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Abstract:
This study involved an inventory and characterization of four abandoned hard rock mine sites in
western Montana to ascertain the hazards to public health, safety, and general welfare, as well as other
environmental impacts, associated with these mines.

The Alta mine in Jefferson County, Mt,, was found to be discharging large quantites of dissolved solids
including heavy metals, and particulate matter into the Spring Creek drainage. The mine was largely
unvegetated due to the elevated heavy metal concentrations and low water holding capacity of the
spoils, as well as wind scouring. The discharges from this site are potentially toxic to both aquatic life
and humans, giving this site high priority for reclamation.

The Wasa mine in Granite County, Mt, produced discharges which were also toxic, impacting the
entire length of North Fork Douglas Creek. Revegetation on the site was limited by active erosion and
poor water holding capacity of the spoil materials.

The Champion mine in Deer Lodge County, Mt. was a small disturbance which discharged acidic water
laden with heavy metals into a tributary of Oro Fino Creek. However, the buffering capacity of the
stream significantly ameliorated this impact. Vegetative growth on the site was limited by elevated
heavy metal and salt contents, and restricted water movement in the tailings. Low water holding
capacity was also a factor in the waste dumps.

The Bannack mill site in Beaverhead County, Mt. was the only one of the four study sites found not to
create significant offsite impact. Revegetation of the tailings is limited by wind scouring and
dessication.

A laboratory study was also conducted to ascertain the relationship between particle size and acid
generation potential on spoils from the Alta site. It was found that although a weak inverse relationship
existed between these two parameters, many other factors complicated this relationship. The "histories"
of the materials was found to be the most important of these, as tailings and waste rock materials
exhibited different behaviors. Water relationships were also thought to be a complicating factor in this
experiment. 
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ABSTRACT

x i i

T h is  s tu d y  in v o lv e d  an  i n v e n to r y  and  c h a r a c t e r i z a t i o n  o f  f o u r  
a b a n d o n e d  h a r d  r o c k  m in e  s i t e s  i n  w e s t e r n  M ontana t o  a s c e r t a i n  th e  
h a z a r d s  t o  p u b l i c  h e a l t h ,  s a f e t y ,  and  g e n e r a l  w e l f a r e ,  a s  w e l l  a s  
o th e r  e n v iro n m e n ta l im p a c ts , a s s o c ia te d  w ith  th e se  m ines.

The A l ta  m in e  i n  J e f f e r s o n  C o u n ty , M t,, w as f o u n d  to  be 
d i s c h a r g i n g  l a r g e  q u a n t i t e s  o f  d i s s o l v e d  s o l i d s  i n c l u d i n g  h eav y  
m e t a l s ,  and  p a r t i c u l a t e  m a t t e r  i n t o  t h e  S p r in g  C reek  d r a in a g e .  The 
m in e  w as l a r g e l y  u h y e g e ta te d  due to  th e  e l e v a t e d  h eav y  m e ta l  
c o n c e n tr a t io n s  and low w a te r  h o ld in g  c a p a c ity  o f th e  s p o i l s ,  a s  w e ll  
a s  w ind s c o u r in g . The d is c h a rg e s  from  t h i s  s i t e  a re  p o t e n t i a l l y  to x ic  
to  b o th  a q u a t i c  l i f e  and  h um ans, g iv i n g  t h i s  s i t e  h ig h  p r i o r i t y  f o r  
r e c la m a t io n .

The Wasa m ine i n  G ra n ite .C o u n ty , Mt, produced d is c h a rg e s  w hich 
w e re  a l s o  t o x i c ,  im p a c t i n g  th e  e n t i r e  l e n g t h  o f  N o r th  F o rk  D o u g la s  
C re e k . R e v e g e ta t io n  on th e  s i t e  w as l i m i t e d  by a c t i v e  e r o s i o n  an d  
poor w a te r  h o ld in g  c a p a c i ty  o f th e  s p o i l  m a te r ia l s .

The C ham pion m in e  i n  D eer Lodge C o u n ty , M t. w as a s m a l l  
d is tu rb a n c e  w hich d is c h a rg e d  a c id ic  w a te r  la d e n  w ith  heavy m e ta ls  in t o  
a  t r i b u t a r y  o f Oro F ino  Creek. However, th e  b u f f e r in g  c a p a c i ty  o f th e  
s tre a m  s i g n i f i c a n t l y  a m e lio ra te d  t h i s  im p a c t .  V e g e ta t i v e  g ro w th  on 
t h e  s i t e  w as l i m i t e d  by e l e v a t e d  h e a v y  m e ta l  and  s a l t  c o n t e n t s ,  and  
r e s t r i c t e d  w a te r  movement i n  th e  t a i l i n g s .  Low w a te r  h o ld in g  c a p a c ity  
was a l s o  a  f a c t o r  i n  th e  w a s te  dumps. .

The Bannack m i l l  s i t e  i n  B eaverhead  County, Mt. was th e  only  one 
o f  t h e  f o u r  s tu d y  s i t e s ,  f o u n d  n o t  t o  c r e a t e  s i g n i f i c a n t  o f f s i t e  
im p a c t. R e v e g e ta tio n  o f  th e  t a i l i n g s  i s  l i m i t e d  by wind s c o u rin g  and 
d e s s i c a t io n .

A l a b o r a t o r y  s t u d y  w a s  a l s o  c o n d u c t e d  t o  a s c e r t a i n  t h e  
r e l a t i o n s h ip  betw een p a r t i c l e  s i z e  and  a c i d  g e n e r a t i o n  p o t e n t i a l  on  
s p o i l s  from  th e  A lta  s i t e .  I t  was found  t h a t  a lth o u g h  a  weak in v e rs e  
r e l a t i o n s h i p  e x i s t e d  be tw een  th e se  tw o p a ra m e te rs , many o th e r  f a c t o r s  
c o m p l ic a te d  t h i s  r e l a t i o n s h i p .  The " h i s t o r i e s ^  o f  th e  m a te r ia l s  was 
f o u n d  t o  be t h e  m o s t  im p o r t a n t  o f  t h e s e ,  a s  t a i l i n g s  an d  w a s t e  r o c k  
m a te r i a l s  e x h ib i te d  d i f f e r e n t  b e h a v io rs . W ater r e l a t i o n s h ip s  w ere a ls o  
th o u g h t to  be a c o m p lic a tin g  f a c t o r  i n  t h i s  ex p e rim en t.



INTRODUCTION

Gold w as f i r s t  d is c o v e re d  i n  M ontana i n  1852 by F ra n c o is  F in la y  

i n  th e  D eer Lodge V a lley  (Young, 1970). However, i t  was th e  d isco v e ry  

o f  l a r g e  p l a c e r s  a t  G ra s s h o p p e r  C reek  i n  1862, and  a t  A ld e r  G u lch  i n  

1863 t h a t  s ig n a le d  th e  b e g in n in g  o f  th e  m in ing  boom i n  w hat was l a t e r  

t o  be know n a s  th e  T r e a s u r e  S t a t e  ( N o l l e ,  1963). By 1865 M ontana 

ran k ed  second  i n  th e  n a t io n  i n  g o ld  p ro d u c tio n , w ith  o v er 870,000 tro y  

ounces r e f in e d  (U.S. B ureau o f  M ines, 1956).

W ith v a s t  a c re a g e s  o f  u n s p o i le d .la n d  b e fo re  them , th e  m in e rs  o f 

t h i s  p e r io d  had no c o n s id e r a t io n  o f  th e  e n v iro n m e n ta l consequences o f 

t h e i r  a c t i o n s .  The p h i lo s o p h y  o f  t h e  day  w as t o  g e t  a s  much a s  one 

c o u ld  a s  f a s t  a s  one c o u ld .  The E n c y c lo p e d ia  o f  A m eric an  E conom ic 

H i s to r y  ( P o r t e r ,  1980) c o n t a i n s  t h e  f o l l o w i n g  r e f l e c t i o n s  on th e  

a t t i t u d e s  o f  t h a t  t im e :

"D u rin g  t h e  h a l f - c e n t u r y  i n  w h ic h  th e  q u e s t  f o r  g o ld  
and  s i l v e r  w as s i g n i f i c a n t  i n  t h e  N e s t ,  men f r o m  many 
c o u n t r i e s  an d  w a lk s  o f  l i f e  a t t e m p t e d  t o  p r o f i t  i n  m in in g  
camps. Many o f them w anted  to  cash  i n  on th e  a v a i l a b i l i t y  
o f  a  f r e e  r e s o u r c e  w h i l e  e n jo y in g  t h e  g r e a t e s t  p o s s i b l e  
p e r s o n a l  f re e d o m  i n  th e  s e a r c h  f o r  t h e i r  f o r t u n e .  The 
p r o s p e c t o r ,  m i n e r ,  a n d  m i n i n g  c a m p  e n t o u r a g e  o f  
m e r c h a n ts ,  e n g i n e e r s ,  g a m b le r s ,  an d  p r o s t i t u t e s  r e a d i l y  
abandoned one f i e l d  f o r  a n o th e r  a t  th e  f i r s t  rum or o f  h ig h e r  
y i e ld s  a t  a new s t r i k e .  E v e n tu a lly  p ro s p e c to rs  scanned  th e  
topography  o f every  s t a t e  w est o f  th e  hund red th  m e rid ia n  in  
s e a rc h  o f  th e  m o ther lo d e ."

M oreover, t h i s  p h ilo so p h y  rem ained  p r e v a le n t  w e ll  in t o  th e  tw e n t ie th  

c e n tu ry . As a r e s u l t ,  M ontana h as  been l e f t  a le g acy  o f  thousands o f
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d is tu r b e d  a r e a s ,  ra n g in g  i n  s i z e  from  l e s s  th a n  one h e c ta r e  to  te n s  o f  

h e c ta r e s .  F u r th e r ,  th e s e  d is tu rb a n c e s  o f te n  p o sse ss  c h a r a c t e r i s t i c s  

w hich  c r e a te  s e v e re  o n - s i t e  and o f f - s i t e  e n v iro n m e n ta l im p a c ts . These 

i n c l u d e  e f f e c t s  o n : p u b l i c  h e a l t h  an d  s a f e t y ,  s o c io e c o n o m ic  

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

h y d ro lo g ic  b a la n c e s , and s o i l  and v e g e ta t io n  r e l a t io n s h ip s .

In  re sp o n se  to  an  in c r e a s in g  aw a re n e ss  o f  th e  p rob lem s c re a te d  by 

a b a n d o n e d  o r  i n a c t i v e  m in e  p r o p e r t i e s ,  t h e  U n ite d  S t a t e s  C o n g re ss  

in c lu d e d  a  s e c t i o n  c o n c e r n in g  t h e  r e c l a m a t i o n  o f  t h e s e  s i t e s  i n  t h e  

1977 S u r f a c e  M in in g  C o n tr o l  an d  R e c la m a t io n  A ct ( P u b l i c  Law 9 5 -8 7 ) . 

The p r o v i s i o n s  c o n t a in e d  i n  T i t l e  IV o f  t h a t  a c t  c r e a t e d  a S t a t e  

Abandoned Mine Land R ec lam a tio n  Fund, d e r iv e d  from  a 35 c e n ts  per to n  

ta x  on m ined c o a l .  The ta x  i s  c o l le c te d  i n  each  s t a t e  by th e  f e d e ra l  

governm ent, w ith  th e  s t a t e  e n t i t l e d  to  o n e -h a lf  th e  t o t a l  rev en u e . To 

d a te  th e  S ta t e  o f  M ontana’s  s h a re  o f th e s e  m onies i s  o v e r  16 m i l l io n  

d o l l a r s .  The money i s  t o  be u se d  by th e  s t a t e  t o  e v a l u a t e  p ro p o s e d  

r e c l a m a t i o n  p r o j e c t s  o n  ab an d o n e d  m in ed  l a n d s ,  and  t o  e x e c u te  

r e c l a m a t i o n  p r o j e c t s  w h ic h  a r e  ju d g e d  to  be b o th  n e c e s s a r y  and  

f e a s i b l e .  W ith in  t h i s  c o n te x t ,  th e  M ontana D epartm ent o f  S ta te  Lands 

i s  c u r r e n t l y  b e g in n in g  an  in v e n to r y  o f  ab an d o n e d  m in e  s i t e s  i n  th e  

s t a t e  f o r  t h e  p u rp o s e  o f  e v a l u a t i n g  p o s s i b l e  r e c l a m a t i o n  p r o j e c t s .  

The c r i t e r i a  f o r  e v a lu a t io n  a re  s e t  f o r t h  i n  S e c tio n  26.4.1235 o f th e
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M ontana S t r ip  and U nderground Mine R ec lam a tio n  R ules and R e g u la tio n s  

(1980), and in c lu d e :

1) The n eed  f o r  r e c l a m a t i o n  w i t h  r e s p e c t  t o  s i t e ,  q u a l i t y  

o b je c t iv e s ,

2) The f e a s i b i l i t y  o f  s u c c e s s f u l  r e c l a m a t i o n  g iv e n  e x i s t i n g  

te c h n o lo g y ,

3 ) T he b e n e f i t s  w h i c h  w o u l d  be  d e r i v e d  f r o m  s u c c e s s f u l  

r e c la m a t io n ,  and .

4) The c o s t  o f  th e  re c la m a t io n  p r o je c t .

A f te r  e v a lu a t in g  th e  s i t e s ,  th e  p r o je c t s  may th e n  be p r i o r i t i z e d ,  

a s  s e t  f o r t h  i n  S e c t io n  26,4.1234 (M ontana S t r ip  and U nderground Mine 

R ec lam a tio n  R u les and R e g u la tio n s , 1980), P re fe re n c e  among p r o je c ts  

c o m p e tin g  f o r  a v a i l a b l e  r e s o u r c e s  i n  t h e  S t a t e  A bandoned M ine Land 

R e c la m a t io n  Fund i s  g iv e n  to  th e  p r o j e c t  o f  h i g h e s t  p r i o r i t y .  

P r i o r i t i e s  in c lu d e :

1) P r o te c t io n  o f  p u b lic  h e a l th ,  s a f e ty ,  and g e n e ra l w e lfa re  from  

ex trem e  danger r e s u l t i n g  from  th e  a d v e rse  im p a c ts  o f  m in in g ,

2) P r o te c t io n  o f  p u b lic  h e a l th ,  s a f e ty ,  and g e n e ra l  w e lfa re  from  

a d v e rse  im p a c ts  o f m in in g  w hich do n o t c o n s t i t u t e  an ex trem e  danger,

3) R e s t o r a t i o n  o f  e n v i r o n m e n ta l  d e g r a d a t io n  a s s o c i a t e d  w i t h  

m in in g ,

4) R esearch  p r o je c t s ,  and

5) P ro te c t io n ,  r e p a i r ,  re p la c e m e n t, c o n s tru c t io n ,  o r  enhancem ent
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o f p u b lic  f a c i l i t i e s .

As p a r t  o f  th e  in v e n to ry  p ro c e s s , th e  Montana D epartm ent o f S ta te
. '■ ' - I  ' .

Lands s e le c te d  fo u r  abandoned h a rd  ^ock m ine s i t e s  to  be e v a lu a te d  f o r  

p o t e n t i a l  r e c l a m a t i o n  p r o j e c t s .  T hese  p a r t i c u l a r  s i t e s  w ere chosen 

b ecause  th e  D epartm ent assum ed th a t  th e s e  m ines may have c o n s t i tu te d  a 

s i g n i f i c a n t  e n v iro n m e n ta l and p u b lic  h aza rd . The s i t e s  w ere ; 1) th e  

A lta .m in e  i n  J e f f e r s o n  County, M ontana; 2) th e  t a i l i n g s  dump d i r e c t l y  

s o u th  o f  t h e  t o w n  o f  B an n ack , M o n tan a ; 3) t h e  C ham pion  m in e  i n  D eer 

Lodge C o u n ty , M o n tan a ; an d  4) th e  M asa m in e  i n  G r a n i t e  C o un ty , 

M ontana. The lo c a t io n  o f  th e se  s i t e s  i s  d e p ic te d  i n  F ig u re  I .

In  a d d i t io n  to  c h a r a c te r i z a t i o n  o f  th e  in d iv id u a l  m ine s i t e s ,  a 

r e s e a r c h  p r o j e c t  w as im p le m e n te d  i n  o r d e r  to  p r e d i c t  t h e  p o s s i b l e  

e n v iro n m e n ta l d e g ra d a tio n  w hich m ig h t be e x p ec ted  a s  a r e s u l t  o f a c id  

m ine d ra in a g e ; a  common problem  on abandoned h a rd  ro c k  m ine s i t e s .  The 

s tu d y  a t te m p te d  to  a s c e r t a in  w h eth er a  c o r r e l a t i o n  e x i s t e d  betw een 

m in e  w a s te  p a r t i c l e  s i z e  and  a c i d  g e n e r a t i o n .  I f  a  c o r r e l a t i o n  

e x i s t e d ,  th e n  m e c h a n ic a l  ( g r a i n - s i z e )  a n a l y s i s  w o u ld  be a  u s e f u l  

to o l  f o r  p r e d ic t in g  a c id  g e n e ra t io n  p o te n t i a l .

S p e c i f ic  p r o je c t  o b je c t iv e s  in c lu d e d ;

1) A n . i n v e s t i g a t i o n  b f  h a z a r d s  t o  p u b l i c  h e a l t h ,  s a f e t y ,  and 

g e n e ra l  w e lf a r e  a t  each  s i t e .

2) C h a r a c t e r i z a t i o n  o f  t h e  p h y s io g ra p h ic  and ed ap h io  c o n d it io n s
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a t  e a c h  s i t e ,

3) C h a r a c t e r i z a t i o n  o f  t h e  p h y s i c a l  and  c h e m ic a l  p r o p e r t i e s  o f  

s p o i l  and t a i l i n g s  m a te r i a l s  p r e s e n t  a t  each  s i t e ,

4) D e f in i t io n  o f  th e  m a jo r re c la m a t io n  p rob lem s a t  each  s i t e ,

5) E x ec u tio n  o f  a  r e s e a r c h  p r o je c t  w hich r e l a t e s  th e  r a t e  o f  a c id  

g e n e r a t i o n  a t  a  s i t e  t o  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  th e  

m a te r i a l s  p re s e n t ,

6) A q u a l i t a t i v e  e s t i m a t i o n  o f  r e c l a m a t i o n  p o t e n t i a l  a t  e a c h  

s i t e ,  based  on i te m s  1-5 above.
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F ig u re  I .  L o c a tio n  o f  h a rd  ro c k  mine s tu d y  s i t e s
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The g e n e ra t io n  o f  a c i d i ty  and p o t e n t i a l l y  to x ic  l e v e l s  o f  heavy 

m e ta ls  a r e  tw o o f  th e  m ost s e r io u s  and w e ll  docum ented com ponents o f  

t h e  e n v i r o n m e n ta l  im p a c t  o f  m in in g . H ow ever, t h e s e  f a c t o r s  r a r e l y  

e x i s t  i n  i s o l a t i o n  on m in ing  d is tu rb a n c e s  (Down, 1974). O ther f a c t o r s  

o f  im p o rta n c e  in c lu d e :

1) T e m p e ra tu re  e x t r e m e s  -  a s  a  f u n c t i o n  o f  s p o i l  c o l o r ,  s lo p e ,  

and a s p e c t  may i n h i b i t  o r  p re c lu d e  s e e d l in g  e s ta b l is h m e n t .  In c re a se d  

te m p e ra tu re  may a ls o  in c re a s e  ch em ica l r e a c t io n  r a t e s  and a f f e c t  S o il  

m o is tu re  r e l a t i o n s h ip s .  A m e lio ra tiv e  m easu res in c lu d e  m o d ifie d  s lo p e  

c o n s t r u c t io n  w ith  r e s p e c t ,  t o  a s p e c t  and a n g le  o f in c id e n t  r a d ia t io n ,  

and th e  u se  o f  m ulches o r  o th e r  p r o te c t iv e  s u r fa c e  co v e rs .

2) Wind e ro s io n  -  c o n t r ib u te s  d i r e c t l y  to  a i r  p o l lu t io n .  Wind 

sc o u r in g  may a ls o  cau se  a b ra s io n  o f  p la n t  s tem s and su b se q u en t d ea th . 

E x c e s s iv e  w in d  may l e a d  t o  u n f a v o r a b l e  s o i l  and p l a n t  m o i s tu r e  

r e l a t i o n s h i p s  due to  m a in te n a n c e  o f  a h ig h  v a p o r  p r e s s u r e  g r a d i e n t .  

T echniques to  red u ce  w ind e ro s io n  in c lu d e  th e  use o f s tu b b le ,  rock , o r  

o th e r  m u lches, ch em ica l s t a b i l i z a t i o n ,  t i l l a g e ,  and th e  p la n t in g  o f  

w ind row s.

3) D ra inage  -  may be e x c e s s iv e  o r  in a d e q u a te , depend ing  la r g e ly  

on p a r t i c l e  s i z e  d i s t r i b u t i o n  and  o r g a n ic  m a t t e r  c o n t e n t .  O th e r  

f a c t o r s ,  su c h  a s  p r o x im i ty  t o  w a te r  t a b l e ,  la n d s c a p e  p o s i t i o n ,  

c o m p a c t io n ,  and  l a y e r i n g  may a l s o  be  in v o lv e d .  E x c e s s iv e  d r a in a g e



8

(low  w a te r  h o ld in g  c a p a c ity )  may l i m i t  r e v e g e ta t io n  on th e  s i t e .  The 

a d d i t io n  o f  s o i l  am endments such  a s  m anure, sewage s lu d g e , o r  p e a t i s  

o f t e n  t h e  c o u r s e  o f  t r e a t m e n t  t o  i n c r e a s e  w a te r  h o ld in g  c a p a c i t y .  

These m easu res  may a l s o  in c re a s e  d ra in a g e  i n  s o i l s  w ith  poor i n t e r n a l  

d ra in a g e  by p ro m o tin g  s o i l  s t r u c t u r e .  I n c o rp o ra t io n  o f  f i n e r  g ra in e d  

s o i l  m a te r i a l s  (w here a v a i la b le )  i s  a n o th e r  p o s s i b i l i t y ,  a lth o u g h  i t  

i s  seldom  eco n o m ica lly  f e a s ib l e ,

4) S lo p e  s t a b i l i t y  -  s t e e p  s l o p e s  p r e s e n t  a h a z a r d  to  p u b l i c  

h e a l th  and s a f e ty  and may c o n t r ib u te  to  w a te r  p o l lu t io n  w ith  r e s p e c t  

to  s lo p e  f a i l u r e  and  i n c r e a s e d  r u n o f f .  I t  can  a l s o  be a s e v e r e  

l i m i t a t i o n  to  v e g e ta t iv e  e s ta b l is h m e n t .  R econ touring  o f  s lo p e s  i s  a 

n e c e s s i t y  i n  c o n t r o l l i n g  s lo p e  f a i l u r e .  B o th  s lo p e  a n g le  and  

c o n f ig u r a t io n  a r e  im p o r ta n t .  M in im iz in g  ra in d ro p  im p a c t w ith  m ulches 

o r  v e g e ta t io n ,  and m in im iz in g  w a te r  c o n ta c t  on th e  s lo p e  th rough  th e  

u s e  o f  d i v e r s i o n  d i t c h e s  may a l s o  r e d u c e  th e  p r o b a b i l i t y  o f  s lo p e  

f a i l u r e .

5) Low n u t r i e n t  s t a t u s  and slow  o r in c o m p le te  n u t r i e n t  c y c lin g  -  

i n h i b i t s  v e g e ta t iv e  e s ta b l is h m e n t .  Low s o i l  m icrobe l e v e l s  a re  a ls o  

in v o lv e d . The use  o f  f e r t i l i z e r s ,  and in c o rp o r a t io n  o f  o rg a n ic  s o i l  

am endm ents a r e  th e  tw o m ost common a m e l io r a t iv e  te c h n iq u e s  employed to  

c o r r e c t  n u t r i e n t  p ro b le m s .  M ic r o b ia l  i n n o c u l a t i o n  may a l s o  be 

u t i l i z e d  in  some c a se s .
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I t  sh o u ld  be n o te d  t h a t  th e  I n d iv id u a l  f a c t o r s  l i s t e d  . e x h ib i t  

com plex r e l a t i o n s h i p s  and s y n e r g i s t i c  i n t e r a c t i o n s  w h ic h  r e s u l t  i n  

c o n t i n u i n g ,  i f  n o t  i n c r e a s i n g  e n v iro n m e n ta l im p ac t. T h e re fo re  when 

c h a r a c te r i z in g  a d is tu r b e d  a re a ,  a program  m ust be im p lem en ted  w hich 

c o n s id e rs  s e v e r a l ,  i f  n o t a l l  o f  th e se  f a c t o r s .  Com parison o f  th e se  

f a c t o r s  on d i s t u r b e d  v e r s u s  u n d i s tu r b e d  a r e a s  may i n d i c a t e  w h ich  

com ponents demand p a r t i c u l a r  a t t e n t i o n  in  te rm s  o f  s i t e  p r e p a ra t io n  

and v e g e ta t iv e  s p e c ie s  s e le c t io n  ( J e f f r e y  e t  a l„ , 1974)«

C h a r a c t e r i z a t i o n  d a t a  on m in e  s i t e s  te n d  t o  com fo rm  w i t h  th e  

r e l a t i o n s h i p s  p r e v i o u s l y  i n d i c a t e d .  F a rm e r  e t  a l .  (1976)  f o u n d  t h e  

m a j o r  p ro b le m s  on  t h e  B la c k b i r d  m in e  ( c o p p e r - c o b a l t )  i n  Id a h o  t o  be 

low pH, h ig h  e l e c t r i c a l  c o n d u c t iv i ty ,  h ig h  e r o d a b i l i t y ,  and e le v a te d  

heavy m e ta l c o n c e n tra t io n s .  Havens and Dean (1970) found w ind e ro s io n  

and s c o u r in g  to  be a m a jo r problem  a s s o c ia te d  w ith  uranium  t a i l i n g s  i n  

A r iz o n a . Dean e t  a l .  (1969)  w o rk in g  w i t h  c o p p e r  m i n e  t a i l i n g s  i n  

N evada f o u n d  t h a t  t h e  m a j o r  p ro b le m s  in c lu d e d  low  n u t r i e n t  s t a t u s ,  

w in d  e r o s i o n  and  s c o u r in g ,  e x t r e m e  r e f l e c t i v i t y  o f  th e  t a i l i n g s  

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

m o is tu re  and a e r a t io n  r e l a t i o n s h ip s  r e l a t e d  to  te x tu r e ,  and h ig h  s a l t  

and heavy m e ta l c o n c e n tra t io n s .  In  two C olorado s tu d ie s  B oyles e t  a l .  

(1974)  and  M cW orte r e t  a l .  (1974)  d i s c o v e r e d  h ig h  a c i d i t y ,  e l e v a t e d  

h eav y  m e ta l  and  s u l f a t e  c o n c e n t r a t i o n s ,  an d  h ig h  t o t a l  d i s s o l v e d  

s o l id s  to  be c h a r a c t e r i s t i c  o f  m ine d ra in a g e s . S tu d ie s  i n  th e  Coeur de
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A len e  m in in g  d i s t r i c t  i n  Id a h o  (M ink e t  a l . ,  1972; N o rb eck  e t  a l „ ,  

197%) y ie ld e d  s i m i l a r  d a ta .  In  a  com parison  o f m ined v e rsu s  unmined 

la n d  i n  O h io , H anna (196%) f o u n d  t h a t  th e  m in ed  a r e a s . p o s s e s s e d  

d e c r e a s e d  w a te r  q u a l i t y  due to  a c i d i t y  and h eav y  m e t a l s ,  i n c r e a s e d  

sed im e n t lo a d , and in c re a s e d  ru n o f f  v a r i a b i l i t y  and f lo o d  p o te n t i a l  a s  

a  f u n c t io n  o f  a  g r e a t e r  p e rc e n ta g e  o f  t o t a l  flow  b e in g  c o n t r ib u te d  by 

s u r f a c e  r u n o f f .  B l i g h t  and  S t e f f e n  (1979)  o b s e rv e d  i n c r e a s e d  

h o r iz o n ta l  v e rsu s  v e r t i c a l  p e rm e a b il i ty  in  t a i l i n g s  due to  la y e r in g .

I t  i s  e v i d e n t  f r o m th e s e  s t u d i e s  t h a t  m in in g  d i s t u r b a n c e s  

th ro u g h o u t th e  U n ited  S ta te s  e x h i b i t  many s im i l a r  c h a r a c t e r i s t i c s  and 

p ro b le m s .  T h is  may be i m p o r t a n t  i n  p r e d i c t i n g  b o th  t h e  i m p a c t s  o f  

c e r t a i n  m in e s  and  th e  p o t e n t i a l  s u c c e s s  o f  r e c l a m a t i o n  te c h n iq u e s  

w hich have been a t te m p te d  e lse w h e re . C au tio n  m ust be ta k e n  how ever to  

c o n s id e r  th e  s i t e  s p e c i f i c  n a t u r e  o f  t h e  p ro b le m  and  th e  p o s s i b l e  

r e l a t i o n s h ip s  t h e r e i n .

P ro d u c tio n  Of A c id ity  On Mined Lands

Acid mine d ra in a g e  (and i t s  a s s o c ia te d  m a n if e s ta t io n s )  h as  lo n g  

been c o n s id e re d  one o f  th e  m ost s e r io u s  o f  th e  e n v iro n m e n ta l h aza rd s  

a s s o c ia te d  w ith  th e  m in ing  in d u s t r y  (L im strom , 196%). The problem  i s  

e s p e c i a l l y  p r e v a l e n t  on ab an d o n e d  m in e  s i t e s  due t o  t h e  l a c k  o f  

c o r r e c t iv e  m easures, em ployed (W illia m s , 1975)»
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The fo rm a tio n  o f  a c id  m ine d ra in a g e  (AMD) has been t r a c e d  to  th e  

o x i d a t i o n  o f  i r o n  d i s u l f i d e  m i n e r a l s ,  p r i m a r i l y  p y r i t e  (C a ru c c io ,  

1968; We n t z ,  1974; W i l l i a m s ,  1975)» I n  t h e  p r e s e n c e  o f  o x y g en  and  

w a t e r  th e  s u l f i d e s  o x i d i z e  t o . f o r m  a s e r i e s  o f  s o l u b l e  h y d ro u s  i r o n  

s u l f a t e s  w h ic h  com m only a p p e a r  a s  w h i t e  o r  y e l lo w  c r u s t s  on th e  

w e a th e r e d  r o c k  an d  s e d im e n t  s u r f a c e s .  S u r f a c e  o r  g r o u n d w a te r  f l o w  

o v er th e s e  c r u s t s  d is s o lv e s  th e  s a l t s  w hich h y d ro ly ze  to  form  a c id ic  

d ra in a g e s  w ith  h ig h  c o n c e n tra t io n s  o f  s u l f a t e  and f e r r o u s  i r o n .  The. 

f e r r o u s  i r o n  may s u b s e q u e n t ly  be o x id i z e d  t o  t h e  f e r r i c  s t a t e ,  

com plex ing  w ith  f e r r o u s  and f e r r i c  oxyhydrox ides to  form  a d d i t io n a l  

a c i d i t y  and  th e  c h a r a c t e r i s t i c  " y e l lo w b o y ” p r e c i p i t a t e  w h ich  i s  

a s s o c i a t e d  w i t h  AMD (C a ru c c io  e t  a l» ,  19 8 1 ), F e r r i c  i r o n  m a y . a l s o  

r e a c t  t o  d i r e c t l y  o x i d i z e  a d d i t i o n a l  p y r i t e  ( r e a c t i o n  4 ) . H ow ever, 

s i n c e  th e  o x i d a t i o n  o f  f e r r o u s  t o  f e r r i c  i r o n  ( r e a c t i o n  2) d o es  n o t  

t a k e  p la c e  a t  th e  p y r i t e  s u r f a c e ,  t h i s  o x i d a t i o n  by f e r r i c  i r o n  

i s  dependen t on a d d i t io n a l  p y r i t e  b e in g  p re s e n t  i n  th e  flow  p a th  o f 

t h e  f e r r o u s  o x i d a t i o n  p r o d u c t s  ( S h u m a t e  e t  a l , ,  1 9 7 1 ) .  The 

s to ic h io m e t r ic  ch em ica l r e a c t io n s  e x p la in in g  th e  o x id a t io n  o f p y r i t e  

and . t h e  p r o d u c t i o n  o f  a c i d i t y  a r e  g iv e n  by th e  f o l l o w i n g  e q u a t io n s  

(C aru cc io  e t  a l , ,  1981; W entz, 1974):

O x id a tio n  o f  p y r i t e  by oxygen.

FeS2 + 7 /2 0 2 + H2O = Fe+2 + 2S0j|"2 + 2H+ ( I )
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O x id a tio n  o f  f e r r o u s  i r o n .

Fe+2 + VllO2 +H+ = Fe*3 + 1 /2  H2 O (2)

P r e c ip i t a t i o n  o f  "yellow boy”.

Fe*3 + SH2 O = Fe(OH)3 + SH* (3)

O x id a tio n  o f  p y r i t e  by f e r r i c  i r o n .

FeS2 + H lF e*3 + SH2 O = 15F e*2 , + 280% + 16H* ( 1I)

I n  a d d i t i o n  t o  th e  s p e c i a l  r e l a t i o n s h i p s  in v o lv e d  i n  r e a c t i o n  

(4 ), th e r e  a r e  many o th e r  i n t e r a c t i o n s  in v o lv e d  i n  th e  p ro d u c tio n  o f  

a c i d i t y  on m in ed  l a n d s .  F i r s t ,  i t  h a s  b e e n  show n t h a t  th e  r e a c t i o n  

s i t e  o f p y r i t e  o x id a t io n  i s  d i f f e r e n t  f o r  oxygen th a n  f o r  f e r r i c  i r o n .  

T h is  w as d e m o n s t r a te d  i n  e x p e r im e n t s  w h ich  show ed  t h a t  r a t e s  o f  

r e a c t i o n s  ( I )  and  (4 ) w e r e  in d e p e n d e n t  o f  f e r r i c  i r o n  and  o x ygen  

c o n c e n tra t io n s ,  r e s p e c t iv e ly ,  in d i c a t in g  th a t  th e re  was no c o m p e tit io n  

f o r  r e a c t i o n  s i t e s  b e tw e e n  th e  tw o  r e a c t a n t s .  T h e re  w e re  a l s o  

i n d i c a t io n s  t h a t  f e r r i c  i r o n  o x id a t io n  o f  p y r i t e  o c c u rre d  a t  d i f f e r e n t  

s i t e s  under a e ro b ic  v e rs u s  a n a e ro b ic  c o n d i t io n s  (Sm ith  e t  a l . ,  1968).

A lthough th e  ch em ica l r e a c t io n s  p re se n te d  do r e p r e s e n t  th e  

s t o i c h i o m e t r y  o f  a c i d  f o r m a t i o n  on  mi ne  s i t e s ,  th e y  a r e  g r o s s  

s im p l i f i c a t i o n s  o f  th e  sy stem . The fo rm a tio n  o f  a c i d i ty  i s  dependent 

on c o m p lex  i n t e r a c t i o n s ,  th e  f u l l  e x t e n t  o f  w h ich  h a v e  y e t  t o  be

d e te rm in e d .
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B io lo g ic a l  in v o lv em en t i n  bo th  p y r i t e  and f e r r o u s  i r o n  o x id a tio n  

r e a c t io n s  by. b a c t e r i a  o f  th e  g e n e ra  T h io b a c c i l lu s  and F e rro b a o c illu s ,,  

i s  r e c e iv in g  in c r e a s in g  a t t e n t i o n  by i n v e s t i g a t o r s  and i s  th e  fo cu s  o f  

c e r t a i n  AMD ab a tem en t s t r a t e g i e s .  These b a c t e r i a  have been found to  

be p r e s e n t  i n  v i r t u a l l y  a l l  a c i d  m in e  d ra in a g e ,  w a te r  (C a ru e c io  and  

G e i d e l y 1978; G a l b r a i t h  e t  a l .  19 7 2 ). A lso , c l a y s  and  a lum inum  

h y d ro x id es  may c a ta ly z e  p y r i t e  o x id a t io n  (S in g e r and Stumm, 1968), and 

o x y g en  a d s o rb e d  on p y r i t e  s u r f a c e s  may a c t  a s  a  c a t a l y s t  i n  th e  

o x id a t io n  o f  f e r r o u s  to  f e r r i c  i r o n  (Sm ith  e t  a l . ,  1968).

The r a t i o  o f  f e r r i c / f e r r o u s  io n s  i n  th e  system  a ls o  a p p e a rs  to  be 

an  im p o r ta n t  f a c t o r  i n  a c id  p ro d u c tio n  on m ined la n d s . Sm ith  e t  a l .

( 1968) s t a t e d  t h a t  t h i s  r a t i o  m ust be a t  l e a s t  0 .3 :1.0 f o r  o x id a t io n
!

o f  p y r i t e  by f e r r i c  i r o n  t o  be s i g n i f i c a n t ,  and  t h a t  b a c t e r i a l  

o x i d a t i o n  m ig h t be n e c e s s a r y  t o  a c h ie v e  t h i s  r a t i o .  H ow ever t h i s  

r e l a t i o n s h ip  may o n ly  be im p o r ta n t under a n a e ro b ic  c o n d i t io n s  (Sm ith  

e t  a l . ,  1968 ).

A co lu m n  s t u d y  c o n d u c te d  a t  W est V i r g i n i a  U n i v e r s i t y  (1971)  

d e te rm in e d  th a t  p y r i t e  lo c a t io n  on o r  i n  a ro ck  fra g m e n t, p o s i t io n  in  

th e  p r o f i l e ,  and d eg ree  o f encasem ent by w e a th e rin g  p ro d u c ts  w ere a ls o  

im p o r ta n t in f lu e n c e s  w ith  r e s p e c t  to  a c id  g e n e ra tio n  on m ined la n d s . 

O th e r  s t u d i e s  h a v e  shown t h a t  p y r i t e  g r a i n  s i z e  an d  m o rp h o lo g y  a r e  

s i g n i f i c a n t  f a c t o r s  i n  th e  p r o d u c t io n  o f  a c i d i t y  on m ined ' l a n d s .  

C a ru e c io  ( 1970) s t a t e d  t h a t  a c i d  g e n e r a t i o n  w as r e l a t e d  t o  p y r i t e
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g r a in  s i z e  r a t h e r  th a n  th e  a b s o lu te  q u a n t i ty  o r  m in ero lo g y  o f  th e  i r o n  

d i s u l f i d e .  One o p e ra t iv e  r e l a t i o n s h ip  was t h a t  d e c re a se d  g r a in  s i z e  

in c re a s e d  th e  r e a c t iv e  s u r f a c e  a re a . A nother f a c t o r  w hich  may have 

been in v o lv e d  i s  t h a t  w ith  in c re a s e d  s u r fa c e  a re a , w a te r  f i lm s  w ere 

l e s s  e f f i c i e n t  b a r r i e r s  t o  o x y g en  d i f f u s i o n  (S h u m a te , e t  a l . ,  1971)« 

A d d i t i o n a l  s tu d y  h a s  show n t h a t  p y r i t e  m o rp h o lo g y  may a l s o  e x e r t  

s i g n i f i c a n t  in f lu e n c e  in  d e te rm in in g  p y r i t e  r e a c t i v i t y .  E xperim en ts  

by C aru cc io  (1970, 1972) and C arucc io  e t  a l .  (1976) su g g e s te d  t h a t  th e  

r e a c t i v e  ( f r a m b o i d a l )  p y r i t e  h ad  a d i f f e r e n t  c o m p o s i t io n  th a n  th e  

s t a b l e  ( m a s s iv e  and  t a b u l a r - e u h e d r a l )  f o r m s  w i t h  r e s p e c t  t o  th e  

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

acc o u n ted  f o r  th e  r e l a t i v e  r e a c t i v i t i e s .

L a s t ly ,  i t  m ust be n o te d  th a t  th e r e  a r e  im p o r ta n t f a c t o r s  i n  AMD 

p r o d u c t i o n  w h ic h  a r e  n o t  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  r e a c t i o n  

m e c h a n ic s  o f  a c i d  p r o d u c t io n .  Two o f  t h e  m o s t im p o r t a n t  a r e  th e  

a l k a l i n i t y  p r o d u c t i o n  p o t e n t i a l  o f  t h e  s y s te m  and  t h e  f r e q u e n c y  o f  

f lu s h in g  o f o x id a t io n  p ro d u c ts  from  th e  sy stem .

S tu d ie s  by C a ru c c io  (1968 ) ,  G e id e l  (1979 ) and  C a ru c c io  e t  a l .  

(1 9 8 1 ) h a v e  show n t h a t  th e  p r o d u c t io n  o f  AMD i s  d e p e n d e n t on th e  

r e l a t i v e  c a p a b i l i t i e s  o f  th e  system  to  produce a c i d i ty  and a l k a l i n i t y .  

The p ro d u c tu o n  o f  a l k a l i n i t y  i s  dependen t on and l i m i t e d  by th e  amount 

o f  c a l c a r e o u s  ro o k  p r e s e n t ,  th e  s o l u b i l i t y  o f  t h e  s p e c i f i c  m i n e r a l ,  

th e  pH o f i n f i l t r a t i n g  w a te r ,  th e  p a r t i a l  p re s s u re  o f carbon  d io x id e ,
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and th e  r e a c t iv e  s u r f a c e  a re a . F u r th e r ,  i t  h as  been found  th a t  due to  

d i f f e r e n c e s  i n  b o th  r e a c t io n  k in e t i c s  and s o lu t io n  e q u i l i b r i a  o f a c id  

and a l k a l i n i t y  p ro d u c tio n , th e  freq u en cy  o f  f lu s h in g  i n  th e  system  may 

d e te rm in e  th e  pH of. m ine d ra in a g e . E q u ilib r iu m  a l k a l i n i t y  l e v e l s  a r e . 

r e a c h e d  q u ic k ly  due t o  a r a p i d  r e a c t i o n  r a t e  and  low  s o l u b i l i t y  

p ro d u c t, w h ile  a c id -p ro d u c in g  sy s te m s  have a s lo w e r r e a c t io n  r a t e  and. 

h ig h e r  s o l u b i l i t y  p r o d u c t .  The a l k a l i n i t y - g e n e r a t i n g  s y s te m  i s  

q u ic k ly  s a tu r a t e d  w ith  r e s p e c t  to  f r e e  c a rb o n a te s , w hereas th e  a c id -  

p r o d u c in g  s y s te m  a l lo w s  f o r  v i r t u a l l y  c o n t in u o u s  a c i d  g e n e r a t i o n  

( G e id e l ,  1979» Good e t  a l ,»  1970; A n d erso n  e t  a l . ,  1 9 7 6 ), Thus mo r e  

f r e q u e n t  f lu s h in g  o f  m ined la n d s  sh o u ld  in c r e a s e  m ine d ra in a g e  q u a l i ty  

by a l lo w in g  f o r  in c re a s e d  t o t a l  a l k a l i n i t y  p ro d u c tio n  i n  th e  p resen ce  

o f  c o n s ta n t  a c id  p ro d u c tio n .

An u n d e r s t a n d in g  o f  t h e  c o m p le x  r e l a t i o n s h i p s  in v o lv e d  i n  t h e  

p ro d u c tio n  o f  AMD i s  c r u c i a l  to  any re c la m a t io n  e f f o r t  d e a l in g  w ith  

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

a c i d  p r o d u c t i o n  p n th e s e  s i t e s ( C a r u e c i o e t  a l , ,  1981),

Acid Mine D rainage Abatement •

The ch em ica l and p h y s ic a l c h a r a c t e r i s t i c s . o f a  m in in g  a re a  may 

a m e l i o r a t e  som e o f  t h e  p o t e n t i a l  im p a c t s  o f  m in in g  su c h  a s  a c i d -  

p ro d u c tio n , heavy m e ta l c o n ta m in a t io n ,  and  in c r e a s e d  s e d im e n t  lo a d .  

F a c to rs  in f lu e n c in g  th e  a b i l i t y  o f a  system  to  m i t ig a te  th e se  im p a c ts
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in c lu d e :  I)  th e  a l k a l i n i t y  p ro d u c tio n  p o te n t i a l  o f  a s s o c ia te d  s t r a t a  

and  m in e  w a s te  m a t e r i a l s ,  2) j>H o f  i n f l o w i n g  g ro u n d  and  s u r f a c e

w a te r s ,  3) c a t io n  exchange c a p a c ity  o f  m ine s p o i l s  and s tre a m  channel
■ /

m a t e r i a l s ,  4) f l o w  d i l u t i o n  p o t e n t i a l ,  5) t h e  p r e c i p i t a t i o n  o f  

r e l a t i v e l y  s t a b l e  h e a v y  m e ta l  c o m p le x e s ,  and  6) th e  r e a c t i o n  o f  

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

(C rouse and Rose, 1976), Man-made ab a tem en t s t r a t e g i e s  a t te m p t to  

e m u la te  th e s e  fa c to rs ; ,

B io lo g ic a l  C o n tro l

As a p p l i e d  t o  AMD, b i o l o g i c a l  c o n t r o l  r e f e r s  t o  i n h i b i t i o n  o f  

b a c t e r i a l  o x i d a t i o n  o f  f e r r o u s  t o  f e r r i c  i r o n  ( S ta r k e y ,  1945). I t  

was found  t h a t  w ith o u t b a c t e r i a ,  t h i s  r e a c t io n  p ro ceed s s lo w ly  and i s  

th e  r a t e  l i m i t i n g  s t e p  i n  a c i d  p r o d u c t io n  ( S in g e r  and  Stumm,  1968). 

I n h ib i t i o n  o f  t h i s  o x id a t io n  mechanism may be a ch iev ed  e i t h e r  by pH. 

a d ju s tm e n t o r  by k i l l i n g  th e  o x id iz in g  b a c t e r i a  w ith  a lp h a -k e to - a c id s  

o r  b a c t e r io p h a g e s  (S h u m ate  e t  a l , ,  19 7 1 ). The u s e  o f  r e d u c in g  

b a c t e r i a  h a s  a l s o  b e e n  s u g g e s te d  a s  a n  i n h i b i t o r y  a g e n t  (S h u m ate  e t  

a l . ,  1 9 7 1 ).

E x c lu s io n  o f  W ater and Oxvsen

The e x c l u s i o n  o f  w a t e r  a n d /o r  o x y g en  f rom th e  r e a c t i v e  p y r i t e  

s u r f a c e  i s ,  l i k e  b io lo g ic a l  c o n t ro l ,  a s t r a t e g y  o f ab a tem e n t th rough  

c o n t ro l  o f  r e a c t io n  k in e t i c s .  One m ethod in v o lv e s  co v e rin g  th e  p y r i t e
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s u r f a c e  w ith  an  i n h i b i t i n g  s u b s ta n c e  to  d e c re a se  th e  r e a c t iv e  s u r f a c e  

a re a . However, S in g e r  and Stumm (1968) b e l ie v e d  t h i s  s t r a t e g y  to  be 

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

s t e p  i n  a c i d  f o r m a t io n .  F u r t h e r ,  a l th o u g h  t h i s  t e c h n iq u e  may h av e  

a p p l ic a t io n s  on sh a llo w  s u r fa c e  d is tu rb a n c e s ,  th e  i n a c c e s s i b i l i t y  o f 

underground  m ines (Shum ate e t  a l . ,  1971) and in c o rp o r a t io n  p rob lem s on 

many s u r f a c e  w a s te s  m akes t h i s  s t r a t e g y  in f e a s i b le .

Some o f  t h e  m o r e  p r o m is in g  AMD a b a te m e n t  m e a s u re s  in v o l v e  th e  

e x c lu s io n  o f oxygen from  and th e  c u r ta i lm e n t  o f  w a te r  flow  th rough  th e  

r e a c t i v e  p o r t i o n s  o f  t h e  mi ne  s i t e ,  Wi t h  u n d e rg ro u n d  m in e s  t h i s  

g e n e r a l l y  i n v o l v e s  som e ty p e  o f  c o s t l y  s e a l i n g  p r o c e d u r e  ( i , e .  a i r ,  

bu lkhead , e tc .) .  S e a lin g  h as  been found  to  be e f f e c t i v e  i n  many c a se s , 

d e p e n d in g .o n  th e  c o n f i g u r a t i o n  o f  th e  m in e  w o rk in g s ,  th e  a b i l i t y  o f  

t h e  s t r a t a  t o  h o ld  t h e  s e a l ,  r o c k  p e r m e a b i l i t y ,  and  o t h e r  f a c t o r s  

(Shum ate e t  a l , ,  1971). S im i la r ly ,  th e  f lo o d in g  o f  s u r f a c e  (H am ilton  

and  F r a s e r ,  1978) an d  u n d e rg ro u n d  (S h u m ate  e t  a l , ,  1971) m in e s  h a s  

b e e n  u s e d  a s  a t e c h n iq u e  to  e x c lu d e  o x y g en . The i n j e c t i o n  o f  i n e r t  

g a s s e s  t o  e x c lu d e  o x y g en  i n  u n d e rg ro u n d  m in e s  h a s  a l s o  b e e n  s tu d i e d  

(S h u m ate .e t  a l . ,1 9 7 1 ) .

P r e c l u s i o n  o f  w a t e r  f l o w  th ro u g h  s u r f a c e  w a s te s  h a s  b e e n  

a t t e m p t e d  by c o v e r in g  th e  w a s te s  w i t h  im p e rm e a b le  c h e m ic a l  a n d /o r  

p h y s i c a l  c o a t i n g s .  T h is  a l s o  s t a b i l i z e s  t h e  s u r f a c e  and  d e c r e a s e s
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e ro s io n , th u s  p re v e n tin g  th e  expo su re  o f  a f r e s h  o x id iz in g  s u r f a c e ;  a 

m a jo r problem  on th e s e  w a s te s  (Dean e t  a l e,1969)<. Once th e  su r fa c e  i s  

s t a b i l i z e d  th e  in c r e a s in g  th ic k n e s s  o f th e  o x id iz in g  s u r f a c e  la y e r  may 

a c t  a s  an  in c r e a s in g ly  more e f f i c i e n t  b a r r i e r  to  oxygen d i f f u s io n  and 

th u s  i n h i b i t  a d d i t io n a l  a c id  p ro d u c tio n  (Shum ate e t  a l . ,  1971). Good 

e t  a l .  (1970)  e v id e n c e d  t h i s  b a r r i e r  l a y e r  phenom enon  i n  f i e l d  

c h a r a c te r i z a t i o n s  w here i t  was found th a t  th e  o x id iz e d  m a te r ia l  i n  a 

t a i l i n g s  pond e x i s t e d  o n ly  in  a s u r fa c e  la y e r  a few c e n t im e te r s  deep.

Gr o wt h  o f  v e g e t a t i o n  on s u r f a c e  d i s t u r b a n c e s  ca n  a l s o  c r e a t e  a 

b a r r i e r  t o  o x y g en  d i f f u s i o n .  R oot r e s p i r a t i o n a l  p r o c e s s e s  u t i l i z e  

oxygen i n  th e  up p er s o i l  p r o f i l e ,  th u s  d e c re a s in g  downward d i f f u s io n .  

Where to p s o i l in g  i s  used  i n  c o n ju n c tio n  w ith  r e v e g e ta t io n  th e  added 

d ep th  o f  i n e r t  m a te r ia l  a l s o  a c t s  a s  a  d i f f u s io n  b a r r i e r  (Shum ate e t  

a l . , 1 9 7 1 ) .  I t  m u s t  be n o te d  h o w e v e r  t h a t  v e g e t a t i o n  may h ave  th e  

o p p o s i t e  e f f e c t ;  i n c r e a s i n g  o x ygen  d i f f u s i o n  by th e  re m o v a l of. s o i l  

w a te r  and by r o o t  p e n e t r a t io n  (Brady, 1974). The rem oval o f  w a te r  by 

v e g e ta t io n  may a ls o  cause  d e c re a se d  le a c h in g  o f  w a s te s  and d ec re a se d  

d i l u t i o n  p o te n t i a l .  V e g e ta tio n  does a c t  to  s t a b i l i z e  th e  s u r fa c e  and 

p re v e n t e ro s io n  and th e  expo su re  o f  f r e s h  o x id iz in g  s u r f a c e s .  I t  a ls o  

c o n t r ib u te s  to  n u t r i e n t  c y c l in g , s o i l  fo rm a tio n , h a b i t a t  developm ent, 

and m ic ro c lim a te  m o d if ic a t io n .  R e v e g e ta tio n  i s  c o n s id e re d  th e  m ost 

p e rm a n e n t  r e c la m a t io n  te c h n iq u e  a n d ; i s  th e  on ly  ab a tem en t s t r a t e g y  

w hich a m e l io r a te s  th e  a e s t h e t i c  im p a c ts  o f  m in ing  o p e ra t io n s  (Dean e t
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a l „  1 9 6 9 ). .

P ro d u c t T ra n sp o rt C o n tro l

T h e re  a r e  tw o  s t r a t e g i e s  o f  p r o d u c t  t r a n s p o r t  c o n t r o l s  I )  t o  

p r e v e n t  o f f s i t e  p a s s a g e  o f  m i n e  w a s t e s ,  and  2) t r e a t m e n t  o f  w a s te s  

b e f o r e  o f f s i t e  d i s c h a r g e .  The d i v e r s i o n  o f  s u r f a c e  w a t e r  a ro u n d  

m in e d  a r e a s  h a s  b e e n  u s e d  to  d e c r e a s e  r e c h a r g e  on b o th  s u r f a c e  and  

underground  d is tu rb a n c e s .  T h is d e c re a se s  flow  th rough  m ined s i t e s  and 

th u s  e l i m i n a t e s  th e  t r a n s p o r t  o f  o x i d a t i o n  p r o d u c t s .  C are  m u s t  be 

t a k e n  t o  c o m p le te ly  s t o p  f l o w ,  n o t  s im p ly  r e d u c e  i t ,  to  e l i m i n a t e  

p ro d u c t t r a n s p o r t .  Flow re d u c t io n  may i n  e f f e c t  c r e a te  d ra in a g e  w ith  

h ig h e r  c o n c e n t r a t i o n s  o f  a c id  and  h eav y  m e ta l s  due to  re d u c e d  

d i l u t i o n  (Shum ate e t  a l , ,  1971).

H i s to r i c a l l y ,  t r e a tm e n t  o f  AMD upon d is c h a rg e  from  th e  s i t e  has  

b e e n  em ployed , to  th e  g r e a t e s t  e x t e n t .  A lth o u g h  t h i s  h a s  b een  

s u c c e s s f u l  i n  many c a s e s ,  th e . l a r g e  c o s t  an d  m a in te n e n c e  in v o lv e d  

a r e  o f t e n  p r o h i b i t i v e .  A lso , t h e r e  a r e  i n d i c a t i o n s  t h a t  th e  

r e l a t i o n s h i p s  in v o lv e d  i n  t r e a tm e n t  o f  AMD may be more com plex, and 

n e c e s s i t a t e  a  more f l e x i b l e  te c h n o lo g y  th a n  i s  c u r r e n t l y  p r a c t i c e d .  

T r a d i t io n a l ly ,  t r e a tm e n t  has  been to  r a i s e  th e  pH o f th e  m ine d ra in a g e  

w a t e r  w i t h  l i m e .  At th e  h ig h e r  pH th e  h eav y  m e t a l  c o n ta m in a n ts  a s  

w e l l  a s  t h e  " y e l lo w b o y ” r e a c t i o n  p r o d u c t s  p r e c i p i t a t e  and  c a n  be 

a l lo w e d  to  s e t t l e  o u t  o f  s u s p e n s io n  i n  s e d im e n t  p o n d s . O th e r
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t r e a tm e n t  te c h n iq u e s ,  such  as  th e  use  o f  m ic ro b ia l  po lym ers to  abso rb  

heavy m e ta l io n s ,  f l a s h  d i s t i l l a t i o n ,  and io n  exchange a r e  a ls o  be in g  

s tu d ie d  (B h a tt and B aker, 1974).

Many o f  th e  te c h n iq u e s  m en tioned  a f f e c t  more th a n  one a sp e c t o f 

th e  a c i d  g e n e r a t i o n  s y s te m  and  ta k e  a d v a n ta g e  o f  th e  s y n e r g i s t i c  

n a tu re  o f  AMD r e l a t i o n s h ip s .  However, i t  i s  re a so n a b le  to  ex p ec t t h a t  

th e  co m p lex ity  o f abandoned mine sy s te m s  w i l l  n e c e s s i t a t e  th e  use  o f 

a t  l e a s t  one and  p r o b a b ly  s e v e r a l  o f  th e  a b a te m e n t  s t r a t e g i e s  

d is c u s s e d  to  c o n t ro l  AMD prob lem s on any g iv e n  s i t e .



METHODS AND PROCEDURES

S i t e  C h a r a c te r iz a t io n

A ll s i t e s  w e re  v i s i t e d  i n  A u g u s t, 1981. D u rin g  t h e s e  v i s i t s  a 

v i s u a l  su rv ey  was perfo rm ed  to  i d e n t i f y  im m ed ia te  h a z a rd s  to  p u b lic  

h e a l t h ,  s a f e t y ,  and  g e n e r a l  w e l f a r e .  The s u rv e y  a l s o  p ro v id e d  a 

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

p h y s io g r a p h y ,  s p e c i a l  r e l a t i o n s h i p s  o f  m in e  w a s te s  t o  s t r e a m s  and  

o th e r  f e a t u r e s ,  and ev id en ce  o f  w ind and w a te r  e ro s io n . In  a d d i t io n ,  

lo c a t io n s  w ere  chosen  f o r  th e  c o l l e c t i o n  o f w a te r  and s o i l  sam ples 

and th e  d e s c r ip t io n  o f  s o i l  p r o f i l e s .

In  g e n e ra l ,  w a te r  sam p lin g  lo c a t io n s  w ere  chosen  i n  th r e e  a re a s :  

u p s tr e a m  o f  th e  d i s t u r b a n c e ,  a t  th e  p o i n t  o f  d i s c h a r g e  fro m  th e  

d i s t u r b a n c e ,  and  d o w n stre a m  fro m  th e  d i s t u r b a n c e .  I n  a d d i t i o n ,  

d is c h a rg e  from  a l l  a d i t s  was sam pled  w here p o s s ib le .  A more d e t a i le d  

d e s c r ip t io n  o f  th e  sam p lin g  lo c a t io n s  may be found i n  th e  s e c t io n s  o f  

t h i s  i n v e s t i g a t io n  p e r ta in in g  to  th e  in d iv id u a l  mine s i t e s .

G rab  s a m p le s  w e re  m a n u a l ly  o b ta in e d  and  p r e s e r v e d  a t  e a c h  

l o c a t i o n  i n  a c c o rd a n c e  w i th  p r o c e d u r e s  d e s c r ib e d  i n  S ta n d a rd  

M ethods f o r  th e  E x a m in a t io n  o f  W a te r  and  W a s te w a te r  (R and, 19 7 6 ). 

F o u r  500 m l. s a m p le s  w e re  c o l l e c t e d  a t  e a c h  l o c a t i o n .  S a m p le s  w e re  

f i l t e r e d  i n  t h e  f i e l d  u s in g  0 .45  m ic ro n  n i t r o c e l l u l o s e  m em brane 

f i l t e r s  i n  c o n ju n c tio n  w ith  a  STERIFIL vacuum a p p a ra tu s . T em peratu re , 

e l e c t r i c a l  c o n d u c t iv ity  (EC), and pH w ere  m easured a t  each  lo c a t io n  

u s in g  th e  a p p ro p r ia te  m e te r  and p robe. Sam ples w ere co o led  on i c e  and
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t r a n s p o r t e d  t o  th e  M on tana  S t a t e  U n i v e r s i t y  R e c la m a t io n  R e s e a rc h  

L a b o ra to ry  a t  th e  e a r l i e s t  opportunity®

. S o i l  sam p lin g  lo c a t io n s  w ere s e le c te d  by judgem ent t o  r e p r e s e n t  

t h e  t y p i c a l  m a t e r i a l s  i n  t h e  a r e a  and  t o  m a x im iz e  t h e  d i v e r s i t y  o f  

m a t e r i a l s  sam pled®  P e te r s o n  and  C a lv in  (1965 ) i n d i c a t e d  t h a t  w i th  

s m a ll  sam ple  s i z e s  t h i s  m ethod i s  s a t i s f a c t o r y  and may have a lo w er 

e r r o r  th a n  ramddm sam p lin g . In  g e n e ra l ,  a t  l e a s t  one sam ple p i t  was 

ex c a v a te d  i n  t a i l i n g s  a r e a s  and i n  w a s te  ro c k  p i l e s  a t  each  s i t e .  One 

a d d i t io n a l  p i t  was e x c a v a te d  i n  an u n d is tu rb e d  a re a  a d ja c e n t  to  each 

m ine a s  a r e f e r e n c e  a re a .  The number and lo c a t io n s  o f  th e  sam pling  

s i t e s  may be found  i n  th e  s e c t io n s  o f  t h i s  i n v e s t ig a t io n  p e r ta in in g  

to  th e  in d iv id u a l  m ine s i t e s .

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

acc o rd an ce  w ith  p ro c e d u re s  o u t l i n e d  i n  th e  S o i l  S u rv ey  M anual. ( S o i l  

S u rv ey  S t a f f ,  19 6 2 ). S a m p le s  o f  a p p r o x im a te ly  10 kg  w e re  c o l l e c t e d  

fro m  th e  d i a g n o s t i c  h o r i z o n s  o f  e a c h  s o i l  p r o f i l e  f o r  s u b s e q u e n t  

l a b o r a t o r y  a n a l y s i s .  A b u lk  s a m p le  o f  a p p r o x im a te ly  25 kg w as 

c o l le c te d  from  one o f th e  sam p lin g  p i t s  (A lta  upper t a i l i n g s ,  s i t e  13) 

f o r  u s e  i n  th e  a c i d  g e n e r a t i o n  s tu d y .  G rab s a m p le s  w e re  a l s o  

c o l l e c t e d  fro m  s e v e r a l  a r e a s  w h ic h  a p p e a re d  to  e x h i b i t  a t y p i c a l  

c h a r a c t e r i s t i c s .  These I kg sam p les w ere  ta k e n  from  th e  s u r fa c e  to  a 

d e p th  o f  20 cm.
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L a b o ra to ry  A n a ly s is  o f  F ie ld  Sam ples 

W a te r  s a m p le s  w e re  a n a ly z e d  by s t a n d a r d  l a b o r a t o r y  m e th o d s  a s  

o u t l in e d  i n  Rand (1976), and U .S.. E.P.A. M ethods f o r  C hem ical A n a ly s is  

o f  W ater and W astes (Kopp and McKee, 1979). The p a ra m e te rs  an a ly zed  

and th e  m ethods o f  a n a ly s i s  a re  shown i n  T able I.

S o i l ,  s p o i l ,  and t a i l i n g s  sam p les  w ere  e v a lu a te d  w ith  r e s p e c t  to  

v a r io u s  p h y s ic a l  and ch em ica l c h a r a c t e r i s t i c s .  F ie ld  sam p les  w ere a i r  

d r i e d  and  r o l l e d  t o  o b t a i n  a r e p r e s e n t a t i v e  s u b - s a m p le  ( R ic h a r d s ,  

1969)o S iz e  d i s t r i b u t i o n  o f  dry  a g g re g a te s  was d e te rm in e d  u s in g  f l a t  

s i e v e s  an d  a  R o -ta p  m e c h a n ic a l  s h a k e r  (C o le ,  19 3 9 ). J a c k s o n  and  

H eilm an (1945) d e m o n s tra te d  th e  Ro-ta p  to  be among th e  b e s t  m echan ica l 

s h a k e r s .  U.S. S ta n d a rd  s q u a r e  h o le d  s i e v e s  w e re  u se d  i n  a c c o rd a n c e  

w i th  t h e  re c o m m e n d a t io n s  o f  T an n e r and  B o u rg e t (1 9 5 1 ) . The s i z e  

f r a c t i o n s  o b ta in e d  a r e  i l l u s t r a t e d  i n  T ab le  2.

P a r t i c l e  s i z e  a n a l y s i s  w as p e r fo rm e d  u s in g  th e  p i p e t t e  m ethod  

d e v e lo p e d  by R o b in so n  ( 1922) and  J e n n in g s  a t  a l .  (1 9 2 2 ) . The m ethod

u t i l i z e d  in c o m p le t e  d i s p e r s i o n  ( O lm s te a d  e t  a l . ,  1 9 3 0 ) a n d  a
.  ■

s u s p e n s io n  d e n s i t y  o f  2 .5  p e r c e n t  (%). W ater h o ld in g  c a p a c i t y  w as 

m e a s u r e d  u s i n g  a p r e s s u r e  p l a t e  a p p a r a t u s  ( S i l e r s ,  1 9 7 8 ) ..  

M e a su re m e n ts  w e re  t a k e n  a t  1 /3  and  15 b a r s  t e n s i o n .  S o i l  pH a n d .SC 

w ere d e te rm in e d  i n  a  s a tu r a te d  e x t r a c t  (R ic h a rd s , 1969). The. pH was 

a l s o  d e te r m in e d  u s in g  a  1 :2  p a s t e  d i l u t i o n  i n  0 .0 1M C aC l2 (P e e c h , 

1965). .



21}

T ab le  I 0 A n a l y t i c a l  p r o c e d u r e s  an d  r e f e r e n c e s  f o r  w a te r  q u a l i t y  
d e te rm in a t io n s .

P a ra m e te r  Method o f  A n a ly s is  R eferen ces

PH e l e c t r o n i c

EC W heatstone b r id g e

D isso lv ed
c a lc iu m ,
magnesium',
i r o n ,
m anganese,
z in c ,
le a d ,
cadmium,
n ic k e l ,
aluminum,
molybdenum,
copper

D ire c t  a s p i r a t io n ,  
a to m ic  a b s o rb tio n  
a n a ly s i s

D isso lv ed
sodium ,
p o ta ss iu m

D ire c t  a s p i r a t i o n ,  
a to m ic  a b s o rb tio n  
a n a ly s i s

D isso lv ed
a r s e n ic

A rsene g e n e ra to r ,  - 
A. A.

D isso lv ed
m ercury

Cold vapor 
g e n e ra t io n ,  
f la m e le s s  A. A.

C arb o n a te ,
B ic a rb o n a te
A lk a l in i ty

t i t r a t i o n

S u lf a te tu r b id im e t r ic

C h lo rid e M ercu ric  n i t r a t e  
t i t r a t i o n

Rand, MoC0 1976. p .4 6 0 . 
method 421}.

I b id .  p .7 1 . method 205. 

I b id ,  p .1 4 8 . method 301 A.

I b id .
p .2 5 1 . method 320A. 
Po234. method 317A.

I b id ,  p .2 8 3 . method 404A. 

I b id ,  p .1 5 6 . method 301 A.

I b id ,  p .2 8 0 . method 403. .

I b id ,  p .4 9 6 . method 427C. 

I b id ,  p .3 0 4 . method 408B.
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T able I ( c o n t in u e d ) .  A n a l y t i c a l  p r o c e d u r e s  and r e f e r e n c e s  f o r  w a te r
q u a l i t y  d e te rm in a tio n s .

P aram eter Method o f  A n a ly s is  R eferen ces

N i t r a t e
n i t r o g e n

F lo u r id e

H ard n ess .

SAH

Cd-Hg re d u c t io n  
c o lo r im e t r ic

e le c t r o d e  method

c a l c u la t io n

c a l c u la t io n

T o ta l c o lo r im e t r ic
phosphorous

I b id ,  p.1123

I b id ,  p.391 

I b id ,  p.201

method 419C.

method 414B. 

method 309A.

Kopp and Mckee. 1979. 
method 3 6 5 .1 .

T ab le  2 . S iev e  s i z e s  used  in  dry  a g g re g a te  s iz e  d e te rm in a tio n  and 
co rre sp o n d in g  f r a c t i o n s  o b ta in e d .

S ieve  S iz e S iz e  F ra c t io n S iz e  C lass^

19 .0  mm. >19.0 mm. ro ck  fragm en t
4 .0  mm. 4 .0  -  19.0 mm. -
2 .0  mm. 2 .0  -  4 .0  mm. g ra v e l
I .0  mm. 1 . 0 -  2 .0  mm. v . c o a rs e  sand
0 .5  mm. 0 .5  -  1 .0  ram. c o a rse  sand
0 .2 5  mm. 0 .2 5  -  0 .5  mm. medium sand
0 .106  mm. 0 .106  -  0 .2 5  mm. . f in e  sand
0 .053  mm. 0 .053  -  0 .106  mm. v ery  f i n e  sand

<0.053 mm. s i l t  and c la y

I -  U .S.D .A . s i z e  c l a s s i f i c a t i o n  (B rady , 1974).
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S o lu b le  ca lc iu m , . magnesium, sodium , po tassium  , s in e ,  copper, 

m anganese, i r o n ,  le a d ,  cadmium, n ic k e l ,  s i l v e r ,  cromium, a r s e n ic ,  and 

aluminum w ere d e te rm in ed  i n  a  s a tu r a te d  e x t r a c t  by atom ic  a b s o rb tio n  

a n a ly s i s  (R ic h a rd s , 196 9 )' The e x t r a c ta b l e  c o n c e n tra t io n s  o f  th e se  

e lem en ts  w ere d e te rm in ed  by a tom ic a b s o rb t io n  u s in g  a IN NHjjOAc 

(ammonium a c e ta t e )  e x t r a c t i n g  s o lu t io n  ( F i s k e l l ,  1965? V ie ts  and Boawn 

1965? McLean, 1965? O lson , 1965)« The NHjjOAc was b u f fe re d  a t  pH 4 .8  

f o r  a l l  m a te r ia l s  w ith  pH <5.5  (a s  d e te rm in ed  i n  a  s a tu r a te d  p a s te  

e x t r a c t ) ,  and a t  pH 7 .0  f o r  m a te r ia ls  w ith  pH > 5 .5 , in  o rd e r  to  more 

c lo s e ly  app ro x im ate  f i e l d  c o n d i t io n s .  E xchangeable l e v e l s  o f  th e se  

same e lem en ts  w ere d e te rm in ed  by d i f f e r e n c e ,  s u b t r a c t in g  s o lu b le  from 

e x t r a c ta b l e  c o n c e n tr a t io n s .

A v a ila b le  phosphorous was . de te rm in ed  u s in g  a  0 .5  M NaHGOg 

e x t r a c t io n  (O lsen  and Dean, 1965). N i t r a t e  n i t ro g e n  was de term ined  

c o lo r im e t r i c a l ly  u s in g  th e  pheno ld i s u l f o n ic  a c id  method (R ic h a rd s , 

1969). A ce ta te  s o lu b le  s u l f u r  was d e te rm in ed  u s in g  th e  method o f  

B a rd s ley  and L a n c a s te r  (1 9 6 5 ).

S o i l  o rg a n ic  m a tte r  was d e te rm in ed  c o lo r im e t r ic a l ly  by th e  

d ich ro m ate -w e t d ig e s t io n  method (Sim s and Haby, 1971). . C ation  

exchange c a p a c ity  (CEC) was d e term ined  by summation (Chapman, 1965) o f  

exchange a c i d i ty  u s in g  BaCl2 (P eech , 1965) and th e  exchangeab le  

c a t io n s  w hich had p re v io u s ly  been d e te rm in ed  by d i f f e r e n c e .  C a tio n  

exchange c a p a c ity  wab a ls o  de te rm in ed  by th e  n e u t r a l  s a l t  method
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d e s c r ib e d  by O sbourne (1 9 7 8 ).

Acid G en e ra tio n  S tudy

E x p erim en ta l D esign

The o b je c t iv e  o f t h i s  s tu d y  was to  d e te rm in e  w hether th e  p a r t i c l e  

s i z e s  o f  w aste  ro c k  and t a i l i n g s  m a te r ia l s  w ere c o r r e la te d  to  th e  a c id  

g e n e ra t io n  r a t e  and p o te n t i a l  o f i n a c t iv e  h ard  ro c k  mine s i t e s  i n  

w e s te rn  M ontana. The h y p o th e se s  t e s t e d  w ere ;

a . Hq I g^sggsgo w here gx i s  th e  a c id  g e n e ra tio n
p o te n t i a l  o f  a p a r t i c u l a r  g r a in  s i z e ,

b . H0 ; t c1 s t ff2= t-o  where t gx i s  th e  a c id  g e n e ra tio n
6 6 6  r a t e  o f6 a  p a r t i c u l a r  g r a in  s i z e .

In  o rd e r  to  t e s t  th e s e  h y p o th e se s , t r e a tm e n ts  w ere s e le c te d  which 

in c lu d e d  d i f f e r e n t  g r a in  s i z e s  and d i f f e r e n t  tim es o f  sam p lin g . Three 

g r a in  s i z e s  w ere chosen  f o r  each  w aste  m a te r ia l  based  on th e  

q u a n t i t i e s  o f  m a te r ia l  a v a i la b le  a f t e r  s i z e  f r a c t i o n a t i o n .  The s iz e  

c l a s s e s  u t i l i z e d  a r e  d e p ic te d  i n  T ab le  3 .

Four sam pling  tim es  w ere chosen  to  f a c i l i t a t e  a c id  g e n e ra tio n  

r a t e ,  d e te rm in a t io n s .  The tim es  w ere s e le c te d  so  t h a t  more 

m easurem ents would be ta k e n  d u rin g  th e  i n i t i a l  e q u i l i b r a t i o n  o f th e  

sy stem , when r a t e s  o f  change shou ld  be g r e a t e s t .  The sam pling  tim es  

w ere ; I h o u r , I day , 7 d ay s , and 30 d ay s .
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T ab le  3« P a r t i c l e  s i z e  f r a c t i o n s  u t i l i z e d  i n  a c id  g e n e ra t io n  s tu d y .

S p o ils

S iz e  F ra c t io n  S iz e  C lass^

T a i l in g s

S iz e  F ra c t io n  S iz e  C lass^

2 .0 -4 .0  mm. g ra v e l .1 0 6 - .2 5  mm. f in e  sand

I .0 -2 .0  mm. v .c o a r s e  sand .053-«> 106 mmo v . f i n e  sand

0 .5 -1 .0  mm. c o a rse  sand <.053 mm. s i l t  & c la y

I -  U .S.D .A . s i z e  c l a s s i f i c a t i o n  (B rady , 1974).

Two lim in g  r a t e s  and a c o n t ro l  w ere a p p lie d  t o  each  com bination  

o f  sam pling  tim e and g r a in  s i z e .  M easured pH l e v e l s  i n  a c id  

g e n e ra t in g  mine w a s te s  d e c re a se  r a p id ly  a f t e r  exposure  and th e n  re a c h  

a  r e l a t i v e  e q u i l ib r iu m  i n  which pH rem ain s  low and f a i r l y  c o n s ta n t 

(N ie lso n  and P e te rs o n , 1978). The a d d i t io n  o f  lim e  was d es ig n ed  to  

r a i s e  th e  pH from th e  e q u ilib r iu m  p o in t ,  so t h a t  a c id  g e n e ra tio n  

co u ld  th e n  be m easured a s  a f u n c t io n  o f  th e  r a t e  o f pH d e c re a se  o f th e  

sy stem . R ates o f  2 .2  and 22 .0  m e tr ic  to n s /h e c ta r e  ( t / h a )  w ere used 

i n  t h i s  s tu d y  (m easured a s  1 .0  and 10.0  t o n s /a c r e ) .

A m o d ified  s p l i t  b lo c k  d e s ig n  was used  i n  t h i s  e x p e rim en t, as t h i s  

d e s ig n  p ro v id ed  f o r  m ean ing fu l s t a t i s t i c a l  a n a ly s i s  o f b o th  m ain 

e f f e c t s  and i n t e r a c t i o n s  ( L i t t l e  and H i l l s ,  1978). A ll com binations 

o f  th e  m ain e f f e c t s  w ere r e p re s e n te d  i n  each  b lo c k , th e r e f o r e  b lo ck s 

r e p re s e n te d  r e p l i c a t i o n s  o f  each  t re a tm e n t ( 3 x 3 x 4  = 3 6  tre a tm e n t
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oombin a t io n s  p e r b lo c k ) .  T a i l in g s  and w aste  rook  m a te r ia ls  w ere 

t r e a t e d  a s  s e p a r a te  e x p e rim e n ts , as  th e  a d d i t io n a l  f a c to r  o f " type  o f 

m a te r ia l"  cou ld  n o t be m e an in g fu lly  compared s t a t i s t i c a l l y  w ith  t h i s  

e x p e rim e n ta l d e s ig n  (R. Lund, 1982). The experim en t in c lu d e d  th r e e  

r e p l i c a t i o n s  o f each  t r e a tm e n t ,  and th u s  s ix  b lo c k s  i n  t o t a l .  The 

e x p e rim e n ta l d e s ig n  i s  i l l u s t r a t e d  i n  F ig u re  2 .

e x p e rim e n ta l m a te r ia ls  and d e s ig n .

M a te r ia ls  C o l le c t io n  and A n a ly s is

Waste ro c k  and t a i l i n g s  m a te r ia l s  used in  t h i s  study  were 

c o l le c te d  from sam ple p i t s  ex ca v a ted  a t  th e  A lta  mine in  J e f f e r s o n
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County, Montana. T a i l in g s  m a te r ia l was c o l l e c t e d  a s  a bulk  sample 

from one p i t  ( s i t e  1 3 ) , w h ile  th e  w a ste  rock  m a te r ia l was c o l l e c t e d  as  

a com p osite  from two p r o f i l e  p i t s  ( s i t e  10 and s i t e  0 8 ) .

The m a te r ia ls  were w et s ie v e d  to  o b ta in  a r e l a t i v e l y  a ccu ra te  

p a r t ic l e  s i z e  f r a c t io n a t io n  (A lle n , 1974) and a ir  d r ie d . No 

p retrea tm en t or d is p e r s io n  o f  th e  sam ples was perform ed p r io r  to  

s ie v in g  a s  a p r e c a u tio n  a g a in s t  p o s s ib le  chem ical a l t e r a t io n  o f  th e  

m a te r ia l ,  a lth ou gh  th e  m a te r ia ls  were lea c h e d  o f  s o lu b le  c o n s t i t u e n t s  

d uring  th e  w et s i e v in g .  F igu re  3 shows th e  r e la t iv e  s i z e  o f the  

f r a c t io n s  o b ta in e d .

F ig u re  3 .  P a r t ic le  s i z e  f r a c t io n s  o b ta in ed  from wet s i e v in g .  Top row 
( 1 - r ) :  g r a v e l ,  very  co a r se  sand , co a rse  san d . Bottom row
( 1 - r ) :  f in e  sand, very f in e  sand , s i l t  and c la y .
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R eagent grade. CaCOg (pow der) was added to  subsam ples o f  each s i z e  

f r a c t i o n  a s  p r e s c r i b e d .  Ten g ra m s  o f  e a c h  g r a i n  s i z e  x l im e  r a t e  

c o m b in a t io n  w as th e n  p la c e d  i n  f o u r  s e p a r a t e  p l a s t i c  t u b e s ,  one f o r  

each  sam p lin g  tim e . Each tu b e  was m a in ta in e d  a t  25% w a te r  c o n te n t by 

w e ig h t th ro u g h  th e  a d d i t io n  o f  d i s t i l l e d  w a te r  a t  fo u r  day in t e r v a l s ,  

At th e  a p p ro p r ia te  sam p lin g  tim e  pH was d e te rm in e d  u s in g  a 1:2 s o i l  to  

w a te r  r a t i o  (B yers, 1978),

T o ta l  and  p y r i t i c  s u l f u r  a n a l y s e s  w e re  p e r fo rm e d  by E nergy  

L a b o r a t o r i e s  i n  B i l l i n g s ,  M on tana , T o ta l  s u l f u r  w as d e te r m in e d  by 

t i t r a t i o n  o f  e v o lv e d  s u l f u r  d io x id e  w ith  p o ta ss iu m  io d a te ,  P y r i t i c  

s u l f u r  was c a lc u la te d  a s  th e  d i f f e r e n c e  b e tw e e n  H C l - e x t r a c t a b l e  and  

H N O g - e x t r a c t a b l e  s u l f u r  (S o b e k  e t  a l» ,  19 7 8 ), N e u t r a l i z a t i o n  

p o t e n t i a l  w as d e te r m in e d  by t i t r a t i o n  o f  th e  s a m p le  w i th  so d iu m  

h y d ro x id e  a f t e r  t r e a tm e n t  w ith  e x c e ss  HCl (Sobek e t  a l , ,  1978), These 

v a lu e s  w ere used  to  com pute th e  a c id -b a s e  acco u n t f o r  th e  v a r io u s  s iz e  

c l a s s e s .

L a s t ly ,  l i n e a r  r e g r e s s io n  a n a ly s i s  was perfo rm ed  to  fo rm u la te  

p r e d i c t i v e  e q u a t io n s  f o r  l im e  r a t e  a s  a f u n c t i o n  o f  g r a i n  s i z e  and  

d e s i r e d  pH. G ra in  s i z e  w as cod ed  u s in g  th e  p h i  s c a l e  d e v e lo p e d  by 

Krum bein f o r  se d im e n ta ry  p a r t i c l e s .  The s c a le  i s  based  on s ta n d a rd  

s i e v e  s i z e s  and  th u s  v a r i e s  a s  a f u n c t i o n  o f  - I o g 2 o f  th e  p a r t i c l e  

d ia m e te r  i n  m i l l im e te r s  (F o lk , 1974),
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R e su lts

D ata o b ta in e d  from  th e  one month colum n stu d y  w ere graphed  u s in g  

c o m b in a t io n s  o f  th e  v a r i a b l e s  g r a i n  s i z e ,  l im e  r a t e ,  an d  t im e .  The 

r e l a t i o n s h i p s  betw een  th e s e  f a c t o r s  w ere  m ost c l e a r ly  shown g rap h in g  

pH v e r s u s  t im e  f o r  e a c h  g r a i n  s i z e  a t  e a c h  l im e  r a t e  ( F ig u r e s  4-9)» 

A n a ly s e s  o f  v a r i a n c e  (ANOV) w e re  p e r fo rm e d  and  l e a s t  s i g n i f i c a n t  

d i f f e r e n c e s  (LSD) c a l c u l a t e d  t o  a s c e r t a i n  w h e th e r  r e l a t i o n s h i p s  

i l l u s t r a t e d  i n  t h e  g r a p h i c a l  r e p r e s e n t a t i o n  w e re  s t a t i s t i c a l l y
J i

s i g n i f i c a n t .  A ll  t a b l e s  r e f e r e n c e d  i n  t h i s  c h a p t e r  may be fo u n d  i n  

A ppendix  A.

T a i l in g s  -  A n a ly s is  o f  V arian ce

The ANOV and LSD a n a ly se s  f o r  th e  t a i l i n g s  sam p les  (108 sam ples) 

a r e  show n i n  T a b le  5. The m a in  e f f e c t s  o f  g r a i n  s i z e  (G ), l im e  r a t e  

(L ), and  t im e  (T) a l l  e x h i b i t e d  s i g n i f i c a n t  d i f f e r e n c e s  a t  th e  95? 

c o n fid e n c e  le v e l .  L e a s t s i g n i f i c a n t  d i f f e r e n c e  a n a ly s i s  showed th a t :

I) th e  pH o f th e  s i l t  and c la y  f r a c t i o n  was s ig n i f i c a n t l y  d i f f e r e n t  

from  th e  f i n e  and v ery  f i n e  sand f r a c t i o n s ,  w hich w ere s t a t i s t i c a l l y  

s i m i l a r ,  2) t h e  e f f e c t s  o f  a l l  t h r e e  l i m e  r a t e s  on m e a su re d  pH w ere  

s i g n i f i c a n t l y  d i f f e r e n t  from  one a n o th e r , and 3) m easurem en ts ta k en  a t  

I h o u r  w e re  s i g n i f i c a n t l y  d i f f e r e n t  th a n  th o s e  a t  1 d a y , 7 d a y s , and 

30 d a y s . The i n t e r a c t i o n s  o f  G x L  and  G x L x T w ere  a l s o  

s i g n i f i c a n t  a t  th e  95? co n fid e n ce  l e v e l .
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T a i l in g s  -  S i l t  and Clav F r a c tio n

A n a ly s is  o f  v a r ia n c e  was perfo rm ed  f o r  each in d iv id u a l  g r a in  s iz e  

t o  f u r t h e r  i n v e s t i g a t e  th e  e f f e c t s  o f  l im e  and  t im e  on t a i l i n g s  pH. 

F ig u re s  4-6 i l l u s t r a t e  th e  r e l a t i o n s h ip s  betw een th e se  v a r ia b le s .

<. 053mm. 
053-. 106mm. 
#06-.250mm.

G l----

TIM E  IN DAYS

F ig u re  4 . M e a s u re d  pH v e r s u s  t i m e  f o r  t h e  t h r e e  t a i l i n g s  
f r a c t i o n s  a t  th e  lim e  c o n t ro l  (0 t /h a ) .
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pH

V

—  — - m ° i

*81

3 

*■

I

0 1 7  30
T fM E  IN  DAYS

G I ------ <  .0 5 3 m m .
G 2  . 0 5 3 -  f 0 6 mm.
6 3 — -  . 1 0 6 - .2 5 0 m m .

F ig u re  5 . M easured pH v e rs u s  tim e  f o r  th e  th re e  t a i l i n g s  f r a c t i o n s  a t  
2 .2  t / h a  lim e .

G I —  ^ . 0 5 3 m m
G 2  — — . 0 5 3 -  f 0 6 m m . 
G 3 —  .1 0 6  - . 2 5 0 m m

TiMC IN DAYS

Figure 6 . Measured pH versus tim e for  the three ta i l in g s  fra c tio n s  a t
22.0 t/h a  lim e.
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The s i l t  and c la y  f r a c t i o n  c o n s i s te n t ly  d is p la y e d  th e  lo w e s t pH 

o f a l l  th e  t a i l i n g s  m a te r i a l3«, T hese  d i f f e r e n c e s  w e re  s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  a l l  sam p lin g  t im e s  and a l l  l im e  r a t e s .  M easured pH d id  

no t change w ith  tim e  f o r  th e  lim e  c o n t ro l ,  d e c re a se d  w ith  tim e  a t  2.2 

t / h a  l i m e ,  and  i n c r e a s e d  w i th  t im e  a t  22 .0  t / h a  l i m e .  S i g n i f i c a n t  

d i f f e r e n c e s  w ere d e m o n stra te d  a s  a  f u n c t io n  o f  l im e  r a t e ,  w ith  th e  pH 

i n c r e a s i n g  a s  t h e  l i m e  r a t e  i n c r e a s e d .  The i n t e r a c t i o n  o f  L X T w as 

a l s o  s i g n i f i c a n t ,  a l th o u g h  th e  m a in  e f f e c t  o f  t im e  w as n o t .  The 

a n a ly s i s  o f  v a r ia n c e  and LSD a n a ly s i s  f o r  th e  s i l t  and c la y  f r a c t i o n  

a re  shown i n  T ab le  6.

T a i l in g s  -  Very F in e  SancL FractJLan .

F o r a l l  t i m e s  and  l im e  r a t e s  t h e  pH o f  th e  v e ry  f i n e  s a n d , 

f r a c t i o n  w as s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  o f  th e  s i l t  and  c la y  

f r a c t i o n  bu t 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  th e  pH o f th e  f in e  sand 

f r a c t i o n .  M easu red  pH d e c r e a s e d  w i th  t im e  f o r  th e  l im e  c o n t r o l  and  

in c re a s e d  w ith  tim e  a t  l im e  r a t e s  o f  2.2 and 22.0 t / h a ,  how ever th e se  

d i f f e r e n c e s  . w ere no t s i g n i f i c a n t  o ver tim e . The pH o f th e  t a i l i n g s  

m a te r ia l  was s ig n i f i c a n t l y  lo w er f o r  th e  c o n t ro l  com pared to  e i t h e r  

o f  th e  tw o  l i m e  a p p l i c a t i o n  r a t e s .  M easu red  pH a t  b o th  l im e  r a t e s  

e x h i b i t e d  h y d ro g e n  i o n  c o n c e n t r a t i o n s  w h ich  w e re  s t a t i s t i c a l l y  

s im i l a r .  T ab le  7 d e p ic ts  th e  . ANOV and LSD f o r  t h i s  f r a c t io n .
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T a i l in g s  -  F in e  Sand F ra c t io n

The pH o f th e  f i n e  sand f r a c t i o n  was s l i g h t l y  lo w er a lth o u g h  no t 

s i g n i f i c a n t l y  d i f f e r e n t  from  th e  v ery  f i n e  sand f r a c t i o n .  Again, pH 

d e c re a se d  s l i g h t l y  w ith  tim e  f o r  th e  c o n t ro l ,  and in c re a s e d  s l i g h t l y  

w ith  tim e  f o r  b o th  l im e  a p p l ic a t io n  r a t e s .  The m ain e f f e c t s  o f tim e  

and l im e  w ere  s i g n i f i c a n t ,  and w ere a t t r i b u t e d  to  d i f f e r e n c e s  betw een 

th e  I h o u r  v e r s u s  I d ay , and  c o n t r o l  v e r s u s  2 .2  t / h a  p e r  a c r e  

m easu rem en ts, r e s p e c t iv e ly .  These r e l a t i o n s h ip s  a r e  i l l u s t r a t e d  by 

th e  AMOV and LSD a n a ly se s  i n  T ab le 8.

W aste Rock -  A n a ly s is  o f  V arian ce

The ANOV and  LSD a n a l y s e s  f o r  th e  w a s te  r o c k  s a m p le s  (108 

s a m p le s )  a r e  show n i n  T a b le  9. The m a in  e f f e c t s  o f  g r a i n  s i z e ,  l im e  

r a t e ,  and  t im e  a l l  e x h i b i t e d  s i g n i f i c a n t  d i f f e r e n c e s  a t  th e  95$ 

c o n fid e n c e  l e v e l .  T h is  was s im i l a r  to  th e  r e s u l t s  f o r  th e  t a i l i n g s  

m a t e r i a l .  H o w e v e r , . t h e  F - v a lu e s  f o r  th e  w a s te  r o c k  i n d i c a t e d  

s m a l l e r  d i f f e r e n c e s  b e tw e e n  f r a c t i o n s  th a n  th o s e  e x h i b i t e d  by th e  

t a i l i n g s  m a t e r i a l .  The pH o f  b o th  t h e  c o a r s e  s a n d  and  g r a v e l  

f r a c t i o n s  w ere s t a t i s t i c a l l y  s im i l a r  to  th e  pH o f th e  v e ry  c o a rse  sand 

f r a c t i o n  b u t w ere  s t a t i s t i c a l l y  d i f f e r e n t  from  one a n o th e r . Np g ra in  

s i z e  e x h ib i te d  c o n s i s te n t ly  h ig h e r  o r  lo w e r pH's th a n  th e  o th e r  s iz e s ,  

a s  had o c c u rre d  w ith  th e  t a i l i n g s .  I t  was a ls o  n o ted  t h a t  a l l  th r e e  

w a s te  r o c k  s i z e s  d i s p l a y e d  lo w e r  pH 's th a n  th e  tw o  l a r g e s t  s i z e s  o f
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th e  t a i l i n g s  m a t e r i a l .  The t h r e e  l im e  r a t e s  e x h i b i t e d  h y d ro g e n  io n  

c o n c e n t r a t i o n s  w h ic h  w e re  s t a t i s t i c a l l y  d i f f e r e n t  from  one a n o th e r , 

and pH m easurem ents re c o rd e d  a t  I hour w ere s t a t i s t i c a l l y  d i f f e r e n t  

fro m  th e  I d a y , 7 d a y , and 30 day  v a l u e s ,  a l l  o f  w h ich  w ere  

s t a t i s t i c a l l y  s im i la r .

Waste Rock -  Coarse Sand F r a c tio n

A n a ly s is  o f  v a r i a n c e  w as a g a in  p e r fo rm e d  f o r  e a c h  i n d i v i d u a l  

g r a i n  s i z e  t o  f u r t h e r  i n v e s t i g a t e  th e  e f f e c t s  o f  l im e  and  t im e  on 

w as te  ro c k  pH. G raphic r e p r e s e n ta t io n s  o f  th e  r e l a t i o n s h ip s  betw een 

th e se  f a c t o r s  a re  shown in  F ig u re s  7 -9 . T ab les  10-12 show th e  ANOV and 

LSD a n a ly se s  o f  th e  w as te  ro c k  f r a c t io n s .

pH

O I ........  0 .0 —1.0  tnm.
6 2 ------- I .O -Z O  mm.
03  2 .0 —4.0 mm.

- i f 8 3

O l T  90
TIME IN DAYS

Figure 7 . Measured pH versus tim e for  the waste rock fr a c tio n s  a t the
lim e control (0 t/b a ).
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0. S— 1.0  mm.
1.0 -  2.0 mm.

2 .0 -  4.0 mm.

TIME IN DAYS

F ig u re  8 . M easured pH v e rs u s  tim e  f o r  th e  w as te  ro ck  f r a c t i o n s  a t  2.2 
t / h a  lim e .

-  0 .5 —t. O mm.
- 1.0—2.0 mm. 

2.0—4.0 mm

TIME IN DAYS

Figure 9 . Measured pH v ersu s  tim e  fo r  th e  w aste  rock  f r a c t io n s  a t
22.0 t /h a  l im e .
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M easu red  pH o f  t h e  c o a r s e  s a n d  f r a c t i o n  r e m a in e d  r e l a t i v e l y  

c o n s t a n t  o v e r  t im e  i n  th e  l im e  c o n t r o l ,  d e c r e a s e d  to  d ay  7 and  th e n  

i n c r e a s e d  a t  .2 .2  t / h a  a p p l i e d  l i m e ,  and  i n c r e a s e d  t o  day  I and th e n  

r e m a in e d  c o n s t a n t  a t  22.0 t / h a  l i m e .  The m a in  e f f e c t  o f  l im e  w as 

s i g n i f i c a n t  a t  a l l  l e v e l s ,  w h ile  pH d id  n o t s i g n i f i c a n t l y  change w ith  

tim e  d u r in g  th e  ex p e rim en t.

H aste  Rock -  Very C oarse Sand F ra c t io n

M easured pH o f th e  v ery  c o a rse  sand  f r a c t i o n  rem ain ed  r e l a t i v e l y  

c o n s t a n t  o v e r  t im e  f o r  th e  c o n t r o l ,  h o w ev e r a t  2 .2  t / h a  l im e  pH 

d e c re a se d  from  0 to  7 days and th e n  in c re a s e d  s l i g h t l y ,  w h ile  a t  22.0 

t / h a  l im e  pH i n c r e a s e d  fro m  0 t o  7 d a y s  and  th e n  d e c r e a s e d .  The 

d i f f e r e n c e s  i n  pH w ere s i g n i f i c a n t  be tw een  a l l  l im e  r a t e s .  The m ain 

e f f e c t  o f  tim e , and th e  i n t e r a c t i o n  betw een  tim e  and l im e  r a t e  w ere 

n o t  s i g n i f i c a n t .  - .

W aste Rook -  G ravel F r a c t io n

Recorded pH f o r  th e  g ra v e l  f r a c t i o n  rem ained  r e l a t i v e l y  c o n s ta n t 

o v e r  t im e  i n  th e  l im e  c o n t r o l .  At b o th  l im e  a p p l i c a t i o n  r a t e s  pH 

i n c r e a s e d  t o  day 7 and  th e n  d e c r e a s e d .  The m a in  e f f e c t  o f  l im e  w as 

s i g n i f i c a n t  a t  a l l  l e v e l s .  M e a su re m e n ts  ta k e n  a t  7 d a y s  w ere  

s t a t i s t i c a l l y  d i f f e r e n t  fro m  m e a s u re m e n ts  a t  I h o u r ,  I d a y , and 30 

d a y s . The h y d ro g e n  io n  c o n c e n t r a t i o n s  a t  th e  end  o f  th e  e x p e r im e n t  

w ere  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  th e  i n i t i a l  c o n c e n tra t io n s  o ver
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a l l  l im e  r a t e s .

A cid-B ase B alance

R e s u l t s  o f  th e  a c i d - b a s e  b a la n c e  a r e  p r e s e n te d  i n  T a b le  4 . The 

d a ta  in d ic a te d  th a t  a l l  s ix  s i z e  f r a c t i o n s  p o sesse d  n e t  a c id  p roducing  

p o te n t i a l .  The a b s o lu te  l e v e l s  o f  a c id  p ro d u c tio n  p o te n t i a l  based on 

p y r i t i c  s u l f u r  c o n t e n t  w e re  s u r p r i s i n g l y  low  c o n s id e r i n g  th e  a c i d  

d ra in a g e  problem  a t  th e  A lta  s i t e , . The u n ex p ec ted ly  la rg e  d if f e r e n c e  

b e tw e e n  t o t a l  and  p y r i t i c  s u l f u r  may h a v e  b een  due t o  p r e s e n c e  o f  

o th e r  m in e ra l s u l f id e s .

T ab le  4 .  A cid-B ase a c c o u n t f o r  A lta  t a i l i n g s  and w aste  ro c k .

S iz e  c l a s s  
(mm.)

A lk a l in i ty  A c id i ty ^
( t / h a  CaCOg e q u iv .)  — - ( . t /h a  CaCOg

A c id ity 2 
e q u iv . ) —

T a illn E S

<.53 . 0 .00 4.21 23.11
. . 0 5 3 - .106 0 .76 2 .10 23.81

.1 0 6 -.2 5 0 0 .7 6 1.39 22.42

Waste Rock

0 .5 —1.0 0 .00 1 .39 30.83
I . 0 -2 .0 0 .0 0 0 .70 4 .10
2 .0 -4 .0 0 .7 6 2 .10 17.51

I ) A c id ity  c a lc u la te d  by m u ltip ly in g  p y r i t i c  s u l f u r  p e rc e n ta g e  by 
TO. ,0 6 ,

2)  Maximum a c i d i ty  c a lc u la te d  by m u l t ip ly in g  t o t a l  s u l f u r  c o n te n t by
7 0 .0 6 .
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R eg ress io n  A n a ly s is

U sing l e a s t  sq u a re s  m u l t ip le  l i n e a r  r e g r e s s io n  a n a ly s i s ,  th e  

. fo llo w in g  e q u a tio n s  w ere computed to  p r e d ic t  lim e  r a t e  a s  a fu n c t io n  

o f  g r a in  s i z e  and th e  d e s i r e d  pH o f th e  m a te r ia l :

T a i l in g s :  LR = - 1 1 „06 + 0 .65(G ) + 2„17(pH) (5 )

R2 = 0 .4 7

W aste ro c k : LR = -9 .7 4  + 1.45(G ) + 2„39(pH) (6)

R2 = 0 .7 6

w here LR i s  th e  r e q u ir e d  lim e  r a t e  i n  to n s  p e r  a c r e ,  and Q i s  th e  

m edian g r a in  s i z e  i n  p h i U n its  (ph i=  - I o g 2 x d ia m e te r  i n  m i l l im e te r s ) .  

R e g re ss io n  s u r f a c e s  . w ere p lo t t e d  from th e se  e q u a tio n s  and a r e  

p re s e n te d  i n  F ig u re s  10 and 11. A n a ly s is  o f  th e  R2 v a lu e s  u s in g  F- 

r a t i o s  w ith  two and s i x  d e g re e s  o f  freedom  in d ic a te d  t h a t  th e  m u l t ip le  

c o e f f i c i e n t  o f  d e te rm in a tio n  was h ig h ly  s i g n i f i c a n t  (p=„01) f o r  th e  

w as te  ro c k  r e g r e s s io n ,  b u t n o t s i g n i f i c a n t  f o r  th e  t a i l i n g s

r e g r e s s io n .
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22.0  '

L R
(i/ho CaCO,)

G R A /N  2 ^

S / Z E  (0  UNITS)

F ig u re  10. R e g r e s s io n  s u r f a c e  f o r  p r e d i c t i n g  l i m e  r a t e  
fro m  g r a i n  s i z e  and  d e s i r e d  pH f o r  A lta  
t a i l i n g s .
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22.0

F ig u re  11. R e g r e s s io n  s u r f a c e  f o r  p r e d i c t i n g  l i m e  r a t e  
from  g r a in  s i z e  and d e s ir e d  pH f o r  A lta  w aste  
ro c k .



D is c u s s io n .

Acid m ine d ra in a g e  i s  a m a n if e s ta t io n  o f  th e  b a lan ce  betw een a c id  

p r o d u c t i o n  and  a l k a l i n i t y  p r o d u c t io n  on a s i t e  ( C a ru c c io  e t  a l , ,  

1981). I n  t h i s  s tu d y  a l k a l i n i t y  p r o d u c t i o n  w as a f u n c t i o n  o f  l im e  

r a t e  and  o f  th e  a l k a l i n i t y  l e v e l s  o f  th e  m a t e r i a l s .  M easu red  pH w as 

used  a s  an  in d i c a t i o n  o f  th e  in s ta n ta n e o u s  e q u il ib r iu m  o f  th e  a c id -  

a l k a l i n i t y  b a la n c e .  Thus we may e s t i m a t e  th e  r e l a t i v e  a c i d  m ine  

d ra in a g e  p ro d u c tio n  p o te n t i a l  o f  each  g r a in  s iz e .

In  g e n e r a l  i t  i s  e x p e c te d  t h a t :  I )  i f  th e  a c i d  p r o d u c t io n  r a t e  

an d  p o t e n t i a l  a r e  g r e a t e r  th a n  th e  a l k a l i n i t y  p r o d u c t i o n  r a t e  and 

p o te n t i a l ,  th e n  pH sh o u ld  d e c re a se . T h is d e c re a se  w i l l  be m ost r a p id  

a t  th e  p o in t  w here th e  t o t a l  a l k a l i n i t y  p o te n t i a l  i s  ex h au ste d . 2) i f  

th e  a c id  p ro d u c tio n  r a t e  i s  l e s s  th a n  th e  a l k a l i n i t y  p ro d u c tio n  r a t e ,  

b u t  t h e  t h e  t o t a l  p r o d u c t i o n  p o t e n t i a l  f o r  a c i d i t y  e x c e e d s  t h a t  f o r  

a l k a l i n i t y ,  pH w i l l  i n c r e a s e  u n t i l  th e  a l k a l i n i t y  p o t e n t i a l  i s  

e x h a u s te d .  T h is  w i l l  be f o l l o w e d  by a r a p i d  d e c r e a s e  i n  pH a s  

p re v io u s ly  d e s c r ib e d , and 3) i f  a c id  p ro d u c tio n  r a t e  and p o te n t ia l  a re  

l e s s  th a n  th o se  f o r  a l k a l i n i t y  pH w i l l  in c re a s e ;  t h i s  in c re a s e  be ing  

m o s t r a p i d  a t  th e  p o i n t  o f  e x h a u s t i o n  o f  th e  t o t a l  a c i d  p r o d u c t io n  

p o te n t i a l .  Based on th e  work o f G eid e l (1979), and th e  d a ta  o b ta in e d  

from  th e  a c id -b a s e  a c c o u n tin g , i t  was ex p ec ted  th a t  b o th  th e  t a i l i n g s  

and  w a s te  r o c k  m a t e r i a l s  w ou ld  e x h i b i t  n e t  a c i d  p r o d u c t i o n  i n  t h e  

c o n t ro l  s i t u a t i o n ,  a s  d e s c r ib e d  in  c a se  2 above (a c id  p ro d u c tio n  r a t e

44
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s lo w e r  th a n  a l k a l i n i t y  p r o d u c t io n  r a t e ,  and  h ig h e r  a c i d  p r o d u c t io n  

p o t e n t i a l ) .

D if fe re n c e s  i n  g r a in  s i z e  w ere ex p ec ted  to  a f f e c t  b o th  th e  a c id  

p ro d u c tio n  r a t e  and p o te n t i a l  a s  a f u c t io n  o f d i f f e r e n c e s  i n  s u r fa c e  

a r e a .  T h is  w o u ld  n o t  o n ly  r e s u l t  i n  a b s o l u t e  pH d i f f e r e n c e s ,  b u t 

a l s o  m a n i f e s t  i t s e l f  a s  l a g s  i n  th e  e x p r e s s e d  p a t t e r n  o f  pH ch an g e  

o v e r  t im e .  The im p l i e d  r e l a t i o n s h i p  w as t h a t  a l a r g e r  g r a i n  s i z e  

w o u ld  h a v e  a lo w e r  a c i d  p r o d u c t io n  p o t e n t i a l  and  s lo w e r  a c i d  

p ro d u c tio n  r a t e  th a n  a s m a l le r  p a r t i c l e ,  and th u s  e x h ib i t  a h ig h e r  pH 

f o r  an  e x te n d e d  t im e  i n  th e  c o u r s e  o f  th e  e x p e r im e n t .  U sin g  t h i s  

d is c u s s io n  a s  th e  b a s ic  p re m ise , th e  r e l a t i o n s h ip s  e x p re sse d  i n  t h i s  

s tu d y  by th e  v a r io u s  s i z e  f r a c t i o n s  may be exam ined.

In  t h e  t a i l i n g s ,  t h e  s i l t  and  c l a y  f r a c t i o n  c l e a r l y  e x h i b i t e d  a 

d i f f e r e n t  b e h a v i o r a l  p a t t e r n  th a n  e i t h e r  th e  v e ry  f i n e  s a n d  o r  f i n e  

s a n d  f r a c t i o n s .  T h is  f r a c t i o n  (< .053am ) e x h i b i t e d  no ch an g e  i n  pH 

o ver tim e  i n  th e  c o n t ro l ,  w hich may have been a fu n c t io n  o f  th e  la c k  

o f  e x c e ss  a l k a l i n i t y  as  shown i n  th e  a c id  -  base  b a la n c e . A lso, t h i s  

f r a c t i o n  seem ed  to  p ro d u c e  en ough  a c i d i t y  t o  q u ic k ly  n e u t r a l i z e  2 .2  

t / h a  l i m e  ( F ig .  4 and  5 ) .

The r a p id  i n i t i a l  d e c re a se  i n  pH e x h ib i te d  by b o th  th e  very  f in e  

sand and f i n e  sand  f r a c t i o n s  i n  th e  c o n t ro l  may be i n t e r p r e t e d  as  a 

n e u t r a l i z a t i o n  o f th e  a l k a l i n i t y  in d ic a te d  by th e  a c id -b a s e  accoun t.
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T h ese  tw o  f r a c t i o n s  e x h i b i t e d  s i m i l a r  i n c r e a s e s  i n  pH a t  b o th  l im e  

r a t e s .  T h is  i n d i c a t e d  t h a t  w i t h i n  t h e  t im e  f ra m e  o f  t h e  e x p e r im e n t  

a c i d  g e n e r a t i o n  w as i n s u f f i c i e n t  t o  n e u t r a l i z e  e v e n  2 .2  t / h a  l im e .  

F u r t h e r ,  d a t a  fro m  th e  a c i d - b a s e  a c c o u n t  (b a s e d  on p y r i t e  c o n t e n t )  

i n d i c a t e d  t h a t  o f  a l l  th e  g r a i n  s i z e  x l im e  r a t e  c o m b in a t io n s ,  o n ly  

th e  s i l t  and c la y  f r a c t i o n  t r e a t e d  w ith  2.2 t / h a  l im e  had s u f f i c i e n t  

a c id  p ro d u c tio n  p o te n t i a l  to  d e p re s s  pH over th e  lo n g  te rm .

The t a i l i n g s  d a t a  seem ed  to  e x h i b i t  r e l a t i o n s h i p s  w h ic h  w ere  

q u i t e  s i m i l a r  to  th o se  a n t ic ip a te d .  The s m a l le s t  g r a in  s i z e  showed a 

c o n s id e ra b ly  g r e a t e r  c a p a c ity  to  n e u t r a l i z e  a l k a l i n i t y  th a n  e i t h e r  o f 

t h e  l a r g e r  s i z e s .  D a ta  fro m  th e  w a s te  ro c k  s a m p le s  d id  n o t  f o l lo w  

t h i s  p a t te r n .

A ll  t h r e e  w a s te  r o c k  g r a i n  s i z e s  e x h i b i t e d  l i t t l e  ch an g e  i n  pH 

o v e r  t im e  i n  th e  c o n t r o l ,  d e s p i t e  th e  i n d i c a t i o n  o f  a l k a l i n i t y  

p r o d u c t i o n  p o t e n t i a l  i n  t h e  g r a v e l  f r a c t i o n .  A so m ew h a t e r r a t i c  

p a t t e r n  o f  pH c h an g e  a s  a f u n c t i o n  o f  g r a i n  s i z e  em erg ed  w i th  th e  

a p p l i c a t i o n  o f  2 .2  t / h a  l im e .  The pH o f  th e  c o a r s e  and  v e ry  c o a r s e  

sand  f r a c t i o n s  d e c re a se d  i n i t i a l l y ,  and th e n  in c re a s e d . The d e c re a se  

w as m ore  p r o lo n g e d  f o r  th e  s m a l l e r  g r a i n  s i z e ,  and  i n d i c a t e d  a 

g r e a t e r  n e u t r a l i z in g  c a p a c ity .  The su b se q u en t in c re a s e  in  pH may. be 

i n t e r p r e t e d  a s  e i t h e r  th e  p o in t  o f  a c id  p o te n t i a l  d e p le t io n ,  o r as  a 

r e s u l t  o f  d e c r e a s e d  a c i d  p r o d u c t io n  r a t e .  T h is  d e c r e a s e  i n  a c i d  

p r o d u c t i o n  r a t e  c o u ld  h av e  b een  due to  th e  f o r m a t io n  o f  c o a t in g s  on
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th e  p y r i t e  s u r f a c e  by o x i d a t i o n  p r o d u c t s .  The p r e s e n c e  o f  e x c e s s  

c a lc iu m  may a l s o  h a v e  b een  a f a c t o r  ( C a ru c c io  e t  a l . ,  197.8), The 

g ra v e l  f r a c t i o n  e x h ib i te d  a d i f f e r e n t  r e a c t io n  p a t te r n .  M easured pH 

show ed  a s i g n i f i c a n t  i n c r e a s e  fro m  d a y s  0 t o  7» and  th e n  d e c r e a s e d  

s l i g h t y  to  day  30 , The h ig h  a c i d  p r o d u c t io n  p o t e n t i a l  o f  th e  g r a v e l  

f r a c t i o n  a s  i n d i c a t e d  by th e  a c i d - b a s e  a c c o u n t  w o u ld  e x p l a i n  t h i s  

b e h a v io r  w hen r e l a t e d  t o  th e  k i n e t i c s  o f  th e  s y s te m . At 22.0  t / h a  

l i m e ,  a l l  t h r e e  f r a c t i o n s  e x h i b i t e d  d e c r e a s i n g  r a t e s  o f  pH i n c r e a s e  

w ith  tim e . T h is was s i m i l a r  to  th e  p a t t e r n s  e x h ib i te d  by th e  t a i l i n g s  

m a te r i a l .

Two q u e s t i o n s  a r i s e  fro m  th e  r e l a t i o n s h i p s ,  d i s p l a y e d  by th e  

t a i l i n g s  and w a s te  ro c k  m a te r i a l s  a t  th e  A lta  m ine. They a re :  1): Why 

d id  th e  t a i l i n g s  bu t n o t th e  w as te  ro c k  m a te r ia l s  seem to  e x h ib i t  th e  

expected , c o r r e l a t i o n  o f  n e u t r a l i z a t i o n  p o t e n t i a l  and  s u r f a c e  a r e a ? ,  

and  2) Why w ere  th e  pH 's o f  th e  w a s te  r o c k  m a t e r i a l  lo w e r  th a n  th o s e  

o f  th e  tw o l a r g e s t  t a i l i n g s  g r a in  s iz e s ?

A lthough th e  r e l a t i o n s h ip s  e x p re s se d  seemed to  be q u i t e  com plex, 

a h y p o th e s is  was p o s tu la te d  to  e x p la in  th e s e  a p p a re n t a n o m a lie s  w hich 

was c o n s i s te n t  w ith  th e  o r ig in a l  h y p o th e s is  t h a t  a c id  g e n e ra tio n  i s  

l a r g e l y  a s u r f a c e  a r e a  d e p e n d e n t p henom enon . R e a c t iv e  p y r i t e ,  th e  

a c id  p ro d u c e r o f i n t e r e s t ,  i s  d is p e rs e d  th ro u g h o u t th e  h o s t  ro ck  w ith  

so m ew h a t h ig h e r  c o n c e n t r a t i o n s  a s s o c i a t e d  w i th  th e  o re  b o d ie s



(Chadw ick, 1982), Thus i t  can be e n v is io n e d  th a t  th e  e x t r a c te d  o re  

and w as te  ro c k  i s  made up o f  ro c k  fra g m e n ts  w ith  sm a ll p y r i t e  g r a in s  

b o th  t o t a l l y  en cased  w ith in ,  and p ro tru d in g  from  th e  s u r f a c e  o f th e se  

fra g m e n ts . The fra g m e n ts  a r e  r e l a t i v e l y  la rg e  i n  th e  ca se  o f w aste  

ro c k , and th u s  th e  s u r f a c e  a re a  o f exposed  p y r i t e  i s  p ro b ab ly  bo th  

r e l a t i v e l y  sm a ll when compared to  t h a t  i n  th e  t a i l i n g s ,  and r e l a t i v e l y  

c o n s ta n t  a s  a  f u n c t io n  o f  th e  r a t i o  o f  w aste  ro c k  s u r fa c e  a re a  j 

p y r i t e  s u r fa c e  a r e a .  These r e l a t i o n s h ip s  w ere ev idenced  i n  th e  a c id -  

base  a c c o u n tin g , w here th e  w aste  ro c k  m a te r ia l  showed b o th  low er t o t a l ,  

p y r i t e  c o n te n t  and more un ifo rm  p y r i t e  d i s t r i b u t i o n  a s  a f u n t io n  o f 

g r a in  s i z e  th a n  th e  t a i l i n g s .  F u r th e r ,  due to  th e  s iz e  o f  th e  w aste  

ro c k  f ra g m e n ts , th e r e  was a r e l a t i v e l y  sm a ll in c re a s e  i n  s u r fa c e  a re a  

a s  a f u n c t io n  o f d e c re a se d  p a r t i c l e  s i z e .  T h is may e x p la in  why a l l  

th r e e  w as te  ro c k  g r a in  s i z e s  e x h ib i te d  s im i l a r  r e a c t io n  p a t te r n s  and 

hydrogen io n  c o n c e n tr a t io n s .  A lso , s in c e  th e  w aste  ro c k  had l e s s  

exposed p y r i t e  s u r fa c e  a r e a ,  i t  i s  r e a s o n a b le  to  ex p e c t t h a t  th e  

p o t e n t i a l  f o r  o x id a t io n  p ro d u c ts  to  a f f e c t  r e a c t i v i t y  (d e c re a s in g  a c id  

p ro d u c tio n )  m igh t be r e l a t i v e l y  h ig h . T h is may e x p la in  th e  anomalous 

b eh av io r  o f th e  w aste  ro c k  c o a rse  and v e ry  c o a rse  sand f r a c t i o n s  a t  

2 .2  t / h a  lim e . The e f f e c t s  on p y r i t e  r e a c t i v i t y  would be masked a t  

th e  h ig h e r  lim e  r a t e  due to  th e  ex trem e e x c e ss  o f  a l k a l i n i t y  

p ro d u c tio n  p o t e n t i a l .
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T a i l in g s  m a te r ia l  on th e  o th e r  hand m igh t be ex p ec ted  to  e x h ib i t  

la r g e  d i f f e r e n c e s  i n  exposed p y r i t e  s u r f a c e  a s  a f u n c t io n  o f th e  sm all 

fragm en t s i z e s  c re a te d  by c ru sh in g  d u rin g  th e  m i l l in g  p ro c e s s  and 

in c re a s e d  w e a th e r in g  o f  th e  g r a in s .  The g r e a t e r  s u r fa c e  a re a  shou ld  

in c re a s e  th e  a c id  p ro d u c tio n  p o te n t i a l  and p o s s ib ly  d e c re a se  th e  

im p o rtan ce  o f  s u r fa c e  c o a t in g .  U n fo r tu n a te ly ,  th e  b e h a v io r  o f th e  

t a i l i n g s  v e ry  f i n e  and f i n e  sand f r a c t i o n s .d i d  n o t s u p p o r t t h i s  v iew . 

A lso , th e  c ru sh in g  and w e a th e r in g  may in c r e a s e  th e  s e p a r a t io n  o f th e  

p y r i t e  g r a in s  from  th e  h o s t ro c k . Under th e se  c o n d i t io n s  th e  p y r i t e s  

would be c o n c e n tra te d  i n  th e  s m a l le s t  s iz e  c l a s s  r a th e r  th an  be in g

d is se m in a te d  th ro u g h o u t th e  v a r io u s  c l a s s e s  due to  encasem ent i n
<

l a r g e r  p a r t i c l e s .  The a c id -b a s e  acco u n t confirm ed t h i s  r e l a t i v e  

abundance o f p y r i t e  i n  th e  s m a l le s t  t a i l i n g s  f r a c t i o n .

A lthough t h i s  h y p o th e s is  seems somewhat r e a s o n a b le  f o r  d e s c r ib in g  

th e  r e l a t i o n s h i p s  betw een g r a in  s i z e s  w ith in  each m a te r ia l ,  th u s  f a r  

i t  does n o t e x p la in  why th e  f i n e  and v e ry  f in e  sand f r a c t i o n s  o f th e  

t a i l i n g s  m a te r ia l  seemed to  e x h ib i t  l e s s  n e u t r a l iz in g  p o te n t i a l  th an  

th e  w as te  ro c k  d e s p i te  th e  o c c u rre n c e  o f  s im i la r  p y r i t e  c o n te n ts  and 

a l k a l i n i t y  p o t e n t i a l s .  One p o s s i b i l i t y  i s  t h a t  th e  m i l l in g  p ro c e s s  

had somehow a l t e r e d  th e  r e a c t i v i t y  o f th e  p y r i t e  th ro u g h  th e  a d d i t io n
i. -

o f  c e r t a i n  ch em ica ls  o r  a s  a f u n c t io n  o f th e  h ig h  heavy m eta l 

c o n c e n tra t io n s  i n  th e  t a i l i n g s .  The work by C aruccio  (1972) on p y r i t e  

t r a c e  e lem en t c o n te n t le n d s  cred en ce  to  t h i s  id e a . A more te n a b le



e x p la n a t io n  in v o lv e s  th e  ‘" h i s to r i e s 81 o f  th e  two m a te r i a l s .  Compared 

to  w as te  ro o k , t a i l i n g s  m a te r ia l  i s  c o n s id e ra b ly  more w eathe red  due 

to :  I )  th e  f i n e r  g r a in  s i z e s  a s  a  r e s u l t  o f  m i l l in g ,  and 2) d e p o s i t io n  

i n  a w e t te r  env iro n m en t, f a c i l i t a t i n g  g r e a t e r  m ic ro b ia l a c t i v i t y  and 

p ro d u c t t r a n s p o r t .  A lthough a c id -b a s e  a c c o u n tin g  in d ic a te d  s im i la r  

am ounts o f  p y r i t e  p re s e n t  i n  th e  two m a te r i a l s ,  th e  p y r i t e  p re s e n t  i n  

th e  t a i l i n g s  may be a rem nant o f  much g r e a t e r  q u a n t i t i e s  which have 

been o x id iz e d . . T his p re v io u s  o x id a t io n  had l i k e l y  reduced  th e  

r e a c t i v i t y  o f  th e  t a i l i n g s  p y r i t e  by fo rm ing  c o a t in g s ,  and th u s  th e  

a c id  p ro d u c tio n  e x h ib i te d  by th e  t a i l i n g s  i n  t h i s  s tu d y  was l e s s  th a n  

e x p e c te d . The s i l t  and c la y  f r a c t i o n  e x h ib i te d  h ig h  a c id  p ro d u c tio n  

d e s p i t e  t h i s  low ered  r e a c t i v i t y  due to  th e  e le v a te d  am ounts o f  p y r i t e  

p r e s e n t .

A lthough t h i s  h y p o th e s is  e x p la in s  th e  q u e s tio n s  r a i s e d  by th e  

ex p erim en t w i th in  th e  c o n te x t o f a c id  p ro d u c tio n  b e in g  a  s u r fa c e  a re a  

dependen t phenomenon, th e se  q u e s t io n s  m igh t a l s o  be p a r t i a l l y  

e x p la in e d  by a m a n if e s ta t io n  o f  th e  e x p e rim e n ta l d e s ig n  w ith  r e s p e c t  

to  w a te r  r e l a t i o n s h i p s .  The t a i l i n g s  m a te r ia l  w ith  i t s  s m a lle r  po re  

sp a c e s  r e t a in e d  w a te r  more u n ifo rm ly  th ro u g h o u t th e  tu b e  le n g th  th a n  

th e  w as te  ro c k , which ponded w a te r  a t  th e  bottom  of th e  tu b e s  but h e ld  

v ery  l i t t l e  w a te r  i n  th e  upper tw o - th i rd s  o f th e  tu b e  volum e. With 

th e  m a jo r i ty  o f i t s  p o re s  f i l l e d  to  a  g r e a t e r  e x te n t  th a n  th e  w aste

50
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ro c k , th e . t a i l i n g s  m a te r ia l  may have ( r e l a t i v e l y )  a c te d  a s  an oxygen 

d i f f u s io n  b a r r i e r  and a llo w e d  f o r  l e s s  p y r i t e  o x id a tio n  to  ta k e  p la c e . 

A lso, th e  in c re a s e d  w a te r  c o n te n t may have a llo w ed  f o r  more C aC O g  to  

be  b r o u g h t  i n t o  s o l u t i o n ,  i n c r e a s i n g  t h e  pH. Of c o u r s e  t h e  

i n t e r a c t i o n  w as n o t  t h a t  s im p le ,  a s  th e  p o n d in g  i n  t h e  w a s te  ro c k  

tu b e s  d e c r e a s e d  o x i d a t i o n  i n  t h e  ponded  s e c t i o n  and  th u s  a f f e c t e d  

t o t a l  o x id a t io n .  A lso, i t  would be ex p e c te d  th a t  t h i s  e f f e c t  would be 

g r e a t e s t  i n  th e  t a i l i n g s  s i l t  and c la y  f r a c t i o n ,  w hich a c tu a l ly  showed 

th e  g r e a t e s t  n e u t r a l i z a t i o n  p o te n t i a l .  The r e l a t i v e l y  la r g e  am ounts 

o f  p y r i t e  p r e s e n t  i n  t h i s  s i z e  c l a s s  may h ave  b e e n  s u f f i c i e n t  t o  

n e g a te  t h i s .

L a s t l y ,  th e  i m p l i c a t i o n s  and  v a lu e  o f  t h e  r e g r e s s i o n  e q u a t io n s  

w h ic h  w e re  d e v e lo p e d  m u s t be d i s c u s s e d .  The e q u a t io n  f o r  th e  A l ta  

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

s i z e s .  H o w e v e r  t h e  v a l u e  o f  0 .4 7  w as  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  and i n d i c a t e d . t h a t  l e s s  th a n  one h a l f  o f  th e  in f lu e n c e  in  

d e te rm in in g  lim e  r a t e  was due to  th e  f a c t o r s  o f g r a in  s i z e  and d e s ir e d  

pH. The p r e v io u s  d i s c u s s i o n  s u g g e s t s  t h a t  o t h e r  f a c t o r s  w h ich  may 

have been im p o r ta n t w ere : I) m inero logy  a s  i t  r e l a t e d  to  w e a th e r in g , 

w h ic h  i n  t u r n  i s  r e l a t e d  t o  g r a i n  s i z e  and  r e a c t i v i t y ,  2) p y r i t e  

m o rp h o lo g y  (C a r u c c io ,  1970 , 1972) and  o r e  m i l l i n g  p r o c e s s e s  a s  th e y  

r e l a t e d  to  r e a c t i v i t y ,  and 3) w a te r  c o n te n t  apd reg im e  a s  th ey  r e la t e d  

to  p ro d u c t t r a n s p o r t  and a c id -b a s e  e q u i l i b r i a  (G e id e l, 1979)« The R2
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v a lu e  f o r th e . A lta w as te  ro c k was s t a t i s t i c a l l y s i g n i f i c a n t and

in d ic a te d t h a t 0 .76 o f th e  in f lu e n c e i n  d e te rm in in g lim e r a t e was

acco u n ted f o r by g r a in  s iz e and d e s ir e d  pH. The e q u a tio n

c o e f f i c i e n t s  showed t i i a t  b u f f e r in g  c a p a c ity  in c re a s e d  w ith  d e c re a s in g  

g r a in  s i z e  i n  th e s e  m a te r i a l s .  The r e g r e s s io n  s u r f a c e s  in d ic a te d  th e  

w aste  ro c k  had a h ig h e r  n e u t r a l i z a t i o n  p o te n t i a l  a t  a g iv e n  g r a in  s i z e  

and a s te e p e r  re sp o n se  s u r fa c e  compared to  th e  t a i l i n g s .  D esp ite  th e  

s ig n i f i c a n c e  o f th e  m u l t ip le  c o e f f i c i e n t  o f  d e te rm in a tio n  f o r  th e  A lta  

w as te  ro c k , th e  a u th o r  b e l ie v e s  t h a t  th e  r e l a t i o n s h ip s  in v o lv e d  w ere 

more complex th a n  in d ic a te d  by th e  r e g r e s s io n .  T his com plex ity  was 

ev id en ced  by th e  e r r a t i c  v a r i a t i o n  i n  pH changes o ver tim e a s  

p re v io u s ly  d e s c r i b e d . .

Summary and C o n clusions

The r e l a t i o n s h ip s  e x p re sse d  i n  t h i s  ex p erim en t in d ic a te d  th a t  

th e r e  w ere d i f f e r e n c e s  betw een g r a in  s i z e s  w ith  r e s p e c t  to  t h e i r  a c id -  

base  e q u i l i b r i a ,  and th a t  th e se  d i f f e r e n c e s  may e n a b le  one to  i n f e r  

a c id  g e n e ra t io n  p o te n t i a l  o r  lim e  a p p l ic a t io n  r a t e s .  The s ig n i f i c a n t  

i n t e r a c t i o n s  betw een g r a in  s iz e  and lim e, r a t e  o u t l in e d  th e  l i m i t s  o f 

b u f f e r in g  c a p a c ity  f o r  each g r a in  s i z e  and th e  p a t t e r n s  o f  pH change 

o ver tim e may have in d ic a te d  r e l a t i o n s h ip s  w ith  r e s p e c t  to  d i f f e r e n c e s  

and. changes i n  p y r i t e  r e a c t i v i t y .  * The le n g th  of th e  ex p erim en t may 

have l im i t e d  th e  i n t e r p r e t a t i o n  o f  th e  d a ta  such  th a t  in f e r e n c e s  cou ld
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be made only  a s  to  th e  s h o r t ,  term  n e u t r a l i z a t i o n  c a p a c i ty  o f  th e  

m a t e r i a l s ,  r a t h e r  th a n  th e  lo n g  te rm  a c id  p ro d u c t io n  p o t e n t i a l s .  

O ther l a b o r a to r y  s t u d i e s  have d em onstra ted  co n t in u ed  p y r i t e  o x id a t io n  

foh  s e v e r a l  y e a r s  ( S t r u t h e r s ,  1964), A lso, th e  f a c t  t h a t  th e  tu b es  

were n o t  f lu s h e d  a n d /o r  h e ld  a t  e q u a l  w a te r  p o t e n t i a l s  may have 

s i g n i f i c a n t l y  a f f e c t e d  th e  r e s u l t s  o f  th e  s tu d y .

S i g n i f i c a n t  l i n e a r  r e g r e s s i o n  a n a l y s i s  showed t h a t  g r a i n  s i z e  and 

d e s i r e d  pH were im p o r ta n t  f a c t o r s  i n  ■„ p r e d i c t i n g  l im e  r a t e s  on 

m i n e s o i l s .  However, i t  was i n d i c a t e d  t h a t  a d d i t i o n a l  f a c t o r s  must 

a l s o  i n f l u e n c e  AMD p r o d u c t io n .  T h is  was e s p e c i a l l y  e v id e n t  w i th  th e  

t a i l i n g s  m a t e r i a l .  M inero logy , t r a c e  e lem ent i n t e r a c t i o n s ,  p y r i t e  

morphology, and w a te r  r e l a t i o n s h i p s  may be some o f  th e  more im p o r tan t

' o f  th e s e  f a c t o r s



SITE CHARACTERIZATION RESULTS AND DISCUSSION

F o r  e a c h  m ine  s i t e ,  s o i l  and  w a t e r  d a t a  w e re  e v a l u a t e d  w i t h  

r e s p e c t  t o  a p p r o p r i a t e  c r i t e r i a .  Water q u a l i t y  d a ta  w ere  compared to  

U.S. E.P.A. s t a n d a r d s  p e r t a i n i n g  t o  i m p a c t  on a q u a t i c  l i f e ,  u s e  a s  

d r in k in g  w a te r ,  and lo n g  te rm  i r r i g a t i o n  use . These s ta n d a rd s  (Table 

13), a s  w e l l  a s  th e  w a te r  q u a l i t y  d a ta  f o r  th e  in d iv d u a l  s i t e s ,  may be 

fo u n d  i n  A ppend ix  Be S o i l  c h e m i c a l  d a t a  w e re  c o m p ared  t o  s u s p e c t e d  

. p h y t o t o x i c  l e v e l s  p r e s e n t e d  i n  " D i a g n o s t i c  C r i t e r i a  f o r  P l a n t s  and  

S o i l s "  (Chapm an, 1966) and  t h e  M ontana  S t r i p  and  U n d e rg ro u n d  M in in g  

A ct ( 1979).  S o i l s  d a t a  w e re  a l s o  r e l a t e d  t o  g u i d e l i n e s  d e v e lo p e d  by 

S c h a fe r  (1979) w hich r a t e  s o i l  m a t e r i a l s  f o r  use  a s  c o v e r s o i l .  These 

c r i t e r i a  a r e  p r e s e n t e d  i n  A ppend ix  C ( T a b l e s  18 and  19), a lo n g  w i t h  

s o i l  p h y s ic a l  and ch em ica l  d a ta  and pedon d e s c r i p t i o n s  from each s i t e .  

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

w e re  a l s o  c o n s i d e r e d .  T h re e  g e n e r a l  g r o u p s  o f  s o i l  p r o f i l e s  w e re  

e x a m in e d  i n  t h i s  s t u d y :  t h o s e  i n  I )  n a t u r a l  ( u n d i s t u r b e d )  s o i l ,  2) 

m i l l  t a i l i n g s ,  and  3) w a s t e  r o c k .  T hese  m a t e r i a l s  e x h i b i t e d  

d r a s t i c a l l y  d i f f e r e n t  c h a r a c t e r i s t i c s .  The u n d i s t u r b e d  s o i l s  show ed 

p r o f i l e  developm ent, which in v o lv e s  o rg a n ic  m a t t e r  b u i ld u p  n e a r  th e  

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

c a t i o n s ,  and o th e r  m a t e r i a l s  w i th i n  th e  p r o f i l e .  These s o i l  fo rm a t io n  

p ro c e s s e s  a r e  im p o r ta n t  i n  te rm s  o f  f a c i l i t a t i n g  w a te r  movement and 

r e t e n t i o n ,  and n u t r i e n t  c y c l in g .  F ig u re  12 i l l u s t r a t e s  th e  p r o f i l e  of
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an u n d is tu rb e d  s o i l .

F ig u re  12. P r o f i l e  of an u n d is tu rb e d  s o i l ,  showing s o i l  development 
and  h o r i z o n a t i o n .  T h is  p i t  i s  l o c a t e d  a t  t h e  A l ta  m ine  
( s i t e  0 9 ) .

The c h a r a c t e r i s t i c s  o f  t a i l i n g s  m a t e r i a l s  w ere in f lu e n c e d  

by th e  m i l l i n g  p ro c e s s ,  which p h y s ic a l ly  and c h e m ic a l ly  a c c e le r a te d  

w e a t h e r i n g ,  and by f l u v i a l  d e p o s i t i o n ,  w h ich  s t r a t i f i e d  t h e
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t a i l i n g s  a s  a f u n c t i o n  o f  p a r t i c l e  s i z e .  Such s t r a t i f i c a t i o n  o f t e n  

t e n d s  t o  im p e d e  v e r t i c a l  w a t e r  m ovem ent t h r o u g h  t h e  t a i l i n g s  and 

c r e a t e s  s e e p s ,  p e r c h e d  w a t e r  t a b l e s ,  and  c h e m i c a l l y  r e d u c e d  z o n e s .  

T h is  l a y e r i n g  i s  d e p ic te d  i n  th e  t a i l i n g s  p r o f i l e  i n  F ig u re  13.

F ig u re  13. P r o f i l e  o f  t a i l i n g s  pond i l l u s t r a t i n g  l a y e r i n g  and zo n e  
o f  r e d u c t i o n  ( d a r k ) .  T h i s  p r o f i l e  i s  t a k e n  fo rm  t h e  
B e r th a  t a i l i n g s  lo w er  pond ( s i t e  14).
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Waste ro c k  p i t s  w ere  c h a r a c t e r i z e d  by r e l a t i v e  hom ogeniety , la c k  

o f  p r o f i l e  developm ent, and low w a te r  h o ld in g  c a p a c i ty  due to  a h igh  

p e rc e n ta g e  o f  ro c k  f ra g m e n ts .  These c h a r a c t e r i s t i c s  a r e  d e p ic te d  i n  

F ig u re  14.

F ig u re  14. Waste ro c k  p r o f i l e  p i t  ta k e n  from th e  A lta  Mine ( s i t e  10) 
d e p i c t i n g  rocky and homogeneous n a tu re  o f  t h i s  m a t e r i a l .
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I n  a d d i t i o n  t o  s o i l  and  w a t e r  p a r a m e t e r s ,  t h i s  i n v e s t i g a t i o n  

e v a lu a te d  g e n e r a l  p h y s io g ra p h ic  f e a t u r e s  a t  each s i t e .  These in c lu d e d  

s l o p e  l e n g t h s  and  g r a d i e n t s  a s  t h e y  r e l a t e d  t o  e r o s i o n  p o t e n t i a l j  

e v i d e n c e  o f  w in d  and  w a t e r  e r o s i o n ,  an d  p h y s i c a l  h a z a r d s  t o  p u b l i c  

h e a l t h  and s a f e t y .

C h a r a c t e r i z a t i o n  o f , t h e  A l ta  JMine

S i t e  D is o r iP t io n

L o c a t io n . The A lta  Mine i s  l o c a t e d  on A lta  m oun ta in  i n  s e c t i o n s  

9 a n d  1 0 ,  T7N, RHW MPM, J e f f e r s o n  C o u n t y ,  M o n ta n a .  I t  i s  

a p p ro x im a te ly  3.6 k i l o m e t e r s  (km) WSW o f  J e f f e r s o n  C ity ,  s i t u a t e d  on 

p r i v a t e  c l a im s  a d j a c e n t  t o  BLM p ro p e r ty  and n ea r  th e  H elena N a tio n a l  

F o r e s t .  Access t o  th e  mine i s  o b ta in e d  v i a  I n t e r s t a t e  Highway 15.

C l i m a t e . The b e s t  a v a i l a b l e  c l i m a t o l o g i c a l  d a t a  f o r  t h e  A l t a  

s i t e  was o b ta in e d  from th e  Helena AP w e a th e r  s t a t i o n  (e le v .  1200 m). 

Y early  p r e c i p i t a t i o n  was v a r i a b l e  and averaged  28.98 ±  10.HO cm (U.S. 

W eather Bureau, 1971-1981). Most o f  th e  p r e c i p i t a t i o n  f e l l  a s  s p r in g  

and  f a l l  r a i n s ,  and  snow . Summer p r e c i p i t a t i o n  o c c u r r e d  a s  a few  

th u n d e r  s to rm s  ( B e e ra f t  e t  a l . ,  1963). A pproxim ately  65 -  75% of  

th e  annua l p r e c i p i t a t i o n  f e l l  d u r in g  th e  g row ing season , w hich 

a v e r a g e d  120 ±  7 f r o s t  f r e e  d a y s .  The a v e r a g e  a n n u a l  d a i l y  

te m p e ra tu r e  was 6.H ± 1 . 0  d eg rees  c e n t ig r a d e  (0C), w h i l e  maximum and
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minimum t e m p e r a t u r e s  r e a c h e d  38»9 and  - 3 7 .2 °  C, r e s p e c t i v e l y  (U.S, 

W eather Bureau, 1971-1981). Although s i m i l a r  d a ta  was o b ta in e d  from 

t h e  B a s i n  3W w e a t h e r  s t a t i o n  ( e l e v .  1685 m), i t  m u s t  be n o te d  t h a t  

l o c a l  c l i m a t e  i s  v a r i a b l e  i n  m o u n ta in o u s  a r e a s .  C o n d i t i o n s  a t  t h e  

A lta  s i t e  may be somewhat w e t t e r  and c o o le r  th an  i s  in d i c a t e d  by th e  

d a t a  p r e s e n te d .

G eo lo g y  and  M in in g  H i s t o r y . The A l t a  s tu d y  s i t e  l i e s  on t h e  

n o r t h e r n  b o u n d a ry  o f  t h e  B o u ld e r  b a t h o l i t h .  The m in e  i t s e l f  was 

u n d e r l a in  by E lkhorn  M ountain v o l c a n i c s , . and th e  o re  body c o n s i s te d  o f  

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

a r g e n t i f e r o u s  g a le n a ,  t e t r a h e d r i t e ,  and p y r i t e  (B e c ra f t  e t  a l . ,  1963). 

These m i n e r a l s  y ie ld e d  s i l v e r  a n d . l e a d  a s  th e  p r i n c i p l e  m e ta l s ,  a long  

w i t h  c o p p e r ,  z i n c ,  and  g o ld .  The d e p o s i t  was. i n  a w e l l  d e v e lo p e d  

e a s t - t r e n d i n g  s h e a r  z o n e  a l o n g  w h ic h  t h e  v o l c a n i c  h o s t  r o c k  was 

f r a c t u r e d  and i n t e n s e l y  a l t e r e d  f o r  w id th s  o f  45-60 m e te rs  (m). The 

v e in  d ipped  30-60° N i n  th e  upper l e v e l s  o f  th e  mine and 60-70° N i n  

th e  lo w e r  l e v e l s .  A q u a r tz  l a t i t e  d ik e  c u t  a c r o s s  t h e  o r e  body in  th e  

open p i t  on th e  upper p o r t i o n  of th e  m ountain . The o re  i n  th e s e  upper 

s e c t i o n s  had been le a c h e d  and was o f  low g rade  (B e c ra f t  e t  a l . ,  1963).

The A lta  o re  body was mined by a s h a f t  200 m deep w i th  13 l e v e l s  

th ro u g h  a  v e r t i c a l  i n t e r v a l  o f  420 m. The main s h a f t  was f lo o d e d  and 

n e a r l y  a l l  t h e  w o r k in g s  w e re  i n a c c e s s i b l e  ( B e c r a f t  e t  a l . ,  1963).
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M ining was begun a t  A l ta  i n  1869 by th e  A lta  Montana M ining Company, 

which o p e ra te d  u n t i l  1882 when h ig h  t r a n s p o r t a t i o n  > c o s t s  caused th e  

m in e  t o  c l o s e .  I t  w as b o u g h t  i n  1883 by S,T. H a u s e r  and  D,C, C o rb in ,  

who o r g a n i z e d  t h e  H e le n a  M in in g  and  R e d u c t io n  Company, b u i l t  new 

s m e l t e r s  t o  h an d le  th e  o re ,  and induced  th e  N orthern  P a c i f i c  R a i lro a d  

t o  b u i l d  a l i n e  f ro m  W ickes  t o  E a s t  H e le n a  t o  r e d u c e  t r a n s p o r t a t i o n  

c o s t s .  The m in e  e x p e r i e n c e d  p eak  p r o d u c t i o n  i n  t h e  t e n  y e a r s  t h a t  

f o l l o w e d  (1883 -  1893)» y i e l d i n g  o v e r  32 m i l l i o n  d o l l a r s  o f  o r e  t o  

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

e n d e d  i n  1896 when t h e  m in e  c l o s e d  due t o  a d ro p  i n  s i l v e r  p r i c e s ,  

h ig h  m in in g  c o s t s ,  and i n e f f i c i e n t  o re  e x t r a c t i o n  a t  th e  c o n c e n t r a to r .  

The m in e  w as r e o p e n e d  a t  l e a s t  t w i c e  t o  s u r f a c e  e x c a v a t i o n ,  m o s t  

r e c e n t l y  by th e  Lahey L easing  Company from 1949 -  1957« ' The t a i l i n g s  

from th e  c o n c e n t r a to r  w ere rew orked  t h r e e  t im e s  and w ere  u l t i m a t e l y  

t r u c k e d  f ro m  t h e i r  s i t e  on C o rb in  F l a t s  t o  E a s t  H e le n a  i n  t h e  l a t e  

19309S.

The t a i l i n g s  m a t e r i a l s  w h ic h  w e re  i n c l u d e d  i n  t h i s  s tu d y  w e re  

f ro m  t h e  B e r t h a  m in e ,  w h ic h  o p e r a t e d  f ro m  1906 -  1918 (Roby e t  a l , ,  

I960). The pond i s  l o c a t e d  i n  s e c t i o n  3» T7N, R4W MPM, a p p ro x im a te ly  

1.6 km NE o f  t h e  A l t a  m in e .  The B e r t h a  w as m ined  u t i l i z i n g  a m a in  

s h a f t  275 m deep w i th  5 l e v e l s ,  some o f  which ex tended  a s  much as 457 

m a long  th e  v e in .  . The o re  body c o n s i s t e d  o f  c h a lc o p y r i t e  and p y r i t e  

c o n ta in e d  i n  th e  c o a rse  w h i te  q u a r tz  gangue o f  th e  B ou lde r b a t h o l i t h .
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The m in e ra l  e o s a l i t e  was a l s o  p r e s e n t .  The s t r i k e  o f  th e  v e in  was M 

40° E and  t h e  d i p  8 0°  S. I t  a v e r a g e d  1.2 m i n  w i d t h ,  r a n g i n g  f ro m  

s e v e r a l  c e n t i m e t e r s  (cm) t o  3 m (K nopf , 1 913)« C opper  w as t h e  m a in  

m e ta l  e x t r a c t e d  from th e  B e r th a  mine, a long  w ith  s m a l l e r  amounts o f  

s i l v e r  and go ld .

P h y s io g r a p h y . The tw o  s i t e s  i n c l u d e d  i n  t h i s  s t u d y  l i e  w i t h i n  

t h e  C o lo ra d o  m in in g  d i s t r i c t ;  a n  a r e a  o f  sm o o th  r o u n d e d  r i d g e s  and  

m o d e ra te ly  s lo p in g  v a l l e y s .  R e l ie f  i n  th e  a r e a  i s  a p p ro x im a te ly  300 

m, w i t h  t h e  m o u n ta in  p e a k s  r a n g i n g  f ro m  1800-2590  m i n  e l e v a t i o n  

(B e o ra f t  e t  a l . ,  1963). The A lta  mine s i t e  was ca rved  i n t o  a d ra in a g e  

on t h e  e a s t  f a c e  o f  A l t a  m o u n t a in  f ro m  t h e  s u m m it  a t  1890 m t o  t h e  

base  some 365 m below. The t o t a l  a r e a  d i s tu r b e d  was a p p ro x im a te ly  10 

h a .

The s i t e  may be d i v i d e d ,  i n t o  u p p e r  and  l o w e r  s e g m e n t s .  On t h e  

upper a r e a  a s e r i e s . o f  open c u t s  p ro g re s s e d  down th e  s lo p e  and c r e a te d  

f o u r  b e n c h e s  i n  t h e  m o u n t a i n s i d e .  The c u t s  w e re  c h a r a c t e r i z e d  by 

n e a r ly  v e r t i c a l  18-30 m h ig h w a l l s  and s t e e p  s id e w a l l s  w hich c o n s i s te d  

m a in ly  o f  w a s t e  r o c k  p i l e d  a t  t h e  a n g l e  o f  r e p o s e .  W aste  r o c k  was 

a l s o  p i l e d  a t  th e  mouths o f  th e  c u t s ,  a lo n g  th e  m in ing  ro a d s ,  and h as  

been dumped o v er  th e  s lo p e  bury ing  th e  b a se s  o f  s m a l l  clum ps o f  t r e e s ,  

t h e r e b y  k i l l i n g  th em . The p h y s i o g r a p h i c  f e a t u r e s  d e s c r i b e d  a r e  

d e p ic te d  i n  F ig u re  15. Two open a d i t s  e x i s t e d  a t  th e  upperm ost open
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o u t  and c o n s t i t u t e  a h az a rd  to  p u b l i c  h e a l th  and s a f e ty .  O ther a d i t s  

a p p a r e n t  on t h e  u p p e r  p o r t i o n  o f  t h e  m ine  w e re  c o l l a p s e d  a t  t h e  

s u r f a c e .

The lo w e r  p o r t i o n  of th e  mine c o n s i s t e d  o f  a bench a t  th e  base of th e  

m o u n t a in  on w h ic h  w e re  s i t u a t e d  s e v e r a l  b u i l d i n g s  and  a h e a d f r a m e .  

These b u i ld in g s ,  a long  w i th  o th e r  s t r u c t u r e s  on the  p ro p e r ty  have been 

d e s c r i b e d  i n  d e t a i l  by C la r k  (1 9 8 1 ) .  A l l  s t r u c t u r e s  o n  t h e  p r o p e r t y  

w ere i n  poor c o n d i t io n  and should  be c o n s id e re d  p o t e n t i a l  h aza rd s  to  

p u b l i c  h e a l t h  and s a f e t y .  A sso c ia ted  w i th  t h i s  lo w e r  a r e a  was a l a r g e  

w a s t e  r o c k  p i l e  w h ic h  had  b een  dumped o f f  t h e  bench  a t  t h e  a n g l e  o f
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r e p o s e  i n t o  th e  d ra in a g e  below. The dump was 15-18 m i n  h e ig h t .

The B e r t h a  t a i l i n g s  w e re  d e p o s i t e d  a l o n g  C o r b in  C reek  i n  t h e  

n o r th e a s t e r n  f o o t s l o p e s  o f  A lta  m ountain . The m i l l  pond c o n s i s te d  o f  

tw o  l e v e l s .  The l o w e r  l e v e l  was a t  t h e  e a s t e r n  end  o f  t h e  pond, was 

a p p ro x im a te ly  1.5 m th i c k ,  and e x h i b i t e d  marked v e r t i c a l  l a y e r in g  o f  

m a t e r i a l s .  The u p p e r  l e v e l  was a t  t h e  w e s t e r n  end  o f  t h e  pond , was 

a p p ro x im a te ly  6 m th i c k ,  and d i s p la y e d  l e s s  v e r t i c a l  v a r i a t i o n  i n  th e  

upper  100 cm. The upper l e v e l  o f  th e  t a i l i n g s  occup ied  a p p ro x im a te ly  

80% o f  t h e  1.5 ha  pond . I n  a d d i t i o n ,  t h e r e  e x i s t e d  a  w ooden 

d ra inagew ay  c o n s t r u c t e d  under th e  upper t a i l i n g s  w hich was open both  

a t  t h e  w e s t e r n  ed g e  o f  t h e  t a i l i n g s  an d  a t  t h e  t a i l i n g s  d i k e .  T h is  

d ra inagew ay  may c o n s t i t u t e  a s e r io u s  s a f e t y  hazard .

The B e r t h a  m i l l  s i t e  d i s t u r b e d  an  a d d i t i o n a l  1.5 h a  a few  

hundred m e te rs  u p s t r e a m  ( w e s t )  o f  t h e  t a i l i n g s  pond. The s i t e , w a s  

c h a r a c t e r i z e d  by th e  m i l l  r u i n s ,  and w a s te  ro c k  p i l e s  bo th  a d ja c e n t  to  

t h e  s t r e a m  and  s c a t t e r e d  on t h e  h i l l  s l o p e s .  F i g u r e s  16 and  17 

d e p i c t  th e  B e r th a  t a i l i n g s  and m i l l  s i t e s .

Hydrology and Water Q u a l i ty  A na lys is

The A l t a  m in e  o c c u p i e s  a l a r g e  p o r t i o n  o f  a d r a i n a g e  on t h e  

e a s t e r n  f a c e  o f  A lta  Mountain. Thus n e a r ly  a l l  p r e c i p i t a t i o n  f a l l i n g  

on t h i s  d r a i n a g e  m oves o v e r  and th r o u g h  t h e  m ine  w a s t e s .  The o n ly  

s u r f a c e  f l o w s  o b s e r v e d  i n  l a t e  sum m er (0 8 /1  8 /8 1 )  w e re  a  seep , a t  t h e
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F ig u re  17. View o f  th e  B e r th a  m i l l  s i t e  lo o k in g  so u th
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b a s e  o f  t h e  l o w e r  dump and  a m in o r  s e e p  f ro m  a c o l l a p s e d  a d i t  on t h e  

u p p e r  p o r t i o n  o f  t h e  m in e ,  A s t u d y  by t h e  M ontana  W a te r  Q u a l i t y  

B u re a u  ( In g m a n ,  1981) p o s t u l a t e d  t h a t  t h e  s e e p  a t  t h e  b a s e  o f  t h e  

m o u n t a in  c o n s i s t e d  o f :  1) r e s u r f a c e d  w a t e r  f ro m  t h e  u p p e r  s e e p ,  2) 

w a te r  c o n t r i b u te d  by o th e r  underground w ork ings , and 3) p r e c i p i t a t i o n ,  

le a c h e d  th ro u g h  th e  w a s te  rock .

The A lta  mine d ra in a g e  f low ed  i n t o  C orbin  Creek below th e  B e r th a  

t a i l i n g s ,  w hich th e n  f lo w ed  i n t o  S p r in g  Creek and f i n a l l y  i n t o  P r ic k ly  

P ear  Creek a p p ro x im a te ly  5 km dow nstream . Although f low  from th e  A lta  

s e e p  w as  lo w  ( y e a r l y  m ean= .06 c f s ) ,  a M ontana  W a te r  Q u a l i t y  B u re a u  

s t u d y  fo u n d  t h i s  d r a i n a g e  t o  u n q u e s t i o n a b l y  be t h e  l a r g e s t  s i n g l e  

so u rce  o f  p o l l u t a n t s  to  S p r in g  Creek (Ingman, 1981). The s tudy  found 

t h e  d r a i n a g e  t o  h a v e  low  pH, h ig h  EC, and e l e v a t e d  s u l f a t e  and 

h a rd n e s s  l e v e l s .  The d ra in a g e  w a te r  exceeded  a p p l ie d  w a te r  q u a l i t y  

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

d i s s o l v e d  s o l i d s ,  and  s e v e r a l  h e av y  m e t a l s .  The p o l l u t i o n  l o a d  w as 

found t o  vary  s e a s o n a l ly ,  b e ing  g r e a t e s t  d u r in g  s p r in g  r u n o f f  due to  

in c r e a s e d  le a c h in g  o f  th e  w a s te  m a t e r i a l s  (Ingman, 1981). There was 

ev idence  o f  s e v e re  e r o s io n  d u r in g  th e s e  h ig h  flow  p e r io d s ,  as  re v e a le d  

by g u l l i e s  app roach ing  5 m i n  dep th  and s e v e r a l  mine s t r u c t u r e s  near  

th e  headfram e which w ere f i l l e d  w i th  sed im en t.  The i n t r o d u c t i o n  of 

w a s te  ro c k  p a r t i c l e s  i n t o  th e  s t re a m  a l s o  c o n t r i b u t e s  to  th e  e l e v a te d  

p o l l u t i o n  lo a d s  a t  th e s e  t im e s .  Data from t h i s  s tu d y ,  which a r e  l i s t e d
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i n  Table 14, c o r ro b o ra te d  th o se  o f  Ingman® The A lta  d ra in a g e  e x h ib i t e d  

a r u s t  c o lo re d  i r o n  p r e c i p i t a t e  th ro u g h o u t  i t s  le n g th .  The d ra in a g e  

w a te r  was shown to  i n c r e a s e  th e  s o l u b i l i t y  o f  m e ta l s  i n  Corbin Creek 

( In g m a n ,  1981),

The B e r t h a  t a i l i n g s  w e re  a p p a r e n t l y  d e p o s i t e d  i n  t h e  s t r e a m  

bottom  o f  Corbin  Creek, w i th  a  wooden d r a in  p ip e  d i r e c t i n g  s t ream flo w  

u n d e r  t h e  t a i l i n g s .  S in c e  a b a n d o n m e n t ,  t h e  c r e e k  h ad  m i g r a t e d  away 

f ro m  t h i s  d i v e r s i o n ,  and  f lo w e d  a r o u n d  t h e  n o r t h e r n  ed g e  o f  t h e
I  _ .

t a i l i n g s  p o n d .  E s t a b l i s h m e n t  o f  t h e  new c h a n n e l  h a d  e r o d e d  

a p p r o x i m a t e l y  10% o f  t h e  t o t a l  t a i l i n g s  v o lu m e  a l o n g  t h e  n o r t h e r n  

boundary. Severe  g u l l y  e r o s io n  was a l s o  p r e s e n t  on th e  s o u th e rn  s id e  

o f  t h e  pond , and  a c c o u n t e d  f o r  r e m o v a l  o f  an  a d d i t i o n a l  5% o f  t h e  

t a i l i n g s  m a t e r i a l .  T h is  e r o s io n  was p ro b ab ly  due to  s t re a m  f lo o d in g ,  

a l th o u g h  r u n o f f  from th e  s m a l l  w a te r s h e d  above th e  ponds may a l s o  have 

c o n t r i b u t e d  to  th e  problem .

W ater sam ples  w ere  o b ta in e d  from Corbin  Creek a p p ro x im a te ly  1,0 

km u p s tream  of  th e  d i s tu r b a n c e  and a t  th e  p o in t  o f  d i s c h a rg e  from th e  

t a i l i n g s .  D a ta  f ro m  t h e s e  s a m p l e s  a r e . l i s t e d  i n  T a b le  14, A m arked  

d e c re a s e  i n  w a te r  q u a l i t y  o cc u rre d  downstream of  th e  d i s tu r b e d  a re a ,  

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

h a r d n e s s ,  an d  EC. Of t h e  h e a v y  m e t a l s ,  t h e  l a r g e s t  i n c r e a s e s  w e re  

e x h i b i t e d  by m a n g a n e s e ,  z i n c ,  and  c o p p e r .  M easu red  pH r e m a in e d
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w i t h i n  an a c c e p ta b l e  range* These f i n d i n g s  w ere s i m i l a r  t o  th o se  o f  

Ingman (1981). A y e l lo w is h - g r e e n  p r e c i p i t a t e  was e v id e n t  on th e  s tream  

bottom  w hich was no t  n o te d  i n  th e  p re v io u s  s tu d y .

Ingman d e te rm in e d  t h a t  th e  m a jo r  problem o f  t h i s  segm ent o f  th e  

d r a i n a g e  w as  a  h i g h  m e t a l - b e a r i n g  s e d i m e n t  l o a d  d e r i v e d  from  t h e  

t a i l i n g s  and  t h e  B e r t h a  m i l l  s i t e  0 .5  km u p s t r e a m ,  b o th  o f  w h ich  

b o rd e r .  C o rb in  C re e k .  He s i t e d  t h i s  s e g m e n t  o f  t h e  c r e e k  a s  a 

s i g n i f i c a n t  so u rc e  o f  copper,  manganese, and z in c  t o  th e  P r ic k ly  P ear 

d r a i n a g e .  The m e t a l  c o n t e n t  h e r e  w as i n  s e d im e n t  c o m p le x e s ,  i n  

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

d i s s o lv e d .  This  was p robab ly  due to  g r e a t e r  e r o s io n a l  t r a n s p o r t  and 

h i g h e r  pH a t  t h e  B e r t h a  s i t e .  A n o th e r  s tu d y  by t h e  M ontana  W ate r  

Q u a l i ty  Bureau (Pederson , 1977) i n d i c a t e d  t h a t  th e  e n t i r e  Corbin Creek 

d ra in a g e  was devo id  o f  a q u a t i c  l i f e .  From th e  s t u d i e s  perfo rm ed  i t  i s  

e v i d e n t  t h a t  b o th  t h e  A l t a  m in e  d r a i n a g e  and  C o rb in  C reek  be low  th e  

B e r th a  t a i l i n g s  a r e  s i g n i f i c a n t  s o u rc e s  o f  d e g ra d a t io n  t o  th e  P r ic k ly  

P e a r  d r a i n a g e  and  c o n s t i t u t e  a h a z a r d  t o  a q u a t i c  l i f e  and  p u b l i c  

h e a l t h ,

M in e so i l  C h a r a c t e r i z a t i o n

N a t u r a l  S o i l s  and  V e g e t a t i o n . A n a t i v e  s o i l  a t  th e  A lta  mine 

( s i t e  09) w as c l a s s i f i e d  a s  a c o a r s e - l o a m y  m ix ed  A rg ic  C ryo b o r o l l .  

T h is  p a r t i c l e  s i z e  c l a s s  was somewhat c o a r s e r  th an  s o i l s  i n  th e  a r e a
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d e s c r i b e d  by Vesefch and  Monfcagne ( 1980) and  M ontagne  efc a l e (1 9 8 2 ) .  

P h y s ic a l  and ch em ica l  d a ta ,  a s  w e l l  a s  th e  pedon d e s c r i p t i o n  f o r  t h i s  

s o i l  a r e  r e p r e s e n t e d  i n  T a b l e s  25 and  26. The s o i l  w as  m o d e r a t e l y  

deep, w e l l  d ra in e d ,  and e x h i b i t e d  m odera te  p e r m e a b i l i ty  and e ro s io n .  

S t r u c t u r e  w as  w eak f i n e  g r a n u l a r .  C h e m ic a l  and  p h y s i c a l  d a t a  

i n d i c a t e d  low  n u t r i e n t  s t a t u s  and  h e a v y  m e t a l  c o n t e n t .  T h e re  was 

e v i d e n c e  o f  p o s s i b l e  e n r i c h m e n t  o f  h e a v y . m e t a l s  i n  t h e  A and  B 

h o r iz o n s  due to  wind d e p o s i t i o n  from the ; mine and su b se q u en t  l e a c h in g .  

Heavy m e t a l  l e v e l s  w e re  h o w e v e r  w e l l  b e lo w  s u s p e c t e d  t o x i c  l i m i t s  

(Chapm an, 19 6 6 ) .  C a t i o n  e x c h a n g e  c a p a c i t y  was 15 meq/IOOg, w i t h  

c a l c iu m  d o m i n a t i n g  t h e  e x c h a n g e  co m p le x .  E xchange  a c i d i t y  w as 

p r e s e n t ,  w i t h  m e a s u r e d  pH r a n g i n g  f r o m  4 . 5 - 6 . 0 .  E l e c t r i c a l  

c o n d u c t iv i ty  i n d i c a t e d  n o n - s a l in e  c o n d i t io n s .

T he A l t a  n a t u r a l  s o i l  w as  a f a i r  t o  g o o d  r a n g e l a n d  s o i l  

s u p p o r t i n g  v e g e t a t i o n  w h ic h  i n c l u d e d  b lu e b u n c h  w h e a t g r a s s ,  Id a h o  

f e s c u e ,  and b ig  sag eb ru sh  (V eseth  and Montagne, 1980). F o re s te d  a r e a s  

w ere  a l s o  p r e s e n t  on m oun ta in  s lo p e s  and c o n s i s te d  o f  lo d g e p o le  p in e ,

D o u g la s  f i r ,  w h i t e  p i n e ,  s p r u c e ,  and  f i r .  Aspen w as a l s o  n o te d  on
.

th e  mine s i t e .  Although devoid  o f  v e g e t a t i o n  o ver  m ost o f  i t s  a r e a ,  

th e  mine d i s tu r b a n c e  s u p o r te d  o v er  40 s p e c ie s  o f  v e g e t a t i o n .  A l i s t  

o f  th e s e  s p e c i e s  may be found i n  T ab le  61 (Appendix D). The v e g e ta t i v e  

c o v e r  on  t h e  s i t e  w as c o n c e n t r a t e d  a t  t h e  b a s e  o f  dumps and a l o n g  

r o a d s i d e s .  I t  w as p o s t u l a t e d  t h a t  t h e s e  a r e a s  s u p p o r t e d  v e g e t a t i o n



b e c a u s e  t h e y :  I )  a f f o r d e d  p r o t e c t i o n  f ro m  w ind  b low n  p a r t i c l e s ,  2) 

w ere  r e l a t i v e l y  p r o t e c t e d  from e x c e ss  e v a p o ra t io n ,  3) may have had 

r e l a t i v e l y  g r e a t e r  m o i s t u r e  c o n t e n t s  due t o  s l o p e  p o s i t i o n ,  and  4) 

t r a p p e d  f i n e  p a r t i c l e s  and seed ,

A lta  Waste Rock (upper  m ounta in ) ,  A l ta  w as te  ro c k  was sampled a t  

two l o c a t i o n s ;  a t  th e  second open c u t  on th e  upper m oun ta in  ( s i t e  10), 

and  on  t o p  o f  t h e  l o w e r  dump ( s i t e  0 8 ) ,  T hese  s i t e s  a r e  d e p i c t e d  i n  

F ig u r e  18.

M a te r i a l  from th e  upper m oun ta in  s i t e  was f a i r l y  homogeneous. I t  

w as  c o a r s e  t e x t u r e d  w i t h  a  h ig h  r o c k  f r a g m e n t  p e r c e n t a g e ,  and  

e x h i b i t e d  m o d e ra te  d ra in a g e  and p e r m e a b i l i t y  and a low w a te r  h o ld in g  

c a p a c i t y .  The s o i l  w as c l a s s i f i e d  a s  a  s a n d y - s k e l e t a l  m ixed  T y p ic  

C r y o r t h e n t .  E r o s i o n  w as s e v e r e  due  t o  e x c e s s i v e  s l o p e  l e n g t h s  and  

g r a d i e n t s ,  and  t h e  l a c k  o f  p r o t e c t i v e  v e g e t a t i v e  c o v e r .  S o i l  

s t r u c t u r e  w as w eak g r a n u l a r .  F i e l d  pH was m o d e r a t e l y  a c i d  (5 ,5 ) ,  

w h i le  th e  pH o f  l a b o r a to r y  sam ples  was 6,2, Chemical d a t a  i n d i c a t e d  

low  s o l u b l e  and  e x c h a n g e a b l e  l e v e l s  o f  a l l  heavy  m e t a l s  e x c e p t  

l e a d ,  w hich was o v er  300 ppm (NH^OAc e x t r a c t a b l e ) .  N u t r i e n t  s t a t u s ,  

o rg a n ic  carbon , and EC w ere  a l l  low, A pedon d e s c r i p t i o n ,  and p h y s ic a l  

and c h em ica l  d a t a  from t h i s  s i t e  a r e  p re s e n te d  i n  T ab les  27 and 28.
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* 3 SOIL SAMPLING LOCATION
• 9 WATER SAMPLING LOCATION

Figure  18. Aer ia l  photo of the  Alta  mine, showing sampl ing l o c a t i o n s  
f o r  s o i l  and water .

From these  ana lyses  i t  appeared t h a t  the  upper Alta waste  p i l e s  

were  n o t  a m a jo r  c o n t r i b u t o r  to  p o l l u t i o n  e m a n a t in g  from th e  s i t e .  

High pH and low s u l f a t e  l e v e l s  i n d i c a t e d  a c i d  g e n e r a t i o n  was n o t  a 

p rob lem h e r e ,  and low heavy m e t a l  l e v e l s  m in im i z e d  c o n c e r n s  w i t h  

r e s p e c t  t o  t o x i c i t y  p r o b le m s .  The i m p o r t a n t  c o n s i d e r a t i o n s  on t h e  

upper mountain were the  l a ck  of v e g e ta t iv e  cover and the a c c e l e r a t e d  

e r o s i o n ;  two p r o b le m s  which  a c t  s y n e r g i s t ! c a l l y .  I n  a d d i t i o n  to
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a c t i v e  e r o s i o n ,  low  n u t r i e n t  s t a t u s  arid low  w a t e r  a v a i l a b i l i t y  

p r o b a b l y  h av e  i n h i b i t e d  v e g e t a t i v e  e s t a b l i s h m e n t  on  t h e  u p p e r  

m o u n ta in . , .

A lta  Waste Rock ( lo w e r  dump). The A lta  mine lo w e r  dump e x h ib i t e d  

c h a r a c t e r i s t i c s  which w ere  q u i t e  d i f f e r e n t  from th o s e  on th e  upper 

m ountain . This  was p ro b ab ly  . due t o  d i f f e r e n c e s  i n  th e  m inero logy  of 

th e  o re  body a s  a f u n c t i o n  o f  th e  dep o s i t i o n a l  sequence o f  th e  v a r io u s  

m e ta l s ,  and th e  le a c h in g  o f  th e  upper o re  body as  d e s c r ib e d  by B e c ra f t  

e t  a l .  (1963)» The w a s te  ro c k  o f  th e  lo w e r  dump was f i n e r  i n  t e x tu r e ,  

had a lo w e r  ro c k  f ra g m e n t  c o n te n t ,  and a h ig h e r  CEC (30 meq/IOOg) th a n  

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

w a te r  c o n te n t  w ere  n o t  a p p re c ia b ly  d i f f e r e n t .  The s o i l  was c l a s s i f i e d  

a s  a  c o a r s e - l o a m y  m ix ed  T y p ic  C r y o r t h e n t .  The m o s t  s t r i k i n g  

d i f f e r e n c e s  h o w e v e r  w e re  r e l a t e d  t o  pH. In  c o n t r a s t  t o  t h e  u p p e r  

w a s te s ,  th e  lo w e r  dump was e x t re m e ly  a c id  w i th  pH m easu r in g  3®0. This  

i n  c o n j u n c t i o n  w i t h  h i g h  s u l f a t e  l e v e l s  (12860 ppm) i n d i c a t e d  

e x c e s s i v e  p y r i t e  o x i d a t i o n  and  a c i d  f o r m a t i o n .  C o r r e s p o n d i n g l y ,  

l e v e l s  o f  s o l u b l e  h e a v y  m e t a l s  w e re  e l e v a t e d .  T h i s  w as e s p e c i a l l y  

t r u e  o f  z i n c  and  m a n g a n e s e ,  w h ic h  m e a s u re d  40.9 and  25 .2  ppm ( w a t e r  

s o l u b l e )  r e s p e c t i v e l y .  T hese  l e v e l s  app roach  th e  to l e r a n c e  l i m i t s  

s t a t e d  by Chapman (1966). I t  was e v id e n t  t h a t  th e  lo w e r  dump was a 

m a jo r  c o n t r i b u t i n g  s o u r c e  o f  p o l l u t i o n  t o  t h e  A l t a  Mine d r a i n a g e ,



72

w h e re  t h e  a d v e r s e  e f f e c t s  o f  e l e v a t e d  h e a v y  m e t a l  l e v e l s  and  low  pH 

have been documented* T ab les  29 and 30 show th e  pedon d e s c r i p t i o n  and 

p h y s ic a l  and ch em ica l  d a t a  from th e  lo w e r  dump*

Acid mine d ra in a g e  was be ing  produced  i n  t h i s  a r e a  d e s p i t e  h igh  

l e v e l s  o f  e x t r a c t a b l e  c a l c iu m  and  t h e  h i g h  pH o f  i n f i l t r a t i n g  w a t e r  

from th e  upper  mountain* High s u l f a t e  l e v e l s  i n d i c a t e d  t h a t  much o f  

th e  ca lc iu m  may be i n  gypsum, which does n o t  n e u t r a l i z e  a c i d i t y .  This 

gypsum may have been an end p ro d u c t  o f  p re v io u s  a c id  n e u t r a l i z a t io n *  

The e x t e n t  o f  g ro u n d w ate r  p o l l u t i o n  canno t be c o n c lu s iv e ly  e s t im a te d  

u s i n g  a v a i l a b l e  d a t a .  H ow ever,  i t  a p p e a r e d  t h a t  w a t e r  f ro m  t h e  

underground w ork ings  m ust have been th e  dom inant so u rc e  o f  in f lo w  to  

t h e  l o w e r  dump ( a s  p o s t u l a t e d  by Ing m an , 1981 ) ,  and t h a t  t h e  pH o f  

t h i s  w a te r  was low. Acid g e n e r a t io n  i n  th e  underground w ork ings  was 

a p p a r e n t ly  s u f f i c i e n t  t o  s i g n i f i c a n t l y  lo w e r  th e  pH. o f  w a te r  from th e  

upper  mine w i th  w hich i t  m ixes. I t  was a l s o  i n t e r e s t i n g  t o  n o te  t h a t  

th e  b la c k  m a t e r i a l  i n  t h e  lo w er  dump (sam ple  8A) m a in ta in e d  a h igh  pH 

d e s p i t e  b e i n g  em bedded  i n  a c i d i c  m a t e r i a l .  Thus a l t h o u g h  t h e  

e x t r a c t a b l e  h e a v y  m e t a l s  c o n t e n t s  o f  t h i s  m a t e r i a l  w e re  e x t r e m e l y  

h ig h ,  th e  s o lu b le  l e v e l s  o f  th e s e  m e ta l s  w ere  low.

There was ev id en ce  t h a t  th e  upper 17 cm of th e  p r o f i l e  had been 

l e a c h e d  o f  much o f  i t s  h e a v y  m e t a l  l o a d ,  w i t h  some o f  t h e  m e t a l s  

h a v i n g  b een  re m o v e d  f ro m  t h e  s y s t e m ,  and  some p o s s i b l y  h a v in g
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a cc u m u la ted  lo w e r  I n  th e  p r o f i l e .  This  l e a c h in g  may have a s s i s t e d  i n  

th e  e s t a b l i s h m e n t  o f  th e  few p l a n t s  w hich e x i s t e d  on th e  dump. There 

w as  o n e  v e g e t a t e d  a r e a  on  a f l a t  n e a r  t h e  h e a d f r a m e ,  w h e re  t o p s o i l  

from unmined s lo p e s  above had been d e p o s i te d  by s e d im e n ta t io n .  I t  i s  

l i k e l y  t h a t  t h i s  t o p s o i l  p ro v id ed  added n u t r i e n t s  and a v a i l a b l e  w a te r  

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

p o t e n t i a l l y  t o x i c  m a t e r i a l s .

Bertha T a i l in g s  ( lo w e r  pond). Samples taken from th e  B ertha
„

t a i l i n g s  i l l u s t r a t e d  th e  e x tre m e  h o r i z o n t a l  and v e r t i c a l  v a r i a b i l i t y  

o f  t a i l i n g s  m a t e r i a l s .  S i t e  14, lo c a t e d  on th e  lo w e r  pond, e x h ib i t e d  

marked v e r t i c a l  s t r a t i f i c a t i o n  i n  t e x t u r e ,  c o lo r ,  and r e a c t i o n .  The

s o i l  w a s  c l a s s i f i e d  a s  a f i n e - s i l t y  o v e r  s a n d y  m i x e d  T y p i cf • '  <

'

C ry o f lu v e n t .  The s u r f a c e  Cl h o r iz o n  c o n s i s t e d  o f  l e n s e s  o f  gray and 

r u s t  m a te r ia l '  w i th  a s i l t y  c la y  loam t e x t u r e .  The upper  10 cm formed 

a  p l a t y  c r u s t  w i th  a  h a rd  c o n s i s te n c e  when dry. The C2 h o r iz o n  was 

a l s o  a s i l t y  c l a y  loam,, h o w e v e r  i t  had  a  m a s s iv e  s t r u c t u r e  and  an  

e x t re m ly  h a rd  c o n s i s t e n c e ,  dry . A lthough bu lk  d e n s i ty  m easurem ents  

w e re  n o t  o b t a i n e d ,  i t  i s  b e l i e v e d  t h a t  t h i s  l a y e r  may im pede  r o o t  

p e n e t r a t i o n .  Both th e  Cl and C2 m a t e r i a l s  had a h ig h  w a te r  h o ld in g  

c a p a c i t y  (4 4 $ ) ,  CEC (45 m eq/IO O g), and  a v a i l a b l e  w a t e r  c o n t e n t  (25 

$). Both h o r iz b n s  a l s o  e x h i b i t e d  e x t re m e ly  a c id  pH (3.0) and e le v a te d  

l e v e l s  o f  h eav y  m e t a l s .  F u r t h e r ,  d e s p i t e  t h e  f i n d i n g s  o f  Ingm an



(1 9 8 1 ) ,  a  h i g h  p e r c e n t a g e  o f  t h e s e  m e t a l s  w e re  w a t e r  s o l u b l e .  T h is  

w as e s p e c i a l l y  t r u e  o f  c o p p e r  (3388  ppm) and  z i n c  (1479  ppm). T hese  

l e v e l s  a r e  t e n  t im e s  th e  s u s p e c te d  p h y to to x ic  s ta n d a r d s  and exceed a l l  

s o i l  and w a te r  q u a l i t y  c r i t e r i a .  S u l f a t e s ,  and th e  m e ta l s  manganese, 

i r o n ,  cadm ium , an d  n i c k e l  w e re  a l s o  p r e s e n t  a t  p o t e n t i a l l y  t o x i c  

l e v e l s .  T a b l e s  32 and  33 p r e s e n t  t h e  p h y s i c a l  and c h e m i c a l  d a t a  a s  

w e l l  a s  th e  pedon d e s c r i p t i o n  f o r  t h i s  s i t e .

I n  c o n t r a s t ,  t h e  C3 h o r i z o n  w as q u i t e  s a n d y  (931 s a n d )  and  

e x h i b i t e d  m arked ly  lo w e r  heavy m e ta l  l e v e l s  and a h ig h e r  pH (5.2) th an  

th e  upper h o r iz o n s .  T h is  ex trem e  t e x t u r e  d i f f e r e n c e ,  which may have 

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

w a te r  movement w i t h i n  t h e  t a i l i n g s .  I t  i s  l i k e l y  t h a t  a perched  w a te r  

t a b l e  e x i s t s  d u r in g  some p e r io d s ,  w i th  w a te r  th en  moving h o r i z o n t a l l y  

w i t h i n  t h e  C2 h o r iz o n  and s e e p in g  o u t  t h e  s id e s  o f  t h e  pond. Even i n  

l a t e  A u g u s t ,  a t  t h e  t i m e  o f  s a m p l i n g ,  t h e  C2 h o r i z o n  w as  n o t i c e a b l y  

w e t t e r  t h a n  t h e  r e m a i n d e r  o f  t h e  p r o f i l e .  A l th o u g h  t h i s  c r e a t e d  

p o t e n t i a l l y  f a v o r a b l e . m o i s t u r e  r e l a t i o n s h i p s  f o r  p l a n t  g r o w th ,  t h e  

e l e v a t e d  l e v e l s  o f  heavy m e ta l s  e f f e c t i v e l y  had p re c lu d e d  v e g e t a t i v e  

e s t a b l i s h m e n t .  Wind s c o u r in g  may a l s o  have been an im p o r ta n t  f a c t o r  

e x p la in in g  th e  l a c k  o f  v e g e t a t i o n  on th e  t a i l i n g s ,  a s  ev id en ce  o f  wind 

e r o s i o n  w as p r o m i n e n t .  Wind may c o n v e r s e l y  h a v e  a i d e d  p l a n t  

e s t a b l i s h m e n t  i n  some c a s e s ,  a s  i t  was n o ted  t h a t  th e  few a r e a s  o f  th e  

t a i l i n g s  which d id  s u p p o r t  v e g e t a t i o n  w ere a r e a s  w here wind and w a te r
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had d e p o s i t e d  r e l a t i v e l y  innocuous  m a t e r i a l s  on th e  t a i l i n g s  su rface*

B e r th a  T a i l i n g s  (upper  pond)* Data f o r  th e  B e r th a  upper t a i l i n g s  

a r e  p r e s e n t e d  i n  T a b l e s  34 and  35 . The pond was c h a r a c t e r i z e d  by a 

t h i c k  loamy f i n e  sand s u r f a c e  l a y e r  w hich c o n s i s t e d  o f  l e n s e s  o f  r u s t  

and  g r a y  m a t e r i a l .  1 The u p p e r  7 cm h ad  a  p l a t y  c r u s t ,  w i t h  t h e  

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

c h a r a c t e r i z e d  a s  a c o a r s e - s i l t y  mixed Typic C ry o f lu v en t .  An e le v a te d  

s u l f a t e  l e v e l  (12970 ppm) and low pH (3.2) in d i c a t e d  p y r i t e  o x id a t io n ,  

h o w e v e r  h e a v y  m e t a l  l e v e l s  w e re  lo w .  T h i s  may h av e  b e e n  due  t o  low  

t o t a l  m e t a l  l e v e l s  a s  a  f u n c t i o n  o f  im p ro v e d  e x t r a c t i o n  p r o c e s s e s  

a n d / o r  l o w e r  g r a d e  o r e  i n  t h e  l a t e r  y e a r s  o f  p r o d u c t i o n .  T h e re  w as 

a l s o  ev id en ce  o f  l e a c h in g  o f  most o f  th e  heavy m e ta l s  from th e  upper 

p r o f i l e  due to  i t s  sandy t e x tu r e .  The l e a c h a t e  had p r e c i p i t a t e d  th e  

m e t a l s  a s  s a l t s  on  t h e  e r o d e d  f a c e s  o f  t h e  t a i l i n g s .  A s u r f a c e  

sam ple o f  th e s e  s a l t s  e x h i b i t e d  w a te r  s o lu b le  heavy m e ta l  l e v e l s  o f  up 

to  1986 ppm (copper)  and a s u l f a t e  l e v e l  o f  34000 ppm. Thus, a l though  

t h e  d a t a  f ro m  u p p e r  t a i l i n g s  i n d i c a t e d  t h a t  m a t e r i a l  f ro m  th e  s o i l  

p r o f i l e  p i t  w a s  r e l a t i v e l y  n o n - t o x i c ,  d a t a  f r o m  t h e  s a l t  

e f f l o r e s c e n c e s  s u g g e s te d  p o s s i b l e  t o x i c i t y  problem s. I t  may be t h a t  

t h i s  s i t u a t i o n  r e p r e s e n t e d  t h e  l a t e r  s t a g e s  o f  t a i l i n g s  o x i d a t i o n ,  

w here much o f  th e  heavy m e ta l s  have been  s o l u b i l i z e d  and t r a n s p o r te d  

from th e  body o f  th e  t a i l i n g s .
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B e r th a  M i l l  Waste Rock. A g ra b  sam ple  o f  th e  B e r th a  waste, ro ck  

showed a sandy c la y  loam t e x t u r e ,  low pH (2,7)» and e l e v a te d  l e v e l s  o f  

heavy m e ta ls .  Copper, i r o n ,  and aluminum w ere  p r e s e n t  a t  p o t e n t i a l l y  

t o x i c  l e v e l s  ra n g in g  from 30-60 ppm (w a te r  s o lu b le ) .  T ab le  37 l i s t s  

th e  d a t a  from t h i s  sam ple.

D is c u s s io n  o f  A lta  Mine and B e r th a  T a i l i n g s  R e s u l t s
• • •

The s t u d i e s  o f  t h e  A l t a  m in e  an d  t h e  B e r t h a  t a i l i n g s  i n d i c a t e d  

t h a t  a l l  th e  m a t e r i a l s  p r e s e n t  on th e  s i t e s ,  w i th  th e  e x c e p t io n  o f  th e  

u p p e r  A l t a  w a s t e  r o c k ,  p o s e  p r o b le m s  w i t h  r e s p e c t  t o  e n v i r o n m e n t a l  

p o l l u t i o n .  Low pH and  t o x i c  h eav y  m e t a l  l e v e l s  seem ed  t o  be t h e  

p red o m in an t h a z a rd s ,  a lo n g  w i t h  s e d i m e n t  p r o b le m s  a r i s i n g  f ro m  t h e  

p ro x im i ty  o f  th e  B e r th a  m a t e r i a l s  t o  C orbin  Creek. Slope f a i l u r e  does 

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

was s e v e re  and may a c c e l e r a t e  f u t u r e  s lo p e  f a i l u r e .  P h y s ic a l  haza rds  

i n  th e  form o f  open a d i t s  and f a i l i n g  mine s t r u c t u r e s  w ere p r e s e n t  on 

a l l  s i t e s .  The a r e a s  w e r e  q u i t e  v i s i b l e  f ro m  a d i s t a n c e ,  and t h u s  

e x e r t e d  a l a r g e  n e g a t iv e  a e s t h e t i c  im p a c t .  This was e s p e c i a l l y  t r u e  

. o f  t h e  A l t a  m in e ,  w h ic h  may p ro v e  t o  be t h e  m o s t  d i f f i c u l t  o f  t h e  

s i t e s  t o  r e v e g e t a t e  due t o  t h e  e x t r e m e l y  s t e e p  s l o p e s  and  l a c k  o f  

. s u i t a b l e  c o v e r  m a t e r i a l .  A s p e c i f i c  l i s t i n g  o f  p r o b le m s  and

recom m endations  i s  a s  f o l l o w s :
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1) A l l  m ine  b u i l d i n g s  and  s t r u c t u r e s  m u s t  be c o n s i d e r e d  a 

p o t e n t i a l  h az a rd  to  human s a f e ty  and th u s  shou ld  be removed from th e  

s i t e .  These a r t i f a c t s  may be d isp o se d  o f  o r  donated  to  o r g a n iz a t io n s  

s u c h  a s  m useum s an d  h i s t o r i c a l  s o c i e t i e s .  At t h e  A l t a  m in e  t h e s e  

s t r u c t u r e s  c o n s i s t e d  o f  s e v e r a l  b u i ld in g s  and a  headfram e lo c a te d  on 

t h e  l o w e r  t w o - t h i r d s  o f  t h e  m o u n t a in .  T h e re  w as a l s o  a s m a l l  

s t r u c t u r e  l o c a t e d  on t h e  w e s t  s i d e  o f  t h e  m o u n ta in  t o p .  The m i l l  

r u i n s  w ere  th e  on ly  h a z a rd  o f  t h i s  ty p e  o bserved  a t  th e  B e r th a  s i t e s .

2) A l l  o p en  a d i t s  o r  t u n n e l s  o f  any ty p e  m u s t  be c o n s i d e r e d  a n  

e x t r e m e  h a z a r d  t o  hum an s a f e t y  and  s h o u ld  be ( m i n i m a l l y )  s e a l e d  i n  

s u c h  a  way a s  p r e v e n t  e n t r y  o r  a c c e s s .  At t h e  A l t a  m in e  tw o  a d i t s  

would n e c e s s i t a t e  such  t r e a tm e n t .  Both w ere  l o c a t e d  on th e  s o u th e rn  

r im  o f  th e  upperm ost open c u t  on th e  m ounta in . I t  d id  n o t  ap p ea r  t h a t  

e i t h e r  o f  t h e s e  a d i t s  r e q u i r e  a i r  o r  b u lk h e a d  s e a l s  t o  p r e v e n t  

seepage . The p o s s i b i l i t y  o f  s e a l i n g  t h e  th e  c o l la p s e d  a d i t  from which 

th e  A lta  seep  b e g in s  may be i n v e s t i g a t e d ,  however i t  i s  b e l ie v e d  t h a t  

th e  e x t e n t  o f  th e  underground w ork ings  may make t h i s  i m p r a c t i c a l  due 

t o  a l a r g e  h y d r a u l i c  h e a d .  The e x t e n s i v e  w o r k in g s  a l s o  p o s e  t h e  

p o t e n t i a l  problem of  a new seep  d ev e lo p in g  upon s e a l i n g  o f  t h i s  a d i t .  

I t  i s  recommended t h a t  a  t r e a tm e n t  f a c i l i t y  be c o n s t r u c t e d  to  im prove 

t h e  q u a l i t y  o f  t h e  A l t a  d r a i n a g e  a t  some l o c a t i o n  b e f o r e  e n t r y  i n t o  

S p r in g  Creek. A lthough l o c a t i n g  th e  f a c i l i t y  a t  th e  d is c h a rg e  p o in t
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would have th e  advan tage  o f  lo w e r  r e q u i r e d  c a p a c i ty  and would im prove 

a  lo n g e r  s e c t i o n  o f  s t r e a m ,  i t  i s  p o s s i b l e  t h a t  C orbin  Creek shou ld  

be in c lu d e d  i n  th e  t r e a m e n t  p ro c e s s .  The t r e a tm e n t  p l a n t  i s  b e l ie v e d  

t o  be n e c e s s a ry  i n  o r d e r  to  t r e a t  seepage  em anating  from underground 

w ork ings  w hich would n o t  be a m e l io r a te d  by s u r f i c i a l  t r e a tm e n t s .

3) The l o w e r  A l t a  w a s t e  r o c k  dump c l e a r l y  r e p e s e n t s  an  

e n v i r o n m e n t a l  h a z a r d  due  t o  t h e  d i s c h a r g e  o f  t o x i c  d r a i n a g e  w a t e r .  

T rea tm en t f o r  t h i s  problem  shou ld  in c lu d e  th e  i n c o r p o r a t io n  o f  l im e  

to  i n c r e a s e  pH, d e c re a se  s o lu b le  l e v e l s  o f  heavy m e t a l s , . and im prove 

th e  p l a n t  g row th  medium. I t  i s  a l s o  su g g e s te d  t h a t  f u l l  advantage 

be  made o f  t h e  p r o x i m i t y  o f  good c o v e r s o i l  f ro m  t h e  a d j a c e n t  

h i l l s l o p e s .  S o i l  c o u l d  be s t r i p p e d  t o  t h e  maximum f e a s i b l e  d e p th  

( a p p r o x i m a t e l y  20 cm) and  d i r e c t l y  a p p l i e d  t o  t h e  l o w e r  dump. 

S u f f i c i e n t  c o v e r s o i l  d e p th  would have to  be m a in ta in e d  on t h e  s t r ip p e d  

s lo p e s  to  s u p p o r t  r e v e g e ta t i o n .  The s t r i p p i n g  cou ld  in c o r p o r a t e  s lo p e  

r e c o n to u r in g  to  p re c lu d e  th e  g u l ly  e r o s io n  which p r e s e n t l y  e x i s t s  i n  

some a r e a s .  Care shou ld  be ta k en  d u r in g  r e c o n to u r in g  to  m a in ta in  the  

f u n c t i o n  o f  th e  lo w e r  dump "bench" a s  a  b a r r i e r  to  f u r t h e r  t r a n s p o r t  

o f  e r o d e d  m a t e r i a l  f ro m  th e  u p p e r  m o u n t a in .  The u s e  o f  d i v e r s i o n  

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

c o v e r s o i l  d ep th  i s  d e s i r e d  a f t e r  t o p s o i l  volume c a l c u l a t i o n s  a r e  made, 

c o a rs e  l im e s to n e  cou ld  be used a s  a w a te r  movement b a r r i e r  to  p re v e n t
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upward flow  o f  co n ta m in a te d  w a te r  from t h e . s p o i l s ,  W aste ro c k  from 

th e  upper  m oun ta in  m igh t a l s o  prove to  be a s u i t a b l e  co v er  m a t e r i a l  

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

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

v e g e t a t i o n  on t h i s  a re a .

4) The upper s e c t i o n  o f  th e  A lta  mine does no t  a p p e a r  to  pose a 

s i g n i f i c a n t  e n v i ro n m e n ta l  h aza rd ,  a l th o u g h  i t  i s  p robab ly  c o n t r i b u t i n g  

se d im e n t  to  th e  A lta  d ra in a g e  d u r in g  h ig h  f low  p e r io d s .  The a r e a  does 

however c r e a t e  a  s e v e re  a e s t h e t i c  im p a c t .  R ev eg e ta t io n  o f  the  upper 

m o u n t a in  may. be s e v e r l y  l i m i t e d  by t h e  l a c k  o f  s u i t a b l e  c o v e r  

m a t e r i a l ,  and by r e s t r i c t i o n s  on e a r t h - m o v i n g  o p e r a t i o n s  c r e a t e d  by 

s t e e p  s lo p e s  and v ery  sh a llo w  dep th  to  bedrock . This  l a s t  c o n s t r a i n t  

may l i m i t  th e  o p t io n s  a v a i l a b l e  i n  the. r e  c o n to u r in g  p la n ,  and should  

be t h o u r o u g h l y  i n v e s t i g a t e d  by an  e n g i n e e r .  I f  p o s s i b l e ,  t h e  

r e c o n to u r in g  p la n  sh o u ld  in c lu d e s  I)  benches  or d iv e r s i o n  d i t c h e s  t o  

channe l w a te r  on to  v e g e t a te d  p o r t i o n s  o f  th e  m ountain , 2) sh o r te n e d  

s lo p e  l e n g t h s  and d ec re a se d  g r a d i e n t s ,  and 3) i n c o r p o r a t io n  of concave 

s l o p e  c o n f i g u r a t i o n s  t o  m i n i m i z e  r u n o f f  e n e r g y .  Due t o  t h e  ro c k y  

n a tu re  o f  th e  p ro b a b le  r o o t  g row th  medium (upper m oun ta in  w a s te  ro ck ) ,  

and th e  p ro b a b le  p e r s i s t e n c e  o f  h ig h w a l l s  on th e  s i t e ,  i t  i s  sugges ted  

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

I n  a d d i t i o n  t o  b e i n g  b e t t e r  s u i t e d  t o  t h e  w a s t e  r o c k  t e x t u r e ,  t r e e s  

p r o v i d e  " v e r t i c a l  c o v e r "  and  w i l l  g r e a t l y  l e s s e n  t h e  n e g a t i v e
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a e s t h e t i c  im p ac t  o f  th e  h i g h # a l l s .  The u se  o f  b a r e - r o o t  s e e d l in g s  i s  

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

m o u n t a in  w a s t e  r o c k  h a s  i n h i b i t e d  v e g e t a t i v e  e s t a b l i s h m e n t ,  by 

r e f l e c t i n g  s o l a r  r a d i a t i o n  ( t h i s  may a l s o ,  e x p la in  why th e  v e g e t a t i o n  

on th e  s i t e  was c o n c e n t r a te d  i n  " p r o te c t e d ” a r e a s ,  w hich r e c e iv e  l e s s  

s o l a r  r a d i a t i o n ) .  The u s e  o f  m u lc h e s  w o u ld  h e l p  a m e l i o r a t e  t h i s

e f f e c t ,  and a l s o  add much needed n u t r i e n t s  t o  th e  system .
A.

5) The B e r th a  t a i l i n g s  and m i l l  w a s te  both  c o n t r i b u t e  sed im en t 

and t o x i c  s u b s ta n c e s  to  C orbin  Creek, and b o th  must be moved away from 

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

rem oving  them from th e  s i t e  t o  be p r o c e s s e d  s h o u ld  be i n v e s t i g a t e d .  

I t  i s  th e  most a s s u re d  method o f  p r e v e n t in g  f u r t h e r  p rob lem s c re a te d  

by th e  t a i l i n g s  m a t e r i a l s ,  and h as  th e  added advan tage  o f  in c r e a s in g  

t h e  a r e a  w h ic h  c o u l d  be u s e d  f o r  w a s t e  r o c k  t r e a t m e n t  an d  d i s p o s a l .  

R e c o m m e n d a t io n s  f o r  t h e  t a i l i n g s  pond a r e a  a r e ;  a )  s t r i p  a s  much 

s u i t a b l e  m a t e r i a l  f ro m  t h e  h i l l s i d e  b e h i n d  ( s o u t h  o f )  t h e  ponds a s  

p o s s i b l e  an d  s t o r e  i n  s t o c k p i l e s ,  b) move t a i l i n g s  away fro m  th e  

s t r e a m b a n k  and  b a c k  i n t o  t h e  h i l l s i d e ,  c )  h e a v i l y  l i m e  t h e  t a i l i n g s  

m a t e r i a l ,  d) app ly  s to c k p i l e d  c o v e r s o i l  t o  th e  t a i l i n g s  s u r f a c e ,  and 

e) r i p - r a p  th e  s tream bank . The same ty p e  o f  approach i s  recommended 

f o r  th e  m i l l  s i t e ,  a l th o u g h  im p le m e n ta t io n  w i l l  be much more d i f f i c u l t  

due t o  t h e  g r e a t e r  v o lu m e  o f  m a t e r i a l  and  m ore  r e s t r i c t e d  w o rk in g
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a r e a .  I t  i s  i m p e r a t i v e  h o w e v e r  t h a t  t h e  w a s t e  r o c k  be moved and  

p r o t e c t e d  by r i p - r a p .  The r e f u s e  w hich h as  been dumped i n  t h i s  a re a  

sh o u ld  a l s o  be removed d u r in g  r e h a b i l i t a t i o n  o f  th e  s i t e .

C h a r a c t e r i s a t i o n  o f  th e  Eannack .M ill f a i l i n g s  

S i t e  D e s c r ip t io n

L o ca tio n .  The Bannack m i l l  t a i l i n g s  s i t e  i s  l o c a t e d  i n  s e c t io n s  

6 and  7 , T8S, HI Iti MPM, B e a v e rh e a d  C o u n ty ,  M ontana . The a r e a  i s  

a p p r o x i m a t e l y  29 km WSM o f  D i l l o n  and  l i e s  o p p o s i t e  t h e  tow n  o f  

Bannack on th e  so u th  s i d e  o f  G rasshopper Creek, Access t o  th e  s i t e  i s  

o b ta in e d  v i a  Montana S t a t e  Highway 278.

C lim a te .  The b e s t  c l i m a t o l o g i c a l  d a t a  a v a i l a b l e  f o r  th e  Bannank 

m i l l  s i t e  w as f ro m  t h e  D i l l o n  WMCE w e a t h e r  s t a t i o n  ( e l e v .  1593 m). 

Y e a r ly  p r e c i p i t a t i o n  a v e r a g e d  28.8  ±  7«1 cm, m o s t  o f  w h ic h  f e l l  a s  

s p r in g  and f a l l  r a i n s  and. summer th u n d e rs to rm s .  A pproxim ately  65-75$ 

o f  th e  annua l p r e c i p i t a t i o n  o ccu rre d  d u r in g  th e  g row ing  season  w hich 

a v e r a g e d  92 ±  23 f r o s t  f r e e  d a y s .  The a v e r a g e  a n n u a l  d a i l y  

t e m p e ra tu r e  was 6.4 ±  0.5 0 C, w h i le  maximum and minimum te m p e ra tu re s  

r e a c h e d  37.2  and  -3 6 .1  °C r e s p e c t i v e l y  (U.S. W e a th e r  B u re a u ,  1971- 

1981).  The l o c a l  c l i m a t e  a t  B annack  may be s l i g h t l y  w e t t e r  t h a n  

i n d i c a t e d  by th e  p r e s e n te d  d a ta .
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M in in g  ,History, and Geoloav. The Bannack m i l l  and t a i l i n g s  s i t e  

w as  a. p a r t  o f  t h e  H e n d r i c k s  ( G r a e t e r )  m in e ,  w hose  w o r k in g s  e x t e n d e d  

under  th e  h i l l s i d e  t o  th e  so u th  o f  th e  ponds. The o re  d e p o s i t  o f  th e  

H e n d r i c k s  m in e  w as a r e p l a c e m e n t  body i n  a  n o r t h  t r e n d i n g  zo n e  o f  

o v e r t h r u s t  Madison L im estone , The o re  o c c u r re d  i n  two bedd ing  p la n e s ,  

i n  v e i n s  o f  o x i d i z e d  g o l d - b e a r i n g  r e d - b r o w n  i r o n  o x i d e s  h a v in g  a 

maximum t h i c k n e s s  o f  2 .4  m (G each , 19 7 2 ) .  Gold and  s i l v e r  w e re  t h e  

m a in  m e t a l s  p r o d u c e d ,  a l o n g  w i t h  som e l e a d  and  c o p p e r .  T o t a l  

p r o d u c t i o n  f o r  t h e  m in e  w as e s t i m a t e d  a t  40 th o u s a n d  d o l l a r s .  The 

m in e  w o r k in g s  c o n s i s t e d  o f  450 m o f  u n d e r g r o u n d  t u n n e l s  an d  an  o p en  

c u t  a p p ro x im a te ly  50 by 90 m i n  s i z e  (Geach, 1972).

The H endricks  mine was one of th e  e a r l i e s t  c la im s  i n  th e  Bannack 

a r e a ,  bu t  d id  n o t  produce s u b s t a n t i a l l y  u n t i l  th e  c o n s t r u c t io n  o f  th e  

f i r s t  m i l l  i n  1918, w h ic h  w as f o l l o w e d  by c o n s t r u c t i o n  o f  a l a r g e r  

m i l l  i n  I 920. The m in e  o p e r a t e d  u n t i l  1921 and  l a t e r  r e o p e n e d  from  

19 3 3 -1 9 4 1 .  Some m in o r  e x c a v a t i o n  w as  p e r f o r m e d  i n  1961. The 

H e n d r ic k s  m i l l  n o t  o n l y  p r o c e s s e d  o r e  f ro m  t h e  H e n d r ic k s  m in e ,  b u t  

a l s o  o p e r a te d  a s  a custom  m i l l .  Ore was. b rough t i n  from a s  f a r  away 

a s  D i l l o n  ( H e r s e t h ,  1981).  A lth o u g h  t h e  e x a c t  d a t e s  and  m in e s  

in v o lv e d  i n  the  custom m i l l i n g  o p e r a t io n  a r e  no t known, a v a r i e t y  of 

m a t e r i a l s  w ere  e v id e n t  a t  th e  s i t e .

Physiography . The t a i l i n g s  s i t e  i s  l o c a t e d  so u th  o f  th e  P ionee r



M ountains i n  an a r e a  o f  n o r th - s o u th  t r e n d in g ,  w e l l  rounded m ountain  

ran g e s  s e p a r a t e d  by broad  in t e r m o u n ta in  t r o u g h s - ' The maximum r e l i e f  

i n  t h e  (B an n ack )  d i s t r i c t  i s  a p p r o x i m a t e l y  550 m„ Sharp, c l i f f s  and  

g u lc h e s  a r e  a l s o  p r e s e n t  due to  th e  o u tc ro p p in g  o f  r e s i s t a n t  l im e s to n e  

and q u a r t z  s t r a t a  (Shenon, 1931)» Bannack i t s e l f  l i e s  on th e  e a s t e r n  

edge o f  a  l a r g e  n o r th - s o u th  t r e n d in g  a l l u v i a l  v a l l e y  and i s  a d ja c e n t  

t o  a f l a r i n g  gap i n  a  s m a l l  m oun ta in  ra n g e  to  th e  e a s t .

The d i s t u r b e d ,  a r e a ,  w h ic h  t o t a l e d  a p p r o x i m a t e l y  2 h a ,  may be 

d iv id e d  i n t o  upper  and lo w e r  s e c t i o n s .  The upper s e c t i o n  c o n s i s te d  

o f  th e  H endricks  mine e x c a v a t io n s ,  and c o n ta in e d  an open a d i t  which 

shou ld  be c o n s id e re d  a h a z a rd  to  p u b l i c  h e a l t h  and s a f e ty .  There w ere 

a l s o  h aza rd o u s  a r e a s  o f  eroded , s t e e p  s lo p e s  a s s o c i a t e d  w i th  th e  open 

p i t  and a r e a s  o f  a p p a re n t  h y d r a u l i c  m in ing . The ( lo w er)  t a i l i n g s  pond 

a r e a  c o n s i s t e d  o f  f o u r  d ik e d  l e v e l s  o f  t a i l i n g s  w h ic h  i n c r e a s e d  i n  

t h i c k n e s s . f r o m  1.5 m a t  t h e  e a s t e r n  en d  o f  th e  po n d s  t o  3.5 m a t  t h e  

w e s te r n  end. The d ik e  o f  one o f  th e  ponds was b reached . A djacent to  

t h e  n o r t h e a s t e r n  p e r i m e t e r  o f  t h e  p o n d s  w as an  a r e a  w i t h  s c a t t e r e d  

p i l e s  o f  w a s t e  r o c k  a p p r o x i m a t e l y  1.5 m h ig h .  . T hese  w e r e  p r o b a b ly  

rem n a n ts  o f  fo rm e r  p l a c e r  and h y d rau lic ,  m in ing . The g e n e r a l  f e a t u r e s  

o f  th e  Bannack t a i l i n g s  s i t e  a r e  i l l u s t r a t e d  i n  F ig u re  19. The lo w er  

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

s t r u c t u r e .  Although th e  s t r u c t u r e  was i n  r e l a t i v e l y  good c o n d i t io n  i t  

was c o n s id e re d  a p o t e n t i a l  s a f e ty  h aza rd .

83



84

F ig u re  19. View o f  t h e  B annaok  t a i l i n g s  ponds  l o o k i n g  NE from  t h e  
H endricks  mine a d i t .

Hydrology and Water Quality Analysis. The BannaCk t a i l i n g s  s i t e  

i s  l o c a t e d  on t h e  ed g e  o f  t h e  G r a s s h o p p e r  C reek  f l o o d  p l a i n ,  i n  an  

a r e a  o f  a l l u v i a l  and c o l l u v i a l  d e p o s i t s  a t  th e  base o f  rounded b i l l s  

w hich ex te n d  to  th e  so u th .  The ponds appear  to  have been d e p o s i te d  

i n  th e  p o s i t i o n  o f  an a l l u v i a l  fan  w hich had been removed by h y d ra u l ic  

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

th e  s u r f a c e  r u n o f f  from th e  s m a l l  w a te rsh ed  above may p a s s  th rough  th e  

s i t e .  How e v e r ,  d u r in g  f i e l d  r e c o n n a i s s a n c e  ( 0 8 /1 1 / 8 1 )  l i t t l e  e v i d e n c e  

o f  s u r f a c e  flow  was a p p a re n t .  The H endricks  mine a d i t  was co m p le te ly
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d ry ,  and  t h e r e  w as o n ly  one a r e a  o f  g u l l y  e r o s io n  on th e  s i t e .  T h is  

w as fo u n d  i n  t h e  w e s t e r n  s e c t i o n  o f  t h e  t a i l i n g s ,  w h e re  a d ik e  had  

b e e n  b r e a c h e d .  P ip in g  w as e v i d e n t  a t  th e  b r e a c h .  I t  w as c o n c lu d e d  

t h a t  s u r f a c e  f lo w  th r o u g h  th e  t a i l i n g s  o c c u rre d  o n ly  d u rin g  s p r in g  

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

m a te r ia l  was rem oved from  th e  s i t e  by t h i s  a c t io n .  F u r th e r ,  sed im en t 

fro m  th e  p o n d s  p r o b a b ly  d o e s  n o t  d i r e c t l y  e n t e r  G ra s s h o p p e r  C reek  

d u r in g  th e s e  p e r io d s  due to  th e  w ide v e g e ta te d  f lo o d  p l a in  w hich m ust 

be  t r a v e r s e d .  The t a i l i n g s  p o n d s  w e re  l o c a t e d  som e 75 m fro m  th e  

s tream b an k . T a i l in g s  m a te r ia l  was in tro d u c e d  in t o  th e  s tream  d u rin g  

f l o o d  e v e n t s ,  a s  e v id e n c e d  by an  a r e a  o f  r e w o rk e d  t a i l i n g s  on th e  

n o r t h e r n  b o r d e r  o f  t h e  p o n d s . Due t o  t h e  low  l y i n g  p o s i t i o n  on th e  

l a n d s c a p e  o c c u p i e d  by t h e  t a i l i n g s ,  i t  i s  p o s s i b l e  t h a t  t h e  

g r o u n d w a te r  t a b l e  o r  c a p i l l a r y  f r i n g e  i n t e r c e p t e d  t h e  b a s e  o f  th e  

p o n d s  d u r in g  w e t p e r i o d s .  L e a c h a te  fro m  th e  p o n d s may h a v e  a f f e c e d  

lo c a l  g ro u n d w ate r q u a l i ty .

W ater sam p les  w ere  o b ta in e d  from  G rasshopper Creek above and 

below th e  d is tu rb a n c e .  D ata from  th e se  sam p le s , p re se n te d  i n  Table 15, 

i n d i c a t e d  t h a t  th e  w a te r  q u a l i t y  w as good , and u n a f f e c t e d  by th e  

H e n d r ic k s  m in e  and  m i l l  s i t e .  A ll m e a su re d  p a r a m e te r s  w e re  w e l l  

w i t h i n  a c c e p t a b l e  l e v e l s  f o r  a q u a t i c  l i f e  and hum an u s a g e . T h is  

s u p p o r te d  t h e  f i n d i n g s  o f  s e v e r a l  s t u d i e s  p e r fo rm e d  f ro m  1973-1976  

w hich  in d ic a te d  t h a t  th e  H endricks m ine d is tu rb a n c e  was n o t a m ajo r
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c o n t r ib u to r  to  th e  p o l lu t io n  o f  G rasshopper Creek (A nseth and Phippen,

1979).

M in e so il C h a r a c te r ia a t lo n

N a tu r a l  S o i l s  and  V e g e ta t io n . A n a t i v e  s o i l  d e s c r ib e d  a t  th e  

B an n ack  s i t e  ( s i t e  03) w as c l a s s i f i e d  a s  a  f i n e - l o a m y  m ix ed  T y p ic  

C r y o b o r a l f .  P h y s ic a l  and  c h e m ic a l  d a t a ,  a lo n g  w i th  th e  ped o n

d e s c r ip t io n  f o r  t h i s  s o i l  may be found i n  T ab les 38 and 39. The s o i l
:

was deep, w e ll  d ra in e d , and e x h ib i te d  medium to  r a p id  p e rm e a b il i ty  

and m o d era te  e ro s io n . S t r u c t u r e  w as w eak  c o a r s e  s u b a n g u la r  b lo c k y . 

C hem ical and p h y s ic a l  d a ta  in d ic a te d  n e u t r a l  pH, h ig h  o rg a n ic  m a tte r  

c o n te n t (4.3%), and h ig h  c a t io n  exchange c a p a c ity  (40 meq/TOOg) w ith  

ca lc iu m  d o m in a tin g  th e  exchange com plex. Heavy m e ta l c o n te n t was low . 

E l e c t r i c a l  c o n d u c t i v i t y ,  a v a i l a b l e  w a te r  h o ld in g  c a p a c i t y ,  and  

t e x t u r a l  c l a s s  w ere  a l l  r a te d  good w ith  r e s p e c t  c o v e r - s o i l  q u a l i ty  to  

g u id e l in e s  p re s e n te d  by S c h a fe r  (1979). T h is ra n g e la n d  s o i l  s u p p o r te d . 

v e g e t a t i o n  w h ic h  in c lu d e d  Id a h o  f e s c u e ,  b lu e b u n o h  w h e a tg r a s s ,  b ig  

sag eb ru sh  and r a b b i tb r u s h  a s  th e  dom inant s p e c ie s .

L a rg e  a r e a s  o f  t h e  t a i l i n g s  w e re  d e v o id  o f  v e g e t a t i o n  b u t  f o r  a 

few  s c a t t e r e d  s h r u b s  an d  f o r b s .  I n  c o n t r a s t ,  c e r t a i n  a r e a  o f  th e  

t a i l i n g s  w ere  w e ll  co vered  w ith  r a b b i tb ru s h .  These v e g e ta te d  a re a s :  I) 

a p p e a re d  to  be  i n  low  l y i n g  a r e a s  w h ic h  w ere  p r o t e c t e d  fro m  w ind



87

a c t i o n ,  an d  2) w e re  o f t e n  a s s o c i a t e d  w i th  a r e d d is h - b r o w n  t a i l i n g s  

m a te r i a l ,  r a t h e r  th a n  th e  g ray  m a te r ia l  w hich com prised  th e  m a jo r i ty  

o f th e  t a i l i n g s  s u r f a c e ,

B an n ack  T a i l i n g s  ( n e a r  m i l l ) .  B an n ack  t a i l i n g s  w ere  sam pled a t  

f i v e  l o c a t i o n s  i n c l u d i n g  tw o  s o i l  p r o f i l e s  and  t h r e e  g r a b  s a m p le s .  

The p r o f i l e s  w ere  lo c a te d  n e a r  th e  m i l l  ( s i t e  01) and i n  th e  n o rth w e s t 

(WW) q u a r t e r  o f  th e  p o n d s  ( s i t e  0 2 ) . T h ese  l o c a t i o n s  a r e  show n i n  

F ig u r e  2 0 . Pedon  d e s c r i p t i o n s  and  p h y s i c a l  and c h e m ic a l  d a t a  a r e  

p re s e n te d  i n  T ab les  41-46.

The p r o f i l e  a t  s i t e  01 was c h a r a c te r iz e d  a s  a c o a r s e - s i l t y  mixed 

T y p ic  C r y o f lu v e n t .  I t  e x h i b i t e d  a t h i n  s u r f a c e  c r u s t ,  an d  h ad  an  

a b r u p t  v e r t i c a l  t e x t u r a l  ch an g e  a t  a  d e p th  o f  17 cm , w i th  s i l t y  

m a te r ia l  o v e r ly in g  sandy m a te r ia l .  T h is  s t r a t i f i c a t i o n  may have been 

due to  c h a n g e s  i n  m i l l i n g  p r o c e d u r e s  and  c e r t a i n l y  m u s t im p ed e  

v e r t i c a l  w a te r  m ovem ent i n  th e  t a i l i n g s .  The s u r f a c e  c r u s t  w as n o t  

b e l i e v e d  t o  be s u f f i c i e n t l y  s t r o n g  t o  r e s t r i c t  s e e d l i n g  e m e rg e n c e , 

h o w e v e r  i t  may h av e  p r e v e n te d  good s e e d / s o i l  c o n t a c t  w h ich  i s  

im p o r ta n t  f o r  germ anat io n .  A v a ila b le  m o is tu re  i n  th e  s i l t y  la y e r  was 

o v e r  20%. M e a su re m e n ts  o f  EC, o r g a n ic  m a t t e r  c o n t e n t ,  and  w a te r  

s o lu b le  heavy m e ta l l e v e l s  w ere  a l l  low . Evidence o f w ind e ro s io n  was

p rom inen t
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F ig u re  20. A e r ia l  p h o to g ra p h  o f  th e  B annaok  m i l l  and  t a i l i n g s  s i t e  
show ing sam p lin g  lo c a t io n s .



A g r a b  s a m p le  fro m  a  s w a le  ( s i t e  01B) 5 m N o f  s i t e  01 show ed 

c h a r a c t e r i s t i c s  s i m i l a r  to  th e  s i l t  l a y e r  o f  s i t e  01» H ow ever, th e  

u p p e r  2 cm e x h i b i t e d  a  m o d e r a te ly  a l k a l i n e  pH (8*2), and  EC l e v e l s  

w hich w ere  i n h i b i to r y  to  p la n ts  a s  a  r e s u l t ,  o f a s a l t  a c c u m u la tio n  a t  

t h e  s u r f a c e .  D e s p i t e  t h i s  e l e v a t e d  EC, th e  s w a le  h ad  g r e a t e r  

v e g e t a t i v e  e s t a b l i s h m e n t  th a n  th e  s u r r o u n d in g  a r e a .  C h e m ic a l d a t a  

in d ic a te d  t h a t  th e se  w ere  l a r g e ly  magnesium and sodium  s a l t s .

Bannack T a i l in g s  -  (n o rth w e s t. s e c tio a _ _ o f_  p o n d ). M a t e r i a l  fro m

th e  n o r th w e s t  s e c t i o n  o f  t h e  pon d s e x h i b i t e d  a c o a r s e r  t e x t u r e  and
.

lo w e r  w a te r  h o ld in g  c a p a c i ty  th a n  th e  m a te r ia l  n ea r th e  m i l l .  In  a l l  

o t h e r  r e s p e c t s  t h e  c h a r a c t e r i s t i c s ,  o f  th e s e  tw o  m a t e r i a l s  w e re  

s im i l a r .  A s u r f a c e  sam ple  from  th e  rew o rk ed  a re a  n o r th  o f  th e  ponds 

( s i t e  02B) a l s o  e x h ib i te d  s i m i l a r  c h a r a c t e r i s t i c s ,  a s  d id  th e  sam ple 

o f  re d d ish -b ro w n  m a te r ia l  ta k e n  from  a  d ik e  ( s i t e  02C).

D isc u ss io n  o f  Bannack T a i l in g s  R e su lts  .

The re d d ish -b ro w n  m a te r ia l  on th e  s i t e  su p p o rte d  dense  s ta n d s  o f 

r a b b i tb r u s h ,  w hich in d ic a te d  th a t  th e  m a te r i a l  was n o n - to x ic  to  t h i s  

s p e c i e s .  I t  w as b e l i e v e d  t h a t  t h i s  m a t e r i a l  w as s i m i l a r  to  t h e  

t a i l i n g s  a t  th e  G o ld  C reek  m i l l  200 m d o w n s tre a m , w h ic h  a l s o  

s u p p o r te d  v e g e t a t i o n .  H ow ever, i t  w as n o te d  t h a t  t h e  G old  C reek  

t a i l i n g s  w e re  r e p o r t e d  to  be r e s p o n s i b l e  f o r  th e  p o l l u t i o n  o f  

G ra s s h o p p e r  C reek  ( A n se th  and P h ip p e n , 1 9 7 9 ). E v i d e n t l y ,  l e v e l s  o f
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heavy m e ta ls  i n  th e  t a i l i n g s  w hich  w ere to x ic  to  a q u a t ic  l i f e  d id  n o t 

r e s t r i c t  p la n t  growth® I t  was a l s o  o b serv ed  t h a t  th e  g ray  m a te r ia l  a t  

th e  B an h ack  s i t e  s u p p o r te d  v e g e t a t i o n  i n  th e  p r o t e c t e d  a r e a s  b e h in d  

th e  d i k e s .  Thus i t  w as a p p a r e n t  t h a t  t h e  l a c k  o f  v e g e t a t i o n  on th e  

B an n ack  t a i l i n g s  w as n o t  d ue  to  p h y s id c h e m ic a l  l i m i t a t i o n s  o f  th e  

r o o t in g  medium.

E v id e n c e  fro m  t h e  B an n ack  t a i l i n g s  s i t e  s u g g e s te d  t h a t  w ind  

a c t i o n  may h av e , b e e n  th e  m a jo r  f a c t o r  r e s p o n s i b l e  f o r  th e  l a c k  o f  

v e g e ta t iv e  cover. S e v e ra l e f f e c t s  o f  wind a c t io n  w ere  m a n ife s te d  on 

th e  s i t e ,  i n c l u d i n g :  1) w in d  s c o u r in g  o f  s e e d l i n g s ,  2) m o i s tu r e  

d e f i c i e n c i e s  a s  a  r e s u l t  o f  r a p id  e v a p o ra tio n  by m a in ta in e n c e  o f s te e p  

w a te r  p o t e n t i a l  g r a d ie n ts  a t  th e  s u r f a c e  o f  b a re  s o i l s  w hich had only  

m o d era te  a v a i la b le  w a te r  h o ld in g  c a p a c i ty ,  3) rem oval o f  seed s  from  

th e  f l a t ,  h a rd  s u r f a c e  o f  th e  p o n d s , an d  4) a c t i v e  e r o s i o n  and  

d e p o s i t i o n .  The p re p o n d e ra n c e  o f  v e g e t a t i o n  on a r e a s  o f  t h e  ponds 

p ro te c te d  from  th e s e  e f f e c t s  s u b s t a n t i a t e s  t h i s  c o n c lu s io n .

T h e re  i s  c u r r e n t l y  a p r o p o s a l  t o  r e r o u t e  t h e  r o a d  w h ich  g o e s  

th ro u g h  th e  tow n  o f  B an n ack  a c r o s s  G ra s s h o p p e r  C reek  an d  a ro u n d  th e  

n o r t h e r n  b o u n d a ry  o f  t h e  t a i l i n g s  a r e a  i n  o r d e r  to  d i v e r t  v e h i c u l a r  

t r a f f i c  aw ay fro m  t h i s  h i s t o r i c  to w n  s i t e .  I m p le m e n ta t io n  o f  t h i s  

p r o p o s a l  may a l s o  i n c l u d e  r e c l a m a t i o n  o f  th e  t a i l i n g s  a r e a .  The 

fo llo w in g  i s  a l i s t  o f  recom m endations p e r ta in in g  to  t h i s  program :
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1) The new ro ad  sh o u ld  be e le v a te d  a s  i t  p a s se s  th e  p e r im e te r  o f 

th e  t a i l i n g s ,  w ith  th e  roadbed  a c t in g  a s  a  d ik e  to  p re v e n t th e  rem oval 

o f  t a i l i n g s  m a te r i a l s  from  th e  s i t e  d u r in g  f lo o d  e v e n ts . The n o r th e rn  

f a c e  o f th e  ro ad  base  sh o u ld  be covered  w ith  to p s o i l  o b ta in e d  from  th e  

a d ja c e n t f lo o d p la in ,  w h ile  m a in ta in in g  s u f f i c i e n t  s o i l  d ep th  on th e  

s t r ip p e d  a r e a s  to  s u p p o r t r e v e g e ta t io a ,  C o n s id e ra tio n  sh o u ld  a lso  be 

g iv e n  t o  a p p ly in g  t o p s o i l  t o  any  a r e a  n o r th  o f  th e  r o a d  w h ic h  i s  

u n v e g e ta te d  due to  th e  p re se n c e  o f  rew orked  t a i l i n g s ,  A p p lic a tio n  o f 

to p s o i l  w i l l  in s u r e  r a p id  v e g e ta t iv e  e s ta b l is h m e n t .  R e v e g e ta tio n  may 

be f u r t h e r  e n h a n c e d  by th e  s a lv a g e  an d  r e a p p l i c a t i o n  o f  v e g e t a t i o n  

"so d  p a d s "  on th e  f lo o d p la in  s u r fa c e ,

2) The o p en  a d i t  o f  t h e  H e n d r ic k s  m in e  s h o u ld  ( m in im a l ly )  be 

s e a l e d  so  a s  to  p r e v e n t  hum an a c c e s s ,  a s  i t  i s  a h a z a r d  t o  p u b l i c  

h e a l t h  and  s a f e t y .  T h is  i s  I m p e r a t i v e ,  a s  t h e  new ro a d  w i l l  

s i g n i f i c a n t l y  in c re a s e  th e  u t i l i z a t i o n  o f  th e  mine s i t e  f o r  to u rism  

a n d /o r  r e c r e a t io n ,

3) The m i l l  s t r u c t u r e  i t s e l f  p r e s e n ts  a  h aza rd  to  p u b lic  s a f e ty ,  

how ever i t  i s  a l s o  an  im p o r ta n t  h i s t o r i c a l  b u ild in g . I t  i s  su g g e s te d  

th a t  th e  s t r u c t u r e  be se c u re d  w ith  fe n c in g  so  t h a t  th e  f l o t a t i o n  v a t s  

and in n e r  w ork ings may be seen  from o u ts id e  th e  s t r u c t u r e ,

4) R e v e g e ta t io n  o f  th e  t a i l i n g s  pond s u r f a c e s  s h o u ld  n o t  be 

d i f f i c u l t .  The c h e m ic a l  and  p h y s i c a l  p r o p e r t i e s  o f  th e  t a i l i n g s  

m a t e r i a l s  do n o t  seem  t o  n e c e s s i t a t e  th e  a p p l i c a t i o n  o f  t o p s o i l ,
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a lth o u g h  u se  o f  t o p s o i l  w ould enhance th e  p ro s p e c ts  f o r  su c c e s s . The 

m ost im p o r ta n t  a s p e c t  o f  th e  r e v e g e ta t io n  e f f o r t  i s  a m e l io r a t io n  o f 

th e  e f f e c t s  o f  w ind a c t io n .  S e v e ra l te c h n iq u e s  may be u t i l i z e d  to  do 

t h i s .  F i r s t ,  s e e d b e d  p r e p a r a t i o n  and  p l a n t i n g  w i l l  i n  th e m s e lv e s  

m i t ig a te  th e  s i t u a t i o n  by in c re a s in g  s u r f a c e  ro u g h n ess , and p ro v id in g  

good  s e e d / s o i l  c o n t a c t .  The u se  o f  m u lc h e s  i s  a common te c h n iq u e  

w hich  w i l l  f u r t h e r  re d u c e  w ind e f f e c t s .  A p p lic a tio n  o f  e i t h e r  a mulch 

w hich l i e s  f l a t  on th e  s u r fa c e  o r  a hay m ulch crim ped i n t o  th e  s u r fa c e  

w i l l  p ro v id e  p r o te c t io n  from  wind s c o u r in g  and m o is tu re  l o s s ,  and w i l l  

g r e a t ly  enhance th e  p o s s i b i l i t y  fo r  s u c c e s s fu l  r e c la m a tio n . The use  

o f  snow fe n c e s  and. th e  p la n t in g  o f  w in d b reak s a re  o th e r  a m e lio ra t iv e  

m e a s u re s  w h ic h  m ay: be u s e d .  N i t ro g e n  and phosphorous f e r t i l i z a t i o n  

w i l l  be n e c e ssa ry  to  m eet p la n t  n u t r i e n t  re q u ire m e n ts .

One a l t e r n a t e  p la n  s h o u ld  be c o n s id e r e d ;  t h a t  i s  t o  s im p ly  

c h e m ic a lly  s t a b i l i z e  th e  t a i l i n g s  s u r f a c e  w ith o u t p la n t in g .  T his w i l l  

m in im iz e  o f f s i t e  im p a c t s  w h i l e  p ro v id in g  th e  b e n e f i t  o f  (v is u a l ly )  

m a i n t a i n i n g  th e  a r e a  a s  a h i s t o r i c  s i t e .  S tu d ie s  be Dean e t  a l .  

p 969) and  H avens and  Dean (1970 ) h av e  show n t h i s  t o  be an  e f f e c t i v e  

te c h n iq u e , and have in d ic a te d  th a t  n a tu r a l  r e v e g e ta t io n  i s  enhanced by 

th e  p ro c e d u re .

5) R e d u c t io n  and  r e v e g e t a t i o n  o f  s lo p e s  i n  t h e  o p en  p i t  and  

s u r f a c e  m in ed  a r e a s  s h o u ld  a l s o  be c o n s id e r e d  a s  a  p a r t  o f  th e
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r e c l a m a t i o n  e f f o r t s  C o n c a v e  s l o p e  c o n f i g u r a t i o n s  s h o u l d  b e  

in c o rp o ra te d  i n t o  s lo p e  d e s ig n  w herever p o s s ib le  to  m in im ize  ru n o ff  

en erg y . S u f f i c i e n t  d e p th s  o f  c o v e r s o i l  m a te r ia l s  ap p ea r to  be r e a d i ly  

a v a i l a b l e .

C h a r a c te r iz a t io n  o f  th e  Champion Mine

S i t e  D e s c r ip t io n .

L o c a t io n . The C ham pion  M ine i s  l o c a t e d  i n  s e c t i o n s  28 and 33» 

T6N, R8W MPM, D eerlodge County, M ontana. The p r iv a te ly  owned p ro p e r ty  

i s  w i t h i n  t h e  H e le n a  N a t io n a l  F o r e s t ,  j u s t  t o  t h e  w e s t  o f  th e  

C o n t i n e n ta l  D iv id e .  The s i t e  i s  a p p r o x im a te ly  24 km NNl-J o f  B u t t e ,  

M ontana and i s  a c c e sse d  v ia  I n t e r s t a t e  90.

C lim a te . The b e s t  c l im a to lo g ic a l  d a ta  a v a i la b le  f o r  th e  Champion 

m ine was o b ta in e d  from  th e  Deer Lodge 3W w ea th e r s t a t i o n  (e le v . 1484). 

Y e a r ly  p r e c i p i t a t i o n  a v e ra g e d  27=7 ±  9 ,9  cm, m o st o f  w h ic h  f e l l  a s  

s p r in g  and f a l l  r a in s  and summer th u n d e rs to rm s . A pprox im ately  65-75% 

o f th e  ann u a l p r e c i p i t a t i o n  o ccu red  d u r in g  th e  grow ing  seaso n , w hich 

a v e ra g e d  52 ±  32 f r o s t  f r e e  d a y s . The a v e ra g e  a n n u a l d a i l y  

te m p e ra tu re  was 5,2 ±  0.3 0C, w h ile  maximum and minimum te m p e ra tu re s  

r e a c h e d  36.1 and  -4 0 .0  0 C r e s p e c t i v e l y  (U.S. H e a th e r  B u re a u , 1971 - 

1981 ). I t  i s  l i k e l y  t h a t  th e  l o c a l  c l i m a t e  a t  th e  s i t e  i s  so m ew h at 

w e t te r  and c o o le r  th a n  th e s e  d a ta  in d i c a te  due to  i t s  p ro x im ity  to  th e
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c o n t in e n ta l  d iv i d e ,

. G eo lo g y  and  M in in a  H i s to r y . The Champion m ine was th e  le a d in g  

p ro d u c e r i n  th e  Oro F ino  M ining D i s t r i c t ,  w ith  a  t o t a l  y i e ld  o f o ver 

300 thou san d  d o l l a r s .  The m ine was f i r s t  o p e ra te d  from  1886-1888, bu t 

c l o s e d  due t o  t h e  h ig h  c o s t  o f  o r e  t r a n s p o r t a t i o n  to  t h e  m i l l  n e a r  

Deer Lodge. Champion was reopened  i n  1920 by th e  B u t te - J a r d in e  M eta ls  

Com pany, w h ic h  b u i l t  a f l o t a t i o n  m i l l  on s i t e .  The o p e r a t i o n s  

c o n t in u e d  u n t i l  192 6 , w hen low  s i l v e r  p r i c e s  f o r c e d  c l o s u r e  o f  th e  

m ine (P ardee  and S c h ra d e r , 1933), The p ro p e r ty  i s  c u r r e n t ly  owned by 

th e  Anaconda Company.

The o re  body was a p r o u s t i t e /p y r a r g y r i t e - b e a r in g  q u a r tz  v e in  0 ,3 - 

2 .4  m w id e . I t  w as c h a r a c t e r i z e d  a s  a f i s s u r e  d e p o s i t  i n  th e  a p l i t e  

p h a s e  o f  t h e  B u t t e  q u a r t z  m o n z o n ite  m i n e r a l i z a t i o n  ( B i l l i n g s l y  and  

G rim es, 1918). The m ine h as  been w orked to  th e  275 m l e v e l  (Anaconda 

C o., 1 9 8 1 ).

P hysiography . The Champion m ine i s  lo c a te d  i n  an  a r e a  o f rounded 

m o u n ta in s  and m o d e ra te ly  s te e p  d ra in a g e s  on th e  e a s t  s id e  o f th e  Deer 

Lodge V a l l e y .  L o c a l r e l i e f  i s  a p p r o x im a te ly  400 m, w i th  m o u n ta in  

peaks r i s i n g  o v e r 2225 m. The Champion m ine s i t e  o c c u p ie s  th e  bottom  

and  n o r t h  s lo p e  o f  a s m a l l  d r a in a g e ,  w i t h i n  an  e l e v a t i o n  r a n g e  o f  

1950-1980 m.
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The m ine d is tu rb a n c e  o f  a p p ro x im a te ly  2„5 ha may be d iv id e d  in t o  

an  u p p e r  w a s te  r o c k  a r e a  and  a lo w e r  t a i l i n g s  a rea *  On th e  u p p e r  

a r e a ,  w a s t e  r o c k  f ro m  t h e  o p e r a t i o n  w a s  d um ped  o f f  a b e n c h  

a r t i f i c i a l l y  c r e a t e d  f o r  m ine  s t r u c t u r e s .  I t  w as a p p a r e n t  t h a t  

m a te r ia l  had been m e c h a n ic a lly  rem oved from  th e  fa c e  o f  th e  w e s te rn  

end o f th e  dump. T h is  had  r e s u l t e d  i n  th e  fo rm a tio n  o f o v e rs te e p e n e d , 

n e a r l y  v e r t i c a l  s l o p e s  a p p r o x im a te ly  9 m h ig h .  T h ese  s lo p e s  

c o n s t i t u t e  a h a z a r d  t o  p u b l i c  s a f e t y .  The C ham pion a d i t  w as a l s o  

l o c a t e d  on  th e  u p p e r  p o r t i o n  o f  t h e  m in e . The a d i t  w as p a r t i a l l y  

c o l la p s e d  a t  th e  s u r f a c e ,  how ever i t  appeared, t h a t  a c c e s s  to  th e  s h a f t  

w as p o s s i b l e .  I n  su c h  c o n d i t i o n  t h i s  a d i t  a l s o  p o s e s  a t h r e a t  t o  

p u b lic  s a f e ty ,  A t h i r d  f e a tu r e  o f th e  u p p er a re a  was th e  p re se n c e  o f  

s e v e r a l  m in e  s t r u c t u r e s .  T h ese  i n c lu d e d  tw o  o r e  b in s  w h ic h  m u st be 

c o n s id e r e d  s e r i o u s  s a f e t y  h a z a r d s  a s  t h e i r  to p s  a r e  o p e n  and  a t  

ground l e v e l .  O ther m ine s t r u c t u r e s  in c lu d e d  tw o c o n c re te  fo u n d a tio n s  

on th e  NW edge o f  th e  d is tu rb a n c e  and th e  rem n a n ts  o f  two c a b in s  e a s t  

o f  th e  m ine s i t e ,  A c o n c re te  fo u n d a tio n  was a l s o  p r e s e n t  on th e  upper 

bench n e a r  th e  Champion a d i t .

The lo w e r  a r e a  o f  t h e  m in e  w as a s s s o c i a t e d  w i th  t h e  C ham pion 

t a i l i n g s  w hich o ccu p ied  a  lo w lan d  a re a  a d ja c e n t  to  a  t r i b u t a r y  o f  Oro 

F ino  C reek, The t a i l i n g s  seem ed to  have been d e p o s ite d  i n  one pond, 

to  a d ep th  o f  a p p ro x im a te ly  1.5 m. The t a i l i n g s  d ik e  and o v e r 60% o f  

t h e  t a i l i n g s  m a t e r i a l s  h ad  b een  rem o v e d  fro m  th e  s i t e  by w a te r

;
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e ro s io n . The g e n e ra l p h y sio lo g y  o f  th e  w as te  ro ck  and t a i l i n g s  a re a s  

a r e  shown in  F ig u re  21.

F ig u re  2 1 . View o f th e  Champion mine lo o k in g  n o r th  from  th e  c e n te r  of 
th e  t a i l i n g s  pond.

Hydrology and Water Q ua l i ty  A n a l y s i s . The p o s i t i o n  o f  th e  

C ham pion  d i s t u r b a n c e  on th e  la n d s c a p e  i n d i c a t e d  t h a t  w a te r  from  

a p p r o x im a te ly  10 ha o f  t h e  w a te r s h e d  ab o v e  th e  m ine  f lo w s  th ro u g h  

th e  s i t e .  The t a i l i n g s  pond i n t e r c e p t e d  th e  g ro u n d w a te r  t a b l e ,  a s  

ev id en ced  by sh a llo w  e x c a v a tio n s  t h a t  f i l l e d  w ith  w a te r . S u rface  flow  

on th e  s i t e  o r i g i n a t e d  fro m  th e  t r i b u t a r y  to  Oro F in o  C reek  w h ich  

s k i r t s  t h e  s o u th e r n  ed g e  o f  th e  t a i l i n g s  pond , and fro m  d i s c h a r g e  

em an atin g  from  th e  Champion a d i t .  E vidence in d ic a te d  th a t  th e  s tream
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o v e rflo w ed  i t s  banks d u rin g  s p r in g  ru n o f f  a n d /o r  s e v e re  s to rm  e v e n ts , 

and  h ad  c a u s e d  l a r g e  a m o u n ts  o f  w a te r  t o  f lo w  d i r e c t l y  o v e r  th e  

t a i l i n g s .  T h is  flow  was r e s p o n s ib le  f o r  th e  ex trem e d i s s e c t io n  o f th e  

t a i l i n g s .  Flow from  th e  a d i t  cascaded  down th e  fa c e  o f  th e  w aste  ro c k  

dump and  th e n  t r a v e r s e d  th e  t a i l i n g s  pond n e a r  i t s  n o r t h e r n  edge  

b e f o r e  e n t e r i n g  th e  s t r e a m ,  k w h i t e  p r e c i p i t a t e  w as fo u n d  w h e re  

d r a in a g e  fro m  th e  a d i t  f lo w e d  o v e r  th e  w a s te  r o c k  and  a r e d  

p r e c i p i t a t e  w as on  t h e  t a i l i n g s .  C h e m ic a l a n a l y s i s  i n d i c a t e d  a 

s i g n i f i c a n t  am oun t o f  i r o n  w as re m o v e d  fro m  th e  w a te r  i n  t h e s e  

p r e c i p i t a t e s .

W a te r  q u a l i t y  s a m p le s  w e re  o b ta in e d  a t  f o u r  l o c a t i o n s :  I)  

100 m u p stream  o f th e  d is tu rb a n c e ,  2) a t  th e  a d i t  d is c h a rg e , 3) a t  th e  

c e n te r  o f th e . t a i l i n g s  pond, and 4) 200 m below th e  m ine. Q u a lity  o f 

th e  upstream  sam ple was good, a s  in d ic a te d  by low heavy m e ta l l e v e l s ,  

low  EC, and  s l i g h t l y  a l k a l i n e  pH (8 .0 ) .  S am p les  o b t a in e d  from  th e  

mine s i t e  how ever, e x h ib i te d  degraded  w a te r  q u a l i t y . , M easured ph was 

m o d e r a te ly  t o  e x t r e m e ly  a c i d  ( 5 .3 - 3 ,8 ) ,  and l e v e l s  s e v e r a l  heav y  

m e ta l s  i n c l u d i n g  i r o n ,  m a n g a n e se , c o p p e r ,  and  z i n c  e x c e e d e d  one o r  

m ore  o f  t h e  a p p l i e d  f e d e r a l s  s t a n d a r d s .  H a te r  q u a l i t y  200 m 

dow nstream  had s i g n i f i c a n t l y  im proved . M easured pH was 7,5, and on ly  

copper and m anganese exceeded w a te r  q u a l i t y  c r i t e r i a .  The p resen ce  o f 

sed im en t from  th e  t a i l i n g s  was n o te d  dowmstream . D ata in d ic a te d  th a t  

a lth o u g h  th e  Champion m ine was r e s p o n s ib le  f o r  d e g ra d a tio n  o f  Oro F ino
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C re e k , th e  n a t u r a l  b u f f e r i n g  c a p a c i t y  o f  th e  s t r e a m  s i g n i f i c a n t l y  

a m e lio ra te d  t h i s  in f lu e n c e  d u rin g  low flow  periods=  I t  was ex p ec ted  

t h a t  a  l o n g e r  p o r t i o n  o f  th e  s t r e a m  w as a d v e r s e l y  im p a c te d  d u r in g  

s p r in g  ru n o f f .  H a te r  q u a l i ty  d a ta  f o r  th e  Champion m ine a r e  p re se n te d  

i n  T a b le  16.

M in e so il C h a r a c te r iz a t io n

N a tu r a l  S o i l s  and  V e g e ta t io n . An u n d i s tu r b e d  s o i l  n e a r  th e  

Champion m ine was c l a s s i f i e d  a s  a  sandy m ixed Typic C ry o ch rep t, The 

s o i l  w as o f  f a i r  c o v e r - s o i l  q u a l i t y ,  and  w as c h a r a c t e r i z e d  by low 

a v a i l a b l e  w a te r  h o ld in g  c a p a c i t y ,  s l i g h t l y  a c i d  pH (5 .5 ) ,  and  h ig h  

r o c k  f r a g m e n t  c o n t e n t  (5 -40% ). E l e c t r i c a l  c o n d u c t iv ity  m easured 0«2 

m m hos/cm , o r g a n ic  c a rb o n  w as 0.5%, an d  h eav y  m e ta l  l e v e l s  w e re  lo w . 

S o il  s t r u c t u r e  was weak g ra n u la r .  The pedon d e s c r ip t io n ,  and p h y s ic a l 

and  c h e m ic a l  d a t a  f o r  t h i s  s o i l  a r e  p r e s e n t e d  i n  T a b le s  47 and  48 . 

V e g e t a t i o n  i n  t h e  a r e a  w as  m ix e d  c o n i f e r o u s  f o r e s t .  On t h e  

d is tu rb a n c e  v e g e ta t io n  was p re s e n t  i n  th e  bo ttom s o f  c h a n n e ls  eroded  

th ro u g h  th e  t a i l i n g s ,  d e s p i t e  e x t r e m e ly  a c i d  pHes .  A r u s h  ( J u n c u s  

s p p .)  w as th e  d o m in a n t p l a n t  i n  t h e s e  a r e a s .  S m a ll  am o u n ts  o f  

v e g e t a t i o n  a l s o  g rew  on th e  f l a t  to p s  o f  som e o f  t h e  r e m a in in g  

t a i l i n g s  i s la n d s .  V i r tu a l ly  no v e g e ta t io n  was su p p o rte d  on th e  w aste  

r o c k  dum ps. A p a r t i a l  s p e c i e s  l i s t  o f  t h e  p l a n t s  fo u n d  on  th e  s i t e  

may be found  i n  T ab le  62 (Appendix D).
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C ham pion  T a i l i n g s  ( v e g e t a te d .  ^XaLfcja Two s o i l  p r o f i l e s  w e re  

ex c a v a te d  i n  th e  Champion t a i l i n g s :  I)  a t  th e  e a s te r n  boundary o f th e  

pond a d j a c e n t  t o  a  g r a s s e d  f l a t  ( s i t e  0 5 ) ;  and  2) on a  r e m n a n t i s l a n d  

( s i t e  06 ) i n  th e  c e n t e r  o f  th e  pond . The l o c a t i o n s  o f  th e  C ham pion 

sam p lin g  s i t e s  a r e  d e p ic te d  i n  F ig u re  22,

S i t e  05 was c l a s s i f i e d  a s  a f i n e - s i l t y  mixed Typio C ry o fluv en t, 

A d i s t i n c t  t e x t u r e  d i f f e r e n c e  o c c u r r e d  a t  a  d e p th  o f  12 cm, w i th  

sandy m a te r ia l  o v e r ly in g  f i n e  s i l t .  A lthough t h i s  la y e r in g  would n o t 

c r e a te  a  p erched  w a te r  t a b le ,  i n h i b i t i o n  o f  v e r t i c a l  w a te r  movement 

was l i k e l y .  A v a ila b le  w a te r  h o ld in g  c a p a c ity  was r a te d  a s  f a i r  f o r  

u se  a s  c o v e r - s o i l .  C a t io n  e x c h a n g e  c a p c i t y  a v e ra g e d  10 m e g /IOOg i n  

th e  p r o f i l e ,  w h ile  EC m easured  0,2 mmhos/om i n  th e  u p p er 12 cm and 3,0 

mmhos/cm i n  th e  lo w e r p r o f i l e .  D ata in d ic a te d  heavy m e ta l l e v e l s  w ere 

low , w ith  th e  e x c e p tio n  o f  aluminum w hich  was p re s e n t  i n  p o te n t i a l ly  

to x ic  am ounts. A ll m easured c a t io n s  e x h ib i te d  m arkedly  h ig h e r  l e v e l s  

i n  th e  C2 h o r iz o n .  Low pH (3 .5 ) ,  and  h ig h  s u l f a t e  l e v e l s  i n d i c a t e d  

e x t e n s i v e  p y r i t e  o x i d a t i o n .  P r o f i l e  d e v e lo p m e n t w as e v id e n c e d ,  

p r o b a b ly  d ue  to  th e  i n f l u e n c e  o f  th e  a d j a c e n t  f l a t  w i t h  r e s p e c t  to  

t o p s o i l  d e p o s i t i o n  and  v e g e t a t i v e  c o l o n i z a t i o n ,  A s u r f a c e  sa m p le  

( s i t e  0 6 A) ta k e n  fro m  th e  v e g e t a t e d  to p  o f  a r e m a n a n t i s l a n d  i n  th e  

c e n te r  o f th e  t a i l i n g s  e x h ib i te d  s i m i l a r  chem ica l p r o p e r t i e s .

Champion T a i l in g s  (rem nan t is la n d ) .  T a i l in g s  i n  t h i s  a re a  ( s i t e
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0 6 )  w e re  c l a s s i f i e d  a s  a f i n e - s i l t y  o v e r  s a n d y  m ix e d  T y p ic  

C ry o flu v e n t. P h y s ic a l and ch em ica l d a ta  w ere s im i l a r  to  th o se  o f s i t e  

0 5 . H o r i z o n ta l  v a r i a t i o n s  i n  t e x t u r e  s e r v e d  to  t r a p  m o i s t u r e  i n  th e  

m id d le  o f  th e  p r o f i l e ,  w h ich  w as w e t i n  l a t e  A u g u st. An e x t r e m e ly  

h ig h  p e rc e n ta g e  o f th e  heavy m e ta l c o n te n t was i n  s o lu b le  fo rm s, w ith  

a lu m in u m  and m a n g an ese  p r e s e n t  a t  p o t e n t i a l l y  p h y to t o x ic  l e v e l s .  

M easu red  pH w as e x t r e m e ly  a c i d  (3 .0 ) ,  and  EC d a t a  i n d i c a t e d  

in h i b i to r y  s a l t  c o n c e n tra t io n s  (5mmhos/om).

Figure 22. A er ia l photograph o f th e  Champion mine show ing s o i l  and
water sampling lo ca tio n s.
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Champion Waafce Rook, k g rab  sam ple  from  th e  Champion w as te  dump 

( S i te  04) e x h ib i te d  low a v a i la b le  w a te r  h o ld in g  c a p a c i ty  (6$), a  CEC 

o f  20 m e q /1 0 0 g p e x t r e m e ly  a c i d  pH (3«5 ), and  low  o r g a n ic  m a t t e r  

c o n t e n t  (<o5$). E l e c t r i c a l  c o n d u c t i v i t y  w as s l i g h t l y  e l e v a t e d  

a lth o u g h  n o t i n h i b i to r y ,  and heavy m e ta l l e v e l s  w ere low . Aluminum 

w as p o t e n t i a l l y  p h y to t o x ic  (5 ppm w a te r  s o l u b l e ) ,  h o w e v e r  i t  w as 

p r e s e n t  i n  am ounts s i g n i f i c a n t l y  lo w er th a n  e x h ib i te d  by th e  t a i l i n g s .  

Pedon d e s c r i p t i o n s  and  p h y s i c a l  an d  c h e m ic a l  d a t a  f o r  th e  C ham pion 

s p o i l  sam p les  may be found i n  T ab les  49-54 .

D is sc u sa io n  o f  th e  Champion M in e .R esu lts

Study o f  th e  Champion m ine in d ic a te d  t h a t  d e g ra d a tio n  o f s tream  

q u a l i t y  h ad  o c c u r r e d  a s  a  r e s u l t  o f  th e  d i s t u r b a n c e .  H ow ever, th e  

p re se n c e  o f  a q u a t ic  l i f e  i n  th e  s tre a m , as  w e ll  a s  in d ic a te d  l e v e l s  o f  

m easured  p a ra m e te rs  su g g e s te d  th a t  t h i s  d e g ra d a tio n  was. n o t ex tre m e ly  

s e r io u s .  The la c k  o f  v e g e ta t io n  on th e  s i t e  was c o n s id e re d  a  problem  

w ith  r e s p e c t  to  b o th  a e s t h e t i c s  and o f f s i t e  t r a n s p o r t  o f  mine w as te  

m a te r ia l s .  On th e  w a s te  ro c k , a v a i la b le  w a te r  seemed to  be th e  m ost 

l i m i t i n g  f a c t o r  f o r  v e g e ta t iv e  e s t a b l i s h m e n t .  Som ew hat e l e v a t e d  EC 

l e v e l s  e x a c e r b a te d  t h i s  p ro b le m , and  i t  w as p o s s i b l e  t h a t  t h e  

s l i g h t l y  e le v a te d  heavy m e ta l l e v e l s  s y n e r g i s t i c a l l y  a f f e c te d  p la n t  

g row th  un d er t h i s  m o is tu re  s t r e s s .  I t  was e v id e n t t h a t  th e  t a i l i n g s  

m a te r ia l  was c a p a b le  o f  su p p o r tin g  v e g e ta t io n .  The q u e s t io n  rem a in s
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a s  to  why some a r e a s  w ere v e g e ta te d , w h ile  o th e r s  w ere n o t. The d a ta  

s u g g e s te d  t h a t  EC and  h e a v y  m e ta l  l e v e l s  a r e  p r e s e n t  i n  p o t e n t i a l l y  

i n h i b i t o r y  o r  t o x i c  I e v e l s 6 A reas  w h ic h  s u p p o r te d  v e g e t a t i o n  h ad  

lo w e r l e v e l s  o f  th e se  p a ra m e te rs ,  had been le a c h e d , o r  w ere i n  a re a s  

o f  s u r f a c e  w a te r  o r  ground  w a te r  flow* These s i t u a t i o n s  a p p a re n tly  

p ro v id ed  a s u i t a b l e  p la n t  g row th  en v iro n m en t.

I t  m ust be n o te d  th a t  a r e a s  o f  th e  t a i l i n g s  e x h ib i te d  th ix o tro p y *  

T h is  may p re s e n t  p rob lem s w ith  r e s p e c t  to  m achinery  o p e ra t io n  i n  th e  

r e c la m a t io n  e f fo r t*  The fo llo w in g  a r e  s p e c i f i c  re c o m m e n d a t io n s  f o r  

th e  Champion m ine d is tu rb a n c e s

1) The m o s t im m e d ia te  h a z a r d  a s s o c i a t e d  w i th  t h i s  s i t e  i s  t h e  

s a f e ty  h a z a rd  posed by th e  o ld  o re  bins* These shou ld  be d ism a n tle d  

im m e d ia te ly  and e i t h e r  rem oved from  th e  s i t e ,  o r i f  p o s s ib le  used f o r  

raw m a te r i a l s  i n  s lo p e  o r  s tream b an k  s ta b i l i z a t io n *  O ther s t r u c t u r e s  

on th e  s i t e  pose m in im al s a f e ty  h a z a rd s , b u t may be rem oved from  th e  

s i t e  i f  d e s i r e d *  The C ham pion  a d i t  s h o u ld  a l s o  be c l o s e l y  c h e c k e d  

and  s e a l e d  i f  n e c e s s a r y  t o  i n s u r e  ( m in im a l ly )  t h a t  a c c e s s  i s  n o t  

p o s s ib le *  S e a l in g  to  p r e v e n t  f u r t h e r  d i s c h a r g e  s h o u ld  a l s o  be 

c o n s id e re d  a t  t h i s  tim e*

2) The t a i l i n g s  m a te r i a l s  p r e s e n t  th e  g r e a t e s t  p o l lu t io n  h aza rd  

on th e  Champion s i te *  An in v e s t ig a t io n  sh o u ld  be i n i t i a t e d  a s  to  th e  

c o s t  e f f e c t iv e n s s  o f  b a c k f i l l i n g  th e  underground m ine w ork ings w ith  a 

t a i l i n g s  s lu r r y *  T h is  w ou ld  be t h e  m o s t e f f e c t i v e  m ethod  o f
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p r e v e n t in g  o f f s i t e  t r a n s p o r t  o f  t a i l i n g s  m a t e r i a l ,  and  w o u ld  a l s o
!

e l im in a te  th e  flow  o f  t a i l i n g s  le a c h a te  in t o  th e  s tre a m . Chem ical 

t e s t i n g  o f  th e  r e m a in in g  m a t e r i a l  w h ich  p r e v io u s l y  u n d e r l a i d  th e  

t a i l i n g s  sh o u ld  be made to  e v a lu a te  th e  need f o r  f e r t i l i z a t i o n ,  lim in g  

and to p s o i l  a p p l ic a t io n .  S u f f i c i e n t  t o p s o i l  c o u ld  be o b t a in e d  fro m  

th e  a d ja c e n t  g ra s s y  f l a t  i f  n e c e ssa ry . B a c k f i l l in g  o f  w a s te  ro c k  in t o  

th e  a d i t  and  s u b s e q u e n t  s e a l i n g  to  p r e v e n t  d i s c h a r g e  m ig h t  a l s o  be 

c o n s id e re d .

I f  b a c k f i l l i n g  p ro v e s  t o  be i m p r a c t i c a l  an  a l t e r n a t e  s t r a t e g y  

w o u ld  be  t o  a t t e m p t  r e v e g e t a t i o n  i n  p l a c e .  Heavy l i m i n g  w ou ld  be 

n e c e ssa ry  f o r  s u c c e s s fu l  p la n t  r e e s ta b l is h m e n t .  R econ tou ring  o f  th e  

t a i l i n g s  w o u ld  p r o b a b ly  be b e n e f i c i a l ,  i n  t h a t  i t  w o u ld  d i s r u p t  

t e x tu r a l  la y e r in g  and f a c i l i t a t e  v e r t i c a l  w a te r  movement and le a c h in g . 

H ow ever, th e  t h i x o t r o p i c  c h a r a c t e r i s t i c s  o f  th e  t a i l i n g s  m a t e r i a l s  

w ould have to  be c o n s id e re d  in  t h i s  p la n . D ew atering  o f  th e  pond m igh t 

be n e c e ssa ry  f o r  p h y s ic a l  s u p p o r t o f  m ach inery  d u rin g  th e  e a r th  moving 

and  l i m i n g  p r o c e s s e s .  I t  i s  s u g g e s te d  t h a t  d i v e r s i o n  d i t c h e s  be 

in c lu d e d  in  th e  re c la m a t io n  p la n  to  m in im ize  s u r fa c e  f lo w . C o n tro l o f  

th e  s tre a m  w ould be d i f f i c u l t  and c o s t ly ,  how ever i t  i s  n ece ssa ry  t h a t  

some p ro v is io n  be made e i t h e r  f o r  a s s u re d  s tream  d iv e r s io n  around th e  

t a i l i n g s  d u r in g  f l o o d  e v e n t s  Or f o r  co m p le te  r e v e g e ta io n  b e fo re  th e  

n e x t  e v e n t .  The g r a s s e d  f l a t  a d j a c e n t  to  th e  t a i l i n g s  s h o u ld  be
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u t i l i z e d  a s  f u l l y  a s  p o s s ib le  f o r  to p s o i l ,  sod  pads, and d ik e  m a te r ia l

3) The w a s te  r o c k  dum ps do n o t  c o n s t i t u t e  a  c h e m ic a l  h e a l t h  

h a z a r d  o f  c o n s e q u e n c e . The s l o p e s  on th e  w e s te r n  en d  o f  th e  dump do 

h o w e v e r  p r e s e n t  a s a f e t y  h a z a rd  and  s h o u ld  be r e c o n to u r e d .  T h is  

r e c o n t o u r i n g  c o u ld  i n c l u d e  r e p a i r  o f  th e  ro a d b e d  w h ic h  b i s e c t s  th e  

dump. H ydrom ulching o f  th e  dump s u r fa c e  m igh t be a  sound p r a c t ic e

to  e n h a n c e  r e v e g e t a t i o n  a n d  a e s t h e t i c  r e h a b i l i t a t i o n .  . I t  i s  

reco m m en d ed  t h a t  t h e  w a s te  dum ps an d  t h e  s lo p e s  ab o v e  them  be 

d is tu rb e d  a s  l i t t l e  a s  p o s s ib le .

C h a r a c te r iz a t io n  o f  th e  Hasa Mine

S i t e  D e s c r ip tio n

L o c a t io n . The W asa m in e  i s  l o c a t e d  i n  s e c t i o n  27» T9N, R l2W 

MPM, G r a n i t e  c o u n ty ,  M on tana . The s i t e  i s  s i t u a t e d  on p r i v a t e  la n d  

a p p r o x im a te ly  24 km NNE o f  P h i l l i p s b e r g ,  i n  th e  D e e r lo d g e  N a t io n a l  

F o re s t .  A ccess to  th e  m ine i s  o b ta in e d  v ia  U.S. Route 10a.

C l im a te . The b e s t  c l i m a t o l o g i c a l  d a t a  a v a i l a b l e  f o r  the . Wasa 

m in e  w as  fro m  th e  P h i l l i p s b u r g  RS w e a th e r  s t a t i o n  ( e l e v .  1606 m). 

Y e a r ly  p r e c i p i t a t i o n  a v e ra g e d  36.6 ±  12.9 cm, w i th  m o s t o f  th e  

p r e c i p i t a t i o n  f a l l i n g  a s  snow an d  s p r i n g  and  f a l l  r a i n s .  Summer 

p r e c i p i t a t i o n  o c c u r r e d  a s  a few  th u n d e r s to r m s .  O nly 55-65% o f  th e

10%
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an n u a l p r e c i p i t a t i o n  f e l l  d u r in g  th e  s h o r t  and v a r ia b le  g row ing  season  

w h ic h  a v e ra g e d  39 ±  27 f r o s t  f r e e  days* The a v e ra g e  a n n u a l d a i l y  

te m p e ra tu re  w as 4*8 ±  0,7 °C» w h ile  maximum and minimum te m p e ra tu re s  

r e a c h e d  3 5 .0  and  -3 7 .8  0 C r e s p e c t i v e l y  (U.S, W e a th e r  B u re a u , 1971 - 

1981), L o c a l c l i m a t e  a t  th e  W asa m in e  may be so m ew h at c o o l e r  and  

w e t te r  th a n  i s  in d ic a te d  by t h i s  d a ta .

Geology and M inina H is to ry , The Wasa m ine, d is c o v e re d  i n  1910, 

w as one among s e v e r a l  m in e s  known c o l l e c t i v e l y  a s  th e  F o r e s t  R ose 

group  o f  th e  D unkelberg  m in in g  d i s t r i c t ,  Wasa was th e  m a jo r p roducer 

o f  z i n c  i n  th e  d i s t r i c t ,  an d  a l s o  y i e l d e d  s m a l l  q u a n t i t i e s  o f  l e a d ,  

copper, and s i l v e r .  The m ine o p e ra te d  a lm o s t c o n tin u o u s ly  u n t i l  1947, 

s h u t t i n g  down o n ly  d u r in g  th e  d e p re s s io n  y e a r s .

The Wasa m ine u t i l i z e d  fo u r  a d i t s  th ro u g h  a v e r t i c a l  i n t e r v a l  o f 

55 m, T h ese  w e re :  I )  W asa 3 a t  1871 m a l t u t i d e ,  2) W asa 2 a t  1 859 m, 

3) Zimmer Ja c k  a t  1862 m, and 4) Wasa I a t  1835 m a l t i t u d e .  The a d i t s  

w ere d r iv e n  e a s t  from  th e  NE s id e  o f D ouglas Creek and t o t a l  460 m i n  

le n g th .  A pprox im ately  240 m o f a d d i t io n a l  w orkings a r e  p r e s e n t  a t  th e  

s i t e  ( P o p o f f ,  1953 ). A s u r f a c e  p i t  h a s  a l s o  b een  o p e n e d  on th e  

p ro p e r ty .  The l a s t  known ow ner o f  th e  m ine was th e  B u tte  and W estern  

M ining Company (Krohn and W eist, 1977),

The Wasa o re  body was i n  a s t r u c t u r a l l y  com plex a r e a  on th e  w est 

l im b  o f th e  D unkelberg  a n t i c l i n e .  The m a jo r g e o lo g ic  f e a t u r e  was th e  

Wa s a / Sham ro c k  f a u l t ,  w hich c u t th ro u g h  and d is p la c e d  th e  a n t i c l i n a l
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a x is .  T h is  f a u l t  w as accom panied by a  w ide zone o f b r e c c ia  te d  ro ck s  

t h a t  h ad  b e e n  m e ta m o rp h o se d  and  m i n e r a l i z e d .  The o r e  body was 

c l a s s i f i e d  a s  a h y d ro th e rm a l re p la c e m e n t body i n  th e  lo w e r  lim e s to n e  

member o f  th e  C re taceo u s  K oo tenai fo rm a tio n . The Vein tre n d e d  NE a lo n g  

th e  f a u l t  p l a n e s ,  d ip p e d  7 5 °  E an d  a v e ra g e d  4,5 m i n  t h i c k n e s s  

(P o p o ff, 1953» Gwinn, 1960), The m ajo r m in e ra ls  w ere m ass iv e  and f in e  

g ra in e d  s p h a l e r i t e  and p y r i t e ,  C halc o p y r i te ,  g a le n a , . p y r r h o t i t e ,  and 

s i d e r i t e  h ad  a l s o  b e e n  i d e n t i f i e d .  P a r t s  o f  th e  o r e  body had  b e e n  

o x id iz e d  to  d e p th s  o f  15 m (P o p o ff, 1953)»

P hysiography . The Wasa m ine i s  lo c a te d  h ig h  on th e  w e s te rn  s id e  

o f  D u n k e lb e rg  R id g e  i n  th e  F l i n t  C reek  R ange, I t  i s  s i t u a t e d  i n  a 

narro w , s te e p - s id e d  d ra in a g e  in  th e  h e a d w a te rs  o f th e  N orth  Fork o f 

D o u g la s  C re e k , . A l t i t u d e s  i n  th e  a r e a  r a n g e  fro m  15 0 0 -2 4 0 0  m, w i th  

lo c a l  r e l i e f  o f 450-1350 m,

The m in e  s i t e  o c c u p ie s  t h e  b o tto m  o f  th e  d r a in a g e  th ro u g h  a 

v e r t i c a l  d rop  o f  60 m. The s iz e  o f  th e  d is tu rb a n c e  i s  ap p ro x im a te ly  

4 ha. W aste ro c k  from  th e  o p e ra t io n  was found  a s  p i l e s  r e s t i n g  a t  th e  

a n g le  o f  r e p o s e  on th e  d r a in a g e  f l o o r  and  s id e  s l o p e s ,  and  a s  a 

b la n k e t  o f d e b r is  c o v e rin g  th e  d ra in a g e  bottom  (F ig u re  23). The open 

p i t  w as l o c a t e d  on th e  SW s i d e  o f  th e  d r a in a g e .  The h ig h w a l l  w as 

a p p ro x im a te ly  12 m h ig h  and posed a  t h r e a t  to  p u b lic  h e a l th  and s a f e ty  

due to  i t s  h e i g h t  and  s t e e p n e s s .  W as te  r o c k  and  c o l l u v i a l  m a t e r i a l
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w e re  fo u n d  a t  th e  b o tto m  o f  th e  p i t .  The W asa 1 , 2 , and  3 a d i t s  a l s o  

c o n s t i t u t e  a s a f t e y  h a z a r d  a s  th e y  w e re  a l l  open  t o  t h e  s u r f a c e  and 

f i l l e d  w ith  w a te r .  The Zimmer Ja c k  a d i t  was c o l la p s e d  a t  th e  s u r fa c e . 

The o n ly  mine s t r u c t u r e s  re m a in in g  w ere a lo a d in g  c h u te  and rem nan ts  

o f  a dum ping  ram p on th e  lo w e r  p o r t i o n s  o f  th e  m in e . Of t h e s e ,  o n ly  

th e  c h u te  w as v ie w e d  a s  a p o t e n t i a l  h a z a r d .  T h e re  w e re  no t a i l i n g s  

m a t e r i a l s  on th e  Wasa s i t e ,  a s  o r e  fro m  th e  m ine  w as t r u c k e d  to  and  

m i l le d  a t  th e  F o re s t  Rose m ine (P opo ff,1953 ).

F ig u re  23* View o f th e  Wasa mine lo o k in g  e a s t  from  below th e  Zimmer 
J a c k  a d i t .

Hydrology and Water Quality Analysis. Ths Wasa m ine i s  lo c a te d  

i n  th e  h e ad w a te rs  o f  N orth  Fork D ouglas C reek, one o f th e  two se v e re ly
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im p a c te d  s t r e a m s  i n  th e  F l i n t  C re e k  R ange (In g m an  an d  B a h ls?  19 7 9 ), 

S u rface  flo w  on th e  s i t e  o r ig in a te d  from  th e  sm a ll d ra in a g e  a re a  above 

th e  m ine and from  se e p s  w hich is s u e d  from  a l l  fo u r  m ine a d i t s .  These 

se e p s  w ere  m a jo r c o n t r ib u to r s  to  th e  t o t a l  flow  in  th e  upper re a c h e s  

o f  th e  s t r e a m  d u r in g  low  f lo w  p e r io d s ,  An e r o s io n  g u l l y  e x i s t e d  a t  

t h e  b o tto m  o f  t h e  d ra w , i n d i c a t i n g  t h e  d o m in a n t s u r f a c e  f lo w  p a th .  

The g u l ly  was p re s e n t  down much o f  th e  le n g th  o f  th e  d is tu rb a n c e  and 

was m ost pronounced a t  th e  dow nstream  edge o f th e  s i t e ,  w here w a te r  

from  th e  Masa I a d i t  flo w ed  o ver a w a s te  dump,

A M ontana W a te r  Q u a l i t y  B u reau  S tu d y  d e m o n s t r a te d  s t r e s s  on 

a q u a t ic  l i f e  a lo n g  th e  e n t i r e  le n g th  o f  N orth  Fork D ouglas Creek a s  a 

r e s u l t  o f  t h e  W asa m in e , At th e  m in e  s o u r c e ,  l e v e l s  o f  cadm ium , 

cop p er, i r o n ,  and z in c  exceeded  v a r io u s  w a te r  q u a l i ty  s ta n d a rd s .  The 

a q u a t ic  l i f e  p re s e n t  c o n s is te d  o n ly  o f  th e  g reen  a lg a e  Sbigaoolonium  

and th e  d ia tom  A ohnanthes m in u tis s im a  (Ingm an and B a h ls , 1979), T h is 

low s p e c ie s  d iv e r s i t y  was i n d i c a t i v e  o f  s t r e s s e d  c o n d i t io n s .  At th e  

m ou th  o f  N o r th  F o rk  D o u g la s  C reek  s t r e a m  w a te r  s t i l l  e x h i b i t e d  

e l e v a t e d  l e v e l s  o f  z i n c ,  c a d m iu m , a n d  s u l f a t e s ,  a n d  a q u a t i c  

c o m m u n it ie s  s t i l l  i n d i c a t e d  s l i g h t  s t r e s s .  In g m an  an d  B a h ls  

concluded  from  t h i s  d a ta  t h a t  th e  Wasa m ine was th e  m a jo r c o n t r ib u to r  

to  th e  degraded  w a te r  q u a l i ty  o f th e  c re e k .

For th e  p re s e n t  s tu d y  f iv e  w a te r  sam p lin g  lo c a t io n s  w ere  chosen:
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I )  0 .4  km. a b o v e  th e  m ou th  o f  N o r th  F o rk  D o u g la s  C reek  ( s i t e  09)» 2) 

N o rth  F o rk  D o u g la s  C reek  d i r e c t l y  ab o v e  th e  H asa  d i s t u r b a n c e  ( s i t e  

1 2 ), 3) b e lo w  th e  H a sa  I a d i t  ( s i t e  1 3 ) , 4) be low  th e  c o n f lu e n c e  o f  

th e  se e p s  em an atin g  from  th e  Wasa 2 and Hasa 3 a d i t s  ( s i t e  10), and 5) 

below th e  Zimmer Ja c k  a d i t  ( s i t e  11). Sam pling  lo c a t io n s  a r e  shown in  

F ig u r e  24.

D ata from  th e se  sam p les s u b s ta n t i a te d  th e  f in d in g s  o f  Ingman and 

B a h ls  (1 9 7 9 ) , and  a r e  l i s t e d  i n  T a b le  16. The u p s tr e a m  sa m p le  

e x h ib i te d  m o d e ra te ly  a c id  pH (5.0) and low EC (.06 mm hos/cm ), h a rd n ess  

(46 ppm ), s u l f a t e  (38 ppm ), and  h e a v y  m e ta l  l e v e l s .  A ll  p a r a m e te r s  

w ere w e ll  w i th in  e s ta b l i s h e d  w a te r  q u a l i ty  s ta n d a rd s .  Sam ples from  

th e  a d i t  se e p s  how ever, a l l  e x h ib i te d  degraded  q u a l i ty .  The sam ples 

fro m  b elow  Wasa 2 and  3 and  Z im m er J a c k  w e re  s i m i l a r  and  w e re  

c h a r a c t e r i z e d  by e l e v a t e d  EC (0 .2  m m ho/cm ), h a r d n e s s  ( 1 50 ppm ), and  

s u l f a t e  (100 ppm) l e v e l s ,  how ever th e se  l e v e l s  d id  n o t ap p ea r to  be 

ex c e e d in g ly  h ig h . Z inc  and copper w ere p re s e n t  i n  th e  w a te r  a t  l e v e l s  

w h ic h  s l i g h t y  e x c e e d e d  s t a n d a r d s  f o r  human and  a q u a t i c  l i f e ,  

r e s p e c t iv e ly .  M easured pH w as 5.0. D rainage w a te r  from  th e  H asa I a d i t  

e x h i b i t e d  n e u t r a l  pH, e l e v a t e d  b i c a r b o n a t e  ( 1 13 ppm ), h a r d n e s s  (200 

ppm), and s u l f a t e  (100 ppm) l e v e l s .  C o n c e n tra tio n s  o f  z in c  s l i g h t l y  

exceeded  q u a l i ty  s ta n d a rd s  f o r  human consum ption  and l e v e l s  o f  copper 

w ere s l i g h t y  over recom mended l i m i t s  f o r  a q u a t ic  l i f e .  W ater sam pled 

from  th e  mouth o f N orth  Fork D ouglas Creek was c h a ra c te r iz e d  by
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F ig u re  24 . A e r ia l p ho tog raph  o f th e  Wasa Mine show ing s o i l  and w a te r  
sam p lin g  s i t e s .
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n e u t r a l  pH, an d  h ig h  b i c a r b o n a t e  (141 ppm) and  h a r d n e s s  (137  ppm) 

l e v e l s .  M e a su re m e n ts  i n d i c a t e d  low  s u l f a t e  and heavy m e ta l l e v e l s ,  

a lth o u g h  copper was p r e s e n t  i n  q u a n t i t i e s  d e t r im e n ta l  to  a q u a t ic  l i f e  

(.06 ppm). D ata from  th e  H asa m ine in d ic a te d  w a te r  q u a l i ty  d e g ra d a tio n  

due to  d r a in a g e  fro m  th e  d i s t u r b e d  a r e a .  A lth o u g h  t h i s  d e g r a d a t io n  

was n o t s e v e re , i t  d id  a f f e c t  th e  e n t i r e  N orth  Fork D ouglas Creek and 

beyond.

M in e so il C h a r a c te r iz a t io n

N a tu ra l S o i l  and V e g e ta tio n . An u n d is tu rb e d  s o i l  a d ja c e n t to  th e  

H asa m ine was c h a r a c te r iz e d  a s  a co a rse -lo am y  mixed Typic C ry o b o ro ll. 

The s o i l  was deep, had m o d era te  d ra in a g e , medium p e rm e a b il i ty ,  and 

e x h ib i te d  s e v e re  r i l l  e ro s io n . A v a ila b le  w a te r  h o ld in g  c a p a c ity  was 

1 0 -1 5 % . S o i l  s t r u c t u r e  w as w eak  f i n e  g r a n u l a r .  E l e c t r i c a l  

c o n d u c t iv i ty  (0.2 mmhos/cm) was low , and CEC m easured 15 meq/IOOg w ith  

c a lc iu m  d o m in a t in g  t h e  e x c h a n g e  co m p le x . Heavy m e ta l  l e v e l s  and  

o rg a n ic  m a t te r  c o n te n t  w ere a ls o  low . Exchange a c i d i ty  was p re s e n t ,  

and  m e a su re d  pH w as m o d e ra te ly  a c i d  (5 .5 ) .  P h y s ic a l  and  c h e m ic a l  

d a t a ,  a s  w e l l  a s  th e  ped o n  d e s c r i p t i o n  f o r  t h i s  s o i l  may be fo u n d  i n  

T a b le s  55 and  56. The n a t u r a l  v e g e t a t i o n  i n  t h e  a r e a  w as m ix ed  

c o n ife ro u s  f o r e s t  composed m ain ly  o f  D ouglas f i r ,  lo d g e p o le  p in e , and 

s p ru c e .

The d is tu rb a n c e  was la r g e ly  u n v e g e ta te d , however o v e r 20 s p e c ie s
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w ere found to  be in v a d in g  th e  s i t e .  These s p e c ie s  a re  l i s t e d  i n  T able 

63 (A p p e n d ix  D ). C o l o n i z a t i o n  w a s  f o u n d  b o th  i n  p r o t e c t e d  

m ic r o h a b i ta ts  and on dump s lo p e  f a c e s .  V e g e ta tiv e  co v er on t h i s  mine 

was by f a r  th e  g r e a t e s t  o f th e  fo u r  s tu d ie d ,  and i t  was e s t im a te d  t h a t  

a p p r o x i m a t e l y  30 p e r c e n t  o f  t h e  t o t a l  d i s t u r b e d  a r e a  w as  

r e v e g e ta te d .

Masa W aste  Rock. Wasa w a s te  r o c k  s a m p le s  i n c lu d e d  one s o i l  

p r o f i l e  ( s i t e  11 ), an d  tw o g ra b  s a m p le s  ( s i t e s  IIA  and  1 1B). The 

l o c a t i o n  o f  t h e s e  s i t e s  i s  d e p i c t e d  i n  F ig u r e  2 4 . The w a s te  ro c k  

p r o f i l e  w as c l a s s i f i e d  a s  a s a n d y - s k e l e t a l  m ix ed  T y p ic  C r y o r th e n t .  

The s o i l  e x h ib i te d  m od era te  d ra in a g e , p e rm e a b il i ty ,  and an a v a i la v b le  

w a te r  c o n te n t o f  13#° M easured pH was 3*0, and o rg a n ic  m a tte r  c o n te n t 

0 .9 # . E l e c t r i c a l  c o n d u c t i v i t y  d id  n o t  s u g g e s t  i n h i b i t i o n  o f  p l a n t  

g ro w th , and a lth o u g h  heavy m e ta l l e v e l s  w ere s l ig h ty  e le v a te d  they  d id  

n o t exceed  t o x i c i t y  s ta n d a rd s .  A g rab  sam ple ta k e n  above th e  Wasa 3 

a d i t  ( s i t e  11 A) e x h i b i t e d  s i m i l a r  c h a r a c t e r i s t i c s ,  w i th  m e a su re d  

p a ra m e te rs  b e in g  som ew hat l e s s  to x ic  a n d /o r  in h ib i to r y  th a n  a t  s i t e  

11. The g ra b  sam ple ta k e n  below th e  Wasa I a d i t  a ls o  showed s im i la r  

c h a r a c t e r i a t i c s ,  Heavy m e ta l l e v e l s  w ere  even f u r th e r  d ep re ssed  due 

to  th e  h ig h e r  pH ( n e u t r a l )  o f t h i s  m a te r ia l .  D ata from  th e se  sam ples 

a r e  p re s e n te d  i n  T ab les  57-60.

D a ta c a n d  r e c o n n a i s s a n c e  o b s e r v a t i o n s  su g g es ted  t h a t  a v a i la b le
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m o is tu re  and a c t iv e  e ro s io n  a re  th e  two p r in c i p le  l i m i t i n g  f a c t o r s  f o r  

p la n t  e s ta b l is h m e n t  and grow th . V isu a l ev id en ce  in d ic a te d  t h a t  p la n ts  

a r e  c o l o n i z i n g  th e  s i t e :  I )  w h e re  e r o s i o n  w as l e s s  s e v e r e ,  2) i n  

d e p re s s io n s  , and 3) i n  shaded  a re a s  w here e v a p o ra tiv e  m o is tu re  lo s s  

was m in im ized . The lo n g  narrow  shape o f th e  d is tu rb a n c e  and la rg e  seed  

so u rc e  enhance th e  r e v e g e ta t io n  p o te n t i a l  o f  t h i s  s i t e .

D isc u s s io n  o f  Hasa Mine R e su lts

S tu d y  o f  t h e  W asa m in e  i n d i c a t e d  t h a t  d r a in a g e  fro m  th e  s i t e  

c a u s e d  w a te r  q u a l i t y  d e g r a d a t io n  o f  N o r th  F o rk  D o u g la s  C reek . S o i l  

p h y s ic a l  and ch em ica l p a ra m e te rs  in d ic a te d  th a t  they  d id  n o t p re s e n t  a 

p u b lic  h e a l th  h a z a rd , and su g g e s te d  th a t  p la n t  a v a i la b le  m o is tu re  and 

e r o s i o n  w e r e  l i m i t i n g  r e v e g e t a t i o n  o f  t h e  s i t e .  S p e c i f i c  

recom m endations, f o r  th e  Wasa d is tu rb a n c e  a r e  a s  f o llo w s :

1) Due to  t h e  p e r s i s t e n c e  d o w n stre a m  o f  t h e  d e g r a d a t i o n a l  

e f f e c t s  o f  th e  W asa d r a in a g e  i t  i s  s u g g e s te d  t h a t  a l l  f o u r  a d i t s  be 

s e a l e d  t o  p r e v e n t  f u r t h e r  d i s c h a r g e .  A lth o u g h  t h i s  w i l l  be q u i t e  

e x p e n s iv e , i t  a p p e a rs  to  be th e  o n ly  way to  d e a l w ith  t h i s  problem , a s  

t h e  d r a in a g e  i s  a l r e a d y  a l k a l i n e  and  th u s  can n o t, e f f e c t i v e l y  be 

t r e a te d  by lim in g . The u se  o f  te c h n iq u e s  such a s  f l a s h  d i s t i l l a t i o n  

m ig h t be i n v e s t i g a t e d ,  h o w ev e r th e y  do n o t  a p p e a r  t o  be a p r a c t i c a l  

a l t e r n a t i v e .  S e a lin g  o f  th e  a d i t s  p ro v id e s  th e  a d d i t io n a l  advan tage 

o f  d e c re a s in g  th e  e ro s io n  p o te n t i a l  on th e  s i t e .  T h is i s  e s p e c ia l ly
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c r i t i c a l  w i th  r e s p e c t  t o  th e  H asa  I a d i t ,  w h ich  h a s  th e  l a r g e s t  

d is c h a rg e .

2) The h ig h w a l l  o f  t h e  open  o u t i s  a p o t e n t i a l  s a f e t y  h a z a rd .  

F u r t h e r ,  i t  w as a p p a r e n t  t h a t  much o f  th e  e r o s io n  on  th e  s i t e  i s  

a s s o c ia te d  w ith  w a te r  f lo w in g  th ro u g h  t h i s  c u t .  I t  i s  su g g e s te d  th a t  

th e  c u t  be  r e c o n t o u r e d ,  i n c o r p o r a t i n g  th e  f o l l o w i n g  i d e a s  ( w i t h i n  

a l lo w a b le  econom ic c o n s t r a in t s )  in t o  th e  f i n a l  p la n . M in im iz a tio n  o f 

s lo p e  g r a d ie n t  and u se  o f  concave s lo p e  c o n f ig u ra t io n s  w ould a llo w  f o r  

a  sm ooth s lo p e  t r a n s i t i o n  in t o  th e  d ra in g e  bottom  and c e n t r a l  p o r t io n  

o f  th e  m ine. T h is  w ould a ls o  p ro v id e  e x c e ss  m a te r ia l  w hich cou ld  be 

sp re a d  a s  c o v e r s o i l  o v e r l a r g e  u n v e g e ta te d  a re a s  on th e  lo w e r p o r t io n  

o f th e  m ine, a s  a c o n t in u a t io n  o f  th e  e a r th  moving a c t i v i t y .  Thus i n  

one m ovem ent t h e  s a f e t y  h a z a r d  w o u ld  be rem o v e d , e r o s i o n a l  e n e rg y  

w o u ld  be  r e d u c e d ,  and  th e  p l a n t  g ro w th  m edium  w o u ld  be im p ro v e d . 

M ulches and m anure m ig h t be c o n s id e re d  a s  su p p lem en ts  to  th e  c o v e r s o i l

s u p p ly  i f  n e c e s s a r y .  I t  may be n o te d  t h a t  n e a r l y  a l l  o f  th e
!

u n v e g e ta te d  a r e a  on th e  s i t e  l i e s  b e lo w  th e  open  c u t ,  f a c i l i t a t i n g  

t h i s  p la n .  A ll  r e c o n t o u r i n g  w o u ld  h a v e  to  c o n s id e r  s t r e a m ! c h a n n e l  

p r o te c t io n ,  as  th e  e x i s t in g  s tre a m  does flow  th rough  th e  s i t e  in  t h i s  

a re a .  Care sh o u ld  a ls o  be ta k e n  to  m in im ize  d is tu rb a n c e  to  th e  upper 

o n e - t h i r d  o f  t h e  s i t e ,  on w h ic h  n a t u r a l  r e v e g e t a t i o n  h a s  o c c u r r e d .

3) The o ld  lo a d in g  ch u te  p r e s e n ts  a  p o s s ib le  s a f e ty  h aza rd  and

sh o u ld  be rem oved.
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Summary and C o n c lu sio n s

D ata from  th e  abandoned h a rd  ro c k  m ines in c lu d e d  i n  t h i s  s tu d y  

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

d e g ra d a tio n  o f th e  su rro u n d in g  a re a  a n d /o r  c o n ta in  v a r io u s  h e a l th  and 

s a f e t y  h a z a r d s .  A lth o u g h  e a c h  d i s t u r b a n c e  p o s s e s s e d  s i t e  s p e c i f i c  

p ro b lem s, i t  was e v id e n t t h a t  e le v a te d  heavy m e ta l l e v e l s ,  sed im en t 

t r a n s p o r t  b o th  o n s i te ,  and o f f s i t e  i n t o  s tre a m s , and p h y s ic a l  s a f e ty  

h a z a rd s  w ere  th e  m a jo r n e g a t iv e  c h a r a d t e r i s t i c s  w hich th e  fo u r  m ines 

had in  common. V e g e ta tiv e  e s ta b l is h m e n t  on th e  s i t e s  was m ost o f te n  

l i m i t e d  by poor a v a i la b le  w a te r  h o ld in g  c a p a c ity  o f th e  s o i l  m a te r ia l  

and w ind a c t io n .  P o te n t i a l ly  p h y to to x ic  o r  in h ib i to r y  l e v e l s  o f heavy 

m e ta ls  and s a l t s  w ere  o f te n  a ls o  in v o lv e d . Low n u t r i e n t  s t a t u s  oh a l l  

fo u r  d is tu rb a n c e s  w i l l  n e c e s s i t a t e  f e r t i l i z a t i o n  w i th  n i t r o g e n  and  

phosphorous to  m axim ize r e v e g e ta t io n  p o te n t i a l .

I t  w as i n t e r e s t i n g  to  n o te  t h a t  th e  W asa m in e  w as c a u s in g  

d e g r a d a t i o n  w i th o u t  t h e  p r o d u c t io n  o f  AMD, and t h a t  e l e v a t e d  h eav y  

m e ta l  l e v a l s  may e m a n a te  fro m  an  a l k a l i n e  m ine d r a in a g e .  T h is  

s u g g e s ts  t h a t  th e  u se  o f h ig h  s u l f a te / lo w  pH d ra in a g e s  a s  an in d ic a to r  

o f  a b a n d o n e d  m ine  p o l l u t i o n  may be l i m i t e d  i n  t h a t  i t  w i l l  n o t  

i d e n t i f y  t h i s  ty p e  o f s i t e  as  a p o l lu t io n  so u rce .

T h e re  i s  a n eed  i n  f u t u r e  s tu d y  f o r  i n c r e a s e d  s u r f a c e  w a te r  and  

ground w a te r  m odeling  so  t h a t  th e  p a t t e r n  o f w a te r  q u a l i t y  d e g ra d a tio n
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may be m apped i n  g r e a t e r  d e t a i l .  T h is  i s  e s p e c i a l l y  t r u e  o f  s i t e s  

w i th  c o m p le x  w a te r  f lo w  s y s te m s ,  su c h  a s  th e  A l ta  m in e . A lso , 

i n v e s t i g a t i o n  s h o u ld  be i n i t i a t e d  t o  a s c e r t a i n  w h e t h e r  p l a n t  

e s ta b l is h m e n t  i s  in h i b i t e d  by th e  c r u s t s  w hich tended  to  form  on th e  

s u r f a c e s  o f  th e  t a i l i n g s  ponds.

The f o l l o w i n g  o u t l i n e  p r o v id e s  a l i s t i n g  o f  p r o r i t i e s  f o r  ea c h  

s i t e ,  a s  w e ll  a s  a  ra n k in g  o f th e  s i t e s  f o r  r e c la m a t io n  p r i o r i t y :

I )  ALTA -  T h is  m in e  w as ra n k e d  f i r s t  due t o  t h e  e x tre m e  
e n v iro n m e n ta l d e g ra d a tio n  a s s o c ia te d  w ith  th e  s i t e .

1) T r e a t  a c i d  d r a i n a g e  f r o m  t h e  A l t a  s e e p  a n d  
r e v e g e ta te  th e  lo w e r dump.

2) Move b o th  th e  B e rth a  t a i l i n g s  and th e  B e r th a  w aste  ro ck  
away from  C orbin  Creek. S t a b i l i z e  and r e v e g e ta te  th e se  
s p o i l s .

3) R ev eg e ta te  th e  upper m ountain .

4) Remove mine s t r u c t u r e s .  .

I I )  WASA -  T h is  m in e  w as ra n k e d  s e c o n d  due to  s t r e a m  q u a l i t y  
d e g r a d a t i o n ,  h ig h  d i s c h a r g e  r a t e s ,  an d  h ig h  u sa g e  o f  D o u g la s  C reek  
w a te r .

1) S eal a l l  a d i t s  to ,p r e v e n t  f u r th e r  d is c h a rg e .

2) R e v e g e ta te  w a s te  ro c k .  I t  s h o u ld  be n o te d  t h a t  due t o  
th e  h ig h  p o te n t i a l  f o r  n a tu r a l  r e v e g e ta t io n  on th e  s i t e ,  
t h i s  p h a s e  o f  th e  o p e r a t i o n  may be d e la y e d  i n  f a v o r  o f  
m ore im p o r ta n t  p r o je c ts .  E ro s io n  w i l l  rem a in  a l i m i t i n g  
f a c t o r  w ith o u t re c o n to u r in g .

3) Remove c h u te .
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I I I )  CHAMPION -  T h is  m in e  w as r a t e d  t h i r d  due t o  i t s  s l i g h t  
e n v iro n m e n ta l h a z a rd , and th e  h ig h  p o te n t i a l  f o r  r e c la m a t io n  su c c e s s  
due to  th e  sm a ll a re a  in v o lv e d ,

1) Remove o re  b in s .

2) Remove o r  r e v e g e ta te  t a i l i n g s .

3) S ea l a d i t  to  p re v e n t a c c e s s  and d is c h a rg e .

4) R e v e g e ta te  w aste  rock .

IV) BANNACK -  T h is  m in e  w as r a t e d  f o r t h  due to  th e  low  
e n v i r o n m e n ta l  h a z a r d ,  an d  th e  ro a d  b u i l d i n g  p r o j e c t  an d  v a lu e  a s  an  
h i s t o r i c  s i t e ,  w hich by law have low p r i o r i t i e s .

1) B u ild  e le v a te d  roadw ay w hich  w i l l  a c t  a s  a d ik e .

2) S ea l a d i t  and s e c u re  m i l l .

3) R ev eg e ta te  o r  c h e m ic a lly  s t a b i l i z e  th e  t a i l i n g s .

.4) Reclaim s u r fa c e  e x c a v a t io n s .
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Table 5 . Overall A nalysis o f  Variance and Least S ig n ifica n t
D ifference o f s o i l  pH for the Alta ta i l in g s  m ateria l.

AMOV
SOURCE DF S,So M0S0 F-VALUE

BLOCKS 2 .1396 . 6 97 9E -01
GRAIN SIZE 2 7 3 .05 36.53 621 .6°
LIME RATE 2 149.4 74.70 1271.8
GRAIN X LIME 4 23.06 5.765 98 ,11s
TIME 3 1.678 .5594 9.519*
GRAIN X TIME 6 ,5660 .9433E-01 1.605
LIME X TIME 6 8,305 1.384 23.55*
G X L X T 12 7 .5 1 8 .6265 10 .66s
RESIDUAL .70 4.113 .5876E-01

LSD ANALYSIS
FACTOR IDENT. MEAN pH

GRAIN SIZE < ,053mm 5 .0  a
.0 5 3 -.1 0 6 6 .7  b
. I 06—.250 6 .8  b

LIME CONTROL 4 .6  A
1 ,0  T/A 6 .5  B
10. T/A 7 .4  C

TIME I HOUR 6 .0  d
I DAY 6 .2  e
7 DAYS 6 .2  e
30 DAYS 6 .3  e

Comments: A s te r is k  (®) in d i c a te s  s ig n i f i c a n c e  a t  p=o05 . Same l e t t e r
n ex t to  mean pH in d ic a te s  no s ig n i f i c a n t  d i f f e r e n c e  between 
m eans.
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Table 6 . A nalysis o f  Variance and Least S ig n ifica n t D ifference o f
s o i l  pH for  the Alta ta i l in g s  s i l t  and c lay  fr a c tio n .

ANOV
SOURCE DF S .S , M.S. F-VALUE

BLOCK 2 ,40 82E“ 0 1
LIME 2 97.39 48,70 1151.8
TIME 3 .7 1 8 ?E-Ol .2396E-OI .5664
LIME X TIME 6 3.372 .5620 13.39*
RESIDUAL 22 .9305 .4230E-01

LSD ANALYSIS
FACTOR IDENT. MEAN pH

LIME CONTROL 3 .2  a
1 .0  T/A 4 .8  b
10. T/A 7 .2  c

TIME I HOUR 5.0 A
7 DAYS 5.0 A
30 DAYS 5.0 A
I DAY 5.1 A

Comments: A sterisk  ( s ) in d ica te s  s ig n ifica n ce  a t p=,05» Same le t t e r
next to  mean pH in d ic a te s  no s ig n if ic a n t  d ifferen ce
between means.
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Table 7« A nalysis o f Variance and Least S ig n ifica n t D ifference o f
s o i l  pH for  the Alta ta i l in g s  very f in e  sand fr a c tio n .

SOURCE DF
AMOV

S.S M.S. F-VALUE

BLOCK 2 .3190 .1595
LIME 2 17.22 179.2s
TIME 3 .6248 .2083 2.167
LIME X TIME 6 8.161 1.360 14.15°
RESIDUAL 22 2.115 .961 IE-01

LSD
FACTOR

ANALYSIS
IDENT. MEAN pH

LIME CONTROL 5 .4  a
1 .0  T/A 7 .4  b
10. T/A 7 .6  b

TIME I HOUR 6 .6 A
7 DAYS 6 .8 AB
I DAY 6 .9 B

.

30 DAYS 6 .9 B

Comments: A sterisk  (° )  in d ic a te s  s ig n ifica n ce  a t p=.05. Same
le t t e r  next to  mean pH in d ic a te s  no s ig n if ic a n t  d ifferen ce
between means.
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Table 8. A nalysis o f  Variance and Least S ig n ifica n t D ifference o f
s o i l  pH for  Alta ta i l in g s  f in e  sand fr a c tio n .

SOURCE DF
ANOV
S.S M.S F-VALUE

BLOCKS 2 .2427E-01 .1212E-01
LIME 2 40.64 20 .32 547.46
TIME 3 1.547 .5158 13 .90s
LIME X TIME 6 4.290 .7150 19.26

. RESIDUAL. 22 .8165 .371SE-OI

LSD ANALYSIS
FACTOR IDENT. MEAN pH

LIME CONTROL 5 .2  a
1 .0  T/A 7 .4  b
10. T/A . 7 .5  b

TIME I HOUR 6 .4  A
30 DAYS 6 .8  B
7 DAYS 6 .8  B
I DAY 6 .9  B

Comments: A sterisk  (s ) in d ic a te s  s ig n ifica n ce  a t p=.05. Same le t t e r
next to  mean pH in d ic a te s  no s ig n if ic a n t  d ifferen ce
between means.
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T ab le  9« A n a ly s is  o f  V arian ce  and
s o i l  pH f o r  th e  A lta  w aste

L e a s t S ig n i f i c a n t  
ro c k  m a te r ia l .

D if fe re n c e  o f

ANOV
SOURCE DF S=S. M„ S F-RATIO

BLOCKS 2 6.250 3.125
GRAIN SIZE 2. 3 .262 1.631 5 .732s
LIME 2 241 .5 120.7 4 2 4 .3 s
GRAIN X LIME 4 2 .798 .6995 2 .4 5 8 s
TIME 3 3.753 1.251 4 .3 9 7 s
GRAIN X TIME 6 2.227 .3712 1.304
LIME X TIME 6 6 .165 1 .028 3 .6 1 1 s
G X L X T 12 4.005 .3337 , 1.173
RESIDUAL 70 19.92 .2846

LSD ANALYSIS
FACTOR IDENT. MEAN PH

GRAIN SIZE <.053nmi 4 .8  a
.0 5 3 " .1 0 6 5.1 ab
.1 0 6 -.2 5 0 5 .3  b

LIME CONTROL 3 .4  A
1 .0  T/A 4 .7  B
10. T/A 7 .0  C

TIME I HOUR 4 .7 d
I DAY 5.1 e
7 DAYS 5.1 e
30 DAYS 5 .2 e

Comments: A s te r is k  ( s ) in d i c a te s  s ig n i f ic a n c e  a t  p = .0 5 . Same l e t t e r
n e x t to  mean pH in d ic a te s  no s ig n i f i c a n t  d i f f e r e n c e  betw een 
m eans.
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T able 10. A n a ly s is  o f  V arian ce  and 
s o i l  pH f o r  th e  A lta  w aste

L e a s t S ig n i f i c a n t  
ro c k  c o a rse  sand

D if fe re n c e  o f  
f r a c t i o n .

ANOV
SOURCE DF S .S . M. So F-VALUE

BLOCKS 2 1.149 .5747
LIME . 2 95.42 47.71

êrSC\J

TIME 3 .9720 .3240 1.911
LIME X TIME 6 4.545 .7575 4 .467s
RESIDUAL 22 3.731 .1696

LSD
FACTOR

ANALYSIS
IDENT. MEAN pH

■ LIME CONTROL 3 .4  a
1 .0  T/A 5 .0  b
10. T/A 7 .4  b

TIME I HOUR 5.0 A
7 DAY 5.2 A
I DAYS . 5 .4 A
30 DAYS 5.4 A

Comments: A s te r is k  (# ) in d i c a te s  s ig n i f i c a n c e  a t  p=.05„ Same l e t t e r
n ex t to  mean pH in d i c a te s  no s i g n i f i c a n t  d i f f e r e n c e  
betw een m eans0
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Table 11. A nalysis o f Variance and Least S ig n ifica n t D ifference o f
s o i l  pH for  the Alta waste rock very coarse sand fr a c tio n .

SOURCE DF
AIiOV
S .S . M.S. F-VALUE

BLOCKS 2 2.215 1.107
LIME • 2 75 .22 37.61 108 .6s
TIME 3 .7257 ,2419 .6988
LIME X TIME 6 3.728 .6213 1.795
RESIDUAL 22 7.616 .3462

LSD
FACTOR

ANALYSIS
IDENT. MEAN pH

LIME ■ CONTROL 3 .4  a
1 .0  T/A 4 .8  b
10. T/A 6 .9  c.

TIME I HOUR 4 .8 A
I DAY 5.1 A
7 DAYS 5.1 A
30 DAYS 5.2 A

A sterisk  (e ) in d ica te s  s ig n ifica n ce  at. ps.OSo Same le t t e r
next to  mean pH. in d ic a te s  no s ig n if ic a n t  d ifferen ce  between
means.

Comments s
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Table 12. A nalysis o f  Variance and Least S ig n ifica n t D ifference o f
s o i l  for the Alta waste rock gravel fr a c tio n .

SOURCE DF
ANOV
S .S . MoS. F-VALUE

BLOCKS 2 3 .162 1.581
LIME 2 73.62 36.81 97.62°
TIME 3 4.283 1.428 3 .786°
LIME X TIME 6 1.897 .3162 .8386
RESIDUAL 22 8.296 .3771

LSD ANALYSIS
FACTOR IDENT. MEAN pH

LIME CONTROL 3 .5  a
1 .0  T/A 4 .2  b
10. T/A 6 .8  c

TIME I HOUR 4 .4 A
30 DAYS 4.7 AB
I DAY 4 .9 AB
7 DAYS • 5 .3 B

Comments; A sterisk  (<*) in d ica te s  s ig n ifica n ce  a t p=.05. Same le t t e r
next to  mean pH in d ic a te s  no s ig n if ic a n t  d ifferen ce
between means.



APPENDIX B

WATER QUALITY DATA AND CRITERIA



129

Table 13. Water q u a lity  standards=

P aram eter S u sp ec t L ev e ls  (m g/1)

D e tr im e n ta l Recommended Long term
e f f e c t s  on l i m i t s  f o r  i r r i g a t i o n
a q u a t ic  l i f e  d r in k in g

pH < 6 .5 , >9.0 5 .0 —9.0

a r s e n ic 0 .10 0 .0 5 0 .1 0

cadmium 0.012 0.010 0.01

copper 0 .025 1 .0 0 .2 0

i r o n 1 .0 0 .3 0 5 .0

le a d 0 .10 0 .0 5 5 .0

manganese 1 .0 0 ,0 5 0 .2 0

m ercury 0.00005 0 .02

s i l v e r 0 .003 0 .0 5 0 .0 5

z in c 0.01 5 .0 2 .0

n i t r a t e s 10.0

TDS 250 .0

Comments: S ta n d a rd s  a re  ta k e n  from  U=S0 E0P .A. W ater Q u a li ty  C r i t e r i a
o f  1972 and 1976. The l a t e r  s ta n d a rd s  to o k  p re c e d e n t when 
a v a i la b le  f o r  th e  p a ra m e te rs  l i s t e d .
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T ab le  14. W ater q u a l i ty  d a ta  f o r  th e  A lta  mine and B e rth a  T a i l in g s  
s i t e s .

P aram eter A lta  Mine
d ra in a g e

C orb in  Creek 
above t a i l i n g s

C orb in  Creek 
below t a i l i n g s

d a te  sam pled 8--18-81 8—19“ 81 8— 19-81
pH ( f i e l d ) 2 .8 7 .2 6 .8
pH ( la b ) 2 .8 7 .6 7 .6
temp ( f ie ld ,° C ) 13 13 22
EC(field,m m ho/cm ) 3 .0 .2 .9
EC(lab,m m ho/cm ). 3 .4 . .3 .7
ca lc ium  (mg/1) 91.5 44 .5 76 .0

■ magnesium (mg/1) 94.4 8 .4 47.6
sodium (mg/1) 19.75 16.0 18.0
p o ta ss iu m  (mg/1) 1.55 1.15 4 .4 0
i r o n  (mg/1) 154.1 <0.01 <0.01
m anganese (mg/1) 209 .0 <0.01 1.33
copper (mg/1) 4 .62 .029 0 .230
z in c  (mg/1) 9 .35 .022 3 .7 4
le a d  (mg/1) 0.107 .023 .028
cadmium 0.827 <.005 .038
n ic k e l 0 .167 <.01 .034
a r s e n ic  (mg/1) .0404 .0038 .0038
molybdemum (mg/1) .018 .009 .028
m ercury (mg/1) .0010 <.0004 <.0004
aluminum (mg/1) 87.8 <0.40 <0.40
b ic a rb o n a te  (mg/) 0 .0 173.2 107.7
c a rb o n a te  (mg/1) 0 .0 0 .0 0 .0
s u l f a t e  (mg/1) 12700. 36 .0 335 .0
c h lo r id e  (mg/1) 4 .3 2 .8 2 .3 6
n i t r a t e  (mg/1) 0 .16 0 .2 5 0 .2 9
t o t a l  phosphorous

(mg/1) 0.01 0 .0 5 0.01
f lo u r id e  (mg/1) 0 .16 0 .1 2 0 .5 0
h a rd n e ss  (mg/1) 1776.8 148.8 393 .9
a lk a l in i ty (m g /1 ) 2194. 0 142.1 88 .3
3 AR . 0 .3 5 0 .5 8 0 .4 0
Charge Mass

B alance 0 .3 7 1.31

Comments: a s t e r i s k  ( ° )  in d i c a te s  a c i d i t y .
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Table 15. Water q u a lity  data for  the Bannack m ill s i t e .

Parameter Grasshopper Creek Grasshopper Creek
above t a i l i n g s  below t a i l i n g s

d a te  sam pled 8- 10-81 8—10—81
pH ( f i e l d ) 7 .3 7 .6
pH ( la b ) 8 .2 8 .2
temp ( f ie ld ,° C ) 22 22
EC ( fie ld ,m m hos/cm ) 0 .20 0 .2 4
EC ( la b ,  mmhos/cm) 0 .20 0 .2 0
calc ium  (mg/1) 31 .9 3 0 .8
magnesium (mg/1) 6 .5 7 .0
sodium (mg/1) 21 .9 14.9
p o ta ss iu m  (mg/1) - —
ir o n  (mg/1) .055 .055
manganese (mg/1) .011 .009
co pper (mg/1) .021 .005
z in c  (mg/1) <.005 <.005
le a d  (mg/1) <.010 <.010
cadmium (mg/1) <.005 <.005
n ic k e l  (mg/1) <.010 <.010
a r s e n ic  (mg/1) .002 .001
molybdenum (mg/1) " —
m ercury  (mg/1) .0011 .0009
s i l v e r  (m g/1) <.010 <.010
b ic a rb o n a te  (mg/1) 137.3 129.6
c a rb o n a te  (mg/1) 0 .0 0 .0
s u l f a t e  (mg/1) 15.0 15.1
c h lo r id e  (mg/1) 4 .8 4 .8
n i t r a t e  (mg/1) 0.01 0 .01
T o ta l phosphorous (mg/1) 0.016 0.011
f lu o r id e  (mg/1) 0 .2 7 0 .2 7
h a rd n e ss  (mg/1) 106.5 105.8
a l k a l i n i t y  (mg/1) 112.6 106.3
SAR 0 .9 2 0 .6 3
Charge Mass B alance -2 .5 7 —1.28
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Table 16. Water q u a lity  data fo r  the Champion Mine.

Parameter Oro Fino
Creek 
upstream

Adit
d is c h a r g e

Flow
through
t a i l i n g s

Oro Fino  
Creek
downstream

d a te  sampled 8*" 12™ 8 1 7 -7 -8 1 7-7 -81 8-12-81
pH ( f i e l d ) 7 .9 5 .3 3 .8 7 .6
pH ( la b ) 8 .0 7 .5
temp ( f i e l d , 0C) 8 14
EC( f i e l d , mmho/cm ) .125 .485
EC (lab,inmho/cm) .210 .5 4 8
ca lc iu m  (mg/1) 4 0 .4 153 .3 132 .2 6 1 .0
magnesium(mg/1) 10 .2 93 .3 3 71 .0 0 3 0 .2
sodium (mg/1) 4 .41 6 .0 0 7 .0 7 6 .5 0
p o ta ss iu m (m g /l) 3 .0 5 2 .9 2 3 .8 4 3 .2 5
i r o n  (mg/1) < .010 6 3 .5 0 1 .92 < .010
m anganese(m g/1) < .010 16.50 9 .50 0 .8 0 0
copper (mg/1) 0 .0 5 4 0 .0 2 7 0 .0 4 7 . 0 .0 4 9
z i n c  (mg/1) < .005 0 .2 1 6 0.196 < .005
le a d  (mg/1) < .010 < .010 <,010 0 .0 2 6
cadmium (mg/1) < .005 < .005 . < .005 < .005
n i c k e l  (mg/1) < .010 0 .2 1 6 0 .1 3 6 0 .031
a r s e n ic  (mg/1) 0 .0060 0 .011 0 .0 0 3 0 .0 0 7 9
moly bdenum(m g/1) 0 .0 1 0 0 .0 1 9 0 .0 2 0 0 .0 1 6
mercury (mg/1) < .0004 0 .0 0 1 4 0 .0014 < .0004
aluminum (mg/1) <0 .040 <0.40
b ic a r b o n a te

(mg/1) 122.0 7 3 .2  ,
c a r b o n a te (m g /l ) 0 .0 0 .0
s u l f a t e  (mg/1) 2 9 .4 1 9 2 .2  =
c h l o r i d e ( m g / 1 ) . 1 .4 1 .4  I ■
n i t r a t e  (mg/1) 0 .1 3 0 .11
T o ta l  (mg/1)

phosphorous 0 .0 3 0 .0 2
f l o u r i d e  (mg/1) 0 .1 0 0 .7 2
h ardness  (mg/1) 142 .9 9 1 1 .1 2 643 .64 . 278 .1
a l k a l i n i t y

(mg/1) 100.1 6 0 .0
SAR 0 .1 6 0 .0 9

CMO

0 .1 7
Charge Mass

B alance . ~ 2 • 68 - 3 . 0 3
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Table 17» Water q u a lity  data for  the Wasa mine.

P aram eter N.F.Doug.
C reek
upstream

Wasa 
24 3 
seep

Zimmer
Jack
seep

Wasa
I
seep

N.F.Doug.
C reek
downstream

d a te  sam pled 8—20—81

m.iR

8—20—81 8—20—81 8-20-81
pH ( f i e l d ) 5 .0 5 .0 4 .6 7 .0 7 .2
pH ( la b ) 6 .7 5 .4 5 .4 6 .8 7 .8
tem p(°C) 10 8 15 8 14
EC( f i e l d ,

(mmho/cm) .060 .160 .240 .280 .210
EC(lab,mmho/cm) .076 .204 .246 .378 .212
calc ium  (mg/1) 13»4 32.1 39 .3 60.1 45.6
m agnesium (m g/l) 3»20 6 .4 0 6 .00 11.4 5 .6
sodium (mg/1) 3 .50 2 .50 3 .0 0 2 .75 2 .7 5
p o ta ss iu m (m g /l)  2 .6 5 2 .85 2 .50 2 .40 1.45
i r o n  (mg/1) <.010 1.107 <.010 0.097 <.010
m angasnese

(mg/1) <.010 0 .330 0.240 0 .320 0.050
. copper (mg/1) 0 .050 0 .196 1.32 0.066 0.061

z in c  (mg/1) 0 .094 2 .84 7 .1 4 5 .5 9 0.010
le a d  (mg/1) 0 .0 1 8 0 .015 0 .012 0 .025 0 .012
cadmium (mg/1) . < .005 0.026 0.190 0.036 <.005
n ic k e l  (mg/1) <=010 0.051 0 .074 0.051 0.013
a r s e n ic  (m g /l) 0 .0042 0.0076 0.0027 0.0034 0.0045
m olybdenum (m g/l) < .005 0 .022 0 .0 0 9 0.013 0 .008
m ercury (m g /l) <.0004 <.0004 <.0004 <.0004 <.0004
alum inum (m g/l)

OsrOV

<0.40 <0.40 <0.40 <0.40
b ic a rb o n a te

(m g /l) 3.1 3.1 9 .8 112.8 141.8
. c a rb o n a te (m g /l)  0 .0 0 .0 0 .0 0 .0 0 .0

s u l f a t e  (m g /l) 38.5 111.8 108.0 105.4 31 .7
c h lo r id e  (m g /l) 0 .9 4 0 .9 4 0 .4 7 0 .9 4 0 .9 4
n i t r a t e  (m g /l) 0 .13 0 .1 3 0 .1 9 0 .2 2 0 .2 4
t o t . p h o s .(m g /l)  0 .0 3 0 .0 5 0.01 0 .03 0 .0 5
f lo u r id e  (m g /l) 0 .1 2 0 .4 8 0 .3 4 0 .3 0 0 .1 2
h a rd n e ss  (m g /l)  46 .8 113.4 134.2 206.3 137.0
a l k a l in i ty ( m g / l )  2 .5 2 .5 8.0 92.6 116.3
SAR 0 .2 2 0.11 0 .1 2 0 .0 9 0 .1 0
Charge Mass

B alance -1 .7 1 1 .18 -1 .1 2 0 .08 1.01



APPENDIX C

SOIL PROFILE DESCRIPTIONS AND ANALYTICAL DATA



135

Table 18. S o il q u a lity  c r i t e r ia .

P aram eter S u sp ec ted  P h y to to x ic  L evel 

Chapman1 Montana DSL2

pH 8 .8 -9 .0

EC (mmho/cm) 4-6

aluminum (ppm) 1-10

a r s e n ic  (ppm) 2-30

boron  (ppm) O L O

chromium (ppm) 5-150

co pper (ppm) 100 (e x c h .) 40

le a d  (ppm) 10-200 10-20

magnesium >90% o f  exch 
complex

m anganese (ppm) 60

m ercury  (ppm) 0 .4 -0 .6

n ic k e l  (ppm) 3-70 (e x c h .) 1.0

z in c  (ppm) 40

Comments: ( I )  V alues from  D ia g n o s tic  C r i t e r i a  f o r  P la n ts  and S o i ls
(Chapman, 1966). L eve ls  a r e  w a te r  s o lu b le  u n le s s  o th e rw ise  
n o te d . (2 ) Red f l a g  v a lu e s  from th e  Montana S t r ip  and 
U nderground M ining Act (1 9 7 9 ). L ev e ls  o f aluminum, a r s e n ic ,  
chromium, co p p er, le a d  n ic k e l ,  and z in c  a re  DTPA 
e x t r a c ta b l e .
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T able 19« C o v e rso il q u a l i ty  g u id e l in e s  a s  e x c e rp te d  from S ch a fe r  
(1 9 7 9 ).

P aram eter
Good

Q u a li ty  R atipg  
F a i r Poor

T ex tu re  c l a s s VfSl, f S i „S i 9 l f s , l s , c l SpCpSCy
I ,  s i l s c l 9 s i c l s i c

EC <4 4-8  . >8

PH 5 .6 -7 .8 4 .5 - 5 .6 ;7 .8 - 8 .4 <4.55 >8.4

Rock frag m e n ts <15% 15-35% >35%

A v a ila b le  w a te r 
(% by volume)

>10 5-10 <5

S a tu r a t io n  w a te r 25-80% 25-80% <25I >80%

T race e lem en ts l e s s  th a n  l i m i t s  a t  r i g h t JlBSl

B > 8 .
Cd > 0 .1 - 1 .O 
Cu > 4 0 .
Pb > 10-20 . 
Mn > 60 
Hg > 0 .4 -0 .5  
Mo > 0 .3  . 
Ni > 1 .0  
Se > 2 .0  
Zn > 40 .0

Comments: F a i r  q u a l i ty  im p lie s  t h a t  m i t ig a t io n  o f  ad v e rse  p r o p e r t ie s
w i l l  in c r e a s e  re c la m a tio n  p o t e n t i a l .  M a te r ia ls  r a te d  as  
poor may be s u i t a b l e  a s  c o v e r s o i l  on ly  i f  ad v e rse  f a c to r s  
can be t r e a t e d .
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Table 20. Index for  stru ctu re grade, s iz e  and kind used in  s o i l
p r o f ile  d escr ip tio n s .

.

Code S t r u c t u r e  g ra d e Code S t r u c t u r e  k in d

01 m a ss iv e 01 m a ss iv e
02 w eakspeds b a r e l y  o b se rv a b le  in  p la c e 02 p l a t y

and when d i s tu r b e d  p ed s  rem ain 03 g r a n u la r
03 weak to  m o d e ra te 04 s u b a n g u la r  b lo c k y
04 m o d e ra te i p ed s  e a s i l y  o b s e rv a b le OS a n g u la r  b lo c k y

and when d i s tu r b e d  m ost o f  m a te r i a l 06 . p r i s m a t i c
c o n s i s t s  o f  p e d s . 07 co lum nar

OS m o d e ra te  to  s t r o n g 08 wedge
06 s t r o n g :  p ed s  d i s t i n c t l y  v i s i b l e ,  

when d i s tu r b e d  e n t i r e  s o i l  m ass i s
a g g re g a te d

Code S iz e  C la s s D iam ete r 
o f  g r a n u le s

T h ic k n e ss  
o f  p l a t e s

D iam eter 
o f  b lo c k s

D iam eter 
o f  p r ism s

01 v e ry  f i n e <1 <1 <5 <10
02 f i n e 1 -2 1 -2 5-10 10-20
03 medium' 2-5 2-5 10-20 20-50
04 c o a r s e 5-10 5-10 20-50 50-100
OS v e ry  c o a r s e >10 >10 >50 >100

T able 21 . Index f o r  e f fe rv e s c e n c e  i n  HCl, and h o r iz o n  boundary
used  in  p r o f i l e  d e s c r ip t io n s .

Code . E f f e r v e s c e n c e  Lower H o r iz o n  B oundary
Code D i s t i n c t n e s s Code Shape

01 n o n c a l c a r e o u s 01 a b r u p t  < l i n „ ) 01 sm ooth
02 s l i g h t 02 c l e a r  ( l - 2 = 5 i n . ) 02 wavy
03 m o d e ra te 03 g r a d u a l  ( 2 . 5 = 5 i n . ) 03 . i r r e g u l a r
04 v i o l e n t . 04 d i f f u s e  ( > 5 i n . ) 04 b ro k e n

05 a r b i t r a r y 05 a r b i t r a r y
06 n o t  r e a c h e d 06 n o t  r e a c h e d
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Table 22 . Index for  s o i l  con sisten ce  used in  s o i l  p r o file
d escr ip tio n s .

Code Dry c o n s i s t e n c e  Code M o is t  c o n s i s t e n c e

01 l o o s e 01 l o o s e
02 s o f t s  e a s i l y  c r u s h e s  t o 02 v e r y  f r i a b l e :  c r u s h e s  u n d e r

p o w d e r . g e n t l e  p r e s s u r e
03 s l i g h t l y  h a r d :  e a s i l y 03 f r i a b l e :  c r u s h e s  e a s i l y  u n d e r

b r o k e n  b e tw e e n  thumb and m o d e r a te  p r e s s u r e  b e tw e e n  0
f i n g e r and  f i n g e r

04 h a r d s e a s i l y  b ro k e n  i n  hand 04 f i r m :  c r u s h e s  u n d e r  m o d e ra te
05 v e r y  h a r d :  b r o k e n  i n  h a n d s p r e s s u r e  b e tw e e n  thumb and  f i n g e r

w i t h  d i f f i c u l t y 05 v e r y  f i r m :  b a r e l y  c r u s h a b l e
06 e x t r e m e l y  h a r d :  c a n n o t  be b e tw e e n  thumb and  f i n g e r

b r o k e n  i n  h a n d s 06 e x t r e m e l y  f i r m :  c r u s h e s  u n d e r
07 i n d u r a t e d s t r o n g  p r e s s u r e  i n  hand.

07 i n d u r a t e d

Code Wet s t i c k i n e s s  Code Wet p l a s t i c i t y

01 n o n s t i c k y :  no a d h e r e n c e 01 n o n p l a s t i c :  no w i r e  fo rm ed
02 s l i g h t l y  s t i c k y :  a d h e r e s  t o 02 s l i g h t l y  p l a s t i c :  w i r e  fo rm s

thumb and  f i n g e r  b u t  comes b u t  e a s i l y  de fo rm ed
o f f  one  c l e a n l y 03 p l a s t i c :  w i r e  f o r m s ,  m o d e ra te

03 s t i c k y :  s o i l  a d h e r e s  and p r e s s u r e  r e q u i r e d  t o  d e fo rm
s t r e t c h e s  b e f o r e  p u l l i n g 04 v e r y  p l a s t i c :  w i r e  f o r m s ,  much
a p a r t p r e s s u r e  r e q u i r e d  t o  d e fo rm

04 v e r y  s t i c k y :  s o i l  a d h e r e s
t o  b o t h  f i n g e r s
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Table 23. Index for  pore abundance, s iz e ,  and kind used in  s o i l
p r o f ile  d escr ip tio n s .

■ - ...............  - ...........

Code S i z e Code K ind

01 n o n e 01 none
02 m ic r o  a n d  v e r y  f i n e 02 i r r e g u l a r  a n d  t u b u l a r
03 v e r y  f i n e  ( . I - . 5mm,) 03 t u b u l a r
04 : f i n e  an d  v e r y  f i n e 04 t u b u l a r  c o n t i n u o u s
0.5 f i n e  (.5-2mm) 05 t u b u l a r  d i s c o n t i n u o u s
06 medium and  f i n e 06 v e s i c u l a r
07 medium (2-5mm) 07 v e s i c u l a r  a n d  t u b u l a r
08 c o a r s e  a n d  medium 08 i n t e r s t i t i a l  v o i d s  b e tw e e n  p e d s
09 c o a r s e  OSirnn) 09 i n t e r s t i t i a l  v o i d s  b e tw e e n  r o c k s

T ab le  2 4 . Index  f o r  r o o t  abundance, s i z e ,  and k in d  u sed  in  s o i l  
p r o f i l e  d e s c r ip t io n s .

Code S i z e Code L o c a t i o n

01 none 01 none
02 v e r y  f i n e  (0 .1 - lm m ) 02 t h r o u g h o u t  h o r i z o n
03 f i n e  a n d  v e r y  f i n e 03 b e tw e e n  p e d s
04 f i n e  (l-2mm) 04 f l a t t e n e d  i n  c r a c k s
05 medium an d  f i n e 05. f l a t t e n e d  a ro u n d  r o c k s
06 medium (2-5nun) 06 m at a t  t o p  o f  h o r i z o n
07 c o a r s e  a n d  medium -
OS c o a r s e  (>5mm)
OS f i n e  a n d  c o a r s e

Code A bundance  V ery  f i n e F in e Medium C o a r s e
CLASS •*we*e*

01 none
02 t r a c e
03 few <10 <10 <1 <1
04 few  t o  common
05 common 1 0 -1 0 0 1 0 -1 0 0  1 -1 0  1 -5
06 common t o  many
07 many . >100 >100 >10 ; >5
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T able 2 5 . Pedon d e s c r ip t io n  f o r  th e  A lta  N a tu ra l S o i l .

S IT E  DESCRIPTION

S o i l  S e r i e s :  S i t e  N u m b e r : 09  . C o u n t y i J e f f e r s o n
L o c a t i o n :  1 / 4 ,  N W 1/4 , N E l / 4  S e c t i o n  10 T o w n s h i p  7N ,  R a n g e  4W
C l a s s i f i c a t i o n :  c o a r s e - l o a m y  m i x e d  A r g i c  C r y o b o r o l l

D a t e  S a m p l e d :  0 8 / 1 8 / 8 1  E l e v a t i o n :  5 1 0 0 f t ,  1554m  P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
S i t e  C o o e s /C o : 5 1 / PM: 1 2 / V e g i 2 1 / L U : 0 4 / D r a i n : 0 5 / P e r m : 0 5 / E r s n : 0 3 / P o s t n : 0 3 / L F : 0 1 /
M a t e r i a l :  r e s i d .  c r y s t a l l i n e  
D r a i n a g e :  w e l l  
S l o p e :  25% , ! ! d e g r e e s
S o i l  t e m p . ( 5 0 c m )  C ,  32 P

V e g e t a t i o n :  p e r e n n i a l  f o r a g e  L a n d  u s e :  r a n g e  
P e r m e a b i l i t y :  m e d iu m  t o  r a p i d  E r o s i o n :  m o d e r a t e  
A s p e c t :  N P o s i t i o n :  u p p e r  m i d s l o p e
Number  o f  B o r l z o n s i O l  L a n d f o r m i  s e d i m e n t a r y  u p

. . . .  PROFILE DESCRIPTION

HOR . HO.
DEPTH 

( cm)
COLOR

MOIST DRY TEXT CF
STR
g s k

CONS RT 
dhnsp a s l

PR
a s k PB ;EFP BND *

Al 801 0 -  4 IOYR 2 / 2 IOYR 4 / 3 05 s i 10 2 1 3 11 7 2 2 /4 « 6 . 5 i 32
B2 8 0 2 4 -  25 IOYR 2 / 2 IOYR 3 / 3 05 B i 20 223 11 7 2 2 74b 6 . 5 i 22
C l 803 2 5 -  42 IOYR 4 / 4 IOYR 4 / 6 02 I s 30 1 2 3 2 2 1 1  722 74« 5 . 5 i
R 4 2 - 6 0 + / /

/ /
/ /

- / / .
- / / •

C F - c o a r s e  f r a g m e n t (%) S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k i n d  E F F - e f t e r v e s e n c e  B N D - b o u n d a r y
COMMENTS ( * ) :
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T able 26. S o i l  p h y s ic a l  and ch em ica l d a ta  f o r  th e  A lta  N a tu ra l S o il .

S e r ie s *  C la s e l f l c a t l o n i c o e r s e - I o a e y  m ixed A rg lc  C ry o b o ro ll
S i t e  num ber*09 C o u n ty i J e f f e r e o n  L o c a t lo n iA l ta  N a tu r a l  S o i l
Number h o r ls o n s i0 2  C o iS l

t S S S S S S S S I S H S M I S S S l l S S I I I I I I I I S S S I I t S S t S I I S S I I t S S I I I I I I I S H H M H H I M I I M I I H S I I I I I I I I H I t S I I I I S S I I S I I I S
IH o rlso n  D eptn  I M ech an ica l a n a l y s i s  I W ater c o n te n t  I
I (cm) Isan d  s i l t  c l a y  v co s  cos  ms f s  v f s  c o s i l  IS b a r  .S b a r  Obar I

I l l l l t t l l l l l l l t t l t l l t l t l l l t l l l t l l t K l t l t l l t t t l l l l t l l l l l l l l l l l l l l l t l l l t l l t l l l l l l l l t l l l l t l l t t l l l t l l l I I t l t I I l t
A1/B2 O- 25 4 8 .0  4 1 .0  1 1 .0  8 .4  1 0 .9  8 .6  1 1 .5  8 .6  1 7 .0  8 .9  1 7 .6
C l 25-42+  4 6 .0  4 0 .0  1 4 .0  6 .8  7 .8  7 .9  1 3 .5  1 0 .0  2 0 .0  9 .2  1 5 .7

I i i i t i i i i i t i t i i t t i i i i t i t i i i i t i t i i i t i i i i i i i i i t t i i i i i i i t i i i i t i i i i t i i i i t i i i i t t i t i t i i t t i i t i i i t i i i i t i i i i i i t i i i i t
IH o rlso n  D ep tn  I Dry A g g reg a te  A n a ly s is  I CSC IB ase I Bxch I
I (cm) l>19am 1 9 -4  4 -2  v co s  co s  a s  f s  v f s  e l , c  I Sum MaCl IS a tn . IA c ld i ty I
I I — ----------------------------(%>---------------------------------------- - I (meq/lOOg) I (%) I (ppm) I
Iiiitiiiiiiiiiitiitttiiiiitiiiitiiiiitiiiiiiiiiitttiiiiiiiiiiiiiiiiiiiiiiiiiiitiitiiiiiititiiiiiiiiiiiiiiii
A1/B2 0 -  25 2 .7  1 5 .8  1 0 .9  1 3 .3  8 .9  1 4 .6  1 3 .1  8 .6  1 2 .3  1 3 .8  1 5 .2  9 5 .9  2 3 .0
C l 25-42+  6 .7  3 1 .8  1 4 .6  1 2 .1  8 .6  7 .2  8 .0  5 .0  5 .9  1 5 .3  1 7 .1  9 9 .7  1 5 .0

i t .............................

1111111 > 1111 s i : 111111111111 s 11111 1111 s : < 1111: t i 11111 11: s i : 1111111 > 111111: :  11 < 11 f 111 111 111111111111111111 111: 1111 1111
I Bo r ix o n  Depth  I S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (») (mmho/cm) ------------------------------------------------- v--------------------- p p m ------------------------------------------------------------------  I
1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 : 1 1 1 : 1 1 1 :  i t  M  11  i 1 1 1 1 1 1  i 1 1 1 1 1 1 1 1  > 1 1 1  i > 1 1 1 1 1 1 1 1 1 1  < t :  I 1 1 1 1 1 1 1 1 1 1 1 1  i 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1  > 1 1 1 1 1 1 1 1 1 1 1 1  s 11
A1/B2 0 -  25 2 7 .6  0 .1 3  4 .6  1 .1  0 . 4  2 . 3  0 .0 9 7  0 .0 1 7  0 . 0 1 6  0 .1 5 5  < .1 4  < .03 <. 07  < .0 3  < .0 3  <0 .7  .001
Cl 25 -42+  2 3 .2  0 .1 1  3 .6  1 . 2  0 . 5  1 . 0  0 .0 2 7  0 .0 1 6  0 . 0 0 4  0 . 1 6 5  < .1 2  < .02 <. 06  < .0 2  < .0 2  <0 .6  0 .0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i t  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 11 i 11 < 11  * 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
!H o r iz o n  Depth !  MH40AC E x t r a c t  I
I (cm) I Ca Mg Na I  Zn Cu Mn Fe Pb Cd Ml Ag Cr Al As I
I I — — -------- — — — — — — — -----------------— — — — —  P t *  — — ------ —  --------------- ----------------------1
* I * 1 1 1 1 1 1  * 1 1 1 1 1 1  * 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1  M  1 1 1 1 1 « r 1 1 1 1 1 1 1 1 1 1 1  * 1 1 1 1 1 1 1 1 1 1  * * 1 1 « 1 1 1 1 : 1 : 1 1 1 1 1 1 1  i 1 1 1 1  * * 1 1 1 1 1  * * * * 1 1  * 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A1/B2 0 -  25 2120 .  2 2 4 .  2 0 .  2 60 .  1 8 .1 2  1 .0  8 . 4 4  4 . 8  6 . 6 4  0 . 9 6  4 .0  0 . 2  <0 .2  3 9 .2  < .02
Cl 25-42+ 2 4 7 8 .  2 7 6 .  2 6 .  1 8 0 .  2 . 4 4  2 .1 6  2 .2 4  0 . 3 6  1 . 5  0 . 4  3 . 2  <. 08  < .0 2  <10. < .02

1111111111: 111111: 11111111111111111 >: 11111111111 
!H o r iz o n  Depth !  Org I pH I NO3 I
I ( c m ) I C I I i l  1*2 I N P S 0 4 I
I I (») I H20 CaCl2 1 ------- p p m --------- I

t  * 1 1 1  > * t  > * I  * t  * I * * * 1 1 1 1 1 : 11  * * I  * * I * 1 1 1  * * 1 1 1 1  i t  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  * * 1 1 1

11: 11 * 1111111 i 1111111: :  1111: 1: 11111 * * i * 11 * t : * 11111 * 111111111111 * *: 11: * * 111 * t * * * I * * < 11111111111111111 * 11 * 111111111111
A1/B2 0 -2 5  1 . 6  4 . 4  5 . 4  < 0 .5  <0 .1  2 1 . 9
Cl 25 -42+  0 . 6  6 . 0  6 .1  1 8 .4

* 1 1 1 1 1  * 11 * t  * i :  11 * t  * : : :  * :  t  * t  * i  * I  * 1 1 1  * 11  * i :  1 1 1  * 11  i 11 * * 1 1 1 1 1  i * 11  * i  * 1 1 1  > * 1 1 1 : 1 1 1 1  * I  * 1 1 :  i  * * * 1 1 1 1 1 1 1 1 1 1 1 1  * 11  * t :  * * * t  * 1 1 1  * 11
Comments* M u l t i p l y  v a l u e s  w i t h  s t a r s  (****)  u n de r  column by 0 . 1 .
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T able 27. Pedon d e s c r ip t io n  f o r  th e  A lta  W aste Rock (upper m oun tain ).

S IT E  DESCRIPTION

S o i l  S e r i e s !  S i t e  N u m b e r :  10 C o u n t y i J e f f e r a o n
L o c a t i o n :  1 / 4 ,  N W 1/4 ,  SW1/4  S e c t i o n  10  T o w n s h i p  7N ,  R a n g e  4W
C l a s s i f i c a t i o n :  s a n o y - s k e l e t a l  m i x e d  T y p i c  C r y o r t h e n t

D a t e  S a m p l e d :  0 8 / 1 9 / 8 1  
S i t e  C o d e s / C o : 5 1 / P M : 1 2 / V e g :  
M a t e r i a l :  r e s i d .  c r y s t a l l i n e  
D r a i n a g e :  m o d e r a t e  
S l o p e :  4U%,  Z O d e g r e e s
S o i l  t e m p . ( 5 0 c m )  C ,  32 P

E l e v a t i o n :  6 0 0 0 f t ,  182 8 m  P r e c i p i t a t i o n :  1 1 i n ,  2 7 9  mm
/ L U : 1 5 / D r a i n 1 0 4 / P e r m : 0 4 / E r s n : 0 4 / P o s t n : 0 5 / L F i l 7 /

V e g e t a t i o n :  u n v e g e t a t e d  L a n d  u s e :  m i n e  dump
P e r m e a b i l i t y :  m e d iu m  E r o s i o n :  s e v e r e
A s p e c t :  E P o s i t i o n :  l o w e r  m i d s l o p e
Number  o f  H o r i x o n s i O Z  L a n d f o r m i  d i s t u r b e d  l a n d

. . . .  p r o f i l e  DESCRIPTION

DEPTH COLOR STR CONS RT PR
HOR. NO. (cm) MOIST DRY TEXT CF g s k dmep a s l • ■ k pH BFP BND

C l 0 -  32 IOYR 6 / 4 IOYR 7 / 4 02  I s 60  2 2 3 3 3 2 2 26 7 4 6 4 . 5  I  21
CZ 3 2 - 6 0 + IOYR 5 / 4 IOYR 7 / 3 01 B 60  2 2 3 231 1 26 556 4 . 5  I  66

/ /
/ /
/ /
/ /

- / /
- / /

C F - c o a r s e  f r a g m e n t <%) S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o l s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k i n d  E F F - e f t e r v e s e n c e  BND-b o u n d a r y  
COMHbNio < « ) :
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T able 28. S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  A l ta  W aste  Rock 
(u p p e r  m oun ta in ).

S e r l e i I  C le e e l f I c i t i o n i s i n d y - i k i l i t i l  m ixed T y p lc  C ry o r th e n t
S i t e  num beri 10 C o u n ty i J i f f e r io n  L o c i t l o n i A l t i  W eete AocX (u p p e r m o u n tiln )
number h o r le o n e iO l C o iS l

in in Iiiiiimii Iimii i Iiimiini "  ...........m m ...............................................................
IHorlxon Deptn  I W e c h e n le i l  i n i l y e l i  I W e te t  c o n t e n t  I
I (cm) I e i n d  l i l t  e l i y  vcoe co e  me f e  v f e  cm 11 I S b e t  . I b e r  O b ir l

I ------------------------------- £%) ---------------------- --------------  I -------( % ) -------I I
i i n i m m m m m m m m m m m m m m m m m m m i " " " " " " " " " " " " " " " " " " " " " "  
C l/C l 0-40+ 4 7 .0  2 3 .0  1 0 .0  1 S .0  1 3 .4  1 3 .2  1 2 .7  7 .5  7 .0  5 .2  1 5 .0

.... ......................... n n n n n n  I i i i i n m m m ..........................n n n n n n n n n n i ................................ ................... ......  m i n i m i .............. m m
IB o r lio n  D eptn  I Dry A g g re g ite  A n i ly e le  I CSC IBeee I Exch I
I (cm) I >19mm 1 5 -4  4 -2  *cm cm ex f e  T fe  e l , o  I Sum WiCl I S i t e .  (A c id i ty  I

I ---------------------------------- (»>------------------------------------------ I (m eg /IOOg) I (%> I (ppm) I
I.........i n ........................................................................................................... m m  mini  m m m  in ...........I................ inn
C1/C2 0 -40+  5 .2  3 5 .4  1 5 .5  1 5 .7  5 .5  4 .0  3 .S 1 .7  2 .1  4 .0  4 .3  5 4 .2  4 .0

m i ........................................................................................................................................ n n n n  n n n n n n m ...............in

I t t l M l l l l i s t t t l t l t l t t t l t t M t l t t l t t t t t t t l t t s t l l t l K t l l l t l l t s i t t t l l M l t t l t t f l l l l t t t t t l t M t M t t t l l t t I t I t t I t t t I t t t t I I M  
I H o r i s o n  D e p tn l  S a t u r a t i o n  E s t r a c t  I
I (cm) I H20 BC Ca Hg Na K Xn Cu Hn Pe Pb Cd Ni Ag Cr Al Aa I
I I (%> (amho/cm) — ----- ------------------ ------------------------------------------ppm — --------------------------- — --------------------- ------- I
I t  :  t  I I I  M  I M  M  t  I  I  t  I I I  t  I  t  I t  M  t I S t  I t I  I  I  t  I t  t  M  M  t  I  t  I I  I  I  t  t t  t  t  I t  I  I  I I t  I  M  t t  I I I t  t  t  I  I t  t  t  M  t  M  t  M  M  M  I t  t  M  I t  t  t  t  I  t  t  t  I  I  I t  I  M  I I  t
C1/C2 0-60+  1 6 .1  0 .2 8  3 . 6  1 . 0  2 . 6  2 . 5  0 . 0 6 4  0 .0 3 4  0 . 0 1 2  0 .0 1 7  < .0 8  < .02  <. 04  .002  <0 .4

M M l t M l l t l l l M l l l l l l l l l l l t l l l l l l l l l l l l t l l M l l l l l l l l t t l l l l l l l l l t l l l l l l l l l l l t l l l l l l l M l t l M t l l l l t t l t t t l t l t t l l l l l l M t l  
I B o r i s o n  D e p tn l  NIUOAc E s t r a c t  I I
I (cm) I Ca Hg Na I  Xn Cu Hn Fe Pb Cd Ni Ag Cr Al Aa I I
I I ---------------- ---------------- --- ------- ------------------------------- - P t * --- ------------ -------------------------- -------------- I I
I I I  I  I I I t  I I  I  I  I  I M  I I  I M  I I  I I t  I  I I M  M  I I  I  I  I  I  I  I  I I I I  I  I  I I I  I  M  M  M  I I I  I  I  I I I  I  M  I M  I I  I  I  I  I I I  M  I M t  I I I  I  I I I  I  I  I I M  I  I  I M  I  I  I  I t  M  I I  I I I  I  I
C1/C2 0-60+  9 9 4 .  4 2 .  2 0 .  H S .  2 . 2 4  7 . 1 6  2 . 0 4  0 . 3 6  3 2 4 .  < 0 .2  < 0 .4  < .0 0  <0 .2  <10 . < .02

I l l M i r i l l l l l l l l l l l l l l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l M l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l M l l l l M l l l l
I H o r i s o n  Dep th l  Org I pH I N03 I
I ( c m ) I C I 111 l t 2  I N P 8 0 4 1
I I (» ) I H20 CaCl2 1 --------- p p m ---------- I
I M  I  I I M  M  I  I  M  I I  I  I  I I M  I I I M  I I I  I  I  M  I I  I  I M  M  I M  I I I I  M  I I I  I  I I I M  I I I  I  I  I I I I I  M  I I  I  I I I  I  I  I I I  I  I I  I  I  I M l  I I I  I  I  I I M  I I I I  I  I I  I  I  I  I I  I  I I
C1/C2 0 -60+ < .5  6 . 2  6 . 3  4 . 1  <0 .1  1 8 . 9

M  I I  I I  I  I  I I I I I I I  I  I  I M  I I  M  M  I I I I I  I I I  I  I  I I M  I I I T l  I M  I I I I I I  I  H  I  I I I I M  I  M  I M  I I  M  I I I  I  M  I I M  I M  M  I I  I I I  I  I  I I  M  I  I I  M  I M  I M  I I  M  I 
Coamentat  H u l t i p l y  v a l u e s  w i t h  s t a r s  (*** *) be lo w  column by 0 . 1 .
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T able 29 . Pedon  d e s c r i p t i o n  f o r  th e  A lta  W aste  Rock ( lo w e r  
m o u n ta in ).

* * * * * *  S ITE  DESCRIPTION * * * * * *

S o i l  S e r i e s :  S i t e  N u m b e r :  OS C o u n t y : J e f t e r e o n
L o c a t i o n :  1 / 4 ,  S E 1 / 4 ,  NW1/4 S e c t i o n  10 T o w n s h i p  7N ,  R a n g e  4W
C l a s s l t i c a t i o n :  f i n e - l o a m y  m i x e d  T y p i c  C r y o r t h e n t

D a t e  S a m p l e d :  0 8 / 1 8 / 8 1  E l e v a t i o n :  5 1 0 0 f t ,  1554m P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
S i t e  C o d e s / C o : S I / P M : I 2 / V e g : / L O : 1 5 / D r a i n : 0 3 / P e r m : 0 3 / E r s n : 0 4 / P o s t n : 0 4 / L P : 1 7 /
M a t e r i a l :  r e s l d .  c r y s t a l l i n e  V e g e t a t i o n :  m i x e d ,  s p a r s e  L a n d  u a e :  m i n e  dump
D r a i n a g e :  p o o r  t o  m o d e r a t e  P e r m e a b i l i t y :  s l o w  t o  m e d iu m  E r o s i o n :  s e v e r e
S l o p e :  30%, I S d e g r e e s  A s p e c t :  S P o s i t i o n :  m i d s l o p e
S o i l  t e m p . ( 5 0 c m )  C ,  3 2 P  N umber o f  H o r i z o n s : 0 3  L a n d f o r m :  d i s t u r b e d  l a n d

. . . .  p r o f i l e  DESCRIPTION * * * * *

BUR. NU.
DEPTH

(cm)
COLOR

MOIST DRY TEXT
STR 

CF g s k
CONS
dmep

RT
am i

PR
a s k pH EFF BND »

C l 801 0 -  17 5Y 8 / 4 2 . 5 Y 8 / 6 06 f s l 2 2 3 2 2 3 2 i n 7 4 a 4 . 0  I 22
C2 802 I / -  49 7 . 5 YR 6 / 8 SYR 6 / 8 02 I s 2 2 3 3 311 i n i l l 4 . 0  I 22  I
CS 80  J 4 9 - 7 3 + 2 . 5 Y  8 / 6 7 .5 Y R 8 / 0 06 f s l _  223 2 2 3 2 i n 548 4 . 0  I 66

/ /
/ /
/ /
/ /

'

/ /

C P - c o a r s e  f r a g m e n t (%) S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t , s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t , s i z e ,  k i n d  E P F - e f t e r v e s e n c e  BND-b o u n d a r y
COMMENTS ( * ) :  I )  H o r i z o n  c o n t a i n s  p o c k e t s  o f  d a r k  (IOYR 2 / 1 ) ,  r o c x y  m a t e r i a l  w h i c h  h a s  
a  pH o f  6 . 0 .
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T able 30 . S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  A l ta  W aste  Rock 
( lo w e r  m oun ta in ).

S e r l e e i  C l a e e l f l c a t l o n i f l n e - I o e e y  mimed T y p lc  C r y o r t h e n t
S i t e  numberiOS C o u n t y i J e f f e r e o n  L o c a t l o n i A l t a  Waste  Rock ( lo w er  dump)
Number h o r i s o n e i02  CoiS l

...............................................................................................................................................111
!■ o r i so n  Deptn  I M ech an ica l  a n a l y s i s  I Water  c o n t e n t  I I
I (cm) Ieand  e i l t  c l a y  vcoa  c o s  a s  f e  v f s  c o a l I I S b a r  . 3 b a r  Obarl I
I I — —————— ———————— (%) ———————————————————— I —— — ( % ) ——  — I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I IS I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
Cl O- 17 4 1 .0  3 7 .0  2 2 .0  7 . 7  9 .0  8 . 1  9 .0  7 . 4  1 3 .0  8 . 7  1 7 .2
C2 1 7 -  49 4 5 .0  3 5 .0  2 0 .0  6 . 2  9 . 2  9 .6  1 1 .3  8 . 8  5 . 0  1 1 .4  1 9 .3

I t i t t i i i i i i i t i i t t t i i i i i i i t i t i i i i i i i i t i i i i i i i i i t i t i i i i t i i i i t i i i i i i t t i t t t i i i i i i i t i i t i i t i t i t i i i i i i i i i i i i t i i i i i
IB o r le o n  Deptn  I Dry A g g r e g a te  A n a ly e l e  I CBC IBaee I Bmch I
I (on) l>19na 1 9 -4  4 -2  v coa  co a  ms f e  v f e  e l , c  I Sum BaCl IB a t n . I A c ld l ty I
I I ---------------------------------- ( « ) ------------------------------------------ I (meq/lOOg) I ( I )  I (ppm) I
i i i i i i i i i i i i i i m t i i i t t  I i i i t i i i i i i i i i i i i i i  I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t  I i i i i i t i n i i i i i i i i i i i i i i i i i
Cl 0 -  17 2 1 .8  1 5 .5  1 6 .6  1 7 .6  1 3 .3  7 . 9  3 . 0  4 . 3  1 5 . 4  3 0 . 9  9 3 .3  2 7 .0
C2 1 7 -  49 5 . 7  2 4 .3  1 5 .8  1 8 .7  1 4 .3  9 .0  6 . 3  2 . 7  3 . 2  5 5 .1  3 2 .4  9 6 .1  3 7 .0

I l i i i l i i i i i i i i i i i i i i i i i i i i i i i i i i i H i s i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i l i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I «• I • I «I I I I »»I I I I ‘ I I I I I I * * I I * * * • • I I I I I • » I • 11 * * I * ‘ 11 • *11 • 1 • * “  I * I * I I I I I I I I 11 * 
B o r l s o n  Dep tn l  S a t u r a t i o n  E x t r a c t  I

(cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I (%) (amho/cm) --------------- ---------------------------------------------------------- p p m ----------------------------------------------------------------  I

I  I  I  I I  I I I  I  I  I I I I I I I  I  I  I I I  I  I  I I I  I  I I  I  I  I  I I  I  * I I M  I  I  I I I  I  I  I I I  I  I  I I I  I  I  I I I  I  I  I I I I  I I I I  I I I I I  I  I I I  I I I I  I  I  I I  I  I  I I I  I  I I I  I  M  I I  I  I  I I I  I  I I I I  I I I
Cl 0 -  17 2 7 . 4  2 . 2 4  1 3 1 .4  1 . 8  0 . 7  4 . 6  1 .2 8 8  1 .6 6 7  0 . 5 5 4  0 .3 1 2  .444  .007  . 012  . 004  < .03 6 . 2 .  002
C2 1 7 -  49 2 9 . 2  2 . 7 3  1 2 5 .2  3 2 .7  1 . 7  7 . 1  4 0 .8 5  5 .5 1 5  2 5 .2 1  0 . 0 9 3  .123  . 212  . 074  . 004  < .0 3  9 . 5 .  001

i l l  1 1 1 1 1 1 1  I i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I i  * * 11  * I * 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  H  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .............. ...
B o r i s o n  D ep tn l  MHOAc E x t r a c t  I

(cm) I Ca Mg Ra E I n  Cu Mn Fe Pb Cd Bi Ag Cr Al As I

1111 • 11 • 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 • 111 
Cl 0 -  17 2 8 1 8 .  8 2 .  1 8 .  8 0 .  5 .9 2  7 . 5 2  2 . 7 6  5 8 . 4  1 2 2 .  0 . 2 4  4 .4  < .0 8  .032  5 6 .  <. 02
C2 1 7 -  49 10358 2 06 .  2 2 .  8 8 .  1 5 6 .8  3 3 .8  7 4 . 4  1 2 9 .6  5 0 .2  1 .1 6  7 . 6  < .0 8  0 .7  1 8 .6  <. 02

I I  I  I l  I  I  I l  I  I  I  I I I I  I I I  I  I  I I I  I  I  I I I  I  I  I I  I I I I I  I I I « I  I  M  I I I  I  I I I  I  I  I I I  I  I I I  I  I  I I I  I  I  I I  I  I  I  I I I  I  I  I I I  I  I I I  I  I I  I  I  I I I  I  I I  I  I  I I I I I  I  I ..................I t l l t
IBo r ix o n  D ep tn l  Org I pH I N03 I
I ( c m ) I C I I i l  l i 2  I N P 8 0 4 1
I I («) I H20 CaCl2 1 -------- p p m ---------I11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 < 11111 
Cl 0 -1 7  <. 5  3 . 2  2 .7  1119
C2 17 -4 9  < .5  3 . 3  2 . 9  1286

- Ifff
1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : : 1 1 1 1 1 : 1 1 1 1 1 : 1 : 1 1 1 1 1 1 1  i t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i t  1 1 1 1 1 1 1 1  
Comments! M u l t i p l y  v a l u e s  w i t h  d o l l a r  s i g n s  ( I f f f ) be low column by 1 0 . 0 .



T able 31 • S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  A l ta  W aste  Rock 
(g rab  bag sam ple o f  d ark  m a te r ia l  a t  s i t e  08).

S e r le e i
S i t e  m m ber 1 08A 
Number b o r ls o n e s

Ca a e e  i f  I o e t  Io e  i
C o u n ty i J e f f e r e o n  L o c a t lo n iA l te  W eete Bock O reb Beg (d a rk  m a te r i e l  In  p i t  08)

C o iS l

S I S I I I I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I I I H l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l M I I I H M I I I I M I I I I I I I l l l l l l l
IB o n s o n  D eptn  I M eohen ioel a n a ly s i s  I W ater c o n te n t  I I
I (cm) Ieend  e l l t  c l a y  vcoe coe  me f e  v f e  o o e i l  IS b a r  .3b#p  O berl
I I I >- I
I l l l i n i l i n i l l l l l l l l l l l l l l l l l l l l l l l l t l l M l l t l l t l l i s i l l l l l l l l l l l i s i n i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l M l l

2 7 -  42 5 5 .0  3 0 .0  1 5 .0  7 .2  1 3 .S 1 2 .3  1 2 .3  1# * 1 1 .0  « .7  1 3 #

S 1 1 1 1 1  I I I 11  M  I I I l  I M  I I S  11  I t l  I 11  I l  I I SI  I I I I !  I 11  I I 1 1 1 1 1 1  1 1 1  M l  I M  I 1 1 1 1  I 11 I I I M  I I S  I I I I 11  I 11  M  11  1 1 1  1 1 1  M  I S 11  11 I l

Ieotlion i s ?  l> i_  in , . ! r  ^ L 0 »  . i „  I ^ cectoa I
I ---------------------------------- ( I ) ----------------- :------------------------ I (meq/lOOg) I <•) I (ppm) I

I i i i i i i i i i i i m m i i i i i i i i i i i i i i i i i i  I i n i i i i i  I i i i i m i i i i i i i M M i i i i i i i i i i  i i i i i i i i M i i i i i i i i i i i i i i i M i M i n
2 7 -  42 2 3 .2  4 3 .3  1 2 .2  9 .4  5 .4  2 .8  1 .7  0 .8  1 .0  5 1 .1  1 9 .4  7 6 .8  5 .0

11 I I I  M  M  M  M  I M l  I M l  I M l  I 11  I l  I M  I I I I I M  I I I I  M  I M  M l  1 1 1  M  M l  M  I M  M l  I M  I 11 M  M l  I I I  M  1 1 1  M  I M  M  M  M  M  M l  I 11

n  I I 1 1 1 1 1  n  I !  n  1 1 1 1 1 : 1 * 1 1 1 1 1 1  M  1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 « 1 1 1 1 1 1 « 11  n  1 1 1 1  n  1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1  n  n  I n  I : m n  1 1 1 1  
IH o r i s o n  D ep tn l  S a t u r a t i o n  E x t r a c t  I
I (cm) I 820  EC Ca Hg Ma I  Sn Cu Mn Pe Pb Cd Ni Ag Cr Al As I
I I ( I )  (am ho/ca )  ------------------------------------------------------------------------ p p m ------------------------------------------------------------------  I
s ts s 1 1 1 1 s M  1 1 s 1 1 1  S I 1 1 1 1  s : n 1 1 T M  I s t s 1 1 1 1 1 1 s 1 1 1 1 1  s 1 1 1 1 1 f  t s 1 1  n i s  t s : : n  t i 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 i M  t M  1 1  s I > : :  s s S I i s 1 1 : 1 1 1 1 1

2 7 -  42 2 6 . 2  2 .3 7  l i t . 3 4 6 . 3  1 . 5  7 . 1  0 . 3 7 7  <.006  0 .0 4 1  < .0 1 3  <. 01  . 018  . 012  . 005  < .0 3  <0 .7  .001

I i i i i i i i i in i i i i innninnis i in i i sn i in i i i i in i i in i i s i i i in i i in i i i i in i i in i i i s i i in i i s i i in i i in i i i i i i snn i i i  
IHor ixon  D ep tn l  MMQAc E x t r a c t
I (cm) I Ca Mg Na K Sn Cu Mn Fe Pb Cd Ni Ag Cr Al As I I
I I --------------------------------------------------------------------------------- P P m -------------------------------------------------------------1 1n i i i t i t n s t s s s i i t s s t i s s s s t s s s s s s i t i i t i s i s i s s i s i s s i s s s i i i i i s s s i t s i s i s i s s i i i t s s t t s i t i s s t i t s s n s s s i s s s s i i s i s i i t s s i t i s n

2 7 -  42 6 7 7 6 .  7 0 2 .  2 6 .  1 7 2 .  1104 .  1 7 5 .2  5 36 .  3 9 1 .6  9 7 . 8  1 2 . 8  1 5 .6  <. 08  0 .3 2  1 4 0 .  <. 02

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  S I  I  I  I  I  I  I  I  I  I  I  S I  I  I  I  I  I  I  I  I  S I  I  S I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  S I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I
I l o r i x o n  Dep tn  I Org I pH I N03 I
I (cm) I C I 111 l s 2  I N P 504 1
I I (%) I H20 CaC12I — —  ppm — —  I
1 1 1 1 1  s 11 s I s s s 1 1 1 1 1  s s s s I : I s s 1 1 1  s s s 11 s 1 1 1 1 : s : 1 1 S s 1 1 1  s 1 1 1  s 1 1 1  s 1 1 s 1 1 1  s s 1 1 1 1 1 1 1  s 1 1 1  s 1 1 1  s 1 1 1  s s I s I s 1 1 1  s I : s s 11 s s s 1 1 : s s s 1 1 1 1 1  

17 -4 2  < .5  6 . 8  6 .7  6690

S I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  S I  I  I  S I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  S I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  S I  I  I  I  S I  I  I  I  I  S I  I  I  I  I  I  S I  I  I  S I  I  I  I  I  I  I  I  I  I  I  I  S I  I  I  S I  I  S
Coamentsi
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T able 32 . Pedon d e s c r ip t io n  f o r  th e  B e rth a  T a i l in g s  ( lo w er pond).

S IT E  DESCRIPTION

S o i l  S e r i e s :  S i t e  N u m b e r :  14  C o u n t y : J e f f e r s o n
L o c a t i o n :  1 / 4 ,  S E 1 / 4 ,  S E 1 / 4  S e c t i o n  0 3  T o w n s h i p  7N ,  R a n g e  4W
C l a s s i f i c a t i o n :  f i n e - s i l t y  o v e r  s a n d y  m i x e d  T y p i c  C r y o f l u v e n t

D a t e  S a m p l e d :  0 8 / 2 6 / 8 1  
S i t e  C o d e s / C o : 5 1 / PW: I 2 / V e g : 
M a t e r i a l :  r e s i d .  c r y s t a l l i n e  
D r a i n a g e :  p o o r  
S l o p e :  3 1 ,  ! d e g r e e s
S o i l  t e m p . ( 5 0 c m )  C ,  32 P

E l e v a t i o n :  5 0 0 0 f t ,  152 4 m  P r e c i p i t a t i o n :  l l i n ,  2 7 9
/ L U : 1 4 / D r a i n : 0 2 / P e r m : 0 2 / B r s n : 0 4 / P o s t n : 0 7 / L P : 1 7 /  

V e g e t a t i o n :  u n v e g e t a t e d  L a n d  u s e :  m i l l  t a i l i n g s
P e r m e a b i l i t y :  s l o w  E r o s i o n :  s e v e r e
A s p e c t :  E P o s i t i o n :  l e v e l  s l o p e
Number  o f  H o r i z o n s : 0 3  L a n d f o r m :  d i s t u r b e d  l a n d

. . . .  PROFILE DESCRIPTION

HOR. NO.
DEPTH

(cm)
COLOR

MOIST DRY TEXT
STR 

CF gmk
CONS RT 
dmap am i

PR
a s k pH EPP BND *

C l 0 -  41 IOYR 8 / 1 2 . 5  Y 8 / 0 11 c l 00  111 4 2 2 3  111 i n 4 . 0  I 11
C2 4 1 -  56 7 . 5 YR 3 / 0 2 . 5 Y 6 / 0 09 Sil 00 1 3 2 4 2 3 2  111 i n 4 . 0  I 11
I I C 3 5 6 - 9 0 + 2 . 5 Y  5 / 4 10YR 8 / 2 01 B 00 1 3 2 1 1 1 1  111 i n 5 . 5  I 66

/ /
/ /
/ /

- / / •

- / / .

C f c o a r s e  f r a g m e n t ( I )  S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k i n d  E P F - e f f e r v e s e n c e  B N D - b o u n d a r y
CONMENTb <*>:
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T able 33 . S o i l  p h y s i c a l  and c h e m ic a l  d a t a  f o r  th e  B e r th a  T a i l i n g s  
( lo w e r  pond). * I

S e r i e e i  C l a s e i f i c a t i o n  i f i n e - e i l t y  o v e r  s a n d y  T y p i c  C r y o f l u v e n t l u v e n t
S i t e  n u a b e r t l 4  C o u n t y i J e f f e r e o n  L o c a t i o m B e r t b a  T a i l i n g s  ( l o w e r  l e v e l )
Number h o r i z o n s ! 03 C o i S l

I X I t l t l t S l t l t l l l l l t t l l t l l l l t l l M M t l t t l l l l t t l l l l l t l t l l t l l l t t l f t l t l l l t l l t l t t t l t l l t l t K l l t t l t l l l l f  I t t l t l t t l l t
! H o r i z o n  D e p t n  I M e c h a n i c a l  a n a l y s i s  I W a t e r  c o n t e n t  I I
I (cm) I s a n d  s i l t  c l a y  v c o s  c o s  ms f s  V f e  c o s i I  I S b a r  . 3 b a r  O bar  I I

i i i i i i i t i i i i i i t i i i i i i i i i i i i t i t t i i i t i i t t t i t i i i i i i i i t i i i i i i t i i i i t i i i i i i i i t t i i i i i i i i i i i i i i i t i i i i t i i t i i i i i i i i i i
C l  O-  41 9 . 0  5 2 . 0  3 9 . 0  1 . 5  2 . 8  1 . 8  1 . 5  1 . 4  5 . 0  1 6 . 3  4 1 . 1
C2 4 1 -  56 1 2 . 0  6 0 . 0  2 8 . 0  1 . 2  2 . 9  2 . 4  2 . 5  3 . 0  8 . 0  1 6 . 9  4 2 . 5
I I C 3  5 6 -  90 9 3 . 0  5 . 0  2 . 0  %Ji 1 8 . 1  2 2 . 4  3 0 . 3  1 3 . 4  3 . 0  1 . 3  1 . 7

1111 111 1111 I 111 x I 111 I I I 111 I I 1111111111111111 I 11111111111 I i i t  11111111 1111 I I I I I I I I 111111111 I1111 I I I111111 I 11 I
! H o r i z o n  D e p t n  I D ry  A g g r e g a t e  A n a l y s i s  I CBC ( B a s e  I Bxch  I

(cm) I >19am 1 9 - 4  4 - 2  v c o s  c o s  me f s  v f s  e i , c  I Sum MaCl I S a t n . ! A c i d i t y !
I ——  (%) - ( m e q / l O O g ) I (» ) I (ppm) I

X X X X X X X X X X X I X X I X X X X I X X X X I X I X X X X X I X X X X X X X X X t I X X X X X X X X X X X X X X I X X I X X X X X X X X X X X t X X I t X X X X X X X X X X X X X X X X X X X X X X I X X X X X X
Clw 0 -  41 4 . 2  2 0 . 3  1 4 . 5  2 1 . 8  1 3 . 3  7 . 8  5 . 4  7 . 7  1 0 . 0  3 2 . 4  4 6 . 0  5 2 . 1  1 0 5 .
C2 4 1 -  56 4 2 . 7  4 6 . 9  5 5 . 2  9 5 . 0
I I C 3  5 6 -  90 2 0 . 8  3 3 . 0  3 1 . 7  1 0 . 5  4 . 0  1 8 . 3  1 9 . 3  6 4 . 1  3 . 0

I l l X l l t I l l l l i x x i t l t l l H l l l I X I I t l t X I I X X I I I I I I X I I X I I I I X I I I I I X I I I X X I I  I I X I I I I I I I I I I I I I I I I I X I I I I I I I I I X I X I I I I I I I

: 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 < > I > < I > I > 1 1 > > < 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 11 1 1 1 1
!H o r iz o n  D ep tn l  S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (%) (mmho/cm) ------------------------------------------------------------------------p p m ------------------------------------------------------------------  I
I I I I I X  I X  X I X  I I I I I I I I I I I I I I I I I I I I I I X  I I X I I I X  I I I I X  I X  I I I I I I I X  X X I I I I I X  X  I I I I I I X X  I I X X  X X X X X I I I I I I! I I t I
Cl 0 -  41 4 4 .7  2 3 .5  1 8 6 .1  6 0 8 . 2  1 . 5  0 . 8  6 7 9 . 7  1 6 2 8 .  1 0 2 .0  4 6 9 .6  . 662  4 .8 5  .917  .035  .3 1 3  2 82 .  >.02
C2 4 1 -  56 4 4 .8  1 5 .3  1 5 4 .4  1 5 9 1 .  3 .8  9 .6 8  1479 .  3338 .  3 1 9 .9  1 1 7 .6  . 802  1 4 .7  1 . 9 3  . 035  .0 2 9  2 5 8 .  .002
I IC 3  56 -  90 2 0 .1  4 .8 2  7 5 . 2  1 8 8 .6  0 . 8  3 .1  1 9 .2 1  0 . 7 8 4  2 1 .1 7  0 . 0 4 4  . 044  . 373  .043  .006  < .0 2  <0 .5  0 . 0

I X  X  X  X  X  X  X  X  X  X  I X  I !  X  X  X  X  I X  X  X  I t  X  I  X  X  I I X  X  X  X  I I I I  I  I t  X  I  X  I !  I t  I I I t  X  I t  I  X  I X  X  X  X  X  X  X  I X  X  X  X  X  X  I
!Hor iz on  D ep tn l  NH40Ac E x t r a c t  I
I (cm) I Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al Aa I
I I — — — — — — — —   — - — — — —   — — —  ppm — — — — — — — — — — - — I
I  I  I  I  I X  I  X  X  X  X  I !  X  I t  X  X  X  X  X  X  X  X  X  X  X  I X  I X  I  X  X  X  I I i  I  X  I  X  I I I  I  I !  X  I t  X  X  X  X  X  X  X  :  I  I  I  I I I  X  I t  X  I  I  I  I  I  X  X  I X  I

Cl 0 -  41 4934 .  1070 .  2 8 .  7 0 .  1 1 8 4 .  3264 .  1 9 1 .6  1 4 6 4 .  7 0 .6  8 . 5 4  1 4 . S <. 08  0 .2 4  5 58 .  0 . 2 8
C2 41 -  56 3382 .  2 4 4 2 .  36.  8 8 .  2 9 1 2 .  5 6 4 0 .  5 80 .  4 22 .  1 9 2 .  2 4 . 2  2 1 . 2  <. 08  0 . 3 4  6 7 3 .  0 .3 6
I IC 3  56 90 1966 .  4 42 .  2 4 .  3 0 .  2 0 0 .4  1020 .  1 1 5 .6  3 90 .  1 9 7 .  4 . 4 4  3 . 6  <. 08  < .20 1 4 . 4  .08

l ! l t i : X X X X X X ! X X X I X X X I X X X X I I X X X X I X X I t l X I I X i X I I X I I X X I I I I X t l ! l l ! I I X X I X I X X I I X X X X X
!H o r iz o n  Depth!  Org I pH I N03 I
I ( c m ) I C I 111 I i 2  I N P S 0 4 I
I I (%) I H20 CaCl2 1 -------p p m ---------I
I I  X  X  I I  X  I  I I X  I X  I I  I  I  I I I X  I I X  I I I  I  I  I I I  I  I  I I I I X  I I  I X  X  I I I I I I I I I  I  I I I I  X  I I I  X  I I I  I  I  X  I  I I I  I  X  X  I X  I I  I I X  I  I I I I I X  I I I I I  I I I
Cl 0 -41 0 . 6  2 . 7  2 . 0  3600
C2 41 -5 6  3 .4  2 . 6  3 . 0  5964
I IC 3  56 -9 0  < .5  5 . 3  5 . 2  615

$•$•

I I X I X I I X I I X I X I X X X I X X X X X X X X X X X X I I X X X I X X X I I X X X X X I I I I I I X X I I I X I I X I X I X X I X I I X X I X
CommentBi M u l t i p l y  v a l u e s  w i t h  d o l l a r  s i g n s  ($$$$) be low column by 1 0 . 0 .  S a t u r a t e d  e x t r a c t s  b l u e  and g r e e n  i n  c o l o r .



T able 34 Pedon d e s c r ip t io n  f o r  th e  B e rth a  T a i l in g s  (upper pond)

S IT E  DESCRIPTION

S o i l  S e c l e B I  S i t e  N u m b er: 13  C o u n ty rJ e f f e r s o n
L o c a t i o n :  1 / 4 ,  S E 1 /4 ,  S B 1 /4  S e c t i o n  03  T o w n s h ip  7N ,  R an g e  4W
C l a s s i f i c a t i o n :  c o a r s e - s i l t y  m ix e d  T y p i c  C r y o f l u v e n t

D a te  S a m p le d :  0 8 / 2 6 / 8 1  
S i t e  C o d e s / C o : 5 1 / PM: 1 2 /V e g : 
M a t e r i a l :  r e s i d .  c r y s t a l l i n e  
D r a i n a g e :  m o d e r a t e  
S l o p e :  7 » ,  4 d e g r e e s
S o i l  t e m p . (SOcm) C , 32P

E l e v a t i o n :  5 0 0 0 f t ,  1524m  P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
/ L D : 1 4 / D r a i n : 0 4 / P e r m : 0 4 / E r s n : 0 4 / P o s t n : 0 7 / L P : 1 7 /

V e g e t a t i o n :  u n v e g e t a t e d  L a n d  u s e :  m i l l  t a i l i n g s
P e r m e a b i l i t y :  m ed ium  E r o s i o n :  s e v e r e
A s p e c t :  W P o s i t i o n :  l e v e l  s l o p e
N um ber o f  H o r i z o n s : !  L a n d fo rm : d i s t u r b e d  l a n d

* * *  PROFILE DESCRIPTION

DEPTH COLOR STR CONS RT PR
HUR. NO. (cm ) MOIST DRY TEXT CF g s k dm sp a e l a s k pH EFP BND *

C l 0 - 1 1 0 IOYR 6 / 8 IOYR 8 / 6 S 0 0  1 1 1 1 1 2 1 226 i n 4 .5  I 6 6  I
/ /
/ /
/ /
/ /
/ /
/ /

'

/ /

C P - c o a r s e  f r a g m e n t (%) S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T -r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t , s i z e ,  k i n d  E F F - e f t e r v e s e n c e  B N D -b o u n d a ry
COMMENTS ( * ) :  T h e  u p p e r  7 cm . o f  t h e  p r o f i l e  h a s  b l o c x y  s t r u c t u r e ,  w i t h  b l o c k s  u p  t o  
5 cm . t h i c k  a n a  10 cm . i n  d i a m e t e r .  T h e  r e m a i n d e r  o f  t h e  p r o f i l e  i s  s a n d y ,  r u s t  c o l o r e d o  
m a t e r i a l  w i t u  t h i n  l e n s e s  o f  g r a y  (2 .5 Y  8 / 2 )  s a n d y  a n d  s i l t y  m a t e r i a l s  w h ic h  c o m p r i s e  
a p p r o x i m a t e l y  5 p e r  c e n t  o f  t h e  t o t a l  v o lu m e .
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T able 35. S o i l  p h y s i c a l  and c h e m ic a l  d a t a  f o r  th e  B e r th a  T a i l i n g s  
(u p p e r  p o n d ). * I

S e r l e e i  C l a e e l f I c e t l o n i c o a r e e - e l l t y  m ixed T y p lc  C ry o f lu v e n t
S i t e  number 113 C o u n ty i J e f f e r a o n  L o e a t lo n iBerth* Taillnge (u p p e r  l e v e l )
Number h o r la o n e iO l C o iS l

! I  I H l l  H  I I I l l l l  H S !  H H S S S S S S I  I l  S H l  I I S H  I ..............I I I I SI  I I I 1 1  I I I I I I I I I I S H  I I I ................I I I I I I 1 1  I I I S  I I I 1 1 1  I I I I I I I I I
IH orlaon  D ep th  I M ech an ica l a n a ly e le  I W ater c o n te n t  I I
I (cm) Ieand  e i l t  c l a y  v coe  c o s  me f e  v f a  c o a l I IS b a r  .3 b a r  Obar I I

H S ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
C l 0 -110  4 7 .0  4 5 .0  8 .0  0 .5  0 .6  1 .8  1 2 .2  3 1 .9  1 8 .0  3 .5  1 5 .0

H H H H H H H H H H H H I H H I H H H I I I H H H H H H H H I I H H H I H H H H H H H H H H H H H H I H H I H I S S H H
IH o rlso n  D epth  I 
I (cm) I>19

Dry A g g reg a te  A n a ly e le  
1 9 -4  4 -2  v coe  c o s  a s  f e  v f e

CHC IB ase I Bxch 
a  H a d  I S a tn . IA c ld l ty I  

(■ e q /1 0 0 g > I <%) I (ppm) I
I S S S S S I S S S S S S S S S S I S S S I I S S S S S I S S I S I S S S S t l l l l S S I I S S S S S S S I S I S I S S I S S S I I S S S S S S I S I S S S t l S S S S I S I S S S S S S t S S S S S I S S S t l t0-110 1 .2  2 .4  5 .1  2 0 .4  3 2 .1  3 8 .8  2 3 .2  2 9 .5  9 7 .8 1 6 .0

H S S S S S H S S H S S S S S S S H S H S H S S S H S S S S S S H H H S S H S S H S S S S S H H S S S H I S S S S H S S H S S S S S S S S S S H S S H S H S S S H S H S

: 111 H  1111: t : 1111 111 11 111 11 111 11 111 11 111 11 111 1: 1111111111111 i 111111111111111111111111 s i < 111«11111111 111111: 111: 1 : 111 
(H o riz o n  D epth  I S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al Aa I
I I ( I )  (omho/cm) --------------------------- -------------------------------------------- ppm — ---------------------------------------- -------------------- |
1 1 s 1 1 s 1 1 1 1 1 1 1 1  s 1 1 1  s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  s i s 1 1 i s 1 1 1 1 s 1 1 1 1 1 1 1 s  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  s s  1 1 1 1 s I i i 1 1 1  s 1 1 1 s 1 1 1 1 1 1 s 1 1 1 1 1 1 1 s I s 1 1 1 1 s s 1 1  
C l 0 -1 1 0  3 0 .2  1 .9 9  1 4 9 .7  1 0 .3  1 .3  3 .7  1 .3 1 3  6 .3 1 0  0 .9 9 0  0 .1 7 5  < .0 1  .011  .0 1 5  .006  < .0 3  < 0 .6

I t t t t t t i l  I  I I t  S I  I I l l l l l l t l l l l  I t  I t t t t  H t l t l t t S l t  I  I I I  I l l l l l  I I I  I l l l l l t l l l  H H l l l t t t l l l l t t t l l l l l l t  I l l l t t  H i l l  I I I l t I t I t l  I I I  
!H o rizo n  D epth! NHiOAc E x t r a c t  I I
I (cm) I Ca Mg Na I  In  Cu Mn Fe Pb Cd Ni Ag Cr Al As I I
I I — — — — — — — — — — — — — — — — —  ppm —— — — — — — — — — — — ---------- 1 I
I * .... .  i n n  I i i i i n i i i i i n i n i i i i i i i i n i i i i i  n u n  I i i i i n i i i i i i i i i i i i i i i i n i i i i i i i i i i i i i i n i n i i i i i i i i i i i i i
C l 0 -1 1 0  4 5 4 2 . 8 2 . 2 0 . 3 2 . 3 .6 4  3 0 .6  3 .2 4  3 7 .6  1 .1 2  < 0 .2  4 .4  < .0 8  < 0 .2  <10. < .02

111111111 n  1111111111 n  1111111111111111111 n  n  n  111 n  1111 n  1111111 n  11111111111111111 s n  i n  111 n  i n  n  11 n  1111111 n  n  
!H o rizo n  D ep th ! Org I pH I W03 I
I ( c m )I C I 111 I i 2  I N P 5041
I I (%) I H20 CaC l2 1 --------p p m --------- I
11111111 n  1111111111111111111 n  111111 n  i n  n  n  i s 11111111 n  s 11111 s 1111111111 n  11111111111111111111111111 s 1111111 n  111 
C1/C2 0 -H O  < .5  3 .4  3 .2  3 .4  6 .6  1297

I I I  I  I l  I  I  I  I I  I  I  I I I I I I I  I l  I I I  I l  I I I  I  I I I I I I I I I I I I  I  I  I I I  I  I  I I I  I  I I l  I  I  I I I I I I I I  I I S  I l  I I  I I I  I  I I S I  I  I I  I  I I I  I I I I  I  I  I I I I S  I I  I l  I S  I  S I l  I I I  I I  I 
C om aentai M u lt ip ly  v a lu e a  w i th  d o l l a r  a Ig n e  (M M )  below  colum n by 1 0 .0 .
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T able 36. S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  B e r th a  T a i l i n g s  
(g ra b  bag  o f  s a l t  e f f l o r e s c e n c e s  and  c r u s t s  on u p p e r  
pond ). I

S e r l e e i  C l e e e l f i c a t l o n i
S i t e  num beri 13B C o u n ty i J e f f e r e o n  L o c a t lo n iB e r th a  T a l l i n g e  G rab  Bag ( s a l t  a f f lo x e e e o c e e  and c r u e t )
■umber b o r ia o n e i  C o tS l

I t t t t t i i i t i i t i i t i i i t i t i i t i i i t i i t i i i i i i i i i t i i i I I t I i i t i  i i t < i i t t * i t t i i t i i i i i i i i i t t i i i t t t t i i i i i t t i t i i i t t i t i i n t
IH o riso n  D ep tn  I N e c b a n le a l a n a ly e le  I W ater c o n te n t  I
I (cm) Ieand  s i l t  c l a y  v co s  co s  me f e  v f s  c o a l  I IS b a r  .3 b a t  O barl

I i i i i i t i i t i i i i t i t t t i t i i i t i t t i t i t t i i t i I t i I I t I I t t  i t  I i i i i t i t t i t t t i i t i i i i i t i i t t i i i t t t i t t t t i i i i i i t i i t t t I I t i i t i I t
O- 20 4 0 .O 4 0 .0  1 2 .0  5 .3  9 .3  0 .9  1 1 .0  1 3 .5  1 7 .0  0 .3  2 0 .3

Iiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiitiiiiiiiitiiiiiiitiiiiiiiiiiii
IH o rlso n  D ep tn  I Dry A g g re g a te  A n a ly e le  I CBC IB ase I Bxch I
I (cm) I >19mm 19 -4  4 -2  v co s  coe  me f e  v f e  e i , c  I Sum NaCl I S a tn  • I Ac l d i t y  I
I I ---------------------------------- ( • ) ------------------------------------------ I (meq/lOOg) I (%) I (ppm) I
Iiiitiiitiiiitiitititiiittttiiiiitiiitittiitititiitttiiiiittttiiititiiiitiiiitiiittiiitiitititiiiiiiiifittt

0 -  20 1 .5  4 .5  4 .0  1 4 .7  1 0 .0  1 3 .9  1 5 .9  1 2 .3  1 7 .3  3 1 .1  5 0 .7  0 0 .2  9 5 .0

I i i i i i i i i i i i i i i t t i i i i i i i i i i i i i i i t i i t t i i i i i i i i t i i i i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i i i i t i i t i t i i i i i i i i t i i i i t i t i i

1 : 1 1 1 1 1 1 1 1 1  i t  1 1 1 1 1 1 1 1 > 1 1 1 : 1 1 < s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  11 s :  1 1 1  1 1 : 1 : 11 i < 1 1 1 1  11 i 1 1 1  s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 : :  1 1 1 1 1 1  
!H o rizo n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (%) (am ho/cm ) ------------------------------------------------------------------------p p m ----------------------------------------- ----------------------- I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 11  M  1 1 1 1 1  M 1 1 1 1 1 1 1 I I 1 1 1 1 1 I I 1 1 M 1 1 1 1 I I : 1 1 1 1 1 1 1  i t  1 1 « 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : :  1 1 1 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 : 1 1 : 1 1 r 1 1

0 -  20 2 7 .4  2 2 .3  8 3 .6  1 0 5 8 . 1 .0  0 .1 2  4 5 2 .1  1 9 8 6 . 2 1 9 .5  3 8 6 .3  .230  3 .4 0  .921  .026  0 .5 3  3 2 1 . > .01

I  I  I I  I  M  I I  I  I I I  I  I  I I I  I  I  I I M  I I I I  I  I I I  I  I  I I I  I  I  I I I  I  I  I I I  I I  I  I I  I  I I I  I  I  I I I  I  I  I I I  I  I  I I I  I  I  I  I I  I  I  I I I  I  I I I  I  I I I  I  I  I  I  I  I  I  I I  I  I  I I  I  I  I  I I I  I I I I  I  I I  I
!H o rizo n  D ep th ! MH40Ac E x t r a c t  I
I (cm) I Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I -------------------------------------------------------------- — -------------p p m ------- — -------------- — --------------------------- —  I
I  I  I I I  I  I I I  I  I  I I I  I  I  I I I  I  I I I  I  I  I I I  I  I M  I  I  I I I I  I 1 I I I  I  I I I  I  I  I I I  I  I I I  I  I  I I I I I  I I  I I  I  < I I I < I < > 1 I  I I I > > I I  1 I I I  I  I  I  1 I  I  I I I  I  I  I I I  I  I  I I I  I  I I I  I  I > I 

0 -  20 3 4 1 6 . 1 5 7 8 . 2 8 . 3 2 . 6 6 4 . 2 8 1 6 . 3 0 4 .8  1 4 4 8 . 1 .9 8  4 .5 6  1 2 .0  < .0 8  0 .2 8  5 9 3 . < .0 2

:  1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : M 1 1 1 : 1 1 1 1 I i : 1 1 H 1 1 1 1 1 1 1 1  i t  1 1 1 1 1 1 M  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 « 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  M  1 1 1 1 1 1 1 1 1 1 1 1 : 1 1
!H o rizo n  D ep th  I Org I pH I N03 I
I (c m )I C I 111 l i 2  I N P S 0 4 I
I I ( • )  I H20 CaC l2 1 -------p p m ---------II!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

0 -2 0  0 .9  3 .0  2 .2  3400

I I I I I I I I I I I I I I I M I I I I I I I M I I M ; M I M I I I I I I I M I : :  I : M I M I M I I I I I I I I I i I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I M I I M I
Comments: M u l t ip ly  v a lu e s  w i th  d o l l a r  s ig n s  ( *$$$) be low  colum n by 1 0 .0 .



152

Table 37. S o il  p h y s ic a l  and ch em ica l d a ta  f o r  
(g rab  bag below m i l l  a t  s tream b an k ).

th e  B e rth a  W aste Rock

S e r l e e i  C la e e l f ! c a t i o n s
S i t e  num ber:15  C o u n ty i J e f f e r e o n  L o c a t lo n iB e r tb a  W aete Bocfc G rab Bag (below  m i l l  a t  e tream bank )
Number ho r l s o n e i  C o tS l

i i i i i i i i i i i m i i i i i i i i i i i i i i m n i i i i i i i i i i i i i t i i i i i i i i i i i i i i i i i i i i i i i i i s i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  
IB o rlso n  D ep th  I N e c b a n ic a l a n a ly s i s  I W ater c o n te n t  I I
I (cm) le a n d  s i l t  c l a y  vcoe c o s  me f s  v f e  c o s 11 IS b a r  . ! b a r  Obar I I
I I —— —— — —— (%) I —— — ( u ) —  I I
i • 1 1 1 1 1 1 1 1 1  s a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 «> *«I s s * * 1 1 1  * s 1 1 1  • 1 1 1 1 1 1 1 1  * * * * * I • I > s > * * > 1 > * * * * * 11  * 1 > 1 * 1 * ' * * > * * * * 1 1  * 1 1  > 1 * I * * * * * 

O- 20 5 1 .0  2 7 .0  2 2 .0  9 .2  1 6 .4  9 .7  9 .3  6 .4  7 .0  9 .3  1 8 .2

I i i i i i i i i  i I i a i i i i a i i i  I i i i i a i i  m i n  i n  i s  i i a i i i i a a a a  a a i i : * i i : a $ i i a i # a : i  i I i i i i i i i i i i i i i i i i a a i i a i  I i i i i i i i i i i i i  
IB o rlso n  D ep tn  I Dry A g g re g a te  A n a ly s is  I CBC IBaee I Bxch I
I (cm) O lfn m  19 -4  4 -2  v co s  co s  me f s  v f e  e l , c  I Sum NaCl I B a ta . I A c ld l ty  I
I I — — ——— —— —————— — (%) ————— ———— — —— ——— I (m eg /IOOy) I ( I )  I (ppm) IIiiiiiiiiititititiitiiiiiiiiiiiiiia iitiiiiiiitiiiiiiiiiiisiiiiiiittiiiiitiittiittiiitiiiiiiiiiiiiiiitittiii

O- 20 4 .9  1 5 .9  9 .7  2 6 .3  1 9 .4  1 0 .6  7 .0  3 .2  3 .1  4 3 .9  3 6 .5  9 1 .8  4 4 .0

..........
: 1111111111111: 1111111111 < 111111111111 i 111 1 : 1111: 11111111: 1111: t : i 1111111111 t i  111111: i 11111111111111111111111111111: 
!H o rizo n  D epth! S a t u r a t i o n  E x t r a c t  I
I (ce )  I H20 EC Ca Mg Na R Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (%) (m eh o /ce) ------------------------------------------------------------------------p p m ------------------------------------------------------------------  I
1 1 1 1  s 11 s t  s s 1 1 1 1 1  s i I s s s I i  s s 1 1 1 1 : 1 1 1 1 : 1 s 11  s 1 1 s s s 1 1 1  s 1 1 1  i 11 s i 1 1 1 1 1 1  s 1 1 1 1 1 1  s t  s 1 1 1 1 1 1  s t  s s 1 1 1 : 1 1 1 1  s 1 1 1 1 1 1 1 1 1 1 1 1 1 1  s 1 1 1 1  s s 11 

0 -  20 2 6 .2  5 .9 1  1 2 2 .9  3 3 .0  1 .1  0 .5  3 .7 2 6  3 3 .9 9  1 .6 7 4  6 7 .9 9  .063  .027  .102  .006  .1 3 1  4 6 .4  .003

11111111111111: 11111111111111111111111111111111111: 111111 > 1111111111 t i  111111111111111111111111111 i 11111111111111: i 111 
I! o r i s o n  D ep th ! HH40Ac E x t r a c t  I I
I (cm) I Ca Mg Na I  Zn Cu Mn Fe Pb Cd Hi Ag Cr Al Aa I I
I I ----- ------------ — ------- ----- --------------------------------- ------------p p m ------- ------------------------------------------— - — - I  I
I  I  I I I  I  I I  I  I  I  I I I  I  I  I I  I  I  I I I  I  I  I I I  I  I  I I I  I  I  I I I  I  I M  M  I I I l  M  I I I I I I I  I  I  I I I  I  I  I M  M  I I I  I  I  I I I  I  I  I I I I I  I I  * I I I I  I I I  I  I  I I I  I  I  I I  I  H  M  I M  I I  I I I I

0 -  20 7 9 8 8 . 1 2 4 . 2 8 . 4 0 . 8 .0 4  7 9 .6  5 .1 6  5 2 4 . 4 .0 6  0 .3 6  7 .2  < .08  0 .2 6  1 2 9 . 0 .0 4

I  I  I I I  I I I I  I  I  I I I  I  H  I H  I I  I  I  11  I I  I  I  I I I I I I I  I  I  I I I  I  I  I I I
!H o rizo n  D ep th ! Org I pH I NO3
I (C a )I  C I 111 1 :2  I N P 5 0 4 1
I I ( I )  I H20 CaC l2 1 --------p p m ---------I
I  I  I I  I  I  I I I  I I I I  I  I  I I I  H  I I I  I  I  I I I I I I I  M  I I I  I  I  I I I  I  I l  I I M  I I I I  I I I  I I I I I I  I I I  I  I I M  I I  I I I I  I I I I I  I  I I  I  I I I  I I I I  I  I  I I I I  I I I I  I  I  I I I  I  I M  I H  I I 

0 -2 0  < .5  2 .7  2 .1  1223

I  I I I  I M  I I I M  I I  I  I I I  I  I  I I M  I I I M  I I I I I I I I  I  I I I I  I I I  I  I I I  I  I  I  I I I  I  I  I I I  I I I I  I I I I

M fl

: 1111111111 sii111111:;11 111:111:1111111i1111: i::: 11111111:111111111111111111:: 111111111111 M111111111111111111:11111 
Comments: M u lt ip ly  v a lu e s  w i th  d o l l a r  s ig n s  (M M )  below  colum n by 1 0 .0 .
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T able 38 . Pedon d e s c r ip t io n  f o r  th e  Bannack N a tu ra l S o i l .

S IT E  DESCRIPTION

S o i l  S e i l e e i  S i t e  N u m b e ri 03  C o u n ty i B e a v e r h e a d
L o c a t i o n :  1 / 4 ,  N W 1/4 , S B 1 /4  S e c t i o n  07 T o w n s h ip  8 8  ,  R an g e  IlW
C l a s s i f i c a t i o n :  f i n e - l o a m y  m ix e d  T y p i c  C r y o b o r a l t

D a te  S a m p le d :  0 8 / 1 1 / 8 1  E l e v a t i o n :  5 8 0 0 f t ,  1767m  P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
S i t e  C o d e s /C o i 1 8 / PM: 1 5 /V e g : 1 8 / L O : 0 4 / D r a l n : 0 5 / P e r m : 0 5 / B r s n : 0 3 / P o e t n : 0 3 / L P : 0 4 /
M a t e r i a l :  c o l l u v i a l  
D r a i n a g e :  w e l l  
S l o p e :  3 4 4 ,  1 7 d e g r e e s
S o i l  te m p .( 5 0 c m )  C , 32P

V e g e t a t i o n :  s h r u b s  t  g r a s s e s  L a n d  u s e :  r a n g e  
P e r m e a b i l i t y :  m ed ium  t o  r a p i d  E r o s i o n :  m o d e r a te  
A s p e c t :  N38W P o s i t i o n :  u p p e r  m l d e lo p e
N um ber o f  H o n x o n a : 03  L a n d f o r a :  a l l u v i a l  f a n

. . . .  p r o f i l e  DESCRIPTION

DEPTH COLOR STR CONS RT PR
HUR . NO. (cm ) MOIST DRY TEXT CF g s k d a s p a s l A B k pH EFF

•ii
!

A l 301 0 -  14 IOYR 3 / 3 IOYR 5 / 3 08 i 20 2 44 3312 742 i n 8 .0  3 31
B2 302 1 4 -  36 IOYR 4 / 3 IOYR 6 / 3 08 I 20  2 4 4 3312 742 i n 8 .0  3 2 1

C lk 3U2 3 6 -9 2 + / IOYR 7 / 3 i i c l 40 111 4422 344 7 54 8 .0  4 6 6

/ /
/ /
/ /

- / /
- / / •

C F - c o a r s e  f r a g m e n t (4 )  S T R - s t r u c t u r e  g r a d e ,  s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T -r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R -p o r e  a m o u n t ,  s i z e ,  k in d  E F P - e f t e r v e s e n c e  B N D -b o u n d a ry  
COMMENTS <*>:
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T able 39. S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  B annack  N a tu r a l  
S o i l .

S e r ie s *  C l e s e i f i c a t l o o i f i n e - I o e B y  m ixed T y p ic  C ry o b o ra l f
S i t e  number * 03 C o u n ty iB eav e rh eed  L o c a tio n iB a n n a c k  N a tu r a l  S o i l  (0 .5  Km. e a s t  o f  m ine)
Number h o riso n e * 0 2  C o ilS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  I * * * * * * * * : * * : * * * * ! ! ! ! * ! ! * * * * * * * * * * * * * * * * * * : * * * * * * * * * * * * * * * * ..............*
IH orixon  D eptn  I M ech an ica l a n a ly s i s  I W ater c o n te n t  I I
I (cm) I san d  s i l t  c l a y  v co s  co s  me f s  v f e  c o e i I  IS b a r  . J b a r  Obar I I
I I ————————————————— (%) ——— —————————— ————— I —  —  ( 2  ) —— — I I
M l M t t t t M t M l M t t l l l l t t t t t t l l l l M  M M M M M M M M M M M M M M M M M t M t M M M M M M M l M M M t t M M M M M t
A1/B2
C lk

O- 36 3 0 .0  5 5 .0  1 5 .0  3 .9  
3 6 - 92 3 5 .0  4 4 .0  2 1 .0  3 .7

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

3 3 .2
2 7 .6

M M M M t t t M M M M M M M M M t M M M M t M M M M M M M M l M M M M M M M M M M l M M M M M M M M M M M M M M M
IH o rlso n  D ep tn  I Dry A g g re g a te  A n a ly s is
I (cm) l>19sm 19 -4  4 -2  v coe  co s  ms f s v f e  s i , c  I

CNC IBaee I Each I 
Sum NaCl I S a tn . IA c ld l ty I
(m eq/lO O g)I (ppm) I

I M M M M t M M M M M
A1/B2 0 - 3 6  4 .2
C lk  3 6 - 92 6 .9

I t M l t t M M M M l t l l M t t t M M M M t M t t M t t l M t l M t M M t l t M M t M M t t t t l l M t M t l t M M M t t
2 9 .0  7 .4  5 .6
3 1 .2  6 .3  8 .4

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

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

I : : * : : : * *  I * * * * * * *  M M M M  * : : : : : : %  * : * : :  * : * * : : :  * M M M  * : * : * : : *  I M M  M M M M M M M  * * : * : * * * : * : *  : *  M M M M I M M

...................................................................... I I I  I  t  I I t  M  * M  M  * * M  M  I M  I  * * I *  I I I  I  I  I *  I  I  M  M  I *  I M  I M  M  I I  M  M  I *  M  M  M  I  I I  I  I  I I I  I ................ I  I  I  I  M  M  M  I I  I  I
!H o rizo n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 BC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (%) (maho/cm) ------------------------------------------------------------------------p p m ---------------------------------------- -------------------------- I
I * 1 *  I I I  I I I  M l  **  I M  * M  M  I* M  * * I * * M  I * * M  I * * * M  M  * M  * * *  **  * M  M  M  * M  * M  M  M  M  I I I I I M  M S  M  I M M  M  M  I * I M  I M  * M  M l *  M M M
A1/B2 0 -  36 4 0 .0  0 .5 2  4 9 .4  3 .8  1 .7  1 1 .1  0 .0 3 1  0 .0 2 2  < .004  < .0 2 0  < .20  < .04  < .1 0  < .0 4  < .0 4  < 1 .0  < .04
C lk 3 6 - 92 3 1 .6  0 .2 5  1 0 .6  3 .8  4 .5  1 .7  0 .0 2 5  0 .0 2 2  < .0 0 3  < .0 1 6  < .16  < .03  < .0 8  < .0 3  < .0 3  < 0 .8  0 .0

M M M l M l M M M M M M M l M M l l M M M l M M M M M M M l M t M M M M M M l M M l l M l l l M l l M t M M M t M l M M l l l l l l l M M l M M
!H o rizo n  D ep tn l NH40Ac E x t r a c t  I I
I (cm) I Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I — ——— —— — — —— — — — — — — — ———— P t*  I I
I I I M l  I I M  I M  M  I I I I I M  I M M  I M  M  * M  I I M  I M  M  M t  I * I I M  M  M  I I * M  I* M M  * M  * * * ***  M I M M  I I I I M  I I *  I t  M  I I I I I I M  I M  I M  t I * M  IM  I M  M  M  M  I I I SI  I I M  M  I M  I I I I S i  I I M
A1/B2 0 -  36 8 5 6 8 . 2 3 2 . 3 2 . 6 1 0 . 0 .7 2  8 .0  1 .5 2  1 .1 8
Clk 3 6 - 92 7 4 0 8 . 6 9 4 . 5 2 . 1 6 4 . 0 .3 6  1 .4 4  1 .6 8  1 .1 0

1 .5 6
1 .7 6 < .0 2  5 .2  < .0 8  0 .5 4  < 10. 0 .0 8

I M M l M l l M l l M M M l M M l l M M M M M M l M l l l M l
!H o rizo n  D ep tn l Org I pH I N03 
I (c m )I C I 111 1*2 I N P S 0 4 I
I I («) I H20 CaC l2 1 ------- p p m ---------I

I M I I I I I I I I M  I M  I I I I I I I I I M  I M  M I I M M  M M  M  I I I t  I M  I M  I M  I M I I I M  I M

I I * M  M l  I I M M  M  I I I I M  I M  M  I M t  I M  M  M  I I M  I I I I I M I I I I I I M  I M M  M t  I I *  I M  M  I M l  * I * I M  M  M  S M  S M l  I * I M  I M l  I M  I M  I M  I * M
A1/B2 0 -  36 4 .3  7 .5  7 .3  5 .9  < .01  2 2 .0
Clk 3 6 - 92 < .5  7 .3  7 .5  2 2 .0

M t M M M M M M M M M M M M M M M l M M t M M M l M M M M M M M M M M t t M M M M M M M M M t M M M M M t t  I I I l l M l l l l M l t M
Comments* M u lt ip ly  v a lu e s  w i th  s t a r s  (****) below  colum n by 0 .1 .
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T able 40. Pedon d e s c r ip t io n  f o r  th e  Bannack T a i l in g s  (n e a r  m i l l ) .

S IT E  DESCRIPTION

S o i l  S e r i e s : S i t e  N u m b er: 01 C o u n ty : B e a v e r h e a d
L o c a t i o n :  1 / 4 ,  N W 1/4, S E l / 4  S e c t i o n  07 T o w n s h ip  SS , R an g e  IlW
C l a s a i t i c a t i o n : c o a r s e - s i l t y  m ix e d  T y p i c  C r y o f l u v e n t

D a te  S a m p le d :  0 8 / 1 1 / 8 1  E l e v a t i o n :  S S O U ft, 1767m  P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
S i t e  C o d e s /C o : I 8 / PM: 1 1 / V e g : 0 9 / LU: I 4 / D r a i n : O S /F e r m :O S /E r S n :0 6 / P o s t n : 0 7 / L P : 1 7 /
M a t e r i a l :  r e s i d .  l i m e s t o n e  
D r a i n a g e :  w e l l  
S l o p e :  4%, ! d e g r e e s
S o i l  t e m p . (SOcm) C , 32P

V e g e t a t i o n :  s a g e b r u s h / g r a s s  L a n d  u s e :  m i l l  t a i l i n g s  
P e r m e a b i l i t y :  m ed ium  t o  r a p i d  E r o s i o n :  m o d e r a t e - w in d  
A s p e c t :  N60E P o s i t i o n :  l e v e l  s l o p e
N um ber o f  H o r l z o n e : 0 3  L a n d fo rm : d i s t u r b e d  l a n d

* * * *  PROFILE DESCRIPTION

HOR. NO.
DEPTH

(cm )
COLOR

MOIST DRY TEXT CF
STR
9 « k

CONS
dm B p

RT
a s l

PR
a s k pH EFF BND •

C l 1 0 1 0 -  4 2 . SY 5 / 2 IOYR 7 / 1 09 B i l 0 0 442 3322 1 1 1 756 8 .0  4 1 1
C2 1 0 2 4 -  17 2 . SY 4 / 3 IOYR 6 / 3 09 s i l 0 0 332 3322 1 1 1 758 8 . 0  4 i i I
I IC 3 103 I / -  76 SY 4 / 1 5Y 6 / 1 0 2 I s 0 0 232 2 2 1 1 i n 74b 8 .0  4 6 6 2

/  /
/  /
/  /
/  /
/  /

C P - c o a r s e  f r a g m e n t (%) S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T -r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k in d  E F F - e f t e r v e s e n c e  B N D -b o u n d a ry
Co m m ents ( * ) :  D u r a b le  c r u s t  p r e s e n t ,  l - 2 c m .  t h i c k  w i t h  p l a t e s  1 0 c m . in  d i a m e t e r .  S w a le s  
h a v e  s u r f a c e  s a l t  a c c u m u l a t i o n ^  a n d  g r e a t e r  v e g e t a t i v e  c o v e r .  W ind e r o s i o n  i s  e v i d e n t .  
I )  L a y e r s  o f  C l m a t e r i a l  i n t e r s p e r s e d  2 ) H o r iz o n  c o n s i s t s  o f  s t r a t i f i e d  l a y e r s  o f  
d a r k e r  m o re  s a n d y  m a t e r i a l  a n d  s m a l l e r  a m o u n ts  o f  l i g h t e r  m o re  s i l t y  m a t e r i a l .



T able Hi S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  B annack  T a i l i n g s  
( n e a r  m i l l ) .

S e r l e e t  C l a e e l f I c a t I o n i c o a r e e - e l l t y  B le ed  T y p lc  C ry o f lu v e n t
S i t e  num ber: Ol C o u n ty i B ea verhead  L o c a t io n i Bannack T a i l l n g e  (n e a r  m i l l )
Number ho rieo n e iO B  C o tlS

• t t t i t t t t i t t t t t t t t t t i i t t t t i t t t i t i t t t t t i t i t t t t t t i t t t t t t t t t t t i t t t t t t t i t t t t t t t i t i i t t t i t i t i t i i t t i i t t i i i i t i t t t t t  
»H o rlso n  D ep tn  I N echm nlcal a n a ly a le  I W ater c o n te n t  I I

(cm) Iaan d  e i l t  c l a y  vcoa coa  me f a  v f a  c o a l  I IS b a r  .3 b a r  O barl I

I t t t t t t t t l t t t l t t t t t l t t t t l l t t l t t l t l l t l t l l t l t t t t l t t l t l l t t t t t l t l l t l t l t l l t t l t t t l t t t l l l t t t t t t l l S I t l l l t l l l l l t t t l l  
Cl  O- 4 8 . 0  7 6 .0  1 6 .0  0 .1  0 .1  2 .4  5 .4  1 8 .0  4 .9  2 6 .9
C2 4 -  17 8 .0  7 4 .0  1 8 .0  0 .0  0 .1  1 .2  6 .7  1 5 .0  5 .7  2 8 .8
IIC 3  1 7 -76*  7 1 .0  2 6 .0  0 .3  .  0 .5  2 2 .0  4 8 .5  1 7 .0  1 .3  6 .2

t l l l l l l t l l l l l l l l l l l l t t t l t l t t t t l l l t t t t t l l t t l t l l l l t l t l t l l l l l t t l l t l t t t t l t t l  M I t t l t l l l l l l l l l l l t i s i t l l l l l t l l t l l l
IH o riso n  D ep tn  I 
I (cm) O l f
I I —

Dry A g g re g a te  A n a ly a le  
19 -4  4 -2  v coa  coa  ms f a---------------- ( % ) -------------

CSC IBaae I Bxch
v fa  e l , c  I Sum NaCl IS a tn . IA c ld l ty I  

------------------- I (m e q /1 0 0 g )I (%) I (ppm) I
I i i i i i i t i t i i i i i i i t i i i i t t i i i i i i i i i i i i i i i i t i t t t t i t i i t t i i i t i i i i i i i i i i i i i i i t i t t i i i i i i t i t i i i t t i i i i i i i i t t t t t i i t t i
Cl - * * ‘  ------------------- ------------ -----
C2 
IZC3

0 -  4 0 .2 4 .6 1 5 .7  2 2 .0 1 4 .5 5 .1 3 7 .9 4 3 .4 1 0 .4 9 9 .0 0 .0
4 17 1 .5 1 0 .7 I * . 4 l * . f 9 .6 6 .6 3 5 .2 4 2 .7 1 0 .6 9 0 .4 0 .0

17-76+ 0 .5 0 .7  0 .0 5 6 .4 2 0 .0 2 0 .7 3 0 .1 3 .7 9 6 .9 0 .0

I i i i t i i i i i i i t i i i i t i i i i i i i i i i t i i t i i i i i i t t i i i i i t i i i t t i i t i i t i i i i i i i i i i t i i i t t t i i i i i i i i i i t i i i i i i t i i i t i i i i i t i i i i

: t s t < :  1 1 1 1 i :  t > : s't I s > :  1 1 1 s i : 1 1 1 1 : 1 1 1 : : :  i > :  11  > s I :  t : : :  < t s : :  1 1 11 1 1 : s s > I : :  1 1 1 1  < 11111 1 1 1 1 1 1 11 1 :  t : 1 1 1 1 1 1 1 1 1  < : < 1 1 :  t : : : 11 is t : 
I H o rizo n  D ep th l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I ( I )  (aah o /cm ) ------------------------------------------------------------------------p p m ------------------------------------------ ----------------------I
t t t t t t t t t t t : i t t t t t t t t t i t i i i t i i t t i t t t i : t i : t t t t i i t t t t t t t t : t i t i t t i t i i i t t i s t t : i t t t i t : t t t t 3 : : t t t t t t t i t t t i t t t t t t t t t t : t t t t :  
C l 0 -  4 2 9 .6  2 .0 2  5 8 .3  3 1 .4  6 1 .5  1 9 .0  0 .0 1 8  < .007  0 .0 0 3  < .0 1 5  < .1 5  < .03  < .07  < .0 3  < .0 3  < 0 .7  .004
C2 4 17 3 1 .8  0 .8 0  1 5 .6  9 .4  2 8 .0  9 .9  0 .0 1 5  < .008  < .0 0 3  < .0 1 6  < .16  < .03  < .08  < .0 3  < .0 3  < 0 .8  .009
IIC 3  17-76+  2 3 .1  0 .6 1  9 .0  4 .7  8 .6  2 .9  0 .0 1 5  < .006  0 .0 0 3  < .0 1 2  < .1 2  < .02  < .06  < .0 2  < .0 2  < 0 .6  .004

3 < 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  s 1 1 1 : 1 :  s 1 1 1  < s 1 1 1 1 1 :  i  1 1 : :  1 1 1 : :  t  s 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1  > i 1 1  s 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1  
!H o rizo n  D epth  I NB40Ac E x t r a c t  I I

(cm) I Ca Mg Na K Zn Cu Mn Fe Pb Cd Mi Ag Cr Al As I I

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 : 3 1 8 8 8 8 8 8 8 8 8 3 3 8 8 8 8 8 8 8 3 8 3 8 8 8 8 8 8 8 8 8 3 8 3 TTT 3 3 3 : 3 3 3 :  3 3 3 3 :  3 3 :  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Cl 0 -  4 7 6 6 4 . 4 80 . 2 02 . 2 4 8 . 46 . 1 5 .1 6 3 6 .4 0 .3 6  1 0 2 . 1 .6 8  5 .2 0 .3 6 0 .3 2 <10. 0 .6 2
C2 4 17 7152 6 70 . 1 16 . 1 88 . 96 . 4 0 .4 3 6 .2 0 .4  1 1 2 . 1 .9 6  5 .6 0 .3 2 0 .3 4 <10. 0 .5 2
IIC 2  17 -7 6 +  5 4 2 8 . 2 9 0 . 4 0 . 6 2 . 3 9 .6 1 6 .7 2 2 6 .0 0 .5 8  6 6 . 1 .2 8  4 .8 0 .1 6 0 .2 4 <10 0 .2 2

33333383333333383333333333333333333333333333333388338883333833133333113333383333333383333333133333333338383333333333 
!H o rizo n  D ep th ! Org I pH I N03 I
I ( c m )I C I 1 31 182 I N P S 0 4 1
I I ( I ) I  H20 CaC121 -------p p m ---------I
3 3 3 3 3 3 |  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 :  3 3 3 3 : 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 l  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 t  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Cl
C2

0 - 4
4 - 1 7

<. 5
<•5

7 . 4
6 . 8

7 . 6
7 . 4

9 . 2 < 0.1 1160
320

I IC3 17 -76+ < .5 6 .9 7 .5 3 .3 <0.1 236

3 8 I t  8 I 8 8 8 t  t  t  8 3 t  t  8 t  t  8 3 8 8 8 8 .8 t  8 8 8 8 8 8 8 8 8 3 8 8 8 8 3 8 t  t  8 8 8 8 3 3 8 8 I  I  I 8 8 8 8 8 8 8 8 8 3 8 8 8 3 8 I  8 8 8 t  t  8 t  t t  8 3 t  3 8 8 3 8 t  8 8 8 I  8 t  t  t  t  8 I  I  t  t  t  I 8 8 3 8 3 8 8 8 8 t  
Comments8 m u l t ip ly  f i g u r e s  i n  co lum ns w i th  s t a r s  (* •)  be low  by 0 .1 .
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T able 42. S o il  p h y s ic a l and ch em ica l d a ta  f o r  th e  Bannack T a i l in g s  
(g rab  bag o f  s a l t  e f f lo r e s c e n c e  n ear s i t e  01).

S « r le » i  C l e s e l f l c e t l o o i
S i t e  n u sb e riO lB  C o u n ty iB eev e rh eed  L o c e tI o n i B ennect T e l l l n g e  C reb  Beg ( e e l t  e f f l o r e s c e n c e  u s e r  01)
Number h o r iz o n s i__ C o ilS

I i 1 1 1 1 1 1 1 1 1 1 .... ... ... ................. ... .............................................................................................................................................................................................. ... ... ... ... ...... ... ...... ... ... ... ... ...1 1 1 1 1 1 1 1 1 1 i n  1 1 H
B o rlz o n  D ep tn  I N e c h e n lc e l e n e ly e le  I N e te r  c o n te n t  I I

Icm) Izend  s i l t  e l e y  v eoe  co s  me f e  v f e  c o s i l  IS b e r  .S b e r  O berl I

I i i i i i i i i i i t i t i i i i i i i i i i i i i i i t t i i t i i t i t i i i i i i i i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i i i i i i i i I I I I i i , , , , , , , , , , , , , , , , ,
O- 2 » .0  6 » .O 2 2 .0  0 .0  0 .2  2 .9  3 .9  1 1 .0  3 .7  2 4 .9
2 IS  1 .0  8 0 .0  1 9 .0  0 .0  0 .1  0 .3  0 .4  1 S .0  S B  3 0 .1

...................................................... . ■ 111111....... .
IB e r iz o n  D epth  I Dry A g g re g e te  A n e ly e le  I O C  IBeee I Bzch I

(CS) O l t a s  19 -4  4 -2  v eoe  o ee  n s  f e  v f e  e l , e  I Bum NeCl I l e t s .  IA o ld lty  I
I I ---------------------------------- ( I ) ------------------------------------------ I (SegZlB B g)I ( t )  I (ppm) I.................................................................... .

o -  2 0 .0  B .7  2 3 .S 3 0 .4  I B . I  7 .9  1 1 .3  3 3 .4  3 9 .2  9 9 .3  6 .6
2 -  IS  2 2 .0  2 9 .3  1 6 .3  9 .4  3 .4  1 7 .1  3 6 .4  1 .7  9 6 .9  6 .0

S l l l l l t ! I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ? ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! I I f f l i s t

I  M  M  I M  I I  I I I  I  I  I  I  I  I  M  11  I  11  I  I  I ! I  I  I  I t I  I  M  I I 1 1  I  H  I  I  I  I :  I  I  I  I I  I  I  1 1  I  I  I  I I M  I I I I  t  H  I I  I  I  I I I I  I 1 1 1 1  I I  11  I  I  S I  I t  M  S I  I  I  I  I  I  I  t  I  11  I  11 I I 
!H o rizo n  D ep th  I S a t u r a t i o n  E x t r a c t  I

(cm) I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (*) (mmho/cm) ------------------------------------------------------------------------p p m --------------------------------------------- -- - - - - - - - - - - - - - - - - - - - - - - - - - - -  I
i 111 > i i i 11 111: > t s > i I i 111 i : t : t : : : t : i : I : t i I i 11: & : 1111111 111: 11: 111 > 11111 111: 1111 1111

......................................  1 2 8 .3  1 1 0 9 . 1629 1 4 6 .1  0 .0 4 7  0 .0 4 5  0 .0 2 8  0 .0 9 4  2 .0 9  0 .2 20 -  2 3 3 .7
2 -  15 3 2 .7

2 1 .9
1 .3 0

: > 112: s 1111: i i 1111111 < 11111 s t : r : :  t
____ -22 1 .1 1  0 .2 1  3 .0 3  < 0 .8  .011

1 4 .2  0 .0 8 4  0 .0 1 5  < .0 0 3  < .016  < .1 6  < .0 3  < .16  < .0 3  < .0 3  < 0 .8  .006

: :  t : :  2 : :  11 : t : :  i s s i  11 i i 111 i 11 : s t s 111 i 111 s 11 s : 11111111111: : : :  11 : :  11111: s s i : s s 11111: 11 : t > t i i i 11 > 1111: <: 11111 s i s t : 111 i : :  i 
!H o rizo n  D ep th ! NH4QAC E x t r a c t  I |
1 (cm) I Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I |
, I ----------------------------- --------------------------------------------------- p p m ------------------------------------------------------------- I I
2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ! 2 2 2 2 2 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

O- 2 7 3 4 4 . 2 3 3 4 . 3016 4 3 2 . 4 0 .4  1 7 .6 4  2 6 .4  0 .6 6  6 7 .2  1 .2  6 .4  < .0 8  0 .5 4  <10. 0 .3 8
2 -  15 6 6 0 6 . 5 2 8 . 148 2 0 2 . 5 9 . 2 3 .9 2  2 8 . 0 .5 8  5 0 .8  1 .5 6  7 .2  < .0 8  0 .3 8  <10 0 .4 6

2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
!H o rizo n  D ep th ! Org I pH I N03 I
I (cm) I C I 111 122 I N P S 0 4 1
I I (%> I H20 CaC l2 1 -------p p m ---------I

I I I  I  I  I  I  I  I  I I I  I  I  I I I  t  I  I  I I  I  2 I I I  I  f  t  I I  2 I I I  I  I  I I  t  I  I  I  I  I  I I I  I  I  I  I  I  I  t  I  I  I  I  I I I  2 I  2 I  I I

I  S I  I  I  I I I I 2 I I  I  I  I  I I I  I I I  I  I I I I  I  I  I I I  I I I I I  I  I I I  I  I  I I I  I  I  I I I  I  I  I I M  I I I  I  I  I I I  I  I  I I I  H  I  I I  I  I  I I I  I  I  I t  I I  I I  I  I  I I I  I  I I I  I I I I  I  I  I  * I I  I  I  I I  I  I  I I  I  I 
0 -2  < .5  8 .1  8 .4  1086
2 -1 5  < .5  7 .0  6 .9  4 3 .

Illl
2 2 I 2 I I 2 I  I I 2 2 2 I 2 I  I  2 2 2 2 2 I 2 2 I  I  2 I I 2 I I I I I I I I  I  I 2 I I  2 I  I I I  2 I  I I I I 2 I 2 2 2 I 2 I I  I 2 I I  I  I  I 2 2 2 I  I 2 2 I  I  I  2 I  I  I I I  I 2 I  2 I  I I 2 2 I 2 I  2 2 2 I I  2 2 2 2 I  I  I I I  I  I I 
Commentsi M u lt ip ly  f i g u r e s  in  co lum ns w i th  a s t e r i s k s  ( * • • • )  below  by 0 . 1 .  M u lt ip ly  f i g u r e s  in  co lum ns w i th  d o l l a r  

s ig n s  be low  by 1 0 .0 .
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Table HS. Pedon d e s c r i p t i o n  f o r  t h e  Bannack T a i l i n g s  ( n o r t h e a s t  
s e c t i o n ) .

S IT E  DESCRIPTION

S o i l  S e r i e s :  S i t e  N u m b e r: 02 C o u n ty : B e a v e r h e a d
L o c a t i o n :  1 / 4 ,  N W 1/4, S E l / 4  S e c t i o n  07 T o w n s h ip  OS ,  R an g e  IlW
C l a s s i f i c a t i o n :  m ix e d  f i n e - s a n d y  T y p i c  C r y o f l u v e n t

D a te  S a m p le d : 0 8 / 1 1 / 8 1  
S i t e  C o d e s /C o : I 8 / PM :1 1 / V e g : 
M a t e r i a l :  r e s i d .  l i m e s t o n e  
D r a i n a g e :  m o d e r a te  
S l o p e :  2%, ! d e g r e e s
S o i l  t e m p . (SOcm) C , 32P

E l e v a t i o n :  5 8 0 0 f t ,  1767m  P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
/L U : 1 4 / D r a i n : 0 4 / P e r m : 0 3 / E r s n : 0 4 / P o s t n : 0 7 / L F : 1 7 /

V e g e t a t i o n :  u n v e g e t a t e d  L a n d  u s e :  m i l l  t a i l i n g s
P e r m e a b i l i t y :  s lo w  t o  m ed ium  E r o s i o n :  s e v e r e  
A s p e c t :  S42W P o s i t i o n :  l e v e l  s l o p e
N um ber o f  H o r i z o n s : 03 L a n d fo rm :  d i s t u r b e d  l a n d

* * • *  PROFILE DESCRIPTION ** * * *

DEPTH COLOR STR CONS RT PR
HOR. NO. (cm ) MOIST DRY TEXT CF g s k dm sp a a l a s k pH EFF BND *

C l 201 0 -  13 IOYR 5 / 3 IOYR 7 / 1 0 2 I s 00  362 331 1 6 43 7 5 7 8 .0  4 1 1 I
C2 202 1 3 -  46 IOYR 5 / 2 10YR7 7 /1 04 I v t s 0 0  1 1 1 2 2 1 2 342 757 8 .0  4 55 2

C3 2 03 4 6 -6 6 + SY 5 / 1 5Y 7 / 1 08 I 0 0  1 1 1 342 2 i n i n 8 .0  4 6 6

/ /
/ /
/ /

- / / •

- / / •

C F - c o a r s e  f r a g m e n t (4 )  S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T -r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R » p o re  a m o u n t ,  s i z e ,  k i n d  E F F - e f f e r v e s e n c e  B N D -b o u n d a ry
COMMENTS ( * ) :  I )  L o w er p a r t  o f  C l h a s  b a n d  o f  r e d d i s h  I s  m a t e r e i a l  ( 7 . SYR 6 / 6 ) w i t h  m o re  
r o o t s  a n a  p o r e s  t h a n  u p p e r  C l .  2 ) S t r a t i f i c a t i o n  3mm. t h i c k  o f  d a r k  g r a y  m a t e r i a l  
s i m i l a r  t o  C3 a n d  t h i n  b a n d s  o f  7 . SYR 6 / 6 .  C2 h o r i z o n  i s  t h i x o t r o p i c .  R o o ts  f o l l o w  
r e d d i s h  c o l o r e d  v e r t i c a l  c r a c k s  i n  C2 a n d  C 3 .
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T able 44. S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  B annack  T a i l i n g s  
( n o r t h e a s t  s e c t io n ) .  * I

S e r ie s *  C l e e s i f l c e t i o o i f in e - s a n d y  m ixed T y p ic  C ry o flu w en t
S i t e  num ber*02 C o u n ty iB eev e rb eed  L o c e t io n * Benneck T e l l i n g s  (u p p er pond)
Number h o r I s o n s *03 C o ilS

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i r i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i
IH o rlso n  D eptn  I M ech eo ice l a n a ly s i s  I W ater c o n te n t  I I
I (cm) Isan d  s i l t  c l a y  v c o s  co s  ms f s  v f e  c o s 11 IS b a r  .3 b a r  O barl I

******************* I * **********************************************1 ***********************I * **************
Cl 0 -  13 4 2 .0 5 3 .0 5 .0 .  6 .3 8 .5 3 3 .2 3 0 .0 1 .8 1 3 .0
C2 1 3 -  46 3 9 .0 5 2 .0 0 .0 .  0 .1 9 .1 2 9 .8 2 4 .0 2 .1 1 4 .5
C3 46-66+ 3 3 .0 6 1 .0 6 .0 .  0 .0 6 # 2 6 .2 3 1 .0 1 .9 1 6 .3

Iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
IH e rlso n  D eptn  

(cm)
Dry A g g re g a te  A n a ly s is  

l f - 4  4 -2  vooe oos ms f s----------------(% )------------- v f s  S i , C
CBC IB ese I Bseh I 

Horn BaCl I S a tn . IA o id ity I  
Cmeq/lOOg) I (%> I (ppm)

***********************************************************************************************************
Cl 0 -  13 o .» 1 .7 2 .1 2 3 .8 2 7 .8 4 3 .8 3 1 .8 4 .2 98 .6 0 .0
C2 1 3 -  46 « .3 6 .6 4 .0 3 3 .0 2 3 .0 2 7 .0 3 3 .2 4 .3 9 8 .7 0 .0
C3 46-66+ 5 .3 5 .5 3 .7 1 9 .0 2 8 .5 3 8 .0 3 2 .9 4 .3 9 8 .3 0 .0

**********************************************************************************************************

:  I  I  I I  I  I I I  I  M  M  I I I * * M  M  I I I I  I  I  I * M  * I M  I * I *  * I  * I I «» * « M  » ‘ * I I *  I I I I I I  I * t  I I  I  I  I I I I I I  I M  M  I I  H  I  I  I  I I I  * I  I  I  I  I  I  I  * * I  I I  * I  m  I  I * I I
I H o r is o n D e p tn I  S a t u r a t i o n  E x t r a c t  I
I (CSi) I H20 BC Ca Mg Na K Zn Cu Mn Pe Pb Cd NI Ag Cr Al As I
I I ( I )  ( s m h o /c m ) ----------------------------------------------------------- ---------- P t * ---------------------------------------------- -----------------  I
I  I  I  I I  I  I I I  I  I  I I I  M  I I  I M  I I I  I I I I  I  * I I  I  I  I I « I  * * * * * * « * * * «« I I  I  I I I I  I I I I I  I  I I  I  I  I I I  I  I S * I t  * I  : I I I  M  I I  I I I I  I I I  ! I  I I  * I  I  I * M  I I * I  * I * I  I  * I  I
Cl O- 13 2 3 .4  0 .2 7  5 .4  3 .3  4 .5  2 .3  0 .0 1 1  0 .0 1 1  < .0 0 2  < .0 1 2  < .1 2  < .02  < .06  < .0 2  < .0 2  < 0 .6  .008
C2 1 3 -  46 2 3 .5  0 .8 0  1 4 .2  9 .3  2 1 .3  4 .1 4  0 .0 3 3  < .006  0 .0 0 2  < .012  < .1 2  < .02  < .06  < .0 2  < .2  < 0 .6  .003
C3 46-66+  2 2 .9  0 .9 3  1 9 .9  1 3 .1  1 7 .1  4 .7 9  0 .0 3 1  < .006  < .0 0 2  < .0 1 1  < .1 1  < .02  < .06  < .0 2  < .2  < 0 .6  .003

* * 1 1 * 1 1 1 1 1 1 1 *  I l l l l M l l l l l l l l l l l M l l l l l t l l l l l l l l t  l * « i : * l *  n i l  I I *  M l l l l l l l l l l l l l l l l M I I S I M l l l l  1 * * * 1 1 1 * 1 * 1 1 1 1 * * 1 1 * 1 1 * 1 *  
IH orison Depthl WUOAc E x tra c t I I
I (cm) I Ca Mg Na K Zn Cu Mn Pe Pb Cd Ni Ag Cr Al As I I

I t f l t t l l l M l l l l l l l M M M l l M M l l l M l M l M l l M l l l l l l l l l l l l l M l M M t l l l l l l l l l t t t l l l l M M l l M t t l l M t l l l l l t t l M l M M t t t M
Cl 0 -  13 6042. 108. 36. 58 . 42 .2  16 .4  43 .6  0.46  71 .2  I  68 5 .2  <.08 0 .24  <10. 0 .32
C2 13- 46 6794. 70 . 64 . 44 . 46 .2  19.92 59 .2  0 .4  32.6 0 .88  4 .8  <.08 0 .24  <10. 0.42
C3 46-66+ 6248 116. 68 . 50 . 6 0 .4  24.56 58. 0 .28  63 . 0 .96  4 .0  0 .44  0 .20  <10. 0 .42

I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! *
IH orison Deptnl Org I pH I M03 I
I (cm )I C I 1*1 1*2 I N P 6041
I I (%) I H20 CaCl2 1 ------ p p m -------- I
M l l M l M l l l l l l M M l l l l l l l M l l l l l M l l M l l M l l M l l l l l M M M l l l M l M l M l l l l l l l l l l l l l l l l l l l l M l l l l M l l t l t l l l l l l l l l M l M
Cl 0 -13 <.5 6 .7  7 .1  63 .5
C2 13 -46 <.5 7 .2  7 .3
CS 46 -66+ <.5 7 .3  7 .0

f t  M  I  M  I I  I  I  M  I !  I I I  I  I  M  I M  I M  f t  I I  I I I  I  I  I  I M  I I  I M  I I  M  I M  M  I M  M  M  M  I I M  I I  I  I I M  I I  M  M  I I  I  I I M  I I I  M  I I I  I  I  I  I  I  I  M  I I M  I M  I I I  M  
Commentsi M u ltip ly  f ig u re s  in  columns w ith  a s te r i s k s  ( •* • • )  below by 0 .1 .
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T able 45 . S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  B an n ack  T a i l i n g s  
( re d  m a te r ia l  in  d ik e ) .

S e r l e s i
S i t e  num ber: UZB 
Number h o r ls o n e i

C l a s e i f l c a t i o o :
C o u n ty iB eav e rh ead  L o c a t io n i Bannack T a i l i n g s  G rab Bag

C otlB
(red material In dike)

I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
IH o riso n  D eptn I M ech an ica l a n a ly s i s  I W ater c o n te n t  I I
I (cm) Isan d  s i l t  c l a y  vcoe co s  ms f s  v f s  c o s i l  IS b a r  ,3 b a r  Obar I I
I I — — — ————  (%) —— — — — — —  I ~~— ( Z  ) —  I I
I I  IS SI t i l l  l t a t l l l  I l  S l U t i l  t t  U l iu i lA t lA l lA S  I SLl H S U J I l^ H tlU J U ± .IM  I I S l l M ! LS.ISH I I M M I I M M I  I MI S M i l l  I

5 0 -6 0  5 0 .0  4 2 . 0  8 . 0  2 3 . 0  4 . 1  15 .2

I l l l l i s i l l l i m i l l l l l l l l l l l l l l l l l l i x i l l l l l l l l l l M l l l l l l l l l l l l l l l l l l l l l l l l l l l M l l l l l l l l l l l l l l l l l l l l l l l I I I l l I
IH o rlso n  D eptn  I Dry A g g reg a te  A n a ly s is  I CBC IB ase I Bxch I
I (cm) l>19em 19 -4  4 -2  v coe  co s  ms f s  v f s  e l , c  I Sum MaCl IH a tn • ( A c id i ty  I
I I ---------------------------------------------- ( » ) ------------------------------------------ I (meq/lOOg) I ( I )  I (ppm) I
II SI IltllMlIllIII SI I IllAlillliai IlllllLlllllt It I Illll SI Il Iltftl I l l M l l lM i l i t i S A m A X X X i  in t it n i l  I MtlMii

5 0 -6 0  1 .6  4 . 8  10 .3  3 5 .6  18 .0  2 9 .7  2 2 .7  5 . 8  9 9 .7  0 . 0

11111•111111111111111111111111111111111it1111111111111111•1111111111111111111111111111Iiiiaii1111111111111
I l l l l l l l l M l l l l l l l l l l l l l l M M l l l l l M l l M M l M l l l l l l l M l l M l l l M l M M l M l i m i M l l l l l l l l l l l l l l l M l l M l l M l l l l l l l l l l l l
!H o rizo n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (c a )  I H20 EC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (») (B e h o /c a ) ------------------------------------------------------------------------p p m ------------------------------------------------------------------  I
I M  M  I I I I I I I I I I I I M  M I I I I I M  I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I M M I M  I I I I I I I I M  I t  I I I I I I I I I I M I I I I I I

5 0 -  60 2 2 .4  0 .2 8  2 .1  1 .2  1 4 .4  1 .4  0 .1 7  0 .1 1  < .002  0 .0 6 7  < .1 1  < .02  < .06  < .02  < .0 2  < 0 .5  .003

M  I t  I M  I I I I I I I M  M  M  I I I M  I M  M  I M  M  I M I M  M  I M  M  I I I I I M  M  I I I I M  M  I M  M  M  I M  I M  I M  I M I I I I t  I M  M  M  M  I I M  I I I M  M  M M  M I
!H o rizo n  D ep tn l NH40Ac E x t r a c t  I
I (cm) I Ca Mg Na I  Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I ————— — — — — — — — — — —— — — ppa — —— —— — — — ——— —  I
I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l M l l l l l l l l l l l l l l M l l l l l l l l l l l l M l l i m i l l l l l l l M l l l M l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l

5 0 - 60 4 1 8 4 . 1 5 2 . 9 6 . 5 4 . 7 .4  3 .1 2  4 .3 6  0 .2 4  1 4 .0  < 0 .2  4 .0  < .08  0 .2 4  < 10. 0 .6 4

I M  I I I M  I I I M  I M  I I M  I I M  M  I I I I I I M I I I M  I M  I I M  I M  M  I I I I I I I I I I I I I I I I M  I M  I I I M  I I I M M I I I I I I M  I I I I I M I I I I I I I M  I I I I M I I
!H o rizo n  D ep th ! Org I pH I N03 I
I ( c a ) I  C I 111 1 :2  I N P 6041
I I (« ) I H20 CaC l2 1 ------- p p m -------I
I I I I I M  I I I M  I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I !  I I I I I I I I I I I I I I I I I I I I M M  I M I I I M  I I I I I I I I I I I I I I I !  I M I

50 -6 0  < .5  7 .2  7 .3  3 .1  < 0 .1  7 0 .3

I M  I I I I I I M I I I I I M  I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I M  I I I I I I I I t  M  I I I I M M  I I M  I M  M  I I I M I I M  I t  M I I I I M
Comments: M u lt ip ly  f i g u r e s  w i th  s t a r s  (****) a t  th e  b o tto m  o f  colum n by 0 .1 .
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T able 46. S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  B annack  T a i l i n g s  
(g rab  bag o f  rew orked  t a i l i n g s  on N edge o f ponds). * I

S e r l e e i  C l e e e l f l c e t l o o i
S i t e  lu m b e r i 02C C o u n ty i B eev erh eed  L o c e t lo n i Benneck T e l l i n g e  G reb Beg ( rew orked  t e l l e  on R edge)
Number h o r is o n e i  C o ilS

IiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiimiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiii 
IH o rlso n  D eptn  I M ech en lce l a n a ly s i s  I W ater c o n te n t  I I
I (cm) Ieand  s i l t  c l a y  vcoe  co s  me f e  v f e  c o s 11 IS b a r  .3 b e r  O berl I

I i i i i s i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i n i i i i i i i i i i i i i i i i i n i i i i i i i i i i i i i i i i i i i i i i i i i i i s i i i i i i i i i i i i i i i i i i i
O- 10 3 7 .0  5 8 .0  5 .0  . 1 .8  7 .6  2 7 .6  3 5 .0  1 .6  1 8 .4

1 0 -  30 1 4 .0  6 3 .0  2 3 .0  0 .1  0 .5  4 .1  9 .3  1 3 .0  6 .4  2 3 .5

I I I t I i n  I t i t n t i t i i i t i i i i t i i i i i i t i i t i t i t t i i t i t i t t t i i i t i i i i i i i i i i n i t i i i n i i n n n i i i t i i n i i i i i i s i i i i t i i i s t i
IH o rlso n  D ep tn  I 
I (cm) I>19

Dry A g g re g a te  A n a ly s is  
1 9 -4  4 -2  v co s  co s  ms f e v f s  e l , c  I

CSC IBeee I Bxch 
Sum MeCl I S a tn . IA c ld l ty I  
(meq/lOOg) I («) I (ppm)

Iiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiniiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiii0- 10 
1 0 -  30

0 .4  2 .0  3 .2  1 7 .1  2 2 .9  5 4 .4
2 1 .4  1 7 .9  1 3 .3  1 3 .9  1 0 .4  2 3 .2

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

I i i i i t i i i t i i i t i t n i i i i t i i i i i i n i i i i i i t i i i i t i t i i i i i n i i i n i t i i i i i i i t i i i i t i i i i i i i t i i i i i i i i i i t i i i i i t i i t i t t i n

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  n  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  i 1 1 1 1 1 1 1 1 n  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
I H o rizo n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Sn Cu Mn P t Pb Cd Ni Ag Cr Al As I
I I (») (mmho/cm) ------------------------------------------------------------------------p p m ----------------------------------------------------------------- I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 : 1 1 1 : :  1 1 1 : 1 1 : 1 1 1 1 1 1 1 1 1 1 : 1 1 : 1 1 1 1 1 1 1 1 : :  1 1 1 1 1 1 1 : 1 1 : 1 1 1 1 1 : 1 1 1 1 1 1 : 1 : 1 1 1 1 : :  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1  

0 -  10 2 1 .4  1 .6 5  2 0 .7  1 3 .5  5 6 .0  .7 .7  0 .0 2 1  < .005  0 .0 0 6  < .011  < .01  < .02  < .05  < .0 2  < .0 2  < 0 .5  .003
1 0 -  30 3 1 .0  1 .6 6  3 5 .4  2 7 .7  7 9 .0  1 0 .1  0 .0 3 0  < .007 0 .0 0 3  < .0 1 6  < .16  < .03  < .0 8  < .0 3  < .0 3  < 0 .8  .008

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i n i i i i i i  
!H o riz o n  D ep tn l MH40Ac E x t r a c t
I (cm) I Ca Mg Na K Zn Cu Mn Pe Pb Cd Hl Ag Cr Al As I

I i t I t I t I I i t t i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I t n n  i t i n n  i n
0 -  10 5 5 4 8 . 9 6 . 1 4 2 . 6 0 . 2 6 . 1 0 .3 2  3 5 .2  0 .3 2  6 0 .4  1 .2 8  4 .0  0 .7 2  0 .2  < 10. 0 .3 4

1 0 -  30 7186 4 5 4 . 2 4 0 . 1 1 4 . 7 0 .4  2 9 .4 8  5 1 .0  0 .6 2  3 9 .4  1 .1 2  5 .4  1 .6 8  0 .2 8  < 10. 0 .5

IHo
I
I

1 1 1 . . . . ....  n  I n  n  n  n  n  n  1 1. . . . .. n i t  i t  i t  i t  I i t  i t  i t  i t  i t  i t  i t  i t  n  i t  n  n  n  i t  i t  i t  i t  n  n  t i  n  i t  n  i t  n  I i t  n  i t  i t  t i  i n  n  t n
r lz o n  D ep tn l Org I pH I N03 I

( c m )I C I 111 I i2  I N P 8041
I ( I )  I H20 CaC l2 1 -------p p m --------- I

1 1 1 1  n  1 1 1 1 1 1  n  1 1 1 1  n  n  n  1 1 n  it 1 1 1 1  n  1 1 1 1 1  n  i t 1 1 1 1  n  1 1 1 1 1  n  1 1 1 1  n  1 1 1  n  1 1 1 1 1 1 1 1 1 1  n  1 1 1 1 1 1 1 1  n  i n  1 1 n  f n  i n  n  1 1 1 1  n  11 n  
0 -1 0  < .5  6 .7  7 .5  392.
10 -3 0  < .5  6 .8  7 .4  5 5 8 .

i n  1 1 n  11 n  i t  n  i n  n  n  n  i n  n  n  n  11 n  t i  i t  n  n  n  i t  i t  i t  n  t s n  i t  n  n  i t  i n  n  n  i t  n  i n  n  n  n  n  n  i t  t  i t  n  i t  t n  i n  n  n  n  i t  n  
Commentei M u l t ip ly  f i g u r e s  In  co lum ns w i th  a s t e r i s k s  (****) below  by 0 .1 .
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T able 47. Pedon d e s c r ip t io n  f o r  th e  Champion N a tu ra l S o i l .

S IT E  DESCRIPTION

S o i l  S e n e a i  S i t e  N u m b er: 07 ' C o u n ty iD e e r  L o d g e
L o c a t i o n :  1 / 4 ,  N W 1/4, NW1/4 S e c t i o n  33 T o w n s h ip  SN ,  R a n g e  SW
C l a s s i f i c a t i o n :  s a n d y  m ix e d  T y p i c  C r y o c h r e p t

D a te  S a m p le d :  0 8 / 1 3 / 8 1  E l e v a t i o n :  6 4 0 0 f t ,  1950m  P r e c i p i t a t i o n :  l l i n ,  2 7 9  mm
S i t e  C o d e s /C o : 3 0 / P H : 1 5 / V e g : 0 1 / L D : 0 3 / D r a i n : 0 4 / P e r m : 0 4 / E r s n : 0 3 / P o s t n : 0 6 / L F : 0 2 /
M a t e r i a l :  c o l l u v i a l  
D r a i n a g e :  m o d e r a te  
S l o p e :  15% , S d e g r e e s
S o i l  te m p .( 5 0 c m )  C , 3 2P

V e g e t a t i o n :  M ix ed  c o n i f e r o u s  
P e r m e a b i l i t y :  m ed ium  
A s p e c t :  S
N um ber o f  H o r i x o n s : 0 3

L a n d  u s e :  f o r e s t  
E r o s i o n :  m o d e r a te  
P o s i t i o n :  f o o t s l o p e  
L a n d fo rm i m o u n t a in s

PROFILE DESCRIPTION

HOR . NO.
DEPTH

(cm )
COLOR

MOIST DRY TEXT
STR 

CP g e k
CONS RT 
dm sp  a e l

PR
a s k pH BPF BND *

0 2 ♦  3 -  0 / /
A l 701 0 -  9 IOYR 3 / 2 IOYR 5 / 4 0 2 I s OS 1 13 1 1 1 1  542 i n 5 .5 i 31
B2 7u2 9 -  44 IOYR 4 /6 2 .5 Y 5 / 4 0 2 I s 15  123 32 1 1  442 i n 5 .5 I 31
C 7u  J 4 4 -6 5 + IOYR 4 /6 2 . SY 5 / 4 0 2 I s 40 113 32 1 1  242 1 1 1 5 .5 i 6 6

/ /
/ /
/ /
/ / *

C F > c o a r s e  f r a g m e n t (%) S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T -r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k i n d  E F F - e f t e r v e s e n c e  BND-b o u n d a r y
COMMENTS ( * ) :
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T able 48. S o i l  p h y s i c a l  and  c h e m ic a l  d a t a  f o r  th e  C ham pion N a tu r a l  
S o i l .

S e r l e e i  C l e e e l f io a t lo n i a e n d y  m ixed T y p ic  C ry o c h re p t
S i t e  num beri 07 C ou n ty iD eer Lodge L o c e t io n i Chaxqiion N a tu r a l  S o i l
Number h o r is o n a tO l CoiBO

I i i i i i i i i i i i i i i i i  m i  I i i i i i i i  I i i i i i i i  I i i i i i i i i i i i i i i i i i i i I I I I I i  ........................................................ ...
I l o r l s o n  D eptn  I M ech an ica l a n a ly e la  I W ater c o n te n t  I |

(cm) Ieand  e l l t  c l a y  v coe  coe  me f e  v f e  c o a l  I IS b e r  .B b a r O barl I

I i i i i i i i i m i i i i i i i i m i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i t i i i i i t i i i i i i i t i i i i i i i i i i i i i i i i  
A1/B2 O- 44 7 1 .0  1 7 .0  5 .0  2 0 .0  2 3 .4  1 5 .2  1 2 .5  6 .9  6 .0

m i m m t i m  m  i n  m m m m  t i t  m i m  11 m i  I i i i i i m i i i i i i i i  I i i m i m  I t m m i  I i i i i i m i i i m i i i i i i i
!■ o r iso n  D ep tn  I

A1/B2

(cm) l>19 
I —

Dry A g g re g a te  A n a ly e la  
19 -4  4 -2  v coe  coe  me f e ▼fe e l , c I

CSC IBaee I Bxch 
Sum NaCl I S a tn . IA c id i ty I  
(m eq /lO O g)I ( I )  I (ppm) I

i i m m i m m m m m m m m m m m m m t m m m m m m m m m m m m m m m i m i m i m i
0 -  44 0 .7  5 .4  7 .5  24 # 2 0 .5  1 3 .5  1 2 .6  6 .3  7 .9 1 2 .9  1 2 .7  7 0 .7

........................................................................................................................................................................... i i i m m m m i m m m m i
11111111111111:1111111111111111111111111111111111111111111111111111111111:111111111111:1111111111111111111 s 111111111 
IH o rix o n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (CB) I H20 EC Ca Mg Na K Xn Cu Mn Pa Pb Cd NI Ag Cr Al As I
I I (%) (ash o /c m ) — ------------ ---------------------------- ------------------ ----- p p B -------------------------------------------------- ----- ---------I
I  I  I l  I  t  I  I I  I  I  I I  I t  I  t  t  t  I  t  t  I I  t  I  t  t  t  I  I  I t  I  t  I t  I  I  t  I I t  I  I  I I S I  I  I I I  I I  I I  I  I  I  I I  I  I  I  I I  I  I  I I I  I I  I  I  I  I  I  I  I I  t  I  I  I  I  I  I  I  I  I  I I I  I  I  m i  I  I  I  I  I  I I I  I t  I I  ,  I I
A1/B2 0 -  44 1 8 .0  0 .1 7  4 .3  0 .8  0 .4  1 .4  0 .0 2 5  0 .0 1 3  0 .0 1 9  0 .0 9 5  < .0 9  < .02  < .04  .002  < .1 8  0 .4  .001

i  t t  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
IH o rix o n  D ep tn l NH40Ac E x t r a c t  I |
I (cm) I Ca Mg Na K Xn Cu Mn Pe Pb Cd Bi Ag Cr Al Aa I I
I I --------------------------------------------------------------------------------- p p m -------------------------------------------------------------1 I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  s s 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  j 1 1 1 1 1 1 1 1 1 1 1 1 1  M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A1/B2 0 -  44 1 3 8 6 . 1 9 4 . 3 2 . 1 7 2 . 2 .5 2  1 .7 6  9 .6 8  1 9 .6  0 .6  < 0 .2  4 .0  < 0 .8  0 .5 8  1 8 .4  < .02

1111111111111111111 : 11111 s 11 M 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
IH o rix o n  D ep tn l Org I pH I N03 I
I ( c a ) I  C I I i l  I i 2  I N P 8 0 4 1
I I ( I )  I H20 CaCl2 I — —  p p a --------I
I  I  I I  I  I  I I I I  I I l  I  I  I  I  I  I  I I I  I  I  I I I  I  I I I  I  I  I I I  I  I  I I M  I I I I  I I I I I I  I I I  I  I  I  I I  I  I I  I  I  I  I I  I I  I  I  I I I  |  I  I |  I  |  I  |  I  I  I  t I  |  I  I I I  I  I I I  t  I  I I t  t  t  I I  i  i  I t  I  I  i  t  I  I
A1/B2 0 -  44 0 .5  6 .0  5 .2  3 .2  6 .0  3 2 .3

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 11 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , , , , ,
Comments: M u lt ip ly  f i g u r e s  w i th  s t a r s  (•***>  below  colum n by 0 .1 .
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T able 49 . S o il  p h y s ic a l and chem ica l d a ta  f o r  th e  Champion W aste Rock 
(g ra b  b a g ) . * I

S e r i e s *
S i t e  n u m b e r*04 
■um ber h e r I s o n s*

C lm se lf Ic m tlorn#
C ou n ty iD eer Lodge Locm tlontC bm aplon Wmete to o k  Grmb Bmg

Co 1 30

I i i t t i t i i t i i t i i t i t t i i i i t i i i t t i t i i i i t i i i i i i i i t t i i i i t i i i i i i i i i i i i t t i i i t i i i i i t i t i i t i i i i i i t i i i t t i i t i t i t i i i t i i i t
IH o rlso n  D eptn  I Hecbmnlcml m nm lyele I Mmter c o n te n t  I I
I (cm) Ismnd s i l t  clm y vcoe c o s  ms f s  v f s  c o s 11 ISbm r ,3bm r Obmrl I
I I —— — — —————— —— (%) - - - - - - ■  ——————— ————— I ■■■■-■ ( % ) ———— I I
I i i i i i t t i i i t i t i i i t t t i i t i i t t i i t i t i i i i t i i i i i t i i t t i i t i i t i i i i i i i i i t i t i i i i i t t i i i t i i t i i i t i i t i i i i i i i i i i i i i t i I i I I i t

O- 20 6 2 .0  2 5 .0  1 3 .0  6 .3  1 4 .7  1 5 .0  1 5 .7  1 0 .3  9 .0  8 .2  1 4 .8
2 0 -  65 6 4 .0  2 5 .0  1 1 .0  9 .9  1 7 .1  1 5 .6  1 4 .0  7 .4  9 .0  7 .3  1 4 .8

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i I I I i i I
IH o rlso n  D eptii I Dry A ggregm te A nm lysis  I CBC IBmse I Bxcb I
I (cm) I>19mm 1 9 -4  4 -2  vcoe  co s  ms f s  v f s  s l , c  I Hum BmCl ISm tn. ( A c id i ty I
I I - - - - - - - - - - - - - - - - - - -  (%) I (meq/lOOg) I (%) I (ppm) I
I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i i

0 -  20 6 .1  2 4 .8  1 1 .6  1 6 .2  1 6 .1  1 1 .2  7 .6  3 .2  3 .1  1 9 .1  2 7 .5  9 4 .3  1 4 .0
2 0 -  65 6 . 6  3 1 .4  9 .4  1 9 .2  1 4 .6  8 .1  5 .0  2 .5  3 .2  1 4 .4  2 2 .4  7 8 .0  2 2 .0

I l l l l l l l l l l l l l l l l l l l l l l l l l l t l l l l l l l l l t l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  I M M l  M M M I I M

I I I I I I I I I t I I I I I I I I I I H  t I I I * M I H  H  I I M  * * * * * * M  * * I * * « M  * * M * * » M * M « * M  * * * M  M « * I * * *« * M « » * I I • M  * » « * * H  M  * M  H
IE o rls o n  D ep tn l S a t u r a t i o n  E x t r a c t
I (cm) I H20 BC Ca Mg Na K Xn Cu Mn Fe Pb Cd Ni Ag Cr A l As I
.1 I ( t )  (xmho/cm) ------------------------------------------------------------------------p p m ------------------------------------------------------------------  I
I I I I I I I I I I I I I S t I  I I I I I I I I * I I I * M I I I I I I I I I I S I I I * I I I I I I I I I I I * < < I I t I * * * I I I * * M  I I I I I I I I I I I I I I t I  I I I I I I I t I  I I I I I I I I S I l  I i  I I I*

0 -  20 2 3 .5  1 .8 3  1 1 7 .5  7 .2  0 .7  6 .6  0 .2 8 4  0 .1 4 1  0 .8 8 4  0 .0 2 3  < .1 2  < .0 2  < .26  < .0 2  < .2  1 .2  0 .0
2 0 -  65 2 3 .5  2 .2 7  1 1 1 .3  1 5 .2  2 .0  6 .6  0 .8 2  2 .3 5  0 .5 8  0 .2 6 3  0 .2 3  0 .0 4  0 .3 9  < .0 2  0 .2 3  7 .0  .001

I l l l l l l l l l l l M l l l l l l l l l l i s i l l l l l l l l t l l l l l l l l l l l l l l M l l M l t l M l t M t M M l l l l l l t l H l M l M t M l M l M M l
IH o riso n  D ep tn l NHiOAc E x t r a c t  I
I (cm) I Ca Mg Na K Xn Cu Mn Fe Pb Cd Hi Ag Cr Al As I

H H H H H l l l H H H

I
I

M M M M M M M M t M M M M t t M M t M M t t I M M M t M M M M M I M M M t M M M t M M M M M M M M M M M t M M M M t M M M M M M M
0 -  20 3 1 4 6 . 1 2 8 . 2 4 . 1 1 2 . 3 .0 8  8 .3 2  8 .7 2  1 1 1 .2  1 .4 4  0 .2 4  3 .2  0 .3 6  0 .3 8  3 8 .2  0 .0 4

2 0 -  65 2 1 3 6 . 1 1 2 . 2 8 . 8 4 .  4 .4  1 6 .5 2  3 .2 8  3 1 6 .0  1 .8 6  0 .2  3 .6  0 .0 8  0 .7  1 3 7 . 0 .0 4

IH o rlso n  D ep tn l Org I pH I *03 I
I (cm) I C I I t l  l t 2  I N P 9041
I I (») I H20 CaC l2 1 -------p p m ---------I

t I I I t  I ................ I l l l l t M M M M l l t M l l M l M l t t t t t l l M M t l l t t l t l M t t l t t t t t

M l t M t t t t l l t M t t M t t M M t t t M t t l M t t l t t l l l t i M M t t t l t t t t t l t M i M l t t t t M M M M t l M l M l l t t M I I M t M I t M I t t M t M t I t I M
0 -20  < .5  3 .8  3 .8  2 .7  2 .3  1079
20 -6 5  < .5  3 .1  3 .1  560

SMI

I M M I I * M  I I I I* M  I * M  I M  M I M I I I I M M I M I * I I * I* M  I I I M  I I* M  I I I M  I* I * I M  I I* I M I I I I *  I I* M  M I * I M  M  M M  I M  I * M  I * I I I M M
Comments: M u lt ip ly  f i g u r e s  w i th  s t a r s  (* •* * ) be low  colum n by 0 . 1 .  M u l t ip ly  f i g u r e s  w ith  d o l l a r  s ig n s  (M M )  below 
colum n by 1 0 .0 .
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T able 50. Pedon d e s c r i p t i o n  f o r  th e  C ham pion T a i l i n g s  ( v e g e t a te d  
e a s t e r n  boundary).

S IT E  DESCRIPTION

S o l i  S e t i e s i  S i t e  N u m b eri OS C o u n ty iD e e r  L o d g e
L o c a t i o n !  1 / 4 ,  N E 1 /4 ,  NW1/4 S e c t i o n  33 T o w n s h ip  SN ,  R a n g e  SW 
C l a s s i f i c a t i o n !  f l n e - s i l t y  m ix e d  T y p i c  C r y o f l u v e n t

D a te  S a m p le d !  0 8 / 1 3 / 8 1  E l e v a t i o n i  6 4 0 0 f t ,  IS sO m  P r e c i p i t a t i o n !  l l i n ,  2 7 9
S i t e  C o d e a / C o i 3 0 / P M i 1 2 / V e g i l 6 / L O i l 4 / D r a l n i 0 2 / P e r m i 0 2 / B r s n i 0 4 / P o a t n i 0 7 / L F i l 7 /
M a t e r i a l !  r e s i d .  c r y s t a l l i n e  V e g e t a t i o n :  m ix e d  e h o r t g r a s s  L a n d  u s e :  m i l l  t a i l i n g s
D r a i n a g e :  p o o r  
S l o p e :  5%, ! d e g r e e s
S o i l  te m p .( 5 0 c m )  C , 32P

P e r m e a b i l i t y  I a lo w  
A s p e c t !  NW 
N um ber o f  8 o r i x o n s : 0 3

E r o s i o n :  s e v e r e  
P o s i t i o n :  l e v e l  s l o p e  
L a n d f o r s i  d i s t u r b e d  l a n d

. . . .  PROFILE DESCRIPTION

BOR. NO.
DEPTH

(cm )
COLOR

MOIST DRY TEXT CF
STR
g e k

CONS RT
dm ap a s l

PR
a s k pH EPP BND *

A l 501 0 -  3 IOYR 5 / 8 IOYR 5 /7 0 2 I s 0 0 2 23 1 1 2 2  7 22 1 1 1 4 .5 i 1 4
B2 502 3 -  12 IOYR 6 / 8 7.5Y R 6 / 8 0 1 S 0 0 1 1 1 1 1 1 1  542 1 1 1 4 .5 i 1 1
I IC 2 503 1 2 -6 0 + 5Y 8 / 1 2 .5 Y 8 / 0 09 B i l 0 0 1 32 4 2 2 5  4 25 484 . 0 i 6 6  I

/ /
/ /
/ /
/ /
/ / *

C F - c o a r a e  f r a g m e n t ( I )  S T R - a t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i a t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T -r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k in d  E P F - e f f e r v e s e n c e  BND-b o u n d a r y
COMMENTS ( * ) I I )  R u s t  c o l o r e d  (7YR S / 8 ) m a t e r i a l  p r e s e n t  i n  b a n d s  5mm. t h i c k .  Same 
m a t e r i a l  p r e s e n t  i n  v e r t i c a l  b a n d s  e i t h e r  f i l l i n g  c r a c k s  o r  a s  a  b y p r o d u c t  o f  l e a c h i n g .
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T able 51. S o il  p h y s ic a l  and ch em ica l d a ta  f o r  
( v e g e t a te d  e a s te r n  boundary).

th e  Champion T a i l in g s

S e r l e e i  C le e e l f l c a t l o n i e l x e d  T y p lc  C ry o f lu v e n t
S i t e  number % 05 C o u n ty iD eer Lodge L o c a tlo r n C baep lon  T a l l l n g e  (v e g e ta te d  e a e te r n  boundary )
Muaber h o r ls o n e i0 2  C o i30

I i i i i i i i i i i i i i i i i i i i i i i i i i i i m i i i t i i i i i i i i i i i m i i i i i i i i i i i i i i i m i i i i i i i i i i i i i m m i i i i i i i i i i i i i i i i i i i i i
I H o rleon  D ep th  I M ech an ica l a n a ly e le  I W ater c o n te n t  I I
I (ce )  Iean d  e l l t  c l a y  vcoe coe  a e  f e  v f e  c o a l  I IS b a r  .3 b # r  O barl I

I I  h i  in h i  in in m  i h i  in h i  11 m i  in m  m i  i in h i  i h i  in i in m m  m m  h i  h i  i h i  111 in I Ii in h i  IH 1111
A1/B2 0 -  12 7 2 .0  2 2 .0  6 .0  0 .3  1 .1  3 8 .2  3 2 .4  1 2 .0  4 .1  1 0 .0
IIC 2 12-60+  1 2 .0  5 9 .0  2 9 .0  0 .3  0 .4  1 .5  9 .8  1 9 .0  1 2 .4  3 2 .8

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i i i i m i i m i i m i i i i i i i i i i i i i i i i i i i i i m i i i i m m m i i i i i i
IH o rleo n  D epth  
I (c a )  l>19

Dry A g g reg a te  A n a ly e le  
1 9 -4  4 -2  vcoe  coe  a s  f e  v fe  

- - - - - - - - - - - - - - -  (%)------—

I CHC IBaae I Hxch I 
I Sue MaCl I S a tn . I A c id i ty  I 
I (e e q / lO O g )I (%) I (ppe) '

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i m i i m i i m i m m i i i i i i i i m i i i i i i i i i i i m m m i i i i
A1/B2
IXC2

0-  12 
12-60+ 1 .0  4 .1

1.2
7 .9

8 . 8  4 .2  2 .9  1 9 .6  1 1 .1  1 5 .3
22 4 1 6 .4  1 0 .3  8 .3  9 .1  2 0 .5

3 .5
1 5 .2

6 . 0
1 9 .0

I i  I i i i i m i i i i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i i i i i i m m  I i i i i i m  i m m m m m i i  I i m i i i i i i i i m i i i i i

I I I I I I I I I M M M I M I H H M M I X I I I I M I i l M I I H I I I I I I I M I I I I I I I I M I I M I I M I I I I t l l l l l M H I M I I I I I I I I I I I I I I I I l l l l l l l l l l M

IH o rix o n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 BC Ca Mg Na K Sn Cu Mn Fe Pb Cd Ml Ag Cr A l Aa I
I I (%) (aeh o /cm ) ------------------------------------------------------------------------P I * ------------------------------------------------------------------  I
I I l  I I I I I I I * I M H  M  I I I I I I I I I I I I M  I I I M I M I I I I I I I I I
A1/B2 0 -  12 2 7 .9  0 .2 4  4 .9  1 .7  0 .3  4 .4
IIC 2  12-60+  4 5 .4  2 .9 6  1 7 7 .2  1 1 7 .0  1 .1  1 9 .1

I I I I I I I I ............. I I I I I I M  I H  I I I I I I I I I M  I I I I I H  I I I I I I I I I M  I M  I I I I I l  I M * »
0 .1 1 1  0 .3 9  8 .8 2  < .0 1 4  < .1 4  < .0 3  .0 3 9  < .0 3  < .3  1 .3  .001  
2 .0 8  3 .3 2 6 .1 7 .8 6  0 .6 0 0  0 .3 6  0 .1 3  .8 1 8  0 .0 9  < .4 5  4 4 .3  .005

1 1 1 1 1 1 1 1 1 1 1 1 1  
IH orlson D ept 
I (c a )I
I I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
A1/B2 0 -  12
I I C l  12-60+  1078

I l I l I H t  H l l i  H l I l t I l I t I  t S I I S S I ! l t t * ! l t l l ! l l ! l l l l l ! l t ! l l l l l t ! l t l l S S I t M I I I I H I I I I I I I !  
Dl HB40AC E x t r a c t  I

Ca Mg Ma I  Sn Cu Mn Fe Pb Cd Ml Ag Cr Al Aa I

I I I I I I I I I I I I I I I I H

' 7 ) 2 ! ' Ii..
4 0 0 .

I I I I I I I I l l l i l l t t t  S t t l  I ............. I I I I I I I I I I I I I I I  I I I I I ..................... I I I l  I I l  I I I l  I I I I I I l  I I I l  I I I I  I l l l l l  I I I I  I I
7 4 . 4 .3 2  4 .4 0  3 2 .4 4  3 3 .4  3 .1 4  < 0 .2  7 .4  < 0 .0  0 .3 2  1 0 4 . 0 .0 2

1 3 2 . 5 .2 0  1 1 .7 2  4 7 .0  2 7 4 . 1 .0 4  < .0 2  1 2 .0  0 .4 4  1 .1 2  2 7 0 . 0 .2 411:

I l l l H l l l l l l i n i l l l l l l l l l l H l l l l l l l l l l l l l l l l l l l l l l l l l H l l l l l l l l l l l l l l l l l l H l H l l l l l l l l l H l l l H l l l l l l l l l l l l l l l l l l H l l
IH o rlx o n  D ep tn l Org I pH I H03 I
I ( c e ) I  C I 111 l i 2  I M P 8041
I I ( I )  I H20 CaC l2 1 -------p p e ---------I
..............................................................................................................................................................................................................................................I I I I I I I I I H  I I I I I I I I I I I H  I I I I I I I I I I I I I
A1/B2 0 -1 2  < .5  3 .6  3 .5  2 22 .
I I C l  12 -60+  < .5  3 .2  2 .6  3827

I H  I I I I H  I I I H  I I I I I I I I I H  H I l  I I I I I I I I I I H  I H  I I H  I I l  I H  I I I I H  I I I I I I I I I I I I I I I I I I l  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I l  I I
C om eentai M u lt ip ly  f i g u r e s  w i th  a s t e r i s k s  ( • • • • )  below  colum n by 0 . 1 .
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T able 52. Pedon d e s c r i p t i o n  f o r  th e  C ham pion 
(eroded  fa c e  in  c e n te r  o f pond).

T a i l i n g s

S IT E  DESCRIPTION

S o i l  S e r i e a i  S i t e  N u m b er: 06 C o u n ty iD e e r  L o d g e
L o c a t i o n :  1 / 4 ,  N E 1 /4 ,  NW1/4 S e c t i o n  33 T o w n a h ip  6 N , R a n g e  SN
C l a a a i t l c a t i o n i  f l n e - a i l t y  o v e r  a a n a y  m ix e d  T y p i c  C r y o f i u v e n t

D a te  S a m p le d :  0 6 / 1 3 / 8 1  
S i t e  C o d e a /C o i3 0 /P M : 1 2 /V e g I 
M a t e r i a l :  r e e l d .  c r y e t a l l l n e  
D r a i n a g e :  p o o r  
S l o p e :  40% , I O d e g r e e a
S o i l  te m p .( 5 0 c m )  C , 32F

E l e v a t i o n :  6 4 0 0 f t ,  1930m  P r e c i p i t a t i o n :  l l i n ,  2 7 9
/L O : 1 4 / D r a i n 1 0 2 /P e r m 1 0 2 / B r a n 1 0 4 / P o a t n 1 0 4 /L P 1 1 7 /  

V e g e t a t i o n :  u n v e g e t a t e d  L a n d  u a e :  m i l l  t a i l i n g s
P e r m e a b i l i t y :  s lo w  E r o s i o n :  s e v e r e
A s p e c t :  W P o s i t i o n :  m i d s l o p e
N um ber o f  H o r i z o n s : 0 4  L a n d fo rm : d i s t u r b e d  l a n d

* * • *  PROFILE DESCRIPTION

BOR. NO.
DEPTH

(cm )
COLOR

MOIST DRY TEXT
STR 

CF g s k
CONS RT 
dm ap a s l

PR
a s k S I BND .

C l 601 0 -  1 0 SY 8 / 3 5Y 8 / 1 03 I f s 00 223 2 1 2 1  1 1 1 766 4 .5  I i i
C2 6 1 ) 2 1 0 -  71 SY 7 / 4 5Y 8 / 1 06 f s l 00  324 3 3 2 2  111 553 4 .0  I i i I
C3 603 7 1 -  97 2 .5 Y  7 / 0 5Y 8 / 1 09 a i l 0 0  1 1 1 4 4 3 2  111 1 1 1 4 .0  I i i 2
I I C 4 6 0 4 9 7 -1 2 0 7 .5 Y R  6 / 8 / 03 I f s 0 0  1 1 1 1 1 1 1  1 1 1 1 1 1 4 .0  I 6 6

/ /
/ /
/ /
/ / *

C P - c o a r s e  f r a g m e n t ( I )  S T R - a t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i a t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t , s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k i n d  E F F - e f t e r v e s e n c e  BN D-b o u n d a r y
Co m m ents ( * > i I )  H o r iz o n  l n t e r l a y e r e d  w i t h  c o a r s e r ,  r u s t  c o l o r e d  (lUYR 7 / 8 )  m a t e r i a l ;  
a p p r o x  35 p e r c e n t  b y  v o l u m e .2 ) R u s t  c o l o r e d  m a t e r i a l  (1UYR 4 / 6 )  i n  u p p e r  p a r t  o f  C3 a n d  
lo w e r  p a r t  o f  C2 h a s  f o rm e d  h a r d e n e d  l a y e r s  o r  p l a t e s .
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T able 53. S o il  p h y s ic a l  and ch em ica l d a ta  f o r  
(eroded  fa c e  i n  c e n te r  o f pond).

th e  Champion T a i l in g s

S e r l e e i  C la e e l f l e a t l o o iB l s e d  T y p lc  C ry o f lu v e n t
S i t e  num ber:06  C o u n ty iD eer Lodge L o c a tI o n iChampion T a l l l n g a  (e ro d e d  f a c e  In  c e n te r  o f  pond)
Number h o r is o n a t0 4  C o i30

I I I I H I I I I I I I I I I I S M l l l l l l l l l S I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I l l l l l l X I I I I H I I I I I I I I I I I I I I S i l l l H I I H I I I I
IH o rlso n  D eptn  I M ech an ica l e n a ly e le  I W ater c o n te n t  I I
I (cm) Ieand  e i l t  c l a y  vcoa coe  me f e  v f e  c o a l  I IS b a r  .3 b a r  O barl I
I I — — ——— ———————— (%) -  ———————————————  I — — ( % ) ——— I I
. .........................................................................................................................
Cl 0 -  1 0 4 0 .0  4 9 .0  1 1 .0 0 . 1 0 .3  1 5 .9  2 3 .7 2 1 . 0 4 .9 2 2 .4
C2 1 0 - 71 9 .0  6 4 .0  2 7 .0 0 .5  1 .0 0 .7  1 .0  5 .8 2 0 . 0 1 3 .6 3 7 .1
CS 7 1 -  97 7 .0  6 5 .0  2 8 .0 0 .1  0 .4 0 .5  1 .0  5 .0 1 9 .0 1 4 .4 3 8 .1
C4 97-120 8 6 . 0  1 2 . 0  2 . 0 0 . 1 4 .8  5 2 .8  2 8 .3 8 . 0 2 . 1 6 . 2 •

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  s 11  s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
IH o rlso n D eptn I Dry A g g reg a te A n a ly s is I <:e c I B aa . I Bxch I
I (cm) I>1*—  U -A  A-J v coa coe me f a  v fa S i , C I Sum HaCl I S a t n . !A c id i ty  I

—— —  (%) — ■ I (M qZlO O g)I («) I Ippal I
SSl Sl S I t l l l l l I I I I l l  S l l S S t l S t t l t  I I I  t i l l  H i n t  1 1 1  I I I SI SI S I t S I I l  I I I I S S t l S S t S I I S I  I t  I l l l l  I  I t S l t  I t l l l l l l l l S S S t t t t
Cl 0 -  1 0 7 . 1  9 . 6 6 .2  3 1 .1  1 9 .7 2 6 .3 0 .5 3 .5 6 1 .2 1 3 .0
C2 1 0 - 71 0 .3 2 6 .3  1 9 .6 1 2 .0  _ 9 .1  7 .6 2 5 .1 1 0 .4 1 5 .2 5 8 .0 3 9 .0
CS 7 1 -  97 3 .5  1A.6 A.0 1 9 .9  1 4 .5 9 .3  6 . 6  4 .9 2 0 . 8 2 5 .1 2 9 .7 46.1 7 2 .0
C4 97-120 0 . 1 0 .3  0 .6 1 6 .1  5 6 .2  1 7 .0 9 .8 7 .7 7 .9 6 7 .5 2 2 . 0

I t t l l l l l l l t l l t l l l l t t l l l l i s i l l l l l l l l l l l l l l l l l l l l l l t t t l l l l l l l K l l t l t l t l l l t t t l l l t l l t l l l l l t l l l l l l l l t I I I t t I t I I t

I I I  I  I I I I I  I I I I I I I l  I I I  I  I I I I I I I I I  I  I I I I I  I  I  I I I « I  I I I I I I I l  I I  I  I  I I I I  I  I  I I I l  I  M I I I I I I I I I  I I I I I  I  I I I  I  I I I l  I  11 I I  I  I  I I H  I I I I I I I  I  I  I  I  I I I
IH o riso n  D e p tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Pe Pb Cd Ni Ag Cr Al Aa I
I I (%) (m h o /c m ) ------------------------------- -------- .------------------------------- P P « -------------------------------------------------------------------  I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 « « 1 1 *1 1 1 1 1 *««* I *1 1 1 *1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cl 0 -  10 3 0 .3 0 .7 1 1 1 .5 8 .9 0 .5 3 .5 0 .4 7 3 0 .9 5 8 0 .3 2 7 0 .6 1 9 < .0 1 < .01 .026 .005 < .0 1 5 .3 .0 0 3
C2 1 0 -  71 4 3 .6 3 .4 7 1 8 4 .2 1 3 7 .8 0 .5 7 .4 2 .2 7 6 3 .3 3 1 4 2 .7 3 6 .2 7 8 .052 .011 .037 .007 .632 6 5 .4 .005
C3 7 1 -  97 4 5 .6 7 .6 8 1 5 2 .4 3 6 6 .8 7 .2 3 .0 5 .8 5 4 7 .9 2 7 8 2 .0 1 6 7 .8 8 .141 .026 3 .1 4 .018 4 .7 4 1 9 7 . .018
C4 97-120 2 5 .2 5 .6 9 9 5 .6 6 3 .7 1 .1 0 .9 1 .3 6 5 1 .8 8 4 1 2 .4 7 2 6 2 .0 .050 .009 .312 .016 .7 6 8 3 4 .0 .0 1

I  I I I  I  I  I I I  I  I I  I I I  I  I  I I  I  I  I  I  I  I I  I  I  I I I  I  I  I I  I  I  I  I  I I I  I  :  * I I I *  I  I I  I  I  I  I  I I I  I  I  I I I I  I  I  I  I I  I  I  I  I  I I I  I  I  I l  I  I  I I I  I  I  I I  I  I  I  I I I  I  I  S I  I I  I I  I  I I  I  I  I I I  I  I  I l  I
IH o r ito n  D e p tn l HHiOAc E x t r a c t  I I 
I (cm) I Ca Mg Na K Zn Cu Mn Pa Pb Cd NI Ag Cr A l Ae I I 
I I ------------------------------------------------------------------------------------------------------------------p p m ------------------------------------------------------------- 1 I
I t t i i i i i t t i i i t i t i i i i t i i t i i t i t i t t t i i i i i
Cl O- 10 6 1 8 .  1 4 0 . 2 6 . 4 0 .
C2 1 0 -  71 9 4 2 . 3 7 6 . 2 4 . 7 2 .
C3 7 1 -  97 1 4 5 2 . 8 6 0 . 2 2 . 8 0 .
C4 9 7 -1 2 0  1 0 4 4 . 1 0 0 .  2 8 . 2 4 .

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i i i i i i i i i i i i i i i i i i i
2 .8 8  4 .9 6  2 .3 6  4 3 2 . 0 .5 6  < 0 .2  3 .6  0 .3 2  0 .6 2  9 2 .4  0 .5
4 4 #  « .1 1  *»  4 4 8 4 . 0 .6 4  < 0 .2  1 1 .2  0 .3 6  1 .9 4  2 1 4 . 0 .1
1 1 .4  1 3 .6 8  1 8 4 .8  2 1 0 0 . 1 .0 4  < 0 .2  3 5 .2  0 .3 6  8 .1 4  4 6 8 . 0 .5 6
2 .8 4  2 .8 4  2 8 .4  6 4 8 . 0 .6  < 0 .2  6 .4  0 .4 0  1 .0 4  6 9 .8  0 .1 2

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i l i i i l i i i i i l i i i i i i i i i i i i i i i l l
IH o rlx o n  D e p tn l Org I pH I N03 I
I (cm) I C I 111 I i 2  I N P 8041
I I (%) I H20 CaC121 — —  p p m -------I1111111111111111111111111111111111 111111 111:111111111111111111111111111111111111111111111111111111111111111111111111 
C l 0 -1 0  < .5  3 .1  2 .9  2 .8  1 7 .5  8 7 .2
C2 10 -7 1  < .5  3 .0  2 .9  5 5 5 .
C3 71 -9 7  < .5  2 .8  2 .5  2 .5  1 2 .9  2723
C4 97 -1 2 0  < .5  2 .7  2 .1  565

1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 
Comments: M u l t ip ly  v a lu e s  f o r  S04 by 1 0 .0
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T able 54. S o il  p h y s ic a l and ch em ica l d a ta  f o r  th e  
(g rab  bag on v e g e ta te d  f l a t  r id g e  to p ).

Champion T a i l in g s

S e r l e e i  C l e e s l f l c e t l o n t
S i t e  n u a b e r 1O6 A C o u n ty iD eer Lodge L o e e tI o n i Chempion T e l l i n g s  O reb Beg (v e g . f l e t  i n  c e n t e r  o f  t e l l )
Number h o r iz o n # : C o t30

I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
jH o rlso n  D ep tn  I I W eter c o n te n t  IN e c h e n ic e l e n e ly e ie

(cm) Ieend  s i l t  c l e y  vcoe co s  me f e  v f e  c o e l l  IS L er . J b e r  O berl

I l t t l t M l M t t t t M M l l M M M M l l l l l l l l t l l M M l l M M l M M l l l l l l l t l t l l l l l l l l t l l M l M l l l l l l l l l l l l l l l t l l l l t l M t l
O- 15 6 0 .0  2 9 .0  1 1 .0  0 .1  1 9 .6  1 0 .5  1 6 .8  1 3 .0  1 3 .0

I i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i m i i M i i i i i i i
IH o rlso n  D ep tn  I Dry A g g re g e te  A n e ly e le  I CBC IBeee I Bxch I
I (on) I >19mm 19 -4  4 -2  v co e  co s  me f e  v f e  e l , c  I Sum B e d  IS e tn . I A c ld i ty I
I I - - - - - - - - - - - - - - - - - - -  (%)—— — — — — — — —  I (neq/lO O g) I (%) I (ppm) I
M M l l l l l l M l M l l l l l l l l l M l l l l M l l M l l l l M M l l l l M M l M l M l M M l M M l l M M l l t l l l l M M l M M l l l t l l l l l M l l l l l l

0 -  15 1 .5  5 .4  7 .5  2 4 .8  2 0 .5  1 3 .5  1 2 .6  6 .3  7 .9  1 3 .2  1 5 .5  5 9 .5  3 7 .0

1111111 H  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I l  1 1 1 1 1 1 1 1111 M  I l  1 1 1 1 1 1 1 1 1 1 1 1 1 1  U  1 1 1 1 1.1 H  11 H  I l  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 « 11J  1 1 1111111  U  I M

I I I M  11  I M  1 1  I I I I I M  I I I I 11  I I I I I I I I M  11  M  M  I I M  I I I I I M  M  I I M  I M  I I I I I M l  M  M  I I M  M  I M  I I M  I M  I I I M  1 1  I 11  1 1 1  11  I I I 1 1 1  M  I M  I
!H o rizo n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Pa Pb Cd Ni Ag Cr Al Aa I
I I (%) (mmho/cm) --------------------------------------------------- ------------------p p m ---------------------------------------- ------------------------- |
I I I I I I I M  I I I I I I I I I M  I I M  t I I I S I M I M  I I S I I t I I I t I I M  I I > t I I I I I I t I M  I I I I I I < I i I M  M  I M  I I I I t I I M I M  I I I I I I I I I S I I I I M  I M  I I M I

0 -  15 2 6 .0  2 .8 8  1 1 9 .6  5 5 .5  2 .5  3 .9  0 .9 9 0  0 .3 7 9  1 2 .5 3  0 .2 3 1  .021  .0 1 0  .340  .0 0 5  < .0 2  1 9 .5  .002

I l l l M l l l M l M M M M l M M M M M M M M M M M M M M M l M M M l l M M l i l M M l M M M M l M l M l M l l M M l l M l M l l M l M l M l M l l
!H o rizo n  D ep tn l mMOAc E x t r a c t  I I
I (cm) I Ca Hg Na I  Zn Cu Mn Fe Pb Cd Hi Ag Cr Al Aa I I
I I ---------------------------------------------------------------------------ppm ------------------------------------------------------- 1 I
I l l t t l t M l l l l l t t t M l f l l l M l l l i l M l l l l l l t l l l l l M l i l l l l l l l l l l l l l l l l l l l l t t M l l M i r t t t l l l l l l l l t M l l l M l l l l l l l l I t I t I l t t t I l

0 -  IS  1 3 1 8 . 2 4 8 . 2 0 . 6 4 . 5 .0 8  7 .7 2  4 8 .4  3 32 . 1 .0  < 0 .2  9 .6  < 0 .8  0 .7 8  3 2 4 . < .02

I M I M  M I M I I M  I I M  M  M  I I I M I M I M  I M  I I I I M  I M  M M I M I M I M M M M  M I I I M M I I M  I I I M M  M M  I M I M  I M  I M  M  M  I I I M I M  I I I
!H o rizo n  D ep tn l Org I pH I NO3 I
I (cm )I C I I i l  I i 2  I N P S 0 4 I
I I (» ) I H20 C aC l2 1 -------- p p m ------------I
I l M l l l M l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l M l M l l l l l l l l l l l l l l l l l l l l l M l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l

0 -1 5  0 .8  3 .2  3 .4  3420

M M  I I I M M  M  I M  I I I M  I M  M  M  I I M  M  M  I I I M  M I I I M  I M  I I M I I I I I I I I M  I M  I I I M M  I I I I M  I M I M M I I I I M I I I I I I I M  I I I I M I I M l  I
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T able 55 . Pedon d e s c r ip t io n  f o r  th e  Wasa N a tu ra l S o i l .

S IT E  DESCRIPTION

S o i l  S e r i e s :  S i t e  N u m b er: 12 , C o u n t y : G r a n l t e
L o c a t i o n :  1 / 4 ,  1 / 4 ,  SW 1/4 S e c t i o n  27  T o w n s h ip  SN ,  R a n g e  12W
C l a s s i f i c a t i o n :  c o a r s e - l o a m y  m ix e d  T y p l c  C r y o b o r o l l

D ace  S a m p le d :  0 8 / 2 5 / 8 1  E l e v a t i o n :  6 1 0 0 f t ,  1859m  P r e c i p i t a t i o n :  1 4 i n ,  355
S i t e  C o o e s /C o : 4 6 / PM: l l / V e g : 0 1 / L O : 0 1 / D r a i n : 0 4 / P e r m : 0 4 / E r s n : 0 4 / P o a t n : 0 5 / L P : 0 2 /
M a t e r i a l :  r e a i d .  l i m e s t o n e  
D r a i n a g e :  m o d e r a te  
S l o p e :  3 0 « ,  1 6 d e g r e e s
S o i l  te m p .( 5 0 c m )  C , 32P

V e g e t a t i o n :  M ix ed  c o n i f e r o u s  
P e r m e a b i l i t y :  m ed ium  
A s p e c t :  WSW 
N um ber o f  H o r i z o n s : 03

L a n d  u s e :  c o m m e r c i a l  f o r e s t  
E r o s i o n :  s e v e r e  
P o s i t i o n :  lo w e r  m i d s l o p e  
L a n d fo rm :  m o u n t a in s

* * * •  PROFILE DESCRIPTION

HOR. NO.
DEPTH

(cm )
COLOR

HOIST DRY TEXT
STR CONS RT 

CF g s k  dam p am i
PR 
am K

S

W S
A l 0 -  8 IOYR 2 / 1 2 .5 Y 3 /2 OS s i 10  2 2 3  1 1 2 1  7 32 748 5 .0  I 23
82 8 -  40 7 . 5  YR 4 / 4 7 .  S YR 5 / 4 05 S i 30 2 2 3  1 1 2 1  7 32 748 5 . 5  I 2 2

C l 4 0 -7 5 + IOYR 5 / 8 IOYR 5 / 8 05 ml 40  2 2 3  1 1 2 1  64Z 748 5 . 5  I 6 6

/ /
/ /
/ /
/ /

'

/ /

C F - c o a r s e  f r a g m e n t (%> S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O N S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R - p o r e  a m o u n t ,  s i z e ,  k i n d  B P F - e f t e r v e s e n c e  E N D -b o u n d a ry
COMMENTS ( * ) :
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T able 56. S o il  p h y s ic a l  and ch em ica l d a ta  f o r  th e  Wasa N a tu ra l S o i l .  * I * 111

S e r i e e i  C la e e l f ic a t io m ic o e re e - Io m m y  m ixed T y p lc  C ry o b o ro ll
S i t e  number 1 12 C o u n ty iG ra n ite  L o c a tio n  ilfaea  N a tu r a l  S o i l
Number h o r is o n e i0 2  C o i46

I i t i i t t t i i i i i i i i i i i t t i i i t i i i i t i i i i i i i t i i t i i i i i i i i i i i i i i i i i i t i t i i i t t i i i i i i t t i i t i i i i i i i i i i i i i i i i t i i t i i t i i i i i i
I H o rlso n  D ep tn  I M ech an ica l a n a ly e ie  I W ater c o n te n t  I I
I (cm) Ieand  m i l t  c l a y  vcoa com me f e  v fe  c o e l l  IS b a r  .3 b « r  O barl I

Iiitttiittiiiitititiiittiiittiitiiiiiiiiitiitiiitttiiititittiiiititiiittiitiiiiiitiiiiiittiiiiiiitiiiiiitii
A1/B2 O- 40 5 2 .0  3 6 .0  1 0 .0  1 5 .0  1 0 .6  6 .7  1 0 .5  7 .2  1 1 .0  8 .7  2 3 .1
C l 40-754  5 7 .0  3 4 .0  9 .0  1 0 .3  1 0 .5  1 1 .2  1 4 .7  1 0 .3  1 0 .0  6 .3  1 9 .2

Ittiiiiiittiitittitiiiiiiitiiiiiiiiiitiittittitiiiiiiiitiiiiiitiiiiiiiiiiiitiiititiiittiiiiittiiiititittiii
IH o rlso n  D ep tn  I Dry A g g reg a te  A n a ly e ie  I CSC I la a e  I Ix c h  I
I (cm) l>19wm 1 9 -4  4 -2  v coe  corn me f e  v f e  e l , c  ' I  Sum HaCl IS a tn . IA c id i ty  I
I I ---------------------------------- ( » ) ------------------------------------------ I (m eg /1OOg) I ( I )  I (ppm) I
IiitiiiiiiiiitiiitiiiiititiiiiiiitiitititiiitiiititiiiittiiiiiiiiiiitiiittiiiiiittittiiiiiittiiitiiiiiIIiIi
A l/1 2  0 -  40 1 1 .3  3 5 .9  1 0 .2  1 0 .8  9 .3  7 .2  6 .1  3 .2  6 .0  1 1 .7  1 5 .3  9 9 .3  3 1 .0
C l 40-754  1 1 .5  3 0 .3  1 1 .8  1 2 .0  9 .5  8 .2  7 .4  3 .6  5 .7  1 4 .2  1 4 .1  9 4 .5  1 7 .0

Iiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

< > 11111: 11111111 i 11111 s 11 i 11111 s 11111: x i > i 111 > t > 1111 > 11111111111111111111111111111111111: 11111111111111 j 11111111: i 11 
H o r iz o n  D ep tn l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 BC Ca Mg Na K Zn Cu Mn Fe Pb Cd Ni Ag Cr Al As I
I I (%) (emho/cm) ------------------------------------------------------------------------ .p p m -------------------------------------------------- ---------------  |
111  x 11 x 1 1 1 1 1  x 1 1 1 1 1 1 1  s 111 x i  < 1 1 1 1 1  s 11 x : 1 1 1 : 1 1 1 1 1 : 1 X1 1 1 1, 11 1 1 1 1 1 1 1 1 1 1 1  x 1 1 1 1 XI X x 1 1 1 1 1  x 1 1 1 1 1 1 1 1 1  x t X1 1 1 1 1 1 1 1  x 1 1 1 1 1 1 1 1  x I x 1 1 X 
A l/8 2  0 -  40 4 2 .1  0 .2 2  9 .2  2 .1  7 .2  6 .3  0 .0 4 5  0 .0 1 9  0 .0 4 4  0 .2 4 4  < .2 1  < .0 4  < .11  .0 0 5  < .4 2  < 1 .0  .003
Cl 4 0 -7 5 #  3 5 .9  0 .1 2  4 .6  1 .6  1 .0  1 .6  0 .0 7 6  0 .0 3 2  0 .0 0 4  0 .9 1 9  < .1 4  < .0 4  < .0 9  .006  < .3 6  < .9 0  .002

- . **** **** •***
X I I X X I I I I I I I I  I I I I I  I  I  I I I  I I X I X I I X X I I  X I I X X X I X I X I I I I I X I I I I I I I I I I I I I I I X I  I  I X X I I  I I I  X I  I I I I I I X I I  X I  X X I I I  X X X I X I I X I  X I  I I I I I X I  I X I I
H o r iz o n  D ep tn l MH40Ac E x t r a c t  I
I (cm) I Ca Mg Na E Zn Cu Mn Fe Pb Cd Ni Ag Cr Al Aa I
I I ---------- ---------------- -------------------------------------------------—  p p m ---------------- -------------- — -------------— ----- 1
I  I  X X X X I  I  X I  X X I X I  I I X I  X X X X I I  X I
A1/B2 0 -  40 2 1 5 2 . 2 4 .
C l 40-7 5 4  2 3 9 2 . 1 24 .

X X X X X I I  I  X X X I X X XI  X I  X X I X I X I  X X I X I  X I X X I I X X I X I  X I X X I I X I X
2 4 . 2 3 2 . 1 0 .3 2  1 .9 2  5 .6 4  1 .3 2
2 6 .  1 4 2 . 52 4 1 4 .7 2  1 0 .4 4  2 4 .2

1 .3 4  1 .2 4  3 .6  
9 .4 2  2 .0 4  5 .6

I  I I X X I X I  X X X X I I I I  I  I  X X X I  X I I X I  I  I I I  X I  X X X X I X
< .0 4  < .0 2  < 10. .002  
0 .1 6  < .2 0  3 4 .2  < .02

:  X X X X I I I  I  I  I X X X I X X I X I  I I  X I  X I X X I X X I  X X X I X X X X I  X X X X X I I  X I X X X I X I  X I X I  X X I  X I I  X I X I  I  I  I X I  I  I  X X X I I I  I  I  X X I I  X I  X X I  X X I I  I  X X X X I X I I  I  I I I  X I I I  I
!H o rizo n  D ep tn l Org I pH I N03 I
I (cm) I C I I x l  1x2 I N P 8 0 4 1
I I (%) I H20 C aC l2 I — —  ppm —  —  I
I  X X X X X I X I  X X X X X X I X X X X I I  X I  I X I  I  X X X X X X I I  X X I X X X I X X X I I X I  X X I X I I I X X X I I I X I  I  I X X I I  X X I X I  I I X I X I I X X X J X I  X X I X I  X X X X I I X I  I  I I I  I  I  I  I  I  I  I X I  I
Al/8 2  0 -4 0  1 .7  6 .0  5 .6  2 .7  2 2 .1  4 2 .4
C l 40 -7 5 4  0 .4  5 .3  5 .7  <10.

X X I I  I X I I  X I X I  X I I I X I X I X I I X X I I  X I I I  X X X I X I  I X X;  I  X X I X I  I I X I I X I  I X X X X I I I I  I X X I X X X I I I I  I I I X I I  X I X I  X I  i  I I X I  I  I X i X X I I I  I  I  I I X X I I I I  X I I  I I X
Commentsx M u lt ip ly  v a lu e s  w i th  s t a r s  (* •* * )  be low  colum n by 0 .1 .
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T ab le  57. Pedon d e s c r ip t io n  f o r  th e  Wasa Waste Rock.

S IT E  DESCRIPTION

S o l i  S e n e e i  S i t e  N u m b e r: 11  C o u n t y i G r a n l t e
L o c a t i o n :  1 / 4 ,  1 / 4 ,  SW 1/4 S e c t i o n  27  T o v m s h lp  SN ,  R a n g e  12W
C l a s s i f i c a t i o n :  s a n o y - s k e l e t a l  m ix e d  T y p l c  C r y o r t h e n t

D a c e  S a m p le d :  0 8 / 2 5 / 8 1  E l e v a t i o n :  6 1 0 0 f t ,  1859m  P r e c i p i t a t i o n :  1 4 . i n ,  355
S i t e  C o d e s /C o : 4 6 / PM1 1 1 / V eg 1 0 1 /L D 1 1 5 / D r a i n 1 0 4 / P e rm 1 0 4 / E rS n  1 0 4 / P o s t n  1 0 3 /L F : 1 7 /
M a t e r i a l :  r a s i d .  l i m e s t o n e  
D r a i n a g e :  m o d e r a te  
S l o p e :  35% , I S d e g r e e s
S o i l  te m p .( 5 0 c m )  C , 32P

V e g e t a t i o n :  M ix ed  c o n i f e r o u s  
P e r m e a b i l i t y :  m ed ium  
A s p e c t :
N um ber o f  H o r i x o n e i 02

L a n d  u s e :  m in e  dum p 
E r o s i o n :  s e v e r e  
P o s i t i o n :  u p p e r  m i d s l o p e  
L a n d fo rm i d i s t u r b e d  l a n d

. . . »  PROFILE DESCRIPTION

DEPTH COLOR
HOR.  NO. (cm ) MOIST DRY

STR COMS RT PR
TEXT CF g s k  dm sp  a s l  a s k  pH BFF BED *

C l
C2

0 -  54  7 .5 Y R  5 / 8  7 . 5 YR 5 / 8  02  I s
5 4 -7 5 +  IOYR 5 / 8

/
/
/
/
/
/

IOYR 6 / 4
/
/
/
/
/
/

0 2  I s
40 2 2 3  1 1 2 1  3 2 5  7 4 8  4 .5  I  31 
50  2 2 3  1 1 1 1  3 2 5  7 5 8  4 . 5  I  6 6

C F - c o a r s e  f r a g m e n t (» )  S T R - s t r u c t u r e  g r a d e , s i z e , k i n d
C O M S - m o i s t , d r y , s t i c k y ,  p l a s t i c  c o n s i s t e n c e  R T - r o o t  a m o u n t ,  s i z e ,  l o c a t i o n  
P R -p o r e  a m o u n t ,  s i z e ,  k i n d  E F F - e f f e r v e e e n c e  BND-b o u n d a r y  
Com m en ts  ( * ) :



173

Table 58. S o i l  p h y s ic a l  and ch em ica l data  fo r  the Wasa
Waste Rock.

S e r l e s i  Q e e e l f I c e t l e e i s e a d y - s k e l e t s l  B le e d  I y p l c  C ty e r tb e e t
S i t e  number 1 1 1  C o u n ty i a r e n l te  L e ce tlo n iW e ee  W eete b o o t
Wueber b o r ls o n e iO l C eiW

.......................... .
IS o r l io n  D eptn  I S e e h e n le e l  e n e ly e le  I W eter c o n te n t  I I
I ( c b )  Ieend  s i l t  e l e y  veoe  ooe  n s  f e  T fe  e e e l l  IS b e r  ,S b e r  O berl I

......................... ...... ...................................................................i n .....................................................................
C l/CS 0 -  75 S S O  3 1 .0  1 0 .0  1 4 .0  1 3 .2  1 1 .1  1 2 .3  1 .4  1 0 .0  O S  2 2 .0

i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i m i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i n i i
IS e r le o n  D ep th  I Dry b a g r e p e t .  A n e ly e le  I CSC IS eee  I In c h  I
I (c b ) OIO b b  1 0 -4  4 -2  . s e e  ooe a s  f e  T te  e l , e  I Sum B eQ  ISet n .  IA c ld l ty I
I I ---------------------------------- ( 0 ) ------------------------------------------ I (BeqZlOOo)I ( I )  I (p fB ) I
I i m i i i t i i i t i i i i m m i m m m m i i m i i m i i i i m i i i i m i i m i i i i i i i i i i m m i i i m i i i t t i i i m i i i i i m i  

Q / CS 0 -  7 3  1 2 . 4  4 1 . 3  1 0 . 4  0 . 0  0 . 0  O S S . 4  2 . 0  4 . 4  0 . 4  3 0 S I . I  7 1 . 0

14m I ......................... m m m m m m I i i i i i m i i i I ..................m m .......................... .... i m i  m m  m I  m i x m m m

Z M  I M  I I  I I M  I I M  I I  I H  I  I  I I I  I  I I I  H  I I I  I  M  H  I I  I I I I I I H  I I  I I M  I I M  I M  I I  I  I I I  I I  I I M  I I t  I  M  I  I  I  I  I I  M  I I  I I  I I  H  I I I  I  I H I  I  I  I I I I  H  I  I  I 
IB o riso n  D ep th l S a t u r a t i o n  E x t r a c t  I
I (c e )  I B20 EC Ca Mg Na K Sn Cu Mn Pa Pb Cd Ni Ag Cr Al Aa I
I I ( I )  ( e e h o /c a )  ------------------------------------------------------------------------ppm — ------------------------------------ — — ---------------  I
I I  I I  I I  I  I I I I I I I I  I  I I I I  I I  I I I  I  I  I I I  I  I  I I I  I  I  I I I  I I  I I I I I  I I  I I I  I I I  I  I I I I I  I I I I I  I I I  I I  I I I  I  I H  I  I  I  I I  I  I  I I  I  I I I  I  I I I  I  I  I I  I  I  I  I I  I I I I I  I  I  I I I  I  I
C1/C2 0 - 75 37.1 2.25  137.2 13 .7  3 .2  2 .3  33.42 8.540 12.33 0.587 .087 .447 .221 .007 <.04 44 .6  .001

H S ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
IB o rix o n  D ep tn l NI4OAc E x t r a c t  I I
I (ce) I Ca Mg Na E Xn Cu Pa Pb Cd Ni Ag Cr Al Ae I I

I I  11  I  1 1  I  11  I  I  H  I  I  I  I  I  I  I  I  I  1.1 I  I  I I I  I  H  I  I  I  1 1 1 1  I  1 1 1 1 1  I  I  I I  I  I  I I I  I  I I M  I I I H  I  1 1 1 1 1 1  I  H  I  I I I  I  11  I 1 1 1  I  11  11  H  I  I  1 1 1  M  I  11  I I H  11  11  I  1 1 1 1 1
C1/C2 0 - 75 840. 82 . 28 38 . 84 .6  42 .4  21 .68 316. 4 .4  1 .18  4 .8  <.08 <.20 235. <.02

H t l l l H H H H ..................H l l H l l l l l l l l l l l l l H l t H l l l t l l l l l l l l l l H H l H l l t l l H H l l H H l H l H l l H l H l l l I I H I H I I I ................ I l l l
IB o riso n  D ep tn l Org I pH I N03 I
I ( c e ) I  C I 111 l t 2  I M P 8041
I I (« ) I B20 CaC l2 1 -------p p m --------- I
I H  H  I I  H  I I  I  H  I I  I H  I I  I l  I I  I  H  I I I  I I I  I  I  I H  H  H  H  H  I I  I  I  I I I  I  I  I I  I  I  I I I  H  I l  I  I  I  I  I I  I  I  I H  I  I  I I H  I I  I  H  H  I I H  I  I I H  I  I  I  I  H  I I  H  H  H  H  
C1/C2 0 -7 5  0 .9  3 .1  3 .0  2 .8  6 .9  5757

I H  H  I I  H  I I  I  I H  I  I  H  I  H  H  I I  I I I  I  I  I I I I I  I I I  I  H  I  I  I  I I I  I  I  I I I  I  I  I I  I  I  I I I I  I  I I I I  I H  I  I  I I I I  I I  I I I  I  I I I  H  I  I  I  I I  I  I  H  H  I .............. I H  I  I I H  I I  I
C o e e e n te i



T able 59. S o i l  p h y s ic a l  and ch em ica l data fo r  the Wasa Waste Rock
(grab bag from dump above Wasa 3 adit) .

S e r ie s *  C la s s i f i c a t i o n *
S i t e  num ber*IlA  C o u n ty iC ra n ite  L o c a tio n tW asa  W aste Rock G rab  Bag (dump abo v e  Wasa 3)
Number h o r is o n s *  Co*46

i*********************************************************************************************************
■ o r is o n  D ep th  I M ech an ica l a n a l y s i s  I W ater c o n te n t  I I

(cm) Isan d  s i l t  c l a y  v co s  co s  ms f s  v f s  c o s t  I IS b a r  . ! b a r  O barl I

# * :* :* :* * * : : :* * * * :* : :* x :* * :* :* :* * :* :* : :* * * * * * * * * * * I* * :* :* * :* * * * * # * * * * * # * * : :* * * * * * :* * :* * :* * * :* * : :* * : ; :* : :* *  
O- 40 5 2 .0  3 5 .0  1 3 .0  1 2 .4  1 1 .2  1 .1  1 0 .7  8 . 6  1 1 .0  6 . 6  1 7 .0

I*:*:****:**::*::*: ::******:**:::*::*:::**:::**::::******:*****:*****:*********::*:;**:***#**:**:*****:****
I l o r l s o n  D ep th  I Dry A g g re g a te  A n a ly s is  I CSC !B ase I Bxch I
I (cm) l>19am 19 -4  4 -2  v co s  co s  ms f s  v f s  s l , c  I Sum BaCl I B a ta . ! A c id i ty  I
I I — — — — — — — —  (%) — — — — — — — — I (m eg/IOOg) I ( I )  I (ppm) I
I**********************************************************************************************************

0 -  40 9 .6  3 2 .6  1 0 .4  1 0 .6  1 0 .4  8 . 6  8 .0  3 .6  6 .2  0 .3  5 .5  7 7 .5  2 3 .0

M l l l l l l l t t M M l t t t t t l t t t l t t l t l l t t l l l t t t t t t t t t t t l l t t t  t t t l l l t t t t l l l t t t t t t t t t t t t t t s t t t t l l t l t t t t l l t t t t t t t t l t t s t l t t t t t l l  
IB o riz o n  D ep th l S a t u r a t i o n  E x t r a c t  I
I (cm) I H20 EC Ca Mg Na K Zn Cu Mn Pa Pb Cd Bi Ag Cr Al Aa I
I I ( I )  (amho/cm) ------------------------------------------------------------------------p p m ------------------------------------------------------------------  I
M  M  I I  M  I I  I I M  M  M  M  M  M  I M  M  I M  M  I M  I ..................M t M M M M M M M I M M M M M M M M M M M M I t M M t M t t M M M t M M t M I M M

0 -  40 2 7 .2  0 .0 7  1 .9  0 ,7  0 .3  1 .2  0 .0 4 5  0 .0 1 2  0 .0 0 8  0 .0 3 0  < .1 4  < .03  < .07  .005  < .2 7  < 0 .7  .002

I l l l l l t M l l l M M l l l l l l l l M l l l l l t M M l l l l l M t l l M l l l l l l l l M l M l l l l l l l l t l l M l l l l l l l l l t l l l l t t l l l l l l l l M l l l l l l l l t t M l l M t  
IB o riso n  D ep th ! MB40Ac E x t r a c t  I |NBdOAc E x t r a c t  

Mn Fe Pb C d  

Pt*
Al AS I 

- I
M M M M M I M I * : : :  X M t M M M M M M M M M I M  M M M M M M M M l M M M l M l M M M M M M M M l l M M I M M t M I M I l I M M I M M M  

0 -  40 1 0 4 4 . 1 1 2 . 2 4 .  8 2 . 5 .5 6  1 5 .8 4  4 .8 8  4 1 . 0 .5 2  0 .3 6  4 .0  0 .4 4  < 0.2  1 4 0 . < .02

I I *  M  M  I *  I I  M  I I M  M  I I  M  I  M  I I M  I II  M i l l  M M M l  M i l l  I  M  M M M  M  M  M  M l  M  M M M  I M M M  I M M M M M M M I  M M M M M M  M M M I  
(H o rizo n  D ep tn l Org I pH I N03 I
I (c m ) I C  I I t l  I i 2  I N P 8 0 4 1
I I (%) I H20 C aC l2 I — —  ppm — —  I
M i l  M M M M M M  M l  I M l  I M l l M  M M M M l  I M t ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  

0 -4 0  0 .6  4 .4  4 .1  1 1 6 .

I  I  I  I  I  I  M i l  M  M  I M  M t  I  I  I  I  I  M  M  I I I  I  I  I  I  I  M  I I t  I  I  I I I  I  I  I M  I I I I  M  I  I  M  I  I  I  I  I  I  M  I  I  I  M  I  M t t  M l  M l  M  I I I  I  I  I  I l  I  I  I  M  I I  I  I  I  M l  I t i l  I I  I 
C osm entai M u l t ip ly  v a lu e s  w i th  s t a r s  (* •* * )  be low  colum n by 0 .1 .
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Table 60. S o i l  p h y s ic a l  and ch em ica l data fo r  the Wasa Waste Rock
(grab bag from dump below Wasa I ad it) .

S e r ie s *
S i t e  num ber:11B  
Number h o r is o o s i

C l a s s i f i c a t i o n *
C o u n ty tG ra n ite  

Co *46
L o c a t io n tW asa W aste Nock G rab Bag (dump below  Wasa I )

IH o riso n  O ep tn  I M ech an ica l a n a ly s i s  
(cm) Isan d  s i l t  c l a y  v coe  c o s  me I s

I -------------------------------( I )

I W ater c o n te n t  
v f s  c o s i I  IS b a r  .S b a r  O barl

* t t t t t * t i i t i * e t t i i t t t t t t t i i t t t t s i * t i t t i t i t t t t e t * i « t t t i i i t t * t t e s t i i t i t i s i i i s s s t i t * t i i i n i ! i i M i s t t s t t s t t * t t t  
O- 30 7 1 .0  2 3 .0  6 .0  1 0 .4  1 6 .9  1 3 .4  1 2 .9  8 .4  9 .0  3 .6  1 1 .3

* * t * t l * * * * t * l * t t l l l l l * * * l l l * * l l l l * I S I S I I I * l l * * l l * l t * * l * I I I I I I I H I I I I * l l l l * l l t * I M * l * * l t l l l l l * I I I S I I I I * l l * t *
IH o riso n  D eptn  
I (cm) I >19 

I —

Dry A g g reg a te  A n a ly s is  
1 9 -4  4 -2  v co s  c o s  ms f s

-----------------------------------------( I ) ----------------------------------
V f s  e l , c

CBC (B ase I Bxch I 
Bum M ad  I B a tn . IA o id ity I  
(m eg/100#) I ( I )  I (ppm) I

t * t * l * t * t l * * t l * t t * * t l l l * t * l t t t * * * * * l * * * * * * * * * * t t l * » l * * t * t l l * t M I * l l * l l * l l t l l * l t * t l * * l * l * l l l l * t * l l * l t t * * l * l *
0 -  30 1 0 .8  3 7 .3  1 3 .3  1 0 .0  0 2  6 .5  S S  3 .0  S 3 2 4 .7  1 1 .3  9 8 .7

t * * * t * 11 * t * * * 111 * 11 * * * t * 11111 * * * * 11 * * * > * * * t * t * * t * * * t * * * * * * t * * t * * * * * * • 111 * * * * * 11111 * > t * * * 11 * * t * t * * * t * * * * t * *
* 111  * 111  * * I * * 111  * 1 1 1 1 1 1 1 1 1  * * * t * * t * 1 1 1 1  * * * * 11 * * 11 * * 11 * * i * i * * t * i * i * * 111  * t * * * * * t * * * * t * * * * * * * * * * * * * I * * * * * * 1 1 1  * 111 * * 111  * * 
IR o riso n  D ep th l S a t u r a t i o n  E x t r a c t  I
I (ce )  f H20 EC Ca Mg Na K Sn Cu Mn Pa Pb Cd Ni Ag Cr Al Aa I
I I ( I )  (who/c e )  -----------------------------------------------------------------------p p m ----------------------------------------------------------------- I
II  * * < * > 111 11 i s 111: :  *: t : * t : i 11 1111 * I t t > I I : t f : 11 i > * t * t 11 I I * i 11 i I : i t > t < * * i > t I * i i : t * * * * 111 > : * t * t i i * 11111: I * 11 M i : 111 s 11:

0 -  30 2 3 .2  1 .4  7 4 .S 2 .1  7 .6  3 .6  0 .0 0 4  < .006  0 .0 0 8  < .0 1 2  < .1 2  < .02  .013  .0 0 5  < .2 3  < 0 .6  0 .0

t t t t t t t l l t t l t l l t t t l ( i t l t t l t l l t t l t I t t l * t l t t t l l l t l t t l t t l l l l S l t t l l < t t t l l l l t t l * ( l ( t t t l t t t t t l t t t t ( t t t t l t l l I t t t l l ( t l l l t l t * t
IB o riso n  D ep tn l NH40Ac I x t r a c t  I I

Ca Mg

0 -  30 4 7 9 8 . 4 6 .

(Ce) I 
I

Na I

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

Sn 

66 !
Pa Pb

P t *
l l t t t t l l l l t l t t l l l t i t t t i l t t t t t t ( t t t t t l l l t l t t l t t t t l l t t ( t t i t l l t t t l t l * t t l t t ! t t t t l l l t i t t t t t t l * t l t t t t t t l l l ! t l t t S t t t l t l t t t t l

6 .6  7 .9 2  1 9 .6 8  0 .7 8  1 .7 6  2 .8 4  4 .4  < .0 8  < .0 2  < 10. < .02

* * * * *  I * *  * I * * * * I I * * * * * * * *  I  I I  I  I * * * * * * *  I  * * * * I  * I * * * * *  t  I  * * * I  I  * I I * I *  I t  * * I  I I I  * t  I * * I  t  * * * * * * * * * * * * *  I * I t  * I  * t 1 1  * * M  I t I  I I * * * * I *  *
IH o rix o n  D ep tn l Org I pR I M03 I
I (c e )  I C I 1*1 1*2 I N P 8041
I I ( I )  I H20 CaC l2 I -------p p m -------- I
* * * * * * * * * ********* m  * * * * t * * i * * * * * * * * t * * * * * * * * *  t * * « t * * * t * * t * * * t * * * m  * m  * * * * * * * t * * * i* * * * * * * * * * * *  * * * * M  11 * * is * 1 1 * 111 

0 -3 0  0 .6  6 .5  6 .8  4 57 .

t * 1 1 1 1 1  * * * t * 111  * * 1 1 1 1  * 11 * * 1 1 1 1 1 1  * 11 * t * * * * * t * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 1 1 1 1 1
C o e a e n te * M u lt ip ly  v a lu e s  w i th  s t a r s  ( • • • * )  be low  c o lu e n  by 0 .1 .
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T able 6 0 . P a r t i a l  s p e c ie s  l i s t  f o r  th e  A lta  m ine.

S c i e n t i f i c  name Common name

A c h il le a  sp p .
A aropyroh spp .
A groovron trachvcau lum  
A a ro s tis  spp . 
jAnt_ennarla sp p . ■ 
A re iia r la  spp .
A rtem esia  cana 
A rtem esia  d ra c u n c u lu s  
A rtem esia  f r id g id a i 
Bromus in e rm is  
Bromus tec to ru m  
Carex spp .
Chrvsotham nus nauseosus 
D escham osia c e s o i to s a  
F e s tu c a  id a h o e n s is  
F e s tu c a  S c a b re l la  
F r a a r a r i a  v i r g in a ia n a  
Hordeum .Iubatum 
Juncus sp p .
K o e le r ia  c r i s t a d a  
P in u s c o n to r ta  
P inus f l e x i l u s
JEfia sp p .
P o t e n t i l l a  spp .
Pooulus tre m u lo id e s  
P seudo tsuga  m e n z ie s i i  
Rosa sp p .
S a l ix  spp .
S i ta n io n  h v s t r ix  
S t io a  v i r i d u l a  
Sym ohorioaroos spp . 
Verbascum th a o su s

Yarrow 
H h ea tg ra ss  
S le n d e r  w h ea tg ra ss  
B e n tg ra ss  
P u ssy to es  
Sandwort 
S i lv e r  sage  
T erragon  sagew ort 
F rin g ed  sagew ort 
Smooth brome 
C h ea tg ra ss  brome 
Sedge
Rubber r a b b i tb r u s h  
T u fted  h a i r g r a s s  
Idaho  fe sc u e  
Rough fe sc u e  
S traw b erry  
F o x ta i l  b a r le y  
Rush
P r a i r i e  ju n e g ra s s  
Lodgepole p in e  
Limber p in e  
B lu e g ra ss  
C in q u e fo il 
Quaking asp en  
D ouglas f i r  
Rose 
Willow
B o tt le b ru s h  s q u i r r e l t a i l  
Green n e e d le g ra s s  
Snowberry 
Common m u lle in
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T able 62 . P a r t i a l  s p e c ie s  l i s t  f o r  th e  Champion m ine.

S c i e n t i f i c  name Common name

A bies s p p .
A a ro s tis  spp .
C arex sp p .
F r a a r a r i a  v i r a in ia n a  
Juncus sp p .
P inus c o n to r t s  
Jgfia sp p .
P ocu lus tre m u lo id e s  
Rumex sp p .
S a l ix  spp .
S o lid a a o  m is s o u r ie n s is

F i r
B e n tg ra ss
Sedge
S traw berry
Rush
Lodgepole p in e
B lu e g ra ss
Quaking asp en
S o r re l
Willow
G oldenrod
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T able 63 . P a r t i a l  s p e c ie s  l i s t  f o r  th e  Wasa m ine.

S c i e n t i f i c  name Common name

A bies so p .
A c h il le a  spp .
A cropyron spp .
A g ro s tis  spp .
Carex sp p .
D a c tv l is  g lo m era ta  
DeachaiBPSia sp p . 
Eauisefcum sp p . 
F r a g r a r ia  v l r g in ia n a  
Phleum spp .
P ice a  sp p .
P in u s confcorfca 
Poa spp .
Pseudofcsuga m e n z ie s ii  
S a l ix  sp p .
Taraxacum spp . 
Verbascum fchaosus

F i r
Yarrow
W heatgrass
B e n tg ra ss
Sedge
O rch ard g rass
H a irg ra s s
H o r s e ta i l
S traw b erry
Timothy
Spruce
Lodgepole p in e  
B lu e g ra ss  
D ouglas f i r  
Willow 
D andelion  
Common m u lle in
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