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ABSZRACT 

P o l l e n  p e r c e n t a g e  and isffux a n a l y s e s  a n d  r a d i o ~ e t r i c  d a t i n g  of 

s e d i ~ e n t  cores f r o n  t h r e e  l a k e s  i n  t h e  P e a c e  Rives d i s t r i c t  of 

n o r t h e a s t e r n  B r i t i s h  Colalabia  and n o r t h w e s t e r n  Alberta were used 

t o  i n v e s t i g a t e  t he  r e g i o n a l  Late Q u a t e r n a r y  geochrono logg  and 

p a l a e o e c o l o g g ,  8 icrof o s s i l  and aacrof o s s i l  a n a l y s e s  of a b a s a l  

core seginent f rum Boone Lake shoved t h a t  two 1.C a g e s  g r e a t e r  

t h a n  32,000 y e a h s  B,P, were s p u r i o u s l y  o l d  due t o  C r e t a c e o u s  age 

o r g a n f c  con tan t ina t ion ,  The sed i t r t ea t a rp  r e c o r d  began  i n  Boone 

Lake a b o u t  32,000 y e a r s  B,P, d u r i n g  d - e g l a c i a t i o n ,  and s e d g e s  

d o ~ i n a t e d  a diverse aquatic and u p l a n d  v e g e t a t i o n  close t o  t h e  

r e c e d i n g  ice, a p o p l a r  - wi l low - s a g e  - grass - s e d g e  zone ' 

o c c u r r e d  probably p r i o r  t o  33,600 pears 3-P,, i n d i c a t i n g  a 

humanly h a k i t a b l e  *Tee-free C o r r i d o r *  i n  t h e  S a d d l e  H i l l s ,  h 

adjot p o p i a r  d e c l i n e  took p i a c e  a t  about 1U,800 gears 3-P,, 

p r o b a b l y  b e c a u s e  of i n c r e a s i n g  c o a p e t i t i o a  f r c m  c o n i f e r s .  T h e  

fo res t  was s imi lar  t o  modern b o r e a l  c o n i f e r o u s  forest w i t h  s o r e  

a b u n d a n t  s h r u b s  a n d  herbs .  It is c o n s i d e r e d  u n l i k e l y  t h a t  s p r u c e  

c o u l d  h a v e  m i g r a t e d  Eroa  t h e  central prairies t o  B e r i n g i a  by 

11 ,500  y e a r s  B ,PI withurt becoaing established i n  the P e a c e  

R i v e r  a r e a  p r i o r  t o  30,400 g e a r s  3.P.  The r e g i o n a l  pine p r e s e n c e  

a t  t0,UW p e a r s  3. P, sets a lainimula a g e  for  t h e  w i t h d r a w a l  of 

Glacial Lake P e a c e  t o  t h e  Indian Creek  S t a g e ,  and f o r  t h e  

c e s s a t i o n  of r e g i o n a l  p e r i g l a c i a l  a c t i v i t y ,  A p o s s i b l e  minor  

c l i l s a t i c  r e g r e s s i o n  t o o k  place a b o u t  10,000 y e a r s  B,P- T r e e  
I 

b i r c h  became a n  i m p o r t a n t  forest e l e n e n t  be tween  8700 a n d  8200 
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years 0 - P , ,  followed by a pine  peak a t  7400 years 3-P,  which is 

i n t e r p r e t e d  a s  t h e  H y p s i t h e r ~ a l  ntaxiaam. No s i g n i f i c a n t  

expans ion  of t h e  Peace  R i v e r  grasslands took place dur ing  the 

Bypsi theraaf .  A t r e n d  to wetter cond i t i ons  began around 7400 

years B,P,, w i t h  the establ ishlaexit  of some perlaaneat ponds by 

about  5100 years B, P, A   in or spruce decline and a l d e r  increase 

h a s  taken place in the last 3400 gears- The application of a 

noa-garaae tric statistical technique is proposed as a test for 

randonness of distribution of ancoaston pollen types, 



The a u t h o r  is i n d e b t e d  t o  many p e o p l e  f o r  t h e i r  advice and  

a s s i s t a n c e  d u r i n g  the c o u r s e  of t h i s  r e s e a r c h -  ar- a n d  Wrs, 

Donald Bolenao, Nancy Hope, and Br- and  Rrs- B i l l  U i e b e  

e x t e n d e d  t h e i r  f r i e n d s h i p  arad accommodat ion d u r i n g  t h e  f i e l d  

work. Br, Frank  B i s h o p  of A l b e r t a  F i s h  and  W i l d l i f e  D i v i s i o n  

o f f e r e d  l i a n o l t r g i c a l  in for i f la t ion ,  and  as.. Bich  B a t s o n  of P r o c t o r  

and  Gamble Cel lu lose  L td ,  p e r m i t t e d  access t o  s p r i n g  Lake, I 

wonld l i k e  t o  t h a n k  t h e  fo f ; l ov ing  p e o p l e  f o r  d i s c n s s i o n s  or 

i d e n t  i f  i c a t i o s s :  Drs. L e s  Cwynar, T h e h a  ffabgood, Jan A-  

J a n s s e n s ,  Erle Belson ,  3.C- R i t c h i e ,  Vilf S c h o f i s l d ,  C h a r l e s  E, 

Schuege r ,  and  B e s s i e u r s  Les J o z s a  , S t a n  Roue, a n d  B a r r y  Warner, 

X t h a n k  EIs. Carol f lehl iag ,  Hessieurs Derek Parkin and Hickey 

Yang, a n d  D r -  Jeff H e w i t t  far t e c h n i c a i  a s s i t a n c e ,  and Mr, Ron 

Long $or h i s  p h o t o g r a p h i c  s k i l l s ,  Thanks  are owed -to d r ,  B r i a n  

S p e r l i n g  a n d  o t h e r  members oE t h e  P e a c e  B i v e r  A r c h a e o l o g i c a l  

P r o j e c t ,  Br, Daryl. Fedje ,  Donald BcLennan a n d  Dr. B o l f  Hathewes 

were i n v a l u a b l e  i n  t h e  c o r i n g  o p e r a t i o a s ,  Mrl Douglas  W i l s o n e s  

e x p e r t i s e  i n  c o a p a t e r  p r o g r a m i n g  is g r a t e f u l l y  acknowledged, 

E i s s  Sandy ~ a c d o n a l d  is t h a n k e d  f o r  h e r  c a r e f u l  p r o o f r e a d i n g  sf  

t h e  last d r a f t  o f  t h i s  thesis, Hy fel low g r a d a a t e  s t u d e n t s ,  

f l i r i a a  King, Donald BcLennan, P e v t o n  Mainaaa, and B a r r y  Warner 

h a v e  t a u g h t  me tauch, and  h a v e  @ad@ t h e  l a b  a l i f e P y  p l a c e  t o  

work, Doctoral f e l l o w s h i p s  fron t h e  Canada C o u n c i l  and the 

Social S c i e n c e s  a n d  H u a a n i t i e s  B e s e a r c h  Council of Canada 

p r o v i d e d  s u p p o r t  d u r i n g  much of t h i s  r e m a r c h -  I would l i k e  
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T h i s  r e s e a r c h  p r o v i d e s  a  L a t e  Q u a t e r n a r y  

p a l a e o e n v i r o n a e n t a l  r e c o n s t r u c t i o n  fo r  t h e  uppe r  P e a c e  R i v e r  

d i s t r i c t  of A l b e r t a  and British Coiuabia,  a n d  r e l a t e s  this 

r e c o n s t r u c t i o n  t o  p rob lems  i n  hunan p r e h i s t o r y ,  p a l a e o b o t a n y ,  

P l e i s t o c e n e  geo logy ,  and p a h e o c l i r a a t o l o g y -  

T h e  effect o f  the n a t u r a l  e n ~ i r o n m e n t  o n  the economic  and  

s o c i a l  s t r a c t u s e  of culture h a s  been  a ~ p l y  d e a o n s t s a t e d  by t h e  

c a l t u r a l  a c o l o g i c a l  t h e o r y  of J u l i a n  S teward  j t955) ,  The study 

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

a f undaiaental  colaponezit of the a n a l y s i s  ( C l a r k e  1973: l O f - f 3 O ) ,  

fndeed ,  c u l t u r a l  n a t e r i a i i s e  c a n  be  a r g u e d  t o  be t h e  raost 

a p p r o p r i a t e  and fruitful t h e o r e t i c a l  s t r a t e g y  for  a r c h a e o f  ogy 

(Price 1982), Rodern a r c h a e o l o g y  thus r e g n i r e s  t h a t  p a s t  

e n v i r o n m e n t s  b e  as  well docuaen ted  a s  p a s t  cnf tures .  

T h e  n a t u r a l  e n v i r o n m e n t  w i t h i n  which a c u l t u r e  e x i s t s  can 

be r o u g h l y  d i v i d e d  i n t o  g e o l o g i c a l ,  c l i s a  tic, f l o r a l  a n 6  f a u n a l  

c o s p o n e n t s  {CLarfre  $97 1: 124). Al though  t h e  iznder ly iag  i ~ l p o r t a n c e  

of geo logy  and cliuiate c a n n o t  be m i n i a i z e d ,  i t  is t h e  l i v i n g  

sfstere which  rsost d i r e c t l y  a f fec ts  human coltore, P l a n t s  a r e  t h e  

first t r o p h i c  Z e v e f  of  a f o o d  c h a i n ,  It follows t h a t  p a s t  

f lor is t ic  and v e g e t a t i o n  p a t t e r n s  are f n n d a a e n t a l l y  i s p o r t a n t  t o  

a r c h a e o l q i c a l  i n t e r p r e t a t i o a ,  Pollen a n a l p s i s  is t h e  p r i n c i p a l  

nnethod of r e c o n s t r u c t i n g  Q u a t e r n a r y  e n v i r o n a e n t s  [Birks and  

B i r k s  1980) , 



The i n t p o r t a n c e  o f  ef iwironraental  knowledge 50 a r c h a e o b g i c a l  

i n t e r p r e t a t i o n  is nost c l e a r - c u t  i n  t h e  d e t e r a i n a t i o n  of whether 

a l a n d  s u r f a c e  was a v a i l a b l e  for hueean o c c u p a t i o n -  Part A o f  

this t h e s i s  c o n t r i b u t e s  t o  t h e  s t u d y  of t h e  h y p o t h e s i z e d  

qIce-free C o r r i d o r * ,  a r o u t e  by which a a n  a i g h t  have  a i g r a t e d  

i n t o  t h e  u n g l a c i a t e d  s o u t h e r n  p o r t i o n  of l o r t h  America d u r i n g  or  

just a f t e r  t h e  L a t e  Wiscons inan  g l a c i a l  pe r iod .  T h i s  r e s e a r c h  

h a s  been u n d e r t a k e n  b y  r a d i o n e t r i c  d a t i n g  a n d  p o l l e n  a n a l y s e s  of 

s e d i a e n t  cores fro& Boone alad S p r i n g  Lakes,   fro^ n e a r  t h e  liiuits 

of t h e  L a u r e n t i d e  and  C o r d i l l e r a n  ice a d v a n c e s  i n  t h e  Peace 

R i v e r  d i s t r i c t ,  T h e s e  cores p r o v i a e  a rttinistal a g e  Eor local 

d e g l a c i a t i o n  and  a r e c o r d  of L a t e  V i s c o a s i n a n  - e a r l y  

p o s t g l a c i a l  vegeta t i o a ,  
\ 

Part R o f  t h i s  t h e s i s  p r o v i d e s  a r e g i o n a l  p o s t g l i a c i a l  

v e g e t a t i o n  sequence froat t h e  seditaentasp records of Boone Lake,  

S p r i n g  Lake, a n d  F i d d l e r t s  Pond- It d i s c u s s e s  t h e  f loristic,  

v e g e t a t i v e ,  a n d  p a l a e o c l i a a t i c  s i g n i f i c a n c e  of these p o l l e n  

s e q u e n c e s ,  

T h e  P l e i s t o c e n e  - Holocene  boundafy  h a s  been  f o r m a l l y  

p l a c e d  a t  10,000 y e a r s  3-P. by the 8th I l Q U A  C o n g m s s  a t  P a r i s ,  

3969 [ H a f s t e n  19701- I n  this study t h e  t e r l  @ L a t e  Wiscons inan* ,  

o r  * l a t e  g l a c i a l *  is used  t o  d e f i n e  t h e  l a t e s t  p e r i o d  when nost 

of t h e  study a r e a  Mas ice-covered ,  ~ P o s t g P a c i a l f l e n o  tes t h e  

period a f t e r  major ice a b l a t i o n  i n  t h e  s t u d y  a r e a -  

T h e  c o n v e n t i o n  f o l l o w e d  in t h i s  t h e s i s  Eor t h e  u s e  of 

cornkozt and L a t i n  naraeo f o r  p l a n t  taxa  i s  d e s c r i b e d  below, Coaaaon 



s p e c i f i c  naaes for trees and large s h r u b s ,  and coatman plant 

f a ~ i l i e s  or g e n e r a  are e n c l o s e d  i n  p a r e n t h e s e s  after t h e  first 

Latin c i t a t i o n  of that taxon, i n  e a c h  part, T h e r e a f t e r ,  contison 

names are n o r a a l l y  used. However, t h e  L a t i n  srarae is u s e d  when 

r e f e r e n c e  is raade to a table or figure in which  t h e  taxon is 

d e s i g n a t e d  by its Latin name, or where the contlaon nasrte is not 

sufficiently p r e c i s e ,  Unconttaon shratbs, and all h e r b s  and a q u a t i c  

planes are a l w a y s  nitaxed i n  Lat in -  Both  Latin and colamon names 

follow Taylor and 13acBryde (1977)- 



A, Late Risconsinan - Eaf fp  Postglac&aP Trarrsktion 

T h e  t i s i n g  of a n d  e n v i r s n a e n t  w i t h i n  a n  h y p o t h e s i z e d  Late  

Wiscons inan  ' I c e - f r e e  C o s r i d o r a  be tween  t h e  Laurenti .de and 

C o r d i Z l e r a n  ice Basses h a s  been i m p o r t a n t  t o  a r c h a e o l o g i s t s  

c o l z s i d e r i n g  t h e  e a r l y  arrival of atan i n t o  the A~er icas  s i n c e  it 

was first proposed  by J o h n s t o n  (1933)-  Griff i n  (1960) , 
Hagnes(1964,1971,t980) and f f a r t i n  (1973) h a v e  r e f i e d  on t h e  

e x i s t e n c e  of a n  Zce-free C o r r i d o r  p ~ i o r  t o  l l ,f5OO y e a r s  B, P- t o  

expZain t h e  a p p e a r a n c e  of t h e  C l o v i s  c n l t u r e  i n  u n g l a c i a t e d  

s o u t h e r n  Nor th  Ame~ica by 3 l , W D  gears 0,P- Reeves  (1973) h a s  

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

been open for t h e  l a s t  55,000 yeass, w i t h  a local bf ockagr; 

be tween  18.000 and 2U.UUO g e a r s  B.P. On t h e  o t h e r  hand, 3Gan 

f1969) a r g u e d  that t h e  c o r r i d o r  was blocked until a t  feast 90130 

y e a r s  B.P.  P l a d r ~ a r k  (1879,1931) has concluded t h a t  t h e  c o r r i d o r  

was l i k e l y  blocked or u n i n h a b i t a b l e  between t h e  Peace River and 

t h e  Yukon d u r f n g  t h e  L a t e  P i s c o n s i n a n -  

The p o s s i b i l i t y  of use of a P a c i f i c  C o a s t  p i g r a t i o n  r o u t e  

p roposed  by E e u s s e r  f 1960) a n d  H l a d a a r k  (1979,1981) has been  

strengthened b y  t h e  r e c e n t  d e i o n s t r a t i d n  o f  a r e f u g i u n  o n  t h e  

Queen  C h a r f o t t e  I s l a n d s  d u r i n g  t h e  h e i g h t  of the L a t e  

k l i s cons inan  g l a c i a t i o n  {Wathewes gg ql, 3982, g a r n e r  a, 
19&2) ,  

To b o t a n i s t s  s t u d y i n g  l a t e  P l e i s t o c e n e  and HoZocene 

ffoki,ctic p a t t e r n s  i n  n o r t h w e s t e r n  Worth A~erica, the p o s s i b l e  



e x i s t e n c e  o f  r e f u g i a l  a r e a s  a n d  e a r l y  maigration paths i n  o r  

a l o n g  the e a s t e r n  f l a n k s  of the Rocky X o u a t a i n s  figures 

p r o n i n e n t l y  ( B i r d  and  Barsh 1973; BaLliday and Brown 1943; Bansen 

f949a,b, l95O,lWG?, 1955; Bopkins 2% aJz 1981; Halten 1937; 

Flulf igan 3970, Packer  1980; Packer  and V i t t  197U)- However, the 

extent of  ice advance  and t h e  chronology of setreat in t h i s  a r e a  

axe  still u n c e r t a i n  (Bryson g& 3%- 1969, Denton and Hughes 1981, 

P r e s t  1969, Vilsoa et f 958 (see Andrews 198211, t h n s  

hampering a r c h a e o l o g i c a l  and p a l a e ~ b i o l o g i c a l  i n t e s t i g a t i o n s .  

Past A r e p o r t s  t h e  results of p o l l e n  analyses,  a a c r o f o s s i l  

a n a l y s e s ,  and r a d i o c a r b o n  d a t i n g  of t h e  late g l a c i a l  - e a r l y  

p o s t g l a c i a l  s e c t i o n  of s e d i a e n t  cores o b t a k a e d  f r o n  two sites i n  

t h e  S a d d l e  B i l l s  i n  the Peace R i v e r  district of Alberta and 

B r i t i s h  Coluah ia  ( F i g u r e  I ) ,  which is w i t h i n  t h e  possible i a t e  

g l a c i a l  corridor area, The s i g n i f i c a n c e  of t h e s e  d a t a  fo r  

c o r r i d o r  env i ronments  and chrono logy  i s  d i s c u s s e d ,  



Figure 1, gap of the upper Peace B i v e r  district, 
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I, Begioni%l Bearock and Sarficial  Geology 

T h e  Q u a t e r n a r y  d e p o s i t s  of the I n t e r i o r  P l a i n s  of 

n o r t h e a s t e r n  B r i t i s h  C o l u s b i a  and A l b e r t a  a r e  u n d e r l a i n  by Upper 

C r e t a c e o u s  s t r a t a  (McCrassan and G l a i s t e r  1964:2), The bedrock 

geology of t h e  Sadd le  B i l l s  a r e a ,  bounded by 1 l!JO and 1200 irest 

and 5s0 and 560 North, has been s u a a a r i a e d  b y  Odynsky 2% 

a. (1961) The n o r t h e r n  two t h i r d s  af t h e  a r e a  is u n d e r l a i n  b y  

s h a l e  o f  t h e  snaky River  f o r a a t i o n ,  u h i l e  t h e  s o a t h e r a  t h i r d  is 

u n a e r l a i n  b y  t h e  W a p i t i  f o r a a t i o n  sandstone and s h a l e s ,  T h e  

Setoky River  and l a p i t i  f o r m i t i o n s  are Upper C r e t a c e o u s  i n  age 

(EIcCrassan aad G l a i s t e t :  1964:2), 

Recent c o n t r i b u t i o n s  t o  t h e  Q u a t e r n a r y  geology of the ,  Peace  

R i v e r  d i s t r i c t  have  been sade b y  Benderson (1959),  J o n e s  [3960), 

iiathews j i 9 6 3 , i W j ,  5938, S W O j ,  Wynsky &, f i 9 6 i ) ,  feioachen 

and Rut ter (1997) . Reiachen ( I  980) , R u t t e r  (1977,1980), St-Bnge 

(1!372), T a y l o r  (39601, Westgate  g&, f1972). and f h i t e  & 

a l ,  (1979) . - 
B e g i o n a l  overv iews  of L a t e  W i s c o n s i a a n  g l a c i a t i o n  and 

d e g l a c i a t i o n  i n  t h e  Peace  R i v e r  area a r e  provided b y  Eathews 

( l978, t980) and  S t - Q n t g e  (1972). Batfieus h a s  p r e s e n t e d  e v i d e n c e  

of  e x t e n s i v e  L a t e  Miscoas iaan  ice advances  from Cordilleran and 

L a u f e n t i d e  s o u r c e s ,  and h a s  described r e c e s s i o n a l  p h a s e s  

a s s o c i a  tea with t h e  development o f  G l a c i a l  L a k e  Peace  pondages 

and s p i l l  ways, St-Onge h a s  d e s c r i b e d  the development and 

d r a i n a g e  of p r o g l a c i a l  l a k e s  i n  n o r t h e r a  hlberta f a r t h e r  east of 



the s t u d y  a r e a ,  

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

t h e  S a d d l e  H i l l s  a r e a  is shown i n  Figure 2, s i i u p l i f i e d  by t h e  

a u t h o r  f roa the B e a v e r l o d g e  and B l u e b e r r y  H o u n t a i n  soi l  s u r v e y  

of Odynsky & a&+ f f961) .  S o i l s  d e v e l o p e d  on r e s i d u a l  p a r e n t  

r a a t e r i a l s  are of l i m i t e d  e x t e n t ,  & till o c c u p i e s  a rtlajor p o r t i o n  

of t h e  c e n t r a l  map area, This is d e s c r i b e d  a s  ",,,a g r e y i s h  

brown t o  y e l l o w i s h  brown, s a n d y  c l a y  l o a n  t o  c l a p  till, t h a t  is . 

s o e e w h a t  stony, h a s  nuerous coal f l e c k s  and  say b e  l a r g e l y  

d e r i v e d  from both  the Saoky R i v e r  and i f a p i t i  

f o r a i a t i o n s ,  (Odynskg ey a, I96l:E) This till u n d e r l i e s  @any 

of t h e  other: d e p o s i t s  in t h e  aap area- A depos i t  which  l i e s  

intarlediaiely a b o o e  t h e  till i** , ,cons is t s  of a well s o r t e d ,  g r e y  

t o  d a r k  g c e y i s h  brown c l a y  t h a t  b a s  few stones, (and) nu.erbos 

gypsus c r y ~ t a l s , . , , ~ * ( O d y n s k y  et &- I?lfil:26) - T h i s  Bay h a v e  been  

l a i d  down i n  a g l a c i a l  l a k e  a n d  h a s  b e e n  terarted n l a c n s t r o - t i l l ~ l  

It r a r e l y  e x c e e d s  771 m (2500 ft] i n  e l e v a t i o n ,  and  batween t h a t  

e l e v a t i o n  and  801 a (2600 f t )  i n  t h e  w e s t e r n  p o r t i o n  of Figure 2 

i t  is pore v a r i a b l e ,  s u c h  t h a t  b e d s  of d a r k  c l a y  may be  

i n t e r b e d d e d  w i t h  t h e  y e l l o a i s h  brown s a n d y  or s t o n p  t i l l - l i k e  

&ater ia l .  Overlying t h e  l a c u s t m - t i l l  i n  the w e s t e r n  map a r e a  is 

a t h i n  till which is  y e l l o i s i s h  brown a n d  sandy,  g r a v e l l y  o r  

stonp, T h e  s t o n e s  are q u a r t z 2  tes a n d  o c c a s i o n a l  s a n d s t o n e s ,  

s u g g e s t i n g  a C o r d i l l e r a n  o r i g i n .  The m a t e r i a l  is cosaonly 

a l i g n e d  i n  p a r a l l e l  n o r t h e a s t  - s o u t h w e s t  t r e n d i n g  low r i d g e s ,  

 his a a t e r i a l  is f o u n d  p r e d o m i n a n t l y  i n  Townships  7 4  t o  78, 



Ranges 12 and  13 ( F i g u r e  21, 

S t o n e - f r e e  c l a y s  of a p p a r e n t  p o s t g l a c i a l  o r i g i n  o c c u r  i n  

t h e  l o w e r  basins, u s u a l l y  below 671 a (2200 f t )  and i n  t h e  

n o r t h w e s t  nap  a r e a ,  S o u t h  of t h e  a r e a  shown i n  F i g u r e  2 ,  n e a r  

t h e  W a p i t i  g i v e r  a r e  s andy  and s i l t y  materials which have  

a p p a r e n t l y  been wind worked, o r  which show bumpy topography  

possib3.y r e s u l t i n g  f ro .  f rost  a c t i o n ,  G r a r e l y  outwash o r  beach  

~ a t  e r i a l  o c c u r  i n  a s s o c i a t i o n  with tills or  l a c u s t r i a e  d e p o s i t s ,  

Glacial l i n e a t i o n s  a re  c l e a r l y  visible oa a e r i a l  

p h o t o g r a p h s  o f  the r e s e a r c h  a r e a ,  The l i n e a t i o n s  i n  F i g u r e  2 

h a v e  been t r a n s f e s e d  by the a u t h o r  f roa t h e  1961 aer ia l  

p h o t o g r a p h s  83# 26UO*, P l i g h t  L i n e s  5505 t o  5520, T h e s e  

l i n e a t i o n s  were l i k e l y  caused by two ice s o u r c e s ,  Tbe l i n e a t i o n s  

t r e n d i n g  n o r t h e a s t ,  a n d  which a r e  l o c a t e d  s o a t h u e s t  of ~ i g h w a ~  

2,  are i n t e r p r e t e d  by MatBevs (1 980 )  t o  have r e s u l t e d  from art 

ice advance  out of the Redvi lZon YaUey. The ice f lowed  over 

g l a c i o l a c v s t r i n e  s ed i rnen t  a p p a r e n t l y  a s  f a r  a s  Sighway 2, The 

lireit of t h e  a d v a n c e  is n o t  marked by a t e r ~ i n a f  ~ o r a i n e .  

B o r t h n o r t h u e s t -  t r e n d i n g  l i n e a t i o n s  are found n o r t h  of Township 

7 Y  and  west of 'ffaage 9 i n  Pigore 2 ,  R e i s h e n ' s  (19801 surf ic ia l  

g e o l o g y  reap f o r  Dauson Creek, a d j a c e n t  a n d  Lo t h e  raest of P i g u r e  

2, shows b a r a l l e l  l i n e a t i o n s  i n  T c r o s h i p s  74 t o  76. Ranges 14 

and  15, and i n d i c a t e s  an ice • ’ IOU from north t o  s o u t h  (Reimchea 

and  Rutter 1971),  a p p a r e n t l y  a L a w e n t i d e  advance,  A t e m i n a l  

n o r a i n e  d o e s  n o t  sark t h e  lisit of t h i s  sou thward  advance,  

  vide ace of a n o t h e r  ice flow is found  i n  l i n e a t i o n s  t r e n d i n g  



F i g u r e  2 ,  S u r f l c i a f  geology of the Saddle H i l l s  area, 



I beach material 
b%%U Residual material I 



n o r t h e a s t  i n  Township 79, Banges  10 and  11. fiathews (1980) h a s  

interpreted t h e  n o r t h  - sooth t r e n d i n g  f i n e a t i o n s  i n  t h e  S a d d l e  

R i l l s  and Davson Creek a r e a  a n d  t h e  n o r t h e a s t  t r e n d i n g  lines i a  

t h e  n o r t h e r n  S a d d l e  B i l l s  a s  r e p r e s e n t i n g  a L a t e  Wiscons inan  

L a o r e n t i d e  ice f l o w i n g  a r o u n d  t h e  C l e a r  Wills, w h i l e  t h e  

l i n e a t i o n s  t o  t h e  s o u t h r e s t  oE Highway 2 r e p r e s e n t  a Redwillow 

V a l l e y  advance ,  C l e a r l y ,  the L a u r e n t i d e  ice ~ u s t  have f lowed 

very close to, o r  o v e r  t h e  S p r i n g  Lake and Boone L a k e  b a s i n s .  

D e g l a c i a t i o n  and  e a r l y  p o s t g l a c i a l  p r o c e s s e s  p r o b a b l y  

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

G l a c i a l  Lake  Peace,  f osated d u r i n g  d e g l a c i a t i o n  (Tapf o r  

1960, S t ,  B n g e  1972, ffathevs t 9 6 3 , l W l ,  lQ78,198O) , i n u n d a t e d  

much o f  t h e  P e a c e  B i v e r  d i s t r i c t ,  T h e  B i g h e s t  known l e v e l  is t h e  

Besshorough Phase ,  d e f i n e d  by a  series of s h o r e l i n e s  a b o u t  830 m 

(2725 f ti a s l  n e a r  Bessborough,  B-C,  fiilathews 1978) - An 

allowance for  p o s t g l a c i a l  i s o s t a t i c  r ebound  (fiathews 1980) 

p l a c e s  t h e  B e S s b o ~ o u g h  P h a s e  s h o r e l i n e  i n  the 8 k c i n i t p  of Boom 

L a k e  a t  8 0 4 ~  (2637 f t )  t o  814 (2670 f t) , sell below Boone 

Lake's 371 at (2860 f t )  e l e v a t i o n -  The  Bessboroogh Phase 

s h o r e l i n e  in t h e  S p r i n g  Lake v i c i n i t y  would have  s t o o d  n e a r  807  

m (26U8 f t )  t o  819 a (2687 f t ) ,  below S p r i n g  Lake's p r e s e n t  835 

nt (2740 ft) e l e v a t i o n .  The l a c u s t m - t i l l  r e p o r t e d  by Odynsky gi 

ax, (1961) i n  t h e  Beave r lodge  area, distributed b e l o v  771  but  up -- 
t o  801 B, c o u a d  h a v e  been d e p o s i t e d  by t h e  Bessborongh o r  a 

lower s t a g e  of Glacial Lake Peace,  



Boone L a k e  ( F i g u r e  3) is t h e  upper: pondage  of Boone Creek ,  

b a s  minor i n f l o w  streams from the n o r t h  and  s o u t h e a s t ,  and is 

s u r r o u n d e d  by subdued t opography  (Figure 3 ) -  Boone C r e e k  d r a i n s  

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

s e d i n e n t s  which  d i v i d e  t h e  till t o  t h e  n o r t h  and s o u t h  ( F i g u r e s  

2 ,3 )  - 
Inspection of a e r i a l  p h o t o g r a p h s  r e v e a l s  s e v e r a l  l a c u s t r i n e  

and f l u v i a l  f eaturea of p r o b a b l e  L a t e  R i s c o a s i n a n  or ig in ,  

E l e v a t i o n s  of f e a t u r e s  d i s c u s s e d  below are d e r i r e d  from 

i n t e r p o l a t i o n  of c o n t o u r  Lims on t h e  S a d d l e  H i l l s  1:50,000 I T S  

sheets (83 H / l l  Yest Hal f )  based on '1945 aerial photography,  

Boone lake a p p e a r s  t o  sit i n  a  h a s i n  o c c o p i e d  by a  tdr@erly 

more e x t e n s i v e  pondage (Figure 3 ) -  Aa arru of  t h e  basin e x t e n d s  3 

kra t o  the n o r t h e a s t  of Boone t a k e  to th@ a d j a c e n t  l a k e s ,  Another 

arm seems t o  e x t e n d  4 km s o u t h w e s t  a l o n g  Boone Greek  where i t  is 

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

n o r t h  of t h i s  arm and  t h e r e  are f a i n t  l i n e s ,  p o s s i b l y  

l i n e a t i o n s ,  t o  t h e  s o u t h  of it, The  e l e v a t i o n  o f  this whole 

basin is as low a s  846 8a (2775 ft) t o  t h e  southores t  and  a s  h i g h  

a s  892 a (2925 2t) t o  khe n o r t h e a s t ,  C o n s i d e r i n g  t h i s  e l e v a t i o n  

d i f f e r e n c e  it seems u n l i h e & y  t h a t  t h e  whole b a s i n  was i n u n d a t e d  

con te iaporaneous lp ,  

g a t h e u s  bas i d e n t i f i e d  a vague s h o r e l i n e  a b o u t  1 k m  east of 

th& lake (Whi te  et al, 1979) -  A f i e l d  c h e c k  a n  t h i s  f e a t u r e  was 



Figure  3,Zce-relatea features around Boone and Spring Lakes: 





d o n e  by t h e  a u t h o r  i n  the fall of 1979- It is a ridge t r e n d i n g  

n o r t h - s o u t h ,  a b o u t  15 iu wide and s t a n d i n g  a b o u t  1-5 I@ above  t h e  

s u r r o u n d i n g  land, A gante trail and P i n u s  c o n t o r t a  ( l o d g e p o l e  

pine)  trees @ a r k  t h e  t u g  of t h e  low r idge ,  which is s u r m u n d e d  

a n  both sides by a P i c a  ltrariana ( b l a c k  s p r a c e )  forest, A - 5  a 

deep p o s t h o l e  shewed a ye l low brown s a n d J s i l t  m a t r i x  w i t h  few 

p e b b l e s ,  The r i d g e  s t a n d s  a b o u t  20 s above t h e  p r e s e n t  Boone 

Lake  l e v e l ,  

S e v e r a l  abandoned  c h a n n e l s  are f o u n d  n e a r  Boone Lake. & 

vague reltwater c h a n n e l  e n t e r s  t h e  b a s i n  frog the n o r t h w e s t  

{Rfrite et g& 1979)- %he c h a n n e l  becontes v i s i b l e  3 km n o r k h v e s t  

of Boone Lake, It o r i g i n a t e s  s o u t h  of a d r a i n a g e  d i v i d e  a t  884  m 

42900 f t ) ,  Horth of t h i s  d i w i d e  e l e v a t i o n s  d r o p  a n d  t h e  t e r r a i n  
I 

is hurtiaocky a n d  i r r e g u l a r .  Tfie channel thus a p p a r e n t l y  

originates a t  a n  ice sargin jest n o r t h w e s t  of Boone sake. 

Another  c h a n n e l  leaves t h e  Boone Lake b a s i n  t o  t h e  s o u t h e a s t ,  

a n d  i s  d i s t i n c t  2or 2 - 5  km, Iit is presently o c c u p i e d  by an 

i n t e r s i t t e n t  i n f l o u  s t r e a m  t o  Boone Lake. b vague c o n t i n u a t i o n  

o f  t h i s  channel is  v i s i b l e  f u r t h e r  s o u t h w e s t ,  p r e s e n t l y  occupied 

by an i n t e s m i t t e n t  s t s ea ra  which j o i n s  a tributary s f  Bear C r e e k  

nea r Homestead, 

S p r i n g  L a k e  l i e s  13 k r  southwest of Boone Lake ( F i g u r e s  

2 , 3 ) .  A d i s t i n c t  i t i e l t ua t e s  c h a n n e l  c o n n e c t s  t h e  3 m n e  C r e e k  

drainage to  S p r i n g  L a k e  over a p r e s e n t  dxainage d i v i d e ,  and 

c o n t i n a e s  s o u t h e a s t  for 1 ks a l m g  the p a t h  of the p r e s e n t  

drainage of S p r i n g  Lake. 



These i c e - r e l a t e d  f e a t u r e s  show t h a t  L a u r e n t i d e  ice 

advanced  a t  l e a s t  a s  f a r  s o u t h  a s  t h e  Boone Creek d r a i n a g e ,  A t  

some s t a g e ,  p o s s i b l y  a n  e a r l y  s t a g e  s f  retreat, ice b locked  

Etoone C r e e k ,  H~f~3l t . iaat~r ,  u ~ k g i n a t i ~ l g  fro@ a n  ice Bass 1 t o  2 ka 

n o r t h ,  d r a i n e d  i n t o  Boorne Lake, The s h o r e l i n e  n o r t h e a s t  o f  Boone 

L a k e  is like1 y related to an i c e - d a n ~ e d  a e f t w a t e r  pondage which 

d r a i n e d  through a  c h a n n e l  t o  the s o u t h e a s t *  m e l t w a t e r  a l s o  

d r a i n e d  sou thward  t h r o u g h  Spring Lake, and  through a t  l e a s t  one 

short c h a n n e l  between tlze two l a k e s ,  

Boone Lake was chosen as a  study s i te  b e c a a s e  ft stood 

above t h e  Bessborough stage of G l a c i a l  Lake Peace aad beyond the  

l a t e  Redwillow V a l l e y  advance i(V, H a t h e u s  p e f  s o n a l  coslmanicatioxz 

1978) and b e c a u s e  it i s  a c c e s s i b l e  by r o a d ,  
\ 



XI, Spring Lake  and Boom L a k e  Boxphonetry and Sedfment 

Lithology 

S p r i n g  Lake 

S p r i n g  L a k e  i s  980 ra by a78 a, and covers 32 ha, The 

mel t v a t e r  c h a n n e l  p r e v i o u s l y  d i s c a s s e d  may s e r v e  a s  a  c o n d u i t  

f o r  g r o u n d w a t e r  f e e d i n g  i n t o  s p r i n g  Lake, The s u r f i c i a l  iaflow 

t o  S p r i n g  L a k e  is b y  a  short i n t e r a i l t e n t  streaa from t h e  n o r t h -  

The  o v t l e t  of  the l a k e  is t o  t h e  s o u t h ,  b y  a minor  permanent  

stream, 

Beaver  dares a t  p r e s e n t  raise t h e  f e v e l  of t h e  l a k e  by,  2 t o  

3 a, A l o c a l  i n f o r i s a n t  i n d i c a t e d  t h a t  t h e  t a i l  of t h e  l a k e  was a  

'nay meadow u n t i l  i n u n d a t e d  by t h e  b e a v e r  daltls, and drowned 

s p r u c e s  above  t h e  b e a v e r  d a ~  a t t e s t  t o  the h i s t o r i c  r i s e  i n  

water l e v e l ,  

The shores o f  t h e  l a k e  are s t e e p ,  and h a t h y m e t r y  (B i shop  

1979) i n d i c a t e s  t h a t  this p r o f  ire continues underwater .  The l a k e  

h a s  a s h e l f  o n  t h e  south end, a c o n t i n u a t i o n  of the former hay  

meadow, which d e s c e n d s  g r a d u a l l y  t o  a d e p t h  of 32 to 13 EL The 

n o r t h  end of t h e  basin d r o p s  s h a r p l y ,  r e a c h i n g  a d e p t h  of 20-3 

i~ S p r i n g  Lake is a n  u n u s u a l l y  deep f a k e  i n  t h e  Peace R i v e r  area 

i n  t h e  a u t h o r *  s e x p e r i e n c e ,  which is c o r r o b o r a t e d  by o t h e r  

b a t  b y m e t r i c  s t u d i e s  (B i shop  1979)- 



Spring  L a k e  e x h i b i t s  p e r ~ a n e n t  t h e r a a l  s t r a t i f i c a t i o n ,  

O b s e r v a t i o n s  d u r i n g  1976 a n d  3977 (B i shop  1977, S c h r o e d e r  1976, 

R a l t y  1978) show that t h e  t h e r m o c l i n e  r e a c h e d  a  maximum d e p t h  of 

1 3  a o n e  yea r ,  D i s s o l v e d  oxygen g e n e r a l l y  r e a a i n e d  S 2  ppla belor 

?Q a t h r o u g h o u t  t h e  year .  The  l a k e  is p r o t e c t e d  by s u r r o u n d i n g  

h i l l s ,  and its s h e l t e r e a  l o c a t i o n  and basin a o r p h o a e t r y  

a p p a r e n t l y  l i m i t  a e r a t i o n  a n d  c i r c u l a t i o n ,  

S p r i n g  Lake was c o r e d  t h r o u g h  t h e  ice i n  Sarch 1980 w i t h  a  

m d i f i e d  L i v i n g s t o n e  piston saapler - ( @ r i g h t  1967) . Two ares 

were t a k e n  frola t h e  south c e n t r a l  p o r t i o n  of t h e  b a s i n  i n  1 2  rtl 

of water -  S p r i n g  Lake  dl @LA) was 5 cm, a n d  S p r i n g  Lake  B (SLB) 

was 8 c e  i n  d i a s e t e r ,  

T h e  S p r i n g  Lake  basal c l a y  s e d i a e n t  will be d e s c r i b e d  below 

w i t h  t h e  d e s c r i p t i o n  of t h e  b a s a l  p o l l e n  analysis, T h e  g g t t j a  

p o r t i o n  of t h e  core w i l l  be described i n  P a r t  3- 

Boone Lake  
-I -- 

Boone L a k e  o c c a p i e s  a hroad ,  s h a l l o w  b a s i n ,  and  is f 8 O O  m 

by 3200 E, w i t h  an area of a b o u t  360 ha, Several cares and 

s o u n d i n g s  of Boon@ Lake  show t h e  b a s i n  a o r p h o a e t r y ,  The p r e s e n t  

s e d i m e n t  snrface h a s  been 3 - 1  ta I. Q a below t h e  ice s u r f a c e  

t h r o u g h o u t  t h e  whole b a s i n  d a r i n g  two o b s e r v a t i s a  p e r i o d s  in 

Rarch o f  1978 and  1982, Coring s u g g e s t s  that t h e  b a s a l  

c l a y - g y t t j a  t r a n s i t i o n  f oras a s h a l l o w  s a u c e r  s h a p e  with a 

, s l i g h t l y  d e e p e r  p o c k e t  f a  t h e  c e n t r e  of t h e  p r e s e n t  b a s i n  



Taro 5 em diaaieter cores were obtained i s  %arch I978 frona 

the ice p l a t f o r s  o s i n g  a ~ o d i f i e d  L i v i n g s t o n e  s a a p l e s  (Wright 

39671, Boane Lake A a n d  3 cores (BLA, BLB r e s p e c t i v e l y )  were 

taken w i t h i n  a b o u t  5 in of e a c h  o t h e r ,  Boone Lake D core (BLB), 

an 8 cle d i a m e t e r  core, was o b t a i n e d  i n  March, 1982 fro@ a 

l o c a t i o n  a b o u t  250 in northwest of BLA and BLB* Both BLA and BLB 

a re  c h a r a c t e r i z e d  by s i ~ i l a r  s t r a t i g r a p h y  ( F i g u r e  5) - 
Approximately t h e  u p p e r  5 st of each c o r e  was u n d i f f e r e n t i a t e d  

g y t t j a ,  Below t h e  g y t t j a  i n  both cores u a s  a 3 cm thick layer of 

b l u e - g r e y  c l a y ,  Xarttediatelp below t h i s  was a n o t h e r  f a y e r  of 

g y t t j a  18 to 44 cra t h i c k  which was u n d e r l a i n  By a grey c l a y  

p e n e t r a b l e  by band c o r i n g  o n l y  t o  a d e p t h  o f  -5 IL A textural 

t r a n s i t i o n  took place ia t h e  clay s e d i a e n t  a t  BLB 5.27 a and at 

BL3L 5-50 sa front l i g h t  g r e y ,  w e t  sticky c l a y  above to  da rk ,  d r y ,  

less sticky c l a y  below, 

T h e  d e p t h  c o n t r o l  of BLB was c o n s i d e r e d  more r e l i a b l e  t h a n  

BZB a s  a  p r o b l e n  with freezing equipaent was s a s t e r e d  when the 

s e c o n d  core was t a k e n ,  The clay band n o t e d  above ,  a t  4-90 91 i n  

813, was chosen a s  a s t a t i g r a p h i c  marker a n d  t h e  d e p t h s  shown on 

BLB h a v e  been  a l i g n e d  with ELB, A n o t a b l e  d i f f e r e n c e  i n  

thickness of the g y t t j a  be tween  t h e  upper  c l a y  band a n d  t h e  

Lower clay e x i s t s ,  so t h a t  BLA a n d  %LB h a v e  b e e n  c u r r e l a t e d  by  

l i t h o l o g i c  sequence using t h e  c l a y - g y t t  ja t r a n s i t i o n  and c l a y  

texture changes as ~ a r k e r s  (Figure 5)-  Tbe r a d i o c a r b o n  d a t e s  

t from B Z B  h a v e  been  t r a n s f e r &  t o  BCA f o l l o u i n g  t h e  s t r a t i g r a p h i c  

c o r i e l a  t i o n ,  



Figure 4, Boone Lake basin norphoaetrp, 
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IPI, The Analysis of t h e  Boone lake Basal C l a y  

Figure 5 c h a r a c t e r i z e s  t h e  sedi laent  of t h e  two cores 

f o l l o w i n y  Troe l s -Sp l i t h  (1955) a s  ~ o d i f i e d  by Baby (l6;)79). 

F i f t e e n  ca more b a s a l  c l a y  was r e c o v e r e d  i n  BLB t h a n  i n  BLa, 

Chemical and p o l l e a  a n a l y s e s  were c a r ~ i e d  o u t  on BLA as most o f  

BLB was used  f o r  **C d a t i n g ,  A c a r b o n  and n i t r o g e n  

analysis,expsessed a s  a p e r c e n t a g e  of dry weight [Figure 5 ) ,  was 

d o n e  by t h e  combus t ion ,  o x i d a t i o n ,  s e p a r a t i o n  and t h e r m a f  

r e s i s t i v i t y  method u s i n g  a Perkin-Elaer # o d e 1  290 Efementa l '  

Analyzer .  

Eladiocarban dates f roa BLB were m p o r t e d  p r e v i o u s l y  [White  

et a&- 19"7), These d a t e s  are s h o s n  b e s i d e  BLB on F i g u r e  5. - 
T h r e e  zttajor p r o b l e a s  i n  i n t e r p r e t a t i o n  were r a i s e d  by t h e s e  

d a t e s -  

1, The  series of d a t e s ,  a p p a r e n t l y  i n d i c a t i n g  a n  u n g l a c i a t e d  

sedimentary b a s i n  for t h e  l a s t  30,000 years, was difficult 

to r e c o n c i l e  w i t h  local d f u a l i n o i d  topography,  

2, The t h i n  band of c l a y  a b o v e  t h e  10,740 f395 y e a r  B,P, date 

s u g g e s t e d  soate g l a c i a l  meltwater o r  a very  h i g h  s t a n d  of 



G l a c i a l  Lake Peace o v e r  t h e  b a s i n  a t  a late date, 

3, T h e  r e a l  a g e s  o f  the s e d i m e n t  s a m p l e s  were ~ n c e r t a i n  b e c a u s e  

of the srrtall ainonnt of c a r b o n  d a t e d ,  t h e  unknovn d e g r e e  of 

con  t a ~ i n a t  i o n  of t h e  s e d i m e n t  by reworked C r e t a c e o u s - a g e  

o r g a n i c  d e t r i t u s ,  and  the p o s s i b l e  i n c o r p o r a t i o n  of 

r a d i o g e n i c a l l y  dead c a r b o n a t e  b y  a q u a t i c  o r g a n i s s s ,  

The a u t h o r s  c a u t i o n e d  t h a t  t h e  d a t e s  s h o u l d  be c o n s i d e r e d  a s  

aaxintula a g e s ,  b u t  c o n c l u d e d  t h a t  t h e  >30,000 y e a r  B-P- d a t e  was 

l i k e l y  pre-Holocene a n d  t h a t  t h e  17,570f650 year B,P, d a t e  was 

perhaps ~ n c h  closer to t h e  P l e i s t a c e n e  - Rolacene  boundary-  

C a u t i o n s  have  been  i s s u e d  c o n c e r n i n g  the r a d i o c a r b o n  d a t i n g  

of s e d i r e n t s  which c o n t a i n  l i t t l e  c a r b o n  (Olsson  1979) o r  

s ed i l t l en t s  c o n t a i n i n g  o l d  c a r b o n a  te or reworked  organlc d e t r i t u s  

(Clayton and Noran 1982, Bathewes and f e s t g a k e  1980, Hagabudiri 

et 3. t980, a n d  Olsson $974)- -- 
ff icrof oss i l  a n d  l t l a c r o f o s s i f  analysis of 3 t A  was u n d e r t a k e n  

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

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

The r e s u l t s  of the ~ i c r o f o s s i l  and  m a c r o f o s s i l  a n a l y s i s  of BLA 

i n d i c a t e d  t h a t  a n o t h e r  core would b e  d e s i r a b l e ,  s o  BLD was 

o b t a i n e d ,  BLD w i l l  b e  d e s c r i b e d  a f t e r  the  r e s u l t s  of t h e  

a n a l y s i s  of BLA, 



Figure  5 ,  Boone Lake A and I3 basal clay seairest l i t h a l o g y ;  24C 
dates, and saacsofossil arnalyses. 





BLA microf o s s i 1  a n a l y s i s  -- ------- 
T h i s  s s i c r o f o s s i l  a n a l y s i s  was u n d e r t a k e n  t o  e s t i r n a t e  t h e  

r e l a t i v e  p r o p o r t i o n s  o f  r a d i o g e n i c a l l y  ' dead*  o r g a n i c  c a r b o n  

reworked  f r o a  o l d e r  g s o l o g i c a  l s t r a t a ,  and c a r b o n  d e r i v e d  from 

o r g a n i c  H a t t e r  which was l i v i n g  j u s t  p r i o r  t o  it f i n a l  

sedilarentationn, E3a te r ia  l in t h e  t w o  ca t e g o f i e s  is d e s i g n a t e d  

b e l o u  a s  * r e w o r k e d t  a n d  @ c o a t e a p o r a a e o n s * ,  r e s p e c t i - ~ e l y -  T h e  low 

c o n c e n t r a t i o n  of o r g a n i c  aa t t e r  i a  t h e  clay s e d i m e n t  r e q u i r e d  

t h e  p r e p a r a t i o n  o f  p o l l e n  s a m p l e s  By heavy l i q u i d  s e p a r a t i o n  

using z i n c  b r o a i d e  s o l u t i o n  (Scfrweger t975), Eolluwed by  1-5 t o  

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

o i l  - 
Hambudir i  & a, (1980) p r o l ~ i d e d  a c o r r e c t i o n  c u r v e  f o r  

r a d i o c a f b o n  d a t e s  f r o a  G S a c i a l  Lake R g a s s i z  where there is 

s i g n i f i c a n t  con ta l t l i na t ion  by reworked microf  ossil s, T h e i r  

e s t i a t a t i r t n  of t h e  q u a n t i t y  02 t o t a l  reworked o f g a n i c  r e a a i n s  

d e p e n d s  on the t h e  p r o p o r t i o n  of n n q u e s t i o n a b l y  pre-Qua teraar y 

p o l l e n  and  s p o r e s  such  a s  J(qOmotlenlte_s o r  GI .e ic&ai id i tes ,  

However, t h e  i d e n t i f i a b l e  aicrof o s s i l s  were only a small 

f r a c t i o n  o f  t h e  sultl o f  a n i d e n t i f i a b l e  ~ icmfass i2s  a n d  o t h e r  

mic ro f  o s s i l - s i z e d  o r g a n i c  d e t r i t u s  i n  t h e  Boom Lake sed iment ,  

'She i d e n t i f i c a t i o n  od o n l y  c l e a r l y  d e f i n a b l e  reworked t y p e s  

c o u l d  t h u s  lead to a s u b s t a n t i a l  u n d e r e s t i a a t i o n  of t h e  e x t e n t  

of reworked carbon,  B x t r e n e  f l a t t e s i n g  and/or d e g r a d a t i o n  of t h e  

Bang u n i d e n t i f i a b l e  ~ ic ro foss i l s  i n  t h e  b a s a l  s e d i a e n - t s  of Boone 

~ a k e  s u g g e s t e d  t h a t  %hey s h o u l d  a l s o  b e  e n u a e r a t e d  a s  reworked, 
! 
I 



A c o n s i s t e a  t set  o f  s t a n d a r d s  t a  c a t e g o r i z e  p r i m a r y  and 

r e d e p o s i t e d  n i e r o f o s s i l s  was t h e r e f o r e  needed t o  i e p r o v e  t h e  

e s t ha t e s  o f  r e u o r k i n g ,  T h i s  sum c o u l d  t h e n  be u s e d  t o  estimte 

t h e  t o t a l  p r o p o r 2 i o n  of seaorked t o  con temporaneous  o r g a n i c  

c a r b o n  i n  t h e  s e d i a e n t ,  

T h e  s t a i n i n g  t e c h n i q u e  d e s c r i b e d  b y  S t a n l e y  (1966) was 

a s s e s s e d  for  its u s e f u l n e s s  i n  s e p a r a t i n g  reworked from 

con temporaneous  a i c s o f o s s i f s  , S t a i n i n g  for  5 n i n n t e s  i n  

S a f r a n i n  '0' was a t t e m p t e d ,  b u t  n o  clear a n d  c o n s i s k e n t  s t a i n i n g  

d i f  f e s e n c e s  were o b s e r v e d  a r o n g s t  t h e  e ro t i c  gaeq&ptus 

q l o b u l u s ,  t h e  con temporaneous  p o l l e a ,  and t h e  d i s t i n c t  

C r e t a c e o u s  t y p e s ,  

T h e  The rma l  A l t e r a t i o n  Index ( T . B , I , )  scale, which is used 

i n  p e t f o l e u n  g e o l o g y  r e s e a r c h  (G, Rouse,  p e r s o n a l  c m ~ u n i c a t i o n  

1981) t o  s e p a r a t e  p r i m a r y  and r e d e p o s i t e d  aicrofossils was 

a s s e s s e d  for  its a b i l i t y  t o  i d e n t i f y  reworked aicrofossils-  

V a r i o u s  c o l o o r s  r a n g i n g  f s o a  clear t o  d e e p  amber  (1 t o  2 + )  on 

t h e  T,A-I ,  char t  (Pea r son  3989) were e v i d e n t  i n  t h e  m i c r o f o s s i l s  

o f  t h e  Boone Lake c l a y s  , s u g g e s t i n g  t h a t  t h i s  t e c h n i q u e  might 

b e  v a l u a b l e .  

& colonr r e f e r e n c e  f o r  coenon  p o s t g l a c i a f  p o l l e n  a n d  s p o r e s  

was e s t a b l i s h e d ,  Two a f iguot s  of e a r l y  p o s t g l a c i a l  g y t t  ja froa 

Boone L a k e  B (5.39 a n d  5, US nf were p r o c e s s e d  by s t a n d a r d  

t e c h n i q u e s  w i t h  1-5 t o  2 m i n n t e s  of hot a c e t o l y s i s  t r e a t a e n t  

( F a e g r i  ana I v e r s e n  1975) f o l l o w a d  by a 5 a i n u t e  t r e a t m e n t  i n  a 

5 % ' s o l u t i o n  of cold h o u s e h o l d  bleach before d e h y d r a t i o n  a n d  



i aoua t ing  i n  s i l i c o n e  o i l ,  L i g h t i n g  on  t h e  Nikon S-Kt a i c r o s c o p e  

was set a t  3 v o l t s ,  a n d  t h e  s l i d e s  were s c a n n e d  a n d  c o u n t e d ,  

s c o r i n g  a l l  graias on t h e  T.B.1 ,  scale, C o n s i d e r a b l e  v a r i a t i o n  

i n  t h e  c o l o u r  v a l u e s  of modern g r a i n s  was e n c o u n t e r e d ,  with 

thick g r a i n s  s u c h  a s  pieus [ p i n e ) a n d  P i c e g  ( s p r u c e )  m o s t l y  i n  

t h e  I +  t o  2 +  c a t e g o r i e s ,  and small d e n s e  g r a i n s  such a s  

S h e p h e r d i a  c a n a d e n s i s  ( s o a p b e r r y )  a l so  i n  t h e  2+ category.. Those - 
with t h i n n e r  e r i n e a  and srtlaller g r a i n s  s u c h  as P o ~ u l u g  ( p o p l a r ) ,  

C y p e r a c e a e  { s e d g e ) ,  and Poaceae  ( g r a s s )  were m o s t l y  i n  t h e  3 t o  

t+  c a t e g o r i e s *  C o n s i d e r a b l e  v a r i a t i o n  i n  t h e  cofour of c l e a r l y  

modern g r a i a s  was observed ,  X u c a l m t a s  was p r e d o m i n a n t l y  i n  t h e  

1 c a t e g o r y  i n  one l e v e l ,  and i n  the 2 c a t e g o r y  i n  t h e  o t h e r ,  

su y g e s t i n g  t h a t  p r o c e s s i n g  f a c t o r s  were s i g n i f i c a n t  i n  

d e t e r m i n i n g  t h e  c a f o u r  of the g r a i n s ,  after t h e  c o f o u r  r e f e r e n c e  

f o r  con temporaneous  p o l l e n  sas esta bl t ished,  t h e  c l a y  sed i r aen t  of 

s o o n e  Lake  was p r o c e s s e d  by heavy  l i q u i d  s e p a r a k i o n ,  a n d  g i v e n  

t h e  saae a c e t o l y s i s  a n d  bLeach t r e a t a e n t  as t h e  r e f e r e n c e  

sa tap les ,  Tt gas o b s e r v e d  i n  t h e  b a s a l  clay salapies t h a t  solae 

c l e a r l y  r eworked  t y p e s  such a s  ~ n i l a ~ o l Z e n t i e g  were n o t  a s  d a r k  

a s  some E u c a l y p t u s o  Consequently, t h e  T-A-I* scale was abandoned 

a s  a t e c h n i q u e  f o r  s e p a r a t i n g  reworked  a n d  coa t emporaneous  

aic rof OSS~PS. 

C o n t e s p o r a n e o u s  a i c r o f  oss i l s  were u l  t i a a t e l  y s e p a r a t e d  f rora 

reworked  by a c o m b i n a t i o n  o f  criteria; t h e  i d e n t i f i c a t i o n  of t h e  

g l i c m f o s s i l  when p o s s i b l e ,  a n  a s s e s s e a e n t  of  i ts  degsee of 

d e j r a d a t i o n  o r  c o r r o s i o n ,  and  of the d e g r e e  t o  which it was 

27 



crushed, C r e t a c e o u s  t y p e s  were e a s i l y  s e p a r a t e d  b y  t h e i r  

d i s t i n c t  atorphology, Houever,  g e x t e r a l l y  o v e r  70% of  t h o s e  g r a i n s  

f i n a l l y  cZassi f i e d  a s  reworked c o u l d  n o t  be c l e a r l y  i d e n t i f i e d ,  

but were e x t r e m e l y  c r u s h e d  and /o r  degraded ,  Saccate g r a i n s  and 

many o t h e r s  conmonly show a c h a r a c t e r i s t i c  s h a p e  i n  e q a a t o r i a l  

view, b u t  are e x t r e m e l y  f l a t t e n e d  frors the o t h e r  view, 

s u g g e s t i n g  b u r i a l  u n d e r  g r e a t  p r e s s u r e .  * D e g r a d a t i o a *  is coDaHton. 

This is d e f i n e d  a s  r e a r r a n g e n a n t  of t h e  pollen wall m a t e r i a l  

w i t h o u t  n o t i c e a b l e  loss,  s u c h  t h a t  t h e  s t r u c t u r e  o r  s c u l p t u r i s g  

c a n  n o t  be r e s o l v e d ,  T h i s  differs fro@ corrosion, which i s  

p i t t i n g  o r  e t c h i n g  of t h e  exine t h a t  does n o t  n e c e s s a r i l y  a a k e  

t h e  grain u n i d e n t i f i a b l e .  Degraded g r a i n s  Mere c l a s s i f i e d  a s  

r e u o r k e d ,  bu t  l i g h t l y  c o r r o d e d  g r a i n s  m i g h t  have  been c o n s i d e r e d  

a s  conteaporaneous, iE not s e v e r e l y  c r u s h e d -  

As t h e  p u r p o s e  o d  t h e  s e p a r a t i o e  o f  reworked f r o @  

c o n t e ~ p o r a n e o u s  microfossils was t o  assess t h e  r e l i a b i l i t y  of 

t h e  r a d i o c a r b o n  dates, a i c r o f  o s s i l s  were c l a s s i f i e d  as reworked 

u n l e s s  t h e r e  was good e v i d e n c e  t h a t  they were contemporaneous,  

E s s e n t i a l l y ,  a n u l l  h y p o t h e s i s  a p p r o a c h  was a d o p t e d  for the 

c a t e g o r i z a t i a n  o f  e a c h  g r a i n ,  The c f a s s i f i c a t i o n s  shown i n  

F i g u r e  6 r e p r e s e n t  j u d g e n e n t s  for  which there is no  f i n a l  

a r b i t r a t i o n  o f  c o r r e c t n e s s ,  b u t  t h e  i s e e n t  u a s  t o  err t o w a r d s  a 

c o n s e r v a t i v e  e s t i g t a t i o n  of t h e  a a o u n t  o f  conteaaporaneous o r g a n i c  

a a t t e r  i n  t h e  s e d i m e n t ,  

c a t e g o r y  of microfossils c a l l e d  'Undeterminable ,  Bewosked 

o r  ~ o n t e a ~ o r a n e o o s *  was alaa e s t a b l i s h e d  t o  i n c l u d e  a icrofossi ls  



Fi jure 6 ,  Boone Lake A reworked sic rof o s s i l  percentage diagram, 
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ofiose p l a c e a e n t  was less c e r t a i n  ( F i g u r e  7 ) -  This i n c l u d e d  

g r a i n s  s u s p e c t e d  of b e i n g  contemposaneous ,  but v h i c h  were 

c r u s h e d  o r  c o r r o d e d ,  

T h e  c l a s s i f i e d  microfossils d i d  n o t  i n c l u d e  a l l  of t h e  

o r g a n i c  d e b r i s  o n  t h e  s l i d e s ,  T h e r e  were t o r n  f r agaaen t s  of p l a n t  

t i s s u e  and dark f r a g m e n t s  which aay have b e e a  c h a r c o a l ,  v h i c h  

were n o t  t a l l i e d  i n  a n y  class, but which were a t  feas t  as 

a b u n d a n t  as a l l  of t h e  c a t e g o z i z e d  aticrofossils, Thus, t h e  

t e c h n i q u e  appf i e d  still o n l y  c l a s s i f i e s  a p o r t i o n  of t h e  o r g a n i c  

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

D i s t i n c t  t y p e s  of reworked aicrof ossils are c l a s s i f i e d  t o  

f a ~ i l y  o r  genus l e v e l ,  and  the c e r t a i n t y  l e v e l  of i d e n t i f i c a t i o n  

i s  d e s i g n a t e d  a c c o r d i n g  to, B i r k s  and B i r k s  3t980: 24) - Zlaxonomic 

r e f e r e n c e s  are c i t e d  below, 

Ang iospe ra  t y p e s  irncluded h u i  la  ~ o l l e n i  tes ( S r i v a s t a v a  

l%8b, 196%3,1968c8 1970) , E u c o m i d i t e s  (S ingh  I W I ) ,  4 a n c i c o r p a g  

( S r i v a s t a ~ a  1968a ,1968b, t970) ,  P r o t e a c e o u s  palynortrorphs 

( S r i r a s t a v a  l 9 6 9 a ) ,  a n d  WodeBousea ( S r i v a s t a v a  3969d, l97O], 

Bevocked t r i c o x p a t e  g r a i n s  i n c l u d e d  g r a i n s  of g e ~ e r a l  ly less 

t h a n  30 aricrometers ataxiptunt dimension, some o f  ~hich were 

p r e s e n t e d  i n  polar view showing b r o a d  f urrors b a t  were c x t r e n t e l y  

f l a t t e n e d  m e r i d i o n a l l y .  Other s n a l l e r  grains of  a p p r o n i ~ a t e l  y 20 

~ i c r o a e t e r  a a n i ~ u m  m e r i d i a n a l  l eng th  had t h i c k  e x i n e s  b u t  a 

* f u s e d *  appearance w i t h o u t  any e v i d e n c e  of werrucae, These  

l a t t e r  g r a i n s  ~ i g h t  be b a d l y  e roded  o r  b a d l y  f o r n e d   teais is& 

(sa'ge) g r a i n s ,  



Figure 7,  Boone Lake A and D conte~poraneous iriicrofossil ' 

percentage diagrams, 
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Gymnosperm p a l p o i a o r p h s  v e r e  saccate g r a i n s  uhich  v e r e  

c r u s h e d  t o  e x t r e a e l y  f k i t t en l ed ,  and  coalrtonly e x t r e a e l y  degraded*  

Many of the g r a i n s  were so f l a t t e n e d  t h a t  t h e y  a p p e a r e d  to  h a v e  

b e e n  s u b j e c t e d  t o  g r e a t  p r e s s u r e ,  No f u r t h e r  d i f f e r e n t i a t i o n  was 

unde r t aken ,  

P t e r i d o p h  y t e s  i n c l u d e d  ga111ar1~zonuspo~f t e s A ~ c o ~ o ~ i a c i t e s  

(S ingh  3971) . uhich  v e r e  n o t  separated; C_ica.tbicos~orit%s f S  i n g h  

197 1) ; B p p e n d i c i s p o r i t e s  (S ingh  1973) ; and ,  G l e i c h e n i i d i t e s  

( S i  agh f 971) . S e p a r a t e  c a t e g o r i e s  were c r e a t e d  f o r  a o n o l e t e  and 

trilete g r a i n s  t h a t  Mere a o d e r a t e l y  t o  t h o r o u g h l y  c r u s h e d  and /o r  

degraded .  

Din& l a g e l l a t e s  i n c l u d e d  cf, Hyst r i&o~&haer id i .ug  fS ingh  

197 1) , cf - O l i q s i i  (S ingh 1971) , c f  ., D i c o n o d i n i u ~  
I 

(S ingh  3WI) , cf. & & i s ~ h a e r k d i , u  (Singh 19731, and  

The c a t e g o r y  'O the r  Reworked B i c r o f u s s i l s f  c o n t a i n s  t h o s e  

a i c r o f o e s i l s  whose t a x o n o ~ i c  s t a t u s  i s  u n c l e a r ,  but which appear  

t o  h a ~ e  been  reworked f r o a  p r e v i o u s  d e p o s i t s -  Huch of the 

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

t h u s  i t s  t o t a l  percentage is b y  fa r  t h e  aost s i g n i f i c a n t  i n  

d e t e r a i n i n g  t h e  r a t i o  of reworked  c a r b o n  t o  con temporaneous  

carbon ,  The  la ic rof  oss i l s  t a l l i e d  in this caltegorp were coaiatsonlp 

e x t r e a e l y  f l a t t e n e d  and often t o r n ,  and  degrades or e r o d e d  so 

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

Wouever, t h e y  had s a o o t h  e x t e r i o r  s h a p e s  o v e r  a t  leas t  p a r t  of 

t h e i r  s u r f a c e ,  a n 8  were n o t  r a n d o s l y  t o r n  f r a g a e n t s  of p l a n t  



d e t r i t u s .  

I n t e r p r e t a t i o n  of  t h e  reworked  e icrofossi l  d i a g r a s  

F i g u r e  6 shows t h e  p e r c e n t a g e  c o m p o s i t i o n  of t h e  reworked 

a i c f a f o s s i l  s p e c t r a  i n  t h e  a$ b a s a l  c l a y s .  Only a low 

p e r c e n t a g e  of m i c r a f o s s i l s  c o u l d  be c l a s s i f i e d  t o  f a m i l y  or 

genus,  

T h e r e  is no n o t a b l e  c h a n g e  i n  t h e  p e r c e n t a g e s  o f  t a x a  

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

and. t r i l e l e  p a l y n o ~ o r p h s ,  a11 o f  uhich i n c r e a s e  be tween  5.52 and 

5 - 4 2  18. T h e r e  are two p o s s i b l e  e x p l a n a t i o n s  f o r  this 

d i s t r i b w t i o a  One could p o s t u l a k e  a v a r i a t i o n  i n  t h e  s o u r c k  of 

s u p p l y  of reworked o r g a n i c  d e t r i t u s ,  such t h a t  t h e s e  t h r e e  t a x a  

s t e a G i i y  iacroased through t i a t e  whiie the others r e m i s e d  

coastant,  A l t e r n a t i v e l y ,  o n e  c o u l d  p o s - t u l a t e  a n  o v e r l y  

c o n s e r v a t i v e  a p p r o a c h  i n  t h e  a s s i g n ~ e  nt og llticrof o s s i l s  t o  t h e  

reworked  c a t e g o r i e s ,  s u c h  t h a t  i n c r e a s e s  i n  con temporaneous  

polfen a n d  spores  are  reflectea ia t h e  reworked p e r c e n t a g e s -  

C o n s i d e r i n g  t h e  i a p r o b a b i f i t y  of t h e  f irst  h y p o t h e s i s ,  and 

d i f  E i c u l t y  i n  c l a s s i f i c a t i o n ,  i t  is c o n c l u d e d  t h a t  t h e  l a t te r  

h y p o t h e s i s  is correct, f u r t h e r r o r e ,  t h e  C y p e r a c e a e  v a l u e s  i n  

f i g u r e  7 (discussed below) i n d i c a t e  a n  i n c r e a s i n g  c o a p o a e n t  of 

c o n t e ~ p o r a n e o u s  p o l l e n  a b o v e  5,52 in, %is s u p p o r t s  t h e  

h y p o t h e s i s  t h a t  t h e s e  t h r e e  t a x a  i n c L u d e  con temporaneaus  

p a l  ynoaorphs  i m p r o p e r l y  a s s i g a e d  t o  t h e  reworked c a t e g o r y -  



BLA m a c r o f o s s i l  pq&!sis - ------- 
B a c r o f o s s i l  a n a l y s i s  w a s  c a r r i e d  o u t  on t h e  r e s i d u a l  BLB 

sedieaent ,  O r g a n i c  reHtains were r e c o v e r e d  b y  rinsing t h e  c l a y  

s e d i m e n t  t h r o u g h  a  '180 a i c r o a t e t e r  rstesh s c r e e n ,  a n d  by d e c a n t i n g  

t o  s e p a r a t e  t h e  o r g a n i c  & a t e r i a l  f r o &  t h e  coarse m i n e r a l  

f r a c t i o n ,  X d e n t i f  i a b l e  p l a n t  a n d  a n i m a l  macrafossi 1s were t h e n  

p i c k e d  fro% t h e  o r g a n i c  r e s i d u e ,  

F i g u r e  5 p r e s e n t s  o n l y  p r e s e n c e j a b s e n c e  d a t a  b e c a u s e  the 

nurafier of n a c r o f o s s i l s  r e c o v e r e d  was deemed i n s u f f i c i e n t  for a  

v a l i d  q u a n t i t a t i v e  a n a l y s i s ,  The Htacrof o s s f l s  were d i v i d e d  i n t o  

four ca tqo r i e s ,  contetslporansous,  i n t r u s i v e ,  r e d e p o s i t e d ,  and  

o t h e r  o r g a n i c  d e t r i t u s ,  
I 

T h e  c o n t e a p r a n e o o a  c a t e g o r y  i n c l u d e s  e a t e r i a l  which is 

c o n s i d e r e d  t o  have  been  l i v i n g  b o t h  s h o r t l y  b e f o r e  t h e  t k a e  of 

s e d i n e n t a t i o n  and  n e a r b y  t h e  b a s i n ,  The f r a g i l e  but w e l l  

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

n o t  reworked f roa p r e v i o u s  s e d i ~ e n t s  or t r a n s p o r t e d  front afar-  

The i d e n t i f i a b l e  c o n t e ~ p o r a m e o u s  lrtacrofossil a s s e ~ b l a g e  frola the 

BLA c l a y  i n c l u a e d  ~ o n o c o t  f r a g r e n t s ,  Chenopodjiaceae s e e d s ,  a 

p o s s i b l e  C y p e r a c e a e  achene ,  Potalitqe- a c h e n e s ,  o o s p o r e s ,  

s a a f l  f r a g i l e  s a c s  a b o u t  1 glar i n  d i a m e t e r  p o s s i b l y  from perfect 

or i ~ p e r f e c t  f uagi  ( 8 ,  L e g g e t t  p e r s o n a l  c o a t a a n i c a t i o n  39821, 

g a s t r o p o d s ,  o s t r a c o d s ,  Dantinia e p h i p p i a ,  Chironolaid head  

c a p s u l e s ,  and o t h e s  c h i t i n o u s  i n s e c t  f ragntents.  B b e e t l e  e l y  t r o n  

f r d s  between 5.46 and  5-52 nt is probably t h a t  of a s c a r a b  (R, 



Hif l e r  personal communica t ion  3982)- T h e  tttost d i v e r s e  and 

abundant asser t iblages  are i n  the upper clay l e v e l s ,  b a t  e v e n  

lowest l e v e l  c o n t a i n s  clear l y  con temporaneous  o r g a n i c s  - fnonoco t 

f r a g m e s t s ,  C h u g  oospores ,  i n s e c t  f r agnen  ts, a  p o s s i b l e  

C y p e r a c e a e  a c h e n e  and  p r o b a b l e  f u n g a l  sacs, 

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

of u n c e r t a i a  provenance.  Hopraaer, t h e  clear e v i d e n c e  of 

conten tporaneons  mcrofossils  throng$ the core s u g g e s t s  t h a t  a 

s u b s t a n t i a l  a a o u a t  of t h i s  material is contemporaneous-  It n i g h t  

a l s o  c o n t a i n  i n t r u s i v e  and  reworked d e t r i t u s ,  

I n t r u s i v e  o r g a n i c  material is r e p r e s e n t e d  by G l o n u ~  

c h l a m y d o s p b r e s  and  hpphae which are a s s o c i a t e d  w i t h  root  

a y c a f r h i z a  fBe rch  and Uarne r  1982). However, n o  root le ts  were 
I 

n o t e d  i n  t h i s  c o r e ,  a n d  it is p o s s i b l e  t h a t  t h e s e  r e m a i n s  were 

r e d e p o s i t e d  f run a n  e r o d e d  s u r f  ace, a l t h o u g h  t h e  5r f r a g i Z i t y  

latakes i t  u a f i k e f y  t h a t  they were t r a n s p o r t e d  far. 

Small, dark f r a g a e n t s ,  p o s s i b l y  of charcoax o r  a s o f t  coal 

were f o u n d  i n  the coarse rtlineraf. f r a c t i o n  of t h e  s e d i a e n t ,  C o a l  

is found  i n  t h e  s a r r o o n d i n g  s o i l s  ( O d p s k y  a, 1961). 

T h e  micfofossiZ a n a l y s i s  of BLB i n d i c a t e d  a very  h i g h  

f r a c t i o n  of c o n t a a i n a t i o a  b y  r a d i o g e n i c a f l y  dead  carboa, On t h e  

o t h e r  hand, t h e  a a c r o f o s s i l  a a a l y s i s  gave e v i d e n c e  of 

c o n t e a p o r a n e o u s  o r g a n i c  material t h r o u g h o a t  tbe c lay  sed ia t en t -  

I n  an  a t t e a p t  t o  g e t  more r e l i ab le  r a d i o c a r b o n  ages a n d  sore 

p a l e o e c o f  o g i c a l  i a f o r t a a t i o n ,  a n o t h e r  core (BLD) was t a k a  f roa 

3oobe Lake, 



Boone Lake g Core _(BLql_ a a c r s f o s s i l  ~ i c r o f o s s i &  a n a l y s e s  -- --- 
BLD c o r e  was t a k e n  f rom B o o m  L a t e  u s i n g  a  N i l c o n  core 

d r i v e r  which p e r a i t t e d  d e e p e r  p e n e t r a t i o n  of t h e  c l a y ,  

One metre of c l a y  s e d i w n t  was obtained a e a r  the c e n t r e  of 

the modern b a s i n ,  b u t  a b a s a l  s t r a t i g r a p h y  d i f f e r i n g   fro^ BLA o r  

BLB i n d i c a t e d  t h a t  BLD was n o t  o b t a i n e d  f r o a  p r e c i s e l y  t h e  s a a e  

l o c a t i o n ,  I n t e r p r e t a t i o n  o f  t h e  c l a y - g y t t j a  t r a n s i t i o n  d e p t h s  i n  

a  s o u t h e a s t  t r e a d i n g  t t a a s e c t  a c r o s s  t h e  n o r t h w e s t  q u a d r a n t  of 

t h e  l a k e  suggests t h a t  BLD was t a k e n  s i t b i n  150 ea, a p p r o x i r a a t e l f  

northwest o f  BLA and BLB { F i g u r e  4) .  

BLD p e n e t r a t e s  t h e  c l a y  more deeply t h a n  BLB, The  BLB 3-80 

a t r a n s i t i o n  from wet sticky c l a y  above, t o  d r i e r ,  d e n s e r  ana 
I 

d a r k e r  c l a y  b e l a u  a l s o  t a k e s  p l a c e  a t  BLB 5.27 a, which i s  at 

t h e  t o p  of t h e  17,570 kbSO y e a r  3-P, d a t e ,  This h a s  been  

c o r r e l a t e d  w i t h  BLA 5-55 m bp a  s i a i l a r  t e x t u r a l  change,  T h i s  

s u g g e s t s  t h a t  the base of BLA (5.71 na) is peneconteraporcaneous 

w i t h  BLD 3-95 a, 

The  core was subsampled  f o r  X ,  XB a n d  p o l l e n  a n a l y s i s  and  

t h e n  a l o n g i t u d i n a l  h a l f  of t h e  core was d i s s e c t e d  by s p a t u l a  

a n d  s c r e e n e d  througb a 180 iaicrometer a e s h  fo r  m a c r o f o s s i l s .  

The lowest 2 7  cm of t h e  core showed a faint dark g r e y  t o  

l i g h t  g r e y  d i s c o n t i n u o u s  b a n d i n g  (Figure 8 ) -  B i c r o s c o p i c  

e x a m i n a t i o n  a t  x4OO of t h e  d a r k  a n d  light material shoved t h a t  

t h e y  were b o t h  m i n e r a l  s e d i n e n t s .  Clay w i t h  littZe silt aade up 

the t h i n  d a r k  bands,  and c l a y  w i t h  a h i g h e r  silt c o n t e n t  ~ a d e  up 



the t h i c k e r  l i g h t  bands,  E i g h t y - t h r e e  c o u p l e t s  %ere e s t i x a a t e d  i n  

t h e  27 c a  o f  r y t h a i t e s ,  I n t e r r u p t i n g  t h e  l a f a i n a t i o n s  a t  s e v e r a l  

levels were t h i n  beds of s a n d  and  p e b b l e s  < 5 ma ia d i a a e t e r ,  A t  

t h e  4-72 m l e v e l  is a rounded g l a c i a l  d r o p s t o n e  7 c~ l o n g  by 3 

cia i n  diameter, Clay wi th  s a n d  and  till and  t h e  a c c a s i o n a l  

pebble <1 cw diaxae te r  a a d e  up t h e  ze s t  of tie elastic s e g ~ e a t  of 

t h e  core, The c l a y  b e l o v  the 3.80 R l e v e l  was d a r k ,  d ~ y  and 

firnt, while t h a t  a b o v e  was l i g h t e r  grey, mister and  s t i c k i e r ,  

R o o t l e t s  were f o a n d  t h r o u g h o a t  t h e  c l a y ,  the l a r g e r  o n e s  

a b o u t  2 lwm i n  d iaoaeter  r u n n i n g  v e r t i c a l l y  t h r o u g h  t h e  core. 

A branch or s t e ~  3 cm t h i c k  w i t h  the b a r k  a d h e r i n g  was 

found at 3-37 a, T h i s  was i d e n t i f i e d  a s  ~ O P U X P S  cf, balsaatifera 

(balsa@ p o p l a r )  by Elr, Stan Roue of F o r i n t e k .  A 1% d a t e  o f  
I 

19,300 k260 years 3-P* (SFB 223) was o b t a i n e d  from t h i s  wood, 

B r a p i d  c l a y - g y t t j a  t r a n s i t i o n  o c c u r r e d  a b o v e  t h e  wood 

Figure 8 p r e s e n t s  the p e r c e n t  C a n d  B a n a l y s i s  of t h e  

sed i a e n t s  done  by t h e  c o a b n s t i o a ,  o x i d a t i o n ,  s e p a r a - t i o n  and  

thernaal  r e s i s t i v i t y  method usiag a Carla Erba Efeosental 8 n a I y z e r  

Rode l  1706, T h e  analysis was done oa dried  and p u l v e r i z e d  c l a p  

sed ianea t ,  Only  trace values were d e t e c t e d  t h f o ~ g h o a t  the c l a g  

s e d i m e n t ,  but i n  the g y t t j a  c a r b o n  v a l u e s  rose t o  $195 and 

n i t r o g e n  s a l u e s  r o s e  ko 33-4 by weight- 

Figure 8 shows t h e  dry w e i g h t  per $00 a1 of wet s a m p l e  of 

o r g a n i c  d e b r i s  r e t a i n e d  i n  a 180 trt icroeteter s c r e e n  a f te r  t h e  

i d e n t i f i a b l e  n a c r o f o s s i l  r e a a i n s  and s o a e  l a r g e r  root f r a g m e n t s  



F i g u r e  8-  Boone Lake D basal c l a y  sedisaezlit l i t h o l o g p ,  g*C date,  
carbon, nitrogen,  and ntacrofossil analyses. 

I 





had been p i c k e d  out,  I t  r e p s e s e n t s  t h e  we igh t  of m a t e r i a l  

i n c l u d e d  i n  t h e  c a t e g o r y  of * Q t h e r  o r g a n i c  debrisq- It  p r o b a b l y  

c o n t a i n s  contelr tporaneuus o r g a n i c  d e b r i s  and  s o w  i n t r u s i v e  root 

f i b e r s ,  It does n o t  i n c l u d e  p o s s i b l e  c h a r c o a l  or s o f t  c o a l  

E r a g a e n t s ,  A n a l y s i s  of p u l v e r i z e d  o r g a n i c  d e t r i t u s  froa 3-00 m 

t o  4.12 IR y i e l d e d  C v a l u e s  05 31.4% to 37,6$, and # vaf n e s  of 

1,3% t o  1,9J. O t h e r  f r a g m e n t s  t h o u g h t  t o  be root lets  were 8-1s 

t o  23.9% C and  -4% t o  1-9 X I, T h e  v a l u e s  on o r g a n i c  d e b r i s  were 

less hoaogeneons  t h a n  t h o s e  of powdered c l a y  s a a p f e s ,  T h e  

o r g a n i c  d e t r i t u s  con - t en t  of the c l a y  is honogeneous,  i n c r e a s i n g  

o a r k e d l y  o n l y  a t  t h e  3-35 t o  3 - 4 0  nt level, The p o p l a r  f r a g a e n t  

was not i n c l u d e d  i n  t h e  "JkC and  %B3 a n a l r s i s  a t  t h i s  l e v e l -  

Figure 8 a l s o  p r e s e n t s  the a n a l y s i s  of the i d e n t i f i a b l e  
I 

n t a ~ r o f o s s i l s  i n  BLD ( i l l u s t r a t e d  i n  F i g a r e  9a,b, d-g) . T h e  

c o n t e a p o r a n e o v s  o r g a n i c  a s s e ~ b l a g e  i s  Bore d i v e r s e  t h a n  i n  BLA, 

probably because of a l a r g e r  s a l ~ p l e  size. T h e  earliest evidence 

of c o n t e ~ p o r a n e o n s  o r g a n i c  m t e r i a l  i n  the core c o a e s  f r o a  t h e  

4 - 0 7  t o  4.12 ~rt segroent, Beetle f ragxaents  were r e c o v e r e d  and  

t e n t a t i w e l y  i d e n t i f i e d  a s  a scarab f R ,  PIiller p e r s o n a l  

communica t ion  1982) , which atust h a v e  been  i n t a c t  before t h e  

s e d i m e n t  was wet s c r e e n e d  [ F i g u r e  92, g) , Abore t h a t  l e v e l ,  

i n s e c t  p a r t s  o c c u r e d ,  and  Xungaf sacs, Drepanoc iadns  

c r s s ; s i c o s t a ~  fronds (Dr. J a n  A, J a s s s e n s  p e r s o n a l  

c o i e m n i c a  t i o n  1982) a n d  u n i d e n t i f  i a b l  e b r y o p h y t e  f r a g ~ e n t s  are 

c o n s i s t e n t l y  r e p r e s e n t e d .  Above t h e  3 -40  a fevel t h e  

con temporaneous  a t a c r o f o s s i l  a s s e m b l a g e  is most d i v e r s e -  The 



Figure 9. Photographs of macrofossils fro& Boone Lake A and D 
and from Spring Lake br a, act inorhizal  root nodu le  fBLD 
3-35-3.40 r);  b, C_eratophyTlu~ d e s e r s ~  achene (BLD 3-25-3-30 
m); c, Drepgg@idus examula&us frond ( S t A  4-67 m) ; d, 
Potanweton f iliformjcs achene (BLD 3-25-3-30 m) ; e, Chara 
aospore (BLD 3-80-3-87 a) ; f, alytronr probably of a scarab ' 

beetle (BLD 3.80-3-87 a);  g r  b e e t l e  leg fBLD 4-07-4-12 oa), 
Scales above  each photograph represent t am, 1 





b e e t l e  i n  t h e  3.35 to  3-40 m segaent  is also p ~ o b a b h y  a scarab 

f R ,  Miller p e r s o n a l  c o a l e u n i c a t i o n  1982)- A c t i n o r h i z a l  r o o t  

n o d u l e s  were found  i n  t h e  sarne l e v e l  ( F i g u r e  9 a ) -  P o t a a o q e t o a  

f i 2 i f a r i ~ i s  achenes ( F i g u r e  3d) i n  the s e d i w n t  Mere i d e n t i f i e d  ----- 
by 3, g a r n e r  (personal c o ~ m u n i c a t i o a  1982) and  a C e r a t o ~ h y 2 r a ~  

d e n e r s n ~  a c h s n e  ( P i p r e  9b) was also f o a n d  a t  t h i s  l e v e l -  ---- 
T h e  c a t e g o r y  of other o r g a n i c  d e b r i s  h a s  been  p r e o i o u s l y  

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

as i n  BLA. 

A c t i n t o r h i z a l  rook n o d n f e s  (Baker  a n d  EIf ller 3980) a r e  

l i k e l y  i n t r u s i v e  o r g a n i c s .  They are produced  b y  f i x i n g  

endophy t i c  b a c t e r i a ,  No u l t r a s t r u c t a r a d  a n a l y s i s  was p e r z o r e ~ e d  

on t h e  root a o d u l e s , b u t  t h e  p o l l e n  a n a l y s i s  of  t h e  c l a y - g y t t j a  
I 

t r a n s i t i o n  i n  BLA d e m o n s t r a t e s  t h e  p r e s e n c e  of &Laus { a l d e r )  a n d  

s o a p b e r r y ,  a a d  t h e s e  act iaorbizal  root n o a o r e s  Ray b e l o n g  to  

e i t h e r  t a x o a -  

Dark f r a g m e n t s  o f  soft c o a l  r e p r e s e n t  reworked 

r a d i o g e n i c a f  ly dead sater ial ,  

B i c s o f o s s i l  a n a l y s e s  were doile a t  3.95 a where t h e r e  was 

c l e a r  aacrofossi l  e v i d e n c e  of c o n t e e p o r a a e o n s  organics, and  a t  

t h e  3-35 m c l a y  - g y t t j a  transition, I n  b o t h  cases 5 la1 of 

sediaent was p r o c e s s e d  by t h e  heavy l i q u i d  nethod,. The a n a l y s e s  

are p l o t t e d  on F i g u r e  7 ,  A E a c a l ~ p t a s  s p i k e  of 194,160&5058 

g r a i n s  was a d d e d  b y  S t o c k a a r r  t a b l e t s  to 5 m 1  of s e d i s e n t  t o  

e n s u r e  a c c u r a t e  c o n c e n t r a t i o n  estiaates, 



T h e  3.95 rtl l e v e l  p o l l e n  sua was low such t h a t  the noainaf  

p e r c e n t a g e s  a r e  n o t  nean ingf  ul, Contemporaneous p o l l e n  i n c l u d i n g  

pine, a lde r ,  p o p l a r ,  sage,  g r a s s ,  and F i l i c a l e s  spores are 

p r e s e n t ,  Sedge is not  r e p r e s e n t e d  i n  BLD, b u t  t h e  u n d e t e r n i n a b l e  

p o l l e n  is l i k e l y  sedge, Revof ired p l p n o a t o r p h s  c o n s t i t a t e d  90% of 
J! 

5 a l l  i d e n t i f i e d  palpnoteorphs, and  contemporaxieons grains t o t a l .  4 
o n f y  t R ,  s i a i l a r  to the lover levels o f  BLB, B t a t a l  o f  1299 

E u c a l y p t u s  g r a i n s  were t a l l i e d  f o r  16 c o n t e a p o r a a e o u s  g r a i n s ,  --- 
The e s t i a a t e d  contemporaneous p a l l e n  c o n c @ n t r a t i o n  f o r  BLD 3-95 

IB is 478 g r a i n s  ca-3, 

The 3-35 RI pollen a n a l a s i s  produced a  p o l l e n  s u r  of 353 so 

t h a t  t h e  p e r c e n t a g e s  have  i n t e r p r e t a t i v e  va lue ,  The sus is h i g h  

b u t  t h e  s p e c t r u m  i s  i a p o v e r i s h e d ,  The s a g e  p e r c e n t a g e  may r a n g e  
I 

P r o e  5 5  t o  40% becanse  o f  i d e n t i f i c a t d o a  problems d e s c r i b e d  

below. Rowever, t h e  low s p r u c e  and p i n e  p e r c e n t a g e s  and 

w e l l - r e p r e s e n t e d  s a g e  s u g g e s t s  a c o r r e l a t i o n  of t h i s  lewel with 

the s p e c t r a  i n  t h e  Boone Lake A,B c o n p o s i t e  iliagram { P a r t  B) 

between 5-2Y and  5-40 ta., o r  BZ zone 2. The unbe te r t e inab les  i n  

the BLD spectrus Bay be maose e roded  cf POPO&E and Cpperaceae  

g r a i n s  hav ing  h i g h  p e r c e n t a g e s  i n  t h e  BLA,B d i a g r a n  a t  t h e s e  

l e v e l s ,  A t  3.35 ~a t h e  reworked palysolliorphs a r e  r edaced  t o  2% of 

all palynomorphs i d e n t i f i e d ,  A t o t a l  of 5536 e x o t i c  g r a i n s  were 

t a l l i e d  for t h e  353 contempora neoas g r a i n s  i d e n t i f i e d ,  The 

est i a a t e d  c o n c e n t r a t i o n  of c o n t e a p x a n e o n s  p a l l e n  is 2Y 76 g r a i n s  

p e r  cre-3, l o  P e d i a s t r w  c o l o n i e s  were i d e n t i f i e d  i n  e i t h e r  BLD 

l e v e l ,  



V a l i d i t y  @ 24% r a d i o c a r b o n  d a t e s  ---- 
A prim o b j e c t i v e  o f  t h e  t tz icrofoss i l  and a a c f o f o s s i l  

a n a l y s i s  was t h e  d e t e r m i n a t i o n  of  t h e  r e l i a b i l i t y  o f  the 

r a d i o c a r b o n  d a t e s  f r o a  BLB, Sane i a p o r t a a t  i n s i g h t s  have  e m r g e d  

f s o n  t h  is work, 

T h e  microfossil a n a l y s i s  of BLA 5.58 t o  5-71 m shows t h a t  

reworked m i c r o f o s s i l s  a r e  95 o r  more of a l l  o f  t h e  

palynontorphs, a l t h o u g h  it has  been argued above t h a t  the 

p e r c e n t a g e  of reworked palyaorporphs was o v e ~ e s t i r ~ a t e d .  These 

l e v e l s  co r respond  t o  t h e  a p p r o r i a a t e  ~ t i d d l e  of  t h e  c o r e  segnrent 

that y i e l d e d  the 17,570fQ50 years B-P, d a t e  and t h e  u p p e r  p a r t  

of t h e  c o r e  s e g n e n t  t h a t  y i e l d e d  the >30,000 y e a r s  B-P, d a t e ,  If  
I 

t h e  ~sicrof o s s i f  coeaponent a l o n e  were c o n s i d e r e d ,  t h e  

c o n t a a i n a t i o n  of t h e  d a t e s  by dead ca rbon  would b e  m i n i ~ a l l y  

s u f f i c i e n t  t o  produce d a t e s  2 h a l f  lives t o o  o l d  (S tuckenra th  

1977)- 

The reworked l a i c r o f o s s i f  c o n t e n t  d r o p s  t o  65% a t  5.42 ea, 

which  is neat t h e  t o p  of t h e  core seglaent t h a t  f i e l d e d  a d a t e  of 

12,6502 320 y e a r s  B, P, C o n t e ~ p o r a n e o o s  s i c r o f o s s i l s  rise frofa 

1-6s t o  231 between 5-58 and 5-42 a, Zhas, even  a t  5-42 ai t h e  

p e r c e n t a g e  of r a d i o g e a i c a U y  dead c a ~ b 0 n  i n d i c a t e d  by t h e  

~ icrofoss iX a n a l y s i s  s h o u l d  be s n f f  i c i e n t  t o  produce a  d a t e  a t  

l e a s t  one  h a l f  fife t o o  o ld ,  However, t h e  d a t e  is c l e a r l y  n o t  

t h a t  such t o o  o ld ,  Cons ide r ing  its p o s i t i o n  j u s t  below a c l a y  - 
g y t h t j a  boundary, and t h e  d a t e  of 10,740k 395 j u s t  above it, t h e  



12,650 & 320 y e a r s  3.P- d a t e  appea r s  a p p r o x i g a t e l y  correct, 

Conf irmatian i s  found i n  t h e  f r a g w n t  of  p o p l a r  encoun te red  a t  

t h e  c l a y - g p t t j a  t r a n s i t i o n  i n  BLD, and d a t e d  a t  1l,f00f 260 

pears B,P, (sFU 223)- Although the chance  t h a t  t h i s  d a t e  and t h e  

e q u i v a l e n t  d a t e  i n  BLB,  12,550 a320 years 3-P- ,  a r e  

c o n t e a p o r a n e o u s  i s  between 3% and 5% (Polach f W 2 ) ,  t h e  BLB 

dated care s e g a e n t  is s t r a t i g r a p h i c a l l y  s o a e u h a t  Power t h a n  t h e  

p o p l a r  f r a g a e n t ,  and h a s  sola@ reworked o r g a n i c  c o n t a a i n a t i o n .  

The c o r r e l a t t o a  s u g g e s t e d  above between t h e  BLB 3.35 m pol fen  

s p e c t r n a  and BLA,B zone 2 supports t h e  interpretation t h a t  t h e  

12,550f 320 year B, P, d a t e  is a p p r o x i ~ a t e l y  c o r r e c t .  

Bo o t h e r  r a d i o c a t b a n  d a t i n g  was done on BLD i n  aa a t t e B p t  

to v e r i f y  t h e  B I B  d a t e s ,  There are t h r e e  i d e n t i f i e d  s o u r c e s  o f  
I 

c a r b o n  i n  t h e  s e d i a e n t ;  3 )  ~eprorkea o r g a n i c  r a a t e r i a l ,  2) 

con t e a p o r a n e o u s  o r g a n i c  a a t e r i a l ,  a a d  3) yclunger i n t r u s i v e  

roots- The d i f  f i c a l t y  of s e p a r a t i n g  t h e s e  various f r a c t i o n s  and 

the i s p o s s i b i l i t y  of d a t i n g  t h e n  s e p a ~ a t e l y ,  g i v e n  t h e  s m a l l  

s a i u p l e  s izes  a n d  law c a r b o a  c o n t e n t ,  r e n d e r s  f u t i l e  f u r t h e r  

r a d i o m e t r i c  da t i a g .  

No attempt was &ad@ t o  adjust t h e  BLB d a t e s  far  a n  o l d  

c a r b o n  e r r o r  a s  lalltbudiri pk. (1980) have done, The 

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

t o  d a t e d  ca rbon  o f  the c o n t e a p o r a n e o u s  s a c s o f o s s i l s  and 

raicrofossils, and t h e  lack oE knowledge of t h e  real a g e  of the 

con t e s p o r a n e o u s  o r g a n i c  m a t e r i a l  m a n s  t h a t  no r e l i a b l e  

c o r r e c t i o n  c a n  be sade o f  t h e  r a d i o c a r b o n  d a t e s  fxoa t h e  Boone 



Lake  c l a y  s e d i a e n t ,  

C h r o n o l o g i c a l  evidence l e a d i n g  t c a  Bore c e r t a i n  answer  is 

found  i n  t h e  a p p r o x i a a t e  83 r h y t h ~ i t e s  v i s i b l e  i n  the lowest 27 

cn of  B t D ,  On t h e  a s s u m p t i o n  t h a t  t h e s e  c o u p l e t s  a r e  a n n u a l  

d e p o s i t s ,  a d e p o s i t i o n  time of less t h a n  a c e n t u r y  is i n d i c a t e d  

f a r  o n e  t h i r d  of the basal clag., The o v e r l y i n g  clay is n o t  

l a m i n a t e d ,  a n d  ia t h e  a b s e n c e  of o t h e r  d a t a ,  one c a n  o n l y  assume 

an e q u a l  s e d i a e n t a t i o n  rate, 

The a r g u a e n t  above  s u g g e s t s  t h a t  the c l a y  p o s s i b l y  

a c c n ~ n l a t e d  i n  a b o u t  250 years, and t h a t  t h e  s e q u e n c e  of s*C 

d a t e s  can be e x p l a i n e d  by a n  i n c r e a s i n g  f r a c t i o n  of 

contefflposaneous o r g a n i c  aa te r ia l  w i t h  a decreasing f r a c t i o n  of 

r eworked  o r g a n i c  d e t r i t u s ,  An e n v i r o a n e n t  of d e c r e a s i n g  elastic 
I 

s e d i m e n t a t i o n  and s t a b l e  v e g e t a t i o n  p r o d u c t i o n ,  o r  increasing 

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

could produce  this d a t e  series. This c o ~ c P u s i o ~  is a c c e p t e d  a s  

the b a s i s  Tor s u b s e q u e n t  i n t e r p r e t a t i o n -  

Alternatively, i t  aust be acknowledged t h a t  a longer p e r i o d  

of accu n u l a t i a n  c o u l d  be i n d i c a t e d ,  The lanina t i o n s  a t  the base 

of BLD lgltight n o t  be a n n u a l ,  o r  the s e d i s e n t a t f o n  rate i n  t h e  

c l a y  a b o v e  might  be s a b s t a a t i a l l y  slower, The con temporaneoas  

n t ac ro fos r s i l s  h a v e  produced  an a c c e p t a b l e  12,fiSO y e a r  0-P,  d a t e ,  

a l t h o u g h  the l e v e l  of c o n t a s i n a t i a n  by f e u o r k e d  detritus 

i n d i c a t e d  by t h e  tfticrofossils is >50X, S o ~ e  c o n t e a p o r a n e o u s  

~ i c  mf ossils and s a c r o f o s s i f s  also o c c u r r e d  i n  t h e  core s e g a e n t  

t h a t  was ilated a t  17,57Uk 650 p e a r s  B,P, T h e r e f o r e ,  t h e  real age 



o f  t h a t  core segnaent might  be s u b s t a n t i a l l y  older t h a n  t h e  

12,650 y e a r s  3, P. d a t e ,  

P a l a e o e c o P o q i c a l  i n t e r ~ f e t a  t i o n  of 142 p n g i p s a n e o U P  p u l l e n  

d i a  qrag -- 
T h e  s p e c t r a  of p o l l e n  or s p o r e s  i n t e r p r e t e d  as 

contet t tporaneous w i t h  t h e  f i n a l  d e p o s t i o n  of the s e d i a e n t  a re  

shown in F i g u r e  7 ,  

W Z I  t a x a  a r e  i n c l u d e d  i n  the p o l l e n  sus, l a  t h e  bo t tom 4 

l e v e l s  the sums of c o o t e a p o r a n e o u s  g r a i n s  a re  low, though 

t h o u s a n d s  o f  r e r a r k e d  nticrofossils were t a l l i e d  i n  t h e  s am  

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

f l u c t u a t i o n s  o f  con temporaneous  t a x a -  BLA c o n t e q m r a n e o u s  p o l l e n  , 

is d i s c u s s e d  first, 

S p r u c e  is i n t e r a i t t e n t  ly r e p r e s e n t e d  in t h e  lower l e v e l s ,  

b u t  i s  c o n t i n u o u s l y  r e p r e s e n t e d  above  5-52! a, Pine 

r e p r e s e n t a t i o n  is c o n t i n u o u s ,  b u t  i s  most l i k e l y  t r a n s p o r t e d  

f ram saBe d i s t a n t  s o u r c e ,  a s  a i g h t  b e  s p r u c e -  As n o t e d  above,  

t h e  nuraber of c o n i f e r  g r a i n s  h a s  p r o b a b l y  been r e d u c e d  by 

i n c l u s i o n  of s o w  of t h e  Bore c r u s h e d  g r a i n s  wi th  t h e  reworked  

s a c c a t e  g r a i n s ,  

A l d e r  ~ i y h t  be  a loca l  s h r u b ,  but is a l s o  poss ib ly  

t r a n s p a r t e d  f roa a d i s t a n t  s o u r c e  [Co l invaux  198 1)- Birch, 

probably a s h r u b ,  and s o a p b e r r y  are  l i k e l y  local s p e c i e s ,  a n d  

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

s e c ' t i o n  g i v e n  h i g h e r  polha saras, f l k a ~ n u s  (buck tho rn )  i s  



p r o b a b l y  a l o c a l  v e t l a a d  shrub, a n d  is c o n s i s t e n t l y  r e p r e s e n t e d  

i n  the lower f o u r  l e v e l s ,  a n d  t h e n  d i s a p p e a r s  e v e n  w i t h  

i n c r e a s i n g  polLen  sums, Buckthorn ,  s o a p b e r r y ,  and a l d e r  a r e  

n i t r o g e n  f i x e r s ,  a n d  t h e i r  p r e s e n c e  ~ i g h t  b e  e x p e c t e d  i n  a 

a i n e r a l  s o i l  l a n d s c a p e .  

The T u b o l i f  Z o r a e  have a c o n t i n u o u s  a n d  possibly expand ing  

p r e s e n c e  a b o v e  5-52 re- 

T h e  Artemisia sua is f a l l o w e d  by a c a t e g o r y  c a l l e d  p r o b a b l e  

Brtemisia, The g r a i n s  i n c l u d e d  i n  t h e  L a t t e r  c a t e g o r y  were small -u.--.-.--.--- 

( g e n e r a l l y  u n d e r  20 rtticx:ometers i n  l e n g t h )  a n d  t r i c o l p a t e  with a 

t h i c k  e x i n e ,  a SltteLted* a p p e a r a n c e  and e v i d e n c e  of v e r r u c a e  , It 

Is s u g g e s t e d  t h a t  t h e s e  are conte laporaneous  & t e ~ i s i a  p o l l e n  

which h a v e  e i t h e r  been  p o o r l y  formed,  o r  unde rgone  some 
I 

d e g r a d a t i o n  p r o c e s s ,  They have been c l a s s i f i e d  as p r o b a b l e  

A r t e a i s i a  and  s e p a r a t e d   fro^ t h e  u n q u e s t i o n a b l e  A r t e n i s &  s o  ----- 
t h a t  i n  t e f p r e t a t i o n  c a n  rest ora t a x o n o a i c a i l y  c e r t a i n  r e s u f  tsl 

sore t h a r o u g h f g  e r o d e d  o r  deg raded  g r a i n s  uere p l a c e d  i n  t h e  

reworked  o r  u n d e t e r ~ i n a b l e ,  reworked  or conteeaporaneous 

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

n o t a b l y  a t  t h e  5-67 rtl &eve2 a l l  s a g e  are c iassed as 

u n q u e s t i o n a b l e ,  

The Cheno 'pod i i aeae  are a l so  s e p a r a t e d  i n t o  c a t e g o r i e s  f o r  

w e l l - p r e s e r v e d  grraios,  and t h o s e  which are  eroded a n d / o r  

soraevhat  c r u s h e d  o r  t o r n ,  T h i s  t a x a n  is  c o n t i n u o u s l y  r e p r e s e n t e d  

except :  a t  5 - 5 0  la, an8 t h e r e  a p p e a r s  t o  be a c o n s i s t e n t  i n c r e a s e  

i n  *abundance i n  the 5.52 t o  5-42 n l e v e l s -  



Grass is c o r ~ s i s t e n t l y  r e p r e s e n t e d  e x c e p t  a t  5-63 s. 

T h e  t a x o a  S a r c o h g t u s  o c c u r s  once ,  b u t  b e i n g  a d r y l a n d  

s p e c i e s  [H i t chcock  and  C r o n q u i s t  1973: 181) it p r o b a b l y  

r e p r e s e n t s  l o n g  d i s t a n c e  t r a n s p o r t ,  The o t h e r  t a x a  Rosaceae ,  

E r i c a c e a e ,  C a r  yophy l l aceae ,  Fabaceae,  Barrunculaceae,  

S a x i f r a g a c e a e ,  S c r o p h u l a r i a c e a e ,  a n d  Cornus  canadens4.2 o c c u r  i n  

s u c h  l i d t e a  n u w e r s  t h a t  no i n g e r e n c e s  can be aade aboat t h e i r  

d i s t r i b u t i o n  t h r o u g h  t h e ,  e x c e p t  t h a t  t h e y  r e p r e s e n t  h e r b s  or  

s h r u b s  which ~ u s t  have been p r e s e n t  locally at s u m  t i m -  The 

unknowns a r e  Bore nutaerous i n  t h e  lower f o u r  l e v e l s ,  a n d  

p r o b a b l y  r e p r e s e n t  h e r b a c e o u s  f l o r a ,  T h e  meaning oS t h e  p e a k s  o f  

' U n d e t e r ~ i n a b l e  b u t  P r o b a b l y  Bodern G r a i n s J  a t  5 ,631  a n d  5 - 5 3  m 

is u n c l e a r ,  i f  t h e  v a l u e s  a re  i n d e e d  s i g n i f i c a r n t ,  
I 

Sedge  p o l l e n  is t h e  most a b u n d a n t  t y p e  t h r o u g h o u t  the core, 

and is t h e  west u s e f u l  i n d i c a t o r  ui local  v e g e t a t i o n .  Sedge 

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

e r o s i o n -  T h e  g r a i n s  i n  t h i s  c l ass  were o f t e n  v e r y  well preserved 

and uncrushed,  or  were c r u s h e d  b u t  nut e x t r e ~ e l y  f l a t t e n e d ,  and  

t h e  exine s c u l p t n r i n g  was discernable, T h i s  p r e s e r v a t i o n  

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

l e v e l s  h a v e  v a l u e s  c o n s i s t e n t l y  below 34X, a n d  t h e  u p p e r  f o u r  

l e v e l s  are c o n s i s t e n t l y  above  &Sf%, s u g g e s t i n g  an i n c r e a s e  i n  

abu rrdance. T h e s e  s e d g e s  sight r e p r e s e n t  w e t l a n d  or up land  

h a b i t a t s .  

B Y  r io~hniElupt  @ c a t u &  ty-  (Matheves 1978) is r e p r e s e n t e d  by  

weir p r e s e r v e d  g r a i n s  a t  5-71 B, and t h e n  a b o v e  5-52 a, & 



s p i c a t u  SSP, exalbescens i s  i n h i b i t e d  by clay substrates 

(Heunneyer 3979) The lack of ccmpet i t ion  with other a q u a t i c s  

must have p e r a i t t e d  f i y r i o & l I u s  t o  grow on this clay substrate 

where it can not in Holocene  situations- 

T a g  1atifoU.a is represented by o n l y  one gra in  and a 

tetrad frag~ent in the lowest two l e v e l s ,  



XV, Spring Lake Basal Clay Microfossil analys is  

The  S p r i n g  Lake  sediment between 4-64 a, the lowest gfltja 

l e v e l ,  a n d  t h e  base o f  the core a t  5=02 ra is c l a y -  The uppe r  18 

c~ c o n t a i n s  cfay w i t h  pebbles and c o n t e ~ p o r a n e o u s  macrofossils, 

i n c l u d i n g  ~ y e m n o c 3 , a d u p  e x a e n u l a t s _ s  ( f i g u r e  9c) and I), 

c r a s s i c o s t a & q g  fronds, and  t h e  l o w e r  39 c@ is a clay with sone 

i m c r o f o s s i l s ,  P o l l e n  a n a l y s e s  sere done a t  6 l e v e l s  between 4-70 

a a n d  5.02 a- The u p p e r  5 l e v e l s  sere p r e p a r e d  f rom t ml. sataples 

using the W i t e x  s c r e e n i n g  8nethod (Cwyaar 22 1979) and 

Stocksarr I22aJyptus t a b l e t s ,  Taxa r e p r e s e n t e d  t v o  o r  wore tims 

i n  t h e  uppe r  5 l e v e l s  were Abieg  (fir)  , s p r u c e ,  p i n e ,  b i r c h ,  

uiXlou,  T u b u l i f  lorae, sage, g r a s s ,  undif f e r e a t i a t e d  F i l i c a l e s ,  

s e d g e ,  and Tephp l a t i f o l i a ,  S a g e  was aost  consistently and 

a b u n d a n t i y  r e p r e s e n t e d .  Concentrations were yeneraiiy belou f208 

g r a i n s  pe r  cc and  p o l l e n  snsas too  law t o  make p e r c e n t a g e  

c a l c u l a  t i oas  r e l i a b l e ,  

The lowest s a n p l e  a t  5-02 ra was p r e p a r e d  frogl 20 a t 1  of 

sedirrzent using h e a v y  l i q n i d  s e p a r a t i o n  fschweger 1976) and a 

E u c a l y a t u s  s o l u t i o n ,  The po . l l en  a n a l y s i s  gave anofllalous r e s u l t s ,  - 
Pollen was such Bore abundan t  i n  t h i s  l e v e l  t h a n  i n  those above -  

However,dae t o  a t e c h n a c a f  p r o b l e a  wi th  t h e  c o ~ b i n a t i o n  of 
i 
r' 

E u c a l y p t u s  solutioa and heavy l i q u i d  s e p a r a t i o n ,  t h e  pollen -- 
concentrat3,on ntust be  e s t i a t a t e d  indirectly, r a t h e r  t h a n  

c a l c u l a t e d  & i r e c t f y ,  Two p o l l e n  p r e p a r a t i o n s  were a n a l p s e d  a t  

t h e  Y-92 xa l e v e l ,  one p r e p a r e d  b y  N i t e x  s c r e e n i n g  and  o n e  
\ 
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p r e p a r e d  by heavy lipid s e p a r a t i o n ,  B p o l l e n  c o n c e n t r a t i o n  of 

671 g r a i n s  p e r  cc was e s t i a a t e d  f r o a  t h e  H i t e x  s c r e e n i n g  

c o n c e n t r a t e ,  T h e  heavy l i q u i d  p r e p a r a t i o n  f o r  t h e  sase level 

a l s o  showed sparse p o l l e n  shen t h e  s l i d e  was scanned.  P o l l e n  was 

lnuch Bare a b u n d a n t  t h a n  this i n  the 5-02 nt h eavy  l i q u i d  

p r e p a r a t i o n ,  i n d i c a t i n g  a higher c o a c e n t r a t i o n  t h a n  67 t g r a i n s  

p e r  cc, T h e  c o n c e n t r a t i o n  a t  5-02 I I ~  is thas  r o u g h l y  e s t i n t a t e d  a t  

5000 t o  10,000 g r a i n s  per cc- 

A p o l l e n  s u ~  of 578 graias was c o u n t e d  a t  5 - 0 2  m, The 

s p e c t r a s t  is; s p r u c e  1 I%, p i n e  5418, a l d e r  3X, b i r c h  20%, s a g e  1% 

s o a p b e r  rp, Rosaceae, Z r i c a c e a e ,  Chenopodi ineae ,  g r a s s ,  Linnaea_, 

V i b u r r a u h  &riaDhvZXu& A t h ~ r i u ~  t y p e ,  naknorns a n d  
I 

u n d e t e r ~ i n a b l e s  a l so  o c c u r e d  a t  l e ss  t h a n  1% pe r  taxon. 

The v e r y  h i g h  s p r u c e ,  p&ne, and  birch  values a r e  anona_lous 

c m p a r e d  t o  the p o l l e n  s p e c t r a  i n  t h e  clays above  t h i s  l e v e l -  

T h i s  5-Q2 a spectruB seens rost c l o s e l y  r e l a t e d  to t h a t  found i n  

Spr ing  Lake a t  4-20 n, d a t i n g  t o  a b o u t  30,300 y e a r s  3-P, The 

a n o a a l y  can n u t  be a t t r i b u t e d  to  a n  i n v e r t e d  core segment, but 

the p o s s i b i l i t y  of a s t ra  t i g r a  phZc inve rsioa m u s t  Ire c o n s i d e r e d ,  

The b a s i n  is s t e e p - s i d e d  and p o s t g l a c i a l  s lumpage  o r  kettle 

@ e l $ - o u t  c a u l  d have  d i s ~ u p t e d  t h e  s t r a t i g r a p h y ,  e x c e p t  t h a t  t h e  

g p t t  ja above the c l a y  can be shown t o  h e  s t r a t i g r a p h i c a l l y  

u n d i s t u r b e d  b y  colixpilring t h e  p o l l e n  s p e c t r a  t o  BLA,B ( P a r t  8)- 

It t h e r e f o r e  seeas L i k e l y  that the lowest clay l e v e l  is a 

pfiaarg d e p o s i t ,  c a p p e d  by a l a y e r  of p o l l e 8 - p o o r  c l a y  d e p o s i t e d  



by glac iaL meltwater,. However, the s p e c t r u a  i i s  from t h e  bottom 

of the core and it can n o t  be v e r i f i e d  by t h e  a n a l p s i s  of other 

material ,  

A s a a p l e  of Sitatino ~ e d  silt ( V e s t g a t e  g& &= 1972) fro@ 

near the t o p  of t h e  mid-@iscons inan  sequence was provided by Dr- 

John Westgate  for pollen a n a l y s i s ,  Spruce was found to dominate  

t h e  upf  and a s s e s b l a g e ,  whereas t h e  p i n e  percentage was very low, 

The SLA s e d i m e n t  t h e r e f o r e  does not appear ta  be a 

aid-Wiseonsinan n o n - g l a c i a l  d e p o s i t .  The p o s s i b i l i t y  t h a t  i t  

r e p r e s e n t s  some real Late # i s c o n s i n a n  v e g e t a t i o n  pattern aust  b e  

e n t e r t a i n e d ,  b u t  no f u r t h e r  c o n c l u s i o n s  a r e  p o s s i b l e  froa the 

present data, 



v, Palaeizecology and 6 e ~ h r m o l o g y  of the Saddle B i l l s  aaa Peace 

River District at the &ate Pisconsinan - Postglacial !Prans&tion 

Boooe L a k e  l o c a l  r e c o n s t r u c t i o n  - -  --- ---I Y__----- 

The &one Lake s e d i a e n t  c o n t a i n s  a r e c o r d  o f  d e g l a c i a t i o n  

and e a r l y  v e g e t a t i o n  development ,  B c o n s i d e r a t i o n  o f  s u r r o u n d i n g  

g l a c i a l  g e o l o g y  is i r a p o r t a n t  t o  the i n t e r p r e t a t i o n  of t h i s  

p e r i o d ,  E v i d e n c e  a t  haad s n g g e s & s  t h e  f o l l o i l i n g  g e o l o g i c a l  

s e n a f i o  f o r  t h e  d e v e l o p ~ e n t  o f  t h e  ear ly  Boone Lake s e d i ~ e n t a r y  

ter:  ord,  

Xce o v e r r o d e  or was c f o s e l p  a d j a c e n t  t o  Boone Lake da'ring 

t h e  L a t e  l i s c o n s i n a n  advance. A L a u r e n t i d e  ice sass  s o v i n g  

a r o u n d  the Zieal: iiiifs ( F i g u r e  5 )  advanced  o v e r  t h e  n o r t h e r n  

Saddle N i f l s ,  Boone Lake was a p p a r e n t l y  D e a r  t h e  s o u t h e a s t e r n  

t e r m i n u s  of t h i s  ice  s a s s .  

Present Boom? lake crczcupiss a $as in  which once coataiaed a 

larger lricjltoltater pondage, The s o u t h w e s t e r n  a m  of the pondage 

aoun Boone C r e e k  was p r o b a b l y  blocked by a n  ice ltnass daring 

d e g l a c i a t i o n ,  The ice w h k h  forlrted t h e  ves tern  e d g e  of an 

enlarged Boone Lake  poaded the water: s u f f i c i e n t 3 . y  h i g h  t o  

produce the e a s t e r n  s h o r e l i n e  by wave o r  ice-thrust a c t i o n -  

FJe l twa te r  a l s o  f lowed  i n t o  Boone Lake! v i a  the c h a n n e l  t o  t h e  

northwest and neltuater d r a i n e d  f r o @  the b a s i n  t h r o u g h  t h e  

c h a n n e l  t o  t h e  southeast, d e e p e n i n g  i t  and l o w e r i n g  t h e  l e v e l  of 



Boone L a k e .  A b l a t i o a  of t h e  s t a g n a n t  ice block to t h e  rest 

p e r a i t t e d  d e v e l o p a e n t  of t h e  3oone  C r e e k  d r a i n a g e  a n 3  l o v e r e d  

the l e v e l  of Boone Lake t o  more o r  less i t s  p r e s e n t  l e v e l -  

The e v i d e n c e  froa the Boane Lake cores fits w e l l  w i t h  t h e  

s c e n a r i o  p r e s e n t e d  above, 

Ice aalaming proawed a poadage  d e e p  enough t o  avert 

s e d i a e n t  d i s t u r b a n c e  by wave a c t i o n ,  r e s u l t i n g  i n  l a ~ i n a t e d  

sed in t en t s ,  These c o u p l e t s  were p r o b a b l y  d e p o s i t e d  in t h e  f a k e  

a s s o c i a t e d  or i t&  the h i g h  s h o r e l i n e  t o  t h e  east. The b e g i n n i n g  of 

t h e  BLD r e c o r d  was p r e v i o u s l y  e s t i a t a t e d  a% 250 years o l d e r  than  

t h e  11,700&260 y e a r  0.P- date, 

Coupf et  d e p o s i t i o n  l i k e Z y  c e a s e d  b e c a u s e  of lowered  w a t e r  

l e v e l s  allowing wave aixing of the s e d i i m n t ,  Ice a b l a t i o n  or a 
I 

d e e p e n i n g  of t h e  a e l t u a t e r  channel c o u l d  be r e s p o n s i b l e  f a r  

l o v e h e d  w a t e r  l e v e l s ,  Probably t h e  t r a n s i t h a  to  s t i c k y  c l a p  a t  

BLD 3-80 m was a l so  caused b y  c h a n g e s  i n  water d e p t h ,  t h e  ra te  

of a i n e r i i l  s e a i s e n t a t i o n ,  and  o r g a n i c  s e d i m e n t a t i o n ,  

B l though  BLD c o n t a i n s  a l o n g e r  segiaent  of c l a y  t h a n  BLB, 

this c l a y  is 2 m h i g h e r  i n  the basia t h a n  BZA or BLB- I t  is 

supposed  t h a t  t h e  l a ~ i n a t e d  r e c o r d  is c o n t i n u o u s  across t h e  

b a s i n ,  d i p p i n g  t o s a r d s  t h e  c e n t r e ,  a a d  t h a t  a  deeper p e n e t r a t i o n  

of t h e  c l a y  a t  ElLA o r  BLB would h a v e  p e n e t r a t e d  t h e  laminae .  A 

lower b a s i n  c e n t r e ,  t h e  &eft of a  b u s i e d  ice b l o e k , o r  some 

c h a n n e l  f or ina t ion  r e s u l t i n g  f roa t h e  a e l t w a t e r  i n f l o w  may 

explain t h e  8ip oT t h e  cXay t o w a r d s  t h e  s o u t h e a s t .  It a p p e a r s  

t h a t  t oward  the e n d  of c l a y  d e p o s i t i o n  t h e  water l e v e l  i n  t h e  



whole b a s i n  was low enough that BLD was n e a r s h o r e  o r  o n l y  

o c c a s i o n a l l y  i n u n d a t e d ,  w h i l e  BLA and  BLB were n n d e r w a t e r  and  

a c c u ~ u l a t i n g  a r i c h e r  p a l e o e c o l o g i c a l  r e c o r d .  A l d e r  o r  some 

o t h e r  n i t r o g e n  f i x i n g  species fo rmed  a c t i n o r f i i z a l  root  n o d u l e s  

n e a r  t h e  t o p  of t h e  BLD c l a y  and s e n t  root lets  down i n t o  t h e  

c l a y  below, 

The  lo res t  r e c o r d  of c o n t e a p o r a n e o a s  o r g a d c  d e p o s i t i o n  is 

found i n  B L D  near 4-10  a, Beetle f e a a i n s ,  p r o b a b l y  of a s c a r a b ,  

o c c u r  i n  t h e  s e d i m e n t  a t  t h e  same t i a e  as evidence of 

i c e - r a f t i n g ,  The b e e t l e  i a d i c a t e s  h a b i t a t  a v a i l a b l e  for a 

ground- d w e l l i n g  i n s e c t .  O t h e r  insect f r a g ~ e n t s  o c c u r  

c o n s i s t e n t l y  in t h e  20 cia a b o v e  the beetle, and a t  3-90 i~ a 

D r e p a n o c l a d u s  c r a s s i c o s t a t u s  f r a g a e n t  and s o b a b l e  gungal sacs 
-IC -_I_- -I- 

I 

show sale loca l  p l a n t  growth. 

P o l l e a  a n a l y s i s  a t  3-95 m prodnced  a  very fou sua (26) , 
s u f f i c i e n t  o n l y  t o  i n d i c a t e  t h a t  p i n e ,  a l d e r ,  p o p l a r ,  s a g e  and  

g r a s s  p o l l e n ,  and some f e r n  s p o r e s  were e n t e r i n g  t h e  s e d i s e n t  a t  

a f a t e  of less t h a n  200 g r a i n s  p e r  yea r ,  P o s s i b l y  t h e  p i n e ,  

a l d e r ,  and  s a g e  should b e  a t t r i b u t e d  t o  l o n g - d i s t a n c e  t r a n s p o r t .  

No P e d i a s t r u ~ f t  c o l o n i e s  were obse rved ,  

Although by depth 3LA 5-71 a a p p e a r s  con temporaneous  w i t h  

BLD 3-95 a, t h e  s i c r o f o s s i l  a n d  niacsoEossi.1 a s s e e b l a g e s  a re  

d i f f e r e n t  enough t h a t  one ntust conclade that BLB p o s t d a t e s  BLD 

3-95 in, o r  was r e c e i v i n g  gore o r g a n i c  sed isaent ,  p e r h a p s  by 

s e d i r s e n t  f o c a s i n g  (Davis a a d  F o r d  1982). 



BLA c o n t a i n s  contemporaf leous p o l l e n  of piae, s p r u c e ,  alder, 

b i r c h ,  buck tho rn ,  s a g e ,  chenopods ,  legunes, g r a s s e s ,  W ~ h a ,  

Qggo , and  s e d g e s ,  Abundant Ped ia s t rua r  c o l o n i e s  were 

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

a q u a t i c  v e g e t a t i o n  & r i o ~ h ~ l l x m ,  u p h a ,  s edge ,  g r a s s e s  and 

S c r o p h a l a r i a c e a e  are  i n d i c a t e d  by t he  a i c r o i o s s i l s  b e c a u s e  t h e y  

are u n l i k e l y  a t t r i b a t a b l e  t o  long d i s t a n c e  t r a n s p o r t -  The 

aacrofossil. asserr tblage of &La a d d s  munocot fibers, p robab ly  f rum 

g r a s s  o r  sedge, a p o s s i b l e  C p p e r a c e a e  achene ,  Chara o o s p o r e s ,  

p r o b a b l e  f u e g a l  s a c s  and  i n s e c t s  t o  the a q u a t i c  or w e t l a n d  

a s s e a b l a g e ,  

Lou sums of p o l l e a  up t o  BLA 5-50  n make i n t e r p r e t a t i o n s  of 

p e r c e n t a g e s  a n d  trends a n r e l i a b l e -  Buckthorn o c c u r s  c o n s i s t e n t l y  
I 

and  a n o t h e r  n i t r o g e n - f i x i n g  s h r u b ,  s o a p b e f r y ,  is added t o  t h e  

a s s e m b l a g e ,  a s  are Ericales a n d  Rosaceae,  B r a s s i c a c e a e ,  

Ranunculaceae ,  and  S a x i f r a g a c e a e  are added  t o  t h e  i o c a f  he rb  

asserablage.  P o l l e n  i n p e t  is law i n  these levels, and  B d i a s t m g  

p r o d u c t i v i t y  begins t o  d e c l i n e ,  G a s t r o p o d s  a l so  o c c u r  i n  t h e  

s e d i m e n t ,  

A t  BLA 5-58 m a n o t a b l e  t r a n s i t i o n  t a k e s  p lace ,  The i n p u t  

o f  con temgoraaeous  ~ o l l e n  b e g i n s  t o  i n c r e a s e  r e l a t i v e  t o  t h e  

reworked nticrofossf ls, a l t h o u g h  i c e - r a f t i n g  of c l a s t s  still is 

e v i d e n t ,  H i g h e r  p o l f e n  snras were p o s s i b l e  i n  c o u n t i n g  and  

p e r c e n t a g e  t r e n d s  t h u s  h a v e  s o n e  i n t e r p r e t a t i v e  va lue -  

The most notable a i c r o f o s s i f  c h a n g e  a t  5-58 at is an 

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



grass v a l u e s  a re  for. Sage  a p p e a r s  t o  have  d e c l i n e d  sotnewhat, 

T u b u l i f l o r a e  v a l u e s  are  low, b u t  c o n s i s t e n t l y  p r e s e n t ,  and. 

s o a p b e r r y  o c c u r s  in t w o  l e v e i s ,  The d e c l i n e  of p i n e ,  s p r u c e ,  

a l d e r ,  and  b i r c h  v a l u e s  is p robab ly  a f u n c t i o n  of t h e  s e d g e  

i n c r e a s e ,  Pine g r a i n s  are like1 p t r a n s p o r t e d  Esom a d i s t a n c e ,  

b u t  s p r u c e  Bay be a l i a i t e d  r e g i o n a l  e lement .  D r i o ~ h r f 3 - u a  

c o n t i n u e s  t o  grow i n  t h e  pond and  g?wqgg@ ~ y h i b i u i t !  was 

p r e s e n t  a t  5 - 4 2  m, Pediaiagafi~ p r o d u c t i v i t y  s e e s  t o  rise a t  5-47 

tfl a n d  5 -42  a, 

The n t a c r o f o s s i f s  o2 BLA a b o v e  5-58 aa show i n c r e a s i n g  local  

plant l ife.  The s a c r o p k y t i c  a l g a  Cha fa  c o n t i n u e d  t o  grow i n  the 

pond, p r o b a b l y  i n d i c a t i n g  b a s i c  c o n d i t i o n s  (Wood $967) * Chenopod 

s e e d s  show t h a t  t h e  C h a n o p o d i i n e a e  p o l l e n  is of  l o c a l  o r i g i n ,  
I 

p r o b a b l y  Eraas the tiiuddy l a k e  s h o r e ,  a n d  gq_tasoaeton a c h e n e s  

appear a l t h o u g h  t h e  p o l l e n  was not found. Gas t ropods ,  o s t r a c o d s ,  

DapBnia a n d  C h i s o n a n i d  l a r v a e  l i v e d  i n  t h e  l a k e ,  w h i l e  the - 
p r o b a b l e  s c a r a b  b e e t l e  a n d  o t h e r  i n s e c t s  f e l l  i n  or were washed 

i n  f ro@ the u p l a n d s  o s  littoral a r e a *  

S i a i l a r  d i v e r s i t y  i n  t h e  aacrofossil  asselrtblage d o e s  n o t  

occur i n  BtD until above  t h e  p o p l a r  f r a g f e e t ,  A c t i n o s h i z a l  r o o t  

n o d u l e s  above  3-40 P s u g g e s t  a  s h o r e  h a b i t a t  and t h i s  may 

e x p l a i n  the p r e s e n c e  of D r e s a n o c l a d u s  c r a s & c o s t a t u s  f r o n d s  axid 

t h e  a b s e n c e  of Chara o o s p o r e s  and D I I p h n i q  e p h i p p f a  a t  t h e  same 

L e v e l  a x t h o u g h  they occur i n  BLA. A Bore c o a p l e t e  a s s e a b l a g e  is 

f o u n d  i n  t h e  p a s t g l a c i a l  g y t t j a  a b o v e  t h e  p o p l a r  f ragment ,  These  

madrof o s s i r s  s hcw t h e  p r e s e n c e  of ce~1azg&y3,J,um demefsafn, 



P o t  a~xloqeto~ 

g a s t r o p d  s, 

Chqra, sedge ,  t h r e e  species of 

ostracods, and Da~iania,  flany broken  and a p p a r e n t l y  

chewed s e e d s ,  thus r e n d e r e d  u n i d e n t i f i a b l e ,  were a l s o  found i n  

t h e  f o v e r  g y t t j a .  

The p o l l e a  a n a l y s i s  of BLD 3-35 IR shows l i t t l e  v a r i e t y ,  but 

13% giae nay i n d i c a t e  p i n e  a p p r o a c h i n g  the r e g i o n ,  The h igh  

v a f  ales for  probable &rtemisia s a k e s  i n t e r p r e t a t i o n  of t h a t  Oaxon 

a n c l e a r -  Grasses a n d  chsnopods  were g r e s e n l  a t  t h i s  l e v e l .  A 

s u b s t a n t i a l  i n c r e a s e  in p s f l e n  c o n c e n t r a t i o n  to 2500 g r a i n s  cs-3 

is n u t a b l a ,  

I 

The Boone Lake s e d i ~ e n t  cores p r o v i d e  no f i r a  evidence af 

an  u n g l a c i a t e d  a r e a  p r i o r  to 12,000 y e a r s  B,P, The e v i d e n c e  of a 

L a u r e n t  i d e  ice mss n e a r  Boone Lake  j u s t  b e f o r e  ?ff7001t260 y e a r s  

h3.P. g i v e s  c h t o n o l o g i c a l  c o n t r o l  far B a t h e u s s  (1978,1980) 

i n t e r p r e t a t i o n  of L a u r e n t i d e  and C o r d i l L e r a n  ice c o a l e s c e n c e  

d a r i n g  the L a t e  Wiscoosinan, Houever,  t h e  ice rsust h a v e  been 

a b l a t i n g  by a t  feas t  12,000 y e a r s  8.P- as  the e a r l y  v e g e t a t i o n  

r e c o r d  fro& t h e  sedirr tent  p f e d a t e s  I f  ,700f250 y e a r s  B- P- by 200 

t o  300 years, Boreotter, t h e  base of t h e  s e d i m e n t  cose aces not 

t e r m i n a t e  in a t i f f ,  b u t  r e p r e s e n t s  the t o t a l  p e n e t r a t i o n  t h a t  

c o u l d  be achieved d u r i n g  t h e  c o r i n g  o p e s a t i o a s ,  The 

p a l e o e c o l o g i c a l  i n s i g h t s  p r o v i d e d  by t h i s  r e c o r d  are U n i t e d  by 

t h e  low r a t i o  of  con temporaneous  p o l l e n  t o  reworked 



palynomorphs,  and t h e  low t o t a l  c o n c e n t r a t i o n  of xticrofossils 

aad  r p a c r o f o s s i f s  i n  t h e  c l ay .  l o n e t h e l e s s ,  t h e  r e c o r d  of l o c a l  

v e g e t a t i o n  p r i o r  t o  11,700k260 y e a r s  0 - P ,  is clear, a n d  Lhe 

record t h u s  c o n t r i b u t e s  to r e g i o n a l  p r o b l e a s  of d e g l a c i a t i o n  a n d  

r e v e g e t a t i o n ,  

Becen t  evidence froa s u r f i c i a l  g e o l o g y  of the P e a c e  River 

d i s t r i c t  s u g g e s t s  t h a t  t h e  w i t h d r a w a l  of Glacial Lake Peace  t o o k  

p l a c e  earlier t h a n  p r e v i o u s l y  supposed ,  The r a d i o c a r b o n  dake 

231,600 y e a r s  B.PI (I 22UOa) on t h e  n a ~ a o t h  t u s h  f raa t h e  

P o r t a g e  Mounta in  mra  i n e  (Matheus 19?8,1980) h a s  been i i t i po r t an t  

i n  i n t e r p r e t i n g  t h e  r e g i o n a l  d e g l a c i a t i o n  chroao2ogy. I n  t h e  

a b s e n c e  of o t h e r  e v i d e n c e  it h a s  been  i n t e r p r e t e d  a s  

approx i i l l a t e ly  d a t i n g  the d e p o s i t i o n  of t h e  P o r t a g e  H a o n t a i ~  
1 

mora ine  and a c o e v a l  Bessborough S t a g e  sf G l a c i a l  t a k e  P e a c e  

(Wathews, 1978, 1980), The tusk h a s  r e c e n t l y  becan redated 

25,800*320 y e a r s  23-P., (GSC 2859, Wathevs 1980), T h i s  date 

fi ts  well w i t h  a d a t e  on bone fraa t h e  Ostrero G r a v e l  P i t  

27, 400&580 y e a r s  B,P, fGSC 2034, flathews 1978), a date on 

a t  

now 

of 

wood 

and p e a t  of 27,400 m850 y e a r s  3-P, f r o m  the Watino Beds (Z 4878, 

Afestgate et a_&. 1972) and a d a t e  on plant remias of 25,940&380 

y e a r s  3-P, (GSC 573) froa t h e  Finlay R i v e r  i n  t h e  Bocky Wountain 

T r e n c h  ( R a t t e r  1977) which p r e a a t e  the l a s t  n a j o r  ice advance,  

It a p p e a r s  t h a t  t h i s  t a s k  was fron a m a m o t h  l i v i n g  d u r i n g  t h e  

a id -Wiscons inan  aon- g l a c i a l  i n t e s v a l ,  whose t u s k  was 

i n c o r p o r a t e d  i n t o  t h e  P o r t a g e  Houatain ~ o r a i n e .  It t h u s  sets a 

m a x i m a  a g e  f o r  t h a t  n o r a i n e  a n d  t h e  associated Bessborough 



s t a g e  of G l a c i a l  L a k e  Peace,  l e a v i n g  t h o s e  e v e n t s  o t h e r v i s e  

unda tea, 

E x t e n s i v e  reound f e a t u r e s  i n  sand t o  c l a y  s e d i a e n t s  have  

been noted by s e v e r a l  workers kxt 41xe Peace River  dis.tr&ck 

(Henderson 1959; fiatheus I963,19'P8,198O; Odynsky et p& 1961; 

and  Reiarmchen a n d  Batter 397l), wha h a m  all ia-r-plceteB tbearr a s  

p e r i g l a c i a l  phenomena, b u t  t h e s e  f e a t u r e s  have n o t  been firraLy 

da ted . .  As t h e  Bessboraugh Stage of Glac ia l  Lake Peace  h a s  now 

o n l y  a  m a x i m a  a g e ,  it is p o s s i b l e  t h a t  a wi thd rawa l  of t h e  h i g h  

p r o g l a c i a l  pondages  b e f o r e  13,600 p e a r s  BOP, would e x p o s e  l a r g e  

a r e a s  of g l a c i o l a c u s t r i n e  s e d i a e n t  to a p e r i g l a c i a l  c l  imate- 

An e s t i m a t e  for t h e  m i n i n u s  age of p e r i g l a c i a l  a c t i v i t y  may 

b e  d e r i v e d  frcm t h e  p o l l e n  a n a l y s i s  of t h e  Booae Lake and S p r i n g  
I 

Lake  g y t t j a s  ( P a r t  3)- Pine p e r c e n t a g e s  rise t o  above  20% ia the 

core segmen t  d a t e d  a t  10,740f320 years  BOP, ia Boone Lake, a n d  

well a b o v e  208 a t  10,800 y e a r s  B-P, i n  S p r i n g  Lake-One map 

t h e r e f o r e  c o n s i d e r  it t o  b e  r e g i o n a l l y  preseat a t  l e a s t  a s  a  

~ l i n o r  ele~ent (Webb and Bcllndrews 3976, L i c h t i - P e d e r o v i c h  and 

R i t c h i e  3 968, and R i t c h i e  1976). tfhe s e d i m e n t  dates are r e l i a b l e  

g y t t j a  dates, The p i n e  is p r o b a b l y  P i n n s  g p a t o r t a  ( l o a g e p o l e  

p i n e )  which is  p r e s e n t l y  f o u n d  i n  t h a t  region (Hosie ?973), b u t  

i t  couZd a l s o  be P i n u s  b a n k s i a n a  ( j a c k  pine)  which r e a c h e s  its 

w e s t e r n  l i e i t  i n  t h i s  l a t i t u d e  in t h e  e a s t e r n  Peace River 

d i s t r i c t  {Hosie 8973) but n ig f t t  h a v e  a i g r a a d  t o  the e a s t e r n  

boreal forest frollt a w e s t e r n  c e n t r e  (R i t ch i e :  3976) -  Lodgepole 

p i n e f  s range i n  B r i t i s h  Cof urabia and t h e  s o u t h v e s t e r n  P u k m  



(Hcasie 1973, P a r s i l d  and  Cody 5980) extends o n l y  i n t o  the 

s o u t h e r n  f r i n g e  of d i s c o a t i n a o u s  p e r m a f r o s t  {Brown 1973)- J a c k  

p i n e ' s  range e x t e n d s  f a r t h e r  n o r t h  doan the WacKenzie R i v e r  

{EIosie 19733 i n t o  t h e  r e g i o n  o f  w idesp read  d i s c a n t i a u o u s  

p e r m f r o s t  (Brom 39731, b u t  it i s  n o t  r e g i o n a l l y  coslmon 

fPorsi3.d and Gody 1980). The p r e s e n t  d i s t r i b u t i o n  o f  p i n e  

p r o b a b l y  r e p r e s e n t s  a c l imt ic  1 P ~ i t  for  t h e  species- K r a j i n a  eA 

a f t982)  n o t e  that l o d g e p o l e  p ine  h a s  a lower f rost r e s i s t a n c e  - 
i n  c o n t i n e n t a l  c f f a a t e s  t h a n  j a c k  p i n e ,  b l a c k  or w h i t e  s p r u c e ,  

or tamarack ,  f t  is t h e r e f o r e  t e n t a t i v e l y  propused t h a t  t h e  

p r e s e n c e  of p i n e  i n  sums g r e a t e r  t h a n  20% sets t h e  aininium 

r e g i o n a l  t iae  lirtiit f o r  p e r i g l a c i a l  a c t i v i t y -  T h i s  is a t  least 

10,400 y e a r s  ,B,P,, i f  a c c o u n t  i s  t a k e n  of t h e  s t a n d a r d  error i n  
I 

t h e  r a d i o c a r b o n  dates, 

Bathews 43963) h a s  i n t e f p r e t e d  t h e  aouad  f e a t n r e s  as h a v i n g  

d e v e l o p e d  under  s h a l l  ow ponds  by pereaaf ros t  p r e s s u r e ,  s o s e w h a t  

l i k e  p ingos ,  The  pond sed i raen t  cammonly o v e r l y i n g  t h e  nxounds a s  

t h e  r e s a i n s  of t h e  o r i g i n a l  p r e - ~ o u n d  pond may extend beyond t h e  

mound bass, Two d a t e s  on timraaea s h e f l s  in t h e  pond s e d i a e n t s  of 

9960&170 y e a r s  3.P- (G5C 1548) and tB,U00&170 p a r s  BIPI fGSC 

1564, London a n d  Blake 1973~28 )  would by this i n t e r p r e t a t i o n  

p r e d a t e  e x t e n s i v e  p e r i g l a c i a l  a c t i v i t y ,  which c a n  n o t  be 

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

t h a t  t i ~ e  ( P a r t  B f ,  S u b s e q u e n t l y ,  Bik (1968,1969) has exarainsd 

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

c o n c u r r e d  w i t h  Matheus* i n t e r p r e t a t i o n ,  s u g g e s t i n g  a l s o  t h a t  



t h e y  f o r a e d  a long  t h e  

central d e p r e s s i o n  of  

s h o r e  of  groglacia1 f a k e s -  The t y p i c a l  

~ o s t  mouods c o u l d  b e  produced  by t h e  n e l t  

of a buried ice core a t  the e n d  o f  p e r i g l a c i a l  c o n d i t i o n s ,  T h i s  

b a s i n  c o u l d  p r e s u a a b f  y have  c o n t a i n e d  a pond s u b s e q v e n e  to  t h e  

c r y o g e n e s i s  of t h e  mound, Cunseqaently,  t h e  9960 aad 10,400 y e a r  

3-PI dates roafd n o t  be at: odds wkth the miniarrm a g e  o f  

p e r i g l a c i a l  activity proposed  above,  However, t h i s  

i n t e r p r e t a t i o n  d o e s  n o t  concur with the  noands B a t h e w s  Bas 

d e s c r i b e d ,  The pond s e d i m e n t s *  e x t e n s i o n  beyond t h e  aound b a s e  

s u g g e s t s  t h a t  they i n d e e d  b e l o n g  t o  a pre-aound pond- 

Consequen t ly ,  t h e  s h e l l  dates c a n  n o t  be c o n c l u s i v e l y  r e c o n c i l e d  

w i t h  t h e  i n t e r p r e t a t i o n  p m p o s e d  he re ,  

I f  t h e  i n t e r p r e t a t i o n  b a s e d  on t h e  pine p r e s e n c e  is 
I 

correct, t h e  deve lopmen t  of p e r i g l a c i a l  aound f e a t u r e s  along t h e  

L i t t l e  Smoky R i v e r  n o r t h  of V a f l e y v i e u  and s o a t h  of Peavine 

Creek  r e q u i r e s  ice and p r o g l a c i a l  pondage recession t o  lower 

than t h e  l a t e  C l a y h n r s t  S t a g e ,  b u t  p e r h a p s  n o t  as low a s  t h e  

I n d i a n  Creek S t a g e  jdatfrevs 1988:Pigu~e 5f, 5P) , before 10,400 

p a r s  B,P. S u p p o r t i n g  ltliniaua a g e s  f o r  f a k e  v i t h d r a w a f  t o  t h a t  

p o i n t  are p r o v i d e d  by a r a d i o c a r b o n  date of 30,28Of 1 1 0  y e a r s  

B,P, (GsC 1998, Lovdon & p& 1977) fro@ Dollar Lake west o f  

Highway 34 and north of ' t i t t le fish Creek ,  and  by a d a t e  of 

11,000 k200 y e a r s  B,P, (GSC 2 0 0 $ ,  Lowdon gz Q, 1977) frola 

S u l p h u r  L a k e  east  o f  t h e  C l e a r  Hills- The la t ter  site l ies  west 

o f  the Late C l a y b u r s t  s t a g e  ice lisits, flowever, both d a t e s  Bay 

have a c a r b o n a t e  e r r o r ,  



fiathews 11980: 191 h a s  conc luded  t h a t  t h e  c l a p b u r s t  S t a g e  

end& p r i o r  t o  10,000 y e a r s  B.P. H t  is s u g g e s t e d  h e r e  that t h e  

ainiiaun a g e  f o r  the end  of t h a t  s t a g e  is 10, Q00 p a r s  B-P-, p l u s  

w h a t e v e r  t i n e  would have  been  r e q u i r e d  f o r  t h e  d e v e l o p a e n t  of 

e x t e n s i v e  p e ~ i g l a c i a l  f e a t u r e s ,  The re  is no good t iae e s t i ~ a t e  

fo r  t h e  f o r s a t i o n  of  p r a i r i e  mounds, b u t  p i n g o  f o r m a t i o n  c o u l d  

t a k e  h u n d r e d s  o f  years (B ik  1959),  I f  t h i s  c h r o n o l o g y  is  

correct, e x t e n s i v e  areas of g l a c i o l a c n s t r i n e  s e d i m e n t  would a lso 

h a v e  been exposed  t o  plant c o l o n i z a t i o n  by t h e  h e r b a c e o u s  

cirenopods, sages, g r a s s e s  a n d  s e d g e s  which were the early 

c o l o n i s t s  of t h e  Boone Lake b a s i n  p r i o r  t o  71,700k26D y e a r s  0-Pa 

A p r o b l e a  may arise i f  one a t t e a p t s  t o  make a c o r r e l a t i o n  

between t h e  d e g l a c i a t i o n  of t h e  Peace  B i v e r  area and  t h e  
I 

d e g l a c i a t i o n  of s o u t h e r n  Saska tchewan,  The l a t e  C l a p h u r s t  or 

Zr~diarn Creek S t a g e  of Batheus  (1880) a p p e a r  t o  correlate w i t h  

St, Onge* s P h a s e  6 (St, Onge 1972) , St, Oage (3980) h a s  

i n d i c a t e d  t h a t  h i s  Phase 6 c o r r e l a t e s  well w i t h  C h r i s t e s s e n * ~  

P h a s e  6 i n  t h e  d e g l a c i a t i o n  of Saskatchewan,  a t  which time t h e  

s o n t h e r n  half o f  t h e  p r o v i n c e  was i c e - f r e e ,  and  which h e  d a t e d  

a t  12,000 y e a r s  B*P- However, C l a y t o n  and Boran  f3982) show ice 

c o v e r  over all b a t  t h e  s o u t h w e s t e r n  p o r t i o n  of  Saska tchewan a t  

12,300 y e a r s  B,PI, a r g u i n g  t h a t  t h i s  is a fkrmff d a t e d  even t ,  

T e l  f e r  et: p& f 1980) a lso a r g u e  t h a t  c h r i s - Z e n s e n t s  r a d i o c a r b o n  

d a t e s  a r e  too o l d  due to  reworked  c a r b o a  contamina t ioa . .  

The  above  i n t e r p r e t a t i o n  of t h e  r e c e s s i o n  of G l a c i a l  Lake 

p e a c e  c o u l d  f i t  e a s i l y  into C h r i s t e n s e n l s  c h r o n o f  og f -  However, 



i f  C l a y t o n  and  Boram8s c h r o n ~ l o g g  i s  correct, t h e r e  a i g h t  still 

just be s u f f i c i e n t  t i a e  a f t e r  12,300 y e a r s  3-Po f o r  ice t o  melt 

from t h e  s o u t h e r n  h a l f  of Saska tchewan,  f o r  t h e  p r o g l a c i a f  

pondages  t o  d r a i n  i n  the P e a c e  R i v e r  a r e a ,  and  for p e r i g f a c i a l  

a c t i v i t y  t o  t a k e  p l a c e  p r i o r  t o  70,400 y e a r s  B.P, 

u p i f i c a n c e  _for E a r u  gm_ag 

T h e  work of P'fathemrs f3978,1980) a n d  k h i s  stndy allow a 

d e f i n i t i v e  r e j e c t i o n  of Beeves (1973) argument t h a t  t h e  Ice-free 

C o r r i d o r  was b l o c k e d  o n l y  a t  the Athabasca  V a l l e y  between 20,000 

and 18,000 y e a r s  8.P- i n  the last 55,090 years, The ice b l o c k a g e  

of t h e  Peace  R i v e r  a r e a  t o o k  p l a c e  sotae t i ~ e  a f t e r  a b o u t  26,000 

y e a r s  3 - P ,  

Waynes 11971) h a s  n o t e d  t h a t  a c o r r i d o r  would h a v e  had to 

e x i s t  p r i o r  t o  31, 500 years BOP, t o  be of u s e  i n  e x p l a i n i n g  t h e  

a r r i v a l  of C l o v i s  c u l t u r e  on the Great Plains ,  F l a d ~ a r k  

f1979,1981) has f u r t h e r  r a i s e d  the q u e s t i o n  of t h e  h a b i t a b i l i t y  

of any co rz l ido r ,  e l aphas i z ing  glacial l a k e s  and k atabat i c  winds  

as f o r t a i d a b l e  o b s t a c l e s  f o r  e a r l y  Ran, 

One c a h  n o t  draw c o n c l u s i o n s  a b o u t  the whole northern 

s e c t i o n  o f  t h e  c o r r i d o r  frors the p r e s e n t  d a t a ,  The c o n c l u s i o n s  

must b e  c o n f i n e d  t o  t h e  S a d d l e  H i l l s  and  i a m e d i a t e  v i c i n i t y ,  

a b l a t i o n  of t h e  ice B a s s  which f e d  m e l t s a t e s  to Boone Lake  

was co rap le t e  b y  11,700i260 y e a r s  BOP,, and an open  d e c i d u o u s  

tree - s h r u b  h e r b  f l o r a  c a p a b l e  of s u p p o r t i n g  s o a e  f a u n a  was 

established a t  leas t  b y  t h a t  t i m e ,  This s u g g e s t s  a habitable, 



PocaP ice-free area, N o n e t h e l e s s ,  t h e  s i g n i f i c a n c e  f o r  early man 

s t u a i e s  is e g u i v o c a L  One c o u l d  set 13,600 y e a r s  3-P- a s  a 

eainiauox time f o r  t h e  c o r r i d o r  t o  h a v e  been i n  e x i s t e n c e  t o  a l l o w  

p o s s i b l e  e a r l y  taigrants to  t r a v e l  t o  t h e  s o u t h e r n  p l a i n s  kip 

11,500 y e a r s  f3.P- It can  t h e n  b e  s t a t e d  t h a t  t h e  p r o b a b i l i t y  is 

- 6 3  t h a t  t h e  real a g e  of t h e  1 l,70Uk26O y e a r  d a t e  is 311,600 

y e a r s  B-P- and 112,220 y e a r s  B-P- 

The a ia i rnua  age proposed  i n  t h i s  s t u d y  f o r  t h e  d r a i n a g e  o f  

t h e  major p r o g l a c i a f  l a k e s  a l s o  c a n  o n l y  i n d i c a t e  t h a t  any  

t a i g s a t i n g  people ~ i g h t ,  or ~ i g h t  not have h a d  t o  c o n t e n d  i n  

s u ~  aertime w i t h  e x t e n s i v e  w e l t v a  ter l a k e s ,  

G r a v i t y  winds  off t h e  ice sasses would a p p e a r  n o t  t o  h a v e  

b e e n  a p r o b l e a  t o  man by t h e  time of t h e  r e c e s s i o n  of the I n d i a n  
I 

Creek  Stage o f  Glacial Lake Peace  (Plathews 3980: figure SF) ,. 

Hendersonf  s 11959) Lake E a h l e r  can be  corfela t e d  with Matheus* 

l a t e  C l a y h u r s t  or I n d i a n  Creek Stage ,  Henderson  (195"3=78-80) 

o b s e r v e d  dune  p a t t e r n s  of t h e  Hat ino-aap  area, formed a f t e r  Lake 

Fah lerl s d r a i n a g e ,  Re conc luded  t h a t  s t o r m  v i n d s  and p r e v a i l i n g  

winds  were f rom t h e  v e s t  a t  t h a t  t i ~ e ,  and  t h a t  g r a v i t y  v i n d s  

from t h e  ice were of no l o c a l  s i g n i f i c a n c e -  

I n  sumgary,  it can be a rgued  t h a t  there is a 63% 

p r o b a b i l i t y  of a focal I ce f r ee  C o r r i d o r  between 11,600 and  

12,220 years B.P,, if one a s s u a e s  t h a t  d e y l a c i a t i o n  a n d  

r e v e g e t a t i o n  o c c u r r e d  i n  t h e  rest of t h e  Peace R i v e r  d i s t r i c t  a t  

t h e  same t i m  a s  it d i d  i n  t h e  s o u t h e r n  S a d d l e  H i l l s ,  



8. The Postglacial Becord 

Two co rapa rab le  r e c o r d s  of Holocene  v e g e t a t i o n  a n d  c l i a a t i c  

c h a n g e  i n  the S a d d l e  H i l l s  were d e r i v e d  fron p o l l e n  a n a l y s e s  of  

g y t t j a  s e d i m e n t s  of Boone and  S p r i n g  Lakes,  The Boone Lake  c o r e  

was used for  t h e  a o s t  d e t a i l e d  analysis. The S p r i n g  Lake  c o r e  

s e r v e d  t o  test the p a t t e r n s  d e r i v e d  fsoa Boom Lake, t o  

de t e rmbne  whe the r  t h e y  should be i n t e r p r e t e d  a s  r e g i o n a l  o r  

local e v e n t s ,  

The f o l l o w i n g  da ta  on r e g i o n a l  climate a n d  v e g e t a t i o n ,  and  

t h e  v e g e t a t i o n  sufrouading t h e  two lakes a i d s  i n  t h e  

i n t e r p r e t a t i o n  cf t h e  Holocene r e c o r d s ,  



C l i m a t i c  a v e r a g e  s t a t i s t i c s  for t h e  S a d d l e  Wills - Gfande 

P r a i r i e  area, derived o v e r  a 1931-1961 observation per iod  a r e  

sumlearized by Horth (1976:Fig 4-6) : January m a n  t e a p e r a t u r e ,  

-150 C; A p r i l  mean t e a p e r a t u r e ,  2 O  C ;  J u l y  mean t e n p e r a t u r e ,  1 6 O  

C ;  October  Rean temperature ,  40 C; nean annua l  p r e c i p i t a t i o n ,  43 

crn; mean p r e c i p i t a t i o n  A p r i l  t t o  Septenber  30, 28 cat, The 

a v e r a g e  moisture d e f i c i t  observed  fro& 1921 to 1950 was 15 cia, 

c o ~ p u t e d  for loamy so i f  w i t h  a 10 cat s t o r a g e  capacity- Twenty 

f i v e  p e r c e n t  of t h e  y e a r s  e x p e z i e n c e d  more t h a n  a 20 cia f o i s t u r e  

deficit d a r i n g  t h e  saBe o b s e r v a t i o n  per iod ,  I 



11, Regional Vegetation 

T h e  primary v e g e t a t i o n  studies i n  the upper Peace R i v e r  

r e g  i o n  h a v e  b e e n  c a r r i e d  o u t  b y  fiaup ( 3  934) and Hoss (1952, 

l953a ,  b) . F e r g a s o n  (1980) h a s  c o n t r i b u t e d  t o  t h e  s t u d y  of N a t i v e  

b u r n i n g  practices, and B i l k i n s o n  ( I  98 3 )  h a s  s t u d i e d  t h e  s o i l s  o f  

t h e  Peace River: g r a s s l a n d s ,  

According t o  Rowe3s (1972) summary of Canadian f o r e s t  

r e g i o n s ,  the S a d d l e  H i l l s  a re  c o v e r e d  by Lower F o o t h i l l s  forest, 

P i n  u s  c o n  t o r t a  ( l o d g e p o l e  p i n e ) ,  v i t h  Poamqs t r e l a u l o i d 2 g  --- ----- 
( t r e m b l i n g  a spen )  a n d  P o ~ u l u s  balsamifera [ b a l s a ~  p o p l a r )  h a v e  

d m i n a t e d  t h e  area b e c a u s e  of repeated fire, P i c e a  a 1 a u c a  ( w h i t e  

s p r u c e )  is  i m p o r t a n t  i n  o l d e r  s t a n d s  and  Piceg maris2 (b ldck  

is preseut on w e i l  d r a i n e i i  sites, a n d  t a a a r a c k  o n  p o o r i y  d r a i n e d  

sites,  A b i e ~  L a s i o c m g  ( a l p i n e  f i r )  and  h b i e s  balsasea (ba lsam 

f i r )  a r e  comaon, Surroulnding t h e  S a d d l e  H i l f s  t o  t h e  n o r t h ,  east  

and  south is nixeduood forest, U h i t e  s p r u c e  and b a l s a a  f i r  a r e  

iaost cotlimon i n  o l d  s t a n d s ,  The g r e a t e s t  areal coverage is of 

aspen, balsam p o p l a r ,  white b i r c h  and B e t u l a  ~ e o a l a s k g a  (Alaska  

b i r c h ) .  Black  s p r u c e  and L a r i g  l a ~ i c i n a  (tamarack) ~ s u s k e g  o c c u r  

i n  u a t e r - c a t c h a e n t  areas, J u s t  s o u t h  and n o r t h e a s t  of t h e  Saddle 

H i l l s  a r e  a r e a s  of a s p e n  g rove ,  w h i c h  were i n t e r s p e r s e d  w i t h  

p a t c h e s  o f  p r a i r i e  and  ~aeadow t h a t  ha vo a o s t l y  d i s a p p e a r e d  u n d e r  

a g r i c u l t u r e ,  



Boss (1952, 1953a,b) h a s  d e s c r i b e d  t h e  v e g e t a t i o n  of 

n o r t h w e s t e r n  A l b e r t a  i n  g r e a t e r  d e t a i l  u s i n g  t h e  c o n c e p t s  of 

a s s o c i a t i o n  and c l i ~ a x ,  B e  characterizes t h e  v e g e t a t i o n  a s  

t r a n s i t i o n a l  be tween  c o r d i l l e r a n  and  b o r e a l ,  and b o r e a l  and  

g r a s s l a n d  ( l9S3a),  H i s  s t u d i e s  of u p l a n d  v e g e t a t i o n  a r e  

su l t laa r ized  below. Species nalaes  h a v e  been a l t e r e d  t o  conform to 

T a y l o r  and  HacBrpde 12 977) , 

Accord ing  to Hoss f 3953a), t h e  white s p r u c e  a s s o c i a t a  t i o n  

is p r e v a l e n t  a n d  well d e f i n e d ,  T h i s  a s s o c i a t i o n  crosses t h e  

boreal - c o r d i l l e r a n  transition, a x a x i n g  wi th  balsam fir i n  t h e  

e a s t  a n d  l o d g e p o l e  p i n e  i n  t h e  west. T h e r e  a re  4 f a c i a t i o n s -  

Young, d e n s e  s t a n d s  a f e  the needie-cover f a c i a l i o n .  I n  %he 

g r a s s - s h r u b  f a c i a t i o n  white s p r u c e  occurs wi th  i n a q v a t u s ,  

Aster c o a s p i c u u &  S h e ~ h e r d i a  =nadens&,a nd Alnus v i r i d i s .  T h e  -- 
s h r u b - h e r b  f a c i a t i o n  includes V i b u r z u s  e d u l e  ( h i g h b u s h  

c r a n b e r r y ) ,  Rzgg s p p -  ( ~ o s e )  , Ribes spp, ( c u r r a n t s )  ,&innaea  

b o r e a l i s ,  gabus pubescens, H e r t e n s i a  ~ a n i c u l a t a ,  F r a q a r i a  sppI  , 
a r o l a  spp, , Di.1 obiua ~ ~ s t ' i f o l i u a t ~  C a l a a a q r o s t i s  canac lens i s ,  

Cornus  c a n a d e n s i s _ ,  B i t  elf a nu da, Viola r e n i f  03.iit and  e t a s i t e s  

p a l m t u g ,  T h e r e  a re  m i x t u r e s  of a s p e n  and balsaar p o p l a r ,  erillaws 

and p a g e r  b i r c h -  B f e a t h e r  BOSS f a c i a t i o n  h a s  c a n t i n u o u s  c o v e r  

of &&ocornigg g p i e n d e g g  a n d  o t h e r  aosses, klfrite s p r u c e  is 

c o n s i d e r e d  t o  be t h e  c l i i a a x  s p e c i e s  on  mesic sites i n  

n o r t h w e s t e r n  Blber ta, 

Two b l a c k  s p r u c e  a s s o c i a t i o n s  were d e f i n e d ,  a b l a c k  spruce 

- - g f l o c o r a i u ~  =lenden+ a s s o c i a t i o n ,  and a b l a c k  s p r u c e  - 



S p h a s n t ~ g  a s s o c i a t i o n ,  t h e  f o s ~ s e r  i n  s h a l l o w  d e p r e s s i o n s  and  the - 
l a t t e r  i n  deep d e p r e s s i o n s .  

A t a a a r a c k  a s s o c i a t i o n  is c h a r a c t e r i z e d  by a s i n g l e  tree 

dominant ,  o c c u r i a g  w i t h  a v a r i e t y  of s h r u b s  and  h e r b s ,  

 balsa^ f i r  o c c u r s  o c c a s i o n a l l y  i n  l o c a l  p u r e  s t a n a s ,  and  i n  

mixed s t a n d s  of s p r u c e ,  aspen,  p o p l a r ,  and  b i r c h  n e a r  Lesser 

S l a v e  Lake, Boss ( t953a )  n o t e s  t h e  p o s s i b i l i t y  of h y b r i d i z a t i o n  

w i t h  a l p i n e  f ir ,  

The e a s t e r n  r a n g e s  of i n t e r i o r  l o d g e p o l e  p ine ,  P i n u s  

con t o r t a  sar, l n t i f o l i a ,  a n d  P i n u 2  b a n k s i a ~ p  ( j a c k  p i n e ) ,  ----- 
o v e r l a p  i n  t h e  Peace f i v e r  area a n d  there is h y b r i d i z a t i o n ,  Both 

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

l o d g e p o l e  p i n e  o c c u r s  a l s o  on h e a v i e r  s o i l s  in its range ,  Boss 
I 

(1953a) d e f i n e s  a  j a c k  pine and a  l o d g e p o l e  p i n e  c a n s o c i a t i o n ,  

e a c h  v i t h  two f a c i a t i o n s ,  The p i n e  - f e a t h e r  laoss f a c i a t i o n  is 

c h a r a c t e r i z e d  b y  Hploco~iun g a e n d e n s  a n d  C a l l i e r s n e l l a  

sch reberk, The p i n e  - heath f a c i a t i o n  is c h a r a c t e r i z e 3  by 

Arc tos&a~&l~s  sva-up& and V a c c i n i u  vji.s-idaea, g r a s s e s  and ----- 
mosses. Alnus v i r i d i s  (Ainerican green a l d e r ) ,  r o s e s , S a l i x  spp, 

(willows), and  fiaia_p&he~u~ are common to bo th  f a c i a t i o n s ,  P i n e s  

a r e  sera1 trees f o l l o w i n g  fires. 

Moss (1953a) a l s o  d e f i n e s  a p o p l a r  a s s o c i a t i o n ,  w i t h  a n  

a s p e n  and balsam p o p l a r  c o n s o c i a  t i o n -  

T h e   balsa^ p o p l a r  c o a s o c i a t i o n  o c c u r s  e s p e c i a l 1  y on a o i s t  

r i v e r  f l o o d  p l a i n s  v i t h  a small tree - s h r u b  l a y e r  of wiPlov ,  

~ o r n u g  sericeg (red-os  ier dogwood) , A f q ~  i n c a n a  (nsountain 
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alder), roses , a n d  o t h e r  s h r u b s  and h e r b s ,  

T r e ~ b l i a g  a s p e n  is t h e  aost  c o m o n  tree i n  t h e  r e g i o n ,  

o c c u f i n g  i n  p u r e  s t a n d s  o r  ~ i x e d  w i t h  othef trees ia many 

e d a p h i c  c o n d i t i o n s .  T h e  a s p e n  c o n s o c i a t i o n  h a s  a d i s c o n t i n u o u s  

s @ a  il t r e e - s h r  ub s t l - a t n a  of s a l i x  &&biana (Bebb*s  u i f l o a f  , 
r e d - o s i e r  dogwood, &kslanch&g a l n i  f o l i a  ( c o a m n  s a s k a t o o n )  , The 

low s h r u b  s t r a t u m  i s  c h a r a c t e r i z e d  by Rosa a c i c o l a r i s  {(prickly 

rose),  &a woodsii., {#oods*  rose), h ighbush  c r a n b e r r y ,  

~ a ~ h o r i c _ a r ~ o s  [common s n o w b e r r y ) ,  s o a p b e r r y ,  $Wfigg idaeug, 

a n d  g a a c a ~ g h o i d e s -  The s u c c e s s i o n a l  t r e n d  from a s p e n  to 

s p r u c e  is c o u n t e r a c t e d  chiefly by fire. 

Peace  B iver g r a s s i a n d s  
-I U I I  ---- 

I 

The P e a c e  R i v e r  g r a s s l a n d s  have been the s u b j e c t  of  

c o n s i d e r a b l e  b o t a n i c a l  i n t e r e s t ,  T h e  e a r l y  w h i t e  t r a v e l e r s  

t h r o u g h  t h e  Peace R i v e s  found e x t e n s i v e  tracts of native 

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

v i r t u a l l y  surround the S a d d l e  Hills {Boss  1952:Figure 1)-  T h e  

S p i r i t  R i v e r  p r a i r i e ,  t o  t h e  n o r t h w e s t ,  was 2330 k@, and  80% 

open, The n o r t h e r a  e d g e  of  t h e  Grande  P r a i r i e  was o n l y  12 ka 

s o n  t h  of Boone Lake, and  i t  covered 24,000 kmz, 85% a f  which was 

open  ( B i l k i n s o n  3981) , Boss (5952) a l s o  shows  e x t e n s i v e  p r a i r i e s  

i n  and  n o r t h  of t h e  Pcuce  Coupe - Dawson Creek  a r e a ,  

Boss (1952) c a t e g o r i z e d  t h e  e n t i r e  g r a s s l a n d  a s  an  

&wmr - S t i ~ a  - Carex c o m u n i t y ,  e x c l u a i n g  g r a s s  a n d  sedge - 
v e i l a n d  c o ~ m u n i t i e s ~  T h r e e  f a c i a t i o n s  a a k e  up t h i s  coamunity ,  



The Aarop~ron - C a r e x  f a c i a t i o n  o c c u r s  on low, mist f l a t  areas 

i n  t h e  n o r t h e r n  p r a i r i e s ,  The S t i ~ a  f a c i a t i o n  o c c u r s  on d r y ,  

s o u t h - f  a c i n g  s l o p e s  e s p e c i a l l y  a l o n g  the P e a c e  R i v e r ,  a n d  it 

i n t e r g r a d e s  w i t h  t h e  Aqropyron - S t i p a  f a c i a t i o n ,  The A f f r o ~ ~ a g  

- S t l p a  f a c i a t i o n  is  t h e  most p r e v a l e n t ,  occupy ing  m o d e r a t e l y  

d r y  s l o p e s  a a d  flats and  i s  t h e  c l imax ,  or t h e  e d a p h i c  c l i ~ a x  

g r a s s l a n d  f o r  t h e  r e g i o n ,  Aqyxxgon tracb ~ c a u l u a ,  S t i pa  s p a r t e a  

v a r ,  c u r t i s & a ,  Koelegia cristata,  Carex obtnsaita, G a l i n s  

b o r e a f e  B c h i l l e a  &.Jefoliwi and x h a l i c t r u a  v e a u f o s u g  are the --# ---- 
most c o n s t a n t  and c h a r a c t e r i s t i c  s p e c i e s  of t h i s  facf a t i o n ,  

S v a  ~ h ~ r i c a r p o g  ~x4dentali.s ( w e s t e r n  s n o u b e r r  y) , roses, and 

colaaon s a s k a t o o n  are c h a r a c t e r i s t i c  s h r u b s  of the e o ~ v r o _ n  - 
Stipg and  .SSE~ faciatioss,  - 

I 

# i l k i n s o n  (1983) Bas r e c e n t l y  defined a C a r e x  - I)anthop&g - 
S t i n a  colnmunity type, e q u i v a l e n t  to Ross@ (1952) Aqro=_ron - 
Stiga f a c i a t i o n ,  and  a =g2 - Carex  - l&teaisia coltlatunity t y p e  -- 
e q u i v a l e n t  t o  Boss' S&hg faciat ion. I n  S i l k i n s o n e s  f osmer 

cotaauni ty  t y p e  g r a s s e s  a r e  44% of t h e  c o v e r ,  w h i l e  i n  t h e  l a t t e r  

comtr\unity type g r a s s e s  are 57% of the cover ( d e r i v e d  frota 

i d i l k i n s o n  1981:Table I ) ,  Herbs and  s h r a b s  are t h u s  i m p o r t a n t  

g r a s s l a n d  eleaents, 

The o r i g i n  of t h e  Peace  R i v e r  g r a s s l a n d s  h a s  been  a  

q u e s t i o n  of l o n g s t a n d i n g  bo tanica 1 interest. T h e i s  deve lopmen t  

was: a t t r i b u t e d  by 8aup (1934,1935) t o  s u c c e s s i o n  fron t u n d r a  

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

p o s s i b i l i t y  t h a t  t h e y  are relics of a once more n o r t h e r l y  
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e x t e n s i o n  of the laain g r a s s l l a n d s  of A l b e r t a  ( 1941) - Hansen 

(1952) a l s o  s u g g e s t e d  t h a t  the Peace  R i v e r  g r a s s l a n d s  c o u l d  have  

been  areas of p e r s i s t e n t  g r a s s l a n d  from ~ u c h  more e x t e n s i v e  

x e r o t h e r m a l  p e r i o d  g r a s s l a n d s ,  y e t  n o t e s  i n  t h e  sarne p a p e r  t h a t  

t h e  re is no  p a l y n o l o g i c a l  e v i d e n c e  o f  p r e v i o u s l y  more e x t e n s i v e  

grasslands, MOSS f 1952) accepts t h e  cl iaatic h y p o t h e s i s  as  

wor thy  af c o n s i d e r a t i o n ,  b u t  a l s o  e l aphas i zes  e d a p h i c  f a c t o r s  and 

f i re  for t h e  p e r s i s t e n c e  of the p r a i r i e s ,  Odynsky @.= (1961) 

n o t e d  the c o i n c i d e n c e  of Peace  River p a r k l a n d s  a n d  f i n e  

textured, s a l i n e  s o i l s  with a  hardpan,  P i l k i n s o n  ( f  98 1) has 

shown a g e n e r a l .  c o r r e l a t i o a  between Peace  R i v e r  g r a s s l a n d s  and  

s o l o n e t z i c  s o i l s ,  a l t h o u g h  s o i l  a n a l y s i s  d i d  n o t  show 

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  be tween  s o i l s  under f o r ~ e r  
I 

p r a i r i e s  a n d  f orrrter f o r e s t e d  sites. M i l k i n s o n  cites a  high 

v a r  i a b i l i t p  of soloae t z i c  s o i l s ,  and  p o s t - s e t t l e a e n t  f actaf s 

s u c h  a s  f e r t i l i z e r  a p p l i c a t i o n  and d r a i n a g e ,  a s  p o s s i b l e  factors 

masking forlxler soil d i f f e r e n c e s ,  B i l k i n s o n  f $981: 50- 52) 

concluiles that s o l o n e t z i c  s o i l s  c o u l d  i n h i b i t  a s p e n  i n v a s i o n ,  

bat t h a t  f i r e  c o u l d  augglent a s p e n  s u c k e f i n g  and  i n v a s i o n  of t h e  

g r a s s l a n d ,  On t h e  o t h e r  hand, F e r g u s o n  ( 3  980: 691 c o n s i d e r s  na- t ive  

b u r n i n g  t o  have  b e s a  a iaajor f a c t o r  i n  t h e  a a i n t e n a n c e  of 

p r a i r i e s  i n  the Lower P e a c e  r e g i o n ,  l a t h  (1976~46) h a s  

s u g g e s t e d  t h a t  i f  t h e  p r o g l a c i a l  l a k e s  were d s a i n e d  during t h e  

Hypsitherotlal ,  t h e  loose, s h i f t i n g  s e d i a e n t s  would b e  c o l o n i z e d  

by g r a s s e s ,  Occasionaf d r o u g h t  and  s p r i n g  f l o o d i n g  would f uri ther  

i n h i b i t  tree g r o u t h ,  



T h e  origin o f  t h e  Peace f i v e r  g r a s s l a n d s  eatlphasizes s e v e r a l  

i m p o r t a n t  c o n s i d e r a t i o n s  far  r e g i o n a l  pa l aeoeco fogf  - t h e  t i & i n g  

of w i t h d r a w a l  of t h e  p r o g l a c i a l  l a k e s ,  t h e  nakuse of v e g e t a t i o n  

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

of t h e  Ay p s i t h e r a a l  interval on g r a s s l a n d  and  up land  forests, 

Boone Lake and S ~ r i n q  Lake a r e a  forest cover ----- ---- -- 
T h e  forest: c o v e r  of a n  area 4-83 k ~ z  f 3  ra i -z) ,  o r  23-3 sq, 

km (9 sq* m i w )  c e n t r e d  on Boone Lake  was a s s e s s e d  u s i n g  a l b e r t a  

Energy, R i m s  a n d  liesources forest Cover  S e r i e s  Sheet R3B NTnl 

( S a d d l e  H i l l s ) ,  The fo lLowing  are t h e  p e r c e n t a g e s  of c o v e r  

types :  scrub  - 29%; p i n e  and d e c i d u o u s  - 175, d e c i d u o u s  - 15 

p i n e ,  w h i t e  s p r u c e  a a d  d e c i d u o u s  - 122; d e c i d u o u s  and white  
I 

s p r u c e  - 11 ; p i n e  and  s p r u c e  - 1 3 % ;  p o t e n t i a l l y  p r o d u c t i v e  l a n d  

- 3%; p i n e  - 1%; bog o r  muskeg - 1% T h e  s c r u b  area s u r r o u n d s  

Boone Lake  on t h e  s o u t h e a s t ,  s o u t h ,  a n d  west s i d e s ,  Much o f  t h e  

a r e a  c l a s s i f i e d  as  s c r u b  is bog, on which g l a n d u l a r  b i r c h ,  

wil low,  and  b l a c k  s p r u c e  a r e  i m p o r t a n t  c o v e r  [Floss 1853 b) , 

H o ~ l e s t e a d s  w i t h  a b o u t  -75  km2 of cleared land e x i s t e d  1-5 

km s o u t h w e s t  of Boone Lake. Ddgnsky 11961) i n d i c a t e s  t h a t  t h e s e  

l a n d s  were abandoned b e f o r e  1961, 

F o r e s t  cover o f  a n  a r e a  4-83 b p  4-03 km (3  by  2 - 5  a i - f ,  or 

18 kmz ( 7 - 5  mi,') c e n t r e d  on S p r i n g  Lake u a s  a s s e s s e d  u s i n g  t h e  

S a d d l e  H i l l s  P o r e s t  Cover  S e r i e s  and  a e r i a l  pho tog raphs -  T h e  

r e s u l t s  are: decicluous c o v e r  - SOX; p o t e n t i a l l y  p r o d a c t i v e  l a n d  

; brush o r  o l d  burn - 32 ; d e c i d u o u s  a n d  w h i t e  s p r u c e  - 7%; 



coniferous - 7 % -  T h e  c l a s s i f i c a t i o n  of d e c i d u o u s  cover is 

probably  m o s t l y  aspen vith soae cott~nvsod and an understory of 

willow and lover shrubs,  Brush and  old burn i s  probably r s i l l o v  

and aspen vith other lover shrubs, Potentially p r o d u c t i v e  land 

is valley sides and bottoa with scrab vegetation- 



XIZ, P o l l e n  and Sediment A n a l y s i s  

Sed i a e n  t d e s c r i p t i o n  ---- -I 

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

BLA below t h e  c l a y  band a t  Y.90 err a n d  BLB above  the c l a y  band 

were combined t o  g i v e  a c o r e  d e s i g n a t e d  BLA,B, Except f o r  t h e  

c l a y  band, t h e  BLh,B c o m p o s i t e  c o r e  was c o a t i n u o u s  gytt ja v i t h  

some m a c r o f o s s i l  r e ~ a i n s  ( F i g u r e  f 0) , 

T i m e  was c o n t r o l l e d  u s i n g  6 r a d i o c a r b o n  d a t e s  ( F i g u r e  11)- 

The b a s a l  c l a y  - g y t t j a  t r a n s i t i o n  was d a t e d  a t  11,700f260 y e a r s  

d a t e s  came from sedinaent  i n  BLB,B, F i g u r e  13 s h o w s  d e p t h  p l o t t e d  

against age, with a  l i n e  hand f i t t e d  to  r e d u c e  t h e  ~ s a g n i t u d e  o f  

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

t h e  c l a y  band is ~ u c h  s l o w e r  t h a n  i n  a n y  o t h e r  p a r t  of t h e  core, 

which atlight i n d i c a t e  a s h o r t  s e d i t n e n t  d i s c o n t i n u i t y .  

The  S p r i n g  Lake  core is made u p  of t h e  upper aetre of 

sed in t en t  f r o e  StB, taken i n  a clear p l a s t i c  b a r r e l ,  and t h e  SLA 

c o r e  below 1 at- Figure 12 shows S L B , B  which i s  g y t t j a ,  

d i s c o n t i n u o u s l y  l a a i n a t e d  b e l o v  2-00 m a n d  c o n t i n u o u s l y  

l a a i n a t e d  belors 4-00 na t o  t h e  c l a y  - g y t t j a  t r a n s i t i o n ,  The 

l a a i n a e  a r e  v e r y  t h i n  and i a p o s s i b l e  t o  s e p a r a t e  for i n d i v i d u a l  

a n a l y s i s ,  They xange  from d a r k  a n d  l i g h t  brown t o  l i g h t  g rey -  

f l i c r o s c o p i c  exa i r t ina t ion  showed t h a t  t h e y  are p r e d o m i n a n t l y  



o r g a n i c  m a t t e r ,  a n d  o n e  dark band examined a p p e a r e d  to c o n t a i n  a  

s u b s t a n t i a l  amount o f  c h a r c o a l ,  S o n e  of t h e  light bands  

effervesced i n  10 RC1 more t h a n  o t h e r  laminae ,  b u t  t h i s  was n o t  

c o n s i s t e r a t ,  I t  is l i k e l y  t h a t  t h e  l a m i n a e  r e p r e s e n t  s h o r t  

p e r i o d s  of d e p o s i t i o n ,  p e r h a p s  of o n e  or  Bore y e a r s ,  b u t  t h e y  

are a p p a r e n t l y  n o t  c o n s i s t e n t l y  a n n u a l  r h y t h a i t e s -  

S t a n d a r d  phys i ca l .  a n a l y s i s  (Bengtsson  1979) was done  oa 

SLA,B. The b u l k  d e n s i t y  (D,) ,dry weigh t  ( D- We) and  l o s s  o n  

i g n i t i o n  ( 1 - L , )  analyses ( F i g u r e  13) c l e a r l y  show the t r a n s i t i o n  

Eron g y t t j a  t o  c l a y  below 4 - 4 0  a, Bulk d e n s i t y  and D-W. d r o p  

g r a d u a l l y  above &,YO m, p r o b a b l y  showing  d e c r e a s e d  s e d i m e n t  

compact ion ,  Thexe  i s  a gradual d e c l i n e  i n  I-L-, w i t h  a distinct 

d e c l i n e  i n  t h e  u p p e r  aetre, b u t  t h e  s i g n i f i c a n c e  o f  this 
I 

v a r i a t i o n  is unknown, 

C h r o n o l o g i c a l  c o n t r o l  for SLA,B  is prov ided  by U 

r a d i o c a r b o n  d a t e s  frorrt S p r i n g  Lake ( F i g u r e  11,12), The lower two 

d a t e s  sere o b t a i n e d  frola the SL3 core, The clay  - g y t t j a  

t r a n s i t i o n  is used  a s  a  stratigraphic n a r k e r  t o  t r a n s f e r  t h e  

d a t e s  t o  SLB,  The other d a t e s  were o b t a i n e d  fro16 SLA sed imen t .  

A d d i t i o n a l  c h r o n o l o g i c a l  control f o r  SLB,B is p r o v i a e d  by 

t r a n s f e r r i n g  SFU 206 , t h e  da te  of t h e  p i n e  peak i n  BLA,B core, 

t o  SLA,B. 



Figure 3 1 .  Booee Lake A,B and Spring Lake B,B cores 14C dates 
p l o t t e d  a g a i n s t  sediment depth ,  





F i g u r e  13, Bulk d e n s i t y  If),), dry weight (D ,W. j .  and l o s s  on 
i g n i t i o n  {LL)  ana lyse s  of Spring Lake core d,B- 

I 



D.W. 0 1 2 3 4 5 6 7 8 9 g/kg FW 
D. 9.5 105 11.5 12.5 13.5 14.5 15.5 16.5 115 kg/dm3 
I. L.  0.0 0.2 0.4 0.6 0.8 1.0 g/kg DW 

( A l l  values X l o2 )  

D.. ~ u l k ' d e n s i t ~  D. W., Dry weight I.L., Loss on ignition 

(kg/ dm3 (g/kg of (g/ kg  of Dry 
Fresh Weight) Weight) 



P o l l e n  a n a l p s i s  ---- - --- 
One al s u b s a m p l e s  were t a k e n  from t h e  c o r e s ,  n o r ~ a l l y  a t  5 

cm i n t e r v a l s ,  T h e  s a rap le s  were p r o c e s s e d  by s t a n d a r d  BCI, KOH, 

HP, and  a c e t o l y s i s  t e c h n i q u e s  [ F a e g r i  a n d  I v e r s e n  1975), and  

mounted i n  s i l i c o n e  o i l  (Anderson 1960) - S l i d e s  were 

s y s t e a a t i c a l l y  s c a n n e d  u n t i l  a n  up land  SUB of a b o u t  500 g r a i n s  

was o b t a i n e d ,  I n  t h e  early p o s t g l a c i a l  l e v e l s ,  lower sums were 

a c c e p t e d .  

T h e  e m p h a s i s  o f  t h i s  s t u d y  was t o  d e t e c t  long- term, 

r e g i o n a l  t r e n d s ,  A s k e l e t o n  diagralrt a t  15 ca i n t e r v a l s  was 

p r e p a r e d  for Boone Lake t o  d e t e c t  t h e  p e r i o d  of g r e a t e s t  

v e g e t a t i o n  change, The s e c t i o n  o f  core below 3-00 m u a s  

s u b s e q u e n t l y  a n a l y s e d  a t  5 cm,01: closex i n t e r v a l s -  Only minor  

l ong- t e rm t r e n d s  were s e e n  ia t h e  upper  3 m of Boone Lake, so  

t h e  s k e l e t o n  d i a g r a ~  was c o n s i d e r e d  s a t i s f a c t o r y ,  S p r i n g  Lake 

was a n a l y s e d  by s k e l e t o n  d i ag ra t a  a t  10 o r  15 cxe i n t e r v a l s  t o  

e o r ~ o b o r a t e  t r e n d s  a n d  r e g i o n a l  p a t t e r n s  d e t e c t e d  i n  Boone Lake- 

I n  Boone Lake t h e  a n a l y s i s  i n t e r v a l  between the s e d i ~ e n t  

s u r f a c e  a n d  - 8 5  a was 15 cxe, e q u i v a l e n t  t o  580 years between  

a n a l y s e s ,  Between - 85  a n d  3.00 a the a n a L p s i s  i n t e r v a l  was 35 

cm, e q u i v a l e n t  t o  220 y e a r s ,  B e l o w  3-00 t h e  i n t e r w a l  was 5 c a ,  

e q u i v a l e n t  t o  75 y e a r s  ( e x c l u d i n g  t h e  c l a p  band)  - B e l o w  5-06 ?B 

t h e  i n t e r v a l  was 3 ca, e q u i v a l e n t  to '100 y e a r s .  T h u s ,  t h e  

a n a l y s i s  e w p h a s i z e d  t h e  p e r i o d  of g r e a t e s t  v e g e t a t i o n  change i n  

the e a r l y  p o s t g l a c i a l  p e r i o d -  



I n  S p r i n g  L a k e  t h e  a n a l y s i s  i n t e r v a l  was g e n e r a l l y  15 cm, 

and  s o m e p l a c e s  10 cm f rom t h e  s u r f a c e  t o  4-00 at. T h i s  was 

e q u i v a l e n t  t o  365 y e a r  i n t e r v a l s  from the s u r f a c e  t o  1-00 a, and  

a t  most 250 y e a r  i n t e r v a l s  f r o a  1.00 t o  3-00  m- Below 4-00 w t h e  

a n a l y s i s  i n t e r v a l  uas 5 c ~ ,  e q u i v a l e n t  t o  450 y e a r  i n t e r v a l s  

be low 4.00 m a n d  140 y e a r  i n t e r v a l s  b e l o v  4- 40 a- 

Pollen i d e n t i f i c a t i a n  ---- --v--- 

P o l l e n  was i d e n t i f i e d  u s i n g  s t a n d a r d  k e y s  ( P a e g r i  and 

I v e r s e n  1975, Xapp 1969, 8cAadrews eiz ai, 1973) and  a r e f e r e n c e  

c o l l e c t i o n ,  The p o t e n t i a l  f l o r a  of t h e  region was d e f i n e d  n s i n g  

Vascular P l a n t s  of B r i t i s h  Colulabia {Taylor and  RacBryde 3977) ), - 
t h e  P l o r a  of A l b e r t a  (mss  1974), and  Boss (1952, 1953acb) - 

I 

Abies lasiocarg= is found i n  t h e  s u b a l p i n e  west of the ---- ---- 
study area, a n d  A, b a h a m e a  reaches i t s  w e s t e r n  l i n i t  i n  t h e  

s t u d y  a r e a  {Hosie 19731, a l t h o u g h  t h e r e  i s  t h e  p o s s i b i l i t y  o f  

h y b r i d i z a t i o n  (Moss 1953a) -  R e f e r e n c e  pollen f o r  &. las ioc i l r~g 

was found t o  b e  nach l a r g e r  t h a n  8, balsqgieg,  b u t  t h e  t a m  were 

n o t  s e p a r a t e d  f o l l o w i n g  Kapp8 s ( I  969) c a u t  i on l  

P i c e a  g l a u c a  and P, a a r i a n a  h a v e  been  shown t o  be  s e p a r a b l e  -- 
by d i s c r i ~ i n a n t  a n a l y s i s  ( B i r k s  and P e g l a r  1981)-  B l e v e n  s p r u c e  

g r a i n s  from t h e  e a r l y  p o s t g l a c i a l  5-24 a l e v e l  of Boone Lake, 

which %ere undamaged and  p r e s e n t e d  i n  e q u a t o r i a l  view were 

c l a s s i f i e d  by d i s c r i a i n a n t  a n a l y s i s ,  A l l  g r a i n s  were c l a s s i f i e d  

a s  uh ike  s p r u c e ,  b e i n g  g r e a t e r  t h a n  t h e  d i s c r i m i n a n t  i n d e x ,  and  

only one g r a i n  f e l l  w i t h i n  t h e  ~ o s s i b l e  r a n g e  of v a l u e s  of  black 

87 



s p r u c e ,  It is t h e r e f o r e  c o n c l u d e d  t h a t  t h e  e a r l y  p o s t g l a c i a l .  

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

P i n u s  c o n t o r t a  a n d  I?? b a n k s i a n p  b o t h  have d i p l o n y l o n  t y p e  ----- --- 
pollen (Ting 1965, #cAndxews 3 9 7 3 ) ,  a n d  n o  a t t e m p t  was made t o  

s e p a r a t e  t h e  two t a x a ,  

I n d e t e r a i n a t e  v e s i c u l a t e  g r a i n s  were s a c c a t e  g r a i n s  t o o  

crushed or  t o r n  t o  i d e n t i f y ,  

Alnus  iacrlna and  A, i r i d i s  o c c u r  i n  the B o r e a l  White and  
1-- -- 

Black S p r u c e  z o n e  ( T a y l o r  an& BacBryde 1977) ;. N o  a t t e ~ p t  was 

aade t o  s e p a r a t e  t h e  p o l l e n ,  

S e v e r a l  tree and  s h r u b  b i r c h e s  o c c u r  in the P e a c e  g i v e r  

d i s t r i c t ,  B e t u l g  ~ a ~ p ~ i f e r a ,  B, n e o a l a s k a n a ,  B, o c c i d e n t a l i s  and 

B* y l a n d u l o s a  (Hos ie  1973, K r a j i n a  aL, 1982)- - ------ 
I 

I n d i v i d u a l  s e p a r a t i o n  of t h e  p o l l e n  of t h e s e  s p e c i e s  was 

n o t  a t ten tp ted ,  E q u a t o r i a l  d i a m e t e r  and d i a m e t e r / p o r e  a e p t h  

r a t i o s  have  proven u s e f u l  e l s e w h e r e  f o r  s e p a r a t i n g  b i r c h e s ,  

( B i r k s  1968) ,  bu t  t h e  t e c h n i q u e  h a s  not been  systematically 

a p p l i e d  i n  n o r t h w e s t e z n  North Aae sica, Horsever , t h e  s i m p l e  

e q u a t o r i a l  d i a m e t e r  of g r a i n s  has a l s o  been  used  t o  d e t e c t  s h r u b  

or tree b i r c h  predominance (B i t ch i r ;  7977,1982; Caynal: 1980) .  

I n  t h i s  s t u d y  b i r c h  equatorial  d i a a e t e r s  were a e a s u r e d  on 

1638 f o s s i l  g r a i n s  p r e s e n t e d  i n  p o l a r  v i e w  i n  BLA,B, The 

d i s t r i b u t i o n  of t h e  mean, s a n d a r d  deviation, a n d  sarap le  s i z e  

p e r  l e v e l  is shown i n  F i g u r e  14, 

Measurements  of B&a,la r e f e r e n c e  c o l l e c t i o n s  are  shown i n  

~ i g u r e  14, A l l  b i r c h  refereace m a t e r i a l  was p r o c e s s e d  by NaOH OK 



KOB and a c e t o l y s i s ,  

n o t  c a u s e  long- te rm 

a n d  was iaonnted i n  s i l i c o n e  o i l ,  which d o e s  

s i z e  c h a n g e s  (Anderson 1960) Covers f  i p  

s u p p o r t s  were n o t  u sed  (Cushing  1961) b u t  the g r a i n s  were 

a p p a r e n t l y  not c r u s h e d  unde r  t h e  c o v e r s l i p s ,  A s i z e  g r a d a t i o n  i s  

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

t h a n  t h e  tree b i r c h e s ,  O n l y  g, nana and  a ~ a b r a d o s  sample of f3, 

q l a  n d u l o s a  show clear s i ze  s e p a r a t i o n  f som Bt_ s c i d e n t a l i s  and  

EL p a g y r i f e r a ,  8, a a l a s k a p a  a n d  t h e  B e v i s  creek satgple o f  & -- 
g l a n d u l o s g  are  i n t e r ~ e d i a t e  i n  s i z e ,  w i t h  a  v e r y  l a r g e  s t a n d a r d  

d e v i a t i o n .  T h e  two 91 r f a n d u i o s a  c o l l e c t i o n s  a r e  s u r p r i s i n g l y  

d i s t i n c t ,  T h e  a b i l i t y  of birches t o  h y b r i d i z e  p r o b a b l y  

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

T h e  f o s s i l  c o l l e c t i o n s @  aaean s i z e s  are d i s t i n c t l y  s m a l l e r  
\ 

t h a n  t h e  r e f e r e n c e  c o l l e c t i d n  sizes. Even t h e  s u r f a c e  sartlpfe, 

w h i c h  aust c o n t a i n  a a i x t u r e  of p o l l e n  of a l l  b i r c h  s p e c i e s  i n  

t h e  r e g i o n ,  h a s  a Bean size s n a l l e r  t h a n  a n y  r e f e r e n c e  ma te r i a l .  

L i k e v i s e ,  the s i z e s  f o r  shrub b i r c h  p o l l e n  f rom the r e f e r e n c e  

c o l l e c t i o n s  a re  l a r g e  i n  c o m p a r i s o n  w i t h  Cwynar t s  (19801 d a t a  

f r o @  Hanging Lake, n o r t h e r n  Yukon, Bere a Bean of 19-20 

~ i c r o a e  ters is found  fro& t h e  surface s e d i m e n t  sample,  which 

~ u s t  c o n s i s t  mos t1  y of t h e  r e g i o n a l  s p e c i e s  g l a n d u l o ~  a n d  & 

nana  ssp, f x i 1 i s .  ---- 
T h e  o v e r l a p  o f  r e f e r e n c e  p o l l e n  s i z e s  a n d  t h e  size 

df f f e r e n c e  between rtlodern and  f o s s i l  p o p a f a t i o n s  shows t h e  

d i f  f i c u l t f  of making unequivocal.  c o n c l u s i o n s  f rom wufza g r a i n  

s i z e  d i s t r i b u t i o n s ,  T h e r e  is n o n e t h e l e s s  a  t e n d e n c y  f o r  s h r u b  



figure 14- Distribution of fossil and r e f e r e n c e  B e t *  pollen 
g r a i n  s i z e  measurements, 

l 



+ B occidental~s K.B.C. Mahoney Lake B.C. - 32 
$ B. papyrifera No.370 U.B.C. Arboretum - 32 
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8 8. nana ssp. exilis Old Crow Yukon -, * 30 2 B. glandulosa Labrador ; 30 



b i r c h  t o  be s a a l l e r  t h a n  tree b i r c h  p o l l e n ,  

C e r t a i n  t r e n d s  a p p e a r  i n  t h e  BL d a t a -  T h e  v a r i a t i o n s  i n  the 

iuean s i z e  of t h e  g r a i n s  l i k e l y  r e ~ r e s e n t  changes  i n  the 

p r o p o r t i o n  of s h r u b  a n d  tree birch p o l l e n  i n  t h e  B e t u l a  p o l l e n  

sun. The b i r c h  s i z e  t s e n d s  s u g g e s t  t h a t  s h r u b  birch predout ina ted  

i n  t h e  lowest t h r e e  l e v e l s ,  T r e e  b i r c h  t y p e s  r a p i d l y  b e c a n e  a 

l a r g e r  p r o p o r t i o n  of t h e  t o t a l ,  b u t  a s h o r t  t r e n d  t o w a r d s  s h r u b  

b i r c h  type began a b o v e  4-95 m, By 4 -60  a tree b i r c h  t y p e  p o l l e n  

was a g a i n  r e l a t i v e l y  abundan t ,  L i t t l e  c h a n g e  is n o t e d  u p  t o  1-00 

m, a t  which p o i n t  t h e  r e l a t i v e  abundance  of s h r u b  b i r c h  t y p e  

a g a i n  b e g i n s  t o  i n c r e a s e ,  

g ~ p u l u s  p o l l e n  c o u l d  coiw f ro& t s e m b l i n g  a s p e n  or  balsaiu 

p o p l a r ,  P o p l a r  p o l l e n  is n o t o r i o u s l y  s u s c e p t i b l e  t o  c o r r o s i o n  
\ 

(Havinga  1964, Sangstes a n d  Dale 1963) Its c o n s e q u e n t  

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

by its e x t r e m e l y  low v a l u e ,  or a b s e n c e ,  i n  t h e  s e d i m e n t  su r face  

s a a p l e s  of S p r i n g  L a k e  and  Boone Lake, a l t h o u g h  a s p e n  is a rna jof 

coutponent of t h e  r e g i o n a l  up land  v e g e t a t i o n -  T h i s  e x t r e a e  

u n d e r r e p r e s e n t a t i o n  i s  a s i g n i f i c a n t  problem fo r  b o r e a l  

p a l a e o e c o l o g y ,  Aspen is a sera1 s p e c i e s  like pine ,  a n d  t h e  

p r e s e n c e  of p i n e  bas been  used p r e v i o u s l y  t o  s u g g e s t  t h e  

p r e s e n c e  o f  a s p e n  (White  a n d  Bathewes 1982) P o p u l u s  p o l l e n  

o f t e n  o c c n r s  is abundance  i n  l a t e  P l e i s t o c e n e  p o l l e n  s p e c t r a  

{ t l o t t  1978), a s  it a p p e a r s  i n  this study. # f t i l e  its a g g r e s s i v e  

rnodem h a b i t  s u g g e s t s  t h a t  it is a l i k e l y  i n v a d e r  o f  newly 

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



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

u e r e  i m p o r t a n t  to  i t s  p r e s e r v a t i o n ,  E'sGg is much b e t t e r  

r e p r e s e n t e d  i n  t h e  r e d u c e d  s e d i m e n t s  of s p r i n g  Lake, d e p o s i t e d  

i n  t h e  a n o x i c  trypolilatnion, t h a n  i n  t h e  s e d i a e n t s  of s h a l l o w e r  

Boone Lake, T h e  e a r l y  Holocene  d e c l i n e  of  pop l a r  i n  t h e  s e d i m e n t  

of S p r i n g  Lake  t h n s  i n d i c a t e s  that it r e p r e s e n t s  a c h a n g e  i n  

f o r e s t  c o a p o s i t i o n ,  r a t h e r  t h a n  just c h a n g e s  i n  the l a c u s t r i n e  

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

and c o r r o d e d ,  and t h e r e  is t h e  p o s s i b i l i t y  of c o n f u s i o n  w i t h  

c r u s h e d  and  c o r r o d e d  s e d g e  g-sains, L e v e l s  i n  the core where 

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

u n d e t e r  aina bXe po l l en ,  P o p l a r  wood, i d e n t i f i e d  and  d a t e d  at 

1 1 , 7 0 0 ~ 2 6 0  years B,P, i n  BLD was froa t h e  c l a y - g y t t  ja i n t e r f a c e ,  
\ 

e q u i v a l e n t  t o  t h e  s a n e  i n t e r f a c e  in BLA,B, where p o p l a r  p o l l e n  

i s  r e l a t i v e l y  abundan t .  

Viburngg  is likely & e d u l e ,  a  comaon nte8abef of  t h e  10s 

s h r u b  stratum of t h e  a s p e n  c o n s o c i a t i o n  a n d  of t h e  w h i t e  s p r u c e  

a s s o c i a t i o n  {Boss 1953a) -  

B ~ r i c a  g3zt a n d  C o r v l u s  c o r n u t a  o c c u r  in t h e  BIJBS zone  

( T a y l o r  and  BacBryde 3977) b u t  C o y y i U g  is rare, b e i n g  @ore 

common i n  c e n t r a l  Alberta (Boss  l953a) .  E d u a r d s  f 198 1) h a s  shown 

t h e  u n r e l i a b i l i t y  of s e p a r a t i o n  of t h e s e  t a n a  i n  Euxope by l i g h t  

a i c r o s c o p p ,  A l though  s e ~ a r a t e d ,  the t a x a  h a v e  been d e s i g n a t e d  a s  

u&g t y p e  a n d  S~als type ,  

S h e ~ h e a f ~  c a n a d e n s i s  c a n  o c c u r  i n  t h e  Peace  B i v e r  a r e a  

urider u h i t e  s p r u c e ,  l o d g e p o l e  p ine ,  and  a s p e n  d o n i n a n t s  (Boss 



1953a).  It h a s  n i t r o g e n - f i x i n g  exadophytes {Bond 1967) and is a n  

a g g r e s s i v e  c o l o n i z e r  i n  t h e  l a t e - g l a c i a l  {Mathewes 1973)  - 
Many s p e c i e s  of S a l i x  o c c u r  i n  t h e  P e a c e  River a r e a  

(Brayshaw 3976)-  Host a r e  found i n  wet h a b i t a t s ,  b u t  S a l i x  

b e b b i a n a  is a coaaon  up land  w i l l o w  (Moss l953a )  - ----- 
T h e  k e y  f o r  t h e  s e p a r a t i o n  of Arteaisia by Bassett 2% all 

(3978) was f o u n d  t o  r e q u i r e  o b s e r v a t i o n  beyond t h a t  p o s s i b l e  

s i t h  t h e  Plikon SkT ogicroscope, Arte~is5.a ~ r a c u n c u l u s ,  At 

f&ida ,  B, i_ongif_olia, a n d  g, i u d o v i c i a n g  h a v e  been o b s e r v e d  on 

s t e e p ,  e r o d e d  s l o p e s  i n  S i l v e r  V a l l e y  o n  t h e  s o u t h  s i d e  o f  t he  

Peace R i v e r  a b o u t  50 k a  n o r t h  of Boone Lake  (Lee and  B a c I s a a c  

3981)- 

A s m a l l  t r i c o l p a t e  g r a i n  w i t h  a r e t i c u l u a  v i s i b l e  a t  x l O Q O  
I 

c o n p a r e d  well w i t h  D e s c u r a i n i s ,  D, p i a n a t a  a n d  gr r i c h a r d s o g u  

o c c u r  i n  t h e  Boreal White and Black  S p r u c e  z o n e  ( T a y l o r  and 

EIacBrfrde 19771, a n d  i n  A l b e r t a  (Boss $974) -  Boss (1978) 

i n d i c a t e s  t h a t  the h a b i t a t  is dry s l o p e s  and denuded p l a c e s -  

The P o a c e a e  have been  i n c l o d e d  in t h e  up land  s u ~  i n  t h e  

p o l l e n  d i ag rams ,  S t i p a  and  Aqropyron are i n p o r t a n t  a o d e r n  g e n e r a  

(Hi l k i n s o n  198 3:Table 1, Pfoss 3952)- N o n e t h e l e s s ,  there are  

enaergent g r a s s e s  such as C a l a a a q g o s t i s  spp., &g spp., and 

hqrostis g p ~ ~  [Ploss 1953b) which c o u l d  c o n t r i b u t e  g r a s s  p o l l e n  

d i r e c t l y  t o  t h e  lake, 

The C y p e r a c e a e  have  been p l a c e d  i n  t h e  a q u a t i c  sum, 

c o i a ~ o n l y  b e i n g  emergen t s ,  However, the Cyperaceae are a l s o  

itrrportant modern u p l a n d  eleeaenks (Hoss 4952, @ i l k i n s o n  198 I ) .  



and i n  t h e  e a r l y  p o s t g l a c i a l  sedge p o l l e n  c o u l d  h a v e  o r i g i n a t e 4  

from u p l a n d  c o l o n i z i a g  p l a n t s  a s  nelf a s  from e a e r g e a t  p l a n t s ,  

However, a f t e r  forest d e v e l o p e d  i t  is l i k e l y  t h a t  ntost of t h e  

s e d g e  p o l l e n  originated from e a e r g e n t  p l a n t s ,  

Auaex t y p e  i n c l o d e s  R U M  a n d  Q w s i a .  Bumex a c e t o s a  and  g= 

a r c t i ~ u p  presently o c c u r  i n  t h e  Boreal U h i t e  and  B l a c k  Spruce 

zone  { T a y l o r  and HacBryde 1977) The a l p i n e  d i s s n a  is n o t  

l i k e l y  t h e  species x e p r e s e n t e d ,  

Pollea diaurazag --- 
P o l l e n  p e r c e n t a g e  and  i n f l u x  diagraas were g e n e r a t e d  u s i n g  

a P o l l d a t a  f4k- IY program, written a t  C a a b r i d g e  f ~ n i v e s i t y  

H-J-B- B i r k s  a n d  B r i a n  R u n t l e y ,  and a o d i f i e d  for o p e r a t i o n  at 
\ 

Simon I ' r a s e r  U n i v e r s i t y  by J, L i t t l e  a n d  X). Ollilson, 

A l l  u p l a n d  t a x a  are i n c l u d e d  i n  t h e  p a l l e a  sum, w h i l e  t h e  

i a X a  which  are colalaonly e rae rgen t s  and  a q u a t i c s  are calculated 

outs ide  t h e  sunt. T h e  nurrtber of t a x a  i n  t h e  sum is w r i t t e n  in a 

coluraa i a m e d i a t e l y  t o  the sight o f  the p o l l e a  sua, 



IV, Butmerical and Stat is t ica l  Techniques 

Tegt foy randomness  gf d i s t r i b u t i o n  ~f g t a p 3  

T h e  s i g n i f i c a n c e  of t h e  d i s t r i b u t i o n  of t a x a  which  have  low 

and  s p o r a d i c  r e p r e s e n t a t i o n  through time is o f t e n  u n c l e a r  t o  

p a l y n o l o g i s t s .  It is d i f f i c u l t  t o  d e c i d e  by v i s u a l  i n s p e c t i o n  

whe the r  t h e r e  i s  a s i g n i f i c a n t  c l u s t e r i n g  of a  t a x o n  i n  a 

p a r t i c u l a r  core segntent,  o r  whether  t h e  obserared d i s t r i b u t i o n  

might  r e s u l t  from random e n c o u n t e r s  of a  rare t a x o n  whose 

p e r c e n t  a g e  was n o n e t h e l e s s  e q u a l  amongs t  a l l  t h o s e  p o p n l a t i o n s  

of p o l l e n  g r a i n s  s a n p l e d ,  \ 

A n o n p a r a m e t r i c  test, t h e  One-Sample Runs  T e s t  ( S i e g e 1  

*..r F. rr>q has bees employed .to d e t e r m i n e  the p r o b a b i l i t y  that the 

d i s t r i b u t i o n  of some t a n  i n  the Boone Lake a n d  S p r i n g  Lake 

p e r c e n t a g e  d i a g r a m s  is due  t o  r a n d o f  d r a w s  f r c ~  hoaogeneons  

p a p u f a t i o n s ,  Taxa r e p r e s e n t e d  by Q 8  f<.5%) or  very low 

h i s t o g ~ a m  b a r s  on t h e  pollen d i a g r a a s ,  whose d i s t r i b u t i o n s  

s u g g e s t e d  some c l u s t e r i n g ,  were s e l e c k e d  f o r  s t a t i s t i c a l  

a n a  1 y sis, 

A s  t h e  One-Sample Runs T e s t  u s e s  o r d i n a l  

h i g h  p e r c e n t a g e  o c c u r r e n c e ,  s u c h  a s  &~&e&gg 

c o n v e r t e d  t o  a a + 8 ,  v i t h  a m n s e g a e n t  loss  of 

d a t a ,  a s i a g l e  

i n  BLA,B, must be  

i n f  o r a a  ti on. The 

Romolgofov - Slairnoo goodness  of fit test (Siege1 1956) is more 

a p p r o p r i a t e  fo r  s u c h  d a t a ,  T h e  One-Saaple  Rons T e s t  s h o u l d  be 



a p p l i e d  to  t a x a  v h o s e  r e p r e s e n t a t i o n  c a n  b e  c o n v e r t e d  t o  

p r e s e n c e / a b s e n c e  d a t a  w i t h o u t  a  y r e a  t. i n fo rma  t i o n  loss, 

T h e  punched o u t p u t  s u i t a b l e  for n u m e r i c a l  z o n a t i o n  from t h e  

P o l l d a t a  Plk ZV prograia by  H H I J - 3 .  B i r k s  and  B r i a n  Hunt ley  is 

a p p r o p r i a t e l y  a r r a n g e d  for  t h e  d e t e r a i n a t i o a  r u n s -  *Z* can  be  

s o l v e d  fo r  r a p i d l y  by a programwable  c a l c u l a t o r ,  

C a l c u l a t i o n  of * z *  and r e f e r e n c e  t o  t a b u l a r  v a l u e s  f o r  ape 

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

e x t r e n e  as t h e  o b s e r v e d  *zl, The test say b e  one- o r  two- t a i l ed ,  

I n  t h e  l a t t e r  c a s e  t h e  table v a l u e s  f o r  * p a  a r e  doubled.  U s u a l l y  

a  test would b e  u s e d  t o  a s c e r t a i n  whe the r  t h e r e  was a 

s i g n i f i c a n t  c l u s t e r i n g  o f  a taxon i n  a c e r t a i n  core segjatent- 

This is e q u i v a l e n t  t o  a o n e - t a i l e d  a l t e r n a t e ,  t h a t  there were 
\ 

fewer r u n s  i n  t h e  d a t a  t h a n  one uoufd e x p e c t  t o  observe u n d e r  

t h e  au13. h y p o t h e s i s ,  Thus the o n e - t a i l e d  p r o b a b i l i t y  c a n  be 

u s e d ,  A l t e r n a t i v e l y ,  sonae p a t t e r n  of r e c u r r e n t  i n c r e a s e  i n  t h e  

p o p u l a t i o n  of a  t a x o n  ~ i g h t  p r o d u c e  aofe  runs t h a n  would b e  

e x p e c t e d  unde r  a n u l l  h y p o t h e s i s .  A o n e - t a i l e d  p r o b a b i l i t y  would 

a l s o  b e  used, 

T a b l e  1 a n d  2 g i v e  t h e  one-and t u o - t a i l e d  v a l u e s  f o r  '2' 

for t h e  t a x a  t e s t e d  i a  S L l ,  f3 and  IBLB,B. Taxa f o r  which the 

d i s t r i b u t i o n s  are s i g n i f i c a n t  a t  - 0 5  (*) or  , O I ( + * f  f o r  a one- 

o r  t w o - t a i l e d  a l t e r n a t i v e  are marked on T a b l e s  1 and 2- 



__I--~-_------------------------UI-------___ 

Table 1: Probabilities of randoa distribution of vasioas t axa  in 
Boone Lake cores A,B, 

Vi bur nt& -3.28 f, 00007*+ I* 
Cornus s e r i c e a  +U128 
_I__ __I-_-_ 

,3897 ,7794 
gorylus t y -  -7-09 <<,00003** *I 
S. ganadeng_is -1-71 - ,0435* ,0872 
Rosaceae -2 ,  16 ,0154* ,0308 
Apiaceae -0-97 ,1660 ,3320 
Carpophyllaceae +0,55 ,2578 ,5156 

Chenopodiineae -1.86 
i h a l i c t r u n  +OlrC7 
~ ~ O P D  d i urn - 2 - 0 7  

- --- -------_)_--------- 

Table 2: Probabilities of random d i s t r i bu t i ons  of various taxa 
i n  Spring L a k e  cores A,B 

V i  bnrnum ---- -3.18 
Cornus sericeq - 3-24 
CorJl_up ty, - - 2-  50 
S, canadensis - 3-22 - -I_---- 

Byrica  ty. +L 33 
Ro saceae -0-68 
Chenopodiineae - 2 -67  
T~a l i c tmr t i  - 1,2Y 



T h i s  a p p r o a c h  is o n e  of d a t a  a n a l y s i s  only,  It is n e c e s s a r y  

t o  test  the s i g n i f i c a n c e  of o b s e r v e d  d i s t r i b u t i o n s  on a p o l l e n  

d i a g r a ~  b e f o r e  a s s i g n i n g  any p a l a e o e c o l o g i c a l  s i g n i f i c a n c e  t o  

t h e  d a t a ,  

T h r e e  t a x a  E ibu rnua ,  G-2 ty, , a n d  Chenopod i ineae  have  

s i g n i f i c a n t  d i s t r i b u t i o n s  i n  Boone a n d  S p r i n g  Lakes, A 1 1  h a v e  

fewer r u n s  t h a n  would be e x p e c t e d  u n d e r  t h e  nulZ h y p o t h e s i s ,  

T h e  C h e n o p o d i i n e a e  are shown i n  t h e  po l l en  p e r c e s t a g e  

diagral t ls  f ruin Boone a n d  S p r i n g  L a k e s  { F i g u r e s  13,13) t o  occur 

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

n o t e d  i n  t h e  b a s a l  zones ,  BL2 a n d  SL1, 

C o r y l u s  t y ,  a l so  shows a c l u s t e r i n g  t o w a r d s  t h e  b a s e  of t h e  

d i a g r a n  i n  S L 1  and  SL2, and i n  BL3 and  BLUa- 

Vibusnua)  s c l o s t e r i n g  p a t t e r n  is n o t  c o n s i s t e n t ,  b e i n g  i n  

BL3 and  BLY before 8700 y e a r s  B-P,, b u t  i n  SL3 a f t e r  8200 y e a r s  

3, P* 

S h a h e r d i a  c l u s t e r i n g  occurs i n  BL2 to BL6 and  i n  SEl t o  -- ---I 

SL3, If p e r c e n t a g e  r e p r e s e n t a t i o n  i n  B L 2  to  3L4 and i n  SL1 were 

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

v a l v e s  c o u l d  b e  nucb  h i g h e r ,  

Rosaceae  c l u s t e r s  i n  z o n e s  BL2 a n d  BL3, and L y c o p o d i u ~  

c l u s t e r s  i n  BLYb. 



C o n f i d e n c e  i n t e r v a l s  f o r  p e r c e n t a q e  $aha 
-----I- ------ I_ 

T h e  P o l f d a t a  His IV prograB  g e n e r a t e s  - 9 5  c o n f i d e n c e  

i n t e r v a l s  for p e r c e n t a g e s  of a l l  taxa where a t  l e a s t  o n e  v a l u e  

22,536, C a l c u l a t i o n s  are based  on a c o n f i d e n c e  i n t e r v a l  f o r  a  

b i n o ~ i a f  d i s t r i b u t i o n  (Hosieaann 1965, Maher 3 972) T h e  P o l l d a t a  

Plk ZV program has  been  naodified a t  Siiuon F r a s e r  U n i v e r s i t y  by 

ffr, Douglas  k l i l son  so t h a t  error b a s s  are added  t o  t h e  p l o t t e d  

h i s t o g r a m s  t o  i n d i c a t e  t h e  wid th  of t h e  c a l c u l a t e d  c o n f i d e n c e  

i n t e r v a l  ( F i g u r e s  f0,12),  

If t h e  c a l c u l a t e d  p o i n t  p e r c e n t a g e  v a l u e  of a t a x o n  a t  o n e  

l e v e l  is i n c l u d e d  i n  t h e  0,535 c o n f i d e n c e  i n t e r v a l  of a n o t h e r  

l e v e l ,  t h e  t a n o n  p r o p o r t i o n s  w i l l  n o t  be  found  t o  d i f f e r  a t  t h e  

0-05 l e v e l ,  If t h e  c a l c u l a t e d  p o i n t  p e r c e n t a g e  s a f a e s  of a t a x o n  
\ 

i n  two s a n p l e  l e v e l s  are n o t  i n c l u d e d  i n  e a c h  o t h e r ' s  c o n f i d e n c e  

i n t e r v a l ,  t h e  t a x o n  w i l l  u s u a l l y  be found  t o  d i f f e r  be tween  t h e  

two sarap les  a t  t h e  0.05 l e v e l  of s i g n i f i c a n c e  (Baher 1972) - 

N u n e r i c a l  z o n a t i o n  ---- --u--- 

T h e  n u ~ e r i c a l  z o n a t i o n  of Boone Lake a n d  S p r i n g  Lake  

p e r c e n t a g e  ddagrants ( F i g u r e s  10,12) was g e n e r a t e d  u s i n g  a  

program d e s c r i b e d  by B i r k s  (1979) and Gordon and  B i r k s  (1972)- 

The t a x a  s p r u c e ,  p i n e ,  a l d e r ,  b i r c h ,  p o p l a r ,  w i l l o w ,  s a g e ,  

Epuisetum, C h e n o p o d i i n e a e  and  grass were used f o r  n u a e r i c a l  - ---- 
z o n a t i o n  a s  t h e y  were e a c h  r e p r e s e n t e d  a t  l e a s t  o n c e  by a  ~ d u e  

o f  >5%, 



T h e  results o f  SPLITINF and SPLZTLSQ were p l o t t e d  t o  t h e  

p o i n t  a t  which an  a d d i t i o n a l  a a r k e r  r e d u c e d  t h e  r e s i d u a l  

v a r i a t i o n  by 2 %  o r  less. Xt was judged t h a t  f u r t h e r  d i v i s i o n  of 

the d i a g r a m  would yield a r s u i t i p l i c i t j l  of s u b z o n e s  wi th  l i t t l e  

i n c r e a s e  i n  the u n d e r s t a n d i n g  Q•’  t h e  d i a g r a a ,  

T h e  r e s u l t s  of SPLfTINP and SPEITXLSQ were used t o  g u i d e  

t h e  z o n a t i o n  of t h e  d iagram,  and  zone b o u n d a r i e s  were drawn 

where t h e s e  two r o u t i n e s  i n d i c a t e d  a s u b d i v i s i o n  a t  t h e  saae, or 

almost t h e  s a n e  p o i n t ,  

COWSLIIK was n o t  c o n s i d e r e d  as useful .  f o r  t h e  s e l e c t i o n  o f  

z o n a l  bounda r i e s ,  However, it c l e a r l y  shows i n  what s e c t i o n s  of 

t h e  d i ag ram s u b s t a n t i a l  change takes p l a c e  f roa l e v e l  t o  level, 

v h i c h  a r e  t h o s e  s e g w e n t s  where s p e c t r a  are u n i t e d  a t  a h i g h  
\ 

l e v e l  of c l i s s i ~ i i a r i t y -  



V. P o l l e n  Zonation 

Btl h a s  been d e s c r i b e d  a b o v e  i n  P a r t  A. The f o l l o w i n g  

d i s c u s s i o n  refers t o  t h e  Boone Lake  p o l l e n  p e r c e n t a g e  d i ag ram 

{ F i g u r e  10) a n d  influx diagrasl ( P i g a r e  15)-  

BL2 (5-40 t o  5.24 la; c a *  31,700 t o  1 ' i , t iOO y e a r s  8, P-) is a  

d e c i d u o u s  tree - s h m b  - h e r b  zone, P o p l a r  and  w i l l o w  are h i g h l y  

r e p r e s e n t e d ,  S o a p b e r r y  is c o n s i s t e n t l y  r e p r e s e n t e d  a t  about 3 %  

T h e  birch are l a r g - e l y  dwarf t y p e s ,  p r o b a b l y  g l a n d u l a r  b i r ch .  

Sage,  o t h e r  T u b u f i f l o r a e ,  Chenopod i ineae  and  g r a s s e s  are' well 

r e p r e s e n t e d ,  a q u a t i c  o r  e a e r g e n  t s p e c i e s  i n c l u d e  abundan t  s e d g e  

and a ~ r i o ~ h ~ l f  untL Po ta@oue ton ,  and  Y y ~ h a -  The h i g h  

u n d e l e r n i n a b l e  sum r e p r e s e n t s  e r o d e d  p o p l a r  and  s e d g e  grains 

which c o u l d  n o t  be c l e a r l y  s e p a r a t e d ,  The t o t a l  p o l l e n  i n f l u x  is 

low, less t h a n  1100 g r a i n s  en-2 yr,-r, 

B a c r o f o s s i l  a n a l y s i s  a b o v e  t h e  d a t e d  p o p l a r  wood i n  BLD 

a d d i t i o n a l l y  i n d i c a t e s  t h e  p r e s e n c e  of C e r a t o g h y 1 l u ~  deaersum, 

b r y o p h y t e s ,  Chara ,  3 s p e c i e s  of g a s t r o p o d s ,  o s t r a c o d s ,  and 

Qavbnia.  The p o p l a r  wood c o n f i r m s  t h e  p r e s e n c e  of p o p l a r  p o l l e n ,  

and  s e d g e  and & & q ~ o q e t o n  achenes a l s o  appear  with t h e i r  p o l l e n  

i n  t h e s e  zones ,  

B L 3  (5-24 t o  5-06 a; ca, 11,500 t o  11,200 y e a r s  ELI?,) is 

c h a r a c t e r i z e d  by tree - shrub - h e r b  s p e c t r a ,  Spruce fn tos t ly  



w h i t e  s p r u c e )  rises t o  >I0 a n d  p i n e  t o  >20% ia BL3,  Rowever, 

t h e  i n f l u x  v a l u e s  d o  n o t  show s i g n i f i c a n t  i n c r e a s e  frora BL2, 

Birch and a l d e r  rise in p e r c e n t a g e  and  a l i t t l e  i n  i n f l u x ,  T h e  

g r a i n  s i z e  d i s t r i b u t i o n  of b i r c h  s u g g e s t s  i n c r e a s e d  p r e s e n c e  of 

tree b i r c h e s ,  The s t e e p  p e r c e n t a g e  d e c l i n e  ia p o p l a r  and  wi l low 

is l i k e l y  an a r t i f a c t  of t h e  i n c r e a s e  i n  t h e  o t h e r  talca, a s  t h e  

inf lax d e c r e a s e s  are less ~ a r k e d ,  T h e  s h r u b  p o l l e n  f roiu h ighbush  

c r a n b e r r y  a n d  gorvlxzs t y p e  shov a  h i g h l y  s i g n i f i c a n t  c l u s t e r i n g  

i n  BL3 and  i n  t h e  l ove r  p a r t  o f  BL4, The p r o b a b i l i t y  a s s o c i a t e a  

w i t h  Rosaceae  d i s t r i b u t i o n  (Tab le  3) a r g u e s  f o r  sonre c l u s t e r i n g  

i n  Et3, C h e n o p o d i i n e a e  h a v e  d e c l i n e d  somewhat i n  p e t c e n t a g e  and  

iaf Lux v a l u e s ,  which remain little changed  i n  s n b s e g a e n t  z o n e s  

until BL7, Grass p e r c e n t a g e  and Snglox i n c r e a s e s ,  a n d  s e d g e  
\ 

declines, Sage and m m h v l l g w ~  b o t h  declined i a  r e l a t i v e  

i m p o r t a n c e  w i t h o u t  n o t i c e a b l e  i n f l u x  change, T~p&g shows 

p e r c e n t a g e  a n d  i n f l u x  i n c r e a s e ,  The t o t a l  i n f l u x  rose to 11000 

g r a i n s  ca-2 yr-1, 

In BL4 (5.06 t o  4-54 R; ca, 11,280 t o  8700 y e a r s  BOP-) t h e  

c o n i f e r s  have  h i g h  i n f l u x  a n d  p e r c e n t a g e  v a l u e s ,  The g g t t j a  i n  

BLY is  i n t e r r u p t e d  by a c l a y  band a t  4-92 m, a n d  t h e  1 4 C  dates 

show t h e  s l o w e s t  accunru la t ion  rate i n  t h e  core in t h e  c e n t r e  of 

this zone ,  132 y r s ,  cat-1, Two o f  t h e  n u i w r i c a l  z o n a t i o n  p r o g r a a s  

h a v e  i s o l a t e d  t h i s  z o n e  a s  a r e l a t i v e l y  homogeneous u n i t ,  y e t  

t h e  c l a y  band and  S P L I T ~ B F  i n d i c a t e  a s u b d i v i s i o n  i n t o  BL4a and  



F i r  is  c o n t i n u o u s l y  r e p r e s e n t e d  i n  t h e  core b e g i n n i n g  i a  

BL4a .  Spruce a n d  p i n e  have  s i g n i f i c a n t  p e r c e n t a g e  and i n f l u x  

p e a k s  a a d  declines i n  BLQa, B i r c h  shows a rise i n  t o t a l  p o l l e n  

and i n  t h e  p e r c e n t a g e  of tree p o l l e n ,  t e r m i n a t i n g  i n  a s h a r p  

d r o p  i n  t o t a l  p e r c e n t a g e  a n d  i n  t h e  p r o p o r t i o n  of tree types ,  

P o p l a r  p e r c e n t a g e s  a n d  i n f l u x  a re  a s  low a s  i n  BL3, O t h e r  t a x a  

p e r c e n t a g e s  a r e  low i n  response to t h e  rise in tree p o l l e n ,  ba t  

show no i n f l u x  c h a n g e s  fro& t h e  l o w e r  zones-  

BL4B starts a t  4-90 a, estimated t o  b e  10,000 f e a r s  8-P, 

C o n i f e r  p e r c e n t a g e s  a n d  i n f l u x  show a s i g n i f i c a n t  i n c s e a s e  a f t e r  

t h e  p r e v i o u s  d e c l i n e ,  Alder ,  w i l l o w ,  a n d  grass s h o u  p e r c e n t a g e  

and  i n f l u x  i n c r e a s e ,  w h i l e  a s a g e  i n c ~ e a s e  is a p p a r e n t  i n  

p e r c e n t a g e  on ly ,  A n o t a b l e  f e a t u r e  of BL4b is the i n i t i a l  low 
\ 

p e r c e n t a g e  and  influx of bixch,  w i t h  a g r a d u a l  rise d u r i n g  the 

zone. The b i r c h  g r a i n  s ize  d i s t r i b u t i o n  s u g g e s t s  t h a t  t h e  tree 

t y p e s  i n c r e a s e d  i n  p r o p o r t i o n  d u r i n g  t h e  zone-  Though Ewu.lug 

shows a  s h a r p  p e r c e n t a g e  i n c r e a s e  a% t h e  b a s e  of t h e  zone ,  i t  i s  

n o t  confi reeed i n  i n f l u x ,  A d i s t i n c t  E q t t i s e t g l ~  peak  follows the 

c l a y  band. P o s s i b l y  g ~ u i s e t u m  was c o l o n i z i n g  e r o d e d  a i n e r a l  

sa i ls .  a g w o d i u ~ t  a l s o  shows a distinct c l u s t e r i n g  i n  this zone, 

fnf  l u x  i n  BL4b rises t o  >6000 g r a i n s  c r 2  y r , - L  

B L 5  (4-54 t o  4,20 m; 8700 t o  8200 y e a r s  B,P,) h a s  a h i g h l y  

s i g n i f i c a n t  p e r c e n t a g e  and  i n f l u x  d e c l i n e  i n  s p r u c e -  P i n e  shows 

two s i g n i f i c a n t  p e r c e n t a g e  drops, a p p r o x i n a t e l y  a i a i c k e d  i n  

i n f l u x ,  but is a o r e  s table  t h a n  spruce, A l d e r  v a l u e s  d r c p  t o  t h e  

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



v a ~ t i s h e d ,  B i r c h  shows a p e r c e n t a g e  and  i n f l u x  peak i n  mid-zone, 

T h e  s i z e  d i s t r i b u t i o n  i n d i c a t e s  a predominance  of tree birch 

g r e a t e r  t h a n  t h a t  found a t  p r e s e n t ,  Grass a n d  s e d g e  p e r c e n t a g e s  

and  i n f l u x  v a l u e s  d r o p  f r o a  t h e  p r e v i o u s  l e v e l ,  b u t  t h e  

r e p r e s e n t a t i o n  of a o s t  o t h e r  t a x a  reaaains  unchanged.. T o t a l  

i n f l u x  rises i n t e r m i t t e n t l y  t o  > 1 3 , O D O  g r a i n s  CB-2 yr--a. 

I n  BL6 (4.20 t o  2-50 a ;  ca, 8200 t o  5800 years B - P , ) ,  

s p r u c e ,  a lder  and  birch s h o v  o p p o s i t e  t r e a d s  t o  p i n e -  The forttrer 

t a x a  decline t o  a ~rriniiaunt a t  7400 y e a r s  B-P,, whew p i n e  peaks ,  

These  t r e n d s  a l s o  a p p e a r  on t h e  i n f l u x  d i a g r a a .  R o s t  o t h e r  t a x a  

are c o a p l a c e n t  i n  t h e i r  r e p r e s e n t a t i o n ,  b u t  & i f f o i l  shows a 

d i s t i n c t  p e r c e n t a g e  a n d  i n f l u x  rise a t  3-40 nt, a b o u t  6900 y e a r s  

3 - P .  A n o t a b l e  f e a t u r e  of BL5 is  a n  i n f l u x  p e a k  w i t h  h i g h  but 
\ 

a r ~ a t i c  f l n c t u a t i o n s ,  up t o  37,599 g r a i n s  ca-2 a t  3-50 a, 

BL7 (2.50 to  0,00 8 s ;  5800 y e a r s  B.P. t o  p r e s e n t )  shows 

minor c h a n g e s  i n  p o l l e n  p e r c e n t a g e s ,  Spruce h a s  two l o u  values 

a t  7-75 and  1 - 2 5  m a n d  shows a g r a d u a l  d e c l i n e  above  lo 00 m, 

P i n e  r e p r e s e n t a t i o n  d r o p s  a t  1-65 la and be tween  1 - 0 0  and - 4 0  m- 

A l d e r  shows an o v e r a l l  rise with a low a t  3-30 a, B i r c h  h a s  t h e  

s a @ e  low p o i n t ,  a n d  s i z e  d i s t r i b u t i o n s  s u g g e s t  a n  i n c r e a s i n g  

i n p o r t a n c e  of s h r u b  birch ,  O t h e r  tam show l i t t le  c h a n g e  i n  

r e p r e s e n t a t i o n ,  e x c e p t  f o r  a a i n o r  g r a s s  peak a t  t h e  t o p  of t h e  

c o r e -  



%pr&x Lake z o n e s  - 
The f o l l o w i n g  d i s c u s s i o n  refers t o  t h e  Spring Lake p o l l e n  

p e r c e n t a g e  diagsam ( F i g u r e  12) and  influx diagsam ( f i g u r e  16)-  

SL1 (4-64 t o  4-40 m; ca.. 11,700 t o  10,800 y e a r s  0-P.) is a 

d e c i d u o u s  tree - s h r u b  - h e r b  zone, S p r u c e  and p i n e  p e r c e n t a g e  

and  i n f l u x  v a l u e s  a r e  low, P o p l a r  is a t  l eas t  40% of t h e  sum, 

and h a s  h i g h  i n f l u x  v a l u e s ,  f i l lows and  s o a p b e r r y  a r e  

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

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

r e p r e s e n t e d  a t  low v a l u e s  w i t h  a c l u s t e r i n g  a t  t h e  base, 

a l t h o u g h  it is n o t  known if c l u s t e r i n g  p r o d u c e s  t h e  h i g h  l e v e l  

of significance a s s o c i a t e d  w i t h  its d i s t r i i a n t i o n  (Tab le  I ) ,  

l a tongs t  t h e  a q u a t i c s  a r  e a e r g e n t s ,  s e d g e s  and THE& are 
\ 

p r o a i n e a t ,  and  & y ~ : i o ~ & l l u a  b a s  a low b u t  c o n s i s t e n t  

f @ p r e s e n t a t i o n .  T h e  h i g h  u n d e t e r a i n a b l e  p e r c e n t a g e  results froat  

eroded p o p l a r  o r  s edges ,  T h e  p o l l e n  i n f l u x  rises front 500 g r a i n s  

t o  >4000 grains cr-2 y r l ,  

SL2 (&,YO t o  4-15  m; ca, 10,800 to 8700 y e a r s  3 - P - )  is a  

c o n i f e r o u s  tree zone, S p r u c e  and p i n e  a r e  Bore or less a s  

a b u n d a n t  i n  i n f l u x  and  percentage a s  t h e y  are a t  p r e s e n t .  Both 

show s i g n i f i c a n t  p e r c e n t a g e  a n d  i n f l u x  d e c l i n e s  i n  a id-zone-  

B i r c h  rises t o  a n  i n f l u x  and p e r c e n t a g e  peak a t  t h e  end of t h e  

zone. P o p l a r  p e r c e n t a g e  and i n f l u x  d e c l i n e s  s h a r p l y  a t  t h e  

b e g i n n i n g  o f  SL2, #il low shows a ntarked d e c l i n e  i n  SL2- 

T&&&c_&gg a n d  g r a s s e s  h a v e  low, c o n s i s t e n t  r e p r e s e n t a t i o n s t  

Sedge p e r c e n t a g e s  a n d  i n f l u x  are below SL1 l e v e l s ,  T o t a l  p o l l e n  

106 



in•’ l u x  rises i n  time fro@ 4000 t o  10,000 grains cnt-2 yr,-l ,  S L ~  

has the lowest s e d i n t e n t a t i o n  rate of t h e  whole core, 90 p r s ,  

c a - ~ ,  

SL3 (4.35 t o  2-65 a; ca,  8700 t o  4 800 y e a r s  fi-9-1 shows a 

p i n e  rise and  peak to >70%, with  an  i n f l u x  peak e a r l y  i n  the 

zone ,  S o f i o u e d  by a s u b s e q u e n t  l o n g - t e r a  d e c l i n e .  There  are 

minor p e a k s  i n  s p r u c e ,  a l d e r ,  b i r c h ,  a n d  willow c o n c u f r e n t  a i t h  

a  p i n e  low a t  5700 y e a r s  0 - P ,  B i r c h  h a s  a minor  low a t  4-00 tp, 

f o l l o w e d  by a n  i n c r e a s e  a t  3-90 a, shown i n  p e r c e n t a g e  and  

i n f f n x ,  A lde r  has a s i n g l e  peak  i n  p e r c e n t a g e  and i s f l u x  a t  2-50 

a, and w i l l o w  has several percentage and influx p e a k s  i n  t h e  

l a t te r  h a l f  of SL3, Sage, Chenopodiineae,  a s d  grasses m a i n t a i n  

c o n s i s t e n t  low l e v e l s  of  r e p r e s e n t a t i o n ,  a s  do t h e  s e d g e s ,  

P o t a a o ~ e t o n ,  T ~ u h q ,  a n d  ~ ~ r i o ~ h y l l u ~ ~  T o t a l  p o l l e n  influx --- 
a v e r a g e s  5000 t o  7000 g r a i n s  c r 2  yr,-1, and  rises sharply t o  

30,000 g r a i n s  em-2 yr,-x, b y  t h e  end of t h e  zone, 

I n  t h e  SL4 s e d i m e n t  (2-98 t o  1 -00  m ;  ca, 4800 ta 2400 y e a r s  

B-P -)  l a m i n a t i o n  becomes d i s c o n t i n u o u s ,  P i s e  and spruce  vaf  u e s  

show minor  i n v e r s e  f l u c t u a t i o n s ,  Alder  and birch are b a s i c a l l y  

stable, wjth two  percentage and influx lows, The r e p r e s e n t a t i o n  

of  willow, s a g e ,  Chenopod i ineae ,  X h a l i c  t r m ,  grass and sedge is 

e i t h e r  r educed  o r  more s p o r a d i c  t h a n  i n  t h e  p r e v i o u s  zone, The 

shrub and kerb sum i n  SL4 is aotablg lower t h a n  i n  SL3- SLY has 

high but f l u c t u a t i n g  i n f l u x  v a l u e s ,  a tos t fy  > 12,000 g r a i n s  c r 2  

yr. -1, 



3Cn SL5 (1.00 to 0-00 B; ca, 21200 y e a r s  B-P. to  present )  

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

i n  percentage  and i n f l u x ,  P i n e  has i r r e g u l a r  but s i g n i f i c a n t  

f l u c t u a t i o n s ,  Eq_uisetgg has  tuo n o t a b l e  p e r c e n t a g e  and i n f l u x  

peaks, Other t a x a  show n e i t h e r  d i s t i n c t  t r e n d s  nor v a r i a t i o n s  

from Sf;&, Totar  i n f l u x  g r a d u a l l y  d e c l i n e s  through t h e  zone, with  

a sharp f i n a l  i n c r e a s e ,  



V L  Peace R i v e r  District Pollea Zonation and External 

C o r r e l a t i o n  

T h e  f o l l o w i n g  i s  a  s y n t h e s i s  of Boone Lake, S p r i n g  Lake,  

and  t h e  F i d d l e r 3 s  Pond {Bhi te  and Hathewes 3982) p o a l e n  d i a g r a m s  

t o  p roduce  an i n t e r p r e t a t i o a  o f  L a t e  Q u a t e r n a r y  v e g e t a t i o n a l  

c h a n g e  i n  t h e  Upper Peace  P i v e r  d i s t r i c t  o f  B l b e r t a  a n d  B r i t i s h  

C o l n ~ b i a  ( F i g u r e  17) a 

BLA,B is t h e  raost i n t e n s i v e l y  a n a l y s e d  core, and h a s  t h e  

g r e a t e s t  r a d i o c a r b o n  t h e  c o n t r o l ,  I n  a d d i t i o n ,  t h e  broad,  

u n s h e l t e r e d  b a s i n  is l i k e l y  t o  reflect r e g i o n a l  p o l l e n  rain- It  

i s  e x p e c t e d  t h a t  t h e  s ~ a l l e r ,  more s h e l t e r e d  and s t e e p - s i d e d  

S p r i n g  Lake b a s i n ,  a n d  t h e  much s ~ a f l e r  F i d d l e r ' s  Pona, u i f l  

show @ore l o c a l  and e x t r a l o c a l  p a t t e r n s  of v e g e t a t i o n  

deveisrpmenic. Thus, i3oone L a ~ e  has been used as a master 

sequence .  Where a n a l a g o u s  p o l l e n  z o n e s  a r e  shown to e x i s t  i n  

Boone and  S p r i n g  Lakes ,  b u t  are n o t  shown t o  B e  c o n t e a p o r a n e o u s  

by  t h e  i n d e p e n d e a t  r a d i o c a f b o n  c o n t r o l ,  t h e  S p r i n g  Lake s e q u e n c e  

h a s  been c h r o n o l o g i c a l l y  f i t t e d  t o  t h e  Boone Lake sequence ,  

BL1 is s u s a a r i z e d  from P a r t  A, It e x t e n d s  frola a b o u t  12,ODO 

t o  11,700 y e a r s  3-P,, and h a s  n o t  been  d e f i n e d  i n  S p r i n g  Lake, 

It was a p e r i o d  of a c t i v e  ice me l t ing ,  An ice mass stood j u s t  

n o r t h  and west of Eoone Lake, a n d  g l a c i a l  m e l t w a t e r  e n t e r e d  the 

l a k e  f r o a  t h e  n o r t h e a s t  and e x i t e d  t o  t h e  s o u t h e a s t ,  d r a i n i n g  

i n t o  so@@ stage o f  G l a e a l  L a k e  Peace,  Al though near a n  ice 

margin,  Boone Lake s u p p o r t e d  a n  a q u a t i c  and  e a e r g e n t  flora of 



F i g u r e  17, Regional correlation diagraa, 
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sedges, P a f f q o n u ~ ~  mnpfiibiura, ~ r i o v h ~ l l u r a ,  Tvpha, 

P o t a ~ a o c f e t o n ~  t h e  a l g a e ,  C h a r a ,  P e d i a s t r u ~ ,  a n d  BOSS. -- 
D r e p a n o c l a d u s  c r a s s i c o s t a t u s ,  G a s t r o p o d s ,  o s t r a c o d s ,  D a ~ h n i a  and --- ------ -----__I_- 

c h i r o n o r s i d s  a l s o  o c c u p i e d  t h e  l a k e ,  An up land  h e r b a c e o u s  

v e g e t a t i o n  i n c l u d e d  s a g e ,  Chenopod i ineae ,  g r a s s e s ,  probably 

s e d g e s ,  and  o t h e r  h e r b s ,  Birch, s o a p b e r r y ,  and b u c k t h o r n  were 

up land  or  w e t l a n d  s h r u b s ,  Scarab beetles p o s s i b l y  o c c u p i e d  t h e  

l i t t o r a l  a r e a ,  By t h e  end  o f  t h i s  zone  ba lsam p o p l a r  was growing  

on t h e  s h o r e s  of Boone Lake, The l a k e  level must have been l o v e r  

t h a n  p r e s e n t  a t  t h i s  timpe, p o s s i b l y  a s  a r e s u l t  of aae l t i ng  of a n  

ice a a s s ,  pertrii t t i n g  d r a i n a g e  down p r e s e n t  Boone Creek. 

I n  t h e  S p r i n g  Lake b a s a l  c l a y  t h e r e  is p u z z l i n g  e v i d e n c e  o f  I 
r e g i o n a l  p i n e  p r e s e n c e ,  R e g i o n a l  @ n e  p r e s e n c e  is n n f i k e l y  

\ 

d u r i n g  the t i n e  of BLI b e c a u s e  o f  t h e  low p i n e  p e r c e n t a g e  i a  

t h a t  zone,  The pine m y  t h e r e f o r e  h a v e  been r e g i o n a l l y  p r e s e n t  

s o a e t i a e  b e f o r e  BL1, b u t  this p i n e  p r e s e n c e  r e m a i n s  unda ted -  

3L2, BL3,  and  BL4a are c o r r e l a t e d  w i t h  SLL The Boone Lake 

z o n e s  w i l l  be  d i s c u s s e d  s e p a r a t e l y  as  t h e y  p r e s e n t  a Bore 

d e t a i l e d  p i c t u r e  o f  early r r e g e t a t i o n  change ,  and will t h e n  b e  

compared t o  S L 1 -  Boone Lake 2 ,  f r o n  a b o u t  13,700 to  1 f ,500 y e a r s  

B.P. r e p r e s e n t s  a d e c i d u o u s  tree - s h r u b  - h e r b  zone, T h e  

p r e s e n c e  of t h e  d o s i n a n t  poipLar i s  d e l n o n s t f a t e d  b y  atacrofossif 

a n d  p o l l e n  ev idence ,  Conifers were a p p a r e n t l y  n o t  r e g i o n a l l y  

p r e s e n t .  Inf l u  x, and p e r c e n t a g e  v a l u e s  s u g g e s t  l o n g - d i s t a n c e  

t r a n s p o r t  (!?ebb and  HcAndrews 1976)- S h r u b  birch, w i l l o w ,  

s o a p b e r r y ,  a n d  p r o b a b l y  rose were l o c a l  s h r u b s ,  The  p r e s e n c e  of 



s o a p b e r r y  a t  3% i n d i c a t e s  a n  abundance  o f  t h i s  e n t o n o p h i l o u s  

t a x o n  i n  t h e  w e g e t a t i o n ,  The  T u b u l i f l o r a e ,  s e d g e s ,  

Chenopod i ineae ,  and  g r a s s e s  were i m p o r t a n t  u p l a n d  h e r b a c e o u s  

e l e a e n t s ,  I t  is l i k e l y  t h a t  t h e  s e d g e s  o c c u p i e d  b o t h  t h e  u p l a n d s  

and  the l a k e  s h o r e s ,  g i v e n  the p r e s e n t  abundance  of s e d g e s  i n  

t h e  Peace R i v e r  g r a s s l a n d s ,  The prolxlinence of s h r u b s  asd h e r b s  

i n  t h e  p o l l e n  suat a r g u e s  f o r  t h e  a b s e n c e  olF a c . lased  canopy- 

a q u a t i c  o r  e a e r g e n t  e l e m e n t s  of BL1 c o n t i n o e d  t o  be p r e s e n t ,  

Ceratop&Xlunt d e r a e r s u ~  was af so p r e s e n t ,  -- 
T h e  s e d i a e n t  d e p o s i t e d  i n  BL2 was g y t t j a ,  d e m o n s t r a t i n g  

All 

and 

a 

p r o d u c t i v e  a q u a t i c  a n d  up land  e n ~ i r o n n e n t  and  nkiniiaal e r o s i o n ,  

G y t t j a  i n  BLD as well as BLA,B a t  t h i s  t i n e  i n d i c a t e s  an 

i n c r e a s e d  w a t e r  l e v e l ,  which r e q u i r e s  a g e o l o g i c a l  e x p l a n a t i o n -  

T h e r e  is no iodhl e v i d e n c e  of a b l o c k a g e  i n  d r a i n a g e ;  i n d e e d ,  

Boone Creek is downcut,  A p a r t i a l  e x p l a r n a t i o n  raay be found i n  

i s o s t a t i c  rebound, The m j o r  component  of rebound is a b o u t  -4 m 

kna-s westward u p l i f t  ( 8 a t h e u s  1980), Boone Creek  and Pouce Coupe 

Creek  d r a i n  about 46 k m  westward b e f o r e  t u r n i n g  n o r t h ,  I s o s t a t i c  

rebound c o u l d  h a v e  r educed  t h e  g r a d i e n t  in t h i s  s e c t i o n  of 

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

BL3, f rom a b o n t  11,500 t o  11,300 y e a r s  0-PI is a 

t r a n s i t i o n a l  z o n e  b e t  ween the e a r l y  d e g l a c i a t i o n  p e r i o d  

v e g e t a t i o n  f o r a t a t i o n  and  t h e  s u b s e q u e n t  c l e a r  presence of a 

l o c a l  c o a i f  ero u s  f o r e s t ,  

T h e r e  are a i n o r  i n f l u x  d e c l i n e s  i n  p o p l a r ,  willow, and  

sdg-e, and  s i n o r  i n f l u x  i n c r e a s e s  i n  pine,  b i r c h ,  and g r a s s ,  b u t  



t h e  p e r c e n t a g e  e f f e c t s  o f  khese  c h a n g e s  are  iaarked, Only  sedge 

shows a d i s t i n c t  p e r c e n t a g e  and i n f l u x  d e c r e a s e ,  

The  d i s t r i b u t i o n s  af V i b u r n u ~  a n d  p r o b a b l e  c o r ~ l u s  pollen 

s u g g e s t  t h e  p r e s e n c e  of t h e s e  s h r u b s  n e a r  Boone L a k ~  

Entomophi lous  v i b u r n n ~ a  is l i k e l y  u n d e r r e p r e s e n t e d ,  and 

a n e a o p h i l o u s  E ~ r ~ l a s  is l i k e l y  o v e r r e p r e s e n t e d -  g-9 is 

p r e s e n t l y  Bore a b u n d a n t  i n  t h e  a s g e n  p a r k l a n d  s o u t h  of t h e  s t u d y  

r e g i o n  (Ploss 1953a) t h a n  i n  t h e  Peac.e ~ i ' se r  a r e a ,  so this d a t a  

s u g g e s t s  a n o r t h e r l y  e x t e n s i o n  of t h e  z o n e  of abundance  of 

C o r v l u s ,  l i k e l y  a s  a r e s u l t  of a more open forest. The Rosaceae 

may b e  the a g g r e s s i v e  Rosa a c i c u l a r i s  ox: B, woods i i ,  

A c o ~ p a r i s o n  with SL1 i n d i c a t e s  t h a t  the P o ~ u l u s  aecliae i s  

laore apparent t h a n  r e a l ,  r e s u l t i n g  f rolla changing p r e s e r v a t i o n  \ 

c o n d i t i o n s ,  A l though  s p r u c e  is s l i g h t l y  u n d e r r e p r e s e n t e d  (Vebb 

and McAndrevs 39763, i t  r e a c h e s  10 i n  t h i s  zoae. However, t h e  

l a c k  of a major i n f l u x  rise s u g g e s t  t h a t  i t  is n o t  r e g i o n a l l y  

p r e s e n t ,  except a s  a very minor elesent* Likewise, t h e  h i g h l y  

o v e r - r e p r e s e n  t e d  p i n e  (Webb and RcAndrevs 1976, 

L i c b t i - F e d e r o v i c h  and  Ritclfiie 1968), i s  u n l i k e l y  t o  b e  

r e g i o n a l l y  p r e s e n t  except a s  a minor  e l ea sen t  i n  s p i t e  of a  rise 

t o  >20X and a c l e a r  b u t  minor i n f l u x  rise, 

A l d e r  c a n  be h i g h l y  o v e r - r e p r e s e n t e d  i n  a forest ,  farest - 
t u n d r a ,  o r  t u n d r a  zone ( L i c h t i - P e d e r o v i c h  and Ritchie 1968, 

R i t c h i e  1974, S c h v e g e r  1976)- T h e r e f o r e ,  t h e  tree is p r o b a b l y  

a o r e  s p a r s e  t h a n  i t s  p e r c e n t a g e  uouLd s u g g e s t ,  OR t h e  o t h e r  

hand,  the v e g e t a t i o n  p e r c e n t a g e  of wi l low map more o r  less 



a p p r o x i m a t e  i ts  p o l l e n  p e s c e n t a g e ,  a l t h o u g h  t h i s  is n o t  

i n v a r i a b l y  t r u e  ( 8 i t c h i e  1974) - T r e e  b i r c h e s  were i n c r e a s i n g  i n  

l o c a l  i m p o r t a n c e  d u r i n g  BL3, a l t h o u g h  t h e  p e r c e n t a g e  i n c r e a s e  

may r e p r e s e n t  c h a n g e  frora a n  u n d e r - r e p r e s e n t e d  shrub b i r c h  t o  a n  

o v e r r e p r e s e n t e d  tree b i r c h  (Schweger 1976)-  ,c 

f n snrrs, t h e  r e g i o n a l  v e g e t a t i o n  was l i k e l y  s iwi la r  t o  BL2, 

a n  open p o p l a r  and d e c i d u o u s  s h r u b  woodland wi th  a n  i ~ p o r t a n t  

h e 1  i o p h i l i c  h e r b  c o v e r ,  Tree birches la ight  h a v e  a r r i v e d  d a r i n g  

t h i s  time, and  c o n i f e r s  were l i k e l y  a p p r o a c h i n g -  

The i n c r e a s e  i n  g r a s s  and d e c l i n e  i n  s e d g e  both i n  i n f l u x  

and  p e r c e n t a g e  soggests some r e p l a c e m e n t  of s e d g e s  with g r a s s  on 

t h e  np lands ,  

T o t a l  p o l l e n  i n f l u x  is c o n s i s t e n t  u i t h  a o d e r n  t u n d r a  of 
\ 

f o r e s t - t u n d r a  i n f l u x  ( R i t e h i e  a n d  L i c h t i - P e d e r o v i c h  1967, 

S c h v e g e r  1976), Al though  t h e  p o l l e n  i n f l u x  may be c o n s i s t e n t  

w i t h  t h e s e  f o r m a t i o n s ,  they p r e s e n t  a  b e t t e r  p h y s i o g a o s i c  t h a n  

f loristic a n a l o g u e  f o r  t h i s  zone. P a r t i c u l a r l y ,  t h e  

C h e n o p o d i i n e a e  characterize g r a s s l a n d s ,  r a t h e r  t h a n  t u n d r a  ( H o t t  

1969, Bott  and J a c k s o n  1982). C o r y l u s  ty,, i f  i t  r e p r e s e n t s  t h e  

t a x o n  C o r ~ l u s ,  is reconcilable uith g r a s s l a n d  to b o r e a l  

env i ronmen t s ,  b u t  n o t  w i t h  t undra ,  A d e c i d u o u s  tree - ' s h r u b  - 
herb v e g e t a t i o n  w i t h  more s o u t h e r n  g r a s s l a n d  - p a r k l a n d  

f lo r i s t i c  a f f i n i t i e s  is i n d i c a t e d ,  

BL4a shows t h e  f i rs t  s t r o n g  e v i d e n c e  o f  r e g i o n a l  s p r u c e  and  

p i n e ,  S p r u c e  reaches a v a l u e  of 12% a t  t h e  b e g i n n i n g  of the zone  

and 22% by aid-zone a t  4-98 la, P i n e  is 2UX a t  t h e  b e g i n n i n g  of 

115 



t h e  zone  and  rises t o  45% 161 aid-zone,  Mid-zone s p r u c e  i n f l u x  is 

600 g r a i n s  ca-2 yr.-1, a n d  p i n e  is 1400 g r a i n s  cur2 yr--1, The 

midd le  of t h e  zone is d a t e d  a t  10,7U0 i: 395 y e a r s  0-P,  (BAT 

362)- I n  S p r i n g  t a k e  a  s p r u c e  rise t o  19% a n d  p i n e  rise t o  45% 

occurs a t  t h e  b a s e  o f  SL2 a t  4,UO a, Influx is 900  g r a i n s  crrt-2 

yr,-1 f o r  s p r u c e  a n d  2200 g r a i n s  cia-2 yr-1 f o r  pine.  A t  S p r i n g  

Z a t e  t h e  c o n i f e r  r ise is d i r e c t l y  d a t e d  a t  10,300 f180 years 

FLP, (SfU 2 1 0 ) -  A c o n s e r v a t i v e  d a t e  f o r  t h e  c o n i f e r  rise would 

be  10,400 y e a r s  0-P , ,  o b t a i n e a  b y  s u b t r a c t i n g  1 s t a n d a r d  

d e v i a t i o n  f r o a  HAT 362 and  2 s t a n d a r d  d e v i a t i o n s  froat SPU 210, 

A t  L o f t y  Lake,  a  s p r u c e  f o r e s t  w i t h o u t  t h e  p r o a i n e a t  

h e r b a c e o u s  e l e n e n t s  of the early p o s t g l a c i a l  p r a i r i e  s p r u c e  zone  

( R i t c h i e  f 976) d e f i n e s  t h e  a s semblage  of L2 f L i c h t i - F e d e f o v i c h  
\ 

3970)- By i n t e r p o l a t i n g  between t h e  two lowest 1 4 C  d a t e s ,  o n e  

c a n  e s t i a a t e  t h e  s p r u c e  rise t o  b e  a t  10,800 y e a r s  B,P,, Bore o r  

less c o n t e s p o r a n e o u s  w i t h  the S a d d l e  H i l l s  s p r u c e  rise, 

Hopkins  @ a, (1982) have  s a g g e s t e d  t h a t  s p r u c e  d i d  n o t  

s u r v i v e  i n  B e r i n g i a  during t h e  L a t e  i l i s cons inan ,  R a t h e r ,  i t  

m i g r a t e d  b e h i n d  t h e  r e t r e a t i n g  ice  fro^ t h e  e a r l y  p o s t g l a c i a l  

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

B e r i n g i a  near: I n u v i k  a n d  Tuktof tak tuk  a t  11,SOD p e a r s  0-PI 

Although Hopkins  92 g l ,  concZuded o t h e r w i s e ,  i t  seeas i m p r o b a b l e  

t h a t  s p r u c e  c o u l d  have  m i g r a t e d  f r o a  t h e  p r a i r i e s  t o  t h e  

Rackenz ie  Delta a r e a  by  11,500 p e a r s  3-P, without p r e v i o u s l y  

b e i n g  e s t a b l i s h e d  i n  the Lofty Lake and  S a d d l e  H i l l s  r e g i o n s ,  if 

~ r b s t t s  (1969) s p e c u l a t i v e  ice e a r g i n s  f o r  1 l,!Xl0 t o  12,000 
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, 

y e a r s  B,P,  a r e  v a l i d ,  

It i s  c o n c e i v a b l e  , however: , t h a t  i f  s e e d s  of spruce f rum 

s t a n d s  on s t a g n a n t  ice, o r  f rom p o s s i b l e  r e f u g i a l  areas s u c h  a s  

t h e  Clear H i l l s  were dropped  i n t o  g l a c i a l  m e l t w a t e r  d r a i n i n g  

t o w a r d s  t h e  Arctic Ocean, s p r u c e  c o u l d  have  been d i s p e r s e d  

w i t h i n  a s e a s o n  OK two to  t h e  Hackenzie  D e l t a  area, w i t h o u t  

shoving a  t i ae  t r a n s g r e s s i v e  d i s t f i b u t i o n  i n  t h e  i n t e r v e n i n g  

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

@st a b f  i s h e d  l o c a l  s t a n d s ,  The d i s t r i b u t i o n  o f  s o u t h e r n  s p r u c e  

p r o p a g u l e s  by water t o  t h e  Hackenzie  D e l t a  c o a l i l  a p p a r e n t l y  have  

t a k e n  p l a c e  d u r i n g  o r  af ter the I n d i a n  Creek  s t a g e  of Glacial 

Lake Peace,  @ h e n  feltwater f ro& t h e  u p p e r  a n d  midd le  P e a c e  R i v e r  

r e g i o n  c o u l d  h a v e  f lowed  i n t o  t h e  Ne l son  R i v e r  (Bathews 1980)- 
\ 

The I n d i a n  C r e e k  s t a g e  h a s  been  i n d i r e c t l y  d a t e d  i n  t h i s  study 

a s  occn r i n g  soae time p r i o r  t o  10,400 y e a r s  3, P., w h i l e  P r e s S  

(1969) h a s  d a t e d  t h e  ice eaargin c a u s i n g  t h i s  p r o g l a c i a l  l a k e  

stage a t  11,200 y e a r s  3.P- T h i s  is s u b s t a n t i a l l y  closer t o  t h e  

time of a r r i v a l  of s p r u c e  i n  B e r i n g i a ,  B n f o r t u a a t e l y  it i s  still  

earlier t h a n  a n  adrrrit t e d l y  conserwa t i v e  i n t e r p r e t a t i o n  of 

r e g i o n a l  s p r u c e  i n  t h e  Upper P e a c e  R i v e r  a r e a ,  which would 

L i k e l y  have s e r v e d  a s  a  s o u r c e  of s p r u c e  s e e d s ,  

The con temporaneous  rise of pine with s p r u c e  i n  BL4a 

e x p l a i n s  t h e  l a c k  of a s p r u c e  dolainated a s s e s b l a g e ,  s u c h  a s  E2 

( L i c h t i - f e d e r o v i c h  1970) , or  t h e  e a r l y  p o s t g l a c i a l  p r a i r i e  

a s s e m b l a g e  ( R i t c h i e  1976). 



T h e  s o u r c e s  of Piqug c o n t o r t a  s s p -  l a l i f o i i a  and P i n u s  

b a n k s i a n a  a re  i a p o r t a n t  q u e s t i o n s  f o r  w e s t e r n  pa l aeoeco fogy ,  ----- 
OJheeIer and  G u r i e s  (1 982) have s u g g e s t e d  a Yukon ref u g i a l  s o u r c e  

f o r  P, c o n t o r s a  s s p ,  l a t i f a & _ a  of t h e  modern Yukon and  n o r t h e r n  

B r i t i s h  Columbia, They p roposed  t h a t  two s o u t h e r a  ref u g i a l  

c e n t r e s  were t h e  sources of l o d g e p o l e  p i n e  {ssp, l a t i f o l i a )  o f  

t h e  southern i n t r a a o n t a n e  areas of B r i t i s h  Cofuatbia and w e s t e r n  

A l b e r t a ,  A p i n e  m i g r a t i o n  would p r o b a b l y  h a v e  taken p l a c e  a l o n g  

the I c e - f r e e  C o r r i d o r  of s o u t h w e s t e r n  a l b e r t a ,  C h a l a e r s  Bog zone 

CB2 @ o t t  and J a c k s o n  1982) shows  risiag p i n e  values, b u t  t h e  

wide latitude o f  its c h r o n o b g y  does n o t  help in t r a c i n g  a p i n e  

m i g r a t i o n ,  However, t h e  a u t h o r s  r e p o r t  h i g h  p i n e  v a l u e s  f r o a  a  

buried o r g a n i c  l a y e r  i n  the E l k  V a l l e y  d a t e d  a t  1 1 , 9 0 0 ~ 1 0 ~  (GSC 

2142) and 12,200f 160 (GSC 2275) p a s s  B I D .  suggesting a 

nor thward  a i g r a t i o n  of p i n e  a l o n g  t h e  moun ta in  f r o n t ,  P i n e  shows 

h i g h  i n f l u x  a n d  p e r c e n t a g e  a t  gabaaun  Lake b y  10,400 y e a r s  3 - P ,  

{Rolloway al, 1981) , but a c c e p t a n c e  of t h i s  d a t e  s h o u l d  await 

a f i r a  i d e n t i f i c a t i o n  of t h e  t e p h r a  i ~ m e d i a t e l y  above  it, 

The p i n e  rise i n  t h e  S a d d l e  Hills is assuilled to r e p r e s e n t  

P i n u s  c o n t o r t a  ssp,  A a t i f o l i a ,  on t h e  basis of  i ts uiodern -- ------ 
d is t r i b n t i o n ,  The S a d d l e  Rills pine rise is s u b s t a n t i a l l y  

e a r l i e r  than t h e  p i n e  rise a t  L o f t y  Lake i n  LQ, a b o u t  7500 p e a r s  

B - P ,  ( L i c h t i - F e d e ~ o v i e h  1970)- It is  a p u z z l e  why p i n e  d i d  n o t  

~ i g r a t e  eastsard t o  Lofty Lake d u r i n g  this t i ~ e  p e r i o d ,  However, 

the slight rise i n  p i n e  p e r c e n t a g e  i n  L2 s i g h t  s u g g e s t  a n  

e a s t w a r d  i n c u r s i o n  of  lodgepole  p i n e  between 10,800 and  9200 



g e a r s  •’3-P, I f  t h i s  happened,  i t  would h a v e  been  r e p l a c e d  by 

l a t e r  a t i g r a t i n g  jack pine ,  B i t s h i e  (1976) c o n c l u d e s  t h a t  jack 

p i n e  m i g r a t e d  t o  t h e  b o r e a l  forest of  n o r t h e r n  Saska tchewan a n d  

B a n i t o b a  froa t h e  west, b u t  t h e  ref u g i a l  s o u r c e  for this taxoa 

r e a a i n s  a n  en igna ,  

The s h a r p  rise of t h e  c o n i f e r s  a n d  tree b i r c h  in mid-314a 

atight b e  e x p l a i n e d  by t u o  a l t e r n a t i v e  hypo theses :  7 ) t h a t  t h e  two 

c o n i f e r s  a n d  tree b i r c h  a r r i v e d  i n  t h e  S a d d l e  Hills a r e a  

con temporaneous ly ,  o r  2) t h a t  t h e s e  t a x a  e x i s t e d  i n  t h e  area i n  

l i m i t e d  numbers  p r e v i o u s 1  y, a n d  a c l  i a a t i c  a a a e l i c r a t i o n  r e s u l t e d  

i n  t h e  con temporaneous  local  e x p a n s i o n  of t h e s e  e l e~ent s ,  T h e  

d a t a  from t h e  p r e s e n t  s t n d y  a re n o t  s a f f i c i e n t  t o  r e s o l v e  which 

a l t e r n a t i v e  is p r e f e r a b l e ,  
\ 

The SLY p o l l e n  zone  is e q u i v a l e n t  t o  BL2, BL3, and  t h e  

e a r l y  p a r t  o f  f3L4al Lt h a s  the same 10% c o n i f e r ,  b i r c h ,  h i g h  

p o p l a r ,  h i g h  u i l l o u ,  s o a p b e r r y ,  s a g e ,  g r a s s ,  a n d  sedge values ,  

C h e n o p o d i i n e a e  are less w e l l  r e p r e s e n t e d  i n  S p r i n g  Lake 

s u g g e s t i n g  local  s i t e  f a c t o r s  i n g l u e n e e  its presence.  

Radiocarbon  d a t e s  p l a c e  t h e  b e g i n n i n g  of SL1 at 1 1,2002 QUO y e a r s  

B,P, ( R S U  2 5 5 7 ) .  which  is a b o u t  500 y e a r s  after t h e  e n d  o f  BL2- 

T h e  p o l l e n  s t r a t i g r a p h y  a r g u e s  s t r o n g l y  for  con ten ipo rane i ty ,  so  

SL1 has been  a d j u s t e d  t o  f 1,700 y e a r s  B-P,, v h i c h  is v i t h i n  

+1,25 s o f  the @@an d a t e ,  I t  was d e c i d e d  to  make SL1 o l d e r  

r a t h e r  t h a n  BL2 younge r  b e c a u s e  o f  t h e  v i d e  s t a n d a r d  error @f 

wSU 2557. F u r t h e r a o r e ,  t h e  e q n i v a l e n t  z o n e  a t  L o f t y  Lake 

f l i c h t i - ~ e d e r o v i c b  1970) b e g i n s  a t  11,400 y e a r s  B,P- The S a d d l e  



H i l l s  would h a v e  been  exposed  e a s r i e r  i n  d e g l a c i a t i o n  t h a n  t h e  

L o f t y  Lake  a r e a  f P r e s k  1969), a r g u i n g  t h a t  t h e  BL2-SLY zone  is 

e a r l i e r  t h a n  L1 a t  L o f t y  Lake- 

A rninor b u t  s i g n i f i c a n t  p e r c e n t a g e  d e c l i n e  t a k e s  p l a c e  i n  

b i r c h  i n  SL3  a t  4 - 4 0  s, T h i s  is a p p a r e n t l y  c o r r e l a t e d  w i t h  t h e  

f i rs t  major b i r c h  t aec l ine  i n  B o o m  Lake a t  4-90 a,. A s i g n i f i c a n t  

p i n e  peak  j u s t  before t h e  b i r c h  d e c l i n e  i n  each core s t r e n g t h e n s  

t h i s  i n t e r p r e t a t i o n ,  

The  aid-BL4a c o n i f e r  rise a n d  t h e  SLt-SL2 t r a n s i t i o n  

c o n i f e r  rise c o r r e l a t e  well by  d i r e c t  s*C d a t i n g  (see above) ,  

P o p l a r  p e r c e n t a g e  and  i n f l u x  i n  BL2-4a are l o v e r  than i n  

SL1. T h i s  is l i k e l y  a j o i n t  a r t i f a c t  of  t h e  g r e a t e r  p e r c e n t a g e  

of b i r c h  i n  B L Y a ,  and  of a  s u p e r i o r  p r e s e r v a t i a n  of p o p l a r  i n  
\ 

t h e  ~lelcosictic S p r i n g  Lake, t h a n  i n  h o l o a i c t i c  Boone Lake, The 

p o p l a r  p e r c e n t a g e  i n  t h e  l a t te r  h a l f  of S L 1  d e p r e s s e s  t h e  

c o n i f e r  p e r c e n t a g e  s o  t h a t  t h e y  appear  lower t h a n  i n  t h e  

c o n t e s p o r a n e o u s  BL3- T h e r e  are i n  f a c t  n o  marked d i f f e r e a c e s  i n  

conifer i n f l u x  a t  t h i s  tim, 

During BZ2 a n d  3 and SL1 it is p o s s i b l e  t h a t  G l a c i a l  Lake 

Peace was r e c e d i n g  t o  its l o w e s t  s t a g e ,  a n d  p e s i g l a c i a l  sound  

for a a t i o n  was t a k i n g  p l ace ,  I 

The  BL2 t o  Ua a n d  SLI p o l l e n  zone ,  w i t h  very low s p r u c e  and  

a h i g h  p o p l a r  p e r c e n t a g e ,  is d i s t i n c t l y  d i f f e r e n t  f r o &  t h e  

a s s e a b l a g e  which domina ted  s o u t h e r n  Saska tchewan  and f l an i toba  

between d e g l a c i a t i o n  and  fO,WO y e a r s  •’3-P- ( R i t c k i e  1976) - i 

~ o ' u e v e r ,  t h e s e  z o n e s  a re  siniilar i n  t h e  i m p o r t a n c e  of wil low,  
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s a g e ,  g r a s s e s ,  and  sedges .  T h e  S a d d l e  H i l l s  z o n e s  fit w e l l  v i t h  

27 a t  L o f t y  Lake ( L i c h t i - F e d e r o v i c h  1970) b u t  t i e  Boone Lake 

s e q u e n c e  shows a  more ae t a i l ea  t r a n s i t i o n  from t h e  e a r l y  

v e g e t a t i o n  t o  the c o n i f e r o u s  forest t h a n  L o f t y  L a k e -  The lowest 

zone  of P l i n  P'ion sfioms s i ~ i l a r i t i e s  t o  L1 [Wi tch ie  and  

Y a r r a n t o n  1978) -  $11 s i tes  which show t h i s  e a r l y  z o n e  Ife n o r t h  

of 54o45*, w h i l e  s i tes  domina ted  by spruce lie f a r t h e r  s o u t h ,  

No a o d e r n  a n a l o g u e  h a s  b e e n  found  for t h e  e a r l y  S a d d l e  

H i l l s  - L o f t y  Lake dec3duous  woodland - s h r n b  - h e r b  ass&mblage,  

Late-BLUa,BLYb a n d  BL5 correlate w i t h  SL2- Fhe  SL2 r e c o r d  

is a p p a r e n t l y  colapressed,  The i n t e r p o l a t e d  14-C date in S p r i n g  

Lake raakes SL2 c o i n c i d e  e x a c t l y  w i t h  t h e  end  of BL4b a t  8700 

y e a r s  B,P, However, t h e  p o l l e n  s t r a t i g r a p h y  a r g w s  t h a t  t h e  
\ 

p r o p e r  a l i g a r a e n t  is w i t h  BL5. 

B s h a r p  b i r c h  d e c l i n e ,  a p p a r e n t l y  of  tree birch, 

c h a r a c t e r i z e s  the e n d s  of BL5 and SL2, The p a t t e r n  a•’ d e c l i n i n g  

and then r i s i n g  p i n e  i n  SL2 fits t h e  p i n e  p a t t e r n  a p p a r e n t  

between B L h  a n d  BL5, The s p r u c e  p e r c e n t a g e  p a t t e r n s  i n  BLYa and  

BL5 and  i n  SL2 are d i f f e r e n t ,  The p e r i o d s  o f  s i g n i f i c a n t  

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

in S p r i n g  t a k e ,  T h e  S p r i n g  Lake  sa lnp l ing  i n t e r v a l  a i g f t t  

f o r t u i t o u s l y  have  masked t h i s  v a r i a t i o n *  O l h e r u i s e ,  it is n o t  

clear why s i g n i f i c a n t  d e c l i n i n g  t r e n d s  would a p p e a r  i n  Boone 

Lake  b u t  n o t  i n  S p r i n g  Lake, 

The  low shrub a n d  herb v a l u e s  a t  B L 5  c o r r e l a t e  w i t h  

e q & i v a l e n t l y  low v a l u e s  i n  t h e  npper h a l f  of SL2, However, t h e s e  



low p e r c e n t a g e s  a p p e a r  t o  b e  effects o f  i n c r e a s e d  pine and  b i r c h  

SUES, T h e r e  a r e  no e q u i v a l e n t  t r e n d s  i n  i n f l u x -  

A n o t a b l e  f e a t u r e  of BLYB is t h e  i n i t i a l  b i r c h  d r o p ,  

/- a p p a r e n t l y  i n  tree b i r c h e s ,  a n d  a  s u b s e q u e n t  rise t o  a  peak a n d  

d e c l i n e  i n  B L 5 ,  As noted above ,  t h e  p a t t e r n  is c h a r  a l t h o u g h  

more subdued  i n  SL1 a n d  SL2. The Boone Lake b i r c h  s i z e  

d i s t r i b u t i o n s  s u g g e s t  t h a t  t h e  f irst  decline i n  b i r c h  was i n  t h e  

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

Bore abundan t  over t h e  s u b s e q u e n t  2000 yea r s ,  The r e a s o n  f o r  t h e  

f l u c t u a t i o n  is u n c l e a r *  B i r c h  uas a B U C ~  sore i s p o r t a n t  u p f a a d  

e l e m e n t  a t  t h i s  time t h a n  it is a t  p r e s e n t ,  B i r c h  a p p a r e n t l y  was 

i n  c o m p e t i t i o n  w i t h  p o p l a r ,  which i t  p a r t i a l l y  r e p l a c e d  as  an 

u p l a n d  e l emen t ,  I n t e r p r e t a t i o n  of t h e  e c o l o g y  of t h i s  e v e n t  is 
\ 

coi t rp l ica ted  by t h e  u n c e r t a i n t y  o v e r  which P o p u l q  and which 

B e t n l a  s p e c i e s  a r e  i n v o l v e d  i n  t h i s  t r a n s i t i o n -  Assuaing t h a t  P, --- 
b a l s a s a i f e r a  and 2, t r e a ~ u l o i d e s ,  gt ==ifera  and  2% ----- 
o c c i d e n t a l i s  a re  i n v o l v e d ,  it is p o s s i b l e  that t h e  s l i g h t l y  ------- 
g r e a t e r  s h a d e  t o l e r a n c e  of b i r c h  was a n  i ~ p o r t a n t  f a c t o r  

T h e  p o l l e n  p e r c e n t a g e  f l u c t u a t i o n s  i n  BL4a, BL4b and BL5 

make it d i f f i c u l t  t o  characterize t h e s e  zones o r  d e f i n e  ritodern 

ana logues .  SL2 p r e s e n t s  aaolce stable s p e c t r a ,  and  it may be 

r o u g h l y  c h a r a c t e r i z e d  a s  s p r u c e  22XI p i n e  35 a l d e s  3X, b i r c h  

20-3074, willow 576, and  g r a s s  < l X I  The e a s t e r n  subzone  o f  t h e  

o p e n  c o n i f e m u s  f o r e s t  ( L i c h t i - F e d e r o v i c h  a n d  R i t c h i a  1968) 

a p p e a r s  t o  present approlci tsate  a n a l o g n e s ,  a l t h o u g h  t h e  SL2 
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s p e c t r u m  c o n t a i n s  less s p r u c e  and  a l d e r  a n d  role b i r c h  and 

willow, N o n e t h e l e s s ,  t h e  f l u c t u a t i o n s  of t h e  BL4a t o  825 s p e c t r a  

a t  t h e  satae time s e r v e  t o  emphas ize  t h a t  a n  open c o n i f e r o u s  

f o r e s t  is a e r e i y  a rough a n a l o g u e  w i t h i n  which much v e g e t a t i o n  

f l u c t u a  t i o n  t o o k  p l a c e ,  

B i r c h  was an i a p o r t a n t  e l e m e a t  i n  L 3  a t  L o f t y  Lake 

( L i c h t i - P e d e r o v i c h  1970) between 9180 and  7400 years 0- P, , 
e q u i v a l e n t  i n  time t o  t h e  S a d d l e  H i l l s  birch doainalace, Lt L o f t y  

Lake, however, b i r c h  r e p l a c e d  p o p l a r  a f t e r  the i n t e r l u d e  o f  

s p r u c e  doe inance ,  A p p a r e n t l y  b i r c h  also had some c o m p e t i t i v e  

a d v a n t a g e  o v e r  s p r u c e  i n  the p r e v a i l i n g  e a v i r o n a e n t ,  L i k e w i s e  i n  

BL5, t h e  rise od b i r c h  is e a r k e d  by a d e c l i n e  i n  s p r u c e  i n f l u x  

a n d  p e r c e n t a g e ,  u h i l e  p ine  was l i t t l e  a f f e c t e d ,  On t h e  o t h e r  
\ 

hand, i n  SL2 t h e  birch rise depressed p i n e  p e r c e n t a g e s ,  with 

s p r u c e  being less a f f e c t e d ,  This is n o t  a s  d i s t i n c t l y  marked i n  

i n • ’  l u x ,  however, The  r e a s o n  f o r  t h i s  is u n c l e a r ,  b u t  p r o b a b l y  

l ies i n  s i t e  f a c t o r s ,  Some c l i ~ a t i c  factor may l i k e w i s e  have  

g i v e n  birch a  c a a p e t i t i v e  a d v a n t a g e  o v e r  t h e  c o n i f e r s ,  

The p o s s i b i l i t y  t h a t  t h e  c l a y  band a t  t h e  base of SL4b 

r e p r e s e n t s  soae s i g n i f i c a n t  g e o l o g i c a l  or climatic e v e n t  h a s  

been  advanced  by P h i t e  q& (1979 ) -  The c l a y  band h a s  been  

shown b y  t h e  BLD core t o  b e  n o t  c u n t i n u o u s  i n  t h e  Boone Lake 

s e d i m e n t *  The reworked pa lynoaorph  s p e c t r u ~  of t h e  clay band 

c o e p a r e s  u e l l  w i t h  the s p e c t r a  i n  t h e  Boone Lake  b a s a l  c l a y  

( F i g u r e  t i ) ,  i n d i c a t i n g  t h a t  t h e  source of t h e  c l a y  was t h e  l o c a l  

p r b g l a c i a l  d e p o s i t -  W c l a y  band was n o t  found  i n  S p r i n g  Lake, 
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which is a t  a lower e l e v a t i o a  t h a n  Boone Lake , Thus, the 

h y p o t h e s i s  t h a t  t h e  clay band r e p f e s e n t s  a l a t e  rise of Glacial 

Lake P e a c e  i s  r e j e c t e d ,  

T h e  c l i m a t i c  h y p o t h e s i s  c a n  n o t  be so e a s i l y  r e j e c t e d ,  Some 

e r o s i o n a l  e v e n t  c a u s e d  a  d i s c o a t i n u o u s  c l a y  band t o  b e  d e p o s i t e d  

i n  Boone Lake, Contentporaneously,  t h e  abundance  o f  tree b i r c h ,  

a n d  inflax of pine, s p r u c e ,  a l d e r ,  s h r u b s  and  h e r b s  d ropped  

s h a r p l y  i n  in•’ l u x  and p e r c e n t a g e ,  S p r u c e  s u b s e q u e n t l y  showed 

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

became more i a p o r t a n t  i n  p e r c e n t a g e  a n d  i n f l u x .  The  d e p o s i t i o n  

r a t e  was v e r y  slow, or  the s e a i m e n t  d e p o s i t i o n  was i n t e r r u p t e d ,  

A t  t h e  sane t i a e  S p r i n g  Lake  e x p e r i e n c e d  a  p i n e  p e r c e n t a g e  and 

i n f l u x  d e c l i n e ,  a n  i n f l u x  d e c l i n e  i n  s p r u c e ,  s h r u b s ,  and h e r b s ,  
\ 

and  a s l o w  d e p o s i t i o a  rate, Thus,  t h e  p o l l e n  e v i a e n c e  s u g g e s t s  

solne e v e n t  o f  g r e a t e r  magni tude  t h a n  local e r o s i o n  a t  Boone 

Lake .  El c o o l e r  p e r i o d  would s e e n  to  be i n d i c a t e d ,  A climatic 

a l t e r a t i o n  l i g h t  e x p l a i n  the L a f  t y  Lake L3 b i r c h  rise 

( l i c h t i - P e d a r r o v i c h  197 0) .. The u n d a t e d  Red willow V a l l e y  a d v a a c e  

and  t h e  l a t e  Halfway B i v e r  a d ~ a n c e  migh t  a l so  correlate w i t h  

t h i s  tinte { s e e  Hathews IW8,198O) - 
BLd and  S L 3  are l a r g e l y  con temporaneous ,  from 8200 t o  5800 - 

y e a r s  B,P,, a l t h o u g h  523 c o n t i n u e s  t o  4800 y e a r s  3 - P I  I n  the 

a b s e n c e  of clear p o l l e n -  s t r a t i g r a p h i c  lnarkers  af ter  t h e  p i n e  

peak ,  the r a d i o c a r b o n  c h r o n o l o g y  for  each core is a c c e p t e d  t o  

control z o n e  bounda r i e s .  



T h e  s a l i e n t  f e a t u r e  of these z o n e s  is t h e  p i n e  peak  w i t $  

p e r c e n t a g e  v a l u e s  of a b o u t  70 , f o l l o w i n g  t h e  b i r c h  d e c l i n e ,  The  

pine peak is d a t e d  a t  7400 years B.P, by SFU 206 i n  BLYb, As 

p i n e  is a n  o v e r r e p r e s e n t e d ,  r e g i o n a l l y  d i s t r i b u t e d  p o l l e n  t y p e  

( s e e  d i s c u s s i o n  i n  U h i t e  and Hatitewes 1982), i t  seeras 

a p p r o p r i a t e  t o  c o n s i d e r  the pine p e a k s  to be conteiuporaneous,  3n 

BL6 t h e  pine p e r c e n t a g e  peak  is s u p p o r t e d  By a s t r o n g  p i n e  

i n f l u x  peak, b u t  no n o t a b l e  i n f l u x  rise t a k e s  p l a c e ,  i n  SL3, 

The p i n e  peak correlates w i t h  t h e  B y p s i t h e r a a l  i n  w e s t e r n  

Canada {see l h i t e  and  Matheves 1 9 8 2 ) -  B y p s i t h e r m a l  is c o n s i d e r e d  

h e r e  t o  b e  a t i a e - t r a n s g r e s s i v e  c l i n a t i c  e v e n t  (Rright 1976) 

r a t h e r  t h a n  a t i a e - s t r a t i g r a p h i c  e v e n t  as  defined by Deevey and 

F l i n t  f l 9 S 7 ) ,  P r e s u n a b l y  p i n e * s  a d a p t a t i o n  t o  f i r e  and an  

ability t o  s u r v i v e  on d r y  h a b i t a t  r e s u l t e d  i n  its p ~ o i a i n e n c e  

d u r i n g  t h i s  t iae, 

The  B y p s i t h e r m a l  effect on  t h e  Peace R i v e r  g r a s s l a n d s  is a n  

i m p o r t a n t  q u e s t i o n ,  Xf t h e r e  was e v e r  a major e x p a n s i o n  of t h e  

regional g r a s s l a n d s ,  i t  would p r o b a b l y  have  been  a t  t h i s  t iae-  

N o n e t h e l e s s ,  t h e  g r a s s e s ,  s a g e ,  and s e d g e s  s h w  no p r o w i n e n t  

a l t e r a t i o n  i n  i n f l u x  or p e r c e n t a g e  w i t h  the pine  peak, On t h e  

o t h e r  hand, t h e  g r a s s l a n d s  s u r s o u n d i n g  t h e  S a d d l e  Hills before 

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

i n  t h e  u p p e r  levels of e i t h e r  c o r e ,  so  one  nap g n e s t i o n  whe the r  

gore e x t e n s i v e  g r a s s l a n d  would be r e p r e s e n t e d  i n  p o l l e n  

d i a g r a a s ,  e s p e c i a l i f  a s  t h e  dominant: Gaga - D a n t h o ~ i 3  - -2% 
community is o n l y  45% g r a s s -  



L i c h t i - F e d e r o v i c h  and R i L c h i e  (1968) have  shown t h a t  t h e  

g r a s s  p o l l e n  p e r c e n t a g e  i n  a s p e n  p a r k l a n d  is between 10% and 

B c ~ e n n a n  11981) d e a o n s t r a l e d  t h a t  g r a s s  p o l l e n  can  be 

t r a n s p o r t e d  at l e a s t  8 ka u p s l o p e  f rom t h e  s o u r c e  to t h e  

d e p o s i t i o n a l  site, Vebb and HcAndrews (1  976) de te r t a ined  t h a t  the 

g r a s s  p o l l e n  r a i n  froea a s p e n  p a r k l a n d  a n d  g r a s s l a n d  is 

t r a n s p o r t e d  i n t o  t h e  s o u t h e r n  b o r e a l  forest, g i v i n g  g r a s s  v a l u e s  

t h e r e  o f  about 5% Ln t h e  l a t t e r  case, however,  t h e  p o l l e n  

s o u r c e  is much Bore e x t e n s i v e  t h a n  the  Peace  R i v e r  g r a s s l a n d s ,  

N o n e t h e l e s s ,  it would a p p e a r  t h a t  i f  more e x t e n s i v e  g r a s s l a n d s  

were p r e s e n t  i n  the P e a c e  giver area d u r i n g  t h e  W p p s i t h e r a a l ,  

t h e y  s h o u l d  b e  r e f l e c t e d  i n  the Boons Lake  and  S p r i n g  Lake 

p o l l e n  r e c o r d s l  
\ 

BL6 and  S L 3  show no  clear i n c r e a s e  i n  t h e  p o l l e n  of g r a s s ,  

s a g e  or C h e e o p o d i i n e a e ,  o r  t h e  h i g h  h e r b  suas which c h a r a c t e r i z e  

g r a s s l a n d s  ( H o t t  1969) , T h i s  i n d i c a t e s  t h a t  t h e r e  was n o  

s i g n i f i c a n t  i n c r e a s e  i n  t h e  area of g r a s s l a n d ,  or a n  advance  of 

t h e  g r a s s l a n d  - f o r e s t  e c o t o n e  towards ,  o r  p a s t  Bmne o r  S p r i n g  

Lakes-  I t  is t h e r e f o r e  c o n c l u d e d  t h a t  t h e  Hygs i the r t aa l  had 

l i t t l e  effect on t h e  f o r m a t i o n  or e x t e n t  of t h e  Peace River 

g r a s s l a n d s ,  

I t  i s  a l s o  p o s s i b l e  t o  reject Worth's  11976) s u g g e s t i o n  

t h a t  t h e  d r a i n i n g  of t h e  p r o g l a c i a l  l a k e s  during t h e  

H y p s i t h e r  aal  ~ i g h t  h a v e  c o n t r i b u t e d  to the grassland m i g i n -  The 

e v i d e n c e  p r e s e n t e d  above  shows t h a t  loca l  p r o g l a c i a l  ponds  

dra ined  well before t h e  H y p s i t h e r m a l  i n t e r v a l .  ~ d a g h i c  factors  



would t h u s  a p p e a r  t o  b e  t h e  priine determinants of the 

d e v e l o p a e n t  a n d  d i s t r i b u t i o n  of t h e  P e a c e  R i v e r  g r a s s l a n d s ,  The 

g r a s s l a n d s  p r o b a b l y  deve loped  a s  Ra up ( 3934) proposed ,  & situ, 

from t h e  e a r l y  t u n d r a  f lora-  

The d e c l i n e  i n  p i n e  af ter  7100 y e a r s  B, P, is l i k e l y  a 

r e s u l t  of a  s t e p p i n g  down from t h e  B y p s i t h e r m a l  - a n  i n c r e a s e  i n  

a v a i l a b l e  a o i s t u r e  and a d e c r e a s e  i a  fire- The  i n i t i a l  o r g a n i c  

s e d i a e n t a t i o n  froa F i d d l e r e s  Pond is  a t  7250f120 y e a r s  B-P,, and 

t h i s  h a s  been i n t e r p r e t e d  a s  a r e s u l t  of g r e a t e r  a o i s t u r e  a f t e r  

t fie Byps i the raea l  peak {White and #a t h e v e s  f 982) - 
L o f t y  Lake f l i c h t i - P e d e r o v i c h  1970) , o n l y  450 ka 

e a s t s o u t h e a s t  of t h e  S a d d l e  Bills d o e s  n o t  show a 

con tea tpo raneous  Wyps i ther laa l  e v e n t  The b e g i n n i n g  oT t h e  grass 
\ 

rise, t h e  p o s s i b l e  local a r r i v a l  of p i n e ,  and a b i r c h  d e c l i n e  

are found  a t  74813 y e a r s  B,P, i n  L4, L i c h t i - F e d e r o v i c h  (1970) 

e x t e n d e d  h e r  Regatherraall  P e r i o d  t o  a b o u t  3500 p e a r s  B-P,, b u t  a 

a a j o s  g r a s s  d e c l i n e  t o o k  p l a c e  a t  5200 p e a r s  3-PI The 

H y g s i t h e r n a l  peak  a p p a r e n t l y  t o o k  p l a c e  between 7480 a n d  5200 

p e a r s  B - P I  

These new d a t a  front t h e  S a d d l e  Hills s u p p o r t  the c o n c l u s i o n  

p r e v i o u s l y  pub1 i s h e d  (White  a n d  Bathewes  1982) t h a t  t h e  

chroatology f o s  t h e  H y p s i t h e r a a E  a t  Lof  t p  Lake  d o e s  n o t  a g r e e  

w i t h  t h a t  f o r  t h e  u p p e r  Peace  R i v e r  area, The upper  Peace  Bi~er 

c h r o n o l o g y  d o e s  c o r r e l a t e  well with S c h u e g e r  and Hickmants  

(1980) s u g g e s t i o n  that the warn/asid  peak  o c c u r r e d  i n  c e n t r a l  

a n d  e a s t e r n  A l b e r t a  br tvleea 8T00 and 6300 y e a r s  3-P- 
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A s e d i a e n t  d i s c o n t i n u i t y  i n  t h e  Wabamun Lake  p o l l e n  r e c o r d  

be tween  9000 and 5280 y e a r s  B,P. h a s  been a t t l c i b n t e d  t o  t h e  

H p p s i t h e r a a l  If3011 ovay et 3981), b u t  t h e  4000 year gap i n  

the r e c o r d  d o e s  n o t  heZp t o  c l a r i f y  t h e  c h r o n o l o g y  of the 

H y p s i t h e r s a l  i n  c e n t r a l  a n d  n o r t h e r n  A l b e r t a -  

T h e  c l o s e s t  modern a n a l o g u e  for t h e  p o l f e a  s p e c t r o a  of t h e  

S a d d l e  R i l l s  a t  the p i n e  peak, w i t h  p i n e  v a l u e s  of a b o u t  70%,  is 

s u b z o n e  a' of t h e  c l o s e d  c o n i f e r o u s  forest ( L i c h t i - P e d e r o v i c h  

and B i t c h i e  '1968), I n  this forest ,  s p r u c e  c o v e r s  a b o u t  46% of  

t h e  land, p i n e  a b o n t  22%, and  p o p l a r  a b o u t  21%- However, t h e s e  

modern p o l l e n  sal l iples  were c o l l e c t e d  i n  a n  area of 

b e d r o c k - c o n t r o l l e d  topography with b l a c k  s p r n c e  and j a c k  p i n e  a s  

donainant e l e m e n t s ,  T h e  S a d d l e  H i l l s  a r e  till man t l ed ,  a n d  l i k e l y  
\ 

w h i t e  s p r a c e  a n d  l o d g e p o l e  pine were t h e  major e l emen t s .  

N o n e t h e l e s s ,  t h e  a n a l o g u e  deglons t ra  tes  that p i n e  was p robab ly  

close t o  20% of t h e  forest cover ,  

BL7, from 5700 y e a r s  3-PI t o  t h e  p r e s e n t ,  shows few 

d i s t i n c t  p a t t e r n s  of v e g e t a t i o n  change ,  e x c e p t  f o r  a consis teat  

a l d e r  i n c r e a s e ,  a minor  s p r u c e  d e c l i n e ,  and  a b i r c h  s i z e  

d e c r e a s e  in t h e  l a s t  3400 y e a r s ,  However, t h e  r e c o r d s  f r 0 ~  

S p r i n g  Lake a n d  F i d d l e r ' s  Pond p r o v i d e  a more s e n s i t i v e ,  b u t  

b a s i c a l l y  c o n s i s t e n t  record of v e g e t a t i o n  change,  

The  b e g i n n i n g  of BL7 is shown by d i r e c t  a*C c o n t r o l  to 

c o i n c i d e  wi th  a p i n e  m i n i ~ n a  i a  S L ~ ,  a t  5700 y e a r s  B-PI It is  

t h e  end  o f  a 1700 year p e r i o d  of a  c o n s i s t e n t  p i n e  decL ine  i n  

both c o r e s ,  y e t  t h e  Boone Lake p e r c e n t a g e s  are a p p r o r i s a t e l y  20% 



h i g h e r  t h a n  t h e  S p r i n g  L a k e  p e r c e n t a g e s .  L o c a l  p i n e  s t a n d s  a t  

S p r i n g  Lake mus t  have  d i s a p p e a r e d ,  and  t h e  l a k e  r e c e i v e d  o n l y  

r e g i o n a  1 p i n e  p o l l e n  r a i n .  L e s s  broadly d i s t r i b u t e d  p o l l e n  

t y p e s ,  spuce ,  alder a n d  willow were Bore important  i n  Spring 

Lake  a t  t h e  p i n e  a i n i ~ n s ,  The i n t r a - l a k e  d i f f e r e n c e s  p robab ly  

reflect a g r e a t e r  i i a p o r t a n c e  o f  local  a n d  extralocal p o l l e n  

( s e n s u  ---- J a n s s e n  9973) i n  t h e  soatewhat e n c l o s e d  S p f i n g  Lake v e r s u s  

t h e  open and exposed Boone Lake- 

In late S L 3  t o  a i d  SL4 p i n e  rises t o  a peak aboot 10% 

h i g h e r  t h a n  t h e  v e r y  s t a b l e  Booae Lake p e r c e n t a g e s ,  s u g g e s t i n g  

& o r e  local s t a n d s  i n  t h e  S p r i n g  Lake v i c i n i t y ,  T h i s  a p p a r e n t l y  

has little r e g i o n a l  e n v i r o n l e e n t a l  s i g n i f i c a n c e  a s  no e q u i v a l e n t  

change a p p e a r s  i n  Boone Lake, 
\ 

The s h a r p  transition i n  i n f l u x  a t  the base o f  SL4 is 

a p p a r e n t l y  a f u n c t i o n  of p o l l e n  c o n c e n t r a t i o n  i n  the s e d i ~ e n t ,  

a s  there is no change in t h e  c a l c u l a t e d  s e d i a e n t a t i o n  s a t e  a t  

t h a t  point, T h i s  i n f l u x  i n c r e a s e  b e g i n s  a t  the sarae l e v e l ,  as the 

zone t r a n s i t i o n  c a l c u l a t e d  from t h e  p e r c e n t a g e  d i a g r a B ,  

e m p h a s i z i n g  t h e  s i g a i f  icance of t h e  change,  P i n e  and  s p r u c e  have  

t h e  raost d i s t i n c t  changes ,  P e r h a p s  w i t h  n o r e  humid c o n d i t i o n s  

t h e  steep w e s t e r n  s l o p e  of t h e  S p r i n g  Lake  b a s i n  was r e c o l o n i z e d  

by h i g h  p o l l e n  p r o d u c i n g  c o n i f e r s ,  resulting i n  a s h a r p  i n f l u x  

rise and  a s o r e  s u b d u e d  p e r c e n t a g e  change. 

1 x 1  the u p p e r  ~tetre of BL7, after 3400 y e a r s  0-PI, s p r u c e  

began a s low decline, a p p a r e n t l y  l o s i n g  s o a e  importance to 

a d e r -  Blder is a n  u n d e r s t o r y ,  r a t h e r  t h a n  a  canopy s p e c i e s  on 



the up lands -  P i n e  and  o t h e r  t a x a  remained  unchanged, A s t e a d y  

d e c l i n e  i n  t h e  mean s i z e  o f  b i r c h  g r a i n s  i n d i c a t e s  an  i n c r e a s i n g  

p r o p o r t i o n  of s h r u b b y  b i r c h e s ,  Dwarf b i r c h e s  were p r o b a b l y  

c o l o n i z i n g  t h e  p e a t l a n d  t o  t h e  west and  s o u t h  of Boone L a k e ,  and 

i n c r e a s i n g  their c o n t r i b u t i o n  t o  t h e  local  p o l l e n  r a i n .  T o  g i v e  

an unchanged b i r c h  perces l taye  w i t b i n  t h e  p o l l e n  s u ~ ,  t h e  u p l a n d  

b i r c h e s  a u s t  h a v e  been d e c l i n i n g  i n  abundance  t o  s o m  d e g r e e ,  

The c h a n g e  may b e s t  be  i n t e r p r e t e d  a s  a c c e l e r a t e d  h y d r o s e r a l  

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

The p a t t e r n  o f  s p r u c e  d e c l i n e  h a s  been  n o t e d  i n  t h e  Boone 

Lake, S p r i n g  L a k e  and  P i d d l e r t s  Pond cores i n  t h e  l a s t  3U00 

y e a r s ,  a n d  of a l d e r  i n c r e a s e  i n  t h e  Boone Lake a n d  F i d d l e r ' s  

Pond c o r e s  o v e r  t h e  same time pe r iod ,  Both  taxa would be 
$ 

f a v o u r e d  by i n c r e a s i r a g  m o i s t u r e ,  so t h i s  change  is i n e x p l i c a b l e  

just by cooler, moister c l i a a t i c  c o n d i t i o n s -  

A small b u t  d i s t i n c t  rise i n  g r a s s  p o l f e n  i n  t h e  s u r f a c e  

s a ~ p l e  from Boone Lake likely reflects h i s t o r i c  c l e a r a n c e  o f  now 

abandoned f arealand just s o u t h w e s t  of Booae Lake, T h e  a b s e n c e  of 

a s a a l f  s u r f a c e  g r a s s  peak i n  S p r i n g  Lake  c o n f i r s s  t h a t  i t  was  

l o c a l  a g r i c u l t u r a l  c l e a r a n c e  n e a r  Boone Lake, r a t h e r  t h a n  t h e  

a g x i c u l t u r a l  o c c u p a t i o n  of the Peace R i v e r  g r a s s l a n d s  w h k h  is 

r e s p o a s i b l e  f o r  t h e  Boone Lake grass rise, 

f P 3  and FP4 ( I l h i t e  and  Elatheores 1992) show e s s e n t i a l l y  

modern c o n d i t i o n s  for t h e  l a s t  3190 years, a g r e e i n g  w i t h  t h e  

S a d d l e  H i l l s  d a t a ,  L o f t y  Lake ( L i c h t i - F e d e r o v i c h  1970) underwent  

l i t t l e  change  i n  the l a s t  3800 years, and  t h i s  i s  i n  a c c o r d  w i t h  

I30  



e s t a b l i s h e d  p a t t e r n s  in t h e  P a c i f i c  Northvest  and northwestera 

interior {see w h i t e  a n d  B a t h e v e s  1982 for d i s c u s s i o n ) ,  



SOBBABY 

T h e  f o l f o w i n g  s u ~ a a f i z e s  t h e  p r i n c i p a l  c a n c l u s i o n s  from t h i s  

r e s e a r c h ,  

1, Ice overrode t h e  S a d d l e  I I i l l s  d u r i n g  t h e  Late H i s c o n s i n a n  

a d v a n c e ,  ana loca l  ice-blockage o f  t h e  lice-free C o r r i d o r *  

is i n d i c a t e d  a t  l e a s t  d u r i n g  the fatter p a s t  of the L a t e  

W i s c o n s i n a  n, 

2, The e a r l i e s t  p a l a e o e c o l o j i c a l  record is fro@ Boone Lake Zone 

1, between  a p p r o x i m a t e l y  1 f ,700 an3 12,200 years B- P, Rsone  

L a k e  was a n  e n l a r g e d  p o n d a g e ,  daaaed by a n  ice mass t o  t h e  

west, a u d  r e c e i v i n g  meltwater from a n  ice xiass to the r r o r i h ,  

D u r i n g  t h i s  tilee a s p a r s e  tundra-like v e g e t a t i o n  consisting 

of herbs a n d  s c a t t e r e d  s h r u b s  e x i s t e d  around Booae Lake, T h e  

most i m p o r t a n t  t a x a  were s e d g e ,  s a g e ,  grass ,  a n d  chenopods .  

Algae, moss, a n d  b e e t l e s  e x i s t e d  i n  a n d  nearby Boone L a k e -  

3 -  Boone L a k e  Z o n e  2 v e g e t a t i o n  was p r o b a b l y  p a r k l a n d  w i t h  

c o n t l n o o a s  v e g e t a t i o n  cover of p o p l a r  trees, s o a p b e r r y ,  

willow, s a g e ,  g r 3 s s ,  a n d  u y l a n d  sedge, T h e r e  is a 

p r o b a b i l i t y  of 0 - 6 5  t h a t  t h i s  v e g e t a t i o n  ex i s t ea  i n  a n  

h a b i t a b l e ,  ice-free area i n  t h e  S a d d l e  H i l l s  p r i o r  t o  J l , b Q 0  

p a r s  B,P, 

8 ,  Pine a n d  spruce were p r e s e f i t  i n  t h e  u p p e r  Peace River r e g i o n  

probably by  10,700 years B,P,, a n d  c e r t a i n l y  by 1 0 , 4 0 0  years 

B-P, forest at that time approximated raodern b o r e a l  forest ,  

with more c l t ; a r i n g s ,  S p r u c e  c o u l d  p r o b a b l y  n o t  h a v e  m i ~ r d t e d  

from t h e  Peace Xiver area towards B e r i n g i d  p r i o r  t o  t f a e  

132 



t i a e ,  

5 ,  B i r c h  became a more i~portant element t h a n  it is in t h e  

modern boreal forest  b e t w e e n  8700 a n d  8200 years  B,P, 

5. The Bypsitheraal peak in t h e  upper Peace R i v e r  r e g i o n  

occurred a t  7400 years L P , ,  i n d i c a t e d  by a p a k  in p i i l e  

pe rcen tages ,  The historic P e a c e  R iver  grasslands can best be 

e x p l a i n e d  as an e d a p h i c  c l i ~ a x  v e g e t a t i o n ,  arid not as relics 

of a Byps i thermal  n o r t h e r n  extension of the n a i n  g r a s s l a n d s ,  

7, Wetness i n c r e a s e d  after  7@00 years B.P,, r e s u l t i n g  i n  a p i n e  

d e c l i n e ,  Permanent p o n d s  d e v e l o p e d  o u t  of foraer seasonal  

8, E s s e n t i a l l y  nodern boreal  f o r e s t  colldi t i o n s  h a v e  p r e v a i l e d  

since 5700 years R , P ,  
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