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ABSTRACT.  F rom fo rmer  c i r que  g l ac i e r s  i n  wes te rn  No rway ,  i t  i s  ca l cu -
L a t e d  c h a t  t h e  s u m r n e r  ( l . M a y  t o  3 0 . S e p t e m b e r )  c e m p e r a c u r e  d r o p p e d  5 - 6 " C
du r i ng  l ess  t han  t u ro  cenEu r i es ,  p robab l y  w i t h i n  decades ,  a t  t he
A l l e rod /Younge r  D ryas  t r ans i t i on ,  some  11 ,000  yea rs  ago .  F rom Che  same
da ta  t he  Younge r  D ryas  summer  t empe ra tu re  i s  es t ima ted  t o  have  been  8 -
10 'C  l owe r  t han  a t  p resen t ,  and  f r om foss i l  i ce  wedges  t he  mean  annua l
t e m p e r a t u r e s  1 3 " C  l o w e r  t h a n  a c  p r e s e n E  i n  t h e  s a m e  a r e a .  T h e  a m p l i f i -
cac i on  o f  t he  c l ima t i c  change  i n  wes te rn  Eu rope  a t  t he  A l l e rod /Younge r
Dryas  t r ans i t i on  appea rs  . due  t o  a  s t ep  f unc t i on  i n  t he  change  i n  t he
pa th  o f  t he  No rch  A t l an t i c  Cu r ren r .

INTRODUCTION

D u r i n g  t h e  A l l e r o d  C h r o n o z o n e ,  1 1 , 8 0 0  t o  1 1 , 0 0 0  y e a r s  a g o ,  w e s r e r n
Eu rope  app roached  t he  p resenc  day  env i r onmen ta l  and  c l i r nac i c  s i t ua t i on ,
a f t e r  h a v i n g  s u f f e r e d  t h e  l a s t  g l a c i a L  m a x i m u m  s o r n e  2 0 , 0 0 0  t o  1 8 , 0 0 0
y e a r s  a g o .  H o w e v e r ,  t h e  c l i m a t i c  d e E e r i o r a t i o n  1 1 , 0 0 0  y e a r s  a g o  l e d  t o
nea r l y  f u11y  g l ac i a l  cond i t i ons  on  t h i s  con t i nen t  f o r  some  few  hund reds
o f  yea rs  du r i ng  t he  Younge r  D ryas .  Th i s  change  i s  comp le te l y  ouE  o f
phase  w i t h  t he  M i l ankov i t ch  ( o rb i t a l )  f o r c i ng  as  ch i s  i s  unde rs tood  t o -
d a y ,  a n d  c h e r e f o r e  i t s  c a u s e  i s  o f  r n a j o r  i n t e r e s t .

S ince  che  A l l e rod /Younge r  D ryas  bounda ry  i s  we l l  i n s i de  t he  pe r i od
o f  r a d i o c a r b o n  d a t i n g ,  i t  i s  a l s o  o f  g r e a E  i n E e r e s t  a s  a  m o d e l  f o r  t h e
mode  o f  r esponse ,  t ime  1ags ,  and  f eedback  mechan i sms  o f  d i f f e ren t  b i o ta ,
^ r ^ ^ i ^ r  - ^ r i s l a c i a l  f e e f r r r e s  r ^  F L iJ j / r L E r u s .  p c _  _ o - _ _  _ _ ,  c u u .  ,  L U  L r r r s  L y p t s

change ,  wh i ch  i n  Eu rope  was  ve ry  s im i l a r  t o  t he  onse t  o f  a  g l ac i ac i on ,
even  t hough  t he  f o r c i ng  was  d i f f e ren t .

I n  c h i s  p a p e r  I  w i l l  d e s c r i b e  s o m e  o f  t h e  g e o l o g i c a l  r e c o r d s  o f
t h i s  bounda ry .  Desc r i p t i on  o f  o the r  f ea tu res ,  and  some  more  gene ra l
cons ide ra t i ons ,  a re  r ecen t l y  g i ven  by  t he  NATO/NSF  wo rk i ng  g roup
( M a n g e r u d  e c  a I . ,  L 9 8 6 b ) ,  a n d  o t h e r  a b s t r a c t s  i n  t h a t  v o l u m e .  F i n a l l y ,
I  p row ide  some  specu la t i ons  on  che  cause  o f  t he  Younge r  D ryas .
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EVIDENCE

The  Scand inav ian  I ce - shee t

A t  Ehe  c ime  o f  t he  A l l e rod / younge r  D ryas  r r ans i c i on ,  r he  Scand ina -
v i a n  i c e - s h e e E  w a s  s t i l l  a  r n a j o r  e l e m e n t  i n  t h e  c l i n a t e  s y s t e m .  T h e
r e c o r d  f r o m  t h e  Y o u n g e r  D r y a s  i s  d i s t i n c t ,  c o n s i s t i n g  o f  i c e - m a r g i n a l
depos i t s  t ha t  a re  r napped  nea r l y  con t i nuous l y  a round  Scand inav ia  i r l g .  r )
( e . g .  A n d e r s e n ,  1 9 8 1 ) ,  s h o w i n g  t h a r  t h e  c r i m a t e  t u r n e d  t o  a  m o r e  g l a c i a l
r eg ime  i n  bo th  t he  con t i nen ta l  c l ima te  a rea  o f  USSR/F in l and  and  t he
ocean i c  c l imace  a rea  o f  i . Jes te rn  No rway .  Th i s  sugges t s  Eha t  l owe r  su ru re r
t empe ra tu res ,  and  no t  i nc reased  w in te r  p rec i p i t a t i on ,  vTas  t he  c l imac i c
f a c t o r  t h a t  d e t e r m i n e d  t h e  m a j o r  p a t t e r n  o f  g l a c i a l  r e s p o n s e .  S u p e r i m -
p o s e d  o n  t h i s  m a j o r  t r e n d  a r e  s m a l l e r  v a r i a t i o n s ,  e . g .  a n  a m p l i f i c a t i o n
o f  t he  re -advance  i n  wes te rn  No rway  compared  t o  t he  eas te r r y  a reas ,  due
c o  h i g h e r  w i n t e r  p r e c i p i t a c i o n  a l o n g  t h e  w e s c e r n  f l a n k  o f  t h e  i c e - s h e e t .
and  t opog raph i ca l  and  g l ac i o l og i ca r  f ac to r s  (Mange rud ,  r ggo ) .  The  re -
advance  a r so  caused  a  r e l a t iwe  r i se  i n  sea  l eve l  i n  wes te rn  No rway
th rough  t he  co rnb ina t i on  o f  i nc reased  g rav i t a t i ona l  a t t s rac t i on  and  a  ha l t
i n  g l a c i o - i s o s E a t i c  u p r i f t  ( A n u n d s e n ,  1 9 8 5 ) .  c o n c e r n i n g  t h e  n o r t h e r n
l im i t  f o r  t he  Younge r  D ryas  g l ac i a l  r esponse ,  i t  may  be  menE ioned  t ha t
i n  S v a l b a r d  ( 7 8 ' N )  a  r e - a d v a n c e  f o r  o n e  w a l l e y  g l a c i e r  i s  a l s o  s t r a t i -
g r a p h i c a l l y  d e m o n s r r a t e d  ( M a n g e r u d  e t  a 1 . ,  1 9 g 5 ;  E l g e r s r n a  a n d  H e l l i k s e n ,
r - 9 8 6 ) .

Pe rma fro s t

Ev idence  o f  pe rma f ros t  du r i ng  t he  A l l e rod  i s  noE  known  f r om Eu rope .
F rom the  Younge r  D ryas ,  i ce  wedge  cas t s  a re  f ound  i n  t he  en t i r e  a rea
f rom F in l and  t o  Nw  Germany ,  and  f r os t  c racks  a re  f ound  i n  che  Ne the r -
l a n d s  ( M a a r l e v e l d ,  r 9 7 6 ;  L a r s e n  e r  a l . ,  1 9 8 4 ) .  T h e  m a i n  r e q u i r e m e n t s
fo r  f o rma t i on  o f  i ce -wedges  a re  pe rma f ros t ,  and  some  ex t reme l y  r ow  Eem-
pe ra tu res  du r i ng  t he  w in te r .  Mean  annua l  t empe ra tu res  a re  be low  -6 . c  i n
a reas  whe re  chey  f o rm  today  (pewe  ,  I 9G6 ) .  Fo r  Ge rmany ,  t h i s  wou ld  mean
an  annua l  t empe racu re  15 ' c  l owe r  t han  t oday .  The  pe rma f ros t  i n  t he  men -
t i oned  a rea  was  p robab l y  due  t o  co l d  NE-w inds ,  espec ia l l y  du r i ng  che
w in te r s .  These  w inds  may  pa r t l y  have  been  caused  by  t he  h i gh  p i essu re
ove r  che  Scand inaw ian  i ce - shee t .  Howeve r ,  as  a  t opog raph i ca l  e l emen t ,
t he  i ce - sheeE  d id  no t  change  much  f r o rn  t he  A l l e rod  t o  t he  younge r  D ryas ,
and  t he  NE-w inds  can  t he re fo re  no t  be  mere l y  a  f eedback  resu l t  o f  i n -
c r e a s e d  s i z e  o f  t h e  i c e - s h e e t .

W e  ( L a r s e n  e t  a l . ,  1 9 8 1 + )  h a v e  e a r L i e r  p o i n t e d  o u c  r h a t  y o u n g e r
D r y a s  i c e - w e d g e  c a s t s  a r e  m i s s i n g  a l o n g  c h e  w e s t e r n  c o a s t  o f  N o r w a y ,  e x -
cep t  i n  t he  f a r  no r t h ,  and  have  a t t r i bu ted  t h i s  t o  t he  snow  cove r  du r i ng
w in te r .  La te r  r  have  f ound  one  cas t  i n  a  f o rmer  sho re - l i ne  on  t he  i s -
l and  o f  v i g ra ,  i n  a  pos i c i on  whe re  t he  snow  mus t  have  b l own  o f f  t he
g round  du r i ng  f o rma t i on .  w i t h  che  assump t i ons  g i ven  above ,  t h i s  sug -
ges t s  a  Younge r  D ryas  annua l  t empe racu re  13 "c  r owe r  t han  t oday  i n  wes t -
e rn  No rway .
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C i rque  g l ac i e r s

C i rque  gTac ie r s  p rov i de  a  s imp le r  sys tem fo r  pa leoc l ima t i c  r econ -
s t r uc t i ons  t han  I a rge r  g l ac i e r s  (Su the r l and ,  1984 ) .  D i s t i nc t  end
mora ines  o f  Younge r  D ryas  age  t ha t  a11ow  p rec i se  recons t ruc t i on  o f  each
ind i v i dua l  g l ac i e r ,  a re  common  bo th  i n  t he  B r i t i sh  I s l es  (S i ssons ,
1980a ,  b )  and  a l ong  t he  coas t  o f  No rway  ou t s i de  t he  Scand inav ian
i c e s h e e t  ( A n d e r s e n ,  1 9 7 5 ;  L a r s e n  e t  a L ,  1 9 8 4 ) .  W e  ( M a n g e r u d  e t  a 1 . ,
1979 ;  La rsen  e t  a l . ,  1984 )  co red  a  l ake  a t  K rakenes  i n  wes te rn  No rway
wh i ch  was  f ed  by  a  s t r eam f r om a  c i r que  g l ac i e r .  The  sed imen t  sequence
p roved  t ha t  no  g l ac i e r  ex i s t ed  i n  t he  c i r que  du r i ng  t he  A l l e rod ,  and
tha t  t he  c i r que  g l ac i e r  was  f o rmed  a t  t he  A l l e rod / younge r  D ryas  c rans i -
t i o n .

Ra tes  o f  change .  A  c i r que  g l ac i e r  s t a r cs  t o  f o rm  when  t he  c l ima te
p a s s e s  c e r t a i n  t h r e s h o l d s .  T h e  g e o l o g i c a l  s i g n a l  i s  L h e r e f o r e  g e n e r a l l y
o f  a n  o n - o f f  t y p e ,  a n d  r a t e s  o f  c l i m a t i c  d e t e r i o r a t i o n  a r e  i m p o s s i b l e  t o
de te rm ine .  One  way  o f  so lw ing  t h i s  wou ld  be  t o  i nves t i ga te  when
g l a c i e r s  w e r e  f o r m e d  a t  d i f f e r e n t  e r e v a c i o n s ,  b e c a u s e  g l a c i e r s  w o u l d
f ^ - -  € i  L i ^ L ^ -  ^ r ^ - - - ! : - , - -! v ! ' r  L r r s L  d u  r r r B r r e r  e l e v a t i o n s ,  a n d  p r o g r e s s i v e l y  l a t e r  i n  l o w e r  t e r -
r a i n .  we  have  no t  ye t  had  t ime  t o  pu rsue  t h i s  i dea ,  howeve r  we  t r i ed  a
d i f f e ren t  app roach ;  i n  t he  l ake  a r  K rakenes  we  (La rsen  e r  a I .  1984 )
f ound  i nd i ca t i on  o f  a  c l ima t i c  de te r i o ra t i on  i n  t he  po11en  reco rd  f r om a
r e w e l  c o r r e s p o n d i n g  t o  5 0 - 1 8 0  y e a r s  b e f o r e  t h e  s t a r t  o f  g l a c i o - l a c u s -
t r i ne  sed imen ta t i on .  r n  ano the r  l ake  we  (K r i s t i ansen ,  Mange rud  and
T o m n  m t n r r c . T i n l  r ' n  n r o n a v a t i ^ - \  { . ^ , , ^ J  r L - F  + L ^  - - ^ 1 r ^ -  : -- , - ye  l r r  p repa ra t i on )  f ound  t ha t  t he  po l l en  i n f l ux
( p r o d u c t i o n )  o f  B e t u T a  d e c r e a s e d  f a s t e r  a s  a  r e s p o n s e  t o  t h e  c l i m a t i c
de te r i o ra t i on  t han  t he  compos i t i on  o f  t he  vege ta t i on .  The  d i f f e rence  i n
response  t ime  i s  es t ima ted  as  max imum 100  yea rs .  Howewer ,  bo th  i n  t ha t
po l l en  d i ag ra rn ,  as  i n  mos t  o the rs  f r om wes te rn  No rway ,  t he
A l l e r o d / Y o u n g e r  D r y a s  t r a n s i t i o n  i s  s e e n  a s  o n e  s t e e p  s t e p .  A s  a  f i r s t
app rox ima t i on ,  I  conc lude  t ha t  i n  t h i s  a rea  t he  f u l l  amp l i t ude  o f
change ,  f r om  the  \ , Ja rmes t  A l l e rod  co  t he  co ldes t  younge r  D ryas ,  occu r red
as  one  s tep  w i t h i n  l ess  t han  t v ro  cen tu r i es ;  poss ib l y  w i t h i n  some  few
d e c a d e s  -

AnpT l t ude  o f  change .  C i r que  g l ac i e r s  can  c l ima t i ca l l y  be  cha rac -
x e r i z e d  b y  o n e  s i n g l e  p a r a m e t e r ;  t h e  e q u i r i b r i u m  r i n e  a r t i t u d e  ( E l , A ) -
t he  a l t i t ude  o f  t he  bounda ry  be tween  t he  a rea  o f  ne t  yea r l y  accumura -
L i o n ,  a n d  t h e  a r e a  o f  n e l  a b L a L i o n .  A  m a p  o f  C h e  E [ - A  f o r  p r e s e n t - d a y
g lac i e r s  i n  No rway  i s  g i ven  by  os t r em and  L i es to r  ( 1964 ) ,  f r om  wh i ch  we
c a l c u l a t e d  t h e  p r e s e n t  d a y  E L A  a t  K r a k e n e s  t o  9 O 0 m  a . s . l .  ( F i g . 2 ) .  T h e
Younge r  D ryas  ELA  cou ld  a l so  be  p rec i se l y  de te rm ined  f r o rn  14  recon -
s t r u c t e d  g l - a c i e r s  ( L a r s e n  e t  a l . ,  1 9 8 4 )  r o  1 B 0 m  a . s . I . ,  t h a t  i s  7 0 0 m
lower  t han  t oday .  so  f a r  we  have  no t  been  ab le  t o  d i r ec t l y  de te rm ine
the  E l ,A  f o r  t he  A l l e rod ,  because  we  have  no t  ye t  i den t i f i ed  a  c i r que
g rac ie r  t ha t  su r v i ved  t he  A l l e rod .  As  an  app rox ima t i on  we  have  used  t he
l o w e r i n g  o f  t h e  t r e e - I i m i t ,  s i n c e  t h e  E L A  a n d  t r e e - 1 i m i t  t o d a y  a r e
r o u g h l y  p a r a I 1 e l .  T h i s  m e t h o d  s u g g e s t s  a n  A l l e r o d  E I - A  o f  6 0 0 m  a . s . l . ,  a
r e s u l t  L h a t  a p p e a r s  s l i g h t l y  t o o  l o w  f r o m  o L h e r  c o n s i d e r a t i o n s .  T h e s e
resu l t s  g i ve  a  l owe r i ng  o f  t he  ELA  o f  a t  l eas t  400m a t  t he  A l l e rod /
Younge r  D ryas  bounda ry  (F i g .  2 )  i n  wes te rn  No rway .
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A t l e r s d  I  t o r n n . , "  o r y - ,  I  P r e b o r e a t

F igu re  2 .  Va r i a t i on  o f  che  equ i l i b r i um  l i ne  a l t i t ude  (E tA )  f o r  c i r que

g l a c i e r s  i n  w e s t e r n  N o r w a y  f o i  t h e  p e r i o d  1 l ' 5 0 0  t o  9 0 0 0  y e a r s  a g o '  F o r

s i m p l i c i t y  t h e  p r e s e n t  d a y  E L e  i s  p l o t t e d  a t  9 5 0 0  Y e a r s  B ' P ' '  a s  t h a c

ce r t a i n l y  i s  c l ose  Eo  che  t o t t t t c  va l ue  '  A t  che  r i gh t  ax i s  t he  E I -A

v a r i a t i o n s a r e t r a n s l a c e d t o s u n m e r t e n p e r a t u r e s ' u n d e r c e r t a i n a s s u m p -
t i o n s  d i s c u s s e d  i n  t h e  t e x t '

The  nex t  s t ep  w i l l  be  t o  t r ans la te  t he  ELA  changes  t o  no re  d i r ec t

c l ima t i c  pa rane te r s .  I n  F i g .  3  we  have  p l o t t ed  t he -v t i n t e r  accumu la t i on

ve rsus  sunmer  t empe ra tu res  I t  t he  equ i l i b r i un  l i ne  f o r  p resen t  day

g l a c i e r s i n N o r w a y a n d S v a l b a r d ' \ ' / e h a v e a l s o p l o t t e d p r e s e n t d a y s u m -
mer  t empe racu res  and  w in te r  p rec i p i t ac i on  f o r  t he  c i r ques  a round  K rak -

enes  t ha t  housed  t he  Younge r -D ryas  g l ac i e r s '  The  i dea  i s  t ha t  t he  c l i -

ma t i c  cond i t i ons  f o r  t he  i o t l t ' g t t  D ryas  g l ac i e r s  we re  s im i l a r  t o  t he  con -

d i t i ons  f o r  g l ac i e r s  i n  t h i s  i r ea  Coday .  Be fo re  compar i ng  i t  shou ld  be

men t i oned  cha t  p resen t -day  p rec i p i t a t i on  f o r  t he  Younge r  D ryas  c i r que

g l a c i e r s i t e s p r o b a b l y i s , , , t d t r " ' c i * " t e d , b e c a u s e t h e l o c a l p r e c i p i t a -

t i on  i s  r owe r  a r  che  i eco rd i ng  s ta r i ons  t han  benea th  t he  h i gh -wa l l s  i n

t he  c i r ques .  Hov /eve r '  even  w i t h  t ha t  cau t i on  iE  appea rs  ev i den t  f r om

the  pLoc  t ha t  t he  Younge r  D ryas  w in te r  p rec i p i t a t i on  cou ld  no t  have  been

much  l owe r  chan  coday . "  O ' t "  may  a l so  a rgue  t ha t  w i t f i : he  much  co lde r

c l ima te  a  s i gn i f i canc  h i ghe r  p rec i p i t a t i on  was  un l i ke l y ,  l ead ing  t o  t he

conc lus i on  t ha t  w in te r  p rec i p i t a t i on  v /as  o f  t he  same  o rde r  as  t oday '

W ich  t ha t  assu rnp t i on  F ig .  3  sugges t s  t ha t  t he  Younge r  D ryas  summer  t en -

p e r a t u r e  w a s  B - 1 0 " C  l o w e r  t h a n  t o d a y '  E x t e n d i n g  t h a t  a s s u m p t i o n  a l s o  t o

t h e  A l l e r o d  ( F i g '  2 ) ,  t h e  c o n c l u s i o n  i s  t h a t  t h e  s u r n m e r  ( l ' M a y  t o

3 0 . S e p t e m b e r )  t e m p e r a t u r e  d r o p p e d  5 - 6 ' C  d u r i n g  l e s s  t h a n  t w o  c e n t u r i e s

a r o u n d  1 1 , 0 0 0  Y e a r s  a g o .
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S u m m e r  t e m p e r a t u r e s

F igu re  3 .  C i r c l es :  Measu red  w in te r  acc r :mu la t i on  ve rsus  su l lme r  Eempera -

cr . l i " r  . t  the equi l ibr ium l ine (Ef .A) at  present day glaciers in Norway

and  Sva lba rd .  W inEe r  accumu la t i on  i s  c l ose  t o  w in te r  p rec i p i t a t i on ,

s i nce  ha rd l y  any  me l t i ng  t akes  p l ace  du r i ng  w in te r .  Howeve r ,  i n  c i r ques

w in te r  accumu la t i on  i s  no rma l l y  l a rge r  t han  t he  p rec i p i t a t i on ,  because

snow  b lows  i n  f r om ad jacen t  a reas ,

C rosses :  P resen t  day  summer  t emPera tu res  and  w in te r  p rec i p i t a t i on  i n  t he

c i r ques  Cha t  housed  t he  Younge r  D ryas  g l ac i e r s .  I f  t he  ma in  paC te rn  o f

t he  c l ima te  was  t he  same  du r i ng  t he  Younge r  D ryas  as  t oday ,  t he  c rosses

shou ld  ma tch  t he  c i r c l es ,  and  t he  re l a t i ve  d i f f e rence  i n  summer  t empe ra -

t u re  and /o r  w in te r  p rec i p i t a t i on  can  be  read .  Cons t ruc ted  f r om F igs .  13

a n d  1 4  i n  L a r s e n  e t  a I . ( 1 9 8 4 ) .

THE CAUSE FOR THE YOUNGER DRYAS

I n  t he  f o l l ow l . ng  I  w i l l  l i s t  some  fac t s  and  t hough t s  on  t he

A l l e rod -Younge r  D ryas  sh i f t ,  w i t hou t  r each ing  a  f i na l  conc lus i on .

1 .  The  No r th  A t l an t i c  Ocean  Cu r ren t  and  t he  a tmosphe r i c  c i r cu l a t i on  i n

t he  a rea  a re  dynam ica l l y  l i n ked  i n  a  way  t ha t  a  change  i n  e i t he r  w i l l

cause  a  change  i n  t he  o the r .

2 .  F o l l o w i n g  r h e  w o r k  o f  R u d d i m a n  a n d  M c l n t y r e  ( 1 9 7 3 ,  r 9 8 r ) ,  t h e  s i m -

p l i f i ed  pa th  o f  t he  No r th  A t l an t i c  cu r ren t  can  be  cons ide red ,  on  t he

t ime  sca le  we  a re  d i scuss ing  he re ,  as  hav ing  a  h i nge  eas t  o f  No r t h  Amer -

i ca  ( Lowe  and  Gray ,  1980 ) .  The  cu r ren t  may  t u rn  no r t h  o f  t he  B r i t i sh

I s l es  i n t o  t he  No rweg ian  Sea ,  as  i t  does  t oday ,  and  whe re  i t  has  a  sec -

t o r  o f  f r eedom.  I t  may  a l so  t u rn  sou th ,  pass ing  Po r t uga l  l i ke  che  p re -

senE  day  Cana ry  Cu r renc ,  whe re  i t  a l so  has  a  l a rge  open  sec to r  f o r  va r i -

a t i ons .  The  impo r tan t  po in t  i s  t ha t  su r f ace  cu r renEs  h i t t i ng  Lhe  coas t

o f  Eu rope  a re  f o r ced  e iChe r  t o  t he  no r t h  o r  t o  t he  sou th .  The  rnenc ioned

h inge  chus  has  sec to r s  o f  con t i nuous  va r i a t i ons ,  bu t  w i t h  one  ma jo r

s t e p .  D u e  t o  i t s  h e a t  t r a n s p o r c ,  t h e  N o r t h  A t l a n t i c  C u r r e n t  i s  a  m a j o r

e l emen t  i n  t he  c l ima te  o f  Eu rope ,  and  a  change  i n  t he  f o rm  o f  a  s t ep
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func t i on  o f  t he  cu r ren t  w i l l  p robab l y  cause  a  s tep  i n  c l ima t i c  change .
Super imposed on the change of  the path of  the current ,  might  be more
g radua l  changes  i n  i c s  su r f ace  cempera tu re ,  and  vo lume  o f  wa te r .

3 .  Du r i ng  t he  A l l e rod  a  b ranch  o f  t he  No r th  A t l an t i c  Cu r ren t  en te red
the  No rweg ian  Sea  (Rudd iman  and  Mc ln t y re ,  1973 ,  198 f ) .  Jansen  and
B jo r k l und  ( f 985 )  and  Jansen  ( t h i s  vo l ume)  demons t ra ted  t ha t  t h i s  was
on l y  a  na r row  cu r ren t  i n  Ehe  ex t reme  eas te rn  pa r t  o f  t he  No rweg ian  Sea ,
wh i l e  Mange rud  (1977 )  showed  t ha t  i t  was  a  l r a rm  su r f ace  cu r ren t  w i t h  che
cha rac te r i s t i c s  o f  t he  p resen t  day  A t l an t i c  Wa te r ,  bu t  wh i ch  ended  f a r
sou th  o f  p resen t  no r t he rn  l im i t  o f  A t l an t i c  Wa te r .  Howeve r ,  Vo r ren  e t
a l .  ( f 9 7 8 ,  1 9 8 4 )  f o u n d  e v i d e n c e  o f  w a r m i n g  a s  f a r  n o r t h  a s  T r o m s  ( 7 0 ' N ) ,
and Jansen ( th is volume) concluded that  no deep qrater  vras formed in the
a rea  du r i ng  t he  A l l e rod ,  imp l y i ng  t ha t  t he  cu r ren t  con t i nued  no r t h  a l ong
the  No rweg ian  coas t ,  as  a  p rog ress i ve l y  d i l u t ed  and  coo led  su r f ace  and
in te rmed ia te  wa te r  mass .

I  m a k e  t h e  p o i n c  t h a t  d u r i n g  c h e  A I l e r o d ,  t h e  A t l a n t i c  C u r r e n r  w a s
in  a  we ry  sens i t i ve  pos i t i on ;  a  m ino r  change  i n  i t s  d i r ec t i on  wou ld ,  as
a  s tep  f unc t i on ,  move  t he  f l ow  o f  wa rm  wa te r  f r om  the  coasE  o f  No rway
to \ ^ ra rds  che  coas t  o f  Po r t uga l ,  caus ing  a  sudden  and  l a rge  c l i r na t i c  de te -
r i o r a t i o n  i n  w e s c e r n  E u r o o e .

4 .  Because  o f  t he  ma jo r  c l i r na t i c  s i gna l  i n  Eu rope  and  che  No r th  A t -
l an t i c ,  and  appa ren t l y  sma l l  changes  i f  any  e l sewhe re  i n  che  wo r l d ,  t he
cause  f o r  t he  coo l i ng  has  a l so  been  sough t  i n  t h i s  a rea .  Po in t  I  sup -
po r t s  t h i s  i dea .  Poss ib l y  a  ma jo r  ou t f l ow  o f  i cebe rgs  be t v reen  I ce l and
and  Green land ,  as  pos tu l aEed  bu t  noE  p roven  (Me rce r ,  1969 ;  Rudd iman  and
Mc ln t y re ,  1981 ) ,  was  a  sc rong  enough  d r i v i ng  f o r ce  t o  t he  change .  I
have ,  howeve r ,  two  ob jec t i ons  (Po in t s  5  and  5  be low)  aga ins t  sea rch ing
fo r  t he  u l t i r na te  cause  on l y  i n  t he  No r th  A t l an t i c  a rea .
5 .  The  l a rge  A l l e rod /Younge r  D ryas  amp l i t ude  i n  Wes te rn  Eu rope  i s ,  ac -
co rd i ng  t o  Po in t s  2  and  3  above ,  due  t o  an  amp l i f i ca t i on  caused  by  a  ge -
og raph i ca l  pa t t e rn .  Thus  t he  l a rge  s i gna l  i s  i n  i c se l f  no t  an  a rgumen t
f o r  t he  l ocaE ion  o f  t he  cause .  I n  t h i s  " ch i cken  and  egg  p rob lem"  i t  i s
j us t  as  p robab le  t ha t  a  m ino r  change  i n  a tmosphe r i c  c i r cu l a t i on  i n i -
c i a I I y  c a u s e d  a  s m a l 1  s h i f t  o f  t h e  N o r t h  A t l a n E i c  c u r r e n t ,  a n d  t h a c  c h e
ma jo r  c l ima t i c  change  was  a  f eedback  resu l t  o f  t ha t  change .  Ad jus tmen t
i n  a tmosphe r i c  c i r cu l a t i on  t o  chang ing  i ce - shee t  con f i gu ra t i on  (Rudd iman
a n d  M c I n E y r e ,  1 9 8 1 ) ,  o r  c h a n g e  i n  a t m o s p h e r i c  C 0 2  c o n t e n t  ( B e r g e r  a n d
K i 1 l i n g 1 e y ,  L 9 8 2 )  h a v e  b e e n  p r o p o s e d  a s  p o s s i b l e  i n i t i a l  c a u s e s .  

.

6 .  S imp l y  by  common  sense ,  t  have  o f t en  ma in ta i ned  cha t  t he  Younge r
Dryas  canno t  be  an  exc l us i ve l y  Eu ropean  even t .  Even  i f  t he  cause  shou ld
be  some  " random"  phys i ca l  p rocess  w i t h i n  t h i s  a rea ,  t he  amp l i f i ca t i on
l ed  t o  such  ma jo r  changes  i n  bo th  a tmosphe r i c  and  ocean i c  c i r cu l a t i on
w i t h i n  a  s i gn i f i can t  enough  po r t i on  o f  t he  ea r t h ' s  su r f ace  cha t  i t  had
to  cause  some  k i nd  o f  change  ( coo le r ,  wa rmer ,  d r i e r ,  mo i s te r  c l ima te )  i n
o the r  a reas .  Fo r  a  l ong  t ime  many  sc i en t i s t s  have  a l so  c l a imed  t o  have
found c l imat ic changes which correspond in t ime to the Younger Dryas
( r e f s .  i n  e . g .  B r o e c k e r  e t  a l . ,  1 9 8 5 ) .  A n  e x t r e m e l y  i n t e r e s t i n g  t a s k
now  wou ld  be  t o  sepa ra te  wh i ch  changes  a re  d i r ec t  r esponses  t o  t he  u l t i -
ma te  f o r c i ng  o f  t he  No r th  A t l an t i c  changes ,  and  wh i ch  a re  "on1y "  r e -
sponses  t o  Ehe  amp l i f i ca t i on  i n  t he  No r th  A t l an t i c .
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7 .  Obv ious l y  t he  re l a t iwe  t im ing  o f  even t s  i s  impo r tan t  f o r  so l v i ng
many  o f  t he  i nwo l ved  p rob le rns .  We  a re  t he re fo re  i nves t i ga t i ng  vo l can i c
ash  beds  f r om th i s  pe r i od ,  t ha t  can  be  t r aced  bo th  i n  con t i nen ta l  and
mar i ne  sequences .  Fo r t una te l y  such  ash  beds  occu r  bo th  w i ch in  and  j usc
a f t e r  t h e  Y o u n g e r  D r y a s  ( M a n g e r u d  e t  a l . ,  1 9 8 4 ,  1 9 8 6 a ) .
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