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M arine  sedim ents, m ainly clay and  silt, deposited a t a w ater depth  of 20-30 
m  a re  described. T h e  base o f th e  succession is rad io carb o n  dated  to  12,220 ±  
150 B .P., th e  u pper p a r t to  10,230 ±  180. T h e  shells ind icate  w a ter tem pera­
tu res sim ilar to those of n o rth ern  N orw ay today. T hese shells and  shells from  
o th er localities suggest that warm  A tlan tic  w ater en tered  the  N orw egian  Sea 
p rio r to  12,600 B.P. T he pollen d iagram  from  th e  sedim ents has th e  sam e 
m ain  tren d s as in diagram s from  lim nic  sedim ents covering the sam e period, 
except fo r high percentages of A lnus. T h e  age and  co rre la tion  of several Late 
W eichselian events a re  discussed.

J. M angerud, G eologisk institu tt, A v d .B ,  O la f R yesvei 79, N-5014 Bergen­
i i  n iv  er site te t, N orw ay.

L arg e  areas  o f H o rd a la n d  w ere deg lac ia ted  d u rin g  th e  A lle r0d  C hronozone 
(F igs. 1 an d  14) (M an g eru d  1970, 1972 b, A a rse th  & M an g eru d  1974). L a te r, 
d u rin g  th e  Y o u n g e r D ryas C hronozone , th e  ice f ro n t re -ad v an ced  by a t 
le as t 40 km . T h e  m ax im u m  e x ten t o f th e  in land  ice d u rin g  th is re-advance 
is m a rk e d  by th e  H e rd la  m ora ines (A arse th  &  M an g eru d  1974).

T h e  Â g o tn es locality  discussed in  th e  p re se n t p ap e r lies 2 -3  k m  outside 
th e  H e rd la  m o ra in es  (F ig . 1), an d  inc ludes sed im en ts  of b o th  A lle rpd  and 
Y o u n g er D ryas age.

T h e  s tra tig ra p h ic a l te rm ino logy  used h e re  is in  a c co rd an c e  w ith  th e  p ro ­
posals o f M an g eru d  e t al. (1974). T h e  bou n d aries  o f th e  ch ronozones 
(Y o u n g e r D ryas, A lle rp d , e tc .) a re  defined  in  co n v en tio n a l rad iocarbon  
years.

The Âgotnes locality
T h e  coast o f H o rd a la n d , inc lud ing  S o tra , is ch a rac te rize d  by b a re  bedrock. 
L oose, Q u a te rn a ry  sed im ents a re  m ain ly  fo und  in  to p o g rap h ica l depressions. 
In v estig a tio n  o f th ese  sed im ents is usua lly  possible only  by  coring . In  the  
investiga ted  locality , an  excavated  section  w as accessible fo r  ju s t one day  in 
th e  su m m er o f 1970. F ie ld  w o rk  was, how ever, lim ited  by  dan g ero u s slides 
in  th e  clayey sed im ents.

T h e  locality  is s itu a te d  on  the  landw ard  side of th e  is land  S o tra  (Figs. 1 
an d  2), close to  th e  sho re  o f H je lte f jo rd en , how ever, on ly  6 k m  fro m  the  
open  N o rth  Sea.
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Fig. 1. L ocation  of th e  Â gotnes lo ca lity  in H ordaland . Y ounger D ryas isobases a re  ex­
trapo lated  from  A arse th  & M angerud  (1974, fig. 11).

I t  lies on  a  sm all p en in su la  (F ig . 2), w ith  a  m ax im u m  heigh t o f  29 m 
a.s.l. F ro m  th e  h ighest p o in t th e  b ed ro ck , w ith  sm all patches of till a n d  lit­
to ra l sand, slopes gen tly  e a s tw a rd  to w ard s th e  investigated  locality  (F ig . 3) 
a t ca. 12 m  a.s.l.

T h e  b e d ro c k  is gneiss, fo rm in g  sm all e sca rp m en ts  w ith  crests p ara lle l to 
the  N N W  strik e , and  dip slope in c lin e d  eastw ards. T h e  locality  lies a t the  
fo o t of one o f these  esca rp m en ts  (F igs. 3 an d  4).

D eta ils  o f the  lo ca lity  a re  sh o w n  a t  F igs. 4 an d  5. T h e  sed im ents w ere  
best exposed in  the  so u th e rn  w a ll  o f th e  excava tion , and  the  sequence in  
th is w all is show n a t  F ig . 6.

Grain-size analysis
P artic les  above 16 m m  w ere  e x c lu d e d  fro m  th e  analysis, those co a rse r th a n
0.063 m m  w ere  sieved, w ith  a  s iev e  in te rv a l o f one ph i u n it. T h e  finest 
( <  0.063 m m ) w ere  ana lysed  by th e  p ip e tte  m e th o d , w ith  read ings fo r  each  
ph i un it. In  all sam ples o rg a n ic  m a te r ia l w as rem oved  w ith  H 20 2 befo re  
analysis.
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Fig. 2. M ap o f th e  a re a  a ro u n d  Â gotnes. D uring  the L a te  W eichselian the sea level was 
approxim ately  30 m  above th a t of the p resent day, and the m ap  th ere fo re  gives an  im ­
pression of th e  con tem porary  paleogeography.

Fig. 3. P ho to g rap h y  of th e  Â gotnes locality  a fte r construction  w ork  h ad  rem oved most 
o f th e  sedim ents described. T h e  bedrock  w all is thus m an-m ade. T h e  p h o to g rap h  is 
taken tow ards th e  su m m it of th e  pen insu la  (NW ). T h e  n o rth e rn  edge o f th e  sedim ents 
is m arked  w ith stippled lin e  along th e  base.
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Fig. 4. T o  th e  left ske tch  m ap of th e  Â gotnes locality . T o the r ig h t th e  geological p ro ­
files. T h e  ‘described section’ in d ica ted  on th e  m ap  is show n in Fig. 6 .

In  N o rw ay  a  m odified  W e n tw o r th  scale p roposed  by D oeglas (1968, fig. 1) 
is now  used, an d  th is scale is ap p lied  h e re  (F ig . 7).

M cC am m o n  (1962) a n d  F o lk  (1966) d iscussed th e  effic iency  of th e  d if­
fe re n t p a ra m e te rs  used fo r g ra in -s ize  d is trib u tio n . H ow ever, in  ro u tin e  
analysis o f fine-g rained  sed im en ts , one does n o t always ob ta in  th e  neces­
sa ry  percen tiles fo r  th e  m ost e ff ic ie n t p a ra m e te rs . In  th e  p resen t study , I 
h av e  th e re fo re  u sed  the  m e a su re  o f F o lk  &  W a rd  (1957) fo r the  m ean  g rain  
size:

M z — ($ 1 6  +  $ 5 0  +  $8 4 )/3 , 
an d  th a t o f In m a n  (1952) fo r so r tin g  (s tan d a rd  dev iation )

S — ($ 8 4  -  $16)/2 .
E ven  so, to  o b ta in  th e  value  f o r  $ 1 6 , som e curves h ad  to  be ex trapo la ted .

S elm er-O lsen (1954) an a ly se d  a  la rg e  n u m b e r  of N o rw eg ian  Q u a te rn a ry  
sed im ents o f d if fe re n t geneses, an d  p rese n ted  the  resu lts in  a  u se fu l M d -  
So d iag ram . In  o rd e r  to  c o m p a re  th e  sed im en ts  fro m  Â go tnes w ith  h is re ­
su lts, I  have co n s tru c ted  a s im ila r  d ia g ra m  (Fig. 9), assum ing  th a t 

M z — M d
an d  rec a lc u la tin g  th e  so rtin g  co e ff ic ie n t 

Q75
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Fig. 5. P h o to g rap h  o f the  excavation  taken tow ards the  SE. T he m ain section show n 
in Fig. 6 is in  th e  shadow , w ith  th e  bedrock  wall to the left.

of S elm er-O lsen  (1954) to  be re la ted  to  the  s ta n d a rd  d ev ia tion  expressed  in  
ph i un its  (S):

S =  2.46SO

M a r in e  s h e l l s / . . . in  l e n s e s  
S a m p le

R a d io c a r b o n  d a t e s :  S a m p le  21: 1 0  2 3 0  * 1 8 0  (T-1574) 
—  » — 2 0 : 1 2  2 2 0  * 1 5 0  (T -I023I
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Fig. 6. T he described section. T h e  position fo r all sam ples discussed is given in num bers.
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Fig. 7. G rain-size distribution. C u m ula tive  curves on probability-paper. F o r locations of 
sam ples, see Fig. 6. Sam ple 27: Sand  an d  gravel in th e  bo ttom  of th e  excavation. Sample 
16: T he lense of sand and gravel b e tw een  Â gotnes clay and  A gotnes silt. Sam ple 10:

The sediment sequence
T h e  sequence consist o f 5 m a in  u n its  (Fig. 6). A t  th e  base is a  bed o f sand 
an d  g rav e l a t  least 2 m  th ick , fo llow ed  by a  ca. 1 m  th ic k  bed o f b row n 
g y ttja  clay , w ith  a  g rad u a l u p w a rd  tran s itio n  to  a  bed o f green ish  g rey  silt. 
M a rin e  shells a re  f re q u e n t in  b o th  th e  clay  an d  silt beds.

A b o v e  th e  silt is a  1 m  th ic k  b ed  o f w ell-so rted  sand  (sam ple 10, F ig. 7) 
w ith  a  th in  u n derly ing  bed  of g rav e l. T h is  sand  is a  lit to ra l sedim ent, depos­
ited  d u rin g  th e  H o lo ce n e  u p lif t. T h e  sequence  is capped  by a  1 m  th ic k  bed 
of p e a t o f F lo locene age.
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U p p er A gotnes sand. Sam ple 23 & 25: Brownish gy ttja  clay (A gotnes clay). Sam ple 13 
& 14: G reen ish  grey silt (A gotnes silt).

A l l  th e  beds a re  physically  re s tr ic ted  to  th e  sm all depression , an d  I  will 
th e re fo re  n o t define  an y  fo rm a l lith o s tra tig ra p h ic  un its . F o r  th e  co rre la tio n  
w ith  o th e r  sequences, th e  nam e Â go tnes is, how ever, a ttac h ed  to  each  bed 
(Fig. 6) in  an  in fo rm a l n o m e n c la tu re  (H edberg  1970:16).

T h e  sand  and  gravel (low er A g o tn e s  sand and  gravel)

T his bed w as poo rly  exposed, p a rtly  because th e  overlying sed im en ts co n ­
sta n tly  slum ped dow n, an d  p a rtly  because th e  b o tto m  o f th e  ex cav a tio n  was 
filled w ith  w ate r. In  th e  n o r th e rn  p a r t th e  sand  and  gravel w ere  seen  in  d irec t
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co n ta c t w ith  th e  bedrock , and  I  assum e th is  to  be th e  case also in  the  
deeper p a rts  o f th e  pit, though  possib ly  w ith  a  veneer o f till betw een  the 
b ed ro ck  an d  th is  bed. I t  consists m ain ly  o f very  p o o rly  so rted  sand  and  
gravel (sam ple 27, Fig. 7). H o w ev er, som e bou lders w ere  also found 
th ro u g h o u t th e  bed, and n ea r  th e  bed rock  w all (to  th e  east in  F ig. 6) the  
bou lders dom ina te . A ll the  pebb les a re  a n g u la r  o r su b -angu la r, suggesting  a 
sh o r t d is tan ce  o f w ate r tra n sp o rt. A n  e n c ru s ta tio n  of ca lcareo u s algae was 
observed  on som e pebbles.

I  assum e th a t th is  bed was deposited  m o re  o r  less d irec tly  from  the  g lacier 
fro n t, fo llow ed by som e ro lling  a n d  sliding on  the  sea floor. F ro m  o th er 
field  observa tions in  H o rd a lan d  th e  w ate r d ep th  d u rin g  th e  deposition  can 
be e s tim a ted  to  20-30  m.

T h e  brow n  g y ttja  clay (Â g o tn e s  c la y )

T h is  w as the  m ost strik ing  se d im e n t o f th is  sequence  as m arin e  sed im ents 
fro m  th e  deg lac ia tion  period  v e ry  seldom ly h av e  b row nish  colours. Shells 
o ccu r f re q u e n tly  th ro u g h o u t th e  bed, giving c lear ev idence o f its m arine  
orig in . T h e  shells occurred  p a r tly  in  sm all lenses, an d  p artly  as iso lated  in ­
div iduals, m an y  of them  in  g ro w th  positions. T h e  variab le  th ickness of the 
bed, fro m  30 cm  up  to  100 cm , an d  th e  v a riab le  s tr ik e  a n d  dip o f som e 
in te rn a l bedd ing  p lanes a re  to  b e  expected  in  such  a  sm all sed im en tary  b a ­
sin. H ow ever, due to  the  slum ping , it  was n o t possible to  m ap the  in te rn a l 
s tru c tu re s .

Fig. 8. P a ram ete rs  o f grain-size d istrib u tio n s and  losses on ignition fo r some of the 
sam ples arranged  in s tra tig raph ical o rd e r  (Fig. 6). T h e  sam e sam ples were used in the 
po llen  analysis (Fig. 12).
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T h e  b row nish  co lou r is m o st p ro b ab ly  caused  by th e  h igh c o n te n t o f o r­
g an ic  m a te ria l. T h e  loss o n  ign ition  (F ig . 8) is gen era lly  h ig h e r in  the  
b row n  Â g o tn es clay  th a n  in  th e  g reen ish  g rey  silt above. F ro m  th e  well- 
defined  d iffe ren ce  in  co lour, one shou ld  h av e  expected  even  m o re  consis­
te n t d iffe rences in  o rgan ic  c o n te n t be tw een  sam ples f ro m  th e  tw o beds.

T h e  sed im ents in  the  Â go tnes c lay  a re  very  poorly  so rted  (Figs. 7 an d  8), 
being  m ix tu res  o f gravel, sand , silt an d  clay. E ven  som e cobbles an d  b o u l­
ders w ere  observed. T hus th e  te rm  Â go tnes clay  is used fo r  th e  bed as a 
w hole an d  b ecause o f the  h igh  clay co n ten t.

In  the  m idd le  o f th e  section  (F ig . 6) a  lens o f sand  an d  g ravel (sam ple 16, 
F ig. 7) occu rs  betw een  th e  Â g o tn es clay an d  th e  Â go tnes silt, in d ica tin g  an  
unstab le  sed im en ta ry  en v iro n m en t. M o st p robab ly  th is  is a  slum p deposit 
fro m  sha llow er w a te r  sedim ents. B elow  th is lens th e  Â go tnes clay  is th in n e r, 
p a rtly  due to  com paction , b u t p ro b ab ly  m ain ly  as a  re su lt o f erosion .

T h e  greenish  grey silt (Â g o tn e s  silt)

T h e  b o u n d ary  betw een  th e  Â g o tn es clay an d  the  Â go tnes silt is a  sm oo th  
tran s itio n , show ing  no  h ia tu s , an d  in d ic a tin g  th a t th e  depositiona l en ­
v iro n m e n t changed  g radually . T h e  Â g o tn es silt is 50-120 cm  th ick , an d  has 
a  very  sharp  b o u n d ary  w ith  th e  overly ing  gravel.

M a rin e  shells occu r also in  th is  bed , b u t less freq u en tly  th a n  in  th e  Â g o t­
nes clay.

T h e  sed im en t o f the  Â go tnes silt is p oo rly  so rted  (Figs. 7 and  8), a lth o u g h  
th e  so rtin g  is b e t te r  th a n  in  th e  clay  below  (Figs. 8 an d  9). Som e cobbles 
an d  bou lders w ere  observed.

T h e  genesis o f  th e  Â g o tn e s  clay and  silt beds

A s s ta te d  above, th e re  can  b e  no  d o u b t th a t bo th  beds a re  m arin e . T h e  
sed im ents a re  v ery  p oo rly  so rted , co m p ared  w ith  n o rm al m a rin e  sed im en ts 
(Fig. 9). Som e o f th e  sam ples h ad  a  considerab le  co n ten t o f  ca lcareo u s m a­
r in e  organism s, a n d  to  fin d  th e  in flu en ce  o f these  on  th e  grain-size d is tr ib u ­
tion , th e  C a C 0 3 in  4 sam ples w as rem o v ed  w ith  1 0 %  HC1. I t  can  b e  a s­
sum ed  th a t th is tre a tm e n t did n o t in f lu e n ce  th e  m in e ra l p a rtic le s  sign ifi­
can tly , as lim estones do n o t o cc u r in  th e  bedrock . T h e  C a C 0 3 w as m ain ly  
fo u n d  in  th e  clay fra c tio n , th e  re su lt o f tre a tm e n t being th a t th e  m e a n  g ra in  
size inc reased  som ew hat, an d  th e  so rtin g  becam e considerab ly  b e tte r  (Fig.
9). O n e  m ust, how ever, rea lize  th a t som e of th e  C a C 0 3 rem oved  w as bio- 
g en e tic  m a te r ia l deposited  as se d im e n ta ry  p artic les, a n d  th a t th e  g ra in  size 
d is trib u tio n  o f th e  physically  deposited  sed im ent, p ro b ab ly  lay  som ew here  
be tw een  th e  curves o f th e  H C l- tre a te d  a n d  u n tre a te d  sam ples. (Sylvi H a l- 
d o rsen  (pers. com .) has la te r  fo u n d  th a t several clay m in era ls  w ere  also d is­
so lved in  th e  H C l-trea tm e n t, an d  m y conclusions on th e  C a C 0 3 co n ten t a re  
th e re fo re  erroneous.)
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Fig. 9. M ean  grain  size versus sorting ( =  standard  deviation) from  th e  A gotnes clay and 
Agotnes silt. T h e  boundaries found by Selm er-Olsen (1954) fo r  som e sedim ent types are 
indicated. H is values fo r sorting  an d  m edian are reca lcu lated  according to form ulas 
given on p. 26.

T h e  sed im ents stud ied  w ere d ep o sited  in  a  depression  w ith  a  d ia m ete r of 
ap p ro x im ate ly  50 m. F ro m  the  su m m it o f th e  p en in su la  s itu a ted  app rox i­
m ately  200 m  aw ay, th e re  is a  g e n tle  slope dow n in to  th e  depression  (Fig. 3). 
W ith  h ig h e r sea level p reva iling  a t the  tim e of deposition , th is  depression 
m ust h av e  ac ted  as a  sed im ent t r a p ,  re ta in in g  p artic le s  ro lling , or slum ping 
dow n th e  sea floor, in  ad d itio n  to  the  deposition  of fine partic les  from  
suspension. T h is p robab ly  ex p la in s  th e  grain-size d is trib u tio n  of these  sub­
lit to ra l sed im ents: T h e  w ate r w as  calm  enough  fo r  the  deposition  of clay, 
b u t n evertheless th e re  was a  su p p ly  of coarser particles.

T h e  re la tiv e  sea level m ay  h a v e  flu c tu a te d  som e m etres  du ring  th e  sedi­
m e n ta tio n  period . A lth o u g h  th is  ca n n o t be su b stan tia te d , it  is c lea r th a t in 
th is  su b litto ra l en v iro n m en t, w ith  w ate r dep ths of 2 0 -30  m, sed im en tation  
was very  sensitive to  v a ria tio n  in  th e  sea level, an d  th e  v e rtica l v a ria tio n  in 
th e  g ra in  sizes m ay  p artly  be d u e  to  sea-level v aria tions. T h e  in filling  of the 
depression  itself is also  of im p o rta n c e . T h e  decreas ing  c o n te n t o f clay m ay 
sim ply be a  resu lt o f th e  d ec reas in g  dep th  o f th e  depression . I  also presum e 
th a t th e  top  o f th e  Â gotnes s ilt is d e term ined  by th is in filling , an d  la te r 
w ave erosion .

T h e  in flu en ce  of the  g lacier o n  the  sed im en tary  e n v iro n m en t is very  d if­
ficu lt to  in te rp re t. N evertheless, th e  para llelism  fo r th e  cu rves of grain-size 
d is trib u tio n  (Fig. 8 to  th e  le ft) a n d  pollen (e.g. B etu la , F ig. 12) is strik ing  
an d  ind ica tes  a c lim atic  (glacial) in flu e n ce  on th e  supply  o f m in e ra l particles.
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T h e  co lours also ind irec tly  depend  o n  clim ate , as th e  b row n  Â go tnes clay is 
f ro m  th e  A lle rp d  C hronozone , w h ile  th e  g reen ish  grey  Â gotnes silt is fro m  
th e  Y o u n g er D ryas, w ith  ad v an cin g  g laciers (F ig . 14).

A s m en tioned , th e  low er Â g o tn es sand  an d  g ravel w ere  p robab ly  deposited  
close to  th e  ice  fro n t. T h e  sh a rp  litho log ical b o u n d a ry  to  th e  Â go tnes clay 
ind icates th a t a  h ia tu s  exists, an d  th e  clay was p robab ly  deposited  som e tens 
of k ilom etres d is tan t fro m  th e  g lac ie r f ro n t (see fo ra m in ife ra  p. 38). T h e  
co lo u r re flec ts  h igh  o rgan ic p ro d u c tio n  d u rin g  th e  A lle r0d, an d  th e  upw ard  
change in  co lo u r th e  low er p ro d u c tiv ity  d u rin g  th e  c lim atic  d e te rio ra tio n . 
D u rin g  th e  Y o u n g er D ryas C h ronozone , th e  ice  advanced  tow ards th e  local­
ity , and  s topped  as a  calving g lac ie r in  the  f jo rd , on ly  2 -3  k m  to  th e  east. 
T h e  sed im ents h av e  n o t b een  d is tu rb ed  by ice, an d  they  have been  used to 
p ro v e  th a t th e  ice ad v an ce  did n o t rea ch  this island  (A arse th  & M an g eru d  
1974: 16). T h e  increasing  g ra in  size upw ards in  th e  Â go tnes silt m ay p artly  
b e  due to  th e  ap p ro ach in g  ice, th ro u g h  sed im en t supply  f ro m  icebergs. 
Possibly, how ever, th e  sed im en ts deposited  d u rin g  th e  period  w hen  th e  ice 
f ro n t was closest a re  lost in  a  h ia tu s  a t th e  to p  o f th e  Â go tnes silt.

Radiocarbon dates
T w o rad io c a rb o n  dates have been  ob ta ined , b o th  f ro m  m a rin e  shells. T h e  
datings w ere ca rried  o u t a t T h e  U n iv ersity  of T ro n d h e im , R ad io log ical D a t­
ing  L ab o ra to ry . T h e  ca lcu la tion  m e th o d  used  includes a co rrec tio n  o f 410 
years fo r th e  ap p a re n t age of sea w a te r  (M an g eru d  1972b: 146). H ow ever, 
th e  ap p a ren t age o f m arin e  shells f ro m  th e  coast o f N orw ay  is 440 years 
(M an g eru d  & G u llik sen  1975), an d  th e  dates a re  th e re fo re  co rrec ted  fo r 
th e  add itiona l 30 years. T h is ad d itio n a l co rrec tio n  could  be igno red  fo r  the  
geo log ical p rob lem s, b u t is s ig n ifican t fo r  dates hav ing  a  s ta n d a rd  dev iation  
of on ly  100-150 years. O th e r  shell d a tes  re fe rre d  in  th is pap e r a re  co rrec ted  
in  a  sim ilar way, and  shou ld  th e re fo re  be d irec tly  com parab le  w ith  dates o f 
te rre s tr ia l m ateria l. A lso  w hale -bone dates a re  co rrec ted  fo r a n  ap p a re n t 
age o f 440 years. T h e  L ibby  h a lf  life o f 5570 years is used fo r all dates.

B o th  sam ples o f shells w ere rin sed  in  destilled  w ate r, an d  th e  o u te r  10- 
20 %  rem oved  in  d ilu ted  HC1.

T h e  firs t sam ple (sam ple 20, F ig. 6) w as fro m  a  shell lense s itu a ted  a t  the  
base of the  Â go tnes clay, close to  th e  b ed ro ck  w all, con ta in in g  B alanus  sp. 
an d  M ya  truncata . M e asu rem en ts  o f th e  s tab le  ca rbon  isotopes gave ô13C =  
+  1.5/00 rel. P D B . T h e  d a ting  re su lt w as (T - 1 0 2 3 ) :  12,220 dr 150 years
B.P.

T h e  second  sam ple  (sam ple 21, F ig . 6) was f ro m  a  shell lens ap p ro x im a te ­
ly in  the  m iddle o f th e  Â go tnes silt. T h e  da ted  shells w ere m ain ly  o f B alanus  
balanus, w ith  a  few  pieces of M y a  trunca ta , H ia te lla  arctica, an d  A sta r te  
elliptica. T h e  co rresp o n d in g  resu lts  o f th is sam ple w ere  c>13C =  -0 .2  %0 rel. 
P D B , th e  ra d io c a rb o n  age being ( T -  1574) 10,230 dr 180 years B .P.

T h e  rad io c a rb o n  dates p rov ide th e  m ost im p o rta n t in fo rm a tio n  on th e



34 J. M A N G E R U D

age of th e  sed im en ts, and  th e  resu lts  a re  in d ic a ted  o n  th e  section  (F ig . 6), 
th e  po llen  d iag ram  (Fig. 12), an d  th e  c o rre la tio n  c h a r t (F ig . 14).

Marine shells and palaeo-positions of the Polar Front
A t th e  beg inn ing  o f this cen tu ry , m a rin e  shells w ere  o n e  o f th e  m a in  aids

T able  1. Iden tified  m arine  shells (m olluscs and  balanides) in sam ples 20 and  21 (Fig. 6). 
N um bers a re  only approxim ate, as m an y  of th e  bivalves w ere b ro k en , and th e  frag­
m ents a re  counted  as individuals.

Species

N um ber of 
shells in the 

sam ples 
20 21

R ecent d istribution  and  references

G astropods
P uncturella  noachina 4 1 C old  w aters on bo th  hem ispheres (F re tte r & G ra ­
(Linné) h am  1962). S valb ard -G reen lan d  to  the B ritish

L ep e ta  caeca 14
Isles (Sars 1878).
N . A m erica, S v a lb a rd -G reen lan d  to  th e  British

(M üller) Isles (Sars 1878, F re tte r  & G rah am  1962).
G ibbula cf. cineraria 21 N o rth e rn  N orw ay to  th e  M ed ite rran ean  Sea
(Linné) (Sars 1878 N ordsieck  1968).
M oelleria  costulata 1 G reen lan d -N E  A m erica, N o rth e rn  N orw ay (Sars
(M öller) 1878), to  th e  Bay of Biscay (N ordsieck  1968).
A lvan ia  m ighelsi 7 N . A m erica, G reen land , Svalbard , and th e  ex­
(Stimpson) trem e  N E  N orw ay  (W arén 1974).
A lvan ia  scrobiculata 1 G reen land , Iceland , Svalbard , and  the ex trem e
(M öller) N E  N orw ay  (W arén 1974).
O m alogyra a tom us 4 N o rth e rn  G reen land  to  th e  M ed ite rranean  Sea
(Philippi) (F re tte r  & G rah am  1962).
Trophon  truncatus 1 S v a lb ard -G reen land  to  th e  Bay of Biscay
(Strom ) (Feyling-H anssen 1955, N ordsieck  1968).
Trophon  sp. 1
Lora  sp. 2 A rc tic  w aters (Sars 1878).

Bivalves
M odio lus m odiolus 6 C ircum polar. T he W hite Sea to  th e  Bay of
(Linné) Biscay (Tebble 1966, N ordsieck  1.969).
C hlam ys islandica 2 G reen land-Svalbard  to  L ofo ten . A  few occu r­
(M üller) rences in w estern N orw ay  (W iborg 1963).
A sta rte  elliptica 1 G reen lan d -W h ite  Sea to th e  n o rth ern  British
(Brown) Isles and M assachusetts (O ckelm ann  1958,

Thyasira sarsi 2
Tebble 1966).
N ovaya  Zem lya to  O slofjorden (Jensen &  Spärch

(Philippi) 1934, Feyling-H anssen 1955).
M acom a calcarea 3 4 A rc tic  circum polar. G reen land  to  th e  N o r th  Sea
(C hem itz) (O ckelm ann 1958).
M ya  truncata 7 10 N . A m erica, N o rth  G reen land  and  Svalbard to
(Linné) th e  B ay of Biscay (S trauch  1972).
H iatella  arctica 6 6 W orld-w ide (Jensen & Spärck  1934,
(L inné) S trau ch  1968).

Sum 68 36

Balanides Innum erab le C ircum arctic , extending to  th e  L usitan ian  region
B alanus balanus fragm ents (Feyling-H anssen 1955).
(Linné)
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fo r  Q u a te rn a ry  s tra tig rap h ie  stud ies in  N o rw ay  (e .g . B rpgger 1900-1901,
C. F . K o ld eru p  1908). A fte r  th e  in tro d u c tio n  o f th e  rad io c a rb o n  m ethod , 
in te re s t in  shells w as renew ed , m a in ly  f ro m  th e  p o in t o f view o f dating . I t  
is hoped  th a t a  com prehensive s tudy  o f several p ro p ertie s  (e.g. S tra u c h  1968, 
1972b, A ndrew s 1972, 1973, M an g eru d  1972b) o f th e  L a te  W eichselian  and  
H o lo cen e  shells o f N orw ay  ca n  b e  u n d e r ta k e n . A n  im proved  know ledge of 
m a rin e  shallow -w ater en v iro n m en ts  w ould  be of g re a t im p o rta n ce  in  co r­
re la tio n  o f th e  te rre s tria l a n d  th e  deep sea records.

H e re  on ly  rad io carb o n  d a te s  a n d  a list o f d e te rm in e d  shells a re  inc luded  
(T ab le  1). M o st o f the shells w ere  id e n tif ied  by  cand .rea l. P e r W ik an d e r; 
th e  specim ens of A lva n ia  w ere  id en tif ied  by  D r. A n d e rs  W arén .

Shells o cc u rre d  th ro u g h o u t th e  A go tnes clay  an d  th e  A gotnes silt. H o w ­
ever, la rg e  nu m b ers  of shells w ere  only  co llec ted  f ro m  the  tw o lenses of 
shells (sam ple 20 an d  21, F ig. 6). A s sam ples w ere  collected  f ro m  lenses 
w hich  w ere  m ain ly  m ech an ica l ac cu m u la tio n s, they  con ta in  shells derived 
fro m  d iffe re n t hab ita ts . F o r  in stance , B alanus ba lanus, do m in a tin g  in  b o th  
sam ples, w as p robab ly  p a rtly  a t ta c h e d  to  th e  b ed ro ck  w all, w hile M y a  tru n ­
cata  lived b u rro w ed  in  th e  bo ttom .

T h e  fau n as  of bo th  sam ples (T ab le  1) in d ic a te  co lder w ate r th a n  in  th e  
a re a  today . S everal o f th e  species now  live in  m o re  n o rth e rly  w ate rs , and  
n e a r  th e ir  so u th e rn  lim its th e y  on ly  o cc u r a t  g re a t dep th . A s the  w a te r  dep th  
a t  th e  p resen t locality  did n o t exceed  30 m , th e  species should  be com pared  
w ith  th e ir  p resen t-day  sha llow -w ater o ccu rren ce . In  open  w ate r, C hlam ys  
islandica  does n o t occu r to d a y  so u th  o f L o fo ten . F u r th e r  sou th  it  is only 
fo und  in  fjo rds w ith  re la tive ly  cold deep w ate r. T h e  tw o A lv a n ia  species (in 
sam ple 21) a re  fo und  along  th e  n o r th e a s t coast of F in n m a rk  only  (Fig. 10), 
an d  in  even co lder w ate rs  (T ab le  1).

In  bo th  sam ples, how ever, som e m o re  so u th e rly  species (T hyasira  sarsi, 
M o d io lu s m odio lus, an d  G ib b u la  cineraria) also  o ccu r; th e ir  n o r th e rn  lim it 
lies a t  p re se n t betw een  N o rw ay  a n d  S valbard . O f th ese  th ree  species T h y a ­
sira  fo und  in  sam ple 21 seem s to d ay  to  ex ten d  fu r th e r  in to  the  B aren ts  Sea 
th a n  M odio lu s  and  G ibbula  fo u n d  in  sam ple  20.

I conc lude th a t sam ple 21 (Y o u n g er D ryas) suggests th a t the  w a te r  te m ­
p e ra tu re  w as app ro x im ate ly  th e  sam e as today  a lo n g  the n o r th e rn  m ost 
coast o f F in n m a rk  (Fig. 10), o r  even sligh tly  co lder. U sing  the  su rfa ce  te m ­
p e ra tu re s  g iven by S æ tre  (1973, tab le  1) fo r  K o rs fjo rd en  and  V ard p , this 
m eans th a t th e  m ean  yearly  te m p e ra tu re  w as 3.8° C low er th a n  today. T h e  
d iffe ren ce  w as g rea tes t fo r  th e  su m m er (Ju ly -S e p t. 6 .5° C) an d  sm allest fo r 
th e  w in te r  ( J a n .-M a y  1.6° C). T h e  assem blage of sam ple  20 ind icates s ligh t­
ly w a rm e r w a te r  th a n  fo r sam ple 21, an d  ca n  be com pared  w ith  th e  fa u n a  of 
la rg e r p a rts  o f th e  n o r th e rn  N o rw eg ian  co ast f ro m  T rom s to  F in m a rk  (Fig. 
10).

O f specia l in te res t is th e  o cc u rre n ce  in  sam ple  20 of M odio lu s m od io lus, 
a  species w ith  la rg e  shells an d  th e re fo re  usually  in c lu d ed  in  field  stud ies o f 
Q u a te rn a ry  geology. T h e  n o r th e rn  b o u n d a ry  of th e  p resen t-day  d is trib u tio n
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of M odio lu s m od io lu s  lies very  close to  the  o cean o g rap h ic  P o la r  F ro n t  (Fig.
10), th a t is th e  physica l-oceanograph ic  bou n d ary  b e tw een  A tla n tic  w ate r 
a n d  P o la r  (A rc tic ) w ate r (e.g. D ie tr ic h  1963, fig. 227). M o d io lu s  m o d io lu s  
( = V o lse lla  m od io la  L inné in  F ey ling -H anssen  1955: 133) occu rs  in  n o r th e rn  
N orw ay  and  th e  sou thw estern  p a r t  o f the  B aren ts  Sea. W ib o rg  (1964) repo rts  
th a t its h a b ita t is n ea r  B jp rnpya , b u t  it does n o t re a c h  as fa r  n o r th  as S val­
b ard , w here  it  is a  gu ide fossil f o r  deposits fro m  th e  H o lo ce n e  c lim atic  op­
tim u m  (F ey ling-H anssen  1955: 133).

L itto r in a  litto rea  (L inné) has a  v e ry  sim ilar d is trib u tio n  to  M o d io lu s  m o ­
diolus  (F ey ling-H anssen  1955: 160, N o rd sieck  1968: 40). A lso  M ytilu s  edulis  
L in n é  has a  n ea rly  sim ilar d is trib u tio n , b u t seem s to  to le ra te  sligh tly  co lder 
w ate r, as it occurs in  G reen land  (O c k e lm an n  1963: 61 -63 , H jo r t  & F u n d e r

T ab le  2. T h e  occurrence of th ree  ‘gu ide-fossils’ fo r  th e  A tlan tic  w a ter sou th  of the 
Po lar F ro n t in rad iocarbon  dated L ate  W eichselian sedim ents in H ordaland .
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1974) a n d  is m o re  f re q u en t in  H o lo ce n e  deposits a t S valbard  (Fey ling-H ans­
sen  1955) w here  it possibly has rea p p ea red  in  re c e n t tim e (Feyling-H anssen  
& O lsson 1960: 125).

T hese  th re e  species, an d  o th e r  low -arctic  an d  b o rea l species, can  th e re fo re  
be used  as ‘guide-fossils’ fo r A tla n tic  w a te r  so u th  of th e  P o la r  F ro n t, re ­
m em b erin g  th a t th e ir  lim iting  fa c to rs  a re  n o t id en tica l to  th e  d e fin ition  of 
th e  P o la r  F ro n t. P robably , th e  m ost im p o r ta n t fa c to r  fo r these  th ree  species 
is te m p e ra tu re , w hile th e  P o la r  F ro n t is usua lly  defined  by salinity . T hese 
tw o  fac to rs  are , how ever, in te r-re la te d  in  th e  su rfa ce  w ater.

L E G E N D :

—  —  P re s e n t-d a y  P o la r Front.

N  and 5  lim it fo r the  
pos ition  o f the P o la r  
F ro n t du ring  the given! 
pe rio d }J jvJ

50'

Fig. 10. M ap  of th e  N o r th  A tlan tic  O cean and  th e  N orw egian Sea. Position o f the 
present-day P o la r  F ro n t according to  D ie trich  (1963, fig. 227). Palaeo-positions of the 
P o la r  F ro n t in th e  N o rth  A tlan tic  a fte r  R uddim an & M cIn ty re  (1973, fig. 6).
A long the N orw egian coast th e  P o la r F ro n t was s itu ated  betw een H ordaland  and Trom s 
during  th e  period 12,000-11,000 B.P. D uring  th e  period  11,000-10,000 B .P. the Polar 
F ro n t was pressed southw ards, and  it is uncerta in  if it reached  the N orw egian coast.
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T ab le  2 lists the  know n  o c c u rre n c e s  o f the  th re e  d iscussed ‘gu ide-fossils’ 
in  rad io carb o n -d a ted  L a te  W eich se lian  sed im ents in  H o rd a la n d . E v en  a t 
12,600 B .P . all th re e  species o c c u rre d , an d  one m ust conc lude th a t th e  P o la r  
F ro n t w as s itu a ted  n o rth  o f H o rd a la n d  a t  th a t tim e. T h is  m akes it possible 
to  ex ten d  th e  resu lts of R u d d im a n  & M cIn ty re  (1973) f ro m  th e  A tla n tic  
O cean  in to  th e  N orw eg ian  Sea (F ig . 10).

Soon a f te r  (12,200-12,000 B .P .) , th e  in land-ice rea ch ed  th e  N o rth  Sea 
(Fig. 14) a t th e  coast of H o rd a la n d , b u t th is  even t p ro b ab ly  did n o t  in flu ­
ence th e  position  of the  P o la r  F r o n t  significantly .

F ro m  th e  A lle rp d  C hronozone , M o d io lu s m od io lus  is fo u n d  a t several lo ­
calities (T ab le  2), and  L itto r in a  litto re a  a t one, aga in  ind ica ting  th a t  the  
P o la r F ro n t w as s ituated  fu r th e r  n o r th .

T h e  fau n a s  o f th e  Y o u n g er D ry a s  sed im ents a re  clearly  co lder, a n d  none 
of th e  th re e  m en tio n ed  species a r e  found . T h is m ay in d ic a te  th a t th e  A t­
la n tic  w a te r  d id  n o t reach  th e  c o a s t o f H orda land . I t  m ay , how ever, on ly  be 
a  local en v iro n m en ta l response to  th e  m a jo r  glacial re -ad v an ce  w h ich  to o k  
place in  H o rd a la n d  during  th e  Y o u n g e r  D ryas C hronozone  (Fig. 14).

A lo n g  th e  coast o f N orw ay  n o r th  of H o rd a lan d , m a rin e  shells o c c u r  f re ­
quen tly  in  L a te  W e ic h se lian /E a rly  H o locene  sedim ents. H ow ever, v e ry  few  
o f them  a re  p rec isely  en ough  d a te d  to  be used in  a  discussion on th e  loca­
tio n  of th e  P o la r  F ro n t. F ro m  T ro m s  (Fig. 10), A n d ersen  (1968: 70 -7 1 ) has 
given an  ex tensive  list o f species f ro m  rad io carb o n -d a ted  sed im ents, cover­
ing th e  p e rio d  f ro m  ca. 12,500 y e a rs  B .P . ( th e  B plling C hronozone) to  ca. 
9500 years B .P . (th e  P re b o re a l C h ro n o zo n e ). T h e  fau n as of T ro m s a re  of 
d istinctly  co lder type th a n  th e  c o n tem p o ran e o u s  fau n as  in  H o rd a la n d , and  
n o n e  of th e  th re e  ‘guide-fossils’ w e re  fo u n d  th e re . S everal o f th e  fau n a s  
described  f ro m  T ro m s lived, h o w ev e r, n e a r  ice fro n ts , a n d  a t  th a t  tim e  a  
steep eco logical g rad ien t obv io u sly  existed  from  the  calv ing g laciers in  the  
fjo rds to  th e  open  ocean.

M y p re lim in a ry  conclusion  is t h a t  th e  P o la r F ro n t be tw een  th e  A tla n tic  
w ate r an d  th e  cold A rc tic  w a te r  w a s  s ituated  betw een  H o rd a la n d  an d  T ro m s 
d u rin g  th e  B plling  and  A lle rpd  C hronozones. In  b o th  a reas  the  Y o u n g er 
D ryas fau n a s  w ere  clearly  c o ld e r  th a n  th e  A lle rpd  faunas, in d ica tin g  th a t  
the  f ro n t m oved  sou thw ards d u r in g  the  Y o u n g er D ryas (cf. R u d d im a n  & 
M c In ty re  1973), an d  possibly t h a t  th e  w arm  A tla n tic  w a te r  did n o t reach  
the  coast o f N o rw ay  d u rin g  th e  Y o u n g e r  D ryas.

Foraminifera
T h e  fo ra m in ife ra  w ere  iden tified  b y  cand .rea l. Iv a r M iljeteig . T h e  m ethods 
an d  the  ta x o n o m y  follow  th e  p r a c t ic e  o f F ey ling-H anssen  e t al. (1971).

T h e  fo ra m in ife ra  w ere in v e s tig a te d  fo r  tw o reasons: firstly  to  fo llow  th e  
change o f en v iro n m en t f ro m  th e  b ro w n  Â gotnes clay to  the  g reen ish  grey  
Â gotnes silt; secondly , as a  c o n tr ib u tio n  to  the  co rre la tio n  of te rre s tr ia l and  
m arin e  sed im ents.
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Fig. 11. C om position of th e  benthic fo ram in ife ra  occurring  in a t least one sam ple w ith 
a frequency of m ore th an  5 %.
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Fig. 12. D iag ram  of pollen, spores, a n d  H ystrix . T h e  black silhouette  curves a re  on th e  
sam e scale fo r all pollen and spore types. F ive tim es exaggeration is indicated  by sil­
houettes w ith  h o rizon tal lines a t th e  sam p le  levels.

In  th e  Â g o tn es clay fo ra m in ife ra  w ere  ab u n d a n t; betw een  600 a n d  5,000 
specim ens p er 100 g d ried  se d im e n t w ere  fo u n d  in  all sam ples. E v en  in  th e  
lens of sand  an d  gravel (sam p les  16 an d  17) fo ra m in ife ra  w ere  f re q u en t. 
H ow ever, in  th e  Â go tnes silt (sam p les  11-14 an d  26) fo ram in ife ra s  w ere  
ra re , an d  th e re fo re  one of th e  a im s  of th e  investiga tion  could  n o t be fu l­
filled. I n  a  sm all sam ple  (no. 21) f ro m  th e  shell-rich  lens in  th e  Â g o tn es silt, 
fo ra m in ife ra  w ere  a b u n d a n t (F ig . 11). I  th e re fo re  assum e th a t fo ra m in ife ra  
w ere  also  o rig ina lly  p resen t in  t h e  silt, an d  th a t th e ir  absence to d ay  is due 
to  post-depositiona l d issolution . I n  th e  shell lens the  in te rs titia l w a te r  was 
m o re  a lk a lin e  an d  the  fo ra m in ife ra  w ere  preserved.

I n  all sam ples (Fig. 11) th e  fo ra m in ife ra  assem blages a re  typ ica l fo r  sha l­
low -w ater env ironm en ts . T h e  sp e c ie s  id en tified  a re  those  com m on  in  L a te  
P le is tocene  an d  H o lo cen e  se d im e n ts  iden tified  in  N orw ay  an d  D e n m a rk  
(F ey ling-H anssen  1964, F ey lin g -H an ssen  e t al. 1971, A arse th  e t al. 1975).

A cc o rd in g  to  th e  reco rds in  F ey lin g -H an ssen  (1964) and  F ey ling-H anssen  
e t al. (1971), E lp h id iu m  u m b ilic a tu lu m  ( =  E .e xc a va tu m  in  F ey ling -H anssen  
1964) an d  E lp h id iu m  a lb iu m b ilic a tu m  in d ica te  th a t the  sea w a te r  w as n o t 
ex trem ely  cold. B o th  species o c c u r  f re q u en tly  in  the  low er tw o u n its  (Fig.
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11). F o r  th e  Â go tnes clay, this accords w ith  th e  conclusions d raw n  on  the 
bases of th e  m olluscs (sam ple 20), an d  also w ith  th e  assu m p tio n  th a t  the 
g laciers h ad  re tre a te d  fa r  in to  the  fjo rds d u rin g  th e  A lle rpd . C on cern in g  the 
lens of sand  an d  g ravel betw een  th e  clay an d  silt (Fig. 6 a n d  11), th e  fo ra ­
m in ife ra  assem blages in d ica te  th a t it belongs to  th e  A lle r0 d  an d  n o t to  the  
Y o u n g er D ryas.

T h e  tw o species m e n tio n ed  above a re  n o t fo u n d  in  sam ple  21 f ro m  the  
Â go tnes silt. O n  th e  o th e r  han d , th e  assem blage fo und  in  th is  sam ple is 
n e a rly  id en tica l to  th a t  described  by N ag y  (1965: 113) f ro m  T re sk e lb u k ta , 
S p itsbergen , co llec ted  3 -6  k m  fro m  calving glaciers. I t  is n o t possible to  
d raw  d efin ite  conclusions fro m  th is single sam ple , w h ich  in  ad d itio n  w as too 
sm all to  b e  s ta tis tica lly  reliable. N evertheless, it  is s tr ik in g  th a t  it  ind icates 
th e  sam e en v iro n m en t as in d ica ted  by th e  sed im en t an d  shells.

Pollen, spores, and Hystrix
P o llen  analysis w as m a in ly  p e rfo rm ed  to  investiga te  th e  possib ilities o f th is 
m e th o d  fo r  th e  c o rre la tio n  o f te rre s tr ia l an d  m a rin e  sequences a long  th e
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coast o f N orw ay. C on cern in g  th e  g en e ra l p rob lem s involved in  po llen  a n a l­
ysis of m a rin e  sedim ents, re fe re n c e  is m ade  to  G ro o t & G ro o t (1966).

T h e  p rep a ra tio n  tech n iq u e  w as slightly  m od ified  f ro m  th a t o f Z ag w ijn  & 
V ee n stra  (1966: 546) a n d  V o rre n  (1972: 237). S ep ara tio n  in  b ro m o fo rm , 
d ilu ted  w ith  a lcoho l to  a  sp. gr. 2 .2 , w as rep e a te d  2 to  4 tim es. W e fin d  th a t 
sep ara tio n  in  heavy  liquids g ives m u c h  c lea n e r p rep a ra tio n s  th a n  th e  H F  
tre a tm e n t (F æ gri & Iversen  1966: 69), g en e ra lly  used  in  S candinavia . T h e  
po llen  coun ts w ere ca rried  o u t by  can d .rea l. E . S pnstegaard  an d  can d .rea l. 
K . Skâr.

D iagram  and zones
T h e  resu lts a re  show n in a  to ta l  po llen  d iag ram  (Fig. 12), w h ich  w ith  sm all 
m odifications is com m only  u sed  fo r L a te  W eichselian  sed im ents in  n o r th ­
w estern  E u ro p e . L o n g -d is tan ce  tra n sp o rte d  po llen  a re  also inc luded  in  the  
po llen  sum  (M an g eru d  1970: 127). T h e  spores a re  n o t included  in  th e  sum  
o f po llen , even th o u g h  th is w o u ld  p e rh a p s  b e  m o re  logical (e. g. B irks 1973: 
222). In  the  p resen t d iag ram , th e  n u m b e r of spores a re , how ever, so low  
th a t th e  po llen  curves w ould  n o t  have sign ifican tly  changed  if  th e  spores 
h ad  been  included.

I have subdivided the  sed im e n ts  b io s tra tig rap h ica lly  in to  in fo rm a l po llen  
assem blage zones (M an g eru d  e t  al. 1974). M an y  o f th e  po llen  curves show  
a  m a rk e d  ch an g e  betw een  sa m p le  25 an d  26. B etu la  s ta rts  to  decrease, b u t 
fo r th is species th e  b o u n d ary  c o u ld  ju s t as w ell have been  placed betw een  
sam ple 26 an d  14. B ecause o f th e  gen era lly  h igh  N A P  co n ten t and  th e  B e­
tu la  m ax im um , th e  low erm ost zo n e  is ca lled  th e  B etu la -N A P  assem blage 
zone. A lso  th e  succeed ing  z o n e  has a  v e ry  h igh N A P  co n ten t, and  I  have 
selected tw o o f  th e  im p o rta n t species w ith  a  m a rk e d  increase  a t th e  low er 
b o u n d ary , and  te rm ed  it  th e  A rte m is ia -L y co p o d iu m  assem blage zone. 
Sam ple 10 is d iffe ren t fro m  a l l  th e  o th e rs ; as it  has a  B etu la  c o n te n t of 
62.5 %  I  have sim ply  n am ed  it  th e  B e tu la  assem blage zone.

S ed im en ta tio n  co n d itio n s fo r  p o lle n
T h e  pollen  curves (F ig . 12) a re  co n tin u o u s an d  re la tive ly  even. I  th e re fo re  
assum e th a t dynam ic so rtin g  o f  po llen  d u rin g  the  sed im en tation  h as  been  
m in im al in  sp ite  o f th e  n e a r -sh o re  depositiona l env ironm en t. B e rg lund  
(1973) fo u n d  m u c h  m o re  ir re g u la r  cu rves in  sim ilar sed im ents from  G o th e n ­
b urg . S am ple 10, fro m  th e  w e ll-so rte d  sand, m ay  be an  exception. T h e  im ­
p o rta n t fe a tu re  o f th is  sam ple , how ever, is th a t  it con tains 62.5 %  B etu la  
an d  no  C orylus. S ince th e  p o lle n  of B e tu la  an d  C orylus  a re  sim ilar, b o th  in  
size an d  fo rm , a  d y n am ic  s e p a ra tio n  seem s un likely , an d  th e  sam ple th e re ­
fo re  was a lm o st ce rta in ly  d ep o s ite d  b e fo re  th e  im m ig ra tion  o f Corylus.

L ong -d is tance tra n sp o rted  p o lle n
It is generally  assum ed  th a t  p in e  (P inus)  d id n o t g row  in  N orw ay  d u rin g  the  
A lle rpd  an d  Y o u n g e r D ry as C h ro n o zo n e s . A cco rd in g  to  B erg lund  (1966:
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144) th e  n o r th e rn  b o u n d a ry  of p in e  d u rin g  th e  A lle rp d  lay  in  n o rth w este rn  
G erm a n y  a n d  so u th e as te rn  Sweden. In  th e  p re se n t d iag ram  P in u s  consti­
tu te s  4 -11  %  o f th e  to ta l pollen. T hese  figures a re  very  s im ila r to  the  p e r­
cen tages of P inus  in  th e  B lom py d iag ram  (M an g eru d  1970) a n d  th e  B rpnd- 
m y ra  d iag ram  (C h an d a  1965), w hile  H a fs te n  (1963) found  sligh tly  h igher 
percen tag es  f ro m  L ista , w h ich  w as, how ever, s itu a te d  closer to  th e  pine 
forests.

O f th e  m ixed  o a k  fo re st co n stitu en ts  only  1 U lm us  po llen  a n d  2 Q uerqus  
po llen  w ere  fo u n d  a lto g e th er. T hese  n u m b ers  a re  also  co m p arab le  w ith  the  
n u m b e rs  usua lly  fo und  in  L a te  W eichselian  lim n ic  sed im ents. V ery  few 
o th e r  ex o tic  po llen  a re  identified .

A ln u s
A ln u s  po llen  is also generally  considered  to  be long -d istance tran sp o rte d  
w hen  fo u n d  in  L a te  W eichselian  sed im ents, even in  so u th w e ste rn  Sw eden 
(B erg lund  1966: 38). C onsidering  th e  low  percen tag es generally  found , this 
belief is p ro b ab ly  co rrec t. I n  th e  p resen t d iag ram , how ever, A ln u s  has a 
m ax im u m  o f 11 %  in  th e  low erm ost sam ple , an d  is fo u n d  in  all sam ples 
excep t 25. T h e  m e an  fo r  th e  L a te  W eichselian  sam ples is 3.6 % , com pared  
to  6.5 %  fo r  Pinus. T h is  is rem a rk a b ly  h ig h e r th a n  fo r lim n ic  sed im ents 
(T ab le  3) an d  I  am  th e re fo re  considering  fo u r  possible in te rp re ta tio n s :

1. A ln u s  po llen  has been  redeposited .
2. A ln u s  po llen  is en rich ed  in  m a rin e  sedim ents.
3. T h e  A ln u s  po llen  p re se n t is exotic , an d  b ro u g h t in  th ro u g h  a tm o sp h e r­

ic  c ircu la tio n .
4. A ln u s  g rew  in w este rn  N o rw ay  du ring  th e  L a te  W eichselian .

1. R e d ep o sitio n  o f A ln u s  is un likely , as p re-W eichse lian  sed im en ts a re  ex­
trem ely  r a re  in  th e  a re a  (M an g eru d  1972a). I f  A ln u s  w ere  red ep o sited , also 
o th e r  redeposited  po llen  shou ld  have occu rred .

T able  3. T h e  con ten t of A ln u s  pollen in  L ate  W eichselian sedim ents in so u th e rn  (Lista) 
and w estern  N orw ay. ,
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2. A  m a rin e  o v e rrep rese n ta tio n  w ould  ex p la in  th e  d iffe rence in co n ten t 
o f A ln u s  po llen  in  m arine  an d  lim n ic  sed im en ts  (T ab le  3). E specia lly  s tr ik ­
ing  is th e  d iffe ren ce  betw een  th e  m a rin e  sed im ents a t Â go tnes (F ig . 12), 
w ith  a b u n d a n t A ln u s  pollen, an d  th e  lim n ic  sed im en ts  a t B lom py (M an g eru d  
1970), deposited  du ring  th e  sam e period , lo ca ted  only  16 k m  to th e  n o rth , 
an d  hav ing  n ea rly  n o  A ln u s  po llen .

H ow ever, m a rin e  o v e rrep rese n ta tio n  of A ln u s  is n o t rep o rted  f ro m  p re ­
vious analysis o f m arin e  sed im en ts . C om bined  w ith  th e  o th e r  a rg u m e n ts  
below , I  find  th is  exp lan a tio n  u n lik e ly , th o u g h  it has to  be considered  in  
fu tu re  investigations.

3. C onsidering  long-d istance tra n sp o r t,  it  is s ta ted  above th a t th e  fre -
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Fig. 13. R e la th e  pollen frequences o f  A ln u s  versus Pinus. Percentages calculated as in 
th e  pollen d iagram  (Fig. 12).
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quencies o f P inus  an d  Q M  a re  sim ila r to  th o se  of th e  o th e r  L a te  W eichselian  
d iag ram s, an d  very  few o th e r  exo tic  po llen  occur. A ln u s  is th e  on ly  sign if­
ic a n t excep tion . H ow ever, w h en  com paring  the  percen tag es o f A ln u s  and  
P inus  in  each  sp ec tru m  (Fig. 13), a sligh t c o rre la tio n  appears, w h ich  m ay  in ­
d icate  a  long-d istance o rig in  of A ln u s.

In  p resen t-d ay  tu n d ra  en v iro n m en ts  A ln u s  is one of th e  re la tiv e ly  im ­
p o rta n t co n s titu en ts  o f th e  po llen  ra in  (B irks 1973), especially  in  G re en lan d  
a n d  C a n ad a  (F redsk ild  1973: 198-201) w ere  A ln u s  o ccu rs m u c h  m o re  f re ­
q u en tly  in  th e  n o r th e rn  fo rests  n ea r  th e  tu n d ra  th a n  in  E u ro p e . In  S valbard  
(H y v ärin en  1968, 1970) A ln u s  co n s titu tes  a  considerab le  p a r t  o f the  exo tic  
po llen  d u ring  th e  H olocene. T h e  percen tages a re , how ever, alw ays very 
low  com pared  w ith  Pinus  a n d  Betula.

A  strik in g  fe a tu re  of th e  p resen t d iag ram , fav ou ring  th e  h ypo thesis  of 
exo tic  orig in  o f A ln u s  po llen , is th a t the  A ln u s  cu rve is low est in  A lle rpd  
an d  h ighest in  O lder D ryas an d  Y o u n g er D ryas, w hen  th e  local p ro d u c tio n  
w as lowest.

4. T h e  m a in  in d ica tio n  of th e  p resence  of A ln u s  in  H o rd a la n d  du ring  
th e  L a te  W eichselian  is th e  h igh  re la tiv e  frequenc ies  of A ln u s  po llen . In  po l­
len  d iagram s fro m  the  b o u n d a ry  a re a  of A ln u s  incana  in n o r th e rn  N orw ay , 
th e  percen tages o f A ln u s  se ldom  exceed 2 % ,  even w hen  copses o f a lder 
o cc u r close to  th e  locality  (K. D. V o rren , 1972 an d  pers. com m . 1974, co m ­
p a re  also K elly  & F u n d e r  1974: 12-16, an d  T a llan tire  1974: 533).

T h e  pollen  d iag ram  (Fig. 12) exhibits a  n o rm al v eg e ta tio n a l deve lopm en t 
fo r th e  L a te  W eichselian  in  w estern  N orw ay , ind ica ting  th a t  it rea lly  re ­
flec ts th e  ex isting  veg e ta tio n , an d  thus th a t also A ln u s  w as p resen t.

R e ite  (1968: 278-279) rep o rts  a  find  o f A ln u s  w ood  in  a  clay  deposit a t 
S u nnm pre , ca. 250 k m  n o r th  o f H o rd a la n d ; m a rin e  shells in  th e  clay w ere 
rad io carb o n  d a ted  to  A lle rpd  (11,620 ±  120). H e  believed th a t th e  w ood 
fo u n d  in  these  deposits d id  n o t com e fro m  the  A lle rp d  v eg e ta tio n , an d  as­
sum ed  th a t it  was e i th e r  d riftw ood , o r th a t it had  b een  rebedded . H ow ever, 
th is  find  w ould  be in  ac co rd an c e  w ith  A ln u s  g row ing  in  w este rn  N orw ay  
d u rin g  the  L a te  W eichselian .

T w o species of A ln u s  o ccu r in  the  p resen t v eg e ta tio n  of S cand inav ia  
(H u ltén  1971: 153): A ln u s  g lu tinosa  (L .) G ae rth . an d  A ln u s  incana  (L .) 
M oench . O f these  A . g lu tinosa  is a  so u th e rly  species, an d  cou ld  certa in ly  
n o t have grow n d u rin g  the  L a te  W eichselian . A . incana  has th e rm ic  de­
m ands sim ilar to  P inus silvestris  (T a lla n tire  1974: 536), an d  shou ld  have 
b een  able to  g row  in  th e  frin g e  areas  of S cand inav ia  d u rin g  th e  A lle rpd . Its 
a c tu a l d is trib u tio n  a t  th a t  tim e  is, how ever, n o t know n; p ro b ab ly  it was 
lo ca ted  fu r th e r  to  th e  east (T a lla n tire  1974: 539).

H ow ever, th e  possib ility  c a n n o t be exc luded  th a t a  species n o t g row ing  in 
S cand inav ia  to d ay  w as p resen t, th o u g h  w e have n o t tried  to  id en tify  A ln u s  
po llen  to  species level. O ne  possible species is the  N o rth  A m e ric a n  A ln u s  
crispa, w h ich  in  G re e n la n d  today  has a  so u th e rn  lim it n e a rly  id en tical 
w ith  th e  n o r th e rn  lim it o f B etu la  pubescens  (F redsk ild  1973: 199). A s­
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sum ing  th a t th is  species did g row  in  w este rn  N o rw a y  du ring  th e  L a te  W eich ­
selian , th e  m ax im a  and  m in im a  in  th e  po llen  d ia g ra m  (Fig. 12) and  th e  lack  
of its po llen  in  so u th ern  S can d in av ia  could  be exp lained . I f  it  o cc u rre d  in 
local copses, th e  d iffe rence in  A ln u s  freq u en c ies  in  th e  d iagram s fro m  d if­
fe re n t localities is also reasonable.

A t p re se n t I  m u st leave th e  q u es tio n  o f th e  a b n o rm a lly  h igh  percen tages 
of A ln u s  open ; how ever, m y p e rso n a l o p in io n  is th a t  a  species o f A ln u s  
d id  grow  in w estern  N orw ay  d u rin g  th e  L a te  W eichselian .

L a te  W eichselian  vegeta tion
T h e  conclusion  regard ing  th e  n u m b e r  of exo tic  po llen  ind icates th a t  the  
source  a re a  fo r th e  m a jo r  p a r t  o f  th e  po llen  an d  spores is re la tive ly  re ­
stric ted . T h is is also the  conc lusion  w hen  con sid erin g  th e  m ain  com position  
of po llen , w h ich  is typical o f th e  L a te  W eichse lian  o f sou thw estern  N o rw ay  
(F æ gri 1940, H afs te n  1963, C h a n d a  1965, M an g eru d  1970).

In s te a d  o f a ttem p tin g  a  closer id e n tif ic a tio n  o f th e  a re a  of p rovenance , I 
em phasize th a t  over sh o rt d is tan ces th e re  m u s t h av e  been  several d iffe ren t 
v eg e ta tio n a l types. W ith in  20 k m  of th e  lo ca lity  th e re  w ere  long shores 
against th e  open  ocean , deep in le ts  a n d  fjo rd s, h ills an d  m o u n ta in s  of all 
e leva tions up  to  600 m  a.s.l. and  slopes in  all d irec tions. A s po in ted  o u t be­
fo re  (M an g eru d  1970: 128), th e  u n e v e n  an d  p a tc h y  d istribu tion  o f soil is 
also a  v e ry  im p o rta n t fa c to r  w h e n  in te rp re tin g  po llen  d iagram s f ro m  th e  
nak ed  ro ck  coast o f H o rd a lan d . W e  a re  fo rced  to  envisage a  landscape 
w ith  a  m osaic  o f d iffe ren t p la n t co m m u n ities .

P o llen  d iag ram s fro m  sm all p o n d s , such  as th e  one fro m  Blom py (M an g e­
ru d  1970), rep rese n t the  v eg e ta tio n  of a  sm all a re a , an d  th e re fo re  rela tively  
few  of th ese  com m unities. T h e  re sp o n se  to  c lim a tic  changes of th is vege­
ta tio n  w ill o ften  be c lea r, an d  th e  in te rp re ta tio n  o f th e  po llen  d iag ram  rel­
atively  sim ple. D iag ram s from  la rg e r  lakes, a n d  especially  th e  p resen t one 
fro m  th e  sea, rep rese n t in  th is a r e a  th e  e n tire  m osaic o f the  vege ta tiona l 
types, an d  th e  results o f c lim atic  ch a n g es  a re  m u c h  m o re  com plex.

I  have previously  concluded  (M a n g e ru d  1970: 127) th a t  a rb o rea l b irch  
grew  in  H o rd a la n d  d u rin g  th e  A lle rp d  C hronozone . T his is also in d ica ted  
by stud ies o f po llen  m orpho logy  f ro m  o th e r  localities in  H o rd a lan d . In  the  
p resen t d iag ram  the  m ax im u m  o f  B etu la  is on ly  34 % , an d  I  th e re fo re  as­
sum e th a t th e re  w ere only  copses o f  b irch  o n  th e  m ost favourab le  h ab ita ts , 
w ith  deep  soil an d  good  ex p o s itio n . B etu la  decreases m arked ly  f ro m  the 
B etu la -N A P  zone (A llerpd) to  th e  A rte m is ia -L y c o p o d iu m  zone (Y ounger 
D ryas). In  fav o u rab le  p laces th e re  w ere  also ju n ip e r  sh rubs du ring  b o th  A l­
le rpd  an d  Y o u n g er D ryas.

C o m p ared  w ith  th e  d iag ram  f r o m  B lom py, th e  percen tages of S a lix  and  
C yperaceae  a re  m uch  low er, w h ile  A r te m is ia  is m u ch  h igher. T h is m ust 
im ply th a t th e  p resen t d iag ram  m a in ly  re flec ts  th e  vegeta tion  of d rie r  h a b ­
ita ts th a t  th e  B lom py d iag ram , p ro b a b ly  a  g rass-herb  h ea th  o r tu n d ra  on  
h ill slopes. I t  ca n n o t b e  d e te rm in e d  w h e th e r  A rte m is ia  was sc a tte red
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th ro u g h o u t th e  vege ta tion , o r re s tr ic te d  to  ce rta in  h ab ita ts  (cf. d iscussion in  
B e rg lund  1966: 125-126). N evertheless, it  ind ica tes  la rg e  a re as  o f o th e r  
com m u n ities  th a n  the  snow -bed com m unities (H a fs ten  1963: 334) d u rin g  
b o th  A lle rp d  a n d  Y o u n g er D ryas, as concluded  by  0 v s te d a l & A arse th  
(1975) on  o th e r  evidence.

A r te m is ia  in c reased  fro m  th e  B etu la -N A P  zone (A llerpd) to  th e  A r te -  
m isia -L yco p o d iu m  zone (Y o u n g e r D ryas), as it  d id in  L is ta  (H a fs te n  1963), 
w hile  it  decreased  in  B rp n d m y ra  (C h an d a  1965). I n  th e  p re se n t a re a  I  as­
sum e th a t  the  ligh t-dem and ing  A r te m is ia  took  over m an y  o f  th e  fav o u rab le  
h ab ita ts  fro m  re tre a tin g  B etu la  an d  Juniperus.

H y v ärin e n  (1975) has described  an  A rte m is ia  zo n e  o f  Y o u n g e r D ryas age 
fro m  n o r th e rn  N o rw ay  an d  c o rre la te d  it w ith  sim ila r zones in  e a s te rn  F in ­
land  an d  ce n tra l R ussia. A n  A r te m is ia - rich  v eg e ta tio n  was also  typ ica l fo r 
so u th e rn  S can d in av ia  d u rin g  th e  Y o u n g er D ryas (B erg lund  1966: 126), and  
th e  p resen t d iag ram  ind ica tes  th a t  a  sim ilar vegeta tion  even o cc u rre d  in  
w estern  N orw ay . I f  th is  vege ta tion  ind icates a  co n tin e n ta l c lim ate , the  la t­
te r  w ould  exp la in  som e o f th e  co n tra d ic to ry  c lim a tic  conclusions reach ed  
fro m  Y o u n g er D ryas snow lines an d  fossil icew edges (M an g eru d  &  S kreden  
1972: 94).

L yco p o d iu m  (a lm ost exclusively  L . selago) h as a  re m a rk a b le  increase 
fro m  th e  B etu la -N A P  zone to  th e  A rte m is ia -L y co p o d iu m  zone, a n d  d u rin g  
th e  la tte r  zone it w as an  im p o r ta n t co n s titu e n t o f th e  tu n d ra  vegeta tion .

H ystr ix
A  g ro u p  o f m icrofossils usually  called  H y strix  (o r H y strich o sp h aerid s) by 
S cand inav ian  palynologists, a n d  used  as in d ica to rs  o f m a rin e  en v iro n m en ts , 
a re  now  being  id en tif ied  as restin g  spores (cysts) o f d inoflagella tes, an d  sev­
era l species have been  id en tified  (N o rd li 1951, W all & D ale  1967, W all 
1970). In  th is  s tudy  H y strix  w as only  coun ted , w ith o u t id e n tif ica tio n  of the  
types p resen t. T h e ir  re la tiv e  o cc u rre n ce  (Fig. 12) is, how ever, r a th e r  re ­
m arkab le .

In  th e  low est 4 sam ples th e re  a re  3 -16  H y strix  fo r each  po llen , w hile in  
th e  o th e r  sam ples th e re  a re  0 .04-0 .02  H y strix  fo r ea ch  pollen . T h e  d rastic  
change in  the  fre q u en c y  of H y strix  occurs s im ultaneously  w ith  th e  change 
o f th e  co lou r o f th e  sed im en ts, a n d  also w ith  th e  onse t o f th e  ch an g e  o f th e  
te rre s tr ia l com ponen ts . C erta in ly , th e  decrease o f H y strix  ind ica tes  changes 
in  th e  en v iro n m en t; w h e th e r  th e  im p o rta n t fac to r  was te m p e ra tu re , ice- 
d r if t cover, sa lin ity , d ep th  o r  o th e rs , is, how ever, im possib le to  d e te rm in e  
on th e  basis of th e  p re se n t m ateria l.

Correlations
T h e c o rre la tio n  of th e  sequence a t  Â go tnes w ith  events in H o rd a la n d  during  
th e  A lle rp d  a n d  Y o u n g e r D ryas h as  been discussed ea rlie r, an d  th e  m ain  
conclusions a re  su m m arized  in  Fig. 14.
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T h e age of th e  Á gotnes c lay  is, how ever, o f im p o rta n ce  in  th e  d a tin g  of 
o ld e r events, a n d  rad io c a rb o n  dates rec en tly  o b ta in ed  fro m  o th e r  localities 
n ecessita te  a  re -eva lua tion  o f som e ea rlie r  co rre la tio n s.

A t B lom vâg, on  th e  is land  B lom py  (Fig. 1), fossil-bearing  sed im en ts  
u nderly ing  a  till w ere excava ted  in  1942/43 (U n d âs 1942, M an g eru d  1970: 
fig. 5). S ince th is sequence is decisive in  th e  in te rp re ta t io n  o f th e  L a te  
W eichselian  in  w estern  N o rw ay , th e  beds a re  g iven  fo rm al lith o s tra tig ra p h - 
ical nam es, th e  type lo ca lity  being  th e  g raveyard  a t  B lom vâg. T h e  till is 
n am ed  the  U lvpy  T ill, a  n am e derived  fro m  an  island just to  th e  so u th  of 
th e  type locality . T h e  sed im en ts b en e a th  the  till becom e th e  B lom vâg  Beds, 
w hich in c lu d e  all the  sed im en ts  be tw een  th e  U lvpy  T ill an d  th e  u n d erly in g  
till o r b ed ro ck  a t the  type locality .

T h e  firs t rad io c a rb o n  dates fro m  th e  B lom vâg Beds gave 12,670 ±  350 
an d  12,200 ±  350 (N ydal 1960: 88), b u t th e  ex ac t position  o f th e  d a te d  m a ­
te ria l w ith in  th e  B lom vâg B eds is n o t know n. F u r th e r  sam ples f ro m  the  
co llec tions of the  G eo log ica l M useum , U n iv ersity  o f B ergen , w ere  dated  
recen tly . T w o shell sam ples, b o th  m ain ly  M o d io lu s m odio lus, co llec ted  from  
the  base o f the  B lom vâg B eds gave 12,540 ±  180 (T-1696) an d  12,540 ±  150 
(T-1697). A lso  fro m  th e  to p  of th e  u n it tw o sam ples w ere se lec ted , o n e  of 
shells (M y tilu s  edulis) w h ich  gave (T-1882) 12,400 ±  90, an d  o n e  o f w hale 
bone, w h ich  was d a ted  w ith  tw o d if fe re n t p re trea tm e n ts : T re a tm e n t w ith  
d ilu ted  HC1 gave (T-1899/1) 12,110 ±  100 an d  th e  E D T A  m e th o d  re c o m ­
m ended  by O lsson e t al. (1974: 180) gave (T-1899/2) 11,920 ± 8 0 ,  w hen  
co rrec ted  fo r an  ap p a re n t age o f 440 years. T h e  co rre la tio n  w ith  o th e r  dates 
(F ig . 14) ind ica tes  th a t  th e  w hale-bone dates m ay  be slightly  too  young.

A lth o u g h  th e  section  a t  B lom vâg, an d  th u s  th e  U lvpy T ill, is n o t acces­
sible today , b o th  th e  site  an d  th e  sam ples f ro m  th e  ex cava tion  h av e  been 
studied . A f te r  discussions w ith  th e  sc ien tists  w ho visited the  lo ca lity  in  1942- 
43, th e re  can  be little  d o u b t th a t the  U lvpy  T ill rep resen ts  a  basal till, and  
ind icates a n  ice advance.

A t D ale , ju s t 600 m  n o r th  o f th e  B lom vâg locality , a  po llen  d iag ram  
(M an g eru d  1970) fro m  lim n ic  sed im en ts s itua ted  s tra tig rap h ica lly  above  the  
U lvpy  T ill has been o b ta in ed  (Fig. 14). D a tin g  o f th e  low erm ost lim n ic  sedi­
m en ts gave 12,070 ±  180 (T-672), sligh tly  y o u n g er th a n  m ost d a tes  from  
th e  top  of B lom vâg Beds.

T h e  Â g o tn es locality  is s itu a te d  15 k m  so u th e as t of B lom vâg (F ig . 1). 
T h e  d irec tion  o f g lacia l s tr ia e  suggests th a t  Á go tnes was ice  covered  d u ring  
th e  deposition  o f th e  U lvpy  T ill; the  e n tire  sequence a t  Á g o tn es m ust,

Fig. 14. Schem atic  p ro file  o f th e  H o rd a lan d  area , m odified  from  M angerud  (1970, 
1972a, 1973), w ith additional radio-carbon dates from  A arseth  & M angerud  (1974) and 
unpublished m aterial. T h e  profile  is m ainly parallel to  the direction of ice m ovem ent, 
the N o rth  Sea coast lying to  the left. D ates betw een vertical stippled lines a re  from  
sedim ents undistu rbed  by ice. A ll the  o thers a re  from  sedim ents ov erru n  by glaciers. 
A ll dates a re  co rrec ted  fo r ap p aren t age (p. 33).
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th e re fo re , b e  you n g er th a n  th e  U lv p y  T ill (F ig . 14). N everthe less , th e  da te  
o b ta ined  fro m  the  Á go tnes clay (12,220 ±  150, T -1023) is sligh tly  o lder th a n  
those  fo r  th e  w hale-bone fro m  th e  B lom vâg Beds. C learly , th e  d u ra tio n  of 
th e  ice ad v an ce  th a t p roduced  th e  U lvpy  T ill w as sh o r t (100-200 years?), 
an d  is w ith in  th e  lim its o f u n c e r ta in ty  fo r  ra d io c a rb o n  d a tes  fro m  sed im ents 
deposited  im m ed ia te ly  befo re  a n d  a f te r  th e  advance . T h e  c lea r  s tra tig rap h - 
ical ev idence fo r th e  advance a t B lom py is th e re fo re  very  im p o rta n t. Based 
on the  da tes  c ited  above, the  ag e  o f th e  U lvpy  T ill can  be b rac k e te d  w ith in  
th e  tim e  in te rv a l 12,400-12,000 years B .P ., an d  th e  m o st p ro b ab le  age is 
12,300-12,200.

A  sec tio n  in  S andv iken , B ergen  (M an g eru d  1970, 1972b), w as co rre la ted  
w ith  th e  B lom vâg Beds on the  basis o f 14C dates. H o w ev er, a n  e r ro r  in  the  
ca lcu la tio n  of th e  ages of tw o sam ples f ro m  th is  ex p o su re  has been discov­
ered ; on ly  th e  f irs t date  o b ta in ed  (12,440 ±  150, T-750) now  supports  this 
co rre la tio n . A t p resen t 5 dates a re  availab le fro m  S an d v ik en  (Fig. 14), the  
m e an  ag e  being  12,000 B .P . T h e  conclusion  m u st b e  th a t  th e  S andv iken  sed­
im en ts a re , in  all p robab ility , y o u n g e r  th a t  th e  U lv p y  Till.

In  sp ite  o f u n c e rta in tie s  in  th e  ex ac t age of th e  U lv p y  T ill, it  now  seem s 
q u ite  c lea r th a t it  is o lder th a n  th e  O lder D ryas C h ro n o zo n e  (Fig. 14). T h e  
v eg e ta tio n a l changes during  th e  O ld er D ryas C h ro n o zo n e  in  so u th e rn  Scan­
d inav ia  (M an g e ru d  e t al. 1974), a n d  th e  B ritish  Isles (P e n n in g to n  1975), and  
the  ice ad v a n ce  w h ich  deposited  th e  U lvpy  T ill, w ere  th e re fo re  e ith e r  the  
resu lt o f tw o se p a ra te  c lim atic  even ts, o r th e re  ex isted  som e tim e lag  in  the  
response to  th e  sam e clim atic  change . I n  the  la t te r  case, th e  change m ust 
h av e  ta k e n  p lace  befo re  th e  O ld e r  D ryas C h ro n o zo n e  as defin ed  by M ange­
ru d  e t al. (1974). T h e  S karpnes (co ld) even t in  n o r th e rn  N o rw ay  (A ndersen  
1968: 35) seem s to  be of th e  sa m e  age as th e  U lvpy  Till.

N o  in d ica tio n s of a n o th e r  re -ad v a n ce  d u rin g  th e  O ld er D ry as C hronozone 
have so fa r  been  fo u n d  in  H o rd a la n d . I t  is, how ever, very  d ifficu lt to  iden­
tify  de ta ils  in  th e  g lacia l h is to ry  d u rin g  th is  episode, since  all th e  sedim ents 
have b een  o v errid d en  by th e  re -a d v a n c e  d u rin g  th e  Y o u n g er D ryas C h ro n o ­
zone (F ig . 13). M in o r h a lts  a n d  re-advances m a y  th e re fo re  be obscured.

Conclusions
A t Á g o tn es th e re  is a  sequence o f m a rin e  sed im ents fro m  th e  O lder D ryas 
C h ronozone , th ro u g h  th e  A lle rp d  and  Y o u n g er D ryas, to  th e  P rebo rea l 
C hronozone . T h e  sed im en ts a re  n o t d istu rbed  by ice, and  th u s  p rove th a t 
the  Y o u n g e r D ry as re-advance  d id  n o t ex ten d  as fa r  as th is locality.

T h e  ag e  of th e  base o f the  se q u en c e  (12,220 ±  150 years B .P .), com bined 
w ith  o th e r  rad io c a rb o n  dates f ro m  H o rd a lan d , ind ica tes  th a t  th e  U lvpy  T ill 
is o ld er th a n  th e  O ld er D ryas C h ro n o zo n e , an d  th u s  th a t  th e  re-advance 
w h ich  deposited  th e  till to o k  p la c e  in  th e  B plling C hronozone .

W a rm  A tla n tic  w a te r  en te red  th e  N orw eg ian  S ea p r io r  to  12,600 B .P . T h e  
P o la r  F ro n t, betw een  th e  A tla n t ic  w a te r  an d  th e  A rc tic  w a te r , was situ a ted
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betw een  T ro m s (n o rth e rn  N orw ay) a n d  H o rd a la n d  during  the  B plling  and 
A lle rp d  C hronozones. D u rin g  th e  Y o u n g er D ry as th e  A tla n tic  w a te r  pos­
sibly did n o t rea ch  th e  coast o f H o rd a lan d .

T h e  e n v iro n m en t on  th e  co ast o f H o rd a la n d  d u ring  th e  A lle rpd  C h ro n o ­
zone seem s to  have been  very  s im ila r to  th a t o f th e  coast o f T ro m s and  
F in n m a rk  (n o rth e rn  N orw ay) today. T h e  v eg e ta tio n  was open  w ith  copses 
o f b irch  (B e tu la  pubescens  coli.) an d  sh ru b s  o f  ju n ip e r  (Ju n ip eru s c o m ­
m u n is)  an d  w illow  (Salix  sp .). T h e  lit to ra l an d  shallow -w ater she ll fau n as  
inc luded  species (e.g. M odio lu s m od io lu s, T hyasira  sarsi, L itto r in a  littorea , 
G ibbula  cineraria) w hose p resen t-d ay  d is trib u tio n  has a  n o r th e rn  lim it in  o r 
im m edia te ly  to  th e  n o r th  of F in n m a rk , a n d  also  species (e. g. C hlam ys is­
landica, A lv a n ia  scrobiculata) w h ich  to d ay  a re  u n co m m o n  so u th  of T rom s 
an d  F in n m ark .

D u e  to  g laciers, th e  eco log ical g rad ien ts  f ro m  th e  in land  to w ard s the  
coast w ere  ce rta in ly  s teep er in  H o rd a la n d  d u rin g  A lle rpd  tim es, co m p ared  
w ith  T ro m s an d  F in n m a rk  today. W e do n o t know  th e  exact position  of the  
g laciers w hich  ex isted  a t th a t  tim e, b u t they  w ere  p robab ly  calv ing  in  th e  
in n e r  p a rts  o f th e  fjords.

D u rin g  the  Y o u n g er D ry as the  en v iro n m en t changed  drastica lly : T h e  g la­
ciers advanced  m a n y  tens o f km ; m o st o f th e  trees  d isappeared , as did the  
m ost o f th e  te m p e ra te  m olluscs; th e  fo ra m in ife ra  faunas ch an g ed ; an d  the  
o rg an ic  p ro d u c tio n  in  th e  sea, in c lu d in g  H y strix , decreased.

T h e  po llen  d iag ram  fro m  th e  sha llow -w ater m a rin e  sed im en ts a t  Á go tnes 
can  be co rre la ted  w ith  d iagram s fro m  lim n ic  sed im ents, in d ica tin g  th a t  p o l­
len  can  be an  im p o r ta n t to o l in  th e  co rre la tio n  of te rres tria l an d  m a rin e  re ­
co rds along  th e  co ast of N orw ay.

In  H o rd a lan d , L a te  W eichse lian  m a rin e  an d  te rre s tria l sed im en ts a re  
closely co rre la te d  by m eans of ra d io -ca rb o n  datings. W e have, how ever, also  
tr ied  to  investiga te several aspec ts o f th e  sed im en ts an d  fossils, in  o rd e r  to  
p rov ide a  basis fo r  th e  co rre la tio n  o f sed im en ts w hich c a n n o t be rad io ­
c a rb o n  dated .
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