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Abstract 
The lithofacies and stratigraphy at Geldingá River in Melasveit, western Iceland, were 
studied to obtain information on the environmental history of the area during and after late 
Weichselian deglaciation. The sedimentology, lithofacies and stratigraphy were described 
in two sections and stratigraphic units correlated between them. The stratigraphy suggests 
an initial proglacial lacustrine environment where sediments were deposited at the mouth 
of a glacier fed river delta in a fairly calm environment. This was followed by a glacier 
advance and sea-level transgression and the deposition of glaciomarine sediments with 
marine fossils. Diamicts identified below and above of the glacio-marine sequence indicate 
glacial activity. The upper part of the sections consists of horizontally planar laminated 
sand and gravel implying a glaciofluvial outwash plain following sea-level regression.  The 
age of the strata is not known but previous studies in the area suggest that the Geldingaá 
strata may be of Bølling-Allerød age .  

Útdráttur 
Ásýndir og skipan jarðlaga við Geldingaá í Melasveit á Vesturlandi voru rannsökuð í þeim 
tilgangi að afla upplýsinga um sögu umhverfisbreytinga á svæðinu á síðjökultíma. 
Ásýndunum og jarðlögunum var lýst í tveimur sniðum og kannað hvernig þau tengdust 
innbyrðis. Í fyrstu hefur umhverfið verið í nánd við jökul, í flæðarmáli eða við jaðar 
óseyrar þar sem setið fellur úr árfarvegi í frekar rólegu umhverfi, a.m.k í vari fyrir ágangi 
sjávar. Breyting verður svo á, þar sem jökull er kominn nær umhverfinu en einnig hefur 
sjávarstaða hækkað og fellur því setið til neðansjávar, þar sem brotnar skeljar lindýra 
finnast á meðal. Nánd við jökul kemur þá helst fram þar sem tvistur kemur fyrir í 
jarðlögunum. Lárétt lagskiptur sandur og möl í efsta hluta sniðanna er síðan til merkis um 
setmyndun á þurrlendi og þ.a.l. lækkandi sjávarstöðu og jökulhörfun. Aldur jarðlaganna er 
ekki þekktur en fyrri rannsóknir á svæðinu benda til að setlögin við Geldingaá geti verið af 
Bølling-Allerød aldri.  
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1 Introduction 
 

During the past 2.5 million years, Earth’s climate has oscillated between warm and cold 
periods. The cold periods, known as glacials, are dominated by the growth of glaciers and 
ice sheets and low eustatic sea level and the interglacial stages being the reverse, a 
situation of warmer periods with retreating or disappearing of glaciers and ice sheets and 
higher eustatic sea level (Lowe & Walker, 2015). Such oscillations leave behind imprints 
that record environmental changes in time and space. The relationship between 
geomorphological evidence and lithological evidence used in conjunction can be used in 
the reconstruction of past environments (Lowe & Walker, 2015). Important data from 
Greenland, arrived from the Greenland Ice Sheet Project (GISP) and the Greenland Ice 
Core Project (GRIP) presented multiple 
abrupt and intense periods of warming and 
cooling trends throughout the last 15.000 
years at least and this data is a considerably 
precise climatic echo from the past (Figures 1 
and 2).   

The Last Glacial Maximum growth of ice 
sheets to their maximum positions occurred 
between 33 - 26.5 ka BP in response to 
climate forcing. The onset of Northern 
Hemisphere deglaciation occurred between 
19 – 20 ka BP and the onset of deglaciation 
of the West Antartic Ice Sheet occurred later, 
between 14-15 ka BP (Clark et al, 2009).  

The Icelandic ice sheet started to retreat 
between 18.6 and 15.0 cal. kyrs BP, relatively 
later than the ice sheets on the northern 
continents. Before that time, continental ice 
sheets had been retreating and delivering large 
amount of water to the oceans causing global 
sea level to rise. The marine-based parts of the 
Icelandic ice sheet collapsed in response to the 
change in sea level, through intensive calving 
(Norðdahl et al, 2008). The deglaciation was 
extremely rapid, and occurred between 15.0 
and 14.7 ka BP (Ingólfsson & Norðdahl, 2015). 
Radiocarbon ages of shells in sediment cores 
retrieved from the shelves around Iceland 
indicate that relatively warm Atlantic/Irminger 
seawater had reached the shelf areas off North 
Iceland, and the ice sheet itself started 

Figure 1 The oxygen isotope ratio (∆18O) proxies 
adopted from Greenlandic ice core data. From 
Easterbrook, 2013.  

Figure 2 Temperature proxy, derived from 
Greenlandic ice core data.  From Easterbrook, 
2013. 
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retreating from the shelf off West Iceland about 13.0 ka BP. (Syvitski et al., 1999; 
Eiríksson et al., 2000; Andrews et al., 2000). Coastal areas in West Iceland were ice-free at 
about 12.6 ka BP (Ingólfsson and Norðdahl, 2001).  

Evidently, Iceland has been overridden by extensive glaciers, leaving marks behind them 
in the form of table mountains, glacial striae and erratics on top of high mountains 
indicating that the thickness must have been at least 1000-1500 m over the central 
highlands and is based on geomorphological data like striae, extent of glacial deposits and 
glacially modified landscape in coastal areas (Ingólfsson, 1987).  It has been estimated to 
be about 2000 m for the centric parts of the island (Ingólfsson & Norðdahl, 2015). 
Findings of moraines on the Iceland shelf 130 km west off the Breiðafjörður Bay in West 
Iceland indicates the extent of the Iceland ice sheet during the LGM, along with till-like 
deposits and glacial striae on the island of Grímsey, which is 40 km off North Iceland 
(Norðdahl et al, 2008).  

The volume for the Icelandic ice sheet during the LGM has been calculated to have been 
about 3.09x105 km3 and the load exerted onto the crust by it, resulted in glacio-isostatic 
subsidence of about 165 m at its outer edge, and as much as 600 m below the center of the 
ice sheet and after the collapse of the ice sheet, it had lost about 60% of its LGM volume. 
Then it retreated to a position within the present coastline, and the formation of shorelines 
occurring between 14.8-14.5 ka (Ingólfsson & Norðdahl, 2015).  

The Bølling warm period abruptly occurred around 14.500 years ago, with intense 
warming and rapid deglaciation. The Icelandic ice sheet retreated to positions well inside 
the present coastline from Southwest to Northeast Iceland, early during the Bølling times 
(Ingólfsson et al, 2010). With a short cold interval, and a milder Allerod period lasting 
from 14.000 years ago. Evidence of a cold episode that interrupted the deglacial warming 
occurred about 13.000 years ago, and records of this change is evident in the subpolar 
North Atlantic Ocean (Ruddiman, 2014). By that time the Icelandic ice sheet was reduced 
to about 25% of its LGM size, at 13.9 cal. Kyr BP (Ingólfsson et al, 2010). This reversal 
did almost bring back full glacial cold similar to the Last Glacial Maximum, though the 
glacier extent never reached its LGM position. This episode is called the Younger Dryas. 
The Younger Dryas re-advance of the polar front represents a major reversal in Atlantic 
circulation. Ice cores from Greenland contain good records of this event (Ruddiman, 
2014). In the western part of Iceland, Borgarfjörður, a large outlet glacier advanced just 
after 14.0 cal. Kyr BP. The glacier overran and deformed marine sediments of Bølling age, 
which are now exposed in the lower Borgarfjörður area, leaving behind them the 
Skorholtsmelar end moraine complex, and this is the only known glacier advance of this 
age in Iceland (Ingólfsson et al, 2010). It was suggested later on that this has not been 
climatically driven advance, rather that the Borgarfjöðrur ice stream had surged, during 
adjustment of the Icelandic ice sheet. (Norðdahl et al., 2008). According to Greenlandic ice 
core data, warming phase took place about 11.500 years ago, and that change was very 
abrupt and represents the beginning of the Holocene. Thermostatic changes in the climate 
caused feedbacks in the Icelandic glaciers as well as in local sea level changes and isostatic 
rebound of the crust due to lighter load, and it is still adjusting to changes. 

The most recent configuration of the Icelandic Ice sheet based on empirical data and 
modelling of the minimum Bølling-Allerød and the culmination of the Younger Dryas re-
advance has been recently proposed, and gives a good visual overview of the extent and 
change of the Icelandic Ice sheet (Figure 3).  
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Figure 3 Configuration and model of the minimum Bølling-Allerød extent and the culmination of the 
Younger Dryas re-advance. From: Norðdahl, H. & Ingólfsson, Ó. (2015). 

Until recently data has been collected all around Iceland, that verify that the transition from 
the LGM towards the Holocene was not an event of direct change from a glacial cold to a 
warmer period, but had a tangled transitions, with interval of cooling and warming in 
between.  

Records of changes in terrestrial and limnic environments in the period 11,300-9000 14C yr 
B.P in basal sediments of Lake Torfadalsvatn in northern Iceland have reflected dramatic 
shifts. Close to about 11,300 14C yr B.P. grasses and fell-field herbs became established 
with low lake productivity. Around 10,900 14C yr B.P climatic and soil conditions became 
favorable for shrubs and dwarf shrubs and increased limnic productivity, indicating long 
interval without ice-cover. Then Younger Dryas is established, with a southward 
displacement of the marine polar front around 10,600 14C yr B.P. The shrub and dwarf-
shrub vegetation disapperead and the limnic productivity diminished. Then warmer period 
comes in again with dissappearing sea ice at c.a. 9900 14C yr B.P. This warming is also 
evident as increased lake productivity following. After 9400 14C yr B.P. the flora and fauna 
indicates an increased warming period (Rundgren, 1995). 

The Fossvogur sediments that are faced agains the ocean in Reykjavík on the southwest 
coast of Iceland have been throughly studied and have been confined to the Allerød by 14C 
dating to the time of 11,000 BP. They hold records of an expanding tidewater glacier, with 
an narrow time span of deposition in the Allerød. (Geirsdóttir, Á., and Eiríksson, J., 1994). 
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The Búði moraines in south central Iceland and the Lake Hestvatn sediments provide 
evidence for an ice free period from 12.2 cal ka. Glacier readvancing towards the Búði 
moraines at around 11.1 cal ka, following the ice margin to retreat rapidly to the highlands, 
and a rapid isostatic rebound, isolating the lake Hestvatn from the sea after 10 cal ka. 
(Geirsdóttir, 2004). 

Distinct raised shorelines can be found all around Iceland. The height difference varies 
locally, and is linked to different loading of the crust, and difference in the physics of the 
crust. The Icelandic crust is elastic and buoyant and responds quickly to any loading or 
unloading, thus the isostatic rebound is relatively faster than of a continental crust. Eustacy 
is another factor that influences the creation of shorelines and the position of relative sea 
level (RSL) at any given time. Shoreline formation can only take place when the rate of 
crustal uplift is equal to the rate of changes in eustacy. If the difference is less than zero 
then regression of RSL is dominant. If the difference is above zero then transgression is 
dominant (Ingólfsson & Norðdahl, 2015).   

Some parts of Iceland have raised shorelines found at three different altitudes. In the 
western part, Bølling shorelines are found at altitude of 150 m a.s.l., Younger Dryas 
shoreline at 50-60 m a.s.l., and early Preboreal aged shorelines at about 40 m. a.s.l.. In the 
north eastern part, Bølling shorelines are found at 50-60 m a.s.l., the Younger Dryas 
shorelines at about 20 m a.s.l., and early Preboreal shorelines at 10 m a.s.l. (Norðdahl & 
Pétursson, 2015). A curve showing the trends of the relative sea level for deglacial and 
Holocene times from data adopted from West and Southwest Iceland describes how it has 
changed over time (Figure 4).  

Figure 4 Conceptual relative sea level curve for deglaciation and Holocene in Iceland, 
based on field data from West and Southwest Iceland. Apdopted from Norðdahl and 
Pétursson, 2005 and Norðdahl et al., 2008. 
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In the western part of Iceland, in the lower Borgarfjörður area raised beches have been 
reported at three different altitudes: at 80-90 m, 60-70 m and around 40 m a.s.l.. At 80 m 
a.s.l. a delta body with a northerly foreset dip is located at Stóra Fellsöxl on the eastern 
flank of Akrafjall. A glacier occupying the Hvalfjörður trough must have deposited these 
delta deposits (Ingólfsson, 1988). The delta platform at Stóra Fellsöxl and a shoreline cut 
into outwash deposits in front of the Leirárdalur valley are at similar elevations, but the 
Leirárdalur shoreline is only found in the outer coastal areas and is therefore older than the 
most recent glacial event (Ingólfsson,1988). The 60-70 m shoreline is found as raised 
marine terraces throughout the region, and represents the regional marine limit, the terraces 
are mostly flat platforms. What distincts them from one another is a steep backslope. 
Distinct marine terraces occur at the proximal and distal sides of the Skorholtsmelar 
terminal moraine complex (Ingólfsson, 1988). Terraces along Hafnarfjall are interpreted to 
be a glaciofluvial outwash, with a strike of the foreset and the lower set perpendicular to 
the present coastline, with no evidence of  a stream entering the locality from the slopes of 
Hafnarfjall, and is interpreted as an ice marginal delta, deposited by lateral meltwater 
during an ice retreat. The 40 m shoreline is only regional in extent and poorly preserved 
(Ingólfsson, 1988) 

Ingólfsson (1984, 1985, 1987, 1988) contributed considerably to research of the glacial 
history of the area, the most weight is about the Melabakkar-Ásbakkar coastal cliffs, which 
are a 5 km long and 30 m high coastal section in the lower Borgarfjörður region and was 
studied regarding stratigraphical, sedimentological and structural features. Overall a 145 m 
thick sequence of glacial and littoral sediments, where water depth and proximity to an ice 
margin and source of meltwater input controlled majorly the lithofacies distribution and 
stratigraphical associations. Three major units of glaciomarine sediments make up most 
part of the strata, and a first advance has been dated from fossil molluscs to occur around 
12.000 14C years BP, a second one in a time after 11.400 BP. Prior to 10.000 BP the 
glacier retreated and sea transgressed. (Ingólfsson, 1987). 

The lowest unit represents a environment of suspension of fossiliferous sediments, where 
underflows and ice rafted debris in a glaciomarine environment developed, at c.a. 12.500-
12.000 BP. The species are boreal to artic. Later on with an advancing glacier overrunning 
the area glaciotectonizing and deforming the strata. By 11.400 BP the glacier had retreated 
to a position towards north of the Melabakkar-Ásbakkar section. With the retreating glacier 
leaving behind esker fan facies, and glaciomarine facies (The Látrar beds), which are 
fossiliferous. After c.a. 11,400 BP a readvance of a glacier advanced from Borgarfjörður, 
creating the Melar diamicton lodgement till and the Landhólmi ice-proximal delta sands. 
The Ásgil gravels mark the ice margin position, during stages of retreat. The third 
glaciomarine sequence in the Melabakkar glaciomarine facies, are a accumulation of a 
retreating glacier from the basin, before 10,000 BP, carrying spread of molluscs. The 
rebound of the basin is evident in the grading from being glaciomarine sediments to sub-
littoral sands, and lastly emerging facies of beach gravels and sand (the Melagil gravels 
and sands; Ingólfsson, 1988). 

The aim of this this research is to gather and add to former studies of the lower 
Borgarfjörður area, based on sedimentary facies and stratigraphy of sediments that are 
found in the proximity of the Geldingá river, and figuring out the environmental changes 
that were involved by analyzing the data retrieved.  
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2 Melasveit  

Melasveit is situated in western Iceland between two fjords, Borgarfjörður to the north and 
Hvalfjörður to the south, usually reconized as the lower Borgarfjörður area (Figure 5. 
Melasveit is a lowland area with bedrock of late Tertiary age that is covered by Late 
Weichselian and Holocene sediments (Ingólfsson, 1987).  

The lowlands expands towards the ocean to the west and south, between mountains to the 
north as Hafnarfjall (821 m a.s.l.) and the Skarðsheiði massif (1038 m a.s.l.), and south the 
Akrafjall (643 m a.s.l.), creating a shallow bay named Grunnafjörður, with sandy estuaries 
and smaller inner bays. The northern part of the lowlands, Melasveit is a relative flat 
gravelly area, with a few lakes as Fjárhúsavatn, Fiskilækjarvatn and Gudduvatn. A few 
small rivers run through the area, the biggest being Leirá, Laxá and Geldingaá. Melasveit 
is a farmed rural area.  

The environment all around the lowland is evidently modified by glaciers and the presence 
of higher altitude shorelines mark changes in relative sea level.  The most distinctive 
glacial landform is the Skorholtsmelar terminal moraine and depressed lakes and ponds to 
the northwest of the moraine. Erratic boulders are common on the nortwestern side of the 
moraine.  

 

 

Figure 5 Map of the Lower Borgarfjörður area. Modified map from www.map.is.  

http://www.map.is/
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Geldingaá is a river that originates in the Seljadalur valley in the proximity of the 
Skarðsheiði massif, but its pathway seems to have been disconnected or clogged later on 
by the Skorholtsmelar end moraines. The present catchment area of Geldingaá is mainly in 
the lowlands. The study area is a part of the Geldingaá channel where there is a hilly 
terrace joining the river pathway on the eastern side of the river (Figure 6A, 6B, 6C). The 
Skorholtsmelar terminal moraines are within a 1 km distance from the area to the west.   

 

 

 

Figure 6 A: The hilly terrace joining the Geldingaá River pathway, with Mt. Akrafjall in the far distance.  
Section 1, is positioned to the left and section 2, to the right. B: The northward facing wall, with a view to the 
Skorholtsmelar terminal moraines and Mt. Hafnarfjall. C: The westward facing wall with Mt. Skarðshyrna 
and Rauðihnúkur in the far to the left. Photos: Halla Margrét Viðarsdóttir. 
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3 Methods  
Fieldwork was carried out in a geological section along the Geldingaá River during the 
days of 17.09.15, 15.10.15, 06.11.15, 15.03.16, 09.04.16 and 10.04.16. The section is 
easily accessible through a private road during summer and autumn, during other seasons it 
is best reached by foot, a distance not exceeding 1 km. Basic equipment for the fieldwork 
included notebook, pencil and a data chart for field description (Krüger & Kjær, 1999), 
shovel, hammer, spatulas, a pocket knife, inch rule and a tape measure, plastic bags, and a 
compass with an clinometer. The section was cleaned and documented from top to bottom, 
and the sediments divided into different lithofacies on the basis of the Krüger and Kjær 
(1999) data chart (Figure 7). Each lithofacies was documented and logged at a scale of 
1:50 including the documentation of clast morphology and roundness, basal contacts and 
sedimentary structures, and overall lateral distribution. Two logs were made, one on a 
northward facing slope (Figure 6B), and another one on a westward facing slope (Figure 
6C). Linear distance between these two sections is approximately 65 meters. Aerial 
photographs were also used in surface interperatation of this area 

There are three ways to portray the geometry and position of lithofacies graphically in 
vertical profiles, two-dimensional logs and maps. For guidance, a modified data chart by 
Krüger and Kjær (1999) was used in the field. 
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Figure 7  Data chart for field description used in this study. From Krüger & Kjær (1999).  
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4 Sedimentology and stratigraphy 
The Geldingaá section occurs along the bank of the the Geldingaá River (Fig. 6). It is 
divided in two sub-sections – sections 1 (64°25'13.20"N, 21°54'5.87"W) and section 2 
(64°25'12.63"N, 21°54'10.55"W), which face north (Fig. 6B) and west (Fig. 6C), 
respectively. These sections are from 8-12 m high and slope 57° and 51°. Four different 
lithofacies could be identified in these two sections: 1) clayey-silt, 2) sand, 3) gravel, 4) 
silty-diamict. These lithofacies and the overall stratigraphy are described below. 

 

4.1 Lithofacies  
 

4.1.1  Lithofacies 1, clayey-silt 

Description – Lithofacies 1 is composed of dense silty mud. It is usually brown in colour 
but sometimes displays slightly finer/coarser laminas of reddish silt. The mud is low in 
porosity and impermeable, so the appearance is darker or closer to brown-greyish colour. 
The colour differs slightly throughout the section, probably due to difference in the grain 
size mixture. Including broken shell fragments (section 1).  

Interpretation – The properties of Lithofacies 1 suggests that it was deposited under calm, 
low energy conditions, most likely in a shallow marine environment. In aqueous currents 
silt remains in suspension until the flow is very slow, and is characteristic of low velocity 
flows or standing water with little wave action. (Nichols, 2009).  Ingólfsson (1987) 
described similar fine well sorted and very tight laminated silt (only seen microscopically) 
that were so impervious that groundwater couldn’t percolate through it, but conducted on 
its upper surfaces. The colour being grey to bluish when dry. Ingólfsson (1987) interpreted 
that the Melabakkar silts and sands to be a distal glaciomarine facies and sublittoral facies, 
deposited after the second glacial advance. He suggested increasing water depths due to 
marine transgression in connection to deglaciation, possibly the glaciers had retreated to a 
position within the present coast, where meltwater streams reached the depositional basin 
via coastal deltas.  

 

4.1.2  Lithofacies 2, sand 

Description – Lithofacies 2 is composed of very well sorted, loose, faintly laminated sand, 
with overlapping unevenly distributed laminations or horizons of finer grained silty clay. 
Small lenses of sub-angular small gravel are also detected in the sand. As it goes higher in 
the strata the concentration of the silty-clay laminations increases, and become semi 
lenticular, and undeveloped flaser laminated.  The sand is faulted and slumped (Fig. 8).  

Interpretation – The sand is deposited in a low velocity, proglacial, marine-contact area. 
The increased successions of silty mud laminations are likely accounted for increased tidal 
part of a water body or a fluvial input. The slumping and faulting can be influenced by 
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proximity of a glacier and/or gravitational instabilities if it is deposited on a slope or is 
liquefied or fluidized (Nichols, 2009).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.3  Lithofacies 3, gravel 

Description – The gravel lithofacies are laminar and start with a weak but clear trough 
cross bedding and a distinct pavement of rounded cobblers in loose sandy gravel (Fig. 9 
and 10). Gradual changes of coarseness are detected throughout the unit, change is 
recognized in a transition of the amount of sand grains in the gravel, becoming more clast 
rich and forming pavements of clasts and cobblers, to less heterogeneous clast poor gravel. 
Where the pavements are formed the clasts are subrounded to rounded and are up to 10 cm 
in diameter. Overall the clasts are sub-angular to both semi spherical and oval in shape and 
vary in size.  

Interpretation – It is suggested that the formation of this lithofacies is in a glaciofluival 
outwash environment of a proximal retreating glacier with a great amount of meltwater. 
The fainted trough cross bedding and laminated cross-bedding upwards indicates laminar 
flow conditions. The trough bedding indicates either deepness of the running water or 
different grain sizes in the suspension when deposited. Cross stratification occurs if there 
are irregularities in the overriding bed (Nicholas, 2009). The changes in coarseness 
represent changes in depositional energy. There are at least four velocity changes in the 

Figure 8  Exposure of lithofacies 2. Sand with 
laminated silty-mud within. Normal faulted and 
displays features of shear faulting at the top. A glove 
for scaleing Photo: Halla Margrét Viðarsdóttir 
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overall bed, suggested to be the cause of channel meandering, or flow changes. The 
deposits of a meander bend has a characteristic profile of a courser material at the base, 
and becoming progressively finer grained upwards (Nichols, 2009). The interpretation of 
Ingólfsson (1987) of the Ásgil gravel to be an ice-marginal glaciofluvial outwash deposits 
fits the criteria of a glaciofluvial outwash deposits.  

 

 

 

 

 

 

 

 

4.1.4  Lithofacies 4, silty diamict 

Description – Lithofacies 4 is a massive, fine grained, silty diamict, it is moderately matrix 
supported, clast rich and firm. (Fig. 11A). Also big boulders as are found within that are up 
to 80 cm wide at least (Fig.11B), and are usually subangular or subrounded in shape with 
striations. The smaller pebbles are more oval shaped, and the gravel in the matrix is mostly 
subangular. The diamict is fossilferous with crushed shells in it. There are thick layers or 
lenses of mud in between the matrix itself, and a horizon of well sorted sand. It is densely 
consolidated and very hard to excavate.  

 

Figure 10 A dig hole nearby in the upper part of the hilly terrace that 
was investigated, showing horizontal laminations in the foreset 
gravel.  Photo: Halla Margrét Viðarsdóttir 

 

Figure 9 Very faint trough cross 
laminations at the base of the 
gravel facies. Shovel for scale. 
Photo: Halla Margrét Viðarsdóttir. 
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Interpretation -   Due to the properties of lithofacies nr. 4, it is suggested that it was 
depositioned rapidly, explained by the crushed and broken shell fragments. The thickness 
of the diamict is from a few cm to a maximum of two meters. There are few possibilities 
that could explain this kind of diamict. One is that it could be a lodgement till or possibly a 
meltout till, including the possibility of being the product of a secondary process, a flow 
till.  The properties resemble the Melar diamiction described by Ingólfsson (1987), which 
were described as non-sorted, massive and containing large striated and facetted clasts. 
Ingólfsson (1988), described thin lenses of stratified silty-sandy diamicton as a flow till in 
two small gravel pits near the Skorholtsmelar moraine complex. That evidently supports 
the criteria for lithofacies 4, to be a flow till, and in addition that this event was happening 
underwater in molluscs habitation zone.   

 

Figure 11  A: The cleyey-silty diamict exposed, being so firm that a hammer  had 
to be used to get samples. B: A giant scattered and faintly striated boulder in the 
diamict facies, similar boulders are aligned in horizontal direction away.  Photos: 
Halla Margrét Viðarsdóttir 
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4.2 Stratigraphy 
 

4.2.1  Section 1  

Section 1 can be divided in three stratigraphic units (Fig.12). 

Unit 1 – This unit extends from 5-8 m and consists of two different lithofacies. Lithofacies 
1 (clayey silt) occurs at 5-5.75 m, then lithofacies 2 starts at c. 6.40-8 m, and thinner c. 5 
cm or less thick layers or laminations of clayey silt at c. 6.5, 7 and 7.5 m are found within 
the sand, and few smaller horizons of silty mud. Normal fault occurs at the centre of this 
unit and small-scale ductile deformation in the upper part and shear faulting when it gets 
closer to the boundary of the upper unit and is interbedded to that unit (Fig. 8).  

Unit 2 – This unit is divided into three subunits. The lowest consists of lithofacies 4 (silty 
diamict) that extends from 8.05 m to 9.25, and contains few fragments of broken shells.  
The silty mud extends from 9.25-12 m. One fragment of a shell was found in this layer. 
The third subunit extends from c. 12 – 13.96 m and consists of lithofacies 4 and is 
interbedded with the lithofacies below, with broken shells in it, and a line of boulders can 
be detected in a horizontal direction away from where the section was made. Thin horizon 
of sand is detected at c. 12.95 m and is within 5 cm thick. Another horizon of sand and 
lenses of silty mud are detected close to c. 14 m followed by a hiatus.  

Unit 3 – This unit consists of lithofacies 3 (gravel). It extends from c. 14 m towards the soil 
at the top, c. 17 m.  Starts with a weak but clear trough cross bedding and a distinct 
pavement of rounded cobblers, the matrix is of loose fine gravel and sand. Gradual changes 
of coarseness are detected throughout this unit and represents changes in depositional 
energy. The change is recognized mostly by a transition of the amount of sand grains in the 
gravel following a more clast rich matrix and pavements of clasts, to a less heterogeneous 
clast poor gravel. Weaker pavements can be seen at c. 14.9 m, 16 m and a relatively bigger 
cobble sized pavement at 16.20 m.  
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Figure 12 The log profile of section 1.  
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4.2.2  Section 2 

Section 2 can be divided in three stratigraphic units (Fig. 15). 

Unit 1 – This unit extends from c. 7.25 to 9.0 m and consists of one lithofacies, lithofacies 
2 (sand). Thin horizons of silty mud overlap the sand lithofacies at c. 7.15 m, 8.05 m and 
8.5 m. The sand lithofacies is normal faulted, and there are deformations and water escape 
structures in the sand, indicating a failure in the sediments, and slumping at the proximal to 
the next unit above. 

 

 

Figure 13 A: A diamict layer restricted under a muddy silt, under deformed sand at the transition from unit 1 
and 2A. B: Small scale deformation in the sand lithofacies, with water escaping structures, indicating a 
failure in the sediments and/or slumping in unit 2A. Photos: Halla Margrét Viðarsdóttir. 

 

 

 

 



18 

Unit 2 – Is divided into two subunits, the first one extends from c. 9.0-10.5 m and consists 
of two lithofacies. Lithofacies 4 (silty diamict) starts at the bottom and is irregularly wide, 
above it is silty mud draped or slumped on top of the diamict (Fig. 13), with some water 
escape structures, then lithofacies 2 (sand) occurs with thin lenses of silty mud at the lower 
and upper boundary. Small scale deformations occurs in this layer, and throughout the 
overlying lithofacies 4 (silty diamict) that extends from c. 10-10.5 m along with overfolds 
and deformation (Fig. 14). The diamict has lenses of silt, and thin horizon of silty-mud. 
The second subunit consists of uniform lithofacies 1 (silty mud) and extends from c. 10.5-
14 m.    

 

 

 

 

 

 

 

 

 

 

Unit 3 – Consists of lithofacies 3 (gravel) and extends from c. 14-15 m, very faint trough 
cross bedding can be recognized, and along are big cobbles that are sub-rounded to 
rounded. One weak pavement is detected at the top of where the section can be exposed.   

 

 

 

Figure 14 Fold structures. Note the yellow circles around the diamict 
that seems to be drifted into the sediments in unit 2A. Shovel for 
scale.  Photo: Halla Margrét Viðarsdóttir 
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Figure 15 A log profile of section 2.  
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5 Discussion 
Summing up the history of the area and tieing it together with other researches, it is evident 
that the environment of the lower Borgarfjörður area holds a significantly dynamic and 
complicated history concerning changes in relative sea level, and the extension of 
glaciation. It is outlined before that the area records two intervals of glaciations during the 
late Weichselian, and those records are kept in the Melabakkar-Ásbakkar coastal cliffs 
(Ingólfsson, 1987).     

A model for the environmental changes of the Geldingá-river is presented (fig. 16), in 
context with earlier reasearches conducted in the lower Borgarfjörður area, and with aid 
from areal photographs as well.  Where the first unit in the Geldingaá-river sections, the 
sediments aggregating are in a shallow aqeous or sub-aqeous setting.  The grain sizes are 
of medium size sand and fines as silt, indicating a fair distance to the origin of the sediment 
output. No fossils were found.   

 

Figure 16  A very simlified time-lapse model of the environmental history of the lower Borgarfjörður area, 
concerning the Geldingaá-river, in addition to earlier research of the area (Ingólfsson, 1987).  The first unit 
of the Geldingaá river unit applies to time A, the third to time B and the last unit to time C. The 
Skorholtsmelar terminal moraine and raised shorelines at about 60 m above sea level apply to time D, and 
the present day applies to time E.   
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In the Melabakkar-Ásbakkar coastal section in the lower Borgarfjörður area, (Ingólfsson, 
1987) it is described as starting with an proglacial lacustrine environment, at some moment 
with glaciogenic influence. The lowest stratigrafical unit described by Ingólfsson (1987), 
the Ásbakkar diamicton accumulated from suspension and random underflows and ice 
rafted debris, dated to c.a 12.500 - 12.000 BP, according to radiometric dating of fossils of 
boreal and artic molluscs. The environment of a glaciomarine fjord or bay. I suggest it to 
be in connection with the second unit of the Geldingaá-river diamicton.  During that time 
interval, the relative sea level was at much higher altitudes, than of today. The distance to 
the sediment output  closer, the grain sizes larger and increased instability of the sediments, 
which is expected to be a result from an advancing glacier.  The second unit is 
fossilfereous, where the inhabitants were living in shallow aqous environment. The shells 
are crushed and not in situ. Within the unit there are observable changes, which is 
estimated to be due to changes in the presence of a glacier or glacial activity. Relative sea 
level was at least 70 m above the present sea level and possibly reaching the marine 
maximum level at 80-90 m.a.s.l. (Ingólfsson, 1987).  

The third unit, the trough cross bedded gravel, is assumed to have been deposited after the 
Borgarfjörður basin restabilized after the former glaciation, before the a glacier overran the 
basin again about 11.400 BP. Ingólfsson (1987) described that at the Alleröd-Younger 
Dryas boundary, dated to 11.000 BP, glacier readvances again creating the Skorholtsmelar 
terminal moraine (Fig.17) and it‘s composing features and corresponding events of a 
retreating glacier and isostatic rebound of the basin to the end of the glaciation. The 
relative sea level was before that event, 30 m.a.s.l. When it came to the point of the glacier 
reatreating at some time before 10.000 BP, isostatic depression created shorelines at 60-70 
m.a.s.l. (Ingólfsson, 1987). The third unit is gravel, through cross bedded and there is 
obvious change in sizes of grains within, and could be expected in a river running 
environment, with changes in the strength of a running waterbody.  

 

Figure 17  A view to NW, straigh forward the Skorholtsmelar terminal moraine can be  seen ahead. The 
raised platforms of the Geldingá river terrace and Mt. Hafnarfjall can be seen to the right. Photo: Halla 
Margrét Viðarsdóttir.  

At last the Holocene epoch replaces the Weichselian‘s last glacial period, towards present, 
with glaciers and relative sea level more similar to present times. It cannot be ignored that 
there could have been a glacier in the high lands of the Skarðsheiði massif during the last 
glacial period, weather it reached at some point out to the lowlands in the mountains 
vicinity, with its remnants drowned in alluvial fan deposits.  This is though a very 
simplified view of the processes that are involved and some clues of this puzzle might be 
discovered later on that could give more details to the environmental history of the area, 
specially concerning glacial processes. Suggested correlation between the stratigraphic 
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sections is presented (Fig. 18). The deformation occurring in the lower units of both of the 
sections, I suggest is the cause of a proximal glacier margin. Due to the compressive state 
on the sediments and their poor cohesion qualities and subaqeous environment, the 
vulnerability of the beds must have been great, resulting in slumping and faulting. 
Advantage would be to date the fossils to get a clearer time span for the lithofacies. 

Experience in fieldword is without a doubt a valuable factor in respect with applications. 
Concistency is better gained when having a data chart for field describtions. To carry out a 
research like this has been immensily valuable and sharpened applied skills of the work 
carried out by the methods of sedimentology and stratigraphy, specially strenghtening the 
organisation of how to carry out a successful research. The data chart for field description 
used in the study from Krüger & Kjær, (Fig.9) is a good foundation to build on.  There are 
few limiting factors that can have its effect on the outcome, mostly based on 
measurements, applications and interpretations. Wheather is without a doubt a factor too, 
specially in such wet areas as the lower Borgarfjörður region is at autumn and spring 
making the sediments extremely wet based, and soaked at the Geldingá sections.  

 

 

Figure 18 Stratigraphic correlation between section 1 and section 2. 
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6 Conclusions 
Based on the sections investigated at Geldingaá, it is evident that the lithofacies are built 
up by three different processes all involving at some point glaciogenic sediments, and there 
is a transition from where the sediments are originated in a terrestrial setting to a marine 
environment pointing out the fact that the relative sea level wasn‘t consistent in time, and 
this event can be tied together with older research conducted in the area, a event that 
happened in the late Weichselian.    
 
The study indicates a late-glacial history of glacier and sea-level oscillations and is 
consistent with previous studies of the area. The main conclusions of this study are the 
following:  
 

• The oldest unit are facies of well sorted sand with few laminations of muds or silty 
mud, that are supplied in a shallow low velocity proglacial environment 
dominated by tidal parts or fluival input.   

 
• The second unit is interbedded with the first unit. It is not homogeneous. Diamict is 

found within it, with deformation involved and big boulders in it. The second 
unit changes in grains size, from sand to massive silt, including fossils. It is 
concluded to be a glaciomarine environment, the influence of a glacier is 
prominent, also the setting is not as shallow as the first unit, indicating that the 
basin was isostaticly depressed and the relative sea level was at higher altitudes. 
The sediments derived were in suspension in water were there were underflows 
and debris being rafted as a result of a glacier.  

 
• The third unit , the youngest, is gravel, set a top of the second, and there is an 

unconformable transition between the units. It was interpreted to be a change to 
a river input. A proglacial glaciofluival outwash environment, with high rate of 
meltwater, and close proximity to the source of the sediments.  The coastline 
had regressed at the time the sediments were transported.  The grain sizes are 
larger and therefore the energy involved is greater.  
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