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INTRODUCTION 

 he-overall goal  of our research  is t o  i l l u s t r a t e  t h e  clima- 

t i c  pa t t e rn s  of 5000 t o  7000 years  ago over a s  wide an a r ea  of 

t h e  northern hemisphere a s  poss ib le .  We plan t o  map t h e  p a t t e r n s  

i n  se lec ted  c l ima t i c  va r i ab l e s  a t  5000 t o  7000 years  ago t h a t  can 

be reconstructed from po l len  and marine-plankton data .  Multivar- 

i a t e  s t a t i s t i c a l  methods permit using t h e  modern d i s t r i b u t i o n  of 

these  da t a  i n  order  t o  transform t h e i r  f o s s i l  remains i n t o  c l i -  

mate es t imates  of p a s t  t imes (Webb and Clark, 1977). Given these  

goals  and methods, we focused our research  during t he  f i r s t  e i g h t  

months on assembling t h e  ava i l ab l e  modern and f o s s i l  da ta  from 

each of t h e  main a r ea s  under study. W e  a l s o  held two workshop 

conferences t o  he lp  organize our j o i n t  work. 

In  producing t he  paleocl imat ic  reconst ruct ions ,  we r equ i re  

maps of modern pol len  and marine-plankton data ,  maps of the.po1-. 

l en  and marine-plankton da t a  f o r  5000 t o  7000 years  ago, and 

c a l i b r a t i o n  funct ions  capable of transforming t h e  pol len  o r  

marine plankton da t a  i n t o  c l ima t i c  es t imates .  Maps.and a pre- 

l iminary set of c a l i b r a t i o n  funct ions  a l ready  e x i s t  f o r  c e n t r a l  

e a s t e rn  North America (Bernabo and Webb, 1977) and are being pro- 

duced with o the r  funds f o r  northwestern Europe and t he  western 

Sov ie t  Union. our main e f f o r t  with Department of Energy funding 

has  t he r e fo re  been t o  add new 
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data ,  maps, and c a l i b r a t i o n  func- 
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- .  
t i o n s  to t h i s  c o r e  d a t a  b a s e  and t o  i n c r e a s e  t h e  c o v e r a g e  t o  .as 

much o f  t h e  Nor the rn  Hemisphere a s  p o s s i b l e .  Our main a r e a s  o f  

s t u d y  s o  f a r  have been e a s t e r n  Canada, t h e  Nor th  A t l a n t i c  Ocean, 

s o u t h e r n  and e a s t e r n  Europe,  Alaska ,  and E a s t  A f r i c a  ( T a b l e  1). 

S u b c o n t r a c t s  t o  H. E. Wright  ( U n i v e r s i t y  o f  ~ i n n e s d t a ) ,  W. F . '  

Ruddiman (Columbia . U n i v e r s i t y ) ,  and H. J. B. B i r k s  ( U n i v e r s i t y  

o f  cambridge)  s u p p o r t e d  t h e  work i n  t h e  f i r s t  t h r e e  o f  t h e s e  

a d d i t i o n a l  a r e a s .  

SPECIFIC PROGRESS 

Dur ing t h e  f i r s t  e i g h t  months o f  o u r  work, w e  have  made g o o d '  
- 

p r o g r e s s  i n  o r g a n i z i n g  t h e  j o i n t  e f f o r t  .and i n  c o l l e c t i n g  new. 

d a t a  from e a s t e r n  Canada and from e a s t e r n  and s o u t h e r n  Europe.  

W e  have h e l d  two workshop c o n f e r e n c e s  t o .  r e v i e w  what d a t a  are 

a v a i l a b l e  and  t o  p l a n  f o r  t h e i r  c a l i b r a t i o n  and mapping. The 

f i r s t  workshop was h e l d  a t  Brown U n i v e r s i t y  on J u l y  20, 1979 and 

was a t t e n d e d  by  T. Webb, W. F. Ruddiman, A .  McIntyre ,  W.  L. P r e l l ,  

J. E. ~ u t z b a c h ,  and  F. A .  S t r e e t .  Dur ing  t h i s  workshop, w e  d i s -  

c u s s e d  t h e  a v a i l a b l e  d a t a  from 5000 t o  7000 yea r s ,  a g o  from A f r i c a ,  

t h e  Nor th  A t l a n t i c  Ocean, t h e  I n d i a n  Ocean, e a s t e r n  Nor th  America, 

and t h e  w e s t e r n  Uni ted  S t a t e s .  

The second workshop was t h e  f i r s t  a n n u a l  g a t h e r i n g  o f  t h e  

N o r t h e a s t  Nor th  American P a l y n o l o g i s t s  h e l d  a t  t h e  Harvard  F o r e s t  

i n  Petersham, MA from September 21  t o  24, 1979. Dur ing t h i s  work- 

shop,  we reviewed t h e  a v a i l a b l e  p o l l e n  maps f o r  5000 t o  7000 B.P. . 

t h a t  H.  J. B. B i r k s  and B. Hun t ley  have p repared  f o r  Europe,  t h e  

a v a i l a b l e  p o l l e n  d a t a  t h a t  G. - M. P e t e r s o n  compi led  w h i l e  r e c e n t l y  

i n  Moscow, t h e  work o f  Ruddiman and McIntyre  i n  t h e  Nor th  A t l a n t i c , ,  

and t h e  a v a i l a b l e  p o l l e n  d a t a  from e a s t e r n  Canada and New England.  

An agreement  was r e a c h e d  t h a t  t h e  1 0  major  g roups  of  p a l y n o l o g i s t s  

working i n  e a s t e r n  Canada and New ~ n g l a n d  w i l l  send their raw p o l -  
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- - l e n  d a t a  (some unpubl ished)  t o  Webb a t  Brown f o r  key punching, 

a n a l y s i s ,  mapping, and d i s t r i b u t i o n .  The group w i l l  meet aga in  

I i n  September 1980 i n  Quebec t o  review t h e  maps gained from t h i s  

1 j o i n t  e f f o r t .  
Work i s  now underway a t  Brown t o  map t h e  p o l l e n  d a t a  from 

e a s t e r n  Canada. Forty-one c o r e s  from southern  Quebec and fou r  

c o r e s  from southern  Labrador have s o  f a r  been added t o  t h e  Brown 

d a t a  bank f o r  computer mapping and a n a l y s i s .  I n i t i a l  maps from 

i southern  Quebec a r e  c u r r e n t l y  be ing  prepared .  During yea r  two, 
I 
! d a t a  from t h e  r e s t  of e a s t e r n  Canada w i l l  be added t o  t h e  c u r r e n t  
I ' .  
i 
i d a t a  s e t ;  and maps o f  p o l l e n ,  of  t empera ture  e s t i m a t e s ,  and of  

a i r -mass  p a t t e r n s  w i l l  be produced f o r  9000 and 7000 y e a r s  ago . . 

. 
and f o r  today.  The p o l l e n  maps from e a s t e r n  Canada w i l l  g r e a t l y  . . 

e n l a r g e  on t h o s e  mapped by Bernabo and Webb (1977) .  

work w a s  a l s o  r e c e n t l y  completed a t  Brown wi th  funding i n  
,' .. . , 

p a r t  from Lawrence Livermore Labora tory  (webb -- e t  a l . ,  1979) .  ' In  

t h i s  work, we mapped t h e  p a t t e r n s  i n  p r e c i p i t a t i o n  e s t i m a t e d  f o r  

7000 y e a r s  ago a t  26 s i t e s  i n  t h e  c e n t r a l  Midwest (F igs .  1 and 2 ) .  

We a l s o  prepared  an i n i t i a l  r e p o r t  on t h e  d a t a  a v a i l a b l e  from 

radiocarbon-dated p o l l e n  diagrams i n  t h e  western  United S t a t e s  
0 

( F i g .  3 ;  Table 1). I 

R. A .  Lasesk i ,  a g radua te  s t u d e n t  a t  Brown, has  been prepar -  

i n g  a  d a t a  s e t  of 50 samples of  s u r f i c i a l  lake-sediments  from E a s t  

Africa:  When complete,  t h i s  d a t a  s e t  w i l l  p rov ide  a  b a s i s  f o r  

i n t e r p r e t i n g  t h e  a v a i l a b l e  E a s t  Af r i can  p o l l e n  diagrams  endal all, 

1969) .  This  s tudy  w i l l  p rov ide  a few q u a n t i t a t i v e  . e s t i m a t e s  of 

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

P. Anderson, ano the r  g radua te  s t u d e n t  a t  Brown,, completed 

a n a l y s i s  of t h r e e  p o l l e n  diagrams from t h e  North Slope of Alaska 

(Anderson, u n p u b l .  m s )  . She i s  c u r r e n t l y  ana lyz ing  d a t a  from 

t h r e e  o t h e r  c o r e s  c o l l e c t e d  i n  nor thwes t  Alaska i n  A p r i l ,  1979. 

. . 



F I G .  1. Locat ion.of  t h e  26 s i t e s  w i t h  radiocarbon-dated 
pol len da ta  used i n  es t imat ing  annual p r e c i p i t a t i o n  a t  
7000 and 10,000 years  ago. 



1 FIG. 2. 'The estimates ,of annual precipitation in cm for 
7000 years ago. 



FIG. 3 .  Location of the s i t e s  with-'pollen data i n  the western 
United States .  Only the data a t  zion, Gause, and Boulder a re  
not. d i r ec t ly  dated by radiocarbon dates. The f i r s t  l e t t e r  of 
each name i s  plo'tted a t  the sample location except where + ' s  
mark t h e  location for  Ralston, Lagoon, ~ i g  M. ( ~ i g  ~eadow) , 
Simpson, and s oh. 



Table  1. h'estern U.S. Po l l en  Diagrams: Notes on a  Represen ta t ive  Group. 

S i t c  Name and S i t e  Loca t ion  C h r o n o s t r a t i g r a p h i c  The S i t e  .and 
~ o c a l i t y  and E leva t ion  I n f o r r a t i o n  P resen t  Cond i t ions  

C .  Texas 

Hershop Bog 2g035'N 2002 2 80  
9 7 0 3 7 ' ~  6006 2 100 

124 m 10,574 2 160 
from a  540 cm co re .  
Max. age i s  c a .  

11,000 B. P. 

Larson,  D.A., Bryant ,  V.M., J r . ,  and P a t t y ,  T.S. (1972) .  
Po l l en  a n a l y s i s  o f  a  c e n t r a l  Tcxas bog. American 
Kidland : : a t u r a l i s t  88 ,  358-367. , 

Boriack ~ c g  ' c a .  30°30'?: 3770 + 80 
.ca .  9 7 0 0 5 ' ~  9930 + 160 
c a .  100 m 14,115 5 210 

15 .4602250  
from 540 cm 
c o r e .  Max. 
age  is c a .  
16,000 B.P. 

Domed-quaking p e a t  
bog. 155 m d i amc tc r ,  
5.4 m  deep.  .Depends 
on seepage from 
C a r r i z o  Fm. 

Bryan t ,  V.X:, J r .  (1977) .  A 16,000 y e a r  p o l l e n  r eco rd  o f  
v e ~ e t a t i o n a l  change i n  c e n t r a l  Texas. F a l ~ ~ n o l o s y  1 ,  143-156. 

1 . 4  h e c t a r e  bog i n  
Post  oak savanna. 
Seepage from C a r r i z o  
satidstone Fm. 

Cause ~ o g  ca .  3 0 ~ 5 0 ' ~  No C-14 d a t e s .  Es- 3  ha. Bog formcd i n  
ca .  9 6 0 4 0 ' ~  t imated t o  be o l d e r  C o r r i z o  Sands aqu i -  
ca  . 90 m than lQ.fl00 B.P. a t  f e e .  Sohaanum on 

base  of 170 cm co re .  s u r f a c e  today.  Lo-. 
c a t c d  on western  
edge of Post Oak 
Savanna. 

Bryant ,  V.M., J r .  (1977) .  A  16.000 yea r  p o l l e n  r eco rd  of 
Veqc t J t iOna l  change i n  c e n t r a l  Texas. Palynoloqy 1, 143-156. 

'el. Texas 

Llano Es t acado  a )  1 3 ~ 1 7 ' ~  ' a )  17,400+600 
a )  Rich Lake 1 0 2 ° 1 2 ' ~  26,500 2 800 
b )  Crane Lake 1000 m ' a t  125 cm and 350 cm 

b l  c a .  3 1 0 3 0 ' ~  l e v e l s  i n  a  560 cm 
. c a .  2 0 0 4 0 ' ~  c o r e .  Max. age  i s  

c a .  600 m p o s s i b l y  33,000 B. P. 
Min, age ( a t  t op ) '  
may bc no l a t e r  t han  
15,000 0 .  P. 

b )  No d a t e s  i n  300 cm 
c o r e  o f  gypsum mud. 

Llano Estacado i s  
sou the rn  most e x t e n -  
s i o n  of h igh p l a i n s  
w i th  g r a s s l a n d  and 
d e s e r t  v e g e t a t i o n .  
a )  Playa ( d r i e d  up 
l a k e )  today.  No 
p o l l e n  i n  upper 40 
cm: 

Llano. Estacado C l i -  
mate: 
Jan. Tcmp. = 2 - 7 O ~  
J u l y  Tcmp. = 25-2fJ0c 
Ann. Precip .  = 400- ? 

500 mm 

8  s u r f a c e  samples 

The Pol len Record 
and I n t e r p r e t e d  

Vegeta t ion 

S h i f t  from 25% AP 
t o  10% AP a t  10.5K. 
AP = Oak and Birch.  
Change from Oak 
parkland t o  Oak 
savanna. 

AP(-Y 70% from 
16K t o  8K, t he=  
Grass  dominant.  
" A l t i t h e r n a l "  per-  
i o d  n o t  w e l l  d e f i n e d  
i n  p o l l e n  r eco rd .  

40"L Ainus p o l l e n  up 
t o  110 cm i n  c o r e .  
Grass  p o l l e n  domin- 
a t e s  w i th  20% oak 
and 20"L Composite 
p o l l e n  t o  s u r f a c c .  

a1 26K- 33K: 15%'  
Pinus  p o l l e n .  80% - 
N A P  26K- 17K: 
Gradual  r i s e  i n  Ib 
oE Pinus po l l en  t o  
90% wi th  5% picea 
a f t c r  17K t o  c a .  
15K. Changc Erom 
h c r b  g r a s s l a n d  t o  
woodland. 

b )  3m - 2m = 3WL Pinus 
. p o l l e n .  1.S m t o  
s u r f a c e :  15% Pinus 
and B0;b NAP. . 

C l i m a t i c  ' 

I n t e r p r e t a t i o n  , 

D r i e r  c o n d i t i o n s  
a f t e r  10.5K than  
be fo re .  

0 
D r i e r  a f t e r  8K than  
be  f o r e .  

D r i e r  a f t e r  1 0 ~  
than be fo re .  

26K - 15K: became 
w e t t e r  and c o l d e r  
t han  today.  Post- 
g l a c i a l  t imcr d r y  
l i k e  today.  Some 
o r c i l l a t i o n s .  . 

H a f s t c n ,  U .  (19641. A s t anda rd  po l l en  diagram f o r  t h e  sou thc rn  
high p l a i n s .  USA, cove r ing  t h e  pe r iod  back t o  t h e  e a r l y  
W i ~ c o n o i n  C l a c i o t i o n .  Report o f  VI Ir:Pun, Warsaw, Vol. 11 ,  
Pa l eobo tan ica l  s e c t i o n .  ~ o d z .  407-420. 



I .  L i t t l e  Caney 3b056'N 
A l l u v i a l  v a l l e y  95O56'w 

1 copan a r e a  218 m 

6 9 2 5 5  
1981 + 75 

from a  composi te  s e t  
o f  samples from a rch -  
e o l o g i c a l  s i t e s ,  
e o l i a n  and a l l u v i a l  
d e p o s i t s .  Max. age  
$8 1981 B.P. 

Samples from s e v e r a l  
s e c t i o n s  i n  v a l l e y  
whezc L i t t l e  Caney 
R. ha s  i n c i s e d  6  m 
i n t o  its f lood  p l a i n .  
Inc ludes  t h e  Copan 
p a l c o s o l  d a t e d  a t  
1330: 100 B. P. Lo- 
c a t e d  a t .  t r a n s i t i o n  
from Cross  Timbers 
p o s t  oak-blackjack 
oak (g. S t e l l a t a  - 
Q. mari landica] .  . 
f o r e s t  t o  t h e  west  
i n t o  t h e  t a l l  g r a s s  
p r a i r i e  t o  t h e  e a s t .  

2K t o  1 K :  25% g r a s s  
p o l l e n ,  2% Ambrosia 
5% oak po l l en .  1 K  - 
69 8. P. : ZW Cheno- 
pod. ,  2W Ambrosia, 
3% g r a s s ,  1PA oak 
p o l l e n .  Modern: 30% 
oak, 1C% hickory.  
15% Ambrosia po l l en .  
I n t e r p r e t e d  t h a t  
fewer oak t r e e s  i n  
a r e a  a t  1 K  t o  2K than  
t h e r e  today.  

H a l l .  S.A. (1977) .  Geology and palynology of a r c h e o l o g i c a l  s i t e s  and a s s o c i a t e d  
sediments .  In "The P r e h i s t o r y  o f  t h e  L i t t l e  Caney River ,  1976 F i e l d  Season." 
(D.O. Henry, Ed.) pp. 13-42, Laboratory  o f  Archeology, Univ. o f  Tu l sa ,  Tulsa  OK, 141 p. 

Birch Creek v a l l e y  . 3b032'N 1450 + 80  70 cm s e c t i o n  from a  
Painted S h e l t e r  9 6 0 0 ~ ' ~  a t  55 crn i n  a  70 cm rock s h e l t e r  a l o n g  a  

212 m s e c t i o n  from' an a r c h -  s m a l l  s t r eam i n  c r o s s  
e o l o g i c a l  s i t e .  Max. Timbers postoak-  
a g e  is c a .  1600 8.P. b l ack jack  oak f o r e s t .  
Age a t  t o p  o f  s e c t i o n  T a l l  g r a s s  p r a i r i e  t o  
i s  c a .  600 8.P. t h e  west and mixed 

p r a i r i e  and oaks t o  
t h e  e a s t .  

Oak p o l l e n  domina'tes 
a t  40 t o  55%. 1~ 
Ambrosia and 5% g r a s s  
p o l l e n .  S l i g h t  r i s e  
i n  p ina  p o l l e n  % ' s  
( 2  t o  6%) i n  upper 
20 cm. oak f o r e s t  
l i k e  today. 

No i n t e r p r e t a t i o n .  
g ivsn .  ,, 

C l i m t e  l i k e  todays  
from 1600 t o  600 B.P. 

I H a l l ,  S.A. (1977) .  Geological  and paleoenvironmental  s t u d i e s .  In "The P r e h i s t o r y  
and Paleoenvironment of Birch Creek Va l l ey . "  (D.O. Henry, Ed.) ,  pp. 11-31, 
Laboratory  o f  Archeology, Univ. o f  Tu l sa ,  Tu l sa ,  OK, 134 p. 

New Mexico , 

San Augustin P l a i n s  33O50'N 
1 0 8 0 0 0 ' ~  

2300 m 

1 9 , 7 0 0 r 1 6 0 0  Core from playa i n  ' Very g e n e r a l  po l l en  1 8 ~ :  Colder  than 
27,000+4000 a l k a l i n e  semidese r t  d iagram.  Las t  1 0 ~  n p r e s e n t  

i n  upper p a r t  of l O O m  g r a s s l a n d .  ' abou t  1 . 5  m. 2PX . 
Picea po l l en  i 2  - 20% c o r e .  18,000 B. P. a t  Ann. Temp. = 11.7Oc - 

abou t  600 cm.  ax. Ann. P rec ip .  = 407 mm NAP, 60 - 7 0 %  Pinus 
age  perhaps  over  100K. = p o l l e n  a t  1 8 ~  ( c a .  

. . 6 m i n  c o r e ) ,  20% 
Picea  p o l l e n  con- - 
t i n u e s  t o  1 . 5  m 
when r ep laced  b y  
2 0 -  30% semidese r t  
s c r u b  and g r a s s  pol-  
l e n .  

C l i s b y ,  K.11. and S e a r s ,  P.D. (1956) .  San Augustin P l a i n s  -- Plei r i toccne c l i m a t i c  
chanqcs. s c i e n c e  124. 537-539. 



Chaco Canyon . 3 b 0 0 1 ' ~ '  ' 
a )  c a l l 0  Wash 1 0 7 ~ 5 3 ' ~  
b )  caaco  wash I11 1908 m 
C )  Chaco s a s h  I1 
d )  Chaco Wash I V  

a )  29002330  S e c t i o n s  of  a l l u v i a l  
5680 120 sediments  i n  a  modern 
6725 5 110 a r royo  t h a t  began 
5860 + 700 e rod ing  i n  1860 A . D .  

Only bottom d a t e  from 4  main a l l u v i a l  u n i t s .  
635 cm s e c t i o n  with  Oldes t  da ted  a t  5.6 
p o l l e n  diagram. Other t o  6.7K. Pueblo eon- 
d a t e s  f i t t e d  i n  by i t o  excava t ions  a t  
c o r r e l a t i o n .  Chaco. 
b )  No d a t e s  on 460 cm 
s e c t i o n .  
C )  1010+90  
a t  75 cm i n  410 cm 
s e c t i o n .  
d )  1 0 2 5 5 8 5  ' 

2170 5 110 
1655 2 85 

Top d a t e  f i t t e d  i n  by 
c o r r e l a t i o n  i n  240 
s e c t i o n .  

7K - 6K: Pine zone Cl imate  a r i d  from . 
< w i t h  600,L p ine  p o l l e n  5.8K t o  2.4K and 

6K-1K: Chenopod. d r i e r  than today ' 

zone with 10% p ine  till 500 B.P. 
po l l en .  50% Chenopod. 
po l l en .  500K - 0: 
Pine- henop. Zone 
wi th  40% p ine  p o l l e n .  
pinyon p ine  woodland 
today.  

H a l l ,  S.A. (1977). Late  Qua te rna ry  sedimentat ion and pa leoeco log ic  h i s t o r y  of  Chaco 
Canyon, ::end Mexico. Geolooical  Soc ie tv  o f  America B u l l e t i n  88, 1593-1618. ' 

Chuska Mts. 
Dead Nan Lake 
( 3  o t t x r  l akes  . 
s t u d i e d  bu t  no ' 

d a t e s  :or them) 

3 6 O 1 5 ' ~  Three c o r e s :  
1 0 8 ~ 5 5 ' ~  1 )  39002  300 

2780 m d a t e  o t  20 cm i n  35  
cm c o r e  t h a t  has  
younger sediments  
than  the  t o p  of  t h e  
long  core .  
2 )  4  C-14 d a t e s  

1 9 , 4 0 0 t o  28K 
i n  810 cm c o r c  wi th  
19.4K d a t e  a t  160cm. 

12 hec ta re ,  11 m deep 
l ake  a: c r e s t  o f  
mountains. Open Pon- 
derosa p ine  f o r e s t  
around l ake  and down . 
t o  2250 m. Pinyon/ 
j.unipcr/sagc t o  1900 
m, and s t eppe  below 
t h a t .  s p r u c e / f i r  
f o r e s t  no t  i n  mts. 
today except  i n  can- 
yons above 2400 m; 
r e p l a c e s  P. p ine  i n  
San Juan M t s .  a t  
2900 m today. 6  
s u r f a c e  samples. 
Ann. Temp; = llOc 
Jan. Temp. = ~ O C  

J u l y  Temp. = 2 5 O ~  
Ann. Precip .  = 142 mm 
( a t  t h e  n c a r c s t  mct. 
s t a t i o n ) .  

5 p o l l e n  zones 20K: Ann. Temp. 
Coro 1 ) :  be fo rc  4K: 4  t o  7OC lower than 
Picca and NAP d e c l i n e .  today. C l ima t i c  -. 
A f t c r  4K: Pinus po l -  g r a d i e n t  up mountains 
l e n  t o  70% 2W'A was S teepe r  :han today. 
chenop . ,  1DX w- P o s t g l a c i a l :  warmer 
s i a  p o l l e n ,  2% guer- than i? g l a c i a l  t imes.  - 
c u s  po l l cn .  Evl- - 
dcncc f o r  compres- 
s i o n  and lowcring 
of  v e g e t a t i o n  zones 
i n  g l a c i a l  t imes. 
The a l p i n c  zonc de- 
c reased  i n  e l e v a t i o n  
morc than the  lower 
v e g e t a t i o n  zones. 
Core 2 ) :  65% NAP 
wi th  45% Ar tcmis i a ,  
1DX PiceJ p o l l e n  
from t o p  t o  28K. 
Alpine vege ta t ion  
o r  sprucc parkland 
T r c c l i n c  dcprcss ion  
oE 0000 t o  1000 m. 

Wright ,  1 I . E . .  J r . .  Bent,  A . M . .  i lansen. D.S., and Maher, L . J . .  J r .  (1973). Present  
and pas t  v e q c t a t i c n  o f  the  Chuska Mountains, nor thwestern Ncw ~ e x i c o .  GColoqical 
S c c i c t ~  o f  America C u l l e t i n  84. 1155-1180. 



~a ~ l a t a  ~ t s .  37O28'N 
?win Lakes 108006 '(4 

3290 m 

11 rad ioca rbon  d a t e s  Core from edge o f  
f r o i  2545 t o  9765 s m a l l ,  1 m deep pond. 
B. P .  i n ' n  395 cm open Engelmann spruce-  
c o r e .  Elax. d a t e  c a .  s u b a l p i n e  f i r  f o s c s t  
10,000 8. P. a t  s i t e  which is 250 m 

below t r e e l i n c .  4 
s u r f a c e  samples. 
J U I ~  Temp. 1 1 . 4 ~ ~  
Jan .  Tcmp. p R . 5  
Ann. Precip .  = 1063 mm 
Maximum p r e c i p i t a t i o n  
i n  July  and August. 
Lapse r a t e  i n  J u l y  i s  
7Oc/km. 

Picea and Pinuq Tree  l i n e  changes  
dominance through- imply a  f l u c t u a t i n g  
o u t .  (60  t o  80%). c l i m a t e  ove r  l a s t  
u se  r a t i o s  o f  pol-  10,OGO yea r s .  ' - '  

l e n  types  t o  e s t i -  
mate t r e e l i n e  f l u c -  
t u a t l o n s .  9 . 8 - 8 . 6  
K:  t r e e  l i n e  lower 0 

t.han today,  S e v e r a l  
changes  s i n c e  then .  

pe t e r sen ,  K.L. and Mehringer.  P.J. ,  Jr.  (1976) .  Post- 
g l a c i a l  t i m k r l i n e  f l u c t u a t i o n s ,  La P l a t a  Mountains. 
sou thves t e rn  Colorado. A r c t i c  a n l  A l ~ i n e  Research 8 ,  
275-288 

~ r o n c  Ranqe 4 0 ~ 0 5 ' ~  7  r ad ioca rbon  da . tes  2.1 h e c t a r e .  1 m deep  
Redrcck Lake 1 0 5 0 3 2 ' ~  ' f rcm 1640 t o  9760 l a k e .  Limher p i n e ,  

. 3095 m B. P i n  a  180 cm Engelmann s p r u c e ,  sub- 
c o r e .  Max. & a t e  o f  . a l p i n e  f i r ,  and o t h e r  
c a .  10,000 B.P. t r e e s  and sllxubs on 

t h e  s l o p e s  abou t  t h e  
s i t e .  Timber l ine  a t  
3300 m. 

1 0 ~  - 9.7K: 60eS Evidence f o r  e a r l y  : 

Artemis i a  p o l l e n  warming and l a t e r  
9 .  7K - BK: 4% c o o l i n g .  Changing 
Pinus p o l l e n .  ' throughout  l a s t  
Peak i n  Picea p o l l e n .  10K yeass .  
8K - 0 :  5046 pinus pol-  
l e n  w i t h  a  r i s e  i n  
e e t u l a  p o l l e n  a f t e r  
2 . 5 ~  : ~ i c e a / p i n u s  
r a t i o  used t o  p l o t  
e l e v a t i o n  changes  
o f  v e g e t a t i o n .  

Maher, L.J., J r .  (1972) .  Absolute  p o l l e n  diagram o f  
Redrcck Lakc, Boulder County, Colorado.  Qua te rna rv  
Researe? 2, 531-55) 

Arizona 

~ o n t e z w r a  C a s t l e  3d039'N 8 C-14 d a t e s ,  7  on 1 h e c t a r e  water-con- 56 cm c o r e  shows in -  Nature  o f  change 
Na t iona l  Nonment  111°48'w modern m a t e r i a l ,  3  t a i n i n g  l imestone-  ' c r e a s e  i n  NAP and n o t  c l e a r .  
Moncczuna !.lell 1120 m o f  t h e s e  a r e  17K t o  s inkho le  fed by a r t e -  deep water  p o l l e n  

24.7K d a t e s  and d a t e  s i a n  s p r i n g  wa te r s .  t y p e s  a t  21 cm l e v e l .  
a n c i e n t  ca rbona te s .  10 m deep. ,300 c n  

c o r e  from sedge- 
p e a t  mat l e s s  than 

. . 1 m under w a t e r a t  
edge o f  s ink .  56 cm 
c o r e  from c e n t c r  o f  
l ake .  I n  lower Son- 
o ran  v e g e t a t i o n  zone 
wi th  some J u n i p e r  and 
abundant g ros s .  

Hevly, R.H. (1974) .  .Recent paleoenvlronments  and g c o l u g i c a l  h i s t o r y  a t  Montczumn Wcll.  
J o u r n a l  o f  t hc  Arizona Academy of s c i e n c e  9, 66-75. ---- 

E. Arizona 

White M t s  - Mogollon 3 4 O 2 1 ' ~  
Rim !lo0l7'\4 

Laguna Salada 1900 m 

3500 + 60 
a t  basc  o f  190 cm 
c o r c  from c e n t e r  o f  
l a k e  and 

7250 5 170 
a t  110 cm l e v e l  o f  
290 cm s e c t i o n  cx- 
posed i n  a r r o y o  t o  
west  of p r e s e n t  
l a k e .  Max. age i s  
n o t  w e l l  f i x e d .  
Could be a s  much a s  
14K. 

Spr ing  and a r royo- fed  
l a k e  i n  2 km2 b a s i n s .  
S e a s o n a l l y . d r y  l a k e .  
Po l l en  samplcn from 
c e n t c r  of lake:  cxpos- 
ed l a k e  scdinlcnts  i n  
a r r o y o  west of t h e  
p r e s e n t  bas in .  Pin- 
yon pine  - J u n i p e r  
g r a s s l a n d  r eg ion  
(Savanna - woodland). 
Ann. Temp. = BOC 
Jan. Tcmp. = ~ O C  

J u l y  Temp. = 1 7 O ~  
Ann. P rcc ip .  - 637  IT^ 

Some s u r f a c e  samples .  

Today: 25% Jun ioc rus  
2 0 %  Pinuo, and 50.;: 
NAP. 4 po l l cn  zones. 
7K and c n r l i c r :  60 - 
70Y. Pinur. po l lon .  
7K - 5K: Crass  peak 
o f  10%. A f t e r  7x: 
i n c r e a s e  i n  Shenopod. 
p o l l e n  t o  SOX a t  t o p  
of a r r o y o  s e c t i o n .  

D r i e r  c l i m a t e  a f t e r  
7K. 

i levly .  R.11. (1964) .  Paleoecoloqy o f  Laguna Salads. Chicano xa tura l  l l i s t o r y  
Museum F ic ld i ana  (AnthroPoloqy) 55. 171-187. -- 



W. A r i z o n a  

H u a l a p a i  ~ t s .  3 ~ ~ 0 6 ' ~  
Boulder  s p r i n g s  114O08'w 

S h c l t e r  976 m  

. . 

No C-14 d a t e s .  Dat-  A r c h e o l o g i c a l  s i t c .  
i n 9  from p o l l e n  and  r o c k  s h e l t e r .  
c e r a m i c  a n a l y s i s ,  D e s e r t  v e g e t a t i o n .  
800  t o  1050 u. P. S e m i a r i d  c l i m a t e .  
f o r  100  cm o f  s e d i -  Ann. P r e c i p .  270 n;m 

m e n t s .  riax. a g e  
e s t i m a t e d  a t  1050 , 

B. P. 

Hevly ,  R.H., N e u e t t ,  M.L., and  OlSen. S . J .  ( 1 9 7 6 ) .  P a l e o e c o l o g i c a l  r e c o n s t r u c t i o n  
from a n  u p l i n d  P a t a y a n  r o c k  s h e l t e r ,  A r i z o n a .  J o u r n a l  o f  t h e  Ar izona  -Nevada 
Acadcnv o f  S c i e n c e  1 3 ,  67-78. 

S. E .  Ar izona  

w i l l c o x  Playa  31°50'h' 20 ,000 B.P .  D e s e r t  g r a s s l a n d  and  
Lake C c c h i s e  1 0 9 ~ 5 0 ' ~  2 2 , 0 0 0 + 5 0 0  s h r u b s  i n  W i l l c o x  

. 1290 m 2 3 , 2 0 0 5  500 B a s i n  t o d a y  ( H i l a r i a ,  
i'n 42 m  c o r c .  A l l  . B o u t e l o u a ,  J+r&s+, 
d a t e s  from 1 5 0  t o  S o o r o b o l u s ,  a n d  mes- 
210 cm. Max. a g e  q u i t e ) .  No p l a n t s  
i s  between 70K and . on p l a y a  -- t o o  s a l t y .  
2 1 0 ~ .  ' Ann. Tefnp. = 32Oc ( 7 )  

Ann. P r e c i p .  = 469 an 
Ann. EVap. = 1 5 5 0  mm 

M a r t i n ,  P.S. (1963) Geockr9nologg of  p l u v i a l  Lake C o c h i s e .  S o u t h e r n  A r i z o n a .  I1 

p o l l e n  a n a l y s i s  o f  a  42-meter c o r e .  E c o l c q y  44, 436-444. 

C o c h i s e  County 3 1 ' 2 8 ' ~  9  C-14 d a t e s  between p o l l e n  d i a g r a m s  from 
~ o u b l c  Alobe s u l p h u r  1 0 9 ~ 4 2 ' ~  7756 a n d  9350 B.P. n o r t h  and  s o u t h  w a l l  

s p r i n q s  S i t e  1234 m  f rom a  280 cm and a o f  a n  a r c h e o l o g i c a l  

'7 
1 0 0  cm s e c t i o n .  Max. s i t e .  P o l l e n  s p e c t r a  
a g e  i s  c a .  9000 B.P. from a  mammoth t o o t h  

a 're i n c l u d e d .  D e s e r t  
g r a s s l a n d  t o d a y .  

M a r t i n .  P.S. ( 1 9 6 3 ) .  E a r l y  man i n  A r i z o n a :  t h e  p o l l c n  
e v i d e n c e .  h n e r i c a n  A n t i q u i : ~  29, 67-73. 

San Pedro  V a l l e y  
Murray S p r i n g s  

31°35'ti 7  r a d i o c a r b o n  d a t e s  S t r a t i g r a p h i c  s e c t i o n  
1 1 0 ~ 1 0 ' ~  from 1550 ( u n i t  E) f rom a  t r i b u t a r y  a r -  

1292 m  . t o  8270 ( u n i t  A) i n  r o y o  t o  t h e  San Pedro  
315 cm s c c t i o n .  Max. R i v e r .  I n  d e s e r t  
a g c  c a .  8270 D.P. o r  s c r u b  v c g c t a t i o n .  8  
younqcr  s i n c e  d a t e  s t r a t i g r a p h i c  u n i t s  
on c r o d c d  p e a t .  from b a s a l  A  t o  u p p e r  

11. 

, . +  
NAP dominated  spec-  May i n d i c a t e  ' c l i m a t i c  '': 
t r a w i t h 1 5 t 0 2 ~  f l u c t u a t i o n s f r o m s u n -  , , . 
Ephedra  p o l l e n .  mer d o m i n a t e  b i s e a s o n -  

a 1  r a i n f a l l  t o  w i n t e r -  
d o m i n a t e d  reg ime.  . . 

No p o l l e n  c o u n t e d  2OK: c o l d e r  a n d  
above  200 cm, ex-  m o i s t e r  t h a n  t o d a y .  
c c p t  a t  s u r f a c e .  - 
No p o s t g l a c i a l  r c -  
c o r d .  2OK: 9 0  t o  
10WA Pinus p o l l e n .  

3  o f  6  p o l l e n  z o n e s  M a r t i n  a r g u e d  t h a t  
a r c  i l l u s t r a t e d .  . t h e  " A l t i t h e r m a l "  
NAP d o m i n a t e s  w i t h  ( 8  - 4K) may have  
Composi tae  h i g h e s t  b e e n  m o i s t e r  t h a n  
i n  zone I V  b e f o r e  8K t o d a y .  F i n a l  p r o o f  
and Chcnopod. p o l l e n  n o t  i n  hand. 
up  t o  50% a f t e r  8K 
i n  zone I and 111. 

Chenopod p o l l c n  dom- A u t h o r s  a r g u e d  t h a t  
i n a t e s  a t  b a s e  i n  h i g h c r  p i n e  p o l l e n  
u n i t s  A  t o  D  and ( u p  t o  10%) i n  u n i t  
u n i t s  F t o  11 and B  ( 4 - S K )  i m p l y  
s h o r t - s p i n e  Ccmposi- m o i s t u r e  c o n d i t i o n o .  
t a c  p o l l c n  dominaecs  a .  

i n  t h e  95  cm o f  u n i t  
E .  u n i t  B  d c p o s i t e d  
i n  500 y c a r s  bctwccn 
4000 and  5000 y c a r s  
ago .  V c g c t a t i o n  
zoncs  lowcr  ,by 300 m. 

M e h r i n ~ e r ,  P . J . .  M a r t i n ,  P . S . , . l i a y n e s ,  C.V.. J r .  (1966) .  
Murray S p r i n g s ,  a  m i d - p o s t g l a c i a l  p o l l e n  p r o f i l e  from 
s o u t h e r n  h r i z o n a .  I n t c r i m  R e s e a r c h  Rcporc t:o. 1 3 ,  
t e o c h r o n o l o g y  Laboratories, Univ.  o f  h r i z o n a ,  Tucson,  16 pp. 



Utah 

h'asatch MCS. 4 0 ~ 3 4 ' ~  
Little cottonwood 1 1 1 ~ 4 5 ' ~  

canyon 2470 m 
Snowbird Bog 

s C-14 d a t e s  from 375 t o  450 cm t h i c L  
from 1870 t o  bog ove r  1 - 3  m o f  
12,300 8. P. i n  a  ~ o q u m  Fork t i l l  
composi te  p r o f i l e  (13 t o  14K o l d ) .  
o f  2 p r o f i l e s .  009 s e c t i o n  i n c l u d e s  
Max. age  o f  c a .  7 f o r c s t - f l o o r  mats . ' 

13,000 B.P. w i th  sp ruce  and f i r  
need le s  and r o o t s  and 
6  c lay- loam u n i t s .  
Engclmann sp ruce  and 
suba lp ine  f i r  a t  s i t e  
w i th  M u g l a s  f i r ,  
a spen ,  wi l low,  and 
a l d e r  nearby. 

Madsen, D.B and Currey,  D.R. (1979) La te  Q u a t e r n a r y  g l a c i a l  and v e g e t a t i o n  
changes .  L i t t l e  Cottonwood Canyon a r e a .  Wasatch Mountains, Utah. Qua te rna ry  

Rescarch 12,  254-270. 

z i o n  K a t i o n a l  Park c a .  3 7 0 1 0 ' ~  
~ e a t t y  Lake, ca .  113% 
p a r i a  Lake, Sen- 1280 - 1910m 
t i n a l  S l i d e  Lake, 
T r a i l  Canyon l ava  
Lake, C o a l p i t s  
l ava  Lake 

Prel iminary r e p o r t  
o f  some p o t e n t i a l l y  

. i n t e r e s t i n g  s i t e s .  
Po l l en  r eco rds  a l s o  
p re l imina ry .  

Hevly, R.H. (1978) .  Paleoecology o f  Holocene and P l e i s t o c e n e  l a c u s t r i n e  sediments  
from z ion  t !a t ional  Park. Utah. F i r s t  Annual Conference o f  Rcsearch i n  Na t iona l  .-. A . 1 . a . S .  p u b l i c a t i o n ,  151-158. 

x. E. Grea t  a a s i n  4 2 ° 1 7 1 ~  1850 2 ZOO 
~ e d  xock pas s  112O01'w 10,190 + 250 
Swan Lake 1450 m 12,090 2 300 

i n  a 805 cm c o r e  
(wi th  p o l l e n ) .  
Max. age  i n  o l d e s t  
d a t e .  

10 ha l a k e  i n  o u t l e t  
o f  Lake Bonnevi l le  
when a t  i t s  h i g h e s t  
(1430 m). In  ~ r t e m i -  
s i a  s t eppe .  Po l l en  
and p l a n t  m a c r o f o s s i l  
d a t a .  6  eurPacc sam- 
p l e s .  
J an .  Temp. = 6% 
~ u l y  Temp. = 21% 
Ann. P rec ip .  = 400 m- 
s n o w f a l l  u 1250 PNR 

Sediment s t r a t i -  
graphy suqgcs t s  
s e v e r a l  bog- 
meadow/forest r e -  
placements. Loca l  
sequence,  n o t  seen 
i n  r e g i o n a l  po l l en .  
13K - 8K: 4036 sagc 
and NAP.  up t o  30% 
a l d e r  pollen.,> 
8K- 5K: 60% Spruce 
and 2% p ine  po l l en .  
5 ~ - 0 :  15% s a g e ,  up 
t o  4m a l d e r  w i th  
peeks  i n  sp ruco .  

u s e s  spruce/pine  
r a t i o  and c o n i f e r /  . 
o t h e r  p o l l e n  r a t i o  
t o  t r a c e  temp. and 
moi s tu t c  changes. 
13K - 8K: c o o l ,  d r y  
BK - SK: warm, wet 
3~ - 0: c o o l ,  d r y .  

. - .  

. , ,  . . .. 
. . 

. . . ,  ' . . . . . . . , '  . '  . 
. b .  . 

7 p o l l e n  zones  12K- 12K-1OK: c o l d e r  t h a n  : ' 

1 0 ~ :  65% Pinus p o l - .  today. 1OK - 0: l i k e  . ' , : 
l e n  wi th  20;; P. today o r  war se r  e x c e p t  . 
f l e x i l i s  t ypc ,  1 0 -  from 3 . 1  t o  1.BK when , 

250: ~ r t e m i s i a  po l l en .  co lde r .  
10K-0 :  15% ( 5 - 3 0 % )  
pinus po l l en  and 20 
t o  SW. Artemisla": 5% 
Ambrosia, 10% Gramin- 
e a e  po l l en .  8.4K - 0:  
2016 Chcnopod. p o l l e n .  
3.1K - 1.8K: 30% Pinllg 
p o l l e n ,  w i th  lm P. 
f l e x i l i s ,  r e s t  i s  2. 
c o n t o r t 3  type.  L. 
Bonncvi l le  lower than  
1430 m by 12x and pos- 
s i b l y  by 13K. 

B r i g h t ,  R.C. (1966) .  Po l l en  and seed  s t r a t i g r a p h y  o f  Swan Lake, sou theas t e rn  Idaho: 
i t s  r e l a t i o n  t o  r e g i o n a l  v e g e t a t i o n a l  h i s t o r y  and t o  Lake Bonnevi l le  H i - t  o r y .  
Tcbiwa, Tke Jourr .a l  o f  t h e  Idaho S t a t e  U n i v e r s i t y  Museum 9 ,  1-47. 

B i t t e r r o o t  ~ t s .  4 5 O 4 3 ' ~  16  r ad ioca rbon  d a t e s  z h c c t a r e  bog and n r t c m i s i a  zone t o  11. SK - 7K c o o l e r  
~ o s t  n a i l  pass  ~ o g  1 1 3 ~ 5 6 ' ~  from 60 t o  585 cm meadow. In  sub- 11.500 e. P. Pinus than  today.  

2152 m and 125 t o  11,200 a l p i n e  f i r  t one  p o l l e n  dominates  7K-JK:  warmer. 
0. P. i n  625 cm c o r e .  (1900 - 2900 m )  . s i n c c  then  ( e m ) .  4K - 0: c o o l c r  wi th  
Max. age  c a .  12 ,000  peaks i n  n r t c m i s i a  perhaps  more moi s t  
B. P. p o l l c n  about  600 i n t e r v a l  3 .7  t o  

y e a r s  ago. 3.4K. 

n e h r i n g e r ,  P . J . ,  J r . ,  Arno, S . F . ,  and Pe tc r sen ,  K.L. (1977) .  P o s t g l a c i a l  h i s t o r y  
O f  L09t T r a i l  pass  Bog, s i t t e r r o o t  Mountains, Montana. A r c t i c  and Aloinc I?cscarch 
9 ,  345-368. 



N. w. Wyoming 

. Y e l l o w s t o n e  Park 4 4 ° 2 8 ' ~  1 1 , 6 3 0 + 1 8 0  Hodge p o l e  p i n e  14K - 11.6K: Trec-  
Cub C r e e k  pond 1 1 0 ~ 1 4 ' ~ ~  1 4 , 3 6 0 ~ 4 0 0  d o m i n a t e s  w i t h  some l i n e  l o v e r  by  500 m  

2523 m  i n  040 cm c o r e  s p r u c e  and f i r .  . w i t h  3 0  - 40% w- 
w i t h  Mazama a s h  l a y e r .  - s i a  p o l l e n  a n d  lG% 
Max. a g e  is c a .  B e t u l a .  1 1 . 6 ~ - 0 :  

c 
1 4 . 3 6 0  B.  P. ' 80% Pinus m o s t l y  1. 

i n  a n  a s h  h o r i z o n .  c o n t o r t a  t y p e .  
' 4 . 5 K - 0 : S l b m o r e  

p o l l c n .  

Waddington .  J.C.B. and w r i g h t ,  H.E.,  J r .  ( 1 9 7 4 ) .  L a t e  Q u a t e r n a r y  v c g c t a t i o n a l  c h a n g e s  
o n  t h e  e a s t  s i d e  o f  Yel lowstone  Park.  Wyoming. Q u a t c r n a r v  Research  4 ,  175-18.1. 

Y e l l o h ~ s  t o n e  44°30 '~1  . 2 , 4 7 0 2 2 5 0  V e q c t a t i o n . t o d a y :  
X a t i o n o l  Park  1 1 0 ° 2 0 ' i ~  5 , 3 9 0 2 2 5 0  P i n u s  c o n t o r t a  a b o u t  -- 

hbandcned 2384 m  9 . 2 4 0  2 300 s i t c  w i t h  Ticca  e n o e l -  
l a g o o n  above  . . 1 1 , 5 5 0 +  350 mannic ,  Abics JDSII I -  

~ o l l o w s t o n o  Lake on a  950 em c o r e .  - c a z ,  and  pinu:, a l b l -  
Max. a g e  i s  c a .  - c a u l i s  on s l o p e s  j u s t  
1 3 , 0 0 0  B. P. or ' 3 0  m  above  t h e .  s i t e .  
o l d e r .  T r e e l i n e  a t  3015 m. 

Baker .  R.C. ( 1 9 7 0 ) .  P o l l e n  s e q u e n c e  from l a t e ' p u a t e r n a r y  s e d i m e n t s  i n  Y e l l o v s t o n e  
Park .  S c i c c c c  168,  1449-1450. 

Nevada 

Guano Cave ca. 4 0 ~ 0 0 ' ~  8  C-14 d a t e s  from 
F i s h b o n e  c a v e  ' ca. 1 1 9 ° 3 0 ' ~  3200 t o  1 5 , 7 6 0  B.P. 

1350 m  i n  two s e r i e s  o f  
s a m p l e s  from b o t h  
c a v e s .  Max. a g e  i s  
d a t e d  by o l d e s t  d a t e  
i n  1 0  c n  o f  l a k e  
siLts a t  L e v e l  6  oE 
F i s h b c n e  Cave 

S e c t i o n s  o f  c a v e  
d e p o s i t s  f rom c a v c s  
i n  t h e  d e s e r t .  The 
c a v e s  were c u t  S y  a  
h i g h  s l b n d  o f  L. 
Lahontan .  
Ann. Temp. r 1 0 . ~ ~ ~  
J a n .  Temp. = 0% 
J U L Y  Temp. =23Oc . 
Ann. P r e c i p .  = 166 mm 

S e a r s ,  P.B. a n d  Roosma. A. ( 1 9 6 1 ) .  A  c l i m a t i c  s e q u e n c e  from two Nevada c a v c s  
h z e r i c a n  J o , J r n a l  o f  S c i e n c c  259, 669-678. ---- 

S. Nevada 

Mohave D e s e r t  3 6 O 1 9 ' ~  7480 + 120 
T u l e  S p r i n g s  1 1 5 ° 1 1 ' ~  9000 + 1000 . .  

555 m  1 2 , 4 0 0 + 3 5 0  
i n  3  s e p a r a t e  s c c -  
t i o n s  c o m p r i s i n g  a  
composi L r  p o s t g l a -  
c i a 1  p r o f i l e  w i t h  
some o v e r l a p  f rom 
12.4% t o  c a .  6..5K. 
H i a t u s  a t  s i t c  from 
c a .  12.4K t o  22K. 
t h e n  2 d a t e s  o f  
22.GK and 31.2K f o r  
t h c  max. a y e  a t  t h c  
u i t c .  

P o l l e n  da'ta from 
l a k e  s e d i m e n t s .  
Some work a s s o c i a t e d  
w i t h  a r c h e o l o g i c a l  
s i t e s .  I n  Mohavc 
D e s e r t  t o d a y  w i t h  
c r e o s o t e  bush  a n d  
b u r s a g e .  
Ann. .Temp. o 1 7 . a 0 c  . 
J a n .  Temp. = 6 . 4 %  
J u l y  Temp. = 3 0 . 6 ~ ~  
Ann. P r e c i p .  = 1 0 1  mm 

m e h r i n g c r ,  P . J . ,  J r .  (1967) .  The envi ronment  o f  e x t i n c t i o n  o f  t h e  l a t e - ~ l c i s t o c e n e  
m g a f a u n a  i n  t h e  a r i d  souch .*es tern  Uni ted  S t a t e s .  n " P l c i s t r x a n o  ~ x t i n c t i o n ~ . "  
(P .S .  M a r t i n  and  t t . ~ .  w r i g h t ,  J r . .  E d % . ) ,  PP. 247-266, Yale U n i v e r s i t y  P r e s s ,  
New Haven, CT. 

2 main p o l l e n  zones .  
Upaer o n e  w i t h  3  sub-  
z o n e s .  c a .  13K - 
11.6K: 3WA. -- 
o i n  p o l l e n  w i t h  some - 
J u n i ~ c r u s  a n d  picea 
p o l l e n  a n d  4016 Pinus 
p o l l e n  i m p l i e s  a l p i n e  
v e g e t a t i o n .  More 
t r e e s  i n  u p p e r  p a r t  
o f  zone.  1 1 . 6 K -  0 :  
P i n u s  c o n t o r t a  zone .  -- 
70 -.80:C P i n e  p o l l e n .  
P. a l b i c a u l i s  p o l l e n  - 
h i g h  till 10X. 10K-  
5K:  m a i n l y  P. c o n t o r -  
t a  p o l l e n .  H i s t u s  i n  - 
s e d i m e n t s  p o s s i b l e .  
5K - 0: more a n d  
Abies p o l l e n  (5%). 

, . ,  , .  .,, . . 
14K - 11.6K: c o o l e r  . . . . 
c l i m a t e .  . 11.6K-  , % 
4. SK: warmer a n d / o r  - ,', - '? . / 
d r i e z  c l i m a t e .  ' . : 
4 . 5 ~ - 0 :  p e r h a p s  a .  ., , , . '  
l i t t l e  c o o l e r .  

1 3 K - 1 1 . 6 ~ :  C 'o ldsr '  
t h a n  t o d a y .  11 .6K-  
10K: c o o l e r  a n d  d r i e r  . . 
t h a n  t o d a y . '  Annual  
tamp. o f  -1oC or 1 . 5 ' ~  
c o l d e r  t h a n  today.' , . . . ,  , 
10K-  15K: warmest  a n d  
d r i e s t .  5K and 2.8K: . , ,, 

C o o l e r  p u l s e s  p e r h a p s  ' . . , 

t i e d  t o  n e o g l a c i a t i o n .  

Composi te  d i a g r a m  15K: m o s t l y  d r y  . : . 
made f rom d i f f e r e n t  7K- 2K o r  0 :  3 r y  or ., . . 
s a m p l e s .  P o l l e n  d r i e r  t h a n  t o d a y .  , . , .  
s t r a t i g r a p h y  i s  

, I. . . .  
rough.  15K: 1 l e v e l  . .  ., . . . . ,  
w i t h  h i g h  Pinus p o l -  - .  . ( 8  , . . l e n ,  r e s t  h i g h  NAP. - ... : 
7K t o  2K o r  0: D e s e r t  ' (, . < 
p o l l e n  t y p e s  d o m i n a t e ,  . 
some r i s e  i n  AP n e a r  I , .  . *  

3 .  , 

t o p .  

12.5K: Dominance o f  
A r t e a i s i a  a n d  Juni- 

a s  o c c u r s  i n  
N.  Nevada t o d a y .  
3WL p i n c  p o l l c n ,  
15% A r t c n r i s i a  p o l -  
l e n .  :12K: G r a d u a l  
c h a n g e  t o  s a g e b r u s h  
and  s h a d s c a l e  (m- 
p l c x )  a s  chcnopod.  
p o l l c n  r o s e  t o  60% 
a n d  p i n c  p o l l c n  d e -  
c r e a s e d  15':. 'ca. 
6.5K: 2% u s ,  15% 
Chenopod.. and  7 0 %  
Composi tac  p o l l c n :  
c o n d i t i o n s  l i k e  t o -  
d a y .  

12.5K: c o l d e r  t h a n  
t o d a y .  12K-7.5K: 
t r e n d  toward  warmer 
d r i e r  conditions 
With some s h o r t  i n -  
t e r v a l s  t h a t  may have  ' 

been w e t t e r  a n d  c o o l e r .  
c a .  6.5K: c l i m a t c  sim- 
i l a r  t o  t o d a y s .  

M a r t i n ,  P.S. and  K ~ h r i n 9 e r .  P . J . .  J r .  (1965) .  P l e i s t o c c n c  p o l l c n  a n a i y s i s  a n d  
b i o ~ e o q r a p h y  o f  t h e  Sou:hl*est. n 'The Q u a t e r n a r y  o f  t h e  u n i t e d  s t a t a s . "  
(1I .E .  'Aright.  J r .  and  D.G. F r c y ,  E d s . ) ,  pp. 413-451. P r i n c e t o n  U n i v e r s i t y  . 
P r e s s .  BJ. . . 
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~ a l i f o r n i a  

~ o s e m i t e  and a )  3 7 O 4 5 ' ~  a )  No d a t e s  i n  685 S i t e s  nea r  Mono Lake. d )  12K- 1 O K :  End o f  g l a c i a l  . 9 ,.., ., :. ,..;,~ 
1 1 9 0 5 2 ' ~  cm of s t r a t i g r a -  a - c )  s c c t i o n s  from 486 Artemis ia  

, I  - 
L. Tahoe ~ r c a s  c l i n a t i c  c o n d i t i o n s  : : %  ..- 

p h i ~  s e c t i o n .  a r c h e o l o g i c a l  s i t e s .  p o l l e n  t i l l  by 10K. Cooler  , a " .  ., 
1 

a )  llodgdon Ranch 1400 m 
< .. . 'I 

b )  Cranc f l a t  b) 37O.15'~ b )  9 5 0 2  70 d )  300 m d iame te r  10K. 10K- 0: a f t e r  2.8K.. . . 
. . . . 8 .  ,,I, 

c )  soda S p r i n g s  1 1 9 ~ 4 5 ' ~  1580 + 80 1 a k c . l  m deep  watct! 70% Pinus p o l l e n  
d )  osgood Swamp 1850 m 2040 r 100 b e f o r e  a r t i f i c i a l l y  2 . W  - 0: Higher 

C )  37O50.M i n  275 cm s e c t i o n  J~ ' a i r t ed  i n  1963. 33 - Abics and u- 
119020'ii from an archeolog-  s u r f a c c  samples from p ceae  p o l l c n .  

i c a l  middcn. Etax. 2  a l t i t u d i n a l  t r a n -  2750 m 
d )  38O50'N a g e  of 4000 8 . P  s c c t s .  

120000'i.r p o s s i b l e .  
19RO m C )  NO da toa  i n  138 

cm co re .  
d )  28302200  . .. 

9900 + 800 
i n  440 cm c o r e .  
Max. age o f  12,000 
B.P. p o s s i b l e  

Adam. D. P. (1967) .  La te -P le i s tocene  and r e c e n t  palynology i n  
t h e  c e n t r a l  S i e r r a  Nevada, C a l i f o r n i a .  "Qua te rna ry  
Paleoccology'.  (E . J .  Cushing and H.E. Wright ,  J r . ,  e d s . ) ,  
pp. 275-301. Yale u n i v e r s i t y  P re s s ,  New Haven, CT. 

nea r  L. Tahoe 3 8 O 5 1 ' ~  1145 + 90 Bog i s  250 m from 
Ra l s ton  Ridge Bog 1 2 0 ~ 0 7 ' ~  1345 + 95 c r e s t  of S i e r r a  Nev- 

2580 m 2 5 9 5 2 8 5  a d a .  S e v e r a l  s m a l l  
L a s t  d a t e  a t  b a s e  o f  s p r i n g s  accounc f o r  
102 CP c o r e .  Max, p e a t  growth a t  s i t e .  
a g e  - 2595 B. P. Near Osgood Sb,amp 

(Adam, 1967) . 

S e r c e l j ,  A. and Adam, D.P. (1975) .  A l a t e  Holocene p o l l e n  
diagram from nea r  Lake Tahoe, ElDorado County, Cal . i . fornia .  
Journa 1  Research 0.2. c c o l o o i c a l  Survcy 3 ,  737-745. -- 

San Eranc i sco  
Pen insu la  

Weeks Crcek 
Pea r son ' s  Pond 

37O21'11 1 5 4 5 2 8 5  Smal l  pond i n  g r a s s -  
122O15.w 2190+85 , l and  and c h a p a r r a l  

365 m' 3040 + 95 w i t h  redwood and 
i n  210 cm c o r e .  mixed eve rg reen  fo r -  
Max. age  i s  3400 B.P. e s t s  i n  s t r eam Val- 

l e y s .  Some mar l  i n  
sediments .  
Ann. Precip .  = 900 mm 

Adam. D.P. 'i1975). A l a t e  Holoccne p o l l c n  r eco rd  from Pea r son ' s  
Pond, Wccks Crcek Lands l ide ,  San F ranc i sco  Peninsula, Ca l iEorn ia .  
J o u r n a l  o f  Rcscarch,  g.2. Gcoloq ica l  Survey 3, 721-731. 

Complacent po l l en  
r eco rd  wi th  6% 
Diplox. p ine ,  15% 
Haplox. p ine ,  25% 
~suqa. 4 r o o t  hor-  
i z o n s  from 35 t o  75 
cm may i n d i c a t e  per-  
i o d s  o f  r e l a t i v e  dry- 
n e s s  and dec reased  
s p r i n g  d i s c h a r g e .  
w o  o f  t h e s e  a r e  d a t -  
ed  by t h e  2 younger ' 

C-14 d a t e s .  

I . . .  , 

~ r ' i e r  a t  1100 t o  
1300 8 .P.  than to -  
day o r  a t  2500 B.P. 

* ,  . . . . 

20 t o  40% TCT TWO wet i n t e r v a l s  
p o l l e n  (probably from 2.3  t o  1.9K and 
from Seouoia)  i n  from 13. t o  1 ~ .  
c o r e .  3.4 - 3 . 0 ~ :  
10 - 2PA '/. and 
Corv lus  p o l l e n  b u t  
none from 3K t o  0. 6. . 
Act ive  r eco rd  wi th  
Chcnopod., puc rcus ,  
Graminae, and 'KT 
pol lcn. '  Fluman d i s -  . 
turbance i n d i c a t e d  
by r i s e  i n  75 of  
Cras s  po l l cn  i n  
upper  30 cm. 



s. C a l i f o r n i a  

S e a r l e s  Lake 3 ~ ~ 1 7 ' ~  
1 ~ 7 ~ 2 0 ' ~  

ca .  530 m . . 

Well-dated from 
12,730 t o  21,200 
i n  p a r t i n g  mud o f  
o r g a n i c  l a k e  sed -  
iments .  

Po l l en  d a t a  from 
Upper S a l t  and Pa r t -  
i n g  Mud i n  c o r e  L-31. 
Dried up l a k e  bed 
l o c a t e d  i n  Sw co rne r  
of Oasin Range .pro-  
v i n c e .  was p a r t  o f  
a  cha in  o f  l a k e s ,  
t hose  upst ream i n  
t h e  h igh  s i e r r a s  
( e .g . .  Mono L . ,  Adobe 
L.) connected by t h e  
Owens R. Dcse r t  
s c r u b ,  b a r e  a r e a s  and 
ph rea tophy te s  i n  h a s i n  

today.  Dese r t  s c r u b  
t o  1300 m on m t .  
s l o p e s .  .Some w- 
thus, J u n i o e r u s ,  p in-  
yon- juniper  woodland 
above 2120 m i n  pana- 
mint  H:s. 
Ann. Temp. = 19.10C 
Jan .  Temp. = 8Oc 
J u l y  Temp. = 30°c 
Ann. P rec ip .  = 97 nun 

Modern p o l l e n :  35% 
woodland p o l l e n  
( p i n e ,  oak ,  s age ,  
j"uniper) . 2076 Com- 
p o s i t a e ,  30% Cheno- 
pod. p o l l e n .  23K- 

C l ima te  d r i e r  and 
warmer a f t e r  10K. 
O s c i l l a t i o n s  i n  
c l i m a t e  i n  l a a t  1 0 ~ .  

10K: 75% woodland . , . ,'; . -: , . . 
p o l l e n  t y p e s .  10K L a , . 
t o  t o p  o f  Upper S a l t  
u n i t :  50% woodland 
p o l l e n  types .  In- . , 
c reased  amounts o f  
Chcnopod., Compositae . . 
p o l l e n .  O s c i l l a t i o n s  . . . . % .  

i n  amounts o f  t h e s e  , .. . . 
p o l l e n  types .  - 

Lecpold. E .  8. (1967) .  Surrmry o f  p a l ~ y n o l o g i c a l  d a t a  from 
S e a r l e s  Lake. n " P l e i s t o c e n e  Geology and Palynology of 
s e a e l e s  v a l l e y ,  C a l i f o r n i a . "  Guidebook f o r  F r i e n d s  of 
t h e  P l e i s t o c e n e ,  P a c i f i c  Coas t  Sec t ion ,  52-60. 

Roosma, A .  (1958) .  A c l i m a t i c  r eco rd  from S e a r l e s  Lake, 
C a l i f o r n i a .  Science 128, 716. 

N .  Idaho q 

S e l k i r k  Range 48O36'11 12 C-14 d a t e s  from Hcmlock/Pachis t im 5 p o l l e n  zones. 50 1 0 K - 8 . X :  c o o l e r ,  
llogcr Pond 1 1 7 0 5 8 ' ~  1670 t o  9510 8 .P .  v e g e t a t i o n  typc t o  80% p ine  p o l l e n .  mo i s t e r .  8 . 3 ~ -  3%: 

860 m f o r  a  970 cm c o r e  7% i n  January Highest  p ine  10K t o  warmer, d r i e r  
w i th  ilazama a s h .  170C i n  J u l y  8K and 6K t o  0. 3K - 0:  c o o l e r ,  
Max. age i s  ca .  000 nun Ann. P rec ip .  10% f i r  and hemlock moi s t e r  
10.000 B. P. Peat  s i n c e  2700 B . P .  s i n c e  2.5K. 

ove r  l ake ' s ed imen t .  

Mack, R.N.. Rut t e r .  N . W . ,  Bryant ,  V.M., J r . ,  V a l a s t r o ,  S. (1978) .  Reexamination o f  
p o s t g l a c i a l  v e g e t a t i o n  h i s t o r y  i n  no r the rn  Idaho: llagcr Pond, Donner Co. 
Q u a t e r n a r y  Heseorch 10, 241-255. 
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N. E. Washington  

c o l v i l l e  R. V a l l e y  4e012'N 8  C-14 d a t e s  f rom 1 8 0  h e c t a r e  l a k e ,  5 0  t o  75% P i n e  p o l -  1 0 K - 1 2 . 5 s :  (2001, m o i s t  
w a i t s  Lako 117O46'w 3530 to 1 1 , 9 5 0  n:P. c o r e  from i t s  s h o r e .  l e n  t h r o u g h o u t  c o r e .  6.7K-10K: warmer 

610 m  i n  a  1060 cm c o r e  o f  P e a t  o v e r  g y t t j a  a n d  1 5  t o  20% A r t e m i s i a  5K-6.7K1 d r i e r  , 

c a l c a r e o u s  s e d i m e n t s .  m a r l  i n  u p p e r  100 cm. p o l l c n  u n t i l  5K. 5 ~ -  0: l i k e  t o d a y  ' , , 
D a t e s  c o r r e c t e d  u s i n g  Douglas  f i r / ~ h v s o c a r -  75% P i n e  a f t e r  5K. 
Mazam a n d  G l a c i e r  pus v e g e t a t i o n  t y p e .  w, g r a s s  p o l l e n  
Peak a s h e s .  M a r a m  a l s o  d e c r e a s e  a t  SK. 
a s h  d a t e d  a t  8K a n d  4  m a j o r  p o l l e n  zones .  

' . 
11.9K d a t e  50 cm Modern c l i m a x  f o r e s t  

o f  Douglas  f i r  s i n c e  a b o v e  11.3K C. P. a s h .  . .) 
Max. a g o  i s  c a .  2. 3K. 
1 2 , 5 0 0  B.P. 

. . 
~ . a c k ,  R.N.. R u t t e r ;  N . W . ,  v a l a s t r o .  S . ,  a n d  B r y a n t ,  V.M., Jr. (1978) .  L a t e  Q u a t e r n a r y  

v e g e t a t i o n  h i s t o r y  a t  W a i t s  Lake,  C o l v i l l e  R i v e r  V a l l e y ,  Washington .  B o t a n i c a l  
G a z e t t e  1 3 9 ,  499-506. .. . 

S e l k i r k  Nts .  48O43.N 8  C-14 d a t e s  f rom Fen i n  g l a c i a l l y  e r o d -  5  p o l l e n  zones .  9.7 - 3.3K: warmer . :. < 

Big ::.eac!cs, 117O33'w 1170 t o  1 0 , 4 6 0  B.P. e d  t r o u g h ,  5 5  km n o r t h  Base t o  10K: 25% t h a n  today .  . . . . 

1040 m w i t h  Mazama a s h  i n  o f  l a t e  P i n d a l e  l i m i t .  s a g e  p o l l e n ,  40% 1 . , 
, . .  

1030 cm c o r e .  Max: I n  hemlock (T. h e t c r o -  p i n e  p o l l e n .  ' . - 
a g e  i s  e a r l i e r  t h a n  p h v l l a )  s e r i e s  o r  6.5K - 0: 75% p i n e  
1 1 , 0 0 0  B. P., c a .  -- A b i e s  a r a n d i s  zone.  p o l l e n .  2 . 4 K - 0 :  
1 2 , 5 0 0  B. P. Jan.  Temp. = sOc (1975)  c l i m a t i c  c l i m a x  

~ u l y  Temp. = 21?c (1975)  o f  Tsuqa h e t e r o -  
Ann. P r e c i p .  = 700 mm p h v l l a .  (m 

p o l l e n  c o n t i n u -  
o u s l y  above  2% 

c a f t e r  3 ~ ) .  

n a c k .  R.N.. R u t t e r .  N.W., B r y a n t ,  V.M., Jr.,  a n d  V a l a s t r o ,  S. ( 1 9 7 8 ) .  L a t e  
Q u a t e r n a r y  p o l l e n  r e c o r d  f rom Big Headow, Pend O r e i l l e  County ,  Washinqton. 
g c a t c r n o r r  Rcscarch  59. 956-966. 

S a n p o l l  R .  40°25'N 11 C-14 d a t e s  f rom A  m i r e  w i t h  250 cm 4  p o l l e n  z o n e s .  
C l i m a t e  warmer t h a n  

s i r r . p s o n 0 s  F l a t s  118O45'w 1970 t o  1 0 , 0 1 0  B .P .  p e a t  o v e r  g y t t j a  w i t h  NAP ( A r t e m i s i a  + 
t o d a y  a f t e r  6.7K t o  

535 m  i n  a  850 cm c o r e  xazama a s h  o v e r  m a r l .  c r a s s )  35% t i l l  4K. O t h e r  c l i n a t e  
w i t h  Mazama a s h .  W i t h i n  a r e a  o f  F r a s e r  Mazama a s h .  c h a n g e s  p o s s i b l e  b u t  
Max. a g e  i s  d a t e d  g l a c i a t i o n  (19K t o  D i p l o x .  Pinus s u b t l e  
a t  1 0 . 0 1 0  B.P.  1OK). P i n u s  ponde- p o l l e n  f rom 50 

r o s a / f e s t u c a  v e g e t a -  t o  8% a t  6.7K. 
t i o n  around s i t e  w i t h  
Pseudotsuqa  m e n z i c s i i  
i n  t h e  v a l l e y .  
J a n .  Temp. = 1 3 O ~  
J u l y  Temp. = 2 0 0 ~  
Ann. P r e c i p .  = 400 m 
( a t  R e p u b l i c ,  WA,  
800 m) 

Mack. R.N.. R u t t e r .  N . W . ,  and  V a l a s t r o ,  S .  ( 1 9 7 8 ) .  L a t e  Q u a t e r n a r y  p o l l e n  r e c o r d  
from t h e  S a n p o i l  R i v e r  V a l l e y ,  Washington .  Canadian  J o u r n a l  o f  Botany 56 ,  1642-1650. 

Okanogan R. V a l l e y  
a )  Mud Lake a )  4 1 3 ~ 3 7 ' ~  a )  5  C-14 d a t e s  
b) B o n a p a r t e  1 1 9 O 3 1 ' ~  from 8030 t o  1 1 , 4 9 0  

Meadows 655 m  B.P. i n  a  500 cm 
b) 4 8 ' 4 6 ' ~  c o r e  w i t h  Mazama 

lJ9OO4 ' W and S t .  I i e l c n s  Wn 
1021 m  a s h c s .  b )  14 C-14 

d a t e s  f rom 1480 t o  
1 0 , 0 0 0  D. P i n  a  
633 cm c o r e  w i t h  
Mazama ( 2  u n i t s )  
and  st .  t i e l e n s  Wn 
a s h e s .  

a )  s m a l l  pond,  890 cm 
o f  s e d i m e n t  w i t h  p o l -  
l e n  a n a l y z c d  i n  upper  
500 cm. 
b )  112 h e c t a r e  f e n  
w i t h  490 cm o f  p e a t  
o v e r  143 cm o f  g y t t j a :  
D c t a i l c d  s t u d y  o f  
Mazama a s h  shows two 
d i s t i n c t  ash '  f a l l s  
( 6 . 8  t o  7K) .  

4 p o l l e n  zones .  11.5K - lox: c o o l  
11.5K - 10K: Ilaplox. 10K - Sli: warmer and 
p i n c s  a n d  A r t c m i s i a  d r i e r .  5 K - 0 :  l e s s  
dominant .  lGS - 5K: warm and d r y .  
D i p l c x .  p i n c s  end  
n r t c m i s i a  d o m i n a n t .  
SK - 0 :  Modern vcge-  
t a t i o n  dominated  by 
Douglas  f i r .  

Mack, R . N . ,  R u t t e r ,  N.W., and V a l a s t r o ,  5 .  ( 1 9 7 9 ) .  Holocene  v e g e t a t i o n  h i s t o r y  o f  
t h e  Okanogan v a l l e y ;  Washinqton. Q u a t e r n a r y  n e s e a r c h  12. 212-225. 

Mack, R . N . .  Okazaki ,  R . ,  a n d  V a l a s t r o .  S. ( 1 9 7 9 ) .  B r a c k e t i n g  d a t c s  f o r  two a s h  f a l l s  
from Mount x a z a w .  ~arure 279, 228-229. 



Columbia R. Va l l ey  4 7 O 4 5 ' ~  . 
Fen ncar  Crcston 118O32'W 
(Wilbur Bog) 763 m ' 

9390 2 480 Fen tormcd i n  depres -  
Mazam ash and Gla- s ion  l e f t  by "scab-  
c i e r . P e a k  a s h  i n  245 land" f lood  wa tc r s  of  
cm core .  Flax. agc g l a c i a l  Lake Missoula 
is ca.  13,000 8. P. ' (15 t o  20,000 0. P.) 

Sage-grass (Artcmisia-  
Fes tuca )  v e g c t a t i o n  
type with  pondcrose 
pine and aspcn a t  t h e  
s i t e .  

Mack, R.N., Bryant; V.M., Jr., and F r y x e l l ,  R. (1976). Pollen'  sequence from the  
Coluqbia Basin, Washington: r e a p p r a i s a l  of p d s t g l a c i a l  vege'tation. American 
Midland N a t u r a l i s t  95. 390-397.' 

S. E. Washington 

Snake R. System 
Wildcat  Lake 

4 6 O 4 8 ' ~  400 + 60 1-3 'ha . ,  1-3 m deep 
1 1 8 ° 1 0 ' ~  900 + 70 l ake  i n  channeled 

340 m i n  a  400 cm c o r e  wi th  scablands.  I n  g r a s s  
M t .  S t .  Helens W a s h  s t e e p e  (Aqro9vron- 
of  450 B. P. Fesruca)  v e g e t a t i o n  

type. Ann. Preci,p. = 
400 m. 2/3 f a l l s  
Nov. t o  A p r i l .  

Heusscr, C.J. (1977) .  Qua te rna ry  palynology of t h e  P a c i f i c  s lope  of  Washington. 
Qua tc rna ry  Rescarch 8 ,  282-306. 

olympic Peninsula 4 7 ° 5 1 ' ~  20,100+750 Sec t ion  from a bog 
Bogachiel R.  a r e a  1 2 4 O 1 6 ' ~  3 0 , 0 0 0 ~ 8 0 0  j u s t  o u t s i d e  a  mor- 

c a .  200 m i n  275 cm bog scc-  a i n c  and tlic g l a c i a -  
t i on ;  Max. agc is . t cd  a r c a .  I n  c loud 
ca .  31,000 O.P. . f o r e s t  today wi th  

some t r e e  f l o r a  a s  
i n  nearby lloh Val lcy.  
J u l y  Temp. = 1 5 . ~ ~ ~  
Jan .  Temp. = 3. ~OC. 

Ann. Preclp .  = 2974 mn 
b u t  on ly  120 mm f a l l s  
i n  J u l y  and August. 

p ine ,  sp ruce ,  f i r ,  warmer a L t e r  10K. ' 
and Artemisia  po l l en  
a t  ca .  10K. Mainly 
t r e c l e s s  veqe ta t ion  
t o  I O K .  ~ o c e s  I O K  
d a t e  For f r o s t  poly- 
gon a t  Marmee ~ o c k -  
s h e l t e r ,  140 km sou th  
of Crcston.  

Pol len complacent No major c l i m a t i c  . ! 
from 1.1K t o  40 change i n  l a s t  . 1 
cm l e v e l  when pig-  1000 yea r s .  
weed p o l l e n  i n -  ,* 8 

c r e a s e s  5 t o  30% ' . I  
. and p ine  po l l en  . . 

decreases  60 to 
. . 

ZO%. 

Davis, O.K., Kolva, D.A., and Mehrinqer, P.J., Jr. (1977). Pol len a n a l y s i s  of 
w i l d c a t  Lake, Whitman County, Washington: t h e  l a s t  1000 years .  Northwest 
Science 51. 13-30. 

N. w. washingtcn 

olympic peninsula  1) 4 7 0 5 0 ' ~  1 a )  14 ,C-14 d a t e s  
1 )  tioh R. v a l l e y  1 2 4 0 1 5 ' ~  . from 250 to '15 ,600  

a )  Bog-Site 1 a )  146 m 8.P. i n  a  580 cm 
b) Bog-Site 6  b )  195 m c o r e .  Max. age i s  

2) s c a  c l i f f   eats 2)  4 7 O 3 5 ' ~  o l d e s t  d a t e .  b) 
. near  Kalaloch , 1 2 4 ° 2 0 ' ~  18,000 2 800. 

3  t o 3 5  m 2 )  14 C-14 d a t e s  
from 16,700 t o  
>47,000 8.P. i n  
26 m soc t ion .  

1 a )  21  h e c t a r e  bog 
nea r  f o r e s t  o f  west- 
e r n  hemlock (Tsuqa 
he te ronhy l l a )  and, 
western rcd ceda r  
(m p l i c a t a ) ,  
w i th  some DougLas 
f i r  (Pscudotsuqa 
menz ies i i )  and S i t -  
ka sprucc (P icca  s i t -  
c h c n s i s ) .  Some 6 m 
high lodgcpole pine 
on t h e  bog.. Seve ra l  
surface-sample s i t e s .  
1 )  Ann. Temp. = 9% 
Jan.  Temp. = 3-7% 
J u l y  Temp. = 16% 
Ann. Precip .  = 2600 
t o  3200 nm. Mea- 
sured l apsc  r a t i o  of 
bOc/km. 
2 )  Expcsed p e a t s  i n  
sea  c l i f f s  i n  r eg ion  
o f  P a c i f i c  c o a s t a l  
f o r e s t .  

1 a1 13K - 9K Pinus 18  - 20K: c o l t e r  by 
m, Tsuqa p o l l e n  7 ' ~  o r  more than 
i n c r e a s e  tc r ep lace  today. 6K - 6 ~ :  
NAP. 9K - 7K: Ainus warmer than  toZay 
po l l en  i n c r e a s e  t o  by 2OC. 1 ~ - 1 0 0  
rep lace  m. years  ago:  c o l d e r  
~ s e u d o t s u a a  broad than today.  
peak (1%) from 10K 
t o  3K. 7K - 0 :  Tsuqa 
po l l en  i n c r e a s e  t o  . 
r e p l a c e  u. 3K - 
0: Thuia. Tsuqa pol-  
l e n  h i g h e s t ,  - 
po l l en  lower. 
2) 18K - 20K: 75% NAP. 
Tundra, t r e c l i n e  . . 
1500 m lower. 

Pol len s t t a t i g r a p h y  Climate changes 
f o r  p a s t  1 0 ~  yea r s  ,, s i m i l a r  t o  those 
much l i k c  t h a t  i n  . i n  Hoh Val lcy.  
lloh Val lcy.  

I?eusser ,  C . J .  (1978). Palynology o f  Qua te rna ry  d c p o s i t s  o f  the  lowcr Dogochiel 
River a r c a ,  Olympic Pcn in lu la ,  h'ashington. Canadian Journa l  of Ea r th  sc i cnccs  
15. 1568-1578. 
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She w i l l  be u s i n g  t h e s e  d a t a  a long  w i t h  pub l i shed  d a t a  from Alaska .I-. . ., . ...: '.'.'i: 
. . j.! 

r. . -.'.$'$:< 

. . . , " ' . . r ' C "  

and t h e  ~ u k o n  t o  map t h e  p a t t e r n s  i n  p o l l e n  d a t a  f o r  9000, 7000, ..: , ,  . .  . >;;,'' 
,-.. f .  . . . .  .. i ' . . .  . < .  .. 4. 

6000, and 5000 y e a r s  ago. . , .. ,,h .,.. 
I . .  

. .  ' .  
The s p e c i f i c  p r o g r e s s  made by each  of t h e  s u b c o n t r a c t o r s  . , ,  .. , ,'' 

(Bi rks ,  Ruddiman, and Wright)  i s  given i n  Appendices A t o  D. - . .. 
. .. 

These s h o r t  r e p o r t s  d e s c r i b e  t h e  compi l a t i on  of  d a t a  i n  Europe, 

t h e  North A t l a n t i c ,  and Labrador.  t 

I n  Europe (Appendices A and B ) ,  B i rks  has p repared  maps of 

t h e  f o s s i l  p o l l e n  d a t a  from nor thwes te rn  Europe on o t h e r  funds.  

w i t h  D . O . E .  money, he has  prepared  maps of  t h e  modern p o l l e n  d a t a ,  

and he has  a l s o  added d a t a  from southern  and e a s t e r n  Europe. - 
I These w i l l  be  used i n  c a l i b r a t i n g  t h e  f o s s i l  d a t a  du r ing  t h e  

' 

second yea r  of t h i s  p r o j e c t .  

I n  t h e  North A t l a n t i c  (Appendix C ) ,  Ruddiman has  mapped t h e  

l o c a t i o n  of t h e  c o r e s  w i t h  rad iocarbon  d a t e s  and has a  

map of t h e s e  c o r e s  w i t h  p r e l i m i n a r y  temperature  e s t i m a t e s .  'He 

w i l l  be b u i l d i n g  upon t h i s  i n i t i a l  survey  du r ing  t h e  second year  

of t h i s  p r o j e c t ,  and he w i l l  a l s o  be  adding what d a t a  a r e  a v a i l -  

a b l e  from t h e  North P a c i f i c  Ocean. 

I n  Labrador (Appendix D ) ,  Wright and co-w0rker.s have c o l l e c t -  

ed  c o r e s  and s u r f a c e  samples and a r e  p repa r ing  t h e s e  d a t a  t o ' b e  

added t o  t h e  p o l l e n  d a t a  be ing  compiled by Webb wi th  coope ra t ion  

of t h e  o t h e r  p a l y n o l o g i s t s  a t  t h e  Workshop a t  Petersham. W r i g h t ' s  

d a t a  f i .11 a  major gap i n  t h e  network of  e a s t e r n  Canadian d a t a  and 

w i l l  a l l ow  mapping of t h i s  l a r g e  s e c t o r  of North America t o  pro- 

ceed wi th  a  reasonably  uniform d a t a  s e t .  

I n  a d d i t i o n  t o  t h i s  work, we were a b l e  t o  use Lawrence Liver-  

more Laboratory funding t o  g a i n  t h e  h e l p  of  F. A .  S t r e e t  from t h e  

U n i v e r s i t y  of Oxford. She produced a thorough l i t e r a t u r e  review 

of l a k e - l e v e l  d a t a  from t h e  wes te rn  United S t a t e s  and a  prel im- 

i n a r y  mapping of  t h e  l a k e  l e v e l s  i n  t h e  West from 24,000 y e a r s  



.-a ago  t o  p r e s e n t    ebb e t  a l . ,  1979) .  s h e '  has  a l s o  completed su r -  

veys  of l a k e  l e v e l  d a t a  from A f r i c a  and o t h e r  c o n t i n e n t s  ( S t r e e t  

and Grove,' 1976, ,1979)' and has  . agreed  t o  work wi th  us  t o  ma$: t h e  , 

l a k e  l e v e l s  f o r  9000 and 7000 y e a r s  ago i n  Af r i ca ,  I n d i a ,  and t h e  . - .. 
. . .. 

. weste rn  United S t a t e s .  
. a t ,  

. . , . . c 

7 . . . . .  
.. '. . ., . .s 

-. ; . . I  
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Anderson,  P.M. A p a l y n o l o g i c a l  a n a l y s i s  o f  l a k e  s e d i m e n t s  from . ,Q. .?#. 

. .- ;t: . . 
t h e  Alaskan Nor th  S l o p e .  Submi t t ed  t o  A r c t i c  and A l p i n e  , . 8.i 

, ., ,, . :,.:,. . , ? ~ ' .  - ,  : . .. , ,... A. 

. h..' . b.7: $, ?; Research .  ~-? : . ,:;>..... ". .-  . .<! . . 
Bernabo, J . C .  and  T. Webb 111, 1977. c h a n g i n g  p a t t e r n s  i n  t h e  

' +I 

Holocene p o l l e n  r e c o r d  o f  n o r t h e a s t e r n c ~ o r t h  America: a  

mapped summary. Q u a t e r n a r y  Research ,  8: 64-96. . . 

K e n d a l l ,  R.L., 1969. An e c o l o g i c a l  h i s t o r y  o f  t h e  Lake V i c t o r i a  

Bas in .  E c o l o q i c a l  Monoqraphs 39: 121-176. 

S t r e e t ,  F . A .  and  A.  T. Grove, 1976. Env i ronmenta l  a n d  c l i m a t i c  

i m p l i c a t i o n s  o f  l a t e  Q u a t e r n a r y  l a k e - l e v e l  f l u c t u a t i o n s  i n  

A f r i c a .  N a t u r e , 2 6 1 :  385-390. 

S t r e e t ,  F.A. and A. T. Grove, 1979. G l o b a l  maps of  l a k e  l e v e l  

f l u c t u a t i o n s  s i n c e  30,000 y r  B . P .  Q u a t e r n a r y  Research  12: 

83-118. J 

Webb, T. 111 and D.R .  C l a r k ,  1977. C a l i b r a t i n g  m i c r o p a l e o n t o l -  

o g i c a l  d a t a  i n  c l i m a t i c  t e rms :  a  c r i t i c a l  review.  Annals  

o f  t h e  New York Academy o f  S c i e n c e s  288: 93-118. 
,----- - 

Webb, T. 111, F.A. S t r e e t ,  and S .  Howe, 1979. P r e c i p i t a t i o n  and 

l a k e - l e v e l  changes  i n  t h e  W e s t  and  Midwest o v e r  t h e  p a s t  

10 ,000 t o  24,000 y e a r s .  F i n a l  Repor t  p r e p a r e d  f o r  Lawrence 

Livermore ~ a b o r a t o r ~ ,  Livermore,  CA,  102 pp: 



Modern p o l l e n  maps f o r  Europe:  A' p r o q r e s s  r e p o r t  - 

b y  H.  J. B. B i r k s  a n d  B. H u n t l e y ,  The Botany S c h o o l ,  

U n i v e r s i t y  o f  Cambridge,  Cambridge CB2 3EA, Eng land  

d e r i v e  q u a n t i t a t i v e  t e m p e r a t u r e  e s t i m a t e s  f o r  6000 y e a r s  a g o ' i n .  I 

<,. 1 . - . . 
Europe  it i s  n e c e s s a r y  t o  a s s e m b l e  a l l  t h e  a v a i l a b l e  p r e s e n t - d a y  , . - a. 

r ' . -. . . p o l l e n  d a t a  f o r  Europe .  These d a t a ,  once  mapped, can  t h e n  be . . ' .  . 
' c a l i b r a t e d  i n  t e r m s  o f  p r e s e n t - d a y  c l i m a t e  t o  d e r i v e - t r a n s f e r -  . . -  

C 
, . f u n c t i o n s  t h a t  e x p r e s s  n u m e r i c a l l y  t h e  r e l a t i o n s h i p  be tween 

modern p o l l e n  and  modern c l i m a t e .  ' B Y  a s suming  t h a t  t h e s e  func -  
. . 

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

p a s t  c l imate  from. f o s s i l  p o l l e n  d a t a .  

Wi th  f i n a n c i a l  s u p p o r t  f rom t h e  U.S. Depar tment  o f  Energy ,  

maps o f  modern s u r f a c e  p o l l e n  have  been  p r e p a r e d  f o r  n o r t h e r n  and  

c e n t r a l  Europe .  The maps a r e  b a s e d  on p u b i i s h e d  and  u n p u b l i s h e d  

d a t a  e i t h e r  f rom c o r e - t o p  samples  or 'from s u r f a c e -  samples .  I n  

b o t h  c a s e s  samples  have o n l y  been  i n c l u d e d  i f  t h e y  come from 

l a k e s  o r  f rom bogs  o r  f e n s  l a r g e  enough t o  r e f l e c t  t h e  r e g i o n a l  

r a t h e r  t h a n  t h e  l o c a l  p o l l e n  r a i n .  . P o l l e n  d a t a  from moss p o l -  

s t e r s  f rom w i t h i n  woods have  been  e x c l u d e d ,  a l t h o u q h  d a t a  from 

moss p o l s t e r s  f rom treeless v e g e t a t i o n  ( e . y . ,  a r c t i c  t u n d r a )  

have  b e e n  i n c l u d e d .  

A t o t a l  o f  539 samples  h a s  been  a s sembled ,  a n d . p o l l e n  per- 

c e n t a g e s  f o r  55 t a x a  have  been  e x t r a c t e d  and  t a b u l a t e d .  The 

d a t a  b a s e  a l s o  i n c l u d e s  i n f o r m a t i o n  a b o u t  t h e  n a t u r e  o f  t h e  S a m -  

p l e ,  w h e t h e r  i t  i s  l a c u s t r i n e ,  bog, o r  f e n ,  and ,  i n  t h e  c a s e .  o f  1 

c o r e - t o p  s a m p l e s ,  a n  i n d i c a t i o n  o f  how r e l i a b l y  t h e  sample  c a n  

be a s s o c i a t e d  w i t h  t h e  p r e s e n t - d a y .  S i n c e  t h e  maps t o  b e  d i s -  
, . 0 
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c u s s e d  h e r e  w e r e  drawn ( J u l y ,  1 9 7 9 ) ,  f u r t h e r  work h a s  been und 

t a k e n  i n  o r d e r  t o  e x t e n d  t h e  d a t a  b a s e  t o  i n c l u d e  s o u t h e r n  and 

e a s t e r n  Europe.  T h i s  work i s  s t i l l  going. on,  a l t h o u g h  it i s  now 

a p p r o a c h i n g  c o m p l e t i o n .  To d a t e . a  f u r t h e r  5 1  samples  have been 

added.  

The surfac .e .  p o l l e n  maps which have been p r e p a r e d  w e r e  drawn 

f o r  49 t a x a  u s i n g  a l l  s i t e s ;  and t h e n ,  f o r  t h e  1 8  most abundan t  

t a x a . m a p s ,  w e r e  p r e p a r e d  s e p a r a t e l y  u s i n g  l a c u s t r i n e  s i tes  o n l y  

and t e r r e s t r i a l  s i t e s  o n l y .  The v a l u e s  p l o t t e d  on t h e  maps a r e  

p o l l e n  p e r c e n t a g e  v a l u e s  b a s e d  e i t h e r  on t h e  s'um o f  t ree and 

s h r u b  p o l l e n  f o r  woody t a x a  o r  on t h e  sum o f  a l l ' t e r r e s t r i a l  po l -  - 
l e n  f o r  non-woody t a x a .  I n  t h e  f e w ' c a s e s  o f  p t e r i d o p h y t e  o r  

b i y o p h y t e  t a x a ,  t h e  sum used  i s  t h e  sum o f  a l l  t e r r e s t r i a l  p o l l e n  

p l u s  . t h e  i n d i v i d u a l  s p o r e  t a x o n .  The sum o f  t r e e  and s h r u b  p o l -  

l e n  i s  used  f o r  woody t a x a  i n  o r d e r  t o  e l i m i n a t e  t h e  e f f e c t s  of  

l o c s l  non-woody t y p e s  such  a s  Cyperaceae  and E r i c a c e a e ,  and a l s o  

p a r t l y  t o  e l i m i n a t e  a n t h r o p o g e n i c  i'nf l u e n c e  on t h e  v e g e t a t i o n  a s  

it i s  r e f l e c t e d  b y  weeds, c e r e a l s ,  ~ r a m i n e a e ,  e t c .  

Taken i n d i v i d u a l l y  t h e  su r face - sample  maps g i v e  f i r s t l y  

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

r a n g e s  o f  t h e  t a x a ,  and s e c o n d l y  t h e y  g i v e  i n f o r m a t i o n  a b o u t '  t h e  

p a t t e r n s  o f  abundance o f ' t h e  t a x a .  .For  example, Abies  ( f i r ' )  p o l -  

l e n  ( F i g .  l )  i s  c l e a r l y  l i m i t e d  i n  i t s  d i s t r i b u t i o n  t o  t h e  p r e -  

s e n t  r a n g e  of  t r e e s  i n  t h e  major  mountain c h a i n s  o f  Europe,  w i t h  

i t s  h i g h e s t  p o l l e n  v a l u e s  i n  t h e  A l p s  and C a r p a t h i a n s .  P i c e a  

( s p r u c e )  p o l l e n  ( F i g .  2 )  c o n t r a s t s ' w i t h  t h i s ,  hav ing  a  w i d e r  d i s -  

t r i b u t i o n  a round  t h e  C e n t r a l  European mounta ins  a n d " a 1 s o  a  wide 

a r e a  o f  o c c u r r e n c e  i n  b o r e a l  a r e a s  o f  n o r t h - e a s t e r n , E u r o p e  and 

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

A l p s  and C a r p a t h i a n s  b u t  a l s o  h a s  h i g h  v a l u e s  i n  t h e  mounta ins  

o f  Sweden and Norway. Q u e r c u s  ( o a k )  ( F i g .  3 )  c o n t r a s t s  w i t h  b o t h  
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,. , 

. , 
... . 

. . 
o f  t h e s e ,  b e i n g  a  " t h e r m ~ ~ h i l o u s ,  d e c i d u o u s  t r e e ,  and i s  found . . 

t h r o u g h o u t  much o f  Europe e x c e p t  S c a n d i n a v i a .  1 t  h a s ,  however, 

wide a r e a s  i n  which its p o l 1 e n : i s  found o n l y  s p a r s e l y  and  it 

shows a  c l e a r  p a t t e r n  o f  g r e a t e r  p o l l e n  abundance i n  t h e  n o r t h -  
_ -- 

w e s t e r n  p a r t  o f  t h e  European mainland and s o u t h e r n  B r i t a i n .  

These v a r y i n g  p a t t e r n s  o f  d i s t r i b u t i o n  and abundance c a n  be 
. . 

r e l a t e d  t o  t h e  s p a t i a l  d i s t r i b u t i o n s ' o f  t h e  f o r m a t i o n s  o f  f o r e s t  ,, 

. . . . . . 

v e g e t a t i o n  d e s c r i b e d  by  e c o l o g i s t s  and p l a n t  s o c i o l o g i s t s .  These <,: 

f o r m a t i o n s ,  i n  t u r n ,  can  b e  r e l a t e d  i n : b r o a d  t e rms  t o  t h e  e x i s t -  

i n g  c l i m a t i c  p a t t e r n s  i n  Europe.  I n  g e n e r a l  t h e  maps f o r  non- 

woody t a x a  a r e  less e a s i l y  i n t e r p r e t a b l e  a l t h o u g h  some i m p o r t a n t  - , 
p a t t e r n s  emerge. Thus E r i c a c e a e  ( F i g .  4)  p o l l e n  i s  most w i d e l y  

. . . . 

d i s t r i b u t e d  and most a b u n d a n t  a l o n g  t h e  w e s t e r n  s e a b o a r d  o f  . , . . ;a,,, , ,  .: 
. . . . 

% - Europe w h i l e  ~ h e n o ~ o d i a c e a e '  ( F i g .  5 )  and A r t e m i s i a  ( F i g .  6 )  .. ...-. . 
i. .,. 

p o l l e n  a r e  p r e s e n t  i n  g r e a t e s t  abundance i n  t h e  a r e a  o f  t h e  s o u t h -  . . " .  . .  . .,t . ,: 
, .  - ., . 

e a s t  European S t e p p e .  - ' .  . .,..: . ... . I 
., , , . . ... 

I ,  .. 
Comparison o f  t h e  maps b a s e d  o'n l a c u s t r i n e  and t e y r e s t r i a l  . . .  . .  ~ , .  . 

. .. . . . , _ . . I , _  

s amples  o n l y  r e v e a l e d  no  i m p o r t a n t  d i f f e r e n c e s ,  s u p p o r t i n g  o u r  
C- 

u s e  o f  b o t h  t y p e s  of sample i n  t h e  o v e r a l l  d a t a  se t .  

I n  o r d e r  t o  summarize t h e  combined i n f o r m a t i o n  p r e s e n t  i n  

t h e  maps f o r  t h e  woody t a x a ,  p r i n c i p a l  components a n a l y s e s  were 

c a r r i e d  o u t  u s i n g  t h e  2 8  woody t a x a ' w i t h  maximum v a l u e s  2% o r  

w i t h  non-zero  v a l u e s  i n  8 s i t e s .  The r e s u l t s  of t h e s e  a n a l y s e s  

were d i . sp layed  by  p l o t t i n g  maps o f  t h e  component s c o r e s  of  t h e  

s i t e s  f o r  t h e  f i r s t  6 a x e s  o f  t h e  a n a l y s e s .  Two a n a l y s e s  w e r e  

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

p o l l e n  perce 'n tage  v a l u e s  and s e c o n d l y  a  c o v a r i a n c e  m a t r i x  of  p o l -  

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

p roposed  by S. Th. Andersen and J. I v e r s e n  f o r  Europe.  

The r e s u l t s  of  t h e  two a n a l y s e s  d i f f e r e d  i n  a  p r e d i c t a b l e  

way-with t h e  f i r s t  a n a l y s i s  dominated by r a r e  t a x a  w h i l e  t h e  



s e c o n d  gave  a more u s e f u l  p i c t u r e .  The a x e s  e x t r a c t e d  i n  t h i s  . . 

c a s e  r e l a t e d  t o  t h e  b r o a d  v e g e t a t i o n a l  p a t t e r n s  i n  n o r t h e r n  ' 

Eurc.pe. They showed' t h e  modern p o l l e n  d a t a  c.ould c l e a r l y  d i s -  

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

f u r t h e r  t o  b e  capable o f  d i s c r i m i n a t i n g  A l p i n e  from B o r e a l  c o n i -  

f e r o u s  f o r e s t s  and  o f  d i s t i n g u i s h i n g  e a s t e r n  and  w e s t e r n  European 

f a c i e s  w i t h i n  t h e  d e c i d u o u s - f o r e s t  zone .  Thus b o t h  n o r t h - s o u t h  

a n d  east-west v e g e t a t i o n a l  g r a d i e n t s  were  c l e a r l y  and  unambig- 

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

Because t h e s e  b r o a d  v e g e t a t i o n a l  p a t t e r n s  a r e  g e n e r a l l y  

assumed t o  b e  r e l a t e d  t o . t h e  b r o a d  p a t t e r n s  i n  c l i m a t e ,  t h e s e  - 
r e s u l t s  s u g g e s t  t h a t  some r e l a t i o n s h i p  be tween s u r f a c e  p o l l e n  

s p e c t r a  and  climate c a n  b e  e s t a b l i s h e d  f o r  Europe .  

The e x p a n s i o n  o f  t h e  d a t a  base t o  i n c l u d e  s o u t h e r n  a n d  east-  

e r n  Europe w i l l  e x t e n d  t h e  c o v e r  o f  samples  t o  inc1;de t h e  Medi- 

t e r r a n e a n  f o r e s t  zone and  t h e  w e s t e r n  ed,ge o f  t h e  s t e p p e  r e g i o n .  

I t  i s  hoped t h a t  a n a l y s i s  o f  t h i s  d a t a  s e t ,  when comple te ,  w i l l  

show t h a t  t h e s e  v e g e t a t i o n a l  u n i t s  c a n  a l s o  be d i s t i n g u i s h e d  b y  

t h e i r  modern p o l l e n  s p e c t r a .  

F u r t h e r  work i s  now p l a n n e d  u s i n g  a l l  a v a i l a b l e  c l i m a t i c  

d a t a  from Europe  t o  c a l i b r a t e  t h e  s u r f a c e  p o l l e n  d a t a  i n  terms 

o f  ma jo r  c l ima t i c  v a r i a b l e s .  I t  w i l l  t h e n  b e  p o s s i b l e  t o  e x p e r i -  

ment w i t h  p a l e o c l i m a t i c  r e c o n s t r u c t i o n s  f o r  6000 B .  P. b a s e d  up,on 
* .  

t h e s e  c a l i b r a t i o n s .  



F i g u r e  1. Contemporary  d i s t r i b u t i o n  o f  f i r  p o l l e n  p l o t t e d  
a s  a  p e r c e n t  o f  a l l  tree and s h r u b  p o l l e n  c o u n t e d  
i n  samples  of s u r f i c i a l  l a k e - s e d i m e n t s  and  p e a t s .  
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F i g u r e  2 .  Con tempora ry  d i s t r i b u t i o n  o f  s p r u c e  p o l l e n  p l o t t e d  
a s  a p e r c e n t  o f  a l l  t r ee  and  s h r u b  p o l l e n  c o u n t e d  
i n  samples of s u r f c i a  l a k e - s e d i m e n t s  a n d  peats. 
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Figure 4.  Contemporary d i s t r i b u t i o n  of heath pollen plot ted 
as  a percent of a l l  t e r r e s t r i a l  pollen types 
counted i n  samples of s u r f i c i a l  lake-sediments 
and peats. 



Figure 5. Contemporary distribution of pigweed-family pollen 
types counted in samples of surficial lake-sediments 
and pea'ts. 



Figure.6. Contemporary distribution of sage pollen types 

counted in samples of surficial lake-sedimgnts 
and peats. 



Chanqes & f o r e s t  l i m i t s  & Nor the rn  s c o t l a n d  6000 y e a r s  aqo: 
. . 

A p r o g r e s s  r e p o r t  b y  H.  J. B. B i r k s ,  The Botany Schoo l ,  Univer-  - 

s i t y  o f  Cambridge, Cambridge CB2  3 E A ,  England 
. . . . 

I n  mid-Holocene t i m e s  ( c a .  6000 y e a r s  a g o ) ,  t h e  n o r t h e r n  

l i m i t s  o f  Q u e r c u s  ( o a k )  and P inus  ( p i n e )  i n  n o r t h - w e s t  S c o t l a n d  , . .  
. . 

ex tended  f u r t h e r  n o r t h  t h a n  t h e y  d o  t o d a y .  The p r e c i s e  t i m i n g  . , . . ~ . .  , , .. . . .. . . . . . .  , ....r 
and e x t e n t  o f  t h i s  nor thward  expansi*on and s u b s e q u e n t  r e  t r e a t  : '  

, '1. 
. . >  . " a r e  n o t  'known w i t h  a n y  To p r o v i d e  s u c h  i q e c i s i o n ,  .. c .. ., 
. * . :. ~ , ,  

' S  -.. i n t e n s i v e  f i e l d  work was done i n  t h e  Loch Maree a r e a  o f  n o r t h -  -,. . . . ' 
.-; . "t ' 

> .: w e s t  s c o t l a n d ,  a n  a r e a  c r i t i ' c a l l y  ' p o s i t i o n e d  i n  r e l a t i o n  t o  mid- . . . 9 I I,'. ,c.sAs.: . A? . : 
' .$.,".. 

Holocene changes  i n  t r e e  d i s t r i b u t i o n a l  l i m i t s .  Cores  from t h r e e  ... :, * .,,; ' ..i .. .. - 
- ... 
"; l a k e s  and f o u r  bogs were o b t a i n e d  f o r  d e t a i l e d  p o l l e n  a n a l y s i s ,  

r 

and b u r i e d  p i n e  s tumps beyond t h e  p r e s e n t - d a y  l i m i t  o f  p i n e  b o t h  + .  

I l a t i t u d i n a l l y  and a l t i t u d i n a l l y  were c o l l e c t e d .  f o r  r a d i o c a r b o n  

I . . 
d a t i n g .  The r e s u l t s  o f  t h e s e  s t u d i e s  shqGld c o n t r i b u t e  i m p o r t a n t  ; .  . ~ 

new i n s i g h t s  i n t o  o u r  u n d e r s t a n d i n g  o f  m i d - ~ o l o c e n e  s h i f t s  i n  

f o r e s t  v e g e t a t i o n  and t h u s ,  :by i n i e r e n c e ,  off c l i m a t i c  change i n  

n o r t h e r n  S c o t l a n d .  T h i s  s t u d y  w i l l  g i v e  d e t a i l e d  i n f o r m a t i o n  

t h a t  w i l l  complement t h e  g e n e r a l  p a t t e r n s  e v i d e n t  on t h e  p o l l e n  

maps f o r  a l l  o f  Europe.  



APPENDIX C 

Dated Holocene .  mar ine  c o r e s  : & p r o q r e s s  r e p o r t  

* .  
W.F. Ruddiman, Lamont-Doherty G e o l o g i c a l  O b s e r v a t o r y ,  

p a l i s a d e s ,  New York 10964 

'we a r e  i n  t h e  p r o c e s s  o f  g a t h e r i n g  a l l  a v a i l a b l e  C 1 4  - d a t e d  
' 

c o r e s  from Nor th  A t l a n t i c  deep-sea  s e d i m e n t s .  R e s u l t s  t o  d a t e  

a r e  shown i n  F i g u r e  1, w i t h  a l l  c o r e s  indexed  a s  t o  q u a l i t y  o f  

d a t i n g  c o n t r o l  (number of  d a t e s  and s p a c i n g  o f  d a t e s  r e l a t i v e  t o  - 
t h e .  6000 B . P .  l e v e l ) .  With t h e  d a t a  c o m p i l a t i o n  s t i l l  i n c o m p l e t e ,  : , 

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

. . 
. . of t h e  d a t e d  c o r e s ,  r e l a t i v e l y  few have b i o t i c  c e n s u s  c o u n t s  

+ 

o r  s e a - s u r f a c e  t e m p e r a t u r e  e s t i m a t e s  a t  t h e  d e s i r e d  6000-year 

l e v e l .  Those t h a t  d o  a r e  shown i n  F i g u r e  2, w i t h  t h e  e s t i m a t e d  

summer s e a - s u r f a c e  t e m p e r a t u r e  and d e p a r t u r e  from modern tempera-  

t u r e  i n d i c a t e d .  

These v a l u e s  a r e  not v a l i d a t e d  a s  f i n a x  e s t i m a t e s  o f  s e a -  

s u r f a c e  t e m p e r a t u r e .  They have n o t  been e v a l u a t e d  f o r  t h e  

e f f e c t  o f  b i o t u r b a t i o n a l  mixing which a l t e r s  t h e  deep-sea  r e c o r d .  

The most l i k e l y  e f f e c t  o f  mixing on t h e s e  e s t i m a t e s  i s  t o  make ' 

them a p p e a r  t o o  c o l d  by  mix ing  l a t e - g l a c i a l  ( 11 ,000-year )  s e d i -  

ment up t o  t h e  6000-year l e v e l .  T w o  p o s s i b l e  s t r a t e g i e s  for 

e l i m i n a t i n g  t h i s  problem i n  t h e  f u t u r e  a r e :  (1) o n l y  i n c l u d i n g  

c o r e s  w i t h  t h i c k  p o s t - g l a c i a l  sed iment  s e c t i o n s  ( 50 c m ) ;  o r  (2') 

a t t e m p t i n g  t o  remove t h e  mix ing  e f f e c t  by model ing .  . 
14 

By March, 1980, w e  w i l l  comple te  t h e  c o m p i l a t i o n  o f  a l l  2 - 
d a t e d  Nor th  A t l a n t i c  c o r e s ,  i n c l u d i n g  f i n a l  v e r s i o n s  o f  F i g u r e s  

1 and 2 i n c l u d e d  h e r e .  W e  w i l l  a l s o  e v a l u a t e  a l l  c o r e s  w i t h  

r e s p e c t  t o  s e d i m e n t a t i o n  r a t e  and w a t e r  d e p t h ,  a s  t h e s e  a r e  c r i -  
r .  

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

message.  

Because o u r  f u n d i n g  l a s t  y e a r  was c u t  from t h e  - r.: * u f ..:';b 
.*.<I 

$25 ,000 t o  a bare-boned $5000, we have i n c l u d e d  n o  c o m p i l a t i o n  ..:, .::*,-4~ 
1. '1 .  - .* , : . .2. 

: o f  t h e  Nor th  P a c i f i c  Ocean ( e x c e p t  f d r  t h r e e  c o r e s  shown i n  t h e '  " .-. . *. . ,, , 
. . -  . ,--4 

lower  l e f t  c o r n e r  o f  ~ i g u r e  1) a s  o r i g i n a l l y  o u t l i n e d  i n  t h e  - , )  ... . q: . .  
p r o p o s a l .  . .  . . . . .?-, . 

I ?, 
, . i 

. ' j ,  . 
Comrnen t 

0 

Our c u r r e n t  i m p r e s s i o n  i s  t h a t  t h e r e  i s  a s u r p r i s i n g  number - 

o f  w e l l - d a t e d  Nor th  A t l a n t i c  c o r e s  which have n e v e r  been t h e  - 
s o u r c e  o f  b i o t i c  c e n s u s e s  o r  e s t i m a t e s  o f  s e a - s u r f a c e  tempera-  

t u r e s .  O t h e r  oceans  have  g e n e r a l l y  s m a l l e r ,  b u t  s t i l l  c o n s i d e r -  

a b l e ,  d a t a  b a s e s  a l r e a d y  ava '5 lab le  f o r  p o s s i b l e  f u t u r e  work t o  . , 

d e r i v e  v a l i d  e s t i m a t e s  of ocean c l i m a t e  6000 y e a r s  ago.  



F I G U R E  LEGENDS . 

Figure  1. Cores with radiocarbon control , .  F i l l e d  box: _. , . 

bracke t ing  radiocarbon d a t e s ,  both between 3000 and 9000 

yea r s  B. P. (be fo re  p r e s e n t ) .  H a l f - f i l l e d  box: b racke t ing  

radiocarbon d a t e s ,  one wi th in  the  3000 - 9000 year i n t e r v a l .  

Empty box: bracket ing  radiocarbon da tes ,  n e i t h e r  wi th in  

t h e  3000-9000 i n t e r v a l .  F i l l e d  diamond: one radiocarbon ' , 

d a t e  6000 -9000 years  B . P .  Empty diamond: radiocarbon 

d a t e ,  o l d e r  than 9000 years  B. P. F i l l e d  c i r c l e :  one radio-  - 
carbon da te ,  3000 - 6000 yea r s  B . P .  Empty c i r c l e :  one 

radiocarbon d a t e ,  l e s s  than 3000 years  B . P .  

E 

Figure 2 .  Cores with radiocarbon c o n t r o l  ( a s  i n  Fig.  1) and 

es t ima tes  of summer sea-sur face  temperature 6000 years  ago. 

Bold numbers a r e  temperature e s t ima tes .  Smaller numbers i n  

pa ren thes i s  a r e  depar tu res  from modern temperatures ( a t l a s  

v a l u e s ) .  
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APPENDIX D , 

Landscape and  c l i m a t i c  h i s t o r y  o f  ~ a b r a d o r :  A p r o g r e s s  r e p o r t  

by  H.E.  right, Jr . ,  H.F. Lamb, D. Engstrom, D . R .  F o s t e r ,  Lim- 

n o l o g i c a l  Resea rch  C e n t e r ,  U n i v e r s i t y  .of  Minnesota ,  Minneapo l i s  

'The  r e s e a r c h  program on e n v i r o n m e n t a l  and c l i m a t i c  ' h i s t o r y  

o f  Labrador  h a s  f i v e  main a s p e c t s .  (1) P o l l e n .  s t r a t i g r a p h y  o f  

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

framework f o r  s u b s e q u e n t  r e s e a r c h ,  ( 2  ) c o l l e c t i o n  of  i u r f a c e .  

s e d i m e n t s  from l a k e s  s p a n n i n g  t h e  v e g e t a t i o n  zones from f o r e s t  

i n  t h e  s o u t h  t o  t u n d r a  i n  t h e  n o r t h ,  ( 3 )  i n ; e s t i g a t i o n  o f  t h e  

c l i m a t i c  r e c o r d  a s  demons t ra ted  by  changes  i n  t h e  i n f e r r e d  f o r e s t  

e x t e n t  and s p e c i e s  c o m p o s i t i o n  i n  t h e  f o r e s t  t u n d r a ,  ( 4 )  r e s e a r c h  

i n t o  t h e  n a t u r e  of  l i m n o l o g i c  change and o f  l ake /wa te r shed  i n t e r -  

a c t i o n s  d u r i n g  t h e  change from t u n d r a  t o  f o r e s t  ecosys tems,  and 

( 5 )  i n v e s t i g a t i o n  i n t o  t h e  f r e q u e n c y  o f  f o r e s t  f i r e  and i t s  r o l e  

i n  t h e  b o r e a l  f o r e s t  ecosys tem.  

1. P o l l e n  s t r a t i q r a p h y .  P o l l e n  p e r c e n t a g e  and i n f l u x  d i a -  

grams f o r  t h r e e  l ake - sed iment  c o r e s  from s o u t h e a s t e r n  Labrador  

' a r e  s u b d i v i d e d  i n t o  t h r e e  r e g i o n a l  p o l l e n  assemblage  zones :  ' ( I )  

Detula-Sal ix-Cyperaceae  zone, 10 ,500  t o  9000 14c y r s .  B. P .  ; (11). 

Alnus-Abies-Picea zone, 9000 t o  5000 B. P. ; (111) ~ i c e a  zone, 

5000 B . P .  t o  p r e s e n t .  P o l l e n  i n f l u x  was low i n  zone I ,  r o s e  i n  
'7 

zone 11, a n d  t h e n  a b r u p t l y  i n c r e a s e d  f u r t h e r  i n  t h e  :upper p a r t  

o f  zone I1 when t r e e  p o l l e n  was f i r s t  d e p o s i t e d .  I n f l u x  reached  

a  maximum a b o u t  4000 y e a r s  a g o  and d e c l i n e d  s u b s t a n t i a l l y  a f t e r  

2500 B . P .  

An e a r l y  phase  of  t u n d r a  was succeeded 9000 y e a r s  a g o  by 



1 
I b i r c h - a l d e r  s h r u b - t u n d r a  as  t h e  climate warmed. T r e e s  t h e n  . - 

! c o l o n i z e d  t h e  s h r u b - t u n d r a  a t  6000 B . P . ,  a r r i v i n g  l a t e  i n  con-  

t r a s t  t o , s i t e s  f a r t h e r  s o u t h  and  w e s t .  The i n i t i a l  f o r e s t  com- 

m u n i t y  i s  i n t e r p r e t e d  as a p a r k - t u n d r a  o f  w h i t e  s p r u c e  w i t h  

a b u n d a n t  f i r  and  p r o b a b l y  w i t h  some t ree b i r c h .  A f t e r  a p e r i o d  

o f  a b o u t  700 y e a r s ,  f i r  d e c l i n e d  i n  f a v o r  o f  b l a c k  s p r u c e  as  s o i l  

c o n d i t i o n s  began t o  d e t e r i o r a t e .  The f o r m a t i o n  o f  p e a t  was p r o -  

b a b l y  a c c e l e r a t e d  a t  t h i s  t i m e .  

The p o l l e n  r e c o r d  from a s i t e  on t h e  s o u t h  c o a s t  shows t h a t  

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

f l u x  shows d i s t i n c t  s i m i l a r i t i e s  t o  t h a t  of t h e  i n l a n d  s i tes ,  - 
s u g g e s t i n g  t h a t  c l i m a t e  w a s  most  t e m p e r a t e  a b o u t  4000 years ago 

a n d  t h a t  a s h a r p  d e t e r i o r a t i o n  t o o k  p l a c e  a b o u t  2500 B . P .  

t '. 2. Modern s u r f a c e - s e d i m e n t  samples .  Dur ing  t h e  1979 f i e l d  .R.F , 

I # 

s e a s o n ,  70 l a k e  s u r f a c e - s e d i m e n t  samples  were c o l l e c t e d  f rom t h e  

f o r e s t ,  f o r e s t - t u n d r a ,  and  t u n d r a  zones .  Limnologic  p a r a m e t e r s  . $  

were  measured ,  s u c h  a s  pH, a l k a l i n i t y ,  c o n d u c t i v i t y ,  c o l o r ,  e tc .  

The  s e d i m e n t  samples  w i l l  b e  a n a l y z e d  f o r  d i a t o m s  and p o l l e n ;  t h e  

r e s u l t s  a r e  e x p e c t e d  t o  form a n  o b j e c t i v e  b a s i s  f o r  t h e  i n t e r p r e t a -  

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

3 .  C l i m a t i c  r e c o n s t r u c t i o n .  I n  1977 and 1979 a series of 

lake-sed . iment  c o r e s  w e r e  c o l l e c t e d  f rom b o r e a l  f o r e s t  t o  t h e  

t u n d r a .  An area on t h e  n o r t h w e s t  f l a n k  o f  t h e  c e n t r a l  h i g h l a n d s ,  

s o u t h  o f  ~ i s t a s t i n  Lake, was s e l e c t e d  a s  b e i n g  l i f i e l y  t o  show t h e  

most  d e t a i l e d  and  p r e c i s e  r e c o r d  o f  f o r e s t - l i m i t  changes .  Lakes  

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

and  t h u s  w i l l  p r o v i d e  maximum p r e c i s i o n  i n  t h e  clirnitic r e c o r d .  

D u p l i c a t e  c o r e s  were t a k e n  i n  o r d e r  t o  p r o v i d e  s u f f i c i e n t  m a t e r i a l  

f o r  a c c u r a t e  C-14 d a t i n g  and  f o r  m a c r o f o s s i l  a n a l y s i s .  P o l l e n  

a n a l y s i s  s o  f a r  shows a  s t r a t i g r a p h y  n o t  u n l i k e  t h e  sequence  t o  

t h e  s o u t h ,  b u t  p o l l e n  i n f l u x  t o  t h e  s e d i m e n t  shows a  much g r e a t e r  
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r a n g e  and a  lower  'mean v a l u e  t h a n  t h a t  found i n  t h e  f o r e s t ,  p ro -  i. 

: . 
p e r .  Thus t h e  p o t e n t i a l  f o r  c l i m a t i c  r e c o n s t r u c t i o n  i n  t h e  a r e a  

' 0' 

i s  good. 

4. Pa leo l imnoloqy .  Research  i n  t h e  s o u t h e a s t  (1 above)  

s u g g e s t e d  t h a t  when f o r e s t  trees c o l o n i z e d  t h e . b i r c h - a l d e r  t u n -  

d r a  a t  6000 B.P. ,  f o r e s t - l i t t e r  a c c u m u l a t i o n  i n  t h e  l a k e  w a t e r -  
. . 

shed  caused  r a t h e r  marked changes  i n  t h e  l a k e  i t s e l f .  s p e c i f i -  

c a l l y ,  t h e  l a k e  seems t o  have changed from a  r e l a t i v e l y  produc-  

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

t h e  sed iment  t o  one w i t h  p r i m a r i l y  a l l o c h t h o n o u s  i n p u t  o f  ter-  

r e s t r i a l ' l y  d e r i v e d  humic . m a t e r i a l .  ~ i m u l t a n e o u s ~ l ~ ,  t h e  l a k e -  - 
changed i n  c o l o r  from c l e a r  t o  t e a - c o l o r e d  d y s t r o p h i c  w a t e r .  

T h i s  h y p o t h e s i s  i s  c u r r e n t l y ' b e i n g  f u r t h e r  t e s t e d  by  a n a l y s i s  o f  

d ia tom,  p igment ,  and  c h e m i c a l  c o n t e n t s  o f  t h e  sed iments .  . . 

5.  F i r e  h i s t o r y .  F o r e s t  f i r e s  p l a y  a n  i m p o r t a n t  r o l e  i n  

t h e  main tenance  o £  p r o d u c t i v i t y  and i n ' s p e c i e s  compos i t ion .  

Labrador ,  w i t h  i t s  o c e a n i c  c l i m a t e ' o f  c o o l ,  w e t  summers and a  

s h o r t  growing s e a s o n ,  would be e x p e c t e d  t o .  b e  r a t h e r  1,ess a f f e c t e d  

by f o r e s t  f i r e  t h a n  would more ' c o n t i n e n t a l  p a r t s  of  t h e  b o r e a l  

f o r e s t .  Yet b l a c k  s p r u c e ,  which i s  a d a p t e d  t o  f i r e  i n  i t s  s e e d  

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

f i r  i s  much l e s s  common t h a n  it w a s . 6 0 0 0 - 5 0 0 0  y e a r s  ago.  J o r d a n  

(1975)  shows t h a t  l a k e  s e d i m e n t s  c o n t a i n  more c h a r c o a l  a f t e r  t h i s  

f i r  maximum, s u g g e s t i n g  t h a t  i n c r e a s e d  f i r e  f r e q u e n c y  might  a c c o u n t  

f o r  t h e  d e c l i n e  o f  t h e  s p e c i e s .  R e g e n e r a t i o n  a f t e r  f i r e  i s  mark- 

e d l y  s low i n  Labrador ,  p a r t i c u l a r l y  i n  n o r t h e r n  a r e a s .  ~ e n c e ' a n  

a p p r e c i a t i o n  o f  t h e  r o l e  of f i r e  i s  i m p o r t a n t  i n  any r e c o n s t r u c -  

t i o n  o f  c l i m a t i c  change b a s e d  on t r e e - l i m i t  f l u c t u a t i o n s .  The 

s u c c e s s i o n a l  communit ies  a r e  l e s s  d i v e r s e  t h a n  more souther1:y 

p a r t s  o f  t h e  b o r e a l  f o r e s t ,  b u t  b i r c h  and aspen  o f t e n  form p u r e  

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



spruce fores t .  Detailed pol len analys is  o f  forest - f loor  peat 

p r o f i l e s ,  as w e l l  a s  lake sediments, w i l l  e lucidate the f i r e  

his tory  of the region. 
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