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ABSTRACT

This paper considers large-scale erosion of late medieval
peatland landscapes along the inland lagoon rims of the
north-eastern Zuyder Zee area (foday: Noordoostpolder,
the Netherlands) and integrates palaeogeographical
reconstruction, material archeological and spatial
archaeobistorical research. The dynamic regional bistory
of coeval loss of peaty coastal plains and boom of
maritime activities is studied from archaeological, geological
and historical data perspectives. In the first half of the
Middle Ages (4.D. 500—1000), vast peatlands and
interconnected lakes characterised the study area. During
the late Middle Ages (A.D. 1000—1500), increased
storm surges and tidal incursions allowed for extensive
progressive erosion of inhabited peatlands, transforming
the central Netherlands into the Zuyder Zee tidal lagoon.
In the north-eastern quadrant of the expanding water
body, medieval terrestrial geological and archaeological
records fell prey to erosion, re-working and uptake into
lagoon-floor deposits. These deposits have been intensively
surveyed since the 1940s when the quadrant was reclaimed
and made into arable land, and are revealed to contain
spatially clustered late medieval archaeological objects.

DOI: 10.1080,/01433768.2016.1835180

Whereas lagoon floor re-working has hindered mafking
a detailed palaeogeographical reconstruction based on
geological data alone, including the mapping of archaeology
has helped resolve the pacing of lagoon expansion. 1he
key 1o resolving the lost peatland palaeogeography for the
time frames 1100 and 1400, was to put the archeological
data density patterns first and geological lagoon-floor facies
descriptions second in process order, while for earlier periods
or other regions the opposite order is the convenient choice.
We present a map series beginning with an updated map
Sfor A.D. 900 (the youngest geological reconstruction),
introducing the first detailed palaeogeographical maps for
1100 and 1400 (honouring the late medieval terrestrial
and maritime archaeological evidence) and ending with
a landscape reconstruction for 1600 (complying with
the oldest historical maps of the lagoon), revealing the
intertwined landscape bistory of land and sea as the
backdrop for shifts in the buman wuse of both.

KEYWORDS

Palacogeographical mapping, maritime cultural
landscape, archaeology, geology, Middle Ages,
lost islands, drowned settlements, coastal erosion
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Noordoostpolder © “e/oige!
o Espel
o Schokland o Marknesze

o Tollebeek
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ten-Spakenburg
@ Nijkerk

Fig. 1. Topogtaphical map of the Zuyder Zee region in the centre part of the Netherlands. The modern settlements in the
Province of Flevoland are highlighted in grey italics.
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INTRODUCTION

This paper presents a reconstruction of the highly
dynamic maritime landscape development of the
Nootrdoostpolder region, that is the north-eastern
part of the former Zuyder Zee in the central
Netherlands, in the later part of the Middle
Ages (Fig. 1). In 1942, the Noordoostpolder
was reclaimed and transformed into the modern
agricultural landscape. The name Zuyder Zee
(‘Southern Sea’) is connected to the late medieval
greatly expanded central Netherlands® lagoon:
a continuous inland water body resulting from
the progressive erosion of medieval peatland
landscapes connected to the North Sea via
widened tidal inlets of the western Wadden Sea
(e.g. Wiggers 1955; Vos 2015; Van den Biggelaar
et al. 2014; Pierik et al. 2017; Van Popta 2017).
Before this Zuyder Zee tidal ingression and
lagoon expansion came to be, the lost landscapes
of the Dutch coastal plain consisted of extensive
peat bogs, fens and local lakes, through which

rivers ran. A substantial part of these wetland
landscapes was lost to medieval ingressions, but
an equally substantial part was reclaimed and
inhabited at the time, caused by early medieval
habitation on the boulder clay outcrops as well as
large-scale agrarian peatland reclamations in the
tenth—twelfth centuries (Wiggers 1955; Van der
Heide 1965; Geurts 2005; Mol 2011; Van Popta
& Aalbersberg 2016). Hence, palacogeographical
research into the expansion of the Zuyder
Zee and conditions of its wetland fringe from
protohistoric into historic times is advised in
order to cover the detailed investigation of natural
as well as human landscape developments, and
to include the way in which former inhabitants
adapted their physical environment, economy and
social structures to these vigorous changes (Vos
2015; Pierik ez al. 2017). Performing such research
can provide relevant insights into the natural
and cultural history of the lagoon landscape,
and should be considered as a methodological

Plate I. Recent aerial photograph of the reclaimed north-eastern Zuyder Zee region.
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case study in the archaeology of drowned and
reclaimed lands.

STATE OF RESEARCH

The geology, history and archaeology of the
Noordoostpolder have been closely examined in
the past, especially at the time when the polder fell
dry and was put into use in a time of 1940,/°50s
rationalism with a strong focus on agricultural
optimisation for food production, for which a
detailed understanding of the soil and subsoil
was required (Pl I). The new and very diverse
dataset developed in this period has been used
by various scholars for answering questions on
the origin and history of the Zuyder Zee region,
leading to detailed studies on terrestrial and
tidal-lagoonal palacoenvironmental development
(e.g. Wiggers 1955; Van der Heide 1965; Gotjé
1993; Ten Anscher 2012) and to archaeological
investigations of the first (prehistoric) inhabitants
besides many investigations regarding the rich
maritime past of the region (De Boer & Geurts
2002; Geurts 2005; Van Hezel & Pol 2008; Van
Popta & Aalbersberg 2016; Van Popta 2017; Van
Popta & Van Holk 2018). The Noordoostpolder
is also part of multiple detailed regional (Wiggers
1955; Ten Anscher 2012) and more general
national palacogeographical studies (Zagwijn
1986; De Mulder e a/. 2003; Vos & De Vries 2013;
Vos 2015). When connecting all these bodies of
work, important changes in natural conditions
and types of human presence throughout the
history of the region are covered.

Different ideas compete regarding the
eventual establishment of the Zuyder Zee as a
large brackish tidal lagoon early in the second
millennium A.D. These differences especially
consider the southern and south-western
sectors of the Zuyder Zee, where the peat-rim
eroding lagoon assimilated precursor lagoonal
and lake water bodies. The commencement
of the Zuyder Zee is seen as the culmination
of a process that began with expansion and
growing interconnection ‘Lake Flevo’/ ‘Lacus
Fleve’ and ‘Almere’/ “Almaere during the last
centuries B.C. and the first millennium A.D.
Timing and mechanisms of successive phases are
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the subject of ample discussion (recent exchanges
of arguments found in Buitelaar & Borger 2015;
Vos 2015; Vos ez al. 2015; Pierik et al. 2017; Borger
& Kluiving 2017; Van Zijverden 2017).

Our position here is that these debates
primarily consider the timing and order of events
in regions away from the Noordoostpolder (our
Results section contains a synopsis). If we plan
to investigate the Noordoostpolder area and
consider its palacogeography in Iron Age, Roman
and early medieval times, it is fully accepted (see
Results: reconstruction maps reconstructed) that
the region at that time drained towards the Vlie
tidal inlet. There is little debate that this inlet
water body was gradually expanding south and
south-eastwards, turning inland waters from fresh
to brackish and causing erosion and inundation
of peatlands, already before the Zuyder Zee was
established (7.e. within the first millennium A.D.)
and continuing during its commencement (Ze. at
the turn of the second millennium).

However, the time period when coastal land
changed into inland sea, say the late Middle Ages,
remains a complicated and largely unknown
period of study, not only for the Noordoostpolder,
but for the whole Zuyder Zee region. National
palacogeographical studies have skipped this
period by reconstructing the Zuyder Zee region
centuries before marine erosion (A.D. 800) and
the post-medieval landscape after marine erosion
(1500). Previous archaeological and historical
studies do mention the loss of land in the late
Middle Ages and the presumed submergence of
settlements but are often not explicit enough
(see: Geurts 1991; 2005; Hogestijn 1992; Van den
Biggelaar ¢# al. 2014; Van Popta 2017).

PROBLEM DEFINITION

Given the landscape change described above,
it is time to reconsider all the data presently
available for the Noordoostpolder region, in
order to produce a new and independent palaeo-
geographical map time series for the medieval
period. Depicting the symbiotic relationship
between landscape development and human
presence during the late Middle Ages has been
avoided, and hence remained neglected in national-
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scale palacogeographical reconstructions. Time
series tend to skip the critical period, jumping
from A.D. 900 to 1500 (Vos 2015). If we focus
on the regional reconstructions made for the
area in the early Middle Ages (e.g. A.D. 900) and
periods before, considerable attention has been
given to fragments of peatlands of that time,
that survived in the former island Schokland
and its immediate surroundings (e.g. Gotjé 1993;
Van den Biggelaar ez al. 2014). The rest of
the Noordoostpolder area, however, in these
maps does not hold any preserved peatland.
Hence, although there are diverse scattered traces
of medieval habitation, peatland reclamations,
(lost) islands, and former maritime relics in the
Noordoostpolder, it remained unaddressed as
to what particular medieval landscape was there
originally.

Because of areally extensive erosion by the
Zuyder Zee, the calved and seafloor re-worked
areaslostdirectin-situgeological and archaeological
records and therefore were considered unsuitable
to inform palaecogeographical reconstructions.
It is exactly the reconstructive dealing with
surviving archaeological and geological signals
of the eroded peatland landscape after Zuyder
Zee flooding, calving and lagoon floor re-working
— notably in the period 1100 to 1400 — that is
in the heart of the research problem addressed
here. Data integrations and interdisciplinary
interpretations, to be elaborated in new regional
palaeogeographical reconstructions, visualised
in a map time series, are necessary for exploring
and explaining the late medieval developments
of the Noordoostpolder and north-eastern
and south-eastern fringes in the twelfth to
fourteenth century, both natural and cultural,
in a spatially explicit way. As this period spans
the turnover from a ‘landscape’ to a ‘seascape’
for the area, balanced attention is to be given to
indications of sea ingression and land persistence,
both where archaeological and where geological
data are considered. Furthermore, the period
expands the dawn of historical records for
the area. Written and map-drawn information
on former land use, lost places and changed
maritime practice for this area exists, so that the

palacogeographical reconstruction can connect
to the sixteenth-century oldest topographic map
depictions for the area. The time period and
research aimed at thus require an interdisciplinary
approach, taking in archaeological, earth scientific,
palacoecological, historical-geographical and
medieval historical sources and methods, as has
already been noted and advocated in the first
years of Noordoostpolder surveying by Van der
Heide in 1951 (p. 192). Such research would allow
the examination of the extension of the Zuyder
Zee, the changes in human land exploitation
and the influence of these changes to society
from archaeological-historical biographical per-
spectives. As a result the central research question
of this paper is: ‘How did the natural and
cultural landscape of the Noordoostpolder
change because of maritime erosion in a period
of 300 years (1100-1400)>’

Three main research themes are designed for
answering the research question. The first theme
treats the palacography of the Zuyder Zee area,
meaning relevant Pleistocene and Holocene
events that influenced the dynamic development
of the Noordoostpolder sector of the Zuyder
Zee from a chronological geomorphological and
archaeological perspective. Results have been
derived from extensive literature and data reseatch.
The second theme consists of the analysis of
spatial patterns of medieval archaeological and
historical data. It uses primary results based on
analyses of archaeological objects (terrestrial find
clusters) and historical sources (geographically
ordered toponyms). The final integrated result,
the third theme, is the new palacogeographical
map series of the north-eastern Zuyder Zee area
(1100-1400), which is used to present a detailed
regional geographic history for the period of A.D.
900 until 1600, with new features and insights
highlighted. The (cultural) consequences of land
loss will be discussed in a closing section.

METHODOLOGY
MATERIALS AND DATA PREPARATION

Multiple types of primary research materials,
z.e. datasets derived from different research
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TABLE 1. OVERVIEW OF MOST-USED MATERIALS AND THEIR SCIENTIFIC IMPORTANCE

Source Group Data Type Importance

Archaeological Investigation

Medieval Settlement Database (MSD) Site & object databases Primary soutces
Atrchacological Depot Flevoland

Shipwreck Database Flevoland (SDF) Shipwrecks Secondary source
Van Popta and Van Holk 2018

Van der Heide 1958, 1965a; Van Popta 2017 Atrchacological studies Secondary sources

Geological-Geomorphological Mapping

Stiboka 1947-1956: Bodemkundige Code- en Proficlenkaart Soil cross-sections Primary soutce
TNO Netherlands Geol. Survey: DINO-database (dd 2017) Coring database Primary source
Wiggers 1955 Map figures NO polder ~ Primary source
Pons and Wiggers 1959,/1960; Pons ef al. 1963; Ente et al. 1971; Regional studies Secondary soutces

Ente 1973; Van Loon and Wiggers 1976; Ente e al. 1986; Gotjé 1993

Archaeological Landscape map: Rensink ez a/. 2016; National studies Secondary sources
Buried Archacological Landscapes map series: Cohen ¢z al. 2017

Paleggeographical Mapping

Zagwijn 1986; Vos and De Vries 2013; National-scale maps Secondary sources
Vos 2015; Kosian ez al. 2016

Wiggers 1955; Gotjé 1993; Cohen et al. 2009; Regional scale maps Secondary soutces
Ten Anscher 2012; Pierik ez a/. 2016

Historic Cartography
Northeastern Zuyder Zee (. A.D. 1540) Historical map Primary soutce

Zuyder Zee by Christiaan Sgroten (¢. A.D.1570) Historical map Secondaty soutce

Historic Texts

Charter of Andreas, St. Odulphus Monastery Historical charter Primary source
(A.D. 1132; 13th cy copy)

Cartulary, St. Odulphus Monastery Historical charter Primary source
(AD. 1243, 1245; 15th cy copies)

Pomponius Mela, Chorographia 111, 24; Tacitus, Annales 1, 60; Classic texts, Vita, Secondary soutces
Plinius Maiot, Naturalis historiae IV, 101; Eichstitt, 17ta Bonifatii Historic charters

anctore Willibaldi (A.D. 793); Otto 1, Monumenta Germaniae Historica 324

(A.D. 966)

Airborne topographical

AHN 3 LiDAR elevation Secondary source
Historische Luchtfoto’s Flevoland 20th cy aerial Secondary source
photographs

Satellite Images Esti NL dd. 2017 21th cy satellite imagery ~ Secondary sources
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disciplines, have been used for this research of
which a complete overview is presented in Table 1
(see Van Popta 2020 for the detailed background).
To prepare the raw data for use in improving
and newly constructing the palacogeographical
map series, we deployed methods such as find
density analysis of late medieval archaeological
objects, and geographical analyses of historical
charters and maps (again, see Van Popta 2020
for the detailed background). The presence of
dense concentrations of terrestrial finds indicates
that younger lagoon-rim erosion only locally re-
worked, dispersed and damaged the archeological
objects. Surviving concentrations recorded once
the Zuyder Zee sea floor was reclaimed still
echo locations of past landscape occupation
and settlement and, as such, important input to
reconstructions. Note that outside marked find
clusters, individual archeological objects (1) could
have belonged to wrecked ships, (2) could have
been deposited in the sea as garbage from ships,
(3) could have relatively easily shifted and hence
been displaced farther on the former seabed, or
(4) can represent other kinds of noise. Hence,
such isolated find locations were not used as input
for reconstructing settlement locations.

Besides primary data, we also collected earlier
palacogeographical map series of the study area
and direct surroundings, which are principally
based on geological data (e.g. Vos 2015). Such
series visualise sequential landscape change over a
given period in a given area. Each map visualises
the reconstruction of the landscape at a selected
moment in time and stage of development.
Crafting such map series over prehistoric and
historic time is an established practice (e.g. Pons
et al. 1963; Zagwijn 1983, 1986; Ten Anscher
2012; Vos 2015; Pierik 2017; Pierik ez al. 2017).
Even though the views communicated in these
maps come across as very realistic, also helped
by their graphic styling and intuitive legends, one
has to keep in mind that they are interpretative
reconstructions of the data as grasped by the
author and more certain in some areas than in
others, especially in areas later lost to the sea. In
many cases, authors were forced to decide on
drawing lines at arbitrary guessed positions. Land-

water boundary lines, featured on such maps
in data-control reality, in fact signal non-clarity
zones between areas for which the evidence of
‘land’ or ‘water’ is more convincing (from the
nature of sediments, for example).

ASSEMBLING PALAEOGEOGRAPHICAL MAPS

For the 1100 and 1400 maps, the purposely
prepped archaeology data was used as the primary
input in order to reconstruct areas of former
peatland. High-density clusters of medieval
archeology represent settlement locations on
(pen)insular cultivated peatland of the time.
Only denser clustering with different object
types in relative large quantities was interpreted
and used as such. Note that within these find
concentrations, the individual archaeological
objects may well have been locally displaced and
damaged, but not so much or so far that the
concentrations diffused to background level.
The flipped strategy of letting archaeological
evidence lead the reconstructions over former
land surface areas is also functional when recon-
structing since when areas were water. For
that it uses scattered terrestrial archaecology
around concentration centres (see above: the
date of the settlement is a ferminus ante quem
—TAQ — of the time of erosion), as well as
the maritime archaeology within lagoon-floor
deposits. The distribution of medieval shipwrecks
(if reasonably intact) represent watercourses or
sea at the time they last sailed, although one
should keep in mind that shipwrecks to a certain
extent are movable. In the Noordoostpolder,
both the terrestrial and the maritime datasets
are considered sufficiently rich for executing the
density analysis (see Introduction and Approach).
Besides choices on what primary materials to
use and consider, creating a palacogeographical
map series involves choices of time steps, and
complexity and inclusiveness of legend (see also
Pierik 2017). These are influenced by factors
such as the series usage goal (research focus);
the scale at which to serve information (national,
regional, local); the time window to be covered
by the series (Historic, Holocene, Pleistocene);
besides the quality and density of the data of
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the maps (e.g. Vos, 2015; Pierik ez al. 2017). A
national palacogeographical map series can
exemplify broad-scale landscape developments,
but cannot contain as much detail as a regional
palacogeographical map, not to mention a local
map (see also Vos 2015). Local maps can be
highly detailed, but are also very much tailored
to particular themes and purpose (eg. resolving
landscape change at and around sites of specific
archaeological interest). The choice on which
time stamps to give to a map series may differ
greatly between a national map series and a local
one of special purpose. Furthermore, geologists
and geographers might prefer constant-size time
steps for systematically examining changes to the
landscape, while archaeologists and historians
might prefer unequal time steps that echo cultural,
social, economic, and political periodisation.

Mapping the Dutch lowland landscape of
1100 to 1400 has long been considered difficult
(see also Vos 2015), on the one hand because of
the dynamics of storm-surge land loss in many
parts of the coastal plain, and on the other hand
because of the considerable uncertainty about
the ages of man-made embankments (dykes) that
were being upgraded from locally to regionally
managed features. These two factors apply in
particular to the medieval cultivated peatland
areas (De Bont 2008; Vos 2015; Pierik ez al. 2017).
Indeed, the Noordoostpolder study area in the
period of interest was affected by both processes
of storm-surge land loss and the human peatland
occupational processes.

The map series of this research is one on
a regional scale in late medieval times (7.e. A.D.
1000-1500), with the maps depicting a slightly
larger area than just the Noordoostpolder itself.
The choice of map time stamps aimed to bridge
the late medieval gap that exists in current national
and superregional series, 7¢. between maps for A.D.
800 and 1500 (Vos & De Vries 2013; Vos 2015;
Vos ¢t al. 2015) and/ or 1575 (Kosian ez al. 20106).
Hereto we introduce new map reconstructions for
1100 and 1400 (extra time steps), and complement
these with updated reconstructions for A.D. 900
and 1600 (time steps connecting to national
series). One should not forget that the maps
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are ‘frozen’ reconstructions that can approach
realistic situations, but are not full reality. The
maps for A.D. 900 and 1600 are strongly based on
earlier geological-palacogeographical historical-
geographical studies respectively. The map for
1100 must be considered as a complete new
mapping procedure, with an important role for
the density analysis of terrestrial archaeology.
The map for 1400 then builds on the 1100
reconstruction, and frames land erosion and loss
of settlements, making good use of the historical
and maritime archaeological results.

A last important working rule that steered
the 1100 reconstruction is the premise that
the medieval peatlands were subject to a
continnous process of small steps of erosion and
incremental decrease. This affected our (modified)
reconstructions for A.D. 900, 1100 and 1400. The
reconstructions presume that the land loss was the
product of a series of large and very large storms
over several centuries. A second working rule that
steered the interpretative mapping considers the
use of the geological mapping of the extent of
so-called ‘young detritus gyttja’ beds (Flevomeer-
and Almere Beds, Formation of Nieuwkoop).
The reconstruction holds this mapping as a
constraint for the minimum extent of the Zuyder
Zee water body by the end of the early Middle
Ages. Eroded peat is deposited as detritus gyttja
underwater and therefore represents bodies of
water (lakes, channel systems) that date back to
at least the Roman period (Wiggers 1955, p. 64;
Gotjé 1993, pp. 9, 110; Ten Anscher 2012, pp.
496, 502-3). These lakes increased in size over
time due to the peat erosion, caused by strong
winds and large waves (Ente ez a/ 19806, p. 130;
Gerrets 2010, p. 31).

RESULTS
PHYSICAL GEOGRAPHICAL SETTING

As a starting point for medieval to modern
landscape change of the Noordoostpolder,
the rather diverse Pleistocene and Holocene
geomorphological elements of landscapes
tringing the Zuyder Zee are briefly characterised
first (Fig. 2).
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Fig. 2. Archacological Landscape Map of the Netherlands, cleatly depicting the old land (Wadden Sea peat area) and new
land (recently reclaimed polders) in the north-eastern Zuyder Zee Region (Rensink ez a/. 2016.).
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Pleistocene landforms

During the Pleistocene, North-Western Europe
went through multiple ice ages, of which the
penultimate glacial (¢. 150,000 years ago; the
last part of the Saalian) left prominent relief in
the study area. The south-western front of the
Scandinavian Ice Sheet overran the north of the
Netherlands, including the Noordoostpolder.
It transformed the subsoil into push moraines
(formed due to the pushing of sediments by
a glacier or ice sheet) and ground moraines
(an irregular blanket of till deposited under a
glacier) and left glaciogenic aligned ridges and
lows dissected by meltwater valleys (Wiggers
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1955, p. 19; Ter Wee 1962; Kluiving ez al. 1991;
Gotjé 1993, p. 15; Busschers ez al. 2008). When
the land ice melted, large amounts of erratic
boulders and patches of stiff layers of clayey
till (boulder clay, keileens) were left behind (eg.
at Urk & Vollenhove: Bosch ez a/. 2000, p. 139).
During the Last Interglacial (Eemian; ¢. 125,000—
115,000 years ago), the central Netherlands were
inundated by a marine embayment connected
to the North Sea (Zagwijn 1983; Peeters ¢z al.
2016). The area covered by the inland sea was
comparable to that of the Zuyder Zee. In the
Last Glacial (Weichselian; ¢. 115,000 years ago —
9700 B.C.), the Netherlands were not covered by
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Fig. 3. Palacogeographical development of the Zuyder Zee Region between 500 B.C. and A.D. 2000 (after Vos & De Vries 2013).
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land ice but phases of mildly cooler to severely
colder climate (relative to present) alternated
repeatedly (eg. Zagwijn 1989; Bohncke 1993;
Hoek 2000). Frozen and barren conditions
allowed large amounts of sand to be mobilised
by the wind. Admixed with snow these shifted
sands were redeposited as so-called coversand
deposits, resulting in a series of low sand dunes
over a partly deflated, partly buried, substrate
(Van der Hammen 1951; Kasse 2002; Schokker
et al. 2007)." Meanwhile, smaller rivers like the
Linde and Kuinder (fed from snowmelt on the
till plateau to the north-east), and the larger
rivers Vecht (its catchment reaching east into
Miinsterland: Van Huissteden ez o/ 19806) and,
in the beginning of the glacial, even the Rhine
(the northerly course was abandoned half way
through the Weichselian; (Busschers ez a/. 2007,
Peeters et al. 2016), worked their ways through the
open lowlands of the study area. The last severe
cold phase peaked around 20,000 B.C. and major
cover sand displacement, river bed widening and
aggradation characterised the period following
it (Late Pleniglacial, until 12,500 B.C.), locally
allowing inland aeolian dunes to form (flanking
river beds).

Early and Middle Holocene landscape development

Late glacial and Early Holocene global climatic
amelioration and the melting of land ice resulted
in the return of temperate vegetation, rain-fed
hydrology and a risen sea level. By 7-6000 B.C.,
a few millennia into the Holocene, this sea-level
rise began to affect the western and central
Netherlands directly (Gotjé 1993, p. 109; Menke
et al. 1998, p. 33; Westerhoff ¢z al. 2003a, p. 219a;
Koster et al. 2017, p. 8; De Haas ¢# al. 2017). Up
to that time, peat formation had been a local
phenomenon, limited to depressions, seepage
zones and pootly drained till-plateaus in the
Pleistocene landscape (Westerhoff ef 2/ 2003a,
p. 221; Vos et al. 2015, p. 306). Once groundwater
levels became affected by the approaching and
rising sea-level nearby, swampy and marshy
conditions expanded considerably and as a result
the peat overgrown areas grew in extent. Most of
the Noordoostpolder and surrounding parts of

Flevoland became peat covered (Wiggers 1955,
p. 49; Ente ¢f al. 1986, p. 46; Gotjé 1993, p. 18;
Menke e al. 1998, p. 36; Westerhoff e al. 2003a,
p. 227; Vos & De Vries 2013; Vos 2015; Ten
Anscher 2012, p. 499; Koster ¢z al. 2017).

By 4000 B.C., the Noordoostpolder landscape
consisted mainly of open peat fens and some
forestation on isolated outcropping river
dune and till plateau remnants (Ten Anscher
2012, p. 513). To the west, a Wadden Sea-like
environment existed connected to the North
Sea by tidal inlets, the largest one debouching
at Bergen. This originally transgressive system
silted up slowly, causing the tidal flats to become
supratidal salt marshes, while the tidal channels
connecting to the inlets dropped in numbers and
became smaller (Lenselink & Koopstra 1994; Vos
2015; Van Zijverden 2017, p. 36, 38).” In this
situation, the Noordoostpolder peat fens could
expand westwards again. The Vecht River was a
conduit of fresh water through these peatlands
(Gotjé 1993, p. 109; Ten Anscher 2012, p. 500).
Originally, the peat and its crossing river drained
towards the Bergen tidal system to the west.

Under conditions of relatively modest sea-
level rise after 2750 B.C., the tidal basin serviced
by the inlet of Bergen siltened up further while
that inlet shrunk in size (Vos 2015, p. 322). After
approximately 2100 B.C. tidal basin sedimentation
no longer reached into the Noordoostpolder
region, but it continued in areas to the west
of it (De Mulder & Bosch 1982, p. 146; Vos
2008, p. 83; Borger & Kluiving 2017, p. 42; Van
Zijverden 2017, p. 37). Continued saltmarsh mud
deposition in the west, raising that terrain to
supratidal levels, changed the hydrology of the
peatlands of the Noordoostpolder. Drainage was
now poorer due to the retention of water in the
peatlands, and poor vertical infiltration into clayish
subsoil and reduced drainage opportunities to
tidally silted-up downstream areas. This explains
the establishment of multiple peat-lakes in the
Noordoostpolder and areas to the south (Gerrets
2010, p. 31; Menke e al. 1998, p. 45; Roep & Van
Regteren Altena 1988, p. 219; Vos & De Vries
2013, p. 52; Vos 2015, p. 323; Van Zijverden
2017, p. 38). It would take until approximately
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1100 B.C. before the Bergen inlet fully closed
and peat started to cover the tidal sediments in
the Noordoostpolder region (Gotjé 1993, p. 149;
Westerhoff ez al. 2003a, p. 227; Ten Anscher 2012,
p. 524; Vos et al. 2013, p. 52; Van Zijverden 2017,
p. 40). The accumulation of water in the northern
basin was then discharged via an early connection
with the Wadden Sea named Vlie or Vliestroom.
The size of the basins increased over time due
to erosion of the surrounding peat, caused by a
combination of high winds and wave action.
The peat, river and lake development in the
Noordoostpolder, ze. the north-eastern peatland
of the later Zuyder Zee, ran parallel to that in
areas to the south, with subtle differences in
outcome. Initial stages of marine transgression
and peat formation up to ¢« 4000 B.C. were
similar for the southern and northern Zuyder
Zee area. Thereafter, when major siltation of
the tidal area began, the Holland beach barrier
complex matured, the number of tidal inlets
reduced and the northern peatland linked up with
the Bergen inlet system, the southern peatlands
linked up with the Oer-1J system (e.g. Kok 2008;
Vos et al. 2015; Pierik et al 2017). Around 400
B.C., that southerly Oer-1J inlet began to close,
a development thought to be driven by a fall
back of discharge routed to it, besides beach
ridge sedimentation processes at the coastline
itself (Vos et al. 2015; De Haas ez al. 2017). For
some time, Rhine river water had fed the Oer-1J
system through the Angstel-Vecht branch (Bos
2010, p. 56). When the Rhine discharge carried
by this branch reduced (as naturally happens in a
deltaic distributary system: discharge partitioning
over branches is not constant), the Oer-1J inlet
no longer keptitself open (Vos ezal. 2015, p. 311;
Van Zijverden 2017, p. 39). Closure of the
Oer-1J inlet meant strongly reduced discharging
opportunities for the southern peat area and the
lakes that existed in it (7bid.) and, consequentially,
the southern lakes started to pond and leak water
towards the north, into the waters of the northern
area that the Noordoostpolder peatlands and
lakes had long drained to. This new established
connection can be regarded as a breach of the
peatland barrier that had separated the northern
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and southern drainage systems of the Zuyder
Zee area (compare Figs 3a and 3b; Westerhoff
2003a, p. 232; Vos 2015, p. 323; Vos et al. 2015,
p. 311; Van Zijverden 2017, p. 39).

Late Holocene landscape development
When the south—north breach became estab-
lished, both areas drained together using the Vlie
tidal inlet of the Western Wadden Sea, a situation
presumably established in the last century B.C.
(Ente ez al. 1986, p. 61; Westerhoff 2003a, p. 232;
Kok 2008, p. 91; Vos et al. 2015, p. 311; Van
Zijverden 2017, p. 39). Since then the Vlie tidal
inlet could enlarge itself, as it had considerably
more peat rivers and a larger inland area that it
received discharge from (besides floodwaters
from minor Rhine branches), and because during
storm surges it could flood their lower reaches
and calve off their banks, gradually enlarging
the inland tidal basin (‘ingression’ Pierik ez
al. 2017), in turn allowing the inlet to widen
some more (Vos 2015). These essentially natural
developments were coincident with the beginning
of the Roman occupation of the Low Countries,
resulting in the first mentions of the area and its
landscape in written sources, albeit without any
reference to a particular genesis (Gerrets 2010,
p. 31; Borger & Kluiving 2017). It was Pomponius
Mela who mentioned in A.D. 44 Lacus Flevo (Lake
or lakes Flevo) in his text. Tacitus also mentioned
alake in A.D. 15, and Plinius Maior used the name
Flevumr in A.D. 77 This ‘Lake Flevo’ is likely to
have represented not just a single largest lake, but
refers to an assemblage of lakes in the area of
the later Zuyder Zee (likely those in the southern
sector, and probably also extending to such lakes
in sectors to the north, including those within our
study area). It signals that larger open water areas
from that moment in time onwards were and are
to be considered a constant factor in the natural
landscape (Pierik ef al. 2017; Borger & Kluiving
2017, p. 40). Where the term Flevo Lake is used
in the rest of this text, it is meant to refer to the
interconnected open waters of the region in the
first centuries A.D.

From the Roman Period onwards, the North
Sea gained influence on the back-barrier coastal
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plain — using the Vlie tidal inlet at storm surges
to flood, bury and erode peatland more often
and more widespread than before, especially in
the northern part of the lagoon (Ente ez 2/ 1980,
p. 130; Westerhoff e a/. 2003a, p. 232, Vos 2015,
p. 324; Pierik et al. 2017). Where the large fresh-
water basins in Roman texts were referred to as
Flevo Lake(s), in early medieval texts the name
is Almere which means ‘all lake(s)’. Furthermore,
from the seventh century onwards the IJssel
River became a Rhine branch of importance,
routing more fresh water (and clay) into the
Noordoostpolder-area than the Vecht River alone
had done before (see Makaske ez 2/ 2008; Cohen
et al. 2009, 2012; Van Beek 2009; Groothedde
2010).

Interference by humans in the natural land-
scape turns out to have been the most important
factor for new marine sedimentation (Vos 2015,
p. 324; Pierik ez al. 2017, p. 15). Large peat
reclamations in the Frisia, Holland, Utrecht,
and Overijssel areas from the tenth century
onwards caused oxidation and soil compaction,
resulting in a considerable time-lagged land
subsidence and eventually erosion of the peat,
resulting in even larger fresh-water basins and
a more vulnerable coastal defense (Fig. 3c). In
the eleventh and twelfth centuries, severe storm
surges® widened the Vlie inlet and the breached
peat barrier that had connected Frisia and North
Holland. Initiation and excessive deepening of
the Marsdiep as a second tidal inlet connecting
to the Zuyder Zee is associated to this (Fig. 3d)
(Vos 2015; Pierik ez al. 2017, p. 10). In some places
this left an overburden of storm deposits over
fringing peatlands, but over large areas within the
Noordoostpolder this caused major erosion of
peatland leaving lagoon-floor deposits, and both
types of deposits contain medieval archaeological
objects (Wiggers 1955, p. 175; Van den Biggelaar
et al. 2014, p. 177), especially from the twelfth
to the fourteenth century. The more or less
simultaneous upscaling of peat reclamations
and increased severity of storm surges illustrates
a clear reciprocity between large-scale human
interference to the landscape and increased
impacts of marine dynamics (Van Bavel 2010,

p. 45), especially in coastal plain sub-regions with
substrate and exposures susceptible to it (Pierik
et al. 2017).

In the twelfth century, use of the name
Almere was succeeded by that of the Zuyder
Zee, referring to an accumulation of water
with the characteristics of a sea. As a result, the
water of the Zuyder Zee became brackish in the
northern and western part, but remained fresh
in the eastern and southern region for some
centuries (Hogestijn 1992, pp. 107-9). The size
of the land surface, in the basin, consisting of
peat island areas and peat lagoon fringe areas,
kept on decreasing with the passage of time
due to floods, storms and dehydration. As a
reaction and way of protection, dykes were built
all along the shores of the Zuyder Zee from the
twelfth century onwards. The oldest ones are
estimated to have been constructed in the twelfth,
thirteenth (both local) and fourteenth (regional)
century (Hogestijn 1992, p. 110; Gerrets 2010,
p. 37; Van den Biggelaar ez al. 2014, p. 178).
Habitation became limited to the relative safety
of the boulder clay at Urk, along the east coast of
the Schokland-area and along the north-eastern
Zuyder Zee coast in the vicinity of Kuinre. The
inhabitants of the Schokland-area were forced to
leave their small terps in the fourteenth century,
and to live on four major new terps (Emmeloord,
Middelbuurt, Zuiderbuurt, and Zuidpunt) until
the abandonment of Schokland in 1859. The
Zuyder Zee reached a more or less stable size at
approximately 1600 as is proven by comparing
historical maps from that moment onwards.

SPATIAL CONCENTRATIONS OF MEDIEVAL-AGE
ARCHAEOLOGY

The density analysis identified seven areas with
a high density of archaeological material (Fig.
4, A—G). The areas A and B were well known
before: they represent the still-persisting old
settlements Kuinre (former lagoon rim) and
Urk (a former island). Kuinre is nowadays a
small and quiet town, but it played a remarkably
important but hardly known role in Dutch history.
The remnants of multiple castles, a sconce
(fortification), the highest-known concentration
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Fig. 4. Density map of medieval archacological objects that were found in the Noordoostpolder. A = Kuinre, B = Urk,

C = Schokland, D — G = drowned settlements.

of shipwrecks in the Zuyder Zee, and multiple
written sources nonetheless testify to this past
importance (see eg. De Boer & Geurts 2002).
The density of late medieval archacological
material on the island of Urk is modest when
compared to the other find concentrations. A first
hypothesis for this difference is the assumption
that the late medieval (say eleventh- and twelfth-

century) predecessor of the settlement Urk was
positioned over 1 kilometre to the west of the
current location of the town (Vreugdenhil 1999;
Geurts 2005), in unreclaimed parts of the Zuyder
Zee beyond our data coverage.

Concentration C corresponds closely to the
contours of the later island Schokland. It is
important to keep in mind that the toponym of
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Fig. 5. Detailed archacological landscape map of late medieval Schokland, framing the dozens of small dwelling mounds
(terps) and dykes.
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‘Schokland’ is post-medieval: it started circulating
in the first half of the seventeenth century
after the area had become isolated within the
expanding Zuyder Zee (Vliet 1992, p. 6; Van
Hezel & Pol 2008, p. 71). In our text we will use
the term ‘Schokland area’ for 2,200-3,000 ha of
middle- and high-density medieval archaeological
finds, whereas we use ‘Schokland island’ to
indicate the much smaller ¢« 115 ha that were
left in early modern times after the Zuyder
Zee erosion processes. After the reclamation
of the Noordoostpolder and the cultivation
of the new land, the traces of late medieval
habitation were uncovered: the locations (shown
by colour differences) of approximately 130
terps, ditches and multiple dykes were spotted on
aerial photographs (UK Royal Air Force) made
during the Second World War (Fig. 5).°

The other mapped find concentrations (D-G)
represent high-density scatters of late medieval
archaeological material only. There are no
traces of terps, houses or dykes preserved here.
Concentration D appears to overlap with that
of the lost settlement Fenehusum as depicted on
several sixteenth-century maps and mentioned
in historical sources. Concentration E lies in the
close vicinity of Kuinre and contains many late
medieval pottery shards and animal bones. The
concentrations I and G represent two more
isolated locations in between the mainland in
the north-east and the island Urk, where large
amounts of pottery shards (dating from the
twelfth until the fourteenth century), animal
bones, bricks, and tuff stone have been found.
The composition of the find assemblages and the
sheer amount of archaeological finds in each of
the clusters alone already is strong indication that
locations A—G represent medieval settlements
that were calved and drowned by the Zuyder
Zee. It is important to find out whether there
is historical evidence that might strengthen the
archaeological assumptions.

HISTORICAL SETTLEMENT INFORMATION

Multiple historical sources deliver evidence that
the peatlands in the north-eastern part of the
Zuyder Zee region were cultivated during the
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Middle Ages (see: Table 1). The process of
exploitation, peat reclamation and inhabitation of
the region started approximately in the eleventh
century, although relatively little is known of this
first phase of human influence in this landscape
(Van Bavel 2010, p. 38). Several thirteenth—
fifteenth-century documents from the abbey of
St Odulphus near Stavoren (Frisia) do provide
valuable information on the presence of medieval
settlements in the research area. The charters
contain a list of twenty-seven chapels and goods
that belonged to the abbey, and it is this list that
provides insights into the habitation of the north-
eastern Zuyder Zee region (Mol & Van Vliet
1998, p. 102; Mol 2011, p. 65). The list contains
not only locatable settlements like Kunre (Kuinre),
Utk (settlement) and Emelwerth (Emmeloord), but
also the names of several settlements of which
the locations are unknown.

When studying the lists of chapels it becomes
clear that the list order in general matches a
(clockwise) geographical order (Fig. 6). The
route starts with the chapels that lie close to
the east of the St Odulphus abbey: Laxnum
(Laaksum), Wardelse (Warns) and Karnewald.
The route then heads north and north-east, via
Hindelepum (Hindeloopen), Gersmere (Gaastmeer),
Heslum (Hieslum), Santforde (Sandfirden), Eddeghe
(Idzega), Aldekerke (Oudega), Hagekerke (Heeg),
Ipekeldeferke (Ypecolsga), and Wicle (Wijckel). It
continues to the most southern tip of Frisia and
across the border to the Province of Overijssel:
Osterse (Oosterzee), Acthne (Echten), Scherpensele
(Scherpenzeel), Kunre (Kuinre), Ruthne and Sillehen:
(IJsselham). Before the route continues to the
island Urk and Ewmelwerth (Emmeloord), the
names of Fenehusum, Kunresijl, Marcnesse and Nagele
are mentioned, implying that they are positioned
somewhere between Sillehens, Emehverth and Utk.
The route ends across the Zuyder Zee on the
Frisian coast via Midlinge (Mirns) and Harch
(Harich).

Based on the geographic order of the charter
lists, a selection can be made of chapel-names that
were (probably) positioned within the research
area. Therefore, focus should be on the sequence
from Kuinre until Emmeloord, including the
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Fig. 6. Geographical representation of the list of chapels from the St Odulphus monastery of Stavoren.

names Fenehusum, Marcnesse, Nagele and Utrk. and Urk, leading right into the north-eastern
There is no discussion about the location of the Zuyder Zee region, although the exact locations
settlements Kuinre and Urk, as they still exist. of the settlement remain unknown. Further

The same is true for Emelverth, although the  evidence of medieval habitation and cultivated
settlement was abandoned in 1859 and only the ~ lands comes from several historical maps (eg.
remains are preserved (Van Hezel & Pol 2008, p. Christiaan Sgroten, ¢ 1570 and Provinces Unies
199). Following the imaginary route of chapels des Pays Bas, 1648) that contain information
on the charter lists, one would reach Fenehusum, on the remains of the medieval landscape in a
Marcnesse and Nagele in between visiting Sillehenz  tretrospective way.
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FOUR-STEP LATE MEDIEVAL
PALAEOGEOGRAPHICAL MAP SERIES
With all the assembled archaeological, geological
and historical information, a new four-piece
palacogeographical map series was made for
the time span of A.D. 900-1600 (Figs 7-10).
Approximately 45 per cent of the A.D. 1100
landscape of the Noordoostpolder area was
reconstructed based on maritime and terrestrial
archaeological findings, the other 55 per cent
being areas outside major concentrations where
continuity and the extent of land and water are
based on interpreted geological data and historical
sources. The 1400 map shows partial loss of
this land, making use of the age-indications that
archaeological data provided (site-distribution
based: high-density areas in Fig. 4). Our 1600
map (Fig. 10), historical maps from that period,
Vos (2015) and Kosian ¢z a/. (2016) show that by
1600 the size of the Zuyder Zee was close to that
of the nineteenth and early twentieth century.
Considering the Noordoostpolder high-
lighted area, peatland extent, as depicted on the
new A.D. 900, 1100 and 1400 maps, is greater
than that in earlier national palacogeographical
map series (A.D. 800 maps of Zagwijn 19806;
Vos 2015). This is a result of including the
archaeological find density analysis (see
Methods). This evidence comes from relatively
large areas that eatlier reconstructions mapped
as already eroded by that time. The map for
A.D. 900 features several local-detail changes
(compared to Vos & De Vries 2013; Vos 2015).
The map depicts Urk and Schokland forming a
peatland peninsula that is about to be breached
by the expanding lagoon and to become cut off
from the mainland (Vos & De Vries 2013 depict
a breached situation). This is also notable in the
lithological characteristics of the contemporary
lagoon-floor deposits in the study area (Almere
Bed) surrounding the peat peninsula: these
show increased intercalations of sandy layering,
indicating increased water movement (Wiggers
1955, p. 92; Ente ¢f al. 19806, p. 130; Westerhoff
et al. 2003b, p. 316; Gerrets 2010, p. 33). Sur-
rounding peatland began to collect a cover layer
of lagoon-derived clay owing to flooding during
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storms (often referred to as ‘clay deck’) from the
ninth century onwards.’

According to our reconstruction, land sur-
rounding Urk would have been separated from
that around Schokland in the ninth or tenth
century. Herein we reproduce the scenarios in
Wiggers (1955, p. 68) and Ten Anscher (2012,
p. 527), both leading back to the interpretation
of the Code- en Profielenkaart (1947-1956) which
depicts layers of young detritus gyttja between
Utk and Schokland. It is also in accordance with
Ente (1973, p. 141) and Hogestijn (1992, p. 110)
who interpretatively date mainland detachment
of Urk and Schokland to, respectively, the ninth
and tenth century A.D. Schokland presumably
separated from the mainland a little later than
Utk, likely as a consequence of repeated storm
surges in the eleventh or twelfth century (Ente ¢#
al. 1986, p. 132 and Cohen ¢ al. 2009, p. 92 earlier
entertained such reconstructions). The map for
1100 shows the peatland between Schokland and
Kampen just breached.

Traces of late medieval habitation in the
Noordoostpolder area are also depicted in the
west of the Noordoostpolder (1100 and 1400
around Urk; 1100: further islands north of
Urk) and in the north-eastern fringe (1100
and 1400 maps; peninsula in front of Kuinre).
Adjacent to Urk the habitation is clearly late
medieval (concentration F). Depicting peatland
islands to the north of Urk on the map for
1100 (concentration G) corresponds to the
mapping of Wiggers (1955, p. 193, fig. 108)
who presumed the area to be part of the larger
island Urk, and that by Ten Anscher (2012,
p. 527) that has them separated by water. The
find concentrations are from areas that by 1100
had a developed clay deck topping the peatland.
While storms made the Zuyder Zee enlarge
and eroded peatland rims, the same storms
also caused flooding of peatland, depositing
the clay deck (Wiggers 1955, p. 96; Hogestijn
1992, p. 98; Van den Biggelaar ez al. 2014). It is
plausible that the clayey topsoil proximal to the
Zuyder Zee provided a better surface than peaty
grounds some distance inland. Archaeological
concentration G must have been an island in the
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Northeastern Zuiderzee region: AD 900

Steenwijker Aa

Meppeler
Diep

Landscape

‘ Open water

Underwater delta

- Peatland (locally thin clay cover) e River
- River natural levees and delta plain
Drowned peatland - Inland dune crests (local heights)

Smaller stream

- Possibly breached peatland Push moraine relief (local heights)

Fig. 7. Reconstruction of the north-eastern Zuyder Zee region for A.D. 900: peatland dominates, limited marine influence
and land cultivation.
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Northeastern Zuiderzee region: AD 1100

Human presence between
AD 1100 and 1400
Ditch
—— Dike
- Terp (dwelling mound)

NO Polder habitation
- (archaeological finds)

Steenwijker Aa

Meppeler
Diep

Landscape

‘ Open water - River natural levees and delta plain <= River
Underwater delta Active meander belt ——— Smaller stream
Drowned peatland - Inland dune crests (local heights)

- Peatland (locally thin clay cover) Push moraine relief (local heights)

Fig. 8. Reconstruction of the north-eastern Zuyder Zee region for 1100: Zuyder Zee enlarged majorly, new routes, land
cultivation and habitation.
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Northeastern Zuiderzee region: AD 1400

Human presence
Ditch
= Dike (regional, local)

- Terp (dwelling mound)

NO Polder habitation around
AD 1400 (archaeological finds)

- Town

, Linde

Steenwijker Aa

, Meppeler
Diep

Landscape

‘ Open water - River natural levees and delta plain e River
Underwater delta Active meander belt ~——— Smaller stream
Drowned peatland - Inland dune crests (local heights)

- Peat (locally thin clay cover) Push moraine relief (local heights)

Fig. 9. Reconstruction of the north-eastern Zuyder Zee region for 1400: land loss, drowned settlements, harbour towns form.
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Northeastern Zuiderzee region: AD 1600
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Fig. 10. Reconstruction of the north-eastern Zuyder Zee region for 1600: near-final size of Zuyder Zee reached, consolidation
with dykes.
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Fig. 11. Historical map of the Zuyder Zee region by Christian Sgroten (. 1573), depicting the final stage of land erosion

and the rise of the Zuyder Zee.

petiod of approximately 1100-1300. The piece
of land is considered lost to lagoon erosion on
the maps of Zagwijn (1986, A.D. 500-1200) and
Vos and De Vries (2013, A.D. 800), but when
their maps of the Iron Age (Vos & De Vries)
and the Roman Period (Zagwijn) are taken into
account, the land becomes visible as a peninsula
(Vos & De Vries) and an island (Zagwijn). It
means that their maps depict the transformation
of the Noordoostpolder landscape as happening
somewhat too early (as mentioned earlier).
Clayey topsoil in the north-eastern part of
Schokland (sourced from the rivers IJssel and
Vecht, stirred up and deposited by the Zuyder

Zee) must have been a very suitable surface for
the medieval habitation in the northern part
of Schokland, considering the high amount
of medieval archaeological finds in this area.
Population growth and a growth of trade in
the Low Countries during the late Middle Ages
resulted in the rapid extention of agriculture and
land cultivation (e.g. Spek ez al. 1996; Van Bavel
2010, p. 325). It is therefore likely that other parts
of the Noordoostpolder region were cultivated
as well, causing rapid compaction and erosion
of the peat. Recent archaeological research in
the remaining parts of the Kuinre peatland
peninsula revealed remains of a late medieval
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Fig. 12. Historical map of the Zuyder Zee region for ¢ 1540, depicting the drowned settlement Veenhuijzen in the north-

eastern part of the Zuyder Zee.

(1300-1600) network of ditches, dug into peat
as part of a reclamation (see Fig. 9).* Remains of
the drowned late medieval settlement fenehusen
(which translates as ‘peat houses’) were found
inside the ditches, making it plausible that people
placed their houses directly on the peat, while
reclaiming the peatlands.

The reconstruction of the IJssel and Vecht

river mouths in the south of the map build on
Ente ez al. (19806), Dirkx ez al. (1996), and Cohen
et al. (2009; 2012). Delivery of large volumes of
sand and the build-out of the IJssel delta to the
north of Kampen (underwater as well as above
the water), commenced centuries later (peaking
after 1200; e.g. Ente 1973; Van der Schrier 2004;
Cohen ¢z al. 2009) than the first delivery of fresh
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water (abundant well before 1200; e.g. Kooistra ez
al. 2006; Makaske ¢ al. 2008; Cohen et al. 2012;
Jansma ez al. 2017). Therefore, in the maps for A.D.
900 and 1100 a still modest IJssel delta is depicted,
aligned along easterly branches. The delta took
its semi-circular shape with branches directed
north-west in the centuries following that (Ente
1973, p. 153; Dirkx et al. 1996, p. 21; Cohen e al.
2009, pp. 90-2; Waldus 2018, ch. 11) — as seen
in the maps for 1400 and 1600 (Kampereilanden:
Isles of Kampen). Besides ample sand delivery by
the fully established river to its delta, delta growth
had become possible because of the enlargement
of the water body in which the river ended. The
IJssel delta can be considered land that replaced
parts of the peat peninsula that existed in the
A.D. 900 map. There are many more detailed
conclusions to make, as is common when creating
a new regional map series, but they should be
made on a local scale.

LANDSCAPE CHANGES AFTER 300 YEARS OF
MARITIME DEVELOPMENT

The map of 1100 (Fig. 8) depicts a landscape
in which mankind had cultivated parts of the
peatlands but was driven back by the water, most
clearly illustrated by comparing it to the map of
A.D. 900 (Fig. 7). It shows the region before the
major and final erosion of the peatlands that
started in the twelfth century and of which the
results can be seen on the new map of 1400
(Fig. 9). The region was already populated, with
habitation on individual house terps (Schokland-
area), on the south-western part of the island
Urk, on several islands north of Urk, on the
natural heights of Urk and Vollenhove (boulder
clay), on the peat peninsula to the north and
west of Kuinre, and on the end of the peat
peninsula (the future north-eastern shore).
Historical documents further contribute to the
understanding of the landscape by naming several
chapels in the area: Kuinre, Kunresijl, Fenehusum,
Marcnesse, Nagele, Emelwerth and Urk. It is not yet
possible to connect all the names of the unknown
chapels/ settlements to the multiple settlement
locations as clear descriptions of their locations
are lacking. The order of names in the Andreas

charter does imply that Marcnesse and Nagele
should be located somewhere in between the
peat peninsula and the island Urk, for example on
one of the islands close to Urk. The settlements
Fenebusum and Kunresij/ should be sought in the
direct vicinity of Kuinre. For 1400, the amount
of archaeological sites with a high density is
limited to the coastal zone in the north-east, the
Schokland-area and Urk. The other islands, a
large part of the peninsula and the western shore
of the Schokland-area were either drowned or
completely washed away. Dykes were built along
the coast, the Schokland-area and on Utk in order
to withstand the floods (Van Hezel & Pol 2008).

After 300 years of dynamic marine influence,
nothing remained on the surface of the former
islands, the peninsula and the Schokland-area
except for some flats to the north of Urk
(Fig. 9). Historical documents testify to heavy
storm surges in 1163, 1164, 1170, 1173, 1196,
1214, 1219, 1220, 1221, 1246, and 1248 that
terrorised the inhabitants of the Zuyder Zee
region and demolished a large part of the peat-
lands (Buisman 1995, p. 361). We have not singled
out a particular storm event to have caused the
great majority of land loss (although some storms
were more extreme than others; see Gottschalk
1971; Buisman 1995; 1996; Vos 2015). Repeated
storm attacks lead to the eventual extent of the
Zuyder Zee with peatland surviving at the island
Schokland and along the eastern and southern
fringes (Fig. 11).” Multiple settlements (e.g.
Marenesse and Nagele) must have been drowned
due to these floods and their names are not found
in historical records from the fourteenth century
onwards.

The people that once inhabited the region were
forced to leave their settlements due to the many
floods and resettled on the islands Urk, Schokland
or further inland. This trans-placement towards
the less-threatened parts of the region is cleatly
visible in the case of the medieval settlement
Fenebusen, as depicted on a historical map from
¢. 1540 (Fig. 12). The first location of the
settlement had already been overtaken by the
Zuyder Zee and is depicted as a half-submerged
building in the sea (blue circle), while the new
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location (same name) is shown to the north and
close to the shore (red circle).

From the thirteenth century onwards, dykes
were constructed along the main coastal areas of
the Zuyder Zee for protection against the raging
floods of the sea (Van der Heide & Wiggers 1954;
Van den Biggelaar ¢f a/. 2014). In the thirteenth
to fourteenth century, in the wake of 1Jsseldelta
expansion and the shortening of the distance
to the open Zuyder Zee, Kampen established
itself as a major harbor town. The 1400 map
depicts two main branches (Noorderdiep and
Zuyderdiep/ Brunneperdiep; ¢ Waldus 2018)
and marks with dashes a central third new branch
(Rechte Diep) that was heavily engineered (if
this branch was a natural one originally at all) to
become the main entry to the town during the
fifteenth century (historically evident, e.g. Tamse
1963; dendro-archaeologically evident: Waldus
2018).

CONCLUSION

We aimed to reconstruct the dynamic develop-
ment of the landscape of the north-eastern
Zuyder Zee region over late medieval times. The
highly dynamic late medieval past of the area
made it difficult to make this comprehensible,
especially because of the coastal erosion that
destroyed most of the time-relevant geological
record, and the period lies beyond that from
which historical maps become available. As
marine erosion has caused the loss of most of
the time-relevant geological record, this paper
used an ‘archaeological data first’ approach —
very much needed for the period 1100-1400
— whereby archaeological site distributions and
spatial density analyses were combined. The order
and priority that this information gets, and when
complemented with information from geological
observations, differs from the classical ‘geology-
first” palacogeographical approach (working for
mapping up to ¢ A.D. 900). This reconstruction
approach allowed us to bridge a gap that other-
wise existed for the late medieval period, allowing
us to connect the series to the period coverage
with historic maps, where palacogeographical
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reconstruction data combination methods again
switch order and priority (working onwards from
¢. 1600).

The “flipped’ approach proved to be successful
in reconstructing the late medieval landscape of
the study region as a four-step map series. The
archeological data-incorporation methodology is
however limited to the reconstruction for time
periods when past habitation and recent survey-
ing were both sufficiently dense. In the case of
the Noordoostpolder, the archaeological evidence
from before 1100 is insufficient. The priority
of archaeological finds for the reconstructions
does not mean that an exclusive archaeological
(or geological) path should be chosen for the
development of new map series: multidisciplinary
data use is recommended.

The map of A.D. 900 still depicts large areas
of peatland: that for 1100 depicts large islands
and capes of peatland around an enlarged lagoon
(origin of the Zuyder Zee), and that for 1400
considerable further land loss. The 1600 map
depicts a fully cultivated landscape, with the
Zuyder Zee greatly enlarged and its surviving
peatland fringes embanked. Based on these new
maps, several important conclusions can be
made. First of all, the peatland areas between
A.D. 900 and 1100 were far greater than depicted
on earlier national palacogeographical map
series. Second, the Noordoostpolder region was
relatively densely populated in the late Middle
Ages. This is testified by the archaeological
remains of drowned settlements and the multiple
historical records that contain descriptions of the
area and lists with (drowned) settlement names.
Furthermore, nature can only partially be blamed
for the land-loss catastrophes that it caused:
much of the original medieval cultivated peat
landscapes in late medieval times disappeared
due to a combination of punctuated storm surge
catastrophes, progressive lagoon rim calving and,
especially, human interferences such as draining
(ditch cutting) and ploughing. The latter made the
lands more vulnerable to storms and floods. As a
first reaction, people fled to the higher grounds
of the islands and north-eastern shore and started
to build small terps and dykes.
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Although the Zuyder Zee drastically limited the
habitation grounds and agricultural exploitation
of the region, its development also opened up
new maritime possibilities, as can be seen on
the new map series, such as the development of
harbours along the eastern shore and the IJssel
River, and, through that, a better connection to
other parts of the world.

We would recommend further exploration of
the methodological issues concerning physical-
geographical and human-landscape impact, for
example by comparing old and new recon-
structions maps, asking the question whether

the new reconstruction is solely based on more
(archaeological) data or also on new visions of
lagoon development and the human-induced
development of peatlands. To conclude, our
methods of palaecogeographical reconstruction
provide a practicable concept that may be used
outside the north-eastern quadrant of the Zuyder
Zee too, and the map-series result provides a
higher resolution backdrop for understanding
late medieval developments in the quadrant: the
land-loss history of the Zuyder Zee is no longer
unknown.

NOTES

1. This top of these deposits, often called ‘the
Pleistocene sand’, is in most archaeological studies
of the Noordoostpolder the deepest exposed layer.
Pleistocene surfaces in the Noordoostpolder are
generally covered by a few meters of Holocene
deposits (with local exceptions). This is in contrast
to areas surrounding the study areas to the north and
east, where Holocene cover is mostly superficial.

2. This deepest bed of Holocene peat, where it is covered
by substantial thickness of coastal plain deposits, is
referred to as the Basal Peat (Basisveen-Laag, Westerhoff
et al. 2003b, p. 351).

3. Pomponius Mela, Chorographia 111, 24; Tacitus, Annales
1, 60; Plinius Maiot, Naturalis historiae 1V, 101 (Gerrets
2010).

4. According to the work of Buisman (1995, p. 361), the
storm surges of 1163/64, 1170, 1173, 1196, 1214, 1219,
1220, 1221, 1246, and 1248 were responsible for the
genesis of the Zuyder Zee. In most of the papers and
articles on the former Zuyder Zee, the year of 1170

is used as the specific moment on which the Almere
transformed into Zuyder Zee. See also: Gottschalk 1971,
p. 30; Walsmit ez a/. 2009, p. 15.

5. New research by Van Popta (2017) has identified
many more smaller terps and dyke trajectories in the
surroundings of Schokland than the 130 previously
listed ones.

6. 'The start of the deposition of clay is based on C14
dates of top peat samples in the Schokland area (cal
A.D. 770-940) and near the former north-eastern shore
(see: Hogestijn 1992, p. 98; Van den Biggelaar ez a/. 2014,
p- 186). The dates are very similar to those obtained in
the Kampen area (Cohen ¢/ a/. 2012: description onset
ages of Gelderse IJssel, p. 50).

7. Van Popta — personal observation. Site excavated in
2017 (staff & students University of Groningen),
documentation in prep.

8. Peat growth could have occurred on a local scale, the
assumption is based on the whole region (see: Wiggers
1955, p. 95; Hogestijn 1992, p. 99).
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