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1. Background to the site

a) Summary of excavations at Star Cariand around Lake Flixton

Star Carr is one of a number of Mesolithic sites that has been recorded around the basin of the
Palaeo Lake Flixton. The infilling of the lake has helped to preserve faunal remains and
material culture made from wood, bone, andeairdas well as evidence for the contemporary
environment, making this area one of the most important early prehistoric landscapes in
Europe. Star Carr originally lay on the shore of a large peninsula at the western end of the lake.
It was first discovereih 1948 by a local amateur archaeologist, John Moore, and was then
excavated by Grahame Clark between 1949 and'1@%4rk targeted the waterlogged area on

the margins of the lake, recovering a large assemblage of animal bone, organic artefacts and
lithic material.

Further work was undertaken in the area from 18985, directed by Tim SchadHall as part

of a rescue campaign in advance of the development of a waste disposal plant at Seamer Carr
area, on the northwest edge of the basin. This resulteé tiscovery of a number of areas of

Late Upper Palaeolithic and Mesolithic sites, two of which (Seamer Carr sites C and K) were
the subject of large, open area excavation. From 1985, the Vale of Pickering Research Trust
undertook extensive surveys of theuthern lake shore, conducting auger surveys to map the
topography of the basin and identifying further areas of Mesolithic activity through a
programme of tegpitting and small scale excavation. Some of these areas underwent further
exploration but nesr on the scale of the Seamer Sites

At Star Carr, further excavations were undertaken in the 1980s to provide a more precise
account of the local environments contemporary with the occupation of the site. To achieve
this an 18 m long trench (VP85A) wescavated through the lake edge deposidan to the

eastof the area investigated by Clark. This research not only provided further environmental
evidence but alsecorded a dense scatter of worked flint, faunal remains and what appeared
to be a woodn platform. These unexpected discoveries demonstrated that activity at Star Carr
was far more extensive than Clark had realised and that there was considerable potential for
further archaeological material in the surrounding deposits. However, what eegimeiclear

was how this new material related to the part of the site investigated by Clark.

This new study is based on more extensive fieldwork from 2004 to 2015, culminating in the
excavation of large open areas of both the wetland and dryland parts of the site. Two main
phases of archaeological and associated palaeoenvironmental work were under&tken at
Carr. Phase 1 (2063010) sought to characterigee local stratigraphy arttie nature, extent,

and levels of preservation of the archaeological material in both the wetland and geytnd

of the site The area around the site was augered in @aocderap the Star Carr peninsula and

the adjacent parts of the lake basin, a series of long narrow trenches were excavated through
the sequence of peat deposits at the edge of the lake and two earlier trenchegxeereated

and extended, whilst the Meghic dry ground was sampled through fieldwalking, test pitting,

and the excavation of a large trench. Phase 2 (2013) consisted of large scale, open area
excavation across the former lake shore and the adjacent dryland area incorporating the earlier
trenches that had been excavated at the site.
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b) the landscape and palaeoenvironmental record of the Vale of Pickering

Palaeolake Flixton was a small lake system that developed after the retreat of glacier ice
associated with the Last Glacial MaximtitnLocally the ice maximum occurred between ~20

17 ka and subsequent eastward retreat of the ice toward the North Sea Basin left a series of
outwash gravels with many basins of irregular sized and distributed randomly across the eastern
Vale of Pickering. Théargest of these basins was Palaeolake Flixton dammed by moraines
and outwash gravel highs to the west. Previous work on this lake has focussed on detailing the
sediments in the lake and relating them to the archaeological record of surrounding sites.
Palynological, radiocarbon and sedimentological evidence suggested that sediments formed
within the lake during the Lateglacial and that there was an active lake through into the Early
Holocené>®

In order to understand the formation of the lake recordanendetail and to select the best
sample material for high resolution palaeoclimatic and palaeoenvironmental reconstruction, we
have undertaken a detailed basin wide auger and survey of the lacustrine sediments to the east
of Star Carr and north of Flixtdeland (Figure 1 main text). Palmetral, ’ discovered that the

lake bathymetry was more irregular than previously described by Clotiamanwhich is

related to complex proglacial and ice marginal processes during deglaciation. Based on this
survey twocores were selected for detailed analyses due to their long early Holocene sediment
profiles and proximity to the archaeological sites (cores B andh@ain text Figure 1L

2. The results of the new Archaeological investigations
Supplementary Figurel1 The key discoveries found at Star Carr from 22005.
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The large scale excavatiopsesented in this studgvealed a number of important features
across the dryland and lake ed§egplementarf¥igurel). Three structures were found on the
dryland: 1. the western structure was defined by a circular area dense in flint debris and a large
quantity of burnt flint. In addition a number of ephemeral postholes were discovered. 2. The
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central structure was deéd by a central hollow, infilled with darker sediment, surrounded by
postholes. Further postholes in the area suggest the presence of at least one other structure. 3.
The eastern structure was defined by a central hollow, infilled with darker sediment,
surrounded by postholes and a large quantity of struck flint within the structure.

A range of different deposits were found in the wetland, discussed from left to right on
SupplementaryFigure 1. A small area of sediments and artefacts characteristic eé tho
encountered during Clarkodés excavation remair
area). This had an extremely high density of finds: flint, faunal remains and organic artefacts
including barbed points and antler headdresses/masks.

The westermlatform was a large wooden structure situated on what would have been the
lakeshore $upplementaryrigure 2). The western part of the platform was both unaied
overlain by naturally occurring brushwood (having washed in or fallen from trees on¢he lak
shore) within which was evidence of worked wood demonstrating human activity in this area.

The detrital wood scatter consisted of 1329 individual pieces of wood, including roundwood,
split and unsplit timbers, and occasionally entire trees, forming ge,laoughly linear
arrangement 25.8 m long and up to 8.5 m witlgpplementaryigure3). The arrangement of

the wood lacks any appreciable form or clear phases of deposition or accumulation. However,
in terms of its overall shape there is a clear gap gstahe wood on the souttest side of

the scatter that coincides with a large concentration of animal bone. The linear form of the
scatter, together with the faunal remains deposition, suggest that the wood was deposited to
stabilise the soft basal sedinte and allow people to access areas of deeper water, possibly
(though not necessarily exclusively) for the purposes of depositing animal remains.

Supplementary Figure 2 brushwood (left) western platform (right)

Supplementary Figure 3 The detrital wood scatter.



Both the central and eastern platfor8sigplementaryigure4) are large wooden structures
situated on what would have been the lake shore and are similar in form to the western platform.
Other features, artefacts or envinoental events which have been dated and which have been
included ormain text Figure 4re:
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TPQ fen flint: a relatively dense scatter of worked flint recorded from the upper reed
peat and wood peat, which was deposited at the transition to a fen/caomaresit
(environmental zone 3). The material reflects the expansion of tasks associated with the
dry ground onto the more terrestrialised wetlands, and represents the stratigraphically
latest phase of occupation on the site

burning events 1, 2 and 3: threpisodes of prolonged burning previously identffied

on the basis of micrkand macrecharcoal present in pollen profiles recorded from the
lake edge deposits.

SC22 scatter: a scatter of worked flint associated with antler working recorded from the
lake edge deposits at the eastern end of the site. The material occupies a similar
stratigraphic position to the TPQ fen flint and represents a late episode oy adtiviih

the more terrestrialised wetlands.

bark mat: a mat constructed of bark was found within the peat on the edge of the lake.
There was evidence it had been placed there but no evidence of associated activities
bow: a possible bow was found tothetisoh of Cl ar kdés area, part
dated

burnt area 318: this is an area of burning within the peat possibly associated with a flint
scatter where axes had been made. The context number was 318

activity inthearea of peat over marl:toteeo ut heast of Cl ar kds ar e
of naturally occurring marl with peat over it. Evidence of human activity was provided

in the form of some faunal remains and modified birch bark rolls



0 activity north of Cutting IlI: this is located north of Ckab s ar e a . Her e
evidence of bead manufacture and possible hearths, alongside faunal remains and birch
bark rolls
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Supplementary Figure 4 Centra platform (left); (right) eastern platform top, with part of
central platform below it this was truncated by the VP85A trench excavated in 1985 (see
Supplementaryigure1).

3. Results from the archaeologicaldke edge macrofossil analysis

The macrofossil profiles Supplementary Figure5) have been divided into three
environmental/chronological zones on the basis of the changing composition of the
assemblages. The profiles all show a similar pattern in terms of the quantities and range of
plantmacrofossils, and how these change over time and will be discussed together.

Zonel

Sedimentation began in standing water with emergent vegetation present around the sampling
points. Species diversity is relatively high reflecting both the richness cduttieunding
wetland vegetation and the wide source area of the profiles. At least two spé&taes)afere

present on the basis of nutlet morphology, though only@npdniculata could be identified,

and a suite of other emergent and aquatic plants vepresented by seeds and fruits, and in

the case oPhragmites australidby stem tissue that formed the coarse component of the
sediment. Some species may have been present locally (par@bugeymite$ though given

the dispersive nature of the seeasd fruits of many aquatic and emergent plants the
assemblage probably reflects the diversity of the wetlands more widely. Terrestrial plants are
best represented by the remains of trees (speciBstofa pubescen®opulus {ncluding P.
tremula) and toa lesser extergalix), which were growing close enough to the shore for their
macrofossils to be transported into the lake. Other terrestrial or fen species are much more
poorly represented, probably reflecting the more Ilimitedpelsal of their seeds.

Zone?2

The start of the zone sees a sharp fall in the quantity of plant and bryozoan macrofossils from
both aquatic and terrestrial species. Given the different habitat preferences of these species this
probably reflects a reduction in the source arethefprofiles resulting from a decline in the
volume of water reaching the lake edge sediments. The sampling points remained at least
periodically submerged, though the gradual decline of aquatic material throughout the zone
suggest that the volume of wateraching the area continued to fall. Emergent vegetation
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(notably Phragmites australjscontinued to grow locally whils€ladium mariscudecame
established, probably in response to het shallower environment.

Zone3

The absence of aquatic material, fréme matrix of the peat, and the paucity of aquatic plant
macrofossils from the samples marks the transition to a more terrestrialised fen/carr
environment that was largely beyond the reach of the lake water. Both the volume and range
of the remaining macfossils is low, probably a result of the much smaller source area of the
profiles. Aerial stems and root (species indeterminate) begin to form a large component of the
sediment, reflecting the expansion of shrubs or trees onto the peat in response d@cethe m
terrestrial environment, whilst a suite of herbaceous plants (including the fen species
Eupatorium  cannabinujn are represented in the macrofossil assemblage.

These zones are shownnmain text Figure 4



SupplementaryFigure 5 Raw Macrofossil data from the lake edge mahglin the Star Carr
sequence (Adaptedom Taylor et aP , Copyright Cambridge University Press, reprinted with
permission).
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4. Analyses of pollen from the deep lake sediments (cores B and C)

a) Palynology Star Carr Core B

Within core B, nine statistically significant local pollen assemblage zones (LPAZ; SI'@ B
Supplementary Figuré) have been identified and reported as percentages, been rounded to 1
decimal place. Selected pollen data ase ahown imrmain text Figure 6

STC B1: 509-465cm: BetulaPinus PoaceaeArtemisiaandRumex

At the base of the zone percentages of Poaceae are high (~48%) accompanied by elevated
percentages dPinusandArtemisia 9% and 8% respectively. Progressiogards the top of

the zone these taxa decrease in percentages and are replaced by increased per&ztidges of
(rising from 5% to 34%). Zone 1 is also characterised by high percentages@iigernary

spores (>50% at 501cm).

STC B2: 465433cm:Poacea, Cyperacea®ediastrum

Zone 2 shows marked decreases of tree taxa from the precedinddetniadecreases from

34% at the top of the preceding zone to 9% at 445cm. Taxa that are expanding at the expense
of Betulaare predominantly herbaceous taxa vétibstantial increases in Cyperaceae (up to
20% by 453cm) and Poaceae (up to 44% by 445cm). Perhaps the most significant increase
within this zone is the peak iRediastrum From a zone low of 5% at 461cRediastrum
increases to 38% by 453cm. Other taxat ttontinue to be present within this zone include:
Artemisiag Rumexand Thalictrum Whilst preQuaternary spores are present within this zone
they do not exhibit the same percentages as the previous zone.

STC B3: 433409cm: JuniperusPoaceae, Cyperaceae

All tree taxa remain low in percentage during this zone. In contrast to the previous zone,
percentages of Poaceae and Cyperaceae have decreased to 21% and 7% respectively by the top
of the zone. Equally, the percentagePedliastrunand preQuaternary spres have decreased
significantly. To account for the reductions in Poaceae and Cyperdcgsgerusincreases

markedly to a sequence high of 57% at 429cm.

STC B4: 409-369cm: BetulaPoaceae]uniperus Salix Filipendula

Zone 4 shows a rexpansion in ercentages dBetula(from 44% at 405cm to 53% at 373cm).

In contrast to the previous zone percentageduaiperusfollow a decreasing trend and at
373cm contains <5% TLP. Although observed in previous z&aincreases to >10% TLP

for the first timen the sequence at the mpdint of the zone. This increase is contemporaneous
with the first real increase iilipendula Percentages of Poaeceae and Cyperaceae are similar
to the zone beneath. Other taxa that maintain a presence within zone 4 kwheand the
aquaticMyriophyllum

STC B5: 369298cm: BetulaPoaceasdilipendula

Whilst percentages of Betula appear quite high, they are lower in value than zone 4 and
individual percentages fluctuate between-4286. Poaceae, Cyperaceakriniperus and
Filipendulaare taxa that show similarity with the previous zone. All are stable and continually
present and with the exception of Poaceae all <12% TLP.

STC B6: 298275cm:Poaceae, Cyperaced&djpendula Pinug RumexPediastrum
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A marked change occursrass multiple taxa during this zone. There is a shiRitmsbeing

the dominant tree taxa with percentages of 18% TLP at 289cm. In coB&tasgpercentages
decrease to a zone low of 15% at 285cm. The two most striking changes within this zone are
the rapid increases in Poaceae BediastrumIncreases of the latter occur first, with increases
from 14%, within the previous zone, to 62% at 297cm. Poaceae increases in the subsequent
sample, from 17% at 297cm to 46% at 293cm. Both Poacedeeatiasturntail off to lower
percentages at the top of the zone. From the base to the middle of tiRuromencreases to

8% TLP. Subsequent changes within this zone include increases in percenkljesmafula

At 293cmPFilipendulais <1% TLP, however by 281cinhas increased to 19% TLP.

STC B 7: 275263cm:Juniperus Betula Salix

Zone 7 appears somewhat similar to zone 3 regarding types and trends between taxa. The main
taxa within this zone iduniperus a zone high of 22% occurring at 269cm, with concamita
increases iMlBetula Salixreaches a sequence high during zone 7 of 16% at 273cm. Additional
taxa that are present in lower percentages within this zone include Pdatperdulaand
Pediastrum

STC B8: 263-215cm:Betula Pinus Salix, Dryopteris

The most significant taxa across all spectra within zoneBetigla Betulademonstrates high
percentages (>50%) throughout the whole zone. The other notable tree taxa, despite containing
much lower percentages, Bnus Like Pinus Salixis continuallypresent, between 3% and

10% throughout the zone. Additionally, for the first time in the sequdwy®pteris
percentages increase (to 8% by 241cm) with associated increases in Filicales.

STC B9: 215205cm: CorylusBetula

The final zone in the sequencecigaracterised by significant increases in the Coryloid shrubs.
From first appearance during the preceding zone, Corylus expands to a zone and sequence high
of 68% at 209cm. The only other notable taxa within this zonBeisila however the
percentages d@etulaare reduced to 17% at the 209cm depth.

b) Palynology Star Carr Core C

From one sample beneath the Vedde Ash in caup © the end of marl sedimentation in the
early Holoceneontains 5 statistically significant local pollen assemblage zones41L8FC
C-1:5; Supplementary Figurg).

STC G1: 525343cm:Pediastrum CyperaceadBetula Poaceae?inus Artemisia

Zone 1 in core C covers over 1.5m of assemblage. It is perhaps most characterised by
increasingly elevated percentagesPediastrum Pediastrumshows a slight increasing trend

from 27% at 525cm to 44% at 393cm. However, a greater increase is observed between 393
349cm where percentagesRédiastrumare sustained at >50%. Coincident with this increase
are elevated percentages of Cypees; Poaceae aBetula Whilst percentages are relatively

low (<10%)Artemisiais continually present.

STC G2: 343327cm:Poaceaelinus RumexPotamogeton

Compared to the previous zorBetulapercentages decrease but there is an increadaus
to 13% by 341cm. Although, the most substantial increases within zone 2 are those of Poaceae,;
with percentages >35% throughout. Occurring alongside the increases in Poaceae are increases
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in RumexWithin zone IRumexpercentages were generally lower than 5ébyéver, there is
nearly a twefold increase in percentage to 10% TLP at 329cm. Equally, at 329cm there is a
significant spike irPotamogetonfrom <1% at 333cm to 47% at 329cm. Myriophyllum is also
likely to be locally significant during this phase.

STC G3: 327-315cm:Poaceaskilipendula Salix

Although percentages of Poaceae are reduced at the onset of the zone (26% at 325cm) they
increase sharply to 41% by 317cm. Within zorké@lipendulaincreases to a sequence maxima

of 22% at 325cm before tailingfdd lower percentages towards the top of the zone. Other taxa
that demonstrate elevated percentages incadi@andPediastrum

STC CG4: 315303cm: SalixJuniperus Betula Filipendula

Zone 4 is characterised by sequence highs of two &atixandJuniperus Peaks in both taxa

occur towards the base of the zone at 313cm and exhibit percentages of 21% and 15%
respectively. Percentages of both then show a reducing trend. A similar situation is true for
Filipendula Whilst the peak is observed in the poeis zoneFilipendulashows a reduction

from 11% to 7% by 305cm. In contrast to these declining treBesila shows significant
increases within this zone, from 34% at the base to 50% at the zone boundary.

STC G5: 303281cm: Betula

The main taxa of angategory within zone 5 is Betula. Increasing percentages were observed
in zone 4, however within zone 5 all percentageBettilaare above 50% with a sequence
high of 77% at 281cm. Other notable taxa within this zone indRidles Salix Poaceae and
Dryopteris
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Supplementary Figure 6 Core B pollen profiles against deptedrawnfrom Milner et al9)
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