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Downcore studies o f planktonic and benthonic foraminifera and  SI80  and 8,3C in the planktonic 
foraminifer N eogloboquadrina pachyderm a  (sin.) in two p iston  cores from the southern part of 
the Norwegian Sea suggest large changes in the oceanic circulation pattern at the end of oxygen- 
isotope stage 2 and in the early  part of stage 1. Prior to oxygen-isotope Termination IA (16,000- 
13,000 yr B.P.), an isolated w aterm ass with lower oxygen conten t and tem perature warm er than 
today existed below a  low salinity ice-covered surface layer in the Norwegian Sea. Close to 
Termination IA , well-oxygenated deep water, probably with positive tem peratures, was intro
duced. This deep water, w hich m ust have had physical and/or chemical param eters different from 
those of present deep w ater in the Norwegian Sea, could have been introduced from the N orth 
Atlantic or been formed within the basin by another mechanism  than that which forms the present 
deep w ater o f the N orw egian Sea. A seasonal ice cover in th e  southern part o f  the Norwegian 
Sea is proposed for the period betw een Termination IA and th e  beginning of IB (close to 10,000 
yr B.P.). The present situation, with strong influx o f warm A tlantic surface-water and deep-water 
formation by surface cooling, was established at Termination IB.

INTRODUCTION

T he faunal and iso topic reco rd s in sed i
m en t c o re s  fro m  th e  N o rw e g ia n -G re e n -  
lan d  S ea  an d  th e  N o r th  A tla n tic  O cean  
clearly  indicate th a t the  oceanograph ic  re 
gime in the  N o rw eg ian -G reen lan d  Sea has 
undergone broad  changes b e tw een  glacial 
and  interglacial stages and  appears to be 
se n s itiv e ly  lin k ed  w ith  v a r ia tio n s  o f  the  
e a r th ’s clim ate (Schnitker, 1974; D uplessy 
et a l., 1975; Kellogg, 1977, 1980; Kellogg et 
al., 1978; D uplessy  et a l., 1980; Belanger,
1982). Today, w arm  saline A tlan tic  surface 
w a te r  e n te rs  th e  N o rw e g ia n -G re e n la n d  
Sea over the sills be tw een  Ice land  and the 
S h e tlan d  Is la n d s . A t la t i tu d e s  b e tw e e n  
S valbard  and Jan  M ayen (Fig. 1), the  A t
lantic w ater becom es so d ense  from  surface
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cooling th a t it sinks and  fills the  abyss o f 
the N o rw eg ian -G reen lan d  Sea and A rctic  
O cean. T h is deep w a te r th en  flow s south 
into the  N o rth  A tlantic  th rough the  D en
m ark S tra it and benea th  the  N o rth  A tlantic 
cu rren t o v er the sills be tw een  the  Shetland 
Islands and  Iceland. I t  is the m ain constit
u e n t o f  N o r th  A tla n tic  d e e p  w a te r  
(N A D W ), w h ich  o c c u p ie s  m u ch  o f  the  
deep-w ater sphere o f the  A tlantic O cean. 
The N orw egian Sea and  areas around  A nt
arc tica , w here deep w a te r is form ed by sea
w ater freezing, a re  today  the m ost im por
ta n t  d e e p -w a te r  so u rc e s  fo r  th e  w orld  
oceans.

D ow ncore variations o f  planktonic fo ra
m in ife ra  c o m p o s itio n  in  N o rw e g ia n  S ea  
sed im en ts  (K ellogg, 1977, 1980) ind ica te  
that th e  subpolar fauna linked  to w arm  A t
lan tic  w a te r  e n te re d  th e  N o rw e g ia n  S ea  
only tw o tim es during the last 440,000 yr: at 
th e  p e a k  o f  in te rg la c ia l o x y g e n -iso to p e
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s tag e  5e (E em ian ) and a t s ta g e  1 (H olo- 
cene). It has also  been  show n by  m eans of 
b e n th o n ic  fo ra m in ife ra  th a t  th e  ty p ica l 
N A D W  as know n today w as no t p resen t in 
the A tlantic during m uch o f  the last glacia
tion (S treeter, 1973; Schnitker, 1974, 1979). 
S tudies o f oxygen iso topes in foram iniferal 
tests  from  cores from  the  N orw egian Sea 
and  th e  N o rth  A tlan tic  (D u p lessy  et a l., 
1975, 1980) support the faunal ev idence that 
deep-w ater form ation  w as lim ited o r did not 
tak e  p lace  in th e  g lacial N o rw eg ian  Sea. 
Weyl (1968) and N ew ell (1974) have pro 
posed  m odels w hich link clim atic fluctua
tions through the  Q uaternary  w ith the cir
culation in the  deep-w ater sphere  by con
sidering  p o ss ib le  a lte ra tio n s  o f  e ith e r  the  
c h a ra c te r is tic s  o f  d eep -w a te r  so u rces  or 
their locations. Investigating  the changes in 
deep -w ate r fo rm atio n  in th e  N orw eg ian  -  
G reenland Sea th rough  g lac ia l-in te rg lac ia l 
transitions m ay shed light on the  feedback  
m echan ism s gov ern in g  th e  in te ra c tio n  o f

th e  e a r th ’s c lim ate  su b sy s tem s and  may 
greatly  aid in  understand ing  and evaluating 
the ro le o f th e  o cean  in clim atic variations.

M ATERIALS AND 
CHRO NO STRATIGRAPHIC 

FRAM EW ORK

This p a p e r  will focus on the foram iniferal 
stra tig raphy  in tw o p iston  cores from  the 
so u th easte rn  slope o f the  N orw ay Basin in 
the  N orw egian  S ea  (Fig. 1). A  detailed  de
sc rip tio n  o f  th e  lith o s tra tig ra p h y  in these 
cores is given in Jansen  et al. (in press). 
C ore 3 1 -3 6  (2620 m depth) is 530 cm long. 
Its low er 526 cm  consists o f a  nonsorted  
sedim ent (diam icton) w hich is in terpreted  
to be o f glaciom arine origin. T he top  4 cm 
consists o f C a C 0 3-rich  foram iniferal ooze. 
C ore 3 1 -3 3  (1580 m depth) is 575 cm long 
and reveals the  follow ing lithological units: 
d iam ic to n , 5 7 5 -6 0  cm , p e litic  sed im ent, 
6 0 -5  cm , and foram iniferal ooze , 5 - 0  cm. 
In both  co res  a  vo lcanic ash zone w as re-
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F ig . 1. Map o f the Norwegian Sea showing locations of the investigated cores.
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corded  slightly below  the ooze. This ash 
zone, w hich is situated  betw een  7 and 9 cm 
in co re  3 1 -3 6  and  betw een 5 and 7 cm  in 
co re  3 1 -3 3 , has been  recorded  at the sam e 
s tra tig ra p h ie  level in sev e ra l o th e r co res 
fro m  th e  c o n tin e n ta l  sh e lf  and  s lo p e  o ff 
w este rn  N orw ay  (Jansen et al., in press). 
B oth  cores w ere  exam ined w ith X rays and 
no signs o f  tu rb id ites w ere found.

To prov ide inform ation on the paleocir- 
c u la tio n  b o th  a t th e  su rface  an d  in  the  
deeper p a rt o f the  N orw egian Sea, p lank
tonic and ben thon ic  foram inifera have been 
analyzed  in the  tw o cores. T he resu lts of 
these  analyses, together w ith the  oxygen- 
and  c a rb o n -iso to p e  reco rd s  o f  the  p lan k 
ton ic  foram inifer N eogloboquadrina  p a ch y
derm a  (sin .), a re  show n in F igures 2 and  3. 
T he iso tope  da ta  are also given in Tables 1 
and  2. The tim e fram ew ork  for the cores is 
based on th ree  lines o f evidence.

1. O xygen-Iso tope  Stratigraphy

B o th  c o re s  d isp lay  a s te p w ise  ch an g e  
from  heavy  glacial isotopic values to the 
light values found  in the postglacial unit. 
T he heav iest 6180  values o f N . pachyderm a  
(sin.) in co re  3 1 -3 6  are found ju s t  below  
this transitiona l zone and are close to  those 
found by K ellogg et al. (1978) for this spe
cies in iso tope  stage 2 in sedim ents from  
central parts o f the  N orw ay B asin. T he gla
cial ex trem e o f  the 8 ,80  value is slightly 
lighter (about 0.5%c) in the shallow er-lying 
core  3 1 -3 3  w hich also show s a less d istinct 
d o w n c o re  p a t te r n  in  b o th  ô 180  and  ô 13C 
c o m p a re d  w ith  c o re  3 1 -3 6 . G lac ia l r e 
w orking and  dow nslope transpo rt o f o lder 
in te rg lac ia l and  m eltw a te r-in flu en ced  m a
te ria l fro m  sh e lf  a reas  could  acco u n t fo r 
this featu re . P lankton  tow s and  calculations 
o f iso to p ic  te m p e ra tu re s  in d ica te  a  deep  
hab ita t fo r N . p a ch yd erm a  (Kellogg et al., 
1978). M ean tem p era tu re  for the  upper 300 
m o f  the  w ater colum n over the coring sites 
is b e tw e e n  7° and  9°C (S æ len , 1963; 
M osby, 1959). U sing the  paleo tem peratu re  
equation  o f  S hackleton  (1974), we obtain an 
isotopic tem pera tu re  o f  9.4°C fo r the  top

sam ple o f  core 3 1 -3 3 , w hich is c lose to the 
ex p ec ted  H olocene value, w hereas the top 
sam ple o f  co re  3 1 -3 6  only gives 3.8°C. A 
slow  sed im enta tion  ra te  and loss o f  the top 
sed im en t during coring m ay have prevented  
the  top  sam ple o f co re  3 1 -3 6  from  fully a t
taining th e  expected  H olocene level. Both 
c o re s  d isp la y  a  tw o -s te p  tre n d  in 8 I80  
values w hich also have been  recorded  at 
th e  t r a n s i t io n  fro m  s ta g e  2 to  1 in the  
A tla n tic  (B e rg e r, 1978; Jo n e s  an d  Rud- 
d im an, 1982). H ow ever, we note that the 
values a t  the p lateau  betw een  the  tw o steps 
are  a b o u t 1 %o lighter in co re  31 -3 3  than in 
3 1 -3 6 . T h is fea tu re  is difficult to explain as 
the  tw o  cores a re  situa ted  quite close to 
each  o ther. D ifferences in input o f redepos
ited p lank ton ic  foram inifera and (or) strong 
grad ien ts  in the  u p p er w ater m asses may be 
p o ss ib le  ex p lan a tio n s . H o w ev er, co rre la 
tions b o th  to  foram iniferal m arkers and to 
the  ash  lay e r show  that the  tw o steps occur 
a t the sam e stra tig raphie  level. Therefore 
w e co rre la te  our tw o steps w ith Term ina
tion  IA  and IB in the A tlantic  (D uplessy et 
al., 1981) and use them  for timing foramin
iferal ev en ts . D etailed  dating of co res from 
the  N o rth  A tlantic (D uplessy  e t al., 1981) 
and  o ff W est A frica  (S a rn th e in  e t  a l., in 
p re ss )  in d ic a te s  th a t T erm ination  IA , the  
f ir s t  d eg lac ia l s te p , to o k  p la c e  b e tw een
16,000 and  13,000 y r B .R  T he second step, 
T erm ination  IB , occu rred  betw een  10,000 
and  8000 y r B.P. The substages o f  Termi
n a tio n  I  a p p e a r to  be q u ite  synch ro n o u s 
w ith in  th e  reso lu tion  o f  the  14C-age deter
m inations in the  w est A frican and  N orth  
A tlan tic  cores. W ith regard to  the  southerly 
position  o f the  coring sites in the  N orw e
gian S ea  and their proxim ity  to the  N orth 
A tlan tic , w e will assum e th a t the  basic iso
top ic  signals follow the  sam e tim e schedule 
w ithou t any m ajor tim e lag.

2. V olcanic A sh  Z one

T he volcanic ash zone, w hich m ust re
cord  a  large volcanic event som ew here in 
the  N orw egian Sea a rea , is a  good stra ti
g raphie  m arker in co res from  the  N orw e-
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TABLE 1. O x y g e n  a n d  C a r b o n  I s o t o p e  D a t a  i n  N . pachyderm a  (s i n .)  f r o m  C o r e  31-36

Sample No.

Depth 
in core 

(cm)
8 l80  

(%o vs PDB)
8 13C 

(%c vs PDB)

1

<N1O

+ 3.32 + 0.06
2 3 -4 + 4.00 + 0.11
3 8 -1 0 + 3.97 + 0.12
4 13-15 +  3.90 + 0.23
5 17-19 +  3.54 -0 .0 4
8 29-31 +  4.88 + 0.24
9 34-35 +  4.62 -0 .5 9

21 65-67 + 3.99 -0 .5 2
24 95-96 + 3.51 -0 .3 5

gian S ea  and  th e  N o rw eg ian  c o n tin en ta l 
m argin. R ad iocarbon  dates o f m arine mol- 
lusks found in co res  from  the continental 
m arg in  o ff w e s te rn  N o rw ay  in d ica te  th a t 
deposition  o f  the  ash  took place ju s t  prior 
to 10,000 y r B .R  (Jansen et al., in press). 
In  co res 31 -3 3  and  3 1 -3 6 , the ash  layer is 
situated  ju s t  below  Term ination IB , the  be
ginning of w hich is da ted  to  abou t 10,000 yr 
B .P. M an g e ru d  e t  a l. (in p re ss )  h av e  r e 
corded  an ash horizon  in lake deposits in 
w estern  N orw ay  w ith 14C dates indicating 
an age close to  10,600 y r B.P. G eochem ical 
analyses ind icate  th a t the  ash in the  m arine

TABLE 2 . O x y g e n  a n d  C a r b o n  I s o t o p e  D a t a  in  
N . pachyderm a  (S i n .) f r o m  C o r e  31-33

Depth 
in core 

(cm)
8 l80  

(%0 vs PDB)
8 13C 

(%o vs PDB)

0 -2 + 1.64 + 0.14
3 -5 + 2.89 +  0.28

10-13 + 2.90 + 0.09
20-23 + 3.13 + 0.30
30-33 +  3.14 - 0.12
40-43 +  2.61 -0 .1 8
50-53 +  3.23 -0 .1 4
60-63 +  3.26 -0 .3 9
70-73 +  2.66 - 0.11
80-83 +  3.64 -0 .1 4
90-93 +  4.09 + 0.06

100-104 + 4.08 +  0.09
110-114 + 4.44 + 0.14
120-124 + 3.18 - 0.01
130-134 +  2.62 -0 .4 6
140-144 + 3.56 -0 .6 9

cores and in  the  lim nic sedim ents record  
th e  sam e vo lcan ic  even t on Iceland. Thus 
the  ash  zone  can be u sed  fo r stratigraphie 
correla tion .

3. C orrelation w ith l4C -D ated  Cores

C ores 3 1 -3 6  and 31 -3 3  have been co r
re la ted  by m eans o f  bio stra tig raphie  criteria 
w ith  14C -dated  cores from  the  continental 
shelf and slope  in the sam e area  (Jansen et 
al., in p ress). T h ese  dates also support the 
c h ro n o s tra tig ra p h y  o f  th e  tw o  c o re s  sug
gested  by  the oxygen-iso tope reco rd  and by 
the  age o f the  ash  layer.

FAUNAL AND ISOTOPIC CHANGES

Pre-Term ination  I  A

T he low er p a rt o f  bo th  cores (Figs. 2 and 
3) reveals a  ben thon ic  foram iniferal assem 
blage poor in the  num ber o f  individuals and 
relatively  rich  in the  num ber o f species. It 
is dom inated  by  Elphidium  excava tum  and 
o th e r species com m on to a rc tic  shelf areas 
and also exhibits a high percen tage  o f pre- 
Q uate rnary  species. This indicates th a t the 
assem blage is derived largely from  glacial 
e rosion  on the  con tinen ta l sh e lf o ff N orw ay 
and  by iceberg  tra n sp o rt. In v estig a tio n s 
fro m  o th e r  p a r ts  o f  th e  N o rw e g ia n  Sea 
show  th a t the dom inance o f  displaced ben
thon ic  species in the glacial p arts  o f cores 
3 1 -3 6  and 31 -3 3  is a  regional phenom enon 
w hich in the W eichselian firs t occurs som e
w h e re  in  o x y g e n -iso to p e  s ta g e  3 o r  4
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(S tree te r et al., 1982). O ur da ta  reveal that 
th e  N orw egian S ea  was reinhabited  by ty p 
ical b en th o n ic  d eep -sea  sp e c ie s , such  as 
C ib ic id es  w u e lle rs to r fi  an d  E p o n id e s  
um bonatus, ju s t  before o r w ithin Term ina
tion  IA.

T he suppression  o f the ben thonic  fauna 
p rio r to  Term ination IA  is difficult to  ex 
p lain , as no analog is know n from  the deep 
o ceans today. L ow  planktonic foram iniferal 
p roduction , together w ith high dom inance 
o f  N . pachyderm a  (sin.), ind icate  a  year- 
ro u n d  sea-ice  co v e r (K ellogg , 1977). B e
la n g e r  (1982) p re s e n ts  e v id e n c e  th a t  th e  
p roductiv ity  o f  the  presum ably  ice-covered 
N orw egian Sea w as very  low  during m uch 
o f  the  last glacial stage, and  he considers 
th is  an  eco lo g ica l f a c to r  p o s s ib ly  a c 
counting  for the  absence o f the  benthonic 
species C. w uellerstorfi. O n the o th e r hand, 
an  ice cover does no t, in general, ap p ear to 
suppress a  typical deep-sea assem blage, as 
is show n for the A rctic O cean w here a rich  
ben thon ic  fauna exists today  under a  year- 
round  ice-covered  sea (L agoe, 1977). A lso, 
tem pera tu re  changes are unlikely to  have 
basically  affected the ben thon ic  foram inif
eral fauna, as glacial tem pera tu res o f  the 
deep  w ater o f the  N orw egian S ea  canno t 
have been m uch low er than  today  ( -  1°C), 
bu t ra th er w ere  higher by several degrees 
(D uplessy  e t a l., 1975).

A no ther and p robably  m ore crucial eco 
logical fac to r is the oxygen co n ten t o f  the 
deep  w ater. S tree te r and Shack le ton  (1979) 
have considered  the abundance  o f  C. w uel
lerstorfi to  be indicative o f  oxygen avail
ability  in the  bo ttom  w ater o f  the N o rth  A t
lantic . The poorly  developed b en thon ic  fo r
am in ife ra l a sse m b la g e  in th e  N o rw e g ia n  
S ea  m ight thus be explained by hy p o th e
sizing th a t during glacial iso tope  stages 2, 
m ost o f  3, and p a rt o f 4 (B elanger, 1982), 
the  deep w ater o f  the N orw egian  Sea w as 
is o la te d  fro m  th e  N o r th  A tla n tic  w a te r  
m asses. A  stable therm o-haline stra tifica
tion  could have p reven ted  deep-w ater for
m ation, and  the deep  w ater o f the  N orw e
gian Sea hence  becam e dep le ted  in oxygen.

A s te a d y  o u tflo w  o f  m e ltw a te r  from  th e  
large ice  sheets draining to  the  N orw egian 
S ea  a n d  th e  A rc tic  O c e a n  co u ld  hav e  
crea ted  a  sort o f “ fjord s itu a tio n ”  charac
terized  by  a relatively  low -oxygen-content 
w a te r  m ass  u n d e r  a  lo w -sa lin ity  su rface  
lay e r, w ith  th e  sh a llo w  r id g e s  b e tw e e n  
Sco tland  and  Ice land  acting as sills for the 
“ fjord o c e a n .”  T he stable carbon-iso tope 
record  o f  the  deep-dw elling N . pachyderm a  
reveals ligh ter 813C values fo r th e  glacial 
sections below  Term ination IA  th an  above 
(average difference about 0.5%o). O ne ex
p lanation  for this could be an  enhanced  ac 
cum ulation  in the  w ater o f C 0 2 from  de
c o m p o sitio n  o f  iso to p ica lly  ligh t organic 
m atter, thereby  pointing to  p o o r renew al of 
the w a te r body and correspondingly  low er 
0 2 c o n te n t ,  as ex p la in e d  by K ro o p n ich  
(1980) and  by S hackleton  et al. (in press). 
This v iew  w ould be in acco rdance  w ith the 
c o n c lu s io n s  b ased  on th e  co m p o sitio n  of 
the ben thon ic  foram iniferal fauna. Similar 
glacial-to-interglacial changes in 8 13C, both  
in ben thon ic  and deep-dw elling planktonic 
fo ra m in ife ra , h av e  b een  fo u n d  in  o th e r  
b a s in s  and  h a v e  b een  e x p la in e d  by  e n 
hanced accum ulation  o f biologically fixed 
carbon  on land (Shackleton, 1977) o r in the 
sea (B roecker, 1981) in in terglacial tim es. 
C ores from  outside the  N o rw eg ian -G reen 
lan d  S e a  (S h a c k le to n , 1977); fro m  the  
S ierra  L eone  rise , eastern  A tlantic  and off 
w este rn  A ustralia  (H . E rlenkeuser, unpub
lish ed  d a ta ) , show  g la c ia l- to - in te rg la c ia l 
8 13C ch an g es th a t lag b eh ind  o r are  sy n 
chronous w ith  the respective  8lsO tran si
tions. In  co n trast, the 813C increase  at Ter
m ination IA  in our cores from  the  N orw ay 
Basin seem s to  precede the deglaciation re 
sponse o f 8 180 . H ence, th is pa tte rn  may not 
sim ply reflect a  w orldw ide glacial-to-inter- 
glacial variation in the  carbon  iso tope  ratio 
bu t ra th e r m ay indicate m ore local changes 
in the oceanographic regim e. It m ay reflect 
a  rejuvenation  of the w ater m asses at the 
hab ita t dep th  o f N . pachyderm a  and pos
sibly signals tem porary  open-w ater condi
tions.
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Term ination IA  to IB

T h e  com position o f the benthonic fauna 
began  to change ju s t  p rio r to Term ination 
IA . T h e  ben thon ic  species w hich then  im 
m ig ra ted  in to  the  N o rw eg ian  S ea  hav e  a 
w id e  d is tr ib u tio n  in  th e  w o r ld ’s o cean s  
today  (Figs. 2 and 3). C. wuellerstorfi and 
E . um bona tus  a re  the  m ain constituen ts of 
the  ben thon ic  fauna above 40 cm in core 
3 1 -3 6 . In  co re  3 1 -3 3 , from  a  1580-m w ater 
d ep th , C assidulina laevigata  appears a t the 
sam e level as E. u m b o n a tu s. The presen t 
dep th  hab ita t o f C. laevigata  in the  N o r
w egian  Sea (B elanger and S tree ter, 1980; 
S ejrup  et a l., 1981) is restric ted  to  w ater 
d e p th s  sh a llo w er th an  1600 m. T he high 
a b u n d a n c e  o f  N o n io n  b a rleea n u m  in th e  
pelitic  sed im ent unit o f co re  31 -3 3  co rre 
sponds to  the  m odern  habitat of this species 
in areas w ith  rapid pelitic sedim entation  on 
the  slope o ff N orw ay  (Sejrup et a l., 1981). 
D ata  from  th e  u pper slope (Jansen et a l., in 
p ress) also show  a d istinct depth zonation  
a m o n g  th e  b e n th ic  o rg an ism s w h ich  m i
g ra ted  in to  the  area  close to Term ination 
I A. P rio r to  th is , the  Elphidium  assem blage 
d o m in a te d  a t a ll d e p th s  a long  th e  c o n ti
n e n ta l m arg in  o ff  w e s te rn  N o rw ay . E le 
m ents o f  the  E lphid ium  assem blage are  still 
p re sen t in co res  3 1 -3 6  and  31 -3 3  but g rad
ually d ecrease  relative to  the norm al deep- 
sea  fauna (excep t fo r one sam ple, ap p ar
en tly  m ore affected  by redeposition , in the 
u p p e r  p a r t  o f  c o re  3 1 -3 3 ) . T h e  la rg e  
c h a n g e s  in th e  re la tiv e  a b u n d a n c e  o f  C. 
w uellerstorfi and E . um bona tus  have also 
been  reco rded  by S tree te r et al. (1982) in 
c o re s  from  th e  N orw eg ian  S ea  and  w ere  
suspec ted  to  resu lt from  changes in sed i
m e n ta tio n  ra te  an d  n u trie n t supply . Two 
b e n th o n ic  sp e c ie s , E g gere lla  b ra d y i and  
S ig m o ilo p s is  sc h lu m b e rg e r i,  a p p e a r  in 
co res  3 1 -3 6  and  31 -3 3  and in several o ther 
co res (Jansen  et a l., in press) betw een  Ter
m ination  IA  and  the  ash zone. E xcep t for 
one o ccu rrence  o f  E. bradyi in one sam ple 
(Sejrup et a l., 1981), in w hich it could have 
been  derived  from  o lder un its, these  sp e 
cies hav e  not been reported  in the deep-sea

fauna o f  th e  p re sen t N orw egian Sea, the 
G reenland  Sea, o r the  A rctic O cean (Sejrup 
et al., 1981; B elanger and S tree ter, 1980; 
L agoe, 1977). B oth  species, how ever, are 
com m on co n stitu en ts  in the recen t faunas 
o f the  N o rth  A tlan tic  (Phleger et al., 1953).

T h e  b e n th o n ic  fau n a  also  changes ju s t  
ab o v e  th e  ash  lay e r. C. w u ellersto rfi, E. 
um bon a tu s, and C. laevigata  are still the 
d o m in an t e le m e n ts  b u t E . b ra d y i  and  S. 
s c h lu m b e rg e r i  h av e  d isa p p e a re d  and  a 
num ber o f  new  species such as Triloculina  
fr ig id a , A lv e o lo p h ra g m iu m  su b g lo b o su m , 
and E pistom inella  exigua  appear.

The p lank ton ic  fauna show s an  increase 
bo th  in th e  num ber o f species and  in the 
num ber o f  individuals a t the base o f  Ter
m ination IA , bu t N . pachyderm a  (sin.) is 
still the  dom inan t elem ent. This could be 
explained b y  seasonally  longer ice-free pe
rio d s  a n d /o r  h ig h e r  te m p e ra tu re s  in th e  
upper p a rts  o f  the  w a te r colum n.

P ost-T erm ina tion  IB

T he change to a  p lanktonic fauna dom i
nated  by N . pachyderm a  (dex.) does not 
take place until ju s t  a fter the deposition  of 
the a sh  layer. This is in accordance w ith the 
observ a tio n s o f Sejrup et al. (1980), who 
suggested  an  age close to  10,000 yr fo r this 
faunal boundary , referring to  14C dates on 
m a te r ia l fro m  th e  c o n tin e n ta l sh e lf  o ff 
N o rw ay . K ello g g  (1976), R u d d im an  and 
M c In ty re  (1976), an d  R u d d im an  e t  a l. 
(1977) have used  this faunal boundary  to 
determ ine the  paleoposition  of the oceanic 
po la r fron t. U sing the  sam e crite ria  as these 
au th o rs , o u r d a ta  conflict w ith M angerud’s 
(1977) conclusion  based  on studies o f  lit
to ral m ollusks th a t th e  po lar fron t attained 
a  m ore northerly  position  in the  N orw egian 
Sea betw een  12,600 and  11,000 y r B.R

SU M M AR Y AND CONCLUSIONS

T he faunal da ta  from  tw o cores from  the 
so u th e a s te rn  slo p e  o f  th e  N o rw ay  B asin  
o ff sou thern  N orw ay revealed  low  p roduc
tion ra te s  of foram inifera under peak  glacial 
co n d itio n s . T h e  do m in an ce  o f N . p a ch y-
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derm a  (s in .), the  lack  o f  C. w u e lle rs to rfi  
and o f o ther com m on deep-w ater benthonic 
foram inifera species, and  the  com paratively  
lig h t c a rb o n - iso to p e  c o m p o s itio n  o f  N . 
p a c h y d e rm a  (s in .) su g g est th a t in glacial 
iso tope stage 2 the  N orw egian  Sea w as es
sentially  isolated from  N o rth  A tlan tic  wa
te rs  and suffered from  low  availability  o f 
oxygen.

Shortly  before Term ination IA  (16 ,000-
13,000 y r B .P.), abundances o f benthonic 
and  planktonic foram inifera (relative to  sed
im ent weight) increase, bu t still rem ain  at a 
low  level until Term ination IB (ca. 10,000 
y r B .P .). A t th e  sam e  tim e , so m e o f  th e  
com m on benthonic foram iniferal species in 
dicative o f N orth  A tlan tic  deep-w ater re 
colonized the abyss o f the  N orw egian  Sea. 
T he enrichm ent o f  13C in N . pachyderm a  
(sin.) at the base o f o r shortly  above Ter
m ination IA  and the  reap p earan ce  o f  sev
eral benthonic species slightly la te r po in t to 
an im proved supply o f  oxygen-rich  w ater to 
th e  d e e p e r  p a r ts  o f  th e  N o rw e g ia n  S ea . 
H ow ever, the still-reduced  varie ty  o f ben 
thonic form inifera and  the  lack  o f  a  sub 
polar p lanktonic assem blage ind icate  that 
the  H olocene p a tte rn  o f  w a te r circulation 
had  n o t ye t d ev e lo p ed  in th e  N orw eg ian  
Sea.

The occurrence  in late-glacial sedim ents 
off N orw ay o f ben thonic  species w hich are 
not found in the  p resen t N orw egian  Sea, 
bu t are  well know n in th e  deeper p a rts  of 
th e  N o r th  A tla n tic , is lik e ly  to  in d ic a te  
d e e p -w a te r  te m p e ra tu re s  h ig h e r  th a n  a t 
p resen t. D uplessy e t al. (1981) have sug
g es ted  th a t in th e  g lac ia l p e rio d s  b o tto m  
w ater w ith tem pera tu res o f  abou t +1.3°C  
w as form ed in the  N orth  A tlan tic . O verflow  
o f  th is  w a te r  m ass n o r th w a rd  in to  the  
basins o f the N orw egian S ea  could have oc
cu rre d  a t an in c rea sed  ra te  b e tw e e n  Ter
m ination IA  and IB w hen the po la r front 
was situa ted  farther north  and  m uch closer 
to  th e  I c e la n d - F a r o e  R id g e  th a n  d u rin g  
peak  glacial conditions (R uddim an et al., 
1977). T h is  cou ld  ex p la in  th e  “ A tla n tic ”  
ben thon ic  species found  in the  late-glacial 
N orw egian Sea.

It is o n ly  since Term ination IB (o r the end 
o f the  Y ounger D ryas in terval) th a t abun
dances and  com position o f both  benthonic 
and p lank ton ic  foram inifera and , in partic
ular, th e  dom inance o f  the dextral-coiling 
N . p a c h y d e rm a ,  hav e  g iven  ev id en ce  for 
the estab lishm en t o f  the  N orw egian current 
and h en ce  the m odern  p a tte rn  o f  circula
tion.

O ur d a ta  suggest th a t the  late-glacial cir
culation pattern  in the  N orw egian Sea was 
su b s ta n tia lly  d iffe ren t from  b o th  the  full- 
glacial and  full-interglacial regim es. It may 
re p re s e n t  “ in te r s ta d ia l”  c o n d itio n s  and 
may sim ilarly have prevailed  during parts 
o f oxygen-iso tope stages 5 a - d  and  4 (Be
langer, 1982). R ecent w ork on ra ised  m a
rine deposits  in w estern  N orw ay indicates 
a  very  com plex  h istory  o f the  W eichselian, 
w ith  se v e ra l in te rs ta d ia l se q u e n c e s , each  
one rep resen ted  by a  rich  m arine fauna and 
em bedded  betw een tills (M angerud, 1981; 
A n d e rse n  e t a l., 1983; M ille r e t a l.,
1983). F u tu re  research  will show  if these 
in te rs ta d ia ls  a re  a lso  re fle c ted  by  faunas 
sim ilar to those  o f the late glacial in the 
N orw egian Sea and a  correspond ing  north 
erly position  o f the po lar fro n t in th e  N orth  
A tlan tic .
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