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General introduction 

Ground acceleration caused by an induced earthquake is strongly dependent on the composition of local 
shallow soils. NAM commissioned Deltares to conduct a detailed survey of the shallow subsurface above 
the Groningen gas field. The survey focuses on Quaternary geology with an emphasis on the upper 50 
metres. 

 

This report provides an introduction to Groningen’s Quaternary geology as a background to the 
comprehensive Deltares report, which has culminated in a detailed model of Groningen’s shallow 
subsurface.  This report was written by Dr ir Erik Meijles, Assistant Professor of Physical Geography at the 
University of Groningen. 

 
 Wim Dubelaar, Dr Jan Stafleu and Dr Wim Westerhoff of TNO Geological Survey of the Netherlands (TNO-
NITG) in Utrecht assisted with editing this report and provided a number of key diagrams. 
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Introduction 
Ask someone what they think the soil of Groningen consists of and they will probably answer ‘clay’. Groningen 
is famous throughout the Netherlands for its clayey soils. This is justified recognition of the region’s agriculture, 
because Groningen’s arable land is among the most productive in the Netherlands. However, ‘clay’ does not do 
justice to the enormous variation of soil types that can be found just below the surface of this province. 
Groningen’s subsurface is highly varied (Figure 1). The landscape has been formed by ice caps, polar deserts, 
meltwater flows, swamps, seas and rivers over hundreds of thousands of years. This has had an effect on the 
composition of the subsurface. 
In this concise survey of the geological history of Groningen, we have tried to shed some light on the processes 
involved, restricting ourselves to the last 450,000 years and thus only covering the last three glacials or ‘ice ages’. 
During this period, the Netherlands has experienced three glacials, interspersed by periods of warmer weather 
(interglacials). We conducted the survey using the geological models produced by TNO Geological Survey of the 
Netherlands. The Digital Geological Model (DGM) is a two-dimensional layer model that describes the structure 
of the subsurface down to approx. 500 metres depth (Figure 2). We also used information that was available in 
an advance publication of the GeoTOP model which was recently compiled for the northern Netherlands, 
comprising a three-dimensional image of the subsurface to a depth of approx. 50 metres.  Both models can be 
viewed at www.dinoloket.nl. 
The text is intended as an introduction to help laypersons to understand the Deltares report, ‘Geological 
schematisation of the shallow subsurface of Groningen. For site response to earth quakes’. We explain how the 
various layers in the soil of Groningen were formed. Because the report makes extensive use of geological layer 
names (lithostratigraphy), we have combined this explanation with the ‘formations’ and ‘members*’ used by 
geologists, which serve as the basis for the subsurface model displayed in the report. 

 

Figure 1: More than clay: the soil types present in the upper horizon in the province of Groningen. Note: 
anthropogenic soils occur in densely built-up areas and other areas that have been strongly modified by humans.1 

                                                           
* In Dutch commonly referred to as ‘laagpakket’ 
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Figure 2: Geological profile of the northern Netherlands with the Dutch formation names. This diagram displays 
the geological structure to a depth of 500 metres. The deep subsurface incisions of the Peelo Formation are 
striking features that were formed by land ice during the Elsterian glacial. The deposits in the Drenthe Formation 
are mainly comprised of till and were formed the second time that the northern Netherlands was covered by land 
ice. 

 
 
 

Climate change in the Quaternary Period 
The Quaternary period is the geological period that began 2.6 million years ago and continues to this day. The 
Quaternary is divided into the Pleistocene (the Ice Age) and the Holocene, which is the age that began after the 
last ice age 11,700 years ago, and in which we still live in. 
Geologists distinguish the Quaternary from previous geological periods because of the major climatic changes 
that occurred during this time. This is not climate change as we understand it today, but rather concerns much 
larger fluctuations in temperature that occurred over much longer periods. The Quaternary was dominated by 
lengthy cold periods (glacials or ‘ice ages’) during which huge ice caps formed several times above the northern 
part of North America and north-western Europe (particularly Scandinavia). During these cold periods, huge 
amounts of water were stored in the ice caps and glaciers, causing the sea level to fall sharply to as much as 120 
metres below the current level. The warmer periods between the ice ages, when the glaciers melted and the 
sea level rose again, are called the interglacials. 
The ice ages were caused by a change in the earth’s orbit around the sun (from a circular to a more elliptical 
orbit and back), as well as the tilting and oscillation of the earth’s axis, which led to fluctuations in the amount 
of incoming solar radiation and thus influenced the global climate. This change in orbit involved various cycles 
that determined the amount of energy that reached the earth in the form of solar radiation. These are known 
as the Milankovitch cycles. There have been 104 such cycles since the beginning of the Quaternary. The climate 
cycles are numbered consecutively from young to old based on deep sea research and are known as Marine 
Isotope Stages (MIS). Uneven numbers are used for the relatively warm periods and even numbers for the 
glacials. During the first half of the Quaternary, these cycles lasted approximately 40,000 years. However, 
starting about 1 million years ago, the glacial phases started to dominate these cycles with periods of about 
100,000 years, while the relatively warmer interglacials lasted between 15 and 30,000 years. 

Marine deposits          Fluvial deposits   Glacial deposits 

Other deposits 
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Figure 3: Timeline and global climate curve of the last 450,000 years. The numbers next to the curve refer to the 
international numeric system for describing alternating cool and warm phases, called Marine Isotope Stages2. 

The latter three ice ages are the most important for the Groningen region. Each of these glacials and the 
intervening interglacial periods involved very different geological conditions. In this chapter, we provide a 
general description of the regional geological history, examine Groningen’s subsurface to a depth of a few 
hundred metres and describe which sediments were deposited and how. This will provide a picture of the large 
diversity of soil types and sedimentary structures in Groningen’s shallow subsurface. We will also point out 
where sediments and layers from different geological periods can be seen in the province today. 
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Figure 4: Palaeography of the Netherlands during the Elsterian glacial (left) and the location of tunnel valleys in 
the northern Netherlands (right).3 Note how the northern drainage routes of the Dutch rivers are blocked by land 
ice lying on what is now the North Sea. 

 
 
 

Elsterian glacial 
The Elsterian glacial (MIS 12) occurred between 475,000 and 410,000 years ago. This was the first time in the 
period covered in this report that the northern Netherlands was covered by land ice.4 At its furthest point, the 
ice extended approximately to the line Den Helder - Lemmer - Stadskanaal (Figure 4). Almost no till sediments 
were deposited by this ice sheet and almost no push-moraines were formed (with the exception of a number of 
locations in the current North Sea). This represents a clear difference with the geological processes during the 
penultimate ice age, the Saale glacial. 
A characteristic result of the ice cover during the Elsterian glacial was the formation of a system of north-south 
oriented channels, known as tunnel valleys, in the subsurface of the North Sea, the northern Netherlands and 
northern Germany.  In the northern Netherlands, these valleys varied in length between twenty to a hundred 
kilometres, with widths of between three and five kilometres. Most valleys were between one hundred and 
three hundred metres in depth, though deeper incisions of nearly five hundred metres have been found in the 
North Sea and in northern Germany.5 Various theories have been offered to explain how these tunnel valleys 
were formed. The most widely accepted explanation is that the tunnels were formed by meltwater draining from 
the base of the ice cap. 
The meltwater at the bottom of the ice cap was under high pressure and so cut deep into the subsurface, causing 
valley-shaped incisions. The meltwater and the sediment floating within it were forced out from under the ice 
by great pressure, causing deep, parallel tunnel valleys along the edge of the ice.6 Some of the eroded sediment 
remained in the deeper tunnel valleys, forming a relatively coarse and chaotically mixed layer of sediment. When 
the meltwater flow decreased, the conditions for sedimentation grew calmer and more fine-grained sediment 
settled. When the land ice melted, it left behind elongated lakes that froze over in the winter and in which the 
water was completely dormant. Even the tiniest particles of clay settled on the bottom, which is why the tunnel 
valleys of the northern Netherlands are largely filled with a clay layer tens of metres thick.7 

Ice cover 
Rhine Massif 

Fault 
Rhine 

Meuse 
Other rivers Tunnel valley Maximum ice extent Elsterian 
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All glacial deposits of the Elsterian glacial, from coarse sand with fine gravel to silt and clay, are part of the so-
called Peelo Formation (see Appendix 2 and Figure 5). This geological formation varies strongly in thickness, from 
about 300 metres in the deepest valleys to about 20 metres elsewhere.8 This clay is known as ‘pottery clay’ due 
to its suitability for making pottery. Pottery clay forms a characteristic and easily identifiable layer in this 
formation and is also known as the ‘Niewolda Member’9 (see Appendix 2). Pottery clay also varies considerably 
in thickness, from a few metres to a few tens of metres. 

 
 

Figure 5: The Peelo Formation in Groningen (purple). The valleys can be found at the transitions to the older, 
deeper-lying layers (green and brown).1 

 

Pottery clay is easily recognizable by it massive, compact character and dark grey colour. This distinguishes 
pottery clay from the greyish blue, flaccid marine clay formed in the Holocene that so typifies the landscape of 
Groningen. Pottery clay is very compact because the sediment bore intense loads when covered by a thick ice 
cap during the penultimate ice age, the Saale glacial.10 The dense pottery clay formed an impermeable layer for 
groundwater in many parts of Groningen. 
Today, pottery clay often occurs close to the surface, such as in Hooge Traan to the north of the village of Leek, 
where clay was formerly mined. Clay is also present near the Tichelberg, in the vicinity of Onstwedde11 (‘tichel’ 
is an old Dutch word for brick). A pottery clay layer was recently exposed during the construction of a tunnel in 
the Noordhorn/Zuidhorn ridge12 (Figure 6). This clay is located some eight metres below ground level. Clay that 
lies close to the surface is often slightly reddish in colour due to the oxidation of ferrous minerals. 
Sands from the Peelo Formation are also found close to the surface in a number of parts of the northern 
Netherlands. This is medium-fine, light coloured sand and often recognizable by its sparkling particles known as 
micas (a shiny mineral). Such glittering sands were recently uncovered during the construction of a semi-sunken 
section of the N33 road near Gieten. The oblique layering of these sands made this a particularly interesting find 
(Figure 6). 

Peelo Formation (glacial) 

Fine and coarse sand, pottery clay 
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Figure 6: Oblique layering in deposits left by the Peelo Formation near Gieten (left) and dark grey pottery clay 
from the same formation that was exposed during the construction of a tunnel near Noordhorn (right). Both 
types of sediments were deposited in the tunnel valleys during the Elsterian glacial. 

 
 
 

Holstein interglacial 
The Holstein, the interglacial period that followed the Elsterian glacial, lasted from about 410,000 to 370,000 
years ago. This period was the warmest interglacial period of the past 400,000 years13 and is also seen as a model 
for the current warm period: the Holocene14. The ice caps vanished and the sea level rose such that the low-
lying parts of the northern Netherlands now formed the North Sea coastal zone. The coastline ran more or less 
west to east, parallel to the current coastline. The drainage basin and delta of the Rhine lay to the west of 
Groningen and deposits from this river system are hence not found in Groningen’s subsurface. We only have 
limited knowledge of the deposits from this period. In Groningen, there are only a few occurrences of marine 
and tidal flat deposits in the downstream sections of valleys that were formed in the last ice age. These marine 
deposits belong to the Egmond Gronden Formation.15 

 

Saale glacial 
The Saale glacial was a long period that lasted from about 370,000 to 130,000 years ago. This period is also 
known as the ‘Saale complex’ because of the alternating cold and warm periods throughout this glacial (Figures 
3 and 7). The coldest period occurred during the final phase of the Saale, from about 200,000 to 130,000 years 
ago. The northern Netherlands was gradually covered by a thick layer of ice that flowed in south-western 
direction from Scandinavia, reaching the northeast of Groningen first.16 The ice cap pushed the sediments on 
the surface as it moved, forming low push-moraines. These ice-pushed ridges are still visible as ridges in the 
landscape surrounding the villages of Schildwolde, Winschoten17, Onstwedder Holte (near Onstwedde) and 
Hasseberg.18 The ridges are comprised of local material that was pushed up and then buried under the mass of 
ice, which deposited a layer of till (ground moraine) at the same time. Till is a mix of boulders, stones, gravel, 
sand, loam and clay that is deposited at the foot of an ice cap or glacier by melting ice (Figure 8). The till was 
strongly compressed by the weight of the land ice.19 
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Figure 7: Palaeography of the Netherlands during the Saale glacial. The buried push-moraines of the various 
expansion phases are clearly visible.20 

Due to the presence of fine sand and pottery clay in the frozen ground (formed during the Elsterian glacial), the 
water that melted out of the ice cap could barely penetrate the soil. The stagnating water under the ice acted 
as a lubricant, allowing the ice to move in a south-westerly direction at a relatively quick pace. In the process, a 
layer of till, sometimes a few metres thick, was deposited over a large section of the northern Netherlands. 
Counts of the stones in the till have revealed that the material was sourced from a limited number of identifiable 
Scandinavian regions.21 

 

Figure 8: 'Nieuweschoot’ type till (left), found under Kreupelstraat in Groningen. The till on the right is of the so-
called ‘Noordhorn’ type and was found in Haren. This till was not deposited by the melting process, but was 
spread out under the ice cap (photos: H. Huisman). 

 
 
 

The land ice subsequently came to a halt along the line Texel - Gaasterland - Hoogeveen (recognizable by the 
green shaded push-moraines in Figure 7), probably caused by the surface occurrence of coarse fluvial deposits 
(course sand with gravel) which were deposited by the Rhine (and its tributary the Meuse). The water was able 
to drain into the ground under the ice more easily here and so the water tension in the soil layers decreased.  
The ground surface functioned as a kind of sandpaper and offered plenty of resistance to the sliding ice, thus 
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decreasing the speed of the ice mass. This is what created the moraine hills of Texel (Hoge Berg), Wieringen, 
Gaasterland, Steenwijk and Coevorden.22 However, these hills were also ground down again by the advancing 
ice mass (Figure 7). In the central Netherlands, the ice front eventually split into a number of ice lobes that 
flowed southwards and pushed up the sediment in the ground to form high push-moraines, such as the ‘Utrecht 
Hill Ridge’ and the Veluwe. The ice reached its farthest point along the HUN line (referring to the cities Haarlem 
- Utrecht - Nijmegen).23 
So, the ice front across the western and central Netherlands became more or less entrapped in the glacial basins. 
However, in the northeast and eastern Netherlands, a mass of ice started to move in a south-easterly direction.24 
The clayey subsurface in the east of Twente did not offer much resistance to the mass of ice, and so it was able 
to flow all the way to Germany’s Münsterland region.25 The main flow of this icefield had an important influence 
on the morphology of the landscapes of Groningen and Drenthe, pushing up the region’s well-known Hondsrug 
(Figure 9) and the parallel, somewhat lower, ridges to the west. Geologists also refer to this series of ridges as 
the Hondsrug complex. 
The resistance at the head of the Hondsrug caused the deposition of a relatively thick layer of till, while this layer 
gradually decreased in thickness further southwards.26 Meltwater from the foot of the ice cap dug out valleys, 
which became even deeper when the ice cap itself melted. The waters also carried off part of the till that had 
been deposited under the ice cap. The valleys are still recognizable today as the drainage basins of the Drentsche 
Aa and Peizerdiep streams. These valleys continue further northwards, but are covered here by sediments from 
later geological periods. 

 

 
Figure 9: Location of the Hondsrug in Drenthe and Groningen. The region was recently designated a Geopark, the 
first such park in the Netherlands.27 
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When the land ice melted, it left behind a relatively undulating landscape, with glacial till present in the higher-
lying areas. The till is part of the Drenthe Formation, whereby the intact till is classified as the Gieten Member 
(Figure 10 and Appendix 2). This is usually a relatively thin layer of one to a few metres, but in the northern 
Netherlands it can reach depths of five to ten metres in some areas. The difference between the various types 
of till is not described here. For more information, see the ‘Further reading’ section. 
The till that remained on the surface after the Saale glacial was long exposed to the forces of weathering and 
erosion. The till disappeared completely in some places due to the eroding force of the water and – in drier times 
– the wind. In other places, a weathered surface layer was formed over the till. Fine clay, loam and sand particles 
were carried off by wind and water, leaving the coarser material behind as a residue of the ground moraine. This 
material, also called ‘boulder sand’, is distinguished as the Gasselte Member (see Appendix 2).28  
Till is mostly found on the Drenthe-Friesland Plateau and is often associated only with Drenthe, however it also 
occurs in Groningen, such as on the northern tip of the Hondsrug. Till occurs at the surface in the ridges of 
Noordhorn and Zuidhorn, the Hasseberg, the hills of Winschoten and the ridges of Noordbroek, Zuidbroek, 
Slochteren and Wagenborgen.29 We also find till in a few places deeper under the ground in Groningen, for 
example at a depth of some five metres below ground level under the village of Winsum.  
Alongside the ground moraine (till and boulder sand), there are also coarse sand deposits that were formed by 
meltwater from the land ice. An important drainage route for the meltwater was concentrated in a plain to the 
east of the Hondsrug where it cut a deep valley into the ground; the Hunzedal.30 This is often referred to in Dutch 
as an oerstroomdal (ice-marginal valley) in earlier literature. At that time, there must have been a marked 
elevation difference between the Hondsrug and the Hunzedal of some fifty metres. Today, the maximum 
difference is ten metres31. Till only occurs sporadically in the Hunzedal and even then, probably occurs nowhere 
near the surface. The Dollard, the region at the mouth of the Ems river, also does not contain any till.32 

 
 

Figure 10: Distribution of the Drenthe Formation (pink/red). The Gieten Member is till.1 

Drente Formation (glacial) 

Coarse sand, meltwater deposits 

Till (Gieten Member) 
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Eemian 
The Saale glacial was followed by a warmer period called the Eemian, an interglacial named after the Eem river 
in the province of Utrecht. The temperature increased, causing the ice caps to melt and releasing large amounts 
of meltwater. 
Water from the melting ice caps and glaciers, and the expansion of seawater under the influence of rising 
temperatures, caused the sea level to rise. The highest sea level at that time was probably slightly higher than it 
is today. The sea penetrated into the relatively lower lying Hunzedal and a few adjacent parts of Groningen 
during this period. Marine sediments were deposited under the tidal conditions. These marine deposits from 
the Eemian are placed in the Eem Formation (see Appendix 2) and can be found along a strip of land that runs 
roughly from the current Lauwersmeer along the eastern border of the city of Groningen and Zuidlaardermeer33 
up to the Gieten-Veendam line (Figure 11). Eem Formation deposits are also found in northeast Groningen, west 
of Eemshaven, at a depth of about 15 metres. These are formed by a lower layer of coarse sand mixed with shells 
with find sand and clay above.34 Today, these deposits are found at a depth of between 15 to 30 metres below 
ground level. 

 

 
Figure 11: Location of the Eem Formation (light green).1 

 
 
Weichselian glacial 
During the last glacial (so far!), the Netherlands was once again part of a cold climate zone. This time, however, 
the land ice did not reach Groningen and the ice front stopped in central Denmark (Figure 12). There were 
periods during this glacial when the landscape of the Netherlands was a tundra, with pine trees and dwarf 
birches, and in the coldest periods it even turned into a polar desert. The sea level was much lower than today 
because much of the water was held in the ice caps that lay over Scandinavia. The lower sea level meant that 
the rivers were able to create deeper incisions in the landscape.35 During the coldest periods, there was hardly 
any vegetation cover and the wind and water swept away everything in their path. Because the ground was 
frozen through in the winter (permafrost) and in the summer only the topmost layer thawed, water was unable 
to penetrate the soil. Instead, the water drained off over the surface, leaving relatively wide deposits of sand 
and fine gravel behind it. The land forms created by these meltwater rivers are the forerunners of the Ruiten Aa 
stream near the villages of Sellingen and Bourtange.36 The valleys formed during this period (that today receive 
a lot less water and have therefore become dry valleys) can be found on the eastern flank of the Hondsrug, such 

Sand and clay, flats and tidal deposits 

Eem Formation (marine) 
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as the Besloten Venen, and in the Helpman neighbourhood in the city of Groningen. The deposits, caused by 
meltwater and other processes, that formed in the stream valleys under these cold conditions are also known 
as ‘fluvio-periglacial sands’. They are part of the Boxtel Formation. Thin layers of loam also sporadically occur in 
these sandy meltwater deposits. 

 

Figure 12: Palaeogeography of the Netherlands during the Eemian interglacial (left) and during the Weichselian 
glacial (right)3. 

 
 

During a dry and extremely cold period from about 26,000 to 15,000 years ago, there was only very sparse 
vegetation on the tundra and large parts of the landscape had no vegetation at all. This is also what is known as 
a polar desert. Sand was carried away by the wind and deposited elsewhere, forming a layer of sand over large 
parts of the Netherlands that was sometimes a few metres thick (known as cover sand). It was previously thought 
that these sands mainly came from the then-dry bottom of the North Sea, but current-day insights learn that 
the cover sand came mainly from a local source.37 The lower, more sheltered parts of the landscape were filled 
up with windblown sand, while a thinner layer of sand was deposited on the higher-lying areas. The average 
thickness of the cover sand was about two metres, but there were strong local variations.38 The landscape was 
gradually worn down to become a gently undulating surface with parabola dunes here and there.39 The layer of 
sand that was blown into the Hunzedal near Veendam was more than five metres thick. Together with the 
underlying meltwater sands and thin layers of loam, the thickness of this sediment layer can reach as much as 
30 metres.40 The meltwater sands, loam layers and coversand formed during the Weichselian glacial are all part 
of the Wierden Member of the Boxtel Formation (Figure 13 and Appendix 2). 
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Figure 13: Location of the Boxtel Formation (yellow). The Wierden Member is coversand1. 

The cover sand formed a blanket of sand over large parts of the Netherlands. This sand can still be found on the 
surface in Drenthe and the south of Friesland. In Groningen, the cover sand can be found on the surface nearby 
Boertange, on the moraine hills of Onstwedder Holte and around Winschoten, Slochteren, on the Hondsrug and 
locally on the till ridges of Noordhorn and Zuidhorn. A gently undulating layer of cover sand also lies over much 
of the peat colony landscape (Figure 14). This relief was brought to the surface again when the layer of turf 
formed during the Holocene was harvested. Because the cover sand roughly slopes from the southeast to the 
northwest, this ancient landscape also occurs further north in Groningen, but deeper underground. The younger 
Holocene deposits (see next chapter) buried the cover sand layer, which it was eroded and carried away by 
rivers, tidal channels and the sea in some places. On the north coast, near Eemshaven, the cover sand landscape 
is still present at a depth of some 20 metres. 

 
 

Figure 14: The patchy patterns in the fields to the east of the city of Veendam clearly reveal the original cover 
sand landscape. The land was levelled after the turf was removed. The former lower levels of the cover sand 
landscape are darker coloured while the white patches indicate the higher cover sand ridges.41 
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Holocene 
The Holocene is the current warm period that followed the Weichselian period and began about 11,700 years 
ago (9700 BC). This period is characterized by a strongly rising sea level, caused by the ice caps melting (which 
began about 18,000 years ago, i.e. before the Holocene began). The sea level initially rose quickly, by an average 
of more than one metre per century. At the start of the Holocene, the sea level was 45 to 50 metres below NAP 
(Amsterdam Ordnance Datum) and the (then land) North Sea started to fill up again. The sea level rose at a rate 
of around 60 to 75 centimetres per century, and by around 7,500 years ago, the level had risen to the extent 
that the sea encroached on the northern part of the province of Groningen. 
The landscape in question sloped slightly down towards the approaching sea. The low-lying parts of that 
landscape, such as the Hunzedal (that can still be found in the ground to the northwest of the city of Groningen), 
were first flooded and then transformed into tidal flats where tidal currents created a dynamic environment. 
The rising sea level also caused the groundwater level in the adjacent coastal zone to rise. In many areas, the 
land became inundated with water so that swamps were formed in the coastal zone. Dead plant matter slowly 
built up here to form peat. The rising sea level caused the swampy peatland to establish further and further 
inland and the sea spilled over and flooded it from the north and northwest. Here, a tidal zone formed with tidal 
channels, flats and salt marshes (comparable to the current Wadden Sea) where clay and sand were deposited.42 
The peat that formed in the coastal swamps along Groningen’s coastline comprises the lowest layer of Holocene 
sediments that is also known as the ‘basal peat bed’ (Nieuwkoop Formation, Figure 15 and Appendix 2). 
Peat also formed on a large scale in the higher-lying parts of the northern Netherlands landscape, outside the 
reach of the sea. This peat was largely formed because till and pottery clay deposits in the subsurface prevented 
the groundwater from draining off. Such peatlands occurred in eastern Groningen, Drenthe and Friesland and 
gradually developed into an extensive moorland. 

 

Figure 15: Expansion on the basal peat bed (Nieuwkoop Formation) at the bottom of the layer with Holocene 
marine deposits (brown).1 

Basal peat 

Nieuwkoop Formation (peat) 
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Figure 16: Holocene marine deposits (Naaldwijk Formation) and peat from the Nieuwkoop Formation. The 
Schoorl Member comprises the coastal dunes and the Zandvoort Member comprises the beach sands of the 
Wadden Islands. The Walcheren Member contains sand and clay on the surface that were deposited in the tidal 
flats of the Wadden region. The dark green colour indicates the tidal flat deposits under the Walcheren Member.1 

 

The rising sea level also reached the coastal swamps further inland. Sediment was deposited over the peat, but 
erosion acting in the tidal channels also washed some of it away. Sediment was transported and deposited inland 
via the tidal channels, forming salt marshes and tidal flats. The sediment build-up allowed the level of the land 
to keep pace with the rising sea level. The dynamism in the tidal zone, with continually shifting channels and 
sandbanks, caused the Holocene sediment layer to vary strongly from place to place along Groningen’s coastal 
plain (Figure 16 and the geological profile in Appendix 1). 
Sandy sediments were deposited in places where the water flowed relatively strongly, such as in the tidal 
channels and against their banks. Tidal currents and wind-driven waves also played an important role in the 
formation of sandbanks and beaches. Where the conditions were calmer, clay settled in tidal flats and salt 
marshes. The salt marshes that now lay above the mean high water level display alternating, centimetre-thin 
layers of sand and clay. These layers of sand were deposited during floods (Figure 17). Shellfish occur in almost 
all sedimentary environments in the Wadden region and their remains are often found in the deposits. 
As of about 6,000 years ago, the major ice caps in the north had almost completely melted and the rate of sea 
level rise fell back drastically to about 30 to 40 centimetres per century.43 In the following centuries, the Wadden 
region in the northern Netherlands gradually expanded and the sea’s influence crept further and further inland. 
Large amounts of sand and clay were deposited in the coastal plains during this period. Enough sediment was 
deposited along the coast of the western Netherlands to compensate for the increasing sea level. This resulted 
in a coastline closed off by high beach ridges and dunes. In the northern Netherlands, however, a different type 
of coastline developed. The tidal zones of the Hunzedal and Fivel region grew increasingly larger and the 
coastline retained its open character, with Wadden islands that were separated by wide straits. This difference, 
compared with the coastal development of the western Netherlands, had three causes. In the first place, the 
ground in the northern Netherlands subsided faster than that in the west, and so more sediment was required 
to compensate for it. Secondly, the coast of the western Netherlands faced the prevailing westerly winds, and 
so sand was transported by waves perpendicular to the coast. In the northern Netherlands, the prevailing wind 
blew parallel to the coastline. Finally, the sand along the western coast of the Netherlands was also 
supplemented with sediment carried by the Rhine and Meuse rivers to the sea.44 

Moderately fine sand, coastal dune (Schoorl) 

Fine to moderately coarse sand, beach barriers (Zandvoort) 

Sand and clay, tidal and mudflat deposits 

Nieuwkoop Formation (peat) 

Naaldwijk Formation (marine) 

Peat 
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Figure 17: Alternating layers of clay and sand in the island of Schiermonnikoog’s salt marshes. 
 

About 3,500 years ago (1,500 BC), the rate of sea level rise had decreased to 15 to 20 centimetres per century. 
The Groningen landscape today remains an open tidal zone with islands separated by wide straits along the 
coastline. Back then, various channels and creeks intersected the region, but the sedimentation that they carried 
was insufficient to match the rising sea level. This is visible in the peatlands that extend along the edges of the 
tidal zones (Hunzedal and Fivel). However, peat formation was relatively limited in the western Netherlands 
during this period. 
The rate of sea level rise continued to decrease, and the northern coast of the Wadden region flooded less often. 
A salt marsh with sandbanks and tidal creeks with levees formed from about 500 BC. These higher-lying banks 
and levees were the first places in the region to be inhabited by humans. The fertile soil and the decreased 
incidence of floods initially mainly attracted temporary inhabitants who grazed their stock there in the summer 
and left in the winter to escape the storms45. Soon, however, the region was permanently inhabited by people 
who created small mounds on which to build their habitations (called wierden in Groningen and eastern 
Friesland, and terpen further west). These dwelling mounds were constructed on sites that were already slightly 
higher than the surrounding land. 
Around the start of the first century, the Hunze and Fivel tidal zones were continuing to fill up with silt. The salt 
marshes expanded and humans started to harvest the peat along the edges of the region (Figure 18, 100 AD). 
The peatlands were drained, causing soil subsidence. At the same time, the artificially reduced groundwater 
table led to oxidation of the peat, which in turn resulted in further subsidence of the land. This human-induced 
soil subsidence exposed the region to the sea again. The land was regularly flooded during high tides, which once 
again deposited sand and clay over the area46. The deposition of this material on the previously harvested 
peatlands served to accelerate the soil subsidence even further. The result was that the sea was once again able 
to inundate large parts of the northern coastal zone. In Groningen, this resulted in the formation of a new tidal 
zone around 800 AD: the Lauwers Sea. Under the influence of constant storms, this sea reached its maximum 
extent around 1200 AD (Figure 18, 1500 AD). 
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Where the Hunze initially drained to the north, in this period, the river turned further westwards and followed 
the course of the current Reitdiep. These floods, and the formation of tidal channels and creeks, eroded the peat 
in the subsurface in many places. The major tidal zones of the northern Netherlands were continuously subjected 
to siltation. The area of salt marsh that was no longer flooded on a daily basis increased, and offered suitable 
locations for human habitation. 
 
 
 
 
 
 
 
 
 
 
 
 
 

5500 BC 1500 BC 
 
 
 
 
 
 
 
 
 
 
 
 
 

100 AD 1500 AD 
 
 
 
 

Figure 18: Development of the northern Netherlands 
landscape in paleogeographic maps.47 
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Around the twelfth century, various monasteries organized the construction of dikes, and sedimentation within 
these dikes was halted. The ground level in these former salt marshes gradually fell as they were drained with a 
network of ditches and drainage channels. The sea level continued to rise in the meantime, and the farmers 
employed various measures to encourage siltation of the salt marshes outside the dikes, so that large areas of 
sandy clay developed. These new marshlands were in turn enclosed by dikes, and because these polders had 
risen at the same pace as the sea, they were higher than the older polders that lay inland behind them. Polder 
after polder was developed in this manner, thus creating the Groninger Hoogeland (‘Groningen Highlands’). 
The creation of dikes around the older clay soils in particular resulted in a varied landscape incised by a large 
number of meandering channels, which were the creeks of the former tidal flats. During the previous century, 
these channels were filled or straightened in many parts of the region to improve conditions for agriculture. 

 

Conclusion 
The formation of Groningen’s coastal landscape was the result of a complex interplay between various geological 
processes, such as the abrasive action of ice caps, polar desert conditions, rising sea levels, sedimentation and 
erosion, peat formation and soil subsidence. Human interventions in these processes played an important role 
starting from the early first century. The result is a large variety of soil types, with strongly fluctuating soil 
stratification across short distances. This is recognizable in the landscape in elevation differences (sometimes 
subtle), land use and field patterns. The same variation is to be found under the surface in the soil horizons; 
excavation works regularly reveal beautifully stratified layers representing various geological sediments. 
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Further reading 
The following sites are good starting points for finding more information (all in Dutch): 

 
Kijkeensomlaag.nl is an easy-to-use site that explains everything about the ice cover during the Saale glacial. 
Kennislink.nl is a site with general information about geology. Natuurinformatie.nl provides a wealth of 
information about the geological formation of the Netherlands. The same applies to Geologievannederland.nl. 
Archeologieinnederland.nl provides extensive information about the geological development of the Netherlands 
during the Holocene. If you want to find a specific core sample or compile a soil horizon, you should visit 
Dinoloket.nl. 
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Appendices 
 

Appendix 1. Geological cross-section of Groningen 
 
 

 
 
 

Geological cross-section of Groningen, west to east from Lauwersmeer via Winsum to Woldendorp. Please see the table below for the legend (source: Vos & De Vries, 2014). 
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Appendix 2. Overview of formations and sedimentary environments 
 

Formation Member Code* Sedimentary environment Lithology Period** 
Anthropocene  AAop human activity sand, clay, waste Holocene 
Boxtel Formation Kootwijk Member BXKO wind deposits (drifting sand) sand Holocene 
Nieuwkoop Formation Griendtsveen NIGR swamp peat Holocene 
Naaldwijk Formation Schoorl NASC wind deposits (dunes) sand Holocene 
Naaldwijk Formation Zandvoort NAZA beach deposits sand Holocene 
Nieuwkoop Formation Nij Beets NINB swamp peat Holocene 
Naaldwijk Formation No distinction NA tidal sand and clay Holocene 
Naaldwijk Formation Walcheren NAWA tidal, upper unit sand and clay Holocene 
Nieuwkoop Formation Hollandveen NIHO swamp peat Holocene 
Naaldwijk Formation Wormer NAWO tidal, lower unit clay and sand Holocene 
Nieuwkoop Formation Basal peat bed NIBA swamp peat Holocene 
Boxtel Formation Wierden Member BXWI wind deposits (coversand) sand Weichselian 

glacial 
Boxtel Formation Singraven 1 BXSI1    

Boxtel Formation Singraven 2 BXSI2 minor creeks (lower 
unit) 

sand and clay Holocene 

Boxtel Formation  BX deposits of minor 
rivers 

sand and loam Holocene 

Eem Formation  EE shallow coast nearby 
marine deposits 

sand and clay Eemian 

Drenthe Formation Gieten Member DRGI glacial deposits (ground 
moraine) 

till Saale glacial 

 … Member    Saale glacial 
Drachten Formation  DN wind deposits and local 

rivers/lakes 
sand  

Peelo Formation  PE deposits under and pushed 
up by an ice cap; 
meltwater deposits 

sand and clay Elsterian 
glacial 

Urk Formation Tijnje Member URTY riverine deposits (Rhine) sand  

Sterksel Formation  ST    

Appelscha Formation  AP riverine deposits (eastern 
rivers) 

sand  

Peize Formation  PZWA riverine deposits (Eridanos) sand  

 
*Code system used in the report ‘Geological schematisation of the shallow subsurface of Groningen for site 
response to earth quakes’. 
**Approximate geological period. Strictly speaking, the formations are not defined on the basis of specific 
periods, however an indication of the time is included in the table to provide a rule of thumb. 
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Appendix 3. Glossary 
 

 
Dutch English 
laagpakket member 
formatie formation 
terp/wierde dwelling mound 
till till 
stuwwal push-moraine 
wierde dwelling mound 
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