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Abstract. T he a ltitu d e s  of som e L a te  W eichselian a n d  F la n d ria n  shore-lines w ere de term ined  
in  a  1090 km  long p rofile  across F ennoscandia  from  E sto n ia  in  th e  sou th -eas t to  th e  A tlan tic  
coast o f N orw ay  in  th e  no rth -w est. T he shape of th e  shore-lines suggest th a t  th e  lan d  u p lift 
d uring  th e  la s t  10000 years w as dom e-like, w ith  th e  su m m it o f th e  dom e in  th e  eas te rn  p a r t  
o f th e  S can d in av ian  m oun ta ins. T here  w as possib ly  a  m arg inal hinge-line or h inge zone in 
th e  G ulf of F in lan d , w hich b e n t th e  shore-lines. No o th er irregu larities in  th e  lan d  u p lif t could 
be d em onstra ted .

INTRODUCTION
The aim  of th e  presen t s tu d y  was to  determ ine th e  altitudes of some Late- 
glacial and  Post-glacial, or, using th e  division and  term inology suggested 
by W e s t  (1 9 6 8 ) and  adopted  here, L ate  W eichselian and  F landrian  shore­
line surfaces in  a narrow  belt across th e  Fennoscandian area of land uplift. 
I n  th is  w ay a  distance diagram  of th e  shore-lines could be constructed, in 
w hich th e  abscissa shows th e  distance betw een th e  sites and th e  areas studied 
w ith in  th e  belt, and  th e  ordinate the  altitude of th e  shore-lines above the  
p resen t sea-level. The area covered by  th e  study  and shown in Fig. 1, was 
com prised of E ston ia , south-w estern F inland, a  p a r t of V ästerbo tten  in 
Sweden an d  also a  p a r t  o f N ordland in  Norway. The to ta l length, including 
th e  gaps consisting o f th e  G ulf of F inland, th e  Gulf of B othnia  and  the  
Scandinavian  m ountains is 1090  km . The w id th  of th e  areas from  which 
the  observations were included and  projected  perpendicularly  onto th e  base­
line, was in  F in land  and  Sweden 90 km , in E stonia 130  km  and  in Norw ay 
125  km . W hen, as here, a  s tra ig h t line is used as a base-line ( =  abscissa) 
for th e  shore-line diagram , i t  is p a r t of a great circle on th e  e a rth ’s surface. 
In  the  m ap projection used in  Fig. 1 i t  would appear as a slightly  curved 
line, b u t th e  curving is negligible in a distance of 1090  km  and  a stra ig h t 
line was therefore draw n on th e  m ap. The angle a t  which th e  line crosses 
th e  m eridians changes, however, from one area to  another. The direction
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Fig . 1. M ap show ing areas stu d ied  in  E sto n ia , sou th -w estern  F in lan d , V äste rb o tten  in Sweden 
a n d  N ord  I and  in  N orw ay, and  base-line used for shore-line diagram s. M ap also gives th e  outer 
lim it of W eichselian glaciation an d  th e  po sitio n  of th e  Fennoscandia!! m oraines, where de te r­
m ined , as well a s  isobases fo r th e  recen t u p lif t in  m m  p e r year, a s  com piled by K u k k  í m a k i  

(1 9 6 8 ) .

of th e  base-line for th e  shore-line diagram  should, ideally, be a t  righ t angles 
to  th e  isobases of th e  land uplift. T he only isobases which are sufficiently 
well determ ined in  th e  whole area covered by  th e  presen t study  are those 
for th e  recent uplift, as determ ined by repeated  precise levellings or by 
sea-level recordings. The isobases in  Fig. 1 for th e  recent up lift in m m  per 
y ea r were draw n on th e  basis of th e  m ap compiled b y  K u k k a m ä k i  (1968) 
on th e  basis of available d a ta  from  Fennoscandia, th e  m ost detailed 
isobases being those constructed for F in land  b y  K ä ä r i ä i n e n  (1966), but 
in  Fig. 1 only given for every m m . F rom  Fig. 1 i t  can be seen th a t  th e  base­
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line for th e  shore-line diagram  is n o t everywhere perpendicular to  th e  iso­
bases. I f  also th e  isobases for older shore-line surfaces were a t  an  angle to 
th e  base-line, some inaccuracies can be expected in  th e  determ ination  of 
th e  altitudes o f th e  L a te  W eichselian or F landrian  shore-lines. The effect 
of th e  inaccuracies is lessened by using a  narrow  belt from  w hich th e  sites 
are chosen, b u t  even th en  some areas, such, as th e  Norwegian coast, show 
th a t  th e  area m ust be divided into even more narrow  strips before th e  posi­
tion of th e  shore-lines can be determ ined. A part from  showing th e  position 
of th e  base-line for th e  shore-line diagram  and th e  isobases for th e  recent 
uplift, Fig. 1 also shows th e  outer lim it of th e  W eichselian glaciation (after 
W o l d s t e d t  19 5 8  and S e r e b r y a n n y  196 5 ), w ith in  which th e  area studied 
clearly lies, as well as th e  Fennoscandian m oraines, represented by Salpaus­
selkä I  and  Salpausselkä I I  in  F inland, th e  Central Swedish m oraines, the 
R a m oraines in  sou thern  N orw ay and th e  Trom sö-Lyngen m oraines in 
no rthern  N orw ay (see A n d e r s e n  1968).

The p resen t paper is a  d irect continuation of some earlier papers in  which 
th e  shore-lines were determ ined in  m ore restric ted  areas. Combined w ith  an 
evaluation  o f th e  various m ethods which can be used in  th e  determ ination  
of th e  a ltitu d e  of the  L a te  W eichselian and F landrian  shore-lines, these 
shore-lines were f irs t determ ined in the  area in south-w estern F in land  shown 
in  Fig. 1 (D o n n e r  1 9 6 4 , Fig. 11). L ater th e  shore-line diagram  th u s con­
struc ted  was extended south-eastw ards across th e  G ulf of F inland to  E stonia, 
and a shore-line diagram  covering a distance of 45 0  km  could be draw n 
(D o n n e r  1 9 6 6 , Fig. 3 ). South-w estern F in land  and  E stonia are therefore 
only tre a ted  in  th e  presen t paper as far as corrections and  additions to  the  
form er results are concerned. One addition is th e  m ore accurately  determ ined 
shore-lines determ ined in  th e  Salpausselkä belt in. south-w estern F inland 
w ith  th e  help of th e  altitudes of delta plains and their relationship to  the  
re trea t of th e  ice m argin d ated  w ith  th e  help of the  varve chronology. Thus, 
these results (D o n n e r  1 9 69 ) could be added to  th e  shore-line diagram  con­
struc ted  earlier for south-w estern F in land  and tak en  into account in  the  
construction of th e  diagram  in  Fig. 4. The m aterial used in th e  determ ination 
of th e  shore-lines in Sweden and Norw ay was collected from  published 
papers, b u t th e  areas in Sweden and Norw ay tre a ted  in th e  present investiga­
tion  were visited  in  th e  sum m er of 1966 so th a t  the  field evidence on which 
th e  conclusions in these papers were based could be assessed. In  th e  descrip­
tion  of th e  areas th ey  are tre a ted  separately beginning from  the  south-east.

ESTONIA
The determ ination  of th e  shore-lines for th e  B altic lee  Lake, before its final 
drainage, th e  transgression of the  Ancylus Lake, and  for the  second trans-
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gression of the  L itorina Sea, L  I I ,  as earlier p resented in a  shore-line diagram 
(D o n n e r  1966) on th e  basis of available d a ta , is in  agreem ent w ith more 
recent detailed stratigraphical investigations in E ston ia , particu larly  by 
K e s s e l  and R a u k a s  (1967). Using th e ir results some additions could be 
m ade to  the  shore-line diagram  as well as some corrections in  th e  datings, 
as new radiocarbon determ inations have now been obtained  from  some 
sites in  E stonia. The additions an d  changes were all taken  in to  account in 
constructing th e  diagram  in  Eig. 4. The L  I I  ( =  L  I I 6) transgression of 
ab o u t 1.5—2 m , which forms th e  highest L itorina lim it in  m ost p a rts  of 
E sto n ia  dea lt w ith  and which reached  its  peak in 3500 B.C., was preceded 
by  th e  f irs t transgression of th e  L ito rina  Sea, L  I , of abou t 3 m  in no rth ­
w estern  E stonia (K e s s e l  and R a u k a s  1967). The position  o f th is shore­
line can stratig raphically  be determ ined and, as seen in  Eig. 4, i t  intersects 
L  I I  in  th e  Tallinn area in  north-w estern  E stonia. L  I  is no t, however, 
traceab le  with th e  help of raised beaches (see D o n n e r  1966) and  its  a ltitude 
is n o t equally  well determ ined as th e  shore-line for th e  upper lim it of the 
L ito rina  transgression, w hich is here L  I I .  The age o f the  earlier tran s­
gression L  I  is in E stonia 5000—4500 B.C. A radiocarbon determ ination of 
m ud, which is synchronous w ith a p ea t lens 3 m  below th e  shore-line of L I 
a t  K eila-Joa (Site 5, D o n n e r  1966) gave an  age o f 7180^270  B .P ., 5230 
B.C., and  is p laced a t  th e  beginning o f th e  A tlan tic  period (Mo-223, V i n o ­
g r a d o v  e t al. 1968). The determ inations of th e  pollen s tra tig rap h y  a t  Endla 
(TA- 85 to  TA-98, P u n n i n g , I l v e s  and  L i i v a  1968), however, indicate th a t 
som e of th e  zone boundaries in  E ston ia  are som ewhat younger th a n  cal­
culated  w hen drawing th e  earlier shore-line diagram  (D o n n e r  1966). A t 
E n d la  th e  zone boundary  V /V I, in  th e  division by  T. N il s s o n  (1935) 
adopted  in  E stonia, ju s t older th a n  L  I , was determ ined to  6 4 80^70  B .P., 
4530 B.C., a date  in agreem ent w ith  th e  resu lts presented b y  K e s s e l  and 
R a u k a s  (1967) in a stratigraphical tab le  also including radiocarbon dates. 
The tw o L itorina transgressions in  E sto n ia  were correlated w ith  th e  cor­
responding transgressions in  F in land  and  south Sweden b y  K e s s e l  and 
R a u k a s  (1967), b u t th e  radiocarbon determ inations seem to  indicate th a t 
L  I , form ed a t  5000 — 4500 B.C. in  E ston ia , m ay here be som ew hat younger 
th a n  fu rther n o rth  or w est in th e  B altic area. The dating  of L  I I  to  3500 
B.C. agrees w ith  th e  dating of th is transgression elsewhere. The transgres­
sion o f th e  Ancylus Lake, which exceeded 10 m  in  northern  E ston ia  reached 
its  m axim um  betw een 6500 B.C. an d  6000 B.C., as seen from  the  results 
p resen ted  by K e s s e l  and R a u k a s  (1967) an d  also confirm ed by the  radio­
carbon determ inations from  th e  E n d la  series of the  zone V II I  period, cor­
responding in  age w ith  th e  Ancylus transgression, w hich gave an age of 
8495A 85 B .P ., 6545 B.C., and  of th e  zone boundary  V II/V III , following 
th e  tim e  of th e  m axim um  of th e  transgression, which gave an  age of 7865dl
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75 B .P . ,  5915 B.C. (TA-98, TA-96; P u n n i n g , I l v e s  and  L i i v a  1968). 
The date  of 6500 — 6000 B.C. for th e  m axim um  of th e  transgression of the  
Ancylus Lake, A, and  th u s  for its  shore-line, is younger th a n  the age earlier 
calculated for i t  b y  th e  au thor (D o n n e r  1966), i.e. 7000—6800 B.C. The 
age determ inations or calculations of the  duration  o f the  Ancylus Lake, as 
well as for th e  tim e a t  w hich i t  reached its highest position in  those areas 
of th e  B altic in  w hich i t  was transgressive, still v a ry  and  only perm it a 
dating w ith  th e  accuracy given above, as shown by  th e  review of th e  study  
of th e  A ncylus Lake by  F r e d e n  (1967). The upperm ost shore-line for 
E stonia in Fig. 4 is th a t  for th e  level of th e  B altic lee  Lake before th e  d ra in ­
age a t  B illingen in  Sweden. E arlier th e  date  of 8300 B.C. was given for th is 
shore-line (D o n n e r  1966), b u t afte r th e  dating of th e  drainage of th e  B altic 
lee  Lake to  8213 B.C. in  Sweden (E. N il s s o n  1968) th e  shore-line in E stonia  
and th e  corresponding shore-line, B I I I ,  in  F in land  (see D o n n e r  1969) 
can be d a ted  broadly  to  8300 — 8200 B.C.

Of th e  four shore-lines for E stonia  presented  in Fig. 4 only tw o, those 
for the  L itorina Sea, L  I  and  L I I ,  show th e  form er position of th e  sea-level, 
whereas th e  shore-line for th e  transgression of th e  Ancylus Lake and th e  
shore-line for th e  B altic lee  Lake give th e  form er position of th e  w ater- 
level a t  tim es w hen i t  was dam m ed and  stood above sea-level. In  Fig. 4 
th e  vertical lines under th e  shore-lines for th e  B altic lee  Lake and  the  
Ancylus L ake show approxim ately  how m uch above sea-level th e  water- 
level of these lakes stood. The areas in which th ere  is s tratig raphical ev i­
dence for a transgression (see K e s s e l  and  R a u k a s  1967) before th e  water- 
level reached th e  position of a shore-line m arked in  th e  diagram , are shown 
by  arrows poin ting  upw ards, as in the  diagram  constructed  earlier (D o n n e r

1966). The arrow s, however, do n o t give th e  to ta l am oun t o f the transg res­
sion, as th is  is often, n o t possible to  determ ine.

SOUTH-WESTERN FINLAND
In  th e  determ ination  of th e  shore-lines in  south-w estern F in land  th e  Clypeus 
lim it, a t  5500 B.C., was separated  from  th e  firs t transgression o f th e  L ito ­
rina  Sea, a t  5000 B.C., m ainly on th e  basis of a site near th e  coast where th e  
transgression could be dem onstrated  (Site S 17 , D o n n e r  1 9 6 7 ). F urther, 
th e  firs t stage o f brackish  w ater in  th e  B altic afte r th e  drainage of the  
Ancylus Lake, th e  M astogloia Sea, wras separated  from  th e  L ito rina  Sea on 
th e  basis o f th e  d iatom  flora containing Campylodiscus clypeus in  th e  sedi­
m ents. As these  differences in  th e  d iatom  flora, especially th e  occurrence 
of Campylodiscus clypeus, forem ost reflect th e  conditions, such as w ater 
dep th  and th e  presence o f lagoons, ju st before the  emergence of th e  coast 
where the  basins stud ied  becam e independent lakes, th e  lim it a t  which
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th ere  was a change from  fresh w ate r to  brackish  w ater, regardless of diatom  
flora , was here tak en  to  represent the  beginning of th e  L itorina Sea period 
(see D o n n e r  19G4, Fig. 7). This lim it is som ew hat older a t  higher isobases, 
abou t 5500 B.C., w ith a continuous regression a t  th is  tim e, th an  near the 
coast in southern F inland, where th e  f irs t  L ito rina  transgression, L I  at 
abou t 5000 B.C., occurred. On th e  basis of th e  m aterial used the shore-line, 
how ever, is a stra igh t line. I f  the  line is ex tended  tow ards E stonia i t  joins 
th e  L  I  shore-line in  Estonia, w ith  a slight bend as the  younger L itorina 
shore-line, L  I I ,  which it  in tersects near T allinn  in  E stonia. The L I  appears 
to  be som ew hat younger in  E ston ia  th a n  in  sou thern  F inland. I ts  age 
decreases tow ards th e  m arginal p a rts  of u p lift and  the  shore-line is m eta­
chronous in  th e  wray typical for a shore-line form ed during a transgression. 
The dating  o f the  firs t transgression, is, however, still ten ta tiv e  and, as it 
is n o t th e  upperm ost L itorina transgression in  E stonia, its dating there  is 
n o t stratig raphically  as clear as in  southern  F in land  where L  I  is clearly 
above L  I I .  In  th e  earlier shore-line diagram , in  w hich th e  shore-lines in 
E ston ia  were com pared w ith  those in  south-w estern F inland (D o n n e r  1966 , 
Fig. 3), th e  L itorina shore-line L  I  could n o t be connected across th e  Gulf 
of F in land . This is n o t any m ore th e  case w hen th e  upper lim it for th e  Li­
to rin a  Sea was draw n as one single shore-line, as in  Fig. 4.

The shore-line corresponding to  the  zone boundary  V /V I, which was 
earlier dated  to  6300 B.C. (D o n n e r  1 9 6 4 ), can now, w hen the  new  rad io­
carbon dates in  south-w estern F in land  are tak en  in to  account (A l h o n e n  
1 9 6 8 , D o n n e r  1 9 6 9 ), be placed a t  6 0 0 0  B.C. A t the  tim e corresponding to 
th is  shore-line th e  level of the  Ancylus L ake h ad  already dropped to  the 
level of th e  sea (see D o n n e r  19 6 4 , 196 9 ). As th e  m arked change in th e  salinity 
of th e  coastal w aters took  place la ter, a t  abou t 5 5 0 0  B.C., which is the 
beginning of the  L itorina Sea period, there  is a transitional period betw-een 
6 0 0 0  B.C. and  55 0 0  B.C. during w hich salt w ater had  n o t y e t penetrated  
to  th e  shallow'- w aters of th e  coast. As it  is probable, however, th a t  th e  Baltic 
was already connected w ith  th e  ocean, and  th a t  th e  level of the  Ancylus 
L ake therefore had  already dropped, th is period of 50 0  years has in Finland 
been separated  as the  M astogloia Sea period. I t  is, however, n o t well defined 
n o r d a ted  in south-wmstern F inland. I n  those areas where there  were rapid 
land/sea level changes, as in  th e  coastal areas in  w estern F in land  w ith  a 
quick relative up lift of land, th e  difference betw een th e  position o f the 
shore-line for 6 0 0 0  B.C. and  for 55 0 0  B.C., or possibly 50 0 0  B.C., is con­
siderable.

T he tw o positions of th e  shore-line determ ined for 7000 B.C. and 6000 B.C. 
are sea-level positions above and  belowr th e  shore-line for th e  Ancylus Lake 
determ ined in  Estonia. On th e  basis of some sites in  southern  Finland 
(D o n n e r  1964) it could be ex tended  to  th is area, and  it  lies im m ediately
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below th e  shore-line determ ined for 7000 B.C. I ts  position in Fig. 4 was draw n 
on th e  basis of th e  sites in  which the  Ancylus transgression in  th e  zone V 
period was stratigraphically  determ ined (Sites S 38 an d  S 43, D o n n e r  1964). 
Of th e  shore-lines earlier determ ined w ith th e  help o f th e  pollen stra tig raphy  
th a t  for th e  zone boundary  I I I / IV  was om itted in  Fig. 4, because th e  vege- 
ta tio n a l change on  w hich th is zone boundary was based, is no t, in  view of 
radiocarbon determ inations, considered to  be a  synchronous pollen s tra ti­
graphical boundary  in  areas close to  th e  re trea ting  ice m argin (D o n n e r

1967). The oldest shore-lines in  Fig. 4 for south-w estern F in land  are those 
determ ined in  th e  Salpausselkä belt (D o n n e r  1969), B I  an d  B I I I  repre­
senting levels of th e  B altic lee  Lake, the  la tte r th e  sam e as th e  level deter­
m ined in E stonia, and  g and  Y  I  representing positions of th e  sea-level, 
g was form ed before B I  and Y I  im m ediately after th e  drainage of th e  B altic 
lee  Lake a t  Billingen, for w hich th e  date  8213 B.C. (E. N i l s s o n  1968) wras 
used here, as also when these shore-lines were determ ined (D o n n e r  1969). 
As 8305 B.C. (see F r o m m  1963) wras earlier used for th e  drainage a t  Billingen, 
those dates earlier based on th e  varve chronology become abou t 100 years 
younger th a n  before (D o n n e r  1964). Thus, th e  new' date  for the  shore-line 
below Y  I  is now' 7600 — 7500 B.C., and  th e  positions of the  ice m argin d ated  
w ith  varve chronology are 8200 B.C., ju s t inside Salpausselkä I I ,  7900 B.C. 
and  7500 B.C. The area in  wdiich th e  tw o Salpausselkä m oraines occur are 
also shown in  F ig. 4, their closer relationship to  th e  B levels having been 
discussed elsewhere (D o n n e r  1969).

The a ltitu d e  and  t i l t  of shore-lines B I I I  and  g in Fig. 4  is alm ost exactly  
th e  sam e as for th e  tw o highest shore-lines determ ined earlier ( I ) o n n e r

1 9 64 ). There are m any raised beaches below' B I I I  b u t  above th e  Y  I  level, 
and some inside th e  position of th e  ice m argin a t  82 0 0  B.C. (D o n n e r  1964 , 
Fig. 2 ). They m ay, therefore, represen t one or w o  in term ediate levels form ed 
during th e  drainage of th e  B altic lee  Lake from B I I I  to  Y I. The m arginal 
d elta  plains a t  th e  levels of B I I I  and Y I  are, however, very  close to  each 
other (D o n n e r  1 9 6 9 ), w hich shows th a t  if there  were in term ediate levels 
form ed during th e  drainage of th e  B altic lee  Lake, th ey  represent a relatively 
short period of tim e.

VÄSTERBOTTEN, SW EDEN
W hen th e  line for th e  shore-line diagram  in  Fig. 4 is continued from  Estonia 
and  south-w 'estern F in land  across th e  G ulf of B othnia tow ards th e  n o rth ­
west, it  crosses V äste rbo tten  (Fig. 1). The sites used for th e  determ ination  
of th e  shore-lines are from  an  area 90 km  broad, as in  F inland, and  150 km  
long, in  the  coastal area. The areas fu rth e r in land were no t affected by land / 
sea level changes following deglaciation. In  V ästerbotten  th e  land uplift
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was still relatively rap id  during th e  tim e of th e  L ito rina  Sea in  the  Baltic. 
Therefore, there was no transgression in  th is  area during th is  tim e, n o r were 
any  clear beaches form ed which could be used in  determ ining th e  Litorina 
shore-line. The position of th e  shore-line in  th e  beginning o f the  Litorina 
Sea period was in  V ästerbotten  determ ined w ith  th e  help of th e  highest sites 
in  w hich sedim ents containing salt-w ater diatom s occur (G r a n l u n d  1943). 
The sites studied  by  G r a n l u n d  show th a t  below some sites containing only 
fresh-w ater diatom s, there is a transitional zone of abou t 4 m  w ith  sediments 
containing Mastogloia-species and  below th is zone sedim ents containing 
Campylodiscus clypeus. As the  period represented  by th e  Mastogloia-species 
was very  short, G r a n l u n d  did n o t separate  i t  as a M astogloia Sea period, 
b u t  used th e  term  salt-w ater lim it for th e  h ighest lim it to  w hich th e  influence 
of salt-w ater reached a t  th e  beginning of th e  L itorina Sea period (see also 
J .  L u n d q v i s t  1965). The salt-w ater lim it th u s  defined in  V ästerbotten 
corresponds to  the  upper lim it of th e  L ito rina  Sea in th e  north-w estern part 
o f th e  area studied  in  F inland. The M astogloia Sea period as d ated  and  de­
fined in  F inland has n o t been separated  in  V ästerbotten  from  the  Ancylus
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Lake period, w hich here continued until th e  beginning of the  L itorina Sea 
period (G r a n l u n d  1943). As th e  firs t penetration  of salt-w ater, m arking 
th e  beginning of th e  L ito rina  period, was determ ined w ith  the help of pollen 
analysis of v arv ed  clays in Á ngerm anland to  have occurred n o t earlier th an  
5400 B.C., an d  probably  a t  5100 — 5000 B.C. ( F r o m m  1938), th e  d a te  5400 — 
5000 B.C. can also be used in th e  area of V ästerbotten  dealt w ith  here, lying 
im m ediately no rth -east of Á ngerm anland. The date  of 5500 B.C. used for 
th e  salt-w ater lim it in F in land  was n o t dated  in  th e  area in  which it  was 
used b u t tak en  from, th e  earlier determ inations in  Sweden in  general ( F l o ­
r i n  1963, F r o m m  1963), which m ay be a few hundred years too  old. As the  
salt-w ater lim it on each side of th e  G ulf of B othnia is sim ilar in  character, 
i t  m ust be considered to  represen t an  alm ost synchronous shore-line. Taking 
in to  consideration also some younger radiocarbon dates of c. 5000 B.C. 
(see F r o m m  1963) th e  age of 5500 — 5000 B.C. can, therefore, be used for 
th is lim it on b o th  sides of th e  Gulf of Bothnia. A more exact d a te  can n o t 
be given on th e  basis o f th e  present m aterial.

The a ltitu d e  o f th e  salt-w ater lim it in th e  coastal area of V ästerbotten  
falls from ab o u t 126 m  in  th e  south-w est to  ju s t under 120 m in  th e  n o rth ­
east, as shown in. a diagram  by G r a n l u n d  (1934, Fig. 90). Of th e  sites on 
which G r a n l u n d  based his determ ination of th e  salt-w ater lim it only four 
are in the  area d ea lt w ith  here, sites 4 and 5 near D jupsjö, site 6 near H örn- 
sjö and site 8 , earlier stud ied  by  H a l d e n , north-w est of Urnea (G r a n l u n d  
1943, p. 107— 108). These sites were included in th e  shore-line diagram  in 
Fig. 2. The sedim ents of th e  upperm ost site have an  A renana-flora, which 
shows th a t  i t  is above th e  salt-w ater lim it, whereas the  others are below it. 
Site 5 a t  123 m  is ju s t below i t  an d  has Mastogloia-forms, whereas the  two 
other sites a t  lower altitudes also have Campylodiscus clypeus. On th e  basis 
of these sites the  salt-w ater lim it is a t  abou t 124 m in th e  area west of Urnea. 
As th e  salt-w ater lim it could only be determ ined in  a small area a line for 
th e  lim it could n o t be draw n in th e  diagram  in Fig. 2. The t i l t  of the  sa lt­
w ater lim it along th e  coast of V ästerbotten  tow ards the  no rth -east does 
n o t help in determ ining the  position of th is lim it in th e  direction of the  base­
line used in th e  diagram  in Fig. 2 and  Fig. 4. In  connecting the  salt-w ater 
lim it in  th e  area near U rnea in  V ästerbotten  w ith th e  corresponding shore­
line on th e  F inn ish  side of th e  G ulf of B othnia (Fig. 4), it  was assum ed, 
w ithout an y  d irect evidence, th a t  th e  area in  which the  up lift has been 
greatest since th e  tim e of the  form ation of the  salt-w ater lim it, lies n o rth ­
w est or south-w est of th e  Urnea area, in  spite of th e  isobases for the  recent 
uplift, which ra th e r suggest a centre of uplift in the  no rthern  p a r t of the 
G ulf of B o thn ia  (Fig. 1). F u rth e r aw ay from  the  coast in V ästerbotten , 
north-w est of th e  area studied , ice-dam m ed lakes w^ere form ed a t  the tim e 
of deglaciation, and  in  narrow  valleys lakes were dam m ed by  endm oraines
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or eskers (in Swedish called »selsjöar», G r a n l u n d  1943, p. 82 — 85). The 
tilting  of th e  shore-lines of these lakes suggest, according to  G r a n l u n d  
(1943, p. 85—86), th a t  the  area in  which the  up lift has been g reatest is 
s itu a ted  north-w est of the  lakes M algom aj, S torum an and Storvindeln, 
nea r th e  Norwegian border. The determ ination of th e  form er shore-line 
surfaces in  no rthern  Sweden is, however, m ade d ifficult b y  th e  possibility 
th a t  th e  centre of uplift has shifted  from  one area to  ano ther during and 
afte r th e  tim e of déglaciation and, fu rth er, th a t  th ere  m ay  even have existed 
tw o centres o f land uplift (J. L u n d q v i s t  1965, !>• 174).

The profiles from  mires, in  w hich the  pollen s tra tig raphy  can be compared 
w ith  th e  land/sea level changes b y  determ ining th e  tim e of th e  isolation of 
th e  basins from th e  Baltic, are all below th e  salt-w ater lim it in  V ästerbotten 
(G r a n l u n d  1943) and th e  older land/sea level changes could no t, therefore, 
be d ated  in  th is way. The only level which can be determ ined in addition to 
th e  salt-w ater lim it is the  h ighest coastline, i.e. th e  upperm ost lim it to  which 
th e  B altic  Sea reached afte r th e  las t glaciation. A num ber o f m easurem ents 
(G r a n l u n d  1943, Fig. 57) of th e  a ltitu d e  of glaciofluvial deltas and of the 
upper lim it o f ■wave action, as show n in  F ig. 2, show th e  position of the 
h ighest coastline, falling from  an  altitude o f 270 m  near the  coast to  nearly 
230 m  fu rth e r inland. The highest coastline is, however, a m etachronous 
shore-line form ed during th e  re latively  rap id  regression of th e  water-level 
a t  a tim e during which the  m argin of th e  ice sheet re trea ted  into th e  Scan­
dinavian  m ountains. Only by com paring th e  highest coastline w ith  dated  
positions of th e  re treating  ice m argin, as done in  south-w estern F inland, 
can th e  a ltitu d e  of th is line be com pared w ith  shore-lines determ ined in 
o th er areas. The recession of the  ice m argin has n o t been da ted  in  V äster­
b o tten , b u t th e  detailed investigations in  Á ngerm anland ( H ö r n s t e n  1964), 
bordering th e  area studied  in  V ästerbo tten , can be used for th is purpose. 
Using m easurem ents of varved  claj^s H ö r n s t e n  dated  th e  re trea t of th e  ice 
m arg in  in  th e  valleys of Ä ngerm anälven and  M oälven and  drew recession 
lines for every 50 years of ice re trea t, covering a  period of 400 years, the 
zero year being the youngest (H ö r n s t e n  1964, Fig. 6). The zero y ea r is 
th e  sam e as in  th e  varve counts by  B o r e l l  and  O e f e r b e r g  (1955), dated 
to  6923 B.C. ( H ö r n s t e n  1964, E . N il s s o n  1960, 1968). A radiocarbon 
m easurem ent of th e  hum us fraction from  th e  varves + 5 6  to  + 8 2  in a  varve 
series from  Lugnvik, Á ngerm anland, gave an age of 9 OOOÁÍ200 B P. 
(U-215, H ö r n s t e n  and O l s s o n  1964), th e  expected age beign 8800 B .P. 
The determ ined age m ay, however, n o t be  th e  real age, as pointed o u t by 
H ö r n s t e n  and O l s s o n , and th e  unsoluble portions gave considerably older 
dates, 30000 years and  more. In  those varve  series where pollen counts 
have been m ade, th e  change-over from  a pollen flora dom inated by  Betula 
to  a  flora  w ith  m ainly P inus  takes place a t  abou t the  zero year. The diatom s
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analyzed show th a t  th e  w ater of th e  Baltic in th e  year 6823 was fresh in  the  
Ángerm anland area b u t  in  7323 B.C. still mesohalobous ( H ö r n s t e n  1964). 
Using th e  detailed results from  Á ngerm anland th e  recession lines for 7000 
B.C. and 7100 B.C., in terpolated  from the lines draw n by  H ö r n s t e n , were 
draw n for the  bordering area in  V ästerbotten. The lines were draw n parallel 
to  th e  ten ta tiv e  lines for the  la tte r  area as presented b y  G. L u n d q v i s t  (1961), 
who used th e  direction o f endm oraines in determ ining the  direction of the 
re treating  ice m argin. In  the  shore-line diagram  in Big. 2 the  innerm ost 
position of the  ice m argin a t  7100 B.C. and 7000 B.C. was draw n on th e  basis 
of th e  recession lines, as earlier done in south-w estern F in land  (D o n n e r  
1964, Big. 2). T he upperm ost glaciofluvial deltas and th e  upper limits 
of wave action form ed a t  abou t 7000 B.C. were connected w ith  a  line in Fig. 
2 and its  a ltitude a t  the po in t where the  ice m argin stood 7000 B.C. is 257 m. 
About 7100 B.C. the  w ater-level stood a t  abou t 265 — 270 m, w hen the  ice 
m argin was nearer th e  coast. No shore-lines from th e  tim e around 7000 B.C. 
can, however, be determ ined in  th e  area.

A connection of th e  altitude of 257 m  for 7000 B.C. in  V ästerbotten  
w ith th e  shore-line for th is period in south-w estern F inland is possible w ith 
a curved line, sim ilar to  th a t  for th e  salt-w ater lim it, assum ing th e  greatest 
land up lift to  have been fu rther inland in  V ästerbotten  also a t  th is tim e. 
The shore-line surface for 7000 B.C. was d ated  in south-w estern F inland 
on th e  basis of th e  zone boundary  IV /V  in  th a t  area and th e  corresponding- 
level in th e  pollen s tra tig rap h y  of Á ngerm anland is also a t  abou t 7000 B.C., 
possibly som ew hat younger, as m entioned above. F u rth er, th e  results from 
Á ngerm anland, also applicable in  V ästerbotten, showed th a t  th e  B altic 
was probably  still connected w ith  the  ocean a t  7000 B.C., th u s  excluding 
th e  possibility th a t  th e  altitude for the  water-level a t  th is tim e should 
represent th e  level of th e  Ancylus Lake in  V ästerbotten. The results in 
south-w estern F in land  agree w ith this conclusion. There th e  change-over 
to  th e  Ancylus Lake period is in  the  beginning of zone V in  th e  pollen 
s tra tig raphy  (D o n n e r  1964).

NORDLAND, NORWAY
The Norwegian sites included in  th e  present study , were all from an area 
in N ordland. I t  is 100 km  long in  th e  direction of th e  base-line in Fig. 1 
and  125 km  broad, stretch ing  from  Mo in  the  south  to  F auske and  Bodo 
in th e  n o rth , th e  m ain  valley being Saltdalen, w ith  Saltdalsfj orden and 
Skjerstafj orden outside it. F rom  th is area there  are a num ber of levelled 
altitudes o f raised beaches, w hich were used in  th e  shore-line diagram  in 
Fig. 3. M ost of th e  sites were stud ied  by G r ö n l i e , who after a prelim inary 
paper on th e  shore-lines of no rthern  N orw ay (G r ö n l i e  1940) produced a
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m ore com plete list of sites w ith  additions and corrections to  th e  earlier 
list (G r ö n l i e  1951). Two sites, in which th e  terraces were levelled by R e k - 
s t a d  (1910 ) b u t n o t included in  th e  lists published by  G r ö n l i e , were in­
cluded in  the  diagram . The to ta l num ber of determ ined raised beaches 
included in  Fig. 3 was 235 . Some sites w ith  m arine clays containing shells 
were also included in Fig. 3 if  th ey  were o f d irect use in  dating the  shore­
lines (the sites used in Fig. 3 are listed in  th e  Appendix).

In  representing th e  shore-lines G r ö n l i e  (19 4 0 , 1951) used relation dia­
gram s, or epeirogenetic spectra, sim ilar to  those introduced by T a n n e r  
(1 9 3 0 ) for th e  shore-lines in no rthern  Fennoscandia. G r ö n l i e  used, as 
T a n n e r  had  done before, th e  Tapes line or b-line as a reference level, in 
re la tion  to  w hich all o ther altitudes o f raised beaches were p lo tted  (the 
construction of shore-line diagram s has been discussed elsewhere, D o n n e r

19 6 5 ). As the  upperm ost Tapes shore-line is one of the  few shore-lines which 
in  n o rth ern  Norw ay, especially a t  lower isobases, can be singled out among 
th e  num ber o f raised beaches observed a t  different altitudes, i t  was separated 
in  Fig. 3. I t  was determ ined w ith  the  help o f all those sites, listed by  G r ö n ­
l i e  (1 9 5 1 ) , in  which a particu lar raised beach, among a num ber of raised 
beaches a t  different altitudes, falls on. th e  b-line. W hen all these beaches of 
th e  b-line were m arked  in  Fig. 3, i t  becam e clear th a t  th ey  represent two 
separate  tilted  lines, n o t one. W hen th e  geographical d istribution of the
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sites used is ta k e n  into account, th is  difference can  be explained. Those 
sites which represen t th e  lower, less tilted  line, are all in  th e  south-w estern 
ha lf of th e  area, w hereas those which represent th e  higher, slightly more 
tilted  line, are all in  th e  north -eastern  half. As th e  raised beaches represen­
ting  th e  b-line are likely to  be correctly  grouped, th e  difference m ust be 
caused by  th e  direction of th e  base-line used in  th e  shore-line diagram  in 
Tig. 3. I t  is p robab ly  n o t perpendicular to  th e  isobases a t  the  Norwegian 
coast, as suggested by  th e  isobases of the  recent up lift of land (Fig. 1) and 
fu rth e r supported  b y  th e  suggested direction for th e  isobases for th e  b-line, 
as presented by  G r ö n l i e  (1940). Thus, the area 125 km  broad along the  
coast is obviously too broad for an  accurate determ ination of the  form er 
shore-lines, as fa r as th ey  can be separated  on observations o f raised beaches 
alone. The area was therefore divided in to  tw o halves, th e  south-w estern 
and  th e  north -eastern , and  th e  altitudes of th e  raised beaches m arked 
differently fo r each h a lf in  the  diagram  in  Fig. 3. Therefore, th ere  is a 
separate b-line for each area. The determ ination o f th e  Tapes shore-line 
to  40 — 60 m  is supported  b y  th e  occurrence of shell-bearing sedim ents w ith  
a fauna characteristic for Tapes beds. Of th e  sites described by R e k s t a d  

(1910) the  highest is a t  M oldjord in  B eiarn, where a clay w ith  shells is found 
undernearth  te rrace  sands a t  43 m. The Tapes line in Fig. 3 is here a t  abou t 
47 m.

Assuming th a t  th e  position of th e  Tapes shore-line, as draw n in  Fig. 3, 
was correctly determ ined on th e  basis of the  studies by  R e k s t a d  (1910) 
and G r ö n l i e  (1940, 1951; see also H o l t e d a h l  1953, PI. 18), it  can be 
correlated w ith  th e  Tapes I  shore-line elsewhere in Norw ay. A t an  altitude 
of 40 — 60 m , a t  w hich i t  occurs in th e  area dea lt w ith, i t  is th e  highest 
Tapes shore-line, as seen, for instance, in  th e  diagram  for W est-F innm ark 
constructed  by  M a r t h i n u s s e n  (in H o l t e d a h l  1960). A t lower isobases, 
where th e  Tapes I  shore-line was transgressive, radiocarbon dates have 
been obtained for pea ts overlain by  beach gravels and sands. A t Vadsö in 
F innm ark  a d a te  of 7750 +  150 B .P . was obtained and another sam ple from 
Andöy in N ord land  gave a d a te  of 7400 +  150 B .P . (T-182, T-270, M a r t h i ­

n u s s e n  1962). M a r t h i n u s s e n  gave an age of c. 6600—6500 B .P . for the  
Tapes shore-line in  th is area, b u t, as seen from the  dates above, i t  m ay be 
7000 3^ears old or m ore, w'hich would be closer to  th e  date  obtained else­
where. In  th e  Oslo area, where th e  shore-line displacem ent was stud ied  in 
g reat detail by  various authors, there  were no transgressions a t  the  tim e 
during which th e  Tapes shore-lines were formed in A tlantic tim e ( H a f s t e n  
1956, 1959). In  a general correlation of the  land/sea level changes in  th e  
Oslo area w ith  those in o ther p a rts  of Norw ay, also w ith  th e  above-m entioned 
results b}r M a r t h i n u s s e n , th e  Tapes I  shore-line was da ted  to  abou t 5000 
B.C. ( F e y l i n g - H a n s s e n  1964, see also A n d e r s e n  1965). A s  th e  f irs t Tapes
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transgression can be considered to  be synchronous w ith  th e  f irs t L itorina 
transgression in  th e  Baltic, th is date  is supported  b y  those obtained in 
Sweden and  F inland. The date  for the  T apes I  shore-line a t  higher isobases, 
where it  was n o t transgressive, m ay, however, be som ew hat older, as was 
th e  case in the  Baltic.

According to  th e  above-m entioned datings th e  T apes I  shore-line in  the 
coastal area of N ordland in  N orw ay is o f approxim ately  th e  sam e age, 
ab o u t 5000 B.C. or slightly more, th a n  th e  salt-w ater lim it in  V ästerbotten 
in  Sweden, and  therefore these tw o shore-lines could be joined across the 
Scandinavian m ountains as shown in  Fig. 4. The Tapes I  shore-line used for 
Norw ay was th e  upper one from  Fig. 3, because i t  represents th e  n o rth ­
eastern  h a lf of th e  area dealt w ith, as do th e  shore-lines for th e  highest 
coastline in  th e  sam e area. The con tinuation  of th e  salt-w ater lim it joins 
th e  Tapes I  lim it in  N ordland, w hich slopes down tow ards the  A tlantic, 
if th e  curving of th e  shore-line, already suggested by th e  results from V äster­
b o tten  and  south-w estern F inland, continues across Scandinavia.

The shore-lines above the  Tapes line in  th e  area dealt w ith  in Nordland 
can n o t be separated  on th e  basis of th e  altitudes of raised beaches alone, 
even when th e  observations were divided in to  two groups. As seen in  Fig. 3, 
th e  raised beaches, formed during th e  re la ti ve regression of th e  sea-level 
from  its highest position, occur irregularly  and no grouping along certain 
tilte d  shore-lines can be traced. The diagram  is sim ilar to  th e  diagram  for 
raised beaches in south-western F in land  (D o n n e r  1964 , Fig. 2). The only 
shore-lines vdiich could be determ ined  above th e  b-line were those repre­
senting th e  highest coastline. In  th e  coastal areas of V äste rbo tten  and 
particu larly  in  F inland, where th e  topographical differences are com para­
tive!}7 small, th e  ice margin re trea ted  as a uniform  ice fron t for which re­
cession lines can be drawn. In  N orw ay th e  w ithdraw al of th e  ice was more 
varied  because o f the  broken topography  w ith  fjo rds and  deep valleys 
betwreen high m ountains, some of which are still glaciated. E ach fjo rd  and 
valley h ad  its  ovni re treating  glacier during the  final stages of deglaciation, 
an d  in  following th e  position of th e  h ighest coastline th ey  have to  be trea ted  
separately . The north-eastern  ha lf of th e  area dealt w ith  is th e  only p a r t  in 
w hich th e  shore-line for th e  highest coastline could be reconstructed  (Fig. 3). 
I n  th e  inner p a r t of Saltdalen th e  h ighest raised beaches a t  Bergholnes and 
R usânes lie on a tilted  line, and  when th e  line is extended three observations 
of raised beaches, i.e. a t  Setsa, Saltdalsfjorden, a t  B reivik, Skjerstafjorden, 
an d  a t  M isvaer, fall on th e  sam e line. A t these sites, however, th e  highest 
raised beaches are abou t 5 m  above th is line, as seen in Fig. 3. The tw o lines 
draw n for th e  highest coastline probab ly  give the approxim ate altitudes 
for tw o shore-lines from the  tim e o f th e  ice recession, th e  higher shore-line 
being form ed w hen a glacier was still occupying the  lower reaches of Salt-
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dalen, b u t  th e  f jo rd  was ice-free, and  the  lower shore-line form ed when the  
glacier had already withdrawn, higher up  in to  Saltdalen and  th e  valley 
was a  continuation  of th e  p resen t fjord . B o th  shore-lines for the  highest 
coastline are m ore tilted  th a n  th e  Tapes shore-line.

In  th e  no rth -eastern  h a lf of th e  area dealt w ith  in  N ordland, in  th e  area 
in  which th e  tw o above-m entioned shore-lines for th e  highest coastline were 
determ ined, th ere  is an  assum ed position of th e  ice m argin during its  re tre a t 
a t  Saitstraum en in  th e  outer p a r t  of Skjerstafjorden (G r ö n l i e  1940, H o l t e ­

d a h l  1953). The tw o shore-lines for th e  highest coastline are inside this 
line and  therefore also younger. South-east of Fauske th e  well-developed 
Finneid-m oraine blocks N edrevatne t from  Fauskevika ( R e k s t a d  1910, 
H o l t e d a h l  1953). I t  is probable th a t  th e  glacier in  th e  m ain  valley of S alt­
dalen had  receded already some w ay up th e  valley a t  the  tim e o f th e  form a­
tion  of th e  m oraine a t N edrevatnet, form ed by  a glacier w hich came down 
another valley from  th e  east, as indicated by th e  line draw n b y  G r ö n l i e  

(1940, PI. I I I )  for th is m oraine stage, which he called Ml1. The relationship 
betw een th e  shore-lines for th e  highest coastline w ith  th e  m oraines show 
th a t  th e  upper shore-line was form ed approxim ately  a t  th e  tim e o f the  
Finneid-m oraine a t  Fauske, 'when th ere  was still a glacier in  th e  lower p a r t  
of Saltdalen, w hereas th e  lower shore-line was form ed shortly  afte r the  tim e 
of th e  form ation of th e  Finneid-m oraine. A t Skjerstad, a t  th e  m outh  of 
M isvaerfjord, which is a sm all fjo rd  on the  southern  side of Skjerstafjorden, 
there  is also a m oraine ( R e k s t a d  1910) 'which could be o f th e  sam e age as 
the  Finneid-m oraine. This w ould explain w hy th e  highest beach a t  M isvaer 
(Fig. 3), which is inside th e  Skjerstad-m oraine, lies below th e  highest beaches 
a t  B reivik and  Setsâ, w hich are in. areas outside b o th  moraines. The above- 
m entioned age relationship betw een th e  shore-lines and  th e  m oraines agrees 
w ith th e  conclusions by  G r ö n l i e  (1951). In  his shore-line diagram  th e  F in ­
neid-m oraine of th e  M1 stage corresponds to  th e  d2 shore-line. The highest 
coastline in  Saltdalen is im m ediately  below the  d2 shore-line, whereas th e  
line in  the  fjo rd  outside a t  Setsâ and Breivik are above d2, th u s being th e  
same age or slightly older th a n  th e  moraine.

In  dating  the  shore-lines in  th e  area dealt w ith G r ö n l i e  (1940 ) assum ed 
th a t  th e  ice-m argin was outside th e  coast a t  the  tim e of th e  form ation of 
th e  Trom sö-Lyngen endm oraine in  no rthern  Norw ay (see F ig. 1), w hich in 
W estern Trom s is shown to  have been form ed m ainly in  th e  Y ounger D ryas 
period, partly , however, already in the  Older D ryas and  Alleröd periods 
(A n d e r s e n  196 8 ). According to  these datings the  form ation of th e  m ain  
p a r t  of th e  Trom sö-Lyngen m oraine, form ed in  th e  Y ounger D ryas period, 
can be correlated w ith  th e  form ation of th e  R a  m oraines in South Norw ay 
(Fig. 1). In  th e  shore-line diagram  constructed by  G r ö n l i e  th e  shore-lines 
in Fig. 3 lying ju s t below and  above the  d2 shore-line would fall, if  com pared
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w ith  th e  shore-lines in  the  Oslo-Romerike area (G r ö n l i e  1940, PL IV), in 
th e  zone between th e  Pholas line and  th e  L itorina line, using th e  classifica­
tion  by Ö y e n . This would m ean th a t  th e  highest shore-lines in Fig. 3 were 
form ed a t  abou t 7500 — 7000 B.C. ( F e y l i n g - H a n s s e n  1964). I f  a comparison 
is m ade on  th e  basis of th e  altitude of th e  Tapes I  shore-line between the 
older shore-lines in Fig. 3 and th e  curve for the  land/sea level changes in 
th e  Oslo area, determ ined on th e  basis o f pollen analytically  stud ied  sedi­
m ents in  a  series of lake basins a t  d ifferent altitudes and  form erly connected 
w ith  th e  sea ( H a f s t e n  1956, 1959), th e  shore-lines for th e  highest coastline 
in  Saltdalen  and th e  fjo rd  outside it  would correspond to th e  position of 
th e  shore-line a t  the  end of th e  Pre-B oreal period in th e  Oslo area, also 
ab o u t 7500—7000 B.C., as dated  by H a f s t e n . The com parison of the  shore­
lines w ith  the  Oslo area is, therefore, consistent an d  places th e  upper shore­
lines in  Fig. 3 in the  late Pre-Boreal period.

The above-m entioned dating, -which was en tirely  based on th e  altitudes 
of th e  shore-lines and a comparison w ith  th e  Oslo area is, however, no t in 
agreem ent w ith  the  d istribution of th e  m arine clays and  th e ir fauna in  the 
area presented  in Fig. 3. A t Rönvik, 1 km  from  Bodo, there  is a clay a t  least 
8 m th ick  containing shells of Portlandia arctica overlain by younger sedi­
m ents ( R e k s t a d  1910, p. 26; H o l t e d a h l  1953, p . 714). A radiocarbon 
determ ination  of P. arctica shells from  th e  clay, which occurs a t  an  altitude 
o f betw een 7 and 10 m, gave an  age of 10550±250 B .P ., 8600 B.C. (T-246, 
M a r t h i n u s s e n  1962). The presence of Portlandia arctica, representing the 
h igh-arctic Yoldia fauna, a t  th is site and  also in. G lom fjorden ( H o l t e d a h l  

1953, p. 714) show th a t  the ice m argin m ust have re trea ted  east of these 
areas a t  the  tim e of the  form ation o f th e  Trom sö-Ljm gen m oraines in  the 
Y ounger D ryas period and  could th u s n o t  have been outside th e  coast, as 
assum ed by  G r ö n l i e  (1940). P. arctica only occurs in L ate  W eichselian 
m arine sedim ents, or in  sedim ents representing th e  transition  to  th e  F lan­
d rian , in  N o rth  Norw ay (see A n d e r s e n  1968). The radiocarbon d a te  sup­
p o rts  th e  stratigraphical evidence and  places th e  sedim ent in th e  Younger 
D ryas period. Sim ilar dates listed by M a r t h i n u s s e n  (1962, pi. 1) and by 
A n d e r s e n  (1968, Table 3) from o ther areas agree w ith th is dating. F urther 
aw ay from  th e  coast, in  th e  fjords, th ere  are m arine clays containing Port­
landia lenticula, w ith small stones dropped by  icebergs. This clay, called 
Portlandia-cia,j ( R e k s t a d  1910, H o l t e d a h l  1953, p. 713), occurs, as shown 
in  Fig. 3, a t  N ygaard  in B eiarn a t  60 m  ( R e k s t a d  1910), a t  Osbak in Beiarn 
a t  105 m  ( R e k s t a d  1910, terraces in sam e area m entioned by G r ö n l i e  1951, 
site  369), and a t  Fauske up to  an a ltitu d e  of about 100 m  ( R e k s t a d  1917, 
H o l t e d a h l  1953, p. 713). The occurrence of these clays a t  high altitudes 
and  also close to  the  Finneid-m oraine a t  Fauske indicate th a t  th ey  were 
deposited  a t  a tim e shortly  after th e  form ation of th is m oraine, a t  a time
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corresponding to  th e  lower of th e  tw o shore-lines fo r the highest coast-line 
in  Fig. 3, w hich is abou t 15 m  above th e  two highest clay-occurrences. The 
Portlandia-clduy is younger th a n  th e  Y o ld ia -d m  m entioned above, and  it  
probably represents the  tim e im m ediately after the  form ation of the  Tromsö- 
Lyngen m oraine, or th e  R a  m oraines in South N orw ay, i.e. th e  beginning 
of the  Pre-Boreal period, a tim e abou t 8000 B.C., as in th e  Oslo area ( F e y - 
l i n g - H a n s s e n  1964). The m arine clays, m entioned above, thus show th a t  
th e  lower shore-line for th e  highest coastline in F ig. 3 is early Pre-Boreal, 
from about 8000 B.C. and  th a t  the  endm oraine or m oraines corresponding 
to  the Trom sö-Lyngen m oraine is east of Bodo an d  no t outside th e  coast. 
This is also supported  by  th e  occurrence of Yoldia-cla,y in Glom fjord 
( H o l t e d a h l  1953, p. 714), which is inside the  line a t  which th e  ice m argin 
is assumed to  have stood wrhen a t  Saitstraum en (see G r ö n l i e  1940, PI. I I I) . 
The well-developed Finneid-m oraine, perhaps including the  m oraine b e ­
tw een N edrevatne t and Ö vrevatnet ju s t inside th e  Finneid-m oraine, th e re ­
fore, m ost likely corresponds to  the  Trom sö-Lyngen m oraine fu rther north . 
The upper shore-line for th e  highest coastline in Fig. 3, corresponding in 
age approxim ately  to  th is m oraine, would thus be from abou t 8300B.C. 
or som ewhat older, using the  datings from areas fu rther n o rth  (A n d e r s e n

1968).
The dating  of th e  upperm ost shore-line for the  highest coastline in  Fig. 3 

to  correspond to  th e  Trom sö-Lyngen m oraine m eans th a t  this shore-line 
is a t  a lower a ltitu d e  th a n  suggested by  G r ö n l i e  (1 9 4 0 , 1 9 51 ), b u t th e  dating 
is in agreem ent w ith  the  new resu lts from  W estern Trom s (A n d e r s e n  1968). 
The relationship betw een th e  Tapes I  shore-line and the  shore-line form ed 
approxim ately  a t  th e  tim e of th e  Finneid-m oraine in  th e  area shown in 
Fig. 3, is alm ost exactly  th e  sam e as betw een th e  Tapes shore-line and the  
Main shore-line, form ed a t  th e  tim e of th e  Trom sö-Lyngen m oraine, in 
U llsfjord, B alsfjord and M alangenfjord areas in  W estern Trom s if these 
lines are extended to  higher altitudes (A n d e r s e n  1968). I t  is also th e  same 
as between th e  Tapes I  shore-line and  th e  P i2 shore-line, corresponding to  
the  Main shore-line, in  W est F innm ark  (M a r t h i n u s s e n  in  H o l t e d a h l  
1960). Even if th e re  are some regional variations in  th e  inclination of th e  
Main shore-line in  no rthern  N orw ay (A n d e r s e n  196 8 ), its  a ltitude in relation 
to  the  Tapes I  shore-line seems to  be ra th e r consistent in  a large area. The 
close agreem ent abou t th e  age o f th e  shore-lines in Fig. 3 w ith  th e  results 
from  W estern  Trom s and  W est F innm ark  supports the  conclusions m ade 
on the  basis of th e  m arine clays and their relationship to  th e  raised beaches 
and moraines, and shows th a t  th e  comparisons m ade directly  w ith th e  Oslo 
area give som ew hat too young ages for th e  upperm ost shore-lines.

As a  sum m ary of th e  dating  o f th e  two upj)ermost shore-lines above 
Tapes I  in the  area dealt w ith  in  N ordland and  shown in Fig. 3, th e  following
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tab le  can be given of the relationship betw een th e  m arine clays, th e  moraines 
and  the  shore-lines.

Yoldia-cl&y w ith  
Portlandia arctica 
(C14-date  8 6 0 0 ± 2 5 0  B.C.)

The two shore-lines in Fig. 3 for th e  highest coastline are older th a n  the 
highest position of the  shore-line in  V ästerbo tten , in  Sweden, from  where 
th e  ice re trea ted  about 7000 B.C. (Fig. 4). T he position of the  shore-line for 
th is  tim e is, therefore, in  N ordland somewhere below th e  highest coastline, 
a t  approxim ately  th e  altitude indicated  in  F ig. 4. I t  was draw n to  show the 
age relationship between the  highest shore-lines in  Sweden and  N orw ay but, 
as for th e  line for Tapes I  joined w ith  th e  salt-w ater lim it in Sweden, there 
is no evidence for its true  shape in th e  Scandinavian m ountains.

CONCLUSIONS
The shore-lines presented in  the  1090 km  long profile in Fig. 4 across Fenno­
scandia, from. E stonia in  th e  south-east to  th e  A tlan tic  coast of N orw ay in 
th e  north-w est, were determ ined w ith  th e  help of different m ethods in 
different p a r ts  and a t  different altitudes. In  th e  determ ination  of th e  alti­
tu d es  of th e  shore-lines raised beaches, glaciofluvial delta  plains, pollen 
analysis and  diatom s, Stone Age w ater-side dwelling places and  shellbearing 
m arine clays or beach deposits were used. In  dating  th e  shore-lines the 
varve chronology for F inland and Sweden could be used. O ther dates were 
p a rtly  supported  by  radiocarbon determ inations, som etimes from  outside 
th e  area investigated. Shore-lines in  different areas were only connected 
w ith  each other in those cases where th e ir connection could be supported  by 
stratig raph ical evidence. F or each area in  w hich the  shore-lines were deter­
m ined, separate  m ore detailed diagram s were firs t constructed, in  which 
th e  m ethods used are m entioned. As some of these diagram s were published 
earlier, a  tab le  is given below in  which th e  figure num bers are listed for all 
separate  shore-line diagram s in  earlier papers as well as in  the  present paper.

M arine clays M oraines Shore-lines

P ortlandia-clay w ith  
Portlandia lenticula

H ig h est shore-line in  
Sa ltda len , c. 8000 B.C.

F inneid-m oraine (perhaps
also Sk jerstad-m oraine) M ain shore-line, c. 8300 B.C.
=  T rom sö-Lyngen m oraine

D o n n e r  1 9 6 4  1 9 6 6 1969 P resen t paper
E sto n ia
Sou th -w estern  F in lan d  
V ä s te rb o tten , Sweden 
N ord land , N orw ay

Fig . 11
Fig. 2 F i§- 4
Fig. 3
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In  E ston ia and  south-w estern F inland, in which shore-lines for distances 
of 80  km  and 31 0  km , perpendicular to  th e  isobases, were determ ined, no 
irregularities in  th e ir shape could be detected. In  joining th e  shore-lines of 
E stonia w ith  those in south-w estern F inland there  is, however, a bend in  
th e  area of th e  G ulf of F inland. The shore-lines are clearly m ore steeply 
inclined on th e  F inn ish  side th a n  on th e  E stonian side and  a hinge-line or 
hinge zone m ust be assum ed to  exist or to  have existed in th e  G ulf of 
F in land  to  explain th is difference (see D o n n e r  1 9 6 6 ). In  addition to  th is 
bend, sim ilar bends could possibly exist in th e  G ulf of B othnia, th e  Scan­
dinavian m ountains or outside th e  Norwegian coast, i.e. in  all those parts 
of th e  diagram  in  Fig. 4 from  which there is no and could n o t be any  evidence 
of th e  shape of th e  ex tended  shore-lines. As there  is no reason, on th e  basis 
of th e  available m aterial, to  assum e th a t  the  shape of the  shore-line surfaces, 
when extended, is irregular in  those areas in which the  shore-lines could 
n o t be determ ined, and only regular in those areas where th ey  could, the  
shore-lines were joined in  th e  w ay shown in  Fig. 4. The uplift was, according 
to  th is in terp re ta tion , slightly  asym m etrically dom e-shaped w ith  th e  sum ­
m it of th e  dome in  th e  easte rn  p a rt of th e  Scandinavian m ountains, in  th e  
area in which th e  last rem nan ts of ice m elted. The shore-lines slope m ore 
steeply tow ards th e  w est th a n  th e  east. I t  is possible th a t  there is a slight 
curving of th e  shore-lines in  south-w estern F inland b u t i t  is, however, so 
slight if i t  occurs th a t  i t  was n o t detected. The shore-lines were, therefore, 
draw n as s tra ig h t lines in  th e  diagram . The ra th e r regular dom e-shaped 
uplift of Fennoscandia is also suggested b y  th e  isobases for th e  recent u p ­
lift of land, as shown in  Fig. 1. The tilt  of th e  shore-lines in  Fig. 4 is n o t 
always the  g reatest possible because the  base-line used is n o t everywhere 
a t  righ t angles to  th e  isobases as, for instance, a t  the  Norwegian coast.

In  addition  to  suggesting an  asym m etrical uplift in  Fennoscandia, w ith  
a m arginal hinge-line or hinge zone in  th e  G ulf of F inland, the  shore-line 
diagram  in  Fig. 4 shows how th e  w ithdraw al of th e  ice m argin was more 
rap id  on th e  eastern side of th e  Scandinavian m ountains th a n  a t  th e  A t­
lan tic  coast an d  in  the  m ountains them selves. The ice m argin stood a t  the 
Salpausselkä end-m oraines in  southern  F inland a t  th e  sam e tim e, ju s t over 
8000 B.C., as a t  th e  Finneid-m oraine in  N ordland in  Norw ay, b u t  a thousand  
years la ter i t  h ad  already w ithdraw al from F inland to  V ästerbo tten  in Swe­
den. The shore-line diagram  also shows how7 th e  land/sea level changes in 
th e  B altic region were affected by the  developm ent of th e  B altic Sea. The 
fluctuations caused by th e  dam m ing up of the  w ater level of th e  B altic 
lee  Lake and  of th e  Ancylus Lake resulted  in shore-line positions above 
sea-level. The altitude a t  w hich th e  w7ater-level stood above sea-level during 
these periods is shown in Fig. 4, as wrell as the  areas in which th e  rise of 
w ater-level overtook th e  land  uplift and  resulted  in transgressions. Tw'o
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Fig . 5. T he shape an d  a ltitu d e  of th e  L ito rin a  I  — T apes I  shore-line from  5500 B.C. —5000 
B.C. an d  th e  position  o f th e  m arg inal h inge zone in  th e  G ulf of F in lan d  com pared w ith  the 
m ain  tec to n ic  un its .

transgressions, th a t  of th e  B altic lee  L ake and  of the  A ncylus Lake, were 
transgressions in  th e  B altic when it  form ed an  independent lake, whereas 
th e  L itorina transgressions were caused b y  th e  eustatic rise overtaking 
th e  land uplift.

The relationship of th e  shore-lines in  Fig. 4 to th e  ou ter lim it of the 
W eichselian glaciation and to  th e  Fennoscandian m oraines, as well as to 
th e  isobases o f the  recent up lift of land, were shown in  Fig. 1. In  Fig. 5 the 
general shape o f th e  L itorina I —Tapes I  shore-line from  5500 — 5000 B.C., 
along th e  line studied, is shown on th e  m ap together w ith  th e  m ain  tectonic 
units. In  the  north-w est, along th e  A tlan tic  coast, th e  Caledonian belt
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borders th e  B altic Shield. In  th e  south  and south-east th ere  are Palaeozoic 
and  younger s tra ta . W ith in  th e  Shield there  are younger rocks, also m arked 
on th e  m ap, as th e  D evonian intrusions in th e  K ola Peninsula and  th e  P e r­
m ian igneous rocks in  th e  Oslo area. No d irect relationship can be detected  
betw een the  shape of th e  shore-lines and  th e  m ain tectonic units. The m ar­
ginal hinge-line or hinge zone (see Fig. 5) in the  G ulf o f F inland, if  real, is, 
however, likely to  be tectonically  controlled.

A p p en d ix

R eferences to  ra ised  beaches used  in  th e  shore-line d iagram  in  F ig . 3 , lis ted  from  left to  righ t. 
G r ö n l ie  1 9 5 1 , s ites 3 8 1 ,  3 8 0 ,  3 8 4 ,  3 7 8 ,  3 9 4 ,  3 6 7 ,  3 8 9 ,  3 8 6 ,  3 8 3 , 3 5 4 , 3 7 7 , 3 7 5 , 3 7 2 ,  3 6 9 ,  3 6 3 , 

3 6 0 ,  3 3 7 , 3 6 6 , 3 3 9 ,  3 3 4 , 3 5 8 , 3 5 0 ,  3 4 1 ,  3 2 0 ;  R e k s t a d  1 9 1 0 , R ipnes, A lsvik.
R eferences to  s ites w ith  Portlandia-clay. R e k s t a d  1 9 1 0 , O sbak a t  1 0 5  m , N v g aard  a t 

6 0  m ; R e k s t a d  1 9 1 7 ,  F au sk e  a t  1 0 0  m . T he site  w ith  Y oldia-clssy is a t  Bodo a t  10  m  (M a r - 

TH IN U SSEN  1 9 6 2 ) .
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