 5.5 0.6 0.2 0.1 1.1 29.6 0.3 
INC.UW2 < 2mm 7.1 0.3 0.9 2.9 1.3 5.0 0.5 0.2 0.1 0.9 32.0 0.3 
INC.UW3 < 2mm 7.1 0.3 0.9 2.0 1.1 4.6 0.6 0.4 0.1 1.0 32.8 0.3 
INC.UW4 < 2mm 13.6 0.2 2.4 5.6 3.1 6.7 1.4 0.1 0.3 3.5 18.3 0.6 
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Table 5. Mineralogy of the < 2 um fractions of the wasterock and the crushed rock. 

% Wt Quartz K feldspar Plagioclase Chlorite Sericite Kaolinite Smectite 
Sample Material < 2 um (estimated proportion in %) 

HN.WR1 wasterock 4.4 5 5 40 50 
HN.WR2 wasterock 5.2 5 15 35 • • 45 
HN.WR3 wasterock 5.0 5 10 40 45 

PO.UW1 wasterock 3.5 tr 5 10 50 35 
PO.UW2 wasterock 3.4 5 10 30 55 
PO.UW3 wasterock 4.9 5 10 10 35 40 
PO.UW4 wasterock 4.9 tr 10 20 30 40 

INC.UW1 wasterock 2.6 tr 15 25 60 
INC.UW2 wasterock 3.4 tr 10 25 60 
INC.UW3 wasterock 2.2 5 60 15 25 
INC.UW4 wasterock 4.3 90 5 5 

HN.l rock 0.3 10 5 40 20 25 
HN.2 rock 1.2 30 10 25 10 20 

PO.l rock 0.2 30 20 5 25 10 10 
PO.2 rock 1.9 5 5 25 15 50 
PO.3 rock 0.4 10 15 5 20 40 5 
PO.4 rock 1.1 tr tr tr 5 30 65 
PO.5 rock 6.6 tr 10 80 15 

INC.1 rock 1.7 10 5 35 15 35 
INC.2 rock 2.1 tr tr tr 95 
INC.3 rock 3.8 tr 70 10 20 
INC.4 GM rock 2.1 95 tr 5 
INC.5 GM rock 0.5 95 tr 5 
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Table 6. Trace element concentrations in the rock and the < 2 mm fractions of the wasterock. 

Co a Cu Mn Mo Nb Ni Pb Ru Se Sr V Y Zn Zr 
Sample Fraction 

HN.1 rock 56 73 75 1255 23 3 26 34 95 1 250 126 27 211 108 
HN.2 rock 51 425 32 387 2 7 145 5 100 1 264 218 16 56 142 
HN.3 rock 23 463 8 327 0 0 69 15 48 0 236 87 13 60 106 
HN.4 rock 40 17 18 216 113 0 1 26 175 0 172 39 27 49 131 
HN.5 rod 28 254 54 756 1 0 149 14 34 0 136 95 30 101 121 

HN.WR1 < 2mm 15 29 141 2137 2310 6 13 90 153 5 176 154 39 224 158 
HN.WR2 < 2mm 18 29 130 1417 1197 6 12 220 165 5 144 138 29 416 134 
HN.WR3 < 2mm 28 102 185 2230 2317 7 34 241 147 6 196 182 38 347 160 

INC.l rock 158 8 17 468 759 5 0 296 112 2 263 58 8 371 90 
INC.2 rock 64 15 26 334 268 5 0 8 127 3 406 101 6 55 99 
INC.3 rod 131 18 9 371 351 4 0 42 95 3 105 35 7 60 79 

INC.4 GM rod 21 0 15 961 81 8 0 45 235 13 807 65 11 405 154 
INC.5 GM rod 20 5 13 703 52 11 0 95 260 10 741 36 11 130 210 

PO.l rod 167 46 58 861 287 4 1 105 156 0 372 56 9 330 78 
PO.2 rod 187 10 16 322 234 5 0 185 158 2 245 59 7 238 90 
PO.3 rod 124 16 85 879 19 6 0 137 239 2 417 86 7 1436 99 
PO.4 rod 234 11 12 243 126 4 0 9 144 2 311 58 8 32 90 
PO.5 rod 125 6 9 375 165 4 0 15 174 2 253 44 7 227 74 

INC.UW 1 < 2mm 52 7 39 480 299 9 0 116 162 6 912 82 9 127 123 
INC.UW2 < 2mm 107 6 53 364 349 7 0 155 133 5 649 93 8 195 102 
NC.UW3 < 2mm 107 6 41 300 492 9 0 35 132 3 381 80 10 82 91 
INC.UW4 < 2mm 13 9 24 665 245 19 0 63 264 7 589 123 17 127 235 

PO.UW 1 < 2mm 61 19 36 758 285 8 2 235 166 4 331 113 10 280 99 
PO.UW2 < 2mm 63 41 67 669 354 8 7 148 159 4 358 112 10 292 108 
PO.UW3 < 2mm 52 29 97 864 553 7 10 145 143 3 307 124 17 302 108 
PO.UW4 < 2mm 62 16 53 602 207 8 3 309 160 4 323 115 11 703 110 

Granile range 1-15 2-90 4-30 1-6 2-20 6-30 9-90 5-140 
•1 mean 5 20 15 1.4 8 18 0.05 60 40 

Shale/ range 5-25 30- 18-120 20- 16-50 30- 18-180 
Cloy *1 590 250 200 

mean 20 120 50 2.5 68 20 0.06 130 90 
Soil *1 range <2-80 5- <10- 200- 1-5 10- <20-80 20-250 

3000 100 5000 800 

* 1 data from Adriano 1986 note: all trace element concentrations in ppm 
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Table 7. AAO extractable element concentrations in quartz diorite soil 
(difference in total composition between original and residue 
after AAO extraction). 

%AI %Ba %Ca %Fe %K %Mg %Na %P %S %Si 

Ae -0.8 0.00 -0.1 -0.2 -0.3 -0.1 -0.1 0.02 0.00 -4.7 
Bhfl 2.7 0.05 0.2 2.3 0.4 0.0 0.1 0.05 0.00 3.5 
Bhf2 4.4 0.00 0.2 5.6 0.3 0.0 0.1 0.05 0.04 3.1 
Bf 5.8 -0.02 0.1 4.4 0.1 0.0 0.0 0.04 0.17 3.3 
BC1 0.7 -0.04 -0.1 1.1 -0.3 -0.2 -0.2 0.07 0.16 -2.4 
BC2 0.1 -0.03 -0.2 1.7 -0.4 -0.1 -0.3 0.18 -0.01 -3.4 
BC3 0.5 -0.02 0.0 4.2 -0.2 -0.1 -0.3 0.17 0.01 -1.0 
BC4 0.4 -0.04 -0.1 3.4 -0.2 0.0 •0.2 0.12 0.12 -1.5 
BC5 1.4 -0.01 0.1 3.2 0.1 0.1 0.0 0.19 1.17 1.2 

%Ti Co Cr Cu Mn Mo Nb Ni Pb 

Ae -0.09 -36 21 4 -31 3 13 0 -3 
Bhfl 0.35 40 35 16 66 235 18 0 9 
Bhf2 0.23 -12 31 15 98 175 11 0 4 
Bf 0.14 -7 39 19 124 163 10 0 9 
BC1 0.00 -117 25 6 59 166 8 2 -4 
BC2 -0.02 -66 17 -13 126 541 11 0 -10 
BC3 -0.01 -6 20 1 1463 1355 10 1 -135 
BC4 0.02 -18 11 10 1503 506 11 0 54 
BC5 0.05 -41 12 40 587 821 10 4 16 

Ru Se Sr V Y Zn Zr 

Ae -14 10 -70 26 -2 6 -47 
Bhfl 7 48 42 95 -2 10 39 
Bhf2 5 42 0 101 4 11 17 
Bf 1 28 -37 83 5 8 22 
BC1 -15 9 -145 58 2 6 -9 
BC2 -29 8 -163 59 0 -6 -29 
BC3 -18 9 -45 54 1 -7 -30 
BC4 -19 8 -118 63 2 -5 -11 
BC5 29 0 85 -4 -1 21 32 
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Table 8. Particle size distribution after simulated weathering. 

%Wt %C > 2 2mm- 2-1 1- 500- 250- 100- 50- < 2 
Sample mm 50um mm 0.5 250 100 50um 2um um 

mm um um 
CF.0.1 100 0.9 97 3 3 0 0 0 0 0 0 
CF.0.2 100 0.7 96 4 4 0 0 0 0 0 0 
CF.2.1 92 0.0 84 16 7 3 3 2 1 0 • • 0 
CF.2.2 93 0.0 84 16 9 2 2 2 1 0 0 
CF.4.1 92 0.0 83 17 8 3 3 2 1 0 0 
CF.4.2 91 0.0 83 17 9 3 2 2 1 0 0 
CF.8.1 92 0.0 84 16 7 4 3 3 2 0 0 
CF.8.2 91 0.0 82 18 7 3 3 2 1 0 0 

FI.O. 1 " 100 0.9 0 69 14 15 16 15 10 19 12 
Fl.0.2 100 0.9 0 69 13 15 16 15 10 21 11 
FI.2.1 91 0.0 0 68 12 14 16 16 10 20 13 
Fl.2.2 91 0.0 0 68 12 15 16 15 9 20 12 
Fl.4.1 91 0.0 0 66 14 15 16 13 8 23 12 
Fl.4.2 91 0.0 0 67 10 14 16 16 10 22 12 
FI.8.1 89 0.0 0 65 7 14 17 16 11 21 14 
Fl.8.2 90 0.0 0 68 11 14 16 16 10 18 14 

GM.0.1 100 1.9 0 62 6 12 15 16 12 25 14 
GM.0.2 100 1.9 0 61 7 12 14 16 11 26 14 
GM.2.1 88 0.4 0 53 5 11 13 14 10 33 14 
GM.2.2 89 0.7 0 55 5 12 13 14 11 31 14 
GM.4.1 84 0.0 0 54 5 10 13 14 11 32 14 
GM.4.2 85 0.1 0 52 4 11 13 14 10 34 14 
GM.8.1 84 0.0 0 52 3 10 13 14 11 32 16 
GM.8.2 82 0.0 0 51 3 10 13 14 11 33 16 

GM.8.2 : material.week.replicate 
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Table 9. Composition of soxhlet residues. 

Wl C Al Ba Ca F. K Na P S Si Ti Co a Cu Mn Mo Nb Ni Pb Ru Sr Zn Zr 
Sompl* 

Total EWfnonl Gonomliutiont (mojof aUnwnte in %, troat < •Wn I i ki ppm) 
CF.0.1 100 0.9 5.2 0.3 2.6 0.9 4.2 0.5 0.3 0.07 0.4 34.7 0.2 185 10 15 348 325 3 4 26 137 548 48 88 
a .0 .2 100 0.7 5.5 0.2 2.2 0.7 4.3 0.4 0.3 0.07 0.2 35.5 0.2 209 10 19 305 540 0 6 21 139 491 4) 101 
a.2.1 92 0.0 5.8 0.5 0.2 1.1 4.4 0.2 0.2 0.06 1.0 36.9 0.2 198 9 15 2 295 4 2 24 150 375 39 100 
CF.2.2 93 0.0 5.5 0.5 0.2 0.7 4.4 0J 0.3 0.05 0.3 38.3 0.2 108 9 13 26 334 0 3 32 122 312 47 89 
a.4.] 92 0.0 5.6 0.3 0.1 0.7 4.6 0.3 0.4 0.05 0.5 37.4 02 209 10 5 20 501 0 3 195 128 301 148 90 
CF.4.2 91 0.0 5.8 0.3 0.1 0.6 4.6 0.2 0.3 0.03 0.3 37.8 0.2 210 10 4 21 425 3 4 13 130 265 31 96 
CF.8.1 92 0.0 5.9 0.3 0.1 0.7 4.4 0.2 0.3 0.01 0.5 37.4 0.2 195 10 9 6 388 2 4 112 146 281 36 115 
CF.8.2 91 0.0 6.0 0.2 0.1 0.6 4.7 0.2 0J 0.02 0.2 37.2 0.2 167 10 11 28 198 0 3 27 157 290 104 123 
R.O.I 100 0.9 7.7 0.3 2.7 1.4 5.0 0.6 0.1 0.11 1.1 31.2 0.3 109 10 83 374 402 11 6 95 188 757 186 131 
R.0.2 100 0.9 7.6 0.3 2.7 1.3 4.9 0.6 0.3 0.11 1.1 30.5 0.3 100 10 76 376 364 4 8 63 185 788 147 126 
R.2.) 91 0.0 8.3 0.2 0.1 1.1 5.2 0.4 0.3 0.06 0.9 34.0 0.3 114 10 23 31 426 5 4 25 193 243 131 147 
fl.2.2 91 0.0 8.2 0.2 0.1 1.2 5.2 0.4 0.2 0.06 1.1 34.0 0J 99 10 20 32 455 6 6 97 195 251 192 156 
n.4.i 91 0.0 8.1 0.3 0.1 1.1 5.2 0.3 0J 0.06 0.9 34.2 O J 122 10 17 26 426 6 5 105 194 297 144 147 
R.4.2 91 0.0 8.3 0.2 0.1 1.1 5.2 0.3 0.1 0.02 1.0 34.5 0.3 84 10 14 18 514 2 1 27 197 248 167 158 
R.8.1 89 0.0 8.4 0.2 0.1 1.0 5.2 0.3 0.3 0.00 0.8 34.3 O J 116 10 11 14 477 0 3 29 194 220 236 157 
R.8.2 90 0.0 8.1 0.2 0.1 1.0 5.2 0.3 0.2 0.01 1.0 34.1 O J 126 10 15 16 377 5 6 199 200 232 126 162 
GM.0.1 100 1.9 13.9 0.1 5.3 2.9 6.5 1.4 0.1 0.29 3.5 18.9 0.6 25 8 46 738 255 22 8 78 328 696 186 273 
GM.0.2 100 1.9 13.6 0.1 5.4 3.0 6.5 1.5 0.0 0.28 3.6 18.9 0.6 22 9 33 666 247 23 7 68 319 678 174 273 
GM.2.1 88 0.4 15.4 0.1 1.6 3.9 7.4 1.0 0.0 0.25 4.6 21.0 0.7 27 9 25 191 282 18 6 72 322 152 224 292 
GM.2.2 89 0.7 14.9 0.1 2.3 3.3 7.2 1.1 0.0 0.24 3.8 20.7 0.7 29 9 26 285 296 19 5 211 360 250 320 301 
GM.4.1 84 0.0 15.6 0.1 0.4 3J 7.8 0.9 0.0 0.20 3.9 21.6 0.7 20 9 21 19 331 21 6 59 386 49 207 325 . 
GM.4.2 85 0.1 15.6 0.1 0.8 3.3 7.6 0.9 0.0 0.22 3.7 21.5 0.7 18 8 30 94 300 16 8 62 386 105 • 188 339 
GM.8.) 84 0.0 16.2 0.1 0.2 3.3 77 0.9 0.0 0.10 3.8 22.0 0.8 28 9 16 12 356 17 6 54 338 37 188 300 
GM.8.2 82 0.0 16.2 0.1 0.0 3J 7.7 0.8 0.0 0.01 3.6 22.1 0.8 17 8 12 11 279 20 8 29 339 26 189 307 

Weight of pmtmnb (mofey oWfTWrh in ma| trocm aUmanb in uq) 

CF.0.1 80.0 0.72 4.2 0.21 2.12 0.72 3.37 0.38 0.27 0.06 0.30 27.7 0.17 14.8 0.8 1.2 27.8 26.0 0.2 0.4 2.1 11.0 43.8 3.8 7.0 
CF.0.2 80.0 0.56 4.4 0.19 1.73 0.59 3.44 0.29 0.26 0.06 0.14 28.4 0.17 16.7 0.8 IJ 24.4 43.2 0.0 0.5 1.7 11.1 39.3 3.3 8.1 
Cf.2.1 73.9 0.00 4.3 0.38 0.11 0.79 3.24 0.12 0.17 0.04 0.72 27.2 0.17 14.7 0.7 1.1 0.1 21.8 OS 0.1 1.8 11.1 27.7 2.9 7.4 
CF.2.2 74.3 0.00 4.1 0.35 0.14 0.50 3.24 0.19 0.23 0.04 0.23 28.4 0.17 8.0 0.7 1.0 1.9 24.8 0.0 0.2 2.4 9.1 23.2 3.5 6.6 
CF.4.1 73.9 0.01 4.1 0.22 0.10 0.49 3.40 0.19 0.27 0.03 0.36 27.6 0.16 15.4 0.7 0.4 1.5 37.0 0.0 0.2 14.4 9.5 22.2 10.9 6.6 
CF.4.2 72.6 0.01 4.2 0.21 0.08 0.46 3.34 0.14 0.20 0.02 0.20 27.4 0.17 15.2 0.7 0.3 1.5 30.9 0.2 0.3 1.0 9.4 19.3 2.3 7.0 
CF.8.1 73.7 0.01 4.4 0.23 0.04 0.55 3.25 0.12 0.19 0.01 0.38 27.6 0.17 14.4 0.7 0.7 OS 28.6 0.1 O J 8.3 10.7 20.7 2.6 8.5 
CF.8.2 73.0 0.01 4.4 0.17 0.06 0.45 3.44 0.14 0.21 0.02 0.16 27.2 0.18 12.2 0.7 0.8 2.0 14.4 0.0 0.2 2.0 11.5 21.2 7.6 9.0 
n.o.i 80.0 0.72 6.1 0.21 2.19 1.15 3.98 0.47 0.12 0.09 0.86 25.0 0.23 8.7 0.8 6.6 29.9 32.2 0.9 OS 7.6 15.0 60.5 14.9 10.5 
R.0.2 80.0 0.70 6.1 0.21 2.16 1.08 3.93 0.51 0.20 0.09 0.87 24.4 0.23 8.0 0.8 6.1 30.0 29.1 OS 0.6 5.1 14.8 63.0 11.8 10.1 
R.2.1 72.9 0.00 6.0 0.16 0.10 0.83 3.77 0.27 0.19 0.05 0.64 24.8 0.23 8J 0.7 1 7 2.2 31.0 OS OS 1.8 14.0 177 9.6 10.7 
R.2.2 72.8 0.01 6.0 0.17 0.09 0.88 3.80 0.26 0.14 0.04 0.77 24.7 0.23 7.2 0.7 1.5 2J 33.1 0.4 0.4 7.1 14.2 18.3 14.0 11J 
R.4.1 72.7 0.01 5.9 0.19 0.10 0.81 3.76 0.25 0.19 0.04 0.67 24.9 0.24 8.8 0.7 1.2 1.9 30.9 0.5 0.4 7.6 14.1 21.6 10.5 10.7 
R.4.2 73.1 0.01 6.1 0.17 0.05 0.83 3.77 0.21 0.10 0.01 0.71 25.2 0.23 6.1 0.7 1.0 \S 37.6 0.2 0.1 2.0 14.4 18.1 12.2 11.6 
R.8.1 71.0 0.01 5.9 0.13 0.04 0.70 3.70 0.21 0.18 0.00 0.59 24.4 0.23 8.2 0.7 0.8 1.0 33.9 0.0 0.2 2.1 13.8 15.7 16.7 11.1 
R.8.2 717 0.01 5.8 0.14 0.04 0.72 3.70 0.22 0.17 0.00 0.71 24.5 0.23 9.0 0.7 1.1 1.1 27.0 0.4 0.4 14.3 14.3 16.6 9.1 11.6 
GM.0.1 79.9 1.49 11.1 0.11 4.25 2.34 5.20 1.12 0.04 0.23 2.77 15.1 0.49 2.0 0.7 3.7 59.0 20.4 17 0.6 6.2 26.2 55.6 14.9 21.8 
GM.0.2 80.0 1.50 10.9 0.11 4.30 2.41 5.20 1.20 0.00 0.22 2.85 15.1 0.48 1.7 0.7 2.6 53 J 19.8 1.8 0.5 5.4 25.5 54.3 14.0 21.8 
GM.2.1 70.0 0.29 10.8 0.09 1.11 2.70 5.21 0.69 0.00 0.18 3.20 14.7 0.48 1.9 0.6 17 13.4 19.7 1.2 0.4 5.0 22.6 10.6 15.7 20.4 
GM.2.2 71.2 0.51 10.6 0.09 1.66 2.33 5.15 0.75 0.01 0.17 2.73 14.7 0.47 2.1 0.6 1.8 20.3 21.1 1.4 0.4 15.0 25.6 17.8 22.7 21.4 
GM.4.1 67.0 0.01 10.4 0.08 0.24 2.18 5.24 0.57 0.00 0.13 2.58 14.5 0.49 1.4 0.6 1.4 1.2 22.2 1.4 0.4 4.0 25.9 3.3 13.9 21.8 
GM.4.2 67.8 0.09 10.6 0.10 0.54 2.23 5.13 0.63 0.00 0.15 2.54 14.6 0.48 1.2 0.6 2.0 6.4 20.4 1.1 0.5 4.2 26.2 7.1 12.8 23.0 
GM.8.1 67.0 0.01 10.9 0.08 0.13 2.18 5.15 0.59 0.00 0.07 2.52 14.8 0.51 1.9 0.6 1.1 0.8 23.9 l . l 0.4 3.6 22.6 2.4 12.6 20.1 
GM.8.2 66.0 0.00 10.7 0.08 0.03 2.15 5.09 0.55 0.01 0.00 2J7 14.6 0.50 1.1 0.5 0.8 0.7 18.4 l j OS 1.9 22.4 17 12.5 20.2 

PfO>nt D » C T W O— Wooi Initiol Weight 

CF.0.1 100 -13 3 -10 -10 1 -14 -2 0 -36 1 1 6 •1 12 -7 25 -100 15 -11 1 -5 -7 7 
a .0.2 100 13 -3 5 10 10 •1 14 2 0 36 -1 -1 -6 1 -12 7 -25 100 -15 11 -1 5 7 •7 
CF.2.1 92 100 0 48 94 -21 5 64 35 29 -220 3 1 7 17 21 99 37 -172 66 7 0 33 19 2 
CF.2.2 93 100 4 -75 93 23 5 44 13 36 -3 .1 1 49 13 30 93 28 84 48 -25 18 44 3 12 
CF.4.1 92 98 4 -7 95 26 0 44 -3 43 -62 2 6 2 9 74 94 •7 100 42 -660 14 47 -205 13 
CF.4.2 91 98 2 -6 96 29 2 60 22 58 9 2 •2 3 14 80 94 11 -81 24 48 15 54 36 8 
CF.e.l 92 99 -2 -14 98 17 5 66 27 86 -71 2 -1 9 10 51 98 17 -13 23 -338 3 50 26 •12 
CF.8.2 91 98 17 97 31 .1 59 21 72 28 3 -3 23 10 39 92 58 83 47 •4 -4 49 •112 •19 
fi.0.1 100 -2 -1 0 -1 -3 -1 4 26 -3 1 -1 1 •4 -1 -4 0 -5 -48 9 -20 -1 2 -12 -2 
R.0.2 100 2 1 0 1 3 1 -4 -26 3 -1 1 •1 4 1 4 0 5 48 -9 20 1 -2 12 2 
R.2.1 91 100 1 24 95 26 5 45 -22 49 26 0 -2 I 8 74 92 -1 40 49 71 6 71 28 •4 
H.2.2 91 99 2 19 96 21 4 46 12 53 11 0 0 14 9 77 92 -8 24 23 -12 4 70 -5 •10 
R.4.1 91 99 4 7 95 27 5 49 -18 53 23 -1 -3 -6 9 81 94 • 1 21 35 •21 5 65 21 •4 
R.4.2 91 99 0 17 98 25 5 57 39 86 18 -2 0 27 7 84 96 •23 72 90 68 3 71 8 •13 
R.8.1 89 99 3 38 98 37 6 56 -12 100 32 1 1 2 10 88 97 -11 95 57 67 8 75 •26 •8 
R.8.2 90 99 5 34 98 36 6 54 -6 95 18 1 -2 -8 9 83 96 12 35 22 -126 4 73 32 •13 
GM.0.1 100 1 -1 -3 1 1 0 3 -100 -2 1 0 -1 •8 2 .17 -5 -2 3 -8 -7 1 -1 -3 0 
GM.0.2 100 -1 1 3 -1 -1 0 -3 100 2 -1 0 1 8 -2 17 5 2 -3 8 7 1 1 3 0 
GM.2.1 88 78 2 16 74 -14 0 40 100 21 -14 2 1 -3 12 46 76 2 30 31 13 13 81 •9 6 
GM.2.2 89 62 4 19 61 2 1 35 49 23 3 3 4 -12 1) 42 64 -5 24 36 -157 1 68 •58 2 
GM.4.1 84 99 5 22 94 8 -1 51 100 41 8 4 -1 27 16 55 98 -11 23 35 32 0 94 4 0 
GM.4.2 85 93 4 12 87 6 1 45 100 34 10 3 2 36 17 35 89 -2 40 12 28 .1 87 12 -5 
GM.8.1 84 99 1 23 97 8 1 49 100 70 10 2 -4 •1 16 67 99 -19 37 32 38 13 96 12 8 
GM.8.2 82 100 3 30 99 9 2 53 29 98 15 3 •3 41 21 74 99 8 25 12 67 14 97 13 7 

GM.8.2 : nKrtwial.wMLntplicatt 
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ToUe 10. Concentration ol element! fn soxhlet leachate. 

Wt Al Ba Ca K Ms No P Si Ti As a Co a Cu Mn Mo Ni Pb S> St Zn Zr 
Sample (e) (Major Bornonh m rng/g) (Trac* EWno in vg/g) 

a u . i 4.88 0.9 0.1 31.8 0.4 12.4 2.7 0.0 0.0 0.1 0.00 7 i 3 -1 9 2823 3 4 32 31 2247 48 1 
OM.2 4.73 0.5 0.2 32.6 0.6 13.7 2.4 0.1 0.1 OJ 0.00 7 0 6 -1 13 2870 3 2 72 32 2437 54 0 
a.2.1 0.95 2.6 0.6 28.4 1.9 13.7 4.1 •0.2 1.5 3.0 0.00 6 2 6 43 6 2825 7 18 144 39 2102 102 5 
a.2.2 0.82 1.2 0.7 26.9 2.9 12.4 3.4 0.3 1.1 4.0 0.01 5 2 12 20 33 2185 4 18 375 27 2443 165 1 

0.25 3.2 1.7 14.5 7.3 13.9 3.7 -1.4 5.4 7.2 0.01 -1 5 34 14 56 1385 10 41 617 46 2877 274 11 
CfJ.2 0.24 5.1 1.0 12 J SS 13.2 3.8 -1.5 4.1 8.6 0.03 0 1 30 8 32 1325 16 21 593 39 2417 329 5 
CF.4.1 0.17 1.4 1.8 9.6 6.4 15.8 3.6 -1.2 0.7 11.7 •0.01 •4 4 38 -2 19 1035 9 57 516 35 2982 247 9 
CF.4.2 0.27 4.5 1.2 5.6 6.1 15.0 3.1 4.0 2.1 13.0 0.06 0 6 32 5 26 830 23 21 925 108 2039* 494 12 
a.5.i 0.16 4.4 2.1 5.7 6.6 14.4 2.9 -1.6 1.6 12.4 0.03 -5 2 31 13 30 762 12 31 681 42 2715 257 12 
CT.5.2 0.18 4.7 1.5 4.7 5.7 15.6 3.1 2.1 1J 10.3 0.03 -3 2 31 7 13 754 21 24 947 71 1581 327 10 
CF.6.1 0.11 3.5 0.3 5.2 6.5 20.7 3.4 0J 0.3 6.9 •0.01 •10 -1 28 -2 181 800 11 28 383 49 2318 162 11 
a.6.2 0.13 3.8 0.1 2.3 4.3 17.4 2.3 2.2 0.2 14.3 0.00 -8 -1 29 -22 102 490 23 23 444 97 1046 714 8 
a.7.i 0.19 4.5 1.1 2.6 4.8 14.3 2.5 3.2 0.6 14.5 0.05 -3 4 28 1 96 524 12 29 669 71 1661 613 12 
CFJ.2 0.26 5.1 0.7 2.2 3.4 10.0 2.0 4.8 0.3 16.5 0.02 0 4 14 •2 28 377 15 15 571 75 951 173 6 
a.s.i 0.13 7.3 1.3 4J 5J 19.5 2.8 -1.2 1.7 11.0 0.05 -7 6 32 -9 55 653 17 112 674 130 1952 550 21 
a.e.2 0.25 5.0 1.1 14.2 3.3 14.6 1.1 0.6 6.9 11.4 0.00 0 1 17 -7 77 354 14 32 1557 93 1260 166 12 

n.i.i 5.69 1.2 0J 31.0 1.0 IIJ 2.8 0.) 0.1 0.8 0.00 7 3 3 0 112 2935 3 2 82 33 4565 215 3 
H.1.2 5.51 1.0 0.7 32.4 1.0 14.9 2.7 0.4 0.1 1.0 0.00 7 2 5 0 120 2908 5 8 332 32 4879 264 2 
n.2.i 1.29 2.2 2.1 22.3 4.9 13.8 4.0 0.3 2.3 6.9 0.00 6 14 33 179 1118 2577 16 100 2063 54 2975 508 5 
n.2.2 l J l 2.7 1.4 24.1 3.0 13.4 3.5 0.1 1.7 6.0 0.00 7 6 17 35 614 2536 13 18 892 32 2164 410 4 
R.3.1 0.41 5.0 1.8 9.4 7.8 10.4 3.1 •0.2 5.0 12.1 0.01 3 3 31 78 348 872 27 50 1621 37 1622 478 9 
R.3.2 0.50 5.2 2.4 8.6 7.0 12.4 2.8 •0.1 4.8 13.2 0.01 3 3 36 65 416 790 25 36 1712 123 2042 377 6 
R.4.1 0.27 5.2 2.2 6.1 B.6 15.5 3.2 -1.1 2.6 13.2 0.01 0 7 41 38 312 812 26 26 1598 106 1789 368 19 
R.4.2 0.35 3.9 1.2 6.6 7.0 15.1 3.2 0.1 0.6 15.7 0.00 2 6 31 47 346 782 18 62 778 33 1906 393 8 
FLS.l 0.27 6.3 2.2 3.8 7.4 14.6 2.8 -0.4 2.1 15.1 0.03 0 7 36 28 172 665 23 34 1244 114 1522 409 16 
n.5.2 0.32 6.0 1.2 2.7 6.9 11.8 2.7 0.2 0.9 17.9 0.01 1 5 30 21 241 592 19 12 569 83 1230 316 9 
R.6.1 0.11 5.3 0.0 2.8 7.4 19.5 3.7 -1.3 0.2 7.9 •0.01 •10 3 31 -7 87 759 19 35 477 79 1358 252 11 
R.6.2 0.16 6.6 0.4 0.9 4.5 12.3 2.2 •0.8 0.2 17.0 0.00 -5 3 21 9 111 414 15 32 460 79 819 176 5 
R.7.1 0.27 6.6 1.4 1J 4.9 14.1 2.5 3.0 0.4 16.7 0.02 0 3 26 9 72 451 20 33 1100 104 998 284 12 
R.7.2 0.37 7.1 0.9 0.9 3.7 11.9 1.7 2.5 0.3 21.4 0.02 2 5 17 16 78 285 15 12 880 114 621 337 11 
R.8.1 0.25 8.1 1.1 0.9 4.4 10.6 2.0 0.2 0.4 19.8 0.02 0 7 24 -9 89 368 19 70 922 59 748 348 13 
R.8.2 0.33 8.4 1.2 0.8 4.0 14.3 1.8 2.2 0.2 21.0 0.01 1 5 24 22 139 285 17 93 890 151 637 316 10 

GM.1.1 5.50 0.0 0.1 32.7 OS 12.5 3.8 0.2 0.4 0.1 0.00 7 3 3 0 40 3163 3 10 161 32 3928 57 0 
GM.1.2 5.50 0.0 0.1 32.5 0.4 13.5 3.5 0.2 0.2 0.6 0.00 7 1 4 0 37 3029 3 1 148 32 3853 53 4 
GM.2.1 3.50 0.8 0.1 33.4 0.1 13.3 4.6 •0.1 0.4 0.3 0.00 7 1 3 2 8 2789 4 9 no 31 1922 30 2 
GM.2.2 4.60 1.0 0.1 32.1 0.1 13.5 3.9 0.0 0.4 0.2 0.00 7 1 3 7 7 2695 4 6 37 31 1864 34 1 
GM.3.1 1.59 0.4 0.1 32.6 0J 13.6 4.4 -0.2 0.6 0.2 0.00 7 3 3 1 25 3319 3 21 161 30 1874 75 3 
GM.3.2 2.43 1.5 0.1 32.0 0.1 13.4 3.9 -0.1 1.4 0.4 0.00 • 7 0 3 -2 -4 2744 3 2 23 30 1781 36 2 
GM.4.1 1.22 OS 0.1 30.4 0J 9S 3.9 •0.4 0.4 0.2 0.00 6 1 3 134 20 2795 3 108 108 30 1746 40 0 
GM.4.2 1.10 2.1 0J 30.2 0.7 11.9 3.4 0.0 3.4 1.4 0.00 6 1 2 -1 48 2407 6 3 243 28 1784 67 1 
GM.S.I 0.65 0.3 0.1 30.7 OS 10.0 4.1 •0.4 0.8 0.1 0.00 5 1 2 -12 49 3245 3 10 328 28 1940 26 1 
GM.5.2 0.31 2.3 0.9 22.5 5.4 13.5 0.6 0.0 10.3 6.9 -0.01 1 2 17 -12 312 518 9 13 1927 36 1620 93 8 
GM.6.1 0.29 1.2 0.1 28.7 0.6 10.2 3.5 •1.4 2.0 0.3 •0.01 2 -2 0 -28 -19 2646 2 •5 -52 18 1960 7 0 
GM.6.2 0.10 0.7 0.0 21.7 5.8 14.6 0.4 -2.4 6.3 •0.3 -0.03 -11 -1 25 -71 466 341 2 28 232 -14 1302 274 •2 
GM.7.1 0.22 1.5 0.5 18.9 5.0 10.7 0.9 2.3 6.9 4.9 •0.01 •2 2 20 439 319 634 7 260 2761 9 1363 175 13 
GM.7.2 0.21 2.1 0.6 8.0 6.7 10.0 0.6 4.2 3.6 9.6 •0.01 •2 -1 15 -18 97 207 7 29 1711 22 785 36 8 
GM.8.1 0.31 3.0 1.0 26.3 3.0 11.3 0.4 •0.4 12.5 2.2 •0.01 1 -1 10 -22 140 330 4 11 2137 15 1557 102 9 
GM.8.2 0.16 4.3 0.8 6.9 8.8 15.8 0.9 3.8 3.1 7S •0.02 -5 0 27 •10 86 203 11 80 2005 71 706 178 19 

GM.8.2 : notorial.wwk.replica* 
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Table 11. Cumulative weight gain in loxhlel leachate. 

Wl Al Ba Co F. K Ma No P Si Ti As Cd Co O Cu Mn Mo Ni Pb Se Sr Zn Zr 
Somplo te) (mofor •Wfr ••nh m fflfl, trocv vlvr rwnb ™ Vfl) 

CF.1.1 5 44 6 1552 21 604 131 1 2 3 0.1 35 6 15 -3 45 13784 IS 22 158 152 10969 235 3 
a. 1.2 

5 22 8 1539 30 646 111 3 4 12 0.0 34 2 28 -3 62 13561 15 9 340 149 11516 255 2 
CF.2.1 6 69 11 1821 39 734 169 0 16 31 0.1 40 8 20 37 51 16461 22 39 295 189 12961 332 8 
a.2.2 

6 31 13 1759 54 747 139 5 13 45 0.1 38 4 38 13 89 15346 18 24 647 171 13512 389 3 
a.3.i 6 77 16 1857 57 769 179 -4 30 49 0.1 40 9 29 41 65 16805 25 49 448 201 13676 400 10 
a J.2 6 44 15 1789 68 779 148 2 23 66 0.1 38 4 46 15 97 15666 22 29 790 181 14097 469 4 
CF.4.1 6 79 19 1873 68 796 185 -6 31 69 0.1 39 10 35 40 68 16981 26 59 536 207 14183 442 12 
CF.4.2 6 56 19 1804 84 819 156 13 28 101 0J 38 6 54 16 104 15888 28 35 1038 210 14643 601 8 
CF.5.1 6 87 22 1882 79 819 190 J» 33 89 0.1 38 10 40 43 73 17106 28 64 647 213 14626 483 14 
a.s.2 6 64 21 1813 94 848 162 16 31 120 0.3 38 6 60 17 106 16026 32 39 1211 222 14932 661 9 
CF.6.1 7 91 22 1888 86 842 193 -8 34 97 0.1 37 10 44 42 93 17195 29 67 690 219 14884 501 15 
CT.6.2 6 69 21 1816 100 870 165 19 31 138 0.3 37 6 64 14 120 16091 35 42 1269 235 15069 755 10 
a.7.1 7 99 24 1893 95 869 198 -2 35 124 0.2 37 10 49 43 111 17294 32 73 820 232 15199 618 17 
aj.2 7 83 23 1821 109 897 170 32 32 182 0.4 37 7 68 14 127 16189 39 46 1419 255 15317 800 12 
CF.8.1 7 109 26 1899 102 895 202 -4 37 139 0.3 36 11 53 41 119 17379 34 87 908 249 15454 690 20 
CF.8.2 7 95 26 1858 117 934 173 33 49 210 0.4 37 7 72 12 147 16279 43 54 1816 278 15639 842 15 
CFOrig 80 4281 202 1921 655 3404 335 261 59 28051 170 nd nd 15758 807 1369 26101 34614 420 1891 nd 41565 3578 7561 

B.1.1 6 66 15 1763 57 646 157 4 4 44 0.0 42 19 18 -2 637 16706 19 9 467 185 25986 1222 19 
H.1.2 6 56 41 1784 53 823 149 22 8 53 0.0 41 11 30 -2 662 16023 27 42 1832 179 26884 1456 ii 
R.2.1 7 95 42 2050 120 824 209 8 33 132 0.0 50 37 60 229 2075 20024 39 137 3124 254 29816 1875 25 
R.2.2 7 91 59 2101 92 998 195 24 30 132 0.0 50 20 52 43 1469 19355 44 66 3004 220 29726 1994 17 
HJ.l 7 115 49 2088 151 866 222 7 53 181 0.0 51 38 73 260 2217 20377 50 157 3781 269 30473 2069 29 
R.3.2 7 117 71 2144 127 1060 209 23 54 198 0.0 52 21 70 75 1676 19748 57 84 3854 281 30740 2181 19 
R.4.1 8 129 55 2105 174 908 230 4 60 217 0.0 51 40 84 270 2300 20595 57 164 4209 297 30953 2)68 34 
R.4.2 8 131 75 2167 152 1113 221 23 56 253 0.0 52 23 81 92 1798 20024 63 106 4129 293 31413 2320 22 
R.5.1 8 146 61 2115 194 947 238 3 66 257 0.1 51 42 93 278 2346 20773 63 173 4543 328 31360 2277 38 
R.S.2 8 150 79 2176 174 1151 229 24 59 310 0.1 52 25 91 98 1875 20213 69 110 4311 320 31807 242) 25 
Ft.6.1 8 152 61 2118 203 969 242 1 66 266 0.1 50 42 97 277 2356 20857 66 177 4596 337 31511 2305 39 
R.6.2 8 160 80 2177 181 1170 233 23 59 337 0.1 52 25 94 100 1892 20278 71 115 4383 332 31936 2449 26 
R.7.1 8 170 65 2121 216 1006 249 9 67 311 0.2 50 43 104 280 2375 20978 71 185 4891 365 31779 238) 43 
R.7.2 9 187 83 2180 195 1215 239 32 60 417 0.2 52 27 100 106 1922 20384 77 119 4711 375 32167 2574 30 
R.8.1 9 190 68 2124 227 1033 254 10 68 360 0.2 50 45 109 278 2397 21070 75 203 5120 379 31965 2468 46 
R.8.2 9 215 87 2183 208 1262 245 40 61 487 0.2 53 29 108 113 1968 20479 83 150 5008 425 32379 2680 33 
R Orig 80 6115 209 2175 1116 3953 487 160 88 24673 228 nd nd 8380 787 6366 29957 30648 553 6314 nd 61752 133)0 10278 

GM.1.1 5 2 4 1795 25 685 207 9 20 3 0.0 40 IB 17 •3 220 173B7 18 54 887 175 21590 314 2 
GM.1.2 5 2 5 1784 22 744 193 9 13 30 0.0 40 7 20 -3 204 16650 19 8 815 173 21178 29) 23 
GM.2.1 9 30 9 2964 30 1151 370 5 35 14 0.1 65 21 27 6 249 27139 32 84 1273 284 28310 420 9 
GM.2.2 10 48 12 3259 26 1363 373 8 33 38 •0.1 72 10 34 30 236 29052 35 36 987 316 29755 447 28 
GM.3.1 11 37 10 3483 34 1368 439 3 44 17 0.1 75 25 32 7 289 32432 37 117 1529 331 31299 539 14 
GM.3.2 13 85 14 4036 28 1688 468 6 67 48 •0.1 89 11 41 24 227 35724 43 41 1042 390 34084 534 32 
GM.4.1 12 43 11 3853 38 1484 486 -2 50 19 0.1 83 26 35 169 313 35830 41 249 1661 368 33421 588 14 
GM.4.2 14 108 17 4368 36 1819 506 6 104 63 •0.1 95 12 44 23 279 38367 50 43 1308 421 36043 607 32 
GM.5.1 12 45 12 4054 41 1549 513 54 19 0.0 86 27 36 162 345 37951 43 256 1875 386 34689 605 14 
GM.5.2 14 115 20 4437 52 1860 508 6 136 84 •0.1 95 13 49 20 375 38526 52 47 1900 432 36541 635 35 
GM.6.1 13 48 12 4136 43 1578 523 •9 60 20 0.0 87 27 37 154 339 38712 43 254 I860 392 35253 606 14 
GM.6.2 14 116 20 4460 58 1876 508 3 143 84 •0.2 94 12 51 12 424 38562 52 50 1925 430 36677 664 35 
GM.7.1 13 52 13 4177 53 1601 525 -4 75 31 0.0 86 27 41 248 408 38849 45 310 2456 394 35547 644 17 
GM.7.2 14 120 21 4476 72 1897 510 12 150 104 -0.2 94 12 55 8 444 38605 54 56 2282 435 36841 671 36 
GM.8.1 13 61 16 4258 63 1636 526 -5 114 38 •0.1 87 27 44 242 451 38950 46 314 3112 398 36025 676 20 
GM.8.2 14 127 23 4488 87 1922 511 IB 155 116 -0.2 93 12 59 7 458 38638 56 69 2610 447 36957 700 39 
GMOria. 80 11008 109 4275 2374 5198 1160 21 225 15098 489 nd nd 1662 682 3174 56137 20062 594 5828 nd 54928 14417 21806 

GM.8.2 ; fnotorial.w*«Lfvplicot* Orig : weight initially in Uochate 
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Table 12. Proportion of initial sample weight recovered in leachate. 

Wt Al Ba Ca Fe K Mg Na P Si Ti As Cd Co Cr Cu Mn Mo Ni Pb Se Sr Zn Zr 
Sample 

Mg 

CF.1.1 6 1 3 81 3 18 39 1 4 0 0 nd nd 0 0 3 53 0 5 8 nd 26 7 0 
CF.1.2 6 1 4 80 5 19 33 1 7 0 0 nd nd 0 0 5 52 0 2 18 nd 28 7 0 
CF.2.1 7 2 6 95 6 22 51 0 28 0 0 nd nd 0 5 4 63 0 9 16 nd 31 9 0 
CF.2.2 7 1 6 92 8 22 42 2 22 0 0 nd nd 0 2 7 59 0 6 34 nd 33 11 0 
CF.3.1 8 2 8 97 9 23 53 -2 50 0 0 nd nd 0 5 5 64 0 12 24 nd 33 11 0 
CF.3.2 7 1 8 93 10 23 44 1 39 0 0 nd nd 0 2 7 60 0 7 42 nd 34 13 0 
CF.4.1 8 2 9 97 10 23 55 -2 52 0 0 nd nd 0 5 5 65 0 14 28 nd 34 12 0 
CF.4.2 8 1 9 94 13 24 47 5 48 0 0 nd nd 0 2 8 61 0 8 55 nd 35 17 0 
a.5.1 8 2 11 98 12 24 57 -3 57 0 0 nd nd 0 5 5 66 0 15 34 nd 35 14 0 
CF.5.2 8 2 11 94 14 25 48 6 52 0 0 nd nd 0 2 8 61 0 9 64 nd 36 18 0 
CF.6.1 8 2 11 98 13 25 58 -3 58 0 0 nd nd 0 5 7 66 0 16 36 nd 36 14 0 
CF.6.2 8 2 11 94 15 26 49 7 53 0 0 nd nd 0 2 9 62 0 10 67 nd 36 21 0 
CF.7.1 8 2 12 99 14 26 59 -1 59 0 0 nd nd 0 5 8 66 0 17 43 nd 37 17 0 
CT.7.2 8 2 11 95 17 26 51 12 54 1 0 nd nd 0 2 9 62 0 11 75 nd 37 22 0 
a.8.i 9 3 13 99 16 26 60 -1 63 0 0 nd nd 0 5 9 67 0 21 48 nd 37 19 0 
CF.8.2 9 2 13 97 18 27 52 13 84 1 0 nd nd 0 1 11 62 0 13 96 nd 38 24 0 

R.l.l 7 1 7 81 5 16 32 3 5 0 0 nd nd 0 0 10 56 0 2 7 nd 42 9 0 
R.1.2 7 1 20 82 5 21 31 14 9 0 0 nd nd 0 0 10 53 0 8 29 nd 44 11 0 
R.2.1 9 2 20 94 11 21 43 5 38 1 0 nd nd 1 29 33 67 0 25 49 nd 48 14 0 
R.2.2 9 1 28 97 6 25 40 15 34 1 0 nd nd 1 5 23 65 0 12 48 nd 48 15 0 
R.3.1 9 2 24 96 14 22 46 4 61 1 0 nd nd 1 33 35 68 0 28 60 nd 49 16 0 
R.3.2 9 2 34 99 11 27 43 14 61 1 0 nd nd 1 10 26 66 0 15 61 nd 50 16 0 
R.4.1 10 2 27 97 16 23 47 2 69 1 0 nd nd 1 34 36 69 0 30 67 nd 50 16 0 
R.4.2 10 2 36 100 14 28 45 15 64 1 0 nd nd 1 12 28 67 0 19 65 nd 51 17 0 
R.5.1 10 2 29 97 17 24 49 2 75 1 0 nd nd 1 35 37 69 0 31 72 nd 51 17 0 
R.5.2 10 2 38 100 16 29 47 15 67 1 0 nd nd 1 13 29 67 0 20 68 nd 52 18 0 
R.6.1 10 2 29 97 18 25 50 1 75 1 0 nd nd 1 35 37 70 0 32 73 nd 51 17 0 
R.6.2 10 3 38 100 16 30 48 14 67 1 0 nd nd 1 13 30 68 0 21 69 nd 52 18 0 
R.7.1 10 3 31 98 19 25 51 6 76 1 0 nd nd 1 36 37 70 0 34 77 nd 51 18 0 
R.7.2 11 3 40 100 17 31 49 20 68 2 0 nd nd 1 13 30 68 0 22 75 nd 52 19 0 
R.8.1 11 3 32 98 20 26 52 6 78 1 0 nd nd 1 35 38 70 0 37 81 nd 52 19 0 
R.8.2 11 4 42 100 19 32 50 25 69 2 0 nd nd 1 14 31 68 0 27 79 nd 52 20 0 

GM.1.1 7 0 4 42 1 13 18 43 9 0 0 nd nd 1 0 7 31 0 9 15 nd 39 2 0 
GM.1.2 7 0 5 42 1 14 17 42 6 0 0 nd nd 1 0 6 30 0 1 14 nd 39 2 0 
GM.2.1 11 0 8 69 1 22 32 26 16 0 0 nd nd 1 1 8 48 0 14 22 nd 52 3 0 
GM.2.2 13 0 11 76 1 26 32 38 15 0 0 nd nd 2 4 7 52 0 6 17 nd 54 3 0 
GM.3.1 13 0 9 81 1 26 38 14 20 0 0 nd nd 2 1 9 58 0 20 26 nd 57 4 0 
GM.3.2 16 1 13 94 1 32 40 29 30 0 0 nd nd 2 4 7 64 0 7 18 nd 62 4 0 
GM.4.1 15 0 10 90 2 29 42 -9 22 0 0 nd nd 2 25 10 64 0 42 28 nd 61 4 0 
GM.4.2 17 1 16 102 2 35 44 28 46 0 0 nd nd 2 3 9 68 0 7 22 nd 66 4 0 
GM.5.1 16 0 11 95 2 30 44 -22 24 0 0 nd nd 2 24 11 68 0 43 32 nd 63 4 0 
GM.5.2 17 1 18 104 2 36 44 28 60 1 0 nd nd 3 3 12 69 0 8 33 nd 67 4 0 
GM.6.1 16 0 11 97 2 30 45 -41 27 0 0 nd nd 2 23 11 69 0 43 32 nd 64 4 0 
GM.6.2 18 1 18 104 2 36 44 16 63 1 0 nd nd 3 2 13 69 0 8 33 nd 67 5 0 
GM.7.1 16 0 12 98 2 31 45 -17 33 0 0 nd nd 2 36 13 69 0 52 42 nd 65 4 0 
GM.7.2 18 1 20 105 3 36 44 58 67 1 0 nd nd 3 1 14 69 0 9 39 nd 67 5 0 
GM.8.1 17 1 15 100 3 31 .45 -23 50 0 0 nd nd 2 35 14 69 0 53 53 nd 66 5 0 
GM.8.2 18 1 21 105 4 37 44 88 69 1 0 nd nd 3 1 14 69 0 12 45 nd 67 5 0 

GM.8.2 : sample.week-replicale 


