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Abstract: Palaeolake Flixton, in the eastern Vale of Pickering in northeast Yorkshire, UK, existed
as open water during the Lateglacial and early to mid-Holocene, until hydroseral succession and
gradual terrestrialisation changed it to an area of fen and basin peatland by the later mid-Holocene.
The environs of the lake were occupied by Late Palaeolithic and Mesolithic people over thousands
of years and many Early Mesolithic sites, in particular, have been found located along the ancient
lake edge, including the paradigm site for the British Early Mesolithic at Star Carr, where occupation
occurred over several centuries. We have analysed eleven sediment cores, distributed in most parts
of the palaeolake area, for pollen and stratigraphic data with which to reconstruct lake development
and vegetation history. These new diagrams augment earlier pollen studies from the western part
of the lake, particularly in the Star Carr area and near other major Mesolithic sites around Seamer
Carr. Especially informative are a long core from the deepest part of the lake; cores that document
the Lateglacial as well as early Holocene times, and evidence for the later Mesolithic that helps to
balance the high density of Late Mesolithic sites known from research in the adjacent uplands of the
North York Moors. There are many records of charcoal in the deposits but, especially for the earliest
examples, it is not always possible to tie them firmly to either human activity or natural causes.
Overall, the new and previously existing diagrams provide evidence for the spatial reconstruction
of vegetation history across this important wetland system, including (a) for the progression of
natural community successions within the wetland and on the surrounding dryland (b) the influence
of climate change in bringing about changes in woodland composition and (c) for discussion of
the possibility of human manipulation of the vegetation in the Late Upper Palaeolithic, Early and
Late Mesolithic. Results show that climate was the main driver of longer-term vegetation change.
Centennial-scale, abrupt climate events caused significant vegetation reversals in the Lateglacial
Interstadial. The Lateglacial vegetation was very similar throughout the lake hinterland, although
some areas supported some scrubby shrub rather than being completely open. Immigration and
spread of Holocene woodland taxa comprised the familiar tree succession common in northern
England but the timings of the establishment and the abundance of some individual tree types varied
considerably around the lake margins because of edaphic factors and the effects of fire, probably
of human origin. Woodland successions away from proximity to the lake were similar to those
recorded in the wider landscape of northern England and produced a dense, homogenous forest
cover occasionally affected by fire.

Keywords: vegetation evolution; Vale of Pickering; palynology; Mesolithic

1. Introduction

The eastern Vale of Pickering in northeast Yorkshire has been the scene of intensive
archaeological and palaeoenvironmental research since the mid-20th century [1–7] because
of its rich Early Mesolithic archaeological resource, both lithic and organic. Much of this
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archaeological material is stratified within early Holocene organic sediments that represent
a succession of wetland depositional environments within an infilling Lateglacial and
early to mid-Holocene lake, known as Lake Flixton. The wealth of cultural material,
and the excellent preservation of the organic remains recovered during the excavations
conducted by Clark [8] at Star Carr, at the western end of the palaeolake, elevated that site
to iconic status in the British Early Mesolithic and in wetland archaeology in general. Clark
considered his excavation to be the site of a Mesolithic settlement at the lakeside wetland
edge, with a wooden platform extending into the lake, although recent archaeological
research [6,9] has shown the Star Carr site to extend some distance onto the dry land
beyond the lake margin. That the wetland archaeological material was stratified within
organic deposits encouraged the use of palynology at the site and in adjacent lake sediments,
among other techniques, to reconstruct vegetation history [10] as part of the investigation
and to provide relative dating of the archaeological sequence. Subsequent phases of
research at the site have greatly clarified the age of the occupation at Star Carr [11–13] while
additional surveys of the surrounding landscape [6,14–17] have mapped the extent of the
lake and identified a large number of early Mesolithic sites, many of which were broadly
contemporary with Star Carr [18,19].

Several more pollen diagrams have been constructed as part of these later research
projects but have been located in the northwestern part of the palaeolake at and close to
Star Carr [20], and at nearby Seamer Carr [21–23], to reconstruct wetland history in that
part of the palaeolake, which is now very well known [24,25]. In contrast, little has been
known about palaeoenvironmental history around the rest of the lake, despite so many
Early Mesolithic sites being located there. Until recently [26,27], only Day [28] placed her
pollen site further out into the palaeolake away from the palaeolake margin wetlands to
get a more regional pollen signal that would enable reconstruction of the mainly dryland
vegetation in the wider landscape away from the lakeside wetland vegetation communities.

In this paper, we present eleven previously unpublished pollen diagrams [29,30] from
research under the auspices of the Vale of Pickering Research Trust. Together they span
the period from the start of the Lateglacial Interstadial at about 13,000 14C BP to the mid-
Holocene at about 5000 14C BP, adding much new data to the previously published pollen
analyses cited above. Our new sites extend to the southern and eastern parts of palaeolake
Flixton where little previous research has been located. The new data will, added to the
existing pollen record, allow a better spatial understanding of the vegetation changes that
took place in the eastern Vale of Pickering in the area around the palaeolake Flixton, con-
centrating upon the development and evolution of woodland in the wider, mostly dryland,
landscape and comparing the effects of climate, human activity and other factors [31] in
bringing about changes in woodland composition and distribution. The history of sedi-
mentation, wetland plant communities and their development in the area of palaeolake
Flixton itself has been analysed and discussed in detail elsewhere [24,25,32], especially
regarding Star Carr [33,34] as has the archaeological archive preserved in association with
the wetland sediments at Star Carr and other sites on the lake’s periphery [6,9,11,12,19,35].
As such, these are not discussed in detail here but are considered where relevant to pollen
source areas and woodland history.

2. Study Area and Sites

The Vale of Pickering is a flat-bottomed valley which lies between the uplands of the
North York Moors and the Yorkshire Wolds (Figure 1). The Vale was mostly unglaciated
during the last glacial (Devensian) period [36], although ice from the North Sea did pene-
trate the eastern end [37] and left glaciofluvial sands and gravels which form the Wykham
Moraine and the area to the east of it [36,38,39]. This margin of the North Sea ice impounded
a glacial lake, Lake Pickering, which filled the Vale. The ice also scoured a depression
to the east of the moraine where the bedrock surface was already very low [40]. Upon
deglaciation [41], this eastern depression accumulated meltwater and became a large lake,
termed Lake Flixton, which drained westward to the Vale of York, being separated from
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the nearby North Sea by morainic ridges. It was much the largest of several lakes which
formed in basins to the east of the Wykeham Moraine [42–45]. This eastern part of the Vale
of Pickering contains abundant sand and gravel deposits laid down during deglaciation,
and the bed of Lake Flixton had a very complex topography, so that the lake comprised
several small basins with deeper water, with mounds of glacigenic deposits forming islands
in the lake [46]. During the Lateglacial and the early Holocene, the lake became infilled by
sediment, first by marls and clays in the Lateglacial and then by alluvium and organic lake
muds (gyttjas) and peats in the Holocene [46,47]. By the mid-Holocene, the lake was almost
completely terrestrialised, and the area became covered by late Holocene peat, concealing
the area of the palaeolake and its topography. The geomorphology and depositional history
of the lake basin during the Lateglacial and early to mid-Holocene have been described
in a number of recent publications [1,28,46,48]. Increasingly intensive land drainage for
agriculture in recent decades has caused major peat dewatering and shrinkage [49,50],
exposing the former lake islands as low hills of glacigenic sands and clays protruding
from the reduced peat cover. Three large former islands have become exposed and these
have become designated as Flixton Island, No Name Hill and Barry’s Island (Figure 1).
These and other smaller islands, and also the lateral extent and sub-surface contours of the
former lake basin generally, became established by a hand-auger survey of the peat [21],
particularly in the western part near Star Carr, Seamer Carr and Flixton Carr. At its greatest
extent, the palaeolake was about 4 km long and over a kilometre broad.

As most of the previous palaeoenvironmental research was concentrated in the north-
western part of the palaeolake because of the earlier archaeological excavations around Star
Carr and Seamer Carr [4], the new profiles presented in this paper (Table 1 and Figure 1)
were selected to extend coverage to the remaining parts of the lake basin, where more recent
archaeological excavations have taken place, to allow spatial reconstruction of vegetation
development around the whole lake, including on the three recently discovered palaeo-
islands. The sites were selected to be close to or at the site of archaeological excavations of
early Mesolithic sites which contained major flint, bone and wooden remains, evidence of
early Holocene human settlement or activity. Two profiles have been completed at Flixton
Island (AK87 and F1035), three profiles at No Name Hill (NAZ, NAQ and NM), and two
at Barry’s Island (LAL and LAP). Three profiles are sited at the palaeolake edge in areas
not previously studied (FS, QAA and VPCG), and a deep profile (D) is situated in the
centre of the lake basin to provide a more regional woodland history, with which the other
pollen diagrams can be compared, away from the lake margins and wetland where many
settlement sites were concentrated [6,9] and where domestic activities and other human
impacts might well have affected local woodland communities.

Table 1. Details of the new pollen sites presented in this paper and located in Figure 1.

Site UK Grid Ref. Latitude/Longitude Geographical Location

Lake Centre profile D TA04918091 54.21319◦ N: 0.39278◦ W lake centre south-east of No Name Hill
Profile NM TA04008120 54.21598◦ N: 0.40662◦ W adjacent to south edge of No Name Hill
Profile NAQ TA04028061 54.21068◦ N: 0.40652◦ W north-east corner of No name Hill
Profile NAZ TA03988149 54.21859◦ N: 0.40683◦ W north-west corner of No name Hill
Profile AK87 TA03568104 54.21463◦ N: 0.41342◦ W adjacent to Flixton Island, to west
Profile F1035 TA03548107 54.21491◦ N: 0.41372◦ W western edge of Flixton Island
Profile VPCG TA02208080 54.21275◦ N: 0.43435◦ W extreme west of Lake Flixton
Profile FS TA04848013 54.20620◦ N: 0.39412◦ W at southern edge of Lake Flixton
Profile QAA TA05608000 54.20488◦ N: 0.38253◦ W at south-eastern edge of Lake Flixton
Profile LAL TA06108040 54.20837◦ N: 0.37472◦ W western edge of Barry’s Island
Profile LAP TA61308042 54.20854◦ N: 0.37425◦ W northern edge of Barry’s Island
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Figure 1. Location of palynological sites at Palaeolake Flixton in northeast Yorkshire, UK. Solid tri-
angles are the new sites presented in this paper. Numbered sites are previously published diagrams: 
1. Star Carr, 2. Flixton A16, 3. Flixton DB1, 4. Flixton1, Flixton 2 and Flixton KH, 5. Killerby Carr [10] 
6. Star Carr [23] 7. Seamer Carr D, 8. Seamer Carr K, 9. Seamer Carr C [21,22] 10. Lake Flixton [20,28] 
11. Star Carr M1-M3 [20], Star Carr S24 [51] 12. Flixton School House Farm [52] 13. Cores B and C 
[27]. Red squares are Mesolithic, including domestic [9,53], sites. 

Table 1. Details of the new pollen sites presented in this paper and located in Figure 1. 

Site UK Grid Ref. Latitude/Longitude Geographical Location 
Lake Centre profile D TA04918091 54.21319° N: 0.39278° W lake centre south-east of No Name Hill 
Profile NM TA04008120 54.21598° N: 0.40662° W adjacent to south edge of No Name Hill 
Profile NAQ TA04028061 54.21068° N: 0.40652° W north-east corner of No name Hill 
Profile NAZ TA03988149 54.21859° N: 0.40683° W  north-west corner of No name Hill 
Profile AK87 TA03568104 54.21463° N: 0.41342° W adjacent to Flixton Island, to west 
Profile F1035 TA03548107 54.21491° N: 0.41372° W western edge of Flixton Island 
Profile VPCG TA02208080 54.21275° N: 0.43435° W extreme west of Lake Flixton 
Profile FS TA04848013 54.20620° N: 0.39412° W at southern edge of Lake Flixton 
Profile QAA TA05608000 54.20488° N: 0.38253° W at south-eastern edge of Lake Flixton 
Profile LAL TA06108040 54.20837° N: 0.37472° W western edge of Barry’s Island 
Profile LAP TA61308042 54.20854° N: 0.37425° W northern edge of Barry’s Island 

Figure 1. Location of palynological sites at Palaeolake Flixton in northeast Yorkshire, UK. Solid
triangles are the new sites presented in this paper. Numbered sites are previously published diagrams:
1. Star Carr, 2. Flixton A16, 3. Flixton DB1, 4. Flixton1, Flixton 2 and Flixton KH, 5. Killerby Carr [10]
6. Star Carr [23] 7. Seamer Carr D, 8. Seamer Carr K, 9. Seamer Carr C [21,22] 10. Lake Flixton [20,28]
11. Star Carr M1-M3 [20], Star Carr S24 [51] 12. Flixton School House Farm [52] 13. Cores B and
C [27]. Red squares are Mesolithic, including domestic [9,53], sites.

3. Materials and Methods
3.1. Sampling

Sediments were recovered using a Russian-type corer or in aluminium alloy mono-
lith tins as part of adjacent archaeological excavations. Stratigraphic descriptions of the
sediment profiles are given in a Supplementary file (Table S1).

3.2. Pollen and Microcharcoal Analysis

Laboratory preparations and pollen identification followed standard procedures, using
KOH, HCL, HF where necessary, and acetolysis [54]. Exotic marker grains of Lycopodium
clavatum were introduced in tablet form [55] to allow the calculation of pollen and mi-
crocharcoal concentrations, expressed as number per unit volume of wet sediment, which
were used to determine the sampling intervals and are used to inform the interpretation
where appropriate. Sampling intervals ranged between 1 and 4 cm, with most diagrams
counted at 2 cm intervals. Pollen residues were mounted in silicone oil and pollen counted
at ×400 magnification. Pollen frequencies are expressed as percentages of total land pollen,



Quaternary 2022, 5, 52 5 of 43

and only selected taxa are shown. Corylus-type includes Myrica [56], but as very few grains
of Myrica type were encountered, it is henceforward referred to as Corylus in the text.
Pollen diagrams have been constructed using TGView software [57,58], with frequencies
expressed as percentage of total land pollen (TLP). Stratigraphic symbols on the pollen
diagram lithology columns follow Troels-Smith [59]. In some diagrams, Cyperaceae is
excluded from the total land pollen calculating sum, because of its local superabundance.
Total land pollen counts always exceeded 500 grains. Zonation of the pollen diagrams is
based on major changes in the tree and shrub curves. Microscopic charcoal particles (those
which passed through the 180 µm sieve used in laboratory preparation) were counted
upon the pollen slides relative to the standard pollen count, providing a pollen/charcoal
ratio. The tops of the pollen diagrams were determined by the point at which the peat
became too dry and oxidised to preserve viable pollen, often at over two metres depth
because of the dewatering of the peat following modern drainage, a problem examined
at Star Carr [49–51] but a process occurring throughout the Lake Flixton area and rapidly
degrading its archaeological and palaeoenvironmental resource.

3.3. Radiocarbon Dating

Radiocarbon dating for these profiles was carried out at Hanover and Beta-Analytic
Miami, with one date from Oxford, and Table 2 gives age-range and mean age calibrations
and other details of the radiocarbon dates that are mentioned in the text and shown on
the diagrams. Dates have been calibrated using OxCal 4.2 and IntCal13 [60]. Some of the
dates have large standard deviations and therefore wide calibration ranges, which must
be taken into account in their interpretation. The calcareous nature of most of the local
geology and therefore of the lake sediment means that hard water influence on results must
be considered, and at some sites radiocarbon dates in the lower profile do seem to be too
old and are disregarded although still shown on the diagrams and tables.

Table 2. Results of radiocarbon dating, on bulk peat unless stated, and radiometric unless shown as
AMS.

Depth (cm) Lab Code 14C Date (yr. BP) Age Range a (cal. BP) Mean Age a (cal. BP)

Regional profile D
202–209 Beta-104479 5740 ± 50 6413–6426; 6436–6656 6535 ± 122
321–330 Beta-104478 8370 ± 60 9149–9168; 9250–9522 9336 ± 186
Profile NM
12–13 Beta-86147 6160 ± 50 b 6906–7175; 7221–7234 7070 ± 164
70–71.2 Beta-86146 8250 ± 50 b 9033–9053; 9081–9407 9220 ± 187
109–110 Beta-86145 8610 ± 60 b 9487–9704; 9724–9731 9609 ± 122
156–156.6 Beta-86144 11,400 ± 60 b c 13,135–13,397 13,265 ± 131
155–157.1 Beta-86143 11,410 ± 60 b d 13,141–13,406 13,274 ± 132
Profile AK87
2–4 Hv-17821 5300 ± 85 5920–6223; 6230–6278 6099 ± 179
13–15 Hv-18296 5990 ± 90 6637–7070; 7079–7157 6897 ± 260
74–76 Hv-17822 8710 ± 215 9256–10,276 9766 ± 510
98–100 Hv-17823 8745 ± 380 8769–10,789; 11,037–11,059 9914 ± 1145
114–116 Hv-17824 9395 ± 215 10,182–11,234 10,708 ± 525
118–120 Hv-17825 9255 ± 135 10,175–10,792; 10,967–11,065 10,620 ± 445
124–126 Hv-17826 10,275 ± 125 11,411–11,550; 11,602–12,533 11,972 ± 561
Profile F1035
15–17 Hv-17827 6815 ± 110 7484–7867; 7901–7924 7704 ± 220
28–30 Hv-17828 8340 ± 105 9035–9050; 9087–9528 9281 ± 247
49–51 OxA-3734 8930 ± 85 9744–9756; 9761–10,236 9990 ± 245
Profile VPCG
35–37 Hv-17829 8755 ± 210 9307–10,298; 10,333–10,372 9840 ± 532
40–42 Hv-17830 8435 ± 195 8796–8907; 8978–10,127 9461 ± 665
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Table 2. Cont.

Depth (cm) Lab Code 14C Date (yr. BP) Age Range a (cal. BP) Mean Age a (cal. BP)

Profile NAQ
154–156 Beta-104483 9810 ± 160 10,711–11,815 11,263 ± 552
164–166 Beta-104482 9570 ± 130 10,565–11,224 10,895 ± 330
Profile NAZ
9–11 Beta-104486 8850 ± 50 e 9737–10,169 9953 ± 216
34–37 Beta-104485 9250 ± 60 f 10,258–10,570 10,414 ± 156
46 Beta-104484 9510 ± 60 g 10,591–10,628; 10,649–11,091 10,841 ± 250
Profile LAP
164–167 Beta-94438 6140 ± 60 6809–6812; 6859–7239 7024 ± 215
182.5–185 Beta-94437 8850 ± 50 9737–10,169 9953 ± 216
237–239 Beta-94436 10,140 ± 100 h 11,320–12,113 11,717 ± 396
258–259 Beta-94435 11,740 ± 130 13,322–13,844 13,584 ± 261
Profile FS
262–264 Beta-104481 9020 ± 60 b 9919–10,081; 10,116–10,272 10,096 ± 176
265–267 Beta-104480 9030 ± 60 b 9919–10,071; 10,117–10,366 10,142 ± 224
268–269 Beta-94434 9220 ± 100 b 10,219–10,607; 10,618–10,657 10,438 ± 219
282–984 Beta-94433 9900 ± 100 b 11,157–11,764 11,460 ± 304
298–299 Beta-94432 10,230 ± 100 b 11,410–11,435; 11,479–12,398 11,904 ± 494
303–305 Beta-94431 11,430 ± 100 b 13,106–13,481 13,294 ± 188

a 2σ age-range and mean calibrations derived using OxCal 4.2 and IntCal13 [60]. b AMS date c wood d Potamogeton
seeds. e Corylus nut f Betula wood g Cervus elaphus antler h Sphagnum peat.

4. Results

The new pollen diagrams are presented and they are zoned using the relative propor-
tions of the major tree and shrub taxa which would have comprised the extra-local dryland
woodland but their vegetation history is interpreted using all pollen and spore taxa. The
Lake Centre core (Profile D) is presented and interpreted first, followed by the diagrams
from the western half of Lake Pickering, both lake-edge and by two lake islands, and then
the results from the less well studied eastern half of the palaeolake, again on both lake-edge
and lake island cores. Although not all diagrams cover the whole of the Lateglacial to mid-
Holocene period, there is considerable chronological overlap between sites and correlation
of the pollen data allows a conspectus reconstruction of site-wide woodland history. Each
diagram has a code, shown in parenthesis in the following descriptions, which is used to
identify it in the rest of the paper.

4.1. Lake Flixton Centre (Profile D)

This deep core (6.7 m, Supplementary Table S1) was taken with a Russian corer from
the centre of palaeolake Flixton (Figure 1), where the deepest sediments were located, well
to the east of Flixton Island and No-Name Hill. It was positioned as far away from the
palaeolake edge and from all archaeological sites as possible, in order to provide a record
from a more regional pollen source area [61]. It is designed to supplement the core of
Day [28], which is of a similar depth but is not very far from both Star Carr and Flixton
Island, and so might contain contributions of pollen from woodland affected by more local,
site-related human activities. Also, the top of Day’s diagram was dated to 6515 ± 95 14C
BP and it was hoped that later sediment might be recovered from this new lake centre core,
which proved to be the case, the new record extending to 5740 ± 50 14C BP. Profile D is
designed to provide a template of vegetation history with which the other new diagrams, as
well as the previously existing pollen data, can be compared and correlated. It also provides
another long vegetation history (Figure 2) that can be compared with pollen diagrams from
the wider Northeast Yorkshire region. Two radiocarbon dates are available from the upper
part of profile D (Table 2).
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4.1.1. Pollen Assemblage Zones

The following nine pollen assemblage zones are recognised, subdivided into sub-zones
on the diagram to aid interpretation.

D1 660–620 cm Betula-Salix
D2 620–564 cm Betula-Juniperus-Salix
D3 564–542 cm Betula-Salix-Juniperus
D4 542–500 cm Betula-Pinus-Salix-Juniperus
D5 500–465 cm Betula-Pinus-Salix-Juniperus-Ulmus
D6 465–425 cm Corylus-Betula
D7 425–319 cm Corylus-Ulmus-Quercus-Betula
D8 319–206 cm Corylus-Ulmus-Quercus-Alnus
D9 206–200 cm Quercus-Corylus-Alnus

4.1.2. Interpretation

Because of the calcareous nature of the sediment, particularly in the lower profile, and
the lack of terrestrial macrofossils within it, only two radiocarbon dates were applied to
this core, from the upper sediments, to avoid hard water error problems. This mirrors
the findings of Day [28] whose radiocarbon ages on sediment with Lateglacial pollen
assemblages were clearly too old and so disregarded. The chronology of the lower core
must be inferred from previous radiocarbon-dated studies from the Vale and the wider
region [45,62–64]. Sedimentation began in the Lateglacial period, shown by fluctuations
the Betula and Poaceae curves and the absence of other tree taxa in zones D1 to D3. Major
frequencies of cold-tolerant steppe-tundra herbs Artemisia, Rumex, Rubiaceae and Plantago
maritima, and also the higher Poaceae values, indicate that zone D-1 is likely to represent
the very cold pre-Interstadial conditions of the early Lateglacial. The zone D-1 to D-2
boundary therefore could form the start of the Lateglacial Interstadial and a major rise
in temperature, dated in the Greenland ice-core data [65] to about 13,000 14C BP, a date
confirmed by radiocarbon dating in the East Yorkshire region at The Bog, Roos [62] and
at Seamer Carrs [66]. Zone D-2 must represent the temperate climate Lateglacial (Win-
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dermere) Interstadial [64,67,68] with high Betula, Salix and Juniperus values, and the high
Betula frequencies towards the end of zone D-2 is a feature of the Interstadial’s later stages
and climatic maximum in regional Lateglacial pollen diagrams [69]. There is a level just
above 600 cm depth where Betula frequencies decline sharply, with peaks of herb and
shrub pollen, notably Thalictrum, Helianthemum and Juniperus, in what must be a brief
period of colder conditions. This colder phase will equate with GRIP climate phase GI-1d
(Older Dryas), which occurred about 12,000 14C BP [63] and has been recognised on sev-
eral other North and East Yorkshire pollen diagrams of this age [69,70], as in the Vale of
Pickering at Star Carr [28]. Betula frequencies were higher in the lower part of zone D-2,
the early Interstadial, although declining curves for Artemisia and Helianthemum suggest
only moderate temperatures and persisting open vegetation as conditions ameliorated
slowly, similar to the record from Routh Quarry in nearby Holderness [71]. Zone D3
will represent the colder conditions of the Lateglacial Stadial between about 10,800 and
10,000 14C BP, as Betula and other woody taxa are in low values and open ground herbs
Poaceae and Rumex show peak frequencies, and Filipendula rises late in the zone as cli-
mate began to ameliorate. The zone D3/D4 boundary is the base of the Holocene at c.
10,000 14C BP, where the rapid rise of Betula frequencies to abundance in zone D4, together
with peaks in shrubs Juniperus and Salix, indicates succession towards the establishment
of early postglacial closed birch woodland. The D4/D5 boundary represents the rational
limit of Corylus, which replaced Betula in the centuries around 9000 14C BP [1], and rose
to complete dominance of the assemblage in zone D-5. The deciduous woodland was
more diversified in zones D-6 and D-7, when Ulmus and then Quercus became established
in the forest in low frequencies. Although remaining the most abundant pollen taxon,
Corylus frequencies fall sharply in zone D-8, as Quercus increased and Alnus joined the
woodland community, both consistently providing about 20% of the total pollen sum, with
Tilia increasing late in the zone as the assembly of the mid-Holocene mixed forest was
completed. The uppermost zone D-9 records the disturbance of this stable forest commu-
nity, with Quercus, Alnus and Corylus values all falling sharply, Poaceae and Cyperaceae
greatly increased and some weeds, including Plantago lanceolata, appearing. Hydrological
changes in the wetlands around the lake might explain the great rise in grass and sedge
pollen, thus depressing the tree percentages, although some land disturbance around the
lake edges seems likely. In summary, the lake centre profile D therefore contains a continu-
ous pollen record from the early Lateglacial before 13,000 14C BP to the mid-Holocene at
5740 ± 50 14C BP, and provides a regional pollen diagram for the Lake Flixton area with
which Day’s long diagram [28], recent lake centre studies [26,27] and other local pollen
stratigraphies can be correlated.

4.2. No-Name Hill (Profile NM)

No-Name Hill is a steep-sided mound of glacial material, in the northern-central area
of the lake Flixton basin, which formed the largest island within the palaeolake (Figure 1)
until buried by terrestrialisation and peat growth in the mid- and later Holocene. It was
revealed by peat shrinkage due to drainage and by auger survey. It was first recognised by
Moore [72] in his early investigations of the area and contains excavated early Mesolithic
flint sites [6]. Profile NM is located off the southern edge of the island in deep peat,
and sediments were retrieved from an archaeological trench using monolith tins. The
stratigraphy is described in Supplementary Table S1 and illustrated in Supplementary
Figure S1 and comprises woody detrital peat overlying reed peat above marl which rests
upon gravel-rich fine sand and then a basal clay. It is typical of the early to mid-Holocene
succession the Vale. Sub-samples were taken for pollen analysis at one cm intervals in the
early Holocene and four cm intervals in the mid-Holocene. Five samples were submitted
for radiocarbon dating and the results are shown in Table 2 and Figure 3.
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4.2.1. Pollen Assemblage Zones

The following seven pollen assemblage zones are recognised, subdivided into sub-
zones on the diagram to aid interpretation.

NM-1 162–144 cm Betula-Salix-Juniperus
NM-2 144–129 cm Betula-Salix
NM-3 129–125 cm Betula-Corylus-Salix
NM-4 125–109 cm Corylus-Betula
NM-5 109–70 cm Corylus-Pinus-Ulmus
NM-6 70–13 cm Corylus-Pinus-Ulmus-Quercus
NM-7 13–0 cm Corylus-Alnus-Pinus-Ulmus-Quercus

4.2.2. Interpretation

As with other sites in this study, the radiocarbon date at the base of the profile appears
to have been badly affected by hard water error, the calcareous nature of the lake water
at this location being shown by the accumulation of a thick marl unit as the basal lake
sediment. The pollen assemblage of the lowermost zone NM-1 shows a very early Holocene
vegetation community, with Filipendula and Poaceae responding to increased warmth at
the end of the Lateglacial Stadial, Juniperus and Salix bushes established as a rise in Betula
frequencies progresses in a succession towards birch woodland. This phase at The Bog,
Roos [62] on non-calcareous substrate in east Yorkshire is dated to 10,120 ± 180 14C BP
indicating a hard water error of well over a thousand years at NM, as noted elsewhere
in palaeolake Flixton [28]. A typical early Holocene vegetation succession ensues, with
Juniperus shaded out by the closure of the Betula canopy, as were herbaceous taxa, and
Salix likely surviving in wet areas around the lake edge. In turn, the introduction and
expansion to very high values of Corylus occurred as the Holocene progressed, replacing
Betula as the dominant woodland component and suppressing Salix, and the radiocarbon
date of 8610 ± 60 14C BP after the maximum of the hazel curve suggests that hard water
error is no longer operating, as it is in accord with an interpolated date of about 9000 BP
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for the Corylus rise, which occurred in the marl unit and so was not dated directly. That
date of 8610 ± 60 BP marks the expansion of Ulmus and Pinus as these trees immigrated
and the woodland diversified. At 8250 ± 50 14C BP Quercus joined the assemblage and
Pinus increased as Corylus frequencies fall, although hazel remains the largest contributor.
The final stage in the assembly of the mid-Holocene woodland occurred when Alnus is
introduced to the assemblage, although not in very high values. The date for this event of
6160 ± 50 14C BP seems very late compared to the usual dates in the region of just before
7000 14C BP, but the range of dates for the Alnus-rise is considerable and a similarly late
date occurs at core Flixton AK-87, below, another lake island core. Alder may have found it
difficult to become established in already densely wooded island vegetation without the
opportunity provided by disturbance. Microcharcoal levels are low in the earlier part of
the profile, but increase from the top of zone NM-4. Peaks in microcharcoal in NM-6 and
7 coincide with fluctuations in Corylus suggesting some woodland disturbance, possibly
coinciding with human activity in the local area. In general, the early to mid-Holocene
vegetation history at NM is similar to that at profile D, which is not far away in the
lake centre.

4.3. No-Name Hill (Profile NAQ)

The core termed profile NAQ lies at the north-east corner of lake-island No-Name
Hill (Figure 1), a few metres into the palaeolake from the island’s edge, so that a deep core
could be recovered. The sediments were sampled using monolith tins in the side of an
archaeological trench. The top 1.5 metres of sediment were oxidised and are not included in
the analysis. It should record conditions on the northern margin of the palaeolake as well
as on the island itself. It complements the record from profile NM off the southern edge of
the island which is closer to the lake centre. The stratigraphy is described in Supplementary
Table S1. Sub-samples for pollen were taken every one to four cm depending on the
lithology. Two samples were submitted for radiocarbon dating and the results are shown
in Table 2 and in Figure 4.
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4.3.1. Pollen Assemblage Zones

The following six pollen assemblage zones are recognised.

NAQ-1 207–189 cm Betula-Salix-Juniperus
NAQ-2 189–171 cm Betula-Pinus-Salix-Juniperus
NAQ-3 171–166 cm Betula-Pinus-Salix
NAQ-4 166–162 cm Betula-Pinus-Corylus
NAQ-5 162–154 cm Corylus-Betula-Pinus
NAQ-6 154–136 cm Corylus-Pinus-Betula

4.3.2. Interpretation

Of the two dates on this profile, the one of 9570 ± 130 14C BP is well below the
rise in Corylus, usually dated to about 9200 BP and starting at 9385 ± 115 14C BP at Star
Carr [1], and so is therefore probably accurate. The date above it, out of sequence, is too
old and should be disregarded. No dates were obtained for the lower profile because of
the likelihood of hard water error in the calcareous sediment. The presence of Filipendula,
Salix and Juniperus in zone NAQ-1, together with a substantial Betula curve, suggests a
time for sediment initiation not long after the transition from the Lateglacial Stadial to
the earliest Holocene, as climate ameliorated and a succession to woodland through tall
herb and shrub communities began. Weeds of open ground are absent and so sediment
accumulation probably began rather later here than at profile NM on the southern edge
of the island, with the substantial Poaceae curve perhaps reflecting wetland vegetation at
the lake margin rather than terrestrial grassland. The small size of most of the Poaceae
grains (mostly < 26 µm) suggests they derive from Pediastrum growing in local reedswamp.
The consistent presence of Dryopteris, a woodland understorey plant, suggests that early
Holocene birch woodland was present from the start of sediment accumulation. That
Juniperus becomes sporadic after the end of zone NAQ-1 and fades from the record at the
end of zone NAQ-2 reflects the increasing density of the Betula canopy. The typical early
Holocene tree succession ensues, with Corylus quite suddenly replacing Betula at the start
of zone NAQ-5, Pinus increasing and Ulmus entering the woodland in low frequencies.
Quercus pollen is hardly present at the top of the diagram, which stopped at that level as
the overlying peat was highly oxidised and preserved pollen badly, and so mid-Holocene
assemblages are not represented. This accords with the record from profile NM, where
Quercus is also hardly recorded, and is always a very minor element of the pollen flora.
Microcharcoal peaks are generally lower than the general background levels, with several
exceptions. First, is the large increase in charcoal concentration in the middle of NAQ-2
(185–177 cm), which is made up of numerous small peaks, and reflects prolonged (though
not continuous) burning. This coincides with reductions in Betula, and increases in Poaceae
and Pteropsida values and the appearance of Fagus. While it is difficult to determine
whether the burning is the cause of vegetation change, the pollen does suggest the creation
of openings within the woodland, that provide opportunities for the expansion of grasses
and ferns and the growth of beech. Given the evidence for Mesolithic occupation on the
island, and the increased levels of microcharcoal, this could be attributed to human activity.
The same may be true of the series of smaller peaks throughout the remainder of zone
NAQ-2 and into NAQ-3, which again coincide with fluctuations in Betula, Poaceae, and
Dryopteris. Finally, there are the microcharcoal peaks in early zone NAQ-6, where Corylus
temporarily declines, Pinus rises and Ulmus is present. The hazel decline is only moderate
and there are no pollen indicators of open ground, so if the burning was responsible it
was not a major event, or else at a distance from the core site. The rise of wetland types
Cyperaceae and Typha angustifolia at this level might suggest an alternative reason for the
hazel decline, linked to climate change and increased lake levels. Corylus frequencies then
recover to their former higher values, until a second elevation of the microcharcoal curve
again depresses them slightly, suggesting that burning in the vicinity was the driver for the
reduced hazel abundance.
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4.4. No-Name Hill (Profile NAZ)

This site, termed profile NAZ, is located in deep peat close to the edge of the north-
west corner of No-Name Hill, where dense concentrations of lithic and faunal remains were
found. It should record events on the island as well as conditions on the nearby northern
lake edge, and should enable correlation and dating of some of the vegetation changes at
profile NAQ. A single monolith tin, which included the level of a red deer bone stratified
in the profile, was used to recover the sediments from an archaeological trench which con-
tained several artifacts. The sediment stratigraphy is described in Supplementary Table S1,
and comprised reed peat with abundant Corylus remains overlying lake muds with Be-
tula wood which rested upon a thin clay layer above sand. Sub-samples for pollen were
taken every one to four cm depending on the lithology. Three samples were submitted for
radiocarbon dating and the results are shown in Table 2 and in Figure 5.

4.4.1. Pollen Assemblage Zones

The following three pollen assemblage zones are recognised.

NAZ-1 47–39 cm Betula-Pinus-Salix
NAZ-2 39–26 cm Betula-Pinus-Corylus
NAZ-3 26–10 cm Corylus-Pinus-BetulaQuaternary 2022, 5, x FOR PEER REVIEW 13 of 46 
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4.4.2. Interpretation

This shallow profile is similar to the other No-Name Hill cores in containing a pollen
record from the early Holocene until after the Corylus-rise, although once again the record
terminates before the arrival of Ulmus and Quercus in the local forest, only sporadic grains
being recorded. The first two dates were taken on a hazel nut and on birch wood so
hard water error should not be a problem, and the date for the top of the diagram, at
8850 ± 50 14C BP, is acceptable, predating the date for the main rises of elm and oak
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in the eastern Vale. The date of 9250 ± 60 14C BP for the start of the Corylus rise also
appears to be accurate and is almost identical to the dates on the same event from Flixton
AK87 (below and Table 2) and Star Carr [1,18]. The lowest date, of 9510 ± 50 14C BP,
was obtained on a piece of worked, red deer antler, and may have been contaminated
by humic acids. As such, it is not regarded as an accurate estimate for the base of the
profile. The Betula and Salix frequencies of the lowest zone of the diagram, with a consistent
Filipendula curve, indicate warming climate after the end of the Lateglacial Stadial, although
a lack of Juniperus suggests there was some delay after the start of the postglacial before
organic sediment inception began. The steady Pinus curve suggests background pollen
transport. Zone NAZ-2 records the arrival of Corylus and the expansion of its populations
within the Betula woodland until it replaced birch as woodland dominant in a typical early
Holocene succession, with Pinus increasing locally. A peak of Rumex in mid-profile suggests
some disturbance, and the microcharcoal curve does show three large peaks, interestingly
coincident with three phases of increased Corylus values, at its arrival, its rise to high values
and a final expansion near the top of the diagram. Burning does seem to have given hazel
opportunities to increase its representation at this site. Although the NAZ diagram is
similar in age to those from the NM and NAQ profiles, it covers a shorter time period than
the other two profiles from No-Name Hill.

4.5. Flixton Island (Profile AK87)

This profile, termed AK87, lies in an area of deeper peat off the western edge of Flixton
Island (Figure 1), another mound of glacial gravel and sand which forms an area of high
ground in the middle of the palaeolake, and which would have been an island protruding
from the water and the later wetland swamp and fen sediments until overwhelmed by
them in the mid-Holocene. It is adjacent to an early Mesolithic flint site which lay on the
edge of the former island, which has many prolific Mesolithic sites [73]. More than a metre
of organic sediment was retrieved and the profile’s lithology is described in Supplementary
Table S1, and comprised reed peat overlying lake mud and sand. Seven samples were
submitted for radiocarbon dating and the results are shown in Table 2 and in Figure 6.
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4.5.1. Pollen Assemblage Zones

The following nine pollen assemblage zones are recognised.

AK87-1 126–119 cm Betula-Salix-Juniperus
AK87-2 119–115 cm Betula-Corylus-Salix
AK87-3 115–111 cm Betula-Corylus
AK87-4 111–99 cm Corylus-Betula-Pinus-Ulmus
AK87-5 99–75 cm Corylus-Betula-Pinus-Ulmus-Quercus
AK87-6 75–23 cm Pinus-Corylus-Ulmus-Quercus
AK87-7 23–15 cm Pinus-Corylus-Ulmus-Quercus-Alnus
AK87-8 15–2 cm Alnus-Corylus-Ulmus-Quercus-Tilia

4.5.2. Interpretation

This profile records vegetation changes over the first half of the Holocene, a period of
about five thousand radiocarbon years, in particular the establishment of the postglacial
mixed forest trees and wetland plant successions through aquatic, reedswamp and fen
environments. The assemblage of zone AK87-1, after 10,275 ± 175 14C BP, contains elements
of the Late Devensian/Holocene transition from open ground herbaceous and low shrub
communities to denser shrub and woodland cover. The decline in Juniperus, Thalictrum,
Filipendula, Rumex and Ranunculus and the increase in Salix and Betula is typical of this
transition, although the already very high birch frequencies suggest that this succession was
well advanced when peat formation began. The limnic gyttja sediment and the presence
of high aquatic pollen and spore records shows the site to have been within an open
water phase during this period. The demise of Juniperus and open ground weeds through
dense shading effects of birch and willow woods was followed rapidly in zone AK87-2,
around 9300 14C BP, by the establishment and spread of Corylus, which soon replaced
willow and achieved co-dominance with birch during zone AK87-3. This zone also saw the
immigration and establishment of Ulmus populations and the first development of mature
mixed deciduous woodland with birch, hazel and elm. In zone AK87-4, Quercus becomes
a minor forest component, but Pinus and Ulmus populations increase, apparently at the
expense of Betula with Corylus being largely unaffected. Aquatic pollen and spores are still
common so open water still existed at the site but the increase in grass and sedge pollen
suggests the proximity of reedswamp and fen environments, and more detrital herbaceous
material and reed rhizomes in the sediment suggests shallowing of the water body. The end
of this zone at around 8745 ± 380 14C BP sees Quercus take its place as a significant but still
lesser member of the mixed deciduous forest. Sedges and other fen wetland herbs expand
and aquatic indicators gradually decline as reedswamp and fen communities colonised
the site during this phase. There are very few heliophyte shrub or herb taxa to indicate
open conditions, so the forest at this stage must have been closed and dense. Some slight
indications of open ground do recur throughout the profile, however, so some low stature
communities must have persisted, probably around the wetland edge. Most herbaceous
records in this central part of the profile are of marshland herb taxa. The major change in
forest composition occurs at the end of zone AK87-5 when Pinus replaces Betula, presumably
directly as the other tree curves are almost unaffected. The date of 8710 ± 215 14C BP is
not distinguishable from the previous date, particularly with such big standard deviations,
and must be considered unreliable. A long period of forest stability ensued in zone AK87-6
during which no significant successional changes occurred, although a trend towards the
gradual replacement of hazel by oak may be visible. The domination by sedges of the
wetland community continued, with other fen herbs and some aquatic types suggesting
some spatial variety in the local distribution of wetland habitats. The immigration of Alnus
at this profile is undated, but the date of about 6815 14C BP from profile Flixton 1035 (below)
is probably acceptable. During zone AK87-7, the advance of Alnus into the forest seems
to have been slow and perhaps it was restricted to favourable habitats within the wider
community. In zone AK87-8 after 5990 ± 90 14C BP, however, a rapid expansion of Alnus
occurred which was apparently almost completely at the expense of Pinus. Alnus must
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have been directly replacing pine in its preferred locations, probably on peat surfaces, as
well as through paludification of sandy soils around the wetland perhaps due to climatic
change as well as the establishment of carr around the wetland edge. It is possible that
some disturbance of soils, perhaps anthropogenic, assisted alder expansion as ruderal taxa
increase at the start of the high alder phase and are maintained. Calluna, Pteridium, Plantago
lanceolata, Rumex, Melampyrum, Chenopodiaceae, Cruciferae and Taraxacum-type are all
prominent. Tilia and Fraxinus may also have been encouraged by any such disturbance of
the forest, as well as natural successional immigration. The date of 5990 ± 90 14C BP seems
rather late for the Alnus rise, but this feature seems to be time transgressive in this area,
with local factors very important. The radiocarbon date for the top of the studied profile of
5300 ± 85 14C BP fits well with this date and the pre-Ulmus decline nature of the pollen
data, although it is within the older part of the range of radiocarbon dates for the Ulmus
Decline in lowland northern England [74–76].

4.6. Flixton Island (Profile 1035)

This profile lies at the western edge of Flixton Island (Figure 1), adjacent to profile
AK87. It is associated with an early Mesolithic flint site which contains a hollow in the
island’s surface which is filled with sediment. A thin shallow organic mud layer lies
beneath a thick sand lens above which lies a further twenty centimetres of peat. The
detailed lithology is described in Supplementary Table S1. Three samples were submitted
for radiocarbon dating and the results are shown in Table 2 and in Figure 7.
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4.6.1. Pollen Assemblage Zones

The following five pollen assemblage zones are recognised.

F1035-1 50 cm Corylus-Betula-Pinus
F1035-2 31–25 cm Corylus-Betula-Ulmus
F1035-3 25–21 cm Corylus-Ulmus-Pinus-Quercus
F1035-4 21–17 cm Corylus-Pinus-Ulmus-Quercus-Betula
F1035-5 17–12 cm Corylus-Betula-Ulmus-Quercus-Alnus
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4.6.2. Interpretation

The pollen content of the thin mud layer (F1035-1) at the base of the profile corre-
lates with the early part of zone AK87-4 in having high Betula, Pinus and Corylus, with
moderate Ulmus values and no Quercus. The radiocarbon date of 8930 ± 85 14C BP also
fits very well with this position on the AK87 profile, and so the correlation of the two
data sets at this point seems acceptable. Well-developed mixed deciduous forest was the
dryland vegetation, with fen-reedswamp environments with reeds, sedges and bulrushes
characterising the local wetland. Particle size analyses show the thick sand layer that
separates zones F1035-1 and F1035-2 to be extremely well sorted and so likely to have had
a wind-blown origin, perhaps caused by destabilisation and deflation of local sandy soils.
After the deposition of the sand layer, the forest was composed of Betula, Corylus, Ulmus
and Quercus in zone F1035-2, but site conditions seem to have been open and disturbed,
with a range of ruderal weeds including Taraxacum-type, Plantago lanceolata, Silene-type,
Cruciferae, Chenopodiaceae, Rumex and Cirsium-type. This community presumably reflects
the human occupation of the site locality. The range of wetland herbs recorded is also very
diverse and reflects the rich fen environments existing at the site at this time. This diversity
is progressively reduced in the following zone F1035-3 as increasing Quercus and declining
Betula suggests more mature local forest and reduced human impact nearby, as the ruderal
suite is also much depleted. The pollen changes of this zone and of F1035-4 record natural
successional development in both wetland and dryland vegetation. Dryland herbs are no
longer recorded and increased sedges and a reduction in fen taxa suggest a less open fen
environment becoming more terrestrial. There are no indications of any changes in the
established forest beyond the wetland margin. The introduction and establishment of Alnus
at about 6815 ± 110 14C BP at the start of zone F1035-5 may be the result of local wetland
succession to carr habitats, as Betula seems to be the tree most disadvantaged by Alnus
immigration. This phase, with Alnus at only about 20% of tree pollen or 10% of total pollen,
correlates with the latter stages of zone AK87-7, before the major fall of Pinus and the rapid
expansion of Alnus to abundance. The introduction of Tilia but not of Fraxinus supports this
correlation. Alnus seems to have been established locally, perhaps restricted to carr habitats,
for several centuries before ecological changes in the mid-Holocene allowed its expansion
and replacement of Pinus. The large standard deviations on the dates make interpretation
very difficult unfortunately.

4.7. Flixton Carr (Profile VPCG)

This profile (termed VPCG) lies at the extreme western end of the palaeolake, adjacent
to its early Holocene outlet and on the south side of it opposite the Star Carr archaeological
site (Figure 1). Shallow well humified peat contained a thick charcoal layer in mid-profile
with flints stratified in the peat below it. The detailed lithology is described in Supple-
mentary Table S1. Two samples were submitted for radiocarbon dating and the results are
shown in Table 2 and in Figure 8.

4.7.1. Pollen Assemblage Zones

The following four pollen assemblage zones are recognised.

VPCG-1 49–44 cm Salix-Betula-Pinus-Juniperus
VPCG-2 44–36 cm Salix-Pinus-Betula-Corylus
VPCG-3 36–32 cm Corylus-Betula-Pinus-Salix
VPCG-4 32–27 cm Corylus-Betula



Quaternary 2022, 5, 52 17 of 43Quaternary 2022, 5, x FOR PEER REVIEW 18 of 46 
 

 

 
Figure 8. Percentage pollen diagram from Flixton profile VPCG. (Analysis JBI). 

4.7.2. Interpretation 
Peat initiation at this profile took place at a time similar to that at AK87, before the 

immigration of Corylus and while Juniperus was still able to find habitats within an 
increasingly dense tree and shrub canopy. Sedimentation began under fen-reedswamp 
conditions with abundant local Equisetum as well as sedges and reeds. There might even 
be some indications of open conditions in the lowermost sample as Thalictrum, Ranunculus 
and Senecio-type are present and Filipendula high, although all could be members of the 
wetland community. In contrast to the Betula domination at AK87, if this correlation is 
correct the woodland around VPCG contained much more Pinus and particularly Salix. 
There are few aquatic types and sedimentation began under fen-reedswamp marsh 
conditions with abundant local Equisetum as well as sedges and reeds. This profile is again 
similar to AK87 in that a gradual decline in Salix populations was accompanied by a slow 
increase in Corylus and the demise of Juniperus. Little change seems to have taken place in 
the relative proportions of birch and pine which presumably formed the local dryland 
forest. The start of the rise of Corylus is radiocarbon dated here as about 8435 ± 195 14C BP, 
which seems to be much too late by comparison to the dates from AK87 which form a 
reasonable series. This VPCG date should probably be discarded. The shallow nature of 
this profile and its damage by drainage has probably led to water table fluctuations which 
have contaminated the peat with younger carbon. The next dated level coincides with the 
charcoal layer and with the expansion of Corylus to very high frequencies. The two 
features are probably closely related with the fire which created the charcoal disturbing 
the wetland edge vegetation and allowing the rapid expansion of fire-favoured hazel in 
its place. A slight diminution of Pinus occurred but Salix was the main casualty of this fire 
event and the removal of an ecotonal willow belt between the developing marsh and the 

Figure 8. Percentage pollen diagram from Flixton profile VPCG. (Analysis JBI).

4.7.2. Interpretation

Peat initiation at this profile took place at a time similar to that at AK87, before
the immigration of Corylus and while Juniperus was still able to find habitats within an
increasingly dense tree and shrub canopy. Sedimentation began under fen-reedswamp
conditions with abundant local Equisetum as well as sedges and reeds. There might even be
some indications of open conditions in the lowermost sample as Thalictrum, Ranunculus and
Senecio-type are present and Filipendula high, although all could be members of the wetland
community. In contrast to the Betula domination at AK87, if this correlation is correct
the woodland around VPCG contained much more Pinus and particularly Salix. There
are few aquatic types and sedimentation began under fen-reedswamp marsh conditions
with abundant local Equisetum as well as sedges and reeds. This profile is again similar to
AK87 in that a gradual decline in Salix populations was accompanied by a slow increase in
Corylus and the demise of Juniperus. Little change seems to have taken place in the relative
proportions of birch and pine which presumably formed the local dryland forest. The start
of the rise of Corylus is radiocarbon dated here as about 8435 ± 195 14C BP, which seems to
be much too late by comparison to the dates from AK87 which form a reasonable series. This
VPCG date should probably be discarded. The shallow nature of this profile and its damage
by drainage has probably led to water table fluctuations which have contaminated the
peat with younger carbon. The next dated level coincides with the charcoal layer and with
the expansion of Corylus to very high frequencies. The two features are probably closely
related with the fire which created the charcoal disturbing the wetland edge vegetation
and allowing the rapid expansion of fire-favoured hazel in its place. A slight diminution
of Pinus occurred but Salix was the main casualty of this fire event and the removal of an
ecotonal willow belt between the developing marsh and the Betula-Pinus woodland seems
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likely. The fire created areas of open ground initially, for ruderal weeds briefly expand,
including Taraxacum-type, Artemisia, Melampyrum, Cirsium-type and Plantago lanceolata.
Senecio-type shows a peak also, but had been present before this event. The change in forest
composition might have helped the spread of other taxa, as an isolated Ulmus pollen grain
was observed at this level. The date on the charcoal of 8755 ± 110 14C BP seems late in
comparison to the AK87 date for the Corylus expansion, but charcoal is likely to be much
more reliable as a dating medium than peat in this profile and the Corylus rise could well be
time transgressive, particularly if instigated by individual site factors such as fire, whether
humanly directed or not. The presence of flints in the peat below the charcoal band makes
human agency here quite probable. The high standard deviation means that the difference
of a few centuries between the hazel rise dates may not be significant. The upper part of
the profile records a return to woodland stability with Ulmus having found a minor but
established place within the Betula, Corylus and Pinus forest. Sedge fen conditions, as at
AK87, continued to characterise the wetland.

4.8. Flixton School (Profile FS)

This site is located on the edge of the southern shore of palaeolake Flixton (Figure 1), in
what would have been a small inlet to the east of a promontory of land projecting into the
lake. The site is located in an area of chalk substrate covered by Lateglacial coversands, is
adjacent to Flixton School and so has been termed profile FS. The sediments were collected
as part of the excavation of an extensive early Mesolithic flint site which covers about
1500 m2, using monolith tins from an excavation trench. The stratigraphy is shown in
Supplementary Table S1. Samples for pollen analysis were taken at one or two cm intervals
(Figure 9). Six samples were submitted for radiocarbon dating and the results are shown in
Table 2 and in Figure 9. The core is very near to the site of a published pollen diagram which
was completed at Flixton School House Farm at the site of a Bos skeleton [52] and which,
although undated, clearly contained a pollen record that spanned part of the Lateglacial
Interstadial, the Loch Lomond Stadial and the earlier Holocene, and with which the FS
profile can be compared.
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4.8.1. Pollen Assemblage Zones

The following seven pollen assemblage zones are recognised.

FS-1 310–299 cm Betula-Salix-Pinus
FS-2 299–288 cm Betula-Pinus-Salix
FS-3 288–281 cm Betula-Corylus-Pinus
FS-4 281–274 cm Betula-Pinus-Corylus-Salix
FS-5 274–270 cm Betula-Corylus
FS-6 270–261 cm Corylus-Betula-Pinus
FS-7 261–253 cm Corylus-Pinus-Betula

4.8.2. Interpretation

The pollen diagram covers the early Holocene from its beginning to after the rise in
Corylus-type pollen which generally occurs a little before 9000 14C BP. The dates in the upper
part of the diagram agree with this pollen stratigraphic feature and, being on reed peat, are
probably valid. The dates near the base of the diagram, however, would seem to be too
old, presumably because of hard water error near to the limestone substrate soils, as there
is no record of Lateglacial-type pollen assemblages in the lower zones to corroborate the
Lateglacial dates, which should be disregarded. Typical Loch Lomond Stadial taxa such as
Artemisia are not significant. The base of the diagram might well have started accumulating
soon after the transition from the Lateglacial Stadial, however, as there is silt in the lower
layers of the organic lake muds, a temporary presence of isolated ruderal weed pollen
grains and the Salix, Juniperus and Filipendula curves hint at plant successions in the earliest
postglacial as Betula woodland became established. Poaceae is also quite high, although it
might relate to nearby lake edge marshes, with Equisetum also prominent. The recording
of Populus pollen is unusual, as its preservation rarely occurs, but supports the very early
Holocene interpretation. This Betula woodland, with Salix and other shrubs, is typical of
the earliest Holocene period, as seen at nearby School House Farm [52], elsewhere at Lake
Flixton [28] and in other East Yorkshire pollen records [62]. Betula woodland is dominant
until the expansion of Corylus-type in the middle of the first Holocene millennium, hazel
rising to a consistent high curve at 9220 ± 100 14C BP, in accord with regional patterns. The
increases in wetland marsh taxa, primarily Cyperaceae but also Filipendula and Thelypteris
palustris, reflect the expansion of the lake and lake-edge communities during this phase.
After about 9000 14C BP the dryland vegetation was stable Corylus-dominated woodland
with significant Pinus, which either took advantage of habitats on the local limestone or
had its pollen transported to the site from not too far away, given its substantial frequencies.
The record cannot progress far beyond the time of the rise of Corylus-type pollen, as Quercus
and Ulmus pollen is entirely absent. The diagram is interesting for the consistent presence
of background microcharcoal, which rises to high peaks in the earliest Holocene (zone
FS-1) and at the time of the rise of Corylus-type to high values (zone FS-6). These peaks,
which also contain macroscopic charcoal at these levels, suggest local burning rather than
more distant catchment fires. These increased levels of charcoal in FS-1 coincide with slight
fluctuations in Betula, Salix, Poaceae and Cyperaceae, and may reflect disturbance of the
woodland and/or wetland edge vegetation. The fires recorded in the high microcharcoal
curves of the upper pollen zones might have had more of a local impact, coinciding with
the replacement of Betula woodland by Corylus-type thickets, but a connection should not
be assumed. The presence of a major Early Mesolithic site adjacent to this core might
indicate the origin of the fires, perhaps around the lake edge as at Star Carr [20].

4.9. Church Farm Folkton (Profile QAA)

This site is located at what would have been the south-east edge of palaeolake Flixton
(Figure 1). A small excavation trench, termed QAA, behind Folkton Church revealed no
archaeology, but sediments from the west-facing side of the trench were recovered using
monolith tins. The stratigraphy is shown in Supplementary Table S1. Samples were taken
at 2–4 cm intervals in the lowest tin, then at 6–16 cm in the upper tins, depending on the
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stratigraphy. No samples were taken between 102 and 62 cm where the lithology was
entirely clastic. Although able to be counted without difficulty (Figure 10), there was a
considerable degree of deterioration of pollen grains throughout the profile, with corrosion
and crumpling the main effects. No radiocarbon dates are available for this profile, and
correlation with other profiles will be through the tree pollen assemblages.

4.9.1. Pollen Assemblage Zones

The following seven pollen assemblage zones are recognised.

QAA-1 232–222 cm Betula-Salix-Pinus
QAA-2 222–204 cm Betula-Salix
QAA-3 204–197 cm Juniperus-Salix-Betula
QAA-4 197–178 cm Betula-Salix-Pinus
QAA-5 178–102 cm Salix-Pinus
QAA-6 62–28 cm Corylus-Pinus-Betula
QAA-7 28–22 cm Corylus-Alnus-Quercus-Ulmus
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4.9.2. Interpretation

Sedimentation began at the edge of a shallow lake, surrounded by a very open land-
scape with bare soil, as shown by records of pioneer weeds and ruderal pollen, primarily
Rumex and Artemisia. There were some Betula and Salix, likely to be partly dwarf species
although some patches of tree birch and taller willow scrub would have existed within this
sedge-grassland vegetation community. Conditions were cold and the biological produc-
tivity of the water body was low, shown by the absence of aquatic pollen. The substantial
microcharcoal record shows that fires took place in the area, unless the particles were
reworked from earlier soils, as the presence of pre-Quaternary spores, signifying some soil
erosion, would support. Radiocarbon dates are unavailable, but the Betula curve suggests
that the first four zones of the diagram will date to the latter stages of the Lateglacial Inter-
stadial, with the cold conditions of QAA-1 probably equating with the cold phase around
12,000 14C BP and zone QAA-5 relating to the earlier part of the Lateglacial (Loch Lomond)
Stadial (GS-1). Microcharcoal is present at other lake edge sites around palaeolake Flixton,
as at Flixton School House Farm [52]. Local, small-scale fires were probably responsible at
this site, as microcharcoal frequencies at some contemporaneous sites, including the central
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lake profile D, are lower. The sharp microcharcoal peak in zone QAA-3 records a significant
phase of local burning that mainly affected Betula communities and initially encouraged
the spread of Juniperus, which would have replaced Betula directly as well as colonising tall
herb-grassland areas, as Poaceae and Rumex also decline sharply, replaced mainly by Cyper-
aceae. Zone QAA-4 shows a return to the conditions existing before the burning phase,
with Juniperus no longer present as Betula regrew in the burned areas and shaded Juniperus
out. Pinus also increases and might have been present locally, although at these times pine
might well mainly represent longer-distance transport. Hippophaë was briefly present in
this regeneration community. Cyperaceae-dominated grassland remained the dominant
ground cover. The pollen record of zone QAA-5 records a significant change in local
vegetation, as tree and shrub types decline sharply and the landscape became dominated
by sedge-grassland with a range of open-ground weeds and tall herbs in a steppe-tundra
community. Increases in pre-Quaternary spores and microcharcoal suggest erosion and
inwash of soil material from unstable, bare ground. Only Salix maintains percentages and
probably represents dwarf willow here. A major climatic deterioration was responsible and
this zone represents deposition under the very cold conditions of Loch Lomond Stadial
times, dated to between ca. 10,800 and 10,000 14C years ago [63]. The occasional records of
thermophilous taxa such as Alnus and Corylus-type, as has been recorded in Lateglacial
sediments elsewhere in lowland Yorkshire [77], will probably originate in reworking of
earlier interglacial pollen rather than actual presence, although macrofossil evidence for
temperate tree taxa in the region at this time makes actual presence a possibility [78],
spreading from refugia in northern England [79]. Erosion of inorganic sediments under a
severe cold climate culminates in the sediment lying above zone QAA-5, barren of pollen,
which comprises coarse grained clastic material including layers of sand and pebbles. This
horizon represents solifluction during the coldest phase of the later Lateglacial Stadial.

Organic sedimentation resumed in zone QAA-6 after the Loch Lomond Stadial but was
delayed as the rising Corylus-type curve near the start of the zone suggests a time well into
the Holocene, with no preceding Juniperus and Betula maxima recorded. A mixed woodland
with Betula, Pinus and Ulmus but dominated by Corylus-type characterises this zone, similar
to the vegetation of this time at several sites around palaeolake Flixton. Cyperaceae and
Poaceae values are much reduced and those herbs were probably restricted to around the
wetland edge, where the thermophilous Filipendula became common. Open ground weeds
are almost gone from the assemblage, other than a small peak of Senecio–type late in the
zone, so that the hazel-dominated woodland might have been almost continuous, on stable
soils supporting an understory of Pteropsida. Other than a small microcharcoal peak at
the start of the zone, which coincides with the Corylus-type rise and might have aided
it locally, fire appears not to have affected this woodland. Zone QAA-7 records a major
change in the local vegetation. Alnus woodland expanded rapidly and probably represents
carr woodland around the nearby lake edge, with Corylus-type continuing to dominate
the drier land, although increased Quercus and Ulmus shows diversification of the local
woodland. Fire seems not to have had an influence in the local woodland after the spread
of Corylus-type. This big increase in Alnus must represent the start of the mid-Holocene,
but the quite wide sampling interval at the top of the diagram means that the rate and
character of the spread of mid-Holocene woodland is not well defined here.

4.10. Barry’s Island (Profile LAL)

Barry’s Island is a mound of glacial gravel and sand deposits which in the earlier
Holocene formed an island protruding from the palaeolake in its southeastern corner
(Figure 1) and which was submerged by peat as the Holocene progressed. This profile,
termed LAL, was taken from an archaeological trench on the western side of the island
where the mound slopes gently down into the lake. Sediments were collected in three
monolith tins. The stratigraphy is shown in Supplementary Table S1 and consisted of
sands overlain in turn by lake muds and carr peat. The bottom 50 cm of the profile was
analysed for pollen, with sub-samples taken every four cm through the profile, closing to
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one cm across the basal transition to lake muds (Figure 11). There are no radiocarbon dates
available for this profile, but the chronology can be inferred from the dates in the nearby
profile LAP (see below).

4.10.1. Pollen Assemblage Zones

Only one pollen assemblage zone is recognised, subdivided into sub-zones on the
diagram to aid interpretation.

LAL-1 244–200 cm Corylus-Alnus-Quercus-Ulmus
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4.10.2. Interpretation

This profile contains a very stable vegetation history which hardly changes throughout.
There is some variability in the Pinus and Tilia curves, with the former fading away in
mid-diagram and the latter rising near the base of the profile, but the curves for these taxa
are so low that these changes warrant only sub-zone status. The dominance of Corylus-type
and Alnus suggests local abundance of these taxa on the island, on drier ground and on
the wetter carr soils at the island’s edge, respectively, within a wider Quercus and Ulmus
deciduous woodland. The consistent and substantial values for Alnus and Ulmus indicate
peat inception and accumulation during the mid-Holocene between the rise of Alnus about
7000 14C BP (although the date for this pollen-stratigraphic feature is very variable in the
eastern Vale, see below) and the decline of Ulmus about 5000 14C BP. The presence of a Tilia
curve supports this. The unhumified nature of the detrital peat and the presence of Alnus
macrofossils (Supplementary Table S1) suggests quite rapid accumulation within an alder
carr environment. Non-arboreal pollen frequencies are very low, although several taxa are
recorded, and the woodland canopy remained unbroken, although the presence of isolated
grains of Fraxinus and Fagus (a regionally early record) might indicate a small secondary
element to the woodland. There is no microcharcoal evidence of local fire, however, so



Quaternary 2022, 5, 52 23 of 43

there was no significant disturbance. Perhaps the more isolated location of the Barry’s
Island profiles, on a relatively small island, precluded local burning.

4.11. Barry’s Island (Profile LAP)

A second profile, termed LAP, was recovered from Barry’s Island, at a point in a
shallow hollow at its northern edge where the island sloped steeply into the palaeolake.
Sediment samples were collected from an archaeological trench using four monolith tins.
The succession was sands overlain by lake muds and then by carr peats. Thick sand layers
occurred in the peat. These might have been deposited because of the site’s proximity to
a deep channel of the present River Derwent which runs past the site and drains to the
westward, and which would have been a significant watercourse during the early and
mid-Holocene. The main sand layer contained faunal and lithic remains but their condition,
and the mixed Early and Late Mesolithic components of the lithics, indicated movement
and redeposition in a fluvial environment. The sand layer must have been deposited by a
high-energy stream that had reworked older soils and which could have travelled some
distance. Particle size analysis shows that the sand layer contained medium and fine sand
and was highly sorted. Considering its included bone and flint, it is most likely to be a
single, well-sorted flooding event from the nearby stream. The stratigraphy is described in
Supplementary Table S1. Sub-samples were taken for pollen analysis every four centimetres.
Four samples were submitted for radiocarbon dating and the results are shown in Table 2
and in Figure 12. An Optical Thermoluminescence date 6745 ± 890 BP was obtained (by
Dr. Ian Bailiff of the Department of Archaeology, Durham University) on the sand layer
between 170 and 180 cm, which conforms with the radiocarbon chronology.
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4.11.1. Pollen Assemblage Zones

The following five pollen assemblage zones are recognised.

LAP-1 272–254 cm Betula-Salix-Pinus
LAP-2 254–239 cm Pinus-Betula-Salix
LAP-3 200 cm Betula-Pinus
LAP-4 182–167 cm Corylus-Alnus-Quercus-Pinus
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LAP-5 167–135 cm Corylus-Alnus-Quercus-Ulmus

4.11.2. Interpretation

The radiocarbon date near the base of this profile might be too old because of hard
water error, but if correct it suggests that sedimentation began in the later mid-Lateglacial
(Windermere) Interstadial, probably in the warm phase of GI-1c as there is no evidence in
the basal pollen assemblage for cold conditions that could equate with the Older Dryas
Stadial phase around 12,000 14C BP which has been recognised to the east of Star Carr [28]
and in the lake centre profile D, above. The high Betula frequencies, substantial Filipendula
curve and highly organic gyttja sediment (Supplementary Table S1) confirm deposition un-
der a warm climate with an extensive vegetation cover in the late Interstadial temperature
maximum although the consistent low curves for steppe taxa Thalictrum, Helianthemum
and Artemisia indicate some open ground, perhaps in a type of open park-tundra environ-
ment. Similar late Interstadial environments have been recorded elsewhere in north-east
Yorkshire, as at Kildale Hall [80,81] and in the Vale of Mowbray [70,82]. The decline of
Juniperus and then Betula in zone LAP-2, with the rise of Cyperaceae, Poaceae and the
wetland taxa Filipendula and Typha latifolia, suggest either the descent towards the cold
conditions of the Lateglacial Stadial, with which zone LAP-2 must correlate, or the advance
of local lake-margin wetland communities, or most likely both. The radiocarbon date
of 10,140 ± 100 14C BP for the end of zone LAP-2 is acceptable and fits with the pollen
stratigraphy. The reed peat in mid-profile is barren of palynomorphs, except for one level
in mid-profile which has an early Holocene pollen assemblage, which might result from
oxidation of pollen after lake level fluctuation during the transition in depositional envi-
ronment from aquatic to fen-carr. High fern spore values in this profile might be evidence
of a propensity towards corrosion and poor pollen preservation in the earlier Holocene.
A clastic sand layer in mid-profile probably represents an erosive event after local stream
flooding rather than any climatic cause. There are several streams issuing from the chalk
Wolds to the south that entered the lake in the vicinity of Barry’s Island. Increased stream
discharge during wetter phases after about 8800 14C BP [83] might have caused erosion
and truncation of the profile at about that time. The date of 8850 ± 50 14C BP when pollen
deposition recommences shows the upper part of the diagram to be mid-Holocene in age,
and the pollen assemblages from zones LAP-4 and LAP-5 agree with that, dominated by
Corylus, Quercus, Alnus and Ulmus with Tilia defining the change to zone LAP-5. Barry’s
Island must have carried dense deciduous woodland with no evidence of open ground
during this mid-Holocene period. This canopy density will account for the absence of
microcharcoal at this time, with no burning occurring on the island and more extra-local or
regional microcharcoal filtered out by the closed canopy. This agrees well with the evidence
from the nearby LAL profile, also without microcharcoal in the mid-Holocene. In the more
open vegetation of the Lateglacial at LAP, however, microcharcoal is always present, with a
conspicuous peak in frequencies at the start of zone LAP-2, the Lateglacial (Loch Lomond)
Stadial. This correlation of burning and the Lateglacial is considered further below.

5. Discussion
5.1. Depositional Environments and Microfossil Data

The pollen assemblages preserved at the eleven profiles described in this paper reflect
the taphonomy of the depositional environments at each site. The source area from which
pollen and microcharcoal were recruited to the sediment column [84] varied with the
hydroseral succession from open water through reedswamp, fen, carr, fenwood and bog as
sediment accumulated in the suite of lake margin wetlands as sites became increasingly
terrestrialised and vegetation cover became denser [24,25,32]. Lake margin sites, as most of
these sites were, would have had source areas on-site and on the adjacent dry land, perhaps
of only 30 to 50 metres if they supported closed canopy vegetation [85–87]. Profile D at the
centre of the palaeolake, however, will have had a much greater pollen source area, likely
including pollen rain from much of the eastern Vale and perhaps with contributions from
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the lower slopes of the adjacent higher ground. One complicating aspect of lake centre
sites is that their pollen and microcharcoal assemblages might include material from a
range of sources [88], with input streams [89], lake water circulation [90] and reworking
of older material leading to focusing and the addition of non-contemporary particles to
accumulating deeper water sediments [91–93]. Interpretations of vegetation history need
to take these factors into account.

5.2. Vegetation History Conspectus

Ten of the eleven new pollen profiles presented in this paper record a vegetation
history from sites at the lake margin and cover much of the former lake-edge environment
(future research might be required in the north-eastern area, Figure 1). Most of them
preserve only a partial record (Figure 13), with only profile QAA containing data from all
three Lateglacial, early to mid-Holocene and mid-Holocene (post-Alnus rise) periods. All of
the marginal profiles except the two from Barry’s Island, where sediment appears to have
been eroded or began to accumulate late, contain an almost full early to mid-Holocene
record, however, and most extend that record into the post-Alnus rise Holocene. Together
they provide a spatial conspectus which allows comparison of woodland in different parts
of the lake’s environs for most of the first half of the Holocene, and which can be compared
with the more regional lake centre profile D, and previously published work. The site
locations are shown in Figures 14–16 and a synopsis of the main pollen assemblages for
each of the three periods is shown in Table 3.
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Figure 13. Correlation of pollen assemblage zones from the eleven new profiles at Lake Flixton. Blue
shading denotes areas which could not be sampled for pollen because of the core ending, oxidation
of upper sections or intrusive sand layers.

5.2.1. The Lateglacial Period (>10,000 14C BP; zones D 1–4, QAA 4–5 and LAP 1–2)

The three new profiles in this study that contain Lateglacial sediments (Figure 14)
are an important addition to the understanding of vegetation history during the pre-
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Holocene in the eastern Vale of Pickering, extending knowledge to the eastern end of
palaeolake Flixton.
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Figure 14. Correlation of palaeoenvironmental change at this paper’s sites at Palaeolake
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5 and LAP 1–2.

It is uncertain whether sediments exist which predate the Lateglacial Interstadial,
although the basal levels at the lake centre profile D might well do so, with pollen assem-
blages indicating very cold conditions, as might the base of the cores of Palmer et al. [46]
to the northwest of Flixton Island. Alternatively, these levels could represent a cold phase
known to occur during the early Interstadial (GI1-d) [94], but without radiocarbon dating
this remains uncertain. It is possible that a similar basal zone dominated by a steppe-tundra
flora with Poaceae, Cyperaceae and Artemisia at Flixton School House Farm [52], which
has a long Lateglacial sediment sequence, might also preserve pre-Interstadial data, but
again is undated. Betula pollen during this severely cold phase could be B. nana. Surveys
by Palmer et al. [46,95] show that Lateglacial (Windermere) Interstadial organic sediments
occur in most of the deeper basins of palaeolake Flixton, as in other lateglacial lakes in the
eastern Vale of Pickering such as at Wykeham Quarry [43]. The whole of the Lateglacial
Interstadial warm phase (GI1) is recorded in profile D, as it is in the lake cores of Day [28]
and Abrook [26], providing a template for comparison with the lake margin cores that also
record pollen data from this phase in the present study, profiles QAA and LAP. Profile D
has high frequencies of Betula, over 60%, especially in the later Interstadial, suggesting
the development of substantial birch woods in at least parts of the lake’s hinterland. It is
supported by similarly high late Interstadial Betula frequencies in Abrook’s nearby dia-
gram [26], almost as high Betula in Day’s diagram [28] and is very similar in abundance
to the Betula values recorded at LAP. In contrast the record from QAA for the later part
of the Interstadial has low birch and considerable grass, sedge and weed values, and an
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open vegetation. Cloutman’s work at Seamer Carr [22] showed the Interstadial vegetation
in that area, much like QAA, to contain open grassland and scrub, with an extensive herb
community, as is also shown by Walker and Godwin’s diagram [10] from Killerby Carr at
the east of the lake. There was clearly considerable variability in the Interstadial vegetation
at and around the lake. A similarity between these three new profiles is the sharp but brief
peaks of Juniperus, otherwise hardly present, with two at profile D and one at QAA and LAP
which probably correlate with the later peak at profile D. These juniper peaks signify brief
cold phases that caused opening and recession of the birchwoods, and were also recorded
by Day [28]. The differences in the ratio of Betula to non-tree pollen in lake margin cores
might be due to local factors such as site morphology, with steep-sided island sites such as
LAP less likely to develop fringing herbaceous wetland vegetation that would diminish the
contribution of the island’s birch woods to the pollen rain, unlike more shallow gradients
at sites such as QAA and K2 at Seamer Carr [22]. The Lateglacial (Loch Lomond/Younger
Dryas) Stadial (GS1) is represented at the same three new profiles (Figures 13 and 14). These
sands or calcareous silts of the Stadial are often devoid of pollen but where present the
assemblages contain little evidence of trees, few shrubs and are dominated by grass, sedges
and a range of open ground, steppe-tundra herbs. Any Betula and Salix shrub pollen may
well represent dwarf varieties, unless tree birches survived in sheltered locations. There
seems to have been little spatial variability in this steppe-tundra vegetation around the
lake during this severe cold phase and, overall, the Lateglacial pollen evidence from the
environs of Lake Flixton appears to be similar to that recorded in other diagrams of this
period from Northern England [69].
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5.2.2. Early to Mid-Holocene (c.10,000 to 7000 14C BP; cf. Pre-Boreal and Boreal)

Early to mid-Holocene pollen stratigraphies are available from nine of the eleven
new profiles (Figures 13 and 15), with only the Barry’s Island sites missing because of
local sedimentation factors, allowing spatial comparison of woodland history across the
whole length of Lake Flixton. That previous pollen studies concentrated on this period
because of the rich Early Mesolithic resource means that it has by far the most detailed
vegetation history of the area. Lake centre profile D has the more regional pollen signal
of woodland history and it indicates that in areas away from local lake margins there was
a rapid, transitional succession through tall herb and then shrub communities with Salix
and Juniperus. Most of the new profiles that contain pollen from the earliest Holocene
include a Juniperus peak as Betula starts to rise, and although this juniper peak varies
chronologically [96] it is a clear marker of the expansion of woody taxa about 10,000 14C BP,
after which juniper was shaded out by the fully established forest. This had very low levels
of tree diversity, with first Betula then Corylus dominating. Their frequencies of over 80% of
land pollen must represent firstly closed birch woodland then dense hazel thickets. The
establishment of closed Betula forest is not well dated in the Flixton area, but the date of
10,120 ± 180 14C BP at Roos Bog in Holderness [62] will be a good estimation. The birch
forest included Salix, Populus and Pinus in favoured locations, and the later dense Corylus
woods were slowly penetrated by Ulmus and Quercus. There was one microcharcoal peak
in the Corylus phase which coincides with the start of the Ulmus curve and so burning
somewhere in the catchment might have facilitated the entry of elm into the forest, but
there are no real indicators of disturbance and an unbroken canopy of Betula then of Corylus,
with a remarkably swift switch between the two, characterised the woodland of the eastern
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Vale of Pickering beyond the lake margins. This dryland vegetation history closely follows
the pattern recorded by earlier workers at Lake Flixton [10,28] and at sites in the more
regional North Yorkshire lowlands of the Tees Valley [66], Holderness [62] and the Vale of
Mowbray [76] where pollen values for Betula and Corylus also exceeded 80% of land pollen
in this period. In contrast, at the lake margin sites such as on No-Name Hill the switch
from Betula to Corylus is often more gradual and somewhat asynchronous, although in
general the expansion of Corylus is dated to about 9000 14C BP [18], similar to the rest of
northern England [74]. Pinus is present in higher frequencies well into the Corylus phase
at marginal sites such as profile FS, Flixton School House Farm [52] and Seamer Carr [22],
and the wetland edge areas might well have provided habitats for these trees much longer
than in the dryland regional forest, as well as for Salix and other canopy shrub/trees such
as Populus and Prunus. Much greater woodland diversity persisted in these lake edge areas
than in the wider landscape, perhaps encouraged by human activity, see below, as well as
edaphic differences. The immigration of the other major forest trees followed the regional
pattern, but Ulmus entered the woodland early in comparison with Quercus, the arrival
of which was somewhat delayed and asynchronous, appearing earlier in the south and
east than in the northwest, such as at Seamer Carr. Quercus frequencies are also generally
lower than in some other sites in the Yorkshire region during this period and, unusually,
the major expansion of oak in the regional woods appears to have not occurred until the
rise of Alnus pollen around 7000 BP, instead of the c. 8500 BP age recorded more generally
in the region [74].

Table 3. Synopsis of major vegetation changes and palaeoenvironmental history. Most of the ages for
the immigration of the major trees are strongly asynchronous. Quoted ages are in radiocarbon years.

c. 7200–5000 14C BP (Atlantic)
Alnus-Ulmus-Quercus-Corylus
Alnus is added to the tree flora. Its immigration is asynchronous varying from c. 7600 14C BP [28] to c. 6000 14C BP. Tilia appears
late in the period. Vegetation disturbance is significant by the end of the mid-Holocene with heliophytic taxa forming a significant
contribution to the local (and regional?) pollen rain. Late Mesolithic people were present and human occupation was probably an
important factor affecting the development of the vegetation and in some places disturbance might be linked to the local rise of
alder. The Ulmus Decline seems not to be recorded. Almost all of the former lake is covered in reed and/or sedge swamp and alder
carr and only very small pockets of open water are left in the deepest areas. Microcharcoal is either absent or in very low
frequencies and burning was not a significant influence in the damper, denser mid-Holocene forest.
c. 10,000–c.7200 14C BP (Pre-Boreal and Boreal)
Betula (c. 10,000–c.9000) Corylus (c. 9000–c.8000) Corylus-Pinus-Ulmus-Quercus (c. 8000–c. 7200)
Encroachment of lake edge vegetation and reed swamp was rapid and occurred from the earliest point of the Holocene. The
importance of Salix and Populus carr is variable around the lake edge although its detection depends to a large extent on pollen
preservation and sample location, relative to the water’s edge. After succession through Juniperus and Salix shrubs, Betula
dominated the first Holocene millennium. Rapid replacement of Betula by Corylus occurred around 9000 14C BP, with hazel thickets
established both locally and regionally. Pinus and Ulmus enter the woodland in places in the centuries leading up to 8000 14C BP.
Immigration of Quercus is highly asynchronous, occurring as early as 8700 14C BP at Flixton Island (AK87) but well after 8000 14C
BP elsewhere. Early Mesolithic people were present all around the lake and their occupation of the area is envisaged to be
continuous throughout, although greatest in the Betula phase and later varying in intensity and location. Detection of vegetation
disturbance occurs close to the cultural activity in the Betula phase and further afield during the later phases. Microcharcoal is
common near cultural sites in the Betula phase, as well as at the time of the expansion of Corylus, with microcharcoal layers
sometimes present as at profile VPCG. It is less prevalent in the later phases.
>10,000 14C BP (Lateglacial)
Poaceae and tundra herbs (>c.13,000) Betula-Poaceae (c.13,000–c.12,000) Juniperus-Poaceae-Betula (c.12,000) Betula (c.12,000–c.11,000)
Poaceae-Cyperaceae-tundra herbs (11,000–10,000)
Organic sedimentation began as early as 13,000 14C BP, or even slightly earlier at profile D. Open, tundra-type vegetation was
supplanted by open Betula woodland in the first part of the Lateglacial (Windermere) Interstadial. A reversion to Juniperus scrub
and grassland occurred under colder conditions around 12,000 14C BP. Denser Betula woodland developed in the later Interstadial.
After c.11,000 14C BP in the cold Lateglacial (Loch Lomond) Stadial grassland and tundra-type herbs dominated, with some
localised scrub. Microcharcoal frequencies vary but are generally high throughout the Lateglacial, and fire (from whatever source)
appears to have played an important part in the environment. Upper Palaeolithic people were present except for the very cold
Lateglacial Stadial.
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5.2.3. Mid-Holocene c.7000 to 5000 14C BP (cf. Atlantic; Zones D 8, NM 7, AK87 8, 1035 5,
QAA 7, LAL 1 and LAP 4–5)

Seven of the new profiles in this study contain sediments of mid-Holocene, post
Alnus-rise, age (Figures 13 and 16) and this important pollen stratigraphic change [97,98]
is used to define the mid-Holocene period of the Mesolithic. There is aquatic pollen at
profile D but not in the more marginal profiles, which contain only the semi-aquatic Typha
angustifolia. The lake was almost completely terrestrialised by this time [25], with small
areas of shallow open water only in the centre. This would have changed the pollen source
area, with a more local pollen rain to profile D and the other lake centre sites, reducing the
regional signal. This period saw the completion of the assembly of the regional forest, with
Ulmus and Quercus increasing and Alnus becoming a significant component. The timing
and degree of the alder expansion was strongly asynchronous, with a very wide range for
its rise to high frequencies, and might well have depended on soil conditions, although
other triggers for its expansion would have existed, such as disturbance [22]. Alnus’s main
role locally was as a dominant in the carr that formed the landward fringe of the lake-edge
wetland vegetation as sedimentation continued and wetland successions progressed. The
available radiocarbon ages for its expansion show that it was late arriving on the islands in
the lake, dating to 5990 ± 90 14C BP at AK87 and 6160 ± 50 14C BP at NM although the date
of 6815 ± 110 14C BP at Flixton F1035 is nearer the c. 7000 BP expected age for a lowland
site. It was also late at the lake margin site Seamer Carr E77 [22] where its rise dates to
c.6470 ± 90 14C BP. It would, however, have also occurred in damper areas of the general
forest, and so was probably growing throughout the bottomland woods of the eastern Vale.
The population expansion of Alnus is much earlier in the lake centre profiles, however, with
an age of 7640 ± 85 14C BP at Day’s site [28], and corroborated by interpolation of ages in
profile D, being not very far above a date of 8370 ± 60 14C BP on that diagram. It seems that
alder was a significant member of the wider regional forest of the eastern Vale away from
the lake, with its pollen recorded in the regional pollen rain of the lake centre diagrams,
earlier than the average age for its rational limit in England of about 7000 14C BP, and much
earlier than it colonised the lake margin wetlands as part of the hydroseral succession. The
soils of the flat lowland Vale were probably favourable to its early appearance, as in other
wet valley locations [97,99,100] and it might have been present locally in small numbers
much earlier [28]. With a few exceptions, as at profile F1035 and the DB1 core of Walker
and Godwin [10], Pinus falls to low values as Alnus rises, as in the new diagrams in this
paper and in most earlier studies [22]. This change, traditionally regarded as a marker of
the Boreal-Atlantic Transition, probably represents direct replacement of Pinus by Alnus,
perhaps on wetland and valley bottom organic soils under a wetter climate regime. Pinus
had almost certainly been present in the area, as most pine pollen is deposited within a
few hundred metres of the tree, pine resin is present at Star Carr [101] and frequencies
of greater than 5% signify local presence [102], although probably in restricted habitats,
being consistently recorded in all the early Holocene pollen assemblages in this study and
previously [20], and most pine pollen will have been the result of local growth rather than
longer distance transport.

At the same time as Alnus rises, Quercus also becomes much more abundant in the
general forest, rising sharply in the lake centre profile D, as was noted by Day [28] in
her nearby deep core diagram. It seems to have reduced Corylus populations in places,
although hazel remained common everywhere, but less so in the island profiles. Ulmus also
increases but not to such an extent, having already been present in significant frequencies
before the Alnus rise. There is some variability in the composition of the mixed-oak forest
but it generally seems stable and with a mostly closed canopy, and more diverse away
from the lake margins and islands. There are occasional records of trees that colonise open
ground, such as Fraxinus and Betula, suggesting that some parts of the woodland comprised
regeneration communities rather than primary forest, perhaps following disturbance. Tilia,
the last major member of the mid-Holocene forest to arrive is generally present but in low
frequencies, although it increases in the second half of the period. It is near the northern
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limit of its range [103] and is less important in the eastern Vale than in other parts of North
Yorkshire [74].

5.2.4. Later Holocene < 5000 14C BP (cf. Sub-Boreal)

The mid-Holocene Ulmus decline [75] is a major pollen stratigraphic feature which
has been recognised in many pollen diagrams in northern England and coincides broadly
with the culmination of the transition from Late Mesolithic to Neolithic cultures. It is
time-transgressive, occurring in a range of a few centuries before and after 5000 14C years
BP [104], with the earlier dates recorded in the lowlands of the region and on better soils,
for example 5305 ± 55 14C BP at Morden Carr [105]. There is, however, no convincing
evidence of the Ulmus Decline in the present paper’s profiles, nor in previously pub-
lished pollen diagrams from palaeolake Flixton [26]. This is almost certainly due to the
drainage and oxidation of the upper peats in the palaeolake Flixton sequences, with the
post-Ulmus decline evidence destroyed. The radiocarbon date of 5300 ± 85 14C BP at the
top of the AK87 diagram is very similar to that at Morden Carr but there is no decline in
the elm curve although disturbance of alder carr occurs with the creation of open areas
colonised by Plantago lanceolata and Pteridium. The Ulmus decline must have been later than
5300 14C BP there. There is an Ulmus decline at profile D with a radiocarbon age of
5740 ± 50 14C BP, but that would be too old for the feature and, as other tree frequencies
including Quercus and Alnus fall at the same level, it is an artefact of a sudden rise of non-
arboreal frequencies which might have been caused by fire disturbance in the catchment as
there is an increase in microcharcoal at this time. The Ulmus decline is therefore not yet
represented in palaeolake Flixton vegetation history, and it is not likely that it remains to
be discovered in future research. It is possible that pioneer Neolithic agriculturalists were
operating in the area in the centuries preceding the Ulmus Decline, as has been postulated
for elsewhere in the area [106] at a time early in the transition from the Mesolithic to the
Neolithic, but no signs of very early Neolithic-type land use have been found in the eastern
Vale of Pickering. More focused, high-resolution palynology [107,108] would be required
in late pre-Ulmus Decline peat, as occurs at profile AK87, to look for such evidence.

5.3. Vegetation History Drivers around Lake Flixton

The conclusions regarding vegetation history at palaeolake Flixton derived from the
new sites in this paper allow correlation with and refinement of the syntheses published
previously [6,7], and discussion of the relative importance of the drivers of Lateglacial and
early to mid-Holocene vegetation change in the Vale of Pickering and its environs.

5.3.1. Climate

It is climate change, and primarily temperature variation, that controls vegetation
change through the several thousand years of a full Glacial to full Interglacial
transition [109–111], particularly in a region such as northern England that has suffered
extensive ice cover and the most extreme climate changes [38,112]. The major climate shifts
that occurred after the end of the full glacial period were generally rapid and stimulated
major vegetation change, although often the response of plant communities was delayed
because of lags in the rate of soil development and other secondary factors [113], and
where their refugia were located [78,114]. The major climatic divisions of the period are
well defined [63,67,115], as the Lateglacial (Windermere) Interstadial or Greenland Intersta-
dial GI1, and as the Lateglacial (Loch Lomond) Stadial or GS1 in the Greenland ice core
records [65,115]. These were macroscale changes in the northwest Europe region, with GI1
lasting 2000 radiocarbon years and GS1 lasting almost a thousand radiocarbon years. Both
climatic phases are recorded in the lake centre cores [26,28] and many of the lake margin
profiles at Lake Flixton, discussed in Section 5.2.1 above, as well as in many pollen diagrams
in northeast England [45,69,70] with which the Lake Flixton data can be compared, such
as Gransmoor, Skipsea Withow Mere and Roos Bog in Holderness [62,64,116], Tadcaster
in the Vale of York [117] and Snape Mires in the Vale of Mowbray [70]. These Lateglacial
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and Holocene climate fluctuations have also been reconstructed in northern England using
insects as a sensitive temperature proxy [118–120], and the site of Gransmoor [121], close to
the Vale of Pickering, has provided a particularly useful climate analogue for Lake Flixton.
The vegetation history of the warmest phase of the Interstadial at Lake Flixton corresponds
well with that from the wider region, with Betula rising strongly as tree birches colonised
the landscape, but with considerable variability in Betula abundance between sites not very
far apart. This is similar to the Betula record across northeast England where the maximum
birch abundance diminished on a latitudinal gradient from south to north, with closed birch
woods in the south and open, patchy park woodland in the north, and can be attributed
to temperature differences. The differences in birch abundance around Lake Flixton must
have been caused by local edaphic effects or exposure rather than the effects of climate in
such a small area, with the main climatic driver tempered by secondary factors.

The profiles that record the Lateglacial Stadial [115] at Lake Flixton indicate the severity
of the intensely cold climate in this phase, particularly in its arid latter stages [65], which
caused devegetation of many of the slopes around the lake. This sometimes caused a
sedimentary hiatus and so no pollen record but often resulted in the erosion and wind
distribution of soils and the deposition of clastic layers of sand and clay in some of the
lake margin organic sequences, as at QAA and at Seamer Carr [22], but also in lake centre
cores [26,28] indicating focusing of solifluction inwash into the deeper parts of the lake.
Pre-Quaternary spores in these sediments, such as at QAA, confirm their high degree of
reworking, as might their significant charcoal content although the increased incidence of
fire in the Lateglacial cold phases is likely to reflect the very arid conditions and increased
combustability of vegetation [111,122]. Rapid climate change and temperature fall was
certainly the overwhelming cause of vegetation change during the Lateglacial Stadial, with
little variability present in the pollen record. The end of the Lateglacial Stadial, with abrupt
temperature rise, set in train the immigration of the members of the Interglacial forest
community, as everywhere across northern England [74].

While major climate changes governed Lateglacial vegetation communities at the Inter-
stadial and Stadial level, there were also at least three lower amplitude climatic fluctuations
in the Interstadial which can be clearly seen in the Greenland ice-core
record [63,94,123,124] and at sites in northern England [125,126] and at Lake Flixton as at
School House Farm [52]. Cores in the deeper areas of western Lake Flixton [27] have been
analysed for high-resolution Oxygen and Carbon stable isotope data [127] which preserve
a clear record of these short-lived but intense climate excursions, particularly those in the
mid-Interstadial and in the very early Holocene. These events began abruptly, caused
vegetation reversals and can be seen in the pollen record at Lake Flixton. Juniperus peaks
and sharp Betula declines, and the appearance of steppe-tundra herbs such as Helianthe-
mum and Artemisia, occur in the new profiles at profile D, QAA and LAP which record
these brief, centennial-scale cold climate events in the Interstadial in the centuries around
12,000 14C BP and 11,400 14C BP. They have also been recorded by Day [28] and Abrook [26]
in their lake centre profiles, showing them to result from regional climate change rather than
any local factors, as well as in other regional diagrams [62,66]. These Lateglacial climatic
fluctuations have been reconstructed in detail from lake sediments at nearby Wykeham
Quarry [128] using a range of well dated temperature-sensitive proxies, as well as in the
deep cores of Blockley et al. [27], and confirm the Lake Flixton data in showing that climate
was the control on vegetation change during this period.

There were also several considerable climate fluctuations within the general early
Holocene warming trend [111], such as the Pre-Boreal Oscillation [34], which greatly com-
plicated forest development, and could slow or even reverse successions towards the
naturally closed-canopy and dense [129] temperate deciduous forest. These Holocene
fluctuations are clearly visible in the regional climate record [125] and include the rapid
onset of cold phases of differing severity that lasted a relatively short time [130] partic-
ularly around 9.3 and 8.2 cal. ka BP [131,132], but also around 10.2, 11.1 and 11.4 (the
Pre-Boreal Oscillation) cal. ka BP [133,134]. Multi-proxy investigations in western Lake
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Flixton [46,123,127] have clearly recorded such temperature changes, which logically
would have impacted woodland development. Mellars and Dark [1] and Conneller and
Higham [135] suggest that the Pre-Boreal Oscillation delayed Mesolithic settlement of the
eastern Vale of Pickering by delaying the expansion of woodland, which fits with the dating
of Star Carr [13] as after this climatic event. The 9.3 event has also been seen to cause
woodland recession [131] and the 8.2 severe cold event had significant impacts on vege-
tation [136,137] and potentially on Mesolithic settlement [123,138–140]. These short-lived
early Holocene oscillations are not well represented in the palaeolake Flixton pollen records,
perhaps because of the resilience of the woodland with long-lived individual trees [141,142],
although there are fluctuations in the Betula and Juniperus curves in some sites that can be
interpreted as vegetation reversals, as by Abrook [26], and by Day [28] in her lake centre
core where two small peaks of Juniperus coincide with rises in Poaceae and Cyperaceae and
falls in Betula. These could record brief recessions of the birchwood and more open shrub,
heath and herbaceous vegetation during the Pre-Boreal cold events.

In general, the order in which the major forest trees immigrated into the eastern Vale of
Pickering and rose to high populations (the rational pollen limit) is in line with the conven-
tional dated sequence recorded in pollen diagrams all over northern
England [143–148] and beyond. The Corylus rise is a good example and as its timing
in the eastern Vale seems broadly consistent around 9000 14C BP, climate was probably an
important driver. It occurred during a period of generally warmer and drier climate [83]
which would have favoured hazel expansion [149–152] and might also have permitted
increased natural fire and so increased microcharcoal deposition [153,154], as occurs at
lake Flixton (see below). In contrast, some of the timings of woodland population change
are very variable, and are very different to the expected regional mean [155,156]. Even
when the large standard deviations on some of the radiocarbon dates acquired in the earlier
stages of research (Table 2) are taken into account, it is clear that there is a considerable
range in the timings for the rise to prominence for some major taxa, especially Alnus, even
across the short distances between sites around Lake Flixton. The Alnus rise [97,98,145] has
long been attributed to the effects of a change to a wetter, more oceanic climate around
7200 14C BP and proxy data from several studies of bog development in northern England
have provided evidence to support a switch to wetter conditions around this time [83,157].
The variability in ages for the Alnus rise, however, suggests that climate was not the main
control on alder’s expansion around the lake. The wetlands of the eastern Vale were very
complex [25,32] and edaphic factors would have been very important in influencing the
ability of taxa such as Alnus, with narrow environmental tolerances, to become estab-
lished [98,99] and spread around the lake’s environs, and have probably accounted for the
very early rise of alder in some wet valley locations [97]. Alnus is often present well before
its rise to abundance in Britain [158], awaiting an environmental trigger for its expansion.
There was also a pronounced shift to colder and wetter conditions from about 5900 14C
BP, recorded in ombrotrophic mires [83,159], which corresponds to increased wetness in
the lake Flixton wetlands, although it seems not to have affected the stable regional forest.
Overall, once Holocene woodland was established after the early Holocene climatic events
it was secondary factors of within-forest competition [160], disturbance [161] and different
rates of tree migration [114] that influenced the assembly of the Holocene deciduous forest
around Lake Flixton.

5.3.2. Human Impacts

Although climate was the main driver of long-term changes in tree populations in the
wider landscape around the Lake Flixton wetlands, other forces such as human activity
would have had an impact on woodland succession and composition, and Mesolithic
people were certainly operating in the wider landscape [162]. There are indications in
the macrofossil wood remains that the Mesolithic inhabitants of the area used a range
of woodworking techniques which included the felling of trees around their settlements
with axes, as at Star Carr [8,163]. Such removal of individual trees, to provide wood
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for structures [9,164] and other domestic purposes [165], would probably have been low
scale and of very limited extent, with little significant effect on the woodland and so not
discernible in pollen diagrams. The main human agency for any significant influence on
the forest would have been the use of fire, around settlement and activity sites but also
within the wider forest away from the lake itself [2]. While some types of pollen data, curve
fluctuations or the appearance of pyrophyte indicator taxa, can be interpreted as reflecting
burning, it is charcoal, both macroscopic and microscopic, that is the main and most reliable
proxy indicator of burning [166,167]. All size classes of charcoal have been found at the
many Mesolithic archaeological sites around the lake edge, including macrocharcoal which
must have originated locally, and much of the microcharcoal records might well have
originated from on-site domestic activities such as campfires [168]. The dense lake edge
reedswamp was apparently a focus of significant burning, near Star Carr [1,169] but in
other locations around the lake also [48,170], a practice that has been recorded in the Early
Mesolithic elsewhere [171,172] and which might have been commonplace in such situations.
Its purpose was most likely to have been to improve access to and from the open water of
the lake [2,173], although there would have also been economic benefits [170]. There is also
evidence for burning associated with changes in the local woodlands. Fluctuations in birch
coinciding with increased levels of microcharcoal occurred during the early Mesolithic at
No Name Hill (NAQ) and, to a lesser extent on the southern shore of the lake (FS). In these
cases, however, it is uncertain whether the charcoal reflects the intentional burning of local
vegetation or is the result of contemporary human activity. A much clearer correlation
between woodland change and the use of fire can be seen in VPCG, where increases in
charcoal coincide with a decline in willow, which was followed by an increase in hazel.
In this case, the presence of worked flints above a corresponding layer of charcoal in the
peat stratigraphy makes it likely that humans were responsible for these changes (see
below). Charcoal layers also occur in later, Late Mesolithic, contexts at the lake margin.
During zones 6 and 7 at No Name Hill (NM), Corylus fluctuates significantly in association
with peaks in charcoal, inferring a local and fairly significant presence of later Mesolithic
people. The diversity and percentage (c. 15–20%) TLP of the herb layer imply areas of
destabilised soil or disturbance. At Seamer Carr sites E77 and K5 Cloutman [22] recorded
Late Mesolithic charcoal layers coinciding with the Alnus rise. A black band, peat suffused
with charcoal, can be traced in a layer across much of the lakeside area and dates to the
Later Mesolithic after about 6500 14C BP, representing consistent burning over a period of
several centuries around the lake. Late Mesolithic microcharcoal peaks also occur in profile
D and other lake centre cores [26,28].

The Lateglacial sediments investigated in this paper, and in other studies around
Lake Flixton, as at Star Carr [6,28], contain large amounts of microscopic charcoal, in fact
more than occurs in Holocene sediments. The charcoal frequencies from the Lateglacial
sediments at profile LAP are of the same magnitude as those recorded within the lake centre
at profile D in zone D-3, suggesting a similar level of burning all around the lake. Such
Lateglacial charcoal abundance has been recorded at other sites in North Yorkshire [70,76]
and is a common feature of Lateglacial sediments generally [122]. At Flixton School House
Farm [52], charcoal layers occurred in the Lateglacial Interstadial associated with declines
in Betula pollen percentages, and also in the colder, arid ‘Younger Dryas’ (Loch Lomond)
Stadial at the end of the Lateglacial. Day [28] attributed these fires to human activity,
which may well be the case, but the Lateglacial was a period of complex and variable
climatic conditions [67], with Interstadial cold phases and Younger Dryas Stadial aridity
which might have promoted natural fires. The severe cold of the Lateglacial Stadial saw
considerable erosion of soils, which could have redeposited old charcoal. It is therefore not
possible to attribute the fires that created the charcoal to a particular cause with any certainty.
Upper Palaeolithic people were certainly present in the area, with hearths and flints present
in organic muds dated to 10,413 ± 210 14C BP beneath Lateglacial Stadial sands at Seamer
Carr [15], and it is reasonable to assign some of the charcoal to Upper Palaeolithic activity
in a fire-prone environment, as well natural fires under arid climate [111].
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There are very many Early Mesolithic archaeological sites around Lake Flixton [6] and
a great deal of the charcoal and pollen evidence of vegetation change has been attributed
to the activities of those people in the environments fringing the lake [2,20,23,170]. This
is not unique, as there are other analogous sites, both regionally and nationally, where
evidence of such alteration of the vegetation by fire has been recorded [174], often adjacent
to Early Mesolithic flint sites of similar age to Star Carr [175–179]. Bridgland et al. [76] have
recorded burning and high charcoal levels in palaeolake sediments at sites in the Vale of
Mowbray, a nearby North Yorkshire lowland, which are contemporary with the Star Carr
occupation. In palaeolake Flixton, the regional charcoal curve in profile D indicates periods
of fire activity within the region and can be used for comparison with the archaeologically
linked profiles. Three to four distinct and quite prolonged periods of fire activity can be
detected around lake Flixton during the early Mesolithic, for example at No-Name Hill at
profile NAQ and at FS on the southern shore of the lake (see also [170]).

Although some of the fires which the charcoal evidence records might have been
natural wildfires, a human origin seems very likely. Study of the activities of recent hunter-
gatherer societies has shown that the use of fire to modify vegetation was a common
practice that was systematic, well planned and integral to their land-use and economic
strategies [180–182], altering the vegetation to human advantage. The many examples of
Mesolithic-age disturbance suggest that early Holocene hunter-gatherers did the same, and
their use of fire to diversify the increasingly dense forest would have created a mosaic of
areas at different stages of regeneration and improved the range and concentration of plant
and animal resources [183]. Fire-disturbance of Betula forest could well have accelerated
the rise of Corylus to abundance in the woodland, with the provision of hazelnuts as a
staple food source [184], as was clearly the case at profile VPCG where a charcoal layer
and the Corylus rise coincide. This is very similar to the start of high charcoal records that
coincide with the start of the Corylus curve in sites at Snape Mires in the Vale of Mowbray
elsewhere in North Yorkshire [76]. Many other examples of such fire-disturbance of the
woodland have been recorded from the areas to the north and south of the Vale of Pickering,
on the North York Moors upland especially [107,185,186] but also in the Yorkshire Wolds
and Holderness [175,177], many directly associated with charcoal [187]. Charcoal layers
and pollen evidence of disturbance are common on the nearby upland of the North York
Moors in sediments of Mesolithic age [2,106,187], with microcharcoal studies showing that
fire was an ever-present element in the upland woodland ecosystem [188,189]. Similar
evidence occurs in other English uplands [190] although, as with the North York Moors,
most examples fall into the Later, rather than Early, Mesolithic and so are contemporary
with the lake Flixton evidence from sites such as Seamer Carr E77. The early Holocene
woodland of the uplands around the Vale of Pickering, however, was probably modified
by human action in the same way as the environs of palaeolake Flixton, as the inhabitants
of the lakeside Early Mesolithic sites exploited the adjacent uplands [175,191,192].

Whether of human or natural origin, disturbance was an important factor in vegetation
change at local scales in both Lateglacial and Holocene times around Lake Flixton, with
many sites showing pollen evidence of temporary woodland opening. The pollen and
microcharcoal diagrams around the lake margins will record mostly nearby disturbance in
lakeside wetland ecosystems and adjacent woodlands because of the local pollen source
area, with a muted signal from dryland woods [193–195] at any distance from the lake.
The lake centre diagrams of Day’s profile D [28] and Blockley [27], must include a more
extra-local to regional assemblage, and elevated levels of microcharcoal as indications of
burning do exist [28], as at core B [27] where microcharcoal peaks coincide with the rise of
Corylus pollen. Overall, however, the lowland woods beyond the immediate lake environs
appear to have been less disturbed by comparison with the lake-margin profiles, although
distance-decay effects of microcharcoal taphonomy probably will have muted the signal
from the wider landscape compared to the near-site impacts in the lake margin profiles.
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6. Conclusions

The new profiles presented in this study, particularly those of the eastern part of the
palaeolake, move the focus of attention away from the few sites published previously,
primarily around Star Carr and Seamer Carr, and provide a more holistic view of vege-
tation history, including the roles of climate and of possible human impact. The general
development of the vegetation in the eastern Vale of Pickering seems characterised by
its similarity rather than diversity, although the time-transgressive nature of many of the
main early Holocene pollen stratigraphic changes at the sites presented in this paper, in
particular the rises of Corylus and Alnus, allied to those of previous research, suggests that
factors other than climate change had a significant but local influence on some woodland
successions. Edaphic factors in and around the wetland ecosystems fringing palaeolake
Flixton would have had an influence, particularly on the spread of alder in the lake margin
wetlands but also in the damp bottomland woods of the eastern Vale in general. Human
activity, however, in particular burning that in some cases extended beyond the wetlands
into the surrounding forest, would also have affected tree populations and distributions,
and therefore forest succession and composition. Burning was common around the lake
in Early Mesolithic times and occurred in the wider forest in the Later Mesolithic. Often,
therefore, local factors such as the gradual development and spread of wetland systems,
but especially the activities of the often high populations of Mesolithic hunter-gatherers
concentrated around the lake, were instrumental in determining the woodland mosaic
and site history and perhaps the timing of woodland composition change at shorter-term
temporal and spatial scales. At the more regional scale of tree immigration and spread
in the eastern Vale of Pickering, however, Lateglacial and Holocene climate change, both
gradual long term and more abruptly during short-term events, was the driver of woodland
history as everywhere else in northern England and beyond.
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