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Abstract

Wood macrofossil remains of alder and willow/poplar have been recovered from a sediment
sequence in the valley of the Turker Beck in the Vale of Mowbray, North Yorkshire. These
remains have yielded radiocarbon dates early in the Devensian Lateglacial (14.7-14k cal a
BP), equivalent to the early part of the Greenland Interstadial (Gl-1e) of the GRIP ice-core
record. These are the earliest dates recorded for the presence of alder in the Lateglacial in
the British Isles. Associated biological remains have provided a palaeoenvironmental record
for this early part of the Greenland Interstadial, generally indicative of open environments
dominated by herbaceous taxa on both the wetland and dryland surfaces. However, stands
of alder, birch and willow woodland were also present, and indicate the possibility that such
tree species survived in cryptic refugia in Britain as elsewhere in northern Europe during the
Last Glacial Maximum. The absence of alder pollen at Turker Beck, in a sequence in which
its macrofossil remains are relatively abundant, lends support to the view that pollen can be
a poor indicator of the presence of tree species in Lateglacial sequences in northern and
western Europe.
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1 Introduction

1.1 Introduction

Palaeoecological investigations have characterised the Last Glacial to Interglacial Transition
(LGIT) as a period of abrupt, high amplitude climatic shifts (e.g. Walker et al., 2003; Mayle
et al., 1999; Innes et al., 2009; Candy et al., 2016; Wohlfarth et al., 2017). How these shifts
affected the distribution of trees and other species has often been debated, with particular
reference to the role and distribution of cryptic refugia. Recent studies of the behavior of tree
species following the Last Glacial Maximum (LGM) in northern, eastern and central Europe
(Stewart & Lister, 2001; Kullman, 2002; Willis & van Andel, 2004; Kullman, 2008; Douda et
al.,, 2014) have challenged the paradigm that climate-sensitive plant species became
restricted to low-latitude regions during the LGM and have indicated that the spread of trees
(and other species) may have involved expansion of small populations from cryptic refugia
relatively close to the ice margin, rather than exclusively by northward migration from larger
refugia in southern Europe. The discovery of macrofossil remains of tree species close to
the former ice front and datable to the period closely following glaciation has contributed
significantly to this revised understanding of the role and distribution of refugia, and provides
further information on the resilience of wetland forest habitats in the context of global climate
change.

In the British Isles there are few sites that preserve a record of environmental conditions in
the early part of the Devensian Lateglacial, equivalent to the Bolling Interstadial of the NW
European succession and the early part of the Greenland Interstadial (Gl-1e) of the GRIP
ice-core record (see Rasmussen et al., 2014). Those palaeoenvironmental records that do
exist are often poorly dated due to the negative effect of hard water error, particularly in
Yorkshire (e.g. Walker et al., 1993; Day, 1996; Gearey, 2008). This paper records a multi-
proxy investigation of biological remains in the floodplain sediments of the Turker Beck in
North Yorkshire (1°24.860'W 4°20.684'N). The organic material includes macrofossil
remains of willow/poplar and alder from which radiocarbon dates have been obtained in the
early part of the Devensian Lateglacial (14.7-14.0k cal a BP).

1.2  Topographical and geological setting

The Turker Beck is a small stream on the east side of the Vale of Mowbray, rising on the
high ground to the east of Northallerton and flowing westward through the town (Figure 1).
The British Geological Survey (BGS) (1:50,000 Sheet 42, 1994) shows the Turker Beck
valley underlain at the site by 'lacustrine deposits — clay and silt' overlying Devensian glacial
deposits of the Vale of York Formation, described as 'clay, sandy, gravelly'. The bedrock
beneath the site and underlying the whole of the Turker Beck catchment is the Middle
Triassic Mercia Mudstone. During the Devensian LGM, the Vale of Mowbray was occupied
by ice which moved southward into the Vale of York to reach a limit south of York. The
maximum extent of this ice advance has been dated to between ca. 21.8-24.8k and 19.3-
21.7k cal a BP (Bateman et al., 2008). The deposits of the Vale of York Formation that
underlie the Turker Beck site are the product of this glacial advance. Evidence of the
succeeding phase of climatic amelioration is preserved at various sites in northern England
to the east of the Pennines (see Innes et al., 2009), but there are few sequences reliably
dated to earlier than 13k cal a BP (see Table 1). The deposits identified at Turker Beck thus
represent one of the earliest sequences of organic sediments dated to the Lateglacial
Interstadial in the British Isles from which palaeoenvironmental evidence has been obtained.

1.3  Previous investigations
The deposits at Turker Beck were first recorded during archaeological investigations funded
by the Environment Agency (Environment Agency, 2013; Rackham & Clay, 2014). In the
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sediment sequences recorded by Rackham & Clay (2014, Figure 2), sands and gravels were
usually present towards the base, overlying stony clays interpreted as 'boulder clay'. They
were generally succeeded by a thin (<0.5m) sequence of organic deposits ranging from
slightly organic sand to peat. Overlying these organic deposits was a thicker (ca. 0.5m) layer
of clay in which the modern soil was developed. The peat was recorded by Rackham & Clay
(2014) only to the south of the present course of the Turker Beck, but was traced there in a
W-E transect parallel with the course of the stream over a distance of ca. 120m. Two
radiocarbon dates from the peat suggested a Lateglacial age for the organic deposits; the
lower sample yielded a date of 14165-14275 cal a BP (SUERC 49860) and the upper sample
(0.16m above the lower sample) a date of 12295-12385 cal a BP (SUERC 49861).

2 Field and Laboratory investigations

2.1 Lithostratigraphy

In the present investigation, a trench was opened (Trench 1) to a depth of 1.87m bgl on the
south side of the Turker Beck on the line of the W-E transect recorded by Rackham and
Clay (2014), and close to the point where the samples dated by these authors were
recovered. One representative section was described (Table 2) and a column sample
(column <1>) collected from the cleaned section between 1.20m and 1.70m below ground
surface (49.44 to 48.94m OD). In addition, a continuous sequence of 5cm thick bulk samples
(samples <1> to <7>) was extracted between 49.39 and 49.04m OD. Detailed
lithostratigraphic and geochronological investigations were undertaken on the column
sample, supplemented by field descriptions of the sediments above and below these levels.
In the field, the lithostratigraphic sequence was described using Troels-Smith (1955), with
additional descriptions of column <1> in the laboratory. Fragments of twig wood were
recovered from column sample <1> to be submitted for radiocarbon assay. The integrated
results of these investigations, showing the position of column <1>, and the bulk samples
within Trench 1 and the position of the material sampled for radiocarbon assay, are shown
in Figure 3.

2.2  Biostratigraphy

Detailed biostratigraphic investigations were undertaken on sub-samples of material derived
from column sample <1> and bulk samples <1>, <3>, <6> and <7> (see Figure 3). Pollen
samples were extracted following standard procedures: sieving, heavy liquid flotation and
acetolysis, with the slides mounted in glycerol jelly (Branch et al., 2005). The pollen record
was rather sparse, but five samples contained sufficient concentration and preservation of
remains for full analysis; the remaining four samples were assessed only. Pollen grains and
spores were identified using the University of Reading pollen type collection and the keys
and photographs in Moore et al. (1991) and Reille (1992). The concentration of microscopic
charred particles was also recorded. The results of the pollen analysis are shown in Figure
4.

Macrofossil remains (including seeds, fruit bodies, Mollusca and calcareous
microfauna/flora), were extracted by dispersal in hot water, and sieving through 1 mm, 300
pm and 125 pm mesh sizes. All extracted seeds and fruits were identified using modern
comparative material and reference atlases (e.g. Cappers et al., 2006). Sixty nine randomly
selected fragments of wood were examined following standard procedures, as described in
Hather (2000) (Table 3). Nomenclature follows Stace (2005). Five additional samples of
wood were identified for the final phase of radiocarbon dating, of which one was selected
for dating. This sample was confirmed as Alnus sp. (alder) with a small central pith present,
indicating that it derives from aerial wood rather than root material (see Figure 5).
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Identifications of Mollusca and calcareous microflora/fauna were made with reference to
Kerney (1999), Athersuch et al. (1989) and Meisch (2000). The abundance of calcareous
microflora/fauna in the samples was assessed on a six-point scale, where 0 = absent; 1 =
present (1 individual); 2 = rare (2-4); 3 =common (5-14); 4 = abundant (15-49); 5 =dominant
(50+). Insect remains were processed by paraffin flotation following Atkinson et al. (1987).
In addition, the insect assemblages were combined on a sample-by-sample basis using the
Mutual Climatic Range (MCR) approach to determine the palaeoclimate and any climatic
variations through the sequence. The methodological approach to the MCR follows that of
Elias (1997). The combined results of the macrofossil, wood and calcareous microfossil
analyses are displayed in Figure 6; Mollusca are not shown since they were present in
relatively low concentrations. The results of the insect analysis are displayed in Table 4.

2.3 Geochronology

Dating of these organic sediments was undertaken in four stages, the results displayed in
Table 5 and Figure 3. The results have been calibrated using OxCal 4.3 Bronk Ramsey
(2009) and the IntCall3 atmospheric curve (Reimer et al., 2013). Following on from the
radiocarbon dating undertaken by Rackham & Clay (2014), two unidentified twig (short-lived)
wood samples were submitted to the Scottish Universities Environmental Research Centre
(SUERC) Radiocarbon Dating Facility, East Kilbride, Scotland following the standard acid-
base-acid pre-treatment and analytical procedures shown in Dunbar et al. (2016). Sample
taxa were not determined prior to assay, since the samples were twig wood likely to be less
than 5 years old and are therefore not subject to the error associated with long-lived species.
The younger of the two SUERC dates (5040-4870 cal a BP; SUERC-54713) was obtained
from the base of the peat unit (Unit 10). The earlier SUERC date (14700-14160 cal a BP;
SUERC-54714) was obtained from the richly organic silty sand of Unit 8 between 49.12m
and 49.15m OD. Two further samples were then extracted and submitted for dating to the
Beta Analytic INC Radiocarbon Dating Laboratory, Florida, USA, again using standard acid-
base-acid pre-treatment and analytical procedures. Both samples were identified prior to
assay. One sample was of Salix/Populus sp. (willow/poplar) from Unit 8 (BETA-396040) and
the other of Alnus sp. (alder) from Unit 7 (BETA-396039). Both samples returned dates
generally similar to the earlier of the two SUERC dates, in the range 14000 to 14340 cal a
BP. Finally, an additional sample of Alnus sp. (alder) twig wood was submitted for AMS
radiocarbon dating to SUERC. The sample was obtained from 49.15 to 49.14m OD and
returned an age of 14295-14045 cal a BP (SUERC-81422).

In all samples the 813C (%o) values are consistent with those expected for terrestrial plant
remains (see Boutton, 1991), and there is no evidence for mineral or biogenic carbonate
contamination (including the hard-water effect). Howard et al. (2009) suggest some caution
when dating macrofossil remains from fluvial sediments, suggesting that macrofossil
remains may be slightly younger than the sediments in which they are found due to
downward penetration of (for example) Phragmites roots. However, the number and
consistency of the dates obtained, all from Units 7 and 8, indicate that they provide a reliable
age for the sediments encountered here. In addition, the significance of the dated
macrofossils here lies in their early date, and if they are of an order of magnitude younger
as suggested by Howard et al. (2009) (generally ca. 300-700 years), these remain within
the Lateglacial period.

3 Results and interpretation

3.1 Lithostratigraphy

At the base of the sediment sequence a silty and sandy gravel (Unit 1) is present that passes
up into a silty and clayey gravel (Units 2 and 4) with a thin intercalated unit of stoneless silty
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clay (Unit 3). This transition suggests a change to a less energetic discharge regime or a
shift away from proximity to an active channel. These gravelly sediments in which visible
organic material is very scarce or absent are overlain by fine-grained organic units, possibly
representing three fining-upward sequences (Units 4 & 5, Units 6 & 7, Units 8 & 9). These
fining upward sequences probably represent episodic influx of sand-rich floodwater into a
shallow backwater or floodplain pond followed by accumulation of silts and clays settling
from slow-moving or standing water. There was detrital wood and herbaceous material
throughout this sequence of fine-grained sediments with a marked concentration in the thin
sandy unit (Unit 8) between 49.12m and 49.15m OD. In addition, in the two upper pairs of
units, Mollusca were also present. These organic remains are likely to include material
derived from both local and more distant source areas. The quiet-water deposition
represented by the silt and clay of Unit 9 was succeeded by the accumulation of peat (Unit
10), reflecting a shift of open water conditions away from the sample location, although the
silt content in the peat indicates that the site was still subject to flooding. Overlying the peat
are 1.28m of silty clay and clay (Units 11-14) in which no visible organic remains were
recorded apart from roots penetrating from the present-day ground surface. These
sediments are typical of floodplain deposits settling from slow-moving or standing water, and
are representative of conditions similar to those of the modern floodplain of the Turker Beck.

3.2 Biostratigraphy

3.2.1 Pollen

The pollen samples exhibited a similar assemblage throughout the sequence of organic
sediments (Units 5-10) and thus the diagram was not sub-divided into local pollen
assemblage zones (Figure 4). The pollen indicates an open environment dominated by
herbaceous taxa comprising Cyperaceae (70%) and Poaceae (10%) with sporadic
occurrences of a range of other taxa including: cf Thalictrum, Asteraceae, Cirsium type,
Artemisia, Caryophyllaceae, Lactuceae, Rumex acetosa/acetosella, Plantago media/major,
Ranunculus type and Galium type (all <1%). The nearby and/or regional presence of
woodland is indicated by consistent values of tree (<10%) and shrub (<4%) pollen,
dominated by Betula (<10%) with Salix (<3%), Pinus (<2%) and Corylus type (1%). Aquatic
taxa were limited to a few grains of Myriophyllum and Sparganium type towards the base of
the sequence, and Potamogeton towards the top. Spore taxa are represented by limited
numbers of Filicales (2%). In general, these taxa are typical of the relatively open, tundra-
like environments of the Lateglacial period in Britain, whilst the Cyperaceae and aquatic taxa
are indicative of a damp floodplain environment. Furthermore, the presence of Myriophyllum
provides evidence for minimum July temperatures of 10°C (Kolstrup, 1979). Microcharcoal
was also recorded suggestive of burning but concentrations were generally low (<3000
fragments/cm?3), with higher values from the sample at 49.28m OD (11,000 fragments/cm3).

3.2.2 Waterlogged seeds

In the organic-rich mineral sediments forming Units 6-9, the assemblage of waterlogged
seeds is generally dominated by aquatic or herbaceous taxa, all of which are also
represented in the pollen record including Potamogeton sp., Scirpus sp., Eleocharis sp.,
Carex sp., Rumex/Polygonum sp. and Ranunculus repens. This assemblage is typical of a
wet or damp environment, perhaps on the margins of a pond or backwater in which
pondweed was growing with bulrush, sedges, spikerushes and creeping buttercup on its
margins. Dock, sorrel or knotweed are likely to have occupied drier ground nearby. In the
silty sand of Unit 8 the assemblage is slightly different with more seeds of Scirpus sp. and
other sedges, and fewer seeds of Potamogeton sp., perhaps reflecting in-wash of material
from floodwater. In the overlying peat of Unit 10 seed preservation is poor, with only two
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seeds identified, Ranunculus repens and Scirpus sp. No aquatic taxa were found in this part
of the sequence.

3.2.3 Waterlogged wood

Small branches and twigs of wood were present in all the samples examined both in the
mineral sediment of Units 6-9 and in the overlying peat (Unit 10). Only in Unit 8 was there a
noticeable decrease in the amount of wood present, possibly reflecting the more energetic
depositional environment of this (possibly flood-related) sandy deposit. Of the 69 pieces of
wood examined (see Table 3), 59 belonged to a single taxon, Alnus sp. (alder); two pieces
were assigned to Salix/Populus sp. (willow/poplar) and the identity of the remaining 8
fragments could not be determined. These twigs and branches appear to represent
accumulation of water-borne woody debris from alder woodland, with stands of willow or
poplar, present in the catchment of the Turker Beck near to and/or upstream from the sample
site. Photographs of thin sections of this and other selected wood specimens identified as
alder are shown in Figure 5. All the elements examined had scalariform perforation plates
of 10-16+ bars. According to Schweingruber (1990) Alnus glutinosa (black alder), A. cordata
(Italian alder), A. orientalis (oriental alder) and A. incana (grey alder) cannot be differentiated
from each other anatomically, and given the early date for the alder remains described here,
it cannot be confirmed that the macrofossil remains are those of the species now native to
the UK (black alder). A. viridis (green alder) has distinct characteristics that allow
differentiation from the macrofossils identified here; aggregate rays were recorded as
present in the samples examined which are absent in A. viridis indicating that A. viridis is
almost certainly not present in the Turker Beck samples.

3.2.4 Mollusca

Small numbers of Mollusca were recovered from Units 6 and 9. Both units contained limited
assemblages of species with numerous juveniles and many individuals were small relative
to the recorded size of adults of the species represented. In both units the commonest
species were the Succineidae probably including both S. putris/Oxyloma pfeifferi and S.
oblonga/Catinella arenaria. Other species present, Lymnaea trucatula, Gyraulus laevis,
Pisidium spp. and Vallonia pulchella all favour marshy habitats or wet grassland. G. laevis
iSs @ common species in Lateglacial deposits and V. pulchella is often present in large
numbers in flood debris on alluvial floodplains.

3.2.5 Calcareous microfossils (Ostracoda and Charophyta)

Charophyte oogonia were common in the organic-rich mineral sediment of Units 6-9 and
especially so in Unit 6, but infrequent above Unit 9. Ostracods however were common
throughout both the mineral-rich units and the overlying peat of Unit 10. Moreover the
ostracod assemblage was closely similar in all the samples examined in this sequence. Adult
specimens of Candona candida were common and there were numerous juvenile
specimens probably of the same species. Cypridopsis vidua was common in the upper part
of the sequence (Units 9 and 10) but was absent lower down in Unit 6. Pseudocandona spp.
and Potamocypris villosa were less common, and Heterocypris salina was rare. A few
specimens of the ostracod Pseudocandona spp. and some charophyte oogonia were
presentin the silts and clays of Unit 11 overlying the peat. All the ostracod species recovered
were represented by both valves and carapaces, together with numerous juveniles
indicating that these are in situ assemblages. Together with the charophytes, the
assemblages indicate the presence close by of a permanent, still or slow-moving body of
clean calcium-rich water. Cypridopsis vidua has been recorded particularly in association
with charophytes, so it is noteworthy that in the sample with the highest abundance of
charophyte oogonia (Unit 6), this species was absent. This may indicate that the oogonia
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have been transported away from the area of charophyte colonization and that Cypridopsis
valves, being less robust, have not survived. This is consistent with the sandy nature and
probable flood-related origin of the sediment forming Unit 6.

3.2.6 Insects

The insect faunas are recorded in full in Table 4. Species indicative of damp and aquatic
environments form the bulk of the assemblages, but species representative of various
dryland habitats are also present. In the lower part of the sequence, in the sandy sediments
of Unit 6 most of the species are from aquatic environments, including standing or slow-
running water, bogs and muddy riparian margins. An exception is the ground beetle
Bembidion obscurellum which now lives on dry, sandy soil in Scandinavia but is not found
today in the UK. In the overlying clayey and silty sediment of Unit 9 a greater mixture of
dryland and wetland/aquatic environments is represented, possibly reflecting a longer period
of accumulation in quiet water. The dryland indicators include open ground inhabitants and
species found in woodlands, in leaf litter and under loose deciduous tree bark along
woodland margins. There is however abundant evidence of marshy environments, including
species inhabiting bogs, damp meadows and marshes and aquatic species variously found
in fast-flowing water, ponds, shallow streams and standing water, together with leaf beetles
that feed on aquatic plants. In the silty peat of Unit 10 there are again numerous indicators
of marshy environments with standing, vegetation-choked water. These remains were
probably largely introduced by episodic flooding as indicated by the significant silt content
of the peat. The only dryland indicator is the rove beetle Lordithon thorasicus which now
lives in woodland bracket fungi.

4 Discussion

4.1  Sedimentary and hydrological history

The principal interest of the Turker Beck site is a sequence of organic deposits, about 0.5m
thick, comprising organic sand, silt and clay overlain by a silty peat. These organic deposits
are the floodplain deposits of the Turker Beck. The sedimentological evidence and the
contained flora and fauna indicate an environment of marsh and swamp with open water
forming shallow channels and ponds, and with alder woodland apparently not far away. The
similar composition of the insect faunas and the pollen assemblage throughout the
sequence, the undisturbed stratification of the sediments and the coherent nature of the
ostracod fauna, comprising a natural mixture of adults and juveniles all tend to confirm the
integrity of the sequence and the absence of significant re-working or discontinuities. At the
sample site the lower part of the sediment sequence (units 4-9) represent deposition in an
open water body. The overlying peat (unit 10) marks a transition to semi-terrestrial
conditions on this part of the floodplain.

4.2  Chronology and climate history

Ten radiocarbon dates have been obtained from the organic sediments, eight in the present
investigation and two in the earlier study by Rackham & Clay (2014) (see Table 5). The
samples assayed by Rackham & Clay came from the base and the top of the organic
sequence and yielded dates respectively of 14165-14275 (SUERC-49860) and 12295-
12385 (SUERC-49861) cal a BP. Four of the dates obtained during the present investigation,
from twigs in the sediments underlying the peat, fall in the period 14.7 to 14k cal a BP. Three
of these dates were from samples for which the taxa had been determined prior to assay,
respectively Alnus (14340-14120 cal a BP; BETA-396039 and 14295-14045 cal a BP;
SUERC-81422) and Salix/Populus (14155-14000 cal a BP; BETA-396040). These dates
and the earlier of the two dates obtained by Rackham & Clay (2014) are within the earlier
part of the Lateglacial Interstadial, equivalent to Greenland Interstadial GI-1e and the Bolling
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Interstadial of the Northwest European Lateglacial chronology (see Table 5 and Figure 7).
They include the earliest date for organic sediments so far recorded in the Devensian
Lateglacial in north east England. The date of 12340 cal a BP (Rackham & Clay 2014) from
the top of the organic sequence is in the earlier part of the Loch Lomond Stadial. The three
remaining dates obtained during the present investigation are thought to represent sampling
of lateral fragments of a woody root, observed to penetrate almost the whole thickness of
the organic sequence in the column sample.

A Bayesian age-depth model was constructed for the part of the sequence in column <1>
from which Lateglacial Interstadial dates have been obtained, using a P_Sequence
deposition model in OxCal v4.3.2 (Bronk Ramsay, 2017) and the IntCal13 calibration curve
(Reimer et al., 2013). The model was run using a variable k factor, allowing the program to
objectively determine the model rigidity in order to account for variations in sedimentation
rate, and to obtain optimal age-depth relationships (Bronk Ramsey & Lee, 2013). Outlier
analysis was performed to identify objectively and down-weight any radiocarbon
determinations deemed more likely to be erroneous, applying the ‘General’ outlier model
with a prior outlier probability of 5% to each radiocarbon sample (Bronk Ramsey, 2009).
These parameters produced a coherent age model for the sequence (Figure 7), supporting
our conclusions that the macrofossils present within the sequence are not substantially
reworked from relict outcrops of older sediments. This is supported by the outlier
probabilities which are low through the sequence (see Table 5), indicating that the dated
macrofossil remains are likely to lie in the correct stratigraphic position.

The two radiocarbon dates at 49.14-49.12m OD (SUERC-54714; 14700-14160 cal a BP and
BETA-396040; 14155-14000 cal a BP) however are not statistically consistent, suggesting
that at least one of these dates is an outlier. The inconsistency in these calibrated age
ranges is attributed to the woody remains used in SUERC-54714 being reworked by current
flows or flood events prior to final deposition, and therefore producing an erroneously old
age. Woody macrofossils are susceptible to erroneously old age ranges in Lateglacial
sedimentary sequences, principally due to reworking prior to final deposition (e.g. Walker et
al., 2003; Howard et al., 2009). The age range for SUERC-54714 however is entirely
consistent with the strata directly underlying 49.14m OD (BETA-396039), indicating that the
degree of fluvial reworking in the Turker Beck sequence is relatively minimal, and that the
macrofossils are not derived from substantially older strata. Furthermore, this interpretation
is consistent with the fine-grained and organic-rich nature of the Turker Beck deposits, which
indicate a low energy and stable depositional environment, with limited potential for the
substantial erosion and transportation of coarse-grained deposits.

Alongside these dates, the Mutual Climatic Range (MCR) analysis of the associated insect
faunas indicates that throughout the deposition of the organic sediments, the MCR estimates
centre around the modern values of the study region, with Tmax and Tmin values of 13 to
19°C and -11 to 4°C respectively. The presence of Myriophyllum pollen and Eleocharis
macrofossils provides further evidence for minimum July temperatures of 10°C (Kolstrup,
1979). Such values are not incompatible with the temperatures indicated in the GRIP 6180
record for several hundred years during the early part of the Lateglacial Interstadial.
Furthermore, the MCR temperature ranges at Turker Beck are comparable to other
Interstadial records in NE England (e.g. Walker et al., 1993; Lincoln et al., 2017) and
elsewhere in the British Isles (e.g. Coope and Lemdahl, 1995; Walker et al., 2003; Lang et
al., 2010).

4.3 Vegetation history
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There are limited palaeobotanical data for the Lateglacial period in the North Yorkshire
lowlands (Innes et al., 2009), and the results from the present site contribute to our
understanding of the environment in northern Britain during the earlier part of the Greenland
Interstadial. The combined results of the palaeobotanical analyses (pollen, seeds and wood)
presented here indicate a relatively consistent vegetation history throughout the deposition
of the sequence described above. The pollen record indicates an open environment
dominated by herbaceous taxa on both the wetland and dryland surfaces, with stands of
birch and willow woodland. Whilst no alder pollen (with the exception of one badly corroded
grain) or seeds are recorded, the waterlogged wood assemblage is indicative of alder
woodland on the wetland surface with some stands of willow or poplar (the pollen record
supporting the presence of the former). The waterlogged seeds indicate wet conditions,
particularly below 49.20m OD, where an environment on the margin-of a water body is
suggested by the presence of aquatic taxa and sedges. Above 49.20m OD seed
concentrations are low, but the reduction in aguatic taxa may reflect the transition to more
terrestrial conditions that occurs here leading to peat formation.

Palaeoenvironmental investigations in the Vale of Mowbray at Snape Mires ca. 15km to the
southwest (Innes et al., 2009; Figure 1) record a sequence of similar age to that recorded at
Turker Beck, with a radiocarbon date of 14600-14050 cal a BP. Here the pollen assemblage
is similar to the assemblage at Turker Beck and is interpreted as representing the pioneer
plant communities of the Lateglacial Interstadial (Greenland Interstadial Gl-1e), with very
open grass/sedge tundra vegetation persisting for the first few centuries of the Interstadial
before an expansion of birch and juniper after ca. 14.5k cal a BP (Innes et al., 2009).The
climate oscillations of the Lateglacial period are also recorded in a pollen record from lake
deposits near Tadcaster (Bartley, 1962). Although undated, the pollen assemblages
interpreted there as Lateglacial in age show similarities to those recorded at Turker Beck,
with the apparent dominance of sedges, grasses and birch, with pine, hazel and willow also
present. Similar assemblages for the Lateglacial period are recorded at Star Carr (Day,
1996), where grasses and sedges dominate with scattered birch and willow being replaced
by juniper later in the sequence.

4.4  The British and wider European Lateglacial history of Alnus (alder)

In the literature on the Lateglacial history of alder in Europe, relatively little attention has
been given to which species might be represented by surviving pollen and macrofossils. The
climatic and edaphic requirements of the two Alder species differ, with the range of A.
glutinosa being narrower with regards to its minimum summer temperature requirement. A.
incana is more tolerant with respect to lower summer temperatures and its hydrological
demands, this species being able to tolerate drought whilst A. glutinosa is more tolerant of
flooding (Tallantire, 1974). Godwin (1975, p. 260) recognized the possibility that evidence
of Alnus incana might be encountered in Pleistocene deposits in Britain but in fact this
species has been recorded only once in Britain, by Heyworth (1985) in the form of pollen in
a Lateglacial deposit in west Wales. More recently macrofossil remains of A. incana have
been recorded in the Netherlands (Bos et al., 2005) in an Early Holocene (Preboreal)
deposit, but otherwise in Europe the distribution of A. incana is either eastern or montane,
including the Alps and Scandinavia (Giesecke & Brewer, 2018). As noted above it is not
possible to identify to species level the wood samples recovered at Turker Beck. However,
given the almost complete absence from the British record, before or since the Lateglacial
of alder species other than A. glutinosa (Godwin, 1975, p.259), a tentative attribution of the
Turker Beck remains to this species seems reasonable, and consistent with the Postglacial
history of alder in Britain.
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The spread of tree species in Europe following the LGM has attracted conflicting
interpretations both in the British Isles and more widely in Europe, and the history of alder
is no exception. Huntley & Birks (1983) suggested that the main LGM refugia for alder were
in the eastern Alps, Carpathians and the Ukrainian Lowlands, with other refugia in Corsica,
western France, northern Spain and northwestern Russia. However, evidence for more
northerly European refugia has been presented from LGM and Lateglacial sites in
Scandinavia (Kullman, 2002)and central and eastern Europe (Willis & van Andel, 2004).
Binney et al. (2009), investigating the distribution of woody taxa in the late Quaternary, have
drawn attention to macrofossil records of Alnus spp. in refugia in northern Eurasia during
various stages of the Lateglacial period, including a record in Russia dated to 19.4k cal a
BP, and evidence of A. fructicosa (Siberian alder) and A. glutinosa in Belarus during the
period 13-11k cal a BP. Douda et al. (2014), in a systematic review of both pollen and plant
macrofossil records, also provide evidence for the expansion of alder from northern cryptic
refugia in Europe. The significance of some of this evidence and in some cases its reliability
have been challenged, notably by Birks et al. (2005, 2006, 2012) and Tzedakis (2013), but
in a more recent paper Birks (2019) has acknowledged that trees may have survived the
LGM in Europe in ‘scattered, even locally frequent microrefugia in central, eastern and
possibly western and northeastern Europe.’

In the British Isles a similar lack of consensus is apparent and the record and interpretation
of Lateglacial alder remains is uneven. Bennett & Birks (1990, p.127) argued that “The
available record suggests that alder was present in the British Isles early in the postglacial,
was probably present as early as 10k a BP (ca. 11.5k cal a BP), and conceivably present
even earlier”, suggesting that “alder may have been present throughout the last cold stage”
(Devensian Glaciation MIS 2-4). At sites in North Yorkshire near to Turker Beck, a
continuous pollen record indicative of alder woodland is generally present from about 8k a
BP, e.g. Newby Wiske (Bridgland et al., 2011, Fig. 37, p.115) and this seems to be the case
elsewhere in Britain: “...a major expansion of existing Alnus does seem to have taken place
in the British Isles in the millennium from ca. 7.5k a BP” (Chambers & Elliot 1989, p.541).
Tallantire (1992) considers A. glutinosa to have become established in the southeast of
England shortly before 8000 BP, perhaps as early as 8300 BP, with a delayed expansion
northwards and westwards. These later dates were considered by Tallantire (1992) to
provide evidence for an expansion of alder from more continental refugia, specifically
Western Germany or Holland. However, there are indications that alder was present in the
British Isles before this expansion took place, and the review by Douda et al. (2014) of
European pollen and plant macrofossil records provides evidence for its expansion from
more northerly cryptic refugia, with possible LGM and Lateglacial refugia in south-western
and south-eastern England, though they considered the low concentration of alder pollen
here more likely to reflect wind transport of pollen from more distant sites.

Evidence for the presence of alder in the LGM or the Lateglacial has been reported from
various parts of the British Isles, and a useful summary of the pollen records for this period
in Britain is provided by Brewer et al. (2017). Kelly et al. (2010) recorded alder pollen in a
deposit of LGM date from a site on Bodmin Moor in the south-west of England, noting the
fresh appearance of the pollen but recognizing the possibility of reworking or a windblown
origin. Walker (1982) recorded sporadic occurrences of alder pollen at Traeth Mawr (South
Wales) during the middle part of the Lateglacial Interstadial (ca. 13500-12500 cal a BP) and
as noted above, pollen of A. incana was recorded by Heyworth (1985) in a Lateglacial
sequence in west Wales. Alder pollen is recorded in low concentrations in several
Lateglacial Interstadial sequences from Ireland (e.g. Barnosky, 1988; Browne, 1986; Craig,
1978; Hawthorne, 2015; McKeever, 1984) and in North Wales (Lowe & Lowe, 1989). The
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findings of Bush & Hall (1987) also support the view that alder was present in Britain at least
as far back as the Lateglacial. They reported alder macrofossils from Late Devensian valley
mire deposits at Willow Garth (NGR: TA 126 676) in North Humberside, although the
Lateglacial part of their sequence remains undated and Tallantire (1992) raises doubts as
to the pre-Holocene presence of alder at this site. There are indications at the Star Carr site
that alder was present in the Vale of Pickering during the Lateglacial, although this is in the
form of sporadic occurrences of its pollen in this part of the sequence (Day, 1996). More
recently Candy et al. (2016) recorded alder pollen in a lacustrine sequence at Tirinie in the
Scottish Highlands, broadly contemporaneous with or post-dating the Penifiler tephra
(13873-14005 cal a BP; Bronk Ramsey et al., 2015). On the other hand, Jones et al. (2002)
record no alder pollen at Hawes Water (Lancashire) during the Lateglacial Interstadial and
Lowe & Lowe (1989) consider the presence of alder and other tree pollen, together with high
percentages of pine and pre-Quaternary palynomorphs at their Llyn Gwernan site in North
Wales, to be derived from either long-distance transport and/or recycling of older sediments.
While this evidence for the presence of alder in Britain in the LGM and Lateglacial is patchy,
the pollen of A. incana has been detected at only one site (Heyworth, 1985), whereas pollen
attributable to A. glutinosa is recorded elsewhere from Devon (Kelly et al., 2010) to the
Scottish Highlands (Candy et al., 2016). This pattern adds weight to the view expressed
above that the attribution of the Turker Beck remains to this species is not unreasonable.

A factor complicating an understanding of the Lateglacial history of alder is uncertainty
regarding the significance of alder pollen in the pollen record, or more particularly its
absence from the record where there is reason to believe that alder trees were present. This
latter situation has been reported from sites in Scandinavia (Moe, 1998; Kullman, 1998;
2008) and from central and eastern Europe (Willis & van Andel, 2004, Birks & Willis, 2008;
Douda et al., 2014), and Hicks (2006) discusses the issue of the absence of tree pollen, in
a location where that species is expected to be growing, more generally. At Turker Beck the
evidence for the presence of alder trees is in the form of twigs and small branches of alder
wood. No catkins or fruit were observed and no pollen, with the exception of one badly
corroded grain. This might indicate that only young trees were present here, in a situation
where alder was expanding its range as a response to an ameliorating climate, as suggested
by Hicks (2006). Moe (1998) showed that pollen production for Alnus incana (grey alder)
was almost zero at its ecotonal limit, with the temperature of the preceding summer, length
of the growing season and soil factors suggested as limiting factors in pollen production. A
number of investigations of tree species at their range limits in Scandinavia show that pollen
production can be severely impacted by summer temperature (e.g. Barnekow et al., 2007,
Mazier et al., 2012), whilst Paus & Haugland (2017) showed a marked discrepancy between
the macrofossil and pollen records of tree species and highlighted the influence of
temperature on pollen production. McVean (1953) has shown that alder can take up to thirty
years to reach reproductive maturity depending on ecotype and environmental conditions.
There is also evidence that where alder is only locally present its pollen record can be
problematic; Parsons et al. (1980), Prentice (1983), and Prentice et al. (1987) have shown
that the frequency of alder pollen in lake sediments can be a poor indicator of the abundance
of alder trees in the surrounding landscape. Chambers & Price (1985) and Chambers &
Elliott (1989) also argued that alder could be locally present within a region, but its pollen
not recorded at most sites there. Hicks (2006) considers the complete absence of pollen in
a location in which that tree species is growing to be a very rare occurrence; he found that
this situation was only achieved where trees are extremely few and widely scattered in the
landscape — a conceivable situation for alder during the Lateglacial Interstadial at the
present site, where it was growing (at least initially) at the limits of its range (e.g. von
Stedingk, 2008).
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The absence of alder pollen at Turker Beck, in a sequence in which its macrofossil remains
are relatively abundant, indicates that in Britain as elsewhere in Europe the absence of alder
pollen does not reliably indicate an absence of alder trees, although it should be noted here
that the pollen record from the present site was rather sparse. The early dates for these
Turker Beck macrofossils, in the Lateglacial Interstadial (GRIP Gl-1e), contributes to the
growing body of evidence for scattered northern refugia for this species during the Last
Glacial Maximum, and may indicate that such refugia existed in Britain at this time. Stewart
& Lister (2001) suggest that cryptic refugia would have been in areas of sheltered floodplain
topography, providing a suitable microclimate for small stands of alder to survive.
Presumably these microrefugia would have been located somewhere to the south of the ice
front and south of Turker Beck.

5 Conclusions

e Wood macrofossils of alder from alluvial deposits of the Turker Beck in north-east
England have been dated to the early part of the Lateglacial Interstadial (14.7-14.0
cal a BP), equivalent to Greenland Interstadial GI-1e and the Bglling Interstadial of
the north-west European Lateglacial chronology.

e These are the earliest dates recorded for the presence of alder in the Lateglacial in
the British Isles and show that alder trees were growing in north-east England at this
time. This evidence for the rapid recovery of tree species in Britain following the LGM
lends support to the view, based on evidence in northern, central and eastern Europe,
that following deglaciation the spread of trees (and other species) may have involved
expansion of small populations from cryptic refugia relatively close to the ice margin,
possibly including localities in Britain, rather than exclusively by northward migration
from larger refugia in southern Europe as originally argued by Huntley & Birks (1983)
and Bennett et al. (1991). Such evidence provides an insight into the resilience of
wetland forest habitats in the context of global climate change.

e The lack of alder pollen in the sediment from which the alder wood was recovered at
Turker Beck is also consistent with findings elsewhere in Europe that an absence of
alder pollen does not reliably indicate an absence of alder trees.

e The biological remains associated with the alder macrofossils at Turker Beck provide
a new palaeoenvironmental record for the early part of the Lateglacial Interstadial, a
period for which few palaeoecological records are otherwise available in Britain. The
record indicates an open environment dominated by herbaceous taxa on both
wetland and dryland surfaces, with scattered stands of birch, willow and alder
woodland. The insect assemblage recovered from the sequence supports Mutual
Climatic Range (MCR) estimates that centre on modern values for the region (Tmax
13 to 19°C; Tmin -11 to 4°C), and are comparable to previous summer temperature
estimates for this period in Britain.
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Table 1. Selected palaeoenvironmental records for the Lateglacial period in Britain.

Site Region Easting Northing Reference Sequence Earliest Latest date
date (cala (cal aBP)
BP)
Gransmoor Quarry East Yorkshire 511300 459700 Walker et al., 1993 Lateglacial Interstadial- Dating unreliable (see
Loch Lomond Stadial Walker et al., 1993)
Routh Quarry East Yorkshire 509476 443661 Gearey, 2008 Lateglacial Interstadial- 13280- 8540-8210
early Holocene 12980
Snape Mires North Yorkshire 427450 484100 Innes et al., 2009  Lateglacial Interstadial- 14600- 11130-
early Holocene 14050 10720
Nosterfield North Yorkshire 428450 480800 Innes et al.,, 2009  Loch Lomond Stadial-early 12940- 11710-
Holocene 12830 11260
Vale of Pickering North Yorkshire 502800 481000 Day, 1996 Lateglacial Interstadial- 8600-8220  7565-7275
early Holocene
Tadcaster North Yorkshire 450516 443251 Bartley, 1962 Lateglacial Interstadial- Undated Undated
early Holocene
Willow Garth North Yorkshire 512600 467600 Bush & Hall, 1987 Lateglacial Interstadial- 10985- 9400-9160
early Holocene 10615
Wykeham Quarry  North Yorkshire 498649 483101 Lincoln et al., 2017 Dimlington Stadial-early 15714- 11701-
Holocene 14866 11241
Whitrig Bog Southeast 362089 634797 Mayle et al., 1997; Lateglacial Interstadial- 12780- 11535-
Scotland Brooks & Birks, Loch Lomond Stadial 12990 12035
2000
Creich Castle East Scotland 332900 721200 Cundill & Lateglacial Interstadial- 14080- 9560-9150
Whittington, 1983  early Holocene 13240
Abernethy Forest  East Scotland 298377 818462 Matthews et al., Lateglacial Interstadial- 14505- 11135-
2011; Brooks et early Holocene 13790 10735
al., 2012
Traeth Mawr South Wales 396700 225700 Walker, 1982 Dimlington Stadial-early 13370- 11315-
Holocene 13730 11715
Llanilid South Wales 294400 181800 Walker et al., 2003 Dimlington Stadial- 16350— 13185-

Lateglacial Interstadial 14810 12670
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Table 2: Results of the lithostratigraphic description of Trench 1 (incorporating
laboratory descriptions of column <1>) at Turker Beck, showing Unit numbers
discussed in the text, Munsell colours and Troels-Smith (1955) categorisations

Depth (m OD)

Depth (m bgl)

Unit

Composition

50.64 to 50.48

50.48 to 50.14

50.14 to 49.84

49.84 to 49.36

49.36 10 49.21

49.21t0 49.15

49.15t0 49.12

49.12 t0 49.08

49.08 to 49.02

49.02 to 48.98

48.98 t0 49.95

48.95 to 48.92

48.92 to 48.89

48.89 to 48.77

0.00to 0.16

0.16 to 0.50

0.50 to 0.80

0.80t0 1.28

1.28t0 1.43

1.43t01.49

1.4910 1.52

1.52 to 1.56

1.56 to 1.62

1.62 10 1.66

1.66to 1.63

1.63to 1.60

1.631t0 1.75

1.751t0 1.87

14

13

12

11

10

7.5YR 4/2; As3 Agl; brown silty clay topsoil with modern
root material. Sharp contact to:

7.5YR 4/3; As4 Ag+; brown clay with a trace of silt.
Diffuse contact to:

2.5Y 5/2 mottled 2.5Y 6/4; As3 Ag1l, greyish brown silty
clay with light yellowish brown mottling. Diffuse contact
to:

7.5YR 5/1; As2 Ag2 Ga+, grey silt and clay with a trace
of sand. Sharp uneven contact to:

7.5YR 2.5/1; Sh3 Agl TI+; humo. 3/4; black well
humified silty peat with pieces of detrital wood; paler
horizon at 49.30-49.29m OD,; vertical woody root
extends through the unit, truncated at upper contact.
Sharp contact to:

7.5YR 4/1; As2 Ag2 DI+; brown silt and clay with pieces
of detrital wood; vertical woody root extends down from
overlying unit. Diffuse contact to:

7.5YR 3/1; Sh2 Gal Agl DI+; very dark grey very
organic silty sand with pieces of detrital wood; vertical
woody root extends down from overlying unit. Rare
Mollusca (mainly gastropods). Sharp contact to:

2.5Y 7/2; Ag2 As2 DI+; light grey calcareous clayey silt
with pieces of detrital wood; vertical woody root extends
down from overlying unit. Frequent Mollusca (mainly
gastropods). Diffuse contact to:

7.5YR 4/2; Ag3 Gal DI+; brown sandy silt with pieces of
detrital wood; vertical woody root extends down from
overlying unit. Occasional Mollusca fragments. Sharp
contact to:

7.5YR 4/1; As2 Agl Gal Dh+ DI+; dark grey sandy silty
clay with a trace of detrital herbaceous material and
pieces of detrital wood; vertical woody root extends
down from overlying unit. Diffuse contact to:

2.5Y 3/1; Gg3 Asl Ag+; very dark grey silty clayey
gravel. Clasts are sub-angular to sub-rounded, 5-20mm
in diameter; vertical woody root extends down from
overlying unit. Diffuse contact to:

2.5Y 3/1; As2 Ag2 Dh+; very dark grey silty clay with a
trace of detrital herbaceous material; vertical woody root
terminates downward within unit. Diffuse contact to:
2.5Y 3/1; Gg2 Asl Agl Dh+; very dark grey silty clayey
gravel with a trace of detrital herbaceous material.
Diffuse contact to:

7.5YR 4/3; Gg2 Gal Agl; brown silty sandy gravel.
Clasts are sub-angular to sub-rounded, 5-20mm in
diameter.
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Table 3: Results of the waterlogged wood identifications at Turker Beck.

Depth (m Unit Identification Common Quantity Comments
0D) name
49.39-49.34 11 Alnus sp. alder 8 X7 = twig-wood @
<6mm; x1 = round-
Indeterminate - 2 wood g ca.16mm
X2 = twig-wood g
<3mm. (unknown
hardwood)
49.29-49.24 10 Alnus sp. alder 10 x3 = twig-wood @
<5mm; x7 = round-
wood @ >9mm
49.26-49.24 10 Alnus sp. alder 4 Twig wood
Salix/Populus sp.  willow/poplar 1 Twig wood
49.19-49.14 8/9  Alnus sp. alder 13 X2 = twig-wood @
<7mm; x8 = round-
wood g <15mm
49.15-49.14 8 Betulaceae alder/birch 1 -
(Alnus/Betula type
type)
49.14-49.12 8 Alnus sp. alder 4 Twig wood
Indeterminate - 5 Hardwood
49.12-49.07 6/7  Alnus sp. alder 8 Twig wood
Salix/Populus sp.  willow/poplar 1 Twig wood
Indeterminate - 1 Hardwood
49.09-49.04 6/7  Alnus sp. alder 11 x3 = twig-wood &

<6mm; X7 = round-
wood @ <13mm
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Table 4: Results of the insect analysis of bulk samples <1>, <3>, <5> and <7> at
Turker Beck, showing the minimum number of individuals of each taxon.

Bulk sample (depth m OD)

Taxon <1> <3> <5> <7>
(49.39- (49.29- (49.19- (49.09-
49.34) 49.24) 49.14) 49.04)

Dytiscidae

Hydroporus sp. 1

Agabus sp. 1

Carabidae

Leistus spinibarbis (F.) 1

Dyschirius aeneus Dej. 1

Patrobus atrorufus (Stérm) 2 1

Trechus quadristriatus 1

(Schrank.)

Trechus rivularis (Gyll.) 2

Trechus rubens (F.) 1

Bembidion doris (Panz.) 1

Bembidion obscurellum (Mots.) 1

Bembidion spp. 2

Pterostichus nigrita (Payk.) 1

Pterostichus vernalis (Panz.) 1

Pterostichus spp. 1 1

Agonum thoreyi (Dej.) 1

Dromius quadrimaculatus (L.) 1

Helophoridae

Helophorus grandis I 3

Helophorus obscurus (Muls.) 2 1

Helophorus spp. 1 1

Hydrophilidae

Enochrus sp. 1

Laccobius sp. 1 1

Cercyon bifenestratus (Kust.) 1

Cercyon marinusThoms. 2 1 1

Cercyon sp. 1 1

Histeridae

Margarinotus margarinatus (Er.) 1

Hydraenidae

Hydraena palustris (Er.) 1 1 2

Ochthebius minimus (Fab.) 1 2 2

Staphylinidae

Acidota crenata (Fab.) 1 1

Arpedium quadrum (Er.) 1 4 2

Lesteva punctana (Er) 1

Olophrum fuscum (Grav) 1 3

Olophrum sp. 1

Lordithon thorasicus (Fab) 1
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Bulk sample (depth m OD)

Taxon <1> <3> <5> <7>
(49.39- (49.29- (49.19- (49.09-
49.34) 49.24) 49.14) 49.04)

Tachinus laticollis (Grav.) 1

Atheta spp. 2 1

Stenus spp. 2 2

Lathrobium sp. 2

Quedius spp. 2

Scirtidae

Cyphon padi (L.) 1 1

Byrrhidae

Cytilus sericeus (Forst.) 1 1

Elmidae

Esolus parallelepipedus (Mller) 1

Chrysomelidae

Donacia simplex (Fab.) 1

Donacia sparganii (Ahrens) 1

Plateumaris discolor (Panz.)

Galeruca sp. 1

Curculionidae

Limnobaris t-album (L.) 1

Tanysphyrus lemnae (Payk.) 1 2
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Table 5: Results of the radiocarbon dating of samples from column <1> (Trench 1) at Turker Beck, calibrated using OxCal
v4.3.2 (Bronk Ramsey, 2017) and the IntCal13 calibration curve (Reimer et al., 2013).

Laboratory code / Depth Unit Material Radiocarbon Calibrated age  813C (%o) Outlier model

Method (m OD) age (aBP) (cal a BP; 20) posterior
probability
(%)

SUERC-49861 49.99-49.98 Equivalent to upper  ‘Vegetation and leaf 10390 + 47 12385-12295 -28.9 N/A

(GU32531)* part of Unit 8? fragments’

SUERC-49860 49.73-49.72 Equivalent to lower  ‘Moss’ 12270 + 56 14275-14165 -33.7 N/A

(GU32530)* part of Unit 8?

SUERC-54713 49.23-49.21 10 Twig wood 4384 + 29 5040-4870 -28.3 N/A

(GU34716)**

SUERC-81422 49.15-49.14 8 Alnus sp. twig 12260 + 25 14295-14045 -28.9 4

(GU48662)

SUERC-54714 49.14-49.12 8 Twig wood 12374 + 30 14700-14160 -28.5 3

(GU34717)

BETA-396040 49.14-49.12 8 Salix/Populus sp. twig 12190 + 40 14155-14000 -28.6 4

BETA-396039 49.12-49.07 7 Alnus sp. twig 12310 + 40 14340-14120 -28.6 3

*Radiocarbon dates from Rackham & Clay (2014) (not included in the P_Sequence age-depth model)
**Not included in the P_Sequence age-depth model.
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Figure 5: Results of the pollen analysis of samples from Column <1>, Turker
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