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Table 1. Dutch archaeological periods 


Period  Time in Years 


   
Post‐medieval / Modern Times  1500  A.D.  ‐  Present   
Late medieval period  1050  A.D.  ‐  1500  A.D. 
Early medieval period  450  A.D.  ‐  1050  A.D. 
Roman Times  12  B.C.  ‐  450  A.D. 
Iron Age  800  B.C.  ‐  12  B.C. 
Bronze Age  2000  B.C.  ‐  800  B.C. 
Neolithic (New Stone Age)  5300  B.C.  ‐  2000  B.C. 
Mesolithic (Stone Age)  8800  B.C.  ‐  4900  B.C. 
Paleolithic (Early Stone Age)  300.000  B.C.  ‐  8800  B.C. 
           


 


 


 


 


 


 


 


 


Table 2. Administrative details 


Location:  North Sea 


Toponym Dutch:  Hollandse Kust (west) 


Chart:  1801‐01 


Coordinates 


Geodetic datum: ETRS89 


Projection: UTM31N 


Centre  E 584 230 ‐ N 5 834 717 


IA_01  E 561228.0 ‐ N 5855632.6 


IA_03  E 556460.6 ‐ N 5830656.3 


IA_04  E 549868.2 ‐ N 5822960.7 


IA_05  E 549138.1 ‐ N 5822251.0 


IA_06  E 547864.6 ‐ N 5819746.5 


IA_07  E 536954.7 ‐ N 5814611.0 


IA_08  E 535232.6 ‐ N 5813800.4 


IA_09  E 537288.5 ‐ N 5826952.9 


Depth (LAT):  20.0 to 34.6 meter, average 28.1 meter 


Surface investigation area 


Surface investigation area + 1km buffer 


349 km2 
500.0 km2 


Environment:  Tidal currents, salt water 


Area use:  Shipping , fishing, oil and gas industry 


Area administrator:  Rijkswaterstaat Zee en Delta 


Competent authority  Rijkswaterstaat Zee en Delta 


Advising body  Dutch Cultural Heritage Agency 


ARCHIS‐research report (CIS‐code):  4697697100 


Periplus‐project reference:  19A015‐01 


Period  April – June 2021 
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Samenvatting (Abstract in Dutch) 


RVO heeft Periplus Archeomare opdracht verleend om een geo‐archeologische beoordeling uit te voeren 


aan  boormonsters  die  zijn  verzameld  in  het  toekomstige  windpark  Hollandse  Kust  (west).  Deze 


beoordeling  is  gebaseerd  op  de  biostratigrafische  analyse  die  BioChron  in  opdracht  van  Fugro  heeft 


uitgevoerd. De volledige BioChron rapportage is als bijlage 2 in dit rapport opgenomen. 


 


Periplus Archeomare  heeft  9  boringen  aangewezen  voor  geo‐archeologisch  onderzoek.  Binnen  elk  van 


deze kernen zijn sedimentintervallen geselecteerd voor bemonstering. Voorafgaand aan de bemonstering 


kon  geen  geo‐archeologische  beschrijving  en  interpretatie  van  de  boorkernen worden  uitgevoerd.  De 


identificatie van verschijnselen die  indicatief zijn voor secundaire processen zoals bodemvorming, rijping 


van klei, bioturbatie, cryoturbatie en de mate van erosie  is daarom niet uitgevoerd. Desondanks kon de 


evolutie  van  de  prehistorische  landschappen worden  geschetst  door  de  analyse  van  palynomorfen  en 


microfossielen die zijn verzameld uit monsters. 


 


De evolutie van het landschap kan als volgt worden samengevat: 


1. Tijdens de interglacialen Waardenburg en Westerhoven, aan het begin van het Cromerian (begin 


Midden‐Pleistoceen), maakte de HKWWFZ deel uit van een zoetwatergetijdenlandschap (Unit F; 


Yarmouth  Roads  Formation).  De  hogere  delen  van  het  landschap  boden mogelijkheden  voor 


bewoning; 


2. Er  volgde  een  periode  zonder  sedimentatie,  die  het  late  Cromerien,  Elsterien,  Holsteinien  en 


Saalien omvatte. Tijdens het Saalien vormde een zuidwaarts migrerende gletsjertong een glaciaal 


dal  langs  de  oostgrens  van  de  HKWWFZ.  Het  grove  zand  van  Unit  F  werd  opgestuwd  en 


gedeformeerd; 


3. Door de opwarming van het klimaat aan het begin van het Eemien steeg de zeespiegel zeer snel. 


Dit  leidde  tot  een mariene  transgressie.  In  het  glaciale  dal werd  homogeen  grof  zand  afgezet 


(Unit E; Eem Formatie). Langs de oostkant van het gebied ontwikkelde zich een hoogenergetisch 


nearshore‐marien milieu. Ten westen van de strandzone ontstond een boslandschap, met  langs 


de  zuidrand een  sikkelvormig estuarium. Het estuarium  is opgevuld met gelaagde  siltige kleien 


met geremanieerde palynomorfen die door de Rijn/Maas zijn aangevoerd. In deze afzettingen zijn 


typische Eemien pollen assemblages geïdentificeerd (Unit D; Eem Formatie); 


4. Tijdens het Eemien inundeerde het gebied volledig. In het hele gebied werden lagen siltig zand en 


siltige klei met  schelpen en houtfragmenten afgezet  (Unit C; Brown Bank Laagpakket). Aan het 


begin van het Vroege Weichselien daalde de zeespiegel, waardoor het Brown Bank Laagpakket 


ontsloten raakte aan het maaiveld; 


5. Tijdens het Weichselien  trad weinig  sedimentatie op.  In de ontsloten  top van het Brown Bank 


Laagpakket  trad bodemvorming op; Aan het einde van het Weichselien werd  lokaal eolisch en 


fluviatiel fijn zand afgezet; Deze afzettingen maken deel uit van Unit B (Boxtel Formation); 


6. In  het  Vroeg  Holoceen  ontwikkelde  zich  een  zoetwater/terrestrisch  milieu.  Op  de  meeste 


plaatsen was sprake van wetlands. Het gebied bood gunstige condities voor bewoning, zoals de 


beschikbaarheid van zoet water, eetbare planten  (zoals de gevonden waterlelies), schelpdieren 


en  vissen.  De  voortdurende  stijging  van  de  zeespiegel  resulteerde  in  de  ontwikkeling  van 


subtidale/mariene en  intergetijden/marginele mariene milieus. De mariene zanden maken deel 


uit van Unit B (Formatie Naaldwijk); 


7. De huidige open mariene afzettingen vormen Unit A (Bligh Bank Laagpakket). 
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Toekomstige bodemverstorende activiteiten in de HKWWFZ, zoals de installatie van monopiles en kabels, 


worden  niet  gehinderd  door  de  resultaten  van  deze  studie  en  kunnen  volgens  planning  worden 


uitgevoerd. Als er echter aanvullende geofysische of geotechnische onderzoeken worden uitgevoerd, zal 


wordt gevraagd de  survey data aan de bevoegde autoriteiten  te verstrekken. Deze gegevens omvatten 


nieuw  verzamelde  seismische  gegevens,  boorlogs,  borehole  en  vibrocore‐monsters  die  zullen worden 


gebruikt voor aanvullend geo‐archeologisch onderzoek. 


 


Voor toekomstige windparkontwikkelingen wordt geadviseerd geo‐archeologisch onderzoek uit te voeren 


volgens de algemene procedure zoals beschreven in paragraaf 2.1. Bij voorkeur wordt een beperkt aantal 


kernen exclusief bemonsterd voor de beoordeling van paleo‐landschappen. Hierdoor kan er geen  frictie 


ontstaan  tussen  het  geo‐archeologisch  onderzoek  en  het  geotechnische  laboratoriumtestprogramma. 


Indien  dit  niet  mogelijk  is,  dienen  de  werkzaamheden  zodanig  te  worden  afgestemd  dat  de 


beschikbaarheid van ongestoorde monsters voor het geo‐archeologisch onderzoek gegarandeerd  is. Met 


andere woorden, de  geo‐archeologische monsterbeschrijving  en de monstername  van  intervallen  voor 


specialistisch onderzoek  (pollen, diatomeeën, 14C, et cetera) moeten zijn voltooid voordat destructieve 


laboratoriumtests voor geotechnische doeleinden worden uitgevoerd. De beschrijving van monsters dient 


te worden uitgevoerd door een gecertificeerde actor (senior KNA‐prospector WB) om de ontwikkeling en 


intactheid van de paleo‐landschappen beter  te begrijpen. Sedimentsecties die van belang  zijn voor het 


specialistische onderzoek kunnen dan zeer gericht worden gekozen en bemonsterd. 


 


Tot slot is de ontwikkelaar op grond van de Erfgoedwet verplicht archeologische vondsten die tijdens de 


ontwikkeling van het windparkgebied aan het licht komen te melden aan het bevoegd gezag. 
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Summary 


RVO has  contracted Periplus Archeomare B.V.  to  conduct  an  archaeological  assessment of  geophysical 


survey results of the Hollandse Kust (west) (HKW) Wind Farm Zone (WFZ). This assessment  is based the 


biostratigraphic analysis that was conducted by BioChron on behalf of Fugro. The full BioChron reported is 


included as Appendix 2 in this report. 


 


Periplus  Archeomare  selected  the  borehole  sample  locations  and  the  sample  intervals  within  these 


boreholes. Prior to the sampling of designated sediment intervals, no geo‐archaeological description and 


interpretation of the boreholes could be executed. The identification of phenomena which are indicative 


of  secondary  processes  such  as  soil  formation,  ripening  of  clay,  bioturbation,  cryoturbation,  and  the 


degree of erosion has not been carried out. Despite this, the evolution of the prehistoric landscapes could 


be pictured through the analysis of palynomorphs, and micro‐fossils collected from borehole samples.  


 


The evolution of the landscape can be summarized as follows: 


1. During  the Waardenburg  and Westerhoven  interglacials,  at  the  onset  of  the  Cromerian  (basal 


Middle Pleistocene)  the HKWWFZ was part of a  low  land area  including  terrestrial/fresh water 


tidal  environments  (Unit  F;  Yarmouth  Roads  Formation).  The  area  could  have  offered 


opportunities for habitation; 


2. A  period  of  non‐sedimentation  followed,  lasting  throughout  the  late  Cromerian,  Elsterian, 


Holsteinian  and  Saalian. During  the  Saalian  a  glacial  valley was  formed by  advancing  ice‐sheet 


along the east border of the HKWWFZ. The coarse sands of Unit F were deformed; 


3. Rapid sea level rise resulted in a marine ingression at the onset of the Eemian. In the glacial valley 


homogeneous coarse sands were deposited (Unit E; Eem Formation). A periodically high energy, 


nearshore marine environment developed along the eastern side of the area. West of the beach 


shore area a forested landscape developed. Meanwhile a crescent shaped estuary formed along 


the  south  edge  of  the  area.  The  estuary  is  filled  with  layered  silty  clays  with  reworked 


palynomorphs  which  were  transported  to  the  area  by  the  Rhine/Meuse  river  (Unit  D;  Eem 


Formation). Typical Eemian pollen assemblages have been identified; 


4. The area fully drowned during the Eemian. Throughout the area layers of silty sand and silty clay 


with mollusks and wood fragments were deposited (Unit C; Brown Bank Member). At the onset 


to  the  Early Weichselian  the  transgressing  sea  left  the  Brown  bank Member  exposed  at  the 


ground surface; 


5. During the Weichselian little sedimentation to place; At the end of the Weichselian some aeolian 


and fluvial fine sands were deposited; These deposits are part of Unit B (Boxtel Formation); 


6. In  the  Early  Holocene  a  fresh‐water/terrestrial  environment  developed.  In  most  places  this 


environment  comprised  wetlands.  The  area  could  have  offered  favorable  circumstances  for 


habitation, such as the availability of fresh water, eatable plants (such as the found water lilies), 


shell  fish and  fish. Ongoing sea  level  rise  resulted  in  the development of subtidal / marine and 


intertidal  /    marginal  marine  environments.  The  sands  deposited  are  also  part  of  Unit  B 


(Naaldwijk Formation); 


7. The current open marine deposits are found in Unit A (Bligh Bank Member). 
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Future seabed disturbing activities in the HKWWFZ, like the installation of monopiles and interconnecting 


cables, are not affected by the outcome of this study and can continue as planned. However, if additional 


geophysical or geotechnical surveys are carried out, the resulting data is requested to be delivered to the 


competent authorities. These data include newly collected seismic data, borehole and vibrocore samples 


and will then be used for additional geo‐archaeological research. 


 


For  future wind  farm developments,  it  is advised  to conduct geo‐archaeological  research  in accordance 


with  the general procedure outlined  in  section 2.1. Preferably, a  limited number of cores are  retrieved 


exclusively for the assessment of paleo‐landscapes. By doing so, it is less likely that the geo‐archaeological 


research will be hindered by the geotechnical  lab testing program.  If this  is not possible, the works shall 


be  coordinated  in  a way  that  the  availability  of  undisturbed  liner  samples  for  the  geo‐archaeological 


research  is  guaranteed.  In  other  words,  the  geo‐archaeological  sample  description  and  sampling  of 


intervals for specialist research (pollen, diatoms, 14C, et cetera) shall be completed prior to the execution 


of destructive  laboratory tests for engineering purposes. The description of samples shall be carried out 


by a certified actor  (senior KNA‐prospector WB)  to better understand  the development and  integrity of 


the  paleo‐landscapes.  Thus,  the  actor  can  specifically  target  sediment  sample  intervals  for  specialist 


research. 


 


Finally,  in  accordance  with  the  Heritage  Act  (Dutch:  Erfgoedwet),  the  developer  is  obliged  to  report 


archaeological finds which come to light during the development of the wind farm zone to the competent 


authorities. 
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1 Introduction 


RVO has contracted Periplus Archeomare B.V. to conduct a sequence of archaeological investigations for 


the Hollandse Kust (west) Wind Farm Zone (HKWWFZ). 


 


Achaeological  investigations are carried out  in accordance with the so‐called AMZ cycle  (Archeologische 


Monumenten Zorg). The AMZ‐cycle consists of a series of subsequent phases of archaeological research. 


The separate phases are embedded  in  the Dutch Quality Standard  for Archaeology  (KNA Waterbodems 


4.1). This standard dictates a mandatory workflow for archaeologists. 


 


Table 3 below shows the archaeological investigations which are carried out in the course of the HKWWFZ 


development. 


 


Phase  Purpose  Method  Status 


Desk study  Specification of the archaeological 


expectancy. 


Analysis of known 


archaeological, historical, 


geological and database sources. 


18A031‐01 


Final report 


Inventory 


Field Research 


Testing of the archaeological expectancy 


defined in the desk study report. 


Assessment of geophysical data.  19A015‐01 


Final report 


Inventory 


Field Research 


Analysis of the evolution, horizontal and 


vertical distribution, the integrity and 


preservation of prehistoric landscapes. 


Borehole sample analysis and 


correlation with geophysical 


data. 


19A015‐02 


Current 


report 


Table 3. Archaelogical investigations (being) carried out in the course of the HKWWFZ development. 


 


1.1 Location 


The definition of  the HKWWFZ area of  investigation  for  the archaeological desk  study and geophysical 


survey comprised an area of 349 km2, located at the North Sea, 51 km off the coast of Petten. 


 


Within  this  initially studied area  two sites have been designated  for  the development of  the HKWWFZ: 


Site VI (90 km2) and Site VII (87 km2). These two sites form the area of investigation for the current study. 


The location of the area of investigation is shown in figure 1. 
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Figure 1. Location map of area of investigation 
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1.2 Results desk study1 


In October 2018, an archaeological desk study has resulted  in specific  information on the archaeological 


remains which are to be expected within the HKWWFZ. The desk study‐based expectancy regarding the 


occurrence,  integrity  and  preservation  of  paleo‐landscapes  and  related  prehistoric  remains  is  outlined 


below. 


 


Prehistory 


Within  the HKWWFZ Paleolithic and Early Mesolithic  remains could have been preserved  in situ  locally. 


Potential containers for these prehistoric remains are the following lithostratigraphic units: 


Boxtel Formation (Late Paleolithic and Mesolithic) 


Late Paleolithic and Mesolithic camp sites and inhumations can occur in the cover sand dunes and ridges 


(top of Wierden Member and embedded Usselo Bed), and along the valleys of small streams (Singraven 


Member). The covering Basal Peat Bed and Velsen Bed can contain well‐preserved lost objects, intentional 


depots and dumps. 


 


Brown Bank Member 


Remains of Neanderthal camp sites can be expected along the shores of freshwater lakes and beaches of 


lagoons which developed at the transition from Eemian to Weichselian. The sediments (clay and sand) are 


part of the Brown Bank Member. Within the peat of the covering Woudenberg Formation well‐preserved 


lost objects, intentional depots and dumps can be encountered. 


 


Ice‐pushed ridge 


The  ice‐pushed river sands of  the Yarmouth Roads Formation can contain reworked  flint artefacts  from 


Lower and Middle Palaeolithic times. At the top of the ice‐pushed ridge in situ remains of camp sites and 


inhumations of Neanderthal and Late Palaeolithic and Mesolithic hunters and gatherers can be expected. 


The ice‐pushed ridge pre‐dates the above‐mentioned Eemian, Weichselian and Early Holocene deposits.  


 


All archaeological levels of interest are located under a < 1 meter to 17 meter cover of Holocene deposits 


of the Bligh Bank Member possibly preceded by the Naaldwijk Formation. 


 


At  this  stage2  little  is  known  about  the  integrity of  the Pleistocene  landscape. By means of  subbottom 


profiling  the occurrence of geological units  (both horizontal as vertical) and archaeological  levels herein 


can  be mapped.  The  character  of  layer  boundaries  (erosive  or  non‐erosive)  can  be  interpreted.  It  is 


unlikely however that archaeological remains of Palaeolithic and Mesolithic camp sites can be  identified 


with  sufficient  certainty  (based on  the geophysical and geotechnical  surveys)  to  impose  restrictions on 


wind farm development. This applies to all the above‐mentioned archaeological levels (Ice‐pushed ridge, 


Brown Bank Member and Boxtel Formation). At this stage  focus should therefore not be put on tracing 


prehistoric  camp  sites  but  on  a  pragmatic  employment  of  geophysical  techniques  to  obtain  a  better 


insight  in  (the  integrity of)  the Pleistocene  landscape. The  insights gained shall be used  to a)  refine  the 


archaeological  expectancy model  and  b)  allocate  areas with  a  high  expectancy  for  in  situ  prehistoric 


remains. 


 


1 Van den Brenk 2018. 


2 Note: with ‘this stage’ is meant the moment that the desk study was completed prior to the moment that the seismic data were available 


and assessed. 
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The lithostratigraphic units in which and the depth below the seabed at which archaeological remains are 


to be expected is summarized in the table below. 


 


Formation  Member / Bed  Lithology  Age  Arch. 
Expectancy* 


Period 


Southern 
Bight 


Bligh bank  sand  Holocene  I, IV  Historical periods 


Naaldwijk  Wormer  clay and sand    I 


  Velsen  humic clay  Early Holocene  II  Mesolithic 


Nieuwkoop  Basal Peat  peat    II 


Boxtel  Singraven  sand, loam, clay and peat  Weichselian and 
Early Holocene 


II and III  Late Paleolithic 
and Mesolithic 


Wierden  fine sand  III 


Woudenberg    peat  Eemian and 
Early Weichselian 


II  Middle 
Paleolithic 


Eem  Brown Bank  humic clay and silt  Eemian and 
Early Weichselian 


II and III  Middle 
Paleolithic 


  sand and clay  Eemian  IV   


Yarmouth 
Roads 
(ice‐pushed) 


  sand and clay  Pre‐Saalian and 
Saalian 
(ice‐push event) 


II, III and IV  Early Paleolithic 
to Mesolithic 


Drente  Uitdam  sand, silt and clay  Saalian  II and III  Middle 
Paleolithic 


  Schaarsbergen  sand     II 


  Gieten  gravelly clay, loam, and 
sand with cobbles and 
boulders 


  III   


Table 4. Archaeological expectancy for prehistoric remains and their geological context 


* 


Archaeological Expectancy 


I  Ship wrecks and shipping related objects; air planes from World War I and II 


II  Lost or dumped objects including flint and bone hunting gear, fish weir, fish traps and dugout boats 


III  Camp sites and inhumations 


IV  Artefacts in reworked context 
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1.3 Results archaeological assessment of geophysical data3 


In 2019 an archaeological assessment of geophysical survey data has been carried out. The objective of 


this assessment was to test the desk study‐based expectancy for archaeological remains in the area. 


The goals set were: 


 To determine the historical or archaeological value of contacts found in the geophysical survey; 


 The validate the locations of known wrecks; 


 Assess the prehistoric landscape based on the seismic data. 


In this section only the results of assessment of prehistoric landscapes through the analyzed seismic data 


are outlined. 


 


Prehistory 


The seismic units  identified by Fugro are  listed  in table 5. From this table can be concluded that part of 


the geological units which ‐ based on the archaeological desk study ‐ were expected to occur in the area, 


indeed have been found (compare with table 4). The expected units that are not listed in table 5 include 


the Woudenberg Formation  (peat),  the Boxtel Formation  (Late Pleistocene  terrestrial deposits) and  the 


Early Holocene Basal Peat Bed and Velsen Bed. 


Occurrences of peat and organic  clay have been  identified by  Fugro at  various  stratigraphic  levels, but 


mapped only as geo‐hazards, not as separate seismic units. The Basal Peat Bed and Velsen Bed probably 


are part of the ‘Level 1’ peat beds. Occurrences of peat are fragmented, and the thickness of the beds is 


often limited to a few decimenters. Therefore, it is understandable that those beds have not been defined 


as a separate seismic unit. 


Geological  grid  data  (2007)  of  Boxtel  Formation  indicate  that  the  Boxtel  Formation  occurs  in  the 


southeastern part of the HKWWFZ.4 The mapped thickness of this unit  is very  limited: 0 to 1 meter. It  is 


therefore possible that this unit because of its limited thickness could not be mapped as a separate unit, 


especially if its seismic character resembles that of the underlying or overlying unit. Another possibility is 


that the unit indeed is not present within the surveyed area. 


The abovementioned conclusions with respect to the Boxtel Formation, the Basal Peat bed and the Velsen 


Bed are  important,  as  these units  can accommodate prehistoric  landscapes of potential archaeological 


interest. 


The areas of potential archaeological interest area are: 


‐ the shores of small streams and aeolian dunes of the Boxtel Formation proximate to the valley, 


especially if those areas are covered by peat or clay; 


‐ ice‐pushed deposits along and within the zone bordering the glacial valley edge; 


‐ small basin infills of the Brown Bank Member. 


Major  part  of  the  Pleistocene  landscapes  appears  to  have  eroded  during  the  Early  Holocene marine 


ingression and development of  an  intertidal area,  thus affecting  the  integrity of prehistoric  landscapes 


and possible prehistoric remains contained herein. 


 


3 Van Lil 2019. 


4 TNO grid data, 2007. 
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The physical quality, that is the integrity and preservation of prehistoric remains, is highly dependent on 


the  extent  to  which  archaeological  levels  have  been  affected  by  erosion.  The  interpretation  of 


lithostratigraphic units and  the character of  the  layer boundaries  (erosive versus non‐erosive)  from  the 


seismic  data  is  based  on  the  geological  data  available  and  expert  judgement.  The  interpreted  erosive 


character of layer boundaries is illustrated in table 5 as a zig‐zag line separating the seismic units.  


Cone penetration  tests and borehole sampling can be used  to ground  truth  the actual character of  the 


layer boundaries. Geo‐archeological analysis  is  ‐ apart from ground truthing the seismic  interpretation – 


carried out to obtain insight in the evolving landscapes and coherent vegetation in prehistoric times. 
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Schematic Log 
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Reflector 
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Base 


[m BSF] 


Geometry 


of Base 


Deposition


Environ‐ 


ment 


Formation 
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Age 


Top  Base 


 


 


A  Seafloor  H02  <1 to 14 


Flat to 


slightly 


undulating 


Shallow 


marine 
(Bligh Bank) 


Holocene 


MIS 1 


B  H02  H05  1 to 18 
Erosion 


surface 


Intertidal 


to coastal 
Naaldwijk 


Holocene 


 


MIS 1 


MIS 4 ‐ 2? 


C  H05  H10  2 to 23 


Horizontal 


to sub‐


horizontal 


Brackish 


marine 


Eem  


(Brown Bank) 


LatePleisto


cene 


MIS 5 ‐ 4 


D 
H05 or 


H10 
H15  5 to 36 


Erosion 


surface 


Shallow 


marine 
Eemian 


Late 


Pleistocene 


MIS 5 


E 
H02 or 


H05 
H20  3 to >35 


Erosion 


surface 


Glacio‐


fluvial to 


marine 


Valley infill 


Post‐


Saalian 


MIS 5 ‐ 1 


F 


H05 or 


H10 or 


H15 


H25  7 to 51 


Undulating 


erosion 


surface 


Fluvial 
Yarmouth 


Roads 


Early to 


Middle 


Pleistocene 


MIS 62 ‐ 13 


G  H25  N/A  N/A  Not visible 
Fluvio ‐


deltaic 


Winterton 


Shoal 


Early to 


Middle 


Pleistocene 


MIS 62 ‐ 22 


Table 5. Overview of the interpreted seismic units5 


 


1.4 Objective 


The purpose of this archaeological research is: 


a) to assess the geogenesis, occurrence, integrity, and preservation of prehistoric landscapes, and 


b) to ‘dress’ these landscapes picturing the aquatic and terrestrial paleo‐environments through the 


analysis of microfossils, mollusks, pollen, diatoms and palynomorphs stored in the sediments. 


 


 


5 From: FUGRO Report P904162, 2019.  
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1.5 Research questions 


For  the  archaeological  assessment  of  paleo‐landscapes  the  following  research  questions  have  been 


defined in the Plan of Action: 6 


 


Main question: 


How has the prehistoric landscape and vegetation in the HKWWFZ evolved during the Late Pleistocene? 


 


Questions regarding the geogenesis of the area: 


- Which sedimentary sequences are found in the borehole samples? 


- In what depositional environment have the sediments been deposited? 


- What lithostratigraphic units can the subsequent sediment intervals be attributed to? 


- Do the  layer boundary characteristics provide  indications for erosion, continuous sedimentation 


or periods of non‐deposition without erosion? 


- Do the studied borehole samples contain intervals of peat? 


If so: 


- Can  the peat  layer(s)  ‐ based on  their/its  lithostratigraphic position  ‐ be  identified as  the Early 


Weichselian Woudenberg Formation,  the Early Holocene Basal Peat Bed or as  intraformational 


unit? 


- What is age of those peat layers based on their stratigraphic position? 


- Do  the  deposits  contain  indications  of  soil  formation,  decalcification,  bioturbation  or 


cryoturbation? 


If so: 


- At  what  lithostratigraphic  level  and  current  depth  (m  LAT)  are  those  secondary  phenomena 


found?  


 


Questions regarding the analysis of mollusks and diatoms: 


- What type of mollusks have been identified? 


- Are mollusks found in situ? 


- Can  the mollusks be classified as  fauna which  is characteristic  for a certain period,  such as  the 


Eem fauna? 


- What type of diatoms have been identified? 


- What do the diatoms tell us about the environment they lived in? 


 


Questions regarding the vegetation development in the area: 


- How did the vegetation develop over time? 


- What does the vegetation development tell us about the changing climate? 


- What is the habitat of the plants and insects which have been found in the peat samples? 


- Can the observed pollen assemblages be linked to known pollen zones? 


 


Questions regarding the timing of drowning of the area in places where peat is present: 


- At  what  moment  did  the  landscape  drown  and  how  does  this  timing  compare  with  known  


curves? 


 


 


 


6 Van Lil, 2019. 
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2 Methodology 


2.1 General procedure for geo‐archaeological research of paleo‐landscapes 


A very important first step in geo‐archeological research is the designation of borehole and/or vibrocore 


locations. The basis for a solid sampling strategy consists of a preliminary ground model which is drawn up 


from the seismic data acquired during the geophysical site survey. The identified and interpolated seismic 


units provide  information on  the  lateral and vertical occurrence of  these units,  the seismic character of 


the deposits within a unit, and the character of the layer boundaries with underlying and overlying units. 


 


The  seismic  data  are  correlated  with  available  geological  data  of  the  area,  such  as  geological  and 


paleogeographic maps,  publications  and  geological  profiles  of  boreholes  performed  in  the  past.  This 


information is used to translate the seismic units into lithostratigraphic units, albeit that the boundaries of 


these seismic and lithostratigraphic units not always coincide. Further, a first impression is obtained of the 


subsequent  depositional  environments which  shaped  the  area. One  could  think  of  glacially  deformed 


sediments,  infilled  channels  with  plan‐parallel  alternations  of  sand,  silt  and  clay,  and  occurrences  of 


boulders and beds of peat. These data offer  the opportunity  to  specifically  target  the  locations where 


stratigraphic levels of interest are expected to occur. 


 


Designation of the sample locations and sample depths shall be carried out in consultation with the client 


and the geotechnical contractor. Sample locations must be located on a seismic line and at a safe distance 


from magnetic anomalies identified during the geophysical survey. It is important to define if the borehole 


cores  or  vibrocores  are  sampled  exclusively  for  geo‐archaeological  research  or  if  also  destructive 


geotechnical testing is planned on these cores. If the latter is the case, the senior prospector of a certified 


archaeological party  shall be  allowed  to  fully describe  the  cores  in  accordance with  the Dutch Quality 


Standard for Archaeological research (KNA WB‐4.1) prior to the execution of the lab tests. 


 


After description and  interpretation of the cores, sediment  intervals are selected for specialist research. 


This specialist research could e.g. include the analysis of pollen, diatoms, ostracods and forams, and 14C‐


age dating or OSL age dating. A conflict of  interest can arise when the  ‘archaeological’ sample  intervals 


are  also  selected  for  geotechnical  tests.  Designating  a  limited  number  of  borehole  or  vibrocores 


exclusively  for  archaeological  research  could  prevent  this  conflict  of  interests,  and makes  it  easier  to 


determine the time schedule for lab works. 


 


Unfortunately, all borehole samples collected in the HKWWFZ were used for geotechnical tests, and most 


of  the  remaining  samples were  taken  from  the  liners  and  stored  in  bags.  Therefor  it was  no  longer 


possible to conduct a geo‐archaeological description of the cores. In consultation with the client and the 


geo‐technical consultant it was decided to take an alternative approach. This alternative approach and the 


limitations encountered are discussed in the following sections. 
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2.2 Geotechnical campaign 


Between 16 July and 17 September 2019 Fugro carried out a geotechnical campaign to acquire CPT‐data 


and collect borehole samples in the HKWWFZ.7 Geotechnical drilling operations were conducted from MV 


Normand Flower. 


 


A total of 57 boreholes (including 9 re‐drills) have been retrieved at 46 locations: 


‐ at 37 locations 1 single borehole per location; 


‐ at 7 locations 2 boreholes per location; 


‐ at 2 locations 3 boreholes per location. 


The median drilling depth was 61 meter. 


 


Fugro correlated  the acquired data with  the  seismic data  to generate and  refine  the geological ground 


model of the area. 


 


Based on the results and conclusions of the archaeological desk study and the assessment of geophysical 


data  it was decided to conduct geo‐archaeological research  into  the genesis and  integrity of prehistoric 


landscapes in the HKWWFZ. 


 


This  current  geo‐archaeological  research  comprises  an  inventory  field  research  through  the  analysis of 


borehole  samples  in  accordance with  the Dutch Quality  Standard  for  Archaeological  Research  (Dutch: 


Kwalititeitsnorm  Nederlandse  Archeologie  (KNA);  protocol  4103  Inventariserend  Veldonderzoek 


waterbodems ‐ opwater door middel van boringen). 


 


This  research primarily  focuses on  the borehole  samples  collected at nine  locations  (see  figure below). 


The samples  taken at  the nine  locations have been designated  for  the assessment of paleo‐landscapes, 


because the analysis of these samples is expected to provide information on: 


‐ the geogenesis of the area, 


‐ the timing of deposition of the sediments, 


‐ the aquatic and terrestrial environments in which the sediments have been deposited, and 


‐ the integrity and preservation of sub seabed paleo‐landscapes. 


 


The nine boreholes are part of  the 57 boreholes  retrieved by Fugro. No separate boreholes have been 


carried out for this geo‐archaeological research. 


 


2.3 Selection of borehole locations 


The borehole  locations within  the HKWWFZ were planned by Fugro  to validate  their geological model. 


Periplus  Archeomare  selected  nine  borehole  locations  for  the  assessment  of  paleo‐landscapes.    The 


selected  locations  are displayed  in  figure  2.  The borehole  locations  are projected on  the  seismic units 


mapped by Fugro and the occurrence of the Boxtel Formation according to the 2007 geological grids.  


 


7 Fugro Document No. P904711/03, 2019. 
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Figure 2. Borehole locations designated for assessment of the paleo‐landscapes 
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For the assessment it is not necessary to analyze the full interval sampled. The proposed sample locations 


are  listed  in  table  6.  This  table  contains  the  expected  and  specifically  targeted  units. Hence,  the  very 


reason to designate specifically these boreholes for this research. 


 


Number  Perpilus Archeomare  ETRS89 UTM31N *1  depth  Sampling interval of possible *2 


  comment  Easting  Northing  mLAT  archaeological interest (m bsb) 


HKW002  possible Echteld 
(Holocene) channel 
feature from 1.1‐
7.4m depth 
according to 
RVO/FUGRO 


558511  5850094  27.7  0 – 10 
Including: 
Unit A (Bligh Bank) base at 1.1m 
Unit B (Naaldwijk or Echteld?) base at 
7.4m 
top of Unit E (glacial valley infill) base at 
?m 


HKW009  proximate to glacial 
valley edge. 
interesting age 
dating profile 
according to 
RVO/FUGRO 


556935  5846086  28.8  0 – 10 
Including: 
Unit A (Bligh Bank) base at 1.9m 
Unit B (Naaldwijk) base at 3.8m 
top of Unit E (glacial valley infill) base at 
?m 


HKW047  Saalian valley; infill  = 
Saalian, Eemian, 
Holocene?; 
proximate to edge 
(28m); underlying 
ice‐pushed deposits 


555680  5835338  26.6  0 – 15 
Including: 
Unit A (Bligh Bank) base at 2.7 
Unit B (Naaldwijk) base at 7.2 
Unit E (glacial valley infill) base at ?m 
Top of Unit F (ice‐pushed deposits) 
 


HKW054  small Holocene 
channel incision 


545071  5835320  28.2  0 – 15 
Including: 
Unit A (Bligh Bank) base at 1.7 
Unit B (Naaldwijk) base at 5.9 
Unit C (Brown Bank) base at 12.4 
Top of Unit F (ice‐pushed deposits) 


HKW091  within Laban bx 
0.4m; near valley 
edge (220m); no peat 
mapped 


552817  5828953  29.5  0 – 12 
Including: 
Unit A (Bligh Bank) base at 2.9 
Unit B (Naaldwijk) base at 4.9 
NOTE: possible Basal Peat/Velsen 
NOTE: possible Boxtel 
Unit C (Brown Bank) base at 5.6 
Top of Unit F (ice‐pushed deposits) 


HKW101  possible brb; edge of 
Holocene channel 
infill; peat and/or 
organic clay 


548290  5828597  27.0  0 – 12 
Including: 
Unit A (Bligh Bank) base at 3.0 
Unit B (Naaldwijk) base at 7.4 
Basal Peat/Velsen (Woudenberg?) 
Unit C (Brown Bank) base at 9.0 
Top of Unit F (ice‐pushed deposits) 


HKW106  within Laban bx 
0.6m; at valley edge 
(70m); no peat 
mapped 


552522  5827385  29.1  0 – 12 
Including: 
Unit A (Bligh Bank) base at 2.7 
Unit B (Naaldwijk) base at 4.7 
NOTE: possible Basal Peat/Velsen 
NOTE: possible Boxtel 
Unit C (Brown Bank) base at 6.2 
Top of Unit F (ice‐pushed deposits) 
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Number  Perpilus Archeomare  ETRS89 UTM31N *1  depth  Sampling interval of possible *2 


  comment  Easting  Northing  mLAT  archaeological interest (m bsb) 


HKW107  instead of PPA 
proposed location no 
5; ice‐pushed 
deposits; layered 
infill depression with 
brb (10m) 


543126  5828766  29.5  0 – 18 
Including: 
Unit A (Bligh Bank) base at 2.5 
Unit B (Naaldwijk) base at 5.8 
Unit C (Brown Bank) base at 14.6 
Top of Unit F (ice‐pushed deposits) 


HKW114  ee (<10m) 
brb (appr. 3m) 
na (?) brb (5‐10m) 


545801  5826218  27.6  0 – 25 
Including: 
Unit A (Bligh Bank) base at 2.6 
Unit B (Naaldwijk) base at 7.5 
Unit C (Brown Bank) base at 9.5 
Unit D (Eem) base at 20? 
Top of Unit F (ice‐pushed deposits) 


Table  6.  As  Planned  borehole  locations  designated  for  archaeological  research  including  the  targeted 


units.  


Note: 


*1 The coordinates of  the actual  locations of  the performed boreholes slightly differ  from  the  locations 


stated in this table. 


*2 For a specification of the seismic units refer to: Fugro, 2019. Geophysical Results Report Hollandse Kust 


(West) Wind  Farm  Zone  Survey  2018,  Zone  Survey  2018  Dutch  Continental  Shelf,  North  Sea.  Fugro 


Document No.: P904162, volume 3 of 3. 


 


2.4 Limitations of this research 


The  primary  purpose  of  the  borehole  sampling  campaign was  to  gather  information  on  the  physical 


properties of sediment strata  for  the  installation of wind  turbine  foundations. From the borehole  liners 


samples  were  taken  for  laboratory  tests.  The  in‐office  laboratory  tests  include  geotechnical  index, 


geochemical,  strength  (index),  shear,  compressibility, permeability,  thermal  conductivity, heat  capacity, 


geological  dating  analyses  (micropaleontological),  and microbiological  analyses.  These  tests  often  are 


destructive  for  the  sediment  samples.  Samples  used  for  testing  are  therefore  no  longer  fit  for  a  geo‐


archaeological assessment. 


 


The  laboratory  tests  were  carried  out  prior  to  the  designation  of  sample  intervals  for  this  geo‐


archaeological research. Therefore, part of the sediment intervals which, based on the geomorphological 


context  (as  deduced  from  the  seismic  profiles),  lithology  (as  described  in  the  borehole  logs)  and 


lithostratigraphic position of the sediments (as interpreted by Fugro from the combined data sets), were 


the  first candidates  to be  sampled  for  this geo‐archaeological  research of prehistoric  landscapes, could 


not be used. 


 


The  phenomena  which  are  studied  during  geo‐archaeological  research  include  sedimentary  layering, 


sedimentary  trends within a  sequence,  carbonate  content,  character of  layer boundaries, bioturbation, 


cryoturbation, soil horizons, ripening of and decalcification of clay, rooting and shrinkage cracks. The used 


sandy samples have been taken from the liners are stored in bags. The observation of these phenomena 


was therefore no longer possible. 
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For the installation of the turbine foundations and interconnecting cables the physical properties of peat 


and clay beds are of particular  interest. These beds are  therefore preferentially  targeted  for  laboratory 


testing. Unfortunately,  clayey,  and  peaty  intervals  are  of  particular  interest  for  the  research of  paleo‐


landscapes  too, because  clay  and peat often  contain  large  amounts of different palynomorphs, micro‐


fossils, mollusks and macro‐plant remains, which offer the information sought for to ‘dress the prehistoric 


landscape’. 


 


Despite  the  limitations with  respect  to  the  sampling of  sediment  intervals of  interest,  specific  intervals 


could  and  have  been  targeted  for  this  research.  The  consideration  to  do  so  was  motivated  by  the 


expectation that the analysis of the ‘left‐over’ samples indeed would provide valuable information on the 


development of Late Pleistocene and Early Holocene landscapes. 


 


2.5 Sample description 


The  borehole  samples  have  been  described  and  classified  onsite  in  accordance with  ISO  (2017a  and 


2017b), BSI (2015), and Clark and Walker (1977); geotechnical index; and strength index. After completion 


of the geotechnical campaign the borehole samples have been transported to Fugro laboratory facility in 


Wallingford (UK).  


 


In  the Plan of Action  is assumed  that  the  samples are described by a  senior prospector  (Dutch:  senior 


prospector waterbodems; KNA‐WB 4.1) in accordance with the Standaard Boorbeschrijvingsmethode (SBB 


version 5.1).8 This precondition could not be met, because the samples already had been described and 


used for testing. 


 


2.6 Selection of sample intervals 


Fugro provided Periplus Archeomare with a sample test  listing. The  listing contained the tests that were 


(to be) performed, a brief description of the lithology of samples and which intervals were used and which 


not. Also, a description was included on how the sediments within a specific sample interval were stored 


(often bagged). 


 


Periplus Archeomare  selected  the  sediment  sample  intervals which had not been used  for  testing.  For 


some intervals it was not directly evident if they were used for testing or not. In consultation with Fugro 


alternative intervals were selected if the initially designated intervals were no longer available. A listing of 


the designated samples has been added as Appendix 1 to this report. 


 


2.7 Sediment sampling and analysis 


The  designated  sediment  intervals  have  been  sampled  by  Fugro  and  handled  in  according  to  the 


instructions of BioChron, the specialist on biostratigraphy who had been assigned to carry out the sample 


analysis. 


BioChron has  analyzed  the  samples  to  get  a  grip on  the biostratigraphy of  the  sedimentary  sequence. 


Thus,  the  relationship  between  the  lithostratigraphy,  expressed  in  terms  of  soil  units,  and  the 


biostratigraphy, based on palynology has been assessed.9 


 


8 J.H.A. Bosch 2000. 


9 Athersuch et al., 2020. 
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3 Results 


3.1 BioChron 


BioChron  is a stratigraphic consultancy company based  in Surrey (UK). They are specialized  in geological 


dating  and  assisting  with  geotechnical  and  geohazard  risk  assessment  studied  related  to  sub‐sea 


installations.  BioCron  uses  biostratigraphy,  radiocarbon,  oxygen  isotope  studies  and  other methods  to 


provide  localized  chronometric  frameworks. Usually,  the  are  focused on  the Holocene  and Pleistocene 


sediments,  although  studies  to older  strata have  also been undertaken. BioChron has been  chosen  to 


undertake the palaeoenvironmental assessment for HKWWFZ. The results of the palynological analysis is 


laid  down  in  the  BioChron  research  report.10  The  full  BioChron  report  is  added  as Appendix  2  to  this 


report. 


 


In the BioChron report the results of the sample analysis are presented in two separate sections: 


1) a description of the biostratigraphy per borehole (chapter 6) 


2) a description of the biostratigraphy per soil unit (chapter 7) 


 


For each sample an interpretation is made of the environment in which the sediment has been deposited. 


The  distinction  between  the  depositional  environment  is  based  on  the  palynological  context  of  the 


samples. In the report three main depositional environments are distinguished: 


1) open marine landscape 


2) tidal landscape: 


a. subtidal/restricted marine (e.g. tidal inlets and channels) 


b. intertidal/marginal marine (e.g. tidal creeks, lagoons, estuaries) 


c. supratidal (e.g. marsh, pools, ponds, streams) 


3) terrestrial/freshwater landscape 


 


The BioChron reporting offers ample information to answer most of the questions posed for this research. 


 


Given the in‐detail reporting, the results will not be copied into this chapter, but instead discussed in the 


context of the paleo‐morphological constellation of the HKWWFZ, which  is pictured by the presentation 


of seismic profiles. 


 


3.2 Evolution of the paleo‐landscapes 


Unit F consists of deposits of the Yarmouth Roads Formation. The sediments are mostly coarse sands and 


minor fine sand, silt and clay clasts. The BioChron study indicates that the intervals studied from this unit 


were deposited during  the Waardenburg and Westerhoven  interglacials, at  the onset of  the Cromerian 


(basal  Middle  Pleistocene).  Most  studied  samples  contain  common  to  abundant  pollen  of  Pinus  in 


association with Alnus, Betula, Quercus, Ulmus (elm) and Tilia (linden/lime) and herb pollen from grasses, 


sedges, saltmarsh, heathers, and aquatic plants. The sediments  in which  this pollen  is  found have been 


deposited  in  various  environments,  ranging  from  terrestrial/fresh  water  to  supratidal  to 


 


10 Athersuch et. al. 2021; Report No: 08/20 (final). 
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intertidal/marginal marine  to  subtidal/restricted marine.  The  samples  contain  low  numbers  of marine 


taxa suggesting marginal marine ‐ brackish/coastal conditions. 


 


From  the  analysis  is  concluded  that no  sedimentation  took place during  the  late Cromerian,  Elsterian, 


Holsteinian and Saalian. 


 


The current  location of  the HKWWFZ was during  the Cromerian period part of a  forested  lowland with 


open vegetation (figure 3) east of the then small and shallow North Sea. 


 


Recent  discoveries  from  Pakefield  and  Happisburgh  (Britain)  have  provided  clear  evidence  for  an 


unexpectedly  early  hominin  occupation  of  north‐west  Europe.11  The  sites,  found  in  the  deposits  of 


interglacial rivers and estuaries on the southern rim of the ancient North Sea coast, span the older and 


younger parts of the ‘Cromerian Complex’ Stage. The older of these sites pre‐date ~0.5 Ma based on the 


presence of a Mimomys micromammal fauna, and may be as old as 0.78‐1.0 Ma.  


 


 
Figure 3. Location of  the HKWWFZ during  the Cromerian period  (image: F. Wesseling, Naturalis; source: 


https://www.geologievannederland.nl/tijd/reconstructies‐tijdvakken/midden‐pleistoceen) 


During  the  Saalian  glacial  period  a  large  glacier  tongue was  located  along  the  eastern  border  of  the 


HKWWFZ. The  ice deeply  incised  the  then outcropping deposits of  the Yarmouth Roads Formation. The 


bordering deposits west of  the  glacier were deformed during  the  advancing  ice  tongue  (see  figure 2). 


Seismic  images appear to  indicate this deformation  led to thrusting of sediments. An  implication of this 


thrusting  is  that older deposits are  thrusted on  top of younger deposits, because of which  the original 


 


11 Cohen et al., 2012. 
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stratigraphy of older deposits at the base and younger deposits at the top  in places can be reversed.  In 


other places  the deformation  could  simply have  resulted  in  a  strong distortion of  the  sediments.  This 


deformation  of  sediments  should  be  kept  in mind when  interpreting  the  biostratigraphy.  Pollen  and 


microfossil assemblages found at a higher stratigraphic level not necessarily have to be younger than the 


underlying assemblages. 


 


At the end of the Saalian, some 135 ka BP, the sea level lay over 120 m below the current sea level. When 


the Saalian glaciers melted the glacial valley along the east border of the plan area initially filled with melt 


water deposits. Rapid rise at the onset of the Eemian interglacial period resulted  in a marine  ingression, 


and the development of a periodically high energy, nearshore marine environment.  In this environment 


predominantly  homogeneous  coarse  sand  was  deposited.  The  conditions  are  interpreted  as 


subtidal/restricted marine. Based on available curves it took more than 5 ka for the sea level to rise to 40 


m below  the current  sea  level. This  is  the approximate depth at which  the  top of  the Yarmouth Roads 


Formation is found. Presumably, the exposed sediments of the Yarmouth Roads formation formed during 


this 135 – 130 ka time interval a hilly terrain bordering the beach shore and sea along the east border of 


the HKWWFZ. This  ‘onshore’  landscape  is characterized by mixed dryland tree taxa  including coniferous 


(e.g.  Pinus)  and  broadleaved  types  (e.g.  Alnus,  Betula, Quercus,  Carpinus  and Ulmus).  An  increase  of 


herbaceous and freshwater elements towards the top of Unit E possibly marks the transition to a more 


open  landscape.  This  transition  could  relate  to  the  regressive  development  at  the  onset  to  the 


Weichselian, 115 ka ago, when sea level dropped to 30 m below the current sea level. 


 


 


Figure 4. Profile 1 ‐ Transition from  Ice pushed deposits (Unit F) to glacial valley  infill (Unit E); The valley 


infill dates mainly from the Eemian, contrary to the label in this image.  


 


Just  southwest  of  the  designated HKWWFZ,  and  for  a  small  part  extending  into  the  area,  a  crescent‐


shaped basin‐like  feature  is  found. This basin  is  located amidst the above‐described hilly  landscape and 
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has been  filled with a pronouncedly  layered  sequence of  sediments  in which  two  soil units have been 


distinguished (Unit C and Unit D). 


 


Unit D (at the base of the basin infill) consists of silty clay with silt and sand layers / laminae. The silty clays 


contain significant amounts of reworked, mostly Paleogene palynomorphs. The reworked palynomorphs 


have been transported to the area by the Rhine/Meuse River and originate from eroded deposits  in the 


hinterland. The sediments were sampled from a 7 m interval in one borehole, covering the full thickness 


of Unit D  in  that  borehole.  The  sediments  contain  tree  pollen  of  Pinus,  Betula  and Alnus, with  fewer 


specimens of Quercus, Carpinus and Ulmus. This pollen assemblage  is  indicative a  largely  forested and 


damp  landscape  surrounding  the  gradually  infilled basin.  The  interpreted  timing of  the deposits  is  the 


Early Eemian. Because of the inferred mixing of marine and riverine waters the depositional environment 


of Unit D has been interpreted as estuarine. It appears likely that the estuary (Unit D) coexisted with the 


nearshore marine environment  in the eastern part of the area  (Unit E), albeit that there  is no evidence 


that those landscapes were connected. 


 


 


Figure 5. Occurrence of the Eem Formation (Unit D) 


 


Ongoing sea level rise during the Eemian resulted in the deposition of alternating layers of silty sand, silty 


clay,  stiff  clay  containing  mollusks  and  wood  fragments  (Unit  C).  The  layered  deposits  have  been 


deposited  in  a  subtidal  /  restricted marine. A mixed  temperate pollen assemblage  including  significant 


amounts of Carpinus, Corylus and Quercus are  correlated by BioChron mid  to  later part of  the Eemian 


(published zones E3 to E6). 


 


Non‐tree pollen  is  typified by a common Poaceae  (grass), Cyperaceae  (sedge) and Ericaceae  (heathers), 


together with rare but consistent aquatic taxa (Sparganium) and  fern/moss spores  (Dryopteris type and 


Sphagnum).  Freshwater  algae  (mainly  Pediastrum)  are  common  throughout  as  are  marine  taxa. 
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Sedimentation  continued  into  the Early Weichselian  (MIS 5d‐a). Unit C  is  interpreted as  the Eemian  to 


Early Weichselian Brown Bank Member. 


 


During  the  Eemian  and  Early Weichselian,  the  deposition  of  nearshore  coarse marine  sands  (Unit  E), 


estuarine silty clay (Unit D) and restricted marine stiff silty clay and sand (unit C), resulted in annihilation 


of the once hilly character of the Late Saalian glacial landscape of Unit F.  


 


The description of horizons of  stiff black  clay within  the Brown Bank Member  in borehole HKW106‐BH 


could be an  indication  for  long  term exposure at ground  level,  ripening of  clay and  soil  formation. The 


clayey Brown Bank Member forms the top of the Pleistocene sequence in many areas west of the glacial 


valley. These clays were exposed at ground  level during  the Weichselian, a 100 ka period. Dehydration 


cracks, paleosols, roots, strong bioturbation and local cryoturbation are commonly observed phenomena 


in the Brown Bank Member. 


 


Figure 6. Occurrence of the Eem Formation (Unit D) with DINO borehole BP080031 


 


The Weichselian had long periods of non‐sedimentation. Especially at the end of the Weichselian limited 


vegetation allowed exposed sandy deposits  to be eroded and deposited  in  the  form of a  layer of cover 


sands. Also,  small  streams  transported meltwater e.g., during  the  summer periods when  temperatures 


rose above freezing point. These aeolian and fluvial deposits are part of the Boxtel Formation. Within the 


aeolian sands paleosols are formed during the Allerød interstadial period and during the Early Holocene. 


 


Unit B has been found throughout the area. In the analyzed samples the thickness of this unit ranges from 


2 to 7 m. Contrary to the units described above, the sediments of this unit have been deposited in various 


environmental settings  including subtidal / restricted marine,  intertidal / marginal marine, estuarine and 


freshwater / terrestrial. The interpretation of a freshwater / terrestrial depositional environment indicates 







 


Hollandse Kust (west) – An archaeological assessment of paleo‐landscapes 


Client: RVO 


July 2021 – rev. 2.1 (FINAL)  page 26 


 


than Unit B, apart from the Naaldwijk Formation, also contains Late Pleistocene and / or Early Holocene 


terrestrial deposits such as those of the Boxtel Formation. 


 


All  samples  from HKW101‐BH  taken  from  a depth  interval between 3.0 m  and 5.8 m  consist of  sands 


deposited in a freshwater / terrestrial / estuarine environment. The pollen consists predominantly of tree 


pollen. Pine pollen is most abundant, but tree pollen of birch and hazel are consistently present. Herbs are 


a minor  component. Pollen  from grasses,  sedges and aquatic plants  is well  represented. Pollen of bur‐


reed and water lily (both Nymphaea and Nuphar) confirm the strong freshwater influences at this locality. 


Samples also  yielded  rare  to abundant operculi of  the  freshwater mollusk Bithynia and wood  remains. 


Two Bithynia samples and two wood samples have been age dated. The samples yielded 14C‐ages ranging 


from 11815 to 9950 cal. yrs BP. 


 


Macro‐plant  samples contained  fragments of peat,  sedge, bogbean, naiads, Sphagnum charcoal and,  in 


3.00‐3.30,  infrequent wood. Hemp‐nettle was also present at 3.60m‐3.80m. Other finds  included marine 


shell  and  fragments  of  beetles.  This  assemblage  is  typical  of  damp,  acidic  boggy  environments,  and 


fragments of wood indicate the local presence of trees. This observation is supported by the identification 


of peat and humic clay beds in the seismic data. The peat beds are found at the top of Unit B. 


 


Samples collected  from HKW106‐BH are  linked  to a supratidal  to  terrestrial /  freshwater environments. 


The  total  palynomorph  assemblages  consist  almost  exclusively  of  land  plant  pollen  /  spores. Marine 


palynomorphs were  not  observed.  The macro‐plant  samples  contained  creeping  cinquefoil  (Potentilla 


repens),  sedge  (Cyperaceae),  bogbean  (Menyanthes  trifoliata),  pondweed  (Potamogeton),  common 


water‐crowfoot (Ranunculus aquatilis) and moss, all plants which favour wet and aquatic environments. 


 


The seismic profile with the  location of HKW106‐BH  is shown  in the figure below. Unit B shows a vague 


internal reflector with an undulating character. Possibly this reflector marks the relics of the Pleistocene 


landscape (Boxtel Formation?) which is covered by Early Holocene terrestrial / freshwater deposits. 
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Figure 7. Borehole HKW106‐BH intersection with seismic profile 


Three  samples  from Unit B  in borehole HKW107‐BH  suggest  a development  from bottom  to  top  from 


terrestrial / freshwater to intertidal / marginal marine to subtidal / restricted marine. This sequence could 


reflect the drowning of the Pleistocene  landscape  in Early Holocene times, when the  landscape became 


forested  in the Early Holocene. Wood fragments, cinquefoils, bogbean, pondweed, moss, peat, charcoal 


and marine shell all of which can derive from a damp wooded landscape with areas of boggy peat. 


 


Unit B in HKW091‐BH predominantly contains palynomorphs and micro‐fossils which indicate a intertidal / 


marginal marine environment. The presence of a single pollen grain of sundew  (Drosera)  is  interesting. 


This carnivorous plant is currently found in (seasonally) wet areas on poor sandy soils, often in association 


with peat moss and sedges. Various deciduous tree taxa, of which most prominently birch, but also alder 


and hazel are common.  
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Figure 8. Example of inferred peat occurrences 
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4 Synthesis 


For this investigation different research questions are defined in the Plan of Action.12 


Based on the results of de data analysis the research questions are answered.  


 


Main question: 


How has the prehistoric landscape and vegetation in the HKWWFZ evolved during the Late Pleistocene? 


 


Questions regarding the geogenesis of the area: 


Which sedimentary sequences are found in the borehole samples? 


- Unit F = coarse sand with minor fine sand, silt and clay clasts 


- Unit E = homogeneous coarse sand 


- Unit D = silty clay with layers/laminae of silt and sand 


- Unit C = silty stiff clay and sand 


- Unit B = fine to coarse sand with local clay and peat 


- Unit A = fine to coarse sand with mollusk 


 


In what depositional environment have the sediments been deposited? 


- Unit F = various: 


terrestrial/fresh water to supratidal to intertidal/marginal marine to subtidal/restricted marine 


- Unit E = nearshore marine 


- Unit D = estuarine 


- Unit C = subtidal/restricted marine 


- Unit B = various: 


subtidal / restricted marine, intertidal / marginal marine, estuarine and freshwater / terrestrial 


- Unit A = fine to coarse sand with mollusk 


 


What lithostratigraphic units can the subsequent sediment intervals be attributed to? 


- Unit F = Yarmouth Roads (glacially deformed during Saalian glaciation) 


- Unit E = Eem Formation 


- Unit D = Eem Formation 


- Unit C = Brown Bank Member 


- Unit B = Boxtel Formation, Naaldwijk Formation and local Basal Peat Bed 


- Unit A = Southern Bight Formation 


 


Do the layer boundary characteristics provide indications for erosion, continuous sedimentation, or periods 


of non‐deposition without erosion? 


This question cannot fully be answered because no intact liners have been studied to assess the character 


of the layer boundaries. Continuous sedimentation likely occurred in the basins (Unit D and Unit C) during 


the Eemian interglacial. No sedimentation took place during the late Cromerian, Elsterian, Holsteinian and 


Saalian. Also, during major part of the Weichselian sedimentation was limited. 


 


Do the studied borehole samples contain intervals of peat? 


No, albeit that organic matter and some laminae of peat appear to have been intercalated in Unit B. 


 


 


12 Van Lil and van den Brenk, 2017. 
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If so: 


Can the peat layer(s) ‐ based on their/its lithostratigraphic position ‐ be identified as the Early Weichselian 


Woudenberg Formation, the Early Holocene Basal Peat Bed or as intraformational unit? 


No, see answer to the question below. 


 


What is age of those peat layers based on their stratigraphic position? 


Combining the results of this study with the assessed seimic data which indicate peat at the top of Unit B, 


this bed is interpreted as the Early Holocene Basal Peat Bed. 


 


Do the deposits contain indications of soil formation, decalcification, bioturbation, or cryoturbation? 


This  question  cannot  be  answered  because  no  intact  liners  have  been  studied  to  identify  these 


phenomena. Based on the descriptions of the Brown Bank Member (Unit C), soil formation and ripening 


of clay did take place in this unit. 


 


At what lithostratigraphic level and current depth (m LAT) are those secondary phenomena found?  


Levels within the Brown Bank Member at the top of the unit. 


 


Questions regarding the analysis of mollusks and diatoms: 


What type of mollusks have been identified? 


The identified mollusks are listed in Appendix 8 of the BioChron report which is included as Appendix 2 in 


this report. 


 


Are mollusks found in situ? 


The  interpretation regarding mollusks being found  in situ or not,  is  listed  in Appendix 8 of the BioChron 


report which is included as Appendix 2 in this report. 


 


Can the mollusks be classified as fauna which is characteristic for a certain period, such as the Eem fauna? 


Not with full certainty. The interpretation to which MIS the fauna can be attributed to is listed in Appendix 


8 of the BioChron report which is included as Appendix 2 in this report. 


 


What type of diatoms have been identified? 


The identified diatoms are listed in Appendix 11 of the BioChron report which is included as Appendix 2 in 


this report. 


 


What do the diatoms tell us about the environment they lived in? 


The  overall  abundances  of  diatoms were  low.  The  analyzed  diatom  samples were  combined with  the 


results  of  other  analysis,  such  as  the  results  of  macro‐plant  remains  to  conclude  on  the  aquatic 


environment the diatoms lived in. 


 


Questions regarding the vegetation development in the area: 


How did the vegetation develop over time? 


The development of the vegetation is described in section 3.2 and Appendix 2. 


 


What does the vegetation development tell us about the changing climate? 


Pollen and macro‐plant analysis provide us with information on the vegetated landscape of both the area 


in which sediments were deposited and the surrounding landscape. 
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What is the habitat of the plants and insects which have been found in the peat samples? 


The  organic material  found  in Unit  B  is  indicative  of  a  damp  locally  forested  landscape with  in which 


freshwater species thrived, including creeping cinquefoil (Potentilla repens), sedge (Cyperaceae), bogbean 


(Menyanthes trifoliata), pondweed (Potamogeton), common water‐crowfoot (Ranunculus aquatilis), moss 


and sundew (Drosera). Further operculi of the freshwater mollusc Bithynia and beatles were found. 


 


Can the observed pollen assemblages be linked to known pollen zones? 


Yes. For the interpretation is refered to the BioChron report in Appendix 2. 


 


Questions regarding the timing of drowning of the area in places where peat is present: 


At what moment did the landscape drown and how does this timing compare with known  curves? 


14C dating of Bithynia and wood fragments in borehole HKW106‐BH revealed an age ranging from 11.8 ka 


to 10.0 cal. yrs BP. The range of these dates is in line with available sea level curves.13 


 


13 E.g. Vink et al., 2007. 
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5 Summary and recommendations 


Prior to the sampling of designated sediment  intervals, no archaeological description and  interpretation 


of the boreholes could be executed. The  identification of phenomena which are  indicative of secondary 


processes such as soil formation, ripening of clay, bioturbation, cryoturbation, and the degree of erosion 


has  not  been  carried  out. Despite  this,  the  evolution  of  the  prehistoric  landscapes  could  be  pictured 


through  the analysis of palynomorphs, and micro‐fossils  collected  from borehole  samples. The analysis 


carried  out  by  BioChron  has  proved  to  provide  valuable,  sometimes  in  detail,  information  on  the 


biostratigraphy and deduced development of landscapes in the area. 


 


The evolution of the landscape can be summarized as follows: 


1. During  the Waardenburg  and Westerhoven  interglacials,  at  the  onset  of  the  Cromerian  (basal 


Middle Pleistocene)  the HKWWFZ was part of a  low  land area  including  terrestrial/fresh water 


tidal  environments  (Unit  F;  Yarmouth  Roads  Formation).  The  area  could  have  offered 


opportunities for habitation; 


2. A  period  of  non‐sedimentation  followed,  lasting  throughout  the  late  Cromerian,  Elsterian, 


Holsteinian  and  Saalian. During  the  Saalian  a  glacial  valley was  formed  by  advancing  icesheet 


along the east border of the HKWWFZ. The coarse sands of Unit F were deformed; 


3. Rapid sea level rise resulted in a marine ingression at the onset of the Eemian. In the glacial valley 


homogeneous coarse sands were deposited (Unit E; Eem Formation). A periodically high energy, 


nearshore marine environment developed along the eastern side of the area. 


West  of  the beach  shore  area  a  forested  landscape developed. Meanwhile  a  crescent  shaped 


estuary formed along the south edge of the area. The estuary is filled with layered silty clays with 


reworked palynomorphs which were transported to the area by the Rhine/Meuse river (Unit D; 


Eem Formation). Typical Eemian pollen assemblages have been identified; 


4. The area fully drowned during the Eemian. Throughout the area layers of silty sand and silty clay 


with mollusks and wood fragments were deposited (Unit C; Brown Bank Member). At the onset 


to  the  Early Weichselian  the  transgressing  sea  left  the  Brown  bank Member  exposed  at  the 


ground surface; 


5. During the Weichselian little sedimentation to place; At the end of the Weichselian some aeolian 


and fluvial fine sands were deposited; These deposits are part of Unit B (Boxtel Formation); 


6. In  the  Early  Holocene  a  fresh‐water/terrestrial  environment  developed.  In  most  places  this 


environment  comprised  wetlands.  The  area  could  have  offered  favorable  circumstances  for 


habitation, such as the availability of fresh water, eatable plants (such as the found water lilies), 


shellfish and  fish. Ongoing  sea  level  rise  resulted  in  the development of  subtidal  / marine and 


intertidal / marginal marine environments. The sands deposited are also part of Unit B (Naaldwijk 


Formation); 


7. The current open marine deposits are found in Unit A (Bligh Bank Member). 


 


Future seabed disturbing activities in the HKWWFZ, like the installation of monopiles and interconnecting 


cables, are not affected by the outcome of this study and can continue as planned. However, if additional 


geophysical or geotechnical surveys are carried out, the resulting data is requested to be delivered to the 


competent authorities. These data include newly collected seismic data, borehole and vibrocore samples 


and will then be used for additional geo‐archaeological research. 
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For  future wind  farm developments,  it  is advised  to conduct geo‐archaeological  research  in accordance 


with  the general procedure outlined  in  section 2.1. Preferably, a  limited number of cores are  retrieved 


exclusively for the assessment of paleo‐landscapes. By doing so, it is less likely that the geo‐archaeological 


research will be hindered by the geotechnical  lab testing program.  If this  is not possible, the works shall 


be  coordinated  in  a way  that  the  availability  of  undisturbed  liner  samples  for  the  geo‐archaeological 


research  is  guaranteed.  In  other  words,  the  geo‐archaeological  sample  description  and  sampling  of 


intervals for specialist research (pollen, diatoms, 14C, et cetera) shall be completed prior to the execution 


of destructive  laboratory tests for engineering purposes. The description of samples shall be carried out 


by a certified actor  (senior KNA‐prospector WB)  to better understand  the development and  integrity of 


the  paleo‐landscapes.  Thus,  the  actor  can  specifically  target  sediment  sample  intervals  for  specialist 


research. 


 


Finally,  in  accordance  with  the  Heritage  Act  (Dutch:  Erfgoedwet),  the  developer  is  obliged  to  report 


archaeological finds which come to light during the development of the wind farm zone to the competent 


authorities. 
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Glossary and abbreviations 


Terminology  Description 


AMZ  Archeologische Monumenten  Zorg,  a  description  of  procedures  to  ensure  the 


protection of National archaeological Cultural Heritage 


CPT  Cone penetration test 


Eemian  Warm period (interglacial) between Saalian and Weichselian from 130.000 to 


115.000 years ago 


Erratic  An (glacial) erratic is a piece of rock that differs from the size and type of rock 


native to the area in which it rests. These rocks are carried by glacial ice, often 


over distances of hundreds of kilometres. Erratics can range in size from pebbles 


to large boulders. 


Ferrous  Material which is magnetic or can be magnetized, and well known types are iron 


and nickel 


Glacial  Ice‐age 


Holocene  Youngest  geological  epoch  (from  the  last  Ice  Age,  around  10,000  BC.  to  the 


present) 


In situ  At the original location in the original condition 


Interglacial  Warm period in between two ice‐ages 


KNA  Kwaliteitsnorm  Nederlandse  Archeologie  =  Dutch  Quality  Standard  for 


Archaeological Research 


Magnetometer  Methodology  to measure deviations  from  the earth’s magnetic  field  (caused by 


the presence of ferro‐magnetic = ferrous objects) 


Multibeam  Acoustic  instrument that uses different bundles or beams to measure the depth 


in order to create a detailed topographic model 


Pleistocene  Geological era that began about 2 million years ago. The era of the  ice ages but 


also moderately warm periods. The Pleistocene ends with  the beginning of  the 


Holocene 


PvE  Program of Requirements (Dutch: Programma van Eisen) 


RCE  Ministry of Cultural Heritage (Dutch: Rijksdienst voor het Cultureel Erfgoed) 


ROV  Remotely Operated Vehicle 


Saalian  Second last Ice age (glacial) from 240.000 to 130.000 years ago 


Sidescan sonar  Acoustic instrument that registers the amplitude of reflections of the seabed. The 


resulting images are similar to a black / white photograph. The technique is used 


to detect objects and to classify the morphology and type of soil 


Current ripples  Asymmetrical wave pattern at the seabed caused by currents. The steep sides of 


the ripples are always on the downstream side 


Subbottom profiler  Acoustic system used to create seismic profiles of the subsurface 


Trenching  Construction of a trench for the purpose of burying a cable or pipeline 


Vibrocore  Vibrocore  bore  is  a  special  drilling  technique  where  a  core  tube  is  driven  by 


means of vibration energy  in  the seabed.  In addition,  the core  tube  is provided 


with a piston so that the bottom material in the core tube remains in place 


Weichselian  Last Ice Age (glacial) from 115.000 to 12.000 years ago 
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Borehole  Soil Unit  Top depth 


(m) 


Base 


depth (m) 


Interval 


(m) 


Lithological description  Preservation  Palynomorph 


richness 


Organic fragments  Charred fragments  Palynomorph Sum  Pollen sum TLP 


HKW002‐BH  B  0.55  0.80  0.25  sand with clay clasts, some molluscs  fair  mod. poor  ++++  +  262  220 


HKW002‐BH  B  2.90  2.95  0.05  black silty clay  fair/good  rich  +++++  +  319  278 


HKW002‐BH  B  6.35  6.85  0.50  black silty sand  fair/good  rich  ++++  ‐  359  325 


HKW002‐BH  E  7.50  8.10  0.60  coarse grey sand  poor/fair  mod. poor  ++  +  168  147 


HKW002‐BH  E  8.00  8.45  0.45  coarse grey sand  fair  poor  ++  +  141  115 


HKW002‐BH  E  8.30  8.35  0.05  coarse grey sand  poor/fair  poor  +  +  147  110 


HKW002‐BH  E  13.20  13.50  0.30  coarse grey sand  poor/fair  very poor  +  +  45  29 


HKW002‐BH  E  15.50  15.80  0.30  coarse grey sand  poor/fair  mod. poor  ++  +  193  160 


HKW002‐BH  E  24.00  24.25  0.25  coarse grey sand  poor/fair  poor  +  ‐  122  80 


HKW002‐BH  E  26.50  26.70  0.20  coarse grey sand  poor/fair  mod. poor  ++  +  256  181 


HKW002‐BH  F  27.90  28.30  0.40  coarse grey sand with clay/silt partings  fair/good  mod. rich  +++  +  300  271 


HKW002‐BH  F  31.20  31.65  0.45  coarse grey sand with common silty clay clasts  fair/good  very rich  +++++  ‐  366  341 


HKW002‐BH  F  35.40  35.75  0.35  coarse grey sand slightly silty + few pebbles  fair/good  rich  ++++  ‐  283  263 


HKW009‐BH  B  2.40  2.60  0.20  fine grey sand  fair/good  poor  ++  +  194  111 


HKW009‐BH  E  6.30  6.65  0.35  sand  fair/good  mod. rich  +++  ++  338  246 


HKW009‐BH  F  8.00  8.15  0.15  sand  fair/good  mod. poor  +++  ++  268  209 


HKW009‐BH  F  10.00  10.35  0.35  sand  poor/fair  barren  ++  ++  6  5 


HKW009‐BH  F  15.25  15.55  0.30  silt  fair  mod. poor  +++  ++  242  196 


HKW009‐BH  F  18.00  18.30  0.30  sand  fair  mod. rich  ++++  ++  252  220 


HKW047‐BH  A  3.50  3.80  0.30  fine sand with molluscs  good  mod. poor  ++  +  286  114 


HKW047‐BH  B  4.50  4.75  0.25  coarse grey sand  poor/fair  very poor  ++  ++  40  22 


HKW047‐BH  B  5.00  5.30  0.30  coarse grey sand with molluscs  poor/fair  very poor  ++  ++  29  17 


HKW047‐BH  B  5.50  5.80  0.30  coarse grey sand  poor  barren  +  +  9  7 


HKW047‐BH  B  7.80  8.20  0.40  coarse grey sand  poor/fair  very poor  ++  +  42  30 


HKW047‐BH  E  10.00  10.25  0.25  coarse grey silty sand with molluscs  poor/fair  barren  ++  +  6  6 


HKW047‐BH  E  11.75  12.00  0.25  coarse grey sand  poor/fair  poor  ++  ++  64  37 


HKW047‐BH  E  15.75  16.00  0.25  coarse grey sand  fair/good  mod. rich  +++  ++  259  226 


HKW047‐BH  F  20.30  20.55  0.25  coarse grey sand with wood and pebbles  fair/good  mod. rich  ++++  +  256  215 


HKW047‐BH  F  21.45  21.70  0.25  coarse sand with large clay clasts  fair/good  very rich  ++++  +  321  296 


HKW047‐BH  F  21.45  21.70  0.25  clay clasts  good  very rich  +++++  ++  416  393 


HKW047‐BH  F  22.30  22.60  0.30  fine silty sand  fair/good  mod. rich  +++  ++  274  248 


HKW054‐BH  B  3.80  4.10  0.30  soft grey sand  poor  barren  +  +  7  6 


HKW054‐BH  B  4.85  5.10  0.25  soft grey sand  poor/fair  very poor  +  ++  27  20 


HKW054‐BH  B  5.25  5.50  0.25  soft grey sand  poor/fair  poor  +++  ++  130  111 


HKW054‐BH‐A  C1  5.55  5.90  0.35  dark grey silty sand  fair/good  rich  ++++  ++  340  270 


HKW054‐BH‐A  C1  6.20  6.50  0.30  dark grey silty sand  fair/good  very rich  +++++  ++  339  272 


HKW054‐BH‐A  C1  6.50  6.75  0.25  dark grey silty sand  good  rich  +++++  ++  328  277 


HKW054‐BH‐A  C1  9.00  9.30  0.30  coarse sand with molluscs and black clay clasts  fair/good  mod. rich  +++  +  297  243 


HKW054‐BH‐A  C1  9.00  9.30  0.30  coarse sand with molluscs and black clay clasts  good  very rich  +++++  ++  319  265 


HKW054‐BH‐A  C2  10.25  10.45  0.20  coarse sand  fair/good  mod. poor  ++  ++  321  264 


HKW054‐BH‐A  F  12.85  13.10  0.25  coarse sand  fair/good  mod. rich  ++  ++  251  236 


HKW054‐BH‐A  F  13.80  14.05  0.25  coarse sand  fair  very rich  +++++  +  309  284 
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Borehole  Soil Unit  Top depth 


(m) 


Base 


depth (m) 


Interval 


(m) 


Lithological description  Preservation  Palynomorph 


richness 


Organic fragments  Charred fragments  Palynomorph Sum  Pollen sum TLP 


HKW091‐BH  B  1.35  1.70  0.35  coarse sand with molluscs and wood fragments  poor/fair  mod. poor  +++  +  286  235 


HKW091‐BH  B  3.30  3.60  0.30  coarse sand with black pebbles + black silt clasts  fair/good  mod. poor  +++++  ‐  250  239 


HKW091‐BH  B  4.30  4.60  0.30  very coarse sand with molluscs and clay clasts  fair/good  mod. rich  +++++  ‐  248  223 


HKW091‐BH  B  5.45  5.80  0.35  coarse sand with molluscs, pebbles and clay clasts  fair/good  mod. rich  +++++  ‐  243  215 


HKW091‐BH  B  6.30  6.60  0.30  medium/fine sand  poor/fair  mod. poor  +++  +  290  209 


HKW091‐BH  E  7.30  7.65  0.35  medium/fine sand  poor/fair  mod. poor  +++  ++  234  219 


HKW091‐BH  F  9.00  9.25  0.25  medium sand with wood fragments  poor/fair  mod. poor  +++  ++  247  231 


HKW091‐BH  F  10.50  10.70  0.20  fine grey sand  poor  poor  ++  +  163  143 


HKW091‐BH  F  10.80  11.10  0.30  fine grey sand  poor  poor  ++  +  108  80 


HKW091‐BH  F  11.50  11.90  0.40  fine white sand  poor  barren  ++  +  11  11 


HKW091‐BH  F  17.80  18.15  0.35  grey sand  fair  mod. poor  +++  +  314  290 


HKW101‐BH  B  3.00  3.35  0.35  organic black sand  good  rich  +++++  +  364  307 


HKW101‐BH  B  3.60  3.90  0.30  fine grey sand with ?wood frags  fair/good  rich  +++++  +  316  270 


HKW101‐BH  B  4.65  4.85  0.20  coarse sand, ?baked sample in another bag ‐not used  fair/good  very rich  +++++  ‐  505  411 


HKW101‐BH  B  5.60  6.00  0.40  coarse sand with some silt  fair/good  rich  +++++  ‐  381  298 


HKW101‐BH  F  8.00  8.15  0.15  coarse sand with some silt clasts  good  mod. rich  +++++  +  284  215 


HKW101‐BH  F  8.00  8.20  0.20  coarse sand with some silt clasts  fair/good  mod. rich  +++++  +  273  223 


HKW101‐BH  F  10.00  10.25  0.25  coarse sand with wood  fair/good  mod. rich  ++++  +  325  288 


HKW101‐BH  F  13.00  13.50  0.50  coarse sand with mollusc frags and silt  good  mod. rich  ++++  +  293  275 


HKW101‐BH  F  13.35  13.70  0.35  coarse sand with wood  fair/good  rich  ++++  +  247  239 


HKW106‐BH  A  1.50  1.85  0.35  dark grey silty sand with molluscs + echinoid  fair/good  poor  +++++  +  172  128 


HKW106‐BH  B  2.15  2.35  0.20  dark grey silty sand with molluscs + wood  fair  mod. poor  ++++  ++  139  130 


HKW106‐BH  B  2.60  2.75  0.15  dark grey silty sand  fair  mod. poor  +++  ++  131  118 


HKW106‐BH  C1  3.50  3.65  0.15  stiff black clay with abundant molluscs  fair  rich  ++++  ++  326  272 


HKW106‐BH  C1  4.00  4.30  0.30  stiff black clay  poor/fair  rich  +++++  ++  354  304 


HKW106‐BH  C1  4.30  4.45  0.15  stiff black clay with molluscs  poor/fair  rich  ++++  ++  294  261 


HKW106‐BH  C1  4.80  5.05  0.25  coarse silty sand with molluscs and black pebbles  good  mod. rich  +++  +  369  303 


HKW106‐BH  E  5.60  5.70  0.10  coarse silty sand  good  mod. poor  +++  ++  215  151 


HKW106‐BH  E  5.80  6.05  0.25  grey sand  good  poor  ++  +  173  109 


HKW107‐BH  A  1.50  1.75  0.25  coarse sand with some?silt patches + mollusc frags  good  mod. rich  +  ++  317  118 


HKW107‐BH  B  3.25  3.50  0.25  grey sand with mollusc frags  poor/fair  mod. poor  ++  ++  234  149 


HKW107‐BH  B  3.50  3.75  0.25  grey sand with wood  fair  poor  ++++  ++  167  132 


HKW107‐BH  B  4.25  4.50  0.25  grey sand with wood/plants  fair  mod. poor  ++++  ++  208  184 


HKW107‐BH  C1  5.00  5.15  0.15  dark grey silty clay  fair/good  very rich  +++++  +  305  251 


HKW107‐BH  C1  7.60  7.90  0.30  dark grey silty clay with small gastropod  good  very rich  ++++  ++  338  278 


HKW107‐BH  C1  11.30  11.60  0.30  dark grey silty sand with wood and molluscs  fair  very rich  +++++  ++  361  291 


HKW107‐BH  C2  13.00  13.35  0.35  dark grey silty sand with molluscs  good  very rich  +++  ++  332  290 


HKW107‐BH  F  20.30  20.60  0.30  dark grey silty sand with black organic clay  fair/good  very rich  ++++  +  381  314 


HKW107‐BH  F  30.00  30.25  0.25  dark grey silty clay with wood and organic patches  fair  mod. rich  ++++  +  318  288 


HKW107‐BH  F  30.25  30.75  0.50  dark grey silty clay with wood  fair  mod. rich  ++++  +  296  259 


HKW107‐BH  F  33.00  33.30  0.30  pale grey clay  poor/fair  mod. poor  +++  ++  76  62 


HKW114‐BH  B  9.00  9.25  0.25  grey sand with molluscs  fair  poor  +++  ++  169  127 
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Borehole  Soil Unit  Top depth 


(m) 


Base 


depth (m) 


Interval 


(m) 


Lithological description  Preservation  Palynomorph 


richness 


Organic fragments  Charred fragments  Palynomorph Sum  Pollen sum TLP 


HKW114‐BH  C1  9.40  9.60  0.20  grey sand with molluscs  poor/fair  mod. rich  +++  ++  280  220 


HKW114‐BH  D  11.05  11.30  0.25  grey sand with molluscs  fair  rich  ++++  ++  310  214 


HKW114‐BH  D  12.40  12.50  0.10  black clay  poor/fair  very rich  ++++  +  342  174 


HKW114‐BH  D  12.50  12.80  0.30  grey silty clay  fair/good  mod. rich  +++++  +  266  174 


HKW114‐BH  D  14.20  14.45  0.25  grey silty clay  fair/good  rich  ++++  ‐  320  206 


HKW114‐BH  D  15.70  15.95  0.25  grey silty clay  poor/fair  rich  +++++  +  272  143 


HKW114‐BH  D  18.00  18.25  0.25  stiff grey clay  poor/fair  rich  +++++  ++  243  123 


HKW114‐BH  F  20.10  20.35  0.25  fine grey silty sand  poor/fair  mod. poor  ++++  +  271  205 
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1 - Executive Summary 
 


In a previous study of boreholes in the HKW wind farm zone the relationship between the 
lithostratigraphy, expressed in terms of soil units, and the biostratigraphy, based exclusively on 


palynology was demonstrated. Using the palynological zonation developed in that study we have 


confirmed the spatial distribution of soil units in a further nine boreholes as determined by Fugro 
in their geological ground model. 


 


Using the palynological information together with observations on the microfossils, diatoms, 
molluscs and plant remains a multi-disciplinary palaeoenvironmental assessment was carried 


out in an attempt to characterise the palaeo-landscape represented by each of the soil units and 


to determine the suitability for hominin habitation since the Cromerian. Since, during much of 
this time the site was under water inferences about the nature of the landscape in the vicinity 


are to a large extent conjectural.  


 
Soil Unit A is Mid to Late Holocene in age and equivalent to the Southern Bight Formation, 


deposited after the main phase of Holocene sea level rise. This study provides evidence for a 
periodically high energy coastal marine environment and the presence of trees and wetlands in 


the nearby landscape with pools or marshland in the catchment. The balance of evidence 


indicates that marine or at least estuarine conditions would have prevailed. 


 


Soil Unit B is present in all of the studied boreholes. It is equated with the Naaldwijk Formation 
(Early to Mid Holocene) and possibly the Dogger Bight and Kreftenheye Formations 


(Weichselian). Soil Unit B was therefore deposited both before and after the Last Glacial 


Maximum (LGM). Sea level is known to have been as much as 120 to 135m lower at the LGM 
than at the present time and the ground would have been frozen for long periods. Snow and ice 


melt during the warmer months fed rivers such as the Rhine and Meuse which, in turn, deposited 


significant amounts of sand in sandbanks and braid plains. At the onset of the Holocene, 
deposition within the Naaldwijk Formation at the study site would have occurred largely in coastal 


mudflats with minimal tidal influence. It is certainly possible that parts of the landscape within 


or close to the study site would have been inhabitable, and therefore could yield artefacts of 
archaeological significance. 


 
Soil Unit C is likely to correspond to the Brown Bank Member of the Eem Formation and was 


deposited under mainly cool climatic conditions in a restricted marine setting during MIS 5 


(Eemian to Early Weichselian). It was not possible to differentiate Soil Units C1 and C2. Evidence 
from this study shows that the climate was mostly cool with forests of pine, birch, spruce and 


alder present during Early Weichselian interstadials. Additionally, intervals with warm climatic 


indicators, if not all reworked, suggest deposition of Soil Unit C began in the mid to late Eemian. 
It is likely that the dry, hinterland areas would have been inhabited whereas habitation of the 


study site itself is improbable because of constant water inundation. 


 
Soil Unit D only occurs in borehole HKW114-BH in the present study and has a presumed age of 


Late Pleistocene (Eemian). The main feature of this soil unit is the abundance of reworked, 


mostly Paleogene, palynomorphs indicating that this was a period of major erosion in the 
catchment. The closest match for the pollen association is with the early part of the Eemian, 


published zones E1 and E2. Deposition within this soil unit is mostly estuarine. The presence of 
partially forested and damp habitats onshore with strong marine and riverine influences suggests 


that habitation at this site at this time is unlikely. 


 
On the basis of seismo-stratigraphic information Soil Unit E is thought to represent a glacial 


tunnel valley feature formed during the latest Saalian and which became infilled during the 


Eemian and Early Weichselian. Deposition of this soil unit occurred in a periodically high energy, 
nearshore marine environment. Herbaceous elements and some freshwater elements increase 


towards the top of the soil unit possibly indicating open ground in the vicinity, perhaps suitable 


for habitation. The likelihood is that that Soil Units E, D and C are to some extent co-eval and 
deposited at various times during the Eemian to Early Weichselian. 
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Soil Unit F is equated with the Yarmouth Roads Formation which is of Middle to Early Pleistocene 


age. The current study suggests that this soil unit was deposited during the Waardenburg and 


Westerhoven interglacials at the onset of the Cromerian (basal Middle Pleistocene). The Ground 
Model for the HKW site suggests that the later part of the Middle Pleistocene (late Cromerian, 


Elsterian, Holsteinian and Saalian) is not significantly represented in the sedimentary record. 
The Cromerian period is known to have had a hominin presence in England, with artefacts 


recovered from sites on the East Anglian coast. No comparable hominin sites have yet been 


discovered in the Netherlands. A mixed landscape of forest and open ground, such as heathland, 
peatland and saltmarsh would have been suitable for habitation by hominins, perhaps more so 


during colder periods when sea level is likely to have been lower.      
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2 - Objectives and limitations 
 


A previous study of boreholes in the HKW wind farm zone demonstrated the relationship between 
the lithostratigraphy, expressed in terms of soil units, and the biostratigraphy, based on 


palynology (Athersuch et al., 2020).  


 
Using the palynological zonation developed in that study one objective of the current project was 


to confirm the stratigraphic context and geological setting of the soil units determined by Fugro, 


2020 in a new suite of nine boreholes from the same wind farm zone.  
 


A further objective of the investigation was to carry out an archaeological assessment of each of 


the soil units in an attempt to characterise the palaeo-landscape for various times since the Late 
Pleistocene. 


 


Fluvial activity dominated the sedimentary record of the North Sea Basin throughout the 
Pleistocene. During periods of sea level fall large areas of potentially habitable landscape existed 


on the now submerged fluvial and coastal plains. The consequence of sea level fall was increased 
fluvial activity which cut down into earlier strata resulting in the reworking of sediments and 


their fossil content. For example, the Kreftenheye Fm is recorded as containing many reworked 


molluscs as a result of a 25-90m sea level drop. Preserved sediments are patchy and lateral 
tracing of such deposits is difficult. 


 


As for most of this time period the area under investigation was marine, subtidal or intertidal, 
establishing the nature of the adjacent landscape relies on material derived for the land and 


deposited “downstream” as marine sediments. This inevitably leads to a blurring of the coeval 


terrestrial signal. Nevertheless, palynological analysis can chart developments in local and 
regional vegetation patterns by observing the distribution of pollen and spores dispersed by wind 


and water which in turn can lead to conclusions about the climate. Palynology is thus the principal 
biostratigraphic discipline used in this study. Plants can inform about the terrestrial landscape 


where their remains are preserved (peats and organic rich sediments). Other fossil groups (e.g. 


molluscs, foraminifera, ostracods and diatoms) can also inform about aqueous environments, 
periods of inundation and they have all been used to some extent in this study although they 


were generally rare.  
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3 - Material 
 


Borehole samples representing Soil Units A to F from nine borehole locations were provided by 


Fugro for analysis. At the outset of the project the intention was to study all of the samples 
provided for palynomorphs, microfossils (ostracods, foraminifera, etc.), and to carry out a limited 


number of other analyses. During the initial sample preparation phase it became apparent from 


the sandy nature of the bulk of the samples that palynomorph and microfossil recovery would 
be difficult and that in most cases macroplant and diatom analysis would be unrewarding.  


 


Only those samples which from visual inspection were thought likely to yield plant remains 
underwent macroplant analysis. Samples thought to give the best chance of diatom recovery 


were also selected and sent for analysis as a pilot study. Molluscs occurred in a limited number 


of samples but were studied wherever possible. A small number of radiocarbon dates were 
performed where suitable material (shell or plant remains) was available but only where it was 


considered likely that the samples would fall within the range of radiocarbon dating (<c.45ka).  
 


The number of microfossil and palynology analyses differ slightly because some samples were 


too small to be used for both analyses and priority was given to palynology. Also, some samples 
contained clasts which were analysed in addition to the matrix for palynology. 


 


Borehole locations are shown on the map in Figure 1.  
 


 


 
 


Figure 1: Borehole locations 
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Figure 2 displays the soil units sampled in each of the studied boreholes. 


 


 
 


Figure 2: Summary of sampled soil units 
Key: Coloured cells – soil units sampled, white cells – soil units present in borehole but not sampled, hatched cells – 


soil unit absent in borehole. 


 
Full results of this study are presented in two sections in the following text; the first (Section 5) 


provides a full description of all the analyses for each borehole stratigraphically arranged by soil 


unit, while the other (Section 6) presents an environmental overview for each soil unit and 
provides notes on archaeological significance. 


Figure 3 shows the relationship between the soil units, geological formations and palynology 


zones. We use the terminology proposed by Rijsdijk et al. (2005) with the exception of the 
Yarmouth Road Formation which we use instead of Formation 4.1.1. 


 
A brief summary of the radiocarbon dating method appears in Appendix 1. Dating certificates 


are presented in Appendix 2 and calendar year calibrations in Appendix 3. Reports on the diatom 


and macroplant analyses are provided in Appendices 4 and 5, respectively. Appendices 6 and 7 
are overviews of the samples analysed for palynology and provide information on the quality of 


the sample material examined and the associated lithologies. A mollusc analysis report is in 


Appendix 8. Photomicrographs of some of a selection of palynomorph taxa encountered in this 
study are depicted in Appendix 9. For reference, photographs of typical modern NW European 


plant communities from a variety of coastal landscapes are presented in Appendix 10. Detailed 


distributional data of all fossil types are available as charts in Appendix 11.  


Unit HKW002 HKW009 HKW047 HKW054 HKW091 HKW101 HKW106 HKW107 HKW114


A A A A A A A A A A


B B B B B B B B B B


C1 C1 C1 C1 C1


C2 C2 C2 C2


D D


E E E E E E


F F F F F F F F F F
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4 - Biostratigraphy 
 


4.1 - Palynology 
 
4.1.1 - Introduction 


Ninety-two samples were prepared and analysed for palynology, including 3 samples for which 


different lithological fractions (clast and matrix) were processed separately. The palynomorph 
research was performed in two stages: first an initial scan to assess sample quality and second 


the actual analysis (counting). Both scan and analysis were performed using a Leica DMLS 


transmitted light microscope, at a magnification of x400. Samples were scanned to get an 
overview of general palynomorph quantity and quality. For each sample it was determined 


whether analysis could provide reliable and/or sufficient data to contribute to the paleoecology 
reconstruction. Fourteen samples that were considered too poor (i.e. had very low recovery of 


identifiable palynomorphs) were only looked at semi-quantitatively and excluded from detailed 


analysis. The remaining 81 samples were analysed fully.  
 


Palynomorph quantity was highly variable. About half of the samples were found to be 


(moderately to very) rich, the other half moderately poor to as good as barren (Appendix 5 and 
6). Comparison of palynomorph richness with lithology shows that samples containing clay are 


generally richer and sandy samples are generally poorer. A quantitative measure of sample 


richness, however, cannot be given, as no independent ‘marker’ palynomorph (e.g. Lycopodium 
‘spike’) was added to the samples. Palynomorph preservation is also variable between samples, 


and in many cases also within samples. Palynomorph identification was, in part, hampered in 


some samples due to obstructions in the slides (e.g. organic fragments, air bubbles) and/or poor 
preservation. A qualitative measure was made both for organic fragments and charred fragments 


present in each sample (Appendix 5 and 6). Because charred plant material becomes brittle, 
fragments are usually characterised by angular and (opaque) dark brown to black particles, 


sometimes with specific plant cell features. Some particles were recognized for example as 


charred grass-family (Poaceae) fragments or charcoal (wood), but no systematic identification 
was performed.  


 


During the analysis the slides were systematically traversed and all recognizable palynomorphs 
were scored, including pollen, spores and organic-walled dinoflagellate cysts (dinocysts), organic 


foraminifera test linings (foram linings), fresh water and marine algal remains, acritarchs, fungal 


remains and other so-called non-pollen palynomorphs. Identification of pollen and spores follows 
descriptions by Beug (2004) and Moore, Webb and Collinson (1991). Dinocyst identification 


follows descriptions by Zonneveld et al. (2013). Identification of most fungal and fresh water 
algal remains follows the type-descriptions of Van Geel (1976, 1998).  


 


All palynomorphs can provide clues for the reconstruction of past environmental (i.e. fresh water 
vs marine) conditions, therefore all are included in the total sum. However, a minimum count of 


200 land plant pollen and spores is required to allow reliable vegetation reconstruction. In the 


case of samples with lower palynomorph recovery, only those for which a pollen and spore count 
of 100 or more was possible are included in the interpretation. Those with very poor recovery 


(i.e. less than 100 total land plant counts) do not allow any meaningful interpretation of palaeo-


vegetation. The data are presented on StrataBugs charts in Appendix 9. 


4.1.2 Data selection and calculations 


Samples that have <100 total land plant pollen/spores are excluded from further data analysis, 


as these counts are considered too poor to be statistically representative of the palynomorph 


content. For the remaining samples, relative abundances of main groups in the total 
palynomorph assemblage have been calculated, as well as the relative abundances of land plant 


taxa in the total land plant assemblage. 


 
4.1.3 - Zonation and age 


A palynological zonation scheme established in a previous study (Athersuch et al., 2020) has 
been used herein. Figure 3 demonstrates how these zones relate to Soil Units defined by Fugro’s 
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ground model for the area and formal lithostratigraphic units recognised by Rijsdijk et al. (2005) 


and to Marine Isotope Stages (MIS). Assignments of palynological assemblages to specific glacial 


or interglacial stages were made with reference to various “type” sections in the Netherlands, as 
shown by De Mulder et al. (2003; Chapter 4, Figs 120, 125 and 132). These are, in turn, 


summarized from previous studies, for example by Zagwijn (1960), de Jong (1988) and 
Westerhoff et al. (1998, 2020) among others.  


 


 
 


Figure 3: Summary of stratigraphy for the HKW wind farm area (modified after Athersuch et al., 2020). 


 


4.1.4 - Archaeological potential 


Of the fossil groups studied herein palynomorphs are of greatest archaeological interest as they 


reflect the palaeo-vegetation in the local and regional landscape and provide strong indications 
as to whether the site was terrestrial/fresh water (i.e. above wave base) or was submerged 


under shallow marine waters at the time of deposition. In the latter case habitation and the 


chances of finding hominin occupation markers are likely to be limited. The vegetation patterns 
also provide an indication of climate which in turn assists in dating by comparison with published 


and newly applied zonation schemes. 
 


 


4.2 - Microfossils 
 
4.2.1 - Introduction 


Eighty-eight samples were prepared and analysed for microfossils. Each sample was washed 


through a 125μm sieve and the residue dried at 100oC. The dried residue was then examined 
for microfossils under a reflected light microscope and each species recorded semi-


quantitatively. Distribution charts are provided in Appendix 11. In the following account 
reference to sediment type refers to the fraction present in the sample residues (i.e. >125μm). 


 


 
 


Stage Age
Marine Isotope 


Stages


Subatlantic


Subboreal


EW


E6


E5


E4


E3


E2


E1


Preboreal - Boreal


Middle Pleistocene
Yarmouth RoadsF


Cromerian complex I 


(Waardenburg interglacial)


B


Atlantic


Early Holocene


(11.7 - 9.2 ka)


Early - Mid Holocene


(9.2 - 5.6 ka)


Mid -Late Holocene 


(5.6 ka - Recent)


Soil Unit
Palynology 


Zone/subzone


C


D


E


HKW-2A


HKW-1C


HKW-1A


HKW-1B


A


MIS 1


MIS 2-4


Late Pleistocene 


(126 - 11.7 ka)


Formation


Southern Bight


Naaldwijk


Dogger Bight


Brown Bank MIS 5a-e


MIS 5eEem


Early Weichselian - Late 


Eemian


Late - Mid Weichselian


HKW-2B


HKW-2C Eemian


Cromerian complex II


(Westerhoven interglacial)
HKW-3A


HKW-3B


MIS 17 -19
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4.2.2 - Zonation and age 


On the basis of the specimens recovered it has not been possible to recognise any sort of 


stratigraphic zonation or infer any ages. 
 


4.2.3 - Environments 
Foraminifera and ostracods were rare or absent from most samples. Where they were recovered 


they generally indicate a range of nearshore marine and estuarine environments but reworking 


is evident. In addition, many sample residues contained mollusc, echinoid or bryozoan fragments 
indicating reworking in a high energy nearshore environment. 


 


4.2.4 - Archaeological potential 
Foraminifera and ostracods are often useful proxies for a range of terrestrial and marine 


environments but in high-energy nearshore environments much of this information is destroyed 


and in this study the contribution they make is severely limited. 


 


4.3 - Molluscs 


 
4.3.1 - Introduction 
Unwashed samples were examined visually for large specimens. Subsequently, additional 


material was selected from washed residues prepared for microfossils. Molluscs were recovered 
(often as fragments) from 25 samples. Identifications were provided by Frank Wesselingh of 


Naturalis Biodiversity Centre, Leiden. The data are presented in Appendix 11. 


 
4.3.2 - Ages 


Holocene associations indicate water depths of >15m. Species with cold preservation type 


(typically dissolution pits but otherwise fine surface details and periostracum) probably derive 
from MIS5a/c but could also be earliest Holocene. Much of the material recovered comprises 


Eemian marine species reworked in a fluvial environment.  
 


4.3.3 - Environments 


 


 


 
 


Figure 4: summary of environmental preferences for molluscs 


 


 


 


Mollusc name Preferred environments


Abra cf. nitida Intertidal to Continental Shelf (to 200m) in mud to muddy sand and muddy gravel


Abra prismatica Lower shore to the shelf edge, most often on coarse sediments with mud or sand content


Acanthocardia paucicostata Muddy sand, intertidal and shallow shelf. In the Netherlands is found in the lower reaches of the Schelde delta


Acanthocardia tuberculata Shallow water - marine interglacial


Aequipecten opercularis From the sublittoral and across the shelf on snady substrate


Alteneum dawsoni Deep marine (unspecified depth)


Arctica islandica Across the shelf, sporadically intertidal


Astarte montagui In clean and silty sands and gravels from the near sub-littoral towards the outer shelf, depth range c.5m - >150m


balanid Rocky coasts


Bittium jadertinum On soft substrata, associated with Zostera and other weeds; from LWST to 250m


Bittium reticulatum On soft substrata, associated with Zostera and other weeds; from LWST to 250m


Cerastoderma edule Intertidal and shallow sublittoral in sand and muddy sand, mostly estuarine but not in brackish lagoons


Donax vittatus Intertidal, shallow sublittoral on exposed sandy shores and bays. Rare beyond 20m. In surf zone) on clean, firm sand


Ecrobia ventrosa In non-tidal lakes or ponds which may be inundated with salt water infrequently


Fabulina fabula A burrower in fine silty and muddy sand. Lives from the low intertidal to approximately 30m. 


?Galba truncatula Amphibious by small streams and at the margins of a variety of wetlands and bodies of fresh water


?Gari cf. tellinella A burrower in silty sand to shell gravel. Mostly at sublittoral and shallow shelf depths.


Littorina littorea Exposed intertidal rocks


Lucinella divaricata Continental Shelf to 200m


Lutraria lutraria From low in the intertidal to mid shelf depths. A deep burrower in sand, sandy mud and gravel


Lymnaeidae Freshwater


Macoma balthica A burrower in muddy sands, common in estuaries and sheltered bays. 


Macomangulus tenuis Buried about 5-12 cm in fine sand from the middle of the shore to the shallow sublittoral


 ?Mactra glauca Continental Shelf to 200m


Mya truncata A deep burrower in sand and sandy mud. From low in the intertidal to shallow shelf depths of about 70m. 


Mytilus edulis Intertidal rocks


Ostrea edulis Intertidal


Peringia ulvae A brackish water species favouring substrata of firm mud and muddy sand; most abundant above MTL, but found down to 20m


Retusa obtusa Lower shore to 300 m. Burrower in mud or muddy sand, living below the surface in the first few centimetres, and feeds on Peringia ulvae


Spisula elliptica On the shelf, primarily associated with high energy environments such as sand waves


Spisula subtruncata From the low intertidal and nearshore shelf. A shallow burrower in silty to muddy sand


Stylommatophora Terrestrial


Thracia papyracea In sand, muddy sand and sandy gravel from very low in the intertidal zone to about 55 m.


Key: Terrestrial Freshwater Intertidal Sublittoral to outer shelf Deep marine (unspecified depth)
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Whilst the majority of specimens are marine in origin in most cases they have been transported 


and/or reworked in high energy environments.  


 
A summary of environmental preferences for molluscs mentioned in the text and presented on 


the biostratigraphic distribution charts in Appendix 11 appears in Figure 4 and has been compiled 
from: 


 


Marine Bivalve Shells of the British Isles - https://naturalhistory.museumwales.ac.uk   
Mollusca of the North Sea - M.J. de Kluijver, S.S. Ingalsuo & R.H. de Bruyne - http://species-


identification.org 


Seashells of the Northern Hemisphere, R Tucker Abbott. 1990. Dragon's World   
Mollusc Ireland - http://www.habitas.org.uk/molluscireland/  


 


4.3.4 - Archaeological potential 
The archaeological potential of these samples is limited as most specimens appear to be 


reworked in river systems.  
 
 


4.4 - Diatoms 


 
4.4.1 - Introduction 
A pilot suite of fifteen samples and a subsequent suite of nine samples thought most likely to 


contain diatoms gave extremely poor results, being barren or nearly so. Full accounts of the 


preparation and counting methodologies are given in Appendix 4 and are not repeated here. 
Identification and environmental interpretations were provided by Annemarie Clarke of APEM. 


The analytical results are included in the biostratigraphic distribution charts in Appendix 11. 
 


4.4.2 - Environments 


The few diatoms that were recovered indicate nearshore, high energy, tidal conditions. These 
specimens are of generally more robust forms and represent only part of the original 


assemblages. 


 
4.4.3 - Archaeological potential 


The absence or rarity of diatoms from most samples provides little information of archaeological 


significance. 
 


 


4.5 - Macroplants 
 
4.5.1 - Introduction 


The material examined for this study comprised nine sediment samples, four residues and nine 
isolated fragments of wood submitted for species identification. The main objective of this 


analysis was to recover macroplant remains and identify them to species level where possible in 


order to determine the nature of the environment of deposition and the character of the 
surrounding landscape at the time of deposition. Macroplant analysis and interpretation was 


performed by Jackaline Robertson of AOC. 


 
The four dried samples were separated using 4mm, 2mm, 1mm and 300µm stack sieves and 


scanned using a microscope. The nine sediment samples were processed in their entirety using 


a flotation method (Kenward et al., 1980).  
 


All plant macrofossils, including wood fragments, were examined at magnifications of x10 and 


up to x450 where necessary to aid identification. Plant identifications were confirmed using 
modern reference material and seed atlases (Cappers et al., 2006; Cappers et al., 2012; Cappers 


et al., 2013; Schulz, 2018; Tomlinson, 1985). Nomenclature for plants follows Stace (2010). 
Wood fragments larger than 4mm were selected for species identification. Species identifications 
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were confirmed by analysing the transverse, tangential and radial sections at x70-x450 


magnification and using keys and texts (Schweingruber, 1990; Hather, 2000).  


 
4.5.2 - Environments  


Irrespective of the soil unit from which they were sampled the plant assemblages represent 


wetland species that tend not to be dispersed too far from their original source and were 
preserved in situ. The surrounding landscape of this site encouraged the growth and 


development of trees including ash and plants which typically favoured wet, boggy and aquatic 


environments. These plant species would have been able to recolonise after periods of coastal 
flooding and drying out. 


 
4.5.3 - Archaeological potential 


Macroplants are extremely useful in archaeological interpretations as they provide important 


information about the paleo-vegetation in the landscape. In this study only a few samples were 
suitable for study which limited their overall potential. 


 


 


4.6 - Radiocarbon dating 
 
4.6.1 - Introduction 


Radiocarbon dating was undertaken by Beta Analytic Inc. on 20 samples, twelve mollusc and 
eight wood/plant remains. Suitable material was hand-picked either from the unprocessed 


sediment or from washed and dried residues prepared for microfossil analysis. In the case of 


molluscs only well-preserved whole specimens or fragments were selected. These were identified 
prior to being sent for analysis (see Figure 5). 


 


4.6.2 - Dates 
Because the maximum age reasonably determined by this method is in the order of 46ka, 


material was selected mainly from Soil Units A and B as older material would be beyond the 
range of the method (summarised in Appendix 1). A wood sample from Soil Unit C1 was dated 


to check the soil unit assignment. The shells used in the analyses are illustrated in Figure 6. 


 


 
 


Figure 5: table of radiocarbon ages for selected samples in this study. 


(Note: The radiocarbon dates of molluscs have not been corrected for the local reservoir effect as no reliable value is 
known. Ages of wood specimens do not need reservoir correction as they are terrestrial in origin.) 


 


0.55 0.80 B Donax vittatus Good 565525 1.1 2300 +/- 30 1980 - 1850 1910


6.35 6.80 B Wood Good 565526 -26.3 >43500 >46600 >46600


3.50 3.80 A Donax vittatus Good 565527 2.1 2230 +/- 30 1895 - 1770 1835


5.00 5.25 B Donax vittatus Good 565528 1.9 2450+/- 30 2150 - 2010 2105


HKW054-BH 6.20 6.50 C1 Wood n/a 572555 -28.2 >43500 >46600 >46600


1.35 1.65 B Donax vittatus Medium 556529 0.7 39580 +/- 400 43525 - 42460 42950


3.30 3.60 B ?Macoma, Donax vittatus f ragments Poor 556530 -1.0 >43500 >46220 >46220


4.30 4.65 B Cerastoderma edule Medium 556531 1.1 37920 +/- 310 42310 - 41510 41935


5.45 5.75 B ?Mya truncata f ragment Poor 556532 1.7 >43500 >46220 >46220


3.00 3.60 B Wood n/a 572556 -29.6 9430 +/- 30 10730 - 10580 10680


3.60 3.80 B Wood n/a 572557 -28.2 10160 +/- 30 11980 - 11715 11815


4.65 4.80 B Bithynia operculi Good 572558 -8.0 9740 +/- 30 10700 - 10570 10645


5.65 5.80 B Bithynia operculi Good 572559 -7.5 9180 +/- 30 10115 - 9880 9950


Macoma balthica ,"Tellina "sp. f rags Medium 565533 0.6 4470 +/- 30 4780 - 4560 4645


Wood n/a 572560 -29.1 42300 +/- 550 46495 - 44695 45575


2.15 2.30 B Wood n/a 565534 -27.9 >43500 >46600 >46600


1.50 1.75 A Fragments including Ensis sp. Medium 565535 -0.5 4750 +/- 30 5060 - 4885 4980


3.50 3.75 B Wood n/a 572561 -25.9 41640 +/- 540 45900 - 44165 45060


4.25 4.50 B Wood n/a 572562 -26.8 41210 +/- 540 45570 - 43690 44705


HKW114-BH 9.00 9.25 B ?Macoma  sp., Donax vittatus  f ragments Poor 565536 -0.9 41700 +/- 480 45540 - 43930 44775


Intercept 


age


(cal yrs BP)S
o


il
 u


n
it


Material used in analysis 
Preservation 


state
Beta no.


δ13C 


(‰)


Conventional 


age 


(yrs BP)


2σ calendar 


year 


calibration 


 (cal yrs BP)


HKW107-BH


1.50 1.70 A


Sample 


depth 


range(m)


Borehole


HKW002-BH


HKW047-BH


HKW091-BH


HKW106-BH


HKW101-BH
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Three shell samples from Soil Unit A fall within the late Holocene and are fit well with palynology 


zone HKW 1A. A fourth sample (a duplicate sample of wood from HKW106-BH, 1.50m-1.70m) 


returned a date of 45575 cal yrs BP indicating that the wood was reworked.  


 


Figure 6: Mollusc material used for radiocarbon dating together with assigned soil units, predicted ages based on 


preservation state and actual radiocarbon intercept ages. 


Four samples (two shell and two wood) from Soil Unit B in HKW101-BH are dated as earliest 
Holocene (albeit that their dates are slightly inverted). This is consistent with their assignment 
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to palynology Zone 1C. However, two other samples from Soil Unit B gave ages of 1910 cal yrs 


BP (in HKW002-BH, 0.55m-0.80m) and 2105 cal yrs BP (in HKW047-BH, 5.00m-5.25m). The 


former is also assigned to the palynology Zone 1B which suggests its radiocarbon age is 
anomalously young. This could be explained by its close proximity to the boundary with Soil Unit 


A and the seabed which may have contained younger material which would have the effect of 
skewing the apparent age younger. The sample from HKW047-BH, 5.00m-5.25m could not be 


assigned to a palynology zone so the possibility remains that it is actually from Soil Unit A.  


 
All the other dated samples from Soil Unit B returned ages consistent with MIS 3 but are assigned 


to palynology Zones HKW1B or HKW1C with expected ages of between c. 5.6-11.7ka. This 


suggests that all these dates are based on reworked material.  
 


Reworking is confirmed in HKW091-BH where there is a succession of four dated samples from 


Soil Unit B. Here, one sample dated as >46220 cal yrs BP is stratigraphically above another 
dated as 41935 cal yrs BP suggesting that the former is based on reworked material. 


 


 
4.6.3 - Archaeological potential 


Radiocarbon dating is potentially very useful for dating events in the latest Pleistocene and 
Holocene. It is, however, dependent on the availability of suitable material (typically shell and 


plant remains) that has not been reworked or subject to post-mortem alteration. Dating within 


Soil Unit A appears to be reliable but in Soil Unit B reworked material appears to be a problem. 
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5 - Ecology and palaeoenvironments 
 


Landscape evolution in the coastal regions of the Netherlands during the Holocene was influenced 


primarily by tidal currents and wave action (Vos et al., 2020), which in turn are driven by relative 
sea level and by seabed topography, among many other factors. Vos et al.,2020 classified the 


coastal regions of the Netherlands into four “zones”, each determined by the degree of marine 


inundation, as follows: 
 


1) Subtidal landscape: large tidal channels, permanently submerged sand banks and tidal 


inlets; 
2) Intertidal landscape: sandy tidal flats and clayey mudflats, deposited between mean 


low water level and mean high water level; 


3) Supratidal landscape: salt marshes and tidal creeks, deposited above mean high water 
level (inundated only during spring tides and major storms); 


4) Terrestrial landscape: coastal dunes, coastal peats and Pleistocene soils, deposited 
above extreme high water or maximum storm surge level. 


 


These are summarised in Figures 7a and 7b and are broadly applicable to the 
palaeoenvironments encountered in the present study. These “landscape zones” can be broadly 


recognised within the palynological assemblages and further refined on the basis of microfossil, 


mollusc and plant macrofossil remains, where present. Figure 7a shows typical depositional units 
occurring in a tidal basin with inflow from a medium-sized river. Additionally, tidal depositional 


environments may be classified as ”estuarine” (where discharge from a major river occurs) or 


“lagoonal” (permanently inundated coastal areas with an open connection to sea) (Weerts et al., 
2020a).  


 


 


 
 


Figure 7a: Schematic summary of tidal depositional environments and landscapes in the Netherlands coastal region 


(modified after Vos and Bazelmans, 2020). 
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In the present study, tidal depositional environments are interpreted and assigned mainly on 


the following criteria: 
 


1) Open marine: frequent (non-brown) dinoflagellate cysts (dinocysts), marine ostracods, 
foraminifera and molluscs. 


2) Subtidal/restricted marine (e.g. tidal inlets and channels): frequent brown dinocysts, 


Halodinium and foram test linings, ostracods, foraminifera, molluscs. Much reworking. 
3) Intertidal/marginal marine (e.g. tidal creeks, lagoons, estuaries): rare marine dinocysts 


and foram test linings; ostracods, few foraminifera, molluscs. Much reworking. 


4) Supratidal (e.g. marsh, pools, ponds, streams): freshwater ostracods, molluscs and rare 
specialised foraminifera. 


 


Figure 7b shows typical depositional environments in terrestrial settings (i.e. deposited above 
extreme high water level) during a regressive phase. At such times, in response to a reduced 


rate of sea level rise, the coastline moved in a seaward direction. Beach barriers increased in 


extent and the tidal areas became increasingly silted up. Areas of salt marsh were inundated 
with freshwater and were successively colonised by reed peat, sedge peat and moss peat (Weerts 


et al., 2020a).  
 


 


 
 


Figure 7b: Schematic summary of terrestrial depositional environments and landscapes in the Netherlands coastal 
region (modified after Weerts et al., 2020a). 


 


In the present study, depositional environments are interpreted as terrestrial/freshwater mainly 
on the following criteria:  


 
1) They contain freshwater pollen (e.g. Typha and Sparganium), spores (e.g. Sphagnum) 


or plant macrofossils, freshwater molluscs and/or ostracods. 
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2) They have no in situ marine content.  


 


Habitat preferences for the observed plant taxa are based on their present-day ecological 
distribution, as described by Weeda et al. (1985-1998) and in addition for tree taxa by Maes 


(2006). Habitat preferences for the observed extant dinocyst taxa follow Zonneveld et al. (2013). 
Often it is not possible to differentiate between genera or species within a plant, dinocyst or 


other family. This is in part because for a number of families a clear distinction can generally not 


be made based only on morphology, but also sometimes due to poor preservation of the 
specimen itself. As various members within a plant or dinocyst family can have various ecological 


preferences, this family-grouping can limit the palaeoecological interpretation. For example, 


pollen of grasses can originate from dry, open grassland vegetation and/or from wetland reed 
vegetation. The entire palynomorph assemblage should thus be considered for the 


palaeoecological reconstruction.  
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6 - Results by borehole 
 
In this section a description is given of the biostratigraphy of each soil unit in each borehole. A 


list showing which analyses have been performed on each sample (marked thus “X”) is provided. 
Soil units are those presented in Fugro’s geological ground model (Fugro, 2020). 


Borehole: HKW002-BH  


 


 
 


Soil Unit B  
  


Palynology: Preservation of the palynomorphs in samples of Soil Unit B is considered fair to 
good and these samples contain other abundant organic fragments. The total palynomorph 


assemblage is dominated by pollen/spores from land plants. Freshwater palynomorphs (in this 
case green algae Pediastrum) are common. Marine palynomorphs are present, and reworked 


elements are a minor component. More than half of the land plant assemblage is composed of a 


mix of deciduous trees and conifer pollen, in which birch (Betula), hazel (Corylus), oak (Quercus) 
and predominantly pine (Pinus) are consistently and significantly present. Specimens of 


hornbeam (Carpinus) pollen are assumed to be reworked. There is a birch pollen peak in the 


middle sample (2.90m-2.95m). Birch, hazel, oak and pine all have a preference for light stands 
and open forest. Both birch and pine otherwise have no strict preference and are often pioneers 


in newly available land. Birch, however, can be found in dry and wet context and can form carrs, 


whereas pine can be dominant on dry sandy soils.  
 


Pollen of grasses (Poaceae), sedges (Cyperaceae), chenopod family (Chenopodiaceae) and 


heather (Ericaceae) are consistently present. Members of the grass-family can be found in widely 
varying landscapes (wet/dry, brackish/fresh water), but are generally most numerous in open 


landscapes. Sedges on the other hand generally prefer wet and/or nutrient-poor soils and occur 
in places less preferred by grasses. Spores of peat moss (Sphagnum) are distinctly present in 


all samples. The numerous species of peat moss that are common in northwestern Europe have 


a general preference for moist, acidic and nutrient-poor substrate (Plate A6). Peat moss is 
usually the main component in raised bogs (Plate A7), but can also be found in low-lying 


peatland, wet forests/carrs and wet heath. In these acid, nutrient-poor habitats, various species 


of heather can be found in association with peat moss. Some genera including heather (Erica) 
occur in moist settings, whereas common heather (Calluna vulgaris) prefers drier stands in bogs 


but also (pine) forests and open sand landscapes. 


 
Microfossils: All sample residues in this soil unit comprised fine sand with common mollusc and 


echinoid fragments (probably reworked) at 0.55m-0.80m and rare plant remains at 2.90m-
2.95m.  


 


Soil unit Paly Micro Molluscs Plants Diatoms


14C
(S=shell


W=wood)


Depositional environment


0.55 0.80 B X X X 1910 (S) Intertidal / marginal marine


2.90 2.95 B X X X Intertidal / marginal marine


6.35 6.80 B X X >46600 (W) Intertidal / marginal marine


7.50 7.55 E X X Subtidal / restricted marine


8.00 8.30 E X X Subtidal / restricted marine


8.30 8.60 E X X Subtidal / restricted marine


13.20 13.45 E X X Subtidal / restricted marine


15.50 15.70 E X X Subtidal / restricted marine


24.00 24.40 E X X Subtidal / restricted marine


26.50 26.95 E X X Subtidal / restricted marine


27.90 28.25 F X X Intertidal / marginal marine


31.20 31.40 F X X Supratidal


35.40 35.55 F X X Terrestrial / freshw ater


Sample depth 


range (m)
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Molluscs: At 0.55m-0.80m the marine mollusc Donax vittatus with shiny preservation suggests 


a Holocene age. 


 
Diatoms: A sample from 2.90m-2.95m was devoid of diatoms.  


 
Radiocarbon dating: A sample from 0.55m-0.80m gave an age of 1910 cal yrs BP which 


compared to other results is anomalously young for this soil unit. This could be explained by its 


close proximity to the boundary with Soil Unit A and the seabed which may have contained 
younger material which would have the effect of skewing the apparent age younger.  


 


 


Soil Unit E:  
 


Palynology: Overall, palynomorphs in Soil Unit E are found to have poor to fair preservation. 


Organic fragments are much less frequent than in the overlying Soil Unit B. Analysis resulted in 
sub-optimal counts due to general scarcity of palynomorphs and for two samples this led to 


exclusion from further interpretation. Based on the remaining samples, pollen and spores of land 
plants are again most common in the overall palynomorph assemblage. Marine palynomorphs 


are present in all samples but show a distinct decrease in abundance towards the upper samples. 


In particular, the organic linings of foraminiferal tests (foram linings) and Halodinium sp. are 
found, in association with various organic-walled dinoflagellate cysts (dinocysts). Halodinium sp. 


is associated with transitional coastal settings, such as tidal and estuarine environments (Head, 


1993). Freshwater palynomorphs are present but vary in abundance between samples.  
 


The total land plant assemblage varies between samples (possibly as a consequence of sub-


optimal counts) but overall pollen of trees, both conifers and various deciduous trees make up 
about half of the total assemblage. Common deciduous tree taxa include birch, alder (Alnus), 


hornbeam (Carpinus), hazel and oak. Alder is a wetland tree that can grow on (seasonally) 
waterlogged soils, such as alongside streams and in peat bogs, and can be the main component 


in carrs. Hornbeam prefers drier, silty soils and often occurs together with oak in mixed 


deciduous forests.  
 


Various herbs are present in low numbers in the assemblage. Asteraceae is one of the largest 


plant families of which members can be found in various open sunny habitats. With the exception 
of e.g. Artemisia (which can be identified based on pollen morphology), Asteraceae are insect 


pollinated plants and thus produce little pollen that is not distributed far from the parent plant. 


Small quantities of both types of Asteraceae (Tubuliflorae and Liguliflorae) are therefore 
indicative of proximity to the mother plants. Pollen of grasses, sedges and of the marsh herb 


bur-reed (Sparganium spp.) tends to become more numerous in the upper samples of Soil Unit 
E. The lowermost sample stands out from the rest with a very high abundance of monolete fern 


spores. Fern taxa that produce monolete spores, for example maiden ferns (Thelypteris) and 


wood ferns (Dryopteris), are generally found in open to shady, moist to wet settings. Common 
habitats include moist forests and marshes. Fresh spores often have characteristic 


ornamentation, but (as is common) this ornamentation was not preserved (after laboratory 


processing) and the taxonomic affinity of the observed spore peak is not clear.  
 


Microfossils: All sample residues in this soil unit comprised fine sand and no microfossils were 


recovered. 
 


 


Soil Unit F  
 


Palynology: Preservation at these sampled depths is again fair to good and organic fragments 


are abundantly present. The total palynomorph assemblages are almost exclusively composed 
of pollen and spores from land plants. Freshwater palynomorphs, mostly Pediastrum, are 


consistently present as a minor component. Marine and reworked palynomorphs are virtually 
absent. Pollen of conifers, predominantly pine and some spruce (Picea), make up about half of 
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the total land plant assemblage. Besides conifers, spores of ferns and/or peat moss are most 


common in all samples. Pollen of grasses, sedges and, in the middle sample (31.20m-31.40m) 


of the common herbaceous family chenopods (Chenopodiaceae), are also consistently present. 
Members of this large herb family are found in open sunny and often brackish settings, like salt 


marshes (Plate A4) but also on nutrient-rich non-saline soil. Pollination largely occurs via wind 
so, like grasses and sedges, pollen of these taxa is often found to be more numerous than insect-


pollinated taxa. Pollen of deciduous trees is a relatively minor component and seems to become 


less abundant in the upper sample (27.90m-28.95m). Sample 35.40m-35.55m had no observed 
marine content.  


 


Microfossils: All sample residues in this soil unit comprised fine sand with rare wood fragments 
and, in addition, pebbles at 35.40-35.55m. 
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Borehole HKW009  


 


 
 


Soil Unit B  
 
Palynology: Preservation of the palynomorphs is fair to good. Other organic fragments are 


occasionally present. The total palynomorph assemblage is largely composed of both 


pollen/spores of land plants and marine palynomorphs. Freshwater palynomorphs and reworked 
elements are very minor components. The marine assemblage is composed of predominantly 


foram linings and Halodinium sp. and, to much lesser extent, various dinocyst taxa. The land 


plant assemblages are predominantly composed of deciduous trees, of which alder and birch are 
most prominent, but oak is also present. Specimens of hornbeam pollen are assumed to be 


reworked or transported from the warmer European hinterland. Pollen of pine is also distinctly 
present. Diversity of the herbaceous taxa is low; pollen of grasses, sedges and heather are the 


single components. Spores of ferns and peat moss are both present in fairly low numbers.  


 
Microfossils: The sample residue comprised sand with rare pebbles and was devoid of 


microfossils. 


 
 


Soil Unit E  
 
Palynology: Preservation of the palynomorphs is considered fair to good and organic fragments 


are frequently present in this single sample. Pollen and spores of land plants make up the 


majority of the total palynomorph assemblage, but marine and freshwater palynomorphs are 
also common. The marine palynomorph assemblage is comparable to the overlying sample of 


Soil Unit B. Moreover, the composition of the land plant assemblage is also highly comparable 


to the overlying sample interval, although deciduous tree and herb taxa are more diverse in the 
Soil Unit E sample. Common bulrush (Typha latifolia) is present in this sample; pollen of this 


taxon is rarely found in high numbers. This species grows on open sunny and nutrient-rich sites, 
along streams or stagnant water bodies, in reedland but also in carrs.  


 


Microfossils: The sample residue comprised coarse sand but no microfossils. 
 


 


Soil Unit F  
 


Palynology: Preservation of palynomorphs varies between samples but is overall fair. Organic 


fragments are frequent to abundant. One sample, with the poorest preservation, contains very 
few palynomorphs (10.00m-10.30m) and is excluded from the interpretation. The overall 


palynomorph assemblage of the remaining samples is again dominated by pollen and spores of 


land plants. A clear distinction can, however, be made between the lower of the two samples, in 
which marine palynomorphs are a minor component, and the upper one in which marine 


palynomorphs (foram linings, heterotrophic dinocysts and Halodinium) are much more 


abundant.  
 


The overall land plant assemblage of the upper sample is again strikingly similar to the above 
two studied depths (within Soil Units E and B). An interesting find in this sample is a pollen grain 


of widgeon grass (Ruppia maritima), an aquatic plant that grows in brackish to saline stagnant 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


2.40 2.75 B X X Subtidal / restricted marine 


6.30 6.60 E X X Subtidal / restricted marine 


8.00 8.30 F X X Subtidal / restricted marine 


10.00 10.30 F X X Indeterminate


15.25 15.50 F X X Intertidal / marginal marine


18.00 18.30 F X+c X Intertidal / marginal marine


Sample depth 


range (m)
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water on sand or clay soils. Today its natural habitats include puddles and streams on salt 


marshes (Plate A4) and beach plains (Plate A6). The pollen and spore assemblages of the lower 


two samples are a mixture of herbs, spores and trees although the latter (both conifer and 
deciduous) are again the main component in the assemblage. Alder and birch are most common 


deciduous trees and, unlike the uppermost sample from this soil unit, hornbeam is only a minor 
component together with oak. Spores of peat moss are distinctly more abundant in the 


lowermost sampled depth (18.00m-18.30m), whereas pollen of sedges is more abundant in the 


sample above it (15.25m-15.50m). 
 


Microfossils: The residues from all samples in this soil unit comprised barren, fine to coarse 


sand with reddened grains at 18.00m-18.30m. 
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Borehole HKW047-BH  


 


 
 


Soil Unit A  
 


Palynology: Preservation of the palynomorphs in this sample is generally good. Organic 


fragments are only occasionally observed. The overall palynomorph assemblage is largely 
composed of marine palynomorphs. Pollen and spores of land plants make up the second largest 


part, and the numbers of reworked elements and freshwater palynomorphs are negligible. Within 


the marine palynomorph group, foram linings are by far most numerous, but various dinocysts 
are also present. In particular, Spiniferites spp. and S. elongatus are common. S. elongatus is a 


fully marine species that thrives in eutrophic settings and can tolerate (seasonally) reduced 
salinities, e.g. due to fluvial run-off. Spores of various fern taxa and of peat moss make up the 


largest part of the land plant assemblages, followed by pollen of conifers (pine) and herbs 


(almost exclusively grasses and sedges). Of deciduous trees, hazel is most frequently observed.  
 


Microfossils: The single sample from this soil unit (3.50m-3.80m) comprised sand with 


abundant echinoid and mollusc fragments, rare reworked foraminifera, Ammonia falsobeccarii 
and Quinqueloculina sp., and a single reworked ostracod, Pontocythere elongata. This 


assemblage indicates a high energy nearshore environment such as an outer estuary. 


 
Molluscs: The sample from 3.50m-3.80m contained grey-white brownish shells in different 


preservation states. Taxa include well preserved specimens of the marine mollusc Donax vittatus 


and Spisula elliptica interpreted as Holocene. 


 
Radiocarbon dating: A date of 1835 cal yrs BP was obtained for a specimen of Donax vittatus 


from 3.50m-3.80m. 
 


Soil Unit B  


 
Palynology: At all sampled depths, palynomorphs are present in low numbers and preservation 


is fair at best, but generally poor. Therefore, all samples were considered unsuitable for detailed 


study and not interpreted further. Other organic fragments were only occasionally present. 
 


Microfossils: All sample residues in this soil unit comprised sand with only rare shell fragments. 


 
Molluscs: Marine molluscs mainly as fragments including well-preserved Donax vittatus and 


Fabulina fabula were recovered from 5.00m-5.25m, and a cream coloured fragment of ?Macoma 


with well-preserved periostracum at 7.80m-8.05m. The preservation of periostracum suggests 
cold marine settings possibly MIS2 or MIS5a. 


 


Radiocarbon dating: A date of 2105 cal yrs BP was obtained for a specimen of Donax vittatus 
from 3.50m-3.80m. This date which is anomalously young compared to other results for Soil 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


3.50 3.80 A X X X 1835 (S) open marine / outer estuarine 


4.50 4.90 B X X Indeterminate


5.00 5.25 B X X X 2105 (S) Subtidal / restricted marine 


5.50 5.80 B X Indeterminate


7.80 8.05 B X X X Subtidal / restricted marine 


10.00 10.25 E X X X Subtidal / restricted marine 


11.75 12.00 E X X Subtidal / restricted marine 


15.75 16.00 E X X Subtidal / restricted marine 


20.30 20.60 F X X X Subtidal / restricted marine 


21.45 21.75 F X+c X X Supratidal - Terrestrial / f reshw ater


22.30 22.55 F X X Supratidal - Terrestrial / f reshw ater


Sample depth 


range (m)
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Unit B could be explained by its close proximity to the boundary with Soil Unit A to which it may 


belong. 


 


Soil Unit E  
 


Palynology: Palynomorph content of these three samples varies. The upper two samples have 
insufficient palynomorph quality and quantity and are excluded from further interpretation. In 


the lowermost sample, however, palynomorph preservation is fair to good. Organic fragments 


are more frequently present in this sample than the ones above it. The overall palynomorph 
assemblage is dominated by land plant pollen and spores; marine and freshwater palynomorphs 


are present in low numbers. A large part of the land plant assemblage is composed of pollen 
from various deciduous trees, in particular birch and alder, followed by hazel, hornbeam and 


oak. Pollen of conifers (pine) is also present. Besides the common occurrence of grasses and 


sedges, pollen from wetland plants such as bur-reed and common bulrush is also present, as 
well as from heather.  


 


Microfossils: Sample residues from this soil unit comprise coarse sand with reworked mollusc 
fragments and/or wood and echinoid fragments. In addition, there were some large angular 


pebbles at 11.75m-12.00m. No other microfossils were recovered. 


 
Molluscs: At 10.0m-10.25m grey, strongly worn specimens of the marine molluscs Bittium 


jadertinum and Macoma balthica, and a fragment of Acanthocardia paucicostata suggest 
reworked Eemian. 


 


 


Soil Unit F  
 


Palynology: Palynomorph preservation in all samples is fair to good and other organic material 


is overall abundantly present. Pollen and spores from land plants dominate the total 
palynomorph assemblage in all samples. The uppermost sample (20.30m-20.60m) has a distinct 


marine palynomorph component consisting of so-called “round brown cysts” and, to a much 
lesser degree, Halodinium sp. Round brown cysts is a collective term for non-photosynthetic, 


heterotrophic, brown coloured dinocysts, including the cosmopolitan genus Brigantedinium. 


Marine content was almost absent in the other studied samples. The land plant assemblage is 
similar in all these Soil Unit F samples and, moreover, comparable to that described for Soil Unit 


E. A distinction is that in these samples spruce (Picea) is consistently present and monolete fern 


spores and peat moss spores are more abundant. Also notable is the distinct presence of pollen 
from grasses, sedges and the chenopod herb family. There is no discernible difference between 


the assemblages obtained from the matrix and clay clasts at depth 21.45m-21.75m except that 


that the clay clast produced a higher number of palynomorphs.  
 


Microfossils: Sample residues in this soil unit comprise coarse sand with rare wood fragments 


and seeds and occasional angular rock fragments and echinoid spines. No other microfossils 
were found. A high energy, nearshore environment is indicated. 


 
Macroplants: Samples from 20.30m-20.60m and 21.45m-21.75m yielded only very rare, 


poorly preserved macroplants one of which was identified as bogbean (Menyanthes), the other 


as sedge fruit both plants being indicative of freshwater, wetland environments. 
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Borehole HKW054-BH (-A)  


 


 


 


 


Soil Unit B  
 
Palynology: Palynological content differs between these three samples. Palynomorph quality 


and quantity at upper two depths are considered too poor and these samples are excluded from 


further interpretation. Preservation at the lowermost sample depth is only slightly better but, 
unlike the overlying two samples, organic fragments are frequent and the counts are considered 


sufficient to be useful. Pollen and spores of land plants dominate the overall palynomorph 


assemblage, whereas marine and freshwater palynomorphs are a minor component. Pollen of 
herbs, including predominantly grasses and sedges, make up the largest portion of the land 


plant assemblage. Both pine and various deciduous tree taxa, including alder, birch, hazel and 


oak, are present. Spores are a minor component. 
 


Microfossils: All sample residues from this soil unit comprise fine sand with rare echinoid, 
mollusc and wood fragments. Microfossils are absent. 


 


Molluscs: The mollusc assemblage from 5.25m-5.55m includes specimens of Ecrobia cf. 
ventrosa, ?Galba truncatula, Spisula subtruncata, Thracia papyracea, Abra cf. nitida, and 


fragments of Lymnaeidae sp., Stylomatophora sp., Cerastoderma edule, and Mytilus edulis. 


Almost all material is whitish grey, strongly abraded and with some dissolution marks but two 
of the Cerastoderma fragments are bluish grey with fine preserved surface details. This is a 


mixture of ecologically incompatible taxa in a reworked fluvial assemblage with Eemian, 


terrestrial, brackish water, temperate and possibly cool marine species. This sample is from 
immediately above an unconformity with Soil Unit C1 and probably represents assemblages 


reworked from this soil unit. 


 
Diatoms: The sample from this soil unit analysed for diatoms was barren. 
 


 
Soil Unit C1  
 


Palynology: This soil unit has been sampled at four depths, but for the lowermost depth an 
additional sample has been made from a clay clast (although there were no significant 


differences in the assemblages obtained). Overall, palynomorph preservation in these samples 


is fair to good and other organic fragments are abundantly present. The overall palynomorph 
assemblage is dominated by pollen and spores of land plants, but marine palynomorphs make 


up a consistently large proportion. At the lowermost depths, foram linings are the most abundant 


in this group together with Halodinium sp., whereas in the upper samples various heterotrophic 
dinocysts, including round brown cysts and Lejeunecysta spp., are found more frequently. The 


genus Lejeunecysta is associated with coastal regions with elevated nutrient input, for example 
from river discharge. The assemblage composition differs very little between samples. Tree 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


3.80 4.10 B X X X Indeterminate


4.85 5.20 B X X Indeterminate


5.25 5.55 B X X X Intertidal / marginal marine


5.55 5.80 C1 X X X X Subtidal / restricted marine


6.20 6.50 C1 X X X X X W Subtidal / restricted marine


6.50 6.80 C1 X X X X Subtidal / restricted marine


9.00 9.20 C1 X+c X X c Subtidal / restricted marine


10.25 10.50 C2 X X X Subtidal / restricted marine


12.85 13.10 F X X Intertidal / marginal marine


13.80 14.15 F X X Supratidal - Terrestrial / f reshw ater


Sample depth 


range (m)
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pollen from conifers (pine and some spruce) and a broad mix of deciduous tree taxa make up 


the majority of the land plant assemblage. Herb pollen largely consists of grasses and sedges, 


but wetland herbs including bur-reed and bulrush are consistently present in low numbers.  
 


Microfossils: All sample residues in this soil unit comprise fine sand with rare mollusc, wood 
and echinoid fragments. The foraminifer Ammonia (A. beccarii, A. tepida and A. batavus) is 


common at 6.20m-6.50m where it is accompanied by rare Elphidium clavatum and E. incertum 


together with rare specimens of the ostracod Cyprideis torosa. Ammonia is rarer at 6.50m-6.80m 
where it is represented by A. batavus. Elphidium excavatum and a single reworked miliolid were 


also found. A. batavus was also encountered at 9.00m-9.20m together with a reworked 


Quinqueloculina sp. and a valve of the ostracod Pontocythere elongata. These assemblages are 
consistent with the reworked faunas typical of nearshore and estuarine environments. 


 


Molluscs: Molluscs were common in all samples from this soil unit. At 5.55m-5.80m worn to 
very strongly worn fragments of Cerastoderma edule, Macoma balthica, Mytilus edulis, and a 


balanid were found and these are probably all reworked. At 6.20m-6.50m a specimen of Peringia 


ulvae and several fragments of ?Macoma balthica were recovered in very good condition with 
fine surface preservation and remains of periostracum, these and are likely to be not 


reworked. At 6.50m-6.80m entire specimens and many fragments of Macoma balthica were 
recovered along with fragments of Cerastoderma edule. These were well-preserved, grey-cream 


blue colour with fine details and periostracum and are also likely to be not reworked. The type 


of preservation also possibly indicates cold conditions. At 9.00m-9.20m specimens of Retusa 
obtusa, Macoma balthica, Spisula elliptica and Abra prismatica, and fragments of ?Gari cf. 


tellinella were found. Preservation was mixed; Abra, one specimen of Macoma and some of the 


S. elliptica specimens had fine surface sculpture and well-preserved periostracum. Other 
material was abraded to strongly abraded. A nearshore high energy environment is indicated. 


 


Diatoms: The samples from 5.55m-5.80m and 9.00m-9.20m were barren. Corroded fragments 
of 2 taxa were found at 6.20m-6.50m: Paralia sulcata and Rhaphoneis amphiceros. At 6.50m-


6.80m four taxa were encountered: Rhaphoneis amphiceros (11), Cyclotella striata (1), 
Delphineis surirella (8) and Paralia sulcata (2). These assemblages suggest a high energy tidal 


environment, probably coastal salinity. 


 
Macroplants: A sample from 6.20m-6.50m contained small wood fragments, sedge, bogbean, 


Cenococcum sclerotia, flecks of charcoal and marine shell. Sedge and bogbean tend to favour 


damp and boggy habitats. 
 


Radiocarbon dating: A sample of wood from 6.20m-6.50m was dated as >46200 cal yrs BP, 


beyond the range of the dating method. 
 


 


Soil Unit C2  
 
Palynology: At this single sampled depth, preservation of the palynomorphs is fair to good but 


in contrast to the overlying Soil Unit C1, organic fragments are only occasionally observed. The 
relative abundances of the various palynomorph groups are, however, similar to the overlying 


samples of Soil Unit C1. Here too foram linings, round brown cysts and Halodinium sp. are the 


main marine palynomorphs. The land plant assemblage is highly comparable to that described 
for Soil Unit C1. A distinction is that pollen of hornbeam and oak are (slightly) less common in 


this sample.  


 
Microfossils: The single sample from this soil unit comprises fine sand with common molluscs, 


rare echinoid fragments and a single reworked miliolid foraminifer consistent with a nearshore 
marine environment. 


 


Molluscs: Specimens of Spisula cf elliptica, Abra cf. nitida, and fragments of Cerastoderma 
edule, Macomangulus tenuis, Macoma balthica and Ostrea edulis were recovered from this 
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sample. The preservation was mixed, mostly abraded to very strongly abraded suggesting these 


specimens are reworked.  


 
Diatoms: The samples from 10.25m-10.50m was devoid of diatoms. 


 


 


Soil Unit F  
 


Palynology: Palynomorph preservation is generally fair to good. The lower sample contains 
notably more organic fragments than the upper one. The total palynomorph assemblage consists 


almost exclusively of land plant pollen/spores. Freshwater palynomorphs (Pediastrum) are more 


common at the lowermost depth. Marine and reworked palynomorphs are practically absent. In 
the land plant assemblage, pollen of conifers (pine and some spruce) are the most common. The 


non-tree part of the assemblages differ; monolete fern spores are abundant in the lowermost 


sample together with heather, whereas pollen of grasses and sedges are more abundant in the 
upper sample. Deciduous tree pollen of alder is frequently observed in both samples, and birch, 


hazel, hornbeam and oak are also present. 


 
Microfossils: Both samples from this soil unit comprise fine to coarse sand with rare mollusc 


and wood fragments. No microfossils were found. 
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Borehole HKW091-BH  


 


 
 


Soil Unit B  


 
Palynology: Palynomorph preservation varies between samples in this soil unit but is generally 


fair. In all samples, other organic fragments are frequent to abundant. In general, land plant 


palynomorphs are dominant. However, in the uppermost and lowermost samples, marine 
palynomorphs are frequently observed. Particularly in the lowermost depth numerous 


Halodinium sp. is found, in association with foram linings and some round brown cysts. In the 
uppermost samples, fresh water algae (e.g. Pediastrum) and pollen from reed swamp 


(Sparganium) are distinctly more frequent than at the other depths.  


 
The composition of land plant pollen and spores differs between samples. The assemblage of the 


lowermost three depths is characterised by a high abundance of conifers (pine and some spruce) 


and herbs (mostly grasses, sedges and chenopods). Spores of peat moss and low numbers of 
heather pollen are consistently present. The presence of a single pollen grain of sundew 


(Drosera) is interesting. This carnivorous plant is currently found in (seasonally) wet areas on 


poor sandy soils, often in association with peat moss and sedges (Plate A9). Various deciduous 
tree taxa, of which most prominently birch, but also alder and hazel are common. Pollen from 


oak and hornbeam are present in Soil Unit B and are assumed to be reworked. The overlying 
sample is distinctly different in that pollen of wetland herbs (bur-reed and bulrush) and monolete 


fern spores are most abundant and occur together with pollen of grasses and sedges. Tree pollen 


is only a minor component in this assemblage. The uppermost sample again has more tree 
pollen, but almost exclusively pine, birch and alder.  


 


Microfossils: All sample residues comprise coarse sand with reworked mollusc fragments and 
common pebbles. No microfossils were recovered. 


 


Molluscs: The sample from 1.35m-1.65m yielded a strongly mixed, abraded marine fauna 
including Eemian and Holocene indicators; abraded Bittium reticulatum s.l. and Lucinella  


divaricata (both MIS5e), Macoma balthica, fresh looking ophiuroid fragment (MIS 1, basal 
Holocene or reworked Holocene?) Acanthocardia tuberculata, Cerastoderma edule, Donax 


vittatus, ?Gari tellinella also present. There were no well-preserved molluscs and all material 


appeared reworked. At 3.30m-3.60m specimens of Donax vittatus, and fragments of 
Cerastoderma edule and Macoma balthica were found. All are strongly worn and probably 


reworked. At 4.30m-4.60m a strongly abraded bluish coloured mixed fauna including Eemian 


indicators (Bittium jadertinum, ?Mactra glauca) and some reasonably well-preserved 
Cerastoderma edule were recovered. Also present were Macoma balthica, Arctica islandica and 


a fragment of Ostrea edulis. This assemblage is interpreted as fluvially reworked Late Pleistocene 


or Holocene. A similar mixed assemblage of reworked molluscs was seen at 5.45m-5.75m with 
specimens of Macoma balthica, Arctica islandica, and fragments of Cerastoderma edule and 


Ostrea edulis.  


 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


1.35 1.65 B X X X 42950 (S) Intertidal / marginal marine


3.30 3.60 B X X X >46220 (S) Terrestrial / freshw ater


4.30 4.65 B X X X 41935 (S) Intertidal / marginal marine


5.45 5.75 B X X X >46220 (S) Intertidal / marginal marine


6.30 6.65 B X X Subtidal / restricted marine


7.30 7.55 E X X Intertidal / marginal marine


9.00 9.20 F X X Intertidal / marginal marine


10.50 10.80 F X X Intertidal / marginal marine


10.80 11.20 F X X Intertidal / marginal marine


11.50 11.90 F X X Indeterminate


17.80 18.15 F X X Supratidal - Terrestrial / f reshw ater


Sample depth 


range (m)
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Radiocarbon dating: Of the four samples dated from this soil unit two were beyond the range 


of the dating method at >46220 cal yrs BP. It should be noted that these two dates are based 


on poorly preserved mollusc material suggesting that it was reworked. The other two were based 
on well preserved specimens and were dated at 41935 and 42950 cal yrs BP (albeit with 


stratigraphically inverted ages). Prima facie this suggests that the age of the Soil Unit B is around 
42ka but this is at odds with the palynological evidence which suggests a Holocene age for all 


four samples. It is therefore likely that the dating of all four samples has been influenced by 


shell material reworked from older strata. 
 
 


Soil Unit E  


 
Palynology: At this single sampled depth, preservation of the palynomorphs is poor to fair. 


Organic fragments are frequently observed. The total palynomorph assemblage consists almost 


exclusively of land plant pollen and spores, with only minimal marine content. In the land plant 
assemblage, alder, pine and monolete fern spores are most abundant. The deciduous tree taxa 


also include birch, hornbeam, hazel, oak and notably elm (Ulmus). Elm is a common but often 


minor component in mixed deciduous forests on moist, moderately nutrient-rich soils in various 
landscapes. Pollen of heather is also common. 


Microfossils: This sample comprises fine sand with rare mollusc and echinoid fragments.  


 


 


Soil Unit F  
 


Palynology: Overall preservation of palynomorphs in these samples is poor to fair. In samples 


with poor preservation, organic fragments are found only occasionally, whereas in those with 
better preservation other organic fragments are more frequent. Two samples are considered too 


poor in quality and quantity for further interpretation. As in Soil Unit E, pollen and spores almost 
exclusively make up the total palynomorph assemblage. Freshwater palynomorphs (Pediastrum) 


are more common in the lowermost sample. The land plant assemblages differ between the 


lowermost and upper two samples. The assemblage of the lowermost sample has high relative 
abundances of conifers (pine and some spruce) and of monolete fern spores. In the upper two 


samples, monolete spores are found less frequently whereas towards the upper sample, pollen 


of deciduous trees (notably alder and birch) and spores of peat moss are more common. Grasses, 
sedges and chenopods are consistently present and do not seem to follow any particular trend. 


 


Microfossils: Samples from this soil unit comprise fine sand sometimes with rare wood and/or 
mollusc fragments and/or pebbles. 
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Borehole HKW101-BH  


 


  


 


Soil Unit B  
 
Palynology: At all sampled depths, organic fragments are abundantly present and preservation 


of the palynomorphs is generally fair to good. The overall palynomorph assemblage is dominated 


by pollen/spores from land plants. Freshwater indicators are present, reworked and marine 
elements have not been observed. Within the land plant assemblage, tree pollen are in the 


majority, with pine most abundant, but tree pollen of birch and hazel are consistently present. 


The latter increases in the uppermost sample. Herbs are a minor component; pollen of grasses, 
sedges, wetland plants such as bur-reed and spores of horsetail (Equisetum) are consistently 


present. Members of the horsetail plant group (primitive fernlike plants) are often found in moist 


forests, moist grasslands or in marshes (Plate A10). The high relative abundance of freshwater 
indicators is mainly due to the frequent presence of so-called ‘suberized basal cells of 


mucilaginous hairs’ of Nymphaceae (type 127 sensu Van Geel) in all samples. These occur in 
this borehole in association with pollen of bur-reed and water lily (both Nymphaea and Nuphar). 


Water lily can be found in stagnant to slow flowing (moderately) nutrient-rich fresh water, 


including (peat) ponds and abandoned river channels. 
 


Microfossils: All four sample residues from this soil unit comprise fine sand. With the exception 


of 3.00m-3.30m which was barren, samples yielded rare to abundant operculi of the freshwater 
mollusc Bithynia. A single specimen of the marine ostracod Pontocythere elongata was found at 


3.60m-3.80m. An estuarine environment is indicated by this mixed fauna. 


 
Macroplants: Both samples contained fragments of peat, sedge, bogbean, naiads, Sphagnum 


charcoal and, in 3.00-3.30, infrequent wood. Hemp-nettle was also present at 3.60m-3.80m 
Other finds included marine shell and fragments of beetles. This assemblage is typical of damp, 


acidic boggy environments, and fragments of wood indicate the local presence of trees. 


 
Diatoms: The sample from 3.00m-3.30m did not yield any diatoms. 


 


Radiocarbon dating: All four samples (two wood and two Bithynia operculi) dated from this 
soil unit indicate an earliest Holocene age which is consistent with the palynological 


interpretation. 


 
 


Soil Unit C2 


 
Palynology: Besides dominant land plant pollen and spores, a strong marine signal occurs due 


to a distinct presence of foram test linings, various heterotrophic dinocyst taxa and Halodinium 


sp. Fresh water palynomorphs (Pediastrum) are equally abundant. Tree pollen are frequent 
(mostly pine and some spruce, with lesser alder and birch). Pollen of heath and spores of peat 


moss are notably abundant. One sample was studied but two fractions (clay clast and matrix) 
were processed. There was no significant difference observed between the clay clast and matrix 


fractions. The assemblage obtained is similar to that found in the Early Weichselian Brørup 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast)


14C
(S=shell


W=wood)


Depositional environment


3.00 3.30 B X X X X 10680 (W) Terrestrial / f reshw ater / estuarine


3.60 3.80 B X X X 11815 (W) Terrestrial / f reshw ater / estuarine


4.65 4.80 B X X 10645 (S) Terrestrial / f reshw ater / estuarine


5.60 5.80 B X X 9950 (S) Terrestrial / f reshw ater / estuarine


8.00 8.25 C2 X+c X X Subtidal / restricted marine


10.00 10.50 F X X X Supratidal - Terrestrial / f reshw ater


13.00 13.35 F X X X Supratidal - Terrestrial / f reshw ater


13.35 13.70 F X X X Supratidal - Terrestrial / f reshw ater


Sample depth 


range (m)
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Interstadial in the Amersfoort borehole (de Jong 1988; Zagwijn 1989) which equates with MIS5c 


(de Mulder et al. 2003).  


Microfossils: A single sample from this soil unit comprised fine sand with abundant 


mollusc/mollusc fragments. 


Molluscs: An assemblage with mixed preservation was recovered from 8.00m-8.25m. Species 
include reasonable to well-preserved cool water species (Astarte montagui, Alteneum dawsoni), 


reworked Bittium reticulatum, worn Macoma, and well preserved Spisula elliptica and Abra 
prismatica. Spisula had suffered from dissolution but is otherwise excellently preserved with fine 


details and periostracum remains and is likely to be MIS5a/5c or younger.  


 


Soil Unit F  
 


Palynology: Three depths have been sampled; overall preservation is fair to good and other 
organic fragments are abundant. The palynomorph assemblage is almost entirely composed of 


land plant pollen/spores in the lower samples, but freshwater indicators Pediastrum and 


Botryococcus increase towards the upper sample. Marine and reworked palynomorphs are 
virtually absent. In all samples, tree pollen make up about half of the total land plant pollen 


assemblage. However, a rich mix of various deciduous trees and conifers in the lower two 


samples gradually changes to a dominance of conifer pollen (pine and spruce) in the upper 
sample. A similar trend is also observed in the non-tree pollen/spores: towards the upper sample 


the relative abundance of monolete spores distinctly decreases. Grasses, sedges and chenopods 


are consistently present but do not seem to follow a particular trend.  


Microfossils: Sample residues from this soil unit comprise fine sand with rare mollusc and/or 


wood fragments. 


Molluscs: At 13.00m-13.35m fragments of indeterminate cardiid molluscs and Macoma balthica 


were recovered. They were very strongly worn and dissolution was deep, and evidently 
reworked. 


 


Macroplants: The macroplant assemblages at 10.00m-10.50m and 13.35m-13.70m were 
similar and consisted of wood fragments and peat indicating the local presence of trees in a 


damp habitat. 
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Borehole HKW106-BH 


 


 
 


 


Soil Unit A  
 


Palynology: In this single sample, palynomorph preservation is fair to good. Other organic 


fragments are abundant. Pollen and spores of land plants make up the largest part the total 
palynomorph assemblage, but marine and freshwater palynomorphs (Pediastrum) are fairly 


common as well. Dinocyst taxa Spiniferites sp. (including S. elongatus) and cosmopolitan 
Operculodinium centrocarpum are present in the marine assemblage but in relatively low 


numbers. The land plant assemblage consists largely of tree pollen, in which pine, alder and 


birch are most common, but hazel, oak and elm are also present. Monolete fern spores are the 
most common non-tree TLP palynomorphs.  


 


Microfossils: The residue of a single sample from this soil unit comprised fine sand with common 
mollusc and rare wood fragments. Well-preserved fragments of the echinoid Echinocyamus 


pussilus were present suggesting a shallow marine environment but no other microfossils were 


recovered.  
 


Molluscs: At 1.50m-1.70m marine species including strongly to slightly abraded mostly 
brownish Fabulina fabula and well-preserved Spisula elliptica with fine detail preservation and 


periostracum were recovered. These are interpreted as being from an Early Holocene storm 


deposit or basal lag.  


 
Radiocarbon dating: A date of 4645 cal yrs BP based on material from Macoma balthica and 


"Tellina" sp. indicates a late Holocene age for Soil Unit A which is consistent with previous 
findings. However, a piece of wood from the same sample was significantly older at 45575 cal 


yrs BP and is assumed to have been reworked. 


 


 


Soil Unit B 


 
Palynology: In both samples, the preservation of palynomorphs is fair and other organic 
fragments are frequently observed. The total palynomorph assemblages in both samples consist 


almost exclusively of land plant pollen/spores. Marine palynomorphs were not observed. In both 


samples, the land plant assemblage is very similar to that described for Soil Unit A. However, 
pollen of grasses and sedges are more common in these two Soil Unit B samples.  


 
Microfossils: In contrast to the wholly supra-tidal palynological assemblages both samples from 


this soil unit comprise fine sand with rare wood and echinoid fragments suggesting the proximity 


of a shallow marine environment with marine elements possibly introduced by storms or high 
tides. No other microfossils were recovered.  


 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


1.50 1.70 A X X X
4645 (S)


45575 (W)
Intertidal / marginal marine


2.15 2.30 B X X X >46600 (W) Supratidal - Terrestrial / f reshw ater


2.60 2.70 B X X Supratidal - Terrestrial / f reshw ater


3.50 3.80 C1 X X X X X Subtidal / restricted marine


4.00 4.15 C1 X X X Subtidal / restricted marine


4.30 4.55 C1 X X X X Subtidal / restricted marine


4.80 4.90 C1 X X X Subtidal / restricted marine


5.60 5.80 E X X Terrestrial / freshw ater


5.80 6.00 E X X Terrestrial / freshw ater


Sample depth 


range (m)
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Radiocarbon dating: A piece of wood from the sample at 2.15m-2.30m was beyond the range 


of this dating method. 


 
Macroplants: The macroplant assemblage at 2.15m-2.30m was varied and comprised wood 


fragments, creeping cinquefoil (Potentilla repens), sedge (Cyperaceae), bogbean (Menyanthes 
trifoliata), pondweed (Potamogeton), common water-crowfoot (Ranunculus aquatilis) and moss, 


all plants which favour wet and aquatic environments. 


 


 
Soil Unit C1  


 
Palynology: Palynomorph preservation varies, with good preservation in the lowermost sample 
and fair (to poor) preservation in the others. Also, other organic fragments seem less abundant 


in the lowermost sample. The overall palynomorph assemblage, however, does not differ much 


between samples in that all contain predominantly land plant pollen and spores. Freshwater 
(Pediastrum) and marine palynomorphs are present in all samples, but the latter are less 


abundant in the upper sample. The marine assemblage generally consists of foram linings and 


round brown cysts, but in the lowermost sample Lejeunecysta sp. is also notably present. More 
than half of the land plant assemblage is made up of pollen of conifers (pine and some spruce) 


and of various deciduous trees (mostly alder and birch, but also including hornbeam and oak). 


Herbs are a minor component overall, whereas spores of peat moss are generally abundant.  
 


Microfossils: With the exception of the sample from 4.80m-4.90m which is very close to the 


Soil Unit C/E boundary all residues comprise fine sand with rare mollusc fragments. Microfossils 
at 3.50m-3.80m include common Ammonia spp. (A. batavus and A. beccarii) and common 


Elphidium spp. (E. clavatum, E. excavatum and E. incertum), some of which are clearly 
reworked. Rare Buccella frigida was also present. Elphidium spp. are again common at 4.00m-


4.15m but here many specimens are pyritised. At 4.30m-4.55m Ammonia spp. (again A. batavus 


and A. beccarii) and Elphidium spp. (but this time including E. macellum) are again common. At 
4.80m-4.90m the sample residue is of sand and gravel with reworked shell and rare echinoid 


fragments. 


 
Molluscs: At 3.50m-3.80m numerous fragments of mainly well-preserved blue-grey 


Cerastoderma edule (?forma major), and Macoma balthica with excellently preserved 


periostracum and fine details suggest possible marine MIS5a-c. At 4.30m-4.55m well-preserved 
fragments of Mya truncata, some with periostracum suggest cool/cold fauna. Also some worn 


barnacles were found. ?MIS5a is suggested. At 4.80m-4.90m slightly worn but well preserved, 
grey-blue Cerastoderma edule is present together with worn to very strongly worn specimens of 


Macomangulus tenuis, Lucinella divaricata, Ostrea edulis, Polititapes senecens, Macoma balthica, 


Acanthocardia tuberculata. These indicate possibly MIS5a-MIS5e or reworked Eemian. 
 


Macroplants: The macroplant assemblage at 3.50m-3.80m was low in both numbers and 


species diversity with infrequent inclusions of wood, Sphagnum and moss. This assemblage is 
indicative of the local presence of trees and wetland habitats.  


 


Diatoms: No diatoms were recovered from the three samples examined from this soil unit. 
 


 


Soil Unit E  
 
Palynology: In both samples, palynomorph preservation is good, and organic fragments are 


occasionally to frequently present. Pollen and spores of land plants make up the majority of the 
total palynomorph assemblage, but freshwater palynomorphs are also very abundant. Not only 


Pediastrum is common but, as observed in borehole HKW101-BH (but within Soil Unit B), the 


Nympheaceae ‘suberized basal cells of mucilaginous hairs’ are abundant. A few pollen of the 
aquatic plant Potamogeton were also found in both samples. The land plant assemblages of both 


samples are characterised by a relatively high abundance of grasses and, to a lesser extent, 
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sedges. Also, pollen of the wetland herbs bur-reed and bulrush is common. Beside herbs, pollen 


of pine and birch are most common, and birch in particular is abundant in the upper sample. 


The assemblage is comparable with cool climate indicators found in the basal Eemian (Zone E1), 
as shown by de Jong (1988) and others. Some marine content was observed but is presumed to 


be reworked in view of the dominantly freshwater assemblages otherwise observed.  
 


Microfossils: Both sample residues comprise fine sand rare wood, mollusc and echinoid 


fragments. 
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Borehole HKW107-BH 


  
 


 


Soil Unit A 
 


Palynology: In the single sample from this soil unit, organic fragments are only rarely observed 


but the preservation of the palynomorphs is considered good. The majority of the total 
palynomorph assemblage consists of marine palynomorphs, of which foram linings and the 


heterotrophic dinocyst Selenopemphix quanta are the most abundant. S. quanta is found in 


coastal to full-marine eutrophic settings, e.g. in the proximity of discharge plumes. Land plant 
pollen and spores are the other main component; freshwater and reworked palynomorphs are 


virtually absent. Tree pollen make up more than half of the land plant assemblage. Pine is 


dominant, but deciduous taxa including birch, alder and oak are also common. The herb 
assemblage is notably diverse, but grasses are the most common.  


 
Microfossils: The sample residue from this soil unit comprised sand with common mollusc and 


echinoid fragments, rare Ammonia batavus and a single noded Cyprideis torosa. This is evidence 


of a nearshore estuarine environment. 
 


Molluscs: White fragments of marine molluscs including Cerastoderma edule, Donax vittatus, 


Aequipecten opercularis. An Early Holocene age is suggested.  
 


Radiocarbon dating: A date of 4980 cal yrs BP based on shell fragments indicates a late 


Holocene age for Soil Unit A which is consistent with previous findings. 
 


 


Soil Unit B  
 


Palynology: Palynomorph preservation and composition differs between these three samples. 


The uppermost sample has poor to fair preservation and occasional other organic fragments, 
and it contains a marine assemblage similar to, but less abundant than in Soil Unit A. The lower 


two samples contain abundant organic fragments, have slightly better palynomorph preservation 
and contain few or no marine palynomorphs. Pollen and spores of land plants are most abundant 


in all three; freshwater palynomorphs Pediastrum and (in smaller numbers) Botryococcus are 


consistently present. Charred fragments were observed in sample 4.25m-4.50m at the base of 
this soil unit. The land plant assemblage is very comparable to that described for Soil Unit A. 


The major difference is that pollen of sedges and monolete fern spores are more abundant in 


Soil Unit B and that pollen of heather is present.  
 


Microfossils: All three sample residues comprise fine sand. In addition, 3.25m-3.50m contained 


shell fragments, 3.50m-3.75m echinoid and shell fragments together with rare reworked 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


1.50 1.75 A X X X 4980 (S) Estuarine


3.25 3.50 B X X X Subtidal / restricted marine


3.50 3.75 B X X 45060 (W) Intertidal / marginal marine


4.25 4.50 B X X X 44705 (W) Terrestrial / freshw ater


5.00 5.15 C1 X X X X Subtidal / restricted marine


7.60 7.90 C1 X X X X Subtidal / restricted marine


11.30 11.60 C1 X X X Subtidal / restricted marine


13.00 13.35 C2 X X X Intertidal / marginal marine


20.30 20.60 F X X X Supratidal


30.00 30.25 F X X X X Terrestrial / freshw ater


30.25 30.50 F X X Terrestrial / freshw ater


33.00 33.30 F X X X Indeterminate


Sample depth 


range (m)
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Ammonia batavus and A. ?beccarii and a single Elphidium clavatum. Wood fragments were 


present at 4.25m-4.50m. 


 
Molluscs: At 3.25m-3.50m fragmented grey, strongly abraded marine shells including Mytilus 


edulis and Cerastoderma edule which are likely to be the result of multiple reworking.  
 


Macroplants: The finds from this deposit were composed of wood fragments, cinquefoils, 


bogbean, pondweed, moss, peat, charcoal and marine shell all of which can derive from a damp 
wooded landscape with areas of boggy peat. 


 


Radiocarbon dating: Two samples of wood from 3.50m-3.75m and 4.25m-4.50m were dated 
at about 45ka. 
 
 


Soil Unit C1  
 


Palynology: Overall, palynomorph preservation in these three samples is fair to good. Other 


organic fragments are abundant. Although pollen and spores of land plants are dominant, marine 
palynomorphs are also consistently present with abundant Lejeunecysta sp., round brown cysts 


and foram linings. The land plant assemblages for these three depths are also similar. Pollen of 


pine is most common, but birch, alder and oak are consistently common. Hornbeam and hazel 
are more variable in their presence. Besides tree pollen, spores of peat moss and ferns are the 


most common. 


 
Microfossils: All sample residues from 5.00m-5.15m comprise fine sand with mollusc and plant 


fragments and mica. Microfossils include common to abundant foraminifera Ammonia batavus, 
a single A. tepida and rare Elphidium spp. (E. clavatum, E. williamsoni, E. excavatum and E. 


incertum), some specimens being reworked. The microfauna at 7.60m-7.95m is slightly more 


diverse and abundant an comprises Ammonia spp. (including A. batavus, A. beccarii, A. tepida 
and A. falsobecarii). Haynesina germanica and Buccella frigida were also present. A similar but 


less diverse assemblage was recovered from 11.30m-11.60m. A marginal marine or estuarine 


environment is suggested for all samples. 
 


Molluscs: A poorly preserved, cream coloured Peringia ulvae was recovered from 5.00m-5.15m. 


This indicates a marine environment but the context is uncertain.  
 


At 7.60m-7.95m the assemblage of fragmented strongly abraded grey marine shells includes 
Mytilus edulis and Cerastoderma edule. The context of the assemblage is uncertain but it is likely 


to represent multiple phases of reworking.  


 
At 11.30m-11.60m a very well-preserved specimen of Peringia ulvae, Ecrobia ventrosa with fine 


surface details and well-preserved cream coloured Cerastoderma edule are likely to be in situ, 


possibly Eemian. A strongly worn specimen of Littorina littorea was also found. These possibly 
indicate an in situ or proximal reworked coastal association. 


 


Diatoms: At 5.00m-5.10m taxa indicative of a coastal, high energy environment were present. 
(Rhaphoneis ampiceros (32), Delphineis surirella (26), Paralia sulcata (11), Rhaphoneis sp. (1), 


Cyclotella striata (1), Thalassiosira oestrupii (1), Hyalodiscus scoticus (1)). At 7.60m-7.95m the 


majority of taxa are indicative of coastal marine environments rather than estuarine or brackish 
water. The four dominant taxa (Delphineis surirella (153), Rhaphoneis amphiceros (71), 


Cymnatosira belgica (46), Paralia sulcata(13)) are all indicative of high energy coasts, being 
highly silicified members of the tychoplankton and episammon. There is some indication that a 


freshwater source is within the general area as two freshwater representatives were present as 


single specimens (Achnanthidium minutissimum type and Tabellaria flocculosa). Taxa indicating 
marine waters include Thalassionema nitzschiodes (1), Ditylum brightwellii (3) together with the 


occurrence of resting spores of Chaetoceros sp. (6) which are found in a wider range of 


environments. Sponge spicules (both freshwater and marine) were observed, though always 
fragmented. Chrysophyte cysts (3) were also observed. Many diatom valves were fragmented 
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and showed some signs of dissolution. Overall the assemblage suggests a high energy coastal 


environment: tidal and with sandy sediments. 


 
 


Soil Unit C2  
 
Palynology: Preservation of palynomorphs in a single sample is good. Other organic material is 


less abundant than in the overlying Soil Unit C1. Moreover, marine palynomorphs make up only 


a very minor component of this palynomorph assemblage, which is dominated by pollen and 
spores of land plants. The land plant assemblage of this sample is highly comparable to that of 


Soil Unit C1 in the same borehole. Pollen from deciduous tree taxa and herbs taxa are, however, 
more diverse than in the overlying sample.  


 


Microfossils: This sample residue comprised fine sand with common well-preserved mollusc 
fragments and rare Ammonia batavus suggesting a marginal marine environment. 


 


Molluscs: This sample yielded a slightly worn specimen of Littorina littorea, a well-preserved 
specimen of Peringia ulvae with fine surface sculpture, and some excellently preserved Macoma 


balthica with abundant periostracum. These possibly indicate an in situ or proximal reworked 


coastal association. 
 


 


Soil Unit F  
 


Palynology: Palynomorph preservation in the upper three samples is fair to good. In the 


lowermost sample, a large proportion of the palynomorphs was so faint that many could not be 
identified, possibly resulting in a bias towards thicker/larger palynomorphs. Therefore this 


sample is excluded from further interpretation. In all the other samples, other organic fragments 
are frequent to abundant. The overall palynomorph assemblage consists almost exclusively of 


land plant pollen and spores. Freshwater palynomorphs (Pediastrum) are common and slightly 


more abundant in the uppermost sample. Marine and reworked palynomorphs are only a very 
minor component. Also, in the land plant assemblage, a difference is observed between the 


upper and the two lower samples. The upper sample has a broad mix of conifer and various 


deciduous (alder, birch, hornbeam, hazel and oak) tree pollen, herb pollen and spores of both 
ferns and peat moss. Pollen of the herb family of chenopods is notably present in this sample. 


In the lower two samples, monolete fern spores are the most abundant element. Tree pollen 


includes conifers and deciduous taxa (alder and birch) in more or less equal amounts, and sedges 
are also common. Rare marine content is presumed to be reworked in these two samples.  


 
Microfossils: The sample residues from this soil unit all comprised fine sand usually with wood 


fragments, common at 30.25m-30.75m and, in addition abundant mica at 20.30m-20.60m. 


 
Macroplants: The macroplant assemblage at 20.30m-20.60m comprised leaves, wood 


fragments, naiads, plant stems, Sphagnum and moss. Other finds included beetles and earth 


worm capsules. This assemblage is indicative of a damp habitat populated with trees and some 
aquatic weed species. At 12.50m-12.80m the only finds were numerous wood fragments and a 


small quantity of moss. The wood fragments indicate that trees grew in this vicinity and the 


moss was possibly an inclusion on the tree bark.  
 


Diatoms: No diatoms were recovered from either of the samples examined from this soil unit. 
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Borehole HKW114-BH  


 


 


 


 


Soil Unit B  
 


Palynology: In the single sample from this soil unit, preservation of the palynomorphs is 
considered fair. Other organic fragments are frequent. Pollen and spores of land plants make up 


the majority of the total palynomorph assemblage; freshwater palynomorphs (Pediastrum) are 


also abundant. Marine and reworked palynomorphs are only minor components. Pollen of herbs 
is the main component in the total land plant assemblage, in which grasses and sedges are the 


most common. Pollen of pine and various deciduous trees (alder, birch, hazel, oak, hornbeam) 


probably include a mix of in-situ and reworked (or transported) pollen. Peat moss and monolete 
fern spores are also present.  


 


Microfossils: The residue of the single sample from this soil unit comprises fine sand, black 
pebbles and shell fragments.  


 


Molluscs: Marine species Macoma balthica, Cerastoderma edule, Donax vittatus and Mytilus 
edulis were recovered from 9.00m-9.25m. The Macoma specimens are mostly very well-


preserved with fine surface details and periostracum. The remainder are worn to very strongly 
worn. 


 


Diatoms: No diatoms were recovered from the sample examined from this soil unit. 
 


Radiocarbon dating: Material from ?Macoma sp. and Donax vittatus returned an age of 44775 


cal yrs BP for a sample at 9.00m-9.25m. 
 


 


Soil Unit C1 
 


Palynology: As in the overlying sample, organic fragments occur frequently but palynomorph 


preservation in this sample is poorer. The overall palynomorph assemblage is highly comparable 
to that of the overlying sample. The land plant assemblage is also very similar to that in Soil 


Unit B. However, here pollen of pine is much more abundant, and most other taxa are slightly 


less frequent.  
 


Microfossils: The sample residue from this sample comprises fine sand with rare pebbles and 


mollusc fragments. 
 


Molluscs: The assemblage at this depth includes specimens of Bittium cf. reticulatum and 
fragments of Mytilus edulis, Ostrea edulis, Cerastoderma edule and Macoma balthica. 


Preservation is mixed but most specimens are very strongly worn. Two of the Macoma fragments 


have fine surface sculpture and periostracum. The assemblage is considered to be mainly 
reworked Eemian. 


 


Soil unit
(Fugro)


Paly
(c=clast )


Micro Molluscs Plants
Diatoms
(c=clast )


14C
(S=shell


W=wood)


Depositional environment


9.00 9.25 B X X X X 44775 (S) Intertidal / marginal marine


9.40 9.60 C1 X X X Intertidal / marginal marine


11.05 11.30 D X X X Subtidal / restricted marine


12.40 12.50 D X X X Estuarine


12.50 12.80 D X X X X Estuarine


14.20 14.45 D X X X X Estuarine


15.70 15.95 D X X X Estuarine


18.00 18.25 D X X X X Estuarine


20.10 20.35 F X X X Intertidal / marginal marine


Sample depth 


range (m)
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Diatoms: No diatoms were recovered from the sample examined from this soil unit. 


 


 


Soil Unit D 
 


Palynology: This is the only borehole in this study in which Soil Unit D is present. The 


palynomorph preservation in these samples varies between poor and good. Overall, other 
organic fragments are frequent to abundant. The uppermost sample studied (11.05m-11.30m) 


contains frequent foraminiferal test linings and Halodinium indicative of a restricted marine 
environment. The remaining five samples are characterised by a mixed temperate tree pollen 


assemblage including frequent Pinus and lesser spruce, alder, birch, hornbeam and oak. Non-


tree elements include pollen from various herbs, fern and moss spores, and consistently common 
freshwater algae, together with a low diversity marine dinocyst assemblage. The overall 


assemblage is indicative of a forested landscape onshore, comparable with the Eemian 


succession reported by Leeuwen et al. (2000). In addition, reworked palynomorphs, mostly of 
Paleogene origin, are frequent, making up between 20 and 40% of the total assemblage. The 


high proportion of reworked palynomorphs points to significant fluvial discharge, likely to occur 


within an estuarine or similar depositional setting.  
 


Microfossils: Sample residues from this soil unit mainly comprise fine sand with plant 
fragments. The residue from 11.05m-11.30m is exceptional in having pebbles and mollusc 


fragments like the overlying soil unit. 


 
Molluscs: At 11.05m-11.30m the dominant species are Macoma balthica and Cerastoderma 


edule. Other species include Ostrea edulis, Lutraria sp., Acanthocardia tuberculata and Spisula 


elliptica. Preservation is mixed, mostly strongly to very strongly worn. Some Spisula fragments 
with fine details and periostracum could be an in situ component, but the remainder are probably 


reworked Eemian. 


 
Diatoms: All six samples studied from this soil unit were barren of diatoms. 


 
Macroplants: The three samples from this soil unit provided very little information. All contained 


wood fragments. In addition, the sample from 12.50m-12.80m also contained moss and the 


sample from 14.20m-14.45m two possible naiad seeds. 
 


 


Soil Unit F  
 
Palynology: In this sample, organic fragments are abundant and the preservation of the 


palynomorphs is moderate to poor. The overall assemblage does not vary significantly from that 
of the overlying soil unit, except that reworking is less frequent. 


 


Microfossils: The residue from this sample comprised fine sand. No microfossils were present. 
 


Diatoms: No diatoms were recovered from the sample examined from this soil unit. 
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7 - Results by soil unit 
 


7.1 - Main palynomorph groups 
For the purposes of the following account all observed palynomorphs are grouped into the 
following main categories: total land plant pollen and spores, marine palynomorphs, freshwater 


palynomorphs and reworked elements. An overview of which palynomorphs are included in each 


group is provided in the table below. Fungal spores are not included in any of the groups. The 
relative abundance of each group is calculated based on the total sum of palynomorphs per 


sample (excluding reworked specimens). For each borehole, these relative abundances are 
averaged per soil unit and presented in pie charts superimposed on the HKW area map (Figures 


8-13).  
 


Main palynomorph groups Includes: 


Total land plants (TLP) Pollen and spores of terrestrial plants (includes indeterminates) 


Freshwater 
Pollen and spores of freshwater aquatic plants, remains of algae and other 


freshwater microfossils, other aquatic plant remains (includes indeterminates) 


Marine 
Organic-walled dinoflagellate cysts, organic linings of foraminiferal tests, 
acritarchs, remains of other marine microfossils (includes indeterminates) 


Reworked 
Pollen, spores and dinocysts of Pre-Quaternary taxa; pollen, spores and 


dinocysts with preservation identified as ‘reworked’ (includes indeterminates) 


 


 


7.2 - Total land plant relative abundances 
All pollen and spores of land plants, including indeterminate specimens, are included in the total 


land plant sum calculated for each sample. Each observed taxon is grouped according to their 


growth habit: conifers, deciduous trees, herbs, fern/moss spores and indeterminate 
pollen/spores. The latter group is included to give an indication of the level of uncertainty in the 


assemblages. The group ‘herbs’ includes taxa that grow on waterlogged soils, like marshes and 


peatlands. The relative abundance of each group is based on the total sum of total land plant 
pollen/spores per sample. Again, for each borehole, these relative abundances are averaged per 


soil unit and presented in pie charts superimposed on the HKW area map. 
 


Local or regional vegetation cover is best reflected in palynomorph assemblages from stagnant 


wetland environments, like ponds, lakes and bogs, in which the palynomorphs are preserved 
more or less in-situ. However, some of the studied sediments likely originate from dynamic 


depositional settings, including coastal, estuarine and fluvial environments. In such settings, 


reworked palynomorphs from eroded older deposits, or transported palynomorphs from extra-
regional environments are likely to be added to the local palynomorph assemblage. Depending 


on the level of input from reworked and long-distance sources, the local signal may be to some 


extent obscured. Where possible, reworked elements are counted separately and excluded from 
the main Pollen Sum; this gives an indication of the level of ‘noise’ in the local palynomorph 


assemblage. Reworked elements are identified as: 1) taxa for which it is generally accepted that 
they no longer occur in the area and/or period studied; 2) the preservation of the specimens is 


distinctly different (often darker/opaque/dense) than the overall general preservation. This latter 


distinction is not always clear and it is therefore possible that some reworked elements remain 
within the main counts. Identification of long-distance transported palynomorphs is, however, 


not straightforward. Long-distance transport can occur either via wind (for wind-dispersed 


pollen) or via water. Pollen of pine in particular is well-known to be transported via both 
processes and thus results in over-representation in some palynomorph assemblages. As it is 


not possible to differentiate between local and transported palynomorphs, some assemblages 


are expected to be more or less biased by palynomorphs from elsewhere.  
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7.3 - Results 


Soil Unit A: Holocene 


Soil Unit A is of Mid to Late Holocene age and is equivalent to the Southern Bight Formation, 


deposited after the main phase of Holocene sea level rise. 


Palynomorphs: Soil Unit A corresponds to palynology zone HKW-1A which contains significant 


marine content and a varied tree pollen signal, including Pinus (pine), Quercus (oak), Alnus 
(alder) and Betula (birch). Non-tree components include pollen from grasses and sedges, as well 


as monolete fern spores (Dryopteris type) and freshwater algae. The latter are most frequent in 


HKW106-BH and indicate more proximal (i.e. more landward) conditions, although with a degree 
of marine or brackish/coastal influence. Single samples studied from HKW047-BH and HKW107-


BH have much more frequent marine content, where foraminiferal test linings are dominant, 


although these can also occur in brackish water, lagoons and saltmarshes (e.g. Boonstra et al., 
2015; Mathison and Chmura, 1995). The sample from HKW107-BH (4980 cal yrs BP) contains 


an unusual association of brown, heterotrophic (i.e. non-photosynthetic) dinocysts such as 


Selenopemphix quanta and Polykrikos kofoidii suggesting a restricted marine eutrophic setting. 
More normal, open marine conditions are indicated in the HKW047-BH sample (1835 cal yrs BP) 


by the frequent presence of Spiniferites, including S. cf. elongatus. 


Soil Unit A


047 (n=1)


106 (n=1)


107 (n=1)


047 (n=1)


106 (n=1)


107 (n=1)


Soil Unit A


Figure 8: Summary of palynological data for Soil Unit A. 


Borehole
Soil 


unit
(Fugro)


Paly Micro Molluscs Plants Diatoms


14C
(S=shell


W=wood)


Depositional environment


HKW047-BH 3.50 3.80 A X X X 1835 (S) open marine / outer estuarine 


HKW106-BH 1.50 1.70 A X X X
4645 (S)


45575 (W)
Intertidal / marginal marine


HKW107-BH 1.50 1.75 A X X X 4980 (S) Estuarine


Sample 


depth range 


(m)
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Explanation of pie charts (Figures 8 – 13): Left panel shows relative proportions (%) of 


main palynomorph groups: 1) pollen and spores from land plants (green); 2) freshwater algae, 


pollen from aquatic plants and Nymphaea base cells (light blue); 3) marine dinocysts, acritarchs 
and foram test linings (dark blue); 4) reworked palynomorphs (yellow). Right panel shows 


relative proportions (%) of dryland pollen and spores: 1) conifers e.g. Pinus and Picea (black); 
2) deciduous trees e.g. Alnus and Quercus (green); 3) herbs (yellow); 4) fern and moss spores


(brown); 5) indeterminate pollen taxa (grey).  Red dots show studied borehole locations with 


abbreviated names. (n=xx) indicates the number of data points (i.e. productive samples) in each 
borehole.  


Microfossils: Sand with common/abundant echinoid and mollusc fragments, occasional 
Ammonia spp. (Rw), Cyprideis torosa and Pontocythere elongata (Rw). A mixture of marine and 


marginal marine species all showing signs of reworking indicate a nearshore location.  


Molluscs: Most samples contained many marine molluscs often as a shell hash, mostly well-


preserved (Donax vittatus, Spisula elliptica, Aequipecten opercularis). These species are 
primarily associated with high energy environments such as sand waves. Other species were 


slightly worn (Fabulina fabula, Cerastoderma edule) but considered not to be reworked. The 


echinoid Echinocyamus pussilus was also sometimes present.  


Radiocarbon dating: Three radiocarbon dates based on good to moderately preserved molluscs 


(see Figure 6) give ages between 1835-4980 cal yrs BP confirming the age of this soil unit as 
late Holocene. A sample of wood from HKW106-BH returned an age of 45575 cal yrs BP 


demonstrating that it was reworked. 


Archaeological significance: Altogether the evidence is for a coastal marine, periodically high 


energy environment within the later part of the Holocene. Palynology demonstrates the presence 
of trees within the onshore landscape. Furthermore, alder and non-tree types indicate the 


presence of wetlands. Microfossils suggest the presence of pools or marshland. Vos and 


Bazelmans (2020) noted that areas of former saltmarsh could become permanently dry and 
inhabited where sustained falls in mean and high water levels occurred, for example in West 


Friesland in the late Holocene between 4000 and 3400 BP. Very low levels of Cheno-


Amaranthaceae pollen in the Holocene samples studied suggest no significant development of 
saltmarsh vegetation close to the HKW study area, which argues against the presence of 


permanently dry land close to the study site during the studied intervals. The balance of evidence 


indicates that marine or estuarine conditions would have prevailed.  
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Soil Unit B (Holocene - Weichselian) 


Soil Unit B is present in all of the studied sections and is typically between 2 and 6 m in thickness. 
It is equated with the Naaldwijk Formation (Early to Mid Holocene) and possibly the Dogger Bight 


and Kreftenheye Formations (Weichselian). 


Palynomorphs: Several sample intervals (e.g. in HKW047-BH) had only poor palynomorph 


recovery due to sandy lithologies. The upper intervals within Soil Unit B tend to fall within 


palynology zone HKW-1B, characterised by pollen from trees typically including Pinus, Alnus, 
Betula, Corylus and Quercus. Carpinus pollen also occurs (e.g. in HKW002-BH and HKW009, the 


most northerly locations) and is probably reworked from the later part of the Eemian (published 


pollen zones E5 to E6). Pollen from grasses, sedges and aquatic plants is also well represented, 
for example in HKW091-BH where Sparganium (bur-reed) and various fern spores frequently 


occur. Common Nymphaea (water lily) plant microfossils in HKW101-BH confirm the strong 


freshwater influences at this locality. These mucilaginous cells have been observed commonly in 
the earliest Holocene (Preboreal) at several sites in the Netherlands, for example at Kreekrak in 


the Schelde Estuary (Bos et al., 2005) and at Haelen in the Meuse river valley (Bos and van 
Geel, 2017) Several samples within the mid and lower part of Soil Unit B contain increased 


numbers of Pinus pollen and are assigned to palynology zone HKW-1C. This is probably aligned 


with relatively cool climates during the Early Holocene, Preboreal to Boreal stages. Picea (spruce) 
pollen occurs in low to moderate numbers within Soil Unit B. This is noteworthy as the parent 


trees are typically montane and pollen evidence (e.g. Latałowa and van der Knaap, 2006) shows 


they were not naturally present in the Netherlands region during the Holocene. The records of 
Picea pollen in Soil Units B (and A), therefore, are likely present due to long-distance transport 


from the European and/or Scandinavian regions, or may be reworked from pre-Holocene 


sediments. Marine content within Soil Unit B is mostly infrequent, with the exception of single 
samples in HKW009, HKW091-BH and HKW107-BH. Assuming the Soil Unit is correctly assigned, 


these marine assemblages are probably linked to marine incursions in tidal channels or extreme 
high tides. An extreme example of the latter was the so-called ‘Storegga tsunami’ at around 


8150 BP (Gaffney et al., 2020; Walker et al., 2020) that caused a 3m storm surge in the southern 


North Sea (Weninger et al., 2008).   


Borehole
Soil 


unit
(Fugro)


Paly Micro Molluscs Plants Diatoms


14C
(S=shell


W=wood)


Depositional environment


HKW002-BH 0.55 0.80 B X X X 1910 (S) Intertidal / marginal marine


HKW002-BH 2.90 2.95 B X X X Intertidal / marginal marine


HKW002-BH 6.35 6.80 B X X >46600 (W) Intertidal / marginal marine


HKW009-BH 2.40 2.75 B X X Subtidal / restricted marine 


HKW047-BH 4.50 4.90 B X X Indeterminate


HKW047-BH 5.00 5.25 B X X X 2105 (S) Subtidal / restricted marine


HKW047-BH 5.50 5.80 B X Indeterminate


HKW047-BH 7.80 8.05 B X X X Subtidal / restricted marine


HKW054-BH 3.80 4.10 B X X X Indeterminate


HKW054-BH 4.85 5.20 B X X Indeterminate


HKW054-BH-A 5.25 5.55 B X X Intertidal / marginal marine


HKW091-BH 1.35 1.65 B X X X 42950 (S) Intertidal / marginal marine


HKW091-BH 3.30 3.60 B X X X >46220 (S) Terrestrial / freshw ater


HKW091-BH 4.30 4.65 B X X X 41935 (S) Intertidal / marginal marine


HKW091-BH 5.45 5.75 B X X X >46220 (S) Intertidal / marginal marine


HKW091-BH 6.30 6.65 B X X Subtidal / restricted marine


HKW101-BH 3.00 3.30 B X X X X 10680 (W) Terrestrial / freshw ater /estuarine


HKW101-BH 3.60 3.80 B X X X 11815 (W) Terrestrial / freshw ater /estuarine


HKW101-BH 4.65 4.80 B X X 10645 (S) Terrestrial / freshw ater /estuarine


HKW101-BH 5.60 5.80 B X X 9950 (S) Terrestrial / freshw ater /estuarine


HKW106-BH 2.15 2.30 B X X X X >46600 (W) Supratidal - Terrestrial / freshw ater


HKW106-BH 2.60 2.70 B X X Supratidal - Terrestrial / freshw ater


HKW107-BH 3.25 3.50 B X X X Subtidal / restricted marine


HKW107-BH 3.50 3.75 B X X 45060 (W) Intertidal / marginal marine


HKW107-BH 4.25 4.50 B X X X 44705 (W) Terrestrial / freshw ater


HKW114-BH 9.00 9.25 B X X X X 44775 (S) Intertidal / marginal marine


Sample 


depth range 


(m)
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Soil Unit B


009 (n=1)


002 (n=3)


054 (n=1)


107 (n=3)


114 (n=1)


106 (n=2)


091 (n=5)


101 (n=4)


Soil Unit B


009 (n=1)


002 (n=3)


054 (n=1)


107 (n=3)
101 (n=4)


091 (n=5)


106 (n=2)


B 114 (n=1)


Figure 9: Summary of palynological data for Soil Unit B. 


Microfossils: Mainly fine, occasionally coarse sand or pebbles. Mollusc, echinoid and wood 
fragments present throughout. Operculi of the snail Bithynia in HKW101-BH are from a 


freshwater source. Rare reworked foraminifera and single occurrence of the ostracod 


Pontocythere elongata suggest a marginal marine environment. 


Molluscs: The majority of molluscs recovered from samples representing this soil unit were 


regarded as reworked and therefore do not reflect the timing of deposition or the prevailing 
environment. An extreme example of reworking was observed in HKW054-BH, 5.25m-5.55m 


which yielded a mixture of ecologically incompatible taxa, a fluvially reworked assemblage with 
Eemian, terrestrial, brackish water, temperate and possibly cool marine species. Exceptions 


where well-preserved specimens were found are HKW114-BH, 9.00m-9.25m (Macoma balthica) 


and HKW002-BH, 0.55m-0.80m (Donax vittatus). Specimens of ?Macoma from HKW047-BH, 
7.80-8.05m were of a preservation type typical of cold conditions.  


Macroplants: The assemblages recovered from borehole HKW101-BH, HKW106-BH and 
HKW107-BH indicate a landscape able to support a variety of species including trees and weeds 


which indicate a range of damp, acidic boggy environments. Finds include wood fragments, 


hemp-nettle, sedge, bogbean (Plate A10), naiads, cinquefoils, pondweed, moss, charcoal, 
beetles, earth worm capsules, insect eggs and marine shells. Generally, fragments of wood 


indicate the local presence of trees. The presence at HKW101-BH, 3.60-3.80m of hemp-nettle 


which is also able to grow in damper environments indicates more open waste ground.  


Radiocarbon dating: The majority of radiocarbon dates provided by this study are from Soil 
Unit B and of these most dates are >41935 cal yrs BP and a number of these are beyond the 


range of the radiocarbon dating method at >46600 cal yrs BP. Specimens dated at 1910 cal yrs 


BP (in HKW002-BH) and 2105 cal yrs BP (in HKW047-BH) are too young compared to the 
expected age of this soil unit.  


Archaeological significance: Soil Unit B was deposited during the Weichselian (probably both 


before and after the Last Glacial Maximum) and early Holocene (although not confirmed by 
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radiocarbon dating in this study). Sea level is known to have been significantly lower at the LGM 


than at the present time, probably by as much as 120 to 135m (Clark and Mix, 2002). The 


Netherlands land area was not covered by an ice sheet during the Late Pleistocene (Wong et al., 
2007) but the ground would have been frozen for long periods; snow and ice melt during the 


warmer months fed rivers such as the Rhine and Meuse which, in turn, deposited significant 
amounts of sand in sandbanks and braid plains (Weerts et al., 2020b). These would have 


extended beyond the HKW locality, deposited as fluvial sands of the Kreftenheye Formation. At 


the onset of the Holocene, deposition within the Naaldwijk Formation at the study locality would 
have occurred largely in coastal mudflats with minimal tidal influences. It is certainly possible 


that some land within or close to the HKW locality would have been inhabitable, and therefore 


could yield artefacts of archaeological significance. Results of the microfossil analyses show that 
the southeastern part of the study area (e.g. HKW091-BH, HKW101-BH HKW106-BH and 


HKW107-BH) includes sediments deposited under terrestrial to freshwater conditions, with 


minimal marine influence. On the whole, palynology and macroplant analysis demonstrate that 
Soil Unit B is characterised at least in part by plants which typically favour damp, acidic boggy 


and aquatic environments. Freshwater snails confirm the presence of ponds or slow-moving 


rivers in the catchment at some time. The presence of ecologically incompatible marine molluscs 
and rare foraminifera and ostracods suggests mixing and some re-deposition in an estuarine 


environment occurred. The preservation of some mollusc material in the soil unit is indicative of 
a mainly cool or cold climate, although a relative warming would have occurred at the onset of 


the Holocene. 
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Soil Unit C1 & C2: Late Pleistocene (Early Weichselian - Eemian) 


Soil Unit C is likely to correspond to the Brown Bank Formation. According to Rijsdijk et al., 2005 
this is now re-assigned as the Brown Bank Member of the Eem Formation. It was not possible 


to differentiate Soil Units C1 and C2 on the basis of microfossils or palynomorphs in the samples 


studied. 


Palynomorphs: The palynological assemblages from Soil Unit C are remarkably uniform and 
are all attributed to palynology zone HKW-2B. This is characterised by a mixed temperate pollen 


assemblage where Pinus, Picea, Betula, Alnus, Corylus, Carpinus and Quercus are the most 
common tree taxa. This is significant in that Carpinus, Corylus and Quercus, in particular, are 


more characteristic of the mid to later part of the Eemian (published zones E3 to E6). Reworking 


cannot be ruled out but otherwise it suggests that part of Soil Unit C may be of Eemian age. This 
is probably the case in boreholes HKW054-BH and HKW107-BH, the most western (i.e. distal) 


of the studied localities. Non-tree pollen is typified by a common Poaceae (grass), Cyperaceae 


(sedge) and Ericaceae (heathers), together with rare but consistent aquatic taxa (Sparganium) 
and fern/moss spores (Dryopteris type and Sphagnum). Freshwater algae (mainly Pediastrum) 


are common throughout as are marine taxa. The latter include primarily foraminiferal test linings, 


Halodinium and various brown (non-photosynthetic) dinocysts including Lejeunecysta. Open 
marine forms are infrequent. Soil Unit C was deposited in a restricted marine setting, beginning 


in the later part of the Eemian (i.e. mid to late MIS5e) and continuing during the later part of 
MIS 5 (i.e. post-Eemian, MIS 5d-a).  


Borehole
Soil 


unit
(Fugro)


Paly
(c=clast)


Micro Molluscs Plants Diatoms
(c=clast)


14C
(S=shell


W=wood)


Depositional environment


HKW054-BH-A 5.55 5.80 C1 X X X Subtidal / restricted marine


HKW054-BH-A 6.20 6.50 C1 X X X X >46600 (W) Subtidal / restricted marine


HKW054-BH-A 6.50 6.80 C1 X X X Subtidal / restricted marine


HKW054-BH-A 9.00 9.20 C1 X+c X X c Subtidal / restricted marine


HKW106-BH 3.50 3.80 C1 X X X X X Subtidal / restricted marine


HKW106-BH 4.00 4.15 C1 X X X X Subtidal / restricted marine


HKW106-BH 4.30 4.55 C1 X X X X Subtidal / restricted marine


HKW106-BH 4.80 4.90 C1 X X X Subtidal / restricted marine


HKW107-BH 5.00 5.15 C1 X X X X Subtidal / restricted marine


HKW107-BH 7.60 7.90 C1 X X X X Subtidal / restricted marine


HKW107-BH 11.30 11.60 C1 X X X Subtidal / restricted marine


HKW114-BH 9.40 9.60 C1 X X X Intertidal / marginal marine


HKW054-BH-A 10.25 10.50 C2 X X X Subtidal / restricted marine


HKW101-BH 8.00 8.25 C2 X+c X X Subtidal / restricted marine


HKW107-BH 13.00 13.35 C2 X X X Intertidal / marginal marine


Sample 


depth range 


(m)
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Figure 10: Summary of palynological data for Soil Unit C. 


Microfossils: Mainly fine sand with the foraminifera Ammonia and Elphidium, often corroded 


and probably reworked. Occasional echinoid fragments (Rw) and miliolids (Rw) and the ostracod 


Pontocythere elongata. Sand and gravel at 4.80-4.90m in HKW106-BH yielded only mollusc and 
echinoid fragments. Fine sand with pebbles in HKW114-BH, 9.40-9.60m looks similar to 


underlying Soil Unit D. 


Molluscs: Molluscs were recovered from samples in boreholes HKW054-BH, HKW101-BH, 


HKW106-BH, HKW107-BH and HKW114-BH. Many specimens were regarded as not reworked 
and of these assemblages (sometimes including Bittium reticulatum an Eemian indicator) an 


Eemian age is suggested. There was evidence in many cases of fragmentation and abrasion 


which suggests reworking within the soil unit. Most samples yielded marine species (e.g. Macoma 
balthica, Cerastoderma edule, Spisula elliptica, Macomangulus tenuis) but samples from 5.00m-


5.15m, 7.60m-7.95m and 11.30m-11.60m in HKW107-BH (all from Soil Unit C1) are all 


characterised by intertidal and non-marine species (Peringia ulvae, Littorina littorea and Ecrobia 
ventrosa). 


Diatoms: The sample from HKW054-BHA, 6.50m-6.80 contained small, corroded fragments of 
only two taxa, Paralia sulcata and Rhaphoneis amphiceros. The sample from HKW054-BHA, 


6.20m-6.50m, provided 22 valves from one transect (including broken fragments), just enough 
to fulfil counting criteria. Four taxa were encountered: R. amphiceros (11), P. sulcata (2), 


Cyclotella striata (1) and Delphineis surirella (8). These taxa suggest a high energy tidal 


environment, probably with coastal salinity, but not brackish. The assemblage is unlikely to be 
representative of the community that would have been present, as only the well-silicified taxa 


have survived. 


Macroplants: The recovery of small wood fragments, sedge, bogbean, Cenococcum sclerotia 


(fungal), flecks of charcoal and marine shell indicate that the landscape was probably populated 


by mostly herbaceous vegetation growing in a damp habitat, with aquatic weed species and, 
given the presence of marine shell, with some marine influence. 
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Radiocarbon dating: A sample of wood from Soil Unit C1 in HKW054-BH was beyond the range 


of the radiocarbon dating method.  


Archaeological significance: The palynofloras obtained from Soil Unit C indicate that 


deposition occurred primarily under subtidal (i.e. permanently below water) to intertidal 
conditions. The low diversity of the dinocyst assemblage with notable “blooms” of brown cysts, 


however, suggests some restriction to water circulation, probably caused by only partial 


connection to open marine waters. Combined evidence from dinocysts, marine diatoms and 
foraminifera indicates a fairly high energy marginal marine depositional environment. The 


likelihood is that this soil unit, representative of the Brown Bank Member of the Eem Formation, 


was deposited mainly during the “falling stages” of sea level (MIS5d-a) and influenced by the 
prograding “early glacial” Rhine Delta (Hijma et al., 2012). The presence of wood fragments and 


abundant evidence of plants that favour damp and boggy habitats, such as aquatic weed species, 


may be due to the proximity of, or inwashing from, those deltaic environments. Pollen 
associations show a mix of cold tolerant (e.g. Betula, Pinus and Picea) and warmth requiring 


(e.g. Quercus and Carpinus) dryland and riverine trees (e.g. Alnus). Taxa preferring cold-cool 


climate mainly characterise the Early Weichselian, whereas the taxa preferring a warmer climate 
are characteristic of the mid to late Eemian. The onshore landscape was therefore probably 


populated with trees, and had a variable warm then cooling climate. It is likely that the dry, 
hinterland areas could have been inhabited whereas habitation of the HKW area at this time is 


improbable because it was under water.  
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Soil Unit D: Late Pleistocene (Eemian) 


Soil Unit D only occurs in borehole HKW114-BH in the present study. 


Palynomorphs: The main feature is the common presence of reworked, mostly Paleogene 
palynomorphs. The pollen association with mixed tree taxa is assigned to palynology zone HKW-


2C of presumed Eemian age and indicates the presence of a largely forested landscape. The 


dominant tree taxa are Pinus, Betula and Alnus, with fewer specimens of Quercus, Carpinus and 
Ulmus. The closest match for this association is with the early part of the Eemian, published 


zones E1 and E2. The low diversity dinocyst assemblage indicates a marine depositional setting, 
becoming restricted marine at the top of the studied interval (suggested by frequent 


foraminiferal test linings, brown cysts and Halodinium). This uppermost sample has an 


assemblage similar to those found in Soil Unit C and this may, therefore, be a transitional 
horizon. The relative abundances of marine (and other) taxa are very probably ”diluted” slightly 


by the frequent occurrence of reworked forms.  


Soil Unit D


114 (n=6)


Soil Unit D


114 (n=6)


Figure 11: Summary of palynological data for Soil Unit D. 


Microfossils: Mainly fine sand with plant fragments. Exceptionally the sample at 11.05-11.30m 
has pebbles and abundant mollusc fragments as observed in the overlying Soil Unit C.  


Borehole
Soil 


unit
(Fugro)


Paly Micro Molluscs Plants Diatoms


14C
(S=shell


W=wood)


Depositional environment


HKW114-BH 11.05 11.30 D X X X Subtidal / restricted marine


HKW114-BH 12.40 12.50 D X X X Estuarine


HKW114-BH 12.50 12.80 D X X X X Estuarine


HKW114-BH 14.20 14.45 D X X X X Estuarine


HKW114-BH 15.70 15.95 D X X X Estuarine


HKW114-BH 18.00 18.25 D X X X X Estuarine


Sample 


depth range 


(m)
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Molluscs: On the basis of preservation type the sample from 11.05m-11.30m yielded a mostly 


marine Eemian assemblage with a mix of reworked and non-reworked specimens. 


Macroplants: Wood fragments (in three samples) and moss, possibly from tree bark (one 
sample) in borehole HKW114-BH indicate that there was woody vegetation in the vicinity or in 


the hinterland. Remains of aquatic plants recovered at one level suggest that open water 
localities were locally present and that the landscape was wet.  


Archaeological significance: The low diversity dinocyst assemblage indicates a degree of 
marine influence and the occurrence of frequent reworked Palaeogene material indicates that 


this was associated with a period of major erosion in the catchment. The reworking is probably 


derived from Early Cenozoic deposits in the European hinterland, brought into the site of 
deposition by the Rhine/Meuse river and delta. The inferred mixing of marine and riverine waters 


is the criterion used to interpret deposition within Soil Unit D mostly as “estuarine”. Palynology 


and macroplant analysis demonstrate the presence of partially forested and damp habitats 
onshore. Soil Unit D is only represented in this study by an interval of 7m of sediment in one 


borehole and is therefore insufficient to make an accurate reconstruction. Even so, the marine 


and riverine influences mean that habitation at this locality of the HKW site at this time was 
unlikely.  
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Soil Unit E: Late Pleistocene (Early Weichselian-Eemian) 


Soil Unit E is thought to represent a glacial tunnel valley feature formed during the latest Saalian 
and becoming infilled during the Eemian and Early Weichselian. The likelihood is that the samples 


studied from Soil Unit E are “snap-shots” of deposition occurring at various times during the 


Eemian to Early Weichselian, and that Soil Units E, D and C are to some extent co-eval.  


Palynomorphs: All samples studied from Soil Unit E provided a broadly consistent pattern in 
which marine or brackish content is present throughout and frequent in some intervals. The best 


example is in borehole HKW002-BH. Foraminiferal test linings and Halodinium spp. are typically 


the most frequent of the marine/brackish types present. Halodinium spp. are associated with 
marine and transitional coastal settings, such as intertidal and estuarine environments, and may 


show increased abundances close to glacier meltwater plumes (Head, 1993). Typically, tree taxa 


are well represented and include Pinus (pine), Alnus (alder), Betula (birch), Carpinus 
(hornbeam), Quercus (oak) and Ulmus (elm) which can be attributed to palynology zone HKW-


2C. This encompasses published zones E1 to E5.  


Non-tree elements are also present with notably increased pollen from grasses, sedges, heathers 


and saltmarsh plants toward the upper part of the soil unit (e.g. in HKW002-BH, HKW009, 
HKW091-BH and HKW106-BH). Fern and moss spores are also typically common. Strong 


freshwater influence is shown by the occurrence of Nymphaea (water lily) plant microfossils in 


HKW106-BH.This suggests that freshwater channels or ponds were present, and is probably an 
indication of a shift towards colder climates and a more open landscape at the onset of the 


Weichselian (published pollen zone EW). In general, the palynofloras are broadly similar within 


Soil Units E, D and C, with the exception of the higher proportions of reworked taxa in Soil Unit 
D. All three soil units were deposited entirely, or for the most part, within MIS 5 in restricted 


marine, brackish or coastal settings.  


Borehole
Soil 


unit
(Fugro)


Paly Micro Molluscs Plants Diatoms


14C
(S=shell


W=wood)


Depositional environment


HKW002-BH 7.50 7.55 E X X Subtidal / restricted marine


HKW002-BH 8.00 8.30 E X X Subtidal / restricted marine


HKW002-BH 8.30 8.60 E X X Subtidal / restricted marine


HKW002-BH 13.20 13.45 E X X Subtidal / restricted marine


HKW002-BH 15.50 15.70 E X X Subtidal / restricted marine


HKW002-BH 24.00 24.40 E X X Subtidal / restricted marine


HKW002-BH 26.50 26.95 E X X Subtidal / restricted marine


HKW009-BH 6.30 6.60 E X X Subtidal / restricted marine 


HKW047-BH 10.00 10.25 E X X X Subtidal / restricted marine 


HKW047-BH 11.75 12.00 E X X Subtidal / restricted marine 


HKW047-BH 15.75 16.00 E X X Subtidal / restricted marine 


HKW091-BH 7.30 7.55 E X X Intertidal / marginal marine


HKW106-BH 5.60 5.80 E X X Terrestrial / freshw ater


HKW106-BH 5.80 6.00 E X X Terrestrial / freshw ater


Sample 


depth range 


(m)
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Soil Unit E


009 (n=1)


002 (n=5)


047 (n=1)


091 (n=1)


106 (n=2)


Soil Unit E
002 (n=5)


009 (n=1)


047 (n=1)


091 (n=1)


106 (n=2)


Figure 12: Summary of palynological data for Soil Unit E. 


Microfossils: Fine to coarse sand with large angular pebbles in places and often rare mollusc, 
echinoid or wood fragments. 


Molluscs: In the single sample from this soil unit studied strongly abraded specimens of marine 
molluscs Bittium jadertinum, Acanthocardia paucicostata and Macoma balthica indicate Eemian 


or Eemian reworking.  


Archaeological significance: The interpretation of Soil Unit E as an infilled Tunnel Valley 


feature is made on the basis of seismo-stratigraphic information. It is possible that infilling of 
the valley would have commenced in the latest Saalian and then continued with rising sea levels 


during the Eemian. Combined information from palynology and molluscs shows that deposition 


of this soil unit occurred in a periodically high energy, nearshore marine environment. None of 
the dinocysts recorded are typical “open marine” taxa, which further suggests subtidal/restricted 


marine conditions. Reworking is present but not extensive suggesting that marine processes 


were dominant. Pollen assemblages contain mixed dryland tree taxa including coniferous (e.g. 
Pinus) and broadleaved types (e.g. Alnus, Betula, Quercus, Carpinus and Ulmus) transported 


from onshore. Herbaceous elements and some freshwater elements increase towards the top of 


the soil unit (at depths of between ca.5.60m and 8.60m), possibly an indication of more open 
ground, perhaps suitable for habitation. 
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Soil Unit F: Middle Pleistocene (Cromerian) 


 


Soil Unit F is equated with the Yarmouth Roads Formation which is of Middle to Early Pleistocene 
age (Rijsdijk et al., 2005). The palynological zonation for the current study suggests that the 


intervals studied were deposited during the Waardenburg and Westerhoven interglacials at the 
onset of the Cromerian (basal Middle Pleistocene). The Ground Model for the HKW block suggests 


that the later part of the Middle Pleistocene (late Cromerian, Elsterian, Holsteinian and Saalian) 


is not significantly represented in the sedimentary record.  
 


 
 
Palynomorphs: The palynological assemblages obtained in this study are attributed to 


palynology zones HKW-3A and HKW-3B which are assigned as Middle Pleistocene, within the 


range of MIS 17 to 19. They have been correlated with the early part of the “Cromerian Complex” 
on the basis of similarity of the pollen floras with Westerhoven and Waardenburg interglacial 


sediments, as described by De Mulder et al., 2003. Soil Unit F was studied for palynology in all 


of the boreholes with the exception of HKW106-BH. The majority of studied samples are assigned 
to palynology zone HKW-3A on the basis of common to abundant Pinus in association with Alnus, 


Betula, Quercus, Ulmus (elm) and Tilia (linden/lime). Carpinus (hornbeam) pollen is not common 


except for single specimens close to the top of Soil Unit F as assigned in HKW009 and HKW107-
BH. Herb pollen is common more or less throughout the studied intervals and includes pollen 


from grasses, sedges, saltmarsh, heathers and aquatic plants. Fern and moss spores show 
marked increases in the lowermost sampled intervals of HKW091-BH, HKW101-BH and HKW107-


BH, used to assign palynology zone HKW-3B. Marine content is generally low except for samples 


at the very top of the soil unit, as assigned in HKW009 and HKW101-BH, where restricted marine 
conditions are indicated (characterised by Halodinium, foram tests and brown cysts). Otherwise 


all samples contain low numbers of marine taxa suggesting marginal marine - brackish/coastal 


conditions.  
 


Borehole
Soil 


unit
(Fugro)


Paly
(c=clast)


Micro Molluscs Plants Diatoms


14C
(S=shell


W=wood)


Depositional environment


HKW002-BH 27.90 28.25 F X X Intertidal / marginal marine


HKW002-BH 31.20 31.40 F X X Supratidal


HKW002-BH 35.40 35.55 F X X Terrestrial / freshw ater


HKW009-BH 8.00 8.30 F X X Subtidal / restricted marine 


HKW009-BH 10.00 10.30 F X X Indeterminate


HKW009-BH 15.25 15.50 F X X Intertidal / marginal marine


HKW009-BH 18.00 18.30 F X+c X Intertidal / marginal marine


HKW047-BH 20.30 20.60 F X X X Subtidal / restricted marine 


HKW047-BH 21.45 21.75 F X+c X X Supratidal - Terrestrial / freshw ater


HKW047-BH 22.30 22.55 F X X Supratidal - Terrestrial / freshw ater


HKW054-BH-A 12.85 13.10 F X X Intertidal / marginal marine


HKW054-BH-A 13.80 14.15 F X X Supratidal - Terrestrial / freshw ater


HKW091-BH 9.00 9.20 F X X Intertidal / marginal marine


HKW091-BH 10.50 10.80 F X X Intertidal / marginal marine


HKW091-BH 10.80 11.20 F X X Intertidal / marginal marine


HKW091-BH 11.50 11.90 F X X Indeterminate


HKW091-BH 17.80 18.15 F X X Supratidal - Terrestrial / freshw ater


HKW101-BH 10.00 10.50 F X X X Supratidal - Terrestrial / freshw ater


HKW101-BH 13.00 13.35 F X X X Supratidal - Terrestrial / freshw ater


HKW101-BH 13.35 13.70 F X X X Supratidal - Terrestrial / freshw ater


HKW107-BH 20.30 20.60 F X X X Supratidal


HKW107-BH 30.00 30.25 F X X X X Terrestrial / freshw ater


HKW107-BH 30.25 30.75 F X X Terrestrial / freshw ater


HKW107-BH 33.00 33.30 F X X X Indeterminate


HKW114-BH 20.10 20.35 F X X X Intertidal / marginal marine


Sample 


depth range 


(m)
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Soil Unit F


009 (n=3)


002 (n=3)


047 (n=4)
054 (n=2)


107 (n=3)
101 F (n=3)


114 (n=1)


091 (n=3)


Soil Unit F
002 (n=3)


009 (n=3)


054 (n=2) 047 (n=4)


107 (n=3) 101 (n=3)


114 (n=1)


091 (n=3)


Figure 13: Summary of palynological data for Soil Unit F. 


Microfossils: Fine to sometimes coarse sand often with wood fragments which are occasionally 
common, mollusc fragments or pebbles.  


Molluscs: A single sample from this soil unit contained very worn marine mollusc fragments of 
Macoma balthica and indeterminate cardiid molluscs. 


Macroplants: The macroplant assemblages in Soil Unit F at these two locations yielded wood 
fragments and peat, bogbean and sedge fruit which indicate the local presence of trees in a 


damp habitat.  


Archaeological significance: The strongly terrestrially-dominated palynological assemblages 


support the interpretation of the study region at this time (Hijma et al., 2012) as a shallow sea 
(during highstand phases) and delta of the Rhine-Meuse (during lowstand phases). The 


Cromerian period is known to have had a hominin presence in England, with artefacts recovered 


from sites at Pakefield and Happisburgh on the East Anglian coast. It has been suggested (Parfitt 
et al., 2010) that hominins living at this time had become adapted to cooler, southern boreal 


climatic conditions during the Cromerian by around 780,000 years BP. According to Hijma et al., 


2012 no comparable hominin sites had yet been discovered in northwestern Continental Europe, 
including The Netherlands. The Cromerian pollen floras obtained in the present study are 


comparable with present-day boreal (i.e. northern latitude) forests in that they contain frequent 


pine and less spruce. The additional presence of tree taxa such as oak and hornbeam, however, 
suggests closer affinity with temperate deciduous forests, although these pollen elements could 


be brought in from the south by rivers. The pollen content also has frequent taxa from open 
ground suggesting a mixed landscape of forest and open ground, such as heathland, peatland 


and saltmarsh (Figure 7b). The suitability for habitation by hominins is therefore certainly 


possible, perhaps more so during colder periods when sea level is likely to have been lower.    
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Appendix 1 - Radiocarbon (14C) dating 
 


Method 
The radiocarbon method of dating was first developed by a group led by Willard F. Libby in 1949, 


since when it has been used mainly as an archaeological tool. 14C is an unstable isotope of carbon 


which is created from 14N in the upper atmosphere. Carbon (both14C and 12C) rapidly oxidises to 
CO2 and disperses in the atmosphere. It is then absorbed by all living organisms via 


photosynthesis (in the case of plants) or through the food chain (in the case of animals). Because 
14C is an unstable isotope it is constantly decaying, but the proportion of 14C in living organisms 
stays relatively constant over time through continued metabolic uptake. In life the 14C/12C ratio 


therefore remains in equilibrium with the atmosphere. However, upon death there is no further 


uptake of carbon and the 14C decays to 12N with a half-life of 5730 years. Measurement of the 
amount of 14C remaining in a dead organism will therefore give the date of its death. Using this 


method the maximum detectable age is no greater than 50,000 years but over 40,000 years 


dates are unreliable. In addition, material from the last 300 years gives unreliable ages mainly 
due to the widespread burning of fossil fuels. More recently, the explosion of nuclear bombs both 


of which have artificially increased the amount of 14C in the atmosphere and since 1950 it is not 
possible to provide a date using this method. Since 1977 the use of AMS (Atomic Mass 


Spectrometry) has enabled the use of very small quantities (10mg) of material.  


 
Calendar year calibration 


The results of 14C dating have traditionally been quoted in “conventional radiocarbon years”, 


typically in years BP (before present) where the “present” is 1950. The initial assumption that 
the concentration of atmospheric 14C has been constant as measured in 1950 has been shown 


to be incorrect. Dating annual tree growth rings of known historical age has demonstrated that 


in the past there have been short term variations in atmospheric 14C levels. Tree ring dating has 
been used to construct a probabilistic calibration curve extending back to 11857 calendar years 


BP (Figure 1). This method is not without its own inaccuracies and has limited precision, but it 
does provide dates in terms of calendar years. Extension of the calibration curve further back to 


about 24,000 calendar years BP has been achieved using U-Th decay series dates from marine 


organisms (principally corals). The INTCAL calibration curve thus constructed has been accepted 
by international consent (see Stuiver et al., 1998).  


 


Using the INTCAL curve it is possible to convert radiocarbon years to calendar years by projecting 
the radiocarbon age onto the curve and observing the intercept on the calendar year axis (Figure 


2). This can be done manually, but there are now computer programs in the public domain which 


will provide a more consistent and accurate calibration. Because the calibration curve is not a 
straight line it is possible to have many intercepts on the calendar year axis each with its own 


probability range. 
 


Marine reservoir age 


The average difference between a radiocarbon date of a terrestrial organism such as a tree and 
a marine shell of the same age is about 400 radiocarbon years. This difference which is called 


the reservoir age is caused both by the delay in exchange rates between atmospheric CO2 and 


oceanic bicarbonate, and the dilution effect caused by mixing surface waters with upwelling deep 
waters which are very old. Ideally, local reservoir correction factor should therefore be applied 


to conventional radiocarbon dates based on the remains of marine organisms to obtain a more 


precise age.   
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Figure 1: Comparison of the original curve calculated by Libby and the calibrated INTCAL98 curve. 


(From Stuiver et al. 1998) 
 


 
 


Figure 2: Conversion of conventional radiocarbon years to calendar years using the INTCAL98 calibration curve. 


(From Beta Analytic) 
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Reworking 


For practical purposes 14C dating records the time of death of an organism and not the point at 


which it is finally entombed in sediment. Reworking of older material into younger sediments 
frequently occurs and can dramatically increase their 14C age. It is important, therefore, to select 


specimens for analysis with great care and to record any doubtful material before analysis. 
 


Material used 


Each sample is prepared in the same way as for a micropalaeontological analysis, i.e. washed 
through a 125μm sieve and the residue dried at 100oC. The dried residue is then examined for 


microfossils by picking through the residue for suitable well-preserved specimens. These usually 


comprise planktonic foraminifera and pteropods but benthic foraminifera, ostracods and molluscs 
can also be used. Bulk residues are used only when there is no other more suitable material 


available. About 100 - 200gms (wet weight) of material is usually sufficient to provide an 


adequate amount of material for analysis. 
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Appendix 2 - Radiocarbon (14C) dating certificates   
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Appendix 3 - Radiocarbon (14C) calendar year calibration 
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Appendix 4 - Diatom sample preparation, analysis and 


quality control 


Sample preparation 


Samples were cleaned using the hot peroxide (H2O2) method. Approximately 0.1g of core 


material (or 0.01g if dried) was transferred to a beaker where ca. 20 ml of 30% H2O2 is added. 


Samples are then heated at 90 (± 5) °C until all organic material has been oxidised (when the 
evolution of bubbles ceases). This stage is closely monitored as the addition of extra H2O2 is 


often required to reach this stage. 


The samples are then cooled in the fume cupboard and a few drops of 1M hydrochloric acid (HCL) 


added to remove any remaining H2O2 and any carbonates present. Beaker sides were washed 


down with distilled water, and the contents transferred to sterilin tubes for the washing process. 


Samples were washed manually to minimise damage to the diatom valves. The samples are left 
undisturbed to settle out for a period of 24hrs (minimum). Disposable pipettes (one per sample) 


are then used to remove the supernatant to approximately 5 mm above the sample surface. 


Distilled water is then be added vigorously as a wash. The samples were washed 4 times in total. 
Clay may be removed during the last wash by adding a few drops of 1% ammonia solution to 


the sample and decanted off with the supernatant. The cleaned material was stored in labelled 


sterilin tubes prior to slide preparation. 


Diatom slides were prepared using thickness 0 coverslips of 19mm diameter, mounted with 


Naphrax on unwashed microscope slides. Each sample was manipulated with its own disposable 


Pasteur pipette. 


Cleaned samples were homogenized by shaking, and an aliquot removed and diluted to an 


acceptable concentration where fine particles are just visible in suspension. Two coverslips per 
sample were flooded with this homogenized suspension and evaporated at room temperature in 


a specially set aside area. Any suspensions severely clumped after evaporation were washed 


again and re-settled. 


Prior to permanent mounting the density of diatom valves were checked by examining a coverslip 


(placed face down on a slide, using a new slide for each coverslip) at 400× magnification for 


densities in the region of 30 valves per field of view. Suspension concentration would be adjusted 
as necessary to obtain this density (or as close to as possible given the constraints of sample 


quality) which equates to c.15 valves per field of view at 1000× magnification. 


Coverslips with suitable valve densities were mounted with Naphrax, using a hotplate in a fume 


cupboard as the heat source. Two slides per sample were prepared and labelled. 


Slide enumeration 


Slides were enumerated on a high power light microscope using a 1000× oil immersion lens and 
phase contrast illumination. All such microscopes are fitted with a correctly calibrated eyepiece 


graticule with a resolution of 1μm, and apparatus for photomicroscopy to aid in the identification 


of difficult specimens. 


The floras and identification guides available for use with BioLabs are as follows. 


• Krammer and Lange-Bertalot (1999 - 2004). The updated standard European flora 


in four volumes and the English translation of the keys. 


• Witkowski et al (2000). Diatom flora of Marine Coasts 


• Hartley et al. (1996). A compendium of illustrations of most species recorded from 
the British Isles 


• Kelly (2000). The Field Studies Council publication specifically written for use with 
the TDI 


•  


A minimum of 300 diatom valves were enumerated per sample. A consistent approach to broken 
or corroded valves was adopted and to avoid over counting. If more than half a valve of a 


pennate diatom was found, it was counted as one valve; central fragments of centric diatoms 
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were counted as one valve. Relative abundances of all taxa present were recorded and identified 


to the lowest taxonomic level possible. 


Samples were enumerated by tallying all diatoms visible within a field of view before moving 
along a horizontal or vertical traverse to the next field of view. Where taxa were only partially 


visible at the left margin (for vertical traverses) or the lowermost margin (for horizontal 
traverses) they were not included in the count. Where more than one traverse was required 


these were separated by two fields of view to ensure that no diatom was counted twice. 


Analytical Quality Control 


All externally-sourced laboratory equipment (e.g. microscope slides, coverslips, disposable 


pipettes, sterilin tubes) is routinely screened for contamination. With each operational batch of 
samples processed, two AQC samples are included. One of these, the blank sample where 


distilled water is used in place of a diatom sample, is used to check for contamination between 
samples. The other, batch control sample which is an aliquot taken from an extra large sample, 


is used to assess the consistency of the preparation quality, and that the preparation procedure 


does not affect sample composition. The batch control sample is analysed by the same diatom 
analyst, and the TDI (trophic diatom index) calculated along with the Hills N2 diversity value, 


the Bray-Curtis value (must be greater than 60% when Hills N2 is greater than 3) and gains and 


losses of taxa that account for 2% or more of the assemblage (no more than two of each). Our 
results show that the TDI value from the batch control samples does not vary by more than ±7 


TDI units between samples, and is within 


±2 s.d. units of the first batch control sample analysed 98% of the time. This indicates a high 


level of consistency of sample and slide preparation. 
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Appendix 5 - Macroplant analysis reports 
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Factual Data 


Samples collected from a series of boreholes from the North Sea were submitted for environmental analysis. 
The samples comprised nine sediment samples, four residues and nine isolated fragments of wood. The main 
objective of this analysis was to recover macroplant remains and identify them to species where possible, to 
determine the nature of the environment of deposition and the character of the surrounding landscape at time 
of deposition.  
 


Methodology  


Thirteen borehole samples were submitted for analyses. Four of the samples comprised residues that had 
been fully processed prior to delivery to AOC; the remaining nine samples were of sediment comprised of sand 
with small inclusions of peat and clay. Nine isolated fragments of wood were also submitted for species 
identification. 
 
The four dried samples were separated using 4mm, 2mm, 1mm and 300µm stack sieves and scanned using 
a microscope. The nine sediment samples were processed in their entirety using a floatation method designed 
to retrieve ecofactual finds (cf. Kenward et al., 1980). The four dried residues have been stored in sample 
bags. The nine waterlogged samples are stored in sample tubes in distilled water and are currently in cold 
storage (below 4°C).  
 
All plant macrofossils, including wood fragments, were examined at magnifications of x10 and up to x450 
where necessary to aid identification. Plant identifications were confirmed using modern reference material 
and seed atlases (Cappers et al 2006; Cappers et al 2012; Cappers et al 2013; Schulz 2018; Tomlinson 1985). 
Nomenclature for plants follows Stace (2010).  
 
Wood fragments larger than 4mm were selected for species identification. Species identifications were 
confirmed by analysing the transverse, tangential and radial sections at x70-x450 magnification and using keys 
and texts (Schweingruber 1990; Hather 2000).  
 


Results 


The results are presented in Table 1 The macroplant finds, Table 2 The wood species and Table 3 Sediment 
descriptions. Sediment descriptions follow the Troels-Smith system of sediment classification (Troels-Smith, 
1955).  
 


The plant assemblage 


 
Preservation of the macroplant assemblage was facilitated through waterlogged, anaerobic conditions. The 
assemblage was low in terms of both number and species diversity. Preservation of remains ranged from 
mostly poor to adequate with a much smaller number described as good. The macroplants described as poor 
mostly belonged to the four processed samples as the initially waterlogged material had become fragile as it 
dried out. The plant taxa fell into four categories of (1) woodland, (2) mixed habits of waste ground, (3) wetland 
and (4) aquatic species.  
 
The macroplant assemblage was composed of unidentifiable leaves and wood fragments; fruits and seeds of 
hemp-nettle (Galeopsis sp), creeping cinquefoil (Potentilla reptans L), cinquefoils (Potentilla sp), sedge (Carex 
sp), common water-crowfoot (cf. Ranunculus aquatilis L), bogbean (Menyanthes trifoliata L), naiads (Najas 
sp), pondweed (Potamogeton sp); and leaves and stem fragments of Sphagnum moss and moss. This plant 
assemblage represents locally grown species that tend not to be dispersed too far from their original source 
(Birks and Birks, 1980, 68). The macroplant assemblage is low in both species diversity and relative abundance 
throughout the borehole samples. Given the small size of the assemblage the conclusions presented below 
are somewhat speculative, but they are based on the surviving ecofactual evidence that is reflective of some 
environmental changes in the development of this site within the catchment area.  
 
Other finds included charcoal, marine shell, peat fragments, Cenococcum sclerotia spores and insect remains.  
 


The wood assemblage 


Preservation of this material ranged from mostly poor to adequate. A single fragment from borehole HKW106-
BH depth 1.50-1.70 was identified as ash (Fraxinus sp) and a piece of bark was identified from borehole 
HKW101-BH depth 13.35-13.70. The remaining seven fragments could not be identified, and it is possible 
these are wood root which makes further analysis difficult.  
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The macroplant results are briefly summarised below by number and depth  
 
HKW054-BH Depth 6.2-6.5 
 
Description: This sample (0.3g) was processed before it arrived at AOC, the residue being described as sand.  
 
Macroplant: The surviving ecofacts were desiccated and consisted of small wood fragments, sedge, bogbean, 
cenococcum sclerotia, flecks of charcoal and marine shell. The charcoal was not collected for further analysis 
as its small size prohibited identification to species.  
 
Discussion: Sedge and bogbean tend to favour damp and boggy habitats as do some tree species although 
none of the wood fragments could be identified. The ecofacts indicate that the landscape was probably 
populated by woodland growing in a damp habitat and given the presence of marine shell, sea flooding had 
occurred.  
 
 
HKW101-BH Depth 3.00-3.30 
 
Description: The sediment (261.1g) was formed of a mid grey damp compacted sand. There were noticeable 
inclusions of peat which did not break down during processing. 
  
Macroplant: The most abundant ecofacts within this sample were small fragments of peat. Infrequent inclusions 
of wood, sedge, bogbean, naiads, Sphagnum sp and charcoal were also recorded. Other finds included marine 
shell and fragments of beetles.  
 
Discussion: This sample is characterised by plants which typically favour damp, acidic boggy environments. 
Fragments of wood indicate the local presence of trees. The presence of marine shell suggests that flooding 
occurred during this period.  
 
HKW101-BH Depth 3.60-3.80 
 
Description: The sediment (336.1g) was described as a dry light grey loose sand.  
  
Macroplant: The macroplant assemblage was dominated by small fragments of desiccated peat fragments. 
Other finds were small inclusions of hemp-nettle, sedge, bogbean, naiads, charcoal, beetles, earth worm 
capsules, insect eggs and marine shell.  
 
Discussion: The herbaceous ecofact assemblage within this sample is similar to the results reported from 
depth 3.00-3.30, although this sample differs in the absence of wood fragments and a greater abundance of 
insects. The absence of wood suggests an open waterlogged landscape This is supported by the presence of 
hemp-nettle which is typically found in more open waste ground and is also able to grow in damper 
environments.  
 
HKW101-BH Depth 10-10.5 
Description: This sediment (240.6g) was formed of a light grey damp compact sand. 
  
Macroplant: The macroplant assemblage was small and consisted of wood fragments and peat.  
 
Discussion: The macroplant assemblage while small would appear to indicate the local presence of trees in a 
damp habitat. 
 
HKW101-BH Depth 13.35-13.70 
Description: The sample (223.7g) was described as damp sand and was light grey in colour.  
  
Macroplant: The macroplant assemblage was formed of wood fragments alongside a small number of peat 
inclusions.  
 
Discussion: The composition of this sample is comparable to core A-101 depth 10-10.5 and indicates the local 
presence of trees in a damp habitat.  
 
HKW106-BH Depth 2.15-2.30 







84            Palaeoenvironmental assessment, Hollandse Kust (west) Wind Farm Zone    
___________________________________________________________________ 


 


 


Description: The sediment (226.3g) was composed of a damp light grey sand. 
 Macroplant: The macroplant assemblage was varied and was identified as wood fragments, creeping 
cinquefoil, sedge, bogbean, pondweed, common water-crowfoot and moss. There were also small inclusions 
of marine shell.  
 
Discussion: The macroplant assemblage indicates that the habit was damp and was able to support a range 
of species including trees and weeds which favour wet and aquatic environments. There were occasional 
fragments of marine shell within this deposit and this could represent flooding.  
 
HKW106-BH Depth 3.50-3.80 
Description: The sediment (306.2g) was a damp sand light grey in colour.  
 
Macroplant: The macroplant assemblage was low in both numbers and species diversity. There were 
infrequent inclusions of wood, Sphagnum sp and moss. Other finds included marine shell and beetles.  
 
Discussion: The macroplant assemblage is indicative of the local presence of trees and wetland habitats.  
 
HKW107-BH Depth 4.25-4.50 
Description: The deposit (238.7g) consisted of a damp compact sand light grey in colour.  
  
Macroplant: The finds from this deposit were composed of wood fragments, cinquefoils, bogbean, pondweed, 
moss, peat, charcoal and marine shell.  
 
Discussion: These remains have derived from a damp wooded landscape with areas of boggy peat. The 
presence of marine shell suggests that flooding probably occurred in this vicinity.  
 
HKW107-BH Depth 20.30-20.60 
Description: The sediment (189.6g) was a damp compact light grey sand.  
  
Macroplant: The macroplant assemblage was identified as leaves, wood fragments, naiads, plant stems, 
Sphagnum sp and moss. Other finds included beetles and earth worm capsules.  
 
Discussion: This assemblage represents the remains of a damp habitat populated with trees and some aquatic 
weed species.  
 
HKW107-BH Depth 30.0-30.25 
Description: The sample (149.6g) was a light grey compact damp sand.  
  
Macroplant: The only finds from this deposit were a large quantity of wood fragments and a small quantity of 
moss.  
 
Discussion: The wood fragments indicate that trees grew in this vicinity and the moss was possibly an inclusion 
on the tree bark.  
 
HKW114-BH Depth 12.50-12.80 
Description: This processed residue (0.1g) was composed of sand and grit and the surviving ecofacts were 
desiccated.  
 
Macroplant: The plant material consisted of frequent fragments of wood along with a smaller concentration of 
moss.  
 
Discussion: Results suggest that woodland grew in this vicinity and the moss was possibly an inclusion on the 
bark.  
 
HKW114-BH Depth 14.20-14.45 
Description: This processed reside (0.1g) was composed of sand and grit and the ecofacts were noticeably 
desiccated.  
 
Macroplant: There were two seeds tentatively identified as naiads which were recovered alongside frequent 
inclusions of wood fragments.  
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Discussion: The presence of the wood fragments indicates that trees grew in the vicinity. The Naiads are an 
aquatic plant which suggest the landscape was wet.  
HKW114-BH Depth 18.0-18.25 
Description: This residue (<0.1g) was composed of sand and grit and the finds had dried out. 
 
Macroplant: The only find from this sample was a small number of wood fragments. 
 
Discussion: This material was of little interpretive value and the most that could be ascertained is that woodland 
was present. 
 


Discussion 


The woodland taxa 
Evidence of woodland from the samples was dominated by small indeterminate fragments of wood along with 
occasional leaf fragments. One wood fragment was identified as ash which typically favours damp soils (Stace 
2010, 582; Linford, 2009). The fluctuations in abundance of wood fragments between samples could be a 
consequence of sea water flooding as evidenced by the presence of marine shell in six samples. Salty or 
brackish habitat would have affected the ability of tree species including ash to successfully grow within this 
landscape.  
 
Waste ground 
Small numbers of hemp-nettle, creeping cinquefoil and cinquefoils were noted in three boreholes. These 
species tend to favour waste ground but can also survive within damper environments. Given the small size 
of this assemblage it indicates that while the site may have experienced periods of drying out it was never 
sufficient to encourage the large-scale growth of more varied weed taxa. 
 
The wetland species 
Sedge and bogbean thrive in damp and boggy habitats including peat bogs, wetland and meadows. Bogbean 
is also a semi-aquatic plant which requires very damp habitats to successfully develop. Both these species 
were only recovered in small numbers. This suggests that the site experienced periods of flooding and then 
reverted to being damp before periodically drying out. 
 
The aquatic species 
The aquatic species were naiads, pondweed and common water-crowfoot. These plants tend to favour slow 
moving fresh water but can survive in more brackish water. As these species were recovered alongside other 
taxa including wood and wetland species it suggests the standing water was more likely to be fresh than 
brackish.  
 
The moss 
Sphagnum sp. and other moss fragments not identified were recorded and it is likely these were either 
inclusions within the peat or were growing on tree bark. 
 
Charcoal 
Small flecks of charcoal were noted within four deposits and it is likely they derived from a fire event and 
became incorporated within these layers. It is not uncommon for small flecks of charcoal to be deposited some 
distance from the primary fire event if they are transported by wind. It is therefore not possible to state with 
any surety that the charcoal represents a fire event/s which occurred in the immediate vicinity.  
 
The marine shell 
The marine shell and sand suggest that there were some occurrences of seawater flooding that would have 
impacted on the plants growing in this location. The marine shell is composed of different species and includes 
small fragments of common cockle.  
 


Conclusion  


Given the small size of this assemblage no further work is recommended. If material is required for C14 dating 
the ash from HKW106-BH, 1.50-1.70 is suitable along with the macroplant remains and wood fragments from 
the nine waterlogged cores. The ecofacts from the four dried resides are desiccated and unsuitable for dating. 
The macroplant remains recovered from the boreholes are representative of species which grew locally and 
were preserved within these layers. The surrounding landscape of this site encouraged the growth and 
development of trees including ash and plants which typically favoured wet and aquatic environments. These 
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plant species were able to recolonise after periods of coastal flooding and drying out. In each instance the site 
appears to have reverted to a damp freshwater environment which allowed the same plant taxa to re-establish 
their position within this landscape. The plant assemblage while small remains relatively consistent throughout 
the borehole samples. This demonstrates that the immediate habitat was relatively stable and suitable for the 
growth of plants which favoured wet and aquatic environments.  
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Table 1. The plant assemblage 


 


Borehole     HKW054-BH HKW101-BH HKW101-BH HKW101-BH HKW101-BH HKW106-BH HKW106-BH 


Depth     6.2-6.5 3.00-3.30 3.60-3.80 10.0-10.5 13.35-13.70 2.15-2.30 3-50-3.80 


Processed at AOC     No Yes Yes Yes Yes Yes Yes 


Weight (g)     0.3 261.1 336.1 240.6 223.7 226.3 306.2 


% Analysed     100 100 100 100 100 100 100 


Species Name Part        


Woodland            


Indet Unknown Leaf frag(s)        


Indet Unknown Wood frag(s) *** *  * *** ** * 


Waste ground            


Galeopsis sp. Hemp-nettle     *     


Potentilla reptans L. Creeping cinquefoil Fruit(s)      *  


Potentilla sp. Cinquefoils Fruit(s)        


Wetland            


Carex sp. Sedge Fruit(s) * * *   **  


Menyanthes trifoliata L. Bogbean Seed(s) * * *   *  


Aquatic            


Najas sp. Naiads Seed(s)  * *     


Potamogeton sp. Pondweed Fruit(s)      **  


cf. Ranunculus aquatilis L. Common water-crowfoot Fruit(s)      *  


Indet plant            


Indet Plant stems Stem(s)        


Indet Unknown seed(s)/fruit(s)   *   *  


Moss            


Sphagnum sp.   Leaf and/or sht frg(s)  *     ** 


Moss   Leaf and/or sht frg(s)      *** * 


Other            


Charcoal   Frag(s) <4mm <4mm <4mm     


Peat   Frag(s)   **** **** * *     


Marine Shell   Frag(s) ** ** *     * **  


Insect/Spores                   


Beetle   Frag(s)   ** *       * 


Cenococcum sclerotia    Spores *             


Earth worm   Capsule     *         


Insect egg   Frag(s)     *         
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Table 1. The plant assemblage contd. 


Borehole     HKW107-BH HKW107-BH HKW107-BH HKW114-BH HKW114-BH HKW114-BH 


Depth     4.25-4.50 20.3-20.6 30.0-30.25 12.50-12.80 14.20-14.45 18.0-18.25 


Processed at AOC     Yes Yes Yes No No No 


Weight (g)     238.7 189.6 149.6 0.1 0.1 <0.1 


Species Name Part       


Woodland           


Indeterminate Unknown Leaf frag(s)  *     


Indeterminate Unknown Wood frag(s) * ** *** *** *** * 


Waste ground           


Galeopsis sp. Hemp-nettle         


Potentilla reptans L. Creeping cinquefoil Fruit(s)       


Potentilla sp. Cinquefoils Fruit(s) *      


Wetland           


Carex sp. Sedge Fruit(s)       


Menyanthes trifoliata L. Bogbean Seed(s) *      


Aquatic           


Najas sp. Naiads Seed(s)  *   *  


Potamogeton sp. Pondweed Fruit(s) **      


cf. Ranunculus aquatilis L. Common water-crowfoot Fruit(s)       


Indet plant           


Indet Plant stems Stem(s)   *         


Indet Unknown seed(s)/fruit(s) *           


Moss                 


Sphagnum sp.   Leaf and/or sht frg(s)   *         


Moss   Leaf and/or sht frg(s) ** * * *     


Other                 


Charcoal   Frag(s) <4mm       


Marine Shell   Frag(s) **           


Peat   Frag(s) *            


Insect/Spores                 


Beetle   Frag(s)   *         


Cenococcum sclerotia    Spores             


Earth worm   Capsule   *         


Insect egg   Frag(s)             


  Key:*=<10, **=10-29, ***=30-100, ****=>100 
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Table 2. The wood species 


 


Borehole Depth Species Name Number 


HKW047-BH 20.3-20.6 Wood Root 1 


HKW091-BH 9.00-9.20 Wood Root 1 


HKW101-BH 10.0-10.5 Wood Root 1 


HKW101-BH 13.35-13.70 Wood Bark 1 


HKW106-BH 1.50-1.70 Fraxinus sp. Ash 1 


HKW107-BH 11.30-11.60 Wood Root 1 


HKW107-BH 3.50-3.75 Wood Root 1 


HKW107-BH 30.0-30.25 Wood Root 1 


HKW107-BH 30-25-30.50 Wood Root 1 


 


Table 3. The sediment descriptions 
 


Borehole HKW101-BH HKW101-BH HKW101-BH HKW101-BH HKW106-BH HKW106-BH HKW107-BH HKW107-BH HKW107-BH 


Depth 3.00-3.30 3.60-3.80 10.0-10.5 13.35-13.70 2.15-2.30 3-50-3.80 4.25-4.50 20.3-20.6 30.0-30.25 


Physical features          


Darkness 1 1 1 1 1 1 1 1 1 


Stratification 0 0 0 0 0 0 0 0 0 


Elasticity 0 0 0 0 0 0 0 0 0 


Dryness 3 4 3 3 3 3 3 3 3 


Colour LG LG LG LG LG LG LG LG LG 


Structure H H H H H H H H H 


Humicity 4 4 4 4 4 4 4 4 4 


Key          


Darkness 0 in lightest shades through to 4 in the darkest sediments      


Stratification 0 completely homogeneous through to with 4 clear layers/bands     


Elasticity 0 not very through to 4 very       


Dryness 0 very wet through to 4 very dry       


Colour BG= blue gray, VDB= very dark brown, DB= dark brown, LG= light grey, DG= dark grey    


Structure F=fibrous, H=Homogeneous       


Humicity 0 in fresh peat to 4 completely decomposed peat      
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Factual Data 


Three macroplant samples collected from HKW were all submitted for environmental assessment. These 
samples were collected from a series of boreholes, but at time of writing this report no further site information 
was available. Given the small size of the assemblage no attempt has been made to interpret the evidence to 
recognise any environmental changes within this landscape. Instead this assessment focused primarily on 
processing the sediment sample, identifying the ecofact assemblage to species, giving recommendations for 
suitable material for radiocarbon dating and for any further work.  
 


Methodology  


The sediment sample was processed in its entirety using a floatation method designed to retrieve ecofactual 
finds (cf. Kenward et al., 1980). The sediment was formed of a desiccated peat with small inclusions of silty 
sand which did not require any pre-treatment. The sediment sample was processed using a system of 4mm, 
2mm, 1mm and 300mm stack sieves and scanned using a low power microscope. The processed sample is 
stored in distilled water and is currently in cold storage (below 4°C).  
 
The plant macrofossils were examined at magnifications of x10 and up to x450 where necessary to aid 
identification. Plant identifications were confirmed using modern reference material and seed atlases (Cappers 
et al 2006; Cappers et al 2012; Cappers et al 2013). Nomenclature for plants follows Stace (2010).  
 
Wood fragments larger than 4mm were selected for species identification. Species identifications were 
confirmed by analysing the transverse, tangential and radial sections at x70-x450 magnification and using keys 
and texts (Schweingruber 1990; Hather 2000).  
 


Results 


The results are presented in Table 1 The macroplant finds  
 


The plant assemblage 


Preservation of the macroplant assemblage was facilitated through waterlogged, anaerobic conditions. The 
assemblage was low in terms of both number and species diversity. Preservation of the plant remains was 
mostly poor. Those finds recorded as poor were typically the hand retrieved macroplant and wood which had 
dried out and become fragile. The ecofact samples extracted from the sediment sample were marginally better 
preserved. There were three categories of plant taxa (1) woodland, (2) mixed habits of waste ground and (3) 
wetland.  
 
Six macroplants were extracted by hand from three samples. From core HKW047-BH depth 20.30m-20.60m 
there were four plant remains of which one was bogbean (cf Menyanthes sp). The other taxa could not be 
identified further due to poor preservation. In core HKW047-BH depth 21.45m-21.75m there was one sedge 
(Carex sp) and in core HKW107-BH depth 4.25m-4.50m there was one grass (Poaceae sp) culm node.  
 
The results are briefly summarised below by number and depth.  
 
HKW047-BH Depth 20.30m-20.60m 
 
Description: This sample was processed out with AOC and consisted of four hand retrieved macroplants.  
 
Macroplant: There were four poorly preserved macroplants of which one was identified as bogbean. The other 
three were too fragile to allow for species identification.  
 
Recommendation: Given the poor preservation of this material they are unlikely to provide enough carbon for 
radiocarbon dates.  
 
HKW047-BH Depth 21.45m-21.75m 
 
Description: This sample was processed externally and was formed of a single hand retrieved macroplant.  
  
Macroplant: The macroplant assemblage was identified as a poorly preserved sedge fruit.  
 
Recommendation: This material is unsuitable for dating.  
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HKW107-BH Depth 4.25m-4.50m 
 
Description: This sample was processed out with AOC.  
 
Macroplant: There was a single grass culm node which was poorly preserved.  
 
Recommendation: This material is unsuitable for dating.  
 


Recommendations  


Given the small size and generally poor preservation of this ecofact assemblage no further work is 
recommended. The macroplant remains are too fragile and are unsuitable for dating.  
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Table 1. The plant assemblage 


 


Borehole     HKW047-BH HKW047-BH HKW047-BH 


Depth (m)     20.30-20-60 21.45-21.75 4.25-4.50 


Processed at AOC     No No No 


Weight (g)     N/A N/A N/A 


% Analysed     100 100 100 


Species Name Part       


Woodland           


Betula sp. Birch Fruit(s)       


Wood  Indeterminate Wood frag(s)       


Waste ground           


Poaceae sp. Grass Culm node(s)   1 


cf. Viola sp. Violet Seed(s)    


Stems Indeterminate Frag(s)    


Damp/Wetland        


Carex sp. Sedge Fruit(s)  1  


cf. Menyanthes sp. Bogbean Seed(s) 1   


Indeterminate plant        


Unknown Indeterminate Fruit/Seed(s) 3   


Moss        


Sphagnum sp.   Loose leave(s)       


Other Finds           


Cenococcum sclerotia   Spore(s)       


Flint   Frag(s)       


Marine shell Indeterminate Frag(s)       


Peat   Frag(s)       


Quartz   Frag(s)       
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Appendix 6 - Overview of HKW palynological samples sorted by borehole 
 
Includes sample lithology as provided by Fugro, a qualitative estimate of palynomorph preservation and richness, presence of organic fragments and charred fragments in palynological samples, the 


total count of palynomorphs and total count of pollen/spores of land plants. Key (qualitative scale): - = absent, + = rare, ++ = occasional, +++ = frequent, (+)++++ = (very) abundant. 
TLP=Total Land Palynomorphs 


 


Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 


Organic 


fragments 


Charred 


fragments 


Total 


palynomorph 


Sum 


Pollen sum 


TLP 


B HKW002-BH 0.55 sand with clay clasts, some molluscs fair mod. poor ++++ + 262 220 


B HKW002-BH 2.90 black silty clay fair/good rich +++++ + 319 278 


B HKW002-BH 6.35 black silty sand fair/good rich ++++ - 359 325 


E HKW002-BH 7.50 coarse grey sand poor/fair mod. poor ++ + 168 147 


E HKW002-BH 8.00 coarse grey sand fair poor ++ + 141 115 


E HKW002-BH 8.30 coarse grey sand poor/fair poor + + 147 110 


E HKW002-BH 13.20 coarse grey sand poor/fair very poor + + 45 29 


E HKW002-BH 15.50 coarse grey sand poor/fair mod. poor ++ + 193 160 


E HKW002-BH 24.00 coarse grey sand poor/fair poor + - 122 80 


E HKW002-BH 26.50 coarse grey sand poor/fair mod. poor ++ + 256 181 


F HKW002-BH 27.90 coarse grey sand with clay/silt partings fair/good mod. rich +++ + 300 271 


F HKW002-BH 31.20 coarse grey sand with common silty clay clasts fair/good very rich +++++ - 366 341 


F HKW002-BH 35.40 coarse grey sand slightly silty + few pebbles fair/good rich ++++ - 283 263 


B HKW009-BH 2.40 fine grey sand fair/good poor ++ + 194 111 


E HKW009-BH 6.30  fair/good mod. rich +++ ++ 338 246 


F HKW009-BH 8.00  fair/good mod. poor +++ ++ 268 209 


F HKW009-BH 10.00  poor/fair barren ++ ++ 6 5 


F HKW009-BH 15.25  fair mod. poor +++ ++ 242 196 


F HKW009-BH 18.00  fair mod. rich ++++ ++ 252 220 


A HKW047-BH 3.50 fine sand with molluscs good mod. poor ++ + 286 114 


B HKW047-BH 4.50 coarse grey sand poor/fair very poor ++ ++ 40 22 


B HKW047-BH 5.00 coarse grey sand with molluscs poor/fair very poor ++ ++ 29 17 


B HKW047-BH 5.50 coarse grey sand poor barren + + 9 7 


B HKW047-BH 7.80 coarse grey sand poor/fair very poor ++ + 42 30 
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Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 


Organic 


fragments 


Charred 


fragments 


Total 


palynomorph 


Sum 


Pollen sum 


TLP 


E HKW047-BH 10.00 coarse grey silty sand with molluscs poor/fair barren ++ + 6 6 


E HKW047-BH 11.75 coarse grey sand poor/fair poor ++ ++ 64 37 


E HKW047-BH 15.75 coarse grey sand fair/good mod. rich +++ ++ 259 226 


F HKW047-BH 20.30 coarse grey sand with wood and pebbles fair/good mod. rich ++++ + 256 215 


F HKW047-BH 21.45 coarse sand with large clay clasts fair/good very rich ++++ + 321 296 


F HKW047-BH 21.45 clay clasts good very rich +++++ ++ 416 393 


F HKW047-BH 22.30 fine silty sand fair/good mod. rich +++ ++ 274 248 


B HKW054-BH 3.80 soft grey sand poor barren + + 7 6 


B HKW054-BH 4.85 soft grey sand poor/fair very poor + ++ 27 20 


B HKW054-BH 5.25 soft grey sand poor/fair poor +++ ++ 130 111 


C1 HKW054-BH-A 5.55 dark grey silty sand fair/good rich ++++ ++ 340 270 


C1 HKW054-BH-A 6.20 dark grey silty sand fair/good very rich +++++ ++ 339 272 


C1 HKW054-BH-A 6.50 dark grey silty sand good rich +++++ ++ 328 277 


C1 HKW054-BH-A 9.00 coarse sand with molluscs and black clay clasts fair/good mod. rich +++ + 297 243 


C1 HKW054-BH-A 9.00 coarse sand with molluscs and black clay clasts good very rich +++++ ++ 319 265 


C2 HKW054-BH-A 10.25 coarse sand fair/good mod. poor ++ ++ 321 264 


F HKW054-BH-A 12.85 coarse sand fair/good mod. rich ++ ++ 251 236 


F HKW054-BH-A 13.80 coarse sand fair very rich +++++ + 309 284 


B HKW091-BH 1.35 coarse sand with molluscs and wood fragments poor/fair mod. poor +++ + 286 235 


B HKW091-BH 3.30 coarse sand with black pebbles + black silt clasts fair/good mod. poor +++++ - 250 239 


B HKW091-BH 4.30 very coarse sand with molluscs and clay clasts fair/good mod. rich +++++ - 248 223 


B HKW091-BH 5.45 coarse sand with molluscs, pebbles and clay clasts fair/good mod. rich +++++ - 243 215 


B HKW091-BH 6.30 medium/fine sand poor/fair mod. poor +++ + 290 209 


E HKW091-BH 7.30 medium/fine sand poor/fair mod. poor +++ ++ 234 219 


F HKW091-BH 9.00 medium sand with wood fragments poor/fair mod. poor +++ ++ 247 231 


F HKW091-BH 10.50 fine grey sand poor poor ++ + 163 143 


F HKW091-BH 10.80 fine grey sand poor poor ++ + 108 80 


F HKW091-BH 11.50 fine white sand poor barren ++ + 11 11 


F HKW091-BH 17.80 grey sand fair mod. poor +++ + 314 290 
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Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 


Organic 


fragments 


Charred 


fragments 


Total 


palynomorph 


Sum 


Pollen sum 


TLP 


B HKW101-BH 3.00 organic black sand good rich +++++ + 364 307 


B HKW101-BH 3.60 fine grey sand with ?wood frags fair/good rich +++++ + 316 270 


B HKW101-BH 4.65 coarse sand, ?baked sample in another bag - not used fair/good very rich +++++ - 505 411 


B HKW101-BH 5.60 coarse sand with some silt fair/good rich +++++ - 381 298 


F HKW101-BH 8.00 coarse sand with some silt clasts good mod. rich +++++ + 284 215 


F HKW101-BH 8.00 coarse sand with some silt clasts fair/good mod. rich +++++ + 273 223 


F HKW101-BH 10.00 coarse sand with wood fair/good mod. rich ++++ + 325 288 


F HKW101-BH 13.00 coarse sand with mollusc frags and silt  good mod. rich ++++ + 293 275 


F HKW101-BH 13.35 coarse sand with wood fair/good rich ++++ + 247 239 


A HKW106-BH 1.50 dark grey silty sand with molluscs + echinoid fair/good poor +++++ + 172 128 


B HKW106-BH 2.15 dark grey silty sand with molluscs + wood fair mod. poor ++++ ++ 139 130 


B HKW106-BH 2.60 dark grey silty sand fair mod. poor +++ ++ 131 118 


C1 HKW106-BH 3.50 stiff black clay with abundant molluscs fair rich ++++ ++ 326 272 


C1 HKW106-BH 4.00 stiff black clay poor/fair rich +++++ ++ 354 304 


C1 HKW106-BH 4.30 stiff black clay with molluscs poor/fair rich ++++ ++ 294 261 


C1 HKW106-BH 4.80 coarse silty sand with molluscs and black pebbles good mod. rich +++ + 369 303 


E HKW106-BH 5.60 coarse silty sand good mod. poor +++ ++ 215 151 


E HKW106-BH 5.80 grey sand good poor ++ + 173 109 


A HKW107-BH 1.50 coarse sand with some?silt patches + mollusc frags good mod. rich + ++ 317 118 


B HKW107-BH 3.25 grey sand with mollusc frags poor/fair mod. poor ++ ++ 234 149 


B HKW107-BH 3.50 grey sand with wood fair poor ++++ ++ 167 132 


B HKW107-BH 4.25 grey sand with wood/plants fair mod. poor ++++ ++ 208 184 


C1 HKW107-BH 5.00 dark grey silty clay fair/good very rich +++++ + 305 251 


C1 HKW107-BH 7.60 dark grey silty clay with small gastropod good very rich ++++ ++ 338 278 


C1 HKW107-BH 11.30 dark grey silty sand with wood and molluscs fair very rich +++++ ++ 361 291 


C2 HKW107-BH 13.00 dark grey silty sand with molluscs good very rich +++ ++ 332 290 


F HKW107-BH 20.30 dark grey silty sand with black organic clay fair/good very rich ++++ + 381 314 


F HKW107-BH 30.00 dark grey silty clay with wood and organic patches fair mod. rich ++++ + 318 288 


F HKW107-BH 30.25 dark grey silty clay with wood fair mod. rich ++++ + 296 259 
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Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 


Organic 


fragments 


Charred 


fragments 


Total 


palynomorph 


Sum 


Pollen sum 


TLP 


F HKW107-BH 33.00 pale grey clay poor/fair mod. poor +++ ++ 76 62 


B HKW114-BH 9.00 grey sand with molluscs fair poor +++ ++ 169 127 


C1 HKW114-BH 9.40 grey sand with molluscs poor/fair mod. rich +++ ++ 280 220 


D HKW114-BH 11.05 grey sand with molluscs fair rich ++++ ++ 310 214 


D HKW114-BH 12.40 black clay poor/fair very rich ++++ + 342 174 


D HKW114-BH 12.50 grey silty clay fair/good mod. rich +++++ + 266 174 


D HKW114-BH 14.20 grey silty clay fair/good rich ++++ - 320 206 


D HKW114-BH 15.70 grey silty clay poor/fair rich +++++ + 272 143 


D HKW114-BH 18.00 stiff grey clay poor/fair rich +++++ ++ 243 123 


F HKW114-BH 20.10 fine grey silty sand poor/fair mod. poor ++++ + 271 205 
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Appendix 7 - Overview of HKW palynological samples sorted by soil unit 
 


Includes sample lithology as provided by Fugro, a qualitative estimate of palynomorph preservation and richness, presence of organic fragments and charred fragments in palynological samples, the 
total count of palynomorphs and total count of pollen/spores of land plants. Key (qualitative scale): - = absent, + = rare, ++ = occasional, +++ = frequent, (+)++++ = (very) abundant. 


TLP=Total Land Palynomorphs  


 
Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 
Organic fragments 


Charred 


fragments 


Total palyno. 


Sum 


Pollen sum 


TLP 


A HKW047-BH 3.50 fine sand with molluscs good mod. poor ++ + 286 114 


A HKW106-BH 1.50 dark grey silty sand with molluscs + echinoid fair/good poor +++++ + 172 128 


A HKW107-BH 1.50 coarse sand with some ?silt patches + mollusc frags good mod. rich + ++ 317 118 


B HKW002-BH 0.55 sand with clay clasts, some molluscs fair mod. poor ++++ + 262 220 


B HKW002-BH 2.90 black silty clay fair/good rich +++++ + 319 278 


B HKW002-BH 6.35 black silty sand fair/good rich ++++ - 359 325 


B HKW009-BH 2.40 fine grey sand fair/good poor ++ + 194 111 


B HKW047-BH 4.50 coarse grey sand  poor/fair very poor ++ ++ 40 22 


B HKW047-BH 5.00 coarse grey sand with molluscs poor/fair very poor ++ ++ 29 17 


B HKW047-BH 5.50 coarse grey sand poor barren + + 9 7 


B HKW047-BH 7.80 coarse grey sand poor/fair very poor ++ + 42 30 


B HKW054-BH 3.80 soft grey sand poor barren + + 7 6 


B HKW054-BH 4.85 soft grey sand poor/fair very poor + ++ 27 20 


B HKW054-BH 5.25 soft grey sand poor/fair poor +++ ++ 130 111 


B HKW091-BH 1.35 coarse sand with molluscs and wood fragments poor/fair mod. poor +++ + 286 235 


B HKW091-BH 3.30 coarse sand with black pebbles + black silt clasts fair/good mod. poor +++++ - 250 239 


B HKW091-BH 4.30 very coarse sand with molluscs and clay clasts fair/good mod. rich +++++ - 248 223 


B HKW091-BH 5.45 coarse sand with molluscs, pebbles and clay clasts fair/good mod. rich +++++ - 243 215 


B HKW091-BH 6.30 medium/fine sand poor/fair mod. poor +++ + 290 209 


B HKW101-BH 3.00 organic black sand good rich +++++ + 364 307 


B HKW101-BH 3.60 fine grey sand with ?wood frags fair/good rich +++++ + 316 270 


B HKW101-BH 4.65 coarse sand fair/good very rich +++++ - 505 411 


B HKW101-BH 5.60 coarse sand with some silt fair/good rich +++++ - 381 298 


B HKW106-BH 2.15 dark grey silty sand with molluscs + wood fair mod. poor ++++ ++ 139 130 


B HKW106-BH 2.60 dark grey silty sand fair mod. poor +++ ++ 131 118 
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Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 
Organic fragments 


Charred 


fragments 


Total palyno. 


Sum 


Pollen sum 


TLP 


B HKW107-BH 3.25 grey sand with mollusc frags poor/fair mod. poor ++ ++ 234 149 


B HKW107-BH 3.50 grey sand with wood fair poor ++++ ++ 167 132 


B HKW107-BH 4.25 grey sand with wood/plants fair mod. poor ++++ ++ 208 184 


B HKW114-BH 9.00 grey sand with molluscs fair poor +++ ++ 169 127 


C1 HKW054-BH-A 5.55 dark grey silty sand fair/good rich ++++ ++ 340 270 


C1 HKW054-BH-A 6.20 dark grey silty sand fair/good very rich +++++ ++ 339 272 


C1 HKW054-BH-A 6.50 dark grey silty sand good rich +++++ ++ 328 277 


C1 HKW054-BH-A 9.00 coarse sand with molluscs and black clay clasts fair/good mod. rich +++ + 297 243 


C1 HKW054-BH-A 9.00 coarse sand with molluscs and black clay clasts good very rich +++++ ++ 319 265 


C1 HKW106-BH 3.50 stiff black clay with abundant molluscs fair rich ++++ ++ 326 272 


C1 HKW106-BH 4.00 stiff black clay poor/fair rich +++++ ++ 354 304 


C1 HKW106-BH 4.30 stiff black clay with molluscs poor/fair rich ++++ ++ 294 261 


C1 HKW106-BH 4.80 coarse silty sand with molluscs and black pebbles good mod. rich +++ + 369 303 


C1 HKW107-BH 5.00 dark grey silty clay fair/good very rich +++++ + 305 251 


C1 HKW107-BH 7.60 dark grey silty clay with small gastropod good very rich ++++ ++ 338 278 


C1 HKW107-BH 11.30 dark grey silty sand with wood and molluscs fair very rich +++++ ++ 361 291 


C1 HKW114-BH 9.40 grey sand with molluscs poor/fair mod. rich +++ ++ 280 220 


C2 HKW054-BH-A 10.25 coarse sand fair/good mod. poor ++ ++ 321 264 


C2 HKW107-BH 13.00 dark grey silty sand with molluscs good very rich +++ ++ 332 290 


D HKW114-BH 11.05 grey sand with molluscs fair rich ++++ ++ 310 214 


D HKW114-BH 12.40 black clay poor/fair very rich ++++ + 342 174 


D HKW114-BH 12.50 grey silty clay fair/good mod. rich +++++ + 266 174 


D HKW114-BH 14.20 grey silty clay fair/good rich ++++ - 320 206 


D HKW114-BH 15.70 grey silty clay poor/fair rich +++++ + 272 143 


D HKW114-BH 18.00 stiff grey clay poor/fair rich +++++ ++ 243 123 


E HKW002-BH 7.50 coarse grey sand poor/fair mod. poor ++ + 168 147 


E HKW002-BH 8.00 coarse grey sand fair poor ++ + 141 115 


E HKW002-BH 8.30 coarse grey sand poor/fair poor + + 147 110 


E HKW002-BH 13.20 coarse grey sand poor/fair very poor + + 45 29 
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Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 
Organic fragments 


Charred 


fragments 


Total palyno. 


Sum 


Pollen sum 


TLP 


E HKW002-BH 15.50 coarse grey sand poor/fair mod. poor ++ + 193 160 


E HKW002-BH 24.00 coarse grey sand poor/fair poor + - 122 80 


E HKW002-BH 26.50 coarse grey sand poor/fair mod. poor ++ + 256 181 


E HKW009-BH 6.30  fair/good mod. rich +++ ++ 338 246 


E HKW047-BH 10.00 coarse grey silty sand with molluscs poor/fair barren ++ + 6 6 


E HKW047-BH 11.75 coarse grey sand poor/fair poor ++ ++ 64 37 


E HKW047-BH 15.75 coarse grey sand fair/good mod. rich +++ ++ 259 226 


E HKW091-BH 7.30 medium/fine sand poor/fair mod. poor +++ ++ 234 219 


E HKW106-BH 5.60 coarse silty sand good mod. poor +++ ++ 215 151 


E HKW106-BH 5.80 grey sand good poor ++ + 173 109 


F HKW002-BH 27.90 coarse grey sand with clay/silt fair/good mod. rich +++ + 300 271 


F HKW002-BH 31.20 coarse grey sand with common silty clay clasts fair/good very rich +++++ - 366 341 


F HKW002-BH 35.40 coarse grey sand slightly silty + few pebbles fair/good rich ++++ - 283 263 


F HKW009-BH 8.00  fair/good mod. poor +++ ++ 268 209 


F HKW009-BH 10.00  poor/fair barren ++ ++ 6 5 


F HKW009-BH 15.25  fair mod. poor +++ ++ 242 196 


F HKW009-BH 18.00  fair mod. rich ++++ ++ 252 220 


F HKW047-BH 20.30 coarse grey sand with wood and pebbles fair/good mod. rich ++++ + 256 215 


F HKW047-BH 21.45 coarse sand with large clay clasts fair/good very rich ++++ + 321 296 


F HKW047-BH 21.45 clay clasts good very rich +++++ ++ 416 393 


F HKW047-BH 22.30 fine silty sand fair/good mod. rich +++ ++ 274 248 


F HKW054-BH-A 12.85 coarse sand fair/good mod. rich ++ ++ 251 236 


F HKW054-BH-A 13.80 coarse sand fair very rich +++++ + 309 284 


F HKW091-BH 9.00 medium sand with wood fragments poor/fair mod. poor +++ ++ 247 231 


F HKW091-BH 10.50 fine grey sand poor poor ++ + 163 143 


F HKW091-BH 10.80 fine grey sand poor poor ++ + 108 80 


F HKW091-BH 11.50 fine white sand poor barren ++ + 11 11 


F HKW091-BH 17.80 grey sand fair mod. poor +++ + 314 290 


F HKW101-BH 8.00 coarse sand with some silt clasts good mod. rich +++++ + 284 215 
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Soil 


Unit 
Borehole  


Top depth 


(m) 
Lithological description Preservation 


Palynomorph 


richness 
Organic fragments 


Charred 


fragments 


Total palyno. 


Sum 


Pollen sum 


TLP 


F HKW101-BH 8.00 coarse sand with some silt clasts fair/good mod. rich +++++ + 273 223 


F HKW101-BH 10.00 coarse sand with wood fair/good mod. rich ++++ + 325 288 


F HKW101-BH 13.00 coarse sand with mollusc frags and silt good mod. rich ++++ + 293 275 


F HKW101-BH 13.35 coarse sand with wood fair/good rich ++++ + 247 239 


F HKW107-BH 20.30 dark grey silty sand with black organic clay fair/good very rich ++++ + 381 314 


F HKW107-BH 30.00 dark grey silty clay with wood and organic patches fair mod. rich ++++ + 318 288 


F HKW107-BH 30.25 dark grey silty clay with wood fair mod. rich ++++ + 296 259 


F HKW107-BH 33.00 pale grey clay poor/fair mod. poor +++ ++ 76 62 


F HKW114-BH 20.10 fine grey silty sand poor/fair mod. poor ++++ + 271 205 
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Appendix 8 - Mollusc analysis report 


 
Some samples were analysed twice, once for specimens handpicked from the core material (analysis 1) and again for material recovered in the microfossil preparations (analysis 2). 


 


 


Borehole and 


depth (m)
Analysis


Soil Unit 


(Fugro)
Interpretation Comments


HKW002-BH 0.55-0.80 2 B MIS1,  Holocene Donax vittatus, shiny preservation but not translucent: Holocene


2 MIS1, Holocene Mixed echinoid hash and grey-w hite brow nish shells in dif ferential preservation states: Holocene. Donax  very common. 


1 In situ Donax vittatu s (1 + 3/2), Spisula elliptica (2/2). Good preservation, slightly polished surface. Details otherw ise fine. In situ


2 ?MIS1 Few  shell fragments, mixed preservation. Shiny Donax  vittatus  and rediish Tellina  fabula.  Not entirely certain about age. 


1 In situ Donax vittatus (1 /2), good preserved, shiny surface good details and some periostracum in hinge: In Situ. 


HKW047-BH 7.80-8.05 2 B ?MIS2/MIS5a Cream shell fragment w ith periostracum ?Macoma . Preservation of periostracum suggest cold marine settings


HKW047-BH 10.00-10.25 1 E Rew orked Eemian. Bittium jadertinum (1), Acanthocardia paucicostata (1 fr), Macoma balthica (1/2). All material greyish, strongly w orn. 


HKW054-BH 5.25-5.55 1 B


Mix of ecologically incompatible 


taxa, rew orked f luvial 


assemblage w ith Eemian, 


terrestrial, brackish w ater, 


temperate and possibly cool 


marine species.


Ecrobia cf ventrosa (3), ?Galba truncatula (1), Lymnaeidae indet. (2 fr), Stylomatophora indet. (2 fr), Spisula subtruncata (5/2),


Cerastoderma edule (3 fr.), Thracia papyracea (1/2), Abra cf. nitida (1/2), Mytilus edulis (1 fr.). Almost all material is w hitish grey, strongly


abraded and w ith some dissolution marks. Tw o of the Cerastoderma fragments are bluish grey w ith f ine preserved surface details. 


HKW054-BH 5.55-5.80 1 C1 Rew orked Cerastoderma edule (2 fr.), Macoma balthica (5 fr.), Mytilus edulis (2 fr.), balanid (1). All material w orn to very strongly w orn.  Rew orked


HKW054-BH 6.20-6.50 1 C1 Likely in situ. Peringia ulvae (1); ?Macoma balthica (9 fr). Very good f ine surface preservation and periostracum remains, creamy colour. Likely in situ. 


HKW054-BH 6.50-6.80 1 C1 Likely in situ.
Macoma balthica (2/2 + 11 fr), Cerastoderma edule (2 fr.). Well preserved grey-cream blue w ith fine details and periostracum, likely in situ. 


Preservation type possibly indicative for cold conditions.   


HKW054-BH 9.00-9.20 1 C1 Likely in situ.


Retusa obtusa (1), Macoma balthica (3/2), ?Gari cf. tellinella (1 fr.), Abra prismatica (1/2), Spisula elliptica (8/2 + 2 fr.). Mixed preservation.


Abra, one Macoma and half of the S elliptica w ith f ine surface sculpture and periostracum similar as in A101 8.0 sample. Other material


strongly abraded to abraded. Likely in situ. 


HKW054-BH 10.25-10.50 1 C2
Cerastoderma edule (2 fr.), Macomangulus tenuis (1 fr.), Spisula cf elliptica (1/2), Abra cf nitida (2/2), Macoma balthica (1 fr.), Ostrea edulis


(2 fr.). Mixed preservation, mostly abraded to very strongly abraded/w orn. 


2
MIS1, basal Holocene or 


rew orked Holocene? 


Strongly mixed abraded marine fauna including Eemian and Holocene indicators. Abraded Bittium  reticulatum  s.l. and Lucinella  divaricata  (both 


MIS5e), Macoma  balthica,  fresh looking ophiurid fragment: basal Holocene or reworked Holocene? No fresh looking molluscs, potentially also 


fluvial reworked stuff. 


1 Rew orked
Acanthocardia tuberculata (2/2), Cerastoderma edule (1/2 + 4 fr.), Donax vittatus (2/2), Macoma balthica (3/2 + 2 fr.), ?Gari tellinella (1 fr.).


Material w orn to strongly w orn. Rew orked


HKW091-BH 3.30-3.60 1 B Rew orked Donax vittatus (2/2), Cerastoderma edule (1 fr.), Macoma balthica (1 fr.). Grey-w hite strongly w orn material Rew orked.


2 post MIS5
Strongly abraded bluish coloured mixed fauna including Eemian indicators (Bittium  jadertinum,  ?Mactra  glauca).  Some reasonable w ell 


preserved Cerastoderma  edule.  Fluvial rew orked Late Pleistocene or even Holocene. 


1
Fluvial rew orked Late 


Pleistocene or even Holocene. 


Macoma balthica (1/2 + 2 fr), Cerastoderma edule (5/2 + 7 fr.), Lutraria lutraria (1/2), Cardiidae indet. (1 fr.). Mixed preservation. All species 


except for C edule are grey-bluish w orn. Cerastoderma is cream-grey, partially w orn to strongly w orn, partially w ith good f ine surface 


sculpture detail preservation. Rew orked


HKW091-BH 5.45-5.75 1 B Rew orked
Macoma balthica (2/2), Arctica islandica (1/2), Cerastoderma edule (5 fr.), Ostrea edulis (1 fr.), unidentif ied larger bivalve (1 fr.). Mixed


preservation mostly w orn to very strongly w orn. Indet bivalve w th slightly w orn f ine surface sculpture and periostracum. Rew orked


HKW091-BH 4.30-4.65 


A


B


B


B


HKW047-BH 3.50-3.80


HKW047-BH 5.00-5.25


HKW091-BH 1.35-1.65
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Borehole and 


depth (m)
Analysis


Soil Unit 


(Fugro)
Interpretation Comments


2


?MIS5a-MIS5c or younger; 


resembles our MIS5aMiS5c 


Kreftenheye intervals


Mixed preservation, w ith reasonable to w ell preserved cool species (Astarte  montagui,  Alteneum  dawsoni),  nice preserved Spisula 


elliptica  and Abra  prismatica,  rew orked Bittium  reticulatum.  Interpretation: MIS5a/5c or younger. 


1 Likely in situ.
Abra cf prismatica (1/2), Macoma balthica (1/2), Spisula elliptica (8/2 + 3 fr.). Abra and Macoma are w orn. Spisula suffers from dissolution


but is otherw ise excellently preserved w ith f ine details and periostracum remains. Likely in situ. 


HKW101-BH 13.00-13.35 1 F Rew orked Cardiidae indet (1 fr.), Macoma balthica (2 fr.). Very strongly w orn and dissolution deep. Rew orked


2 MIS1,  Early Holocene
Strongly abraded to slightly abraded mostly brow nish  shells w ith Tellina  fabula  and other marine species. Well preserved Echinocyamus 


pussilus  fragments. Early Holocene, storm w ave or basal lag. 


1
Fabulina fabula (1/2), Spisula elliptica (1/2), Echinocyamus pussilus (1). Spisula and Echinocyamus f ine detail preservation w ith periostracum 


on Spisula, Fabulina slightly w orn. 


2 ?MIS5a-MIS5c
Fragments but w ell preserved grey Cerastoderma  edule  (?forma major).  Organic matter as w ell possibly indicative of cold condition 


preservation. Marine MIS5ac??


1
Macoma balthica (2 pairs, 2 fr.,) Cerastoderma edule (17 fr.). Macoma excellent preserved (ins situ, periostracum, fine details).


Cerastoderma mostly very w ell preserved (bluish, f ine details,) but some somew hat w orn fragments occur. In Situ


2 ?MIS5a Fragments, not abraded, some w ith periostracum: ?Mya  truncata  ? Cool/cold fauna? Worn barnacles. 


1 In Situ Mya truncata (7 fr likely from one valve). Very w ell preserved (f ine details, periostracum). In situ preservation. In Situ


2 ?MIS5a-MIS5e Cerastoderma  edule,  sligthly w orn but w ell preserved, grey to streak blue. Possibly MIS5a-MIS5e


1 Rew orked Eemian. 
Macomangulus tenuis (1/2), Lucinella divaricata (1/2), Ostrea edulis (4/2), Polititapes senecens (1/2), Macoma balthica (1/2), Acanthocardia


tuberculata (1/2). All w orn to very strongly w orn. Rew orked Eemian. 


HKW107-BH 1.50-1.75 2 A MIS1, Early Holocene
Echinoid hash and brow nish w hitish shell fragments, including Cerastoderma  edule,  Donax  vittatus,  Aequipecten  opercularis:  Early 


Holocene


HKW107-BH 3.25-3.50 2 B
Uncertain origin, likely multiple 


rew orking. 


Fragmented grey marine shells, strongly abraded. Includes Mytilus  edulis  and Cerastoderma  edule. Uncertain origin, likely multiple 


rew orking. 


HKW107-BH 5.00-5.15 2 C1 uncertain context. Poorly preserved, cream coloured Peringia  ulvae.  Marine, uncertain context. 


HKW107-BH 7.60-7.95 1 C1 Uncertain if  in situ.
Peringia ulvae s.l. (1), bluish preservation, strong corrosion but surface details f ine; Preservation type possibly indicative for cold


conditions. Uncertain if in situ.


1 Likely in situ
Littorina littorea (1), Ecrobia ventrosa (1), Cerastoderma edule (1 fr.). Cerastoderma and Littorina strongly w orn. Ecrobia very w ell preserved 


w ith f ine surface details. Likely in situ


2 ?MIS5e otherw ise MIS1 Peringia  ulvae  and Cerastoderma  edule,  w ell preserved creamish coloured and  Ecrobia  ventrosa  bluish. Eemian? 


HKW107-BH 13.00-13.35 1 C2


 Looks likely in situ or proximal 


rew orked coastal association.  


 


Littorina littorea (1), Peringia ulvae (1), Macoma balthica (1/2, 6 fr.). Littorina slightly w orn, Peringia w ell preserved, f ine surface sculpture. 


Macoma excellent preservation w ith abundant periostracum. Looks like in situ or proximal rew orked coastal association.   


HKW114-BH 9.00-9.25 1 B Likely in situ. 
Macoma balthica (3/2 + 7 fr.), Cerastoderma edule (2/2 + 20 fr.), Donax vittatus (1/2 + 5 fr.), Mytilus edulis (3 fr.). Macoma mostly very w ell


preserved w ith f ine surface details and periostracum. Remainder w orn to very strongly w orn. Different colorations as w ell. Likely in situ. 


HKW114-BH 9.40-9.60 1 C1 Mostly rew orked Eemian.


Bittium (cf) reticulatum (3), Mytilus edulis (2 fr.), Ostrea edulis (1 fr.), Cerastoderma edule (4 fr.), Cardiidae indet. (1 fr.), Macoma balthica 3


fr.). Mixed preservation. Most specimens very strongly w orn. Tw o Macoma fragments w ith f ine surface sculpture and periostracum. Mostly


rew orked Eemian.


HKW114-BH 11.05-11.30  1 D


Uncertain if  this is an in situ 


component, remainder 


rew orked Eemian.


Dominant species: Macoma balthica, Cerastoderma edule. Furthermore Ostrea edulis (1/2, 3 fr.), Lutraria indet (1/2), Acanthocardia 


tuberculata (1/2), Spisula elliptica (2/2), Mixed preservation, mostly strongly to very strongly w orn, some Spisula fragments w ith f ine details 


and periostracum. Uncertain if  this is an in situ component, remainder rew orked Eemian. 


HKW107-BH 11.30-11.60 


C2


A


C1


C1


C1


C1


HKW101-BH 8.00-8.25


HKW106-BH 1.50-1.70


HKW106-BH 3.50-3.80


HKW106-BH 4.30-4.55


HKW106-BH 4.80-4.90 
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Appendix 9: Photomicrographs of selected palynomorph  


taxa encountered in this study (photographs by E.I. Lammertsma) 
 


       


 


 


 


 


 


      


 


 


 


 


Cyst of Polykrikos kofoidii 
(HKW107-BH, 1.50-1.75m) 


Selenopemphix quanta  
(HKW107-BH, 1.50-1.75m) 


Lejeunecysta 
(HKW054-BH, 6.20-6.50m) 


Spiniferites elongatus 
(HKW054-BH, 3.50-3.80m) 


25 μm 
25 μm 


25 μm 


25 μm 
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Halodinium (type large asymmetrical) 
(left: HKW009, 2.40-2.79m; right: HKW054-BH, 10.25-10.50m) 


Halodinium (type round frilly) (HKW054-BH, 10.25-10.50m) 
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Suberized basal cells of Nymphaeaceae (Type 127 of Van Geel) 
(HKW101-BH, 3.60-3.80m) 


Foraminiferal test linings (HKW107-BH, 1.50-1.75m) 


25 μm 
25 μm 


25 μm 25 μm 
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Charcoal conifer with bordered pits (HKW106-BH, 4,00-4,15 m)  


Charred epidermal tissue cf. grass-family (HKW106-BH, 4,00-4,15 m)  


25 μm 


25 μm 


25 μm 
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Appendix 10: Photographs of modern coastal, near-coastal and 
terrestrial environments and plant communities in North West Europe. 


(Photographs by Fiona Richards) 


 


 
 


 
 


Note: Plate numbers shown on block diagrams refer to the following images 
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Plate A1: Tidal inlet (River Rhone, France) 
 


 


 


Plate A2: Early Holocene “wood peat” and clay bed, radiocarbon dated to 6800-7150 BP (Richards and Richards, 2014). 
(Conwy, North Wales) 
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Plate A3: Tidal mud flats behind saltmarsh (Prestatyn, North Wales) 
 


 


 
 


Plate A4: Saltmarsh and Tidal creeks (River Conwy, North Wales) 
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Plate A5: Coastal dunes (Formby, northwest England) 
 


 
 


Plate A6: Beach plain behind barrier dunes (Prestatyn, North Wales) 
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Plate A7: Raised bog (North Wales) 


 
 


 
 


Plate A8: Small freshwater lake and raised bog (North Wales) 
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Plate A9: Sphagnum (peatmoss) and Drosera (sundew, insectivorous plant); both are associated with waterlogged 


and/or nutrient poor substrates (North Wales) 


 


 
 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 
 


 


 
 


 
 


 
 


Plate A10: Association of Menyanthes trifoliata 
(bogbean, with white flowers) and Equisetum (horsetail) 


growing in freshwater pond (North Wales). Equisetum is 
one of the oldest known vascular plant lineages with 


fossils dating back to at least the Devonian, more than 
350 million years ago. 
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Appendix 11: Biostratigraphic distribution charts 


 
 
The following charts depict the distribution of all the fossil groups studied in this project. 


 


First, summary charts show the lithostratigraphy (soil units) defined by Fugro a summary of the 
palynological analyses and the palynology biozones together with radiocarbon dates and 


occurrences of foraminifera, ostracods, molluscs, plants and diatoms. 


 
Following this there is a set of charts presenting the full palynological dataset for each borehole. 


 


Next, there is a set of charts presenting the full palynological dataset for each soil unit in turn. 
 


Finally, there is a correlation chart of all the boreholes based on the summary charts . 


 
All data are available in digital form (StrataBugs v2.1 format) on application to BioChron Ltd.
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Default Abundance Scheme


Present (1)
Rare (2-4)
Common (5-14)


Abundant (15-49)
Dominant (50+)







HKW047-BH


   1


   2


   3


   4


   5


   6


   7


   8


   9


  10


  11


  12


  13


  14


  15


  16


  17


  18


  19


  20


  21


  22


  23


  24


  25


A


0.00


B


4.50


E


8.00


F


20.10


38.30


Fo
rm


at
io


n


POOR


4.90


8.05


POOR


10.25


12.00


HKW-3A
21.55


22.50


HKW-1A3.80


HKW-2C16.10


? ?20.60


Zo
ne


1825


2105


3.50 - 3.80


4.50 - 4.90


5.00 - 5.25


7.80 - 8.05


10.00 - 10.25


11.75 - 12.00


15.75 - 16.00


20.30 - 20.60


21.45 - 21.75 Matrix


22.30 - 22.55


Ba
rre


n


Sa
m


pl
es


 (m
)


('Diatoms' excluded)
*1


Rw


Rw


Rw Rw Rw


presence/absence


?


*2
Plants


3.50 - 3.80m CO


4.50 - 4.90m CO


5.00 - 5.25m CO


5.50 - 5.80m CO


7.80 - 8.05m CO


10.00 - 10.25m CO


11.75 - 12.00m CO


15.75 - 16.00m CO


20.30 - 20.60m CO


21.45 - 21.75m CO Clast
21.45 - 21.75m CO Matrix


22.30 - 22.55m CO


Sa
m


pl
es


 (m
)


('Reworked' excluded)
quantitative abundance (100 = 40mm, scale tick = 10 counts)


3


3


1


29
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1
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1


7


5


5
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2


4
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1
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('Reworked' excluded)
quantitative abundance (100 = 40mm)
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1


3


8


7


2
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3


7


2
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5


2
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1


1


9


4


8
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('Reworked' excluded)
*3


8


1


1


2


7


15


5
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16


24


8


2


3


4


1


14


10


18
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24


*4
*3


3
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6
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('Reworked' excluded)
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Microfossils Molluscs Plants,
etc


Palynology RW
(Paly)


Text Keys


*1 semi-quantitative [Default Abundance Scheme]
*2 presence/absence
*3 quantitative abundance (100 = 40mm, scale tick = 10 counts)


*4 ('Reworked' excluded)


Boundary Types


Confident
Unconformable


Sampling


Cutting
Core
Sidewall Core


Default Abundance Scheme


Present (1)
Rare (2-4)
Common (5-14)


Abundant (15-49)
Dominant (50+)







HKW054-BH(-A)


   1


   2


   3


   4


   5


   6


   7


   8


   9


  10


  11


  12


  13


  14


  15


  16


A


0.00


B


3.20


C1


5.50


C2


10.20


F


11.80


35.50


Fo
rm


at
io


n


POOR
4.10


5.20


HKW-2B


5.80


10.50


HKW-3A -
?HKW-3B


13.10


14.15


?HKW-1B5.55


Zo
ne


3.80 - 4.10


4.85 - 5.20


5.25 - 5.55
5.55 - 5.80


6.20 - 6.50
6.50 - 6.80


9.00 - 9.20 Matrix


10.25 - 10.50


12.85 - 13.10


13.80 - 14.15


Sa
m


pl
es


 (m
)


('Diatoms' excluded)
semi-quantitative [Default Abundance Scheme]


Rw Rw


Rw


Rw


Rw


Rw


Rw


presence/absence


?


?


presence/absence
Plants presence/absence


3.80 - 4.10m CO


4.85 - 5.20m CO


5.25 - 5.55m CO
5.55 - 5.80m CO


6.20 - 6.50m CO
6.50 - 6.80m CO


9.00 - 9.20m CO Clast
9.00 - 9.20m CO Matrix


10.25 - 10.50m CO


12.85 - 13.10m CO


13.80 - 14.15m CO


Sa
m
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es


 (m
)


('Reworked' excluded)
quantitative abundance (100 = 40mm)
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quantitative abundance (100 = 40mm, scale tick = 10 counts)
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('Reworked' excluded)
*1
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9
11


9


10


6
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*2
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3
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Microfossils Molluscs Plants, etc Diatoms, etc. Palynology RW
(Paly)


Text Keys


*1 quantitative abundance (100 = 40mm, scale tick = 10 counts)
*2 ('Reworked' excluded)


Boundary Types


Confident
Unconformable


Sampling


Cutting
Core
Sidewall Core


Default Abundance Scheme


Present (1)
Rare (2-4)
Common (5-14)


Abundant (15-49)
Dominant (50+)







HKW091-BH


   1


   2


   3
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  10


  11
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  14


  15


  16


  17


  18


  19


  20


A
0.00


B


1.00


E


7.00


F


8.30


49.00


Fo
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at
io


n


?HKW-1C


4.60


5.75


HKW-3A


9.20


11.20


HKW-1B1.65


HKW-1B3.60


? ?6.65


HKW-2C7.55


POOR11.90


HKW-3B18.15


Zo
ne


42950


>46220


41935


>46220


1.35 - 1.65


3.30 - 3.60


4.30 - 4.65


5.45 - 5.75


6.30 - 6.65


7.30 - 7.55


9.00 - 9.20


10.50 - 10.80


11.50 - 11.90


17.80 - 18.15


Ba
rre


n


Sa
m


pl
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 (m
)


*1
*2


presence/absence


?


?


1.35 - 1.65m CO


3.30 - 3.60m CO


4.30 - 4.65m CO


5.45 - 5.75m CO


6.30 - 6.65m CO


7.30 - 7.55m CO


9.00 - 9.20m CO


10.50 - 10.80m CO


10.80 - 11.20m CO


11.50 - 11.90m CO


17.80 - 18.15m CO


Sa
m


pl
es


 (m
)


('Reworked' excluded)
*3


6


3


2


19


1


2


1


1


2


1


3


2


5


6


1


1


2


1


1


2


26


4


1


1


('Reworked' excluded)
quantitative abundance (100 = 40mm)
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4


3


4


3
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5


5


1
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8
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8
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5
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2
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('Reworked' excluded)
*3
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13
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11


8


2


25


*4
*3


3


2


1


6


1


2


1


1


24


6
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14


3


4


7


6


20


('Reworked' excluded)
quantitative abundance (100 = 40mm)


4
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3
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Microfossils Molluscs Palynology RW
(Paly)


Text Keys


*1 ('Diatoms' excluded)
*2 semi-quantitative [Default Abundance Scheme]
*3 quantitative abundance (100 = 40mm, scale tick = 10 counts)


*4 ('Reworked' excluded)


Boundary Types


Confident
Unconformable


Sampling


Cutting
Core
Sidewall Core


Default Abundance Scheme


Present (1)
Rare (2-4)
Common (5-14)


Abundant (15-49)
Dominant (50+)







HKW101-BH


   1


   2


   3


   4


   5


   6


   7


   8


   9


  10


  11


  12


  13


  14


  15


A


0.00


B


2.50


C2


7.80


F


10.00


38.60


Fo
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at
io


n


?HKW-1C


3.30


5.80


HKW-3B13.35
13.70


HKW-2B
8.15


8.25


HKW-3A10.50


Zo
ne


10680


11815


10645


9950


3.00 - 3.30


3.60 - 3.80


4.65 - 4.80


5.60 - 5.80


8.00 - 8.25 Matrix


10.00 - 10.50


13.00 - 13.35


13.35 - 13.70


Ba
rre


n


Sa
m


pl
es


 (m
)


('Diatoms' excluded)
*1


Rw


presence/absence


Rw


Rw


presence/absence presence/absence
Plants Misc


3.00 - 3.30m CO


3.60 - 3.80m CO


4.65 - 4.80m CO


5.60 - 5.80m CO


8.00 - 8.25m CO Clast
8.00 - 8.25m CO Matrix


10.00 - 10.50m CO


13.00 - 13.35m CO


13.35 - 13.70m CO


Sa
m


pl
es


 (m
)


('Reworked' excluded)
*2


5
4


7
6


1


7
6


1


2
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1


('Reworked' excluded)
quantitative abundance (100 = 40mm)
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6


7
3
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27
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1


3
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*2


8
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4
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9


6
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3
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5
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*2
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1
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('Reworked' excluded)
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Microfossils Molluscs Plants, etc Palynology R-
W


Text Keys


*1 semi-quantitative [Default Abundance Scheme]
*2 quantitative abundance (100 = 40mm, scale tick = 10 counts)
*3 ('Reworked' excluded)


Boundary Types


Confident
Unconformable


Sampling


Cutting
Core
Sidewall Core


Default Abundance Scheme


Present (1)
Rare (2-4)
Common (5-14)


Abundant (15-49)
Dominant (50+)







HKW106-BH


   1


   2


   3


   4


   5


   6


   7


   8


   9
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A


0.00


B


1.70


C1


3.20


E


5.00


F


8.20


44.00
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at
io


n


HKW-1B2.30


2.70


HKW-2B
3.80


4.90


...*1


HKW-1A1.70


Zo
ne


1.50 - 1.70


2.15 - 2.30


2.60 - 2.70


3.50 - 3.80


4.00 - 4.15


4.30 - 4.55


4.80 - 4.90


5.60 - 5.80
5.80 - 6.00


Sa
m


pl
es


 (m
)


('Diatoms' excluded)
semi-quantitative [Default Abundance Scheme]


Rw


?


Rw ?


presence/absence
presence/absence *2


Plants Misc


1.50 - 1.70m CO


2.15 - 2.30m CO


2.60 - 2.70m CO


3.50 - 3.80m CO


4.00 - 4.15m CO


4.30 - 4.55m CO


4.80 - 4.90m CO


5.60 - 5.80m CO
5.80 - 6.00m CO


Sa
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 (m
)


('Reworked' excluded)
*3
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3
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1
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2
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3
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('Reworked' excluded)
quantitative abundance (100 = 40mm)
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('Reworked' excluded)
*3
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9
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18


*4
*3
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2
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('Reworked' excluded)
quantitative abundance (100 = 40mm)
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Soil Unit Palynology


Microfossils Molluscs Plants, etc Palynology RW
(Paly)


Text Keys


*1 HKW-2C
*2 presence/absence
*3 quantitative abundance (100 = 40mm, scale tick = 10 counts)


*4 ('Reworked' excluded)


Boundary Types


Confident
Unconformable


?Unconformable


Sampling


Cutting
Core


Sidewall Core
Default Abundance Scheme


Present (1)
Rare (2-4)


Common (5-14)
Abundant (15-49)
Dominant (50+)







HKW107-BH


   1
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   5
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   8


   9


  10


  11


  12


  13


  14


  15


  16


  17


  18


  19


  20


  21


  22


  23


  24


  25


  26


  27


  28


  29


  30


  31


  32


  33


  34


  35


A


0.00


B


2.30


C1


4.40


C2


12.00


F


17.40


35.00


So
il 


U
ni


t


HKW-1B
3.50


4.50


HKW-2B


5.15


13.35


HKW-3B


HKW-1A1.75


?HKW-3A20.60


POOR33.30


Zo
ne


4980


45060


44705


1.50 - 1.75


3.25 - 3.50
3.50 - 3.75


4.25 - 4.50


5.00 - 5.15


7.60 - 7.90


11.30 - 11.60


13.00 - 13.35


20.30 - 20.60


30.00 - 30.25


30.25 - 30.75


33.00 - 33.30


Ba
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n
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 (m
)


('Diatoms' excluded)
semi-quantitative [Default Abundance Scheme]


?


presence/absence
presence/absence *1


Plants Misc presence/absence


1.50 - 1.75m CO


3.25 - 3.50m CO
3.50 - 3.75m CO


4.25 - 4.50m CO


5.00 - 5.15m CO


7.60 - 7.90m CO


11.30 - 11.60m CO


13.00 - 13.35m CO


20.30 - 20.60m CO


30.00 - 30.25m CO


30.25 - 30.75m CO


33.00 - 33.30m CO


Sa
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('Reworked' excluded)
quantitative abundance (100 = 40mm, scale tick = 10 counts)
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quantitative abundance (100 = 40mm, scale tick = 10 counts)
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Microfossils Molluscs Plants, etc Diatoms, etc. Palynology RW
(Paly)


Text Keys


*1 presence/absence
*2 quantitative abundance (100 = 40mm, scale tick = 10 counts)


Boundary Types


Confident
Unconformable


Sampling


Cutting
Core
Sidewall Core


Default Abundance Scheme


Present (1)
Rare (2-4)
Common (5-14)


Abundant (15-49)
Dominant (50+)







HKW114-BH
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   6


   7


   8


   9


  10


  11


  12


  13
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  15


  16


  17
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  25


A


0.00


B


5.00


C1


9.40


D
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F


18.20
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th
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y


HKW-2C


11.30
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??9.25


HKW-2B9.60
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20.35
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9.40 - 9.60


11.05 - 11.30
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18.00 - 18.25


20.10 - 20.35
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presence/absence
*3


Plants


9.00 - 9.25m CO


9.40 - 9.60m CO


11.05 - 11.30m CO


12.40 - 12.50m CO
12.50 - 12.80m CO


14.20 - 14.45m CO


15.70 - 15.95m CO


18.00 - 18.25m CO


20.10 - 20.35m CO


Sa
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)


('Reworked' excluded)
*4
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2
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