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Abstract 
The extent of glacial lake sediments found north of the Kerlingarfjoll mountains in central 
Iceland has been determined and their formation in an ice dammed lake is suggested. The 
damming ice moved from an ice divide in the south-east highlands and was divided into 
two ice lobes by the Kerlingarfjoll mountains. In an early stage the lake was dammed 
between the two ice lobes but as they retreated the glacial lake was enlarged in the eastern 
part where it in the later stage was dammed by topography. The ice dammed lake was 
almost filled with sediments before it drained to the west when the western ice lobe 
retreated. The ice dammed lake was contemporaneous with the Hvitarvatn ice dammed 
lake which was dammed between the western ice lobe and the hills below the Langjokull 
glacier. 

Sammanf attning 
Utbredningen hos glaciolakustrina sediment som patraffas norr om fjfillklasen 
Kerlingarfjoll pa centrala Island har faststallts och det fOreslas att de avsatts i en isdamd 
sjo. lnlandsisen rorde sig fran en isdelare i sydost och flodet delades i tva lober vid 
Kerlingarfjoll. I ett tidigt stadium damdes sjon upp mellan dessa lober, men nar isranden 
drog sig tillbaka utvidgades sjon i den ostra delen och damdes dar av ett topografiskt 
hinder. Issjon var praktiskt taget fylld med sediment innan den dranerades nar den vastra 
isloben drog sig tillbaka. Issjon i Kerlingarfjoll var samtida med Hvft:arvatn-issjon som 
damdes upp mellan den vastra isloben och sluttningarna upp root glaciaren Langjokull. 
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1 Introduction 

The timing and course of events during the deglaciation of Iceland has not yet been made 
clear. As new information has been gathered the model for deglaciation has changed 
substantially. The deglaciation of central Iceland has been described by Kaldal and 
Vfkingsson (1991), who used fluted surfaces, striae and terminal moraines to reconstruct 
glacial movement. There is, however, a lack in dating of glacial features and more 
information is needed from the area. 

1.1 Aim of the investigation 
In the summer of 1995, in connection with general geological mapping in the central 
highlands of Iceland, Haukur J6hannesson at the Icelandic Museum of Natural History 
found a laminated clayey sediment in the JOkulkv:fsl valley north of the Kerlingarfjoll 
mountains (figure 2.1 ). The scope of this report is to map the extent of the deposit and to 
attempt a reconstTuction of die environmental conditions during wl:iich the sediment was 
deposited. It could either have been in a glacial lake during the deglaciation of the area or 
in a subglacial lake formed during a volcanic eruption in the Kerlingarfjoll mountains or 
during the formation of the mountain Blagnipa. 

2 Site description 

2.1 Geography 
The area between the glaciers Hofsjokull and Langjokull is called KjOlur and is fairly flat 
(figure 2.1). The altitude of the plateau is 400-700 m above sea level and apart from the 
Kerlingarfjoll mountains the most prominent features are Hrutfell (1396 m a.s.l.), Blafell 
(1204 m a.s.l.) and Kjalfell (1008 m a. s. 1.). The mountains bordering the large glaciers 
Hofsjokull and Langjokull reach about 1000 m a.s.l. and the highest points of the glaciers 
reach 1782 m a.s.1. and 1358 m a.s.l. respectively. 

The Kerlingarfjoll mountains are situated south-east of the glacier Hofsjokull (figure 2.1). 
The mountain group comprises an area of about 150 krn2 and consists of about twelve 
peaks reaching over 1000 m a.s.l. The highest peaks, Smekollur, Lodmundur, 
Ogmundur and Mrenir, reach 1488, 1429, 1357 and 1335 m a.s.l. respectively. Mountain 
glaciers cover some of the north facing slopes. There are four larger glaciers and several 
smaller ones. The total area of glaciers sum up to 10 krn2 (Preusser, 1976). 

The studied area is the JOkulkvfsl valley north of the Kerlingarfjoll mountains. The river 
JOkulkvfsl (also called JOkulfall) originates in the Hofsjokull glacier at an outlet glacier 
named Blagnipujokull. Tributaries to the river are the rivers BlagnfpukvisF, 
Kerlingarsprrena and Innri-Asgardsa. The river Blagnfpukvfsl originates north of the 
mountain Blagnfpa (1076 m a.s.l.) at another outlet glacier of Hofsjokull. The two other 
tributaries in the investigated area, the rivers Kerlingarsprrena and Innri-Asgardsa 
(hereafter called Asgardsa) originate in the Kerlingarfjoll mountains. In the south the 
JOkulkvfsl valley is bordered by the Kerlingarfjoll mountains, but east of Asgardsfjall 

1 B lagnfpukvfsl: This name is used in the 1942 yearbook of the Icelandic Touring Club (Eyth6rsson, 
1942) and is used here for clarity though this branch of the river fokulkvfsl does not have a name of its 
own on the Iceland Geodetic Survey map (figure 2.1). 
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Figure 2.1. The KjOlur area, central Iceland. The broken line is a county boundary but it more or less 

delineates the present water divide. Iceland Geodetic Survey 1996. Adalkort blad 5. 

2 



there is a plateau, J0kulkr6k:ur, with an altitude of about 800 m a.s.1. which separates the 
mountains from the Hofsjokull glacier. North of the river the mountain Blagnfpa and 
some lower hills border the valley. 

The water divide between north and south Iceland is situated about 10 km due north from 
the studied area (figure 2.1 ). There the elevation of the water divide is between 680 and 
700 m a.s.l. Its lowest point lies at 650 m a.s.l. east of Kjalhraun (the KjOlur lava). The 
Kjolur lava was erupted after the deglaciation and during the glacial the water divide 
probably was 20 m lower than today (see 3.6.3 The Hvftarvatn ice dammed lake). 

2.2 Geology 
The Kj5lur area is for the most part covered with till but some glaciofluvial deposits occur 
and there are three areas covered with postglacial lavas. Wherever cliffs emerge above the 
thick soil cover they have been polished and rounded by the action of glaciers. 

The Kerlingarfjoll mountains lie in the active volcanic zone of Iceland and their age is less 
than 700 OOO years (Geological map of Iceland, 1989). Askelsson (1946) proposes the 
following chronology for the formation of the Kerlingarfjoll mountains. 

During the last interglacial basaltic lava was erupted and formed a fairly flat landscape. 
This lava can be seen at some places in the Kerlingarfjoll mountains. It is grey and has 
been striated by glaciers during the last glacial. During the glaciation basaltic subglacial 
eruptions formed the lower Kerlingarfjoll mountains as palagonite tuff2 ridges. Later 
rhyolitic lava rose as domes and lifted the palagonite tuff. In the highest peaks the rising 
rhyolite lava penetrated the palagonite tuffs and cooled subaerially as is shown by the 
occurrence of obsidian. That at least some of the lower peaks have been lifted in the same 
way is shown by some exposures of rhyolite below a thin layer of palagonite tuffs in the 
mountain Kerlingarskyggnir as well as in ravines cut in the western base of 
Hveradalahnllkur. Askelsson found a volcanic agglomerate with embedded rhyolitic 
pumice and obsidian that cover the palagonite tuffs on the eastern side of the mountain 
Mrenir (figure 2.2). He also found thick deposits of rhyolitic pumice near the mountain 
Hottur. Tne pumice is fine-textured and resembles the volcanic conglomerate on Mrenir 
and Askelsson concludes that they originate from the same volcanic centre and that they 
were formed in a subaerial eruption before the upheaval of the rhyolite domes. Thus 
Askelsson ( 1946) proposes that the rhyolite domes extruded during late glacial times or 
the Holocene. Kjartansson (1964), however, does not agree with this dating of the 
rhyolite extrusion. He has found erratics of the Kerlingarfjoll rhyolites in tills on the 
Kj5lur highlands north of Kerlingarfjoll. This means that the rhyolite domes were formed 
when the ice divide lay in south-east Iceland and ice flow was directed to the north over 
Kj5lur. Kjartansson could not find any rhyolite erratics south of Kerlingarfjoll. This 
should prove that the domes extruded after the glacial maximum. During the glacial 
maximum the ice divide lay in central Iceland and ice flow had a south-westerly direction 
at the Kerlingarfjoll mountains (Kaldal & Vfkingsson, 1991). 

2Palagonite tu ff: a pyroclastic rock consisting of angular fragments of hydrothermally altered or weathered 
basaltic glass (Glossary of Geology 3rd ed.). 
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Figure 2.2. Theoretical cross-section of the mountain Mrenir3. Redrawn from Askelsson, 1942. 

One of the larger geothermal areas in Iceland lies in the Kerlingarfjoll mountains. As is 
common within the volcanic zone it is a high-temperature geothermal system with 
temperatures over the boiling point in the hot water reservoir. The water table is below the 
ground surface and the surface manifestations are caused by the interaction between steam 
heated surface water (rain water and glacial meltwater) and the country rock. The steam 
rising to the surface is a mixture of gases, among others hydrogen sulphide. The 
hydrogen sulphide reacts with atmospheric oxygen and pure sulphur can form. The gas 
can also be completely oxidised and then sulphuric acid is formed. The surface rock of 
the geothermal area becomes completely altered by the action of the hot acidic water and 
the product is a clayey mixture of smectite, caolinite, montmorillonite and amorphous 
silica. The clay is more or less brown or yellow from precipitation of migmatite and 
native sulphur. Pyrite is also common and gypsum can sometimes occur (Arn6rsson, 
1993). 

The main area with geothermal manifestations in the Kerlingarfjoll mountains lies west of 
Mrenir and south-east of Snrekollur in the Hveradalir valleys where the river Asgardsa 
originates (Sigurdsson, 1942). The water of the river is constantly more or less muddy, 
but the mud originates both from the geothermal areas and from silty glacial meltwater. 

Glacier thickness in Iceland is commonly deducted from the height of palagonite ridges 
and table mountains. Table mountains are formed in subglacial eruptions and the bulk of 
them is made of palagonite tuffs but they have a cap of lava which flowed subaerially 
when the mountain had been built up above the ice surface (figure 2.3). If the eruption 
stops before the mountain is built up high enough we get a palagonite mountain. Since 
most eruptions in Iceland are fissure eruptions these mountains are more or less ridge 
shaped and therefore they are commonly called palagonite (or hyaloclastite) ridges. These 
mountains have more gentle reliefs than the table mountains with their flat summits and 
steep slopes. 

3In Iceland the term hyaloclastite is often used for palagonites. 
Hyaloclastite: a deposit formed by the flowing or intrusion of lava or magma into water, ice or water
saturated sediment, and its consequent granulation or shattering into small angular fragments (Glossary of 
Geology 3rd ed.). 
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The thickness of the glacier in the area around the Kerlingarfjoll mountains during the 
de glaciation was probably 300-400 meters, which can be deducted from the height of the 
table mountains in the area. The mountains Blagnipa and Kjalfell for instance rise 300 m 
and 400 m respectively above their surroundings (figure 2.1). The mountain Blagnipa is 
partly covered with unstriated lava (Preusser, 1976) while the lava cap of Kjalfell on the 
other hand is striated. The striae direction suggests that Kjalfell was overridden by ice 
flowing from a nearby ice divide lying south of the mountain (Kjartansson, 1964). This 
probably means that Kjalfell is older than Blagnfpa, but that it formed when the ice divide 
had moved to the south of the present water divide. 

c) 

Hyaloclostite 

b) 

a) 

2 3 

Figure 2.3. Illustration of the various stages in the growth of a table mountain. 

a) magma is erupted into glacial meltwater, pillow lavas form 

b) a subsidence bowl has formed in the glacier surface, meltwater begins to accumulate at the eruptive site 

c) pressure is reduced as the mountain is built up closer to the surface and phreatic explosions begin 

d) the mountain has been built up over the ice and water surface and lava can begin to flow 

(Bjornsson, 1988 fig. 2.4. p. 29). 

According to Gudmundur Kjartansson (1964) it is improbable that the ice surface reached 
a higher altitude than 1300 m a.s.l. in the KjOlur area during the last glaciation. He 
deduces this from the morphology and petrology of the mountain Blafell in southern 
KjOlur (figure 2.1). The Blafell mountain (1204 m a.s.l.) is a table mountain but has also 
been overridden by a glacier and thus has not the typical flat summit of table mountains. 
Since the highest peaks of the Kerlingarfjoll mountains are higher than 1300 m a.s.l. they 
must have stood out of the ice sheet and most probably had only small niche glaciers very 
much like the ones they have today. That the highest peaks were never eroded by the 
main ice sheet can be seen from their coarse appearance. 
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3 The Late W eichselian history of Iceland 

3.1 Airmasses and ocean currents around Iceland 
Iceland's position in the middle of the North Atlantic ocean where hot and cold airmasses 
meet and where warm and cold ocean currents interact makes its ice sheet extremely 
sensitive to climatic change. The position of the polar front, i.e. the boundary between 
cold arctic airmasses and warm airmasses from the south has a major effect on Icelandic 
climate. In present time the polar front lies north-west of Iceland, east of the Greenland 
coast (Ruddiman and Mcintyre, 1981; Sveinbjornsd6ttir and Johnsen, 1991). 

During the glacial maximum the polar front lay between the 40th and 45th latitude which 
means that cold air dominated the North Atlantic as far south as to the coast of Portugal. 
With the deglaciation the polar front slowly moved north, but the retreat was interrupted 
and the front moved south again during the Younger Dryas (figure 3.1). 

Figure 3 .1. Retreat positions of the North Atlantic polar front during the late Weichselian. (Ruddiman and 

Mcintyre, 1981) 

Ocean currents affect climate a11d Icelandic climate is stable thanks to the wann Llllinger 
Current, which flows clockwise around the island. In cold years, however, the Irminger 
Current can be blocked by the cold East Greenland Current at the Vestfirdir peninsula and 
the north and east coasts then becomes dominated by Arctic sea water (Einarsson & 
Albertsson, 1988). 

3.2 Glacial isostatic movements and sea level change 
The low viscosity of the asthenosphere underneath Iceland and the great deformability of 
the relatively thin ocean-crust that constitute the Icelandic bedrock leads to almost 
instantaneous reaction to changes in the overburden load. Thus glacial isostatic 
movements are in intimate relationship with glacier extent in Iceland. This implies that 
transgression of the sea during the late Weichselian is concurrent with glacier advance. 
Regression of the sea is caused by diminishing glacial cover and subsequent isostatic 
recovery of the land (Norddahl, 1983; Tryggvason, 1973). 

3.3 Ice flow and the position of the ice divide 
The Weichselian glaciation is thought to have reached its maximum extent in Iceland 
about 18,000 BP in correlation with the Weichselian maximum in Scandinavia. During 
the glacial maximum the ice divide lay close to the present water divide in central Iceland, 
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i.e. very close to the Kerlingarfjoll mountains. The oldest striae direction at the 
Kerlingarfjoll mountains is to the south-west indicating that the ice divide lay to the north 
of the mountains at least for some time during the last glaciation. As the large ice sheet 
diminished the ice divide moved south-east. During the deglaciation the ice divide lay in 
the south-eastern highlands (figure 3.2). Ice flow was thus directed north over the KjOlur 
highlands (Kaldal & Vikingsson, 1991). Another ice divide lay from the Melrakkasletta 
peninsula to the south (figure 3.2). In mountainous areas at the coast independent ice caps 
modified ice flow. Such ice caps lay for instance over the central parts of the Vestfirdir 
peninsula, on the Smefellsnes peninsula and on the Trollaskagi peninsula in northern 
Iceland (Th. Einarsson, 1991). 

moraines 

-- Ice divide in late Weichselian 

- Conspiscious terminal moraines 

Rivers: 
Bl:Blanda 
Hv: Hvfti 
Th: Thj6rsa 
Tu: Tungnaa 

Figure 3.2. Conspicuous terminal moraines and the position of the ice divide during the deglaciation. 

Compiled from Einarsson and Albertsson, 1988. 

3.4 The deglaciation history of Iceland 
There are two major moraine complexes in Iceland: the Alftanes and Budi moraines 
(figure 3.2). They were earlier thought to have formed by glacier readvances in the Older 
Dryas and Younger Dryas chronozones respectively (e.g. Einarsson, 1968). We now 
know that a marginal moraine does not necessarily need to be connected with a glacier 
readvance but might very well form during long-term stand-still of the glacier margin. 
Stratigraphic evidence from within the formation can show whether it is a stand-still or 
readvance formation or a combination of both. 

When more 14C datings became available the model for the deglaciation was revised and 
the Budi moraine was referred to the Preboreal. This was based on dating of shellbearing 
layers in contact with the moraines as well as upon the fact that no sediments of Allerod 
age had been found in the southern lowlands. Tne Younger Dryas glacier was therefore 
assumed to have advanced out onto the shelf and to have removed all older sediments 
from the lowlands (Hjartarson, 1991). In 1995 marine sediments from the Allerod were 
found in a study of lake sediments in South Iceland. In the lake sediments a transition 
from marine to lacustrine deposition was seen. This indicates that the glacier margin stood 
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at the Rudi moraines both during the Younger Dryas and the Preboreal (Geirsd6ttir & 
Hardard6ttir, 1997; Geirsd6ttir et al., 1997). 

The Alftanes moraine was thought to be older than the Rudi moraine since it lies further 
out from the ice divide and it was thus assumed to be of Older Dryas age. In the 
Reykjavik area, however, the Alftanes moraine lies only about 20 km from the local ice 
divide which was situated in the mountains at the centre of the Reykjanes peninsula. 
When the Rudi moraine was appointed a Preboreal age, the Alftanes moraine in 
Reykjavik was thought to have formed during the Younger Dryas or the Preboreal. It was 
then considered unlikely that it marked the outermost position of the Younger Dryas ice 
sheet. It was instead thought to have formed during a temporary standstill in the retreat 
from the Younger Dryas maximum or during a Preboreal readvance. This was based on 
the assumption that the Fossvogur marine sediments, that are of Allerod age and lie 
outside the Alftanes moraine, were overridden by an advancing Younger Dryas glacier 
that reached far into the sea (Hjartarsson, 1991). Detailed studies of the Fossvogur 
sediments showed that the sediments were deposited in a marine environment during an 
Allerod glacier advance. The advancing glacier reached into the sea close by where the 
sediments were formed, but there is no evidence of an advance over the sediments. There 
is, however, a glacial marine diamictite a little further to the north-east from the 
Fossvogur sediments. This diamictite might have formed during a Younger Dryas 
advance (Geirsd6ttir & Eidksson, 1994). It is thus still uncertain whether the Younger 
Dryas glacier margin stood at the Alftanes moraines or reached out into the sea. 

Moraines at the mouths of the Borgarfjordur and Hvalfjordur fjords in west Iceland are 
traditionally included in the Alftanes line. Here glaciers advanced in the Older Dryas. In 
the Allerod the glacier margin retreated somewhat and then it readvanced, more or less to 
the same positions, in the beginning of the Younger Dryas. Glaciers retreated late in the 
Younger Dryas and there is no sign of a readvance to the mouths of the fjords in the 
Preboreal. During the Preboreal sea level fell indicating isostatic recovery. There is, 
however, a raised beach at 40 m a.s.l. which might have formed when isostatic recovery 
was temporary impeded by a glacier readvance in the upper parts of the valleys 
(Ing6lfsson, 1988). 

3.5 Late glacial climate 
The oxygen isotope records of the Greenland ice cores are the prime source of 

paleoclimatic information for the North Atlantic region. The oxygen isotope ratio (ol80) 

in the ice is related to isotope ratios and temperature in the source area of the precipitation 
and to the distance from the source. The present day source area for Greenland 
precipitation lies in the warm tempered belt (30°-35°N), but as was mentioned earlier, the 
atmospheric circulation pattern is changed during glaciations (section 3.1 ). Comparison 
of the Greenland ice core records with oxygen isotope records and faunal evidence from 
deep sea sediments has shown that climate variations seen in the ice cores affected the 
North Atlantic circulation (Lehman & Keigwin, 1992). It might thus be assumed that the 
climate variations seen in the ice cores reflect climate change in the North Atlantic region. 
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Figure 3.3. Oxygen isotope ratio for two Greenland ice cores plotted on linear scales. The timescale for 

the Summit ice core is shown. The timescale is established with stratigraphic methods in the ice core and 
is in calendar years, not in C-14 years. Heavy and thin vertical lines indicate isotope ratios for late glacial 
cold and mild stages respectively. The Holocene average value is not shown but for the Summit core it is 
-35%0. From Johnsen et al. 1992, fig. 2. 

The oxygen isotope profiles of the ice cores show abrupt shifts in temperature during the 
glaciation. The record from the deglaciation (figure 3.3) show the Bolling as a period 
with temperatures approaching the present and the early Younger Dryas almost as cold as 
the coldest periods during the glacial. In the Summit ice core (drilled 1990-1992) there is 
a cold period within the Allerod where temperatures go down to late glacial level (before 
Bolling level). This cold period is also seen in faunal eVidence from the Norwegian Sea 
(Lehman & Keigwin, 1992). The glacier advance in the Reykjavik: area in the Allerod 
chronozone might have been a result of this cooling (Geirsd6ttir & Eirik:sson, 1994; 
section 3.4 above). The Younger Dryas - Preboreal transition was astonishingly abrupt: 
temperatures rose about 7° in only 50 years (Dansgaard et al., 1989; Johnsen et al., 
1992). The Preboreal is a period of rising temperatures but there is a slight decrease in 
o18Q in the beginning of the chronozone. 

In order to compare the climate record from the Greenland ice with ocean paleo
temperatures around Iceland, the oxygen isotope ratio in a number of C-14 dated shells 
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from south and west Iceland has been determined. A comparison with the climatic record 
of the Dye-3 Greenland ice core shows good correlation except for the Younger Dryas 
cold spell (figure 3.4).The Greenland ice seems to respond more quickly to climate than 
sea-water temperatures do. The difference can also be explained by the fact that the 
beginning of the Younger Dryas is not accurately determined in the Greenland ice. The 
youngest Younger Dryas shell that indicates a quicker warming in Iceland probably has a 
too high measured age (see error bar, figure 3.4) and it should belong to the Preboreal 
period. The youngest shells show cold temperatures and might represent a cold spell in 
the early Preboreal (Sveinbjomsd6ttir & Johnsen, 1991). 
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Figure 3.4. Paleotemperatures calculated from oISo of radicarbon dated shells from South and West 

Iceland compared to the o18o profile from the Dye 3 ice core SW-Greenland (from Sveinbjornsd6ttir & 
Johnsen, 1991, fig. 6 p. 92). 

3.6 The deglaciation of central Iceland 
Kaldal and Vik:ingsson (1991) have studied ice flow features (striae, flutes, eskers) and 
moraines in the central Iceland highlands. More than one direction of glacial striae was 
often found on the same location. The oldest direction was usually found on the lee side 
of glacially sculptured rocks where the streamlined form of the rock was parallel to the 
youngest striae. The oldest direction reflected flow of ice from an ice divide somewhere 
near the present water divide between north and south Iceland. The younger striae show 
that the ice divide moved to the south-east during the deglaciation. 

3.6.1 Timing of the deglaciation of central Iceland 
No radiocarbon dates are available from the highlands but the deglaciation of central 
Iceland took place after the retreat of the ice margin from the Budi moraines (dated to 
9,750-9,600 BP) in the Preboreal. The central highlands were mostly ice free about 
8,000-7 ,800 BP when the vast Thj6rsa lava was erupted (Kaldal & Vikingsson, 1991). 
The Thj6rsa lava covers an area of 900 kffi2 and it reaches all the way into the sea, 130 
km from the eruptive site (Th. Einarsson, 1991) in the Tungnaa area. This is the area 
where the final ice divide was situated (figure 3.2). 
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Figure 3 .5. De glaciation of central Iceland and tentative reconstruction of the main ice sheet at different 

times. Arrows indicate ice movement direction. An attempt is made to show similarity in age of the end 

moraines. 

A. The Budi end moraines formed in front of two ice lobes in the valleys of Hvita and Thj6rsa rivers 

9750-9600 BP 

B. The Blanda moraines are possibly of similar age as the northernmost moraines N of Hofsjokull. 

C. The Haukadalur moraines are little older than the moraines E of Hvftarvatn. Some of the end moraines 

NE of Hofsjokull could be of similar age. Some ice remains in the Langjokull area. 

D. The moraines N of Thj6rsa are possibly of similar age as the southernmost moraines E of Hofsjokull. 

Some glacier flow was still from the Hofsjokull area. 

E. In the very last stage of the recession glacier flow was to NW and N from a late glacial ice divide in 
the Tungnaa area. 

(From Kaldal and Vikingsson, 1991fig.10, p. 62) 

3.6.2 The Rudi and Blanda moraines 
The Budi moraines were formed in front of two ice lobes in the valleys of the rivers 
Thj6rsa and Hvira (figure 3.5 A). At this time the ice divide still lay iri the Central 
Highlands. Moraines in the river Blanda valley in the North Highlands probably formed 
somewhat later than the Budi moraines (figure 3.5 B), since the Blanda moraines were 
situated closer to the ice divide. 

3.6.3 The Hvitarvatn ice dammed lake 
In the next stage the ice divide had moved south and the ice front dammed a lake against 
the foothills of Langjokull (figure 3.5 C). This lake has left prominent shorelines on the 
eastern slopes of Leggjabrj6tur and Raudafell north of Hvitarvatn (figure 2.1), some 
shorelines are also seen on Hrutfell. The highest shoreline lies at 630 m a.s.l. (640 m 
a.s.l. according to Kaldal & Vikingsson, 1991) and the lowest at 419 m a.s.l. 
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(Kjartansson, 1964). The highest shoreline is very clearly marked in the terrain and 
Kjartansson (1964) concludes that at that level the lake drained over a bedrock threshold. 
This threshold was probably the Kjolur water divide which before the eruption of the 
postglacial KjOlur lava (Kjalhraun) could have been about 630 m a.s.l. (the present day 
water divide lies at 650 m a.s.l.). North of Kjalhraun, near the little stream Thegjandi, 
Kjartansson found a gravel plain that he concludes was the outlet from the highest ice 
dammed lake in the Hvftarvatn area. As the ice diminished and thinned the ice dammed 
lake could drain southwards in the valley of the river Hvfta. At least 14 shorelines have 
been found and it is not unlikely that the lake drained catastrophically in jokulhlaups. As 
no fine grained sediments have been found it is probable that the lake was a rather narrow 
strip between the ice margin and higher ground (Kaldal & Vikingsson, 1991). 
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Figure 3.6. Ice directional features in the Kjolur area (Kaldal and Vikingsson, 1991 fig. 5, p. 55). 

1) Glacial striae a) oldest c) youngest 

2) Fluted surfaces 

3) Marginal moraines 

4) Outline of present rivers and lakes 

3.6.4 The Kerlingarfjoll area 
The oldest striae in the Kerlingarfjoll area show ice flow to the south west from the oldest 
ice divide. Younger striae show the shift to a north-westerly ice flow. Striae and marginal 
moraines show that the shift in direction took place during the deglaciation (figure 3.6). 
The Kerlingarfjoll mountains divided the ice flow into two lobes. The western ice lobe 
dammed the Hvitarvatn ice lake and had a north-westerly direction. Nord1west of tJ1e 
Kerlingarfjoll mountains there are striae with direction towards NNE that show the 
direction of the easternmost part of the western ice lobe. The eastern ice lobe moved 
towards NW and left marginal moraines west of Blagnfpa. The Kerlingarfjoll ice lake was 
dammed between these two ice lobes (Kaldal & Vikingsson, 1991). The Blagnfpa 
moraines might have a continuation in moraines north-east of Hofsjokull (figure 3.5 D). 
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This correlation is, however, far from certain since the intervening area is ice-covered 
today. 

3.6.5 The final position of the ice divide. 
The ice recession in the Hvfra valley seems to have been faster than in the Thj6rsa area 
and the next moraine line indicate only one ice lobe (figure 3.5 D).Finally ice movement 
turned and the youngest striae show movement from an ice divide close to lake Langisj6r 
(figure 3.5 E). During the progress of deglaciation ice caps were separated from the main 
ice sheet and lived on in the high mountains that are covered by glaciers today (Kaldal & 
Vfkingsson, 1991). 
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4 Glacial lakes and sediments 

4.1 Glacial lakes 
A glacial lake is a lake that derives much or all of its water from the melting of glacier ice. 
This definition includes both ice contact lakes and distal lakes that receive water from 
glacial rivers. The term ice contact lake comprises ice marginal lakes (dammed by ice or 
topography), subglacial and supraglacial lakes. An ice marginal lake can form between 
the ice and a topographical height (e.g. a mountain side or terminal moraine) or in a valley 
cut of by glacier ice. Sub glacial lakes are a different kind of ice dammed lake. The size 
and shape of the subglacial lake is controlled both by bedrock topography and the 
topography of the glacier surface. Supraglacial lakes can form on stagnant ice, first as 
rather circular ponds, but as melting proceeds several lakes can join and form an ice
stagnation lake network (Ashley, 1988). When the ice melts the deposit of a supraglacial 
lake is left as a positive landform. Ice marginal lakes can also form due to isostatic 
depression of the land surface under the load of the ice sheet. Such proglacial lakes were 
common during the deglaciation of the Laurentide ice sheet in North America (Quigley, 
1983). 

4.2 Factors that affect deposition in glacial lakes 
The glacial lake acts as a clearing basin for the sediment laden glacial meltwater. The 
nature of the deposit is determined by a number of factors such as the type of lake 
(subglacial, supraglacial, ice marginal or distal lake) and the geometry of the lake basin 
(depth, area, shape), lake stratification and position of the influent streams (Ashley, 
1988). 

Density stratification in the lake affects the possibility for incoming water to mix with the 
lake water. Stratification in a glacial lake is either caused by temperature differences 
between surface and bottom water or by sediment concentration differences. Temperature 
differences develop when solar radiation heats the surface water. When surface water 
temperature rises above 4°C (the temperature at which water has its maximum density) it 
becomes lighter than the bottom water and stratification begins to develop. The greater the 
density difference between surface and bottom water the more stable will the stratification 
be. In a stratified lake winds might only manage to stir the surface layer. This influences 
both the behaviour of incoming streams and the possibility of resuspension of sediment 
from the bottom. Sediment stratification can develop in lakes receiving water with a 
sediment concentration of more than lg/I. The concentration of suspended sediment 
increases gradually towards the bottom and thus the bottom water has greater density than 
the surface water. Stratification due to sediment concentration differences is more vague 
and diffuse than temperature stratification. In shallow lakes with short residence time and 
in lakes where winds effectively mix the water stratification is unlikely to develop 
(Ashley, 1988). 

Depending on the relative difference in density between lake water and incoming water 
and the position where the stream enters the water body it will form an overflow, 
interflow or an underflow. If the density of the incoming water is lower than the density 
of the bottom water an inter- or overflow will form. By the work of winds inter- and 
overflows quite easily mix with the lake water and suspended matter becomes evenly 
distributed in the surface water (Ashley, 1988). Coarse grained suspended matter settles 
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to the bottom, while the finest fractions are held in suspension (Sturm, 1979). If the 
stream water has a high sediment load it may dive to the bottom as an underflow or a 
turbidity current. When incoming water is of equal density with the lake water and the 
lake is weakly stratified or unstratified equal density mixing occurs. Then the incoming 
sediment moves by diffusion throughout the entire water column (Ashley, 1988). 

The position of the influent stream is closely connected with the previous discussion 
about stratification. In ice contact lakes streams entering at the bottom of the lake are 
common. These origin as englacial or subglacial streams and form glaciolacustrine fans 
(subaqueous outwash). There is little or no probability of formation of an interflow or 
overflow, particularly as sediment concentration often is high in the incoming water. 
Streams entering the lake at or close to the surface are supraglacial streams or glacial 
rivers (in distal lakes). Where these enter the lake a delta is formed (Ashley, 1988). 

The nature of the deposit changes with distance from the influent stream. The coarse 
material (cobbles to sand) is deposited first as current decreases when the influent water 
meets the lake water. A delta or a glaciolacustrine fan is formed. Further out in the lake 
fine sand, silt and clay is deposited. The deposits are often rhythmically laminated, with a 
repeated sequence of silt grading into clay . This type of deposit is called a rhythmite. If 
each silt and clay-pair has been deposited during a year, the deposit is said to be varved. 
If the rhythmite on the other hand was deposited from single turbidity currents, with 
longer or shorter duration, it is called a turbidite. 

Turbidity currents form when incoming meltwater has a higher density than the lake 
water. The sediment-rich and cold glacial meltwater forms an underwater mass-flow that 
follows the bottom out to the deeper parts of the lake. The turbidity current does not mix 
substantially with the lake water until most of the suspended material has been deposited 
and thus the density difference between the lake water and the current has been reduced. 
The deposit shows upwards fining and in the coarser material flow structures can form. 
Sometimes the turbidity current is more or less continuos during the melting season. Such 
a flow is called a quasi-continuos density flow and it might be the explanation to the 
formation of annually varved deposits. 

V arved sediments can be used in the dating of ice retreat as the duration of deposition can 
be established by varve counting. The varve is constituted of a summer layer, containing 
silt and sometimes fine sand, and a winter layer consisting mostly of clay. The summer 
layer is formed by deposition from quasi-continuos density flows and contain very little 
clay since the fine material does not settle. During the winter-season meltwater input is 
very low and ice cover provides protection from winds. During these calm conditions the 
winter layer is formed by settling of suspended particles from the watermass. Winter 
layers sometimes contain some coarser material from slump-induced turbidity currents. 

Other sedimentary processes in glacial lakes include mass movement, melting of 
sediment-rich icebergs (in ice contact lakes) and living organisms. Organisms can add to 
the sediment-mass as is the case with plankton or they can rework the sediments and 
leave trace fossils (Ashley, 1988). 
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4.3 Varves or turbidites? 
Ever since Gerhard de Geer (1912) introduced the term varve for annually laminated 
sediments the problem has been to separate rhythmites formed by the seasonal change in 
meltwater input to a sedimentary environment from the rhythmic deposits of single 
turbidity currents. Measurements with current meters have been carried out in a number 
of lakes receiving glacial meltwater. In an investigation of Lake W alensee, a distal lake in 
Switzerland, Lambert and Hsti (1979) found evidence of underwater currents occurring 
in connection with peak flow events in the tributary rivers. Studies of the sediments of the 
lake showed no annual rhythrnites, instead more than one layer seemed to form every 
year. The laminations were very variable in thickness and mineralogy. The mineralogy 
reflects the influence of meltwater from different tributaries since the geology in the 
different catchments is very different. Lambert and Hsii (1979) found that the rhythrnites 
of Lake W alensee had more variable thicknesses than the varves in a nearby lake with an 
undoubted annual cyclicity in deposition. 

In an investigation of rhythmically layered sediments of Anglian (Elsterian) age in the 
United Kingdom, Hart (1992) uses rhythrnite index to distinguish between varves and 
non-annual turbidites. The rhythmite index (R) is the ratio of the variation in clay layer 
thickness (CN) to the variation in the clay/silt ratio [(C/Z)Nl· A constant clay layer 
thickness (low CN) should indicate a varve, while a variable clay layer thickness indicates 
a turbidite. On the other hand a constant clay/silt ratio (low (C/Z)N) indicates a turbidite, 
while a variable clay/silt ratio points to a varve. If the rhythrnite index (R) is less than 1 it 
is a varve, otherwise it is a turbidite (for full formulas see appendix 2). This reasoning 
seems to bee in agreement with the observation by Lambert and Hsii (1979) that 
rhythmites are more irregular than varves. 

4.4 Subglacial lakes 
Sub glacial lakes are known to exist over geothermal areas. One of the more famous is 
Lake Grfmsvotn under the Vatnajokull ice cap in Iceland. In the vicinity of Grimsvotn 
there are two separate geothermal areas where the melting of ice from underneath creates 
deep cauldrons (about 150 m deep) in the ice surface. 

The mechanism by which the water in a subglacial lake is dammed by the ice is explained 
by Bjomsson (1988). Geothermal heat melts the glacier ice from underneath. This causes 
thinning of the ice over the geothermal area and the fluid potential lines in the surrounding 
ice changes. The fluid potential controls the movement of water in the ice. Around the 
lake the fluid potential in the ice is higher than above the lake (when ice is considered a 
porous medium). Within the lake water-pressure is hydrostatic and the fluid potential is 
zero. Since water will always flow from higher to lower potential the water in the 
surrounding ice will flow into the lake. 

The ice cauldrons in Vatnajokull are formed by the above process on flat or gently sloping 
bedrock (figure 4.1 a). The water can only be held in place as long as there is a 
subsidence bowl in the ice surface above it. The surface bowl will eventually fill due to 
glacier flow and blown in snow and as the lake accumulates water it will lift the roof and 
contribute to the levelling of the ice surface. As the subsidence bowl diminishes the ice 
dam weakens and the lake will subsequently empty in a jokulhlaup (Bjomsson, 1988). 
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Figure 4.1. Different kinds of subglacial lakes and the connection between glacier surface and the shape of 

the lake (Bjornsson, 1988, fig. 2.3, p. 25). 

a) A subglacial water cupola beneath a glacier surface depression. 

b) A lake in a bedrock depression beneath a convex glacier surface. 

c) A schematic illustration of Grimsvotn. 

d) An ice-dammed marginal lake. 

e) A lake that might be created by a subglacial eruption. 

Lake Grimsvotn belongs to another group of subglacial lakes. It is dammed inside a 
caldera against a bedrock wall but is also held in place by an ice dam (figure 4.1 c ). 
JOkulhlaups from Lake Grimsvotn are triggered when the water-level in the lake has 
reached a high enough level to lift the ice barrier. There seems, however, to be other 
factors influencing the triggering of jokulhlaups since they usually start before the water 
in the caldera has reached the critical level for lifting of the dam. An explanation for this 
might be that the ice dam is not static but in fact is moving. Thus the barrier might weaken 
locally due to minor changes in the movement of the glacier such as sliding at the base. 
Frictional heat from the outstreaming water quickly enlarges any small passages that form 
in the barrier (Bjornsson, 1988). 

During the eruption in Bardarbunga in north-western Vatnajokull in October 1996 water 
drained from the eruptive site and collected in the Grimsvotn caldera. It might thus be 
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expected that meltwater from a geothermal area or eruptive site on high ground could 
collect in a lower lying area. The demands upon that area are, however, high. Either a 
subsidence bowl in the glacier surface or a bedrock trough (figure 4.1 b) is needed to 
allow water to collect subglacially. In the case of the Bardarbunga eruption, water 
collected in a sub glacial lake already existing over a geothermal area. On the other hand 
meltwater from an eruption might collect subaerially dammed by a combination of 
topography and ice (figure 4.1 d). 

Very little is known about the sedimentology of subglacial lakes. The sediments of 
present day sub glacial lakes in Iceland are for obvious reasons difficult to study. It is, 
however, probable that sedimentation in a subglacial lake resembles that of an ordinary 
lake. If we disregard sub glacial lakes that are dammed by topography the sediments of 
subglacial lakes must be repeatedly disturbed by the draining of the lake in jokulhlaups. 
These do not always empty the lake completely but must have an enormous erosive 
power. If the major source of the water in a lake is a volcanic eruption, the bulk of the 
sediment can be expected to be of volcanic origin. The last criterion is, however, difficult 
to use in Iceland where almost all rocks are eruptive. 

4.5 Diatoms 
Diatoms are microscopic unicellular algae with siliceous shells. The shells show a rich 
variation in shape and pattern and can in most cases be used to specify the diatom species. 
Most diatoms live in water, which may be seawater, brackish or fresh, but some live on 
wet rocks, in the soil or attached to trees. Diatoms are easily transported by winds and 
they colonise new water surfaces quickly. It is not uncommon to find freshwater diatoms 
in deep sea sediments. They have been blown to sea and has sedimented together with 
marine species. Diatoms are sensitive to environmental factors such as salt concentration, 
nutrient content and pH-value of the water (Florin, 1984). Most diatom species have strict 
requirements on their habitat. Changes in the diatom flora thus reflect changes in the 
habitat. 

The hard silica shells of diatoms are often well preserved in fine grained sediments and a 
reconstruction of old floras can be made. There are, however, some factors that can cause 
destruction or dissolution of diatom shells. In coarse grained sediments, diatoms are 
seldom preserved and in highly alkaline or very acid conditions they are dissolved 
(Round, 1964; Lowe & Walker, 1984)). Heavily ornamented diatoms with thick shells 
can dominate in such conditions. If the sediment input to a lake basin is very high diatoms 
can be very few in the deposits since they get diluted in the minerogenic material. 
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5 Fieldwork 

5.1 Methods 
The Kerlingarfjoll area was visited four times in June and July 1996. The area in the 
valley of the river JOkulkvfsl that lies below 700 m a.s.L was surveyed on foot (figure 
5.1). As fieldwork was performed on foot the investigations were limited to the area that 
could be reached from the skiing lodge and excluded areas which lay beyond rivers that 
could not be waded (e.g. the river Blagnfpukvisl). 

Figure 5 .1. Map of the investigated area. 
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A barometric altimeter was used during some of the fieldwork days. Unfortunately the 
weather was very variable during these days and measurements became slightly 
inaccurate. In the following only such measurements that are considered reliable are 
mentioned. 

Vegetation is sparse in the area. Most of it is a desert with a pavement of pebbles resting 
on a silty matrix. The occurrence of laminated sediments was most easily observed in the 
many brook gullies that cut into the sediments. The clay and silt could often be clearly 
seen at the bottom of the brooks but sometimes digging was required to clear away sand 
that had slumped down from the gully wall. In addition to the gullies the banks of the 
river JOkulkvisl were inspected. 

Sedimentary structures in sand and silt was also studied and the direction of paleocurrent 
determined. In all compass measurements a magnetic deviation of 21.5° was used as this 
value is given on the map (Kerlingarfjoll 1 :50 000). The contour interval of the map is 20 
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m, but in some areas the 670 m contour was drawn. This was useful in the interpretation 
of data in the area west of the mountain Blagnipa. 

Aerial photographs were studied both before and after the field studies. With the help of 
the photographs a more detailed map showing the present drainage pattern was 
constructed. With the help of that map the occurrence of laminated sediments could be 
accurately mapped (figure 5.1). No ancient shorelines were identified, neither in the field, 
nor in the aerial photographs. 

The maps in this and the following chapter were constructed at the Geographies 
Laboratory, Uppsala University. The map sheet Kerlingarfjoll 1:50 OOO was digitized and 
a more detailed picture of the drainage pattern, from the aerial photographs, was added 
together with the field observations. 

5.2 Observations 

5.2.1 The area between the river Asgardsa and the river Kerlingarsprrena 
In this area (figure 5.2) the laminated sediments were first observed and here is also the 
thickest section (ea 7 m) found. The area is cut by a number of small brooks running 
down the slopes of the mountain Asgardsfjall. In all of the gullies, close to where they 
join the floodplain of the river, laminated clay and silt was observed. In some of the 
gullies foreset bedded sand is exposed over the finegrained sediments. The dip of the 
layers varies between 20° and 28° and the direction of paleocurrent varies between WNW 
and NNW (292° and 335°). 
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Figure 5.2. The area between the rivers Asgardsa and Kerlingarsprrena. For legend see figure 5.1. 

Numbers on the map refer to section descriptions or other sites mentioned in the text. 

Section 1: In a gully north of Asgardur a section comprising of both clay, silt and sand is 
exposed (figure 5.3). The clay is laminated and shows coarsening upwards. It is overlain 
with laminated silt. The silt shows coarsening upwards and is overlain by a layer of 
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massive sand. The sandlayer is followed by another laminated silt horizon. The next layer 
consists of tabular cross bedded sand and gravel, with 24° dip towards north-east (34°). 
On top of this comes another laminated silt horizon and then a new set of foreset bedded 
coarse sand and silt. This is the thickest unit in the section and a channel has been eroded 
into it. The channel-fill is coarse sand, gravel and fragments of consolidated laminated 
silt The dip of the upper foresets could not be measured at the section, but across the 
gully the foresets could be easily reached due to scree material and dip was measured to 
28° towards north-west (304° and 299°). 

Section 2: The banks of the river Jokulkvfsl are mostly covered with scree but ea 600 m 
south-west of the mouth of the river Kerlingarsprrena one channel flows close to the 
riverbank and a ea 10 m section is held rather clean. Here clay layers dip up to 24° and 
disappear under the river surf ace. The section consists of several sets of lamina 
approximately 15 cm thick, where every other set is convoluted (figure 5.4). 

Figure 5.3. Section 1 

1) Laminated clay, coarsening upwards 

2) Laminated silt, coarsening upwards 

3) Sand, massive 

4) Laminated silt 

5) Cross-bedded sand and gravel 

6) Laminated silt 

7) Foreset bedded coarse sand and silt 

8) Channel-fill of coarse sand, gravel and fragments of 

consolidated laminated silt 

Figure 5.4. Section 2 

Laminated clay with convoluted layers. 

Shovel for scale (approx. 1.3 m) 

5.2.2 The area around the mouth of the river Kerlingarsprrena 
Tne area between the mountain Asgardsfjall and the river Kerlingarsprrena is 
characterised by sand deposits. The sand is reddish and foreset bedding is apparent. The 
dip of the beds were measured at different places and the measurements point to a 
paleocurrent from the valley of the present river Kerlingarsprrena. The elevation of the 
terrace is 670 m a.s.l. Also on the east bank of the river, delta foresets in sand were 
observed. The south bank of the river Jokulkvfsl between the mouth of the river 
Kerlingarsprrena and the Smyrilshamar hills, is also built up of delta sediments. This 
observation was made from the opposite side of the river J6kulkvfsl which is the reason 
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why no measurements can be presented, but the overall direction of foresets was to the 
west. 

5.2.3 The area around the mouth of the river Asgardsa and the airfield 
The airfield is situated on a delta plane (altitude 685 m a.s.l.) which is cut through by the 
river Asgardsa (figure 5.2). At the Asgardsa ford (site 3, figure 5.2) two pretty sections 
are exposed. The material is coarse-grained, mostly gravel, pebbles and sand. One 
section is cut by several faults and bedding is somewhat convoluted (figure 5.5). The dip 
of the delta foresets were measured at one point (30°) and the direction of the paleocurrent 
was NW (294°). On the west bank at the mouth of the river Asgardsa clay is exposed at 
the level of the river surface. On the east bank of the river there is a terrace that is much 
lower than the delta plane (altitude 660 m a.s.l.), this is most likely an old riverplane of 
the river Asgardsa. 

Figure 5.5. Section 3: Delta at the river Asgardsa. 

5.2.4 The area between the airfield and the Jokulkvisl bridge. 

Figure 5.6. The western part of the valley. For legend see figure 5.1. The numbers show the position of 

sections and other sites mentioned in the text. 
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West of the airfield the deltaplane is deeply cut by gullies (figure 5.6). Here laminated 
clay and silt was found everywhere when the sand that cover the slopes of the gullies was 
dug away. Right over the clay and silt comes a black sandlayer, up to 50 cm thick, with 
foreset bedding. Measurements were made at one locality (dip 20° towards w-NW, 289°). 
In the gully of the brook that runs into the river Jokulkvisl just upstream of the bridge 
(sites 4 & 5, figure 5.6), sand with conspicuous sedimentary structures was found 
(figure 5.7). On top of trough cross-bedded sand came a sand-wave and on top of that 
more trough cross-bedded sand. This unit graded into ripple cross-bedded sand which 
was overlain by sand which was more or less massive. The direction of ripples was to the 
west (284 °). A couple of meters downstream in the gully two structures resembling sand 
volcanoes were found (figure 5.8). 

Figure 5 7. Section 4: Sand-wave and rippled sand. Figure 5.8. Section 5: Sand volcanoes in massive 

White areas where the section is covered by fallen to trough cross-bedded sand. 

down material. 

5.2.5 The area west of the Jokulkvisl bridge 
West of the bridge (figure 5.6), south of the river JOkulkvisl, the landscape is more 
undulating and not as flat as around the airfield. Here the river flows in an about 20 m 
deep canyon, which is cut into basalt. At the bridge the river tumbles down into the 
canyon in a small waterfall. Right by the bridge some soil has survived the wind erosion 
and the area is vegetated with grass and small bushes. The first brook west of the bridge 
has cut several winding gullies into laminated clay (site 7, figure 5.6). In the second 
gully, which joins the river close to the first one, clay is found in a steep wall in the lower 
parts of the gully. The upper parts are gravelly and dry. Also the next gully visited was 
completely dry in the upper parts (site 8, figure 5.6). Here the material is coarse: gravel, 
pebbles and stones. Clean sections are few but some measurements of foreset layers were 
possible (measurements: 24° towards N 341°; 23° towards NE 62°; 22° towards N 11° and 
deeper down in the gully: 30° towards W 275°). Deeper down in the gully some water 
enters the main gully. The brook flows on a tillite4• No fine-grained sediments are found 
here. 

4Tillite refers to a consolidated deposit of glacial till. In Iceland where the bedrock is rich in volcanic glass 
tills very quickly get cemented. Thus the use of the word tillite should not make the reader inclined to 
consider this a very old deposit. In fact most tills from the last glaciation in Iceland are consolidated. 
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5.2.6 The north bank of the river Jokulkvisl 
Between the bridge and the terraces opposite the airfield (figure 5.6) the northern bank is 
vegetated. The vegetation is the common for the highlands, shrub heath with some 
grasses and herbs. No clay could be observed in the riverbank here. The south bank 
could be inspected and a bedrock outcrop was seen in the delta sediments where the 
airfield is. Some cliffs were also seen at the mouth of the river Asgardsa. 

On the north bank clay deposits are less common and of lesser thickness than on the 
south bank. The first clay was found in a brook that flows into the river right were the 
floodplain opens up towards the east (site 9, figure 5.2). Here the clay is approximately 1 
m thick. In the next gully, directly opposite from where the maximum thickness of clay 
was observed on the south bank, only 3-4 cm of clay was found, the rest of the terrace is 
built up of laminated silt (approximately 1.5 m). Further to the east (section 10) very thin 
clay layers were found. 

Section 10: 

No. Thickness 
(cm) 

6 150 
5 1 
4 18 
3 1,5 
2 15 
1 

Description 

silt 
yellow clay with load structures 
silt 
yellow clay 
black sand 
in the bottom of the section there is sand, gravel and pebbles, partly 
consolidated 

The north bank is much higher than the south bank and the river runs close to it for long 
stretches. Thus observations were made difficult. Opposite the mouth of the river 
Kerlingarspnena (site 11, figure 5.2) stratified cross-bedded sediments were found 
(figure 5.9). They dip 25° towards the east (111°) (28°:119° and 30°:82°). The sediment is 
well consolidated and poorly sorted. The clasts are more angular than in the delta by the 
river Asgardsa. This points more to a flow till than to a true meltwater sediment. The age 
of the sediment cannot be estimated, but as it is not covered with till it is most likely that it 
formed during the last deglaciation. A rock with glacial striae was found in connection 
with this dubious sediment. The direction of striae is south-east (114°). 

Figure 5.9. Section 11. Flow till on the north bank of the river. 
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In a small gully close to where the river Blagnipukvfsl joins the main river laminated fine 
grained sediments were found again. It is a ea 50 cm thick laminated clay underlying 
rhythmically varved silt. The thickness of the silt could not be estimated because it was 
covered with slumped down sand but the height of the terrace is approximately 2 m here. 

The area between the hills north of the river JOkulkvfsl was also surveyed (figure 5.1 ). It 
consists of a dry and unvegetated area around the lake and a swamp with some open 
water surfaces around the bend of the brook. No clay was found, but the swamp must 
have developed on an impermeable surface that could be either clay or a clayey till. On the 
low height north of the lake a sandy sediment was found. The thickness of the deposit is 
about 1 m and it is rippled with direction towards the north (338° and 308°). 
Unfortunately no ripple index was measured but it might be a wind sediment. The 
sediment is found at about 680 m a.s.L and lies north of a 680 m threshold which 
separates it from the JOkulkvfsl valley. As will be seen in the discussion later, this 
sediment could not have formed in the same water body as the sediments in the JOkulkvfsl 
valley. If it is a water-lain sediment (e.g. a beach sand) it was deposited in a minor water
body dammed by stagnant ice in the area where the brook now leaves the depression 
between the hills. On cliffs east of the swamp glacial striae were found (132° and 135°). 
Two brooks that join the river Blagnfpukvfsl were inspected but no clay was found (site 
12, figure 5.10). One of the brooks had cut into a grey diamictite which was interpreted 
to be a tillite. The river Blagnfpukvfsl could not be waded and thus the north-east part of 
the valley could not be surveyed. 

The Blagnfpa moraines that are mentioned by Kaldal and Vfkingsson (1991) were not 
seen in this area. They lie west of the mountain Blagnf pa and north of the investigated 
area. 

5.2. 7 The Smyrilshamar area 
Smyrilshamar is a bedrock outcrop east of the river Kerlingarspr::ena (figure 5.10) and to 
the north-east of the rocky hill several little brooks have eroded gullies in clayey 
sediments. One section was cleaned and studied. The layering is strangely distorted and 
silt lenses occurs in the clay (section 13). On top of the clay there is a layer of black sand 
or volcanic ash and in the sand overlying it there is foreset bedding with layers dipping 
18° towards north-west (312°), and 20° to the north (338°). 
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Section 13: 
No. Thickness Description 

(cm) 
10 
9 
8 
7 
6 
5 
4 

3 
2 
1 

30 
16 
6 
6 
5 
25 

25 
45 
25 

fine sand with foreset bedding 
black sand with no visible characteristics, volcanic ash? 
yellow silt interlingered with black sand 
brown and yellow laminated clay 
reddish brown clay that gradually changes colour to yellow 
reddish brown silt gradational contact to the following layer 
clay and silt in lenses, coarser grains occur in the silt lenses (coarse 
sand and gravel) 
laminated clay, curved parallel bedding 
laminated clay with silt lenses, wavy nonparallel bedding 
the lowest part of the section consists of laminated clay, greyish 
green with recurrent yellow lamina every 2 cm, wavy parallel 
bed dins 

The height of the riverbanks decreases towards the east and clay thickness decreases as 
well. At the mouth of the bigger brook no clay was found. In the riverbank west of the 
brook there is sand and silt, but east of the brook the bank consists of a consolidated 
diamicton, which could be either a tillite or a volcanic breccia (palagonite tuff). Further to 
the east the river JOkulkvisl flows in a 2-3 m deep canyon that is cut into this diamicton. 
The next brook that joins the river has cut into a lava flow. The lava is grey with large 
vesicles. Some cliffs east of this brook were inspected in search for glacial striae. Some 
indistinct striae were found with direction 103° and 108°. Apart from the striae two 
parallel grooves were found. The grooves are ea lrn long, 15-20 cm wide and the 
directions are 116° and 124° respectively. 

Figure 5 10. The eastern part of the valley. For legend see figure 5.1. The numbers mark sites or sections 

mentioned in the text. 
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5.2.8 Other areas 
Right at the skiing lodge, Skidaskalinn, the river Asgardsa has cut into a delta sediment 
where bottomset, foreset and topset are nicely displayed (the Asgardur delta). The dip and 
direction of the foresets were measured: 26° towards north (5°). Here the river flows in a 
valley cut into gravelly sediments. The north side of the valley is covered with scree 
material but a few exposures, mostly north of the road show that it consist~ mostly of 
fairly well sorted fluvial sediments. Some well consolidated, unsorted material was also 
found. They are most likely till. The ridge where the road is built (though it resembles an 
esker) is most likely a part of the Asgardur delta that was left standing when the river 
Asgardsa cut it's way through the sediments. Further upstream the river Asgardsa flows 
in a ea 60 m deep canyon with almost vertical walls. 

The top of the hill where the Asgardur delta is was climbed and even at 780 m river 
sediments were found. The sediments were mostly sand and gravel but also silt. Sand 
and silt were ripple cross-bedded and foreset bedding was also found in coarse sand and 
gravel. Paleocurrent direction was measured at a few spots and the overall direction was 
to the north (this is not included on the map in figure 6.1). The plateau AsgardsOldur 
looks fairly flat, but is cut by a number of deep canyons or valleys. 

5.3 A closer look at the laminated sediment 
In the area between the river Asgardsa and the bridge a section (site 6, figure 5.6) was 
cleared and the laminae studied. Measurements and short comments about the laminae are 
given in appendix 1. The section studied was 2 m thick and was taken in the middle of an 
about 6 m high terrace. Both below and above the studied section the terrace consists of 
fine grained sediments 'and the small thickness of them that was studied is due to lack of 
time for clearing and studying the section. The top of the terraces is covered with sand 
and this sand also covers the slopes. 
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6 Discussion 

6.1 The extent of the glacial lake 
Within the JOkulkvfsl valley no fine grained sediments were found above the 67 5 m level 
(figure 5.1). East of Smyrilshamar a rather thick deposit (1,5 m) of clay was found. The 
clay is laminated and some sets has sand or silt lenses. Signs of erosion of clay layers 
with subsequent draped lamination in the overlying layers indicates a variable 
environment perhaps close to the glacier margin. The thickness of the deposit decreases 
towards the east and silt and sand becomes dominant. The height of the river bank_s 
decreases also, until they are replaced by an open area (figure 5.10). North of this area, 
on the opposite side of the river, lies the Blagnfpuspordur wetland, most of which lies 
below 670 m a.s.l. (this is known since there is a 670 m contour line drawn on the map 
in this area, though the general contour interval is 20 m). It seems unlikely that the river 
has eroded the Blagnfpuspordur area and it can then be assumed to lie outside the glacial 
lake (although the area was not visited). Further east along the river JOkulkvfsl no 
sediments were found except an unsorted elastic rock which is either tillite or a 
palagonite. No ice marginal features were found. 

The elevation of the terraces north of Asgardur and around the mouth of the river 
Asgardsa is 670 - 675 m a.s.l. If a map is constructed where the lake is allowed to fill the 
valley to the 680 m level (the contour interval of the map is 20 m) there are three areas 
where water can drain from the valley. They are: A) the JOkulkvfsl canyon, B) the pass 
between the hills south of the mountain Hnappalda and C) the area around the river 
Blagnfpukvfsl north of the Blagnfpuspordur wetlands (figure 6.1). Some change in the 
elevation of these pass-points from the present values can be assumed to have existed 
during the glaciation due to glacial isostasy. As mentioned earlier the crust below Iceland 
responds readily to changes in overburden pressure and with the ice-divide in the south
eastern highlands (figure 3.2) the bulk of the ice mass would be centered there and this 
should cause a depression of the crust in that area. Areas north-west of the ice-divide 
would then be inclined towards the south-east. How large this effect could have over the 
short distance that is the width of the JOkulkvfsl valley will not be discussed here. The 
available elevation data for the pass-points are very inaccurate and then it does not make 
any difference for the discussion if they lay a couple of decimeters or centimeters higher 
during the deglaciation of Central Iceland. 

Here it will be assumed that the lake was somehow confined within the JOkulkvfsl valley, 
since no topographical dams could be identified outside the valley. With the ice sheet 
positioned in the south and east, the glacial meltwater would have drained north over the 
KjOlur water divide (630 m a.s.l.) and the lake would not have formed if it had not been 
confined within the valley. 

The most westerly point where fine grained sediments were found lies about 500 m 
downstream of the JOkulkvfsl bridge on the south bank (site 7, figure 5.6). In the large 
gully l km downstream of the bridge (site 8, figure 5.6) no clay was found. Here all 
sections showed coarse sediments (stones and gravel). Below the gravel a tillite was 
found. The absence of fine grained sediments does not prove that this was the position of 
the damming ice. The coarse grained sediments were deposited at an inlet to the lake 
where no fine grained sediments could accumulate. It seems probable, however, that the 
ice dam stood close by. This is the most westerly point that was visited. The north bank 
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of the river was not surveyed west of the bridge. No ice-marginal features were found in 
the western part of the valley. 

Figure 6. 1. An ice-lake model 680 m a.s.l. with measured paleocurrent directions. 

The area south of the mountain Hnappalda was unfortunately overseen and not closely 
studied in the field. In the aerial photographs a narrow shelf can be seen in the western 
side of the mountain. It resembles a shoreline, but might be a marginal channel formed 
between the glacier and tl1e mountain side by an outlet from the lake. The feature is, 
however, not as apparent in the field as in the aerial photographs. 

North of the Blagnipuspordur wetland a ridge reaching higher than 680 m a.s.L borders 
the JOkulkvisl valley. The ridge is cut through in two places, in one of them by the river 
Blagnipukvisl (site 12, figure 5.10). The other break in the ridge is not as deep, with a 
threshold level of around 670-675 m a.s.l as can be deducted from the Kerlingarfjoll map 
(this refers to the earlier mentioned extra contour line at 670 m which only is drawn in 
this area). The deeper break could very well have been made by the river in postglacial 
times. The west bank of the river was examined as far as to the brook that joins it just 
north of the rocky ridge. No fine grained sediments were found here and at the ridge the 
west bank of the river consists of tillite. The east bank seemed to consist of sedimentary 
rock, but it could not be reached over the river and it might just as well be a volcanic 
breccia. The ridge itself is covered with soil except for the highest parts were bedrock is 
exposed. The rock is brightly coloured and resembles the rock that build up the hills on 
the west side of the river. That rock was an unsorted elastic rock (probably a palagonite). 
The bright colour of this rock is in clear contrast with the dark, almost black palagonite 
rock of the mountain Blagnf pa. The colour difference could be due to either a difference 
in composition of erupted material or simply that the brighter variety is older and 
chemically weathered. The southern side of the ridge slopes gently down towards the 
Blagnfpuspordur wetlands but the northern side is steeper. The ridge might very well be a 
terminal moraine which is indicated by its general shape and the tillite found on the east 
bank of the river. However, this assumption cannot be proved since the ridge itself was 
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not studied. The age of the tillite that was found is not known. It might have formed 
during an earlier glaciation. 

The glacial lake sediments are mentioned by Kaldal and Vikingsson (1991) and they 
conclude that the lake was dammed between the two ice lobes that moved to the north
west separated by the Kerlingarfjoll mountains. Glacial striae that they found north-west 
of the Kerlingarfjoll mountains show that the eastern part of the western ice lobe moved 
NNE (figure 3.6). 

In this study laminated clay was found east of the Smyrilshamar hills (site 13, figure 
5.10). This is the area where the eastern ice lobe must have entered the Jokulkvisl valley. 
The above discussion about the ridge north of Blagnipuspordur show that no damming 
ice was needed in the east part of the valley, at least not for the lower levels of the lake, 
for instance the terraces around the mouth of the river Kerlingarspnena that lie at 670 m 
a.s.l. It seems, however, probable that the glacier filled most of the area between 
Smyrilshamar and Blagnipa and that the clay east of Smyrilshamar was deposited during 
a later stage of the lake when the ice front had retreated somewhat (figure 6.2 b). 

The western ice lobe is needed to cut off drainage in the western part of the valley. There 
are no topographical hinders there that could have been cut down by the river in 
postglacial times. The bedrock outcrop seen buried in the delta sediments at the airfield 
could not have acted as a dam since the rocks are lower than the delta plane and fine 
grained sediments were also found west of this position. However, with the east edge of 
the western ice lobe lying across the valley and against the side of the mountain 
Hnappalda a sufficient dam for the lake is formed (figure 6.2 a & b). 
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Figure 6 2 a The suggested position of the western ice lobe at the mountain Hnappalda and the position 

of the eastern ice lobe in the Blagnfpuspordur area in an earlier phase. 
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Figure 6.2 b. The suggested position of the western ice lobe at the mountain Hnappalda and the position 

of the eastern ice lobe in the Blagnfpuspordur area in a later phase. During the later phase the sediments 

east of Smyrilshamar were deposited. 

An indication that the glacial lake stage was preceded by (or contemporaneous with) 
stagnant ice melting comes from the curious sediment found on the north bank of the river 
JOkulkvisl (site 11, figure 5.2). The retreat from the Blagnipa moraines might have been 
fast and stagnant ice could then have been left in front of the active glacier. If stagnant ice 
was left in the hills north of the river, flow till could form on the slopes to the JOkulkvisl 
valley.The small lake in the area north of the river might either have formed after melting 
of a half-buried ice-berg, or it might be the remnant of a lake dammed by stagnant ice. 
North-east of the lake there is a small sandy deposit which might be a beach deposit 
formed in such a lake. It cannot, however, be excluded that the deposit was formed by 
wind action and that the ripple direction (NNW: 340°) shows the direction of the strong 
cathabatic winds from the ice sheet. 

In the area by the skiing lodge there is a puzzle that remains to be solved. The sediments 
of the Asgardur delta at the skiing lodge must have been deposited by running water. The 
question is whether it was synchronous with the lake, an earlier formation or perhaps was 
formed later than the glacial lake sediments in the valley. The top of the foresets of the 
Asgardur delta lies 695 m a.s.l. and the ridge north of the skiing lodge is as high as 
715 m a.s.L The easiest explanation for these sediments is that they were deposited in an 
ice marginal lake during the extrusion of the rhyolite domes in the Kerlingarfjoll 
mountains. This means that these sediments must be older than the sediments in the 
valley. If a narrow strip of water collected at the mountain side, sediments could 
accumulate there and build up the delta. The tillite found together with the glaciofluvial 
sediments could have its origin in embedded icebergs. 

6.2 Rhythmite index of the closely studied section 
Clay and silt thickness data from the closely studied clay section (site 6, figure 5.6) was 
used to calculate the rhythmite index according to Hart (1992). The method is described 
above, in section 4.3 (with formulas in appendix 2), and the data is given in appendix 3. 
It should be remembered that the conclusions that can be drawn from this only apply to 
this specific site and to the limited thickness of sediment that was studied. The results, 
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however, point to a turbidite since the calculated rhythmite index was greater than 1 (R = 
2.1). Some difference in the value was obtained when the section was divided in two and 
the values were recalculated. The section was divided in a lower part, with more regular 
layers and an upper part where layers were of more irregular thickness. The lower 25 
rhythmites got a slightly lower value (R = 1.5) than the whole section, while the value for 
the remaining 67 rhythmites was higher (R = 2.4). Since both these values are well above 
the limit it seems as if the whole of the section can be said to be a turbidite (by this 
method). 

6.3 A subglacial lake, an alternative interpretation of the data 
Laminated clayey sediments were sampled at two locations: section 6 in the airfield area 
(figure 5.6) and in a brook immediately east of section 1, north of Asgardur (figure 5.2). 
Smear slides were prepared and studied in the microscope. The aim of this was to 
determine the concentration of diatom shells in the sediment. Strangely enough no 
diatoms were found in the samples from section 6, while three single shells were found in 
the other samples. The significance of this finding is very low as contamination from the 
brook could have occurred. 

Diatoms spread by wind and very quickly colonise new water bodies (Reed Sherer, 
personal communication). The possible explanations for the absence of diatoms are: 
dissolution of shells, mechanical destruction of shells, high sediment yield or that the lake 
was covered by ice and no diatoms could colonise the water. Diatom shells can dissolve 
in calcareous sediments but here the bulk of the sediment is rhyolite ash, which is rich in 
silica and should preserve the shells well. As for mechanical destruction, some pieces of 
shells would have been expected in the sediment, had this been the explanation. The 
remaining explanations are high sediment yield or an ice cover all year around on the lake. 
High sediment yield might be expected if the lake was in contact with a rapidly melting ice 
sheet, perhaps in combination with a subglacial eruption somewhere in the glaciated 
catchment of the lake. As for a perennial ice cover, there are such lakes in Antarctica, but 
the conditions in the dry valleys of Antarctica with little precipitation and annual mean 
temperatures around -20°C must be harsher than in Iceland during the deglaciation when 
at least summer temperatures must have been above the freezing point. Therefore it seems 
improbable that a lake could have a perennial ice cover in Iceland during the deglaciation. 

From a perennial ice cover there is a small step to a subglacial lake, especially in Iceland. 
In this area we have not only a geothermal area, Hveradalir (figure 2.1), but also two 
volcanic eruptions that are known to have taken place during the Weichselian. According 
to Preusser (1976) the mountain Blagnipa is covered by unstriated lava and it is also 
thought that the rhyolite domes in the Kerlingarfjoll mountains extruded during the late 
Weichselian (Kjartansson, 1964). 

The eruption that created the mountain Blagnipa must have been spectacular with 
explosions spreading material over the glacier surface. The mountain was formed in a 
cupola of meltwater that was held in place by the surrounding ice (figure 2.2 and figure 
4.1). Drainage from the eruptive site probably followed the areas where ice overburden 
pressure was low and probably drained. both to the south and north over the present water 
divide. There is little probability that the meltwater could accumulate in another subglacial 
lake close by where no topographical hinders existed. 
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The peaks of the Kerlingarfjoll mountains are rhyolite domes formed during the last 
glacial. Although the peaks are thought to have reached out of the ice sheet the eruption 
that created them began subglacially. The massive amounts of meltwater formed by a 
subglacial eruption in the Kerlingarfjoll mountains could maybe have collected at the 
mountain roots dammed by the surrounding ice. 

What is known about subglacial lakes somewhat contradicts the hypothesis of a 
subglacial lake in the JOkulk:vfsl valley. There is no reason why a subsidence bowl should 
have formed in the ice surface since no subglacial melting of ice could have taken place in 
the area where the sediments where found. No indications of a fossil geothermal area 
were found. Such indications would be thick deposits of massive clay formed by 
hydrothermal alteration of the bedrock, if the area was well drained and water did not 
accumulate over it (see section 2.2 Geology). If meltwater accumulated over a sub glacial 
geothermal area in the JOkulkvfsl valley we come back to the problem of deposition in 
subglacial lakes mentioned in section 4.4 (Subglacial lakes). It is here assumed that 
geothermal activity would cause convection currents through the sediments why no 
regular laminae should be able to form right above the geothermal area. Since no thick 
deposits of massive clay were found in the Jokulk:vfsl valley a fossil geothermal area can 
be ruled out as a cause for formation of a sub glacial lake. 

Glacial meltwater from an eruption or just geothermal activity in the Kerlingarfjoll 
mountains might very well have drained into the JOkulk:vfsl valley but there is no reason 
why it should not leave the valley in subglacial waterways at the same rate as it entered it. 
There are no topographical hinders in the western part of the valley and unless the melting 
of glacier ice in the mountains was intensive enough to create an open lake between the 
mountain roots and the surrounding ice no water could have collected there. But with 
such intensive melting the lake would have been open to the atmosphere and diatoms 
would have colonised it. 

The conclusion must be that the absence of diatoms is a result of a high sediment yield or 
dissolution of shells. The high sediment yield might be somewhat supported by 
sedimentary structures found. The sand volcanoes at site 5 (figure 5.6) indicate rapid 
deposition where water sometimes cannot escape from the sediment. At a slight 
disturbance the water that was trapped in deeper layers pushes up through the overying 
sediments and sand volcanoes are formed. Faults and convolution of layers can also be 
due to rapid sedimentation. The delta sediments at the Asgardsa ford (site 3, figure 5.2) 
were faulted and convoluted, but the explanation for this might also be melting of a buried 
ice berg. The conclusion that the fine grained sediments in section 6 are a turbidite can 
also support the theory of a high sediment input. 

6.4 Inlets to the lake 
Inlets to the lake can be found by the study of the dip of delta foresets. The largest inlet 
seems to have been at the mouth of the present Asgardsa river (site 3, figure 5.6). Here 
the delta contained cobbles and stones, while most other delta sediments were dominated 
by sand and gravel. The source of the water must have been the mountain glaciers in the 
Kerlingarfjoll mountains (figure 6.1 ). 

It is possible that the lower mountains in the Kerlingarfjoll mountain group were covered 
with an ice cap and that this ice cap reached out to the Asgardur area. Thus meltwater 
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could enter the lake from the south-east in the area north of Asgardur and from the east at 
the mouth of the river Asgardsa (figure 6.1). When the ice front retreated a sandur plain 
was formed on the fairly flat highland between Hveradalahnukur and Asgardur (figure 
1.1). This could explain the ripple cross-bedded sand found at about 780 m a.s.l. on top 
of the Asgardur delta north of the skiing lodge. The eroding of the Asgardsa canyon must 
have taken place after the deposition of the sandur sediments, perhaps in connection with 
the deglaciation. A volcanic eruption or only increased geothermal activity would cause 
excessive melting of mountain glacier ice and the meltwater carved out the deep canyon. 

Another large inlet lay close to the deep gully in the western part of the valley (site 8, 
figure 5.6). Here the sediments are dominated by cobbles and gravel. Paleocurrent 
direction was measured at different levels in the gully. The measurements point to an inlet 
in the south or south-west. In one of the gullies near the bridge delta crossbedded sand is 
found lying on top of clay and silt. The direction of the paleocurrent is to the east and it 
might have connection with the westerly inlet. This westerly inlet must have had its origin 
in the western ice lobe. In the brook that joins the river Jokulkvfsl at the bridge ripple 
cross-bedding in sand and a sandwave are exposed. The paleocurrent direction is to the 
west showing influence from the Asgardsa inlet (figure 6.1). 

Sand and gravel dominates around the mouth of the river Kerlingarspnena. Several 
different paleocurrent directions were measured. The overall direction is, however, from 
the south-east. The source of this water could be both the Kerlingarfjoll mountains and 
the eastern ice lobe. 

In the Smyrilshamar area (site 13, figure 5.10) paleocurrent came from the south-east, 
from the eastern ice-lobe. West of Smyrilshamar paleocurrent direction was to the south
west. These formations must have formed in a.i1 early phase when the eastern ice lobe 
reached to the ridge north of Blagnfpuspordur. 

6.5 Timing of the glacial lake 
With reference to the chronology of the deglaciation of Central Iceland proposed by 
Kaldal and Vfkingsson (1991) the following timing of the ice dammed lake in 
Kerlingarfjoll is proposed. 

After the withdrawal of the eastern ice lobe from the Blagni'pa moraines the western ice 
lobe, which was much larger, still stood close by Lake Hvi'tarvatn. In fact the 
Kerlingarfjoll ice lake might have been synchronous with the Hvftarvatn ice dammed 
lake. The drainage of the Kerlingarfjoll ice lake took place over the bedrock ridge north of 
Blagnfpuspordur and along the ice barrier at the mountain Hnappalda. It seems probable 
that the water followed the ice margin and emptied into the Hvftarvatn ice lake. No dates 
are available from the Hvftarvatn ice lake but it existed sometime between 9.600 BP and 
8.000 BP which are the date-limits for the deglaciation of central Iceland. 
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7 Conclusions 

The laminated sediments on the banks of the river Jokulkvisl north of the Kerlingarfjoll 
mountains were deposited in an ice dammed lake during the deglaciation of the central 
highlands of Iceland. In the eastern part of the valley the lake was at first dammed by an 
ice lobe from the south-east and when this retreated the lake was dammed by topography. 
In the western part of the valley the lake was dammed by an ice lobe from the south-west. 
When this retreated the lake drained. Tributaries to the lake originated in the damming ice 
lobes and in mountain glaciers in the Kerlingarfjoll mountains. There were two main 
outlets from the lake: one over bedrock in the eastern part of the area, this was probably 
dominant in an intermediate period after the withdrawal of the eastern ice lobe. The other 
outlet was a marginal channel along the glacier margin in the western part of the valley. 
This was the outlet before the withdrawal of the eastern ice lobe. In the latest stage, 
previous to the complete draining of the lake this outlet probably became dominant again. 

The flat terraces in the Jokulkvfsl valley indicate that the lake was almost filled with 
sediments before it drained. The present JOkulkvfsl river has removed large quantities of 
sediment and a large area is a braided riverplain. 

At the section where the sediments were studied more closely, the rhythmic layering is 
due to turbidity currents and no annual varves have formed. There is always a possibility 
that annual varves could have formed in other parts of the lake but no other sections were 
closely studied in this investigation. 
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Varve 
Nr. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Appendix 1 

Measured thickness values in section 6 with remarks and sample levels. 

The term varve was used for convenience in the field and is kept here. The term summer 
layer describes a silt horizon. Where coarser grainsize occurs, that is mentioned in the 
remarks. Winter layers consist of clay, sometimes with thin silt horizons, which were not 
measured but which were counted. The dominating color is gray, but where other colors 
occur that is mentioned. Sometimes color changes within a layer without any texture 
change. This is also mentioned in the remarks. 

Varve Summer Silt layers Remarks Sample 
thickness layer in winter number 

thickness layer 
20 3 2 
30 6 4 sample taken from the lowest 1 cm 3 
43 8 4 
17 6 0 
12 1 2 
7 2 0 

26 3 4 
26 10 2 
65 5 7 
16 4 1 
62 8 6 
53 5 4 winter layer is yellow 4 

55.12 21.2 3 
16.86 5.24 0 
17.98 2.25 8 
9.35 2.88 0 

11.51 3.6 0 
17.26 0.72 1 

19 7.5 0 summer layer is brown and of coarser sand 5 
16 8 0 S.L. coarse and brown, at 26mm colour changes fr. yellow-brown to green 

17.5 1 0 colour of the layer changes from green to blue to black to green 6 
39.5 0.5 2 colour changes in the layer 
22.8 2.63 0 summer layer of coarse material 
7.45 1.32 0 

13.15 3.95 2 
30.69 0.88 9 

35 0 12 12 thin v arves 
30 0 3 3 varves of similar thickness 7 
30 0 5 5 varves of similar thickness 
10 6 0 
10 4 0 
20 5 6 

33.75 3.07 5 
22.8 3.51 4 

37.56 5.54 5 
52.33 23.4 2 

8 4.5 2 
22.5 5 4 
18.5 3 5 

20 121 2 
39 5.5 6 

51.93 9.01 12 Sample 8, all the layer 8 
47 0 10 10 thin layers 
13 5 0 
28 1 5 6 layers of variable thicknesses 
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46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

Sum: 

Appendix 1: Measured thickness values in section 6 with remarks and 
sample levels (continued). 

29 4 4 
80 27 0 the topmost 1 cm is yellow clay, lower contact erosive 
3 1 0 mostly brown silt 
3 1 0 mostly brown silt 
8 6 0 mostly brown silt 
2 1 0 mostly brown silt 
6 1 0 mostly brown silt 
4 2 0 mostly brown silt 
8 2 1 mostly brown silt, 2 mm of yellow clay at top 

12 6 0 yellowish brown clay and silt 
6 1 0 yellowish brown clay and silt 

22.48 0.75 6 yellowish brown clay and silt; lowest layer: very coarse sand 
2.46 0.62 0 gray clay 

27.09 4.93 3 gray clay 
14.98 0.75 7 gray clay 
22.1 1.5 9 gray clay 
8.77 1.75 0 gray clay 
9.21 1.32 0 gray clay 

12.71 4.38 0 gray clay 
5.26 2.63 0 gray clay 
5.7 3.07 0 gray clay 

12.27 3.07 0 gray clay 
9.21 3.51 0 gray clay 

10 2 2 gray clay 
11.5 3 2 gray clay 
6.5 2.5 1 gray clay 

8 2 2 gray clay 
6.5 2.5 1 gray clay 

6 1.5 1 gray clay 
9 2 1 gray clay 
6 1.5 1 gray clay 
7 3 0 gray clay 

20.46 3.01 3 gray clay 
6.02 1.81 0 

12.64 4.81 0 
18.05 1.2 10 

50 3 6 
20 3 3 
18 2 3 
11 2 1 
38 8 2 3 varves of equal thickness, mostly grayish brown silt 
50 2 11 11 thin v arves 
22 3 4 lowermost siltlayer is brown 
65 15 7 clay is hard and has a bluish green colour 

103.63 19.07 5 the silt layer is brown, the clay is bluish green and contains coarser lamina 
17.37 0 13 13 thin varves 
17.37 0 1 mostly clay 

2053.8 386.4 

39 

9 
9 
9 
9 
9 
9 
9 

10 
10 

11 

12 

13, 14 



Appendix 2 

Calculation of rhythmite index according to Hart (1992): 

For each site studied the average clay-layer thickness is calculated. The value is 
normalized (by division with the highest value). Then the sum of the variation from this 
average is calculated: 

* 100 
n 

where iN = normalized values of clay thickness 
xN = normalized average value of clay thickness 
n =number of samples 

Then the average clay/silt thickness ratio is calclulated and normalized and the sum of the 
variation from the average is calclulated: 

where jN = normalized values of clay/silt thickness ratio 
yN = normalized average value of clay/silt thickness ratio 
n = number of samples 

When this is done the rhythmite index is calculated: 

Interpretation: 

R < 1 -> varved deposit 
R > 1 -> turbidite 
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Varve Varve Thickness of Nr. of silt Clay thickness Normalized Clay Clay/silt Normalized clay/silt 

Nr. thickness summer layer horizons in clay thickness Variation from thickness ratio clay/silt Variation from 
winter layer average thickness ratio average 

1 20 3 2 17 0.201 0.013 5.667 0.073 0.008 
2 30 6 4 24 0.284 0.069 4.000 0.051 0.029 
3 43 8 4 35 0.414 0.200 4.375 0.056 0.024 

~ > ft) 
"'C ~ 

fll "'C i::: .... (Cl 
ft) 

= r::i.. 
4 17 6 0 11 0.130 0.084 1.833 0.024 0.057 
5 12 1 2 11 0.130 0.084 11.000 0.141 0.061 

..... Q.; 
::::"' ~· ... ~ ~ 

6 7 2 0 5 0.059 0.155 2.500 0.032 0.048 
7 26 3 4 23 0.272 0.058 7.667 0.098 0.018 

~ 
:::I w ft) 
fll 
fll 

8 26 10 2 16 0.189 0.025 1.600 0.021 0.060 <i 
9 65 5 7 60 0.710 0.495 12.000 0.154 0.074 a:. 

10 16 4 1 12 0.142 0.072 3.000 0.038 0.042 i::: 
ft) 

11 62 8 6 54 0.639 0.424 6.750 0.087 0.006 
fll 

..... 
12 53 5 4 48 0.568 0.353 9.600 0.123 0.043 :::I 

13 55.12 21.2 3 33.92 0.401 0.187 1.600 0.021 0.060 
fll 
ft) 

14 16.86 5.24 0 11.62 0.137 0.077 2.218 0.028 0.052 
~ ..... ..... 

15 17.98 2.25 8 15.73 0.186 0.028 6.991 0.090 0.009 0 
:::I 

16 9.35 2.88 0 6.47 0.077 0.138 2.247 0.029 0.052 Q\ 
..j:::.. - 17 11.51 3.6 0 7.91 0.094 0.121 2.197 0.028 0.052 ~ 

18 17.26 0.72 1 16.54 0.196 0.019 22.972 0.295 0.214 :::I 
r::i.. 

19 19 7.5 0 11.5 0.136 0.078 1.533 0.020 0.061 ~ 

20 16 8 0 8 0.095 0.120 1.000 0.013 0.068 
~ -~ 

21 17.5 1 0 16.5 0.195 0.019 16.500 0.212 0.131 i::: -
22 39.5 0.5 2 39 0.461 0.247 78.000 1.000 0.920 

~ ..... ... 
23 22.8 2.63 0 20.17 0.239 0.024 7.669 0.098 0.018 0 

:::I 
24 7.45 1.32 0 6.13 0.072 0.142 4.644 0.060 0.021 0 

25 13.15 3.95 2 9.2 0.109 0.106 2.329 0.030 0.050 
P-1:1 

.... 
26 30.69 0.88 9 29.81 0.353 0.138 33.875 0.434 0.354 

27 35 0 12 35 0.414 0.200 1.000 0.013 0.068 

::::"' 
'-< ..... 

::::"' 
28 30 0 3 30 0.355 0.140 I.OOO 0.013 0.068 9 ..... 
29 30 0 5 30 0.355 0.140 1.000 0.013 0.068 ..... 

ft) 

..... 
:::I 
r::i.. 
ft) 
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Varve 

Nr. 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

Varve 

thickness 

10 
10 
20 

33.75 
22.8 

37.56 
52.33 

8 
22.5 
18.5 

20 
39 

51.93 
47 
13 
28 
29 
80 

3 
3 
8 
2 
6 
4 
8 

12 
6 

22.48 
2.46 

Thickness of Nr. of silt Clay thickness 

summer layer horizons in 

winter laver 
6 0 4 
4 0 6 
5 6 15 

3.07 5 30.68 
3.51 4 19.29 
5.54 5 32.02 
23.4 2 28.93 
4.5 2 3.5 

5 4 17.5 
3 5 15.5 

12 2 8 
5.5 6 33.5 

9.01 12 42.92 
0 10 47 
5 0 8 
1 5 27 
4 4 25 

27 0 53 
1 0 2 
1 0 2 
6 0 2 
1 0 1 
1 0 5 
2 0 2 
2 1 6 
6 0 6 
1 0 5 

0.75 6 21.73 
0.62 0 1.84 

Normalized Clay Clay/silt 

clay thickness Variation from thickness ratio 

average 
0.047 0.167 0.667 
0.071 0.143 1.500 
0.177 0.037 3.000 
0.363 0.148 9.993 
0.228 0.014 5.496 
0.379 0.164 5.780 
0.342 0.128 1.236 
0.041 0.173 0.778 
0.207 0.007 3.500 
0.183 0.031 5.167 
0.095 0.120 0.667 
0.396 0.182 6.091 
0.508 0.293 4.764 
0.556 0.341 I.OOO 
0.095 0.120 1.600 
0.319 0.105 27.000 
0.296 0.081 6.250 
0.627 0.412 1.963 
0.024 0.191 2.000 
0.024 0.191 2.000 
0.024 0.191 0.333 
0.012 0.203 1.000 
0.059 0.155 5.000 
0.024 0.191 1.000 
0.071 0.143 3.000 
0.071 0.143 1.000 
0.059 0.155 5.000 
0.257 0.043 28.973 
0.022 0.193 2.968 

Normalized clay/silt 

clay/silt Variation from 

thickness ratio average 
0.009 0.072 
0.019 0.061 
0.038 0.042 
0.128 0.048 
0.070 0.010 
0.074 0.006 
0.016 0.064 
0.010 0.070 
0.045 0.035 
0.066 0.014 
0.009 0.072 
0.078 0.002 
0.061 0.019 
0.013 0.068 
0.021 0.060 
0.346 0.266 
0.080 0.000 
0.025 0.055 
0.026 0.055 
0.026 0.055 
0.004 0.076 
0.013 0.068 
0.064 0.016 
0.013 0.068 
0.038 0.042 
0.013 0.068 
0.064 0.016 
0.371 0.291 
0.038 0.042 

.... > :::r "C 
~ "C 
.... ft) 

:::r = s c. ...... ~· 
;;- ~ 

..... w :::J •• 

~ ::: 
~ re 

~ 
,.-, Cl'l 

~ = 0 ~ 
:::i re 
::t. c. 
:::J ...... 
i= :::r 
('tJ ..... 
c.~ 
'-" :::i;"' . = re 

Cl'l 
Cl'l 

~ 

~ 
i:::: 
('tl 
Cl'l 

Cl'l 
('tJ 

~ ..... .... 
0 = 
Q\, 

~ 

= c. 
I") 
~ -~ 
i: -~ 
'""" ..... 
0 = 
0 ...., 



Varve Varve Thickness of Nr. of silt Clay thickness 

Nr. thickness summer layer horizons in 

winter layer 
59 27.09 4.93 3 22.16 
60 14.98 0.75 7 14.23 
61 22.1 1.5 9 20.6 
62 8.77 1.75 0 7.02 
63 9.21 1.32 0 7.89 
64 12.71 4.38 0 8.33 
65 5.26 2.63 0 2.63 
66 5.7 3.07 0 2.63 
67 12.27 3.07 0 9.2 
68 9.21 3.51 0 5.7 
69 10 2 2 8 
70 11.5 3 2 8.5 
71 6.5 2.5 1 4 
72 8 2 2 6 
73 6.5 2.5 1 4 

~ 
74 6 1.5 1 4.5 
75 9 2 1 7 
76 6 1.5 1 4.5 
77 7 3 0 4 
78 20.46 3.01 3 17.45 
79 6.02 1.81 0 4.21 
80 12.64 4.81 0 7.83 
81 18.05 1.2 10 16.85 
82 50 3 6 47 
83 20 3 3 17 
84 18 2 3 16 

Nonnalized Clay Clay/silt 

clay thickness Variation from thickness ratio 

avera~e 

0.262 0.048 4.495 
0.168 0.046 18.973 
0.244 0.029 13.733 
0.083 0.131 4.011 
0.093 0.121 5.977 
0.099 0.116 1.902 
0.031 0.183 1.000 
0.031 0.183 0.857 
0.109 0.106 2.997 
0.067 0.147 1.624 
0.095 0.120 4.000 
0.101 0.114 2.833 
0.047 0.167 1.600 
0.071 0.143 3.000 
0.047 0.167 1.600 
0.053 0.161 3.000 
0.083 0.132 3.500 
0.053 0.161 3.000 
0.047 0.167 1.333 
0.206 0.008 5.797 
0.050 0.165 2.326 
0.093 0.122 1.628 
0.199 0.015 14.042 
0.556 0.341 15.667 
0.201 0.013 5.667 
0.189 0.025 8.000 

Normalized clay/silt 

clay/silt Variation from 

thickness ratio avera2e 
0.058 0.023 
0.243 0.163 
0.176 0.096 
0.051 0.029 
0.077 0.004 
0.024 0.056 
0.013 0.068 
0.011 0.069 
0.038 0.042 
0.021 0.060 
0.051 0.029 
0.036 0.044 
0.021 0.060 
0.038 0.042 
0.021 0.060 
0.038 0.042 
0.045 0.035 
0.038 0.042 
0.017 0.063 
0.074 0.006 
0.030 0.051 
0.021 0.059 
0.180 0.100 
0.201 0.121 
0.073 0.008 
0.103 0.022 
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Varve Varve Thickness of Nr. of silt Clay thickness 

Nr. thickness summer layer horizons in 

winter laver 

85 11 2 1 9 

86 38 8 2 30 

87 50 2 11 48 

88 22 3 4 19 

89 65 15 7 50 

90 103.63 19.07 5 84.56 

91 17.37 0 13 17.37 

92 17.37 0 1 17.37 

Sum: 2053.82 386.38 Sum: 1667.44 

Average: 18.12 

t 

N ormallized Clay Clay/silt 

clay thickness Variation from thickness ratio 

average 

0.106 0.108 4.500 

0.355 0.140 3.750 

0.568 0.353 24.000 

0.225 0.010 6.333 

0.591 0.377 3.333 

1.000 0.786 4.434 

0.205 0.009 1.000 

0.205 0.009 1.000 

19.719 13.347 

0.214 0.145 

Cn= 14.51 

Calculated values for the lower (1-25} 

and the unner 1 26-92) nart of the section 

Varve no: 1-25 26-92 

Cn= 13.36 14.94 

(C/Z)n = 8.70 6.25 

R= 1.5 2.4 

Normalized clay/silt 
clay/silt Variation from 

thickness ratio average 

0.058 0.023 

0.048 0.032 

0.308 0.227 

0.081 0.001 

0.043 0.038 

0.057 0.023 

0.013 0.068 
0.013 0.068 
Sum: 6.363 

Average: 0.069 

(C/Z)n = 6.92 

R vthmite index, R: 2.1 
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