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3.1

INTRODUCTION

During the latter part of the 20th century research effort in studies of the Weichselian
history of Iceland was intensified and about a decade ago, three papers appeared, providing a good review of the status of Weichselian studies at that time (Einarsson and
Albertsson, 1988; Ingólfsson, 1991; Norðdahl, 1991a). Since then much new data on the
Weichselian development of Iceland have accumulated – not only from sections on
land but also from sediment cores retrieved from the shelves around Iceland (see e.g.
Andrews et al., 2000; Eiríksson et al., 2000a). It is, therefore, considered timely to present
another review paper, this time with the main emphasis on relative sea-level (RSL)
changes, a new approach to the history of the last deglaciation of Iceland.
In this paper we follow the chronostratigraphical terminology for Norden as proposed by Mangerud et al. (1974). All radiometric dates are 14C dates except otherwise
indicated and all 14C ages of marine organisms mentioned in the text have been corrected with respect to the 13C/12C ratio, and in accordance with the apparent sea-water reservoir age of 365 ± 20 14C years for living marine organisms around Iceland (Håkansson,
1983). Weighted mean age and standard deviation of dated samples are calculated with
the Radiocarbon Calibration Program (CALIB) Rev 4.1.2 (Stuiver and Reimer, 1993;
Stuiver et al., 1998). For clarification, directions of glacial striae are given in true degrees
along the direction of glacier flow.
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Fig. 3.1 Ocean currents around Iceland (Valdimarsson and Malmberg, 1999) with Early and Middle
Weichselian sediments (dots) and a few central volcanoes (stars) mentioned in the text.

3.2

WEICHSELIAN RECORDS IN ICELAND

Situated on the Mid-Atlantic Ocean Ridge on top of the Kverkfjöll hot spot (Fig.
3.1), Weichselian strata in Iceland contain subaerial and subglacial volcanic formations
meaning that records of former climatic variations and climatic changes are not only
preserved in glacigenic and non-glacigenic sedimentary formations, but also in subaerial
and subglacial bedrock formations. The Weichselian history of Iceland is, therefore,
obtained from data collected from sedimentary sequences on land, from offshore sediment cores, as well as from the lava-pile of Iceland.
3.2.1

Early Weichselian Strata

The earliest known Weichselian strata in Iceland are lava horizons within the bedrock of the Krafla central volcano in northern Iceland (Fig. 3.1), indicating that at least
parts of the northern volcanic zone were ice-free at the time of eruption (Sæmundsson,
1991, 1992). During an early Weichselian stadial Iceland was most likely covered by a
continuous ice sheet reaching out on the shelves around Iceland (Fig. 3.2). Some 40Ar/
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Ar dates of subglacial silicic hyaloclastic breccias in the Krafla area have yielded ages
between 85 and 90 k yr for this stadial (Sæmundsson, 1991, Sæmundsson et al., 2000). In
southern Iceland the bedrock in the Hengill central volcano is considered to be of the
same age and reflects a pattern of stadial – interstadial conditions there (Sæmundsson,
1992).
3.2.2

Middle Weichselian Formations

Newly discovered marine sediments and bedrock formations on the Reykjanes peninsula and in the Reykjavík area in southwestern Iceland have been dated to the Middle Weichselian Substage. Bedrock and sediment formations of a suggested Middle
Weichselian age have also been described on the Melrakkaslétta peninsula in northeastern Iceland (Pétursson, 1986, 1988, 1991) (Fig. 3.1).
The Rauðamelur sedimentary sequence (Sæmundsson, 1988) comprises two stadial
phases with expanding glaciers and deposition of tills, and two interstadial phases with
raised RSL and accumulation of littoral and sublittoral lee-side spit formations (Fig.
3.3). These sediments rest on a striated bedrock suggesting that the outermost part of
the peninsula was overridden by glaciers flowing towards the northwest (305°). A dated sample of a whalebone collected from the lower spit formation has yielded a finite
age of 34,735 ± 1400 14C yr BP (Table 3.1; 1) (Norðdahl and Sæmundsson, 1999). These
sediments are partly capped by a lava flow – the Rauðamelshraun lava – erupted when
RSL had regressed to a position below the sediments. Later, the area was again overridden by glaciers advancing in a northwesterly direction (320°) and depositing till on top
of the lava flow and the lower spit formation. The till is in turn discordantly overlain by
the upper spit formation representing a general ice retreat and transgression of RSL
(Sæmundsson and Norðdahl, 2002). The sediments of Rauðamelur have subsequently
neither been overridden by glaciers nor have they been inundated by the sea. Three
dates from marine shells yielded a mean age of 12,325 ± 85 14C yr BP (Norðdahl and
Sæmundsson, 1999) and a single date of 12,635 ± 130 14C yr BP (Jóhannesson et al., 1997)
have produced a weighted mean age of 12,355 ± 80 14C yr BP (Table 3.1; 2-5) for the
formation of the upper spit formation. At that time RSL was approximately on a level
with the spit formation now situated at 20-25 m asl, some 40-45 m below the 70 m
marine limit (ML) shoreline just north of the Rauðamelur site (Sæmundsson and
Norðdahl, 2002). According to Guðmundsson (1981) this area has tectonically subsided
by some 50 m in Postglacial times, explaining the different height of Rauðamelur and
an assumed synchronous Bölling ML shoreline at about 70 m asl.
Skálamælifell and other tuyas about 15 km east of Rauðamelur (Fig. 3.3) have been
Ar-39Ar dated to 42.9 ± 7.8 k yr and correlated with the Laschamp geomagnetic event
(Levi et al., 1990). The altitude of the tuyas, reaching as high as 250 m asl, is an approximation to the thickness of a glacier covering the area and at that time most likely extending beyond the present coastline. Stratigraphical data from this area show a subsequent retreat of the glaciers and subaerial eruption of lava as the volcanic zone became
ice-free. The Rauðamelshraun lava might possibly be correlated with these lava flows.
40
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Fig. 3.2 Apparent LGM ice margin position on the Iceland shelf with basal dated cores pre-dating
(black dots) and post-dating (grey dots) the LGM. The basal dates are listed in Table 3.1, 15-22. Sediments
pre-dating the LGM on land (open circles) are reviewed in Fig. 3.3. The ice flow pattern is based on
Bourgeois et al., 1998.

Fossiliferous and partly lithified and stratified silty fine sand, resting on glacially
striated (9°) bedrock a few km north of Rauðamelur (Fig. 3.3), was deposited at the
Njarðvíkurheiði locality in relatively shallow and quiet marine environment (Fig. 3.3).
Six samples of marine shells from these sediments have yielded a weighted mean age
of 21,525 ± 105 14C yr BP (Table 3.1; 6-11). These sediments are discordantly overlain by
coarse grained littoral sediments (Jóhannesson and Sæmundsson, 1995; Jóhannesson et
al., 1997). At Suðurnes in Reykjavík (Fig. 3.3), Eiríksson et al. (1997) have described
fossiliferous marine sediments subsequently overridden by glaciers. Two samples have
yielded an age of 27,735 ± 410 and 28,385 ± 480 14C yr BP with a weighted mean age of
28,010 ± 310 14C yr BP (Table 3.1; 13-14).
All these marine sediments show that in Middle Weichselian time coastal areas in
Iceland were ice-free and inundated by the sea. Finite datings yielding ages between
34.7 and 20.3 k 14C yr BP allows a tentative correlation with the Ålesund Interstadial in
Western Norway (Larsen et al., 1987).
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Fig. 3.3 The Rauðamelur sedimentary sequence on the Reykjanes Peninsula in southwestern Iceland
with location of other pre-LGM Middle Weichselian Interstadial sediment and bedrock formations.
Glacial striae are partly after Kjartansson (1960).

3.2.3

Last Glacial Maximum (LGM)

Until recently, the only available information on the Weichselian maximum extent
of the Icelandic inland ice sheet were glacial striae in coastal regions and on islands
reflecting ice flowing out onto the shelves around Iceland. Till-like deposits and glacial
striae on the island of Grímsey (Keith and Jones, 1935; Einarsson, 1967; Hoppe, 1968)
and a conspicuous moraine-like ridge on the shelf off Breiðafjörður (Ólafsdóttir, 1975)
are the earliest evidence for an extended Icelandic ice sheet (Fig. 3.2). The moraine-like
ridge is more than 100 km long and is found some 130 km off land at depths between
200-350 m. The ridge is usually 20-30 m in relief but in places it is more than 100 m high
(Ólafsdóttir, 1975).
Based on geomorphological evidence such as glacial striae and periglacial landforms,
Sigurvinsson (1982) postulated a LGM ice reaching at least 25-35 km off the Dýrafjörður
fjord in Vestfirðir, the Northwestern Peninsula of Iceland (Fig. 3.2), about 10-15 km
inside Spillir, a rugged area on the sea floor. In much the same way Hjort et al. (1985)
have proposed a LGM position of the ice-edge some 10-20 km beyond the Aðalvík bay
in northwestern Vestfirðir (Fig. 3.2). On the basis of calculations of glacier gradients,
based on glacial and periglacial landforms in northern Iceland, Norddahl (1983, 1991b)
suggested glaciers reaching onto the shelf and to a position just north of Grímsey (Fig.
3.2).
As more and more data have been collected from the shelf around Iceland through
geophysical survey and sediment coring and re-evaluation of morpho-sedimentological
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evidence (e.g. Andrews et al., 2000; Eiríksson et al., 2000a) a more accurate picture of the
LGM glacier extent has emerged. Off southeastern Iceland Boulton et al. (1988) described
major till masses – up to 100 m thick – at the shelf edge (Fig. 3.2), presumably representing a LGM glacier extent there. A moraine-complex, the Tvísker-moraine about 20 km
off the present coast is thought to reflect a major standstill during the Late Weichselian
deglaciation of southeastern Iceland. On the basis of geophysical data, Egloff and Johnson
(1979) found that an acoustically transparent, 100-350 m thick formation on the shelfedge off southwestern Iceland (Fig. 3.3), probably represent till deposits of Late
Pleistocene age. Though these deposits have not yet been dated they may very well
represent the LGM extent as well as being the result of repeated ice advances reaching
the edge of the shelf. Geophysical and core data gathered from the shelf west off Vestfirðir
indicate that the Icelandic ice sheet episodically covered the southwestern part of the
shelf, at least three times during the Quaternary (Syvitski et al. 1999). Furthermore,
Syvitski et al. (1999) are of the opinion that the moraine-like ridge off Breiðafjörður was
formed by a grounded glacier marking the LGM extent of the Icelandic inland ice sheet.
The proposed LGM age of the moraine is based on a single date from a 50 cm gravity
core retrieved from the sea-ward side of the moraine providing a maximum age of
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about 36 k 14C yr BP (Fig. 3.2, Table 3.1; 21). Andrews et al. (2000) have provided three
additional basal dates from the sea-ward side of the moraine yielding an age of 15.7,
18.0 and 18.2 k 14C yr BP, respectively but they also contemplated the possibility that the
moraine could in fact be older than the LGM.
Just north of the town of Keflavík in southwestern Iceland (Fig. 3.3) an about 5 m
thick sequence of sediments – resting on glacially striated (265°) bedrock – is made of
ca. 3 m thick basal till overlain by ca. 2 m of coarse grained gravel and sand sediments
(Kjartansson, 1955; Matthíasdóttir, 1997). The basal till encloses sedimentary clasts containing fragments of Hyatella arctica obviously carried by a glacier from the bottom of
Faxaflói and onto land at Keflavík. Similar sedimentary clasts have been found in wavewashed basal till on top of striated (215°) bedrock about 6 km west of Keflavík (Fig. 3.3).
A radiocarbon date of these shell fragments has yielded an age of 24,145 ± 200 14C yr BP
(Table 3.1; 12) (Jóhannesson et al., 1997). This date and the other six dates from the
Njarðvíkurheiði locality, yielding a weighted mean age of 22,070 ± 90 14C yr BP (Table
3.1; 6-12), pre-date the LGM glacier advance across and beyond the present coastline of
the outer Reykjanes peninsula.
Helgadóttir and Thors (1998) and Andrews et al. (2000) have identified and located
possible end-moraines at different locations along the Djúpáll trough on the shelf off
the Ísafjarðardjúp fjord in northwestern Vestfirðir (Fig. 3.2). There, a large moraine-like
ridge, some 30 km off land and post-dated by basal core-dates between 9.0 and 15.4 k
14
C yr BP, may mark the LGM position of the glaciers. If the main Djúpáll ridge is in fact
a LGM moraine then its position is in a good agreement with the postulated LGM glacier extent (Sigurvinsson, 1982; Hjort et al., 1985) south and north of the Djúpáll trough
(Fig. 3.2). In the Reykjafjarðaráll trough northeast off Vestfirðir and north of the Húnaflói
bay Andrews et al. (2000) have suggested a LGM position of the ice-edge some 70-80
km off land (Fig. 3.2). This assumption is based on basal core-dates in the area, where
the LGM position is pre-dated by two samples yielding an age of 25.0 and 42.2 k 14C yr
BP (Table 3.1; 19,22), and post-dated by samples yielding ages between 9.4 and 9.7 k 14C
yr BP, north and south of the proposed LGM limit (Fig. 3.2).
At present nothing is yet known about the LGM extent of the Icelandic inland ice
sheet on the shelf off northeastern and eastern Iceland except that glacial striae show
that the glaciers reached beyond the present coastline. The outermost part of the
Langanes peninsula in northeastern Iceland is characterized by intensive periglacial
frost shattering of the bedrock (Fig. 3.4) possibly indicating a lengthy ice-free situation
there. The radial pattern of glacial striae and other geomorphological features on the
inner parts of Langanes show that the peninsula was not overridden by glaciers and ice
streams flowing along the Þistilfjörður and Bakkaflói fjords (Fig. 3.2) (Pétursson and
Norðdahl, 1994).
3.2.4

Ice Divides and Ice Free Areas

For quite some time we have visualized a Weichselian ice sheet in Iceland with a
major ice-divide over the south-central parts of the island (Einarsson, 1961, 1968, 1994)
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Fig. 3.4 Intensive periglacial f rost shattering of basaltic bedrock on the outermost part of the Langanes
Peninsula in northeastern Iceland.

and ice streams extending radially across the present coastline. A later modification of
the LGM ice sheet configuration accounts for a 1500-2000 m thick ice-dome above the
central Icelandic highlands (Norðdahl, 1991a) with topographically constrained flow
of ice streams and outlet glaciers (Fig. 3.2) (Bourgeois et al., 1998; Norddahl, 1983, 1991b).
At the LGM, when the ice sheet reached far out onto the shelves around Iceland, a
major ice divide is considered to have been extended westwards towards Northwestern Iceland and towards the northeast and north to the northern part of the neo-volcanic zone of Iceland. Thus, instead of a radially flowing ice sheet we now visualize an ice
sheet with ice flowing away from an elongated ice divide above the centre of the island
with more topographically constrained ice flow in areas closer to the present coasts. A
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modelling experiment reveals the fundamental importance of the role of geothermal
heat flux across the neovolcanic zone on the basal thermodynamics of the Icelandic
inland ice sheet, leading to a considerably thinner ice sheet and rapid mass turnover of
the ice sheet (Hubbard et al., in press). The pattern of glacial striae in coastal parts of
Iceland was formed in deglacial times when the edge of the Late Weichselian ice sheet
retreated to positions inside the present coastline (Kjartansson, 1955). Therefore, the
flow of the much thinner and peripheral parts of the ice sheet was much more dependent on local topographical control which led to formation of temporary and local ice
divides e.g. on Melrakkaslétta (Kjartansson, 1955; Pétursson, 1986) and in northwestern
Iceland (Kjartansson, 1969).
In spite of the fact that in LGM times an ice sheet extended onto the shelves around
Iceland, ice-free enclaves existed on steep mountain sides above ice streams in northwestern, central northern and eastern Iceland. Furthermore, remote and peripheral parts
of Iceland, such as Langanes and the Bjargtangar headland north of Breiðafjörður (Fig.
3.2), may have remained more or less ice-free in LGM times (Pétursson and Norðdahl,
1994; Norðdahl and Pétursson, 2002). This, however, is contrary to a general view of an
extended ice sheet in northwestern Iceland. A pronounced alpine landscape with well
developed corries and signs of extensive and prolonged periglacial activity in the coastal
mountains of eastern Iceland (Kjartansson, 1962a; Sigbjarnarson, 1983; Norðdahl and
Einarsson, 1988, 2001), could also point to moderate LGM glacier extent there. Assumed
LGM ice-free areas – nunataks in a huge ice sheet far inside the glacier margin – were
probably not particularly viable as a refugium. There only the most tolerant species
could have survived the Weichselian glaciation and that is, according to (Buckland and
Dugmore, 1991; Rundgren and Ingólfsson, 1999), very uncertain.
3.3

INITIAL DEGLACIATION

Having defined the approximate timing of the Weichselian maximum glacier extent in Iceland to have most likely occurred at or just after about 20 k 14C yr BP, the
initial deglaciation of the shelves around Iceland occurred subsequent to this, and was
well under way at about 12.7, 15.4 and 13.6 k 14C yr BP, according to basal dates of
sediment cores off western, northwestern and northern Iceland respectively (Andrews
et al., 2000; Eiríksson et al., 2000a). The earliest Lateglacial dated marine shells found on
present-day dry land in the coastal regions of Iceland, were collected in western Iceland (12,800 ± 200 14C yr BP; Ashwell, 1975) and northeastern Iceland (12,655 ± 90 14C yr
BP; Pétursson, 1986, 1991) (Table 3.2; 1-2). It therefore seems obvious that the shelf off
western and northern Iceland was deglaciated approximately at the same time as the
coastal parts of Iceland
3.3.1

Deglaciation of the Iceland Shelf

As mentioned above the timing of the maximum glacier extent onto the Iceland
shelf is based on data from Reykjanes and several sediment cores (Norðdahl and
Sæmundsson, 1999; Andrews et al., 2000; Eiríksson et al., 2000a) collected at various
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locations on the shelf around Iceland (Fig. 3.2). Basal dates from these sediment cores
show ages between 3,515 ± 65 and 42,235 ± 3050 14C yr BP (Andrews et al., 2000). When
examining these cores in the literature we see that none of them is supposed to have
penetrated what is called “glacio-marine mud” and into the underlying “ice-contact
sediments” (Jennings et al., 2000). Nevertheless, the basal parts of four of these cores are
alleged to pre-date the LGM situation (Fig. 3.2, Table 3.1; 19-22), while the basal parts of
the rest of the cores are assumed to post-date the LGM situation on the shelf around
Iceland. Sediment cores retrieved in Eyjafjarðaráll off northern Iceland and in Djúpáll
off northwestern Iceland have yielded Lateglacial basal dates of 11,905 ± 100 and 15,355
± 70 14C yr BP, respectively (Fig. 3.2, Table 3.1; 15,18) (Andrews et al., 2000), providing a
minimum estimate for the age of the deglaciation of these parts of the Iceland shelf.
Two sediment cores – 09030-006 LCF (Jennings et al., 2000) and HM107-05 (Eiríksson
et al., 2000a) – have produced ages of approximately equal age or greater than the oldest Lateglacial dated material collected on present-day dry land in Iceland. In Jökuldjúp
a ca. 17 m long sediment core (93030-006 LCF) reached to within a metre above the icecontact sediments. Foraminifera in the lowest part of the glacio-marine mud indicate
ice-distal conditions and immigration of slope species onto the shelf in association with
relatively warm Atlantic water (Jennings et al., 2000). A series of 14C dates has produced
an age-depth model with a basal date of about 12,740 ± 85 14C yr BP (Table 3.1; 16)
(Syvitski et al., 1999). Extrapolation of the age-depth curve down to the boundary between the massive glacio-marine mud with drop stones and the ice-contact sediment
suggests an age of about 13.0 k 14C yr BP for the onset of marine conditions in Jökuldjúp.
Off northern Iceland, Eiríksson et al. (2000a) have dated a ca. 4 m long core (HM10705), which reached into a relatively massive marine mud deposit, with a basal date of
13,615 ± 90 14C yr BP (Table 3.1; 17). Forminiferal studies of the core show that the environment was similar to the present one, characterized by the relatively warm water
showing that the Irminger Current must have reached the area at that time. Furthermore, Eiríksson et al. (2000a) concluded that at about 13.0 k 14C yr BP the influence of
the Irminger Current was reduced by a severe cooling event that lasted more or less to
the Preboreal.
3.3.2

Early Deglaciation of Coastal Areas

The oldest dated sample of marine shells from present-day dry land in Iceland was
collected some 20 m asl on Grjóteyri in western Iceland (Fig. 3.5) and it yielded an
uncorrected age of 12,800 ± 200 14C yr BP (Table 3.2; 1) (Ashwell, 1975). This is the earliest indication of the coastal lowlands being submerged by the sea, some 2600 14C yr
later than the Djúpáll area off northwestern Iceland was deglaciated, and approximately at the same time as the glacier retreated from Jökuldjúp off western Iceland (Fig. 3.2).
In western Iceland early Bölling dated samples have been correlated with extremely
high raised shorelines. At Stóra-Fellsöxl (Fig. 3.5) a 12,575 ± 80 14C yr BP old whalebone
(Table 3.2; 3) sampled at about 80 m asl dates a ML shoreline at about 105 m asl
(Magnúsdóttir and Norðdahl, 2000). At Stóri-Sandhóll (Fig. 3.5) two samples of marine
shells taken at 112 m and 135 m asl, dated to 12,610 ± 105 and 12,515 ± 85 14C yr BP,
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Fig. 3.5 The earliest deglaciation of coastal areas with location of 14C dated marine sediments and shorelines of Bölling age (dots) and of undated (stars) raised shorelines of apparent Bölling age. The radiocarbon
dates are listed in Table 1, 2-5 (Rauðamelur) and in Table 2, 1-7.

respectively (Table 3.2; 4-5), have been correlated with a raised ML shoreline at about
150 m asl (Ingólfsson and Norddahl, 2001). A single sample of marine shells taken at
about 3 m asl in Ásbakkar (Fig. 3.5), dated to 12,505 ± 110 14C yr BP (Table 3.2; 7)
(Ingólfsson, 1987) bears further witness to the fact that the coastal area was deglaciated
prior to that date.
In Hvalvík on the western coast of the Melrakkaslétta peninsula in northeastern
Iceland (Fig. 3.5) a sample of marine molluscs collected from sand sediments which
include occasional ice-rafted pebbles, has yielded an age of 12,655 ± 90 14C yr BP (Table
3.2; 2) (Pétursson, 1986, 1991). The fossiliferous sediments have been traced up to about
40 m asl, a minimum altitude for a raised shoreline of that age. Considering the type of
sediments at the Hvalvík locality, Pétursson (1986) concluded that the ML shoreline
was probably situated somewhat higher – at 50-60 m asl. Based on the data presented
above, we conclude that at least coastal areas in western and southwestern, and northeastern Iceland were deglaciated and transgressed by the sea in early Bölling times and
that ML shorelines, now found at altitudes between 60 m and 150 m asl (Fig. 3.5), were
formed at that time.
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Just north of Rauðamelur on the Reykjanes peninsula in southwestern Iceland an
apparent ML shoreline is found at about 70 m asl (Fig. 3.5). In other parts of the country,
e.g. in northwestern and northern Iceland we have observed raised ML shorelines at
various elevations, well above lower and more extended and younger regional shorelines. East of Breiðafjörður the highest raised shorelines have been observed at about
110 m asl (Ásbjörnsdóttir and Norðdahl, 1995). In the area between Breiðafjörður and
Ísafjarðardjúp the highest elevated shorelines are situated as high as 95 m asl (Fig. 3.5).
In northern Iceland the highest observed raised shorelines on the Skagi peninsula are
situated at about 65 m asl and they have been given an age greater than 11.3 k 14C yr BP
(Rundgren et al., 1997). On the Tjörnes peninsula an undated shoreline is met at about
90 m asl (Norðdahl and Pétursson, 1994). In northeastern Iceland comparable shorelines are found at about 30 m asl on Langanes and as high as 65 m asl in the inner parts
of the area (Fig. 3.5) (Norðdahl and Hjort, 1995). All these elevated shorelines, although
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not yet dated are also regarded as a sign of an abrupt withdrawal of the glaciers from
the coastal regions in Bölling times.
3.4

INTERSTADIAL MARINE PHASES

Following the abrupt glacier retreat and formation of the very high ML shorelines
was a period characterized by an extensive marine environment, the Bölling – Alleröd
Interstadial, lasting for about 2000 14C years, from the formation of the ML shorelines
(ca. 12.6 k 14C yr BP) in western Iceland and until the end of the formation of the Fossvogur
Layers (ca. 10.5 k 14C yr BP) in Reykjavík. Fossiliferous sediments from this period are
found in much the same places as marine shells dating the high ML shorelines with the
addition of shells in the inner parts of Breiðafjörður (Fig. 3.6). At present, some 84 samples of marine shells have yielded ages between 12.5 k and 10.5 k 14C yr BP while only
73 of them have yet been formally published. The 73 dated samples are divided into
three groups: 17 samples of Bölling age (12.5 to 12.0 k 14C yr BP), 39 samples of Alleröd
age (12.0 to 11.0 k 14C yr BP), and 17 samples of Younger Dryas age (11.0 to 10.5 k 14C yr
BP). Almost all the dated shells were found in fine grained sediments at altitudes between present sea-level and the 15 m to 20 m level, except some samples which were
collected between 35 m and 45 m asl The fact that almost all these samples were collected at low levels indicates that the Bölling – Alleröd marine environment in Iceland
must have been relatively shallow and mostly confined to present-day flat and lowlying coastal areas (Fig. 3.6).
3.4.1

Bölling Marine Sediments

At Rauðamelur four dated samples of marine shells have yielded a weighted mean
age of 12,335 ± 80 14C yr BP (Table 3.1; 2-5) placing the formation of the upper spit
formation within the Bölling Chronozone. In Garðabær, just south of Reykjavík (Fig.
3.6) fragments of Balanus sp. and Pecten sp. have been dated to 12,375 ± 140 14C yr BP
(Table 3.2; 8). The shell fragments were collected at 35 m to 40 m asl from underneath a
diamicton, indicating a minimum position of RSL at that time, and showing that the
locality may subsequently have been overridden by glaciers.
Two samples of marine shells, yielding Bölling ages of 12,335 ± 140 and 12,375 ± 140
C yr BP (Sveinbjörnsdóttir & Johnson, 1991), have been collected at low altitudes in
sediment terraces at Ósmelur and Kjalarnes south of Hvalfjörður (Fig. 3.6, Table 3.2; 910). The existence of shells in these sediments shows that the southern coast of
Hvalfjörður had been deglaciated and submerged by the sea at that time. These terraces have subsequently not been overridden by glaciers.
14

Marine sediments of Bölling age have been most thoroughly studied in the
Melabakkar-Ásbakkar Cliffs in the Melasveit area in western Iceland (Ingólfsson, 1987,
1988) and in coastal cliffs along the western coast of the Melrakkaslétta peninsula in
northeastern Iceland (Fig. 3.6) (Pétursson, 1986, 1991). The age of these sediments has
been determined with 14 and 5 dated samples of marine shells, respectively.
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Fig. 3.6 Location of 14C dated marine sediments (dots) of Bölling – Alleröd age, and the Stöplar lava
flow and Lake Torfadalsvatn limnic sediments (stars). The radiocarbon dates are listed in Table 3.1, 2-5;
Table 3.2, 8-28 and Table 3.3.

3.4.1.1

The Melasveit – Andakíll Sediment Terraces

The Melabakkar-Ásbakkar Cliffs in the Melasveit area in western Iceland form an
almost continuous 5 km long and 15-30 m high constantly changing vertical sections in
consolidated and slightly lithified fossiliferous sediments (Fig. 3.7). These exposures
have been described and studied by a number of scientists, such as Thoroddsen (1892)
and Bárðarson (1923). A comprehensive review and additional studies were carried out
by Ingólfsson (1984, 1985, 1987, 1988), who dated the sediment sequence and outlined
an interpretation of the glacial history of the lower Borgarfjörður region.
At the base of the Melabakkar-Ásbakkar cliffs and overlying glacially striated basalt bedrock is a fossiliferous unit, the Ásbakkar diamicton, which in the lower part is
mainly made of stratified silty diamicton with occasional gravel clasts (Ingólfsson, 1987).
The fauna of the Ásbakkar diamicton resembles the recent Macoma calcarea community
which, according to Thorson (1957), occurs widely in the Arctic Seas and prefers silty
and sandy silt fjord bottoms with relatively low salinity, water temperatures below +5
°C, and water-depths less than 45-50 m (Ingólfsson, 1988). At present the Annual Sea
Surface Temperature (ASST) around Faxaflói is about +6 °C (Jónsson, 1999). Six sam-
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ples of marine shells have yielded ages between 11,945 ± 110 and 12,505 ± 110 14C yr BP
(Table 3.2; 7,11-15) with a weighted mean age of 12,130 ± 70 14C yr BP. Upwards the unit
grades into sandy-silty massive diamicton with increased number of gravel and boulder clasts, and also with fewer marine shells, probably indicating increased proximity
to the source of the sediments (Ingólfsson, 1987) or decreased water-depth due to regression of RSL.
The area east of the coastal cliffs and south of the Skarðsheiði massif (Fig. 3.7) is
covered with sediments deposited and moulded by glaciers and the sea in Lateglacial
times (Ingólfsson, 1988; Magnúsdóttir and Norðdahl, 2000). At Laxá and Gröf (Fig. 3.7)
in the eastern part of the area fossiliferous diamictons contain a mollusc fauna very
similar to the Macoma calcarea fauna of the Ásbakkar diamicton (Ingólfsson, 1988). Samples retrieved from the deposits at Laxá and Gröf have yielded age of 12,105 ± 110 and
12,475 ± 110 14C yr BP, respectively (Table 3.2; 16-17).
Sediment terraces at Árdalsá north of Skarðsheiði (Fig. 3.7) are made of about 25 m
thick massive to crudely stratified silty-sandy diamicton with subfossil marine shells in
its lower and upper parts. At about 50 m asl the diamicton is truncated and overlain by
17 m thick unit of beach gravel and sand sediments which constitute the upper part of
a terrace reaching 60-70 m asl (Ingólfsson, 1988). Two samples of marine shells, one
from the lower part and another from the upper part of the diamicton, have been dated
yielding an age of 12,100 ± 150 14C yr BP (Ashwell, 1975) and 12,145 ± 140 14C yr BP
(Ingólfsson, 1988), respectively (Table 3.2; 19,18). Furthermore, the marine fauna at

Fig. 3.7 Radiocarbon dated marine shells (dots) of Bölling – Alleröd age in the Lower Borgarfjörður and
Hvalfjörður area in Western Iceland.
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Árdalsá is similar to the Macoma calcarea fauna of the Ásbakkar diamicton (Ingólfsson,
1988). The altitude of the fossiliferous diamicton and the beach deposits indicates that
in late Bölling times RSL was there at or above the 50 m level.
In Andakíll north of Skarðsheiði (Fig. 3.7) sediment terraces reaching 40 and 70 m
asl have been studied by Ashwell (1967) and Torfason (1974). About 10 m thick
fossiliferous silty-sandy diamicton with pebble and cobble clasts is there overlain with
a 20 m thick unit of foreset bedded sand and gravel sediments, which in turn are discordantly overlain by about 2 m thick unit of stratified sand and gravel sediments reaching about 40 m asl (Torfason, 1974). Shells collected at about 20 m asl in the basal part of
the terrace have been dated to 12,240 ± 200 and 12,100 ± 250 14C yr BP (Table 3.2; 20-21)
(Ashwell, 1975). At that time RSL was well above the 20 m level, while the sand and
gravel units may have been formed somewhat later, possibly during a subsequent transgression of RSL.
The dates of 14 shell samples collected from the lowermost marine units in this area
lie between 11,905 ± 160 and 12,505 ± 110 14C yr BP with a weighted mean age of 12,155
± 45 14C yr BP (Table 3.2; 7,11-23). The age results of all the 14 samples are indistinguishable at a 95% probability level with one standard deviation (Stuvier and Reimer, 1993).
3.4.1.2

Western Melrakkaslétta Sediments

In coastal cliffs on the west coast of the Melrakkaslétta peninsula in northeastern
Iceland (Fig. 3.6), Pétursson (1986, 1991) has described a very detailed and complex
stratigraphical succession of marine and glacial sediments and a subaerial lava flow
reaching well beyond the onset of the Weichselian glaciation in Iceland. These sediments
rest on a bedrock that is either made of striated lava flows or hyaloclastite.
The Lateglacial history of the coastal cliffs is based on dated sediment sequences at
Rauðinúpur, Hvalvík, Kópasker (Röndin), and Auðbjargarstaðir (Fig. 3.6). Since the
formation of the early Bölling (ca. 12.7 k 14C yr BP) shoreline in Hvalvík, the marine
environment was gradually changed from glacio-marine to a pronounced marine environment with deposition of 4-5 m thick fossiliferous sand unit containing shells of Hiatella
arctica and Mya truncata (Pétursson, 1986). The lower part of this sand unit is made of
stratified sand of different grain sizes while the upper part of the unit is made of somewhat coarser sand and gravel sediments, deposited when RSL was most likely situated
above the present 30 m level. At Hvalvík moulds of Mya truncata, with especially well
developed siphon, display the fight of the molluscs to survive against a growing rate of
sediment influx when RSL was lowered. At Kópasker (Röndin) this unit is overlain by
a unit consisting of well rounded gravel sediments, containing a few ice-rafted stones
of foreign lithology, deposited in a sublittoral coastal environment when RSL had regressed below the 10 m level (Pétursson, 1991). The Hvalvík and Kópasker localities
(Fig. 3.6), were subsequently overridden by glaciers flowing across the present coast.
In this area, five dated samples of marine shells collected from the sandy sediments
at Rauðinúpur, Hvalvík, Kópasker (Röndin), and Auðbjargarstaðir, have yielded Bölling
ages between 11,955 ± 110 and 12,475 ± 140 14C yr BP with a weighted mean age of
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12,135 ± 85 14C yr BP (Table 3.2; 24-28). The ages of these samples are not significantly
different at one standard deviation with a 95% probability level.
3.4.2

Alleröd Marine Sediments

Fossiliferous sediments of Alleröd age (proper) have been dated in much the same
places in southwestern, western, and northeastern Iceland as sediments of Bölling age
(Figs. 3.5, 3.6). In a few places in the Reykjavík area fossiliferous sediments are found
on top of glacial diamictites overlying glacially striated bedrock. On the island of Viðey
and in Kópavogur samples of marine shells have yielded ages of 11,335 ± 120 14C yr BP
and 11,225 ± 100 14C yr BP, respectively (Table 3.3; 1-2) (Hjartarson, 1993). In the University Campus area in Reykjavík two samples of marine shells from sediments overlain
by glacio-marine deposits, yielded Alleröd ages of 11,255 ± 255 14C yr BP and 11,390 ±
115 14C yr BP (Table 3.3; 3-4), indicating that the area may subsequently have been overridden by glaciers (Norðdahl, 1991a).
As the Bölling–Alleröd deglaciation proceeded at least parts of the northern volcanic zone became ice free, a subaerial eruption occurred in vicinity of the Þeistareykir
volcanic centre, some 40 km inside the present coastline of northern Iceland (Fig. 3.1).
Lava flows from this eruption reached the Kelduhverfi area (Sæmundsson, 1973) and
Stöplar in the Reykjahvefi area (Norðdahl and Pétursson, 1994) north and west of the
erupting volcano (Fig. 3.6). Subsequently, in Younger Dryas times these areas were overridden by glaciers, as indicated by glacial striae and till on top of the lava flow (Elíasson,
1977; Norðdahl and Pétursson, 1994). The same pattern of glacier retreat and advance
has been suggested for parts of the volcanic zone on the Reykjanes peninsula in southwestern Iceland (Sæmundsson, 1995). Considering how far RSL had regressed in late
Bölling and early Alleröd times, and how far glacio-isostatic recovery had progressed,
it is tempting to conclude that considerable areas of the country had become ice-free
before the onset of the Younger Dryas ice advance.
Marine sediments in Iceland attributed to the Alleröd Chronozone have been most
carefully studied in the Melabakkar-Ásbakkar Cliffs in western Iceland, in sediment
terraces at Melar and Saurbær in eastern Breiðafjörður (Fig. 3.6), and in the coastal cliffs
of Fossvogur in Reykjavík.
3.4.2.1

The Melabakkar and Ásbakkar Cliffs

Stratigraphically overlying the Ásbakkar diamicton and Ás beds in the MelabakkarÁsbakkar Cliffs in Western Iceland are the fossiliferous Látrar beds glacio-marine sediment facies (Ingólfsson, 1988). These sediments are mainly composed of gravelly sand
deposits that are succeeded by fossiliferous laminated sand and silt sediments with
numerous gravel and boulder clasts. The marine molluscs have been dated to 11,530 ±
110 14C yr BP, a weighted mean of four samples (Table 3.3; 5-8) collected from the cliffs.
The allogenic fauna of the Látrar beds resembles the Macoma calcarea faunal assemblage
in the Ásbakkar diamicton but with fewer species and individuals, reflecting a marine
environment with relatively rapid sedimentation or brackish water (Ingólfsson, 1987).
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During the Látrar marine phase fine grained fossiliferous silt and silty-sand sediments
also accumulated in places outside the Melabakkar-Ásbakkar Cliffs, namely at the Súluá,
Urriðaá, Arkarlækur, and Heynes localities (Fig. 3.7) (Ingólfsson, 1988).
The interstratified silt and sand sediments at the Súluá locality contain high arctic
species such as Buccinum groenlandicum and Portlandia arctica indicating very cold marine conditions in the area at that time. This faunal assemblage relates very well to a
transitional mollusc community between the boreal-arctic Macoma calcarea community
of the Látrar beds and a high arctic Portlandia arctica community (Ingólfsson, 1988). A
10-15 m thick sequence of stratified silt with intrabeds of silty sand with spread granule
and pebble clasts is located at Heynes south of Akrafjall (Fig 7). The silty sediments are
fossiliferous with similar faunal composition as the Súluá deposits, containing Portlandia
arctica, an indicator of high arctic marine environment at this location (Ingólfsson, 1988).
The silty-sandy fossiliferous sediments at Heynes, and Urriðaá, and Arkarlækur
north of Akrafjall (Fig. 3.7) have been lithostratigraphically correlated with the Súluá
interstratified silt and sand facies of the Látrar bed unit (Ingólfsson, 1988). Four mollusc samples collected at Súluá, Heynes, Arkarlækur, and Urriðaá, respectively (Table
3.3; 9-12) have yielded a weighted mean age of 11,050 ± 80 14C yr BP, for the upper part
of the Látrar beds which places its formation to the transition between the Alleröd and
Younger Dryas Chronozones.
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The Holtaland – Tjaldanes Terraces

The Holtaland – Tjaldanes terraces are made of series of fossiliferous strata exposed
in about 5 km long and up to 40 m high cliffs facing the Gilsfjörður fjord (Fig. 3.8). A
comprehensive description of the sediments and mollusc fauna was given by Bárðarson
(1921). At the base of the terraces at Kaldrani is a 10-15 m thick dark grey massive silty
deposit – the Portlandia diamicton, with numerous up to 0.5 m large, rounded and sometimes striated clasts in the lowermost part of the unit. Between 2 and 15 m up in the
basal diamicton, Bárðarson (1921) collected shells of Portlandia arctica and a few other
arctic species. Above the Portlandia diamicton is a 2-6 m thick unit – the Pecten deposits,
made of stratified silt and sand deposits with increasing sand content upwards. A few
pebble and cobbled sized clasts are found dispersed in the unit. The Pecten sediments
carry mollusc shells in great quantity especially in the sandy upper part of the unit with
Pecten islandicus as the most prominent species. The third and topmost unit – the Mytilus
deposits is about 2-6 m thick and is made of stratified sand and gravel deposits with a
few thin sandy silt layers in the basal part of the unit. According to Bárðarson (1921)
this unit is poor in fossils with very few individuals of a small number of species. The
edge of the terrace at Kaldrani reaches about 25 to 30 m asl.
Kjartansson (1966) studied the Holtaland – Tjaldanes terraces and collected mollusc shells at Ekruhorn (Fig. 3.8) for dating of the basal high-arctic Portlandia diamicton.
A sample of Mya truncata yielded an age of 11,255 ± 240 14C yr BP (Table 3.3; 14). Later,
Andrésdóttir (1987) collected shells of Mya truncata, Hiatella arctica, and Balanus sp. at
Tjaldanes, which have been dated to 11,275 ± 110 14C yr BP (Table 3.3; 15) (Ásbjörnsdóttir
and Norðdahl, 1995). The age of the samples is not significantly different at 95% probability level.
Bárðarson (1921) concluded that a basal diamicton containing a high-arctic Portlandia
arctica faunal assemblage indicates decreasing glacier proximity in a marine environment less than 15 m deep but with continuously rising RSL. A mollusc fauna characterized by Pecten islandicus represents a marine environment somewhat warmer than during formation of the Portlandia diamicton, but harsher than the present-day marine environment in the inner parts of Breiðafjörður. Again, according to Bárðarson (1921), the
Pecten unit was formed when the water-depth was somewhere between 20 and 50 m.
The uppermost Mytilus unit was formed when RSL was regressing from the ML shorelines. The Mytilus edulis faunal assemblage of the uppermost unit conforms to a presentday littoral environment (Bárðarson, 1921).
4.4.2.3

The Melar Terrace

At Melar, on the outer parts of Skarðsströnd (Fig. 3.8), a coastal terrace displays
about 15 m thick sequence of marine and littoral sediments (Andrésdóttir, 1987;
Ásbjörnsdóttir and Norðdahl, 1995). Studies of the foraminifera fauna in the marine
part of the sediments, show that they can be correlated with the sediments of the
Holtaland – Tjaldanes terraces, displaying a comparable history of environmental changes. At Melar the lowermost 1 m of the marine sediments, resting on about 2 m thick till

44

Hreggviður Norðdahl and H.G. Pétursson

unit which in turn overlays glacially striated basalt bedrock, is barren of foraminifera.
A 9 m thick sequence of stratified silt and sandy-silt sediments, with occasional clay
layers and ice-rafted pebble sized clasts, contain tests of foraminifera especially in the
lowermost 1.5 m and the uppermost 4 m of the sediments. The marine sediments of the
Melar terrace are discordantly overlain by a 3 m thick unit made of stratified sand and
gravel deposits. This unit is barren of both foraminifera tests and mollusc shells.
The lowermost 1.5 m of the Melar sequence contains an arctic Elphidium excavatum
(15-70%) - Casidulina reniforma (15-20%) faunal assemblage, which is correlated with
the Portlandia diamicton in the Holtaland – Tjaldanes terraces. The uppermost 4 m of
the fine grained marine sediments at Melar contain an Elphidium excavatum (76-92%) –
Casidulina reniforma (2-14%) faunal assemblage indicating an environment with decreasing water-depth and temperature. This part of the Melar sediments is correlated with
the Pecten beds in the Holtaland – Tjaldanes terraces (Ásbjörnsdóttir and Norðdahl,
1995). The topmost gravel unit at Melar is correlated with the Mytilus unit of the
Holtaland – Tjaldanes terraces representing the time when RSL was situated at the 1015 m level at Melar and Holtaland – Tjaldanes terraces, respectively (Ásbjörnsdóttir
and Norðdahl, 1995).
Two samples of barnacle shells, collected at about 2 m, and between 9 and 11 m in
the Melar sequence, have been dated to 11,165 ± 100 and 11,355 ± 80 14C yr BP, respectively (Table 3.3; 13,16) (Ásbjörnsdóttir and Norðdahl, 1995). The succession of the age
of these samples is reversed but their age is statistically the same at the 95% probability
level with a weighted mean age of 11,280 ± 100 14C yr BP. Therefore, we consider the
formation of the Melar sequence to have occurred in late Alleröd times. A weighted
mean age of all dated samples from the Holtaland – Tjaldanes and the Melar terraces is
11,275 ± 80 14C yr BP (Table 3.3; 13-16) and their age is statistically the same on a 95%
probability level.
3.4.2.4

The Fossvogur Layers

The Fossvogur marine sediments have been known to the geological community
for more than a century and many geologists have contributed to our present understanding of the geological history contained in these sediments (Geirsdóttir and
Eiríksson, 1994). The sediments form about 3-5 m high sea cliffs on the southern coast
of Reykjavík (Figs. 3.6, 3.13) and rest on the Reykjavík dolerite lavas, a glacially sculptured basalt bedrock with distinct glacial striae that are mainly orientated towards the
west-northwest (Hjartarson, 1999).
The Fossvogur sedimentary sequence reveals a history of an advancing glacier in
pre-Alleröd times and a subsequent retreat that was followed by a transgression of the
sea during the Alleröd with formation of fossiliferous near shore sediments. Furthermore, the deposition of the marine sequence on top of lithified lodgement till was frequently interrupted by debris flows originating from coastal erosion of basal till higher
up on the Öskjuhlíð hill above the Fossvogur sea cliffs. In the upper part of the sedimentary sequence about 1-2 m thick clast-supported diamictite has been interpreted as
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Fig. 3.8 Radiocarbon dated marine samples in the Dalir (Hvammsfjörður and Gilsfjörður) area in
western Iceland with the approximate position of Younger Dryas glacial margin and raised shorelines
and place names mentioned in the text.

a subaqueously formed debris-flow associated with increased calving at an advancing
tidewater glacier margin. Succeeding this debris flow in the sedimentary sequence is a
unit made of laminated and plane-bedded fine grained silt and sand sediments with
convoluted bedding and distorted lamination suggesting a high rate of deposition, while
the glacier successively withdrew from the area. Crudely to plane-bedded gravel
sediments on top of parts of the Fossvogur sequence have been interpreted as a channel
fill from a stream cutting down into the underlying sediments when RSL finally regressed to a position below the 3-5 m high sea cliffs at Fossvogur (Geirsdóttir and
Eiríksson, 1994).
The marine macrofauna of the Fossvogur Layers contain species that are all known
to live in low arctic – high boreal Icelandic waters today. Two faunal assemblages have
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been distinguished; one sublittoral preferring mixed muddy bottom with scattered
harder parts such as pebbles and stones, and another littoral-sublittoral preferring mixed
bottom where harder parts occurs frequently (Eiríksson et al., 1991).
The age of the Fossvogur sediments has been securely determined by dating 30
samples of marine shells (Hjartarson, 1989; Sveinbjörnsdóttir et al., 1993). Although
these samples were taken from four different sections in the Fossvogur sediments their
ages show a relatively narrow spread at the transition between the Alleröd and the
Younger Dryas Chronozones (Sveinbjörnsdóttir et al., 1993). The age of all the samples
within each section is the same at a 95% probability level, except in one section containing the uppermost unit where a single sample from 9 makes their age different at the
95% probability level. The oldest dated sample in the Fossvogur sediments, taken from
the lower marine part of the sediments, has yielded an age of 11,435 ± 170 14C yr BP and
the youngest sample, taken from the upper most marine part of the sediments, has
been dated to 10,585 ± 170 14C yr BP. A weighted mean age of some 30 dated samples is
11,070 ± 35 14C yr BP putting the formation of the sediments at the Alleröd – Younger
Dryas transition and, furthermore, places a climatic deterioration and expansion of the
tidewater glacier to the end of the Alleröd or the very beginning of the Younger Dryas
(Sveinbjörnsdóttir et al., 1993; Geirsdóttir and Eiríksson, 1994).
3.5

YOUNGER DRYAS AND PREBOREAL MARINE SEDIMENTS

Due to the apparent late Alleröd and early Younger Dryas rise of RSL in Iceland the
extent of shallow coastal marine environments must have increased. The exact extent
of the Younger Dryas and subsequent Preboreal marine environment in Iceland is not
known but the distribution of fossiliferous sediments dated to the period between 11.0
and 9.0 k 14C yr BP provides a minimum estimate of the extent of the marine environment (Fig. 3.9). At present, some 101 samples of marine mollusc and barnacle shells,
collected throughout the country, have been dated to the Younger Dryas and Preboreal
Chronozones. Out of the 86 formally published dates 39 samples have yielded Younger
Dryas ages between 10,985 ± 100 and 10,005 ± 90 14C yr BP, and 47 have yielded Preboreal
ages between 9,995 ± 90 and 9,055 ± 80 14C yr BP. The majority (74) of these samples
were retrieved from fine grained sediments at altitudes between present sea-level and
the 35 m level, while 11 samples were collected from altitudes between 55 and 85 m asl
in southern Iceland and 1 in northeastern Iceland. The somewhat limited spatial distribution of Younger Dryas – Preboreal marine shells in Iceland is most likely due to the
presence of harsh near-terminus marine environment and expanding glaciers.
A sudden termination of the Younger Dryas Stadial conditions, supported e.g. by
studies of Greenland ice cores (Dansgaard et al., 1989; Alley et al., 1993) and high resolution North Atlantic deep-sea cores (Lehman and Keigwin, 1992), caused a considerable
retreat of the Icelandic inland ice sheet, glacio-isostatic uplift of coastal areas and regression of RSL. Studies of ice-core and deep-sea data have also revealed a distinct but
short-lived deterioration of environmental conditions in Preboreal times with a positive alteration in the mass-balance of the Icelandic ice sheet leading to a glacier advance
and rise of RSL (Norðdahl and Ásbjörnsdóttir, 1995; Rundgren et al., 1997; Norddahl
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Fig. 3.9 Location of 14C dated marine sediments (dots) of Younger Dryas – Preboreal age. The radiocarbon
dates are listed in Table 4.

and Einarsson, 2001). The youngest reliable date of marine shells have yielded ages
greater than 9.4 k 14C yr BP, which indicates that at about that time or little later RSL
must have regressed below present sea-level.
Mapping features such as raised shorelines, and termino-glacial marine and terrestrial deposits has enabled us to distinguish between two successive glacier advances and
to determine their extent in Younger Dryas and Preboreal times, respectively (Norðdahl,
1991a). The spatial distribution of radiocarbon dated samples of marine shells yielding
ages between 11.0 and 9.0 k 14C yr BP along with dated tephra beds again provides a
minimum estimate of the extent of the marine environment, RSL changes, and location
of presumably ice-free areas.
3.5.1

The Dalir Area, Western Iceland

Raised fossiliferous marine sediments, mainly composed of stratified clay, silt and
sand sediments, are found at altitudes between present sea-level and about 50 m around
the Hvammsfjörður fjord in Western Iceland (Fig. 3.8), showing that the area has been
inundated by the sea. Marine limit shorelines are situated at 65-70 m asl from the mouth
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of Hvammsfjörður and eastwards along the entire fjord with conspicuous lower shorelines at 50-55 m asl and 30-35 m asl (Norðdahl and Ásbjörnsdóttir, 1995). The marine
limit shorelines are truncated at the mouth of all of the tributary valleys between
Skeggjadalur and Hörðudalur, while the lower shorelines and the 30-35 m shorelines in
particular, can be followed across the tributary valleys (Fig. 3.8). The different extent of
raised shorelines was most likely controlled by more extended glaciers during the formation of the marine limit shorelines at 65-70 asl. Later, especially during the formation
of the 30-35 m raised shorelines, the glaciers had retreated well into the tributary valleys (Norðdahl and Ásbjörnsdóttir, 1995).
Seven samples of marine shells have been collected from the fine grained sediments
around Hvammsfjörður at elevations between 6 m and 27 m asl (Fig. 3.8). All these
samples were dated at the 14C Laboratory at the University of Lund, Sweden and at the
AMS Dating Laboratory at the University of Aarhus, Denmark, yielding sea corrected
ages between 9,415 ± 110 and 9,915 ± 110 14C yr BP (Table 3.4; 1-14). A weighted mean of
all these dates is 9,735 ± 50 BP where the age of individual samples is statistically inseparable at a 95% probability level. All these samples have been related to raised shorelines at or somewhat below the 30-35 m level and, therefore, they date an early Preboreal
position of RSL in the Hvammsfjörður area and consequently they postdate the formation of the marine limit shorelines at 65-70 m asl.
The course of RSL changes in the Hvammsfjörður area has been determined from
sedimentary sequences in the Laxárdalur valley (Fig. 3.8) where glacially striated bedrock at the mouth of river Laxá is overlain with till. The till is in turn succeeded by
stratified sand and gravel sediments forming irregular kames and eskers along the valley. The kame and esker formations are partly and in places totally covered by thinly
bedded and laminated clay, silt and sand sediments reaching as high as 50 m asl in
Laxárdalur. A few whole shells of Mya truncata and fragments of other mollusc shells
have been retrieved from these sediments along with foraminifera tests clearly showing that these sediments were accumulated from suspension in relatively calm marine
environment. Some 15 km up into the Laxárdalur valley these fine grained sediments
are covered with coarse grained sand and gravel sediments forming a dissected outwash
formation graded to RSL situated as high as 70 m asl (Norðdahl and Ásbjörnsdóttir,
1995).
In the lower part of the Laxárdalur valley the fine grained marine sediments are
discordantly overlain by fossiliferous clayey-silty sand sediments of sublittoral origin
which in turn are succeeded by re-worked sediments. This arrangement of the sediments
in Laxárdalur has earlier been described e.g. by Thoroddsen (1905-06), Bárðarson (1921),
Kjartansson and Arnórsson (1972), Norðdahl and Ásbjörnsdóttir (1995) and Jónsdóttir
and Björnsdóttir (1995). At an exposure at Mjóhylur the following succession of
sediments has been observed in about 15 m high terrace situated between 15 and 30 m
asl on the south side of river Laxá (Figs. 3.8, 3.10):
Unit 1 at the base of the terrace is made up of crudely stratified or massive greyish silty-sandy clay
deposit with gravel, pebble, and cobble sized clasts some of them with distinct glacial striae. Occasional
mollusc shells or shell fragments have been found in this part of the terrace. The lower boundary of unit
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1 is hidden at the logging site but the upper boundary is diffuse and the sediments are successively
changed into unit 2, which is about 4 m thick and made of laminated and thinly bedded brownish clay
and clayey silt sediments with much fewer gravel and pebble sized clasts. About 500 m downstream
from the Mjóhylur site units 1 and 2 are partly covering an esker or a kame, which in turn rests on till or
glacially striated bedrock. Units 1 and 2 are interpreted as a glacio-marine deposits with ice-rafted clasts
where the increased stratification and reduced number of ice-rafted clasts most likely reflects decreased
glacier proximity during deglaciation of Laxárdalur.
Unit 2 has a sharp erosional contact to the overlying units which occupy about 5 m deep channel
eroded into the sediments of units 1 and 2 (Fig.10). The erosion of this channel must have occurred when
base level (and RSL) was lowered from its maximum position close to the 65-70 m level and down to or
below the base of the erosional channel at about 20 m asl.
Unit 3, about 0.1-0.3 m thick, is made of sandy gravel containing numerous shell fragments with a
sharp and apparently horizontal contact to unit 4, which is about 0.1 m thick made of greyish clay with
mollusc shells and shell fragments. Unit 4 has a sharp to graded contact to the overlying unit 5.
Unit 5 is about 10 m thick and made of laminated clayey-sandy silt and sand. From bottom upwards
the laminated sediments are successively replaced by thinly bedded medium and coarse sand sediments
with occasional sand layers. The stratification of unit 5 has a distinct but apparent 30° dip reflecting a
transport of the sediments towards the northeast. Whole mollusc shells and shell fragments are found
in the sandy sediments in the lower half of unit 5 with Mya truncata in situ (Fig. 3.11) showing that at
least some of the shells have not been moved or otherwise transported into the erosional channel. Two
mollusc samples collected at about 21 and 25 m asl, respectively have yielded a weighted mean age of
9,700 ± 45 14C yr BP (Table 3.4; 6,7,10,14). The sediments of units 3-5 were accumulated in an erosional
channel when RSL rose to an altitude above the base of the channel. The marine environment in and
around the channel is reflected in the composition of the mollusc fauna living there at the time, a faunal

Fig. 3.10 The Mjóhylur locality in the Laxárdalur valley in the Dalir district in western Iceland (Based
on: Norðdahl and Ásbjörnsdóttir, 1995).
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Fig. 3.11 An in situ
bivalve of Mya truncata
in unit 5 of the Mjóhylur
section (Photo: Norðdahl,
H.).
assemblage characterized by an almost equal mixture of Arctic (58%) and Boreal (42%) species (Bárðarson,
1921). Furthermore, this faunal assemblage indicates a relatively shallow marine environment characterized by fresh-water inflow from melting and retreating glacier.
Unit 6, the uppermost part of the Mjóhylur-terrace is made of apparently horizontally stratified sand
and gravelly sand and massive greyish clay with sand lenses. The top of unit 6 is situated at about 33 m
asl and very close to marine shorelines at 30-35 m asl, explaining the textural contrasts within unit 6.

On the basis of studies of the sediments in the Laxárdalur valley it is possible to
reconstruct the course of RSL changes in the Hvammsfjörður area (Fig. 3.12). Subsequent to deglaciation and formation of kames and eskers in Laxárdalur the area was
inundated by the sea forming the marine limit shorelines at 65-70 m asl. At that time
glacier termini were situated in all the tributary valleys around Hvammsfjörður (Fig.
3.8). Following the formation of the ML shorelines the glaciers retreated and because of
subsequent glacio-isostatic re-adjustment of the crust RSL was lowered to a position
below the 20 m level (Fig. 3.12). Later, RSL was raised to a temporary position at 30-35
m asl and shallow-water/sublittoral sediments filled the channel previously eroded into
the marine sediments at the Mjóhylur locality (Fig. 3.10). This transgression of RSL,
which was most likely caused by a glacier re-advance in the area (Norðdahl and
Ásbjörnsdóttir, 1995), has been dated to 9,735 ± 50 14C yr BP, a weighted mean of 14 14C
dates from the area (Table 3.4; 1-14). Since the formation of the 30-35 m shorelines RSL
was apparently lowered to a position below present sea-level (Fig. 3.12) during a gener-
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Fig. 3.12 The development of
Younger Dryas – Preboreal
relative sea-level changes in
the Dalir district in western
Iceland (Based on: Norðdahl
and Ásbjörnsdóttir, 1995).

al Preboreal retreat of Icelandic glaciers (Norðdahl, 1991a; Ingólfsson and Norddahl,
1994; Ingólfsson et al., 1995).
The age of the ML shorelines in the Hvammsfjörður area is still unknown otherwise
than they are older than the 14C dated (9,735 ± 50 14C yr BP) 30-35 m shorelines. A single
mollusc sample has been collected at about 50 m asl from the Gullmelur terrace in
Saurbær (Fig. 3.8), a terrace that has been related to a base-level situated close to the 8090 m level there (Andrésdóttir, 1987; Bárðarson, 1921). The mollusc sample has yielded
a 14C age of 10,215 ± 100 14C yr BP (Table 3.4; 15). This altitude of a base-level in Saurbær
might possibly be compared with the height of the ML shorelines at 65-70m asl in the
Hvammsfjörður (Fig. 3.8) area and, thus imply a Younger Dryas age for the ML there.
3.5.2

The Reykjavík Area, Southwestern Iceland

The area under consideration covers the coastal area between the town of
Hafnarfjörður in the southwest and Mt. Esja in the northeast (Fig. 3.13). Fossiliferous
sediments of Younger Dryas and Preboreal ages are widespread in the area below the
ML shorelines, which are found at increasingly higher altitudes from 32 m asl in
Hafnarfjörður to 60 m asl below Mosfell (Ingólfsson et al., 1995). Out of 30 formally
published dates on samples collected in this area 14 of them, yielding ages between
10,985 ± 250 and 9,435 ± 160 14C yr BP, are from the Alleröd Fossvogur Layers, while
nine samples are related to raised marine shorelines in the area.
Reconstruction of isobases for the ML shorelines in the Reykjavík area defines a
plane rising towards the northeast with a gradient of about 1.15 m km-1 (Ingólfsson et al.
1995). Two samples of whole shells, plates, and fragments of Balanus balanus collected
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Fig. 3.13 Radiocarbon dated marine samples in the Reykjavík area in southwestern Iceland with the
approximate position of a Younger Dryas glacial margin and raised shorelines with place names mentioned
in the text (Based on: Ingólfsson et al., 1995).
Legend: 1) Younger Dryas marine limit shoreline. 2) Preboreal raised shoreline. 3) Radiocarbon dated
marine sample. 4) Glacial striae (Kjartansson, 1960). 5) Apparent topographically controlled flow of
ice. 6) Approximate position of Younger Dryas glacial margin. 7) Younger Dryas moraines.

from a sandy diamicton at about 20 m asl at Helgafellsmelar (Figs. 3.13, 3.14) have been
dated to 10,215 ± 90 and 10,415 ± 115 14C yr BP, respectively with a weighted mean age
of 10,315 ± 105 14C yr BP (Table 3.4; 16-17). These samples date the formation of an icecontact delta graded to about 60 m asl and a glacier margin in the mouth of the
Mosfellsdalur valley (Fig. 3.13), and the ML shorelines in the Reykjavík area (Ingólfsson
et al., 1995). Prominent raised beaches at altitudes below the ML shorelines have been
mapped at about 20 m asl in Hafnarfjörður, at 25-30 m asl in Garðabær and Kópavogur,
at 20-25 m asl at Austurströnd on the Reykjavík peninsula, and at about 40 m asl at
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Helgafellsmelar and Álfsnes northeast of Reykjavík (Fig. 3.13). A single sample of marine shells collected from about 15 m asl at Helgafellsmelar and two samples from beach
deposits reaching 20-25 m asl at the Austurströnd locality have yielded ages between
9,815 ± 150 and 9,925 ± 210 14C yr BP (Table 3.4; 18-20) and a weighted mean age of 9,865
± 170 14C yr BP. Fossiliferous littoral and sublittoral sediments reaching some 10-15 m
asl at Reykjavíkurflugvöllur airport (Einarsson, 1964) are related to raised shorelines at
about 20-25 m asl and dated to about 9,895 ± 125 14C yr BP, a weighted mean age of 4
samples (Table 3.4; 21-24). The 7 Preboreal dates, averaging to about 9,875 ± 90 14C yr
BP, are regarded as an approximation to the age of the lower set of prominent raised
shorelines found below the ML shorelines in the Reykjavík area. Since the formation of
the lower set of shorelines at 9,875 ± 90 14C yr BP, RSL was apparently lowered to a
position at least 2.5 m below present sea-level at about 9,400 14C yr BP. The lowermost
position of RSL at about –30 m was apparently reached at about 8,500 14C yr BP
(Ingólfsson et al., 1995).
Earlier Kjartansson (1952) tried to explain these two sets of raised shorelines in
Hafnarfjörður as the result of a Lateglacial transgression of RSL reaching the ML at 32
m asl there (Fig. 3.13). During a subsequent regression freshwater sediments were ac-

Fig. 3.14 The Varmárhóll – Helgafellsmelar section below Helgafell.
Legend: 1) Basaltic bedrock. 2) Stratified sandy – gravelly diamicton. 3) Poorly stratified sand and
gravel. 4) Fossiliferous sandy prodelta sediments. 5) Fossiliferous channel fill and foreset sediments.
6) Radiocarbon dated sample of marine shells.
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Fig. 3.15 The development of
Younger Dryas – Preboreal
relative sea-level changes in the
Reykjavík area in southwestern
Iceland.

cumulated at about 10 m asl until RSL transgressed again reaching between 15 m and
30 m asl. Thorarinsson (1956) also suggested RSL changes for the Reykjavík area with
two transgressions; the first reaching the ML at 43 m asl at Öskjuhlíð and the second
one reaching some 20 m asl before it regressed to a position at least 8 m below present
sea-level. Thorarinsson (1956) proposed a pre-Alleröd age for the ML shorelines and an
age of 9,000 or 7,500 BC for the second transgression.
Because of an extended excavation of a ML ice-contact delta in Mosfellsdalur, it has
been possible to follow its prodelta sediments into the excavated Helgafellsmelar and
Varmárhóll terraces below Helgafell (Figs. 3.13, 3.14). There, a channel was eroded into
the fine grained Tungufellsmelar prodelta sediments when base-level, i.e. RSL was lowered from the ML at about 55 m asl to a position close to or below the 20 m level (Fig.
3.15). During a subsequent transgression of RSL base-level was again raised and the
erosional channel was filled-in with 17-20 m thick unit of cross-bedded delta foreset
beds of sorted sand and gravelly sand sediments (Figs. 3.14, 3.15). The delta foreset
beds are discordantly overlain by an up to 8 m thick unit of sand and well rounded
pebble-cobble rich gravel, a delta topset beds reaching about 40 m asl in the
Helgafellsmelar and Varmárhóll terraces (Figs. 3.14, 3.15). Finally RSL regressed from
the 40 m level and below the –2.5m level at about 9,400 14C yr BP (Ingólfsson et al. 1995).
The foreset beds, dipping 15°-20° in a northwesterly direction, indicate that the delta
foreset beds and, thus, the Helgafellsmelar – Varmárhóll delta was formed by the former
Varmá river (Figs. 3.14, 3.15). The sample collected from Helgafellsmelar and dated to
9,815 ± 150 14C yr BP (Table 3.4; 18) probably dates this younger marine phase and
formation of the 40 m Helgafellsmelar – Varmárhóll delta. The stratigraphical sequence
described above confirms and dates the RSL changes Kjartansson (1952) and
Thorarinsson (1956) suggested for the Hafnarfjörður and Reykjavík area, respectively.
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The Berufjörður Area, Southeastern Iceland

Survey of moraines and raised shorelines in eastern Iceland, between Hornafjörður
and Melrakkaslétta (Fig. 3.9) by Hjartarson et al. (1981) and Norðdahl and Einarsson
(1988), revealed two or three consecutive phases of glacier advance and formation of
concurrent marine shorelines at different altitudes in the area (Norðdahl, 1991a). Since
then additional mapping and dating of marine mollusc and barnacle shells (Norddahl
and Einarsson, 2001) have clarified the Younger Dryas – Preboreal situation in eastern
Iceland and enabled regional correlations and comparison with other dated sediment
sequences in Iceland.
In and around the Berufjörður fjord in southeastern Iceland (Fig. 3.16) dated marine sediments and associated raised shorelines and moraines have revealed a complex
relationship between RSL changes and variations in glacier extent (Norddahl and
Einarsson, 2001). Marine limit shorelines in Berufjörður are now found at altitudes between 35 and 58 m asl, and have been related to moraines and a glacial advance of
Younger Dryas age (Fig. 3.16). After a considerable retreat of the glaciers and regression of RSL, the glaciers advanced again in early Preboreal time and RSL rose and culminated at about 9,880 ± 100 14C yr BP (Table 3.4; 25-27). These subsequent and younger
shorelines are found at increasing altitudes between 24 and 40 m asl (Fig. 3.16).
A reconstruction of the glacier extent in Younger Dryas and Preboreal times (Fig.
3.17), based on the data presented above, reveals a situation with contemporaneous
alpine valley glaciers and outlet glaciers occupying the fjords and valleys of eastern

Fig. 3.16 The Berufjörður area and its vicinity in eastern Iceland with raised shorelines, moraines and
striae (modified after: Norðdahl and Einarsson, 2001).
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Fig. 3.17 The extent of
glaciers in eastern and
southeastern Iceland in
Younger Dryas and
Preboreal times (from:
Norðdahl and
Einarsson, 2001).

Iceland (Norddahl and Einarsson, 2001). In Younger Dryas time, during formation of
the ML shorelines, outlet glaciers reached the outer part of the fjords, and thus limited
the extent of contemporaneous ML shorelines, which end at conspicuous end-moraines.
In early Preboreal times, younger and more extended shorelines were formed when
the East Icelandic glaciers re-advanced and reached a temporary maximum position
some 10-23 km inside the preceding Younger Dryas moraines (Fig. 3.17).
3.5.4

The South Icelandic Lowland

The Lateglacial research history of the South Icelandic Lowland has previously been
outlined e.g. by Hjartarson and Ingólfsson (1988), Norðdahl (1991a) and Geirsdóttir et
al. (1997) in all cases with the main emphasis on the formation of the Búði moraine
proper at river Þjórsá (Fig. 3.18). According to Kjartansson (1943, 1958) the Búði moraine can be correlated with other moraine ridges to form “a belt of terminal moraine
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ridges” that have been traced to Vatnsdalsfjall, some 25 km towards the southeast across
the South Lowlands, and northwestwards for about 16 km to Grámelur at river Hvítá.
Later, Kjartansson (1962b, 1970) extended the Búði moraine to Efstadalsfjall, about 28
km northwest of the Búði moraine at river Þjórsá (Fig. 3.18). Jóhannesson (1985) emphasized that the Búði moraine is a complex of up to seven more or less parallel ridges
and suggested a considerable age difference between the outermost and innermost ridges. A recent study shows that the Búði terminal zone is made of two sets of end-moraines
some 5 km apart (Fig. 3.18) (Axelsdóttir, 2002). The inner (younger) moraine crosses
river Þjórsá at the Búði waterfall and can be traced for about 15 km towards the southeast where it disappears underneath a postglacial lava flow. It is the inner moraine that
has been followed from the Búði waterfall to Efstadalsfjall. The outer (older) moraine
has been followed from Mt. Vatnsdalsfjall and for about 25 km towards the northwest
where it disappears in the Holt area (Fig. 3.18).
In the late nineteen eighties Hjartarson and Ingólfsson (1988) concluded, on the
basis of structural and sedimentological data collected at river Þjórsá (Búðaberg and
Þrándarholt) and at river Stóra-Laxá (Hrepphólar), that a glacier had advanced across
glacio-marine sediments to form moraine-like ridges consisting of disturbed beds of
glacio-marine diamicton. Four samples of marine shells collected from sediments in
close relation to the Búði moraine at Þjórsá and Stóra-Laxá have yielded a weighted
mean age of 9,855 ± 90 14C yr BP (Table 3.4; 28-31) for the formation of the moraine and,
hence, the advance of the glacier. Geirsdóttir et al. (1997) interpreted the depositional
history of the Búði moraine proper as reflecting a more or less continuous late Younger
Dryas retreat of a partly marine-based glacier and a subsequent early Preboreal sedimentation in a high-energy glaciomarine environment characterized by repeated
subglacial meltwater outbursts. Furthermore, a basal stratified diamicton in the Búðaberg
section is interpreted as an ice-marginal formation, postdated by a sample of barnacles
yielding an age of 9,855 ± 90 14C yr BP (Table 3.4; 31) (Geirsdóttir et al., 2000). Fragments
of barnacles, collected from a diamicton with ice-rafted clasts in the upper parts of the
Búðaberg section, have yielded dates of 9,925 ± 140, 9,755 ± 150, and 9,765 ± 170 14C yr
BP (Table 3.4; 32-34) (Geirsdóttir et al. 1997), confirming that the formation of the Búði
moraine at river Þjórsá was apparently completed in early Preboreal time (Hjartarson
and Ingólfsson, 1988; Geirsdóttir et al., 1997, 2000). The seven samples of marine shells
collected from the Búði moraine, yielding a weighted mean age of 9,845 ± 75 14C yr BP
(Table 3.4; 28-34), which also indicates an early Preboreal age to the formation of the
inner moraine in the Rangárvellir area (Fig. 3.18). The outer set of moraines was, therefore, formed during a glacier event preceding the formation of the Búði moraine proper.
Kjartansson (1958) determined the altitude of ML shorelines in the Holt area and
found it to be about 110 m asl, and about 100 m asl below Skarðsfjall, just north of the
Búði moraine proper. On the geological map of South-Central Iceland (Jóhannesson et
al., 1982) the ML shorelines are shown at the 105 m level. Hjartarson and Ingólfsson
(1988) concluded that RSL was well above the 65-70 m level both prior and subsequent
to a glacier advance and the formation of the Búði moraine. Geirsdóttir et al. (1997)
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Fig. 3.18 The South Icelandic Lowland with 1) Striae (Kjartansson, 1962b), 2) End-Moraines
(Kjartansson, 1943, 1958, 1962b, 1970; Jóhannesson, 1985; Axelsdóttir, 2002), 3) Older and 4) Younger
pattern of ice-flow, with place names mentioned in the text.

envisaged that the South Lowlands probably had been continuously submerged since
late Younger Dryas times and into the Preboreal Chronozone indicating high RSL with
ML shorelines at about 100 m asl.
Hjartarson and Ingólfsson (1988) drew attention to the fact that the oldest radiocarbon dated marine material from southern Iceland has yielded an age of 10,075 ± 90 BP
(Table 3.4; 35). They explained this apparent early Preboreal – Preboreal maximum age
of marine shells by a glacier extending beyond the present coastline in Lateglacial times,
thus preventing accumulation of glaciomarine sediments there. On the other hand,
Geirsdóttir et al. (1997, 2000) assumed a more restricted extent of a late Younger Dryas
glacier with an ice-margin situated only about 1000 m west of the Búði moraine proper
at river Þjórsá. This assumption is further supported by studies of sediments in the
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Lake Hestvatn basin (Fig. 3.18) (Geirsdóttir et al., 2000; Hardardóttir et al., 2001) indicating that the basin has not been invaded by glaciers since late Younger Dryas times.
3.5.5

The Eyjafjörður – Skjálfandi Area, Northern Iceland

At the Last Glacial Maximum major outlet glaciers occupied the Eyjafjörður fjord
and the Skjálfandi bay in northern Iceland (Fig. 3.9), reaching far out and onto the shelf
off northern Iceland (Norddahl, 1983, 1991b; Norðdahl and Hafliðason, 1992; Andrews
et al., 2000). These outlet glaciers had two principal sources of ice, from the main Icelandic ice sheet covering the central highland south of the Eyjafjörður area, and from corrie
and valley glaciers within the Tröllaskagi massif (Fig. 3.9). Consequently, the Eyjafjörður
outlet glacier was a composite glacier fed both by the central ice sheet and local glaciers. The occurrence of the Lateglacial Skógar-Vedde Tephra in clastic sediments in the
area has greatly aided stratigraphical correlations within the Eyjafjörður – Skjálfandi
area (Norddahl, 1983; Norðdahl and Hafliðason, 1992). Absolute age determinations of
the Skógar-Vedde Tephra in western Norway indicate an age of about 10,300 14C yr BP
(Bard et al., 1994) for the tephra fall-out throughout the North Atlantic Region.
Subsequent to a considerable retreat, the outlet glaciers in Eyjafjörður and Skjálfandi
again reached an advanced position. The Skjálfandi glacier terminated just south of
Húsavík where raised shoreline features containing shards of the Skógar-Vedde Tephra
are situated at about 50 m asl (Fig. 3.19). In Eyjafjörður, the outlet glacier terminated
just south of the island of Hrísey in the outer parts of the fjord leaving distinct lateral
moraines on the eastern side of the fjord (Fig. 3.19). An apparent marine limit beach
ridge at about 30 m asl, close to a lateral moraine, marks the highest known position of
RSL in the outer parts of Eyjafjörður. At that time, the Eyjafjörður outlet glacier sealed
off the Dalsmynni valley (Fig. 3.19) and caused the formation of the extensive AustariKrókar ice-lake in the Fnjóskadalur valley (Norddahl, 1983). Considerable quantities of
the Skógar-Vedde Tephra were trapped in the ice-lake, dating it and a concurrent formation of the Hrísey terminal zone in Eyjafjörður to about 10,300 14C yr BP (Norðdahl
and Hafliðason, 1992).
A marginal position of the Eyjafjörður outlet glacier close to Espihóll, some 50 km
south of the Younger Dryas terminal zone (Fig. 3.19), represents a substantial retreat of
the glacier and inundation of the sea (Pétursson and Norðdahl, 1999; Norðdahl and
Pétursson, 2000). Raised shorelines correlated with this position of the glacier are found
at decreasing altitudes from about 40 m asl at Espihóll to about 10 m asl at Svarfaðardalur.
At this time glaciers extended out into the mouth of Svarfaðardalur and Hörgárdalur,
forming marginal deltas there at about 10 m asl and 20-25 m asl, respectively, contradicting the conclusion of Häberle (1991) and Stötter (1991) of limited glacier extent in
these valleys at that time. A subsequent and lower set of raised shorelines in Eyjafjörður
is found at altitudes between 5 m asl at the mouth of Svarfaðardalur to about 30 m asl at
Melgerðismelar in southern Eyjafjörður (Fig. 3.19).
Raised shorelines and marginal features south of the proposed Younger Dryas terminal zone in Eyjafjörður are younger than the 10,300 14C yr BP old Skógar-Vedde Tephra
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Fig. 3.19 A: An outline of the deglaciation of the Eyjafjörður – Skjálfandi area in northern Iceland with
altitude of raised marine features and place names mentioned in the text. B: Approximate extent and
gradient of three successive raised shorelines and respective ice margins in the Eyjafjörður area.

and were most likely formed during a Preboreal glacier advance and transgression of
RSL. Using arguments about decreasing shoreline gradients with time in Norddahl
(1981, 1983) but taking new data into consideration i.e. the Austari-Krókar ice-lake (Fig.
3.19) containing the 10,300 14C yr BP old Skógar-Vedde Tephra (Norðdahl and Hafliðason,
1992) and that glacio-isostatic uplift was depleted at about 8,500 14C yr BP (Ingólfsson et
al., 1995; Norddahl and Einarsson, 2001) we are able to estimate the age of the Espihóll
and Melgerðismelar marginal position of the Eyjafjörður outlet glacier to be about 9,800
and 9,700 14C yr BP, respectively (Fig. 3.20). Comparing this development with other
regions in Iceland shows that during a period of about 500 14C years the outlet glacier in
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Fig. 3. 20 Decreasing
shoreline gradient with
time in the Eyjafjörður area
(Based on: Norddahl, 1981,
1983).

Eyjafjörður retreated some 50 km. This great retreat was most likely caused by a considerable negative mass-balance of the ice sheet and the local glaciers leading to a rapid
thinning of the Eyjafjörður outlet glaciers. The withdrawal of a rapidly thinning glacier
was probably enhanced by transgression of RSL which broke up and floated the glacier
ice away from the Eyjafjörður fjord (Norðdahl and Pétursson, 2000).
A whalebone recovered from a littoral formation some 10-15 m asl at Kjölur in
Aðaldalur in the Skjálfandi area (Fig. 3.19) has been dated to be 10,165 ± 80 14C yr BP
(Table 3.4; 36) and it predates ice-contact deltas situated at 40-45 m asl in the Aðaldalur
and Bárðardalur valley. Taking into account knowledge from other places in Iceland, it
is our conclusion that the raised deltas and related marine shorelines in the southernmost
parts of the Skjálfandi area should be correlated with Preboreal glacier advances recognized elsewhere in Iceland (Norðdahl et al., 2000).
3.5.6

Northeastern Iceland

The region under consideration is the coastal area between the Vopnafjörður fjord
in the east and the Öxarfjörður fjord in the north (Fig. 3.21). There, mapping raised
shorelines and other marine features has revealed shorelines mainly at altitudes between 10 and 50 m asl. Seven samples of marine mollusc shells of Younger Dryas and
Preboreal age have been collected from raised marine sediments between 5 and 60 m
asl; Five samples in Vopnafjörður (Sæmundsson, Th., 1995), one from the Þistilfjörður
area (Richardson, 1997), and one at Kópasker on Melrakkaslétta (Pétursson, 1991). Dating these samples has yielded ages between 9,615 ± 95 and 10,205 ± 80 14C yr BP (Table
3.4; 37-43). The occurrence of the Skógar-Vedde Tephra (Norddahl and Pétursson, 1998)
and the Miðfjörður Tephra (Norðdahl and Hjort, 1995) in clastic sediments has aided
stratigraphical correlations within the area.
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Fig. 3.21 An outline of the deglaciation of northeastern Iceland with Younger Dryas and Preboreal
raised marine terraces, and moraines, and place names mentioned in the text (compiled from: Norðdahl
and Hjort, 1995; Pétursson, 1986, 1991; Pétursson and Norðdahl, 1994; Sæmundsson, 1977;
Sæmundsson, 1995).

3.5.6.1

The Vopnafjörður Area

Raised shorelines at increasing altitude, from about 45 m asl at the head of
Vopnafjörður (Fig. 3.21), have been traced inland for about 25 km and up to about 75 m
asl in the Hofsárdalur valley. Comparable raised shoreline features in the Vesturárdalur
valley rise from about 50 m asl to about 65 m asl at Vakurstaðir over a distance of about
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16 km. In the Selárdalur valley raised shoreline features have been traced inland for
some 11 km, rising from about 40 m asl to about 50 m asl (Sæmundsson, Th., 1995).
These distinctly tilted ML shorelines in the Vopnafjörður area have all been related to
marginal features in Hofsárdalur, Vesturárdalur and Selárdalur, respectively (Fig. 3.21).
In Hofsárdalur and Vesturárdalur fossiliferous fine grained marine sediments have been
correlated with the ML shorelines. Radiocarbon dated samples of marine shells have
yielded a weighted mean age of 9,655 ± 70 14C yr BP (Table 3.4; 37-41) for the formation
of the ML shorelines and, thus, also for the concurrent position of glacier termini in the
Vopnafjörður area (Sæmundsson, Th., 1995).
According to Sæmundsson, Th. (1994, 1995) littorally reworked deposits, from about
55 m asl and downwards at the had of Vopnafjörður (Fig. 3.21), were originally deposited at, or close to, a glacier terminus indicating a temporary standstill of the Hofsárdalur
glacier in late Younger Dryas times, a standstill most likely caused by topographical
narrowing of the Vopnafjörður trough. Furthermore, the deglaciation of Hofsárdalur is
suggested to have been rapid and mainly by calving as topographical threshold conditions were released (Sæmundsson, Th., 1995). The rapid withdrawal of ice from
Hofsárdalur may also have been aided by transgression of RSL concurrently with a
termination of a glacier advance in the Hof-Teigur terminal zone.
3.5.6.2

The Langanes Area

More or less continuous raised shoreline features at 30-35 m asl in the Langanes
area (Fig. 3.21) represent the regional marine limit there (Norðdahl and Hjort, 1995).
Stratigraphical succession of sediments, e.g. in the Miðfjörður terrace in the Bakkaflói
area, reveals a glacier margin situated well inside the present coastline, that was coupled with lowering of RSL. Furthermore, this sedimentary sequence also illustrates a
subsequent change from an ongoing regression to a transgression of RSL, which eventually reached the regional marine limit at 30-35 m asl. At this moment the glacier margin was situated some 5 km inland from the regional marine limit shorelines (Norðdahl
and Hjort, 1995). The discovery of the Miðfjörður Tephra on top of the Miðfjörður terrace (Fig. 3.21) offers possible tephrochronological correlations with other areas as the
tephra is chemically equivalent to the S-Tephra in the Lake Mývatn area (Norðdahl and
Hjort, 1995). Sæmundsson (1991) has suggested an early Holocene age for the S-Tephra,
which postdates the formation of the 30-35 m shorelines in the Bakkaflói area. A sample
of marine mollusc shells, collected at Svalbarð at about 7 m asl from the fine grained
lower part of a gravel terrace reaching some 30 m asl in the Þistilfjörður area, has yielded a 14C age of 10,035 ± 75 14C yr BP (Table 3.4; 42) (Richardson, 1997).
Raised shorelines at 40-50 m asl with very limited lateral extent in the western part
of Þistilfjörður and in the eastern part of Bakkaflói (Fig. 3.21), were most likely formed
when glaciers reached beyond the present coastline and into the fjords. These shorelines are older than the regional marine limit shorelines and are tentatively correlated
with the Younger Dryas Chronozone (Norðdahl and Hjort, 1995). At that time the
Langanes peninsula was covered by glaciers only with the Fontur promontory pro-
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truding beyond the glaciers (Fig. 3.21) (Pétursson and Norðdahl, 1994; Norðdahl et al.,
2000).
3.5.6.3

The Öxarfjörður Area

The western part of Melrakkaslétta is a part of the northern volcanic zone of Iceland and both the structure and topography of the area reflect associated active
volcanism, visualized in postglacial lava flows, subglacially formed hyaloclastite ridges, and prominent north-south orientated normal faults (Pétursson, 1991). It has, in
spite of the postglacial neo-tectonism, been possible to map and correlate raised shoreline features and, thus, outline the history of RSL changes in the Öxarfjörður area
(Pétursson, 1986; Norddahl and Pétursson, 1998).
Surveyed shoreline features are located along the entire western coast of
Melrakkaslétta from the Rauðinúpur cape in the north to the Ásbyrgi canyon some 17
km south of the present coast (Figs. 3.21, 3.22). An equidistant diagram, constructed
along NW-SE orientated plane of projection, reveals raised shorelines features at an
increased altitude towards the southeast – towards increased glacial loading. The limi-

Fig. 3.22 The raised marine limit shoreline at Sveltingur (Fig. 3.21) about 15 km south of Kópasker in
northeastern Iceland.

66

Hreggviður Norðdahl and H.G. Pétursson

tation of the southward extent of raised shoreline features in the area around Ásbyrgi is
due to the increased altitude of the land and to extensive Holocene lava flows reaching
below the altitude of the marine limit.
A sample of marine mollusc shells collected from littoral-sublittoral gravel deposits
at about 10 m asl near Kópasker (Fig. 3.21), yielding a 14C age of 10,205 ± 80 14C yr BP
(Table 3.4; 43), is related to the marine limit situated at about 17 m asl (Pétursson, 1986,
1991). Further south at Klifshagi, the Skógar-Vedde Tephra has been detected in glaciomarine sediments tentatively correlated with the marine limit there at about 45 m asl
(Fig. 3.21). On basis of the 14C dated sample and the occurrence of the Skógar-Vedde
Tephra we conclude that the marine limit in the Öxarfjörður area – rising from about
15-20m at Rauðinúpur to about 50-55m asl near Ásbyrgi in the south (Fig. 3.21) – was
formed in late Younger Dryas time at about 10,300 14C yr BP. Lower and subsequently
younger shorelines in this area were most likely formed in Preboreal times.
Pétursson (1986) concluded from his studies that RSL transgressed from an altitude
below the 10 m level up to the marine limit altitude at about 17 m asl near Kópasker.
The sedimentary sequence at Klifshagi in the southern part of the area also supports
Pétursson’s (1986) transgression of RSL prior to the formation of the marine limit there,
situated at about 45 m asl. Furthermore, deposition of sediments related to an intermittent RSL at about 38 m asl at the Klifshagi section was preceded by distinct lowering of
base-level and erosion of the marine limit sediments and, hence, RSL must have transgressed up to the 38 m shoreline there. Comparison with other investigated sites in
Iceland support Preboreal age to be attributed to the 38 m raised shoreline – rising from
about 10-15 m at Rauðinúpur to about 45-50 m asl near Ásbyrgi (Fig. 3.21).
3.6
DISCUSSION AND CONCLUSIONS
Stratigraphical data from the Quaternary lava-pile of Iceland have revealed repeated
stadial–interstadial conditions in the early part of the Weichselian Stage (Sæmundsson,
1991, 1992). In Middle Weichselian times coastal parts of Iceland were ice-free and at
least partly inundated by the sea during an interstadial that has been dated between
34.7 and 20.3 k 14C yr BP, a period that is probably comparable with the Ålesund
Interstadial in Norway (Norðdahl and Sæmundsson, 1999; Sæmundsson and Norðdahl,
2002). Therefore, the LGM extent of the Icelandic ice sheet most likely occurred at or
shortly after, 20.3 k 14C yr BP when ice streams from a central ice sheet reached out onto
the shelves around Iceland. The actual extent of the ice sheet has been arrived at on the
basis of basal core dates which either post- or predate the LGM extent, leaving it only
indirectly and inexactly known.
Considering the present oceanographic circulation around Iceland (Valdimarsson
and Malmberg, 1999) with warm water-masses arrived at southeastern Iceland (Fig.
3.1), the sea off western Iceland must have warmed up before the warm sea-current
rounded northwestern Iceland and reached the area off northern Iceland (Ingólfsson
and Norddahl, 2001). Basal dates of about 12.7 k, 15.4 k and 13.6 k 14C yr BP from the
shelf off western, northwestern, and northern Iceland (Jennings et al., 2000; Eiríksson et
al., 2000a) are, therefore, considered minimum dates for the deglaciation of the Iceland
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shelf. By comparing these dates to the age of the oldest dated marine shells in Iceland,
about 12.6 and 12.7 k 14C yr BP in western and northeastern Iceland, the Iceland shelf
seems to have been completely deglaciated during a period of 1000 to 3000 14C years.
The innermost parts of the shelf such as the Faxaflói bay may have been deglaciated in
about 400 14C years, showing an extremely high rate of glacier retreat (Ingólfsson and
Norddahl, 2001).
The dating of raised shorelines in western Iceland enables us to determine the amount
of glacio-isostatic depression of the coastal areas some 12.6 k 14C yr BP. Adding the
height of the ML shoreline (150 m asl) and the position of eustatic sea-level (ESL) at that
time (Fairbanks, 1989; Tushingham and Peltier, 1991) gives an isostatic depression of
about 225 to 250 m. Ingólfsson and Norddahl (2001) have demonstrated that the high
elevation of the ML shoreline and great mobility of the Icelandic crust must indicate an
extremely rapid deglaciation of the shelf off western Iceland. A slow ice retreat from
the shelf area along with gradual melting and thinning of the glacier would quickly
have been compensated for by continuous glacio-isostatic rebound, resulting in ML
shoreline at much lower altitude than 150 m asl. Consequently, greatly elevated ML
shorelines of early Bölling age in western Iceland could, therefore, not be formed unless the deglaciation of the shelf and coastal areas in western Iceland progressed very
rapidly (Ingólfsson and Norddahl, 2001).
3.6.1

Lateglacial Relative Sea-Level Changes

A general conclusion concerning the initial deglaciation of Iceland, based on dates
from the Iceland shelf, western and northeastern Iceland, is that ice covering the shelf
around Iceland during LGM was very rapidly withdrawn from the shelf and onto
present-day dry land. The deglaciated areas were consequently submerged by the sea
and greatly elevated early Bölling ML shorelines were formed in coastal parts of Iceland (Fig. 3.5). Subsequent to the formation of the ML shorelines the rate of glacioisostatic recovery exceeded the rate of ESL rise and RSL regressed as evidenced by late
Bölling shorelines at lower altitudes (Fig. 3.23) (Magnúsdóttir and Norðdahl, 2000).
Data revealing the development of RSL changes and extent of the Icelandic inland
ice sheet in Younger Dryas and Preboreal times have been collected in regions covering
the majority of coastal Iceland. Data from the western part of northern Iceland, northwestern Iceland, and southeastern Iceland are not available at the moment. The most
observable fact in these regions is the occurrence of two sets of prominent raised shorelines, the Younger Dryas marine limit shorelines and the subsequent lower set of
Preboreal shorelines (Fig. 3.23), except in southern Iceland and in Vopnafjörður, where
the marine limit shorelines are of Preboreal age (Table 3.5).
3.6.1.1

Bölling – Alleröd RSL Changes

Examining the available data on the extent and development of the Bölling – Alleröd
marine environment in Iceland we see that sediments of that age (Fig. 3.6) are mostly
found in lowlying areas in southwestern, western, and northeastern Iceland. This ap-
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parent limitation of distribution of Bölling – Alleröd sediments might be due to a later
expansion and advance of the ice sheet.
The greatly elevated apparent ML shorelines in Iceland were formed in early Bölling
times (Fig. 3.23) subsequent to an extremely rapid deglaciation of the inner shelf and
coastal areas (Ingólfsson and Norddahl, 2001). The relatively large number of dated
samples (26) yielding Bölling ages between 11.9 and 12.7 k 14C yr BP for marine sediments,
allows us to partially reconstruct the history of glacier retreat and RSL changes during
the Bölling Chronozone. In western Iceland the ML shoreline was formed at about 12.6
k 14C yr BP at “northerly” increasing elevation between 105 m and 150 m asl (Fig. 3.23).
General lowering of RSL at the end of the Bölling Chronozone shows that glacio-isostatic
recovery of the coastal area had positively exceeded the rise of ESL. RSL was consequently lowered to a position below the ML shorelines in the area and at about 12.2 k
14
C yr BP RSL was most likely situated close to the 50 m level in western Iceland (Fig.
3.23). Much the same development of RSL changes are seen in the data from
Melrakkaslétta with an early Bölling (12.7 k 14C yr BP) ML shoreline at 50 m to 60 m asl
and subsequent late Bölling (12.1 k 14C yr BP) shorelines situated between 20 m and 30
m asl.
In the Melabakkar-Ásbakkar Cliffs in Western Iceland the deposition of the late
Bölling (12.1 k 14C yr BP) Ásbakkar diamicton was terminated by an extensive erosion,
deformation, and deposition of stratified gravels, sands and diamictons of the Ás beds
when, according to Ingólfsson (1988) and Hart (1994), glaciers approached and eventually overran the area. This explanation is contradicted by the fact that the 12.6 k 14C yr
BP ML shorelines in the area have not been overridden by glaciers (Magnúsdóttir and
Norðdahl, 2000). An alternative explanation would, therefore, account for a considerable lowering of RSL and subaerial fluvio-glacial erosion and deposition of the Ás beds
between 12.2 k and 11.5 k 14C yr BP, when RSL was lowered down to or slightly below
present sea-level (Fig. 3.23). On Melrakkaslétta RSL may at that time have been lowered from 20-30 m asl to a position below the 10 m level (Pétursson, 1986).
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Fig. 3.23 The development of Lateglacial and early Holocene relative sea-level changes in western and
southwestern Iceland with the eustatic curves of Fairbanks (1989) and Tushingham and Peltier (1991).

The earliest Alleröd sediments in western Iceland are the glacio-marine Látrar beds
in the Melabakkar – Ásbakkar Cliffs with a mean age of about 11.5 k 14C yr BP. All dated
samples yielding Alleröd ages in this area were collected at altitudes between 2 and 7 m
asl, while the marine sediments reach as high as 25 m asl in the cliffs (Ingólfsson, 1988),
thus providing a 25 m minimum altitude for RSL at that time (Fig. 3.23). At about 11.3 k
14
C yr BP a mollusc fauna containing the high-arctic species Portlandia arctica appeared
in the sediments at the Saurbær and Melar terraces in the eastern parts of Breiðafjörður,
indicating the arrival of cold arctic sea water. At that time RSL was situated close to the
25-30 m level and apparently rising (Bárðarson, 1921) towards a temporary maximum
together with apparently increasing water temperatures. Later, water depth seems to
have decreased with apparent lowering of water temperatures and increased freshwater influence on the marine environment, most likely from melting glaciers in the eastern parts of Breiðafjörður (Ásbjörnsdóttir and Norðdahl, 1995).
Close to the end of the Alleröd Chronozone, at about 11.1 k 14C yr BP the high-arctic
species Portlandia arctica and Buccinum groenlandicum appeared in a transitional faunal
assemblage between boreal-arctic and high-arctic assemblages in the Súluá interstratified
sand and silt facies of the Látrar beds in western Iceland (Ingólfsson, 1988). This faunal
change shows that at this time arctic sea water had reached south of the Snæfellsnes
peninsula and to the coastal parts of the Faxaflói area. At that time RSL was situated
above the 35 m level rising towards a temporary Younger Dryas maximum in the
Melabakkar-Ásbakkar area (Fig. 3.23) (Ingólfsson, 1988). Radiocarbon dated marine
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shells from the Fossvogur Layers in Reykjavík, show that these sediments were deposited between 11.4 k and 10.6 k 14C yr BP (Sveinbjörnsdóttir et al., 1993). During the
formation of the Fossvogur Layers RSL was situated at least some 20 m above present
sea-level and most likely rising. Diamictites on top of those layers indicate an increased
glacio-marine character of the environment, probably due to an approaching glacier at
the transition between the Alleröd and Younger Dryas Chronozones (Geirsdóttir and
Eiríksson, 1994).
The Bölling – Alleröd development of RSL changes in Iceland was characterized by
a very rapid lowering of RSL in Bölling times (Fig. 3.23) when global ESL was rising
(Fairbanks, 1989; Tushingham and Peltier, 1991). This occurred because rapid glacier
unloading and consequent glacio-isostatic rebound was occurring at a higher rate then
the rise of ESL (Ingólfsson and Norddahl, 2001). The apparent increased water depth
towards the end of the Alleröd Chronozone (Fig. 3.23) was most likely due to expansion and readvance of the Icelandic inland ice sheet.
3.6.1.2

Younger Dryas and Preboreal RSL Changes

Tephrochronologically and 14C dated Younger Dryas marine limit shorelines have
an average age of about 10,240 14C yr BP (Table 3.5). The marine limit altitude is the
altitude of the highest known shoreline feature in each of the different regions, i.e. the
altitude of a proximal shoreline (Table 3.5). This altitude varies from some 30 m in
Eyjafjörður to about 70 m in the Dalir area in western Iceland and this difference reflects a regional difference in glacio-isostatic depression of the crust, where configuration and thickness of the ice sheet, topography and geothermal heat flux play an important role. The greatly elevated ML shorelines in the Dalir area are situated in an area
that was affected by the load of two separated glaciers, the main Icelandic ice sheet and
the ice cap on top of the northwestern peninsula (Fig. 3.25). The low altitude ML shorelines in the Eyjafjörður area (Table 3.5) was probably due to considerable Bölling –
Alleröd extent of corrie and valley glaciers in the mountainous Tröllaskagi peninsula
preventing formation of greatly elevated shorelines but not hampering the glacioisostatic rebound of the crust there. The formation of the Younger Dryas marine limit
shorelines at about 60 m asl in the Reykjavík area is a manifestation of a temporary
equilibrium between the rate of eustatic rise of sea-level and glacio-isostatic uplift, a
situation that was most likely preceded by transgression of RSL (Fig. 3.23). Studies of
isolation basins on the Skagi peninsula in northern Iceland (Rundgren et al., 1997) and
lithostratigraphical studies on Melrakkaslétta (Pétursson, 1986) have revealed about 6
m and 10 m transgression of RSL, respectively culminating at the Younger Dryas marine limit (Table 3.5). Subsequently glacio-isostatic uplift exceeded eustatic rise of sealevel and RSL regressed from the marine limit.
Similarly, the formation of an intermittent raised shoreline – 14C and tephrochronologically dated to about 9,800 14C yr BP (Table 3.5) – clearly shows that again there was
a period with an approximately equal rate of glacio-isostatic uplift and eustatic sealevel rise in the coastal regions of Iceland. In the Reykjavík, Dalir, and Langanes areas
sedimentological studies have revealed that subsequently to the formation of the Young-
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er Dryas marine limit shorelines, RSL was lowered by some 25-45 m and then again
raised by some 15-25 m up to the regional Preboreal shorelines (Fig. 3.23, Table 3.5). The
extremely high altitude of the Preboreal shorelines in the South Icelandic Lowlands
and in the Vopafjörður area is probably best explained by their proximal position compared to the altitude of the much more distal shorelines in other parts of Iceland (Table
3.5). The Preboreal temporary maximum height of RSL at about 40 m asl in the Reykjavík
area was followed by a regression towards present sea-level and e.g. in Reykjavík RSL
was situated 2.5 m below present-day sea-level at about 9,400 14C yr BP (Figs. 3.15, 3.23)
(Ingólfsson et al., 1995)
The areal extent of the two sets of raised shoreline features, the Younger Dryas
marine limit and the Preboreal intermittent shorelines, was in some places limited by
glaciers reaching into the sea at these times. Dating the relevant shorelines makes it
possible to assign absolute ages to the glacier margins and related shorelines (Norðdahl,
1991a). Such an association of raised shorelines and marginal features enhances the
value of morphological correlations within and between different regions in Iceland
(Norddahl and Einarsson, 2001). Transgression of RSL by some 15-25 m up to the intermittent Preboreal shorelines shows (Fig. 3.23, Table 3.5), that isostatic loading must
have increased again. At about 9,800 14C yr BP the rate of ESL rise was about 0.8 cm yr1
(cf. Tushingham and Peltier, 1991) or about 1.9 cm yr-1 (cf. Fairbanks, 1989) compared
to an approximate rate of RSL rise of about 5-10 cm yr-1. Consequently, to achieve such
a rate of RSL rise – about six times the ongoing rise of ESL – increased isostatic loading
of the crust must have been occurring at the rate of about – 4.8 cm yr-1. The only plausible increase in loading must have been due to increased glacier load, i.e. a positive
mass-balance change of the Icelandic inland ice sheet and contemporaneous advance
of its glaciers, culminating at about 9,800 14C yr BP. We have every reason to think that
a comparable course of event preceded the formation of the Younger Dryas marine
limit shorelines in Iceland.
Above we have argued that a transgression of RSL – amounting to some 20- 25 m –
culminated in early Preboreal times at about 9,800 14C yr BP (Fig. 3.23). The available
data show that subsequent to the culmination of the transgression, RSL regressed towards, and eventually below, the altitude of present sea-level. In Reykjavík we have
the only reliable data on when this occurred preserved in a submerged peat formation
where the beginning of organic sedimentation started about 9,400 14C yr BP, when RSL
passed below the – 2.5 m level (Fig. 3.15) (Ingólfsson et al., 1995). Thors and Helgadóttir
(1991) proposed a maximum lowering of RSL in the Faxaflói Bay, some 20-25 km west
off Reykjavík, to 30-35 m below present sea-level on basis of erosional unconformity
and inferred coastal deposits. Two dated samples of dredged peat from a depth of about
17-30 m have yielded an age of 9,460 ± 100 and 9,120 ± 180 14C yr BP with a weighted
mean age of 9,375 ± 90 14C yr BP. As the sampling of the peat was by dredging and there
is no control of the deposits, it cannot be excluded that the peat originally drifted from
an already emerged land. These dates are, therefore, regarded as an absolute maximum age for the lowermost position of RSL (Ingólfsson et al., 1995).
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Extrapolation of the RSL-curve for the Reykjavík area intersects the ESL-curve of
Tushingham and Peltier (1991) at a depth of about 44 m and about 8,940 14C yr BP (Fig.
3.23). Furthermore, ESL rose above the –30 m level ca. 7,000 14C yr BP leaving ample
time for formation of submerged coastal features at 30-35 m below present sea-level.
Using the ESL-curve from Fairbanks (1989) the intersect occurred at about – 36 m and
about 9,020 14C yr BP (Fig. 3.23) and ESL rose above the –30 m level at about 8,600 14C yr
BP leaving some 400 14C years for the formation of the submerged coastal features in
Faxaflói. On average, the minimum position of RSL in the Reykjavík area was, therefore, most likely reached at about 8,980 14C yr BP some 40 m below the present sea-level
(Fig. 3.23, Table 3.6).
Applying the same line of arguments, with RSL regressing below present sea-level
at about 9,400 14C yr BP and intersecting the ESL-curves of Tushingham and Peltier
(1991) and Fairbanks (1989) respectively, the minimum position of RSL in other parts of
Iceland was probably reached between 8,925 and 9,220 14C yr BP. At that time RSL was
situated some 40-43 m below present sea-level (Table 3.6). In Eyjafjörður in northern
Iceland Thors and Boulton (1991) have presented a hypothetical curve for RSL changes
during the deglaciation of the area, with a prominent submerged delta formation some
40 m below sea-level. They estimated the time of formation to a period between 10,800
and 10,000 14C yr BP or between 12,000 and 10,000 14C yr BP. Extrapolation of our RSL
data from Eyjafjörður with a Preboreal shoreline at about 40 m asl shows a RSL-curve
intersecting the ESL-curves at 42 m below sea-level – the depth of the Lower-Hörgá
delta (Thors and Boulton, 1991) – at ca. 9,000 14C yr BP (Table 3.6).
In southern Iceland the great Þjórsárhraun lava flow, originating some 140 km inland from the present coastline, entered the sea at about 7,800 ± 60 14C yr BP (Hjartarson,
1988), when RSL was situated at about –15 m (Einarsson, 1978). According to Fairbanks
(1989) ESL was at that time situated at about –18 m. Again we have a geological formation related to RSL at a time when glacio-isostatic uplift was apparently at an end.
Therefore a combination of the Bölling – Alleröd sea-level data and the Reykjavík Younger Dryas – Preboreal sea-level data results in a tentative Relative Sea-Level Curve for
western and southwestern Iceland (Fig. 3.23).
The further development of sea-level changes in Iceland must, therefore, have been
a reflection of ESL changes alone. In northeastern Iceland a shoreline, the Main Raised
Shoreline at 3 to 5 m asl, has been dated to a Mid-Holocene transgression at about 6,500
14
C yr BP (Richardson, 1997). Two sets of beach ridges, at 3 and 5 m asl, in the northernmost part of Hvammsfjörður in western Iceland represent repeated Holocene transgressions of sea-level. Black tephra layer deposited some 4000 14C yr BP (Indriðason,
1997) covers the lower and younger set of beach ridges. Consequently, the upper set is
older than 4,000 14C yr BP and may possibly be compared with the Mid-Holocene Main
Raised Shoreline in northeastern Iceland. Finally, there are indications that sea-level in
southern Iceland has reached as high as 2- 6 m asl on three occasions; 3,200, 2,700, and
2,200 14C yr BP (Símonarson and Leifsdóttir, 2002).
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Younger Dryas and Preboreal Glacier Extent

Deterioration of the Bölling – Alleröd marine environment at the end of the Alleröd
Chronozone, witnessed e.g. by the appearance of high-arctic mollusc species as Portlandia
arctica and Buccinum groenlandicum in western Iceland, also initiated a positive massbalance change of the Icelandic glaciers. Rising RSL at the end of the Alleröd and beginning of the Younger Dryas Chronozones (Fig. 3.23), was both caused by ongoing global
rise of ESL and increased glacio-isostatic load in the coastal regions of Iceland following an expansion of the inland ice sheet and advance of the glaciers (Norðdahl, 1991a;
Norðdahl & Ásbjörnsdóttir, 1995; Rundgren et al., 1997; Norddahl and Einarsson, 2001).
Thus the Bölling – Alleröd marine environment was rapidly changed from a moderate
low-arctic/high-boreal to an arctic/high-arctic environment characterized by deposition of glacio-marine sediments frequently barren of mollusc shells and foraminifera
tests. Furthermore, a significant decline of inferred mean summer temperature in the
North Atlantic seaboard regions (NASP members, 1994), reduced inflow of Atlantic
water to the Norwegian sea (Lehman and Keigwin, 1992) and to the waters around
Iceland (Eríksson et al., 2000a; Jennings et al., 2000), and a southward displacement of
the North Atlantic Polar Front (Ruddiman and Macintyre, 1981), all occurred around
the Alleröd – Younger Dryas transition, leading to the onset of the Younger Dryas cold
spell.
3.6.2.1

Younger Dryas Ice Sheet

The available data on absolutely dated Younger Dryas glacier marginal features
and correlations with other undated marginal features in Iceland allows us to reconstruct the Younger Dryas extent of the Icelandic ice sheet (Fig. 3.24). In the Reykjavík
area the glaciers terminated at, or very close to a concurrent sea-level in the eastern part
of the area, while truncated raised shorelines indicate that glaciers terminated in valleys in the Borgarfjörður region in western Iceland. The extent of the assumed Younger
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Dryas marine limit shorelines around Hvammsfjörður in the Dalir area is an approximation of the extent of the inland ice sheet and its separation from the ice cap in northwestern Iceland. Through detailed mapping of an ice-lake in Fnjóskadalur containing
the Skógar-Vedde Tephra, and from occurrences of the tephra outside the ice-lake, the
Younger Dryas glacier extent has been determined in Eyjafjörður and Skjálfandi areas
in northern Iceland (Fig. 3.24). For the western part of northern Iceland we have based
our conclusions on the fact that the Skagi peninsula only carried local cirque and valley
glaciers from an early Alleröd deglaciation of lake basins in the northern parts of the
peninsula (Rundgren et al., 1997), and on our distinguishing between different sets of
raised shorelines in the area. Spatial extent of the Younger Dryas marine limit shorelines in the Öxarfjörður area shows that the glacier margin was at that time situated
inside the coastline. Accumulation of the Skógar-Vedde Tephra in an ice-lake basin in
the highland above Öxarfjörður (Fig. 3.21) also points to a limited glacier extent in the
central parts of Melrakkaslétta. Laterally truncated shorelines in the Langanes area of
an inferred Younger Dryas age represent glaciers which at that time reached beyond
the present coastline. Further south a reconstruction of a glacier margin during the
formation of the marine limit shorelines shows outlet glaciers reaching out into the
fjords of eastern Iceland (Fig. 3.24) (Norddahl and Einarsson, 2001). Haraldson (1981)
correlated a moraine below the surface of the Markarfljót Sandur with the “outer” Búði
moraine north of Vatnsdalsfjall. The outer Búði moraine in southern Iceland (Fig. 3.24)
has tentatively been related to a Younger Dryas glacier event there (Axelsdóttir, 2002).
Based on these data we attempt to outline the extent of a Younger Dryas ice sheet in
Iceland when only small pieces of present-day dry land may have protruded beyond
the margin of the ice sheet (Fig. 3.24). The extent of Younger Dryas glaciers on the
Reykjanes and Snæfellsnes peninsulas is still not known in any detail. A first approximation towards the extent of a Younger Dryas ice cap in northwestern Iceland indicates
that the glacier margin extended beyond the present coastline in central parts of the
Breiðafjörður north coast and into the main fjords on the west coast of northwestern
Iceland when RSL was situated at 60-70 m asl (Fig. 3.24) (Norðdahl and Pétursson,
2002). This attempt to outline the Younger Dryas ice sheet in Iceland differs from earlier
attempts (Norðdahl, 1991a; Ingólfsson et al., 1997) mainly in having the margin drawn
in greater detail.
3.6.2.2

Preboreal Ice Sheet

In much the same way as above we try to reconstruct the areal extent of the Icelandic
ice sheet in Preboreal times (Fig. 3.25). In southern Iceland the ice sheet reached into the
sea and formed the Inner Búði moraine. Mapping raised shorelines and marginal features in eastern Iceland has enabled a reconstruction of more or less a continuous ice
margin in the area showing outlet glaciers reaching down into the inner parts of valleys
and fjords of eastern Iceland (Norddahl and Einarsson, 2001). Hummocky moraines
just above the Héraðsflói bay in northeastern Iceland are considered to reflect the
Preboreal extent of a major outlet glaciers occupying the Fljótsdalur valley and entering the sea when RSL was situated about 30 m asl. The outlet glaciers in the Vopnafjörður

Fig. 3.24 Reconstruction of the extent of the Icelandic inland ice sheet in Younger Dryas time at about 10,300 BP.
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area reached into the sea leaving conspicuous terminal features showing the Preboreal
position of the glacier termini. North of there, marginal features situated some 3-5 km
within a regional raised coastline at about 30-35 m asl, have been traced across the
Langanes area representing the Preboreal extent of the glaciers there. In the Öxarfjörður
area the glacier margin was situated within the Preboreal coastline at an unknown position in the highland south and southeast of the Öxarfjörður fjord (Fig. 3.25). The rather detailed reconstruction of a Preboreal glacier margin in northern Iceland is mainly
based on tephrochronological and morphological correlations. At this time Fnjóskadalur
was without an ice-dammed lake suggesting a considerable glacier retreat in Eyjafjörður
while glaciers in tributary valleys such as Hörgárdalur and Svarfaðardalur, respectively reached the sea at the mouth of these valleys (Fig. 3.25). In the Skagafjörður area a
major outlet glacier, reaching as far to the north as the head of the fjord, receded in late
Preboreal times. A raised fluvio-glacial delta formed at that time was graded to a base
level close to the 40-50 m level. Further west, a reconstruction of an assumed postYounger Dryas glacier margin is partly based on a survey of raised shorelines in the
Skagi area (Moriwaki, 1991; Rundgren et al., 1997) and partly on our yet unpublished
data on raised shorelines and marginal features in western parts of northern Iceland. In
western Iceland we still lack reliable data on the Preboreal extent of the inland ice sheet
except that its margin did reach into the sea in the southern Dalir area, and that an
outlet glacier terminated in the innermost part of Hvalfjörður with RSL situated at about
65 m asl.
Based on data presented above, we have produced the first reconstruction of the
spatial extent of an Icelandic Preboreal (ca. 9,800 14C yr BP) ice sheet. Differences in the
configuration and extent between the Younger Dryas and the Preboreal ice sheets are
not very marked with the exception of the margin of the Preboreal ice sheet which had
retreated a bit further inland in all parts of the country (Figs. 24,25). The difference,
though, seems to have been greatest in northern Iceland where the major outlet glaciers in Skjálfandi, Eyjafjörður and Skagafjörður had retreated some 30-50 km. On the
whole, the Icelandic ice sheet seems to have been reduced by about 20% in a period of
about 500 14C years. Furthermore, indisputable evidence of a transgression of RSL temporarily reaching a Preboreal maximum position in the Reykjavík, Dalir, Skagi, and
Langanes area (Table 3.5), reflects increased loading on the Iceland crust due to glacier
expansion. Evidently, the different size of the two ice sheets is a minimum difference
and it is only reflecting a net mass-balance change between the formation of these two
ice sheets. The extent of local corrie and valleys glaciers in elevated parts of coastal
Iceland and on the Reykjanes and Snæfellsnes peninsulas in Preboreal times is still little
known.
An ice cap situated approximately in the middle of the southern part of northwestern Iceland reached down into the inner parts of fjord and valleys in southern
Ísafjarðardjúp and northern Breiðafjörður, respectively (Fig. 3.25). Mountainous peninsulas and promontories along the west coast of northwestern Iceland carried at that
time numerous corrie and valley glaciers reaching into the sea when RSL was situated
at 40-50 asl (Fig. 3.25) (Norðdahl and Pétursson, 2002).

Fig. 3.25 Reconstruction of the extent of the Icelandic inland ice sheet in Preboreal time at about 9,800 BP.
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