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Abstract
Unique geological circumstances in the Skagafjörður district, North Iceland, make it
possible to reconstruct the evolution of the topography step by step. This history spans 9
million years, from the origin of the area near the diverging boundaries of the North American
and Eurasian crustal plates, through its drift out of the accretion zone and the erosional stages
leading to the present landscape. It is concluded that already at the end of the Pliocene, before
the onset of the Pleistocene glaciations, a mature valley system had been carved out in the
primordial lava plain of the Skagafjörður district. The erosion level in the principal valley was
lower than today and the mountains on each side were as high or even higher than they are now.
The main tributary valleys were deeply eroded and many of the small tributaries of the second
order also existed. The glacial erosion of the Pleistocene is of less importance than the Neogene
erosion. By analogy it can be assumed that all the main fjords and valleys in the Neogene regions
of Iceland are old and already existed in the Pliocene and some even in Miocene times.

Introduction
The aim of this article is to describe the development of the topography of central North
Iceland, establish the main stages in the evolutionary history, reconstruct the valley
generations in the research area and evaluate the contribution of different erosion agents
to this development. The research area is a volcanic region, less than 10 million years old,
and its history can be outlined from its formation in the volcanic belt at the plate
boundaries between the Eurasian and North American crustal plates and up to the most
recent erosional stages where the current landscape, with wide fjords and deep valleys,
was carved out. Special geological circumstances make it possible to reveal this history
step by step. Landscape development in Iceland has been investigated to a very limited
extent, but two different opinions have appeared. The first suggests that mature fjords and
deep valleys already existed in Iceland before the onset of the Pleistocene glaciation (T.
Einarsson 1958, 1959, 1959b, 1961, 1972). The second presumes that the Neogene
landscape of Iceland was characterized by an immature volcanic lava plain with even
topography and shallow valleys, and that the recent landscape was created mostly by
Pleistocene glacial erosion. (Th. Einarsson 1968, 1991).
* In: Árni Hjartarson, 2003. The Skagafjörður Unconformity, North Iceland, and its Geological History.
Geological Museum, University of Copenhagen. PhD thesis, 248 pp.
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Fig. 1. Geological map of Iceland. The research area is indicated by a frame. Shaded =
The Neovolcanic zone. Dotted =Early Pleistocene rocks. Oblique lines = Plio –
Pleistocene rocks (0.8-3.2 Ma)
The first full-scale glaciations in Iceland with glaciers occupying the main valleys and
fjords are assumed to have occurred after 2.5 million years ago (Geirsdóttir 1990). Prior
to that time smaller, local glaciations had overridden the central highlands of Iceland
several times.
The research area
The Skagafjörður region is a mountainous terrain with the highest peaks reaching over
1,000 m. The research area extends from the central Skagafjörður district and up the deep
valleys further upstream where the large glacial rivers Austari-Jökulsá and VestariJökulsá have eroded canyons into the bedrock (Figs. 1, 2). Hofsjökull, one of the largest
ice caps in the country, forms the southern border of the area. This covers an active
central volcano with an ice-filled caldera and its summit reaches over 1,800 m
a.s.l.(Björnsson 1998). The North Icelandic Volcanic Belt is some 100 km to the east and
the center of the Iceland Hot Spot is located somewhat farther to the southeast
(Sæmundsson 1979) (Fig. 1). The stratigraphy can be divided into three main groups: (1)
Neogene volcanic succession, 9-5 Ma. (2) Unconformity with overlying sedimentary
succession, 5-2 Ma. (3) Pleistocene volcanic succession, 2-0.5 Ma (Hjartarson et al.
1997). The reason why the Skagafjörður Valleys are favorable for investigating the
history of the landscape is based on the fact that after the primordial formation of the area
during the Neogene period and considerable weathering and erosion of an initial valley
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sediments filled up the valleys, covering and thus preserving the ancient topography
(Einarsson 1959, 1962, and Article 4 in this thesis). After the late Pleistocene erosion the
paleo-landscape has been exposed and can be observed and dated in several places.
Paleo-landscape preserved below widespread more recent formations, as in Skagafjörður,
is known in a few places within the Icelandic lava pile. The best-known localities are on
the lignite-bearing sedimentary horizons in W and NW Iceland (Sigurðsson and
Sæmundsson 1984); below the unconformities bordering the North Iceland spreading
zone on each side (Sæmundsson 1979, Jancin 1984), and at the unconformity below the
Snæfellsnes Pleistocene/Holocene volcanic formations (Sigurðsson 1970). A mature
paleo-landscape is only seen at two of these horizons, i.e. in Skagafjörður and
Snæfellsnes (Fig. 1).

Tinná Volcano

Fig. 2. Main features of the geology of the Skagafjörður Valleys. Red lines locate the
sections. Blue = Neogene succession. Green = Plio-Pleistocene. Grey = Late Pleistocene. Yellow = rhyolites of the Tinná Central Volcano. (From Jóhannesson and
Sæmundsson 1998).
Landscape on the Boundary of a Crustal Plate
The Skagafjörður Valley system is carved out of the western flank of the Tröllaskagi
volcanic plateau, which is now one of the most mountainous regions in Iceland. The
presently fairly flat and smooth mountain tops indicate the former existence of a
continuous, extensive lava plain that has been deeply eroded and weathered (Fig. 3).
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Eurasian and North American crustal plates and has drifted out of the active volcanic belt
at the plate boundaries according to Pálmason’s (1980, 1981) model of crustal generation
in Iceland. The evolution that will be discussed here is therefore the sculpturing of
landscape just after crustal accretion at active plate boundaries. The accumulation of new
eruptive material was a dominating factor while the area was inside the volcanic belt, but
when it drifted out of it this accretion stopped and erosion, together with ablation of the
young strata pile, took over. Similar conditions are rare on a world scale but though they
may exist in the East African rift valley, between the African plate and the Somali subplate. There an early stage of plate separation and spreading on dry land can be observed,
along with associated landscape evolution (Schlüter 1997). The erosion of the basaltic
regions of Greenland might also in a certain way correspond to the Icelandic conditions
(Japsen et al. 2002).
The first stage, the formation of the Neogene succession, lasted from 9 to 5 Ma according
to radiometric dates of the bedrock (Sæmundsson et al. 1980 and Article 5 in this thesis).
During the accumulation of the volcanic pile the Tinná Central Volcano was the major
edifice of the landscape. Its activity started with a great rhyolite eruption at around 6 Ma,
followed by intensive basaltic volcanism. Half a million years later a powerful plinian
eruption took place along with extrusion of the large Skati rhyolite lava dome. This event
has been described as one of the largest explosive eruptions in Iceland during the late
Neogene (Article 2 in this thesis). It was followed by prolonged volcanism that ended in
the formation of a caldera about 5 million years ago. Then the volcano rose to a height of
perhaps 500 m above the surrounding lava plain all around. Later on, regional lavas
surrounded the mountain and partly covered it but never buried it completely, and it
seems to have been a controlling factor in the erosion and the formation of the initial
valleys.
The peneplanation
The primordial lava plain drifted slowly out of the active volcanic zone. Accumulation of
volcanic extrusives slowed down and stopped, and erosion took over (Pálmason
1980,1981), weathering and carving out a new landscape. This, the episode of
peneplanation, might have occurred near the end of the Miocene and in the beginning of
the Pliocene, around 5 million years ago. Originally, when the area was still inside the
volcanic zone, and initially after it had drifted out of it, the landscape is believed to have
been relatively flat with extensive lavafields and with crater rows and low ridges, as in
the present-day volcanic zone. The major structures of the Tinná Volcano were mostly
buried under younger formations (Article 2 in this thesis). The dominating tectonics in
the area had a NNW-SSE orientation and the main crater rows, dykes, faults and fissures
also lay in that direction (Jóhannesson and Sæmundsson 1998, see also the Appendix).
Thus the present large-scale topography, the main fjords and valleys of central North
Iceland, tend to be NNW-SSE oriented (Fig. 1).
The hydrology was probably similar to what it is in the present volcanic belts. Most of
the precipitation penetrated into the ground forming groundwater streams, issuing in great
spring areas on the borders of the lava plains (Hjartarson et al. 1980). Glaciers did not
play a major role at this time (~5 Ma), if they existed at all. Erosion seems to have been
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Fig. 3. Map of Tröllaskagi peninsula showing the remains of the Neogene plateau (black)
and possible contour lines indicating the landscape of the peneplain. The plateau reaches
1,500 m sloping gently towards Bárðardalur and Skagafjörður. The thick dashed line
borders the area where the ancient plateau is completely eroded away. The line A – B
shows the location of the 80 km long cross-section in Fig. 4. (From Hjartarson 1973).
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Fig. 4. A section across the Tröllaskagi peninsula. The alignment is shown in Fig. 3. The
dip is towards the SW so the stratigraphy becomes older towards the right. The zeolite
zones, the approximate top of the primordial lava plain and the hypothetical surface after
the peneplanation are shown. The flat mountain-tops indicating the ancient plateau are
marked with arrows. (Based on a drawing in Sæmundsson et al. 1980).

- 52 of low degree, perhaps mainly in the form of wind and chemical weathering. The
remnants of this gently undulating and uniform landscape can still be seen in the fairly
even top level of the mountains in the Tröllaskagi massif (Fig. 5).
It seems possible to map and reconstruct a continuous plateau across the southern part of
the Tröllaskagi massif, from Eyjafjörður to Skagafjörður (Figs. 3 and 5). Both fjords
appear in the paleolandscape, though in different ways. The peneplain slopes gently
towards Skagafjörður, while Eyjafjörður is more like a rift zone extending into it. In the
northern part of Tröllaskagi, especially at the mouth of Eyjafjörður fjord, the plateau is
totally eroded away and the mountain-tops are all lower than the peneplain.
At their highest, the remnants of the plateau lie between 1,000 and 1,500 m a.s.l. There
are two summits, reaching 1,450 m near the Skíðadalur valley and 1500 m near the town
Akureyri. From this highest section the plateau slopes gently in all directions, towards the
sea in the north and the Icelandic central highlands in the south, towards the Skagafjörður
district in the west and the north Iceland Volcanic Belt in the east. The lowest-lying
remains of the plateau are found near the northernmost shores of Skagafjörður at 300-400
m a.s.l. (Fig. 3).

Fig. 5. The remains of the Tröllaskagi volcanic plateau are seen in the flat and even
mountain-tops.
Originally the elevation of the plateau must have been lower, but later on, along with the
erosion of the fjords and valleys, an appreciable uplift is believed to have taken place.
The form of the plateau might indicate an uplift of 200-300 m due to isostasy.
Sigmundsson has surmised that the uplift in Tröllaskagi resulted from erosion
(Sigmundsson pers. com. See also Sigmundsson 1991). It has removed approximately
30% of the rock volume that is now above sea level. Accordingly the isostatic uplift
might have reached 200 m near the center of the area, and 125 m at the mouth of
Skagafjörður. These two estimates fit each other fairly closely.
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estimate. Alteration and zonal distribution of amygdale minerals (especially zeolites) in
the lava pile have often been used to estimate the geothermal heating and pressure they
were subjected to. The heat and pressure are proportional to the depth the layers reached
and the geothermal gradient of the area. By this method it is possible to estimate how
much of the original surface layers have been removed by the erosion (Walker 1960). In
Tröllaskagi the ablation seems only to have been in the order of 100-200 m during the
peneplanation (Fig. 4) (Sæmundsson et al. 1980). In the northernmost and oldest part of
the section the remnants of the plateau are weathered away and the mountain-tops are
believed to lie about 400 m below the level of the primordial lava plain.
The Valley System
With time the lava plain became less permeable because of the alteration of the rock.
Permeability decreased from 10–2 m/s in recent lavas down to 10–6 m/s in Neogene
basalts (Sigurðsson and Ingimarsson 1990). Accordingly, water erosion on the surface
became more effective and the weathering rate increased. The period of peneplanation
ceased when a distinct valley system began to erode into it. Before going further into the
evolutionary history some sections across the main valleys of the district will be
described, i.e. the principal valley of the district and the large tributary valleys
Vesturdalur, Austurdalur and Norðurárdalur (Fig. 2). These cross-sections reflect the
development of the valleys and their age as will be described in the following pages.

Fig. 6. Simple section across the principal valley of Skagafjörður, height/length = 1/1.
Located at the same site as the cross-section in Fig. 7.
The Principal Skagafjörður Valley
The parish of Tungusveit, in the central part of the main Skagafjörður Valley, is a
hillocky spur between two of the main rivers of the district, Héraðsvötn and Svartá. A
layer of consolidated sediment about 200 m thick covers the floor of the main valley,
forming a rugged landscape. This layer belongs to the sedimentary succession of the
unconformity and is composed of sandstone, conglomerate and diamictate. This locality,
named Eggjar (Fig. 7), lies about 40 km inland from the present shore. The elevation of
the valley floor is at about 70 m a.s.l. and below the northernmost part of the sedimentary
pile the ancient floor disappears down into the current glaciofluvial flood plain of the
river Héraðsvötn. Thus, the erosion level had already become lower than it is today
before the accumulation of the sedimentary layer.
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Fig. 7. Skagafjörður principal valley, cross-section. Horizontal lines = the Neogene lava
pile (The lavas dip gently towards the south; the section lies along the strike). Dots and
circles = the sedimentary succession of the unconformity. Hatched = Pleistocene
hyaloclastite in the Mælifellshnjúkur peak. Dashed lines illustrate the elevation of the
Pliocene valley at different times; Miocene Plateu 6 Ma, Pliocene valley 3 Ma, midPleistocene valley floor 1 Ma (height/length = 1/5, see Fig. 6).
The size and shape of this primeval valley cannot be reconstructed in any detail, but the
mountains on each side were about 1,000 m high. Mælifellshnjúkur, which now reaches
1,138 m, did not exist at this time. It is a hyaloclastite peak, belonging to the Pleistocene
volcanic succession, and was formed in a subglacial eruption (Líndal 1940, see also the
Appendix 5.1.2). It rests unconformably upon the old Neogene plateau at around 900 m
a.s.l. on the west side of the valley.
On the east side, in the Tröllaskagi highlands, the mountains were even higher and
remains of the old plateau are seen at 1,100 m. The ancient valley seems to have been a
U-shaped valley, as deep or even deeper than the present valley, but narrower (Fig. 7).
The development of V- and U-shaped valleys will be discussed later. The sedimentary
layer at Eggjar is a remnant of a once more extensive deposit in the valley that was most
probably paved by lavas that have since been worn away.
According to Ka/Ar dates and paleomagnetic studies, the Neogene pile is 8-9 million
years old (Sæmundsson et al. 1980) but the Mælifellshnjúkur peak is estimated to be
about 1.5 Ma (Article 5 in this thesis). In between lies the unconformity, spanning 7
million years.
Vesturdalur
The Neogene stratigraphy of the lower Vesturdalur and Austurdalur valleys is dominated
by rhyolite formations from the large, extinct Tinná Central Volcano (Fig. 2). This was
active during the period 5-6 Ma and must have been the primary structure of the
landscape during most of Pliocene, as has been mentioned earlier. Finally it was covered,
or partly covered, by more recent lava flows. The valleys were later carved out on each
side of the main body of the volcano.

- 55 -

Mid-Pleistocene surface

Neogene lava pile

Pleistocene strata pile

Unconformity
Pliocene valley bottom

Pleistocene dyke

Fig. 8. Cross-section through Vesturdalur, showing the Pliocene valley, the
unconformity, the Pleistocene lavas and sedimentary layers that filled up the valley,
Pleistocene dykes and faults and the shape of the valley today. The Neogene lava pile
dips 5°-10°. (Height/length = 1/5).
The Vesturdalur valley seems, in earlier days, to have been more or less a direct
continuation of the principal valley and not a tributary valley as it is today. The ancient
form of the outer Vesturdalur valley is preserved below the Pleistocene pile. It was a Ushaped valley, eroded into the old Neogene plateau along the western side of the Skati
Dome, the largest rhyolite member of the Tinná Volcano (Article 2 in this thesis). The
ancient valley floor can be observed at around 230 m a.s.l., i.e. about 30 m higher than
today (Fig. 8). The width of the flat floor seems to have been 500-1,000 m, i.e. similar to
what it is now, but the slopes may have been rather more gentle, with the mountains on
each side lower than they are today. Later on, sometime in the Mid-Pleistocene, this deep
primeval valley was completely filled up by sediments and lavas as is shown in Fig. 8.
The unconformity is found on both sides of the valley and can be followed from its
mouth and 30 km inland.
The Neogene pile in Vesturdalur is 5-6 Ma. Ma but the earliest lavas of the Pleistocene
succession are 1.7 Ma according to Ar/Ar dates (Paper 5 in this thesis) and
paleomagnetic studies (Appendix 9.2). Here the unconformity spans 4-5 million years, a
considerably narrower time gap than in the principal valley.
Austurdalur
The Austurdalur valley is eroded into the old Neogene plateau along the eastern side of
the Skati Dome. The ancient erosion surface of the unconformity is not as continuous as
in Vesturdalur but it can be observed here and there below the early Pleistocene
succession. The most instructive place is below the Austurdalur Pleistocene Volcano (see
Appendix 5.1.1). An eruption in the valley built up the volcano. It rests on thick layers of
fluvial sediments that had accumulated in the valley itself before the eruption. Fig. 9
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suggested that it was U-shaped, like Vesturdalur and the principal valley, but this can not
be seen from the cross-section itself. It might have been a little narrower than it is today,
and 100-200 m shallower than the present valley, with its floor at 450 m a.s.l. Further
inland, the erosion surface appears again below more recent sediments and lavas,
reflecting a valley floor at 600-650 m a.s.l. The floor seems to have been more steaply
sloping upstream, along the river, than today. According to this, Austurdalur was not as
mature in the early Pleistocene time as Vesturdalur; now the valleys are both in a similar
state of erosion. The reason is that Vesturdalur was completely filled up by lavas in the
early Pleistocene while Austurdalur was only partly filled.

Fig. 9. Cross-section through Austurdalur. Traces of the Pleistocene volcano can be seen
in its eastern slopes along with the feeder dyke resting on the remains of old sediments.
The dashed lines indicate some stages in the development of the valley; the Miocene
peneplain (~5 Ma), the Pliocene valley and its sedimentary layer (~2 Ma). The
Pleistocene volcano (~1.5 Ma) is also outlined. Today the valley is 600 m deep; in the
Pliocene it was 400-500 m deep.
Ancient sediments found in the slopes of some of the tributary valleys of the second order
prove that these already existed in the early Pleistocene.
The age of the Neogene pile in Austurdalur is, as in Vesturdalur, 5-6 Ma. The Pleistocene
Volcano has not been dated, but it is most probably of an age similar to that of the
Pleistocene lavas of Vesturdalur, i.e. about 1.5 Ma.
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Indications of the early existence of the Norðurárdalur valley and its ancient shape are
preserved below early Pleistocene volcanic formations at two sites in the valley. These
formations are the Kotagil lava and Heiðarsporður hyaloclastite (see Appendix 5.1.3 and
5.1.4). Neither of them has been dated radiometrically but they have reverse polarity,
indicating > 0.78 Ma. The Heiðarsporður hyaloclastite was most likely formed
subglacially by an eruption in the upper part of the valley. Its base rests on a thin
sedimentary layer at between 410 and 510 m a.s.l. (Fig. 10). Here the bottom of the
valley is near 280 m a.s.l. On both sides the mountain summits reach 1,100 m. According
to this, Norðurárdalur was at least 700 m deep in the early Pleistocene and was only
deepened by 120 m during the last one million years of full-scale glaciation.

Fig. 10. Cross-section through Norðurárdalur. The hyaloclastite mountain Heiðarsporður was erupted subglacially in the evolved Norðurárdalur valley in the early
Pleistocene. Since then the valley has been deepened by 120 m.
The Kotagil lava is a patch of early Pleistocene interglacial lava erupted near 610 m a.s.l.
in a small tributary valley in Norðurárdalur. It filled up a deep ravine that had been cut
into the valley floor. Now erosion has reopened the ravine, known as Kotagil, which is a
well-known and scenic geological site. The lava not only indicates the age of the main
valley but also reflects the early development of its tributaries and their ravines.
The Evolutionary History of the Valleys – Discussion
An account of the evolution of the valley system may be proposed on the basis of the
cross-sections described above. All the valleys seem to have undergone similar
development during approximately the same span of time; nevertheless it is suggested
that the principal valley is slightly older than the tributaries.
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valley system started to form. At the beginning it might have been dominated by shallow
V-shaped valleys excavated by fluvial erosion. As has already been mentioned, the first
full-scale glaciations are believed to have occurred later than 2.5 million years ago
(Geirsdóttir 1990). Limited glaciations are thought to have overridden the central
highlands of Iceland earlier. As the Pleistocene succession in Skagafjörður seems to have
been downloaded into mature U-shaped valleys, glacial erosion seems to have turned the
initial V-shaped valleys into a system of U-shaped valleys prior to that time, i.e. as early
as in the Pliocene.
During the period of peneplanation and valley formation the bedrock was gently tilted
towards the volcanic belt where extension and downloading of new volcanic material
caused subpression of the underlying strata (Sæmundsson 1979, Appendix 6.1). It is
suggested that most of the 200-300-m uplift mentioned earlier also took place during this
period as a result of the ablation and unloading of the local bedrock.
In the late Pliocene, 2 Ma, a mature landscape had evolved in Skagafjörður district,
featuring the fjord itself, the principal valley, all the main tributary valleys, many of the
smaller valleys and even ravines such as Kotagil.
The Sedimentary Succession
According to the cross-sections described above, the situation in the Skagafjörður Valleys
changed for some unknown reason in the late Pliocene, when the deepening of the valley
system ended and the valleys started to fill up again. An extensive sedimentary
succession was deposited unconformably on the eroded bedrock and the Skagafjörður
angular unconformity was formed. This change, from carving out to filling up, does not
seem to have been due to a great shift in the erosive energy. The grain size in the
sedimentary layers indicates large-scale fluvial activity with high transport ability.
Instead, the erosion level seems to have changed drastically. Volcanic activity near the
shore or in the fjord itself or even offshore on the Skagi Bank might be the reason (Everts
1975), but other changes on a wider scale might also have caused this, such as a major
transgression of the sea on the north coast of Iceland, or all over Iceland, possibly as a
result of the formation of large glaciers in the central highlands. On the other hand, the
eustatic sea level generally fell after the mid-Pliocene warm period (Haq et al. 1987, Sen
et al. 1999).
The age or the time-span of the sedimentary succession of the unconformity is somewhat
unclear, but here it is suggested that it was formed between 3 and 2 million years ago.
The period ended when the lavas of the Pleistocene volcanic succession started to flow
along the valleys.
The Pleistocene Succession
Temporary volcanism and rifting resumed in the Skagafjörður Valleys in the early
Pleistocene, 1.7 Ma, after millions of years of quiescence (Article 5 in this thesis). It
never became intensive and the accumulation of lavas was slow. The lavas flowed along
the proto-Austurdalur and Vesturdalur valleys, which at this time had been excavated on

- 59 the east and west sides of the Skati rhyolite dome. The western valley seems to have been
the larger one and it was there that most of the lavas flowed. Thick sedimentary layers,
including tillites, were accumulated between the lavas. Hyaloclastite formations from
subglacial eruptions such as those in Mælifellshnjúkur and Heiðarsporður are also found
(Figs. 6 and 9). The stratigraphy indicates the cooling climate of the early Pleistocene.
The succession is most extensive in the highlands north of Hofsjökull where it forms a
continuous cover. Towards the north it becomes thinner and scarcer, disappearing in the
central part of the Skagafjörður district. If it existed there at all, it has been worn away by
erosion. Farther north, on the Skagi Peninsula, the Pleistocene succession appears again
as a continuous covering of interglacial lavas (Everts 1975).
The Pleistocene eruptive sites and lavas form an elongated zone, the Skagafjörður
volcanic belt. Its length, from Hofsjökull to the northern tip of the Skagi Peninsula, is 150
km, and its width is 50-60 km (Article 4 in this thesis). The thickness of the Pleistocene
succession is very variable from place to place. It is thickest (up to 300 m) in the old
valleys, but becomes thinner, or disappears completely, in the highlands flanking them. In
the mid-Pleistocene the elevation level of fluvial erosion was raised by as much as
several hundred meters from the former Pliocene elevation, i.e. about 300 m in
Vesturdalur, 100-200 m in Austurdalur and over 100 m in the principal valley (Fig. 11).
The present landscape
The activity of the Skagafjörður volcanic belt culminated in the early Pleistocene (Everts
1975, Article 5 in this thesis). In the late Pleistocene it faded out and erosion became the
dominating factor again. At the same time, the climate had cooled and full-scale
glaciations were spreading across the country. Glaciers and glacial rivers started to clean
out, widen and deepen the valleys of Skagafjörður. After a million years of glacial
denudation, most of the Pleistocene succession was removed from the valleys, leaving
only scattered remains. The valleys became slightly (though surprisingly little) larger
than they were at the end of Pliocene. They were only deepened by a few tens of meters,
or at the most by 100-200 meters. The glacial erosion of the late Pleistocene seems not to
have been the leading factor creating the landscape; it only added the final touch to the
topography, that was outlined already during the Pliocene.
Conclusions
It seems possible to divide the history of the landscape in the Skagafjörður Valleys into
six main stages spanning the interval from its genesis at the plate boundaries up to the
present time. These stages are summarized in Table 1. The following age estimates are
mean ages. In reality this development did not occur at exactly the same time all over the
area. For example, valley formation must have started earlier in the principal valley than
in the tributary valleys.
Stage 1. The formation of the Neogene volcanic succession took place on the Eurasian
and North American plate boundaries 9-5 Ma.
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erosion removed 100-200 m of the topmost layers of the lava plain, forming the extensive
lava plateau of Tröllaskagi.
Stage 3. More intensive erosional activity cut the initial Skagafjörður valley system into
the volcanic plateau 4-3 Ma. In the Pliocene, before the onset of the Pleistocene
glaciations, a mature valley system had been carved out. At the same time the plateau
was uplifted by 200-300 m.
Table 1: Main stages in the development of the Skagafjörður Valleys
No.

Stage

Time
Ma

1

Formation of the Neogene volcanic succession

9-5

Accumulation

2

Peneplanation

~5

Erosion

3

Formation of the Pliocene valleys and uplift of the 5-3
Tröllaskagi plateau

Erosion

4

Formation of a sedimentary succession and unconformity

3-2

Accumulation

5

Formation of the Pleistocene volcanic succession

2-1

Accumulation

6

Formation of the current landscape

1-0

Erosion

Stage 4. In the late Pliocene the deepening of the valleys came to an end and they began
to fill up again, mostly with fluvial sediments. An angular unconformity was formed 3-2
Ma.
Stage 5. In the early Pleistocene a temporary episode of volcanism started up, continuing
the filling-in of the valley system. The volcanic activity culminated in the early
Pleistocene and died out in the late Pleistocene, 0.5 Ma.
Stage 6. During the last one million years or so, glacial and glaciofluvial erosion cleaned
out the ancient valleys and removed most of the Pleistocene volcanic succession, leaving
only traces here and there. Although the valley system is more evolved than it was
before, the Pleistocene weathering seems to be of less degree than the Neogene erosion.
The elevations of the valley floors have fluctuated up and down due to interaction
between erosion and accumulation of sediments and lavas. Fig. 11 indicates the
hypothetical elevation changes in the principal valley of Skagafjörður. It is suggested that
the area was slowly elevated while it was inside the volcanic belt (Stage 1). During
peneplanation (6-5 Ma) a lowering of 200 m occurred (Stage 2). The main lowering,
however, took place during the following valley formation. The 1,000 m deep principal
valley was excavated over c. 3 million years (Stage 3). After that the valley floor was
elevated by 200 m under the accumulation of the sedimentary layer (Stage 4). During the
Pleistocene volcanism it was elevated by a further 200 m (Stage 5). Finally it was
lowered again by 400 m under the late Pleistocene glacial erosion (Stage 6).
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Fig. 11. Hypothetical elevation changes in the principal valley of Skagafjörður. Numbers
refer to the stages in Table 1. See the text for explanation.
By analogy it can be predicted that all the main fjords and valleys in the Neogene regions
are old in Icelandic geological context and already existed in the Pliocene and some of
them even in the Miocene.
This scenario is in contradiction to a common interpretation which states that the
Neogene topography was rather even, and that the landscape was dominated by an
extensive volcanic plateau, without deep valleys and with central volcanoes as the only
high mountains. According to this view, the present rugged topography of Iceland is
mainly due to glacial erosion and subglacial volcanism during the Pleistocene (Th.
Einarsson 1968, 1994).
The conclusion is more in line with the interpretation that the Icelandic volcanic plateau
was already deeply eroded in Neogene times and the main valleys and valley systems
existed as early as in the Pliocene (T. Einarsson 1961, 1971).
Acknowledgements
A thorough and constructive review by Asger Ken Pedersen, docent at the Geological
museum in Copenhagen is gratefully acknowledged. We also wish to thank Páll
Ingólfsson and Jeffrey Cosser for good advice, comments and corrections regarding the
English language.

- 62 References
Björnsson, H.1988: Hydrology of Ice caps in Volcanic Regions. Societas Scientiarum Islandica
45, Reykjavik, 139 pp + maps.
Einarsson, T., 1958: Landslag á Skagafjallgarði, myndun þess og aldur. [Development and age of
topography in the mountains of Skagi]. Náttúrufræðingurinn 28, 1-56.
Einarsson, T., 1959: Jarðeldasvæði um norðanverðan Skagafjörð. Aldursákvörðun á landslagi á
Miðnorðurlandi. [The Pleistocene volcanism in the north of Skagafjörður and the paleomagnetic
dating of topography in Middel Northern Iceland]. Náttúrufræðingurinn 29, 113-168.
Einarsson, T., 1959b: Studies of Pleistocene in Eyjafjörður, Middle Northern Iceland. Societas
Scientiarum Islandica XXXII, 1-79.
Einarsson, T., 1962: Upper Tertiary and Pleistocene rocks in Iceland. Societas Scientiarum
Islandica XXXVI. Reykjavik, 197 pp + maps.
Einarsson, T., 1962: Eðlisþættir jarðarinnar og jarðsaga Íslands. [Nature of the Earth and the
geological history of Iceland]. Almenna Bókafélagið, Reykjavík, 267 pp.
Einarsson, Th. 1968: Jarðfræði. [Geology]. Mál og Menning, Reykjavík
Einarsson, Th. 1991: Myndun og mótun lands. [Formation and figuration of the landscape]. Mál
og Menning, Reykjavík.
Everts, P., 1975: Die Geologie von Skagi und der Ost-Küste des Skagafjords (Nord-Island).
Sonderveröffentlichung des Geologischen Instituts der Universität Köln.
Geirsdóttir, Á. 1990: Diamictites of late Pliocene age in western Iceland, Jökull 40, 3-25
Haq, B. U., Hardenbol, J. and Vail, P. R., 1987: Chronology of fluctuating sea levels since the
Triassic /250 million years ago to present) Science 235, 1156-1167.
Hjartarson, Á., 1973: Rof jarðlagastaflans milli Eyjafjarðar og Skagafjarðar og ísaldarmenjar við
utanverðan Eyjafjörð. [Erosion of the strata pile between Eyjafjord and Skagafjord and glacial
formations at outer Eyjafjord].B.Sc. – thesis (unpublished). University of Iceland 37 pp. + map.
Hjartarson, Á., Andersen, L. J., Kelstrup, N. Rasmussen, J. and Struckmeier, W., 1980:
International Hydrogeological Map of Europe, 1:1,500,000. Explanatory Notes. Sheet B2 Island.
Bundesanstalt fur Geowissenschaft und Rohstoffe, Hannover, UNESCO, Paris. 55 pp + map.
Hjartarson, Á., Friðleifsson, G. Ó. and Hafstað, Þ. H., 1997: Berggrunnur í Skagafjarðardölum og
jarðgangaleiðir. OS-97020 Orkustofnun, Reykjavík, 55 pp. + maps.
Jancin, M., Young, K. D., Voight, B., Aronson, J. L. and Sæmundsson, K., 1985: Stratigraphy
and K/Ar ages across the west flank of the northeast Iceland axial rift zone, in relation to the 7
Ma volcano-tectonic reorganization of Iceland. Journal of Geophysical Research 90, 9961-9985.
Japsen, P., Bonow, J., Klint, K. E. and Jensen, K., 2002: Neogene uplift, erosion and
resedimentation in West Greenland. Field report summer 2002. Geological survey of Denmark
and Greenland, rapport 2002/71.
Jóhannesson, H and Sæmundsson K., 1998: Geological map of Iceland 1:500.000. Bedrock
Geology. Icelandic Institute of Natural History, Reykjavik (2nd edition)
Lacasse, C. and Grabe-Schönberg, C.-D., 2001: Explosive silicic volcanism in Iceland and Jan
Mayen area during the last 6 Ma: sources and timing of major eruptions. Journal of Volcanology
and Geothermal Research 107, 113-147.
Líndal, J. H., 1940: Mælifellshnjúkur. Náttúrufræðingurinn 10, 51-67.

- 63 Pálmason, G. 1980. A continuum model of crustal generation in Iceland: Kinematic aspects.
Journal of Geophysics 47, 7-18.
Pálmason, G. 1981. Crustal rifting and related thermomechanical processes in the lithosphere
beneath Iceland. Geol. Rundsch. 70, 244-260.
Schlüter, T., 1997: Geology of East Africa. Gerbrüder Borntraeger, Berlin.
Sen, A., Kendall, C. G. St. G. and Levine, P., 1999: Combining a computer simulation and
eustatic events to date seismic sequence boundaries: a case study of the Neogene of Bahamas.
Sedimentary Geology 125, 47-59.
Sigmundsson, F. 1991: Post-glacial rebound and astenosphere viscosity in Iceland. Geophysical
Research Letters 18, 1131-1134.
Sigurðsson, F. and Ingimarsson, J. 1990: Lekt Íslenzkra jarðefna. In ed. Sigbjarnarson 1990:
Vatnið og landið. Orkustofnun, Reykjavík 121-28.
Sigurðsson, F., Sæmundsson, K. 1984: Surtarbrandur á Vestfjörðum: Orkustofnun Reykjavík,
OS-84039/ODB-02, pp 43.
Sigurðsson, H., 1970: Structural origin and plate tectonics of the Snaefellsnes volcanic zone,
western Iceland. Earth and Planetary Science Lettars 10, 129-135.
Sæmundsson, K., 1979: Outline of the geology of Iceland. Jökull 29, 7-28.
Sæmundsson, K., Kristjánsson, L., McDougall, I. and Watkins, N. D.1980: K-Ar dating,
geological and paleomagnetic study of a 5 km lava succession in northern Iceland. Journal of
Geophysical Research 85, 3628-3646.
Walker, G. P. L., 1960: Zeolite zones and dike distribution in relation to the structure of the
basalts of eastern Iceland. Journal of Geology 68, 515-528.

- 64 -

