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This paper is a contribution to the glacial history 
of southwestern Norway. The locality dealt with 
is situated at Hjelmeland, just to the south of 
Jøsenfjord (Fig. lB), a 25 km long and narrow 
east-west trending fjord. Distinct end-moraines 
situated at the mouth of Jøsenfjord have been 
demonstrated to be from the Lysefjorden Stadial 
in the Younger Dryas Chronozone (Andersen 
1954, Anundsen 1972). 

The glacial chronologies for the Ryfylke re
gion, presented by Anundsen (1977a) and Man
gerud (1980), postulate that a glacier readvance 
occurred in the earl y part of the Y ounger Dryas 
Chronozone. This readvance extended at !east 3-
4 km further than the Y ounger Dry as terminal 
moraines. A late Allerød/early Younger Dryas 
readvance, which terminated outside the Youn
ger Dryas terminal moraines, has also been re
ported from Stord, Hordaland (Sindre 1980), 
Troms (Fimreite 1980) and Strandvik south of 
Bergen (Mangerud 1977, Mangerud & Aarseth 
pers. comm. 1981). We here report on new indi
cations of a late Allerød/early Younger Dryas 
glacier advance extending o utside the Y o unger 
Dryas moraines. 

Possible causes for such a readvance are dis
cussed below. The chronostratigraphic subdivi
sions proposed by Mangerud et al. (1974) and 
Mangerud & Berglund (1978) are used. 

The Hjelmeland locality 

The Hjelmeland locality is situated 17-18 m 
above sea leve! on the northern slope of the 

mountain Hjelmen (Fig. 1). It is further situated 
approximately 1. 5 km distally of the Younger 
Dryas end moraines and 10 km proximally of the 
large, undated end moraines at Fister (Fig. 9). 
The locality is a building site. Field work was 
mainly carried out in 1979. The main section was 
approximately 40 m long and 8 m high (Fig. 2). 

Lithostratigraphy 

The sequence (Fig. 2) consists of 5 principal 
units: A brownish till at the base; a brownish
grey silty sand; a blue shell bearing till; a blue 
sandy silt and a brownish sandy silt on top. 

The brownish till (Lower Hjelmeland till) 

A brownish till, containing some large boulders, 
was found at the base of the section. The maxi
mum thickness observed was approximately 4 m. 
A grain-size distribution (Figs. 3, 4) shows a very 
poorly sorted gravelly and sandy till. Based on 
the fractions less than 2. 0 mm, it may be classi
fied as 'sandy till' (Vorren 1979:40). Based on 
textural characteristics, it is suggested that this is 
a melt-out till. 

The brownish-grey sand (Hjelmeland sand) 

This unit is only found in the western part of the 
section adjacent to a large boulder (Fig. 2), and 
consists of brownish-grey sand. 

The maximum thickness of the sand unit is l 
m. It is exposed over a distance of approximately 
6-7 m. 
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Fig. 2. The Hjelmeland section. The position of the different samples and the till fabric measurements are shown. 

As shown by the grain-size distribution (Figs. 
3, 4), the sand is rather poorly sorted, and can be 
classified as 'silty sand' (Shepard 1954). Small, 
tiny, not identified shell fragments have been 
observed in the sand. Patches of Bryozoa were 
found on the large boulder adjacent to the sand. 
The shell fragments and the Bryozoa indicate a 
marine origin of the sand, and a horizontal bed
ding indicates that the unit is probably lying in 
situ. 

The blue til/ (Upper Hjelmeland til/) 

The blue till is lying above the brownish till and 
the silty sand (Fig. 2), and the contact between 
them is sharp. The till is compact with a high 
content of sand, silt and some clay (Figs. 3, 4) 
and can be classified as 'sandy till'. The maxi
mum thickness is 1.5 m. Pebbles and cobbles, 
mainly subangular to subrounded, are frequent 
in a basal zone which varies in thickness from a 
few cm up to 50 cm. This zone has a more 
brownish colour than the rest of the unit. 

Shell fragments are abundant in the till. They 
are usually well preserved, although there are 
some badly preserved fragments near the base of 
the till. Several of the pebbles in the basal layer 
are coated with Bryozoa. As recent cheilostome 
Bryozoa have been found in the littoral zone 
(Rasmussen 1969:295), these pebbles are most 
probably derived from a littoral sediment. 

Small inclusions of a brittle and fatty black 
organic sediment, probably marine gyttja, are 

found in the middle and upper part of the blue 
till. The inclusions are a few cm long, the thick
ness is usually a few millimetres, and they are 
folded and squeezed. The pollen content of this 
sediment is similar to the pollen content in the 
blue till (Fig. 8), which is dominated by NAP
pollen. 

Enclosed in this till unit, in the central part of 
the section, is a lens of brownish till (Lower 
Hjelmeland till, Fig. 2) which indicates glacitec
tonism. The compact nature of this till, the tex
ture, the indication of glacitectonism given by 
the lens of brown till, and the folded and 
squeezed gyttja indicate that this is a basal till. 

The blue sandy silt (Lower Hjelmeland silt) 

The blue till is covered by a blue sandy silt. The 
contact between them is transitional. The sandy 
silt is not so compact as the blue till beneath. 
Locally, lenses and layers of sorted sand, often 
with primary structures, have been observed. 

The grain-size distribution (Figs. 3, 4) shows a 
very poorly sorted silty sand and sandy silt. Some 
boulders, cobbles and pebbles have been ob
served in this unit; the largest measured l x l m, 
and was observed in a nearby section. Here, a 
thin sand layer a few cm thick and extending over 
a distance of several metres, was depressed be
low the boulder. 

Shells and shell fragments occur in the blue 
silt. Both whole valves and paired valves in their 
position of growth have been found. The preser-

Fig. l. Locality maps. A is a key map of South Norway. On map 8, the Younger Dryas ire-front position is shown by the stippled 
line. Black circles are localities where evidence of a late Allerød/early Younger Dryas glacier advance has been observed. St: 
Strandvik (Mangerud & Aarseth, pers. comm.), S: Stord Island (Sindre 1980), V: Vindafjord (Anundsen 1977a), H: Hjelmeland 
(present authors), J: Jøsenfjord. Map C shows the Hjelmeland locality, indicated by an arrow. 

16- Geologisk Tidsskr. 4/83 
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Fig. 3. Grain-size distribution shown as cumulative curves on 
probability-paper. For location of the samples see Fig. 2. 1: 
Lower Hjelmeland till, 2: Hjelmeland sand, 3 & 4: Upper 
Hjelmeland till, 5 & 6: Lower Hjelmeland silt, 7: Upper Hjel
meland silt. 
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vation of the shells is generally good, although 
several imprints of dissolved shells and shell frag
ments have been found. 

In the lower part of this unit, macroscopic 
plant remains have been found (see p. 282). 

The paired shells, the less consolidated nature 
of the sediment compared to the blue till be
neath, and the content of stones and boulders 
which obviously have been dropped into the 
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Fig 5. The marine invertebrates found at Hjelmeland, and their 
recent distribution according to Feyling-Hanssen ( 1955). 

sediment and the sand lenses and layers, suggest 
that the blue silt is a glaciomarine sediment 
which has not been overrun by ice. 

The brownish sandy silt (Upper Hjelmeland 
silt) 

This unit is found at the top of the section (Fig. 
2). It consists mainly of brownish grey, poorly 
sorted sandy silt (Figs. 3, 4), with maximum 
thickness of 3 m. Layers of well-sorted medium 
sand have been observed. Boulders have not 
been observed and the silt contains less pebbles 
than the blue silt below. Shell fragments have not 
been found; only a few imprints of dissolved shell 
fragments have been observed towards the base 
of the unit. The boundary between the blue and 
the brown sandy silt is sharp. The differences 
between the two uppermost units are the lack of 
shells and coarse, ice-dropped material in the 
upper unit as compared with the lower unit. 

Biostratigraphy 
Marine invertebrates 

As shown in Fig. 5, 9 species of Mollusca and l 
species of Arthropoda have been found in the 
sediments at Hjelmeland. All species, except 
one, have been found in Upper Hjelmeland till. 

In contrast, only 4 species were found in the 
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Lower' Hjelmeland silt. Many imprints of shell 
fragments were found, and from these Hiatel/a 
arctica was identified. Another imprint studied 
showed a thin-walled shell (Figs. 6 and 7). Part of 
a brown periostracum, with thin concentric lines, 
was still present in the ca vi ty. The anterior binge 
line imprint was well preserved, showing a taxo
dont binge with at least 12 teeth (Fig. 7). Based 
on its size and morphology, compared to Y ol
die/la lenticula (Ockelmann 1958), it is concluded 
that the imprint is after Portlandia arctica. 

As can be seen from Fig. 5, all the species in 
the Upper Hjelmeland till have a rather wide 
recent distribution (low arctic- middle boreal). 

Mangerud (1977) uses Modiolus modiolus, Lit
torina littorea and Mytilus edulis as indicative of 
Atlantic water south of the polar front. Modiolus 
modiolus is recorded from deposits at Spitsber
gen from the Holocene climatic optimum (Feyl
ing-Hanssen 1955:133), as is Heteranomia squa
mula (op.cit. 1955:128). The occurrence of Myti
lus edulis and Heteranomia squamula in the Up
per Hjelmeland till thus indicates that Atlantic 
water was present at Hjelmeland. Portlandia arc
tica, found in the Lower Hjelmeland silt, is a 
high arctic species, indicating a high arctic ma
rine environment during deposition of the Lower 
Hjelmeland silt. 
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Fig. 6. The imprint of Portlandia arctica found in the Lower 
Hjelmeland silt. For comparison a subfossil Portlandia arctica 
is shown. Scale bar is lO mm. 

Pollen and plant macrofossils 

Pollen samples were prepared according to the 
procedure described in Mangerud et al. (1981). 
The pollen content is low, and percentages are 
not given. This complicates comparison with 

Fig. 7. The imprint of Portlandia arctica from the Lower Hjelmeland silt. A. The arrows show the imprint of the binge. Note that 
the binge line forms an obtuse angle with the umbo. Scale bar is lO mm. B. Detail of the binge line imprint on the left hand side of 
the umbo. The imprint of at !east 10 teeth can be seen. Scale bar is l mm. 



282 P. Blystad & K. Anundsen 

Lithostratigraphy 

Be ds (informal names) 

Sample no. 

.... Pin us 
Ill l': Bet ula lo< <ll o.-.- Alnus .Q.-lll< 

Corvlus-tvoe lo< o o<( 
o<( o.- I: AP 

Ul Salix .Q 
Juniperus ::l H Er·cales ..c: Ul I: Shrubs 

..... Poaceae 
l': Il< Cyperaceae <ll o<( ..... � Artemisia l': 

Filipendula o u l': Rosaceae excl. Filip. <ll 
l': .... Rumex <ll .... 

Caryophyllaceae .... o .... o. Ranunculaceae o 
o. .... Apiaceae Ill .... lo< Se dum Ill o Plantago maritima ..... .Q 
o lo< Compositae (lig. + tub.) E-t Ill l Polvcronum v ivioarum 

J:: I: NAP o 
z var i a 

I: Pollen 
Polypodi aceae type 
Dryopteris linnaeana 
Lycopodium 

Spores 
Sphaqnum 
Z: Soores 

Aqua tie PotamQg_eton 
pollen I: Jl&. _Qollen 
Ph y to- Ped i astrum 
planeten Hvstr"x 

I: Phytoplancton 

PO 

25 
37 
-
-
62 
9 
1 

16 
26 
37 

4 
22 

1 
1 
9 
8 
3 

-
3 
3 
2 
1 

94 
25 

207 
1 
2 
6 

11 
20 

1 
1 

-
19 
19 

NORSK GEOLOGISK TIDSSKRIFT 4 (1983) 

Blue till Blue sand y Brown sand y 
silt silt 

Up per Lower Upper 
Hjelmeland Hjelmeland Hjelmeland 
till silt silt 

P1 P2 P3 P4 PS P6 

29 14 8 4 10 1 
130 44 4 12 16 7 

- - - - 1 -
- 1 - - - -

159 59 12 16 _n_ R 
1 5  12 1 - - -

1 1 - - 1 -
2 3  4 1 _l _2 _..2 
39 17 2 3 3 2 
49 16 3 4 6 -

4 5 1 - 4 -
1 9  15 4 1 7 -

1 1 - - - -
1 1 - - - -
6 3 3 - - -
3 4 1 - 2 -
1 4 - 2 - -
1 - - - - -
- 1 - - - -
6 5 1 - - 1 
1 1 - - - -
- 1 - - - -

92 57 1 3  7 1 9  1 
24 9 5 5 8 1 

314 142 32 3 1  57 12 
- 1 - - - -
- 1 2 - 1 -
- 3 - - 1 -
- 1 - - - -
- 6 2 - 2 -
- 3 - - 2 -
- 3 - - 2 -
- 7 - - 2 -

21 0 11 26 - 43 20 
21 0 18 26 - 45 2 0  

Fig. 8 .  Pollen contents i n  the sediments a t  Hjelmeland. Due t o  low pollen contents, percentages are not given. Sample P O  is from 
the gyttja found in the blue till. 

other pollen investigations from the area (cf. 
Fægri 1940, Anundsen 1977b, Thomsen 1982). 

However, the pollen content in the Upper 
Hjelmeland till (Fig. 8) resembles the pollen con
tent reported in Late Weichselian sediments 
from western Norway indicating an open vegeta
tion in an arctic environment. 

Finds of well-preserved leaves of Salix polaris 
and Salix herbacea in the basal part of the Lower 
Hjelmeland silt coincide well with the pollen 
data. These finds show that S. herbacea and S. 
polaris lived dose to the locality when the Lower 
Hjelmeland silt was deposited. 

The pollen content of Pinus and Betula indi
cates differences in pollen composition between 

the lithological units. However, based on the chi
square test including all taxa, there is no statisti
cal basis for a division based on pollen composi
tion between the lithological units. 

Radiocarbon dates 

Three radiocarbon da tings (Table) have been 
carried out on shell material from the Hjelme
land locality and three on gyttja from Randøy, 10 
km SW of Hjelmeland (Fig. 9). The results have 
been corrected both for isotopi c fractionation (all 
samples) and for the marine reservoir effect 
(shell samples) of an apparent age of 440 years 
(Mangerud & Gulliksen 1975). For all the dates, 
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Table l. Radiocarbon datings at Hjelmeland (H) and Randøy (R). 

Lab.no. Si te Radiocarbon /inC%. Dated material Depth below 
surface (cm) years (B.P.) 

T-3482 (H) 11.810± 130 -O.l 
T-3483 (H) 10.790 ± 100 0.4 
T-3484 (H) 11.090 ± 130 0.4 

T-3579 A (R) 11.770 ± 130 -26.4 

T-3580 A (R) 11.300 ± 90 -28.8 

T-3581 A (R) 10.980 ± 100 -29.1 

the Libby half-life of 5570 years has been used. 
The shell fragments are all well preserved, and 

the stable isotope measurements are in accord
ance with values found for Norwegian marine 
carbonate samples (Gulliksen 1980}, which indi
cate that the shell samples have not been con
taminated by younger carbon. 

The stable isotope measurements of the gyttja 
samples are also in accordance with values found 
by Gulliksen (1980). 

lee movements 

Glaeial striae have been observed dose to the 
Hjelmeland locality (Fig. 9} and indicate a gla
eier movement towards the WNW and WSW, in 
chronological order. Two fabric analyses in each 
of the till units have been carried out to see if 
they could be correlated to ice movements as 
indicated by the striae. 

In the Lower Hjelmeland till, the primary 
mode orientation of the fabrics (Fig. 2} are to
wards N-S, perpendicular to the oldest glacier 
striae, and E-W, parallel to the oldest striae, 
respectively. Thus, they could be from different 
till sub-units. This is not, however, demonstrated 
in the lithostratigraphy. The primary mode ori
entation of the fabric of the Upper Hjelmeland 
till is towards NNW-SSE, perpendicular to the 
younger glacier striae, and towards NW-sE, par
allel to the oldest glacial striae. The fabrics could 
also be from different till sub-units, but the exact 
location of the samples in relation to the ob
served lithological change is not clear. 

The inconsistency of the primary mode orien
tations renders a correlation with the glaeial 
striae impossible. However, this inconsistency 
supports the indications of glaeitectonism found 
in the Upper Hjelmeland till. 

Mya truncata 
Mya truncata 
Mya truncata, 
Astarte elliptica, 
Ba/anus sp. 
Lacustrine 644.5 
gytt ja 
Lacustrine 638.0 
gytt ja 
Lacustrine 630.0 
gytt ja 

Discussion 

Although the field data from this area, including 
14C dates, are scarce, a glacial chronology and 
environmental reconstruction are proposed. 

The dates from the Upper Hjelmeland till indi
cate that the area was deglaeiated be fore 11 ,800 
B.P. (Fig. 10} and that a glaeier advance oc
curred some time after 11,090 ± 130 B.P. The 
14C date from the Lower Hjelmeland silt indi
cates that the readvance occurred before 
10,790 ± 100 B.P. The locality was finally degla
ciated shortly before 10,800 B.P. when the gla
eier retreated to the mouth of Jøsenfjorden. 
Large terminal moraines were deposited here 
(Figs. l and 9). 

At Fister, 10 km west of Hjelmeland, some 
distinct but undated moraines occur (Fig. 9). The 
lower part of Randøy was probably ice covered 
during formation of the Fister moraines. 

Lacustrine sediments from a basin at Randøy 
have been 14C dated (Anundsen, unpubl.) to the 
earl y Allerød Chronozone (Table), which im
plies that the Fister moraines are older, possibly 
of Older Dryas or Bølling age (Fig. 10}, and 
consequently older than the Upper Hjelmeland 
till. The age of the Lower Hjelmeland till is older 
than 11,800 B.P. 

After the deglaciation of Hjelmeland prior to 
11,800 B.P., a vegetation developed on land, 
dorninated by heliophilous taxa as indicated by 
the pollen content of the Upper Hjelmeland till 
and the gyttja. Marine conditions were influ
enced by the presence of warm Atlantic water as 
indicated by the molluscs. This ice-free period at 
Hjelmeland terminated shortly after 11,100 B.P. 
with a glaeier readvance. The marine sediments 
deposited earlier were picked up by the glacier 
and incorporated into the Upper Hjelmeland till. 
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Fig. 9. lee-front positions and glacial striae related to the Hjelmeland locality. 

This readvance terminated east of Randøy ac
cording to the 14C dates (Table). No lateral de
posits correlative with it have been found. Hjel
meland was ice covered a short time during this 
readvance, which ended some time before 10,800 
B.P., when deposition of a glaciomarine sedi
ment, the Lower Hjelmeland silt, commenced. 
The ice-dropped material in this silt and the oc
currence of Portlandia arctica suggest proximity 
to the glacier front, which probably was situated 
at the mouth of Jøsenfjorden, where the promi
nent Lysefjorden Stadial moraines are found. 

The retreat from the Lysefjorden Stadial mo
raines probably began in the middle or late part 

of the Younger Dryas Chronozone. This is indi
cated by a 14C dating of 10,100 ±280 B.P. from 
basal sediments from a locality situated at an 
altitude of approx. 700 m and 20 km within the 
Younger Dryas glacier front position (Blystad & 
Seising, in prep.). 

Glacier readvances in Allerød/ 
Y ounger Dry as Chronozones 

The glacier readvance recorded towards the end 
of the Allerød and in the beginning of the Youn-
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ger Dryas Chronozones at Hjelmeland shows a 
parallel with observations from other areas. 

In the northem part of the Ryfylke region 
(Fig. 1), Anundsen (1977a) found evidence of a 
restricted readvance at some time between 
11,630 B.P. and 10,700 B.P. (Fig. 11), some 3-4 
km outside prominent lateral moraines of the 
Lysefjorden Stadial. 

At Stord (Fig. 1), beyond the Younger Dryas 
end moraines, Sindre (1980) found evidence of a 
glacier advance shortly after 11,000 B.P .. The 
glacier retreated from Stord some time before 
10,600 B.P. to the position of the Halsnøy Mo
raine for the rest of the Y ounger Dry as Chrono
zone. 

An earl y Y o unger Dryas readvance has not 
been recorded in the Bergen district (Mangerud 
1980). However, based on a re-interpretation of 
radiocarbon dates from the Bergen area, Anund
sen & Fjeldskaar (1982:Fig. 12) suggested that 
an earl y Y o unger Dryas readvance may also 
have occurred in the Bergen area. No supporting 
lithostratigraphic evidence is known as yet to 
confirm this suggestion. At Strandvik, SE of Ber-

gen, stratigraphical evidence of a post-10,700 
B.P. glacial advance, extending beyond the 
Herdla Moraine of 10,200 B.P., has been found 
(Mangerud & Aarseth, pers. comm. 1981). 

In Troms, northem Norway, a short-lived gla
eier readvance at about 11,300 B.P. has been 
reported (Fimreite 1980:131). 

The localities at Stord, Vindafjord and Hjel
meland are all situated at the mouths of promi
nent fjords (Fig. lB). It is notable that no ice 
marginal deposits correlative with these read
vances have been located. This is contrasted with 
the often large and very dis tinet Y o unger Dryas 
marginal deposits found in the same areas. An 
explanation for this contrast may be that the 
glacier front was stationary at the maximum posi
tion for too short a period for significant moraine 
build-up. 

A possible model to explain these readvances 
may be glacier surges. The mechanism producing 
glacier surges is not fully understood (Meier & 
Post 1969). Some modem glaciers appear to 
surge independently of climatic changes; others 
may be triggered by climatically induced 
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Fig. 11. lee-front oscillation diagrarns from the Yrkje district (Anundsen 1977a), the Hardanger-Sunnhordland district (Sindre 
1980) and the Bergen district (Mangerud (1977), stippled line interpretation by Anundsen & Fjeldskaar (1982)). Note difference in 
scale. 

changes. The Y o unger Dry as cold interval in 
NW-Europe was caused by a climatic change. lf 
a glacier surge occurred in Ryfylke at the onset 
of Younger Dryas, it is likely to have been cli
matically induced. 

Although large terminal moraines often are 
deposited during glacier surges, big surges may 
occur without formation of moraines (Thorarins
son 1%9:882). The nature of glacier movements 
is not easily deduced from moraine deposits. 

In the Ryfylke region, the Younger Dryas ice
shed zone was situated close to the coast (An
undsen in prep., Blystad 1978). Changes in the 
mass balance of the ice sheet would thus be 
recorded rapidly in the position of the glacier. 

The position of the ice front in the Allerød 
Chronozone is not known in this area, but most 
probably it was situated close to the head of 
Jøsenfjorden (Fig. lB). A rapid increase in snow 
accumulation at the end of Allerød Chronozone, 
caused by decreased temperatures, would prob
ably induce a rapid advance of the ice front from 
an unstable position in the fjords to a buttress 
area at the mouths of the fjords, where the gla
eier could ground on the fjord threshold. The 
threshold of the Jøsenfjord was in Younger 
Dryas time situated more than 110 m below pre
sent sea level. Thus, if the advancing glacier 

tongue was floating, which is a reasonable as
sumption because of the great depth of the 
Jøsenfjord (400 m a few km inside its mouth), 
the ice would not ground on the threshold, and 
the ice front would be situated somewhere out
side the threshold. Later, when the glacier 
tongue thickened as a response to increased ice 
outflow, grounding could occur. The ice veloci
ties would then be drastically reduced, causing a 
disintegration and calving of the ice front outside 
the threshold. 

This model may be applied to other areas and 
suggests a topographic/climatic cause for the 
short liv ed late Alle rød - early Y o unger Dryas 
glacier advances, which may be classified as 
surges. 

Conclusions 

At Hjelmeland, 14C-dated molluscs from till and 
glaciomarine sediments indicate that the area 
was deglaciated during a period which started 
some time before 11,800 B.P. and ended be
tween 11,100 B.P. and 10,800 B.P. The molluscs 
indicate that Atlantic water was present in this 
period. On land, an open arctic vegetation devel
oped, indicated by pollen. A glacier readvance 
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occurred between 11,100 B.P. and 10,800 B.P. 
and a shell bearing till was deposited. No margin
al deposits have been found so far which may be 
correlated with this readvance, but it did not 
reach Randøy, west of Hjelmeland. 

After the glacier retreat some time before 
10,800 B.P., a sandy silt was deposited. The 
occurrence of Portlandia arctica in the silt indi
cates high arctic marine conditions and proximity 
to the glacier front, which probably was situated 
at the mouth of the fjord where the prominent 
moraines of Lysefjorden Stadial are found. 

It is proposed that the short-lived glacier ad
vance recorded at Hjelmeland started as a cli
matically induced surge of a thin, floating glacier 
which extended outside the fjord threshold. 
Later, glacier growth caused the ice to ground 
and the ice front position was fixed for several 
hundreds of years, leading to the formation of 
the prominent moraines. 

Acknowledgements. - We wish to thank Dr. Hans-Petter Sej
rup for help with identification of the molluscs, cand.real. 
Sverre Bakkevig for identification of the macroscopic plant 
remains, cand.real. Ingvild Alstadsæter for counting the pol
len, Mr Johan Lund for laboratory work and Mr. William 
Wilhelmsen for advice on statistics. The 1"C-dates were carried 
out at the Laboratory for Radiological Dating, Trondheim, 
under the direction of Dr. Reidar Nydal and siv .ing. Steinar 
Gulliksen. Photocopying was done by Terje Tveit, and Kjersti 
Standish Norheim typed the manuscript. Professors Jan Man
gerud and Bjørn G. Andersen read the manuscript and made 
suggestions for its improvement. Dr. Brian Robins corrected 
the English language. To all these persons we proffer our 
sincere thanks. 

Manuscript received August 1983. 
Revised November 1983. 

References 
Andersen, B. G. 1954: Randmorener i Sørvest-Norge. Nor. 

Geogr. Tidsskr. 14, 274-342. 
Anundsen, K. 1972: Glacial chronology in parts of south

western Norway. Nor. geo/. unders. 280, 1-24. 
Anundsen, K. 1977a: Radiocarbon datings and glacial striae 

from the ioner part of Boknfjord area, South Norway. Nor. 
Geogr. Tidsskr. 31, 41-54. 

Anundsen, K. 1977b: Sediments, pollen and diatoms from two 
basins in South-Western Norway. Reports from Dept. of 
Geo/., the Norwegian Institute of Techn. l, 43 pp. 

Anundsen, K.: A review of the Late Weichselian changes in 
shore-level and ice-front positions in southern Norway and 
the continental shelf. (In prep.) 

Anundsen, K. & Fjeldskaar, W. 1982: Observed and theoreti
cal Late Weichselian shore-level changes related to glacier 
oscillations at Yrkje, Southwest Norway. In: H. Schroeder
Lanz (ed.): Late- and postglacial oscillations of glaciers: gla
cia/ and periglacial forms, 133-170. A. A. Balkema, Rotter
dam 1983. 

Late Weichselian stratigraphy at Hjelmeland 287 

Blystad, P. 1978: Kvartærgeologiske undersøkelser i omrddet 
Bykle-Hovden, Øvre Setesdal. Unpubl. thesis, University of 
Bergen. 

Blystad, P. & Seising, L.: Radiocarbon da ting of the deglacia
tion in the mountain area between Suldal and Setesdal, 
south-western Norway (manus). 

Feyling-Hanssen, R. W. 1955: Stratigraphy of the marine Late
Pleistocene of Billefjord, Vestspitsbergen. Norsk Polarinsti
tutt, skrifter nr 107, 186 pp. 

Fimreite, S. 1980: Vegetasjonshistoriske og paleolimnologiske 
undersøkelser i Troms, Nord-Norge, fra Sen Weichsel og 
Holocen. Unpubl. thesis. Univ. of Tromsø. 

Folk, R. L. & Word, W. C. 1957: Brazos river bar. A study in 
the significance of grain size parameters. J. Sed. Petro/. 27, 
3-26. 

Fægre, K. 1940: Quartiirgeologische Untersuchungen im westli
chen Norwegen zur spatquartaren Geschichte Jærens. Ber
gen Mus. Årbok 1939-1940, Naturvit. Rekke 7, 201 pp. 

Gulliksen, S. 1980: Isotopic fractionation of Norwegian materi
als for radiocarbon dating. Radiocarbon 22, 980-986. 

Mangerud, J. 1970: Late Weichselian, Vegetation and lee
Front Oscillations in the Bergen Dis tri et, Western Norway. 
Nor. Geogr. Tidsskr. 24, 121-148. 

Mangerud, J. 1977: Late Weichselian marine sediments con
taining shells, foraminifera and pollen at Ågotnes, western 
Norway. Nor. Geo/. Tidsskr. 57, 23-54. 

Mangerud, J. 1980: lee-front variations of different parts of the 
Scandinavian lee Sheet, 13,000-10,000 years B.P., pp. 23-
30. In Loewe, J. J., Gray, J. M. & Robinson, J. C. (eds.): 
Studies in the Lateglacial of NW Europe. Pergamon Press, 
Oxford. 

Mangerud, J. & Berglund, B. 1978: The subdivision of the 
Quaternary of Norden: a discussion. Boreas 7, 179-181. 

Mangerud, J. & Gulliksen, S. 1975: Apparent radiocarbon 
ages of recent marine shells from Norway, Spitsbergen and 
Arctic Canada. Quat. Res. 5, 263-273. 

Mangerud, J., Andersen, S. T., Berglund, B. E. & Donner, J. 
J. 1974: Quaternary stratigraphy of Norden, a proposal for 
terminology and classification. Boreas 3, 109-128. 

Mangerud, J., Sønstegaard, E., Sejrup, H.-P. & Haldorsen S. 
1981: A continuous Eemian-Early Weichselian sequence 
containing pollen and marine fossils at Fjøsanger, western 
N_orway. Boreas JO, 137-208. 

Meier, M. F. & Post, A. 1969: What are glacier surges? Can. J. 
Earth Sei., 6, 807-816. 

Ockelmann, W. K. 1958: The Zoology of East Greenland. 
Marine Lamellibranciata. Medd. Grønland 122, 256 pp. 

Pettijohn, F. J. 1957: Sedimentary Rocks. Harper & Row, New 
York, 718 pp. 

Rasmussen, W. 1969: Palæontologi. Fossile invertebrater. 
Munksgaard, København, 420 pp. 

Shepard, F. P. 1954: cf. Pettijohn (1957), p. 24. 
Sindre, E. 1980: Late Weichselian ice-front oscillations in the 

Hardanger- Sunnhordland District, West Norway. Norwe
gian Continental She/f Institute, Pub/ication no. 12, 16 pp. 

Thomsen, H. 1982: Late-Weichselian shore-level displacement 
on Nord-Jæren, south-west Norway. Geo/. Foren. Stockh. 
Forh. 103, 447-468. 

Thorarinsson, S. 1969: Glacier surges in Iceland, with special 
reference to the surges of Bruårjøkull. Can. J. Earth Sei. 6, 
875-882. 

Vorren, T. O. 1979: Weichselian lee Movements, Sediments 
and Stratigraphy on Hardangervidda, South Norway. Nor. 
geo/. unders. 350, 117 pp. 


