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ABSTRACT 

Eigh teen  f o r e s t  s o i l  pedons ( b o r a l f s  and o c h r e p t s )  i n  t h e  B i t t e r -  
r o o t ,  F l a t h e a d  and Kootenai  N a t i o n a l  F o r e s t s  were c h a r a c t e r i z e d  and 54 1 

pedons e v a l u a t e d  f o r  t h e  e x i s t e n c e  of s o i l  compaction.  The s o i l s  were 
examined over  a  r a n g e  of p a r e n t  m a t e r i a l s :  T e r t i a r y  V o l c a n i c s ,  l ime- 
s t o n e  dominated g l a c i a l  t i l l  and q u a r t z i t e  dominated g l a c i a l  t i l l .  *$ 

C h a r a c t e r i z a t i o n  d a t a  i n c l u d e d  t h e  amorphous c h a r a c t e r  of s u r f a c e  
h o r i z o n s ,  t e x t u r e ,  P r o c t o r  t e s t ,  Atterberg l i m i t s ,  c l a y  minera logy ,  
p a r t i c l e  s i z e  d i s t r i b u t i o n ,  b u l k  d e n s i t y ,  p o r o s i t y ,  w a t e r  h o l d i n g  
c h a r a c t e r i s t i c s ,  o r g a n i c  m a t t e r  c o n t e n t ,  o r g a n i c  carbon c o n t e n t ,  pH, 
e l e c t r i c a l  c o n d u c t i v i t y ,  exchangeable  c a t i o n s ,  cation exchange c a p a c i t y  
and ca lc ium c a r b o n a t e  c o n t e n t .  

S o i l  compaction was e v a l u a t e d  i n  t imber  h a r v e s t  u n i t s  r a n g i n g  from 
3 t o  1 7  y e a r s  o l d .  Three t r e a t m e n t  c l a s s e s  o f  s o i l  compaction (con- 
t r o l ,  moderate  and s e v e r e )  were  e s t a b l i s h e d  based on e v i d e n c e  of 
s u r f i c i a l  d i s t u r b a n c e  and t h e  p resence  of v e g e t a t i o n .  I n f i l t r a t i o n ,  
b u l k  d e n s i t y  and s o i l  m o i s t u r e  r e t e n t i o n  d a t a  were c o l l e c t e d  and 
analyzed by two-way a n a l y s i s  of v a r i a n c e  t o  de te rmine  i f  compacrion had 
o c c u r r e d  as a r e s u l t  of t r e a t m e n t .  A d d i t i o n a l l y ,  s u b s i t e s  were grouped 
by age  a s  "young" (0-4 years s i n c e  h a r v e s t ) ,  "medium" (5-9 y e a r s  s i n c e  
h a r v e s t )  and ' 'o ld"  (10-17 y e a r s  s i n c e  h a r v e s t ) .  The d a t a  were ana lyzed  
t o  de te rmine  p o s s i b l e  a m e l l o r a t o r y  e f f e c t s  of t ime  On compaction.  

Amorphous c h a r a c t e r  of t h e  s u r f a c e  d e p o s i t s  was s t r o n g l y  expressed  
i n  rhe F l a t h e a d  and Kootenai  N a t i o n a l  F o r e s t s  of nor thwes t  Montana, 
w h i l e  t h e  s u r f a c e  d e p o s i t s  of t h e  B i t t e r r o o t  N a t i o n a l  F o r e s t  soils i n  
t h e  sou thwes t  were n o t  amorphous. Three  independent measurements 
showed that s i g n i f i c a n t  changes  i n  t h e  p h y s i c a l  p r o p e r t i e s  of t h e  s t u d y  
s o i l s  had taken p l a c e  w i t h  t r e a t m e n t .  S i g n i f i c a n t  r e d u c t i o n s  i n  
i n f i l t r a t i o n  and s i g n i f i c a n t  i n c r e a s e s  i n  b u l k  d e n s i t y  of t h e  s u r f a c e  
h o r i z o n  o c c u r r e d  a t  a l l  t h r e e  s t u d y  s i t e s .  S i g n i f i c a n t  r e d u c t i o n s  i n  
s o i l  wa te r  r e t e n t i o n  at t h r e e  w a t e r  p o t e n t i a l s  o c c u r r e d  i n  t h e  s u r f a c e  
h o r i z o n  of t h e  l i m e s t o n e  and q u a r t z i t e  g l a c i a l  till sires. Wirh t h r e e  
e x c e p t i o n s ,  no s i g n i f i c a n t  changes  o c c u r r e d  i n  t h e  p h y s i c a l  p r o p e r t i e s  
of the s t u d y  s u b s o i l s .  No s i g n i f i c a n t  changes  a t t r i b u t a b l e  t o  age 
group ing  were d e t e c t e d  i n  i n f i l t r a t i o n ,  s o i l  wa te r  r e t e n t i o n  o r  b u l k  
d e n s i t y ,  

Compaction o c c u r r e d  a t  a l l  t h r e e  s t u d y  si tes examined. Although 
5. 

t h e  compaction was found o n l y  i n  the s u r f a c e  h o r i z o n ,  t h e  a u t h o r  f e e l s  
t h a t  rhe e f f e c t s  of t h e  compaction p r o c e s s  are expressed  throughout  t h e  * 

p r o f i l e  i n  the form of reduced w a t e r  and gas movement. 
3. 



INTRODUCTION 

Soil compaction i s  def ined  as t h e  process  of i nc reas ing  s o i l  bulk 

d e n s i t y  as t h e  r e s u l t  of appl ied  loads or pressure  a aver e t  al., 

1 9 7 2 ) .  I n  the t imberlands of western Montana, f i e l d  soil s c i e n t i s t s  

have observed t h a t  soil compaction may be i n h i b i t i n g  forest regenera t ion ,  

productivity and t h e  maintenance of a sus t a ined  y i e l d  management program. 

I n  western Montana, ha rves t i ng ,  s l a s h  d i sposa l  and s i t e  p repa ra t i on  

ope ra t i ons  are accomplished i n  p a r t  by e i t h e r  rubber - t i red  o r  c rawler  

tractor veh ic l e s ,  The o h j e c t i v e  of t h i s  study is  t o  measure p o s s i b l e  

s o i l  compaction i n  areas which have undergone ground-harvest opera t ions  

and t o  c h a r a c t e r i z e  the  phys ica l  and chemical p r o p e r t i e s  of the soils 

involved i n  compaction, 



REVIEW OF LITERATURE 

Successful  es tab l i shment  and maintenance of f o r e s t  vege ta t ion  

r e q u i r e s  a roo t  pene t rab le  s o i l  s u b s t r a t e  capable of supplying a e r a t i o n ,  

water  and n u t r i e n t s .  These c a p a b i l i t i e s  a r e  inf luenced by changes i n  

s o i l  phys ica l  p r o p e r t i e s  which may be assoc ia ted  with compaction. 

Effec t  on Root Growth and P r o l i f e r a t i o n  

Most research  on s o i l  bu lk  dens i ty  and p l an t  roo t  growth r e l a t ion -  

ships concerns a g r i c u l t u r a l  s o i l s .  Trouse and Humbert (1961) used s o i l  

c o r e  measurements of bulk dens i ty  t o  e s t a b l i s h  bulk dens i ty  va lues  

r e s t r i c t i n g  t o  sugar cane roo t  pene t ra t ion .  They comment t h a t  " the  

deformations t h a t  occur i n  r o o t s  growing i n  compacted s o i l s  t h a t  a r e  

approaching the c r i t i c a l  l e v e l s  a r e  bel ieved t o  lower t h e i r  e f f i c i e n c y  

i n  moving a i r ,  water ,  and n u t r i e n t s  i n t o  t h e  plant ."  Veihmeyer and 

Hendrickson (1948) drew similar conclusions w i t h  sunflowers. Roots d id  

3 no t  pene t r a t e  s o i l  wi th  a bulk  dens i ty  of 1.9 g/cm or  g r e a t e r .  The 

threshold  d e n s i t i e s  f o r  r o o t  pene t r a t ion  seemed t o  be about 1.75 g/cm' 

f o r  sandy s o i l s .  They a l s o  made t h e  important observa t ion  t h a t  t h e s e  

c r i t i c a l  l e v e l s  were not  t h e  same for a l l  s o i l  ma te r i a l s .  The c r i t i c a l  

3 l e v e l  was lower (1.6-1.7 gjcm ) i n  clayey s o i l s .  In a d d i t i o n  t o  visual 

r o o t  counts,  Veihmeyer and Hendrickson used t h e  i n a b i l i t y  t o  e x t r a c t  

moisture from a s o i l  a s  an i n d i c a t i o n  of t h e  absence of r o o t s  i n  dense 

s o i l a .  I n  genera l ,  they s t a t e ,  "thus far ,  pine t r e e e ,  grape v ines ,  fig 

trees, and chapparal  have shown l i t t l e  o r  no e x t r a c t i o n  of moisture 

from s u b s o i l s  of about the same h igh  d e n s i t i e s  repor ted  i n  t h l s  paper." 



3 

They a l s o  present  evidence r e f u t i n g  t h e  idea  t h a t  roo t  pene t r a t ion  

ceases due to lack of oxygen. They s t a t e  t h a t  " roo t s  pene t ra ted  the 

saturated noncornpacted soils from which most of t h e  air had been expelled 

by  heat ing."  Hopkins and P a t r i c k  (1969) be l i eve  t h a t  a e r a t i o n  is not  

the most l i m i t i n g  f a c t o r  i n  roo t  pene t r a t ion ,  but t h a t  i t  is  important 

t o  optimum roo t  growth and p r o l i f e r a t i o n .  I n  s o i l s  wi th  high bulk 

d e n s i t i e s ,  compaction may worsen a l ready  poor s o i l  a e r a t i o n  and thus  

r e s t r i c t  p l a n t  roo t  growth. 

Taylor  and Gardner (1963) found, In l abo ra to ry  studies with co t ton ,  

t h a t  t he  most c r i t i c a l  l i m i t i n g  f a c t o r  t o  roo t  pene t r a t ion  was soil 

s t r eng th .  They s t a t e ,  *'to pene t r a t e  a s o i l  mass, a p l a n t  roo t  must 

e x e r t  a roo t  growth pressure g r e a t e r  than the r e s i s t a n c e  of t h e  s o i l  

through which i t  is growing." Taylor  and Gardner (1963) demonstrated 

t h a t  soil s t r e n g t h  fncreases  with increas ing  bulk dens i ty .  Thus, f o r  a 

g iven  s o i l  ma te r i a l ,  an  inc rease  I n  bulk dens i ty  w i l l  i nc rease  t h e  

amount of pressure  required by a p l a n t  roo t  t o  p e n e t r a t e  t h e  s o i l .  

These r e s u l t s  a r e  supported i n  l a t e r  work by Taylor  et  a l .  (1966). 

Minore e t  a l .  (1969) studied t h e  e f f e c t  of high s o i l  dens i ty  on the 

rooting habit a €  seven northwestern tree species i n  t h e  greenhouse. 

Seedl ings  were allowed t o  grow f o r  two years i n  s o i l  columns compacted 

3 t o  b u l k  d e n s i t i e s  of 1.32, 1.45 and 1.59 g/cm . Roots of westerrL red 

cedar  and western hemlock could not  pene t r a t e  soil of dens i ty  1.45 

3 
g/cm , b u t  r o o t s  of red alder, lodgepole p ine  and Douglas-fir  could 



3 pene t r a t e .  No r o o t s  pene t ra ted  s o i l  densities g r e a t e r  than 1.59 g/cm . 
3 F o r r i s t a l l  and Gessel  (1955) report that a density of 1.5 g/cm r e s t r i c t s  

red a l d e r  r o o t  growth i n  loam s o i l s  while Douglas-fir  and western 

3 hemlock roo t  growth was r e s t r i c t e d  a t  a t ~ 7 . i ~  dens i ty  of 1.25 g/cm in 

t h e  same s o i l .  

E f f e c t  on I n f i l t r a t i o n  

When considered over  a l a r g e  a r e a  wi th  no boundary e f f e c t s ,  infil- 

t r a t i o n  r e f e r s  t o  t h e  downward movement of water i n t o  t h e  s o i l  p r o f i l e  

(Baver, 1972) .  I n f i l t r a t i o n  i s  one of t h e  most important phases of 

water movement i n  t h e  hydrologic  cycle of a f o r e s t  env i romen t .  H i l l s  

(1971) states t h a t  i n f i l t r a t i o n  d a t a  relate c l o s e l y  t o  overland flow 

development. It is  well known t h a t  e ros ion  p o t e n t i a l  increases w i t h  

i nc reas ing  overland flow (Baver e t  a l . ,  1972) .  Trimble and Weitzman 

(1953) found s o i l  l o s s e s  on heav i ly  used, poorly permeable skid roads 

twice as g r e a t  as l o s s e s  on more permeable, l i g h t l y  used sk id  roads. 

F i e ld  i n f i l t r a t i o n  measurements are s u b j e c t  t o  a high amount of 

n a t u r a l  v a r i a b i l i t y .  Thus, d e t e c t a b l e  d i f f e r e n c e s  i n  s o i l  i n f i l t r a t i o n  

must be l a r g e  t o  overshadow t h i s  n a t u r a l  v a r i a t i o n .  

Previous research indicates tha t  i n f i l t r a t i o n  i s  t h e  f a c t o r  most 

c l e a r l y  a f f e c t e d  by compaction. S o i l  compaction reduces macropore 

space  inducing slow water  e n t r y  and poor ae ra t ion .  Trimble and Weitzman 
2 

(1953) repor ted  t h a t  i t  took 619 times longer  f o r  a given quan t i t y  of 

water to enter a f o r e s t  soil skid road than  a similar undisturbed s o i l .  P 



5 

Ste inbreaner  (1955) repor ted  that a f t e r  four  passes  with a t r a c t o r ,  

moist  s o i l  w a s  o n l y  very slowly permeable t o  water. The mean i n f i l t r a -  

tion rate on p r imary  sk id  t r a i l s  was one-tenth that on undisturbed s o i l  

on n ine  l o b l o l l y  pine soil s i t e s  of var ious  t e x t u r e s  on t h e  A t l a n t i c  

coastal p l a i n  (Hatche l l  et a l . ,  1970). Five years a f t e r  t r a c t o r  logging 

a Douglas-fir  timber stand on a s i l t y  c l a y  loam in Utah (Tackle 19621, 

t h e  t r a c t o r  s k i d  road i n f i l t r a t i o n  rate was f i v e  percent  of t h e  r a t e  on 

a n  undisturbed s i t e .  Mace et a l .  (1971) i n d i c a t e  t h a t  s i t e s  harvested 

on early sp r ing  snow underwent reductions i n  i n f i l t r a t i o n  rates similar 

t o  those  harvested in t h e  summer (approximately 50%). However, the 

a r e a  d is turbed  was reduced by 30%. I n  areas with a pyroclastic i n f lu -  

ence i n  t h e  s o i l  surface horizon,  S te inbrenner  and Gessel (1955) observed 

an average reduct ion  in permeabi l i ty  on sk id  roads of 92.3%. 

E f f e c t  on S o i l  Aerat ion and Poros i ty  

Adequate a e r a t i o n  is e s s e n t i a l  f o r  t h e  emerging seedling, as w e l l  

a s  t h e  growing p l a n t ,  t o  carry on normal r e s p i r a t i o n  a c t i v i t i e s .  I n  

poorly aera ted  soils, r o o t  growth is inh ib i t ed .  This l i m i t s  the amount 

of roo t  surface a r e a  available f o r  n u t r i e n t  and water uptake and can 

lead t o  a reduction in t o t a l  p l an t  growth (Taylor and Ashcroft, 1972). 

Important microbiological  processes depend on adequate ae ra t ion .  

The microbia l  popula t ion  i s  d r a s t i c a l l y  affected by changes i n  s o i l  

a e r a t i o n  (Btady, 1974) .  Organic mat te r  ox ida t ion  is reduced when 

sufficient oxygen is  no t  present .  Many microbia l  t ransformat ions  are 



reduced, ahd some processes  a r e  e l imina ted  (Alexander, 1977) .  Alexander 

a l s o  p o i n t s  ou t  t h a t  when a e r a t i o n  is lack ing ,  "new microbio logica l  

p rocesses  come i n t o  p lay ,  some of which may be d e l e t e r i o u s  t o  p l a n t  - - 

development; f o r  example, N2 o r  CH4 i s  evolved, o rgan ic  i n h i b i t o r s  

appear ,  and s u l f i d e ,  f e r r o u s ,  and manganous i ons  accumulate . . . II 
Russe l l  (2973) s t a t e s  t h a t  p l a n t s  may be weakened s u f f i c i e n t l y  by t h e  

accumulation of t o x i c  subs tances  t o  become mote s u s c e p t i b l e  t o  p e s t s  

and i n s e c t s .  Mi t che l l  and Mi t che l l  (1973) s t a t e  t h a t  many p l an t  roo t  

d i s e a s e s  i nc rease  under cond i t i ons  of poor s o i l  a e r a t i o n .  Baker and 

Cook (1974) hold that under cond i t i ons  of poor s o i l  a e r a t i o n ,  oxygen 

con ten t  decreases  and carbon d ioxide  conten t  i n c r e a s e s  nea r  p l a n t  

r o o t s .  They s t a t e  t h a t  ". . . high  carbon d ioxide  levels may f avo r  t h e  

pathogen over  less t o l e r a n t  microorganisms. " - 

Addi t i ona l ly ,  high concen t r a t i ons  of carbon d ioxide  i n h i b i t  r oo t  

growth and may reduce water adsorp t ion ,  caus ing  a water stress cond i t i on  

(Baker and Cook, 1974).  Mattson and Addy (1975) r e p o r t  conc lus ions  

t h a t  l i n k  outbreaks of phytophagus i n s e c t s  t o  so i l -p l an t  systems i n  

which s o i l  mois ture  regimes a r e  less than opt imal .  

The same phys i ca l  q u a l i t i e s  that permit rap id  i n f i l t r a t i o n  a l s o  

f avo r  adequate a e r a t i o n .  The t r a n s f e r  of bo th  water and gas i n  the 

s o i l  a r e  dependent l a r g e l y  on t h e  p o r o s i t y  and pore s i z e  d i s t r i b u t i o n .  

Po ros i t y  is defined a s  the t o t a l  s o i l  volume not  occupied by 

s o l i d s .  Soil poros i t y  is i n v e r s e l y  r e l a t e d  t o  s o i l  bu lk  dens i ty  by t h e  



following relationship: 

where e = total s o i l  po ros i t y ,  B.D. = bulk  s o i l  d e n s i t y  and P.D. = 

p a r t i c l e  dens i ty  (Baver e t  a l . ,  1972).  2.65 g/cm3 i s  t h e  accepted 

normal value of p a r t i c l e  d e n s i t y  i n  most s o i l s .  Thus, if t h e  bulk 

d e n s i t y  is known the poros i ty  can be r e a d i l y  c a l c u l a t e d .  

There are e s s e n t i a l l y  two  types  of pores i n  a soil with  s t r u c t u r a l  

development: pores  between aggrega tes  and pores  w i th in  aggrega tes  

(Baver, 1 9 7 2 ) .  A t  h igh s o i l  water p o t e n t i a l s ,  t h e  i n t e r agg rega t e  pores  

a re  f i l l e d  with water .  Th i s  water is  not  he ld  very  tenac ious ly ;  i t  

e x i s t s  only dur ing  the  wettest p a r t  of t h e  year i n  wel l  d ra ined  s o i l s  

of western Montana. At t h e s e  t i m e s  hyd rau l i c  c o n d u c t i v i t i e s  are h i g h e s t  

and water movement i n  the  9011 is g r e a t e s t .  A s  t h e  s o i l  water  p o t e n t i a l  

decreases during d r i e r  par ts  of t h e  year ,  interaggregate pores  d r a i n  

and the  hydraul ic  conduc t iv i t y  decreases  exponent ia l ly .  A concommitant 

dec rease  i n  t h e  f l u x  of water occurs .  Thus, interaggregate pores  are 

very  important i n  moving l a r g e  q u a n t i t i e s  of water dur ing  seasona l  and 

acute per iods  of high r a i n f a l l .  S te inbrenner  (1955) s t a t e s  t h a t  " the  

process of s o i l  compaction b r ings  the s o l i d  p a r t i c l e s  closer by breaking  

down t h e  macroscopic pores, thus reducing t h e  capac i ty  of soil f o r  air, 

S o i l  a i r  is  an important f a c t o r  i n  tree growth; t h e r e f o r e ,  any reduc t ion  

i n  t h e  macroscapic pore space of t h e  s o i l  could r e s u l t  i n  a less favor- 

able growing s i t e . "  
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E f f e c t  on Avai lable  Water Holding Capacity 

Avai lable  water holding capac i ty  is  r e l a t e d  t o  o t h e r  s o i l  phys ica l  

p r o p e r t i e s  such as s t r u c t u r e ,  t ex tu re ,  po ros i t y  and clay mineralogy. 

The a v a i l a b l e  water  holding capac i ty  of a s o i l  i s  defined as t h e  amount 

of water he ld  i n  t h e  s o i l  between f i e l d  capac i ty  and t h e  permanent 

w i l t i n g  po in t  (Taylor and Ashcroft ,  1972). Hyder and Sneva (1956) 

found that compacting a sandy loam s o i l  with a heavy r o l l e r  improved 

a v a i l a b l e  water holding capac i ty .  Rashid and Khalid (1977) concluded 

3 tha t  compaction up t o  1.51 g/cm bulk  density can b e n e f i t  wheat growth 

i n  a r e a s  with coarse- textured s o i l a  and where water is not a v a i l a b l e  i n  

s u f f i c i e n t  q u a n t i t i e s .  

Fac to r s  Which In f luence  S u s c e p t i b i l i t y  t o  Compaction 

A l l  s o i l s  a r e  s u s c e p t i b l e  t o  compaction t o  a g r e a t e r  o r  l e s s e r  

degree. L i  (1956) desc r ibes  t h e  compaction process  as follows: 

If appl ied  s t r e s s e s  exceed the shear ing  s t r e n g t h  of t h e  
s o i l  local failure begins and t h e  load starts t o  s i n k  i n t o  
t h e  s o i l .  A s  t h e  load s i n k s ,  t h e  s o i l  under the load i s  
pushed downward and outward. Th i s  motion w i l l  mobil ize 
more and more resistance, c o n s i s t i n g  not  only of t h e  
increased  r e s i s t a n c e  due t o  l a t e r a l  confinement from 
depth,  bu t  a l s o  t h a t  due t o  t h e  inc rease  i n  soil dens i ty  
t h a t  r e s u l t s  from the se t t l emen t  motion i t s e l f ,  pro- 
vided t h e  s o i l  is not  completely s a t u r a t e d .  The s e t t l e -  
ment s t o p s  when equi l ibr ium between s t r e s s e s  and r e s i s t a n c e  
i s  reached. 

I f  the  r e s i s t a n c e  of the s o i l  is  r e l a t i v e l y  h igh  compared 
wi th  t h e  s t r e s s e s ,  t h e  load w i l l  cause very l i t t l e  s e t t l e -  
ment. . . . If  t h e  r e s i s t a n c e  i s  extremely low i n  compari- 
son wi th  t h e  s t r e s s e s ,  t h e  load w i l l  cause a complete ahear  
f a i l u r e  of the underlying s o i l  by s ink ing  deep and f a s t  and 



r ep l ac ing  t h e  volume of soil by pushing i t  i n  an  outward 
d i r e c t i o n ,  This  completely d i s tu rbed  s t a t e  may r e s u l t  i n  
compaction of t h e  soil under the load and loosen t h e  s o i l  
on t h e  sides. The t o t a l  net r educ t ion  i n  vo ids  is  
questionable--energy is  spen t  i n  compacting one p o r t i o n  of 
t h e  s o i l  and, at the same t i m e ,  loosening another  p o r t i o n ,  
Both compacting and loosening involve movement of p a r t i c l e s  
and r e q u i r e  energy t o  overcome the f r i c t i o n a l  r e s i s t a n c e .  

The so11 p r o p e r t i e s  having t h e  g r e a t e s t  a f f e c t  on the  r a t e  and 

degree  of soil compact.fon are texture, coa r se  fragment con ten t ,  s t ruc -  

t u r e ,  mois ture  conten t  a t  t i m e  of compaction, and organic  ma t t e r  

con ten t  (hll, 1959) .  Although each f a c t o r  has been s tud i ed  sepa- 

r a t e l y ,  complete understanding of s o i l  susceptibility t o  compaction i s  

complicated by the i n t e r a c t i o n  of these f a c t o r s .  I n  a d d i t i o n  t o  s o i l  

p r o p e r t i e s ,  land use f a c t o r s  such as t y p e  of equipment being used 

(c rawler  t r a c t o r  o r  rubber- t i red v e h i c l e ) ,  type  of ope ra t i on  ( l og  

skidding, slash p i l i n g ,  etc .) , number of veh icu l a r  passes, and the 

harvesting technique of the logger  a l s o  i n f luence  t h e  amount of compac- 

t i o n  which occurs a t  any given site. 

Krynine (1951) demonstrated that maximum densities, achieved by 

several methods of l abo ra to ry  and field compaction, decrease with  

decreas ing  p a r t i c l e  size. Thi s  occurred i n  o r d e r  from g rave l  t o  c l a y  

size. I n  t h e  same s tudy ,  maximum d e n s i t i e s  for t h e  coa r se  tex tured  

samples  were obta ined  us ing  heavy smooth-wheel r o l l e r s ,  whereas maximum 

d e n s i t i e s  were a t t a i n e d  i n  t h e  f i n e  textured soils using tamping 



(sheepsfoot)  r o l l e r s .  A s  pointed out  by Means and Parsher  (19631,  t h e  

coa r se  tex tured  s o i l s  a r e  cohes ionless  and r e q u i r e  t h e  vibration of 

t h e  smooth-wheel r o l l e r s  t o  achieve compaction. Cohesionless s o i l s  

a r e  very low i n  c l a y  content  and t h e i r  s t r e n g t h  and r e s i s t a n c e  t o  

deformation and compaction depend on g r a i n  s i z e ,  shape, mineralogy, 

and c l a y  content  (Schroeder,  1975). ' c l a y s  cannot be  compacted by 

v i b r a t i o n  (Means and Parcher ,  1963). The tamping action of the sheeps- 

foot r o i l e r  provides the requi red  p re s su re  t o  compact t h e  c l ays .  

Huberty (1944) observed t h e  h ighes t  d e n s i t i e s  and g r e a t e s t  reduc- 

tion i n  water  pene t r a t ion  on soils with  a wide range of p a r t i c l e  

s i z e s .  Raney et al .  (1955) found t h a t  plowpans and compaction-induced 

hardpans exist moat commonly i n  s o i l s  of medium t e x t u r e  such as loam, 

sandy loam and s i l t  loam s o i l s .  S o i l s  wi th  a wide range of p a r t i c l e  

sizes can be r eo r i en t ed  so t h a t  small p a r t i c l e s  pack i n t o  the  voids 

between t h e  l a r g e r  p a r t i c l e s  (Means and Parcher ,  1963). 

Clay in f luences  t h e  s u s c e p t i b l i t y  of soils t o  compaction by 

a f f e c t i n g  shear  s t r eng th .  Depending on the  clay mineralogy of a s o i l  

and, i n  some cases ,  t h e  water conten t ,  i t  may either f r a c t u r e  o r  

e x h i b i t  p l a s t i c  Elow upon a p p l i c a t i o n  of a f o r c e .  The shear  s t r e n g t h  

of s o i l s  can be p a r t l y  attributed t o  the cohesive f o r c e s  between s o i l  

p a r t i c l e s  (Brown, 1977) .  Because of this, the  amount and type of c l a y  

p re sen t  is  important when evaluating s o i l  s t r e n g t h .  I n  a clay s o i l  

conta in ing  55% c l a y ,  shea r  s t r e n g t h  more than doubled between s o i l  
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water t ens lons  of -1 and -10 bars while loam with 27% clay was nearly 

i n s e n s i t i v e  t o  t he  same changes i n  water  p o t e n t i a l  (Brown, 1977). 

T r a s k  and Close (1958) and Langston e t  al, (1958) showed that a t  water 

con ten t s  somewhat less than s a t u r a t i o n  t h e r e  was decreas ing  shear 

s t r e n g t h  f rom rnontmori l loni te  t o  i l l i t e  t o  k a o l i n i t e .  When the c l a y s  

were v e r y  wet, the orde r  of decreas ing  shear s t r e n g t h  was reversed 

(Trask, 1 9 5 9 ) .  A l l o p h a n i c  materials are v a r i a b l e  with regard t o  t h e i r  

s h e a r  s t r e n g t h ,  depending on t h e i r  exchangeable c a t i o n  composition 

(Grim, 1962) .  

Coarse Fragments 

Li (1956) concluded t h a t  " the  i n f luence  of g r ave l  conten t  upon 

compaction is important because it h inde r s  the compaction of f ine  

grained soil f r ac t i ons . "  L i  presented d a t a  showing that a t  35% gravel  

con t en t  by weight,  soil could be compacted to a density 97% as  dense 

as a s i m i l a r  s o i l  without  gravels. A soil with 60% gravels by weight 

could on ly  b e  compacted 92% a s  dense as a soil with  no coa r se  fragments. 

I n  explana t ion ,  ti no te s  t h a t  gravels ,  when grouped together, tend t o  

form voids in t h e  s o i l  which may be empty o r  only partially f i l l e d  

wi th  s o i l  f i n e s .  A s  t h e  g rave l  conten t  i nc reases ,  the chance of 

forming such voids also increases. I n  this s tudy ,  Li did n o t  s p e c i f y  

the  type of soil o r  gravels  t h a t  he worked with. It i s  i n t e r e s t i n g  t o  

n o t e  t h a t  one of t h e  standard Proctor Tests, which determine the 

optimum moisture  conten t  and maximum dens i ty  f o r  a given campactive 
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e f f o r t ,  is based on us ing  soil m a t e r i a l s  which pass a 314" s i eve .  

I n c l u s i o n  of coa r se  fragments excluded by t h i s  sieve i n  t h e  l abo ra to ry  

test may make t h e  r e s u l t s  more r e p r e s e n t a t i v e  of f i e l d  condi t ions .  - 

S t r u c t u r e  * 
S o i l  s t r u c t u r e  a l s o  e f f e c t s  t h e  degree t o  which a  soil can be 

compacted and t h e  subsequent e f f e c t  on p l a n t  growth and water  r e l a t i o n s .  

Well aggregated s o i l s  gene ra l l y  have low bulk d e n s i t i e s  and good 

permeabi l i ty .  A s  a r e s u l t  of compaction, aggrega tes  a r e  crushed,  

i n t e r agg rega t e  po ros i t y  reduced and permeabi l i ty  diminished (Lu l l ,  

1959; Baver e t  a l . ,  1972) .  I n t ense  r a i n  s torms can break down the 

s t r u c t u r a l  u n i t s  i n  a s o i l  and form a dense,  impervious c r u s t  i n  t h e  

s o i l  surface. Crus t ing  is  a form of compaction i n  which t h e  energy of 

r a ind rops  acts on bared mineral  s o i l .  Baver (1972) states, " t h i s  type  

of s t r u c t u r e  degrada t ion  is l e a s t  common wi th  those  aggrega tes  t h a t  

a r e  s t a b i l i z e d  wi th  humus o r  i r o n  compounds." It is a n  important 

p o i n t  t h a t  c r u s t i n g  o r  puddling is a s soc i a t ed  wi th  s o i l s  of low o rgan ic  

matter conten t  and weak s t r u c t u r e .  Baver (1972) a s s e r t s  t h a t  though 

t h e  d i r e c t  e f f e c t  of c r u s t i n g  is confined t o  t h e  immediate s u r f a c e  

layer, " the  s t r u c t u r e  of t h i s  l a y e r  may be broken down t o  l i m i t  t h e  

air and mois ture  r e l a t i o n s  of t h e  e n t i r e  prof i le . ' '  Taylor  and Ashcroft  

(1972) give evidence t h a t  mechanical manipulat ion of s o i l  reduces 

aggrega te  s t a b i l i t y  and sugges t  work on s o i l  w i th  machinery only a t  

s o i l  moisture  con ten t s  where s o i l  s t r e n g t h  is optimized. 



Moisture Content 

Much research  h a s  been done on the e f f e c t  of moisture  conten t  on 

compaction. Engineering s t u d i e s  show t h a t  the m o s t  compaction f o r  t h e  

l e a s t  expense occurs  when the  s o i l  is  s l i g h t l y  below its p l a s t i c  l i m i t  

(Lu l l ,  1959).  Because t h e  p l a s t i c  l i m i t  v a r i e s  w i th  the s o i l  t e x t u r e  

and t y p e  of clay presen t  (Grim, 1962), i t  fol lows t h a t  t h e  optimum 

moisture conten t  a t  which soils compact w i l l  vary accordingly.  Optimum 

water  content tends t o  i nc rease  as t h e  t e x t u r e  becomes f i n e r  ( F e l t ,  

1965).  The l e s s  dense t h e  i n i t i a l  s o i l  sample, t h e  greater mois ture  

conten t  requi red  t o  reach maximum dens i ty  (Lu l l ,  1959) f o r  a given 

compactive e f f o r t .  For m a t e r i a l s  conta in ing  very  l i t t l e  o r  no f i n e s ,  

moisture content has almost no e f f e c t  on dens i ty  (L i ,  1956). 

Moisture a f f e c t s  the size of t h e  double l a y e r  between c o l l o i d a l  

p a r t i c l e s  (Taylor and Ashcroft ,  1972), t h e  surface t ens ion  on non- 

c o l l o i d a l  p a r t i c l e s ,  and subsequently t h e  shear  s t r e n g t h  and ease of 

movement of s o i l  particles with r e spec t  t o  each o t h e r  ( ~ i ,  1956). 

Water l u b r i c a t e s  t h e  p a r t i c l e s  and al lows t h e i r  r e o r i e n t a t i o n  with 

r e spec t  t o  each o the r .  Th i s  e f f e c t  is  o p e r a t i v e  up t o  t h e  optimum 

mois ture  conten t  f o r  compaction. The rea f t e r ,  t h e  i ncompres s ib i l i t y  of 

water  p revents  r e o r i e n t a t i o n  and packing and t h e  d e n s i t y  is reduced 

because the density of water  has a greater weight i n  t h e  o v e r a l l  

d e n s i t y  of the soi l -water  mixture.  
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L i  (1956) p o i n t s  ou t  t h a t  t h e  optimum moisture  conten t  f o r  a 

g iven  compactive e f f o r t  is v a l i d  only f o r  t h a t  e f f o r t .  Each compaction 

p r e s s u r e  has  i t s  own optimum mois ture  conten t .  It is  d i f f i c u l t  t o  

relate the s tandard  l abo ra to ry  P r o c t o r  test t o  field condi t ions  where 

the  compactive e f f o r t  may d i f f e r  s u b s t a n t i a l l y .  However, t h e  P roc to r  

test  can serve as a n  index t o  the  r e l a t i v e  compac t ib i l i t y  of s o i l s .  

I n  working wi th  14 f o r e s t  s o i l s  i n  C a l i f o r n i a ,  Howard e t  a l .  (1979) 

s t a t e ,  " the P roc to r  maximum d r y  b u l k  d e n s i t y  i s  a s e n s i t i v e  empir ica l  

way of ranking t h e  s o i l s  based on t h e i r  s u s c e p t i b i l i t y  t o  compaction.'' 

Organic Mat te r  

Alder fe r  and Merkle (1941) demonstrated t h a t  t o t a l  o rganic  matter 

con ten t  i s  c l o s e l y  r e l a t e d  t o  aggrega te  size and s t a b i l i t y .  Thus, any 

r educ t ion  i n  organic  matter conten t  w i l l  r e s u l t  i n  l o s s  of aggregate  

s t a b i l i t y  and a subsequent i n c r e a s e  i n  a s o i l s ' s  p o t e n t i a l  f o r  compac- 

tion. Howard et  a l .  (1979) concluded that organ ic  carbon was c l e a r l y  

the most important s o i l  c h a r a c t e r i s t i c  of C a l i f o r n i a  forest s o i l s  f o r  

p r e d i c t i n g  maximum s o i l  d e n s i t i e s  and i n f e r r e d  t h a t  the  same could be  

concluded regard ing  compaction. Organic carbon con ten t  and s o i l  

o rgan ic  matter are d i r e c t l y  c o r r e l a t e d  (Al l i son ,  1965). Thus, s o i l  

o rgan ic  matter conten t  can  be used t o  p r e d i c t  a  s o i l s  compac t ib i l i t y .  

Working with  f o u r  s o i l s  i n  New York, Free et  a l .  (1947) concluded t h a t  

s o i l  samples conta in ing  the most organic  matter would be compacted t h e  

l e a s t  a t  given moisture  con ten t s  and compactive efforts. Also, t h e  
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s o i l s  with high organlc matter content were compacted to  their  maximum 

dens i t i e s  at  higher moisture contents .  In addition t o  improving s o i l  

structure and water relations, forest  humus and litter may offer  a 

cushioning e f f e c t  to  provide underlying soil some protection from 

compaction ( L u l l ,  1959). 



RESEARCH METHODS 

S i t e  S e l e c t i o n  

Study s i t e s  w i th  a range of parent  m a t e r i a l s ,  s o i l  p r o p e r t i e s  and 

environmental condi t ions  were s e l e c t e d  i n  the B i t t e r r o o t ,  Flathead and 

Kootenai Nat ional  Fores t s .  These s o i l s  a r e  widespread and produce 

s i g n i f i c a n t  amounts of timber i n  t h e  Northern Region; they  are of 

c r i t i c a l  importance t o  forest management and planning. B i t t e r r o o t  

Nat ional  Fo res t  s i t e e  are loca ted  i n  t h e  West Fork of t he  B i t t e r r o o t  

River drainage.  These s o i l s  are formed i n  c lap- r ich  T e r t i a r y  Volcanic 

pa ren t  ma te r i a l s  which a r e  o f t e n  o v e r l a i n  by a t h i n  l aye r  of s i l t y  

ma te r i a l .  Flathead and Kootenai Nat ional  Fo res t  s i t e s  a r e  loca ted  i n  

g l a c i a l  till and a r e  o v e r l a i n  by a l a y e r  of vo lcanic  ash. One group 

of pedons are i n  l imestone dominated g l a c i a l  till. The second group 

of pedons is i n  q u a r t z i t e  dominated g l a c i a l  till. Study site l oca t ions  

are depic ted  i n  fLgure 1. 

S o l l s  i n  t h i s  s tudy were loca ted  only on t h e  above t h r e e  parent  

ma te r i a l s .  Each parent  ma te r i a l  defines a site. V i t h i n  each site,  

t h r e e  s u b s i t e s  were loca ted .  Each s u b e i t e  was loca ted  i n  and ad jacent  

t o  a timber ha rves t  u n i t .  I n  choosing subs i t e s ,  an  at tempt  was made 

t o  minimize the e f f e c t  of t h e  v a r i a b i l i t y  of the  n a t u r a l  s o i l  landscape. 

Comparative s o i l  p r o f i l e s  w i th in  each s tudy s i t e  were chosen based on 

r 

s o i l  morphology and geomorphic s e t t i n g .  Every at tempt  was made t o  

keep soil and geomorphic p r o p e r t i e s  w i t h i n  a given s tudy s u b s i t e  
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Figure I. Site location map 



cons tan t .  Study s u b s l t e a  were loca ted  wi th in  a  p a r t i c u l a r  geomorphic 

s e t t i n g  and p r o f i l e s  s e l e c t e d  wi th  s i m i l a r  t e x t u r e ,  horizon depth and 

sequence, dra inage ,  r eac t ion ,  c o l o r ,  s lope  and a spec t .  

Within each s tudy  s u b e i t e ,  t h r e e  t reatment  l o c a t i o n s  were s e l e c t e d .  

The t rea tments  cons is ted  of s eve re ly  d i s tu rbed  a reas ,  moderately 

d i s tu rbed  a r e a s  and t h e  c o n t r o l s  o r  undisturbed a reas .  Undisturbed 

a r e a s  a r e  obviously non-traff icked aa evidenced by t h l i r  l o c a t i o n  

completely out  of any ha rves t ing  u n i t  o r  w i th in  a group of t r e e s  not  

s ca r r ed  by logging equipment and c l o a e  enough toge the r  t o  prevent the 

passage of heavy logging equipment. Vegetat ion i n  t h e s e  areas was 

completely undisturbed. Severely d i s tu rbed  a r e a s  have undergone a 

maximum amount of t r a f f i c  and s u r f i c i a l  d i s turbance .  Absence of 

vege ta t ion ,  d rou th ines s  and apparent  previous use  were used t o  i n d i c a t e  

t h i s  condi t ion.  Severely d i s tu rbed  areas c o n s i s t  of primary and 

secondary logging sk id  t r a i l s ,  decka and landings.  Moderately d i s -  

turbed a r e a s  ate  wi th in  t h e  zone of logging a c t i v i t i e s ,  bu t  no t  i n  an  

obviously heavi ly  t r a f f i c k e d  area .  There is an  inherent  amount of 

v a r i a b i l i t y  and unce r t a in ty  i n  t h e  i d e n t i f i c a t i o n  of t h e  moderately 

d is turbed  t reatment  zone and t h i s  was expected t o  be r e f l e c t e d  i n  t h e  

f i n a l  r e s u l t s .  

Sampling Design and Procedure 

The sampling des ign  is  a nested o r  s p l i t - p l o t  design.  Within t h e  

t h r e e  na t iona l  f o r e s t s ,  t h r e e  s tudy  s i t e s ,  based upon t h e  s o i l  parent  
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m a t e r i a l  ( T e r t i a r y  Volcanics ,  l imes tone  g lac ia l  till, q u a r t z i t e  glacial 

r i l l )  were chosen. The primary c r i t e r i o n  used f o r  l o c a t i o n  of t h e  

s tudy  sites w a s  paren t  m a t e r i a l .  The l imestone t i l l  and q u a r t z i t e  

till sites are loca ted  i n  a r e a s  of both t h e  Kootenai and Flathead 

Nat iona l  Fo re s t s .  Within each s tudy s i te ,  t h e r e  were t h r e e  s u b s i t e s  

l oca t ed  in s e p a r a t e  ha rves t i ng  u n i t s .  Geomorphic and soil condi t ions  

were no t  n e c e s s a r i l y  i d e n t i c a l  between s u b s i t e s  bu t  were he ld  as 

cons t an t  as p o s s i b l e  w i t h i n  s u b s i t e s  s o  t h a t  e f f e c t s  of ha rves t i ng  

could be eva lua ted  over a range of t y p i c a l  f i e l d  s i t u a t i o n s .  S o i l  

pedons r ep re sen t ing  t h e  t h r e e  degrees  of t rea tment  o r  t r a f f i c k i n g  were 

located wi th in  o r  ad jacent  t o  t h e  harvea t  boundary. For each t rea tment  

a t  each s u b s i t e ,  d u p l i c a t e  s o i l  pedons were sampled i n  an  a t tempt  t o  

account f o r  the s p a t i a l  v a r i a b i l i t y  which normally exists wi th in  a 

g iven  s o i l  landscape. 

A l l  s o i l  p r o f i l e s  were cha rac t e r i zed  f o r  s i t e  geomorphology, 

bedrock geology, taxonomic c l a s s i f i c a t i o n  (So i l  Survey Staff, 1975) 

and h a b i t a t  type ( P f i s t e r ,  1977) .  In  a d d i t i o n ,  a complete p r o f i l e  

d e s c r i p t i o n  was made at each s a i l  pedon. 

Undisturbed c lod  samples were c o l l e c t e d  from each s o i l  pedon f o r  

l abo ra to ry  de te rmina t ion  of bulk d e n s i t y ,  s o i l  mois ture  r e l e a s e  charac- 

teristics and hydrau l i c  conduct iv i ty .  I n  a d d i t i o n ,  i n f l l t r a t i o r  

measurements were made w i t h i n  2 meters of each pedon. For each s u b s i t e ,  

samples were taken  from t h e  c o n t r o l  pedons f o r  t h e  fol lowing charac te r -  
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i z a t i o n s :  c a t i o n  exchange capac i ty ,  exchangeable ca t ions ,  pH, c l ay  

mineralogy, organic  ma t t e r ,  o rganic  carbon, sieve a n a l y s i s ,  At te rberg  

l i m i t s ,  P roc to r  curves and p a r t i c l e  density. 

I n f i l t r a t i o n  r a t e s  were determined with a double r i n g  i n f i l -  

t r ame te r  ( inner  r i n g  diameter = 15.2 cent imeters ;  o u t e r  r i n g  diameter 

= 35.6 cent imeters )  (Johnson, 1963) a t  each pedon. Three inf i l t rom-  

e t e r s  were used a t  each pedon t o  measure i n f i l t r a t i o n  f o r  60 minutes. 

Because pedons were chosen with morphological s i m i l a r i t i e s ,  a 

compromise between sampling s t r i c t l y  by depth versus  sampling s t r i c t l y  

by horizon was poss ib l e .  Samples were always taken a t  t h e  15, 30, and 

45 cm depths.  I n  t h e  T e r t i a r y  Volcanic s o i l s ,  t h e  15 cm depth near ly  

always corresponded with t h e  su r f ace  horizon and the 30 c m  and 45 cm 

depth  samples were near ly  always i n  a r g i l l i c  horizons.  Likewise i n  

t h e  g l a c i a l  till s o i l s ,  t h e  15 c m  depth near ly  always corresponded 

wi th  t h e  volcanic  ash  l a y e r  and t h e  30 cm and 45 cm depth samples were 

\ nea r ly  always i n  t h e  IIA2 horizon.  Thus, a b a s i s  f o r  comparison 
i 
/ e x i s t s  by horizon ina te r ia l  and by depth. A subrout ine  wi th in  t h e  

s t a t i s t i c a l  computer program was s e t  up t o  s o r t  so t h a t  only samples  

which m e t  both s p e c i f i c  depth and hor izon  c r i t e r i a  would be compared. 

Addi t iona l ly ,  samples were taken a t  the 5 c m  (volcanic  ash)  depth and 

by  horizon f o r  each horizon below t h e  IIA2 i n  t h e  g l a c i a l  till s o i l s .  

These samples were ex t r ac t ed  a t  the middle of t h e  horizon. 



I n  each horizon, s a r a n  peds (approximately 75-200 cm3 i n  volume) 

were taken for analysis of bulk  dens i ty  and s o i l  water  r e t e n t i o n .  

Larger p a r a f f i n  coated peds (approximately 350-1500 cm3 i n  volume) 

were taken f o r  hyd rau l i c  conduc t iv i t y  i n v e s t i g a t i o n s .  Tn the con t ro l  

pedons, approximately 14 kg of d i s tu rbed  s o i l  sample was taken from 

each horizon f o r  laboratory a n a l y s i s  and development of cha rac t e r i za -  

t i o n  data. 

Laboratory Analysis  

Soil bulk  dens i ty  was determined wi th  undisturbed s o i l  samples 

using t h e  saran-coated c lod  method (Soil Conservat ion Service, 1967). 

Acetone was used as t h e  so lven t  f o r  the saran r e s i n .  A c o r r e c t i o n  

factor f o r  t h e  s a r a n  weight was generated us ing  hand-sieved and separa- 

t e d  samples. Saran weight was p l o t t e d  as a f u n c t i o n  of ped volume 

and, using a least squsres f i t ,  a r eg re s s ion  equa t ion  was developed to 

p r e d i c t  s a r a n  weight. Regression equa t ions  were developed for each 

horizon material type  (till vs. 2sh). Because very  large peds could 

b e  ex t r ac t ed  from the arg i l l i c  horizons of t h e  T e r t i a r y  Volcanic 

profiles, s a r a n  weights  amounted t o  l e s s  than  5% of the total ped 

weight and no c o r r e c t i o n  f a c t o r  was used. A correction for t h e  coarse 

fragment (22 m) weight and volume was made by hand s i e v i n g  and weigh- 

ing each sample. Volume was c a l c u l a t e d  assuming a p a r t i c l e  denoi ty  of 

2.65 glcc (So i l  Conservat ion Se rv i ce ,  19671, 
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~ y d r a u i i c  conduc t iv i t y  c a l c u l a t i o n s  were made us ing  the Darcy 

equat ion  (Klute ,  1972).  Undisturbed samples were used for  hyd rau l i c  

conduc t iv i t y  de te rmina t ions .  Core samples were not  f e a s i b l e  because 

of h igh  coa r se  fragment conten t  and t h e  l i ke l i hood  of compacting 

samples dur ing  e x t r a c t i o n .  Undisturbed p a r a f f i n  coated c lods  were 

e x t r a c t e d  from t h e  f i e l d  sites. I r ~ e g u l a r  c lod  shape presented prob- 

lems i n  determining c r o s s  s e c t i o n a l l a r e a ,  so an  average va lue  was 

es t imated  f o r  each clod.  The undisturbed c lod  samples were set i n  3- 

i nch  diameter  aluminum c y l i n d e r s .  P a r a f f i n  wax uas  used t o  hermeti- 

c a l l y  seal t h e  margins of t h e  c lods  t o  t h e  i n s i d e  of t h e  aluminum 

cy l inde r s .  Top and bottom were l e f t  exposed t o  permit  t h e  flow of 

l i q u i d  through t h e  c lods .  k cons t an t  head of ,005N calcium c h l o r i d e  

was maintained throughout the experiment,  Length of flow, hyd rau l i c  

g r a d i e n t ,  t i m e ,  and q u a n t i t y  of l i q u i d  were measured parameters.  

Moisture  release d a t a  was obtained tising a p re s su re  chaniber 

appa ra tu s  similar t o  that desCribed by Richards (1972). The s u c t i o n  

control "membranet' was a parous ceramic p l a t e .  Moisture  con ten t s ,  by 

weight ,  were determined on undis turbed s o i l  at .02, .1 and 113 bar 

a b s o l u t e  s o i l  water p o t e n t i a l .  Moisture  c o n t e n t s  a t  15 b a r s  abso lu t e  

s o i l  water p o t e n t i a l  were determined i n  a similar, s t r o n g e r  p r e s s u t e  

chamber appara tus  on ground samples t h a t  passed a 2 s i e v e .  A 

porous ceramic p l a t e  wi th  s u f f i c i e n t l y  small pores  t o  maintain imperme- 

a b i l i t y  t o  a i r  was used. 
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The d i s tu rbed  bulk  samples from t h e  c o n t r o l  pedons were a i r  d r i e d  

and crushed i n  a flail-type s o i l  grinder. Sieve a n a l y s i s  (ASTM, 

1979b) was performed on t h e  e n t i r e  bu lk  sample and subsamples were 

taken f o r  l a b  c h a r a c t e r i z a t i o n  (<2 m), At t e tbe rg  l i m i t s  (<No, 40 

sieve) and P roc to r  a n a l y s i s  ( < 3 / 4  i n ) .  Care was taken dur ing  subsam- 

p l i n g  t o  o b t a i n  a r e p r e s e n t a t i v e  sample us ing  a q u a r t e r i n g  technique 

(ASTM, 1979d). 

Lab c h a r a c t e r i z a t i o n  included a n a l y s i s  f o r  pH and e l e c t r i c a l  

coaductivity with  a 1:l d i l u t i o n ,  NH4Ac extractable Ca, Mg, Na and K 

(Chapman, 1965a), organ ic  mat te r  (Sims and Haby, 1971), c a t i o n  exchange 

capac i ty  (Chapman, 1965b), p a r t i c l e  size analysis (Day, 1965), Proctor 

a n a l y s i s  (ASTM, 1979a),  l i q u i d  l i m i t  (ASTM, 1979e1, p l a s t i c  l i m i t  and 

p l a s t i c i t y  index (AsTM, 1979c),  p a r t i c l e  dens i ty    lake, 1965), and 

calcium carbonate  equivalent (A l l i son  and Moodie, 1965). I n  o rde r  t o  

v e r i f y  the r e s u l t s  of the e x t r a c t a b l e  c a t i o n s  and cation exchange 

ana lyses ,  random samples were s p l i t  and d u p l i c a t e s  s e n t  t o  the Reclama- 

tion Trace Element Lab a t  Montana S t a t e  Univers i ty .  Resu l t s  f o r  

e x t r a c t a b l e  Na, Ca and Mg were comparable t o  w i th in  5%. Cat ion 

exchange capac i ty  r e s u l t s  were wi th in  8%. 

Clay mineralogy de te rmina t ions  were performed on 28 selected 

r e p r e s e n t a t i v e  samples. Sample p repa ra t i on  followed a technique  

employed by Theisen and Harward (1962). Samples were analyzed and 

r e s u l t s  i n t e r p r e t e d  according t o  methods ou t l i ned  by Whi t t ig  (1965). 
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A semi-quant i ta t ive method (Klages, 1980) was used t o  determine the 

r e l a t i v e  abundance of a lumino-s i l ica te  minerals  present  i n  t he  c l a y  

f r a c t i o n  (<2 v ) .  The method c o n s i s t s  of determining t h e  area under 

t he  peaks produced i n  the  x-ray d i f f r a c t i o n  p a t  t e r n s .  Weighting 

f a c t o r s  are e s t a b l i s h e d  f o r  t h e  var ious  c l a y  mineral types.  The 

a r e a s ,  when mul t ip l i ed  by t h e i r  r e spec t ive  weighting f a c t o r s ,  y i e l d  

r e s u l t s  which a r e  c l a s s i f i e d  i n t o  ranges ca tegor ized  as  "high", 

"medium" , "low", o r  "trace". 

Ca lcu la t ions  

Calcula t ions  used i n  this report are as follows: 

Poros i ty :  

e = (1 - -) x 100, where 
P . D .  

e - percent  pore space, 

B.D. = bulk dens i ty ,  

F.D. = p a r t i c l e  dens i ty  ( S o i l  Conservation Serv ice ,  1967). 

Organic carbon: 

% organic  carbon = % organic  matter + 1.724,  (Al l i son ,  1965).  

Exchange a c i d i t y :  

+ H+ (exch.) = CEC - [ ~ a + +  * M ~ + +  + Na + K + I  (exch.) , where 

CEC = c a t i o n  exchange capac i ty ,  

H+ = exchange hydrogen, 

ca+' = exchange calcium, 

M ~ * +  = exchange magnesium, 
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K+ exchange potassium (Peech, 1965). 

Percent  Base Sa tu ra t ion :  

++ 
%BS = [Ca + M~'+ + ~ a +  + K'] + CEC, where 

% BS = percent  base s a t u r a t i o n ,  

Hydraul ic  Conductivity: 

K = - A . A5 where 
A t  BY 

K = hydrau l i c  conduct iv i ty  (cm/sec), 

3 
Q - quan t i t y  of water (cm ), 

2 
A = est imated average c ros s  s e c t i o n a l  a r e a  (cm ), 

t = t ime (sec), 

AY - change i n  hydrau l i c  head (cm), 

Ax l eng th  of flow (cm). 

S t a t i s t i c s  

Data r e l a t e d  t o  t h e  e f f e c t s  of veh ic l e  t r a f f i c  and parent  ma te r i a l  

on t h e  phys ica l  p r o p e r t i e s  of t he  s o i l s  were analyzed s t a t i s t i c a l l y .  

The s t a t i s t i c a l  a n a l y s i s  included an  a n a l y s i s  of var iance  for a s p l i t  

p l o t  design (Snedecor and Cochran, 1973). The F test was used t o  

i n d i c a t e  s i g n i f i c a n c e  a f t e r  main e f f e c t  ( t rea tment )  and i n t e r a c t i o n s  

at the P = . l o ,  P = .05, and P = .01 l e v e l s ,  A schematic representa- 

t i o n  of t h e  design is given i n  Table 1. Data were analyzed using t h e  

statist ical  package Analysis 6f Variance Covariance Includinx 

Repeated Measures ( Jennr ich  and Sampson, 1979) on t h e  Xerox Sigma 7 

computer a t  Montana S t a t e  Univers i ty .  



Table 1. Schematic presentation of p l o t  design. 

S i t e  
* 

Sub-Site Treatment Replication 

Tertiary 
Volcanics 

Limes tone 
T i 1  1 

Quartzite 
T i l l  

Sev. 
Mod. 
Cont . 
Sev . 
Mod. 
Cont . 
Sev . A I3 
Mod. A . B  
Cont . A B 

Sev . A B 
Mod. A 0 
Cont . A B 

Sev. 
Mod. 
Cont . 
Sev. A B 

3 Mod. A B 
Cont . A B 

Sev . 
Mod. 
Cont . 
Sev . 
Mod. 
Cont . 
Sev . 
Mod. 
Cont . A B * 

Sev. - Severe 
Mod. - Moderate 
Cont. - Control 
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Samples from the severely trafficked areas were grouped by time 

since harvest into three categories: young (0-4 years), medium (5-9 

years) ,  and o l d  (10-17 years). Analysis of variance was used to 

determine if the effects of compaction are ameliorated over time. 

Harvest uni . ts  from which the samples uere extracted ranged in age from 

3 t o  1 7  years. 



RESULTS AND DISCUSSION OF CHARACTERIZATION STUDY 

P r o f i l e  d e s c r i p t i o n s  for  54 s o i l  pedons and c h a r a c t e r i z a t i o n  d a t a  

f o r  t h e  18 c o n t r o l  pedons are shown i n  Appendices 2 t o  4 and Appendices 

5 t o  7 ,  r e s p e c t i v e l y .  These d a t a  a r e  r e p r e s e n t a t i v e  of s o i l s  of the 

t h r e e  paren t  m a t e r i a l s  of t h i s  s tudy.  A key t o  t h e  coding scheme used 

t o  ident l fy  and l o c a t e  t h e  pedons is g iven  i n  Appendix 1. 

Amorphous Character of Su r f ace  Horizons 

O t t e r sbe rg  (1977) found t h a t  amorphous c h a r a c t e r  wag as soc i a t ed  

w i t h  h igh  silt content (u sua l ly  60% o r  more, bu t  as low as 40%), weak 

cons i s t ence  (usual ly  soft, frlable,  nons t icky ,  nonp la s t i c ) ,  and weak 

aggrega t ion  as i nd i ca t ed  by weak s t r u c t u r a l  grade.  The Soil Survey 

S t a f f  (1975) conclude t h a t  s o i l s  wi th  an exchange complex dominated by 

amorphous materials have a fine-earth f r a c t i o n  bu lk  density of less 

than 0.85 g/cc. They a l s o  have a r a t i o  of 15-bar water conten t  t o  

measured clay of more than 1.0. 

A summary of t h e  p r o p e r t i e s  of t h e  s u r f a c e  hor izons  of t h e  Bitter- 

r o o t ,  Flathead and Kootenai Nat iona l  F o r e s t  s tudy sites and the cri- 

teria i n d i c a t i v e  of amorphous c h a r a c t e r  are shown i n  Table 2 .  The 

l o e s s  d e p o s i t s  on t h e  Flathead and Kootenai National Fores t  Study 

sites are dominated by amorphous s o i l  materials. They are h igh  i n  

silt con ten t  and have weak consistence and s t r u c t u r a l  grade. They 

a l s o  have low bulk  d e n s i t y  and a high r a t i o  of 15-bar water conten t  t o  



T a b l e  2. summary5 of p r o p e r t i e s  of t h e  s u r f a c e  h o r i z o n s  of t h e  B i t t e r r o o t ,  F l a t h e a d ,  
and Kootena i  s t u d y  sites and c r i t e r i a  used t o  de f ine  amorphous c h a r a c t e r .  

R a t i o  
of 15 

bar w a t e r  
c o n t e n t  Bulk S t r u c t u r a l  
t o  % c l a y  Density X S i l t  grade Cons is t eace 

B i t t e r r o o t  .87  1.44 39.5 sof t - s l i g h t l y  
N a t i o n a l  I .521 I - 1 6 1  [5 -51  modera te  h a r d ,  f r i a b l e  
F o r e s t  s l i g h t l y  sticky 

S u r f  ace horizon s l i g h t l y  p l a s t i c  

F l a t h e a d  and 3.05 .72 64.7 weak- s o f t  , 
Kootena i  i1.731 1-27] t4.251 moderate  v e r y  f r i a b l e ,  
N a t i o n a l  F o r e s t s  non-s t i c k y  , 
Surf a c e  h o r i z o n  non-plas t  i c  

D e f i n i t i o n  of 1 .of .85g/cc ' 6 0 % ~  weak + s o f t ,  f r i a b l e  
amorphous non-s t icky 
c h a r a c t e r  non-p last ic Ifi 

'~ata a r e  means with s t a n d a r d  deviations i n  b r a c k e t s .  

' ~ r o m  Soil Taxonomy (1975). 

' ~ r o m  O t t e r s b e r g  (1977). 



measured clay.  Conversely, t h e  s o i l s  located i n  the  B i t t e r rop t  

National s o i l s  located i n  the  B i t t e r r o o t  National Foreat of southwest 

Montana do not meet the c r i t e r i a  f o r  amorphous s o i l  mater ia ls .  They 

are lower i n  silt content ,  have s t ronger  consistence and s t r u c t u r e ,  

3 have bulk d e n s i t i e s  g r e a t e r  than 1.00 g/cm and a r a t i o  of 15-bar 

water content t o  measured c lay  of l e s s  than 1.0. 

Texture 

Soils on the  T e r t i a r y  Volcanic study s i t e  a r e  c h a r a c t e r i s t i c a l l y  

high i n  c lay .  Clay content  v a r i e s  from 22% t o  67% clay  i n  the  a r g i l l i c  

horizon. The overlying surface  horizon is much coarser. Textures 

range from silt loam t o  sandy loam (33-57% sand). One anomaly was 

observed i n  B i t t e r r o o t  s u b s i t e  2.  The subsurface horizon of a cont ro l  

test p i t  ( p r o f i l e  BPAC) was high i n  sand and low i n  clay (7%) ,  ref lec-  

t i n g  possible d i f fe rences  i n  geologic parent mater ia l  and the  s p a t i a l  

v a r i a b i l i t y  of s o i l s .  

The limestone and q u a r t z i t e  dominated glacial  till s o i l s  are 

a l i k e  i n  texture .  Both a r e  dominantly si l t  loam throughout. Both 

t i l l s  are over la in  by a silt loam loess  deposi t  (3-15% clay)  of 

apparent volcanic o r ig in .  

Proctor  Test  

The Proctor  t e s t  is an ana lys i s  o r i g i n a l l y  devised by engineers 

t o  determine: 1) the  optimum moisture content a t  which fill mater ia l  
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f o r  roadbeds and embankments is compacted, and 2 )  the maximum dens i ty  

t o  which the  ma te r i a l  could be compacted. A s  stated be fo re ,  the 

r e s u l t s  of a Proc tor  t e s t  are not  d i r e c t l y  app l i cab le  t o  f i e l d  condi- 

t i o n s  under which f o r e s t  s o i l s  are exposed t o  veh icu la r  t r a f f i c .  

However, the Proc to r  test can provide a genera l  index as t o  t h e  r e l a -  

t i v e  compact ib i l i ty  of var ious  s o i l  ma te r i a l s  (Howard e t  a l . ,  1979) .  

Table 3 summarizes the  optimum moisture content  f o r  compaction 

and t h e  maximum s o i l  dens i ty  achieved by the  P roc to r  t e s t  f o r  major 

hor izons  of t h e  s tudy  s o i l s .  

I n  t h e  g l a c i a l  t i l l  a o l l s ,  h ighes t  optimum water conten ts  and 

lowest maximum d e n s i t i e s  were observed i n  t h e  l o e s s  cap samples. The 

R i t t e r r o o t  su r f ace  hor izon  samples, wi th  lower s i l t  and higher sand 

and c l ay  contents ,  compacted t o  a h ighe r  maximum dens i ty  a t  a lower 

water  conten t .  

The d a t a  i n  Table 3 i n d i c a t e  t h a t ,  when c o n t r a s t i n g  comparable 

horizons i n  t he  g l a c i a l  till s o i l s ,  q u a r t z i t e  till compacts t o  a 

higher: dens i ty  a t  a lower lnoisture canten t  than  t h e  limestone till. 

Th i s  may be due  t o  the s l i g h t l y  h igher  c l ay  con ten t s  observed i n  t h e  

limestome t i l l  p r o f i l e s .  Subsoi l s  a t  t he  T e r t i a r y  Volcanic s tudy 

s i t e s  compacted t o  lower bulk  d e n s i t i e s  than those  of the g l a c i a l  till 

s u b s o i l s .  Again, t h i s  probably r e l a t e s  t o  t h e i r  high c l ay  content .  



Table 3 .  Summary of optimum moisture content and maximum s o i l  
dens i ty  5 achieved using standard Proctor Test  (nethod C) t 
on major horizons in three parent materials .  

t 
Optimum Moisture 

Horizon content Maximum Density 

( X  wt.) (*lcm3) r 

Limestone Till 
B2ir 25.6 [4.4] 1.36 [.lo] 
I LA2 12.7 C1.71 1.89 [.05] 
IIA+B/IIB+A 13.7 [1.9] 1.91 [.05] 
IIB2t 14.7 i1.91 1.89 [.04] 
I ICca 11.1 [2.2] 2.02 [.07] 

Quartz i t e  Ti1 1 
B2ir  22.8  14.31 1.50 [.12] 
I IA2 11.7 [2.0] 1.97 [.07] 
I IA*B 12.0 [2.6] 2.00 I.141 
I IC 10.6 11.41 2.04 [.06] 

Tertiary Volcanics 
A2 15.5 [1.9] 1.83 [.lo] 
B21t 21.6 [6.4] 1.70 [.22] 
B22t 23.5 [ 5 . 0 ]  1.60 [.I71 

§ 
Data a r e  means with standard deviat ions given i n  brackets.  

t 
Does not include correct ion  f o r  coarse fragments. 



At te tbe tg  Lirnlts - 
An important measure of a s o i l ' s  cons is tence  is i ts  p l a s t i c  

limit. Plas t ic  l i m i t  1s the moisture content  a t  which s o i l s  behave 

p l a s t i c a l l y .  That is, under loading they shea r  r a t h e r  than break. As 

. t h e  moisture content  is  increased f u r t h e r ,  a s o i l  eventua l ly  reaches a 

po in t  a t  which i t  behaves as a l i q u t d .  This is known as t h e  l i q u i d  

l i m i t  and t h e  d i f f e r e n c e  between the  l i q u i d  l i m i t  and t h e  p l a s t i c  

l i m i t  i s  known as t h e  plast ic  index. Col l ec t ive ly ,  the p l a s t i c  l i m i t ,  

l i q u i d  l i m i t  and p l a s t i c  index are c a l l e d  t h e  At te rberg  l i m i t s .  A 

summary of p l a s t i c  l i m i t s  and p l a s t i c  i n d i c e s  is  given i n  Table 4 .  

The l a r g e  amount of v a r i a b i l i t y  inherent  i n  determinat ion of the  

Atterberg l i m i t s  is r e f l e c t e d  i n  t h e  s tandard  dev ia t ions  f o r  t h e  

p l a s t i c  index. I n  a d d i t i o n  t o  means and s tandard  dev ia t ions ,  t h e  

percent of the t o t a l  samples recorded as non-plast ic  a r e  included i n  

the da t a .  

The loess caps on till i n  the Flathead and Kootensi National  

Forests  a r e  non-plast ic ,  whereas a l l  t h e  B i t t e r r o o t  T e r t i a r y  Volcanic 

surface horizon samples a r e  plast ic .  This  sugges ts  t h a t  the Flathead 

and Kootenai loess caps may be more s u s c e p t i b l e  t o  v i b r a t i o n a l  compac- 

t i o n ,  whereas t h e  B i t t e r r o o t  s u r f a c e  horizon may undergo compaction 

p r imar i ly  by compression. Because of t h e  h igh  silt (non-cohesive) 

conten t  i n  t h e  B i t t e r r o o t ,  t h e  e f f e c t  of v i b r a t i o n  is  probably a l s o  

ope ra t ive .  



Table 4 .  Summary of Plastic L i m i t  and Plastic Index ~ata' for major 
horizons of the three parent materials. 

Plastic L i m i t  Plastic Index 

Limestone T i l l  
R2ir 
I LA2 
IIA+B/IIB+A 
IIB2t 
IICca 

Quartzite T i l l  
R2ir 
I IA2 
IIA+B 

Tertiary Valcanics 
A2 
B21t 
B22t  

NP; (100) 
2.8; [1.2]; (80) 
3.6; [2.3]; (11) 
6.8; [1.41; (0) 
3.2; [2.81; (14) 

NP; (100) 
2.1; 11.41; (64) 
7.5; 13.01; (60) 
3.5; 11.51; (25) 

§ 
Data are means followed by standard deviations i n  brackets with the 
percent of samples non-plastic in  parentheses. 

' = non-plastic. 
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Clays are dominantly respons ib le  f o r  t h e  cohesive f o r c e s  i n  

s o i l s ,  and the  p l a s t i c  index gene ra l ly  i nc reases  with increasing c l ay  

con ten t .  Plastic i nd i ces  f o r  t h e  l imestone and q u a r t z i t e  g l a c i a l  till 

subsoils were about  equal ,  whereas those  of t h e  Tertiary Volcanic 

s F t e s  being much g r e a t e r ,  r e f l e c t i n g  t h e i r  h igher  c l ay  con ten t s .  

Clay Mineralogy 

X-ray d i f f r a c t i o n  patterns f o r  t h e  s u r f a c e  horizons of t he  t h r e e  

study sites support  t h e  conclusion t h a t  amorphous c h a r a c t e r  is more 

s t r o n g l y  expressed i n  t h e  s u r f a c e  horizon of t he  l imestone and quartz- 

ite t i l l  sites. C r y s t a l l i n e  c l a y s ,  i n  t h e  form of i l l i t e  and kaol in-  

ite, were Enund i n  only trace amounts i n  the l o e s s  cap samples of t h e  

l imestone and quartzite t i l l  s i t e s .  The surface horizon samples from 

t h e  T e r t i a r y  Volcanic sites contained apprec iab le  amounts of c r y s t a l -  

l i n e  c l ays .  I l l i t e  was present  i n  medium t o  high amounts wi th  rela- 

t i v e l y  low amounts of smec t i t e  and k a o l i n i t e .  

The a r g i l l i c  s u b s o i l s  of t h e  T e r t i a r y  Volcanic pa ren t  m a t e r i a l s  

are of va r i ab le  mineralogy. Subs i t e s  1 and 2 have c l a y  minera ls  

dominated by the  smectite group. Lesser  amounts of i l l i t e  and kaol in-  

i t e  a r e  p re sen t .  Four s o i l  pedons (B3AC, B3AM, R3BM, B ~ A S )  a t  s u b s i t e  

3 have mineralogies  dominated by k a o l i n i t i c  clays with only t r a c e  

amounts of smec t i t e  p re sen t .  Clay mineralogies  i n  t h e s e  pedons were 

c o r r e l a t e d  by c o l o r  and by the  absence of cracking when d r y  t o  the 



dominantly kaolinite mineralogy of the sample extracted from the 

I IB23t  horizon in profile B3AC. Clay mineralogies are included in the 

family names of all soil pedona and are listed in Appendices 2 to 4. 

The limestone and quartzite dominated glacial till subsoils have 

similar mineralogies. Illite is the dominate crystalline clay. Only 

trace to low amounts of kaolinite and smectite are present. In addi- 

tion, some samples have trace to low amounts of vermiculite and chlor- 

ite. 

These results suggest that a general ranking of the subsoils on 

the three parent materials can be made based on their clay strength 

under dry and wet conditions. During the time when these subsoils are 

dry, the data suggest that the shear strengths of the tvo glacial till 

soils are about equal and less than that of the Tertiary Volcanic 

subsoils. Under wet conditions, this ranking would be reversed. 

Because of the presence of crystalline clays, the surface horizon 

on the Tertiary Volcanic sites is ranked higher in dry shear strength 

and Lower in wet shear strength than the loess cap on the limestone 

and quartzite dominated glacial tit1 sites. 

Chemical Characteristics 

Chemical characteristics of the study soils are typical of soils 

forming under a coniferous forest with relatively high rainfall. They 
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are ac id ,  non-sal ine and don-sodic. Summaries of t h e  chemical d a t a  

For t h e  major horizons of t h e s e  s o i l s  a r e  shown i n  Tables  5 t o  7 .  

Organic mat te r  and organic  carbon percentages are g r e a t e s t  i n  the 

surface hor izons  wi th  much lower amounts found i n  the subsur face  

hor izons .  This fact probably accounts ,  i n  large p a r t ,  f o r  the higher  

c a t i o n  exchange capacity (CEC) found i n  t h e  s u r f a c e  hor izons  than i n  

t h e  subsur face  horizons.  The T e r t i a r y  Volcanic  s u r f a c e  horizons have 

much lower organic  mat te r  con ten t s  and CEC than  the loess caps i n  the 

l imestone and q u a r t z i t e  dominated g l a c i a l  till sites. S u s c e p t i b i l i t y  

t o  s o i l  compaction is inve r se ly  r e l a t e d  t o  organic  matter conten t  

(Free  e t  a l . ,  1947) .  Thus, on t h i s  b a s i s ,  t h e  B i t t e r r o o t  s u r f a c e  

horizon [nay be more e a s i l y  impacted by veh icu l a r  t r a f f i c  than i t s  

northwestern analog.  

S o i l s  forming i n  l imestone dominated glacial till  have t h e  highest 

amounts of calcium carbonate .  Calcium carbonate  i n  t h e  q u a r t z i t e  till 

TIC hor i zon  1 s  due t o  one s u b s i t e  loca ted  on t h e  Prichard Formation 

where t h e  t i l l  has some l imestone mixed wi th  i t .  

Particle Size D i s t r i b u t i o n  - 
Fig.  2 i l l u s t r a t e s  the p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  major 

hor izons  of the s o i l s  involved i n  t h e  s tudy.  The surface hor izon  of 

t h e  s o i l s  forming on a l l  three parent matecials have a uniform d i s t r i -  

b u t i o n  of particle s i z e s .  I n  engineer ing  jargon this is termed "well 



Table 5. Summary of chemical datat  f o r  major horizons of so i l s  at linestone glacial till 
sites. 

Base 
l : L  Extract Exchangeable Cat ions Satura- 

Horizon 0 .Y .  O . C .  pH EC Ca w5 Na K H? t ion CEC CaC03 

Z X (&os/cm -------------- meq/lOog -------------- X meq/lOOg Z 

' Data are mans with standard deviations in brackets. 

' Exchangeable A calculated as follows: H[exch.] = CEC - (Ca + Mg + Na + K) [exch.]. 



Table  6 .  Summary of dlemical da ta t  f o r  major horizons of s o i l s  a t  quartzite dominated 
till sites. 

Base 
1:l Extract Exchangeable Cations Satura- 

Horizon O . H .  O . C .  pH EC Ca % Na K H+ t ion CEC CaC03 

X X ( m ~ o s / c m  -------------a- meg/loOg ------4------- % meq/lOOg % 

IIC -4  . 2  6 .9 .08 1 4 . 3 3 ~  .95 - 0 7  .13 1-56' 74.04  6.07 4.12' 
[ . l a 1  [.I11 [.I51 f . 0 5 1  (13 .291  i.441 I . 0 2 1  1 .031  [ 1 . 9 1 ]  [28 .30]  (1 .71)  14.791 

' ~ a t a  are means with standard deviations in brackets .  

)Exchangeable H calculated as  follows: Hrexch. J = CEC - (Ca + ?Ig + Na + K )  fexch. 1. 

' ~ i g h  standard devfat Lon caused by two control p i t s  located on Prichard Format ion where some lfmestone 
is mixed with quartzite t i l l .  



Table 7 .  Summary of chemical da ta t  f o r  major horizons of soi ls  on T e r t i a r y  Volcanic s i tes .  

Base 
I: 1 Extract Exchangeable Cations Satura- 

Horizon O.Y.  O.C. pH EC Ca % Na K H' t i o n  cec C&03 
X X ( d o s f c m  --------------- meq/lOOg ------------- X meq/lOOg X h 

Data are means with standard deviations in brackets. 

* Exchangeable H calculated as f o l l a s :  Hlexch. = CBC - (Ca + Xg + Na + K) [exch. 1. 



Figure 2. Particle size distribution and unified soil classification 
f o r  major horizons of s o i l s  forming in: 1) T e r t i a r y  
Volcanics, 2) limestone dominated glacial till and 3) 
quartzite dominated glacial till. 
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graded." Well graded s o i l  m a t e r i a l s  ate g e n e r a l l y  considered w e l l  

s u i t e d  t o  compaction and use f o r  road f i l l  m a t e r i a l ,  The s o i l s  forming 

i n  t h e  g l a c i a l  tills a r e  cha rac t e r i zed  by gene ra l l y  h igher  coarse  

fragment con ten t s  throughout t h e  p r o f i l e  (35-60% by weight) than i n  

T e r t i a r y  Volcanic  paren t  m a t e r i a l s  ( l e s s  than 10% by weight).  Coarse 

fragments reduce t h e  impact of veh icu l a r  t r a f f i c .  Thus, h igher  coa r se  

fragment conten t  i n  t h e  tills may reduce s u s c e p t i b i l i t y  t o  compaction. 

Bulk Density and P o r o s i t y  

Bulk d e n s i t y  and t o t a l  po ros i t y  are inve r se ly  r e l a t e d .  Any 

changes o r  r e l a t i o n s h i p s  regard ing  bulk  d e n s i t y  e x i s t  i nve r se ly  fo r  

po ros i t y .  Table  8 summarizes the bulk d e n s i t i e s  and p o r o s i t i e s  of t h e  

c o n t r o l  p r o f i l e s  on s i t e s  af t h e  three paren t  m a t e r i a l s .  

Decker (1972) found t h a t  t h e  mean bulk  d e n s i t y  ( a i r  dry)  of 201 

3 
Montana soil samples was 1.56 g/cm . The bulk  d e n s i t y  values of this 

s tudy  vary around ~ e c k e r  ' s figure. The su r f  ace  hor izons  ate high  In 

organ ic  mat te r  and have r e l a t i v e l y  low undis turbed bulk d e n s i t i e s .  

Subsurface s o i l s  i n  g l a c i a l  till have l o w  organic  ma t t e r  con ten t s  and 

h ighe r  undis turbed bulk  d e n s i t i e s .  Subsurface s o i l s  from c lay- r ich  

T e r t i a r y  Volcanic  sediments a r e  a l s o  low i n  organic  matter and have 

h igh  undis turbed b u l k  d e n s i t i e s .  Figure 3 i l l u s t r a t e s  t h e  changes I n  

bulk dens i ty  wi th  hor izon  type  for t h e  t h r e e  s o i l  paren t  m a t e r i a l s  of 

t h e  s tudy.  



Table  8. Summary of saran-clod bulk density and porosity data t 
for  major horizons oE the control pedons on the 
three parent materials. 

- 
Bulk density Total porosityr 

g/cm3 % vol.  

Limestone T i 1  l 

Quartzite T i 1  1 

Tertiary Volcanics 

Data are means with standard deviations i n  parentheses. 

Total porosities were derived by calculation from bulk density 
values. 



Figure 3 .  Control bulk dens i ty  changes (with depth)  and typ ica l  
horizon sequences for soils forming in the three parent 
materials of the study. 

TV - Tertiary volcanic parent rnaterial 
LT - Limestone dominated glacial till parent material 
QT - Quartzite dominated glacial till parent material 
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Water Holding C h a r a c t e r i s t i c s  

The water holding c a p a c i t i e s  of the major horizons of t he  s o i l s  

involved i n  t h e  s tudy a r e  summarlzed i n  Table 9. 

Highest amounts of water he ld  a t  113 b a r  soil water t ens ion  were 

found i n  t h e  l o e s s  cap on sites loca ted  i n  northwestern Montana. The 

s u r f a c e  horizon on T e r t i a r y  Volcanic sites holds  much l e s s  water a t  

113 b a r  and 15 bar than t h e  l o e s s  cap on t h e  l imestone and q u a r t z i t e  

glacial t i l l  s i t e s .  In add i t i on ,  Table 9 shows a v a i l a b l e  water holding 

c a p a c i t i e s  calculated a s  t he  d i f f e r e n c e  between t h e  means of 113 bar 

water  conten t  and 15 bar water conten t .  The data show t h a t  t h e  su r f ace  

hor izons  a n  the  T e r t i a r y  Volcanic s i t e s  ho lds  114 t o  112 less a v a i l a b l e  

water than the  l o e s s  cap on the g l a c i a l  till sites. 

On both q u a r t z i t e  and limestone g l a c i a l  t i l l  sites, cons iderably  

l e a s  avai lable  water is  held i n  t h e  s u b s o i l s  than i n  the l o e s s  cap. 

One-third bar moisture con ten t s  show t h e  same t rend .  

Examination of t h e  summary data r evea l s  higher  s tandard  dev ia t ions  

assoc ia ted  with the means of 113 ba r  water content  va lues  than those  

assoc ia ted  with 15 b a r  water conten ts .  Th i s  g r e a t e r  v a r i a b i l i t y  is 

probably due t o  t h e  use of undisturbed saran peds f o r  113 b a r  water 

conten t  determinat ions.  The amount and degree of aggregat ion v a r i e s  

from ped t o  ped. The v a r i a b i l i t y  seems acceptab le  i n  view of t he  fact 

t h a t  t h e  peds more accurately reflect f i e l d  moisture condi t ions  than 

s ieved  and ground d is turbed  samples would. 



t Table 9 .  Summary of water holding characteristics of the major 
horizons of the s o i l s  forming i n  the three parent 
materials of the study. 

113 Bar 15 Bar A.W.H.C~ 

--__--l-l__-l~--__ % by w t  we------------- 

Limes tone T i 1  1 

Quartzite Ti1 1 

Tertiary Volcanics 

Data are mean percent wate; by weight with standard deviations i n  
brackets. 

' A . W . H . C .  - available water holding capacity. 
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An in t eres t ing  comparison can be made from the water holding 

c h a r a c t e r i s t i c s  data i n  T a b l e  9 and the d a t a  for  optimum moisture  

conten t  f o r  compaction i n  Table 3. In every case except  one, t h e  mean 

optimum moisture  conten t  l i e s  wi th in  t h e  range of t h e  mean available 

water .  The one exception is probably best explained by spatial va r i a -  

bility i n  sampling and t h e  normal v a r i a b i l i t y  associated with labora- 

tory s o i l  a n a l y s i s .  I n  gene ra l ,  t h e  optimum mois ture  content  i s  

considerably l e s s  than t h a t  a t  113 bar but s t i l l  wi th in  the range of 

available water. These optimum ~ n o i s t u r e  con ten t s  are only  f o r  t h e  

compactive e f f o r t  under which t h e  s tandard  Proctor  analysis  is con- 

d u c t e d .  Each compactive force has its own optimum moisture content .  

A s  t h e  compactive effort is increased, t h e  optimum water conten t  

decreases .  For t h e  normally lower compactive e f f o r t s  found i n  the 

field, t h e  optimum moisture  contents  would be somewhat higher .  



RESULTS OF SOIL COMPACTION STUDY 

Possible changes in the physical properties of the soils involved 

in the study were investigated to determine if and in what manner soil 

compaction had occurred. Infiltration, bulk density and porosity, 

moisture retention and hydraulic conductivity measurements were made 

and statistically analyzed for soils of the three parent materials. 

In£ iltration 

A summary of cumulative infiltration rates over a 60-minute period 

for the soils of the three parent materials is given in Table 10. 

Variability of the infiltration data was high. For this reason 

the median reading was used as the average for the three determinations 

made at each pedon. The median readings were then used for further 

statistical analysis. Significant reductions in the infiltration 

rates occurred in the severe treatment areas on all three parent 

materials. Infiltration rates were also significantly reduced in the 

moderate treatment areas sf the limestone and quartzite dominated 

glacial till sites. Infiltration ratea on moderate treatment areas of 

Tertiary Volcanic sites were lower than the control, but the difference 

was not statistically significant. 

No statistically significant differences in Infiltration rates 

coqld be attributed to differences in soil parent material or age 



Table  10. Summary of infiltration datat at the three parent 
material sites. 

- 

Control Moderate Severe 
---------------- 3 cm ---------------- 

Limestone Till 7019.8 15 16.2** 1334. o** 
(38.5) ( 8 . 3 )  (7 3) 

1626.7** 
** 

Quartzite Till 6578.7 1358.3 
(36.1)  (8.9) (7 - 4 )  

Tertiary Volcanic8 5281.8 3068.8 671.9* 
(29 .O) (16.8) (3 .7 )  

Dat are the means of the median cumulative volume of water 9 (cm ) that infiltrated into soil through a 15.29 cm diameter 
cylinder over a one hour  period. Data in parentheses are 
tnf iltration rates (cm/hr) for first one hour period. 

# = difference from control significant at P * .10  l e v e l .  * - difference from control significant at P = .05 level. - ** - difference from control significant at P = .O1 level. 



Bulk Dens i ty  

Mean bulk  d e n s i t i e s  from t h e  major horizons of t h e  s o i l s  on t h e  

t h r e e  parent  ma te r i a l s  were measured and s t a t i s t i c a l l y  analyzed, The 

r e s u l t a n t  d a t a  are presented i n  Tables  11 through 13. 

Bulk d e n s i t y  was measured a t  t h e  15 c m  depth on t h e  T e r t i a r y  

Volcanic s i t e  and a t  t h e  5 c m  and 15 cm depth i n  t h e  l o e s s  cap on  the 

g l a c i a l  till s i t e s .  

The s u r f a c e  hor izons  a t  t h e  t h r e e  s tudy s i t e s  showed s i g n i f i c a n t  

i nc reases  i n  bulk  d e n s i t y  i n  the severe  t reatment  a reas .  S i g n i f i c a n t  

i nc reases  occurred a t  t h e  5 cm and 15 c m  depth i n  t h e  l imestone and 

q u a r t z i t e  dominated g l a c i a l  till s i t e s .  Sur face  horizon bulk dens i ty  

Increases  were s t a t i s t i c a l l y  s i g n i f i c a n t  i n  the moderate t reatment  

a r e a s  of a l l  s tudy s i t e s  except t h e  one on t h e  q u a r t z i t e  till, which 

had n o n - s t a t i s t i c a l l y  s i g n i f i c a n t  increases .  

Analysis  of s u b s o i l  bulk d e n s i t i e s  revealed no s t a t i s t i c a l l y  

s i g n i f i c a n t  i nc reases  due t o  t reatment  i n  any of t h e  parent  h a t e r i a l s .  

S i g n i f i c a n t  decreases  were noted i n  t h e  IIA2 horizon of t h e  severe ly  

t r e a t e d  q u a r t z i t e  till study a r e a s  and i n  t h e  moderate t reatment  of 

t h e  IIA2 hor izon  on t h e  l imestone till s i t e s .  These d i f f e r e n c e s  were 

s i g n i f i c a n t  only a t  t h e  lowest (P 1 .lo) l e v e l  of s t a t i s t i c a l  confi-  

dence employed. 

No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  bulk d e n s i t y  could be 

a t t r i b u t e d  t o  d i f f e r e n c e s  i n  age of the harves ted  areas. 



t 
Table 11. Saran-clod bulk densities of major horizons for three 

treatments on soils forming I n  T e r t i a r y  Volcanic parent 
material. 

Horizon Depth Control  Moderate Severe 

3 Data are mean hulk densities in g/cm . Numbers in parentheses 
below means are standard deviations. 

11 d i f f e r e n c e  from con t ro l  significant at P = .lo level. 
* 

= difference from control significant a t  P = .05 level. 
** 

= difference from control significant at P - .01 level. 



t Table 12. Saran-clod bulk dens i t i e s  of major horizons for three 
treatments on s o i l s  farming i n  limestone dominated 
glacial till .  

Horizon Depth Control Moderate Severe .. 

I IA2 3 0 1.55 1 .53  1 .39  # 
-30 crn ( .20) ( 0  12) ( a 2 5 1  

I IA2 45 1.59 1.54 1.43 
-45 cm ( 10) ( -07)  (.09) 

IIC 

Data are mean bulk dens i t i e s  in g/em3. Numbers i n  parentheses 
below means over standard deviations. 

# = difference from control s ignif icant  a t  P = .10 level .  * 
= difference from control significant at P = .05 level. ** 
= difference from control s ignif icant  at  P - -01 l e v e l .  

" = from center of horizon; depth variable. 



Table  13. Saran-clod bulk densi t iest  of major horizons lor  three 
treatments on soil forming in quartzite dominated glacial 
till. 

Horizon Depth Control Moderate Severe - 

' Data are mean bulk densi t ies  in g/cmJ. Numbers in parentheses 
below means are standard deviations. 

# - difference from control s ignif icant  at  P * .10 level. * 
= difference from control s ignif icant  a t  P .05 level. ** 

difference from control s ignif icant  a t  P = .01 level. 

" = from center of horizon; depth variable. 



S o i l  Water Retention 

Mean water content  (percent by weight) a t  .02, .10 and .33 ba r  

s o i l  water p o t e n t i a l s  were determinet and s t a t i s t i c a l l y  analyzed by 

horizon and treatment f o r  the  soils of t h e  th ree  parent materials of 

t h e  study. The da ta  are presented in Tables 14 through 22. 

S o i l s  of the  limestone till s i t e s  showed s i g n i f i c a n t  changes i n  

water content w i t h  treatment a t  .02, .ID, and - 3 3  b a r s  i n  the  surface ,  

o r  loess  cap, horizons only. S ign i f i can t  reductions i n  the  amount of 

water held a t  t h e  th ree  s o i l  water p o t e n t i a l s  occurred i n  both the  

moderate and severe treatment areas. No s t a t i s t i c a l l y  s i g n i f i c a n t  

changes of water content  occurred i n  t h e  limestone glacial till sub- 

soil, although a general  trend of water content reduction with t r e a t -  

ment throughout the  p r o f i l e  can be observed i n  the data .  I n  one caee 

(IIA2-45 cm, severe t reatment) ,  t h e  mean water content a t  the  th ree  

s o i l  water p o t e n t i a l s  increased s l i g h t l y  over t h e  cont ro l .  This  

change was not s t a t i s t i c a l l y  s i g n i f i c a n t .  

Treatments on q u a r t z i t e  till a reas  a l s a  showed s i g n i f i c a n t  

decreases i n  the water held a t  .02,  . lo,  and .33 ba r s  f o r  both moderate 

and severe treatment areaa only i n  the  su r face  horizon. Again, a 

general  trend showed reductions throughout the  p r o f i l e  with the  excep- 

t i o n  of the moderately treated IIAZ st 30 cm, moderately t r ea ted  

XIA*B, and moderately t r ea ted  IIC horizons. Small increases  i n  mean 

I 



T a b l e  14. Wafer contentt a t  .02 bars soil water potential of major 
horizons i n  soils forming i n  Tertiary Volcanic parent 
material.  

Horizon Depth Control Moderate Severe 

cm --d-d--------+---- % by w t  ------------- 

t 
Data are percent water by weight. Numbers i n  parentheses ate 
standard deviations. 

- difference from control s ignif icant  a t  P = .10 level. 

* 
= difference from control s ignif icant  at P = .05 level. 
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t Table  15. Water content at  .1 bars s o i l  water potential of major 

horizons i n  s o i l s  forming i n  Tertiary Volcanic parent 
material. 

Horizon Depth Control Moderate Severe 

t 
Data are percent water by weight. Numbers i n  parentheses are 
standard deviations. 

# = difference from control s ignif icant  a t  P = .10 level. 
* 

= difference from control s ignif icant  a t  P = .05 level .  

* * 
= difference from control s ignif icant  a t  P = .C1 level. 



5 7 

Table 16.  Water contentt at  .33 bars s o i l  water potential of major 
horizons i n  s o i l s  forming i n  Tertiary Volcanic parent 
material. 

Horizon Depth Control Moderate Severe 

cm ---------------- X by w t  ----------..---- 

t 
Data are percent water by weight. Numbers i n  parentheses are 
standard deviations. 

# = difference from control s ignif icant  at  P = -10 l e v e l .  

* 
= difference from control s ignif icant  at  P = .05 level. 

** 
= difference from control s ignif icant  a t  P = .O1 level. 



Table 17. Water contentt at  .02 bars absolute soil water potential 
oh major horizons i n  s o i l s  forming i n  limestone dominated 
glacial till. 

- t 
Horizon Depth Control Moderate Severe 

cm _--__l______l_l 2 by w t  --------------- 

Data are percent water by weight. Numbers i n  parentheses are 
standard deviations. 

11 = difference from coatrol significant a t  P = .10 level. 

* 
= difference from control significant at P = .05 level. 

** - difference from control significant a t  P = . O 1  level. 

- = from center of horizon; depth variable. 
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t 
Table 18.  Water content a t  .1 bar s o i l  water potential of major 

horizons i n  soi ls  forming i n  limestone dominated glacial 
., 

till. 

Horizon Depth Control Moderate Severe 

cm -------------- % by w t  ----------------- 

I- Data are percent water by weight. Numbers in parentheses are 
s tandare deviations. 

/I a difference from control s ignif icant  at  P = .10 level. 

* 
= difference from control s ignif icant  at  P = .05 level. 

** 
= difference from control significant at P = .01 level. 

* = from center of horizon; depth variable. 



t Table 19. Water content a t  . 3 3  bars soil water potential of major 
hotizons in soils forming i n  limestone dominated glacial  
till. 

Horizon Depth , Control Moderate Severe 

cm ---------------- % by wt --------------- 

t 
Data are percent water by weight. Numbers i n  parentheses are 
standard deviations. 

# = difference from control significant at P = . lo  l eve l .  

* 
= difference from control significant a t  P = .05 level .  

* * 
= difference from control s ignif icant  at P = .Ol level .  

" = from center of horizon; depth variable. 
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Tabla 20. Water contentt a t  $02  bar s o i l  water potential  of major 
horizons i n  soils forming i n  quartz i te  dominated glacial  
till. 

Horizon Depth Control Moderate Severe 

Data are percent water by weight. Numbers i n  parentheses are 
standard deviat ions .  

= dif ference  from control s ign i f i cant  a t  P = . l o  l e v e l .  

= from center of horizon; depth variable. 
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Table 21. Water content at .I bar soil water potential of major 
horizons in soils forming in quartzite dominated glacial 
till. 

Horizon Depth Control Moderate Severe 

cm -__-----I--L---_ % by wr --------------- 

I I C  - 

t 
Data are percent water by weight. Numbers i n  parentheses are 
standard deviations. 

# = difference from control significant a t  P = .10 level .  

- 
= from center of horizon; depth variable. 
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Table 22. Water content at .33 bars soil water potential of major 
horizons In soils forming in quartzite dominated glacial 
till. 

Horizon Depth Control Moderate Severe 

t 
Data are percent water by weight. Numbers in parentheses ate 
standard deviations. 

' = d i f  ferenee from control significant at P - -10 level. 
* 

= difference from control significant at P = ,05 level. 

- - from center of horizon; depth variable. 
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s o i l  water r e t en t ion  were observed i n  these  hortzans. Overal l ,  no 

s i g n i f i c a n t  changes i n  s o i l  water r e t en t ion  were detected i n  the  

q u a r t z i t e  till subsoi ls .  

Mean water content f o r  t he  three s o i l  water p o t e n t i a l s  was reduced 

with both moderate and severe treatment i n  every horizon of s o i l s  

located on T e r t i a r y  Volcanic s i t e s .  However, s i g n i f i c a n t  reductions 

were observed only i n  the ~ 2 2 t  horizon a t  45 c m  i n  the  p r o f i l e .  These 

reductions were detected i n  both moderate and eevere treatment areas  

a t  a l l  t h ree  s o i l  water po ten t i a l s .  

Hydraulic Conductivity 

S t a t i s t i c a l  ana lys i s  of hydraulic  conductivi ty determinations was 

not f e a s i b l e  due t o  a number of f ac to r s .  

Coarse fragment content of the glacial till samples prevented the  

usual  method of sample c o l l e c t i o n  with a core aampler. 

No flow occurred through clayey samples from T e r t i a r y  Volcanic 

s i t e s  a t  any time during the  2 week t r i a l .  Poor cohesion caused loess  

cap samples from the  limestone and quartzite till sample sites t o  

col lapse  o r  wash out  r e s u l t i n g  i n  highly va r i ab le  data.  

I n  some cases,  no r e s u l t s  were obtained. The p a r a f f i n  wax used 

t o  s e a l  the  samples o f t en  penetrated the sample, making r e e u l t s  unre l i -  

ab le .  I n  the  laboratory,  coarse fragments often occupied d r i t i c a l  

po in t s  of flow. Coarse fragments located a t  t he  point  of inflow or  
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outflow effectively plugged flow through the sample. In a l l  cases, an 

accurate determination of the cross sectional  area was not possible 

because of the irregular shape of the sample p e d s .  Determinations of 

the hydraulic gradient within the samples were confounded by convergent 

and divergent flow within the irregular shaped p e d s .  The sum amount 

of variabi l i ty  encountered with these problems prevented analysis of 

the effect of treatment on hydraulic conductivity of s o i l  samples 

col lected a t  the study sites. 



DISCUSSION OF COMPACTION STUDY 

Within a given parent  ma te r i a l ,  c l ima t i c  region,  and time pe r iod ,  

an equil ibrium is  eventual ly es tabl i shed between the  microclimate, 

vegeta t ion  and s o i l  condit ions.  This concept is a premise upon which 

much work i n  s o i l  sc ience  ie based (Jenny, 1941). Recent work 

(B i l l ings ,  1977; Munn, 1978; P f i s t e r  et a l . ,  1978) at tempts t o  ve r i fy  

aspects  of t h i s  plant-sail-microclimate in te r re la t ionsh ip  i n  the  

f o r e s t  ecosystems of the  northwest. Since these  f ac to r s  are a t  equi- 

l ibrium with one another, any change which a l t e r s  the  equil ibrium w i l l  

r e s u l t  i n  a  change of t h e  f a c t o r s  t h a t  make up the  equilibrium. For 

exarnple, a s i g n i f i c a n t  change i n  s o i l  condit ions w i l l  p r e c i p i t a t e  a 

s h i f t  i n  the vegeta t ion  growing on the s i t e .  The new vegetat ion,  i n  

tu rn ,  w i l l  a l t e r  t h e  fiicroclimate of t h e  s i t e  and eventual ly a new 

equil ibrium w i l l  be es tabl i shed between the  s o i l ,  vegeta t ion  and 

microclimate. I n  t h i s  s tudy,  the  s o i l  changes under inves t iga t ion  a r e  

those caused by the  impact of timber harves t ing  equipment. This study 

does not attempt t o  a s c e r t a i n  whether o r  not  these  changes a f f e c t  

timber production. It is simpiy an attempt t o  de tec t  the  pasa ib le  

presence and magnitude of changes i n  s o i l  physical  proper t ies .  If 

changes have occurred, then evidence is present  t o  support the  premise 

tha t  the vegetat ion has been a l t e r e d  t o  maintain t h e  soi l-plant-  

microclimate equilibrium. 



In£ iltration 

Data analysis shows that infiltration was significantly reduced 

on all three parent material sites in the severe treatment areas. 

Infiltration rates were also significantly reduced in the moderate 

treatment areas of the limestone and quartzite till sites. No signifi- 

cant differences could be attributed to parent material. 

Infiltration is an important link in the hydrologic cycle. The 

infiltration reductions observed imply that other soil physical and 

hydrologic properties have been altered. 

Soil Water Retention 

Soil water retention at .02, .lo, and .33  bars was significantly 

reduced in the B2ir (loess cap) horizon on the moderate and severe 

treatment areas of the limestone and quartzite till sites. No signifi- 

cant changes occurred in the surface horizon on Tertiary Volcanic 

sites and, with one exception, no significant changes with treatment 

occurred in any of the subsoils involved in the study. Significant 

reductions were observed in the B22t (45 cm) horizon of the Tertiary 

Volcanic sites. However, a large amount of variability must be associ- 

ated with a water related measurement in a soil of high clay content 

and differing mineralogy. This places the significance of these 

reduct ions in question. 



S o i l  moisture r e t en t ion  a t  low absolute  s o i l  water po ten t i a l  

( l e s s  than 2-3 bars)  is close ly  r e l a t ed  t o  pore s i z e  d i s t r i b u t i o n .  

When a compactive e f f o r t  is exerted on an undisturbed s o i l ,  t h e  s o i l  + 

aggregates are forced together  reducing the  size of the  mactopores. 

D 

The size of pore which w i l l  hold water a t  a given s o i l  water po ten t i a l  

can be ca lcula ted  by the equation 

where h = s o i l  water p o t e n t i a l  i n  cm of water, o = su r face  tens ion of 

water, 9 = wett ing angle, p densi ty  of water,  g = acce le ra t ion  due 

t o  gravity, and r * radius  of pore (Baver, 1972).  Thus, when water 

content  a t  a given s o i l  water po ten t i a l  is reduced, i t  is an indica- 

t i o n  t h a t  t h e  volume of pores t h a t  hold water a t  t h a t  s o i l  water 

p o t e n t i a l  has been reduced. In  o ther  words, macroporea have been 

reduced i n  size. 

Hsiao e t  a l .  (1976) list twelve p lan t  physiological  processes and 

parameters de t r imenta l ly  affected by  water stress. Orie of the  most 

s e n s i t i v e  i s  grawth by c e l l  enlargement. When a p lan t  is s t r e s sed  by 

a water d e f i c i t ,  t h e  following general  sequence of events takes  place. 

A s  s o i l  water content decl ines ,  t h e  absolute  s o i l  water po ten t i a l  

increases. I n  order  t o  e x t r a c t  water from the  s o i l ,  t h e  p lan t  root  

must develop a g r e a t e r  absolute  water potential .  In order f o r  water 

t o  move throughout t h e  p lan t ,  each succeesive point  along i t a  path  

must have a greater absolute  water potent ia l .  As the plant water 
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poten t i a l  i s  increased, the osmotic and rnatric po ten t i a l  must be 

increased  i n  order t o  maintain cell  turgor. This is  accomplished by 

ce l l  dehydration and migration of so lu tes  t o  the af fec ted  c e l l s .  Both 

of these proceases take place a t  t h e  expense of o ther  v i t a l  processes 

within the  p lan t .  Hsaio (1976) s t a t e s  that ". . . plan t s  sub j ec t ed  t o  

mild water stress may exh ib i t  s i g n i f i c a n t  reduction i n  growth while 

tu rgor  pressure is  apparently maintained." 

Rosenthal et 81. , (1977) demonstrated t h a t  s i g n i f i c a n t  reductions 

i n  corn y ie ld  were apparent when 40% of the ava i l ab le  water was deple- 

t e d .  

Available Water Holding Capacity 

Based on the  soil water retention da ta ,  no changes i n  available 

water holding capacity could be calculated f o r  t h e  surface  horizon on 

the Ter t i a ry  Volcanic sites. This I s  an apparent indication tha t  the  

frequency ot r e l a t i v e l y  l a rge  pores i n  t h e  undisturbed soil is  low. 

Reduction8 i n  the  amount of water held a t  .33 bars occurred but were 

not s t a t l a t i c a l l y  s i g n i f i c a n t .  

Table 23 shows the ava i l ab le  water (percent by weight) i n  the  

th ree  treatments on t h e  B2ir (loess cap) horizon of the  glacial till 

s i t e s .  A 45% reduction i n  t h e  moderate treatment areas  and a 53% 

reduction i n  the severe treatment areas  occurred on the  q u a r t z i t e  

till. A 26X reduction i n  t h e  moderate treatment areas  and P 34% 



Table 23. Available watert in the loeas cap of three treatments 
on quartzite and limestone glacial till sites. 

Control Moderate Severe 

B2ir-15cm 32,2 17.8 15.3 
Quartzite till sites ( 45%)  (53%) 

B2ir-15 cm 59 .2  43 .8  39.1 
Limestone till sites (26%) ( 3 4 % )  

Data are percent water by weight. Percent reduction from 
control appear in parentheses, 
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reduct ion  i n  the severe t reatment  areas occurred i n  t h e  l imestone 

till. The p r o f i l e  d e s c r i p t i o n s  i n  Appendices 2 t o  4 show t h a t  most 

roots were found i n  the B2ir horizon. Thus, a s u b s t a n t i a l  l o s s  of 

water  a v a i l a b l e  f o r  p l a n t  uptake has occurred.  

Af t e r  a s o i l  is s a t u r a t e d ,  water  is g radua l ly  r e d i s t r i b u t e d  

downward through the profile. The study d a t a  show t h a t  t h e  i n f i l t r a -  

tion capacity and water  holding capac i ty  have been s i g n i f i c a n t l y  

reduced i n  t h e  glacial till s i t e s .  S ince  t h e  water t a b l e  a t  t hese  

sites is at  great depth,  only r a i n f a l l  and snowmelt is a v a i l a b l e  to 

r ep l en i sh  so11 p r o f i l e  moisture.  The evidence sugges ts  t h a t  subso i l  

moiature  replenishment i a  l imi t ed  by compaction of t h e  surface horizon,  

Bulk Density 

S i g n i f i c a n t  i nc reases  i n  bulk d e n s i t y  occurred with t reatment  i n  

the su r f ace  horizons of s o i l s  on a l l  t h r e e  pa ren t  materials. Bulk 

d e n s i t y  increaeee were detected a t  t h e  15 cm depth i n  t h e  T e r t i a r y  

Volcanic sites and a t  t h e  5 cm and 15 cm depth i n  t h e  l imestone and 

quartzite dominated g l a c i a l  till a i t e s .  Increases were s i g n i f i c a n t  

on ly  on severe  t rea tment  areas i n  t h e  au r f ace  horizon of t h e  T e r t i a r y  

Volcanic sites. Both moderate and severe  t rea tment  areas showed 

s i g n i f i c a n t  i nc reases  of bu lk  dens i ty  i n  t h e  B2it ( l o e s s  cap) horizon 

on  t h e  till s i t e s .  



As shown in the literature review, an increase in bulk density l a  

normally associated with an increase in shear strength. Thus, a 

plant-soil-microclimatic system must adjust to new soil conditions 

encountered in the form of increased e d i l  bulk density (and a conae- 

quent increase in the shear strength). Root systema are less eas i ly  

able to penetrate the denser, stronger soil, Research has ahown that 

the greater the bulk density, the leae total root weight wlll be 

present (Zimmerman and Kardos, 1961; Hopkins and Patrick, 1969; Rickman 

et al., 1966). 

Field profile deecriptione (Appendices 2 to 4) show that most 

root growth is In the surface horizons of the three sites. The subsoil 

is dense before disturbance and apparently limiting to root growth 

below the surface horizon. The increaser in surface horizon bulk 

density may be adding an additional restriction to an already limited 

root growth environment. 

Much higher surface horizon bulk densities were observed in the 

treatment area of the Tertiary Volcanic sites than those of the lime- 

stone and quartzite glacial till sites. Surface horizon eamplee from 

the Tertiary Volcanic sites generally have lower silt content, higher 

clay content and a greater amount of crystalline clays. A higher 

shear strength would be expected in the Tertiary Volcanic surface 

horizons than in its northwestern Montane analog and bulk densities of  
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the T e r t i a r y  Volcanic su r f ace  hor izon  may be more l i m i t i n g  t o  p l an t  

growth than those of t h e  loeos caps on t h e  l imestone and q u a r t z i t e  

till s i t e s .  

I n  t h r e e  cases, bulk  d e n s i t i e s  i n  t h e  IIA2 horizon a t  t h e  g l a c i a l  

till s i t e s  decreased wi th  t reatment .  These d i f f e r ences  occurred a t  

the  lowest l e v e l  of s t a t i s t i c a l  confidence used i n  a h ighly  variable 

till. The magnitude of bulk d e n s i t y  change from the con t ro l  was 

greates t  i n  the moderate t reatment  areas and lowest i n  t h e  severe  

t rea tment  a r e a s  i n  the IIA2 (30 cm) hor izon  on the quartzite g l a c i a l  

till s i t e s .  The appos i t e  waa t r u e  on t h e  l imestone till s i t e s .  Th i s  

may be i n d i c a t i v e  of t h e  v a r i a b i l i t y  present  i n  g l a c i a l  till. Because 

of t h e  low s t a t i s t i c a l  confidence In t he se  t r ends  and high v a r i a b i l i t y  

of the till, the authors  question their v a l i d i t y .  

I n  a similar s tudy on the same types  of g l a c i a l  till s o i l s ,  

Kuennen e t  a l .  (1979) found only  amall i nc reases  ( l e s s  than  5%) i n  

s u b s o i l  bulk d e n s i t i e s  w i t h  a more s e n s i t i v e  s t a t i s t i c a l  test (paired 

t) and a l a r g e r  sample s i z e .  Thei r  r e s u l t  i n d i c a t e s  ". . . l e e a  

p o s s i b i l i t y  of subeo i l  d ra inage  due t o  compaction." This  is cons i s t en t  

with the r e s u l t s  of t h i s  s tudy.  



Poros i ty  

Pofosi ty is  Inversely r e l a t e d  t o  bulk densi ty.  Therefore, i n  the  

aurface  horizons of the t h ree  parent  materials, significant reductions 

i n  poroeity p a r a l l e l  the bulk density increaaes.  

Baver (1972) statee t h a t  Hannen and Buckingham showed t h a t  the  

sum of the crosa-sect ional  a reas  of the  effective pore volume ie t he  

most important f a c t o r  a f f e c t i n g  gas d i f f u s i o n  i n  soils. In addition, 

Buckingham showed t h a t  the  rate of d i f fue ion  is reduced one-fourth 

when t he  f r e e  pore space is reduced one-half. In  t h e  study s o i l s ,  

this mean8 t h a t  the  a b i l i t y  of gases such as C02 and O2 t o  ubve f r e e l y  

i n  and out  of the s o i l  has been s u b s t a n t i a l l y  reduced. For example, 

the bulk dens i ty  i n  t h e  B2ir (15 cm) horizon of the l i m e t o n e  till 

s i t e s  increased 43% i n  the  severe treatment areas. This is equivalent  

t o  a 19% reduction i n  pore space. I f  it is assumed t h a t  a l l  of the  

pores a r e  free pore space, a 34% reduction i n  d i f fus ion  rate may have 

occurred. The assumption is  not  completely v a l i d ,  but the  example I s  

given t o  i l l u s t r a t e  the e f f e c t  that a poroeity reduction has  on the  

movement of gas through a soil. I n  a c t u a l i t y ,  the  ae ra t ion  s i t u a t i o n  

is  f u r t h e r  complicated by a reduction i n  so i l  pore number and s i z e ,  ae 

demonstrated by the s o i l  water r e t en t ion  data .  A s  the  s o i l  d r i e s  out ,  

water is held more tenaciously i n  the  smaller poree by the  r e l a t ionsh ip  

described i n  equation (I), and t h e  a i r - f i l l e d  pore space is reduced. 

A reduction i n  gaseous d i f fue ion  r e e u l t s .  



T i m e  - 
N o  s t a t t s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  a t t r i b u t a b l e  t o  age of 

harvest u n i t  were found i n  i n f i l t r a t i o n ,  soil water r e t e n t i o n  o r  bulk 

density. I n  other words, the effects 04  a o i l  compaction were not 

ameliorated over t h e  range of time inves t iga t ed .  Present t imber 

management p o l i c i e s  d i c t a t e  a r o t a t i o n  schedule of about 120 years  

(B ig l e r ,  1980) f o r  a commercial s tand  of t imber.  I f  f u t u r e  research 

shows that t h e  s o i l  phys ica l  changes documented i n  t h i s  s tudy i n h i b i t  

t imber p roduc t iv i ty ,  t h i s  i n h i b i t i o n  w i l l  have e x i s t e d  f o r  a t  least 

one-tenth of the r o t a t i o n  period,  

The p o s a i b i l i t y  f o r  e x t r a c t i n g  a b iased  sample e x i s t s  i n  t h i s  

ana lys i s .  It is poss ib l e  t h a t  areas t h a t  would, a t  one time, have 

been i d e n t i f i e d  aa severely d i s tu rbed  are now being identified aa 

moderately d is turbed .  

R e l i a b i l i t y  of Data 

The s tudy s o i l s  are h igh ly  v a r i a b l e  systems d i f f i c u l t  t o  sample 

and analyze f o r  chemical and phys i ca l  determinations. Differences  due 

t o  t reatment  effect were e s p e c i a l l y  d i f f i c u l t  t o  d e t e c t  i n  t h e  sub- 

s o i l s .  V a r i a b i l i t y  encountered i n  the s tudy  is  a t t r i bu t ed  t o  the 

following: 

1) amorphous cha rac t e r  of s u r f a c e  d e p o s i t s  a t  a l l  t h r e e  s tudy s i r e s .  
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2) var iab le  c lay  content  and mineralogy i n  the  T e r t i a r y  Volcanic 

soils. 

3)  poss ib le  d i f f e r e n t i a l  g l a c i a l  compaction of till s i t e s .  

4 )  s u b t l e  changes i n  parent mater ia l  which occur in glac ia ted  areas 

( d i f f e r e n t  till types,  outwaeh, f l u v i a l  deposi t s ,  e t c  .) . 
5 )  lack of profile homogeneity due t o  tree windthrow h i s t o r y ,  w i l d  

animal a c t i v i t y ,  c a t t l e  grazing h i s t o r y ,  etc. 

6) l ack  of 'knowledge of logging h i s t o r y  such as type of machinery 

used, type of harves t  ( c l e a r  cut ,  ehelterwood cu t ,  commercial 

thlnning, etc.), s o i l  moisture conditions at  t i m e  of harves t  and 

number of vehicular  passes a t  each sample site. 

Three separa te  analyses showed d e f i n i t e  trends i n  t h e  results and 

the authors f e e l  t h a t  these  t rends  r e f l e c t  f i e l d  condit ions accurately.  

Ongoing s t u d i e s  using more s e n e i t i v e  techniques may be a b l e  t o  de tec t  

more s u b t l e  changes i n  e o i l  physical  proper t ies .  However, it ie 

l i k e l y  t h a t  t h e i r  conclusions concerning t h e  r e l a t i v e  magnitude and 

importance of changes throughout the p r o f i l e  w i l l  v e r i f y  and support 

t h i s  study. 



SUMMARY AND CONCLUSION 

This research  characterized f o r e s t  s o i l s  forming i n  t h r e e  parent  

materials: T e r t i a r y  Volcanics,  l imestone g l a c i a l  till, q u a r t z i t e  

dominated g l a c i a l  till. I n  add i t i on ,  f i e l d  and l abo ra to ry  d a t a  show 

t h a t  t h e  phys ica l  p r o p e r t i e s  of t hese  soils have been s i g n i f i c a n t l y  

a l t e r e d  by t h e  impacts of ha rves t ing  machinery. The l i t e r a t u r e  review 

and d iacuss ion  show t h a t  t h e  phys ica l  changes observed are normally 

assoc ia ted  wi th  s o i l  condi t ions  i n h i b i t i n g  t o  optimum p l a n t  growth and 

p roduc t iv i ty  . 
S i t e s  wi th  a l o e s s  cap of s t rong  amorphous c h a r a c t e r  were found 

i n  Flathead and Kootenai Nat ional  F o r e s t s  of northwest Montana. 

Amorphous c h a r a c t e r  w a s  no t  expressed i n  t h e  s u r f a c e  hor izon  on s i t e s  

l oca t ed  i n  the  T e r t i a r y  Volcanics of t h e  B i t t e r r o o t  Nat ional  Fores t .  

Soils involved i n  t h e  s tudy can gene ra l ly  be arranged i n t o  two 

groupings. The f i r s t  group is composed of s o i l s  i n  the B i t t e r r o o t  

National Fores t  which are forming i n  T e r t i a r y  Volcanic parent mate r i a l ,  

The t y p i c a l  s o i l  p r o f i l e  has  a 15 t o  30 cm loamy surface horizon 

overlying c l ay  r i c h  sediments.  Clay content  i n  t h e  s u b s o i l  t y p i c a l l y  

ranged from 20 t o  67 percent  wi th  c l ay  content  above 45 percent  being 

most common, The more permeable s u r f a c e  hor izon  has  a lower bulk 

3 d e n s i t y  (1.3 g/cm ) t han  t h e  less permeable clay s u b s o i l  (1.66 g/cm3). 

Along w i th  c l a y  content ,  exchangeable cations, base s a t u r a t i o n  and 

c a t i o n  exchange capac i ty  i nc rease  wi th  depth i n  the Tertiary Volcanic 

p r o f i l e .  S o i l s  i n  t h i s  group a r e  Boralfs. 
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The second group of s o i l s  is  composed of those forming i n  glacial 

till deposi t s  i n  t h e  Flathead and Kootenai National Fores ts  of North- 

western Montana. These e o i l s  a r e  over la in  by a loesa cap of s t rong 

amorphous charac ter .  A l i t h o l o g i c  d iscont inui ty  e x i s t s  between the  

3 highly permeable, low density (.53-.75 g/cm ) l oess  cap and the  under- 

3 ly ing  less permeable, denser (1.45-1.76 g/cm ) g l a c i a l  till subsoi ls .  

Textures throughout t h e  p r o f i l e  are predominantly s i l t  loam. Within 

t h e  p r o f i l e ,  h ighes t  organic matter content, lowest pH, and the  h ighes t  

CEC were found i n  the B2ir ( loesa cap) horizon. Although ca t ion  

exchange capac i t i e s  i n  t h e  till subaoile  are l e a s  than hal f  of those 

found i n  the  su r face  horizon, base s a t u r a t i o n  and exchangeable calcium 

and magnesium a r e  higher i n  t h e  till subsoi ls .  Exchangeable sodium 

and potassium l e v e l s  are lower 14 t he  till sequum than i n  the  surface  

horizon. S o i l s  i n  t h i s  group coneis t  of Al f i so l s  and Incep t i so l s .  

Three independent meaeurements show t h a t  s i g n i f i c a n t  changes i n  

t h e  physical  p roper t i e s  of t he  study s o i l s  have taken place. I n  the  

th ree  parent mater ia ls ,  i n f i l t r a t i o n  rafee were changed a8 fo l lovs :  

1) Ter t i a ry  Volcanics 

- 87% reduction i n  severe  treatment areas ,  

2)  Limestone dominated g l a c i a l  till 

- 78% reduction i n  moderate treatment areas, 

- 81 X reduction i n  severe treatment areas ,  

3) Quar tz i te  dominated g l a c i a l  till 
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- 75% reduction i n  moderate treatment areas, 

- 79% reduction in severe treatment areas, 
4 )  No significant infiltration changes were found due to parent 

material differences. 

Bulk densities in the surface horizons of the three parent mate- 

rials were changed as follows: 

1) Tertiary Volcanics 

- 18% increase in moderate treatment areas, 
- 21% increase i n  aevere treatment areas, 

2) Limestone dominated glacial till (5 cm) 

- 38% increase in moderate treatment areas, 
- 59% increase in aevere treatment areas, 
Limestone dominated glacial till (15 cm) 

- 83% increase in moderate treatment areas, 
- 76% increase i n  severe treatment areas, 

3) Quartzite dominated glacial till (5 cm) 

- 3% increase in moderate treatment areas, 
- 58% increase in severe treatment areas, 
Quartzite dominated glacial till (15 cm) 

- 16% increase in moderate treatment areas, 
- 21% increase in severe treatment areas. 

4 )  Statistically aignificaot decreases in the subsoil bulk densities 

of the IIA2 horizon in the moderately treated quartzicc till 
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study areas  and i n  the  severe treatment on t h e  limestone till 

s i t e s  were found. These occurred a t  t h e  lowest (P = . l o )  l eve l  

of s t a t i s t i c a l  confidence employed. Because of the  va r i ab le  

nature of the  g l a c i a l  till and because t h e  changes f i t  no t read  

i n  t h e  da ta ,  t h e  authors quest ion t h e  v a l i d i t y  of these  decreases. 

S ign i f i can t  reductions i n  s o i l  water r e t e n t i o n  were found a t  

t h r e e  s o i l  water p o t e n t i a l s  (.02, . lo,  .33 bars) i n  the  loess  cap 

horizon of the limestone and q u a r t z i t e  dominated g l a c i a l  till sites. 

S ign i f i can t  reductions were a l s o  found in t h e  B22t (45 cm) horizon a t  

the ~ e r t i a r ~  Volcanic sites. This change was not a p a r t  of any trend 

i n  the  da ta  and is in te rp re ted  by the authors t o  be a function of the  

high v a r i a b i l i t y  encountered when doing a water r e l a t ed  ana lys i s  on 

high clay samples of d i f f e r i n g  c lay  mineralogy. Changes i n  ava i l ab le  

water holding capacity of the  surface  horizons are summarized a s  

1) Ter t i a ry  Volcanics 

- no s i g n i f i c a n t  changes detected,  

2 )  Limestone dominated g l a c i a l  till 

- 25% reduction i n  moderate treatment a reas ,  

- 24% reduction i n  severe  treatment areas, 

3) Quar tz i te  dominated g l a c i a l  till 

- 45% reduction i n  moderate treatment a reas ,  

- 52% reduction i n  severe treatment areas .  
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Although there have been no physical manifestations of compaction 

i n  the study s i te  s u b s o i l s ,  authors f e e l  that these already dense 

subsoils  have had s o i l  air and water supply appreciably reduced by the 

compaction of the surface layer. Thus, the effects of the compaction 

process are expressed throughout the soil profile. 

The subsites (ranging from 3 t o  17 years since harvest) were 

categorized as "young, " "medium, I' and "old. " No s ignif icant  changes 

attributable t o  age grouping were d e t e c t e d  i n  i n f i l t r a t i o n ,  soil water 

retention or bulk denelty. The effects of soil compaction were not 

ameliorated over the range of time investigated. 



RECOMMENDATIONS 

1) Further study is needed in the following areas: 

- To determine if and how much sediment is being transported away 
from timber harvesting units due to reduced infiltration capac- 

ities and increased runoff. 
0 

- To determine the local species' growth pattern and response to 
increasing bulk densities. 

- To determine the local specieel growth pattern and response to 
water stress. 

- To determine the local species1 growth pattern and response to 
deficiencies in aeration. 

- To determine areal extent and severity of disturbance in a typical 

harvest unit. 

- To determine the feasibility of establishing alternative succes- 
sional plant species (e.g., Alnus sinuata) which may be able to 

penetrate dense subsoils and subsequently aid in the ameliora- 

tion of compaction. 

Development of alternative plans for harvesting timber from compac- 

tible soils such aa those involved in this study is needed. Such 

planning might include alternative logging systems, dedication of 

land to be set aside for use by timber harvest vehicles only, use of 

silvicultural practices after harvest to prepare the sites for new 

timber stands (ripping, etc.), lengthening of rotation schedules. 
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APPENDICES 



APPENDIX I 

SOIL PEDON CODING SCHEME 



Each pedon is identified by a four-symbol code. The first symbol 

identifies the national forest that the pedon is located in. This 

is followed by a number designating the subsite, then by the letter A 

or B designating the replication, and finally by the letter C, M or 

S designating the degree of trafficking (treatment) t o  which the 

pedon was exposed. 

Forest Code (first symbol) 

B = Bitterroot National Forest 

F = Flathead National Forest 

K = Kootenai National Forest 

Subsite Code (second symbol) 

2 = subsi te  2 

3 = subs i t e  3 

Replication Code (third symbol) 

A = replication A 

B = replication B 

Treatment Code (fourth syml301) 

C = control 

M = moderate amount of disturbance 

S severe amount of disturbance 



APPENDIX I1 

SOIL PROFILE DESCRIPTlONS 

FOR PEDONS FORMING IN TERTIARY VOLCANIC PARENT MATERIAL 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Eutric Gloasoboralf 
DATE DESCRIBED: 8-1-79 
LOCATION: B i t t e r r o o t  Nat. For. ,  s i t e  1, c o n t r o l ,  f i r s t  r e p l i c a t i o n ;  

N W ~ ,  Sec. 17, T l S ,  R22W 
ELEVATION: 1585 m 
VEGETATION : DF/LIBO / SYAL 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 9% Eaat t o  Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILE DESCRIPTION 

A2 0-29 cm Gray-light brownish gray (2.5Y 6/1) silt  loam, brown- 
dark brown ( 1 0 ~ ~  4 / 3 )  moist;  weak medium subangular  blocky; 
s l i g h t l y  hard-hard, f i rm,  s l i g h t l y  sticky, nonp la s t i c ;  f e w  
f i n e ,  medium & coa r se  roo t s ;  slightly a c i d  (6.3 pH); abrupt- 
smooth boundary. 

B21t 29-102 cm Olive brown (2.5Y 416) s i l t y  clay loam, brownish 
yellow ( 1 0 ~ ~  6 / 6 )  moist ,  strong medium p r i sma t i c  and columnar; 
very f i rm,  a t i c k y ,  p l a s t i c ;  many t h i c k  c l a y  f i lms  on f a c e  of 
peda and l i n i n g  pores; few fine medium and coa r se  roo t s ;  medium 
ac id  (6.0 pH); g radua l ,  irregular boundary. 

B22t 102-123 c m  P a l e  yellow (2.5Y 7/41 c l a y  loam, pink-reddish 
yellow (7.5YR 7 1 6 )  moist ;  angular blocky; very firm, s t i c k y  t o  
very s t i c k y ,  s l i g h t l y  p l a s t i c ;  common t h i n  c l a y  films on faces 
of peds; few f ine ,  medium and coa r se  roots ;  n e u t r a l  (7.0 pH). 



CZASSIFICATION: fine, montmor i l lon i t ic ,  f r i g i d  Typic Eutroboralf  
DATE DESCRIBED: 8-3-79 w 

LOCATION: B i t t e r r o o t  Nat. For. ,  s i te  1; c o n t r o l ,  second r e p l i c a t i o n ;  
NWkp Sec.17, T.lS, R22W 

ELEVATION: 1585 m a 

VEGETATION: DF/LIBO/SYAL 
PARENT MATERIAL,: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 10X Eas t  
DRAINAGE: Moderately w e l l  d ra ined  

PROFILE DESCRIPTION 

A2 1 0-17 cm L i g h t  brownish gray (10YR 6 1 2 )  loam, dark  brown 
(10YR 3 1 3 )  moist ;  weak f i n e  angular  blocky s t r u c t u r e ;  s o f t ,  
very  f r i a b l e ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t t c ;  many fine, 
common medium, few coa r se  roo t s ;  medium a c i d i t y  (6.0 pH); clear 
smooth boundary. 

A2 2  17-29 cm P ink i sh  gray-pink ( 7 . 5 ~  713) sandy c l ay  loam; weak 
f i n e  angular blocky; s o f t ,  very  friable, s l i g h t l y  ~ t i c k y ,  
s l i g h t l y  p l a s t i c ;  common Eine r o o t s ;  s t r o n g l y  acidic (5.5 pH); 
c l e a r  wavy boundary. 

B21t 29-52 cm Yellowish brown (10YR 518) moist s i l t y  c l a y  loam; 
moderate medium columnar prismatic breaking t o  angular  blocky 
s t r u c t u r e ;  firm, s t i c k y ,  p l a s t i c ;  common moderately t h i c k  c l ay  
films on faces of peds; few fine roo t a ;  s t r o n g l y  a c i d i c  (5.5 
pH); clear smooth boundary. 

B22t 52-102 cm Strong brown (7.5 YR 516) moist c l ay  loam; many 
yel lowish  red ( ~ Y R  5 1 8 )  mot t les ;  s t r o n g  medium angular  blocky 
s t r u c t u r e ;  f i rm ,  s t i c k y ,  s l i g h t l y  p l a s t i c ;  continuous moder- 
a t e l y  t h i c k  c l a y  f i l m s  on f a c e s  of peds;  few Eine roo t s ;  
s t r o n g l y  acidic  (5.5 pH); c l e a t  wavy boundary. 

S 3 102-150 cm Yellowish red (5YR 516) moist  c l ay  loam; many 
ye l lowish  red (5YR 5 1 8 )  mot t l e s ;  moderate medium angular  blocky 
s t r u c t u r e ;  f i r m ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ,  common 
moderately th ick  clay films on face of peds and l i n i n g  pores;  
few f i n e  roots; s l i g h t l y  acidic (6.5 pH). 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Typic Eutroboralf  
DATE DESCRIBED: 8-2-79 
LOCATION: B i t t e r r o o t  Nat. For. ,  s i t e  1; moderate d i s tu rbance ,  f i r s t  

r e p l i c a t i o n ;  NWk, Sec.17, TIS, R22W 
ELEVATION: 1585 m 
VEGETATION: DF/sYAL/CARV 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 9% Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILE DESCRIPTION 

A 2  0-15 cm L igh t  brownish grey ( 1 0 ~ ~  612) s i l t y  c l ay  loam, brown 
( 1 0 ~ ~  4 1 3 )  moist; moderate f i n e  subangular blocky breaking t o  
p l a t y  s t r u c t u r e ;  hard ,  f i r m ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a a t i c ;  
common fine, f e w  medium r o o t s ;  s t r o n g l y  acid (pH 5.5);  clear 
smooth boundary. 

B21t 15-41 cm Light brownish grey (10YR 6/21 silty c l ay ;  dark brown 
(7.5Y~ 413) moist; s t r o n g  coarse columnar s t r u c t u r e ;  very firm, 
s t i c k y ,  s l i g h t l y  p l a s t i c ;  common moderately t h i c k  c l a y  f i lms  
l i n e  pores;  few f i n e  r o o t s ;  medium ac id  (pH 6.0); c l e a r  wavy 
boundary. 

R22t 41-93 cm S i l t y  c l a y ,  brown (7.5YR 4 1 3 )  moist ;  strong medium 
subangular  blocky s t r u c t u r e ;  firm, s t i c k y ,  p l a s t i c ;  many 
moderately thick c l ay  films on f a c e  of peda; few f i ne  roo t s ;  
medium ac id  (pH 6.0) ;  c l e a r  wavy boundary. 

831 93-133 c m  S i l t y  c l ay  loam, yel lowish red ( ~ Y R  416) moist;  
s t r o n g  medium subangular  blocky s t r u c t u r e ;  friable, very 
s t i c k y ,  p l a s t i c ;  many thick c l ay  f i l m s  on face of peds and 
l i n i n g  pores;  few f ine  r o o t s ;  moderately a l k a l i n e  ( p ~  8.0); 
ab rup t  smooth boundary. 

B32 133-150 c m  Silty c l ay  loam, brown (7.5Y~ 514) moist;  mclderate 
medium subangular  blocky s t r u c t u r e ;  s o f t ,  very f r i a b l e ,  
s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ;  common c l a y  f i l m s  on f a c e s  
of peds; few f i n e  roo t s ;  moderately a l k a l i n e  (pH 8.C). 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Typic Eut tobora l f  
DATE DESCRIBED: 8-4-79 G 

LOCATION: Bitterroot Nat. For . ,  s i te  1, moderate d i s tu rbance ,  second 
r e p l i c a t i o n ;  N w ~ ,  Sec.17, T l S ,  R22W 

ELEVATION: 1585 m k 

VEGETATION : DF /sYAL /CARU 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 10% Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILg DESCRIPTION 

0 1 5-0 cm 

A2 0-15 c m  L i g h t  grey (10YR 7 1 2 )  silty c l ay  loam, very da rk  
g r e y i s h  brown (10YR 312) moist; moderate medium subangular 
blocky breaking t o  platy s t r u c t u r e ;  slightly hard,  f r i a b l e ,  
s t i c k y ,  s l i g h t l y  p las t ic ;  common fine, f e w  coa r se  roo t s ;  medium 
a c i d  (pH 6 .0) ;  cleat wavy boundary. 

B21t 15-36 c m  S i l t y  c l ay ,  dark ye l lowish  brown (10YR 4/4)  moist;  
s t r o n g  coa r se  columnar s t r u c t u r e ;  f i rm ,  very sticky, very  
p l a s t i c ;  many moderately t h i c k  c l a y  f i l m s  on face of peds; few 
f i n e  roo t s ;  very  s t r o n g l y  ac id  (pH 4.5);  c l e a r  wavy boundary. 

B22t 36-78 cm S i l t y  c l ay ,  da rk  brown (7.5YR 4 1 3 )  moist; strong 
coarse subangular blocky s t r u c t u r e ;  firm, very  s t i c k y ,  v e r y  
p l a s t i c ;  cont inuous t h i c k  c l a y  films on face of peds; f e w  f ine  
r o o t s ;  neutral acid (pH 7 .O) ; c l e a r  wavy boundary. 

B23t 78-112 cm S i l t y  c l a y ,  brown ( 7 . 5 ~ ~  514) moist; moderate coa r se  
angu la r  and subangular blocky s t r u c t u r e ;  f r i a b l e ,  ve ry  sticky, 
very p l a s t i c ;  many moderately t h i c k  c l a y  films on f a c e  of peds 
and l i n i n g  pores; few f i n e  roots; moderately a l k a l i n e  (pH 8.0) ; 
clear smooth boundary. 

B24t 112-164 cm S i l t y  c l a y  loam, brown (7.5YR 5 1 3 )  mist; many 
ye1 lowish red (5YR 5 18) mo t t l e s ;  moderate medium subangular  
blocky s t r u c t u r e ;  s l i g h t l y  hard ,  ve ry  firm, s t i c k y ,  p l a s t i c ;  
many medium clay f i l m s  on f a c e  of peds and l i n e  pores;  f e w  f i n e  ii 

r o o t s ;  moderately a l k a l i n e  (pH 8 .0) .  



CLASSIFICATION: f ine ,  montmor i l lon i t ic ,  f r i g i d  T y p i c  Eut robota l f  
DATE DESCRIBED: 8-2-79 
LOCATION: B i t t e r r o o t  Nat. For. ,  s i t e  1, seve re  disturbance, f i rs t  

r e p l i c a t i o n ;  NW%, Sec. 17, TlS, R22W 
ELEVATION: 1585 m 
VEGETATION: DF/sYAL/CARU 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 6% Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILE DESCRIPTION 

A 2  0-15 cm White (10YR 8/21 s i l t y  clay loam, brown (7.5YR 2 1 2 )  
moist; moderate medium p l a t y  s t r u c t u r e ;  extremely hard, firm, 
s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ;  f e w  f i n e  roo t s ;  s t r o n g l y  
a c i d  (5.5 pH); gradual i r r e g u l a r  boundary, 

B21t 15-36 cm Clay loam, l i g h t  o l i v e  brown (2,5Y 5/4) moist ;  
moderate medium columnar s t r u c t u r e ;  very  f i rm,  s t i c k y ,  p l a s t i c ;  
many moderately t h i c k  c l a y  films on ped faces ;  few f i n e  roo t s ;  
medium acid (6 .O pH) ; gradual i r r e g u l a r  boundary. 

B22t 36-90 cm S i l t y  c l ay ,  l i g h t  o l i v e  brown (2.5Y 514) moist;  
s t r o n g  coa r se  angular  blocky s t r u c t u r e ;  f r i a b l e ,  sticky, 
s l i g h t l y  p l a s t i c ;  many t h i c k  c l ay  films an f a c e s  of peds; few 
fine roots; n e u t r a l  (7.0 pH); c l e a r  wavy boundary. 

B 3 90-140 cm Silty c l a y ,  o l i v e  yellow (5Y 6/61 moist; moderate 
medlum subangular  blocky s t r u c t u r e ;  friable, s t i c k y ,  p l a s t i c ;  
common moderately t h i c k  c l a y  f i l m s  l i ne  pores;  few f i n e  roots; 
moderately a l k a l i n e  (8.0 pH). 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Typic Eutroboralf  
DATE DESCRIBED: 8-3-79 r. 
LOCATION: B i t t e r r o o t  Nat. For. ,  s i t e  1, severe d is turbance ,  second 

r e p l i c a t i o n ;  m, Sec.17, TlS, R22W 
ELEVATION: 1585 m 

ir 
VEGETATION: DF/SYAL/CARU 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 5.5% Southeas t  
DRAINAGE: Moderately w e l l  d ra ined  

PROF1 LE DESCRIPTION 

A2 0-41 cm Pinkish white (5YR 8/2) ,  s i l t y  c l ay  loam, brown t o  
dark brown (7.5YR 414) w i a t ;  weak moderate subangular blocky 
breaking t o  p l a t y  s t r u c t u r e ;  s l i g h t l y  hard ,  f im,  s l i g h t l y  
sticky, s l i g h t l y  p l a s t i c ;  common f ine,  f e w  medium roo t s ;  
s t r o n g l y  ac id  ( p ~  5.3); clear smooth boundary. 

B21t 41-58 c m  Silty c l ay ,  brown-dark brown (7.5YR 4/4)  moist ;  
strong medium columnar s t r u c t u r e ;  firm, s t i c k y ,  p l a s t i c ;  few 
moderately t h i c k  c l a y  f i l m s  on face of peds and l i n i n g  pores;  
few fine r o o t s ;  s l i g h t l y  ac id  (pH 6.2) ;  c l e a r  smooth boundary. 

B22t 58-105 cm S i l t y  clay, r edd i sh  brown (5YR 414) moist; moderate 
medium angular  blocky s t r u c t u r e ;  f i rm,  ve ry  s t i c k y ,  very 
p l a s t i c ;  many moderately t h i c k  c l a y  films on f a c e  of peds; few 
f i n e  roots; n e u t r a l  (pH 7.0) ; clear wavy boundary. 

B 3 105-156 c m  S i l t y  clay loam, r edd i sh  brown (5YR 514) moist;  
moderate medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  very 
s t i c k y ,  plastic; common moderately t h i c k  c l ay  film l i n e  pores;  
n e u t r a l  (pH 7.0). 

P. 

I 



CLASSIFICATION: f i n e  loamy, montmor i l lon i t ic ,  Moll ic  Cryoboralf 
DATE DESCRIBED: 8-19-80 
LOCATION: B i t t e r r o o t  Nat. For., site 2,  control, f i r s t  replication; 

NW$, Sec.17, TlS, R22W 
ELEVATION: 1585 m 
VEGETATION: AF/LIBO/VASC 
PARENT MATERIAL: T e r t i a r y  Volcanic 
SLOPE and ASPECT: 8% Northeast  
DRAINAGE: Moderately we l l  drained 

PROFILE DESCRIPT LON 

A2 0-28 cm Light  brown (7.5YR 614) s i l t y  c l ay  loam, dark  yellow- 
i s h  brown (10YR 314) moist ;  weak, very f i n e  angular  blocky 
s t r u c t u r e ;  s o f t ,  f r i a b l e ,  s l i g h t l y  sticky, s l i g h t l y  p l a s t i c ;  
common f i n e  and f e w  medium and coa r se  roots; medium acid (pH 
5.8); clear wavy boundary. 

B21t 28-54 cm Ligh t  brown ( 7 . 5 ~ ~  614 wi th  30% clayey network 
7.5YR 3 / 2 )  sandy clay loam, reddish  brown (5YR 4/4 with 30% 
clayey network l O Y R  2 1 3 )  moist; moderate f i n e  angular  blocky; 
f i rm,  s t i c k y ,  p l a s t i c ;  common moderately t h i c k  c l ay  f i l m s  l i n e  
pores ;  f e w  f ine and medium roo t s ;  s t r o n g l y  ac id  (pH 5.5 wi th  pH 
6.0 i n  mat r ix) ;  c l e a r  wavy boundary. 

B22t 54-83 cm Yellowish brown (10YR 518) sandy loam, s t rong  brown 
(7.5 YR 4 / 6 )  moist; weak f ine angular  blocky; very f r i a b l e ,  
nonst icky,  nonp la s t i c ;  few t h i n  c lay  f i lms  l i n e  pores; few f i n e  
r o o t s ;  very s t rong ly  ac id  (pH 5.0) ;  c l e a r  wavy boundary. 

B23t 83-160 cm Yellowish red (5YR 516) sandy c l ay  loam, s t rong  
brown (7.5 YR 4 1 6 )  moist;  moderate fine subangular blocky; 
f i rm ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ;  f e w  t h i n  c lay  f i l m  
l i n e  pores;  few f i ne  roo t s ;  medium ac id  (pH 6.0) .  

NOTE: Texture i n  B21t i s  sandy c l ay  but  hor izon  has  network of c layey  
m a t e r i a l .  The matr ix  is l i g h t  brown (7.5YR 614) loamy sand, 
reddish  brown moist.  The clay network occupies 30% of t h e  
hor izon  and is dark brown (7.5YR 312) s i l t y  c l a y ,  very  dark 
brown (10YR 3/2)  moist. 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Typic Eutroboralf  
DATE DESCRIBED: 8-2-79 
LOCATI~N: B i t t e r r o o t  Nat. For . ,  s i t e  2,  c o n t r o l ,  second r e p l i c a t i o n ;  

NW&, Sec.17, T l S ,  R22W 
ELEVATION: 1585 m 
VEGETATION: DF/LIBO / SYAL 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 14% South 
DRAINAGE: Moderately w e l l  d ra ined  

PROFILE DESCRIPTION 

A2 0-25 c m  Light brownish gray (2.5Y 6/2)  s i l t y  c l a y  loam, da rk  
ye l lowish  brown ( 1 0 Y ~  414) moist; moderate medium subangular 
blocky s t r u c t u r e ;  s l i g h t l y  hard, f i rm,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  plastic; many f i n e ,  common medium and few coa r se  
r o o t s ;  very  s t r o n g l y  a c i d  (5.0 pH); clear wavy boundary. 

B21t 25-40 cm S i l t y  c l a y ,  s t r o n g  brown (7.5YR 4/6)  moist;  s t rong  
medium angular  blocky s t r u c t u r e ;  firm, very s t i c k y ,  very  
plastic; common moderately thick c l ay  f i l m s  on face of peds;  
few fine, f e w  medium roots; medium acid (6.0 PH); clear smooth 
boundary . 

B22t 40-61 crn S i l t y  c l a y ,  yel lowish brown ( 1 0 Y ~  5/61 moist ;  strong 
medium subangular blocky s t r u c t u r e ;  f i rm,  s t i c k y ,  p l a s t i c ;  
common moderately t h i c k  c l ay  films on f a c e s  of peds; few f i ne  
r o o t s ;  n e u t r a l  acidity (7.0 pH); clear wavy boundary. 

B3 61-102 cm Sandy c lay  loam, s t r o n g  brown (7.5YR 5 1 6 )  moist;  
moderate medium angular  blocky s t r u c t u r e ;  f i rm,  s t i c k y ,  
p l a s t i c ;  common moderately t h i c k  c l a y  f i l m s  on f a c e s  of peds 
and l i n i n g  pores; few f i n e  r o o t s ;  n e u t r a l  acid (7.0 pH); clear 
i r r e g u l a r  boundary. 

C 102-127 c m  85% s tony  q u a r t z i t e  coa r se  fragments. 



CLASSIFICATION: fine, m o n t ~ n o r i l l o n i t i c ,  f r i g i d  Typic Eutrobora l f  
DATE DESCRIBED: 8-3-79 
LOCATION: B i t t e r r o a t  Nat. For. ,  s i te  2 ,  moderate d i s tu rbance ,  second 

r e p l i c a t i o n ;  NWk, Sec.17, TlS, R22W 
ELEVATION: 1585 m 
VEGETATION: DF/LIBO/SYAL 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 6% Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILE DESCRIPTION 

A2 0-20 c m  Very p a l e  brawn (10Y~ 7/3) c l a y  loam, brown 
(7.5YR 5/41 moist ;  weak f ine angular  blocky to p l a t y  s t r u c t u r e ;  
ha rd ,  firm, s l i g h t l y  s t i c k y ,  s l i g h t l y  plastic; few f i n e  r o o t s ;  
s l i g h t l y  a c i d  (pH 6.5);  ab rup t ,  smooth boundary. 

B21t 20 -42cm Silty c lay ,brown-darkbrown ( 7 . 5 Y R 4 / 3 ) m o i s t ;  
s t r o n g  coarse columnar structure; firm, sticky, p l a s t i c ;  many 
thick clay films on f a c e  of peds;  f e w  fine roots; s t r o n g l y  ac id  
(pH 5.5);  clear, smooth boundary. 

B22t 42-99 cm Silty clay, brown ( ~ O Y R  5/3) moist; moderate medium 
angular  blocky s t r u c t u r e ;  firm, very  s t i c k y  p l a s t i c ;  many 
moderately t h i c k  c l a y  f i l m s  on face of peda and lining pores; 
medium acid (pH 6.0);  clear wavy boundary. 

B 3 99-132 c m  Clay, brown (7.5Y~ 5 / 4 )  moist; moderate medium 
angular blocky structure; fr iable ,  s t i c k y ,  plastic; many moder- 
a t e l y  thick c l a y  f i l m s  on face of peds and l in ing  pores; medium 
a c i d  (pH 6.0) . 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Typic Eutroboralf 
DATE DESCRIBED: 8-2-79 
LOCATION: B i t t e r r o o t  Nat. For. ,  site 2,  moderate d i s tu rbance ,  second 

r e p l i c a t i o n ;  NWk, Sec.17, T l S ,  R22W 
ELEVATION: 1585 rn 
VEGETATION : DF/ SYAL /CARU 
PARENT MATERIAL: Tertiary Volcanic  
SLOPE and ASPECT: 10% South 
DRAINAGE: Moderately w e l l  d ra ined  

PROFILE DESCRIPTION 

A2 0-18 cm Light yel lowish brown (2.5Y 6 / 4 1  silt loam, dark 
ye l lowish  brown (10YR 4/41 moist;  moderate coarse ,  angular 
blocky s t r u c t u r e ;  very  hard ,  very f i rm,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  few f i n e  roo t s ;  very  s t r o n g l y  acid (pH 5.0) ; 
ab rup t ,  smooth boundary. 

B21t 18-38 c m  Silty c l a y  loam, yellowish red (5YR4/6) moist ;  
s t r o n g  very coa r se  columnar structure; f i rm,  s t i c k y  plastic; 
common moderately thick clay f i l m s  on f a c e  of peds; f e w  f i ne  
toots;  medium ac id  (pH 6.0); c l e a r ,  smooth boundary. 

B22t 38-94 cm Silty c l a y ,  da rk  reddish  brown (5YR 3 1 2 )  moist;  
moderate medium angular blocky t o  sub-angular blocky s t r u c t u r e ;  
firm, very s t i c k y ,  very  plastic; strong, moderately thick clay 
f i l m s  on f a c e  of peds; few fine roots; n e u t r a l  (pH 7.0); c l e a r  
smooth boundary. 

B 3 1  94-180 cm S i l t y  c l a y ,  o l i v e  (5Y 5/41 moist;  moderate medium 
angular  blocky s t r u c t u r e ;  firm, very  s t i c k y ,  very  p l a s t i c ;  many 
thick c l ay  films on f a c e  of peds and l i n i n g  pores; moderately 
a l k a l i n e  (pH 8.0); ab rup t ,  wavy boundary. 

B32 180-210 cm S i l t y  c l a y  loam, l i g h t  brown (7.5~R 614)  moist; 
weak fine angular  blocky s t r u c t u r e ;  s l i g h t l y  hard ,  friable, 
s l i g h t l y  sticky, s l i g h t l y  plastic; very  few c l a y  f i lms ;  moder- 
a t e l y  a l k a l i n e  (pH 8.0).  n 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  Mol l ic  Cryoboralf 
DATE DESCRIBED: 8-2-79 
LOCATION: B i t t e r r o o t  Nat,  For. ,  s i t e  2 ,  severe dis turbance ,  f irst  

r e p l i c a t i o n ;  NWk, Sec. 17,  TlS, R22W 
ELEVATION: 1585 m 
VEGETATION: AF/LLBO/VASC 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 9% Nor theas t  
DRAINAGE: Moderately wel l  d ra ined  

PROFILE DESCRIPTION 

A2 0-23 cm L igh t  brownish grey (2.5Y 612) s i l t y  clay loam, very  
da rk  greyish  brown ( 1 0 Y ~  312) moist ;  moderate medium p l a t y  
s t r u c t u r e ;  s l i g h t l y  hard, f i rm,  s l i g h t l y  s t i c k y ,  s l i g h t l y  
p las t ic ;  few f i n e  roo t s ;  very  e t rong ly  a c i d  (pH 4.7); g radua l  
wavy boundary. 

B21t 23-44 cm Gravelly s i l t y  c l ay ,  dark  reddish  brown (5YR 313) 
moist; s t r o n g ,  coa r se ,  columnar s t r u c t u r e ;  extremely f i rm,  
s t i c k y  p l a s t i c ;  common moderately t h i c k  c l a y  f i l m s  on f ace  of 
peds  and l i n i n g  pores;  few f i n e  roo t s ;  medium ac id  (pH 6 .0) ;  
c l e a r  wavy boundary. 

822t  44-97 cm Silty c l ay ,  weak red t o  reddish brown (2.5YR 413) 
moist ;  moderate medium subangular  blocky s t r u c t u r e ;  very  f i rm,  
s t i c k y ,  very p l a s t i c ,  common moderately thick c l a y  f i l m s  on 
face of peds;  few f i n e  r o o t s ;  s l i g h t l y  ac id  (pH 6.5); c l e a r  
wavy boundary. 

~ 2 3 t  97-122 cm S i l t y  c l a y ,  reddish  brown (2.5Y~ 5/4) many brownish 
yellow ( 1 0 Y ~  618) mot t les ;  moderate medium subangular  blocky 
s t r u c t u r e ;  f i rm,  s t i c k y ,  p l a s t i c ;  strong moderately thick c l a v  
f i l m s  on face of peds and l i n i n g  pores;  s l i g h t l y  a c i d  (pH 6.5);  
clear wavy boundary. 

B 3 122-167 c m  S i l t y  clay loam, brown ( 7 . 5 ~ R  513) moist ;  wr.ak f i n e  
angular  blocky s t r u c t u r e ;  f r i a b l e ,  s t i c k y ,  p l a s t i c ;  corbmon 
moderately t h i c k  c l a y  f i l m s  on peds and l i n i n g  pores; s l i g h t l y  
acid (pH 6.5) . 



CLASSIFICATION: f i n e ,  montmor i l lon i t ic ,  f r i g i d  Mol l ic  Eut robora l f  
DATE DESCRIBED: 8-3-79 
LOCATION: B i t t e r r o o t  N a t .  For. ,  s i te  2, severe d i s tu rbance ,  second 

r e p l i c a t i o n ;  NU&, Sec.17, T l S ,  R22W 
ELEVATION: 1585 rn 
VEGETATION : DF/SY& ICARU 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 8% South 
DRAINAGE: Moderately w e l l  d ra ined  

PROFILE DESCRIPTION 

0 2-0 cm Mixed wi th  A l ;  many very  f i n e  r o o t s ;  abrupt  smooth 
boundary. 

A 1 0-3 cm Dark grey  ( 1 0 ~ ~  411) loam, very  dark  brown (10YR 212) 
mois t ;  moderate fine p l a t y  and weak f i ne  g ranu la r  s t r u c t u r e ;  
s l i g h t l y  hard ,  ve ry  firm; many, ve ry  f i n e  roo t s ;  ab rup t  smooth 
boundary. 

A 2 1  3-13 c m  Dark grey (10YR 411) silt loam, very  dark  brown 
(10YR 212) moist ;  s t r o n g ,  medium p l a t y  s t r u c t u r e ;  hard ,  very  
f i rm;  many very  f i n e  roo t s ;  c l e a r  smooth boundary. 

A 2 2  13-27 cm Grey (10YR 611) s i l t y  c l a y  loam, very dark g rey i sh  
brown ( 1 0 ~ ~  312) moist ;  moderate medium p l a t y  and s t rong  medium 
subangular  blocky s t r u c t u r e ;  many very  f i n e  roo t s ;  abrupt  
smooth boundary. 

B21t 27-52 c m  S i l t y  clay, v e r y  dark g rey i sh  brown (10YR 312) moist ;  
strong coarse columnar and s t rong  medium angular  blocky a t ruc-  
t u r e ;  very  hard, very s t i c k y ,  very  p l a s t i c ;  t h i c k  cont inuous 
clay f i l m s ;  common very fine roo t s ;  c l e a r  smooth boundary. 

B22t 52-83cm S i l t y  c l ay ,  dark brown (10YR 413) moist;  moderate 
coa r se  p r i sma t i c  to moderate medium angular  blocky s t r u c t u r e ;  
very hard ,  very s t i c k y ,  ve ry  p l a s t i c ;  t h i c k  continuous c l a y  
f i l m s ,  slickensides evfdent; few very  f i n e  roots; c l e a r  smooth 
boundary. 



BZBS Continued - 
B31t 83-128 cm Silty clay, dark brown (10YR 4 1 3 )  moist; very coarse 

prismatic, moderate medium subangular blocky structure; very 
hard, sticky, very p l a s t i c ;  thick continuous clay films; 
slickensides evident; c l e a r  smooth boundary. 

8 3 2 t  128-186 cm Clay, y e l l o w i s h  brown (10~R 5/41 moist; weak very 
c o a r s e  pr i smat ic  to weak medium subangular blocky structure; 
very hard, sticky, very plastic. 



CLASSIFICATION: f i n e  loamy, k a o l i n i t i c ,  f r i g i d ,  E u t r i c  Glossoboralf  
DATE DESCRIBED: 8-3-79 
LOCATION: B i t t e r r o o t  Nat.  For . ,  s i te  3,  c o n t r o l ,  f irst  r e p l i c a t i o n ;  

NE%, NE%, Sec. 17,  T l S ,  R22W 
ELEVATION: 1780 m 
VEGETATION : DF/VAGL/ARUV 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 2% Southwest 
DRAINAGE: Moderately well dra ined  

PROFILE DESCRIPTION 

A2 0-24 cm Pink (7.5YR 714) silt  loam, red  12.5YR 418) moist; 
moderate medium angular  blocky s t r u c t u r e ;  hard ,  f i rm,  non- 
s t i c k y ,  non-plast ic ;  many f i n e  common medium, few coarse roo t s ;  
very  s t rong ly  a c i d  (pH 5.0); clear wavy boundary. 

B21t 24-50 c m  Reddish yellow (5 YR 618)  s i l t y  c l ay  loam, red 
(2.5YR 418) moist;  moderate medium angular  blocky s t r u c t u r e ;  
extremely hard, extremely f i rm,  s t i c k y ,  s l i g h t l y  p l a s t i c ;  very  
few clay films; few f i n e ,  few coa r se  t o o t s ;  very s t r o n g l y  acid 
(pH 5.0); c l e a r  smooth boundary. 

B22t 50-108cm R e d d i s h y e l l o w ( 7 . 5 Y R 7 / 6 )  s i l t y  c l a y l o a m , r e d  
(10YR 418) moist ;  mpderate medium angular  blocky s t r u c t u r e ;  
extremely ha rd ,  extremely f i rm,  s l i g h t l y  s t i c k y ,  slightly 
p l a s t i c ;  common, moderately thick c l a y  f i lms; few f i n e  roo t s ;  
very  s t r o n g l y  a c i d  (pH 5.0);  clear wavy boundary. 

B23t 108-147 c m  Red (2.5YR 418) s i l t y  clay, s t rong  b r o p  (7.5 
YR 418) moist ;  moderate medium angular  blocky s t r u c t u r e ;  very  
ha rd ,  very f i rm,  s t i c k y ,  p l a s t i c ;  many t h i c k  c l a y  f i l m s  on 
f a c e s  of peds and lining pores; few f ine  r o o t s ;  very s t r o n g l y  
acid (pH 5.0). 



CLASSIFICATXON: f i n e ,  montmor i l lon i t ic ,  f r i g i d ,  E u t r i c  Glossoboralf 
DATE DESCKIBED: 8-3-79 
LOCATION: R i t t e r r o o t  Nat., For . ,  s i te  3,  c o n t r o l ,  second r e p l i c a t i o n ;  

N E k ,  NEk, Sec.29, T15, R22W 
ELEVATION: 1780 m 
VEGETATION: DF/VAGL/ARUV 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 5% Southeast  
DRAINAGE: Moderately w e l l  d ra ined  

PROFILE DESCRIPTION 

A2 1 0-8 cm L igh t  grey t o  p a l e  yellow (2.5Y 7 1 3 )  s i l t y  c l ay  loam, 
dark yel lowish  brown ( ~ O Y R  3/41 moist ;  weak, very  f i ne  angular  
blocky breaking t o  g ranu la r ;  s o f t ,  very f r i a b l e ,  s l i g h t l y  
s t i c k y ,  s l i g h t l y  p l a s t i c ;  common f i n e ,  common coa r se  t o o t s ;  
very s t r o n g l y  acid (pH 5.0);  c l e a t  smooth boundary. 

A22 8-19 cm Pinkish grey t o  pink (7.5YR 713) s i l t y  clay loam, 
yel lowish red (5YR 416) moist ;  moderate medium angular  blocky 
s t r u c t u r e ;  very  hard, very f i rm,  s t i c k y ,  p l a s t i c ;  common f i n e  
r o o t s ;  very s t r o n g l y  a c i d  (pH 5.0); c l e a r ,  smooth boundary, 

A23 19-22 c m  Very pa l e  brown (10YR $13) s i l t y  c l a y  loam, yel lowish 
broun (10YR 518) moist;  moderate medium angular  blocky s t ruc -  
t u r e ;  hard,  f i rm,  s l i g h t l y  s t i c k y ,  p l a s t i c ;  common f i n e  roots;  
s t r o n g l y  ac id  (pH 5.5);  c l e a r  wavy boundary. 

B21t 22-40 cm S i l t y  c l ay ,  strong brown (7.5YR 516) moist ;  s t r o n g ,  
coarse columnar s t r u c t u r e ;  very firm, s t i c k y ,  p l a s t i c ,  many 
thick clay f i l m s  on f a c e s  of p e d s  and l i n e  pores;  common f i n e  
r o o t s ;  s l i g h t l y  acid (pH 6.5); c l e a r  wavy boundary. 

B22t 40-97 crn S i l t y  c l ay ,  yel lowish brown (lOYR 518) moist ;  strong, 
medium subangular  and angular  blocky s t r u c t u r e ;  very f i rm,  very 
s t i c k y ,  very p l a s t i c ;  cont inuous moderately thick c l a y  f i l m s  on 
f a c e s  of peds;  few f i n e  roo t s ;  medium acid (pH 6.0) ;  gradual  
wavy boundary. 



B3BC Continued - - 
B23t 97-140 c m  S i l t y  clay, brownish yellow (10YR 6/8) moist; 

strong,  coarse ,  angular blocky structure; very firm, very 
sticky, very p l a s t i c ;  strong, moderately thick c lay  f i lms  on 
faces of peds; few fine roots; neutral acid (pH 7.0) ; gradual, 
wavy boundary. 

IIB31 140-165 cm Silty clay, red (10YR 4 / 8 )  moist; moderate, medium 
angular blocky structure; very hard, very firm, very sticky, 
very plastic; continuous, thick, clay film on faces of peds and 
l i n e  pores; few fine roots; moderately alkaltne (pH 8 .0 ) ;  c l ear  
smooth boundary. 

IIB32 165-195+ cm Gravelly s i l t y  clay, red (2.5~R 418) moist: weak, 
f ine angular blocky breaking to granular structure!  hard, f i r m ,  
sticky, p l a s t i c ;  few fine roots; mildly alkaline (pH 7.5). 

NOTE: Small black nodules uniformly disseminated throughout IIB31 
horizon, 



CLASSIFICATION: f i n e ,  k a o l i n i t i c ,  frigid, Eutric Glossoboralf 
DATE DESCRIBED: 8-3-79 
LOCATION: B i t t e r r o o t  Nat. For. ,  s i t e  3,  moderate d i s tu rbance ,  f i r s t  

r e p l i c a t i o n ;  NE%, NE$, Sec.29, T25, R22W 
ELEVATION: 1780 rn 
VEGETATION: DF/VAGL/ARW 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 2% Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILE DESCRIPTION 

A21 0-13 cm P ink i sh  grey t o  l i g h t  brown (7.5YR 6 1 3 )  s i l t y  c l ay  
loam, r edd i sh  brown (5YR 414) moist ;  moderate medium angular  
blocky s t r u c t u r e ;  s l i g h t l y  hard,  f r i a b l e ,  s l i g h t l y  s t i c k y ,  non- 
p l a s t i c ;  common f i n e ,  common medium, f e w  coa r se  roo t s ;  s t r o n g l y  
a c i d  (pH 5.5);  clear, smooth boundary. 

A22 13-36 cm Reddish brown ( ~ Y R  513) s i l t y  c l ay  loam, yel lowish 
red  ( ~ Y R  418) moist ;  moderate, medium angular  blocky s t r u c t u r e ;  
s l i g h t l y  hard ,  f r i a b l e ,  s t i c k y ,  p l a s t i c ;  few f ine ,  f e w  coa r se  
r o o t s ;  strongly ac id  (pH 5.5); c l e a r ,  smooth boundary. 

B21 36-71 crn S i l t y  c l ay ,  red (2.5YR 4 / 8 )  mist; moderate medium 
p r i sma t i c  angular  blocky s t r u c t u r e ;  f r i a b l e ,  very  sticky, very  
p l a s t i c ;  many t h i c k  c l a y  f i l m s  on f aces  of peds; f e w  f i n e  
r o o t s ;  s t r o n g l y  a c i d  (pH 5.5); c l e a r  wavy boundary. 

B22 71-126 cm S i l t y  clay, red (10YR 418) moist;  moderate medium 
subangular blocky breaking t o  angular blocky s t r u c t u r e ;  very 
hard ,  f i r m ,  ve ry  sticky, very  p l a s t i c ;  many t h i c k  c l a y  fi lraa on 
faces of peds;  few f i ne  roo t s ;  s l i g h t l y  a c i d  ( p ~  6.5);  clear,  
wavy boundary. 

B23 126-152 cm Red (2.5YR 418) s i l t y  c l ay ,  red (LOYR 418) moist;  
moderate medium angular  blocky s t r u c t u r e ;  very hard ,  very f i rm,  
very s t i c k y ,  ve ry  plastic; many t h i c k  c l ay  f i l m s  on face of 
peds; s l i g h t l y  a c i d  (pH 6.5); c l e a r  wavy boundary. 



B3AM Continued - - 
B3 152-182 cm Red (2.5YR 5 1 8 )  s i l t y  clay, red (10YR 418) moist; 

moderate medium angular blocky structure; extremely hard, 
extremely firm, very sticky, very plastic; common moderately 
thick clay films on face of peda; s l i gh t ly  acid (pH 6 . 5 ) .  



CLASSIFICATION: f ine ,  k a o l i n i t i c ,  f r i g i d ,  E u r r i c  Glossoboralf 
DATE DESCRIBED: 8-4-79 
LOCATION: Bitterroot Nat. For. ,  s i t e  3, moderate dis turbance ,  second 

r e p l i c a t i o n ;  NE%, NE%, Sec.29, T25,R22W 
ELEVATION: 1780 m 
VEGETATION : DF/VAGL/ARW 
PARENT MATERIAL: T e r t i a r y  Volcanic 
SLOPE and ASPECT: 10% Southeas t  
DRAINAGE; Moderately well drained 

PROFILE DESCRIPTION 

A 1  0-14 cm Pinkish grey t o  l i g h t  brown (7.5YR 6/31 s i l t y  c l ay  
loam, yel lowish brown (10YR 514) moist ;  moderate medium angular  
blacky breaking t o  p l a t y  s t r u c t u r e ;  hard £inn, non-sticky, non- 
p l a s t i c ;  many f ine ,  common medium roo t s ;  very strongly a c i d  (pH 
5.0);  clear wavy boundary. 

A2 14-24 c m  L igh t  grey (1OYR 7/2) s i l t y  c l a y  loam, brown 
( 7 . 5 Y ~  5 / 4 )  moist; moderate medium subangular blocky s t r u c t u r e ;  
s l i g h t l y  hard,  firm, s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ;  few 
fine roots; s t r o n g l y  ac id  (pH 5.0); c l e a r  wavy boundary. 

~ 2 1 t  24-41 cm S i l t y  c l a y ,  r edd i sh  brown (2.5YR 4/4)  mois t ;  many 
reddish yellow (7.5YR 618) mottles; s t r o n g ,  caa rae  columnar 
s t r u c t u r e ;  firm, very sticky, very  plastic; continuous t h i c k  
clay f i lms  on f a c e  of peds and l i n e  pores; f e w  f i n e  r o o t s ;  
m e d i u m  acid (PH 6.0) ; c l e a r  smooth boundary. 

B22t  41-79 c m  S i l t y  clay, red (2.5YR 4 / 3 )  moist; many reddish  
yellow (7.5Y~ 618) mot t les ;  s t rong ,  coa r se  subangular  blocky 
s t r u c t u r e ;  f i rm ,  very  s t i c k y ,  very  p l a s t i c ;  cont inuous t h i c k  
c l a y  f i l m s  on face of peds;  few f i n e  roo t s ;  medium a c i d  (pH 
6.0) ;  clear wavy boundary. 

B23t 79-127 c m  S i l t y  c l a y ,  l i g h t  reddish brown ( 2 . 5 Y ~  614) moist;  
many reddish  yellow (7.5Y~ 618) mo t t l e s ;  moderate medium sub- 
angular  blocky s t r u c t u r e ;  firm, very  st icky,  very p l a s t i c ;  
strong very thick clay f i l m s  on face of peds and l i n i n g  pores; 
few f ine r o o t s ;  n e u t r a l  acid (pH 7.0);  clear wavy bocndary. 



B3AS Continued - - 
B3 191-241 cm Red (clayey matrix 2.5YR 4/8), red (sandy mixture 

2.5YR 416)  silty clay, red (10Y~ 418)  moist; moderate medium 
subangular blocky structure; soft, friable, sticky, plastic; 
strong very thick clay films on face of peds and lining pores; 
few fine roots; medium acid (clay matrix pH 6.0) to very 
strongly acid (sandy mixture pH 4 . 5 ) .  



CLASSIFICATION: f i ne ,  montmor i l lon i t ic ,  f r i g i d ,  E u t r i c  Glossoboralf 
DATE DESCRIBED: 8-4-79 
LOCATION: B i t t e r r o o t  Nat. For., s i te  3,  s eve re  d i s tu rbance ,  second 

r e p l i c a t i o n ;  NEk, NEk, Sec.29, T25, R22W 
ELEVATION: 1780 m 
VEGETATION : DF/VAGL /ARuV 
PARENT MATERIAL: T e r t i a r y  Volcanic  
SLOPE and ASPECT: 9% Southeas t  
DRAINAGE: Moderately w e l l  drained 

PROFILE DESCRIPTION 

0-20 c m  Very p a l e  brow (10YR 713) s i l t y  clay loam; dark  
g rey i sh  brown (10YR 4 1 2 )  moist ;  moderate medium subangular  
blocky s t r u c t u r e ;  s l i g h t l y  hard ,  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  common f ine ,  common medium roo t s ;  s t rong ly  
a c i d  (pH 5 .5) ;  clear wavy boundary. 

20-27 c m  White (2.5Y 812) s i l t y  c l a y  loam, brown (7.5YR 513) 
mois t ;  moderate medium subangular blocky and p l a t y  s t r u c t u r e ;  
hard,  firm, s l i g h t l y  s t i c k y ,  p l a s t i c ;  few fine roo t s ;  very 
s t r o n g l y  a c i d  (pH 5 .0) ;  clear smooth boundary. 

B21t 27-51 c m  S i l t y  c l ay ,  yel lowish brown ( 1 0 Y ~  516) moist;  many 
r edd i sh  yellow (7.5YR 6.8) mo t t l e s ;  s t r o n g  coa r se  columnar 
s t r u c t u r e ;  firm, very  s t i c k y ,  p l a s t i c ;  continuous t h i c k  clay 
films on face of peds; few f i n e  few medium roo t s ;  very s t r o n g l y  
a c i d  (pH 5.0) ; cleat, wavy boundary. 

B22t 51-78 c m  S i l t y  c l ay ,  r edd i sh  brown (5YR 514) moist ;  many 
reddish  yellow (7.5YR 618) ma t t l e s ;  s t r o n g  medium angular  
blocky structure; f i rm ,  very  s t i c k y ,  very p l a s t i c ;  cont inuous 
t h i c k  c l ay  f i l m  on f a c e  of peds;  few f i n e  r o o t s ;  very  s t rong ly  
a c i d  (pH 5.0);  c l e a r  smooth boundary. 

B23t 78-106 cm S i l t y  c l ay ,  l i g h t  yel lowish brown ( 1 0 ~ ~  614) moist ;  
many reddish yellow (7.5YR 618) mo t t l e s ;  s t rong coa r se  subangu- 
l a r  blocky s t r u c t u r e ;  friable, very  s t i c k y ,  very  p l a s t i c ;  many 
medium t h i c k  c l a y  f i l m s  on face of ped and l i n i n g  pores;  few 
f i n e  roo t s ;  medium ac id  (pH 6 .0) ;  c l e a r  smooth boundary. 



B3BS Continued - - 
B24t 106-138 c m  Silty clay, light grey (10YR 712) moist; common 

reddish yellow (7.5Y~ 618) mott les;  strong coarse subangular 
blocky structure; friable, very s t i c k y ,  p l a s t i c ;  continuous 
thick clay f i l m s  on face of peds and lining pores; medium acid 
(pH 6 . 0 ) ;  clear wavy boundary. 

138-183 cm 
i sh  brown 
structure;  
moderately 
4 . 0 ) .  

Very pale brown (10YR 712) silt loam, l i g h t  yellow- 
(10YR 6 1 4 )  moist ; moderate medium subangular blocky 
soft, f r i a b l e ,  non-stlcky, non-plastic; common 
thick clay f i lms  on face  of  pede; extremely acid (pH 





CLASSIFICATION: coarse loamy, mixed, c r y i c  Paleboralf (propose 
and ic  subgroup) 

DATE DESCRIBED: 8-22-79 
LOCATION: Flathead Nat. For., site 1, c o n t r o l  r e p l i c a t i o n ;  SEk, NW%, 

Sec. 2 ,  T31N, R26W 
ELEVATION: 1475 m 
VEGETATION : AF/CLUN 
PARENT MATERIAL: Limeetone dominated g l a c i a l  till 
SLOPE and ASPECT: 16% North t o  no r theas t  
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

0 1 6-0 cm. 

0-7 c m  Gray-light gray (10YR 6/1) s i l t ,  brown-dark brown 
(10YR 4 / 3 )  moist ;  weak f i ne  subangular  blocky t o  g ranu la r  
s t r u c t u r e ;  loose ,  very  f r i a b l e ,  nonst icky,  nonp la s t i c ;  many 
fine and common medium and coa r se  roo t s ;  s t r o n g l y  acid (pH 
5.5); clear smooth boundary. 

7-26 cm Yellowish brown (10YR 5 1 6 )  s i l t ,  brown-dark brown 
(7.5YR 4 / 4 )  moist; moderate medium subangular  blocky t o  granu- 
lar s t r u c t u r e ;  loose, very  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  20% 
cobbles ,  5% stones; common f ine ,  medium and coa r se  roo t s ;  
medium a c i d  (pH 6.0);  g radua l  wavy boundary w i th  tongues.  

IIA2 26-46 cm Very p a l e  brown (1OYR 7 1 3 )  s i l t ,  o l i v e  yellow 
(2 .5Y 6 1 6 )  moist ;  moderate medium subangular blocky s t r u c t u r e ;  
s l i g h t l y  hard,  friable nonst icky,  nonp la s t i c ;  10% g rave l e ,  5% 
cobbles;  many f ine  roots; n e u t r a l  (pH 7.0);  g radua l  I r r e g u l a r  
boundary. 

IIAbB 46-61 c m  S i l t  loam, o l i v e  yellow (5Y 618)  moist;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  many moderate t h i c k  c l a y  f i l m s  on f a c e  of 
peds and l i n i n g  pores;  10% g rave l s ;  f e w  f i n e  roots; mild ly  
alkaline (pH 7.5); clear wavy boundary; hor izon  60% IIA2, 50% 
I I B 2 .  
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PlAC Continued - - 
IIB&A 61-75 crn S i l t y  c l ay  loam, olive yellow (2.5Y 6/61 moist; 

moderate medium subangular blocky s t ruc tu re ;  f r i a b l e ,  sticky; 
many moderately th ick  c lay  f i lms on face of peds; 5% gravels, 
5% cobbles; few f i n e  roots ;  mildly a l k a l i n e  ( p ~  7.5); gradual 
wavy boundary; horizon 70% IIB2, 30% IIA2. 

B21t 75-101 c m  Clay loam, o l i v e  yellow (5Y 616)  moist; moderate 
medium subangular blocky s t ruc tu re ;  f r i a b l e ,  s t i c k y ,  p l g s t i c ;  
contiauous thick c l a y  f i l m s  on face of peds; 5% gravels ,  5% 
stones; few fine roots; mildly a l k a l i n e  (pH 7.53; gradual wavy 
boundary. 

IIB22t 101-140 cm Clay loam, o l i v e  yellow (5Y 616) moist; s t rong 
coarse subangular blocky to angular blocky structure; friable, 
s t i c k y ,  plastic; continuous thick clay  f i lms on face  of peda; 
10% gravels, 5X cables; mildly alkaline (pH 7.5) ; gradual wavy 
boundary, 

I IClca  140-180 cm S i l t  loam t o  c lay  loam, olive yellow (5Y 618)  
moist;  moderate medium subangular blocky s t ruc tu re ;  f r i a b l e ,  
s l i g h t l y  s t i cky ,  s l i g h t l y  p l a s t i c ;  many t h i ck  c lay  f i lms on 
face of peds;  5% gravels, 10% cobbles; strongly effervescent ;  
moderately a l k a l i n e  (pH 8.Q). 



CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 8-24-79 
LOCATION: Flathead Nat. For. ,  s i t e  1, c o n t r o l ,  second r e p l i c a t i o n ;  

SEk, Wk, Sec. 2, T31N, R26W 
ELEVATION: 1475 m 
VEGETATION: AF/CLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 22.5% North t o  northeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 5-0 cm. 

A 2 0-5 cm White (2.5Y 811)  si l t ,  very dark g rey i sh  brown 
(10YR 312) moist ;  app rec i ab l e  amounts of o rganic  matter; weak 
f i n e  subangular blocky s t r u c t u r e ;  s o f t ,  very f r i a b l e ,  non- 
s t i c k y ,  nonp la s t i c ;  many f ine,  medium and coa r se  r o o t s ;  
extremely a c i d  (pH 4.3); c l e a t  wavy boundary. 

B2ir 5-26 cm Yellowishbrown ( l O Y R 5 / 8 )  s i l t ,  d a r k y e l l o w l a h b r o w n  
(10YR 416)  moist; moderate medium subangular  blocky s t r u c t u r e ;  
s o f t ,  very f r i a b l e ,  nons t icky ,  nonp la s t i c ;  trace grave l s ;  many 
f ine ,  common medium and few coa r se  roo t a ;  a l i g h t l y  acid (pH 
6 .5) ;  c l e a r  wavy boundary. 

IIA2 26-55 crn L igh t  grey t o  pale yellow (2.5Y 7 1 3 )  g r a v e l l y  s i l t ,  
l i g h t  yel lowish brown (2.5Y 614) moist ;  mo t t l e s  s c a t t e r e d ,  
i n d i s t i n c t ,  and masked by a o i l  c o l o r s ,  weathered rock 
(10YR 7/8); weak very  f i n e  subangular blocky t o  g ranu la r  s t ruc -  
t u r e ;  s o f t ,  f r iab le ,  nons t icky ,  nonp la s t i c ;  20% g r a v e l s ,  5% 
cobbles, 5% s tones ;  f e w  f i n e  roo t s ;  s l i g h t l y  a c i d  (pH 6.5) ; 
c l e a r  smooth boundary. 

I I A & B  55-72 cm S i l t  loam, l i g h t  ye l lowish  brown (2.5Y 614)  moist; 
moderate medium subangular blocky s t r u c t u r e ;  friable, s l i g h t l y  
sticky, s l i g h t l y  p l a s t i c ;  common moderately thick c l ay  f i lms  on 
face of peds scattered throughout;  5% gravels, 10%  cobble^; few 
f i n e  roots; n e u t r a l  (pH 7.0);  c l e a r  wavy boundary; hor izon  60% 
IZA2, 40% IIB2. 



FlBC Continued - - 
IIBhA 72-92 cm S i l t  loam, o l i v e  yellow 2.5Y 616)  moist; moderate 

,medium subangular blocky and angular blocky s t r u c t u r e ;  friable, - 
s l i g h t l y  s t i cky ,  s l i g h t l y  plastic; many moderately th ick  clay 
f i lms  on face  of peds; 5% gravels, 5% cobbles, 5% stones; few 
f i n e  roots; neu t ra l  (pH 7.0); gradual wavy boundary; horizon 
60% 1182, 40% IIA2. a 

IZB2lt 92-136 cm Clay loam, o l i v e  yellow (5Y 618)  moist; moderate 
medium subangular blocky and angular blocky s t ruc tu re ;  f r i a b l e ,  
sticky, plastic; many th ick  clay f i l m s  on ped faces; 5% 
gravels, 5% cobble$, 5% stones;  neu t ra l  (pH 7.3); gradual wavy 
boundary. 

IXB22t 136-160 c m  Clay loam, o l i v e  (5Y 5 / 6 )  moist; s t rong coarse 
subangular blocky s t ruc tu re ;  f r i a b l e ,  s t i cky ,  p l a s t i c ;  contin- 
uous thick c l a y  f i l m s  on face of peds; 5% gravels ,  5% cobbles; 
moderately a l k a l i n e  (pH 8.0); gradual wavy boundary. 

I fClca  160-180 cm S i l t  loam t o  clay loam, o l i v e  yellow (SY 6 / 8 )  
moist; moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  
s l i g h t l y  sticky, s l t g h t l y  plastic; many th ick  c lay  f i lms on 
face of peds; 5% gravels ,  10% cobbles; s t rongly  effervescent;  
moderately a l k a l i n e  (pH 8.0). 



FlAM - 
CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 8-22-79 
LOCATION: Flathead Nat. For., site I, moderate disturbance, first 

replication; SE%, NWg, Sec. 2, T31N, R26W 
ELEVATION: 1475 m 
VEGETATION: AF/Clun 
PARENT MATERIAL: Limestone dominated glacial till 
SLOPE and ASPECT: 18% North to northeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

A2 0-2 cm Very thin, broken. 

B2ir 2-19 cm Brownish yellow (10YR 6 / 8 )  silt, brown to dark brown 
(7.5Y~ 4 / 4 )  moist; moderate medium subangular blocky to platy 
structure; soft, friable, nonsticky, nonplaatic; trace cobbles, 
5% stones, 20% bouldere; many fine and common medium roots; 
neutral (pH 7.0); clear wavy boundary. 

IIA2 19-42 cm White (10YR 811 with mottles ZOYR 7 1 6 )  gravelly silt, 
light olive brown (2.5Y 516)  moist; moderate medium subangular 
blocky structure; slightly hard, friable, nonsticky, non- 
plastic; 10% gravels, trace cobbles, 20% boulders; few fine and 
medium roots; neutral (pH 7 .O) ; gradual irregular boundary. 

IIAbB 42-64 cm Silt loam, olive yellow (5Y 618)  twist; moderate 
medium subangular blocky structure; firm, slightly sticky, 
slightly plastic; many moderately thick clay films on face of 
peda; 20% gravels; few fine roots; neutral (pH 7.0); gradual 
wavy boundary; horizon 60% IIA2, 40% 1IB2. 

IIB+A 64-87 cm Silty clay loam, light olive brown (2.5Y 516)  moist: 
moderate medium subangular blocky structure; firm, slightly 
sticky, slightly plastic; many moderately thick clay films on 
faces of peds; 20% gravels; few fine roots; mildly alkaline 
(pH 7.5); gradual wavy boundary; horizon 70% IIB2, 30% TIA2. 



FlAM Continued - 
IIB2lt 87-116 cm S t l t y  clay loam, l ight  o l ive  brown ( 2 . 5 ~  516)  

moist; strong coarse prismatic to subangular blocky structure; 
very firm, s l ightly  sticky, s l i g h t l y  plast ic;  continuous thick 
clay films on face of peds; 5% gravels, 5% boulders; neutral 
(pH 7 .0 ) ;  gradual wavy boundary. 

IIB22t 116-131 cm Silty clay loam, olive yellow (2.5Y 6/8) moist; 
moderate medium subangular blocky structure; friable,  sticky, 
plastic; continuous thick clay films on face of peds;  5% 
gravels, 5% stones; neutral (pH 7.0). 



CLASSIFICATION: coa r se  loamy, mixed Typic Cryoboralf 
DATE DESCRIBED: 8-24-79 
LOCATION: Flathead Nat. For. ,  s i t e  1, moderate d i s tu rbance ,  second 

r e p l i c a t i o n ;  SF&, NW4, Sec. 2 ,  T31N. R26W 
ELEVATION: 1475 m 
VEGETATION: AF/CL'LM 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 15% North t o  northeast 
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

0 1 5-0 cm. 

A2 Thin and d iscont inuous .  

B2ir 0-17 cm Dark yellowish brown (10YR 418) si l t ,  brownish yellow 
( 1 0 ~ ~  6/8) moist; moderate medium subangular blocky and p l a t y  
structure; s l i g h t l y  hard, f i r m ,  nonsticky, nonp la s t i c ;  trace 
g r a v e l s ,  trace cobbles;  many f i n e  and common medium roo t s ;  
n e u t r a l  (pH 7.0); clear broken boundary. 

I L A 2  17-30 cm P i n k i ~ h  white (7.5Y~ 8/2)  g r a v e l l y  s i l t ,  yel lowish 
brown ( 1 0 Y ~  5/4) moist;  moderate medium subangular  blocky and 
platy structure; f r i a b l e ,  nons t icky ,  nonp la s t i c ;  20% g r a v e l s ,  
5X cobbles;  many fine and few medium r o o t s ;  n e u t r a l  (pH 7 "0) ; 
clear broken boundary. 

IIAbB 30-40 c m  Ol ive  yellow (2.5Y 616)  silt loam, very  pale brown 
(10YR 713) moist ;  moderate medium subangular blocky s t r u c t u r e ;  
slightly s t i c k y ,  slightly p l a s t i c ;  common moderately t h i c k  clay 
f i l m s  on face of peda; 10% grave l s ;  common medium roo t s ;  
n e u t r a l  (pH 7.0); g radua l  wavy boundary; hor izons  60% IIA2, 40% 
I I B 2 .  

I I B & A  40-57 cm S i l t y  c l ay  loam, o l i v e  yellow ( 5 Y  6 / 6 )  moist;  moder- 
ate medium subangular  blocky e t r u c t u r e ;  firm, s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  many moderately thick c l a y  f i l m s  on f a c e  of 
peds;  10% cobbles ,  5% s tones ,  trace boulders;  few f i n e  r o o t s ;  
m i l d l y  alkaline (pH 7 - 5 )  ; c l e a r  wavy boundary; hor izon  70% 
IIB2,  30% IIA2. 



FlBM Continued - - 
IIB2lt 57-112 cm S i l t y  c lay ,  o l i v e  (5Y 516)  moist; moderate medium 

subangular blocky structure; f r iab le ,  s t icky,  p las t i c ;  many 
thick clay films on face of peds; 5% gravels,  5% cobbles, trace 
stones; few fine roots; mildly alkaline (pH 7 . 5 ) ;  gradual wavy 
boundary, 

ITB22t 112-138 cm S i l t y  c lay ,  olive yellow ( 5 ~  616)  moist; strong 
coarse subangular blocky structure; sticky, plast ic;  continuous 
thick clay f i lms on face of peds; 5% gravels, 5% cobbles; 
mildly alkaline (pH 7 . 5 ) .  



CLASSIFICATION: coarse loamy, mixed Typic Palebora l f  (andic phase) 
DATE DESCRIBED: 8-22-79 
LOCATION: Flathead Nat. For , ,  s i t e  1, seve re  d i s turbance ,  f i r s t  

r e p l i c a t i o n ;  SE*, N w ~ ,  Sec. 2 ,  T31N, R26W 
ELEVATION: 1475 m 
VEGETATION : AF/CLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 15% North t o  no r theas t  
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

0 1 6-0 cm. 

B2ir  0-20 c m  Very p a l e  brown (10YR 7 1 4 )  s i l t ,  s trong brown (7 
(7.5PR 416) moist; strong coa r se  p l a t y  and maderate medium 
subangular blocky s t r u c t u r e ;  extremely hard,  extremely firm, 
nonst icky,  nonp la s t i c ;  5% grave l s ,  10% cobbles ,  10% s tones ;  
many f i n e  and f e w  medium roo t s ;  mildly a l k a l i n e  (pH 7.5) ; c l e a r  
wavy boundary. 

I1A2 20-38 c m  Pink t o  p ink ish  white  (7.5YR 813)  g r a v e l l y  s i l t ,  
o l i v e  yellow (5Y 616) moist ;  moderate medium subangular blocky 
s t r u c t u r e ;  hard, f i r m ,  nonst icky,  nonp la s t i c ;  20% g r a v e l s ,  5% 
cobbles ,  5% s tones ,  10% boulders ;  few f i n e  roo t s ;  mi ld ly  alka- 
l i n e  (pH 7 . 5 ) ;  d i f f u s e  i r regula r  boundary. 

IIA&B 38-51 c m  P ink  t o  p ink ish  white  (7.5YR 8/3)  silt loam, o l i v e  
yellow (5Y 618) moist ;  moderate medium subangular blocky and 
angular  blocky s t r u c t u r e ;  hard, firm, s l i g h t l y  sticky, s l i g h t l y  
p l a s t i c ;  very f e w  c l ay  f i lms ;  10% g rave l s ;  few f ine  roo t s ;  
mi ld ly  a l k a l i n e  (pH 7.5); g radua l  wavy boundary; hor izon  70% 
IIA2, 30% 1102. 

IIB&A 51-86 cm S i l t  loam, o l i v e  yellow (5Y 618)  moist ;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  very few clay f i lms ;  10% g r a v e l s ,  5% cobbles;  
few f i n e  roots; mild ly  a l k a l i n e  (pH 7.5); gradual  wavy bound- 
a ry ;  hor izon  70% 1102, 30% IfA2. 



FlAS Continued - - 
IIB21t 86-109 cm Gravelly silt loam, olive (5Y 5 / 6  with very few 

mottles lOYR 518) moist; moderate medium subangular blocky 
structure; friable, slightly eticky, slightly plastic; many 
moderately thick clay films on face of peds; 20% gravels, 5% 
cobbles; few fine roots; mildly alkallne (pH 7.5); gradual wavy 
boundary. 

IIB22t 109-140 cm S i l t  loam, olive (5Y 5 / 6 )  moist; moderate medium 
subangular blocky structure; friable, sticky, plastic; many 
moderately thick clay films on face of peds; 5% gravels, 5% 
cobbles; moderately alkaline (pH 8.0); gradual wavy boundary. 

Clca 140-143 cm Silt loam, olive yellow (5Y 618)  moist; moderate 
medium subangular blocky structure; friable, sticky, plastic; 
many moderately thick clay films on face of peds; 5% gravels, 
5% cobbles; slightly effervescent; moderately alkaline (pH 
8.0). 



CLASSIFICATION: coaree  loamy, mixed Typic Cryoboralf 
DATE DESCRIBED: 8-22-79 
LOCATION: Flathead Nat. For . ,  s i t e  1, severe d i s tu rbance ,  second 

r e p l i c a t i o n ;  sE%, NW+, Sec. 2, T31N, R26W 
ELEVATION: 1475 m 
VEGETATION: AFICLUN 
PARENT MATERIAL: Limestone dominated glacial  till 
SLOPE and ASPECT: 11% North t o  no r theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 4-0 cm. 

A2 0-2 cm Light grey (2.5Y 712) si l t ,  o l i v e  brown t o  dark g rey i sh  
brown (2.5Y 4 / 3 )  moist; weak fine granu la r  s t r u c t u r e ;  loose, 
very f r i a b l e ,  nons t icky ,  nonp lae t i c ;  5% g rave l s ;  many f i n e  and 
common medium r o o t s ;  s l i g h t l y  acid (pH 6 .5) ;  c l e a r  wavy bound- 
a ry .  

B2i r  2-10 cm Pink (7.5YR 7/4)  silt tending toward silt loam where 
p l a t y  s t r u c t u r e  dominates, yel lowish brown (10YR 514)  moist;  
moderate medium p l a t y  s t r u c t u r e ;  soft, friable, nonst icky t o  
s l i g h t l y  s t i c k y  where mixed with organic  ma t t e r ,  nonplaa t ic ;  5% 
g r a v e l s ,  5% cobbles;  many f i n e  and common medium r o o t s ;  
s t r o n g l y  a c i d  (pH 5.5);  gradual  wavy boundary. 

IIA2 10-47 c m  White t o  p ink ish  white (7.5YR 811) g r a v e l l y  si l t ,  
l i g h t  o l i v e  brown ( 2 . 5 ~  514) moist; 5% m o t t l e s  ( 1 0 ~ ~  7/8) ; 
moderate medium subangular  blocky and s t r o n g  coarse p l a t y  
structure; so f t ,  firm, nonst icky,  nonp la s t i c ;  25% g r a v e l s ,  5% 
cobbles; few f i n e  roots; medium a c i d  (pH 6.0); g radua l  wavy 
boundary. 

I I A & B  47-68 cm White t o  p a l e  yellow (2.5Y 8/31 g r a v e l l y  silt, 
yellow (5Y 7/6) moist; 20% mot t l e s  (10YR 7/8); moderate medium 
subangular blocky s t r u c t u r e ;  s l i g h t l y  hard,  f r i a b l e ,  nons t lcky ,  
nonp laa t i c ;  very  few clay f i l m s ;  20% gravels, 5% cobbles;  
n e u t r a l  (pH 7.0) ;  g radua l  wavy boundary; horizon 60% IIA2, 40% 
IIB2. 



FlBS Continued - - 
IIB&A 68-100 cm Silt loam, o l i v e  yellow ( 5 ~  618) moist; moderate 

medium subangular blocky s t ruc tu re ;  s l i g h t l y  hard, s l i g h t l y  
s t i c k y ,  s l i g h t l y  p l a s t i c ;  many moderately th ick  c lay  f i l m s  on 
face  of peds;  10% gravels ,  5% cobbles; neu t ra l  (pH 7.0); grad- 
u a l  wavy boundary; horizon 70% ILB2, 30% IIA2. 

I IB2 l t  100-123 cm S i l t  loam, o l i v e  yellow (2.5Y 616) moist; moderate 
medium subangular blocky structure; firm, s l i g h t l y  sticky, 
s l i g h t l y  p l a s t i c ;  many moderately t h i c k  clay f i lms on face of 
peds; 5% gravels, trace cobbles; neutral (pH 7.0); clear wavy 
boundary. 

IIB22t 123-150 cm S i l t  loam, o l i v e  (5Y 516)  moist; moderate medium 
subangular blocky structure; f r i a b l e ,  s t i cky ,  plastic; coatlnu- 
ous th ick  c lay  f i l m s  on face  of peds; neu t ra l  (pH 7.0). 



CLASSIFICATION: coa r se  loamy s k e l e t a l ,  mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-11-79 
LOCATION: Kootenai Nat. For. ,  s i te  2 ,  c o n t r o l ,  f i rs t  r e p l i c a t i o n ;  SWk, 

SWk, Sec. 15, T32N, R26W 
ELEVATION: 1356 m 
VEGETATION: SAFICLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 5% West 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

A2 0-6 cm Very p a l e  brown (IOYR 713) silt, brown ( 1 0 ~ R  5 / 3 )  
mois t ;  moderate medium subangular blocky wi th  t r a c e  of p l a t y  
structure; soft, ve ry  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many 
fine, medium and coa r se  r o o t s ;  very s t rongy  ac id  (pH 4.5) ; 
clear wavy boundary. 

B2ir 6-20 cm Brownish yellow (10YR 6/8) s i l t ,  yel lowish brown 
(10YR 516) moist;  moderate medium subangular blocky s t r u c t u r e ;  
s o f t ,  ve ry  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many f i ne ,  medium 
and coa r se  roo t s ;  s t r o n g l y  acid (pH 5.5); gradual  wavy bound- 
a ry .  

XIA2 20-40 cm White (10YR 812) g r a v e l l y  s i l t  loam, l i g h t  yel lowish 
brown (2.5Y 4/41 moist ;  moderate medium subangular blocky 
s t r u c t u r e ;  s l i g h t l y  hard ,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  15% 
g r a v e l s ,  5% cobbles;  common f i n e ,  medium and coarse roo t s ;  
medium a c i d  (pH 5.7) ;  g radua l  wavy boundary. 

IIA&B 40-58 cm Silt loam, o l i v e  yellow (2.5Y 616) moist;  moderate 
medium subangular  blocky s t r u c t u r e ;  friable, nonst icky,  non- 
p l a s t i c ;  very  few c l a y  f i lma;  10% g r a v e l s ,  trace cobbles ,  trace 
s tones ;  few f i n e ,  medium and coarse r o o t s ;  s l i g h t l y  ac id  (pH 
6.5);  g radua l  wavy boundary; hor izon  70% IIA2, 302 IIB2. 

IIB&A 58-75 c m  S i l t  loam, p a l e  o l i v e  (5Y 6/4) moist ;  moderate 
medium subangular  blocky and angular  blocky s t r u c t u r e ;  f r i a b l e ,  
s l i g h t l y  sticky, nonp la s t i c ;  very  few c l ay  films; 5% grave l s ;  
f e w  fine, medium and coarse r o o t s ;  s l i g h t l y  acid (pH 6 .5) ;  
g radua l  wavy boundary; hor izon  60% 1182, 30% IIAZ. 



K2AC Continued - - 
IIB3ca 75-85 cm S i l t  loam, o l i v e  yellbw (5Y 6 / 6 )  molst; moderate 

medium subangular blocky s t ruc tu re ;  f r i a b l e ,  s l i g h t l y  s t i cky ,  
s l i g h t l y  plastic; very few c lay  f i lms;  5% gravels ,  5% cobbles; 
few fine, medium, coarse roots ;  s l i g h t l y  ef fervescent ;  neu t ra l  
(pH 7.0); c l e a r  wavy boundary. 

IIClca 85-115 cm Gravelly silt loam, olive yellow (5Y 618 )  moist; 20% 
of ped faces  dark yellowish brown (10YR 4/43;  moderate medium 
subangular blocky and angular blocky s t r u c t u r e ;  f r i a b l e ,  
s l i g h t l y  s t i c k y ,  nonplast ic;  very few clay f i lms;  15% gravels ,  
5% cobbles, 5% s tones ,  5% boulders; few fine and medium roots ;  
s t rongly  ef fervescent ;  moderately a l k a l i n e  (pH 8.0); gradual 
wavy boundary. 

IIC2ca 115-150 c m  Gravelly silt loam, o l i v e  yellow (5Y 6/81 moist; 
moderate medium subangular blocky and angular blocky s t r u c t u r e ;  
f r i a b l e ,  s l i g h t l y  s t i cky ,  nonplast ic;  very few clay films; 20% 
grave l s ,  10% cobbles, 5%,s tones ,  5% boulders; few fine roots ;  
s t rongly  ef f erveecent ; moderatley alkaline (pH 8.0) ; gradual 
wavy boundary. 

IIC3ca 150-200 cm Gravelly silt loam, ol ive  (5Y 5 / 6 )  moist; weak 
medium subangular blocky to angular blocky s t ruc tu re ;  f r i a b l e ,  
nonsticky, nonplaet ic;  25% gravels ,  5% cobbles, 5% stones,  5% 
boulders; strongly effervescent ;  moderately alkaline ( p ~  8.0). 



CLASSIFICATION: fine loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-11-79 
LOCATION: Kootenai Nat. For. ,  s i t e  2 ,  c o n t r o l ,  second r e p l i c a t i o n ;  

SWk, NWk, Sec. 22, T32N, R26W 
ELEVATION: 1356 m 
VEGETATION: SAF/LIBO/CARU 
PARENT MATERIAL: Limestone dominated glacial  t i l l  
SLOPE and ASPECT: 11% West 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

A 2  0-6 c m  L igh t  grey ( 1 0 Y ~  712) s i l t ,  brown-dark brown (10YR 413) 
mo i s t ;  moderate f i n e  and medium subangular blocky s t r u c t u r e ;  
s o f t ,  very  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many f i n e ,  medium 
and coa r se  r o o t s ;  s t rongly  acid (pH 5.5); gradual  wavy bound- 
a r y .  

B2i r  6-28 c m  Yellow (1OYR 7/6)  si l t ,  yellowish brown (10YR 518) 
moist ;  moderate medium subangular  blocky s t r u c t u r e ;  soft, very  
f r i a b l e ,  nonst icky,  nonp la s t i c ;  many f i n e ,  medium and coarse 
r o o t s ;  medium ac id  (pH 6 .0) ;  g radua l  wavy boundary. 

IIA2 28-50 cm White (2.5Y 518) g r a v e l l y  s i l t ,  l i g h t  yel lowish brown 
( 2 . 5 ~  614) moist ;  moderate medium subangular  blocky s t r u c t u r e ;  
s l i g h t l y  hard,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  15% grave l s ,  5% 
cobbles ,  t r a c e  s tones ;  common f i n e ,  medium and coa r se  t o o t s ;  
s l i g h t l y  acid (pH 6.5);  c l e a r  wavy boundary. 

IIA&B 50-66 c m  Very p a l e  brown (10YR 714) s i l t  loam, o l i v e  yellow 
(2.5Y 6/61 moist; moderate medium subangular blocky and angular  
blocky s t r u c t u r e ;  s l i g h t l y  hard ,  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
nonp la s t i c ;  very  f e w  c l a y  f i lms ;  10% g r a v e l s ,  5% cobbles; 
common f i n e  and medium and f e w  coa r se  roo t s ;  s l i g h t l y  acid (ph 
6 .5) ;  g radua l  wavy boundary; hor izon  60% IIA2, 40X IIB2. 

IIB2t 65-80 crn S i l t  loam, olive yellow (5Y 616)  moist ;  moderate 
medium subangular  blocky; f r i a b l e ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  
p l a s t i c ;  very few c l a y  films; 5% g r a v e l s ,  5% cobbles;  few f i n e ,  
medium and coaree roo t s ;  n e u t r a l  (pH 7.0);  g radua l  wgvy bound- 
a ry .  



K2BC Continued - - 
' IIClca 80-120 cm Silt loam, olive yellow (5Y 6/6 with 30% of ped 

faces lOYR 4 / 4  and 5% 7.5 YR 7/8) moist; moderate medium 
subangular blocky to angular blocky structure; friable, 
slightly sticky, nonplastic; very few clay films; 5% gravels, 
5% cobbles, trace stones; few fine and medium roots; strongly 
effervescent ; moderately alkaline (pH 8 .O) ; gradual wavy bound- 
ary. 

IICZca 120-163 cm Silt loam, olive yellaw (5Y 616 with 10% of ped 
faces lOYR 4 / 4 )  moist; moderate medium subangular blocky to 
angular blocky structure; friable, slightly sticky, nonplaatic; 
very few clay film; 5% gravels, 5% cobbles, 5% stones; 
strongly effervescent; moderately alkaline (pH 8.0) ; clear wavy 
boundary. 

IIC3ca 163-230 cm Silt loam, ol ive  yellow (SY 618)  moist; moderate 
medium subangular blocky and angular blocky structure; firm, 
slightly sticky, nonplaatic; very few clay f i l m s ;  5% gravels, 
5% cobbles, 5% stones, trace boulders; strongly effervescent; 
moderately alkaline (pH 8.0). 



CLASSIFICATION: coa r se  loamy, mixed Typic  Cryoboralf 
DATE DESCRIBED: 9-11-79 
LOCATION: Kootenai Nat. For , ,  site 2 ,  moderate d i s tu rbance ,  f i r s t  

r e p l i c a t i o n ;  SW%, S W ~ ,  Sec. 15,  T32N, K26W 
ELEVATION: 1356 m 
VEGETATION: SAFICLUN 
PARENT MATERIAL: Limestone dominated glacial till 
SLOPE and ASPECT: 18% East t o  sou theas t  
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

B2ir 0-17 cm L igh t  yel lowish brown (10YR 614) s i l t ,  yel lowish brown 
(10YR 514)  moist ;  moderate medium subangular blocky s t r u c t u r e ;  
s l i g h t l y  hard,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many f i n e ,  
cammon medium and few coarse t o o t s ;  s t r o n g l y  ac id  (pH 5.5);  
g radua l  wavy boundary. 

IIA2 17-22 cm White (10YR 812) silt loam, l i g h t  yellowish brown 
(2.5Y 6 / 4 1  moist; moderate medium subangular  blocky s t r u c t u r e ;  
s l i g h t l y  hard ,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  5% g rave l s ,  5% 
cobbles;  common f i n e  and few medium r o o t s ;  s l i g h t l y  ac id  (pH 
6 .5) ;  d i f f u s e  i r r e g u l a r  boundary. 

I I A & B  33-40 cm Very pa le  brown (10YR 714) si l t  loam, l i g h t  yellowish 
brown (2.5Y 6/41 moist ;  moderate medium subangular  blocky 
structure; s l i g h t l y  hard ,  f r i a b l e ,  s l i g h t l y  s t i c k y ,  nonp la s t i c ;  
very  few c l ay  f i lms ;  5% g r a v e l s ,  5% cobbles;  f e w  f i n e ,  medium 
and coarse  roo t s ;  n e u t r a l  (pH 6 .7 ) ;  d i f f u s e  i r r e g u l a r  boundary; 
hor izon  70% IIA2, 30% 1182. 

IIB2t 40-50 cm S i l t  loam, o l i v e  yellow (SY 6 / 6 )  moist ;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  very  f e w  clay f i lms ;  5% g r a v e l s ,  5% cobbles ,  
t r a c e  s tones ;  few fine, medium and coarse roots; neu t ra l  (pH 
7.0); g radua l  wavy boundary. 

I I C l c a  50-90 c m  S i l t  loam, ol ive yellow (SY 616 with 25% of ped faces 
LOYR 414)  moist;  moderate f i n e  and medium subangular b locky and 
angular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  nonp la s t i c ;  
very  few c l a y  f i lms ;  5% g r a v e l s ,  5% cobbles ,  trace stones and 
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boulders; few fine and medium r d o t s ;  strongly effervescent; 
moderately alkaline (pH 8.0); gradual wavy boundary. 

IIC2ca 90-220 cm Silt loam, olive yellow (5Y 6/6 with 40X of ped 
faces 1OYR 414) moist; moderate medium subangular blocky struc- 
ture; friable, s l i g h t l y  soluble, nonplaatic; very f e w  clay 
films; 5% gravels,  5% cobbles, 10% stones, 10% boulders; 
strangly effervescent; moderately alkaline (pH 8.0). 



CLASSIFICATION: coa r se  loamy, mixed Typic Cryoboralf 
DATE DESCRIBED: 9-11-79 
LOCATION: Kootenai Nat. For . ,  s i t e  2 ,  moderate d i s tu rbance ,  second 

r e p l i c a t i o n ;  SW%,, N W ~ ,  Sec. 22,  T32N, R26W 
ELEVATION: 1356 m 
VEGETATION: SAF/LIBO/CARU 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 18% South t o  sou theas t  
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

A 2  0-2 c m  White (10YR 8/2) silt ,  yel lowish brown (10YR 514) 
moist ;  moderate medium p l a t y  and subangular  blocky s t r u c t u r e ;  
s l i g h t l y  hard ,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many f i n e  and 
f e w  medium and coarse roo t s ;  s t r o n g l y  ac id  (pH 5.5); c l e a r  
smooth boundary; hor izon  mixed wi th  organic  material and B2ir.  

B2ir 2-17 c m  Brownish yellow ( 1 0 ~ ~  6 1 8 )  silt, yel lowish brown 
(IOYR 5/8) moist;  moderate medium p l a t y  t o  subangular blocky 
s t r u c t u r e ;  s l i g h t l y  hard,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  
common f i n e  and few medium and coa r se  roo t s ;  s t r o n g l y  ac id  (pH 
5 .5 ) ;  g radua l  wavy boundary. 

IIA2 17-38 c m  Light gray-pale yellow ( 2 . 5 ~  7 1 3 )  silt  loam, l i g h t  
yel lowish brown (2.5Y 6 1 4 )  moist ;  moderate medium subangular 
blocky s t r u c t u r e ;  s l i g h t l y  hard,  f r i a b l e ,  nons t icky ,  non- 
p l a s t i c ;  5% g rave l s ,  5% cobbles;  few f i ne  medium and coa r se  
r o o t s ;  s l i g h t l y  acid (pH 6.5); c l e a r  wavy boundary. 

I I A & B  38-59 cm Silt loam, yellow (5Y 7/8) moist ;  moderate fine and 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  nonst icky,  non- 
p l a s t i c ;  very f e w  clay f i l m s ;  5% g r a v e l s ,  5% cobbles;  few f i n e ,  
medium and coa r se  roo t s ;  s l i g h t l y  ac id  (pH 6.5) ; gradual  wavy 
boundary; hor izon  60% IIA2,  40% 1182. 

I I B 2 t  59-78 cm Heavy silt loam, light o l i v e  brown ( 2 . 5 ~  5/61 moist ;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  slightly 
sticky, s l i g h t l y  p l a s t i c ;  very f e w  c l a y  f i lms ;  t r a c e  g rave l s ,  
5% cobbles;  f e w  f i n e ,  medium and coa r se  roots; n e u t r a l  (pH 
7 .0 ) ;  gradual  wavy boundary. 
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ZIClca 78-110 cm S i l t  loam, olive yelldw (5Y 616 with 25% of ped 

facee lOYR 414)  moist; moderate medium subangular blocky and 
angular blocky structure; f r iab le ,  s l i g h t l y  s t icky,  nonplastic; 
very f e w  clay f i lms; trace gravels, 5% cobbles, 5% stones, 5% 
boulders; atrongly eff erveecent; moderately alkaline (pH 8 .0)  ; 
gradual wavy. 

IIC2ca 110-120 cm Silt loam, o l i v e  yellow ( 5 ~  616 with 20% of ped 
faces lOYR 414) moist; moderate medium subangular blocky and 
angular blocky structure; friable, s l i g h t l y  sticky, nonplastic; 
very f e w  clay films; 5% gravels, 5% cobbles, 10% stones, 10% 
boulders ; strongly ef f enrescent; moderately alkaline (pH 8 .0)  . 



CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-11-79 
LOCATION: Kootenai Nat. For. ,  s i t e  2 ,  s eve re  d i s tu rbance ,  first 

r e p l i c a t i o n ;  SW&, SW$, Sec. 15,  T32N, R26W 
ELEVATION: 1356 m 
VEGETATION: sAF/CLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  ti11 
SLOPE and ASPECT: 18% East t o  sou theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

B2ir  0-18 cm Brownish yellow (10YR 6 / 6 )  s i l t ,  yel lowish brown 
(IQYR 5/8) moist; m o d e r a t e  medium subangular blocky and p l a t y  
s t r u c t u r e ;  s o f t ,  very  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many 
f i n e ,  common medium and f e w  coa r se  roo t s ;  s l i g h t l y  a c i d  (PH 
6 . 3 ) ;  gradual  wavy boundary. 

I I A 2  18-34 c m  White (2.5Y 8/21 s i l t  loam, l i g h t  yel lowish brown 
(2.5Y 6 / 4 )  moist ;  moderate medium subangular blocky s t r u c t u r e ;  
s l i g h t l y  hard ,  firm, nonst icky,  n a n p l a s t t c ;  10% gravels, 5% 
cobbles ,  t r a c e  s tones ;  common f i n e  and medium and few coarse 
r o o t s ;  medium a c i d  (pH 6.0) ;  d i f f u s e  i r r e g u l a r  boundary. 

I I A & B  34-48 cm Very pale brown (10YR 8/3) silt loam, o l i v e  yellow 
2 .5Y  6 / 6 )  moist ;  moderate medium subangular blocky s t r u c t u r e ;  
s l i g h t l y  hard, f i rm,  s l i g h t l y  s t i c k y ,  nonp la s t i c ;  very  few c l a y  
f i lms ;  10% g r a v e l s ,  5% cobbles;  f e w  f i ne  and medium roots; 
n e u t r a l  (pH 7.0) ;  d i f f u s e  i r r e g u l a r  boundary; hor izon  60% XIA2, 
40% 1 1 B 2 .  

I I B 2 t  48-60 c m  S i l t  loam, o l i v e  yellow (5Y 6/61 moist ;  s t r o n g  
coa r se  subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
s l i g h t l y ' p l a s t i c ;  very  few c l a y  films; t r a c e  gravels, 5% 
cobbles;  few fine roo t s ;  n e u t r a l  (pH 7.0) ;  gradual  wavy bound- 
a ry .  

IIClca 60-82 cm S i l t  loam, yellow (5Y 7 /8  with 15-20% of ped faces 
l O Y R  4/4)  moist ;  moderate medium subangular  blocky s t r u c t u r e ;  
f r i a b l e ,  s l i g h t l y  s t i c k y ,  nonp la s t i c ;  very  few c l a y  f i lms ;  5% 
g rave l s ,  5% cobbles, 5% s tones ;  few f i n e  and medi-urn r o o t s ;  



K2AS Continued - - 
s t r o n g l y  e f f e rvescen t ;  moderately alkaline ( p ~  8.0);  gradual  
wavy boundary. 

I IC2ca 82-120 cm S i l t  loam, o l i v e  yel low (SY 616 with  20% of ped 
f a c e s  10YR 414) moist ;  moderate medium subangular  blocky s t r u c -  
t u r e ;  f r i a b l e ,  s l i g h t l y  sticky, nonp la s t i c ;  very  f e w  c l ay  
f i lms; 5% g r a v e l s ,  5% cobbles, t r a c e  s tones ;  strongly effer- 
vescent ;  moderately alkaline ( p ~  8.0); gradual  wavy boundary. 

IIC3ca 120-190 c m  S i l t  loam, o l ive  yellow (2.5Y 616 with  50% of ped 
f a c e s  lOYR 4 / 4 )  moist ;  moderate f i n e  and medium subangular 
blocky and angular  blocky s t r u c t u r e ;  friable, s l i g h t l y  s t i c k y ,  
nonplastic; very  few c l a y  f i l m s ;  5% grave l s ,  5% cobbles ,  trace 
s tones ;  s t r o n g l y  e f f e rvescen t ;  moderately alkaline (pH 8 .0 ) ;  
i n d i s t i n c t  wavy boundary. 

IIC4ca 190-200 c m  F ine  sand o r  s i l t ,  o l i v e  (5Y 5/61 moist ;  moderate 
medium subangular  blocky structure; f r i a b l e ,  nons t icky ,  non- 
p l a s t i c ;  very  few c l a y  f i lms ;  s t r o n g l y  e f f e rvescen t ;  moderately 
a l k a l i n e  (pH 8.0). 



K2BS - 
CLASSIFICATION: coa r se  loamy, mixed Typic Cryoboralf 
DATE DESCRIBED: 9-11-79 
LOCATION: Kootenai Nat. For. ,  s i t e  2 ,  s eve re  d i s tu rbance ,  second 

r e p l i c a t i o n ;  SWg, NWg, Sec. 22 ,  T32N, R26W 
L- 

ELEVATION: 1356 m 
VEGETATION: SAF/LIBO/CARU 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 20% Eas t  t o  southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

B2ir 0-8 c m  Yellowish brown ( 1 0 Y ~  5 1 6 )  si l t ,  yel lowish brown (LOYR 
518) moist ;  moderate medium p l a t y  and subangular  blocky s t ruc -  
t u r e ;  s l i g h t l y  hard, friable, nons t icky ,  nonp la s t i c ;  common 
fine and few medium roots; medium acid ( p ~  6 . 0 ) ;  gradual wavy 
boundary. 

ZZA2 8-22 c m  S i l t  loam, l i g h t  yel lowiah brown (2.5Y 6 / 4 )  moist;  
moderate, medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  non- 
s t i c k y ,  nonp la s t i c ;  5% g r a v e l s ,  5% cobbles ,  t r a c e  s tones ;  few 
fine and medium r o o t s ;  s l i g h t l y  ac id  (pH 6.5) ;  gradual  wavy 
boundary. 

IXA&B 22-32 cm S i l t  loam, o l i v e  ye l low (5Y 616) mist;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
nonp la s t i c ;  very  few c l ay  f i l m s ;  5% gravels,  5% cobbles ,  trace 
stones; f e w  f ine  and medium roots; s l i g h t l y  a c i d  (pH 6.5);  
d i f f u s e  i r r e g u l a r  boundary; hor izon  60% IIA2, 40% IIB2. 

I IB2t  32-47 cm S i l t  loam, o l i v e  yellow (5Y 6/61 moist ;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  very few c l ay  f i lms ;  trace grave l s ,  5% 
cobbles,  5% s tones ;  few f i n e  and medium toots; n e u t r a l  (pH 
7 .0 ) ;  gradual  wavy boundary. 

I I C l c a  47-97 c m  S i l t  loam, o l i v e  yellow ( 5 Y  6/6 wi th  15% of ped faces 
lOYR 414) moist ;  s t rong  medium and coa r se  subangular b l rcky  and 
angular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  nonp la s t i c ;  
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very few clay films; 5% gravels, 5% cobbles; few fine roots; 
strongly effervescent; moderately alkaline (pH 8.0); gradual 
wavy boundary. 

IIC2ca 97-200 m Silt, olive yellow (5Y 616 with less than 5% of ped 
faces lOYR 414 ) ;  moist; moderate medium subangular blacky and 
angular blocky structure; friable, nonsticky, nonplastie; very 
few clay films; trace gravels, trace cobbles, trace stones; 
strongly effervescent; moderately alkaline ( p ~  8.0). 



CLASSIFICATION: fine loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-10-79 
LOCATION: Kootenai N a t .  For. ,  s i t e  3, c o n t r o l ,  f i r s t  r e p l i c a t i o n ;  N E ~ ,  

SW*, Sec. 11, T32N, R26W 
ELEVATION: 1530 m 
VEGETATION: SAF/CLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 9% South t o  southwest 
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

A 2  0-5 cm White (10YR 811) s i l t ,  dark ye l lowish  brown (10YR 414) 
mixed with organic  ma te r i a l )  moist;  moderate f i n e  and medium 
subangular  blocky s t r u c t u r e ;  s o f t ,  very  f r i a b l e ,  nons t icky ,  
nonp la s t i c ;  many f i n e ,  medium and coarse roo t s ;  medium ac id  (pH 
5.8);  abrupt  wavy boundary. 

B2ir 5-20 c m  Brownish yellow (10YR 6/81 s i l t ,  yel lowish brown 
( 1 0 ~ ~  518) moist;  weak f i ne  and medium subangular blocky s t ruc -  
t u r e ;  s o f t ,  very  f r i a b l e ,  nons t icky ,  nonplas t ic ;  t r a c e  g rave l ,  
trace cobbles;  common f i n e ,  medium and coa r se  roo t s ;  medium 
acid (pH 6 .0) ;  c l e a r  wavy boundary. 

IIA2 20-50 cm Very pale brown (10YR 8 1 3 )  s i l t ,  o l i v e  yellow 
(2.5Y 616) moist ;  moderate medium subangular  blocky s t r u c t u r e ;  
s l i g h t l y  hard,  f r i a b l e ,  nonst icky,  nonp la s t i c ;  5% g r a v e l s ,  
trace cobbles, t r a c e  s tones ;  few f i n e  and medium r o o t s ;  
s l i g h t l y  ac id  (pH 6.5);  c l e a r  wavy boundary. 

I I A & B  50-73 c m  S i l t  loam, l i g h t  o l i v e  brown (2.5Y 5/41 moist ;  
moderate medium subangular blocky s t r u c t u r e ;  f i rm,  s l i g h t l y  
sticky, nonp la s t i c ;  very f e w  c l ay  f i l m s ;  5% g r a v e l s ,  5% 
cobbles; few f i n e  roots; n e u t r a l  (pH 6.7) ;  gradual  wavy bound- 
a ry ;  hor izon  60% IlA2, 40% IIB2. 

IIB3ca 73-85 cm S i l t  loam, o l i v e  yellow ( 5 Y  616) moist ;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i ab l e ,  s l i g h t l y  c t i cky ,  
s l i g h t l y  p l a s t i c ;  very few c l ay  f i lms ;  t r a c e  g rave l s ,  5% 

* cobbles ,  trace stones,  t r a c e  boulders ;  few f ine  and medium 
r o o t s ;  n e u t r a l  (pH 6.8) ;  gradual  wavy boundary. 
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IIClca 85-140 cm Silt loam, olive yellow (5Y 6/6 with 30% of ped 

faces 10YR 414) moist; moderate medium subangular blocky and 
* 

angular blocky structure; friable, slightly sticky, nonplastic; 
very few clay films; 5% gravels, 5% cobbles, 5% stones; few 
fine roots; strongly effervescent; moderately alkaline (pH 
8.0); gradual wavy boundary. + 

IIC2ca 140-160 cm Silt loam, olive (5Y 516 with 50% of ped faces 
lOYR 4/41 moist; moderate medium subangular blocky and angular 
blocky structure; friable, slightly sticky, nonplastic; very 
few clay films; 5% gravels, 5% cobbles; trace stones, trace 
boulders; strongly effervescent; moderately alkaline (pH 8.0) ; 
gradual wavy boundary. 

IIC3ca 160-220 cm Silt loam, olive yellow (5YR 618 with 20% of ped 
faces lOYR 414)  moist; moderate medium subangular blocky and 
angular blocky structure; friable, slightly sticky, nonplastic; 
very few clay films; 5% gravels, trace cobbles, 5% stones; 
strongly effervescent; moderately alkaline (pH 8.0). 



CLASSIFICATION: coa r se  loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-10-79 
LOCATION: Kootenai Nat. For. ,  s i te  3,  c o n t r o l ,  second r e p l i c a t i o n ;  

A SEk, N W ~ ,  Sec. 11, T32N, R26W 
ELEVATION: 1530 m 
VEGETATION: sAF/CLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 9% South t o  southwest 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

A2 0-5 cm Ligh t  grey (10YR 7/2)  silt ,  dark yel lowish b r o w  
( 1 0 ~ ~  414)  moist ;  moderate f i n e  and medium subangular  blocky 
s t r u c t u r e ;  s o f t ,  very  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  many 
fine, medium and coa r se  roo t s ;  very s t r o n g l y  a c i d  (pH 5.0) ;  
c l e a r  smooth boundary. 

B2i r  5-23cm Yellowish brown (10YR 5/8) si l t ,  dark  yel lowish brown 
(lOYR 4 / 6 )  moist; weak medium subangular blocky s t r u c t u r e ;  
s o f t ,  very  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  t r a c e  cobbles, trace 
s tones ;  many f i n e  and common medium and coa r se  roots; s t r o n g l y  
acid (pH 5 .5) ;  c l e a r  wavy boundary. 

IIA2 23-42 cm S i l t  loam, l i g h t  yel lowish brown ( 1 0 ~ ~  6 / 4 )  moist;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  non- 
sticky, nonp la s t i c ;  5% g r a v e l s ,  5% cobbles ,  5% s tones ;  f e w  f i n e  
and medium roo t s ;  s l i g h t l y  acid (pH 6 .5) ;  clear wavy boundary. 

I I A & B  42-65 cm S i l t  loam, o l i v e  yellow ( 2 . 5 ~  6 / 6 )  moist; moderate 
medium subangular  blocky and angular  blocky s t r u c t u r e ;  f r i a b l e ,  
s l i g h t l y  s t i c k y ,  nonp la s t i c ;  very few clay f i lms ;  5% gravels, 
trace cobbles ,  t r a c e  s tones ;  few fine and medium roots; n e u t r a l  
(PH 7.0); gradual  wavy boundary; hor izon  60% IIA2, 40% IIB2. 

IIB2t 65-80 cm S i l t  loam, l i g h t  o l i v e  brawn (2.5Y 5 / 6 )  moist ;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  
s t i c k y ,  nonp la s t i c ;  very few c l ay  films; 5% g r a v e l s ,  5% 
cobbles ,  t r a c e  s tones ;  few f i n e  r o o t s ;  n e u t r a l  (pH 7.0) ;  grad- 
u a l  wavy boundary. 



K3BC Continued - - 
I IC lca  80-120 c m  S i l t  loam, o l i v e  yellow (5Y 6/61 wi th  15% of ped 

f a c e s  (10YR 414) mist; moderate f i n e  and medium subangular * 

blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  nonplastic; very 
few c l ay  f i lms ;  5% g r a v e l s ,  5% cobbles, trace s tones ;  f e w  fine 
r o o t s ;  s t r o n g l y  e f f e rvescen t ;  moderately a l k a l i n e  (pH 8 .O) ; 
gradual  wavy boundary. A 

IIC2ca 120-175 c m  S i l t  loam, o l i v e  yellow ( 5 ~  618 wi th  50% of ped 
f a c e s  10YR 414 and 40% bands of weathered lime) moist;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  sticky, 
nonp la s t i c ;  very  Eew c l ay  films; 5% g r a v e l s ,  5% cobbles;  very  
s t r o n g l y  e f f e rvescen t ;  moderately a l k a l i n e  (pH 8.0) ; c l e a r  wavy 
boundary. 

IIC3ca 175-230 cm Grave l ly  silt loam, o l i v e  yellow ( 5 ~  6 / 8  with 50% 
of ped f a c e s  lOYR 414) moist ;  s t r o n g  medium and coa r se  sub- 
angular blacky s t r u c t u r e ;  very  f i rm,  s l i g h t l y  s t i c k y ,  non- 
p l a s t i c ;  very few c l a y  f i lms ;  15% g r a v e l s ,  5% cobbles ,  trace 
s tones ;  very  s t r o n g l y  e f f e rvescen t ;  moderately a l k a l i n e  (pH 
8 -0 ) .  



CLASSIFICATION: coarae  loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-10-79 
LOCATION: Kootenai N a t .  For., s i t e  3,  moderate d i s tu rbance ,  f i r s t  

r e p l i c a t i o n ;  NE%, sW%, Sec. 11, T32N, R26W 
ELEVATION: 1530 m 
VEGETATION: SAFICLUN 
PARENT MATERIAL: Limestone dominated g l a c i a l  till 
SLOPE and ASPECT: 11% Eas t  t o  sou theas t  
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

B2ir 0-21 cm S i l t ,  yellowish brown (10YR 518)  moist ;  moderate 
medium and coa r se  subangular  blocky s t r u c t u r e ;  very friable, 
nonsticky, nonp la s t i c ;  many f i n e ,  medium and coarse r o o t s ;  
s t r o n g l y  ac id  (pH 5 .5) ;  c l e a r  wavy boundary. 

IIA2 21-43 cm S i l t  loam, light yel lowish brown ( 2 . 5 ~  614) moist;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  non- 
sticky, nonp la s t i c ;  5% g r a v e l s ,  5% cobbles ,  t r a c e  s tones ;  
common f i n e  and few medium roo t s ;  medium ac id  (pH 6.0) ;  gradual  
wavy boundary. 

LIA&B 43-70 cm Silt loam, l i g h t  yel lowish brown (2.5Y 614) moist;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  
sticky, nonp la s t i c ;  very  few c l ay  f i lms ;  10% gravels, 5% 
cobbles;  f e w  f i ne  roo t s ;  n e u t r a l  (pH 7.0) ;  gradual  wavy bound- 
a r y ;  horizon 70% IIA2, 30% IIBZ. 

I I B 2 t  70-95 cm S i l t  loam, o l i v e  yellow (5Y 616) moist; s t r o n g  
medium and coa r se  subangular  blocky s t r u c t u r e ;  f r i a b l e ,  
s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ;  many moderately t h i c k  clay 
f i l m s  on f a c e  of peds;  t r a c e  g rave l s ,  t r a c e  cobbles;  f e w  f i n e  
and medium roo t s ;  mildly a l k a l i n e  (pH 7.5) ;  clear wavy bound- 
a ry .  

I IC lca  95-125 cm Grave l ly  s i l t  loam, olive yellow (5Y 616)  moist; 20% 
of ped faces dark yel lowish brown (10YR 4 / 4 ) ;  moderate nedium 
subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  non- 
p l a s t i c ,  very  f e w  c l a y  f i lms ;  15% g r a v e l s ,  5% cobbles ,  5% 



K3AM Continued - - 
gtones; few fine roots; strongly effervescent; moderately 
alkaline (pH 8.0); gradual wavy boundary. 

IIC2ca 125-230 cm Gravelley silt loam, olive yellow (5Y 616)  moist; 
less than 5% of ped faces dark yellowish brown ( 1 0 ~ ~  414) ;  
moderately medium subangular blocky structure; friable, 
slightly sticky, nonplaatic; very few clay films; 15% gravels, 
10% cobbles, 5% stones; strongly effervescent; moderately 
alkaline (pH 8.0). 



CLASSIFICATION: coarse loamy, mixed, cryic Typic Paleboralf (propose 
Ardic subgroup) 

DATE DESCRIBED: 9-10-79 
LOCATION: Kootenai Nat. For., site 3, moderate disturbance, second 

replication; S E ~ ,  NWk, Sec, 11, T32N, R26W 
ELEVATION: 1530 m 
VEGETATION: SAF/CLIM 
PARENT MATERIAL: Limestone dominated glacial till 
SLOPE and ASPECT: 11% East to southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 20 crn 

A2 0-2 cm Horizon very thin and discontinuous. 

B2it 2-23 cm Silt, yellowish brown (10YR 5/8)  moist; moderate 
medium subangular blocky structure; very friable, nonsticky, 
nonplastic; trace gravels; many medium and coarse and common 
fine roots; medium acid ( p ~  6.0); clear wavy boundary. 

IIA2 23-56 crn Silt loam, light yellowish brown (2.5Y 6 / 4 )  moist; 
moderate medium subangular blocky structure; friable, non- 
sticky, nonplastic; 10% gravels, 5% cobbles, trace stones; few 
fine and medium roots; slightly acid (pH 6.5) ; gradual wavy 
boundary. 

I I A & B  56-85 crn S i l t  loam, light yellowish brown (2.5Y 6/4) moist; 
moderate medium subangular blocky structure; friable, non- 
sticky, nonplaatic; very few clay films; 10% gravels, trace 
cobbles; few fine and medium roots; slightly acid (pH 6.5); 
gradual wavy boundary; horizon 60% IIA2, 40% IIB2. 

1162t 85-125 cm Silt loam, olive yellow (5Y 6 / 6 )  moist; moderate 
medium subangular blocky and angular blocky structure; friable, 
slightly sticky, slightly plastic; many moderately thick clay 
films on face of peds; 5% gravels, 5% cobbles; few fine and 

e medium roots; neutral (pH 6.7); diffuse irregular boundary. 

IlClca 125-160 cm Silt loam, light olive brown (2.55' 514 )  moist; 60% 
* of ped faces dark yellowish brown (10YR 4 / 4 ) ;  moderatc medium 

subangular blocky structure; firm, slightly sticky, slightly 



K3BM Continued - - 
plastic; very few clay films; 5% gravels, 5% cobbles; strongly 
effervescent; moderately alkaline (PH 8.0); gradual wavy bound- 

C 

ary . 
IIC2ca 160-230 cm Silt loam, olive (5Y 5 / 6 )  moist; 20% of ped faces 

dark yellowish brown (10YR 4/4); moderate medium subangular * 

blocky structure; friable, slightly sticky, nonplastic; very 
few clay films; 5% gravels, 5% cobbles; strongly effervescent; 
moderately alkaline (pH 8.0). 



K3AS - 
- - CLASSIFICATION: caarse loamy, mixed Andeptic Cryoboralf 

DATE DESCRIBED: 9-10-79 
LOCATION: Kootenai Nat. For. ,  s i t e  3, s eve re  d i s tu rbance ,  f irst  

r e p l i c a t i o n ;  NE&, SW&, Sec. 11, T32N,  R26W . ELEVATION: 1530 m 
VEGETATION: SAF/CLLJN 
PARENT MATERIAL: Limestone dominated glacial  till 
SLOPE and ASPECT: 10% East t o  sou theas t  
DRAINAGE: Well dra ined  

PROFILE DESCRIPTION 

B2ir 0-25 c m  S i l t ,  yel lowish brown (10YR 5 1 8 )  moist ;  s t r o n g  coarse  
subangular  blocky and platy s t r u c t u r e ;  f r i a b l e ,  nonst icky,  
nonp la s t i c ;  few f ine ,  medium and coa r se  roo ts ;  s t r o n g l y  ac id  
(pH 5.3). 

25-55 cm White (2.5Y 8 1 2 )  s i l t  loam, l i g h t  yel lowish brown 
(2.5Y 614)  moist ;  moderate medium subangular blocky s t r u c t u r e ;  
soft, f r i a b l e ,  nons t icky ,  nonp la s t i c ;  10% g r a v e l s ,  5% cobbles;  
few f ine,  medium and coa r se  roo t s ;  s t r o n g l y  a c i d  (pH 5.5). 

55-80 cm Silt loam, l i g h t  yel lowish brown (2.5Y 6 / 4 )  moist; 
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  
s t i c k y ,  nonp la s t i c ;  very  few clay f i l m s ;  5% g rave l s ,  5% 
cobbles;  f e w  f i ne  and medium r o o t s ;  medium acid (pH 6.0);  
hor izon  60% IIA2, 40X IIB2, 

IIB2t 80-110 cm S i l t  loam, o l i v e  yellow (2.5Y 6 / 6 )  moist; moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  sticky, 
nonp la s t i c ;  very  few c l a y  f i lms ;  5% g rave l s ,  5% cobbles ,  trace 
s tones ;  f e w  f i n e  and medium r o o t s ;  s l i g h t l y  acid (pH 6.5).  

IIClca 110-140 cm Silt loam, o l i v e  yellow (SY 6 / 6 ) ;  70% ped faces 
coated dark  ye l lowish  brown ( 1 0 ~ ~  4 /4) ;  moderate medium sub- 
angular blocky and angular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  
s t i c k y ,  nonp la s t i c ;  very f e w  c lay  f i lms ;  5% g rave l s ,  5% 
cobbles ,  5% s tones ;  s t r o n g l y  e f f e rvescen t ;  n e u t r a l  (pH 7 . 3 ) .  

a 



K3AS Continued - - 
IICPca 140-230 cm Gravelly silt loam, alive yellow (5Y 616)  moist; 

25% ped faces dark yellowish brown (10YR 4 / 4 1 ;  moderate medium 
subangular blocky structure; friable, slightly sticky, non- 
p las t ic ;  very few clay films; 15% gravels, 10% cobbles,  5% 
atones; strongly effervescent; mildly  alkaline (pH 7.5). 



CLASSIFICATION: coa r se  loamy, mixed Andeptic Cryoboralf 
DATE DESCKIBED: 9-10-79 
LOCATION: Kootenai For. ,  s i te  3, severe dis turbance ,  second r ep l i ca -  

t i o n ;  SEk, NW&, Sec. 11, T32N, R26W 
ELEVATION: 1530 m 
VEGETATION: sAFICLLM 
PARENT MATERIAL: Limestone dominated g l a c i a l  t i l l  
SLOPE and ASPECT: 11% East t o  sou theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

B2ir  0-20 cm S i l t ,  ye l lowish  brown ( 1 0 ~ ~  5/8) moist ;  s t r o n g  coa r se  
subangular  blocky and p l a t y  s t r u c t u r e ;  f r i a b l e ,  nons t icky ,  
nonp la s t i c ;  trace cobbles;  common f i n e  and many medium and 
coa r se  roo t s ;  s l i g h t l y  ac id  (pH 6.5);  c l e a r  wavy boundary. 

IIA2 20-37 c m  S i l t  loam, l i g h t  o l i v e  brown (2.5Y 514) moist ;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  non- 
sticky, nonp la s t i c ;  5% g rave l s ,  5% cobbles;  few f i n e ,  medium 
and coa r se  roo t s ;  n e u t r a l  (pH 6.7);  gradual  wavy (broken) 
boundary. 

I I A & B  37-52 cm S i l t  loam, p a l e  o l i v e  (5Y 6 1 4 )  moist ;  moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
nonp la s t i c ;  very  few c l a y  f i lms ;  t r a c e  g rave l s ,  5% cobbles;  few 
fine and medium r o o t s ;  mildly a l k a l i n e  (pH 7.5); d i f f u s e  i r r eg -  
u l a r  boundary; hor izon  60% IIA2, 40% IIBB. 

LIB2t 52-88 c m  Heavy silt loam, l i g h t  o l i v e  brown (2.5Y 5 / 6 )  moist;  
moderate medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  s t i c k y ,  
s l i g h t l y  p l a s t i c ;  very few c l a y  f i l m s ;  5% g rave l s ;  few f i n e  and 
medium r o o t s ;  mi ld ly  a l k a l i n e  (pH 7.5);  gradual  wavy boundary. 

I I C l c a  88-110 c m  Heavy s i l t  loam, o l i v e  yellow (5Y 616)  moist ;  10% 
ped f a c e s  dark yel lowish brown (10YR 414); moderate medium 

a subangular  blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  sticky, s l i g h t l y  
p l a s t i c ;  very  f e w  c l ay  f i lms ;  t r a c e  g rave l s ,  5% cobble?; 
s t r o n g l y  e f f e rvescen t ;  moderately akaline (pH 8.0); clear wavy 
boundary, 

1 



IIC2ca 110-140 cm S i l t  loam, o l i v e  yellow (5Y 6/6 with 60% of ped 
faces  10YR 4 / 4 1  moist; moderate f i n e  and medium subangular 
block and angular blocky s t ruc tu re ;  f i r m ,  s l i g h t l y  s t i cky ,  
s l i g h t l y  p l a s t i c ;  t r a c e  gravels, t r a c e  cobbles; s t r ang ly  effer- 
vescent ; moderately a lka l ine  (pH 8.0) ; c l e a r  wavy boundary. 

IIC3ca 140-200 cm S i l t  loam, o l i v e  (5Y 516) moist; 25% ped faces dark 
yellowish brown (10YR 414); moderate medium subadgular blocky 
and angular blocky s t ruc tu re ;  firm, s l i g h t l y  sticky, s l i g h t l y  
p l a s t i c ; ;  5% gravels ,  t r a c e  cobbles; s t rongly  effervescent;  
moderately a l k a l i n e  (pH 8.0). 



APPENDIX IV 

SOIL PROFILE DESCRIPTIONS FOR PEUONS 

FORMING IN QUARTZITE DOMINATED GLACIAL TILL 

PARENT MATERIAL 



CLASSIFICATION: coa r se  loamy, mixed, cry ic  Andeptic Cryoboralf 
DATE DESCRIBED: 8-19-79 
LOCATION: Flathead Nat. For . ,  s i te  2 ,  c o n t r o l ,  f i r s t  r e p l i c a t i o n ;  SW%, 

NEg, Sec. 1 6 ,  529M, R25E 
ELEVATION: 1402 m 
VEGETATION : AFIVACA 
PARENT MATERIAL: Q u a r t z i t e  dominated g l a c i a l  till 
SLOPE and ASPECT: 8-10% East t o  sou theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

01 9-0 cm. 

B2i r  0-29 cm S i l t  loam, da rk  yel lowish brown (10YR 3 / 4 )  moist ;  
moderate medium subangular blocky s t r u c t u r e ;  s o f t  friable, 
nonsticky, nonp la s t i c ;  10% cobbles ,  5% s tones ,  10% boulders;  
common f i n e ,  medium and coarse  roo t s ;  very s t r o n g l y  a c i d  (pH 
4 . 7 ) ;  clear smooth boundary. 

IIA2 29-69 cm White (2.5Y 811) s i l t ,  p a l e  o l i v e  (5Y 6 / 4 )  moist ;  
weak f i n e  subangular blocky t o  g ranu la r  s t r u c t u r e ;  s o f t ,  f r i -  
able,  nonst icky;  15% g r a v e l s ,  trace cobbles ,  t r a c e  s tones ;  f e w  
f i ne ,  medium and coa r se  roo t s ;  extremely ac id  (pH 4.5) ;  gradual 
i r r e g u l a r  boundary. 

I I A & B  69-116 c m  S i l t ,  reddish brown (5YR 5/3)  moist ;  moderate medium 
subangular blocky s t r u c t u r e ;  f r i a b l e ,  nons t icky ,  nonplastic; 
many moderately t h i c k  c l a y  f i l m s  on face of peds; few f i n e  and 
medium r o o t s ;  s t r o n g l y  acid (pH 5.5); g radua l  wavy boundary; 
hor izon  60% IIA2, 40% 1182. 

IICl 116-163 cm Silt, greyish brown (1OYR 512) moist ;  moderate 
medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  nonst icky,  non- 
p l a s t i c ;  many moderately t h i c k  clay f i l m s  on face of peds and 
l i n e  pores; n e u t r a l  (pH 7.0).  



CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 8-18-79 
LOCATION: Flathead Nat. For.,  s i t e  2,  con t ro l ,  second rep l i ca t ion ;  

S W ~ ,  N E ~ ,  Sec. 16, T29N, R25W 
ELEVATION: 1402 m 
VEGETATION: AF/VACA 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 8-10% East  t o  southeast  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 8-0 cm. 

B2ir 0-20 cm Light brown to pinkish grey (7.5YR 613) silt loam, 
dark yellowish brown (10YR 4/4) moist; moderate medium subangu- 
lar blocky s t r u c t u r e ;  s o f t ,  very  f r i a b l e ,  nonsticky, non- 
p l a s t i c ;  many fine and few medium and coarse roots;  extremely 
acid (pH 4.5);  gradual wavy boundary. 

IIA2 20-70 cm White t o  pinkish white (7.5YR 811) cobbly silt loam, 
p a l e  o l i v e  (5Y 614) moist; weak fine subangular blacky to  
granular  s t r u c t u r e ;  s l i g h t l y  hard, f r i a b l e ,  nonsticky, non- 
plastic; few f i n e  and medium roots ;  s l i g h t l y  acid (pH 6.3);  
gradual i r r e g u l a r  boundary. 

IIAhB 70-113 cm Gravelly silt loam, o l i v e  brown t o  dark greyish 
brown (2.5Y 413) moist; moderate medium subangular blocky 
s t r u c t u r e ;  f i rm,  s l i g h t l y  s t i cky ,  nonplast ic;  many moderately 
t h i c k  c lay  f i lms on face of peds and l i n i n g  pores; few f i n e  
roo t s ;  neu t ra l  (pH 7.0); gradual wavy boundary; horizon 60% 
I I A 2 ,  40% IfB2. 

I I C l  113-150 c m  Silt loam, brown (7.5YR 5/3) moist; s t rong coarse 
subangular blocky s t ruc tu re ;  firm, s l i g h t l y  s t i cky ,  s l i g h t l y  
p l a s t i c ;  continuous thick clay films on face of peds; moder- 
ately a l k a l i n e  (pH 8.0). 



CLASSIFICATION: coarse loamy, mixed cryic Typic Paleboralf 
DATE DESCRIBED: 8-18-79 
LOCATION: Flathead Nat. For., site 2, moderate disturbance, first 

replication; SWk, NEk, Sec. 16, T29N, R25W 
ELEVATION: 1402 m 
VEGETATION: AFIVACA 
PARENT MATERIAL: Quartzite dominated glacial till 
SLOPE and ASPECT: 8-10% East to southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 7-0 cm, 

B2ir 0-12 cm Very pale brown (1OYR 7/3)  silt loam, dark yellowish 
brown (10Y~ 414) moist; moderate medium subangular blocky 
structure; slightly hard, firm, slightly sticky, slightly 
plastic; 10% gravels, 5% cobbles, 10% stones; many fine and 
common medium and coarse roots; strongly acid (pH 5.3); clear 
wavy boundary. 

IIA2 12-76 cm White (2.5Y 811) gravelly silt loam, light brown to 
pinkish grey ( 7 . 5 ~ ~  6 / 3 )  moist; weak fine subangular blocky to 
granular structure; loose, friable, nonsticky, nonplastic; few 
fine roots; medium acid (pH 6.0); diffuse irregular boundary. 

IIA&B 76-103 cm Silt loam, pale olive (5Y 614) moist; moderate 
medium subangular blocky structure; friable, nonsticky, non- 
plastic; common thin clay films on face of peds; neutral (pH 
7.0); gradual wavy boundary; horizon 60% IIA2, 40% 1182. 

IICl 103-155 cm Silt loam, pale olive ( 5 ~  613) moist; strong 
coarse subangular blocky structure; firm, nonsticky, nonplas- 
tic; continuous thick clay films on face of peds;  mildly 
alkaline (pH 7.5). 



CLASSIFICATION: coarse loamy, mixed Typic Cryoboralf 
DATE DESCRIBED: 8-18-79 Y 

LOCATION: Flathead Nat. For.,  s i t e  2,  moderate disturbance,  second 
r ep l i ca t ion ;  SW*, NEk, Sec. 16, T29N, R25W 

ELEVATION: 1402 m 
VEGETATION: AFIVACA 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 8-10% East  t o  southeaat 
DRAINAGE: Well drained 

P'ROFXLE DESCRIPTION 

0-15 cm Light  brown (7.5YR €114) silt  loam, brown t o  dark brown 
(7 .5Y~ 414) moist; moderate medium subangular blocky s t ruc tu re ;  
s l i g h t l y  hard, f r i a b l e ,  nonaticky, nonplast ic;  common f i n e  and 
medium and few coarse roota;  s t rongly  acid (pH 5.3); clear wavy 
boundary. 

15-71 c m  White (2.5Y 8/11 gravel ly  silt loam, l i g h t  brown t o  
pinkish grey (7.5YR 6 /3 )  moist; moderate medium subangular 
blocky s t ruc tu re ;  s l i g h t l y  hatd,  f r i a b l e ,  noneticky, nonplas- 
t ic ;  some cobbles; few f i n e  medium and coarse roots ;  s t rongly  
acid (pH 5.5); gradual wavy boundary. 

71-115 c m  Silt loam, brown (7.5YR 5 1 3 )  moist; moderate medium 
subangular blocky s t r u c t u r e ;  firm, s l i g h t l y  s t i cky ,  s l i g h t l y  
p l a s t i c ;  many moderately th ick  c lay  films on face  of peds and 
lining pores; neu t ra l  (pH 7.0); clear wavy boundary; horizon 
60% 11A2, 40% IIB2. 

115-157 cm S i l t y  c lay ,  pa le  o l i v e  (5Y 6/3) maist;  s t rong 
medium subangular blocky s t r u c t u r e ;  firm, s t i cky ,  s l i g h t l y  
p l a s t i c ;  continuous moderately t h i c k  c lay  f i lms on face  of 
peds; mi ld ly  a l k a l i n e  (pH 7.5). 



CLASSIFICATION: coarse loamy, mixed, Andeptic Cryoboralf 
DATE DESCRIBED: 8-19-79 
LOCATION: Flathead Nat. For., site 2, severe disturbance, first 

replication; SWg, NE%, Sec. 16, T29N, R25W 
ELEVATION: 1402 m 
VEGETATION: AF/VACA 
PARENT MATERIAL: Quartzite dominated glacial till 
SLOPE and ASPECT: 8410% East to southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 2-0 cm. 

B2lir 0-6 cm Pink to pinkish grey (7.5YR f/3) silt loam, dark 
yellowish brown (10Y~ 414)  moist; weak medium platy and strong 
coarse subangular blocky structure; soft, friable, nonsticky, 
nonplastic; 10% cobbles; common fine and few medium and coarse 
roots; extremely acid (pH 4.3); clear smooth boundary. 

B22ir 6-30 cm Brown ( 7 . 5 ~ ~  514) silt loam, yellowish brown 
(10YR 514)  moist; moderate medium subangular blocky and angular 
blocky structure; slightly hard, firm, nonsticky, nonplastic; 
10% gravels, 15% cobbles; common fine and few medium and coarse 
roots; very strongly acid (pH 4.7); clear smooth boundary. 

IIA2 30-78 cm White (2.5~ 811)  gravelly silt, pale olive (SY 613) 
moist; moderate medium subangular blocky to granular structure; 
slightly hard, friable, nonsticky, nonplastic; trace cobbles; 
few fine, medium and coarse roots; very strongly acid (pH 5.0) ; 
clear wavy boundary. 

LLA&B 78-121 cm Gravelly silt, olive (5Y 513) moist; moderate 
medium subangular blocky structure; friable, nonsticky; many 
thin clay films on face of peds and line pores; strongly acid 
(pH 5 . 5 ) ;  clear wavy boundary; horizon 60% lIA2, 401 IIB2. 

I IC 121-168 cm Silt loam, brown (7.5~R 512)  moist; strong medium 
subangular blocky structure; friable, slightly sticky, slightly 
plastic; many thin clay films on face of peds ; medium at.id (pH 
6 . 0 ) .  . 



CLASSIFICATION: coarse loamy, mixed Typic Cryochrept 
DATE DESCRIBED: 8-19-79 
LOCATION: Flathead Nat, For., s i t e  2 ,  severe disturbance,  second 

rep l i ca t ion ;  s*, N E ~ ,  Sec. 16, T29N, R25W 
ELEVATION: 1402 m 
VEGETATION: AF/VACA 
PARENT MATERIAL: Quar tz i t e  dominated g l a c i a l  till 
SLOPE and ASPECT: 8-10% East t o  southeast  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 2-0 cm. 

B2ir 0-11 cm Light  grey t o  pa le  yellow (2.5Y 713) silt loam, dark 
yellowish brown (1OYR 414) moist; moderate medium p la ty  struc-  
t u r e ;  s l i g h t l y  hard, f i rm, s l i g h t  s t i cky ,  s l i g h t l y  p l a s t i c ;  
many fine and common medium roots ;  s t rongly  acid (pH 5.5); 
c l e a r  smooth boundary. 

IIA2 11-62 cm White (2.5Y 8/1) gravel ly  s i l t ,  pa le  o l i v e  (5Y 614) 
moist;  moderate medium subangular blocky s t r u c t u r e ;  hard, f i rm,  
nonsticky, nonplas t ic ;  10% cobbles, t r a c e  stones, t r a c e  
boulders; few f i n e  roo t s ;  very s t rongly  acid (pH 4.7); d i f f u s e  
i r r e g u l a r  boundary. 

ILACB 62-112 cm Gravelly si l t ,  brown (7.5YR 5 1 3 )  moist; moderate 
medium subangular blocky s t ruc tu re ;  f r i a b l e ,  nonsticky, non- 
p l a s t i c ;  common t h i n  c lay  f i lms of f ace  of peds; 10% cobbles, 
5% stones;  medium acid (pH 6.0); clear smooth boundary; horizon 
60% IIA2, 40% 1182. 

IICl 112-124 c m  S i l t ,  l i g h t  brownish gray (10YR 6/21 moist; weak 
medium angular blocky s t ruc tu re ;  f r i a b l e ,  nonsticky, nonplas- 
t i c ;  neu t ra l  (pH 7.0); c l e a r  wavy boundary. 

IIC2 124-184 cm S i l t ,  greyish  brown (10YR 512) moist; strong coarse 
subangular blocky s t ruc tu re ;  firm, nonsticky, nonplast ic;  many 
t h i n  clay f i l m s  on face  of peds; t r a c e  gravels ,  5% cobbles, 5% 
boulders; neu t ra l  (PH 7.0). 

m 



F3AC - 
CLASSIFICATION: coa r se  loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 8-19-79 
LOCATION: Flathead Nat. For. ,  s i t e  3,  c o n t r o l ,  f i r s t  r e p l i c a t i o n ;  NW%, 

SE%, Sec. 9 ,  T29N, R25W 
ELEVATION: 1402 m 
VEGETATION: AF/VACA 
PARENT MATERIAL: Q u a r t z i t e  dominated g l a c i a l  till 
SLOPE and ASPECT: 8-10% Eas t  t o  s au theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 4-0 cm. 

A2 0-4 cm Pale brown ( 1 0 ~ R  613) s i l t ,  da rk  yel lowish brown 
(10YR 414) moist ;  weak fine subangular  blocky t o  g ranu la r  
s t r u c t u r e ;  s o f t ,  very  f r i a b l e ;  nons t icky ,  nonp la s t i c ;  many 
f i n e ,  medium and coa r se  roo t s ;  very  s t r o n g l y  ac id ;  clear smooth 
boundary. 

B2i r  4-20 c m  Yellowish brown (1OYR 518) s i l t ,  s t r o n g  brown (7.5 YR 
416) moist ;  moderate medium subangular  blocky s t r u c t u r e ;  saf t ,  
very f r i a b l e ,  nans t icky ,  nonp la s t i c ;  t r a c e  cobbles;  common 
f i n e ,  medium and coa r se  roo t s ;  s l i g h t l y  a c i d  (pH 6.5) ;  c l e a r  
wavy boundary. 

IIA2 20-80 cm White (10YR 811) g r a v e l l y  s i l t  loam, l i g h t  yel lowish 
brown (10YR 614) moist;  moderate medium subangular  blocky 
s t r u c t u r e ;  s l i g h t l y  hard ,  f r i a b l e ,  nonstfcky,  nonp la s t i c ;  15% 
gravels, 5% cobbles ;  f e w  f i ne  and medium roo t s ;  very s t r a n g l y  
a c i d  (pH 4.5) gradual  i r r e g u l a r  boundary. 

I I A & B  80-130 c m  L igh t  grey ( 2 . 5 ~  712) g r a v e l l y  s i l t  loam, l i g h t  
olive brown (2.5Y 514) moist ;  moderate medium subangular  
blocky s t r u c t u r e ;  s l i g h t l y  hard,  f r i a b l e ,  s l i g h t l y  s t i c k y ,  
nonp la s t i c ;  very few c l ay  f i lms ;  15% g r a v e l s ,  5% cobbles ,  5% 
stones, 5% boulders ;  few f i ne  and medium r o o t s ;  medium ac id  (pH 
6 .0) ;  g radua l  i r r e g u l a r  boundary; hor izon  80% IIA2, 20% IIB2. 

I I C l  130-200 c m  Grave l ly  s i l t  loam, yel lowish brown ( 1 0 ~ ~  514) 
moist ;  moderate medium subangular  blocky s t i u c t u r e ;  f r i a b l e ,  

t s l i g h t l y  s t i c k y ;  common moderately t h i c k  c l a y  f i lms  on face of 
peds;  mild ly  a l k a l i n e  (pH 7.5). 



CLASSIFICATION: coarse loamy, mixed Dystric Cryochrept 
DATE DESCRIBED: 8-19-79 
LOCATION: Flathead Nat. For., site 3, control, second replication; 

NW&, SE&, Sec. 9, T29N, R25W 
ELEVATION: 1463 m 
VEGETATION: AFIVACA 
PARENT MATERIAL: Quartzite dominated glacial till 
SLOPE and ASPECT: 15% East to northeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 6-0 cm. 

A2 0-3 cm Light grey (10YR 7 1 2 )  silt, very dark greyish brown 
(10Y~ 312) moist; weak fine subangular blocky structure; soft, 
very friable; nonsticky, nonplastic; many fine, medium and 
coarse roots; very strongly acid (pH 5.0); clear smooth bound- 
ary. 

BZir 3-15 cm Light yellowish brown (10YR 614) silt, dark yellowish 
brown (10Y~ 414) moist; moderately fine aubangular blocky 
structure; soft, very friable, nonsticky, nonplastic; 10% 
gravels; many fine, medium and coarse roots; medium acid ( p ~  
6.0); clear smooth boundary. 

IIA2 15-53 cm White (2.5Y 812) silt loam, light yellowish brown 
(2.5Y 614) moist; moderate fine angular blocky structure; 
slightly hard, f i rm, sticky, slightly plastic; 5% gravels, 5% 
cobbles; few fine medium and coarse roots; very strongly acid 
(pH 4.5); clear wavy boundary, 

IIAhB 53-92 cm Very gravelly silt, olive (5Y 5 1 4 )  moist; weak very 
fine subangular blocky to granular structure; friable, non- 
sticky, nonplastic; 60% gravels, 15% cobbles, 5% stones; few 
fine roots; slightly acid ( p ~  6.3); clear wavy boundary; hori- 
zon 80% IIA2, 20% IIBZ. 

IIC 92-148 cm Very gravelly silt, pink to pinkish grey (7.5Y~ 7 1 3 )  
moist; weak fine granular structure; very friable, nonsticky, 
nonplastic; 50% gravels, 15% cobbles, 10% stones, 5% boulders; 
slightly acid (pH 6.5). 



F3A.M - 
CLASSIFICATION: coarse loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 8-20-79 
LOCATION: Flathead N a t .  For. ,  s i t e  3 ,  moderate d i s tu rbance ,  f i r s t  

r e p l i c a t i o n ;  N W ~ ,  SE%, Sec. 9 ,  T29N, R25W 
ELEVATION: 1463 m 
VEGETATION: AFIVACA 
PARENT MATERIAL: Q u a r t z i t e  dominated g l a c i a l  till 
SLOPE and ASPECT: 14% Eas t  t o  sou theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 6-0 cm. 

A 2  0-3 cm Pink i sh  white (7.5 YR 812) silt,  da rk  brown ( 7 . 5 ~ ~  314) 
m o i s t ;  moderate coarse p l a t y  s t r u c t u r e ;  s o f t ,  f r i a b l e ,  non- 
s t i c k y ,  nonp la s t i c ;  many f i n e  and common medium and coa r se  
r o o t s ;  very s t r o n g l y  ac id  (pH 5.0);  c l e a r  smooth boundary. 

B2i r  3-32 cm Yellowish brown (10YR 5 1 6 )  si l t ,  yel lowish red 
(5YR 4 1 6 )  moist;  moderate medium subangular blocky s t r u c t u r e ;  
loose ,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  5% cobbles ,  5% s tones ;  
common fine and few medium and coarse roo t s ;  s t r o n g l y  ac id  (pH 
5.5);  c l e a r  smooth boundary. 

I I A 2  32-74 c m  Grave l ly  s i l t ,  l i g h t  brown t o  pinkish  grey 
(7.5Y~ 6 / 3 )  moist ;  moderate medium subangular  blocky and angu- 
l a r  blocky s t r u c t u r e ;  f r i a b l e ,  nonsticky, nonplaatic; 20% 
g rave l s ,  10% cobbles ,  5% s tones ;  few f ine,  medium and coa r se  
roo t s ;  s t r o n g l y  a c i d  (pH 5.5); gradual  wavy boundary. 

ITA&B 74-124 c m  Grave l ly  s i l t ,  o l i v e  ( 5 ~  5 / 4 1  moist;  moderate 
medium subangular  blocky and angular  blocky s t r u c t u r e ;  firm, 
nonst icky,  nonp la s t i c ;  25% g rave l s ,  5% cobbles ,  5% stones; few 
f i n e  roots; s t r o n g l y  ac id  (pH 5.5); clear wavy boundary; hor i -  
zon 602 I Z A 2 ,  40% IIB2. 

I IC 124-176 cm Gravelly si l t ,  o l i v e  (5Y 5 / 4 )  moist;  moderate 
I medium angular  blocky s t r u c t u r e ;  f r i a b l e ,  nons t icky ,  n o n ~ l a s -  

t i c ;  15% gravels, 5% cobbles ,  5% s tones ,  t r a c e  boulders ;  
s t r o n g l y  ac id  (pH 5.5).  



CLASSIFICATION: coarse loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 8-20-79 3 

LOCATION: Flathead Nat. For., s i t e  3, moderate disturbance,  second 
rep l i ca t ion ;  N w ~ ,  SE&, Sec. 9, T29N, R25W 

ELEVATION: 1463 m 
VEGETATION: AF/VACA 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 15% East  t o  southeast  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 3-0 cm 

B2ir 0-30 cm Yellow (10YR 716) s i l t ,  o l i v e  brown (2.5Y 4 1 6 )  moist; 
moderate medium subangular blocky s t ruc tu re ;  loose, very fri- 
ab le ,  nonsticky, nonplast ic;  t r a c e  s tones ,  t r a c e  boulders; many 
f i n e  and common medium and coarse roots ;  very s t rongly  acid (pH 
4.7) ;  c l e a r  smooth boundary. 

IIA2 30-75 cm S i l t ,  pa le  o l i v e  (5Y 614) moist; moderate medium 
subangular blocky s t ruc tu re ;  very hard, very firm, nonsticky; 
p a r t i a l l y  rounded, 5% cobbles, t r a c e  stones;  few fine and 
medium roots ;  extremely acid (pH 4.3); c l e a r  wavy boundary. 

IIAhB 75-125 cm S i l t ,  l i g h t  brown t o  pinkish grey (7.5YR 613) moist; 
moderate medium subangular blocky s t ruc tu re ;  friable, non- 
s t i c k y ,  nonplast ic;  10% gravels, 5% cobbles, 5% stones;  few 
f i n e  roots ;  s t rongly  acid (pH 5.5); gradual wavy boundary; 
horizon 60% IIA2, 40% fIB2. 

I I C l  125-140 cm Gravelly silt loam, o l i v e  ( 5 ~  5/41 moist; mott les  
of 5YR 718; moderate medium subangular blocky s t r u c t u r e ;  fri- 
ab le ,  noneticky, nonplast ic;  few t h i n  c lay  f i l m s  on face of 
peds; 20% grave l s ,  10% cobbles, 5% stones,  5% boulders; 
strongly acid (pH 5.5); c l e a r  smooth boundary. 

IIC2 140-165 cm S i l t ,  o l i v e  (5Y 514) moist; weak medium subangular 
blocky structure; very friable, nonsticky, nonplast ic;  very f e w  
clay f i lms;  5% gravels; s l i g h t l y  acid ( p ~  6.3). C 

NOTE: 20% s tones  and boulders on surface, 



CLASSIFICATION: coarse loamy, mixed Dyst r ic  Cryochrept 
DATE DESCRIBED: 8-20-79 
LOCATION: Flathead Nat. For. ,  s i t e  3, severe disturbance,  f i r s t  

replication; NW%, s E ~ ,  Sec. 9 ,  T29N, R25W 
ELEVATION: 1463 m 
VEGETATION: AFIVACA 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 8% East  t o  southeast  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 7-0 cm. 

A 2  0-3 cm Light grey (10YR 712) silt, dark yellowish brown 
( 1 0 ~ ~  314) moist; weak medium p la ty  s t r u c t u r e ;  very s t rongly  
acid (pH 4.5). 

B2ir 3-16 cm S i l t ,  dark yellowish brown (10YR 4 / 4 )  moist; moderate 
medium subangular blocky s t ruc tu re ;  f r i a b l e ,  nonsticky, non- 
p l a s t i c ;  many fiae and f e w  m e d i u m  and coarse roots;  lstrongly 
acid (pH 5.5); c l e a r  smooth boundary. 

IIA2 16-92 cm White t o  pinkish white ( 7 . 5 ~ ~  811) gravel ly  silt,  
p a l e  o l i v e  (5Y 614) moist; moderate medium subangular blocky 
and angular blocky structure; slightly hard, f i r m ,  nonsticky, 
nonplast ic;  15% gravels ,  5% cobbles, 5% atones; few fine and 
medium roots ;  s l i g h t l y  ac id  (pH 6.3); c l e a r  wavy boundary. 

IZAGB 92-135 cm Gravelly e i l t  loam, o l i v e  (5Y 514) mist; moderate 
medium subangular blocky s t ruc tu re ;  f r i a b l e ,  s l i g h t l y  s t i cky ,  
nonplast ic;  very few c lay  f i lms;  15% gravels, 5% cobbles, 5% 
stones; few f i n e  roots ;  s t rongly  acid (pH 5.5); clear wavy 
boundary; horizon 60% IIA2, 40% IIB2. 

I I C l  135-150 cm Gravelly s i l t  loam, pale ol ive  (SY 6/4) moist; 
moderate m e d i u m  subangular blocky and angular blocky s t ruc tu re ;  
f r i a b l e ,  s l i g h t l y  s t i cky ;  very few c lay  f i lms;  t r a c e  gravels;  
n e u t r a l  (pH 7.0); c l e a r  smooth boundary. 



F3AS Continued - - 
ITC2 150-192 cm Gravelly s i l t ,  pale o l i v e  (5Y 614) moist; moderate 

medium aubangular blocky structure; friable, nonsticky, non- v 

plas t ic ;  very f e w  clay f i lms;  15% gravels, 5% cobbles; neutral 
(pH 7 .0 ) .  



f CLASSIFICATION: coa r se  loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 8-20-79 
LOCATION: Flathead Nat. For . ,  s i te  3, s eve re  d i s tu rbance ,  aecond 

r e p l i c a t i o n ;  NWk, S E ~ ,  Sec. 9 ,  T29N, R25W 
ELEVATION: 1463 m 
VEGETATION: AF/VACA 
PARENT MATERIAL: Q u a r t z i t e  dominated g l a c i a l  t i l l  
SLOPE and ASPECT: 14% East t o  sou theas t  
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 5-0 cm. 

A2 0-2 cm L igh t  grey (10YR 712) s i l t ,  da rk  ye l lowish  brown 
(10YR 3 / 4 )  moist ;  mo t t l e s  lOYR 5 1 6 ;  moderate medium p l a t y  
s t r u c t u r e ;  slightly hard, firm, nons t icky ,  nonp la s t i c ;  many 
f i n e ,  common medium and f e w  coarse  roo ts ;  very  s t r o n g l y  acid 
(pH 5.0); c l e a t  smooth boundary. 

B2 i r  2-29 cm L igh t  brown (7.5 YR 614) si l t ,  da rk  yel lowish brown 
( 1 0 Y ~  4 / 4 )  moist ;  moderate medium subangular  blocky structure; 
soft, f r i a b l e ,  nons t icky ,  nonp la s t i c ;  5% g rave l s ,  5% cobbles;  
common f i n e  and few medium and coarse roo t s ;  medium ac id  (pH 
6.0) ;  c l e a r  smooth boundary. 

I IA&B 

IICl 

29-62 c m  White t o  p inkish  white  (7.5YR 811) g r a v e l l y  silt,  
o l i v e  ( 5 ~  514)  moist;  weak f i n e  angular  blocky and subangular 
blocky s t r u c t u r e ;  s o f t ,  f r i a b l e ,  nons t icky ,  nonp la s t i c ;  15% 
g r a v e l s ,  5% cobbles ,  5% stonee;  s l i g h t l y  a c i d  ( p ~  6.2) ;  clear 
wavy boundary. 

62-121 cm Grave l ly  silt, brown (7.5YR 513) moist; moderate 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ,  nonst icky,  non- 
p l a s t i c ;  very few clay f i lms ;  20% g rave l s ,  5% cobbles ,  5% 
s tones ,  5% boulders ;  very  strongly acid (pH 5 .O) ; gradual  wavy 
boundary; hor izon  60% IIA2, 40% IIB2. 

121-175 cm Gravel ly  s i l t ,  brown (7.5YR 5 / 3 1  moist ;  moderate 
medium subangular blocky s t r u c t u r e ;  f r i a b l e ,  nonst icky,  non- 
p l a s t i c ;  very  few c l a y  films; 20% g r a v e l s ,  5% cobbles ,  5% 
s tones ;  s t r o n g l y  ac id  (pH 5.5). 



CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-9-79 Y 

LOCATION: Kootenai Nat. For., s i te  1, con t ro l ,  f i r s t  r ep l i ca t ion ;  SEk, 
SWg, Sec.12, T32N, R27W 

ELEVATION: 1402 m 
VEGETATION: SAF/LIBO/XETE F 

PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 5% South t o  Southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 10-0 cm 

A2 0-5 cm Light  gray ( 1 0 ~ ~  711) silt ,  grayish brown (10Y~ 5/21 
moist;  weak f i n e  subangular blocky and angular blocky s t ruc-  
tu re ;  s o f t ,  very f r i a b l e ,  nonsticky, nonplast ic;  many f i n e ,  
medium and coarse roots ;  very s t rongly  acid (pH 4.5); c l e a r  
smooth boundary. 

B2ir  5-30 cm Yellow2(10YR 716) silt ,  brownish yellow (10YR 618)  
moist;  weak f ine  subangular blocky t o  granular  s t ruc tu re ;  
loose,  very f r i a b l e ,  nonsticky, nonplas t ic ;  5% gravels ,  5% 
cobbles; many f i n e ,  medium and common coarse roo t s ;  neu t ra l  (pH 
6.8) ;  c l e a r  smooth boundary. 

I Z A 2  30-58 cm White (10YR 812) a i l t ,  l i g h t  yellowish brown 
( 1 0 ~ ~  614) moist; moderate medium subangular blocky s t r u c t u r e ;  
s l i g h t l y  hard, f r i a b l e ,  nonsticky, nonplas t ic ;  10% gravels ,  5% 
cobbles, 5% stones,  5% boulders; common f i n e  and medium, few 
coarse roo t s ;  s l i g h t l y  acld (pH 6.2);  gradual wavy boundary. 

I IAdB 58-98 c m  Yellow (2.5Y 718 with 15-20% 7.5YR 718) silt loam, 
o l i v e  yellow (2.5Y 616) moist; moderate medium subangular 
blocky s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  p l a s t i c ;  
very few c lay  f i lms;  5% gravels ,  5% cobbles, 5% stones,  5% 
boulders; few fine and medium roots ;  s l i g h t l y  acid (pH 6.5); 
c l e a r  wavy boundary. 

I IClca  98-150 cm Silt loam, o l t v e  yellow (2.5Y 6/61 moist; weak f ine  a 

subangular blocky and moderate medium subangular blocky s t ruc-  
tu re ;  f r i a b l e ,  s l i g h t l y  s t i cky ,  nonplast ic;  very few clay 

C 
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films; 10% gravels, trace stones; few fine, medium and coarse 
roots ; violently effervescent; moderately alkaline ( p ~  8 .O) ; 
gradual wavy boundary. 

IICZca 150-180 cm Silt loam, olive Yellow ( 5 ~  6 1 6 )  moist; moderate 
medium subangular blocky structure; friable, alightly sticky, 
nonplastic; very few clay films; 5% gravels, 5% cobbles, trace 
stones ; violently effervescent; moderately alkaline (pH 8 "0) ; 
clear wavy boundary. 
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CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-9-79 r 
LOCATION: Kootenai N a t .  For., site 1, control, second replication; 

NW%, Sec. 13, T32N, R27W 
ELEVATION: 1402 m 
VEGETATION: SAF JLIBOIXETE a 

PARENT MATERIAL: Quartzite dominated glacial till 
SLOPE and ASPECT: 14% South to Southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 6-0 cm 

A2 0-5 cm Light grey (2.5Y 712) silt, dark yellowish brown 
(10YR 414)  moist; weak fine subangular blocky to granular 
structure; soft, very friable, nonsticky, nonplastic; many 
fine, medium, and coarse roots; very strongly acid (pH 5.0); 
clear smooth boundary. 

B2ir 5-22 cm Brownish yellow (IOYR 6/6), silt, dark yellowish brown 
(10YR 416) moist; weak fine subangular blocky to granular 
structure; soft, very friable, nonsticky, nonplastic; trace 
gravels, 5% cobbles; many fine, medium, and coaree roots; 
medium acid (pH 6.0); gradual wavy boundary. 

IIA2 22-43 cm White (2.5Y 812) silt loam, very pale brown 
(10YR 714) moist; moderate medium aubangular blocky structure; 
slightly hard, firm, nonsticky, nonplaatic; 5% gravels, 5% 
cobbles, 5% stones, 5% boulders; common fine and medium and few 
coarse roots; strongly acid (pH 5 . 5 ) ;  gradual wavy boundary. 

IIA&B 43-115 cm Yellow (2.5Y 716) silt loam, olive yellow (2,5Y 616) 
moist; moderate medium subangular blocky structure; slightly 
hard, finu, slightly sticky, slightly plastic; very few clay 
films; 5% gravels, 5% cobbles, 5% stones, 5% boulders; common 
fine and few medium roots; mildly alkaline (pH 7.5); diffuse 
irregular boundary. 

115-175 cm Silt 
50% of ped faces 
angular blocky s 

loam, olive yellow (2.5Y 616, with lOYR 516 on s 

) moist; moderate medium subangular blocky and 
tructure; friable, slightly sticky, slightly 

? 



K l B C  Continued - - 
;* plastic; very f e w  c lay  f i lms;  trace  gravels ,  5% cobbles,  5% 

stones ,  5% boulders; few f i n e  and medium roots;  moderately 
a lka l ine  (pH 8 .0 ) ;  gradual wavy boundary. 

5 IIC2ca 175-200 cm S i l t  loam, o l i v e  yellow ( 2 . 5 ~  616 w i t h  20% of pad 
faces lOYR 516)  moist; moderate medium subangular blocky and 
angular blocky structure; f r i a b l e ,  s l i g h t l y  s t i c k y ,  s l i g h t l y  
p l a s t i c ;  very f e w  clay f i lms;  trace  gravel ,  5% cobbles,  5% 
stones;  moderately a lka l ine  (pH 8 . 0 ) ;  i n d i s t i n c t  wavy boundary. 



CLASSIFICATION: coarae loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 9-9-79 ": 

LOCATION: Kootenai Nat. For., s i t e  1, moderate disturbance,  f i r s t  
r ep l i ca t ion ;  SEk, s*, Sec. 12, T32N, B27W 

ELEVATION: 1402 m * 
VEGETATION: SAF/LIBO/XETE 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 10% East t o  Southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

0 1 8-0 cm 

A2 0-7 cm Light gray (10YR 712) si l t ,  brown (10YR 513) moist; 
weak f i n e  subangular blocky t o  p la ty  s t ruc tu re ;  s o f t ,  very 
f r i a b l e ,  nonsticky, nonplas t ic ;  very f e w  c lay  f i lms;  many f i n e  
and medium and few coarse roots; s t rongly  acid (pH 5.5); grad- 
u a l  wavy boundary. 

B2ir 7-22 c m  Yellowish brown (10YR 518)  silt, dark yellowish brown 
(10YR 416) moist; moderate medium subangular blocky t o  granular  
structure; s o f t ,  very friable, nonsticky, nonplast ic;  very f e w  
c lay  f i l m s ;  t r a c e  gravels ,  trace cobbles; many f i n e ,  common 
medium and few coarse roots ;  medium acid (pH 6.0) ; gradual wavy 
boundary. 

IIA2 22-50 cm Very pale  brown (10YR 813), gravel ly  s i l t  loam, olive 
yellow (2.5Y 616) moist; moderate medium subangular blocky 
s t ruc tu re ;  s l i g h t l y  hard, f r i a b l e ,  nonsticky, nonplast ic;  very 
f e w  c lay  f i lms;  15% gravels ,  5% cobbles; few f i n e  and medium 
roots; s t rongly  acid (pH 5.5); gradual wavy boundary. 

IIA&B 50-130 cm Silt loam, o l i v e  yellow (5Y 618)  moist; s t rong f i ne  
t o  medium subangular block s t ruc tu re ;  f r i a b l e ,  s l i g h t l y  s t i cky ,  
nonplast ic;  very few clay  f i lms;  5% gravels ,  5% cobbles, 5% 
stones; few f i n e  roots ;  neu t ra l  ( p ~  7.0); d i f f u s e  wavy bound- 
ary; horizon 70% IIA2, 30% IIB2. 

I I C l  130-145 c m  S i l t  loam, o l i v e  yellow (SY 618 with 15% lOYR 514); rn 

moist; moderate f i n e  subangular blocky and angular blocky 
s t r u c t u r e ;  f r i a b l e ,  s l i g h t l y  sticky, nonplast ic;  very f e w  

f 
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clay films; 5% gravels, 5% cobbles, 5% stones; strongly effer- 
vescent; moderately alkaline (pH 8.0); gradual wavy boundary. 

145-190 cm Silt loam, olive yellow (5Y 618 with trace of brown 
coatings) moist; moderate medium subangular blocky and angular 
blocky structure; friable, slightly sticky, slightly plastic; 
very few clay films; 5% gravels, 5% cobbles, trace stones; 
strongly effervescent; moderately alkaline (pH 8.0); clear wavy 
boundary. 



CLASSIFICATION: coarse loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 9-9-79 

r 
LOCATION: Kootenai Nat. For., s i r e  1, moderate disturbance,  second 

rep l i ca t ion ;  E%, M&, Sec. 13, T32N, R27W 
ELEVATION: 1402 m 
VEGETATION: SAF/LIBO/XETE 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 7% East t o  Southeast 
DRAINAGE : Well drained 

PROFILE DESCRIPTION 

0 1 8-0 cm 

A2 0-6 cm White (2.5Y 812 with mixed organic material) silt, 
brawn (10YR 5/31 moist; moderate medium subangular blocky 
s t r u c t u r e ;  s l i g h t l y  hard, friable, nonsticky, nonplast ic;  many 
f i n e ,  medium and coarse roots;  s t rongly  ac id  ( p ~  5.5) ; gradual 
wavy boundary, 

B2ir  6-21 cm S i l t ,  yellowish brown (10YR 516) moist; moderate 
medium subangular blocky and angular blocky s t ruc tu re ;  loose,  
very f r i a b l e ,  nonsticky, nonplast ic;  trace gravel ,  t r a c e  
cobbles; many f i n e  and medium and common coatse  roots ;  s t rongly  
ac id  (pH 5.5); gradual wavy boundary. 

IIA2 21-40cm Verypa lebrown ( 1 0 Y R 8 / 3 ) s i l t l o a m , l i g h t o l i v e  
brown (2.5Y 5/61 mist; moderate medium subangular blocky 
s t r u c t u r e ;  hard,  f i rm ,  nonsticky, nonplast ic;  10% gravels ,  5% 
cobbles, t r a c e  stones; common f ine  and few medium and f i n e  
r ao t s ;  neu t ra l  (pH 7.0); d i f f u s e  wavy boundary. 

IIA&B 40-115 cm S i l t  loam, l i g h t  o l i v e  brown (2.5Y 516)  moist; 
s t rong medium and coarse subangular blocky s t ruc tu re ;  f r i a b l e ,  
s l i g h t l y  s t i c k y ,  nonplast ic;  very few clay  f i lms;  5% gravels ,  
5% cobbles, 5% s tones  and boulders; f e w  f i n e  and medium roots ;  
n e u t r a l  (pH 7.0);  d i f f u s e  i r r e g u l a r  boundary; horizon 60% IIA2, 
40% IIB2. 

115-165 c m  Gravelly silt loam, o l i v e  yellow (5Y 6/8) with 20% 
of ped faces l O Y R  5 / 4 1  mist; moderate medium subangular blocky 
and angular blocky s t ruc tu re ;  f r i a b l e ,  s l i g h t l y  s t i c k y ,  non- 
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plastic; very f e w  clay f i lms; 15% gravels ,  5% cobbles; strongly 
effenrescent; moderately a lkal ine  (pH 8.0); gradual wavy bound- 
ary. 

IIC2 165-200 cm Silt loam, o l i v e  yellow (5Y 618)  moist; moderate 
medium subangular blocky and angular blocky structure; firm, 
nonsticky, nonplastic; 10% gravels, 5% cobbles; moderately 
a lkal ine  (pH 8 . 0 ) ;  gradual wavy boundary. 



CLASSIFICATION: coarse loamy, mixed Andeptic Cryoboralf 
DATE DESCRIBED: 9-9-79 
LOCATION: Kootenai Nat. For, ,  s i te  1, severe disturbance,  f i r s t  

r ep l i ca t ion ;  SE%, S W ~ ,  Sec. 12, T32N, R27W 
ELEVATION: 1402 m 
VEGETATION: SAF/LIBO/XETE 
PARENT MATERIAL: Quar tz i te  dominated g l a c i a l  till 
SLOPE and ASPECT: 15% South t o  Southeast 
DRAINAGE: Well drained 

PROFILE DESCRIPTION 

A2 0-2 c m  Light  grey (2.5Y 7 1 2 )  si l t ,  dark yellowish brown 
( 1 0 Y ~  414) moist; weak very f i n e  subangular blocky and granular  
s t r u c t u r e ;  s l i g h t l y  hard, nonsticky, nonplast ic;  common f ine ,  
medium and coarse roots; very s t rongly  ac id  (pH 4.5); c l e a r  
wavy boundary. 

B2ir  2-22 c m  Brownish yellow (1OYR 618)  si l t ,  yellowish brown 
( 1 0 ~ ~  518) moist;  s t rong coarse subangular blocky s t ruc tu re ;  
s o f t ,  very f r i a b l e  nonsticky, nonplas t ic ;  5% cbbbles, 5% 
s tones ,  10% boulders; cammon few, medium, and coarse roots ;  
s t rongly  ac id  (pH 5.5);  clear wavy boundary. 

IIA2 22-42 cm V e r y p a l e b r o w n ( 1 0 Y R 8 / 3 ) s i l t l o a m , y e l l o w  
(2.5Y 716); moderate medium subangular blocky s t ruc tu re ;  
s l i g h t l y  hard, f r i a b l e ,  nonsticky, nonplast ic;  t r a c e  gravels ,  
5% cobbles, 5% stones,  t r a c e  boulders; few f i n e ,  medium, and 
coarse roots ;  medium acid (pH 6.0); gradual wavy boundary. 

IIA&B 42-100 c m  S i l t  loam, o l i v e  yellow (5Y 616) moiet; moderate 
medium subangular blocky s t ruc tu re ;  f r i a b l e ,  s l i g h t l y  s t i cky ,  
s l i g h t l y  p l a s t i c ;  very f e w  c lay  f i lms;  t r a c e  gravels, 5% 
cobbles, 5% stones;  few f i n e ,  medium, coarse roots; s l i g h t l y  
acid (pH 6.5);  d i f f u s e  i r r e g u l a r  boundary; horizon 60% IIA2,  
40% IIB2. 

IN1 100-130 cm S i l t  loam, o l i v e  yellow (5Y 618 with 15% having 
brown s t a i n )  moist; moderate f i n e  and medium subangular blocky 
s t ruc tu re ;  f r i a b l e ,  s l i g h t l y  sticky, nonplaat ic;  very few c lay  
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f i l m s ;  5% gravels, 5% cobbles, trace stones; strongly effer- 
vescent; moderately alkaline (pH 8.0); gradual wavy boundary. 

IIC2 130-200 cm Silt loam, olive yellow (5Y 618 with 5% brown 
coating) moist; moderate fine and medium subangular blocky 
structure; friable, nonsticky, nonplastic; very few clay films; 
5% gravels, 5% cobbles, 5% stones; strongly effervescent; 
moderately alkaline (pH 8.0). 
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CLASSIFICATION: coarse loamy, mixed Andic Cryochrept 
DATE DESCRIBED: 9-9-79 
LOCATION: Kootenai Nat. For., site 1, severe disturbance,  second 

x 

r ep l i ca t ion ;  E&, NWk, Sec. 13, T32N, R27W 
ELEVATION: 1402 m 
VEGETATION : SAFILIBOIXETE 
PARENT MATERIAL: Q u a r t z i t e  dominated g l a c i a l  till 
SLOPE and ASPECT: 5% South t o  Southeast 

I DRAINAGE : Well drained 

PROFILE DESCRIPTION 

4-0 em 

0-2 cm Light  grey (2.5Y 712) si l t ,  dark yellowish brown 
(10YR 4/41 moist; weak very f i n e  subangular blacky t o  granular  
s t ruc tu re ;  s l i g h t l y  hard, nonsticky, nonplast ic;  many f ine,  
medium and coarse roots; strongly acid (pH 5.5); abrupt broken 
boundary. 

2-18 cm Brownish yellow (10YR 6/8) silt, yellowish brown 
(10YR 518) moist; s t rong  coarse subangular blocky structure; 
s l i g h t l y  hard, f r i a b l e ,  nonsticky, nonplast ic;  t r a c e  gravele,  
5% cobbles, 5% stones;  many fine, common medium, few coarse 
roots; medium acid (pH 6 .O) ; gradual wavy boundary, 

IIA2 18-40 cm Very pale brown (XOYR 813)  silt loam, o l i v e  yellow 
(2.5Y 616) moist; moderate medium subangular blocky s t ruc tu re ;  
s l i g h t l y  hard f r i a b l e ,  nonsticky, nonplast lc;  10% gravele,  5% 
cobbles, 5% etones; few f i n e  and medium roots;  medium acid (pX 
6 . 0 ) ;  d i f f u s e  i r r e g u l a r  boundary. 

40-110 cm S i l t  loam, yellow (SY 716 with 10% 7.5YR 7/81 
moist; moderate medium subangular blocky s t ruc tu re ;  f r i a b l e ,  
s l i g h t l y  s t i c k y ,  s l f g h t l y  p l a s t i c ;  no c lay  f i lms;  5% gravela,  
5% cobbles, 5% stones;  few f i n e  too t s ;  neu t ra l  (pH 7.0); 
d i f f u s e  i r r e g u l a r  boundary; horizon 60% IIA2, 40% IIB2. 

I IClca  110-135 crn S i l t  loam, o l i v e  yellow (5Y 616 wi th  10-15% af ped 
faces 7.5 YR 718)moist; s t rong  medium subangular blocky struc- 
t u re ;  f r i a b l e ,  s l i g h t l y  s t i cky ,  s l i g h t l y  p l a s t i c ;  very f e w  c lay  
f i l m s ;  5% gravels ,  5% cobbles, 5% stones; strongly effer- 
vescent;  moderately a l k a l i n e  (pFI 8.0); gradual wavy boundary. 

X 
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IIC2ca 135-190 cm Silt loam, olive yellow (5Y 616 with less than 5% 

ped faces 7.5YR 718) moist; moderate medium subangular blocky 
structure; friable, nonsticky, nonplastic; vary few clay films; 
5% gravels, 5% cobbles ,  5% stones; strongly effervescent; 
moderately alkaline (pH 8.0). 



APPENDIX V 

LABORATORY CHARACTERIZATION DATA FOR CONTROL SOIL 

PEDONS IN TERTIARY VOLCANIC PARENT MATERIAL 



P r o c t o r  Ana lys i s  
Optimum Haximum 

Sample P a r t i c l e  Size Ana lys t s  T e x t u r a l  mois ture  d e n s i t y  Bulk P l a s t i c  Liquid P l a s t i c  
Horizon d e p t h  Sand S i l t  Clay  <2 mm c l a s s  con ten t  achieved d e n s i t y  l i m i t  Limit index 

cm -------- X ----------- % w t  g/cc g/cc --------- % ------------ 

1:l E x t r a c t  Exchangeable Cat  ions Base P a r t i c l e  
Horizon 0.M. 0 . C .  ptf EC Ca Hn Na K H s a t u r a t i o n  CEC d e n s i t y  P o r o s i t ~  

Z vt X v t  mhos/cm ---------- meq/lOog ----------- x. meq/lOog ~ / C C  4 CL 
00 
W 

A2 2.0 1.2 6.1 0.07 5 .81 1.98 0.11 0.57 3.06 73 -5 11 - 5 3  2.57 48.2 
B21t 1.1 .6 6.4 0.09 10.06 9.58 0.13 1.00 15.35 57.5 36.12 2 -64 31.1 
B22t 1.2 .7 6.6 0.17 21.47 12.64 0.21 1.08 4.42 88.9 39.82 2.69 31.6 
B3 1.6 -9 7.3 0.30 24.03 11.72 0.30 1.02 8.62 81.1 45 .69  2.73  ND 

Est imated Abundance 
1 / 3  Bar 15  Bar Inter- 

Horizon CaC03 wate r  water K a o l i n i t e  I l L i t e  C h l o r i t e  Vermicu l i t e  Smec t i t e  Amorphous s t r a t i f i c a t i o n  

X X vt X vt 

ND = nc: determined.  
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Proctor Analysfs 

Optimum Maximum 
Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic 

Horizon d e p t h  Sand Silt Clay C 2 m  class content achieved density limit limit index --------- X ------- % w t  g i c c  g / c c  -------- % ------------ 

1:l Extract Exchangeable Cat ions Base Particle 
Horizon O.H. O.C. pH EC Ca !4g N a K  H saturation CEC density Porosf t y 

X w t  Z wt dos -------- m q / l o ~ g  ---em----- X meq/lOOg g/cc X 
F 

Es t iraated Abundance 
1/3 Bar 15 Bar Inter- 

Horizon CaC03 water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification 

X X lit X w t  

#D N o t  determined. 



B 2AC - 
Proc to r  Analys is  

Opt i m m  Maximum 
Sample P a r t i c l e  S ize  Analys is  Textura l  mois ture  d e n s i t y  Bulk Plastic Liquid P l a s t i c  

Horizon d e ~ t h  Sand S i l t  Clay <2mm c l a s s  content achieved dens i t y  l i m i t  l i m i t  Index 
cm ------- X ------------ X v t  g /cc  g/cc -------- X --- -------- 

A2 15 57 38 5 99.8 sl 15 .O 1.72 1.42 20.3 23 .6  3 . 3  
B Z I t  30 5 8  20 22 99.3 s c l  14 .O 1.87 1 . 6 1  2 2 . 8  37.8 15.0 
B21t 1 5  73 20 7 99.3 s l  15.4 1.90 1 . 6 2  2 5 . 7  52 .0  2 6 . 3  
B22t 6 5  61 19 20 99.7 sL 1 5  -5  1.90 ND 25.2 30 -5 5.3 

1:l Ex t r ac t  Exchangeable Cat ions  Base P a r t i c l e  
Horizon 0 0 . C .  pH EC Ca Mg Na K H s a t u r a t i o n  CEC d e n s i t y  Po ros i t y  

X vt X ~t dos /cm -------- rneq/lOog --------- X meq/lOOg ~ / C C  % 

Estimated Abundance 
1 / 3 3 a r  f 5 B a r  Inter- 

Horizon CaC03 water water  Kao l in i t e  I l l i t e  C h l o r i t e  Vermicul i te  Smect i te  Amorphous s t r a t i f i c a t i o n  

X X VL x w t  

ND = Not determined.  



Proctor Analysis 
O~timum Haximum 

Sample Particle Site Analysis Textural wisture density Bulk Plastic Liquid Plastic 
Horizon depth Sand Silt Clay <2 mm class content achieved ----------- % ---------- % wt gfcc 

- - 

1:l Extract Exchangeable Cat ions Base Particle 
Horizon O.H. O.C. pH EC Ca nP Na K H saturation CEC density Porosity w 

X u t  X v t  mmhos/cm - Ubeq/lOOg ------ X meq/lOOg gfcc % 00 
Q\ 

Estimated Abundance 
1/3 Bar 15 Bar Inter- 

Horizon CaCO, water water Kaollnite Illite Chlorite Vermiculite Smectite Amorphous stratification 

A2 M) 24.1 10.1 Lo Med 
B21t ND 44 -8 3 5  .O 
B22t ND 44.6 28.9 Za M d  
83 ND ND 18.1 
C1 ND ND 11.1 M Med Hi 

HD = Not determined. 



Proctor Analysis 
Optimum Maxiaum 

Sample Part i c l e  Size Analysis Textural rmisture density Bulk Plastic Liquid Plastic 
Horizon depth Sand Silt Clay <2  mi class content achieved density limit limit index ------- X --------- L wt g/cc g/ce ------- X ------------ 

1 : l  ~=act Exchangeable Cations Base Particle 
Horizon O M .  O.C. p~ EC a Na K H saturation CEC density Porosity , +  

Z w t  X v t  &os/cm --------- meq / loog ---------- X meq/lOOg g/cc % a, - 

Estimated Abundance 
1/3  Bar 15 Bar Inter- 

Horizon CaCO, water water Kaolinite Zllite Chlorite Vermiculite Smectite Amorphous stratification 

a z vt x vt 

h 9  - Not determined. 



Proctor Analysis 
Optimum Maximum 

Sample Particle Size Analysis Textural rmisture density Bulk Plastic Liquid Plastic 
Horizon depth Sand Silt Clay c2mm class content achieved density limit lfmit index 

cm ----------- % ----------- % vt g/cc g/cc ---------- ----------- 

37 40 23 98.3 1 Nn W 1.24 33.8 38.3 4.5 
47 40 13 91.4 1 15.7 1.87 1.26 20.6 24.1 3 .5  
16 19 65 98.1 c 25 .& 1.53 1.49 27.3 89.0 61.7 
16 22 62 95.7 c 28.6 1.50 1.62 27.9 69.2 41.3 
16 17 67 93.0 c 30 -0 1-50 ND 23.3 84.0 60.7 
1 7  18 65 95.5 c 26.2 1.53 ND 24.7 78.0 53.3 
9 46 45 99.5 sic 21.3 1.72 ND 16.1 36.0 19.9 

24 50 26 99.7 sil 16 .O 1.92 ND 17.3 24.7 7.4 

1 : l  Extract Exchangeable Cations Base Particle 
Horizon O.H. O.C. pH EC Ca Mg Na K H saturation CEC density Porosity 

% Wt % W E  mhos/cm ----------- meq/lOOg ----------- % me¶/ loog ~ / C C  % 
Y 

Estimated Abundance 
1/3 Bar 15 Bar Inter- 

Horizon CaC03 water water Kaolinite Illite Chlorite Vermiculite Smectite Amorphous stratification 

z X wt L w t  

WD = Not determined. 



APPENDIX V I  

LABORATORY CHARACTERIZATION DATA FOR CONTROL SOIL 

PEDONS IN LIMESTONE DOMINATED GLACIAL 

TILL PARENT MATERIAL 



FlAC - 
Proc to r  Analys is  

Optimum Maximum 
SampLe P a r t i c l e  S i z e  Analysis Textura l  mois ture  dens i ty  Bulk P l a s t i c  Liquid P l a s t i c  

tlorizon depth Sand S i l t  Clay <2 rmn c l a s s  content  achieved dens i ty  l i m i t  l i m i t  index 
cm ---------- % ----------- % vt g lcc  g/cc ----------- % ----------- 

B2i r  15 31 65 4 72.7 sil 27.5 1.31 - .49 NP MP NP 
I L42 30 23 66 11 71.2 sil 15.8 1.88 1.60 21.3 23.3 2.0 
I IA2 45 25 59 16 50.3 sil 15 .O 1.93 1 . 7 2  21.4 25.1 3 . 7  
I IA+B 54 44 50 6 69.4 1 16.5 1.57 1.41 21.3 27.3 6.0 
IIB+A 71 21 58  21 78.5 s i l  16.5 1.88 1.36 22.2 27.9 5 .7  
I I B 2 l t  88 26 52 22 76.6 sil  14.9 1.89 1.62 2U.9 28.0 7.1 
IIB22t 110 27 53 20 76.9 s i l  16.6 1.88 ND 21.1 26.9 5.8 
1IClca 120 33 48 19 70.3 1 12.7  2.00 ND 19.4 26.0 6.6 

1 : f i x t r a c t  ~xcKaan~eable  Cat ions  Base P a r t i c l e  
Horizon O.H. O .C .  pH EC Ca Mg Ma K H s a t u r a t i o n  CEC dens i ty  Poros i ty  

X v t  X v t  dos ---------- meq/loog ---------- X meq/lOOg g/cc S 

E s t i m t e d  Abundance 
113 Bar 15 Bar In t e r -  -. 

Horizon CaC03 water water Kaolinite I l l i t e  Ch lo r i t e  Vermiculi te Smect i te  Amorphous s t r a t i f i c a t i o n  

x X vt % v t  

3 2 i r  ND 75.5 15.8 Ki 
I IAZ W 29.6 13.6 
IIA2 ND 29 -4  10.5 
IIA+B ND ND 15.4 
I IB+A ND 28.8 14.2 
I I B 2 l t  ND 32.4 12 -4 
IIB22t ND ND 12 - 7  
I IClca  5.6 ND 11.6 

ND = Not determined. 
NP = Nonplastic. 



P r o c t o r  A n a l y s i s  
Optimum Maximum 

Sample P a r t i c l e  Size A n a l y s i s  T e x t u r a l  m o i s t u r e  d e n s i t y  Bulk P l a s t i c  L iqu id  P l a s t i c  
Hor izon  d e p t h  Sand S i l t  Clay < 2  mu c l a s s  c o n t e n t  a c h i w e d  d e n s i t y  l i m i t  l i m i t  i n d e x  

cm ---------- Z ------------ a, wt g / c c  g/cc -------- X --------- 
A2 3 27 54 19 ND s i l  ND ND ND HD ND HD 
8 2 i r  15 28 59 3 53.9 s i l  19.7 1 .44  .52 NP NP W 
I IA2 30 43 52 5 4 7 . 1  s i l  12.2 1 . 8 5  1.56 W NP W 
I LA2 45 37 57 6 37.8 sil  12 .O 1 .87  1.47 NP NP NP 
I IA+B 65 28 58 14 65.5 s i l  1 2 . 8  1.84 1.46 22.3 22.8 0.5 
I IB+X 82 30 54 16 71.6 s i l  15.3 1.84 1.42 21.2 25.6 4.4 
I I B 2 l t  115 27 57 16 62.9 sil 11.8 1.96 1.46 20 .1  28.3 8.2 
ZIB22t 148  31 52 17 68.2 s i l  13 - 5  1.83 1.59 20.7  28.2 7.5 
ZIClca  170 24 56 20 72.4 sil 1 3  .0 1.92 ND 20.2 26.6 6 .4  

1:l E x t r a c t  Exchangeable C a t i o n s  Base P a r t i c l e  
H o r i z o n  O . M .  O.C. pH EC Ca % Na K . H s a t u r a t i o n  CEC d e n s i t y  P o r o s i t y  

I w t  X v t  hos/cm ------------ meq/loog ---------- I meqJIOOg g / c c  % 

A2 4 .5  2.6 4.7 0.14 2.89 0.86 0.05 0 .21  11.22 26.3 15.23 2.52 ND 
B 2 i r  3.4 1.9 5.7 0.05 0 .72  0.16 0.05 0 .23  16.89 6 . 5  18.06 2.37 78.1 w 
I IAZ 1.0 - 6  5 .9  0 . 0 3  5 . 4 5  0 . 5 6  0.05 0 .13  0.34 94.9 6 .53  2.65 41 .1  \O 

t-' 
IIA2 .4 .2 6.0 0.03 2 .41  0.69 0 .23  0 .07  1 . 8 2  65 .1  5.22 2.66 44.7 
I IA+B -3 .2 5.9 , 0 . 0 3  5 . 6 9  1 . 6 8  0 . 0 8  0 .13  0 .91  89 -3 8.49 2 -75 46.9 
I I B + A  .3  .2 5.7 0.07 7.02 1 . 2 8  0.16 0 .19  3.02 71 - 7  10 -66 2.65 46 -4  
I I B 2 l t  .2 .1 6.1 0.05 5.97 1 .45  0.17 0.23 3.28 70.5 11 -10 2.71 46.1 
1182 2 t  - 6  -3 6.7 0.08 5 - 9 3  1.09 0.02 0.15 1 . 7 3  80.6 8.92 2.73 41.8 
I I C l c a  . 3  .2 6.5 1 27.66 1 .74  0.06 0 .24  0 100.0 6.09 2 . 7 1  ND 

Estimates Aounaance 
1 / 3  Bar 15 E a r  Inter- 

H o r i z o n  CaC03 w a t e r  w a t e r  K a o l i n i t e  I l l i t e  C h l o r i t e  V e m i c u l i  te Smect ite Amrphous s t r a t i f i c a t i o n  

X Z vt X vt 

ID = Hoot determined. 
NP = N o n p l a s t i c .  
** V e r m i c u l i t e C h l o r i t e .  



K2 AC - 
Proctor Analysis 

Optimum Maximum 
Sampre P a r t i c l e  Size Analysis Textural mris ture  densi ty  Bulk P l a s t i c  Liquid P l a s t i c  

Horizon d e p t h  Slad S i l t  Clay < 2 m  c l a s s  content achieved densi ty  l i m i t  f i a t  index 
cm ------ X -------- % vt g/cc g/cc dm-------- % ---------- 

A2 3 29 61 10 90.0 s f 1  ND PTD - 0 7  NP NP NP 
B Z i r  15 32 65 3 87.5 s i l  30.1 1.28 . $ 3  MP Nf HP 
IIA2 30 27 68 5 56.4 sil 11.3 1.90 1.43 NP NP NP 
IIA+B 45 20 74 6 68.1 s i l  11 .O f .95 1.68 NP NP NP 
I I B + A  67 24 60 16 66.8 s i l  12 -0 1.91 1.43 20.5 23.7 3.2 
I I B 2 l t  80 22 61 17 71.7 s i l  15.3 1.92 1.20 19.1 28.2 9.1 
IIClca 100 42 52 6 42.2 s i f  9.7 2.03 1.64 NP NP NP 
IICZca 133 47  44 9 47.9 1 10 .O 2.07 ND W NP W 
IIC3ca 175 4 1  50 9 45.2 s i l  5.9 2 -17  ND 17 -3 17.6 0.3 

1:l Extract Exchangeable Cations Base P a r t i c l e  
Horizon O . M .  O . C .  pH EC Ca rn Na K H sa tu ra t ion  CEC densftv Porosi te  

lbwt Z w t  has/cm ---------- meq / loog ---------a X meq / lOOg g/ cc X 

A2 5.5 3.2 5.3 0.18 2.57 0.82 0.10 0.19 14.60 20.1 18.28 2.52 73 - 4  
B Z ~ T  3.5 2.0 5.8 0.17 2.00 0.53 0.06 0.63 21.80 12.9 25.02 2.95 85 -4 e 
I IA2 .5 .3 6.3 0.07 3.69 0.43 0.04 0.17 0.89 82.9 5.22 2.65 46 .O rD 
IU+B .4 . 2  6.3 0.03 3.47 0.49 0.06 0.19 1.88 69.1 6.09 2.64 34.4 rQ 
1 IB+A .8 ,5 6.3 0.04 7.00 0.95 0.06 0.21 5.05 61.9 13.27 2.67 46.4 
I IB2l t  .8 . 5  6.7 0.17 11.97 1.25 0.07 0.23 3.02 81 -7 16.54 2.61 54 .O 
I ICIcs  .3 .2 6.9 0.10 25.78 0.56 0.04 0.06 0 100 4.13 2.64 37.9 
IIC2ca . 2  .1 6.8 0.10 27.62 0.53 0.10 0.13 0 I00 3 .&8 2 .76  m 

Estimated Abundance 
113 Bar 15 Bar Inter-  

Horizon CaCO3 water water Kaolinfte I l l i t e  Ch lor i t e  Vermiculite Smectite Amrphous s t r a t i f i c a t i o n  

I X; vt X wt 

A2 
B2fr 
I IA2 
IIA+B 
I I B + A  
IIB2 1t 
IIClca 
IICZca 
IIC3ca 11.4 Nu 5.9 

ND = Not determined. 
NP = Eonplastic.  



KZBC 

Proctor Analysis 
Optimum Maximum 

Sample Particle Size Analysis Textural moisture density Bulk Plastic Liquid Plastic 
Horizon depth Sand Silt Clay < 2  nrm class content achieved density limit limit index - 

cm ------ ----- X vt g/c c g/cc ----- --------- 
A2 3 26 69 5 95.0 sil HD ND -53 NP NP NP 
B2ir 15 31 66 3 93.4 sil 28 -0 1.31 -67 NP NP W 
I U 2  30 36 60 4 70.0 sil 11 .O 1.84 1.59 NP UP NP 
IIA2 45 32 57 11 60.8 sf1 11.9 1.99 1.70 16.9 18.1 1.2 
I IA+B 58 33 52 15 62.7 sil 13 -5 1.96 1.53 18.7 20.1 1.4 
ZIB2lt 73 20 58 22 70.1 sf1 14.0 1.91 1.47 19.8 25.8 6.0 
IICfca LOO 28 61 11 69.2 sil 12.5 1.94 1.59 21.9 24.7 2.8 
IIC2ca 141 26 57 17 71.7 sil 11 -8 2 -00 ND 22.3 22.5 0.2 
IIC3ca 197 40 62 4 55.4 st1 10.5 2.11 ND 18.3 20.1 1.8 

1 : 1 Extract Exchangeab le Cat ions Base Particle 
fiorizon 0.3. O.C. pH EC Ca Mn Na K tl saturation CEC density Porosity 

z v t  z W t  &os/cm ----------- m e q / l ~ ~ g  ---------- I =q/loog g/cc e 
A2 6.0 3.5 5.1 0.17 1.84 0.63 0.10 0.34 
B2ir 4.4 2.5 6.1 0.07 2.67 0.79 0.11 0.32 
IIA2 .9 .5 6.2 0.06 3.19 0.53 0.06 0.15 
I Lh2 .2 .1 7.2 0.03 3.39 3.23 0.06 0.19 
I LA+B .6 .3  6.3 0.06 6.59 1.09 0.09 0.17 
IIB2t -5 - 3  7.1 0.21 10.74 1.32 0.05 0.26 
IIClca - 5  .3 7.0 0.14 28.58 0.99 0.05 0.15 
IIC2ca -2 .1 7.2 0.13 28.54 1.84 0.07 0.15 
IIC3ca . 2  .1 6.6 0.12 27.42 1.91 0.09 0.11 

Es t ~ m t e d  Abundance 
1/3 Bar 15 Bar Znter- 

Horizon CaC03 vater water Kaolinite t l l f t e  Chlorite Ver- . . Amorphous stratification 

X X ut X wt 

A2 NI) ND 17.5 
32f r MI 57.3 14.8 T T 
IIA2 ND 21.4 7 -0 
I I A Z  HD 20.8 7 -4 
I IAiB ND 23.7 12 - 2  Lo Hi 
I IB2t ND 35.6 11 - 3  Lo Hi 
IIClca 12.5 29.7 10.9 

ND = Not determined. 
NP = Nonplastic. 
** Vermiculite Chlo, ite. 



K3AC - 
Proctor Analysis 

Optimum Maximum 
Sample P a r t i c l e  Size  Analysis Textural  moisture densi ty  Bulk P l a s t i c  Liquid  P l a s t i c  

Horizon depth Sand S i l t  Clay <2 m u  c l a s s  content achieved densi ty  l imi t  l imi t  index 

82 i r  15 32 60 8 69.1 s i l  20.5 1.54 .72 NP NP NP 
I IA2 30 34 62 4 62.6 sil 11.3 1.88 1.59 iW NP W 
f l A 2  45 30 62 S 61.0 s i l  1 2  .O 1.91 1.60 NP NP NP 
I LA+B 62 23 55 22 59.6 sil 13 -0 1.97 1.18 18.2 24.3 6.1 
I IB3ca 69 29 57 14 59.2 sil 13.9 1.89 1.45 23.4 29.0 5.6 
XlClca 113 27 58 15 65.7 s f 1  12.3 2 .OO 1.72 18 .O 22.3 4.3 
IICZca 150 31 53 16 57.6 sil 8.3 2.09 HD 18.4 21.6 3.2 
IIC3ca 190 23 60 17 58.8 a i l  12 - 5  1.95 Nil 16.8 25.2 8 .4  

1:l Extract Exchangeable Cat ions Base P a r t i c l e  
Horizon O . M .  O.C. pH EC Ca Na K H sa tu ra t ion  CEC density Porosi ty  

X v t  X w t  &OS /a --------- raq / 1009 ------ I mq/lOOg g/cc I 

B2i r 4.2 2.4 6.6 0.05 2.16 0.53 0.09 0.19 9.65 23.5 12 -62 2-56 72.1 CI 
I IA2 .8 .5 5.8 0.04 2.79 0.56 0.06 0.19 2.27 61.3 5.87 2.63 39.5 U1 P 
I IA2 .5 .3 6.4 0.03 4.71 0.99 0.05 0.11 -01 99.8 5.87 2.62 38.8 
IIAtB -5 -3  6.3 0.07 7.85 1.12 0.04 0.24 3.79 71 .O 13.05 2 -62 55 .O 
II33ca .8 .5 7.1 0.14 28.02 0.89 0.06 0.17 0 100.0 11.75 2.70 46 -3 
IIClca -5 .3 7.0 0.12 28.30 0.79 0.07 0.15 0 100 -0 7.18 2.70 36.3 
IIC2ca - 4  -2 6.9 0.12 28.95 2.04 0.28 0.16 0 100.0 7.72 2.63 ND 
IIC3ca .4 .2 6.9 0.15 29.40 2.05 0.05 0.20 0 100 .O 7.94 2.71 ND 

Estimated Abundance 
1 / 3  Bar 15 Bar In te r -  

Horizon CaCOl water water Kaol ini te  I 1  l i te  Chlori te  Vermiculite Smectite Amorphous s t r a t i f i c a t i o n  

BZir ND 67.8 11.9 T T T 
I IA2 ND 26.5 8.5 
I IA2 ND 22.5 6.3 
I U+B ND 68.2 10.2 
IIB3ca 4.7 31.1 14.1 
IIClca 11.9 22.5 9.4 
IICZca 12.3 WD 10 -9 
IIC3ca 12.4 ND 12.7 

A D  = Not determined. 
NP = Bonplastfc. 



Proc to r  Analysis 
Optimum Haximum 

Sample P a r t i c l e  S i ze  Analys is  Textura l  moisture dens i ty  Bulk Plastic Liquid P l a s t i c  
Horizon depth Sand Sflt Glay < 2 m  c l a s s  content  achieved dens i ty  l i m i t  l i m i t  index 

cm --- ------ X --------- I v t  g / cc  g/cc --------- X ----------- 
W 3 24 67 9 90.0 s i l  ND ND ND NP W W 
B2ir 15 31 66 3 79.4 s i l  28.0 1.29 .36 NP NP NP 
IIA2 30 34 58 8 53.2 sil 14.5 1.88 1.61 NP W NP 
I LA+B 45 31 57 12 52.5 sil 12.9 1.93 1.54 21.5 24.1 2.6 
IIB21t 7 3  26 58 16 62.4 s i l  17.9 1 . 8 5  1.47 21.0 26.1 5.1 
I tC lca  100 39 51 10 65.1 s i l  11.5 2.01 1.59 19 .O 19.2 0.2 
IIC2ca 148 25 56 19  71.6 sil 12.6 2.00 h2 20.8 21.1 0.3 
IIC3ca 203 21 53 26 56.6 s i l  13.4 1.98 ND 20.3 23.6 3.3 

1 : l  Extrac t  Exchangeable Cat ions  Base P a r t i c l e  
Horizon 0 .Y .  O.C. pH EC Ca b Na K H s a t u r a t i o n  CEC dens i ty  Po ros i ty  

I v t  X v t  dos/cm ----------- meq/lOog ---------- z meq/lOOg g/cc  X 

A 2  7 . 1  4.1 5.4 0.25 7.54 0.53 0.09 0 . 4 6  15.87 35.5 2 4 . 5 9  2.27 ND 
B2ir 3.8 2.2 5 .2  0 . 0 6  3.01 0.56  0.08 0.13 1 5 . 3 6  19.7 19.14 2.52 85.7 F 
IIA2 

rD 
.8 .5 6.9 0.03 4.15 0 . 6 6  0.06 0.13 2.18 69.6 7.18 2.74 41.2 Cn 

IIA+B .6 .4 7.1 0.03 5.49 0.76 0.04 0.19 3.53 64.7 10.01 2.72 39.7 
ITB2t -5  .3 6.7 0 . 1  11.85 0.72 0.09 0.17 0 100 .O 9.57 2.76 46.7 
I IC lca  .4 .2 6.8 0.13 27.98 0.59 0.17 0 .  0 150 .O 4.57 2.72 41.5 
IICZca .3 .2 6.5 0.14 13.83 1.02 0.06 0.15 0 100 .O 6 -09 2.68 ND 
IIC3ca .2 .1 6.7 0.14 29.22 1.78 0.06 0.19 0 100 .O 9 -79 2 .21  ND 

Estimated Abundance 
1 /3  Bar 15 Bar Inter- 

Horizon CaCO, water water Kao l in i t e  I l l i t e  C h l o r i t e  Vermicul i te  S m e c t i f e  Amrphous s t r a t i f i c a t i o n  

A2 ND ND 17.9 H i  
B2f r ND 69.2 14.8 T T Hi 
I IA2 ND 23.6 8 -0 
I I A + B  ND 23.3 7 .9  
I IB2 t  11.3 31.9 8.1 Lo Hi Lo-Med Lo 
I IC lca  11.3 29.7 7 .6  Lo H i  Ued k 
l lC2ca 11.8 HD 8 .4  Lo Hi Med Lo Lo-Med** 
IIC3ca 11.8 ND 4.1 

ND = Not Getermined . 
Pm = Nonplastic. 
** E n t e r s t r a t i f i e d  smec t i t e ,  ve rmicu l i t e  and c h l o r i t e .  



APPENDIX VIL 

LABORATORY CHARACTERIZATION DATA FOR CONTROL SOIL PEDONS 

IN QUARTZITE DOMINATED GLACIAL TILL PARENT MATERIAL 



Proctor Analysis 
Opt f mum Maxi mum 

Sample Particle Size  Analysis Textural m i s t u r e  densi ty  Bulk Plastic Liquid P l a s t i c  
Horizon d e p t h  Sand S i l t  Clay 4 2  mm c l a s s  content achieved 

cm -------- I ------------ X w t  glcc 

BZir 15 19 66 15 65.9 s i l  19.5 1.63 .66 NP NP hT 
IL42 30 30 6 7  3  58.5 ~ 1 1  11.5 1.98 1.64 NP MI' @ 
I IA2 45 28 71 1. 52.6 s i l  10.1 2.06 1 .86  NP NP W 
I U+fi SO 27 67 6 6 6 . 0  s i l  11.3 1.96 1.65 NP He HP 
IICl 120 26 70 4 58 .7  s i l  9.5 2.04 1.87 NP NP NP 

1:l Extract Exchangeab f e  Cat ions  Base Particle 
Horizon O.X. O.C. pH EC Ca b Na K H saturation CEC density Porosi tx  

z v t  Z u t  ----------- meq/loog ---------- X meq/lOog g/cc f w 
a 

BZir 3.6 2.1 6.7 0.07 1.95 1.19 0.09 0 . 4 8  13.57 25.8 18.28 2.63 6 0 . 3  * 
IIA2 .4 - 2  6 . 6  0 . 02  0.56 0.16 0 .05  0.09 1 .32 39.5 2.18 1.96 16 -3 
IIA2 .4 2 6.9 0.02 0.58 0.13 0.03 0.13 1.31 39.9 2 .18  2 -77 32.8 
IIA+B .I .1 b . 6  0.03 2.04 0.69 0.05 0.13 2.31 55.7 5.22 2 -74 39.8 
IICl .2 .1 6.8 0.02 1.68 0.46 0.08 0.09 1 . 8 2  55.9 4.13 2 . 3 1  33 -5 

E s t i m a t e d  kbundance 
113 Bar 15 Bar Inter- 

Horizon CaC03 water water Kaol ini te  Z l l i t e  Chlorite Vermiculite Smectite Amorphous s t r a t i f i c a t i o n  

I Z w t  '; w t  

ND = Not I-atermined. 
NP - .:onplastic. 



FZBE - 
F r o c t o r  Analysis 

Optimum Maximum 
Sample P a r t i c l e  Size A n a l y s i s  Textural m i s t u r e  d e n s i t y  Bulk P l a s t i c  L iqu id  P l a s t i c  

Horizon d e p t h  Sand S i l t  C lay  c 2  m c l a s s  c o n t e n t  a c h i e v e d  d e n s i t y  l i m i t  l i m i t  i n d e x  --------- % --------- % vt g l c c  g/cc  ---------- I ---------- 
BZir 1 5  11 76 13 6 7 . 3  s i l  23.8 1 .56  .79 W W NP 
I IA2 30 1 5  79 6 55.8 s i l  10.8 1.97 1.66 NP NP NP 
I IA2 45 20 76 4  58.6  s i l  10 -0 1.99 1.90 NP NP NP 
I U + B  80 20 64 16 68 .1  s i l  10.5 2.24 1 .95  NP NP W 
ZICl 120  1 9  71 1 0  6 9 . 0  s i l  11.1 2 . 0 7  1 .72  16 .8  18 .5  1.7 

1:1 E x t r a c t  Exchangeable C a t i o n s  Base P a r t i c l e  
Horizon 0 .  O.C. pH EC Ca &X Na K H s a t u r a t i o n  CEC d e n s i t y  Porosity 

I vt X wt dos lcrn --------- meq/loog ---------- 2; meq/lOOg g / c c  I 
)-r 

2 . 7  1.6 5.5 0.10 2.37 1.12 0.10 0 .32  10.89 2 6 . 4  14.80 2 .62  
rD 

8211- 60 .0 03 
IIA2 .8 .5 5.5 0.04 0.98 0 .30  0.17 0.15 2.10 4 3 . 2  3.70 2 -67 3 7 . 6  
I I A Z  .5 -3 6 . 0  0.03 1 .34  0 . 4 6  0.06 0.13 0.84 70.3 2.83 2.73 30.5 
IIA+B - 5  - 3  6.9 0.03 3.05 1.45 0.10 0.21 3 . 0 2  61.4 7 -83 2.72 28.2 
I I C l  - 7  -4 7 .1  0.04 1 .72  0 . 4 3  0.10 0 . 1 3  3 .71  39.1 6.09 2.73 57.0 

Es t imated  Abundance 
113 Bar 15 Bar I n t e r -  

H o r i z o n  CaC03 w a t e r  w a t e r  K a o l i n i t e  I l l i te  C h l o r i t e  Vermicul i te Smect ite Amorphous s t r a t i f i c a t i o n  

X. '% w t  Z wt 

HD = Not d e t e r m i n e d .  
NP - N o n p l a s t i c .  ** 

V e r m i c u l i t e - C h l o r i t e .  



Proctor  Analysis 
Optimum FIaximum 

Sample P a r t i c l e  Size Analysis Textura l  w i s t u r e  dens i ty  Bulk P l a s t i c  Liquid P l a s t i c  
Horizon depth S a d  S i l t  Clay <2 rn c l a s s  content  achieved dens i ty  l i m i t  lidt index 

Em --------- % --------- x v t  g /cc  g/cf ------ X ------ 
8 2 i r  15 28 62 10 77.5 s f 1  24 .O 1.35 -72 W W W 
I IA2 30 18 72 10 80.2 s i l  12.7 1.99 1.74 KP W W 
I U 2  45 30 67 3 62.8 sil 12 -4 2 .OO 1.89 NP NP W 
IIA+B 105 20 76 4 42.1 s i l  9 .o 2 .OO 1.68 W HP NP 
I KC1 155 26 70 4 62.5 s i l  11.7 1.96 1.62 21.3 23.7 2.4 

1:l Extrac t  Exchangeable Cat ions  Base P a r t i c l e  
Horizon O.H. 0.C. p~ EC Ca Na K H s a t u r a t i o n  CEC dens i ty  Poros i ty  w 

L w t  Z u t  &os/cm ---------- X meq/lOOg g/cc X w a 

Estimated Abundance 
113 Bar 15 Bar Znter- 

Horizon CaCo3 water M t e r  Kaolfni te  I l l i t e  Ch lo r i t e  Vermicul i te  Smect i te  Amorphous s t r a t i f i c a t i o n  

X X vt I vt 

I ICI ND 36.5 5 - 0  

ND = Not determined. 
NP = Nonplastic. 



Proc to r  Analysis 
Optimum Fbximum 

Sample P a r t i c l e  Size  Analysis Textura l  G i s t u r e  dens i ty  Bulk P l a s t f c  Liquid P l a s t i c  
Horizon depth Sand S i l t  Clay C2mm c l a s s  content  achieved dens i ty  l i m i t  l i m i t  index 

cm ------- % ---------- Z vt g l c c  g / cc  ------ X ---------- 
A? 3 19 75 6 94.0 s i l  W la) ND NP W W 
B2ir 15 29 65 6 90.0 s f 1  30.5 1.35 .75 NP NP NP 
I IA2 30 12 62 26 75.3 sf1 13.7 1.80 1.81 25.5 29.5 4.0 
IIA2 45 11 80 9 64.9 si 14.7 1.89 1.80 NP NP NP 
I IA+B 73 WD ND MD 8.1 ND ?iD ND 1.86 ND ND WD 
I IC l  120 57 4 1  2 32.2 sl ND ND 1.82 W NP NP 

1:1 Extract Exchangeable Cat ions  Base P a r t i c l e  
Ca Na K H s a t u r a t i o n  CEC 

Estimated Abundance 
1 i 3 B a r  1 5 B a r  In t e r -  

Horizon CaC03 water n t e r  Kaol in i te  I l l i t e  Ch lo r i t e  Vermiculi te Smect i te  Amorphous s t r a t i f i c a t i o n  

% % vt X vt 

IICl ND 37.4 3.5 Lo Bi T-In 

ND - Mot determined. 
HP = Nonplastic.  

ZIA+B - 73 cm not enough '2 nm t o  conduct analyses .  ** 
Vermiculi te - C h l o r i t e  i n t e rg rade .  



K l  AC 

Proctor  Analys is  
Optimum Haximum 

Sample P a r t i c l e  S i ze  Analysis Tex tu ra l  wfsture dens i ty  Bulk P l a s t i c  Liquid P l a s t i c  
Horizon d e p t h  Sand Silt Clay L 2 m  c l a s s  content achieved d e n s i t  l im i t  l i m i t  index 

cm - - - - - -  x ------- - X w t  g/cc  g/cc - - - - -  X ---------- 
A2 3 24 68 8  ND s i l  ND ND -36 W W NP 
B2ir 15 26 64 10 70.7 sil 20.1 1 . 5 4  .72 NP NP NP 
ZIA2 30 29 62 9 68.2 s f 1  7.3 2.03 1.72 18.3 19 -3 1-00 
I I A Z  45 33 55 12 70.5 s i l  12.7 1.98 1.77 20.2 21.2 1.00 
IU+B 78 24 57 19 54.1 s i l  14.9 1.83 1.63 20 -6 26.0 5.4 
I IClca  124 31 58 11 61.9 s i l  12.1 1.98 1.82 19.1 23.8 4.7 
IIC2ca 165 38 54 8 50.2 a i l  11.7 2.10 MI 18.7 21.0 2.3 

1 : I Extras t Exchangeable C a t i  ons Base P a r t i c l e  
Horfzon O.M. O.C.  pH EC Ca Na K H s a t u r a t i o n  CEC dens i ty  Po ros i ty  

Z v t  I w t  &os/cm ----------- meq/ lOOg ---------- 2, lQeq/lOOg g/cc X 

Estimated Abundance 
113 Bar 15 Bar In t e r -  

Horizon CaC03 water water Kaol in i te  I I l i t e  Ch lo r i t e  Vermiculi te Smectite Amorphous s t r a t i f i c a t i o n  

X I wt % w t  

ND = Not determined. 
%P = Nonplastfc.  



KlBC - 
Proctor  Analysis 

Optimum Maximum 
Sample P a r t i c l e  S ize  Analysis Textura l  m i s t u r e  dens i ty  Bulk P l a s t i c  Liquid P l a s t i c  

Borizon depth Sand S i l t  Clay <2 mm c l a s s  content achieved dens i ty  l i m i t  l i m i t  index 
a ---- X ------ X w t  g/cc g/cc ----- X ------- 

A2 3 20 7 0  10 ND s i l  ND ND .33  ND ND ND 
BZir 15 31 63 6 59.1 si l  19 .O 1.55 -98 NP NP NP 
I IA2 30 28 61 11 51.6 sil 12.5 1.93 1.72 17.3 19.5 2.2 
IU+B 45 25 55 20 60.2 sil 14.5 1.94 1.56 19.3 28.9 9.6 
IIClca 145 27 55 18 53.0 sil 9.7 1.99 1-68 20.3 25.0 4.7 
IIC2ca 183 33 51 16 48.8 sil 8 -4 2.12 ND 20 .O 25.0 5.0 

1:l Extract  Exchangeable Cations Base P a r t i c l e  
Horizon O.M. O.C. pH EC Ca a Ha K H s a t u r a t i o n  CEC dens i ty  P o r o s i t y  

X v t  X v t  ~ o s / c m  ------ meq/lQOg --------- X meq/100g g lcc  Z A.l 

Estimated Abundance 
l / 3  Bar 15 Bar Inter- 

Horizon CaC03 w t e r  water Kao l in i t e  I l l i t e  C h l o r i t e  Vermiculite Smectfte Amorphous s t r a t i f i c a t i o n  

X X wt I vt 

A2 HD HD 13.1 H i  
B2ir ND 55.5 15.5 T T H i  T** 
KIA2 ND 21.4 7.5 
I IA+B ND 24.7 13.3 Lo Hi Lo-Md 
I IClca  12.5 HD 8 -5 LAY H i  Lo to 
IlCZca 7.0 ND 8.9  

ND - Plot determined. 
NP a I k n p l a s t i c .  
** 

Vermiculite-Chlorite i n t e r s t r a t i f i c a t i o n .  



APPENDIX VIII 

SIEVE ANALYSIS RAW DATA FOR 

TERTIARY VOLCANIC CONTROL SOIL PEDONS 





APPENDIX IX 

SIEVE ANALYSIS RAW DATA FOR 

LIMESTONE DOMINATED GWLCIAL TILL CONTROL SOIL PEDONS 
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APPENDIX X 

SIEVE ANALYSIS RAW DATA FOR 

QUARTZITE DOMINATED GLACZL TILL CONTROL SOIL PEDONS 





APPENDIX XI 

INFILTRATION RAW DATA FOR 

TERTIARY VOLCANIC STUDY SUBSITES 



I;{ i ' -% . . I.\ I., 
B I. B i.: 
I:{ :I. (.:I n 
B :I. 8 M 
Bins 
B j. :g 
l{i? ,q 1; 

B 2 Ls I:: 
k{:c'%hH 
t{ :! r.:t 

B2r"lf;; 
fi ;.j :'b:; 
B 3 A i.; 
1{'31{V . *  . ., 
b3Al.i 
B 3 6 Pi 
B3A!j; 
1.3 3 li S 

[' I...F: , .,. (" " " 
b + + * + t t * v + +  i::. ' ...... rhIS:C)N+ t v +  b e + +  t + + +  

,... :I. i"\ 1::: ]:I .I: (4 F4 j 2 ,:\ 
;:; ,;i 1.J ;: * <j 14 Sy<>& , 7;< :L i> ::r -l h + 3 7 

. . . , , . . ::, 8) '/' (j * :I. :.:, ,:))I4 * 0 2  t> :.:! t37 * 0 ;3 
:I. 11. 11. 2 + :L !? 20 71:) 46 :I. C):? * .I. :I. 
6 0) 0 (9 , '? 4 :I. 24I3i3 6 8  (-;I 2 1:) 5 * 1)  4 

c) :I. 5) ;t ,d 4 * 's}:- ..l i. ') , t3 c'J 0 4 :I. 4 (2 i3  
Iii9;1 , 39 ;I. Y 6 7 * '? .3 ;;! \ 1 * ;;,! {:i 

,.3 (9 3 , (9 1. 4.ai>o + otj .3 .I. 1 2 & 37 
3 4  t3 + 07 a 2' "4 5 ''5 *.,.. , , .b :I, (} '1 1;:- 

..J 6 6 B 
332 , 59 PCI~J 20 ;:5 3 '1 4 ::! :I. 
35tj , ( iO :I. :I. 3 0 . 3 6;) :i 3 f:l,3 I:] + 0 (1 
,'5 ;I. $3 4  :I. 7 ;! :I. (3 7 l ; j  4) / L I." t .:; %:I 4 i3 0 

j 
;.I; (i 9 . 3 t4 (? :I. I. !!; f !  [:I93 + 35' 

,;j ," ::; 1::- '7 ,:) f).l ;:,c; ,. . 
'i' 6) 'Y' (1 + ;3 :I. m.. a,. b J  @ a,. . *.I ,.I b  t j 6 )  

;' 2 f; g , .x dl !5 0 I11 6 + 7 3 + 00 
14 c j :I. 'I. + fl? !:;8bI3 , 94 :I. 0 '2 ;S + 0 

4 1:;' 1;; (> .? ::,t\L:iR , 4 0  4. J + 43 0 0 5 4  
:I, .j 4 0 + 11. 0 *'I 0 :L * :I. 0 ..4 -.  .] .. ,*I* .I 

546  + 35 4:19 , 33 :I. 0 0 :.:: + 7 0 



APPENDIX XI1 

INFILTRATION RAW DATA M)R 

LIMESTONE POMINATED GLACIAL TILL STUDY SUBSITES 



! j L.. I:I 
(.j I. . ]:I 
( J  I... K:l 

(3 I... 1:1 
i.l I... 111 
1:)  1,. ]:I 
HI: It 11. i,l Id 
i.11:: I:I :I, 1.1 i 4  
tll:; i :~ :L 1.J H 
L: 111 :I: I.J tj 

rll;:: 111 :I: u Pi 
P! !i;: 111 :I: 1.J PI 
Y (:I 1.1 tJ i:; 
Y ( '1 \ J  +,I c:; 
7' i'l t J  P.! t:i 
I,] \.J 1'4!:.; 

'f !.I 1.J b.l(? 
'f (:J I J 14 (2 



APPENDIX XI11 

INFILTRATION RAW DATA FOR 

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES 



Pi k: 111 :I: 1.j t l  
1:;; 111 .I: lJ 14 

14 I!: 111 : I:  1.J 14 
t? k. 1.i :I: 1.) ri 
Pi E i  111 :[ 1.1 H 
td F: r ; ~  :I: 1,) 1.1 
'I' [:I [.I bl i:; 
Y (:I IJ N(:; 
YCIlJN(? 
Y (3 1.I N i:3 
Y C1IJNl3 
Y (:I IJ N (1; 
tl t: I:I :I IJ M 
M E I:I I I 1  i'l 
M Li: 1:l :I: 1.J H 
ME:: 111 1 1.i M 
MI: 111 :L (.I M 
Me.: I I 1  E/I  



APPENDIX XIV 

B W K  DENSITY RAW DATA FOR 

TERTIARY VOLCANIC STUDY SUBSITES 



216 

I:'I.:DQN HUFI:S Z i j N  DE P'i H kfljL.1; fa G t. 
11 EN S I I' Y i:; I 2 (:I 1.J I .$ 

1:t.i b / C C  
U 1. A C: A 2  :1.5+0 1 + 3 7  C) L TI 
IEllkC &I 2! + :L*3U 0 L I:! 
h :L h Lz l{y~.i+ ;50+0 .1.77 11 1 .11I 
h l  AC IJ? I T I3 0 * 0 .I. kJ 7 11 1.. I 1  

kt 11 fi C: 1422'1. 45.0 .L +134 \ 11.. 1.1 
B 1 l~ L J 5 + 0  j.+Ii,J I.) I... 1:1 
E 1 b C: A 2  ,to ,O L , :!d (3 I-. i :~  
El 1 BC: %2 J.T 4 :J :s, i) .1 4 6 4 I11-1! 
bi AM A2 J. k.; * ti .I, + :.! 6)  13 1.1'1 
El hh A 2  . I  4 0 .I. , 1 61 13 1- 1.1 
l t ~ l  krr b 2 1. 'T J0,O ,l.4/J:! L) I* i:~ 
b l A t l  b22T 4549 . L * ~ Y  Ij 1- IJ 
tifblr A2 J.S*G i * 3 &  1.1 1.- r.1 
h i B M  El 2 J. f 3 0 , O .l + (5 !.j LJ 1. i I 

:I. B n 2: I! T a t  t i  , i )  L , /I Y 1.1 1- 1.1 
1s I. ij !:i 0 *! :.! d , 0 J. . (4 F c ~ L . 4 1  

13 :L t.1 !:i xi 2 j. i $ 3 ~ )  * u A. I * *.!?I ' I ) L.. i:1 

1s :I. i.1 !:j E{ :! l i LJ + w .i + ti i 1.1 I.. I I 
X: :I. lj $; 1 1 : ~  I k; o 1. 4 .$3 IJI..SI 
W.4 I I{ s f I -.' 3 ~ r O  .I + 1 1  l.JL.11 
blX.rS k j  1 1 -35, v I +77 1'1 I .. 1.1 
l3.(2kl: i.12 l 5 , ii I. + 4 :.! 0 I.. i.1 
ti +? $1 t., 1) <! .I. *I 9 j + 0 .L + c) i. 11 L.. i'l 
k>?ll[, kj 2 1 I i d ! ; * O  .I. i : ~  I 1.1 
*!i{~ I .  k . J  .L , ..i v 0 I... i! 

Tc:!tcc: k> :.! I f .7 0 * r) I ;'::I ( 1 1 .  I I  
1) 2 H (., kt A: :.! I' 4!jrC) . L b - 1 3  ~ 1 ~ 1 1  
I{:! ~'*tl*i *! . . ! % . ' 2 * 4  111..11 

1 ~ ~ ' O M  &I 2 .30+(, 1 + A , \  111..11 
!{:!Ail 13 L.? L! 1 1 . 0  l . I J t l  t.J I.. 11 

Is :! J j  rr t.1 2 J. !.; + 0 1 4 !)tj (.I I.. 11 
11 IS M Ir . . 'J T' Y0.u 1 1.5 IN .lr 

h:)rjlq l!-!;l I .I ?I , o .L + :; ( j  1.11 11 
H:!o!; I 1-1 .1 : I  . ( J  I, + 4, i l l .11 
k.i :! ,': :i kJ 1. I c; '3 + i) I * / ti 1.1 I .. 1.1 
ki 2 (-1 ?) b22 1' '#:Jr 6 1 + A 9  ( 1 1  1:1 * 
.! k$ !:> c't :.! I :.i * 0 1 + ,5 I 1.1 I... Ll 



B 2 B  $j 

B2B: j  
H 2 B !ii 
E 3 A i:: 
E3hC: 
b 3 h i:: 
13 3 B i.; 
E JhC 
fi3EC: 
U 3 A M  
B;:'SI?H 
E3Ai. I  
B 3 X:i M 
i3.(SBM 
l43BH 
Hl5hS 
I i 4 A S  
fi Jh9 
R . ,. ' 4 1 j ~ j  . 
I.:{ ;s I{{ c, 
i.{ "2 <:; . st) . r. 

4.1 2 
B21'T' 
B22.T 
A 2  
B 2  I. T 
B 2 I ' l '  
A :? 
B 2 I 'I' 
B 2  1. '1' 
A 2  
A 2  
I:{ 2 :I, '*( 

L) ;: 
b 2 .I. '1' 
B22.T 
A 2  

2 I. '1. 
..*) . ., "r 
*I *L 

A 2  
L{ ':) '1 

a,. . . 
B 2 1 ' f  

1:: 1.) I.. K , ' 

.' ' * '.'. ' 

::. 14 !:) .L I f 
G 1' i:; (:; 
:1+31 
1*7? 
:I, 58 
1 ,2y  
1 , i7 11 
11 + 6 11 
:I. + 2 (5 
11. 6 6 1 
:I. + 4 r; 

+ (!) i:( 
;1 + A 7  
:I, , ;< :,; 
:L + i!> rl; 
:1 t 4 i,? 

1 + A 2  
1 + 7 8 
:L + / 6  
:L + i3 P 
:L , 7 'I. 
;I, + 6 2 
1. * ti 3 



APPENDIX XV 

BULK DENSITY RAW DATA FOR 

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES 



K2AC; 
k' "-' [:; 

a*.: . 
K2Ai.; 
I.. 2 13 ii: 
K2AC 
I< 2 h t.: 
b. 2 A [:: 
2 A (:: 

I( :.? 13 c: 
~ 2 b i : :  
,: :; . .! I 

p'; 2 B C: 
K2BC; 
1(2bC 

1$2 b I.: 
I< 2 fi i:; 
1, :;? Ii (:; 
1.; 2 fi 1:; 
li; 2 E C: 
I( 2 b C: 
1<2BC: 
I< 2 l j  (:: 
K 2 B C  

2 b i:; 
l(Z!,pj 
1;; 2! ,*9 13 

Ji; 2 A ij 
>:> (:, (j 
A,. 

K.2 ,i:b j-.i 

lii :j (.\ pi 
,( ;> ,,:, ,.,j ... 
li2hi.i 
l iZAf1  
l i 2 A H  
I( (> 

A.. 

l\2AT3i ' 

K 2 f i f i  

Pi 1:: I.I :C IJ i.i 
ME:I:l :E ( J M  
M lti: I:r I 1.1 1-1 
14 1: 111 :l' 1.J i-i 
M If: I:! I I.J M 
11 1:;; i:1 1 [.I tq 
14 1:;; I:! 1.J 
I.i E: 1:1 :[ lj i.i 
ME 111 :I: IJ E.i 
i4 1:; 1:l 1; 1J PI 
14 i: 1:1 :l- 1.j Pi 
iq I< 1:l :L { I  i4 
II f L  D :C 1.1 i.1 
ij E I:l :[ \.I 
i4 ki I:I :I: 1.1 ki 
f4 1:: i;l :l" 1,Iij 
1.i Ef: 1.1 :C I J  i4 
hi Iff: I:l :I: IJ i 4  
kj E' .. D 'I . I) pi 

1:: ' ' ' ' .,. 1., I. (,I I? 
II 1;:; 1:1 :I: 1.J 1'1 
i'i Ei: 111 :I: l j  id 
14 Li: i:f :I: LJ PI 
;$kr,l '1' Jpi ,. . .. . 
ri I::: I:I :I: IJ ki 
Pi 1:i; i.1 9 l.l ki 
i4 1;: 111 :I: 1.J Fi 
i.1 ti I:I :E i.j 

14 E: 111 l2 U i-! 
id !i: :C 1.J 14 
Hf:i:r I(.Ji.i 
1.I EI: I:I :C IJ i i 
i"iEf: LI I 1.1 i i  
Pi Ef: iS :l' I.j i.i 
i.i E I:I :L IJ i.1 
fiE:I:l x Uki 
t i  1:;: i :~  1 1J kl 



j - j  F: y1 "[ 1 ] i...i . . . . . . . 
i%,i [:: [ J  i,i 
14 1;: 111 :[ 1.J ivi 
i.,il;:'[i '1.1 j,.i .. . . . . . 
i-j iii: ]:I :[ [.I 1.j 

PI 1::: i :~ .I: i.1 i,,i 
1;: i:l :[ (,J , i  

PIE; I l  :L I.) 14 
ki i!i: 111 j; i7j ivi 
Pi 1 :  111 :I I.J ki 
HE: i:1 \.j Pi 
M E I:I :[ 1.1 i.i 
ki 1; 1.1 11: 1.1 pi 
i4  E: 1:1 s I.J i") 
ME: I:I :[ 1.1 19 
PI ED 3: U 14 
ME: ]:I :C 1.I i.i 
I4 1:;. i:~ 3: 1J i-i 
M E 1:1 :I 1J Pi 
i4 Ef: I:I :I: 1.J i.i 
I-i ti: I:I :C I J  i-i 
i-i I:: 1:l :L' 1.1 PI 

1:: f~ I j ei 
+ , . .  * 

HE: I:l 11: IJ ij ~ i.. . . 
.. .! .I. (.I i? 

i-4 1::: 1:1 :I: 1.1 PI 
M li:. I.I :I: IJ H 
bllii: 1.l :I: IS PI 
/I  1:;: Ll  ;L 1.1 kt 
fi 1;:; 111 I.) Pi 
Pi L!: i:l 11 PI 
HI!: 111 1; (.J Pi 
PI 1;;; XI :l [.J Pi 
kl L:: 111 :L' I.) PI 
Y 0 1.J t4 L:.i 
Y 1:) 1.I N [:; 
Y (:I (.J N [:; 





1;. 1:: 111 [] N 

ri' ;3 A M 
1(3AM 

Ii3BM 
Ii4BM 
K3BH 
K :3 i'i 
K3;tit-i 
I.;'SbM 
I< Li i4 
I<; 3 B i'l 
I< 313M 
I\ JBM 
1.;' 3 14 M 
K 3 I-:{ tl 
K 3 11 M 
K3EM 
I<; ,-j (?, $" 

;3 h ::i 
1<;3 61, $3 
]( 3 !:j 

I\ 3 $!, tf; 
b:' , . '3 c4 !:j 
I\, ;I R ti; 
b; ;3 ,?I $; 
1,3A5 
I<; ,3 fit1 :;; 
li;3fit:j 
I<,*' 3 ,!h $3 
1.: 3 A k. 
1.- . 2' 
.\ .3 ,,) 

b; ;3 {?, c; 

li; .5 61 5 
b:*' ;?, k j  !!; 

., 
,. . !-; 

t\; ;3 1.j $3 
1: 3 1:i S 
1;: '' , 
, ,.j . 5 

];I ki: p .;' ti 

i:; M 
1 1.0 t 0 
I :I. 0 + 0 

5,O 
S,O 

15t0  
15tO 
30 , 0 
90, i) 
45 0 
45+0 
7 I. * t) 
7 :I. t O 
1.05tO 
11. 0 :t; , 0 
:I, a 2 t 0 
:I. " 1 2  + 0 

5 , O 
)< + ( j  

5 + 0 
5 t 0 
i5+0 
:15,0 
3 0 ,  U 
30 ,Q 
4,". +1 j  

4StO 
6 ti{ + 0 
(I) ti1 , 0 
,J 1:; , ,., , 0 
YS,O 

;I. z'.! !.!k + 0 
:I. 2 15' , 0 

5 , 0 
15tO 
1. S i) 
3 0 ,  ii 
30 + i) 





APPENDIX XVI 

BULK DENSITY RAW DATA FOR 

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES 



B 2  :[ f q  
h 2 :I. CI' 
1: '-> .j' I.? 
'i ... 

f i  2 1 1:;; 
:[ 102 
'[ :I; ;. . '> . l"l.<,. 

1 :I: A 2 
:l ;I; (1, :;! 
.,: . . , . .. &I> 
;I: :I. 61 ;?< ki 
:L :L i:; :I. 
j: :L c 1 
B 2 :I: r;: 
b 2 1: 1:; 
B 2 :[ 1:; 
f i 2 1 R  
I :!A2 
1 :[A2 
1 :[ fi:! 
I ,!) 2 
1: 1: F, 32 
1 11: g] 3 ~ 
:I. :L t:: :I. 

.,' e ., .. ., .. 
fi 2 j. 1-2 
ii ;,! ;i I-.; 
B 2 1. 1-2 
1 1 A 2  
1 

:I. :I: (1 :? 
;[ :l 1.j 

A,. 'I; .,. 
, .. . dl:( 

;I: :I. 6) E 1.i 
:I; :I. i:: :I. 
1,) 2 1: fi 
j;{ ,'; j .[ F( *.. . 
fi 2 1 I.,; 

'i i;J i.J I,! i:; 
,, .. 
1 I.) 1.J N i:; 
. / .-. 
T L.) 1.J i,! (:; 
'i' (:j 1.J iq 1; . .. 
I (:I i.1 PJ (:; 
I' (:j I J <:.; 
.Y ~ . j  \J t-1 ii; 
-Y' ( J  [ J  i,.! i:., 
i i;j \.ll-.i L.; 
'f' (:I \.j 1 4  i;., . < .., 
T i.l\l r4 i:; 
Y i l \  1NL; 
'I" C)I.JNG 
'i i:IM bl i:; 
'Y [;I I.J P-1 L:; 
, . -. 
1 t.1I.j 1 4  (:< 

YO 1.J 14 i:? 
'i i::ll.J i\l i3 
Y i:) i d  t4 i:.; 
Y ( l \ . l tdG 
'f (:I 1.1 t4 C i  
Y C1 I J N i:.; 
'Y 0 ( J  i4 i:, 
' : [I Id r.! t .i 
'1' (:I 1.J r.1 G 
'i 1:) (J i4 (? 

'( ti1 \ , I  f4  (3 
.( (:I 1.J Iq (3 
Y I:IIJNG 
Y(IlJN(3 
'f i:) I.! i4 (:; 
"f I3 (.I N (3 
'.i CI 1.) 14 (:; 

Y (:I 1.J IV (3 
Y [:J I.) N G 
'f i:It.J I+.I i:; 
Y (11 I.J N (3 



I.:' E: I:) TJ N I..I I:i f I Z (.I N 111 Ei 1.' 'i' 1.4 E i.j 1.. K A i; E 
11l:NSl'i Y fil?[,l!l~* 

CH S; / (1; t:; 
I::' 3 B M B 2 1 R  :L 5 6 0 + 40 Y (.I \.J t4 (3 
F3bH 142 1 R 1540 * 2 p Y 13 1.1 i.! ( j 
F3bM f I A 2  ;Joe0 1.85 YUUNL; 
F'3BM I1,42 30.0 1.76 Y CILINl; 
FSBt/l Xlh2 4 5 + 0  1 + 7 5  1'13 [.IN (.j 
F :I E M :I: :E A 2 45,O 1+[:10 'i (:I 1J 14 1:; 
1' 3 B IIAXB 100.0 1+72 i-'BUN(.i 
Fy 3 13 1.1 I I C: 3. 1 5 0 * 0  2+ri2 'f i.1I.J I\!(:) 
F ~ t t n  1. 1 t: 1 J .1+66 f ( . ~ ~ ~ d [ ~  
KJAS BZXF~ 5+0 1+63 Y [:I 1.J bl !I 
F' J S B2lR 3 q 0 I.  + 5 '1 Y OI.JNO 
F'JAS , ~ ( 2  .I ~ i '  lS+B Cr'h Y 1 :~ l lNG 
F'3AS fi21R :1 5 + 0 :L 0 Y OII.JdG 
tY3A$ :C .I: A 2 Y i ) * O  Y L:)IJN[; 
~Jf i ! ;  :E 1 R Z  .3O,O 1.*7,3 
[>3fjS 

Y UUNG 
I T A 2  4540 Y OL.II.IG 

1: ' 3 ,q !j 1: l A2 4510 :L ,132 *u L)IIN(; 
K J ~ ~ S  .I:IA#E I10+1) 1,132 Y 0L.JNCi 
~ 3 4 s  1:TkIkE 1 J 6.0 :L .(3?j 

:175 Y C111bl13 
I:* '3 A !; :[ C;? 0 l.70 'f CI1JI . I I . i  
h 3AS 102 1?'5*0 1+[:j$' YC)I.JNCi. 
F.- 3 E S fi i. :[ pt 5 0 85 YOUNG 
F' ;:3 B S f:i :: 1 :I + i) e y l  'f (:I IJ i.4 (3 
1:' 3 b !; ki 2 11: I < :L 5 • 0 + 77 Y C1I.JNI; 
f. 3 fi tj a:> *.. . . I:( 2. k; • 0 b81 f (1) 1.1 N CY 

;3 ]:i c; .I: :lh i.! 5 0 + 0 .I . 8 :L r 111 L.1 id [:$ 

1: ,$ kj $; :L :l (I 2 Y O + O  J . , i " ]  'i C)~SN[.I 
1.' 3 b t i  :l' .L A 2 5 , i j  l.75 'f 1:) LI i4 t 1 

1: :5 kl $i A: 1 67 2! 4510  1 . 9 1  f i:J 1.1 14 i,j 
I:' ;:> 1.i s.cS I.J.h$,l> t$';/.O 1, '39 'f IJI.JNG 
F' 3 b !:i %:EhhR 87+0 2.0;j 
1; 1, 'i 0 lJ b l h  

,. . b) 1%C:1 14t3.i) 1.20 Y (.i 1.I id C; 
ti' .I. i"~ i:: (1 i! 3 + 0  * 59 1.1 E.: Lr I l J i i 
I( I h (:: S t O  , .34 I-IEI:~ I IJiq 
ti1 hC: B2xt.i: 560 5i)  M E: 111 11 i.1 M 
I(: 11 I$ 1; f ia:~~; :  5 . 0 , '37 MEi:X;I I I.JM 
I(; :I. 19 i:: b2119 19,O . 813 MED T I.1M 



1:' E, 1:10 N 

I< :I. A c; 
1.i' :I. n c 
If :1 A (:: 
I< j. A (1; 
K S A C  
I( :l A C 
Ii 1 AC 
1%;' :I, A 0 
I i I  Ai: 
l i  1 A c 
lC 1 BC 
I< I. l{ (:; 
K1BC 
K 1 E C: 
h; 1 xi [:; 
I< :I. 13 C 
It: X b (:; 
I.;' 1 BC 
:l I:{ [: 

I<: :I. (1; 
l i '  1. Xi i:; 
I< :I. li L': 
li :L E C: 
I(; :I. E C: 
1C :I. AM 

. 1.i' :I. A M 
1. Aivj 

l i : L  AH 
b; :I* c+ ki 
I i .  l hi4 
K :I. $1 i4 
ii A. Pi 
1,; ;[ ;\ j,j 

I< :l i.1, id 
I\ A. AM 
I<; :I, ,q iq 
I-i; :I. 13 pi 

4 (; [; 

(:; I3 (:I 1.J P 

b i  1::: 1:1 :L 1.1 id 
bl E: 11 :k l..J J+I 
p, 1:: 11 p, .* . . 
Pi 1: I:I :i 1J 
i4 Fi: 11 :I: 1.1 i,;i 
ki L;: 1:1 :l' Lj pj 
bl  1::; 1:l :[ 1.J 14 
;.I 1::- 'j:1 [ J  ,I .*. . . 
id E:: i:l :t LjM 
id E: I:I :I' IJ M 
i.i E: D :C 1.I H 
iYi E: D :I 1.j Fj 
kl L: I:I :l 1.J bi 
ki Ii: I:I :U 1J i.; 
Pi 1.::: D :I: 1.J i.i 
H If:: r:r I: I.) i l  
Fi 1::: 111 :L 1I M 
Pi i:: il :I: 1.j i.f 
HEL1:SIJH 
Pit':; ],I IJ i-i 
il' 1;;; Ll :r I+] i 4  
ki I: ]:I j: 1.J bi 
ki I;: I:I :I: 1.j 
i-i E: i.1 :I: i.j pi 
MEtB:I:lJi.l 
if E I:I :I Il i.i 
M ti: :l l,J Pi 
ilEI:l :C iji.i 
i.'i 1:: 1:l :L {.I ki 
iwi 1;; J:I :['(J ~ 
?I 1%: ill :L iJ id 
i"i k;: 111 :L IJ 1.1 
13 1;: 11 :[ [.J i j  
HE: IS :I: iJi.T 
i4E i:~ :I: IS id 
i.i [Z I:I T LJ iyI 

iiEDll.Jif 





APPENDIX X V I I  

SOIL WATER RETENTION RAW DATA FOR 

TERTIARY VOLCANIC STUDY SUBSITES 



234 

I 

2 

t E I i / 1. I 0  I.< 'I: Z i) 1.1 1.1 1 :. I-' I I 1 2- WC~* ' i * l . i , :  v k; E: 
, 0 2  . 1.0 , ,.; 3 c:i Fs 1.1 1.I k" 

t'. M k.i :\ I:{ $; ( 4  I< ;:> 1 < 1 b; ::> *. 

Erl A C  A 2  .15+ii 31+&;1 1 .  .r u , d s  I J ~ , , ~ ' I  

B 1 A [:: Xi 2 1 I' 30 4 9 59 + 24 5'7 , 2.l S Y Cjl.. 1.1 
B 1 A L  J322.r ; + (I +,Y 6 + ';$ 1 .) :; (.I 2 i 7 4 1.) L. J:I 
b l b 1:: .. . .. 

fi12 I + 0 4 2 + 4 2 . : . . + . c I I., 11 
blEC . . A 2  % b ! ) r O  4I)+;SY d 4 O + ~ j / '  , .,$I , .a > I  (.JI,.U 
I*:{ X B I:* . . 

2 1.7' '4 :.I + 0 4 6 + d 5 4 :I + ;) 1 :I 3 + J , I I I 1.1 

H l A M  t I 
1'4 2 I. .. + 2 6 * 3 8 A: .?) - .! I 2 * 1 I 0 I J 1.- 111 

I b lAh  ti 2 1. 1' 3v.u 1 ~ 5 ~ 7 - t  J. !.I + '/ .i. (4 , 7 G i J I... L:I 
..., . 

1 b l 4 t h  ~ 2 2  1' 421 !I :.?t + 25 ..... , & .  I \., .L ..! ;: 4 t) Y 1.1 I.., 111 
& l Ui4 c, 2 ! 35*i3d b i , t > , #  A'! Y + j. .> LJ I* 1) 

XS II4n j.1 > 1 *,' 
*. . I ., . (. . . .<<. . . 

A,+ .. ~ G + C J  t:;i>+ij:j ;.$*. + , I A  ,.J .L + ,:$ .3 \ I I. , i.t 
k.c l B i l  i,:{ *.; .r 

*. C.. ; * " 5 (j , 5 *,' a4 b 4 kt ,? i + ' 9  1.1 1.- 1) 
k{ l &i $2 f 12 A,; 6 + {/ 2 I .  i: 6) ,i Ei A +  i i. 1 1 J I.. i I 

... . 
:I. i.i :; 2 d: 1. I S 12 , i) 2 4 + 5 I. A,: L: + t.i I. S . ; < + . I . ; ~  oL.it 

I,\ 1 A if 2; ;.,! 'r . ~ L J * G  ,ji.?*t;fi , j l + . $ i  A,: i.$ + ..: ;I 1.1 I , 111 
. * 

ij A BS t', ' ; ,; ';. * t.. .j I. , , .  ... i !5 + i~ 3 J. *2 i A . : t f b f ; . ~  \.II..~I 
* 4. ' k{ i fit:; k:? 30+0 A.!fr+43 +.,.. ~+.>,i **' * i3 <j 11 1." i:t 

,(< ,'; 1 .j' l< 1 L{ !> A- ,4 5 + 3 ,k t A. / ' # $ 4 ~ 1 /  4 u1 ... 1.1 
I I.:( 2 A c;; 6 1  2 I. ?.> + fi L.! * 0 ii +.,t) + \).> . ) + . i'i i .. i.1 .. . .* 

. . 
I B2fiI:; 8211' .., u , !? 5 1 + 2 u ,?, G . '9 .:i .. 2 .  1.1 1 . n 1 

B ~ R C ;  621 '1 I 92, 1.2 :#.I * A ! : . $  i l.)+c)7 O L . . ~ I  
B2BI; A 2  I.:& + v  ,.., di) + 52 2 7 t dl : 4 . .. a 2 . 6J I... 1:l 

I:{ 2 2 '1" ..> . Ib:!Er: , , t t ,  0 i t  t )  + o ;jt ~i 4 , if L? c J i.. i't 4 '7 , 5 ::{ 
1.3 J E (:: J. , I :k iJA2 I I S2+6u :jlt.:>*i 4 c 1.1 I... 11 
1.i >.> ,*) [ 1 

A- {I ,.: I .  . )  TI ,0  a :J3,07 2bj6tjt; ;.: i + 4 ,L t,j I... 1.1 
1.i2A1.1 i~ :?  ' I t . .  

, 1 . 
i 1 ! + 1 I. , J + , I -.. .. + :I .J i.1 I-. 1 I 
AJ : 0 * '"' I . ;~ .~API  I:( 2 2 '1 ,.) 4 + 4 :) :.I L) + ,.: XI, >.J A !  + 3 I J L. 1~ 

A 2  lj 2 Li Pi 'I : j r +>I ,3?.3,0'1 ;9:!*;rt.i , ' I  : . * j . u I... i t  . . W<%l{iri 2 1 '1 %,J , 0 25 * 07 ..,> ..; 1 i I. . (.i I. . i I ,.) "Y , ' , 

ki 2 LC kl lj '.I "1 ... ,. ' i  A ~ ! J +  c 4'7 + 43 44 ,  .?.I r .: + ki 4 i. I I .. ,I:I 
B2,$$; 1) 2 I !-I + 1.; 2 9 ,  2:) *. '*I y' * ,.J " h. , #In. .  . - tJI..1.1 

:.! 2, :: D2.1 I' ;3 0 33 . Fv ; 1 , i  . ! I .: (.II . 11  
fi 2 (:I 2 6 22 1 *I ..; + f.i a4 ij + :3 .> 2)  9 . :I ,') : + d i ~ i .  11 

. .* i:{ *.? k4 !.I t'~ .I! 1. ..I * v .i3 + 5 d  3 .l + :i!i A :  $5 @ Y.) L.: \.I I.., J I 3 

H :."> t; b211 , i 0 * 0 4 0 0 a 13 4 r )  + :J t:l ,5 td , 4 1.1 1'1 1 .. 1 I 
kj .r2 i.i 2; B;;? 1 ' l ' ~ + t l  i j :L+CJY . i 'E$+b>A 1 I + 3 ti I., I.. 1.1 
b3kC (1 2 I ,I s 9 4 .  38+4!J .!7*13 '{CJIJPI<I 

0 



i.; PI 

I . 5  + ( j  
;3 (i + !? 

4 C) + t,j 
:L (j t, + (j 

:I. :; * (j 

2 1:;) $ 0 
A$ ;:; .:; r!"J 

45 * iJ 
:I. !.$ * I.:! 

:3 6 t (.! 
ii y, ij 

4. :.:; * 0 
-.-. . 
3 0 + u 
45,o 

I .  :.< t 6%) 

30 * ( j  

9 5 ,  () 
I .  :.; * t:! 
... ,. 

', * 0 
d )  ;,:, * 1: j 

0, , , * 
4, L.; I !:. I ,: ! .: : 

., ,. 
t CI *<: d. ',> 
i-:., , :, I:( i:" ,.> j:{ f:i p,; 
3 9 '. i 4  I ,  "> * { . .<'; 1 ,... , 

,. .. 
;5 i> (5 :I. $;, ,, .. 
,:.: (2 , 2 ;! 2 ::i , I. I>.# 

4 :I. + I. ~t .:j ii i : j  ,,/ 

1.; ;/ + <? ;3 , ':, I ,. 
A,. ,.J + , i  

+ Ei<!) 4 :! ;. ; I,,) 
q:., t , h . ; -  -. * . \,J . , a .I ;.' 

,:. :. 
k.) +.! * -3 ;:I !.! j. ; (? ,:i 
");.',(','] ; j ,  
,:. ;.a + 013 
. ! * ; j ' ' - "' ;..! J,! " *,' .:,. 

. , . t  . .  ,li + Oii ,3:! + (.;.,;:! 
) [ j  1, i I ; :u * .. n. 

3 , :, :: td , (.! ', . 
3 2 0 9 1. & ..<- ' , . , 

i * 2  . , z:; , 43 ,,J ,, %)* .,; 

;?:I.t0!:; ::*.>.,',;., 
*.. A,. 

i '-' '? * 0 (3 
A. ,I. + /> I* ! 

,.j 
;,, .,+ ij .q ,',) * ,,; ,I. *.. A,. 

1:. ,., %$ + 8 :! 5 I. + 4 < )  !,,! 

,$ (j> + ;! ;, ,3 ;:$ e ::; ,,, 



APPENDIX XVIII 

SOIL WATER RETENTION RAW DATA FOR 

LIMESTONE DOMINATED GLACIAL TILL STUDY SUBSITES 



t : ' I R C  B 2 J: 

f:'1 ,qC p ' i. >.> 'J: [< 
FIhC; l ' J : A 2  
1:: :l A [: r ~:nxa 
1:: 1 t4 i;; I: P B & A 
F' 'I h C: .s .. .T 

1 . )  . .*A. . 
F' :1 b C: b 2 1: 13 
F1BC 1 ] :A2  
]::'lfiC 11 
F' 1 :I 1 (3 x 
I'JbC 1: I: B % 0 
1: 1 BC; I 1j322'1. 
i::':lApj 82%'f 
F:' :L AH I ]:A% 
1 1  hpl. 3: 1: A 8 B 
1:- 1 AM 

l. lB,+. *.,, 
b ' 

I:'] bpf k{':i A,. . '1" . r< 
FY:L BM :l :I: A 2 
I:: :1 E t.r :C I. f j  X 13 
f:';1. .,' 1,, ,I) .k .r . * . .+.. . 
F'1&,:;, B;.j,)b< 
f:. :k :; I * 4 .; kt 

I::' 1 A :I: 1: A E B 
1::. 11 fi $; 
1: :I, ,q :; '[ . I B '1' *- '1 . 'T 
I::' 1 . I.{ . S 1 j ; R 2  
1 '  1. 13 $i :L: :I: A 2 
1: :L I{ L; 11; 11: A 2! 

.k l,.{ ,.'* . . :2 '[If$$& 
1:; .[ I{ . * s :I; i3 .I. 'I' 
b; 2 i:: E 2 1: li 
I i  :!hC '1: . '1. I,. ,<., . .- >'; 

I< 2.: A (:: :i: i:, :$ xt 

I< {h(" .[ . ]' . ij '. a :? Pi ;. 
.[ ]; i{ . ; :, .,, . 1i; 2 A C . ... 

1i2hC; 11: 11; i:; !. 
I(2fi(: 0 ;) J 1:: 

n (:I ti: 
[II((JL.IP 

3 

(11. 11 
rll.11 
l.! I". 1.l 
CII. 1.1 
r.! I.. 1.1 

I.) 1.. 1.1 
(.I I. . I! 
I.)! 11 
(:J L- 1 1 
I:) I. . II 
(11 1.. 1.1 

I.) 1.. 1.1 
(it 11 
( J I  I! 
111 U 
[:I 1. 1.l 
[:I I 1) 
01. I1 
(.!I .I1 
(11. Ir  
[ J I  ... kt 
LJ 1. 1) 
t:J 1,  1.1 
rJl..1.1 
I 11  .1:1 
01 1.1 

1.11 11 
[,ll-I.l 

('11 1 1  

(.J I... 1.1 
rtl..lt I ill,l 
1'11 ( 1  1 1 . 1 1 1  

i.11 11 1 . i i 1 . 1  

i 1 1 .  lt I i r l i  
s 

1.11-1.1.1 (JPI 
rt I . I *I, J l v i  

i ? I ; l t l  ~ J I ?  



1:) I:: X:I (3 N ti [;I I:;' I Z U N 
+ 

E ":.I 'I' H 
C l  r .  

:I: 11: A 2 
.L (., ,, . , 

*. .# . A.. 

I :I: r'.r M B 
'[ ;[ f{ ;? *(- . - 

:k :I: i:: ;i. 
i;, ,'. '[ I< 
;I. 

I T A 2  
'[ J: (.) '$ i{ 
:I: :I: l.i :! j. 'I' 

(, 
.I A.. 

i:{ :? 1; R 
'[ ;i (, '.; 

i, 

:I :I: A & B 
'[ I'c "' 

, , *. i! 
;l :I: i; 2 
;: 'J; I:< 

:I: :C A 2 
:I: 11: A & B 
.L .., . 
* . d: 
1: :I: c; ;! 
11: :L I$ 2 
1 11: {I & 



;/ w A'r  I;: 1:;- :i;{ ',. [,j ' i '  + ". . 
+ 32 t 3. !! + i:) 3 
BAR!; fi A I:,; cj  i { ~ ~ I ~ < ! ~ j  
5'3 , 57 5 r, , '3 4 !; I,.) + I. ;:) 

+ i9 ... .5 0 , 4 :i. ..: , Y . . , ,: . . . s . 
3 9 + 3 8  37t.i.r) ;34+6.1 
3 8 , 6 6 3 b , .I. i3 3 3 + i:IO 
2'5) 50 ?I,/+ '46) 25 + 57 
76, 00 Jz ,?(j + i?~;! 
2y,9(3 z'/*!f;(j 1.j ::; + 4 

*..,., . 2 d + 1 0 L' 4 * :I. 1 2  ii 2 \:j !> 

32 54 i j ~  r A5 L.! oi + :1 t:i 
':)fj,33 2&+i , i3  A:S+2> 
a.. 

2f j*22 ?at[4:l.tj ;.:';!;+i#:l 
7Q , 4 1  &,,A) + s > t : j  *. . 

,..,.. 6> ;3 , ;3 l!) 
A,! ki t '2 :.,! 6) , (3 11, . 

3 6 , 6 -1 '') 9 , ,a ...: 
.i.. ,.I :,.! t:i + :I. 

.,. .. 
3';) , 8 4  : I  + 0 .>,3 t 5 4  
3 -2 , FJ ij :< 11. 2: (j :, '* ,-> !? .!.J 

213 + 4 0  2 ~ ) .  35 2 4 + '7 11. 
7 3 + 0 9 '7 .l . .< d) (+ -9 0 
2 2 , 0 9  3),1)1 l c ] , ; ! y  
35 + 8.Y 3::' , 7i) L3 :I. b '1 t'j 
3 5 * f 3 ': . j  :L *! + ,. Jii t 49 



APPENDIX X I X  

SOIL WATER RETENTION RAW DATA M)R 

QUARTZITE DOMINATED GLACIAL TILL STUDY SUBSITES 



.r 

p 1:) i' p.1 I.,\ s) 1: % ' ' "7 ' ' ;!, , , - -- . ,.. !. I .  A,.. 1) XI 1:;: I::, I 1-1 )j I ,I 1 i: I,,; j,li 'Y .  I;! 'T I LY I::. 
() . 1:. 

t e.. 1 ,is! > ... ' < ,, .A , .>  , i 'i I 0; iij 1,) 1:- 
fi cI f;; !:; ; a ; , ,  . . [.; r.1 < 1 1 .  .. j I .'Lj 

. ,  . * ,. i: ':- 1 * .. [; lj :z 17 . \. .. ... I. ; 0 4 3 , 2 :L ,5 ,: ; ,. : 4 ..> \:s 4 I .  i' 1.7 I:,* 1.1 1: 1.1 I? I::' '" A [; 'J '[ c1 ' : A  ?, ,:> 
L! . . . -. ;:$U+i> 26tI34 2 ! j 4 : 2 a : t  A,: J I. 2% t i  I::: 1.1 .I. 1 fi 
2 ,+, (:; :[ j; i:) 2.j. ..J Y 2 , 4 El tVl!::: 1.1 11: 1.J 14 .,. ..* 

4 + 2 .t+ 6 4 +; ,. * 1 i., 
., . 

I::* [:; :I: :I: A 3 8 0 , 0 2 4 + t : j  3 2 J , LJ a:; ::? :I, 4 ::I pi 1:: '1. 1 J,(j ... . , . . 
f: ';j (1; -.. 1; 11: 1:; 1. 1, . () + j 2 ;.: 8 4 2 (2  , 3 ,i 11. !? ,. (11 :I. fi 1::; !:I ,I: 1.j 
1::' 2 B [: :? 11: R ;,; * c, 1 .  + 3 ' ! : + 1, .< !? , 3 (j 

. , . . , , . . . I .i 1,:; Ki :I: t.lrl 
1::' 2 B C ;[ 1: A 2 .$ 5 , i) 2 5 * '7 6 ;,! .,:i 1.; ,;.> . . ! . ,  . : I-.) I;:: II :[ \.) i*i 
F:' 2 b (:; :I: :I: 4 3 ij j ) ) ;1 6 , () 4 ;[ :!; G .q 14 .L 1:; <> . . A,. kll::: 1 I :I: 1J 17 
1:. 2 B (:: :L :I: (1 :I. :1.20,0 20,641 J.A.74.j ;,, + 4) 1:;; 

..., 1.j I::* i l :I: L J  tq 
~ : ' 2 ~ ) 4  fi  .... ' : I  1 fi j. >; a (1) h e 2 4  .3 + 9 i,! 3 + I, :I. 17 fi!: l:~ ;I: 1,)  14 
F '2AM . .,, . -[ . -.. ::i $0 , 3 3i3, 7 ( )  + (;I;, ::i 3 4 p i  1:;: 111 :I: [.J i j  
YZnpj ,I: I A :! ~ + 5 * < )  i+( j ,Z( j i  99,.:!3 ?I ; ,!, 0 PI I-: 111 1,) k i  
1"''?LlH :I: :I: 8 B '30+ 0 42.35 4.1. + 25 ,:b <) . .L /' 1 . q  1,: 1:l :I; ( J l ~ j  
1::- 'I> A ,y :L I: i:: 1. I .  2C;,A6 ;,,! 2 + ,I ;.:, . , . ,,. .. , 

a* *.-, 1. + ;.! .> 11 l!i, L:I :I; [,J f4 
f:'ZbM B2.LK 1, , + 5 * 1, :$ i: '-' ,.. I >.> * 0 2 -. 1 A .  4 0 , i? Ili. I:I :I: 1.1 i.i 
1:2BH I :I,% 2 30+(> ~ $ ~ J J O  i. 3 T c ; )  .;, ' $:\ .! + 4 tj P) 1::: i:l :I: 1.J i*i ..-. 
F:' ':. 3: 1: A 2 4 ;,j , tj 2,; ;:! + '1 ..( { h 21 , ,5 t:j ., , 5 pi (+J lrj 
F- ;;! a M .... 

1 I. [i $ $3 1 1 0 , 3 :1 , 7 I ,:I O + 5 5, A:. ,c: + tj;,j ,,I.:,., ... 1.1 .L , Cl i'i 
1:: ':i I{ pi .) -1 c', 2 +.. I 1. t.: :I. 1, : 0 + 9 1.; . . :I, i:i i!> i$ I .  5 ' I.:, i:~ :I: 1.J 1.1 

F' 2 (.; :1; j:> ' a'.* .-', . .L 1.q :I. ::I t .< 1 :I,:*; * .. -> i.'$ , :.j !:4 ,/,: " :\:? .I. f.! 1;;; 1:1 1 ,  ( 1 1 . ~ 1  
1:; %:> t:, *:: .,: .,. {.,, <.. .--., ... , .I  . . . .-I .:! 0 . . 2;:) * 1 2 .. Q , el  :.) .I. :.j + 7 I ,  1"; 1.1: i ! ,I: l , j  11 
1:' -.. fi fi; :[ 3: 1") $ fi :i, (11 (1 + () -! (1 + :I, 11, + y: )' I. :: .. 4 ;< r I I::, 111 .I: l.l+l 
1::. ;: {i !j .I i) i; ( j  r j  1,: .. .. ,. . '. , ,I: :I1 (1; :I. . ,.. ,:*. ,.) + 0 5 :,:! 0 + < 5 '!, + :.,I .:: kll:, 111 :i. ( .J pi 

F: ' 11  fi a,. 1: :I: ;:I 2.? 0 * 0 :I. a * 4 :I. :!, '7 <, >: :,? I,  ,i * .q<:; 
:: . ;. i. . . , i.. :,. 1.1 :I. 1. i 1.i 

J { \.: 
. ) + (1 2 :I, ' 4 rj ;.;! 1;) * ,!,, .> *- ,.J :I: I .  $1 2 .I i; , ::j .- 1::. ]:I 11. 1 j (1 

1 *:) i.;- 
.I.. . , . I  :I: 11: tl x L{ I , 2 1 * 13 20 , 6, ;.' I ':I * Ac, ! { I ,  1) ,I \ ! I \  

t:: 2~ c j  ,I. :I: i:: 1, 1, , , :: .I , 4 5 1. (;:* A .I ,:) .!, ;' + ,:;-I b:, j :~ [,j 11 

1:' ;$ l:; :({ :.! ;I: 1;: :I. ;.! + 0 ;.j i) + 0 ~5 ',$ $,.; + ;:' :::; ..:;a ,:j * , ' . ,, . . . 
1 \!!..I I,! (,'i !::- ...,;. ,. 

I ,  ;,,:; * c,; : , ' , a  . ! < ;:, j.: ,> (.; .i. 1. I;I 2 .<,: ::< + ;,%) <:. + .  . i i.! \..I 
1,' ;;$ 6:) [:; :I: . .I. . I ;.. . i.' - , )jii(?,i, ;,j . 2 :  . * ,..; t-,j8 .., . j . _  .,/ + ! ; ;,, ; I ! !.! I,.! I.,, 
1:: ;< () 1,; , ... . 

:I: 1. (1: :I. :I. l:, !,:; " 0 ::! , j  * 1, ii ,3 \;> <. , 1.: .,.. +., . ,,;,:.. 7 1 J !,.i I,! (.! 
., .,: 1,. ' : 

1: "4 pr fi ;.! 1. 1:; ,. .I ... :I, :,j i:! ,:) $ 2  a ,  !.i . .. / . ,, ;,& (, T j  . ; . ~ ! ! , j b 1 t : ~  
<+ <f; , .:; " 

;vJ j;{ (;; . . ,.. . . , . ,  , .. . . 
',, ,< i. .I. I i .;! 3 I.! + ',> 2 ::; * i,J 2 2.: .<.) . ?  ,:' ., .... , . ,i .I. 

(: : . .. . . . .. . .. .. . 'i' :.j L! r! !:I 
. , ) t i t +  ;.!L*~?(:I 1 .  i,;) *. .:; ij 8 .5 L{ i.; :I, I .  (:I 2.: ,; : 'J * t b  I (l.!!.llJ\; , ..:$ , . j 1: ,) ;; k j  . ., . r,y...., ,. .i I.., / .:i 0 <I .:) + ..) d:. 4 >) + ~4 I, ... .i i j I ,J [j ,,, 1, , ;;;I:,, 

1; .,r ,:{ L:; 1 4; i:: 1. 1, I , J ;;; 11, + 5 3 .q I;) , f f j  :;, ' \ ; J  x + ( : ~  
\ . I . .  % " 

. .. i \.Jl, I t . ~  F'Jr-,i*i 1;; ;! 11, )( :; + 7 . ,  . j. 5 * <; .35 + ti kj 11. i : j  + (9 ;i I [ J \ ! I ~ ~ : J  

*, 



1::. 1;;; ( , I  1:) id /..I (:j [< :I; 2- (1) i:~:;; I::, 1 1 1  1~ 1,~i.l 1 '  1. I.;.: 1:; .y b.1'1 + (:,; I!;; 
. .. i .  

r + V L  ,. .I I,,' :. . . I  . ) \:J 1.4: i . ~  I,,) 1.:' 

i.; 1.1 x' ;,I F( :;, ~3 I i : ,: ::, 1.: f.) t i:; 
1.: pi ;I.> ;: 11: 1';; :,, :,; + (j J t,; + f j  ijj 1, :..; , ,\, ,, ,.I , . )  . ,> :; i t.! i , ~  ; 1 t : ~  
1::' 6) ,q .,. (. .,> .;)5,,;j 5&,8Y , , ,,. ., . . . >.. ,.5 ::! + *.i ) 3 I 7 i3  ! I.J t , )  i,..i (:J 

I::" 3 ci fi 1: :I: k $, fi , 2 8 r y 7  &.;, ,.., ,.:j + (2 ;. &.,: ,$ + ,:> ,,'i T' t.1 l.J 1 4  t:~ 
i:,'Sh,i X :i i::. 1. I. 5 0 + 0 ,.{ ,. ..i , + ., .. , : j  -.. ,;l~l e ;.I ,' *.,. J + ? . L  . r t . ! L ; ~ < i !  ... , . ,,: ' ' '> . . .. 

I::' ""' p'{ i*i ,., . 1;f ' : j  '1' 1:;: 
A.. . . " ' I  1:: '.' 11. !? * 0 /. ..> c d! i 4  ; . 

A , . .  . ::,<jJ .> y:,,  T' i:! i.! i;,~ 
:I :i' :, :! .. ,. F i5 l j  ?I ..> ;) + 2 !>; a ti ::$ A,,? A !  + . \ ,!., -:! .:: 4 ::: <') 'r (:J [.j (1.j 

1;: ,'< I{ I"\ , ., .. ., , 1;  11; ;\ ;! .+* 3 + 4.1 Z i\ + L .i. 4 + i ! *.: ,.< i: ,:. i \.j \.l i\l t ;~ 

1:: ;$ i{ jq :I: :I it) ;>: i< :I. (J d e ii8 +;:+4(j i : { I , \ j , : , ,  , .. , . .. 
A,..: sf + / ?5 r t.! t.j k./ 

I *  .$ I.'{ j ., ,:A .+  * 1,: .. . :i: ;I: i:; :L I .  t:; t )  * 0 Y:j 9 + &.! 7 ';$ + A . {i , . -1' t.J :,j 1.4 \I,, 
I:: -5 6 i.! "i f F( 

.. . ... ..., , .., . 
B A . . .15+(i ,:> :;; ,. 4 ,> ,> + ,I. ,/ , .I 5 .i t.j ,! t:j 

1::. ':r (,, c;, '11 '1' ;.\ > ... .. ... . , 

,.) . , . *.. ..:; !! + ( I  :! d i  , 4 3 ,A + ,I ,%., L.: .1 * i 'J 1 i~ [.,I i 4  Ci 
1;:. '.? ,q <.: , . .. *!, t:'; + (, . . . . , . , .- ... ., . . .,I ..) .I. I .  r.1 h *.! / + (9 ;I. ..:: ct, + !? ::I A,' ,5 ,. I:,: c!! 1 i,! t..J P! 1:) 
1.: ::\ 6.) !{, , .  .. . .. . .  .. ... .. . , , 

.I, .I. {,.) ?X 1.j .I. .i. 0 + 0 .,..: t:.! , I .  I *  ..! ,,, , I*.! ,, ($1 t 4 ):I I 1.) t.i I\! ii 
.'., " . . . . ,  .... ... . , 

A i ?:> 1,  1 .  I,, 1.  I .  :* !j + 0 , j  .I. ,? i.! ,..!!.I , ,: %,; i.!,$49;.:, I~I~~:.~'I ,~,I, ,J~-I 
1:; ;< ij i.; i,; ", :I' 1:;; . , I , - ,  ' , , 

. , ,  

I. : I : I.! ..J i. * ,' I .  :,, A + I. ! ;, 4 i ) ., 0 i:; : t.! i . ~  1,4i:-; 
I:.' j i; .., ., +,;: A,; + ; { , ,.; ;: ,i + 7 ;,> .+ >,  .l ;I, {.? :! $9 I,*.' + 0 +.:,; + :; ;! i' (.J L,! ii i; 
I.. - A  fi !., , .  . .  . .. 

S) . :I. I '  ;I i! 4 ::I + v 8;') + d ,D .,,, + $:. . ,I ,;; + \,> :,J r !..~!,~i\it:j 
1;: 3 fi \.: ', ' @ .. I .  , *  , , 

*.) .k :I. i!< i 3  t.) y. + 1.1 2 i:i + !,i (+ ,,,, i . j ,  , : i. ... . f;, #,I i !::I i.r I - i  (3 , -.- ,, . , ,  , .  
5 :{b 1: :I. 1.: 1. . ! U if 1. . j. i l  ,> <:# ; t:i :,; .5 1. * . i .: 1 ~ . . J ~ , J I ~ : ~ : ~  

l.; ..:I 11: 1:; lg; :I. (!I i.; -.. !. . J 8 ,:i 4 7 '9 t;j . .: .; + 1 2 r,,i ! . I:I :I. I.! i . 1  

I; 1 . . .. .i. .I. t.12 .i 1.1 ii I, :4 4 0' ;.: I .  t i  + i.5 ,;.. .I (5 t 17' P, i. i4 1; .i 1 . ~ 1 ~ 1  
.,. ,. I<' .J ,r,, i ' ,  '1, ;[ ;: . . ., 4 5 + u A,! -3 + i.5 i j  *! J.: + ; , 2 0 r .i' c:. !,,I I:' !,I .i- !.J IYI 

, ,  , , . .. . . ...,- lL ... P' .I A 

.-' 

.I. I. t i ;: L< ,,, i:j v G A !? + ? I. 3 ;I + !! 3 i,! + I .  I !,.I ! , ! I, L.1 i "~  
1,:' '1 (.<, C': 1, -; ,{ + I;:] ;,! ;,:; * y;, i;:; . . . .  , 
\ . . -. 1:  j t.1 I .  

. . .... .. +: L! + 2 ; : ...: I.) + ;j L:! 1.i I::, i.! ,i: t.J 1.1 
1.' I I- i-'. fi ;: :j, i:: v:; ?., , if y . . . *(  .I 1. :! * IJ :.I / , k 0 ::)<:> ' :,; .,>\ !.I 1:. ; 1 .I, t.! l"l 

..,. , 
' 1 1  I b: 11. i> (, :I I '  !',I :.! ,,.j I,: .3 ',J ..? 4 + 2 .9 A , , J + .  , if .I. a ,? ,< !.I I I .I i.j i'i 

... .. ... , .. . . \\ :i. i,., :\, ? ,'I iv 13 J{ :'J ,. 0 *.! t) + .3 i$ A,.: "> ., , ,' [I , (-) A,.' 1 I 1 .j i , ~  1.q 
, , ..., , . , .. ... I,.: .i. fi i., .I. .I. r:l b IJ I. ii !:I 6 (! 3 -1 + .I. (.! ,A ,-) + :! ,<; J *.! , (.Y 1-1 I . :  I I .I. t ,ji .ci 

':j (? , ' ' l>;,l i ; i ;  ! I 1.) .I. L +I . + 0 ,. * -3 l.1 a:: :';I + (,> A A:. ',a ,,I <, ; i . j  ~,I I :  t !  .I: i I t - i  
. , . .  . 

I\. ,I, t ; ~  ?I i . ,; 1. I:;,: .I + *I 8 7t:j 4 j + , . 4 A + ;.j ,' . . 
l c i  i ! I I, l..j b~ 

I., .I. ('.I i .I. .I. k'! :..: 15 !I + <:) t:s + ;> i! .: ,,, + i) :. , . <-I I . '. ! I I i.11,: I I I L,j i j  
, .  , ,, , I<: :I. I ,,I - .I: j: PI - A'.. "; 4 ::l , il -2 , v t j  ".' I. * ~ ! 5 .  

. . , . . , , 
.I. (> + EJ :I I ~ I  I*:, 1 I ,I. i j j g l  

l i  :I. 1c.1 PI .I. I, 6-1 ?L t3 1,) + i : ~  ii i~ + ij ;; .:Y u ' r  . <  2 t.i + t) 4 17 I :. 1.1 11 (.! PI ,. 
1.: ;I 0 m . ,.. .I. I i;.: :I. S 3 ifi u i, 2 3 + (34 0 , ! I 0 + :'! 6 I-,{ I.:, I, 1: [.j,.j 
I(.: . I  fia -3 .I. I? 1. f3 + u ,5 ;5 + ,l ( j  ,3 :: :I. # , I  . , . ,  , , .  :3 .I. + 0 ,<, 17 1;:. i j  A. [ ,j l , l  
b; 11, i.:+ jq ... .* :I: ,I; :? 3 0 , l i  i!/,Si,i i.!>.I,', ;? b,, + i:j (j 

:,; ' ; ")4 >',, , ' .. 
15 1. .. I .I :I. I.) vi 

* , .. 1 lip, . 6.1 a b d l t : : l + O  25,2:? ,. ,.. 3 + 1 J i.11'. (.I .I. i,Jjj 




	Table of Contents
	List of Tables
	List of Figures
	Abstract
	Introduction
	Review of Literature
	Effect on Root Growth and Proliferation
	Effect on Infiltration
	Effect on Soil Aeration and Porosity
	Effect on Available Water Holding Capacity
	Factors Which Influence Susceptibility to Compaction
	Texture
	Coarse Fragments
	Structure
	Moisture Content
	Organic Matter


	Research Methods
	Site Selection
	Sampling Design and Procedure
	Laboratory Analysis
	Calculations
	Statistics

	Results and Discussion of Characterization Study
	Amorphous Character of Surface Horizons
	Texture
	Proctor Test
	Atterberg Limits
	Clay Mineralogy
	Chemical Characteristics
	Particle Size Distribution
	Bulk Density and Porosity
	Water Holding Characteristics

	Results of Compaction Study
	Infiltration
	Bulk Density
	Soil Water Retention
	Hydraulic Conductivity

	Discussion of Compaction Study
	Infiltration
	Soil Water Retention
	Available Water Holding Capacity
	Bulk Density
	Porosity
	Time
	Reliability of Data

	Summary and Conclusion
	Recommendations
	Literature Cited
	Appendices
	Appendix 1: Soil Pedon Coding Scheme
	Appendix 2: Soil Profile Description for Pedons Forming in Tertiary Volcanic Parent Material
	Appendix 3: Soil Profile Descriptions for Pedons Forming in Limestone Dominated Glacial Till Parent Material
	Appendix 4: Soil Profile Descriptions for Pedons Forming in Quartzite Dominated Glacial Till Parent Material
	Appendix 5: Laboratory Characterization Data for Control Soil Pedons in Tertiary Volcanic Parent Material
	Appendix 6: Laboratory Characterization Data for Control Soil Pedons in Limestone Dominated Glacial Till Parent Material
	Appendix 7: Laboratory Characterization Data for Control Soil Pedons in Quartzite Dominated Glacial Till Parent Material
	Appendix 8: Sieve Analysis Raw Data for Tertiary Volcanic Control Soil Pedons
	Appendix 9: Sieve Analysis Raw Data for Limestone Dominated Glacial Till Control Soil Pedons
	Appendix 10: Sieve Analysis Raw Data for Quartzite Dominated Glacial Till Control Soil Pedons
	Appendix 11: Infiltration Raw Data for Tertiary Volcanic Study Subsites
	Appendix 12: Infiltration Raw Data for Limestone Dominated Glacial Till Study Subsites
	Appendix 13: Infiltration Raw Data for Quartzite Dominated Glacial Till Study Subsites
	Appendix 14: Bulk Density Raw Data for Tertiary Volcanic Study Subsites
	Appendix 15: Bulk Density Raw Data For Limestone Dominated Glacial Till Study Subsites
	Appendix 16: Bulk Density Raw Data for Quartzite Dominated Glacial Till Study Subsites
	Appendix 17: Soil Water Retention Raw Data for Tertiary Volcanic Study Subsites
	Appendix 18: Soil Water Retention Raw Data for Limestone Dominated Glacial Till Study Subsites
	Appendix 19: Soil Water Retention Raw Data for Quartzite Dominated Glacial Till Study Subsites




