In spring 2002 mammoth bones and stone tools were discovered in situ at Lynford Quarry, near Munford village, Norfolk, UK.
The finds lay within rich organic sediments of an ancient stream channel. It was immediately realised that Lynford was a site
of great international significance for the study of the most distinctive of human ancestors, Neanderthals.

A detailed archaeological excavation was undertaken with support from Ayton Asphalte, the quarry owners, and English
Heritage, funded through the Aggregates Levy Sustainability Fund (ALSF). A large team of archaeologists and quaternary
scientists recovered exceptionally well-preserved Palaeolithic and palaeoenvironmental information. More than 1,000
mammoth bones representing at least 11 individuals were excavated along with other fauna and more than 2,500 stone
artefacts. Among these the large number of complete and broken handaxes marks Lynford as special in the Palaeolithic

of Britain and northern Europe. The quality of the preservation made it possible to undertake full investigation of the way
the deposits had been formed and how the animal bones and stones tools had come to be incorporated in them.

The association of woolly mammoth bones with Middle Palaeolithic bifaces, including distinctive bout coupé handaxes, and
the wealth of palaeoecological data — mammal remains, beetles, pollen and mollusca — make Lynford the most important
British site for studying when and how Neanderthals occupied the cold, open environments of what 60,000 years ago

was a peninsula of north-west Europe. These data provide a unique opportunity to investigate questions of Neanderthal
hunting strategies and patterns of land use and to draw wider conclusions about their social structure in a demanding
region of Ice Age Europe.

front cover: The first bout coupé handaxe found at Lyndford and a lingual view of a Mammuthus primigenius third lower molar.

back cover: Mammoths and Neanderthals at Lynford: a reconstruction by Dennis Payne.
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SUMMARY

During an archaeological watching brief undertaken in the
early spring of 2002 at Lynford Quarry, near the village of
Munford in Norfolk, UK, John Lord uncovered the in situ
remains of mammoth bones and associated Mousterian
stone tools. These were contained within a palaeochannel
rich in organic sediments. The importance of the site was
immediately recognised, and with the support of Ayton
Asphalte, the quarry owners, and English Heritage, an
excavation took place between April and September of
the same year funded through the Aggregates Levy
Sustainability Fund.

The excavation recovered exceptionally well-preserved
archaeological and palaeoenvironmental information. Such
opportunities are extremely rare in the British Middle
Palaeolithic when Neanderthals, making distinctive bout
coupé handaxes (bifaces), intermittently occupied what
was then a peninsula of north-west Europe. The association
of many woolly mammoth bones, together with a wealth
of palaeoenvironmental data, resulted in a wunique
opportunity to investigate questions of diet, land use and
habitat from deposits within a small geological feature
and subject the results to rigorous taphonomic and
geoarchaeological scrutiny.

The organic silts and sands that fill the palaeochannel
contain a cold-stage mammalian assemblage rich in
mammoth remains, and an associated Mousterian flint
industry. A series of optically stimulated luminescence
(OSL) ages places the deposition of the main channel sedi-
ments in the interval ¢ 65-57Kka, at the transition between
Marine Isotope Stages (MIS) 4 and 3. Studies of plant and
invertebrate remains indicate open conditions dominated
by grasses, sedges and low-growing herbaceous communi-
ties, with small stands of birch or scrub, and areas of acid
heath or bog. These proxies also indicate a relatively mild
climate, with mean July temperatures of up to 14°C and
winters of —8° to —15°C. The most likely age of the deposits is
therefore early MIS 3, that is, marked by the Dansgaard-
Oeschger (D-O) interstadials 14—17. Both beetle and pollen
evidence point to many similarities between the interstadial
at Lynford and the Upton Warren site in Worcestershire —
placing it in one of the most important interstadials in the
last cold stage in Britain.

At the time of deposition the channel is interpreted as
having been a meander cut-off, or oxbow, with still or very
slow-flowing water. Large objects, such as bones, entered
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the channel periodically from the adjacent land surface by
processes such as bank collapse. None of the bank areas
were preserved, so reconstructions of hominin behaviour
have to be inferred from a detailed study of the faunal and
lithic remains, combined with taphonomic assessments
derived from an analysis of the sediments.

Most of the archaeological material was excavated from
deposits referred to as Association B and divided into three
main components. These represent depositional phases in
the history of the cut-off: B-i, the lowermost, contains sands
and gravels that were deposited before the channel became
a cut-off; B-ii is characterised by organic silts and sands
representing an inactive phase in the cut-off’s history
during which most of the mammoth bones and artefacts
were deposited by slumping; B-iii is a final phase composed
of fine and coarse sands and gravels that mark a return to
conditions of flowing water. The palaeoenvironmental
indicators from B-ii also point to bioturbation, possibly
by megafauna.

The faunal assemblage from Association B consists of
1,365 identified specimens of which 91 per cent are the
remains of woolly mammoths. In addition eight other large
mammal species and two rodents are represented. The
mammoth bones are highly fragmented, but represent at
least 11 individuals. These are mostly large males. Cut
marks were not evident, while carnivore gnawing is
extremely rare. Bone breakage for the extraction of marrow
and the lack of limb bones is interpreted, on balance, as
evidence for hominin utilisation of the carcasses. It is
suggested that the riverine location provided Neanderthals
with an opportunity to exploit such large prey.

The lithic assemblage consists of 2,720 pieces, including
41 complete and 6 broken handaxes; 85 per cent of these
are cordiform, ovate and subtriangular in form. Association
B-ii also produced 20 flake tools. Microwear studies
revealed very little evidence for use, although some refitting
was possible. The assemblage is made predominantly on
local Norfolk flint and conforms to the pattern known from
Britain after 67ka, when lithic assemblages show little
evidence of the use of the Levallois technique, but contain
many handaxes. The technological skill involved in the
manufacture of the artefacts indicates anticipation, but not
prediction, on the part of the Neanderthals. In addition, a
sandstone block was excavated, which bears use traces
made by a softer material, possibly wood. While no original



residues survive on the block it can be considered the
earliest candidate-object for the production of fire using
a striker.

The evidence from Lynford can be used to investigate
the environmental tolerances and habitat preferences of
Neanderthals that resulted in the re-occupation of
Britain after a long hiatus during MIS 4 — an extremely
harsh phase of the last cold stage. Occupation of the locale
occurred well before Modern humans (Homo sapiens)
reached north-western Europe, and patterns of Neander-
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thal land use and foraging behaviour are examined
by studying a hierarchy of catchments based on the
palaeoenvironmental evidence. The volume concludes by
considering the socioecology of the Lynford Neanderthals
and the relationship between their social structure and
the distribution of resources in the landscape. Lynford
presents an opportunity to consider a major change in
hominin/human social organisation that occurred during
the last cold stage.



RESUME

Lors d’une mission de surveillance archéologique au début
du printemps de 'année 2002 a la carriére de Lynford, prés
du village de Munford, Norfolk, Royaume Uni, John Lord
découvrit les restes in situ d’os de mammouths et des outils
en pierre Moustériens associés. Ceux-ci étaient présents
dans un paléochenal riche en sédiments organiques.
Limportance du site fut immédiatement reconnue et, avec
le support de Ayton Asphalte, les propriétaires de la
carriere, et de English Heritage, des fouilles furent
conduites entre avril et septembre de la méme année,
financées par le Fonds de Soutien de la Taxe sur les Agrégats
(Aggregates Levy Sustainability Fund).

Les fouilles ont révélé des informations sur I'archéologie
et le paléoenvironnement exceptionnellement bien
préservées. De telles opportunités sont extrémement rares
pour le Paléolithique Moyen en Grande Bretagne, une
période a laquelle les Néandertaliens, fabricant des bifaces
du type “bout coupé “ trés distinct, n'occupaient que de
maniére intermittente ce qui a '’époque était une péninsule
du Nord-Ouest de 'Europe. L'association de nombreux os de
mammouths laineux avec des données trés riches sur le
paléoenvironnement a offert une occasion unique d’étudier
des questions d’alimentation, d’'usage du terrain et d’habitat
a partir de dépots préservés a l'intérieur d’une petite
structure géologique et de soumettre les résultats a un
examen taphonomique et géoarchéologique rigoureux.

Les limons et sables organiques remplissant le paléoche-
nal contiennent un assemblage mammifére de période
froide riche en restes de mammouths et une industrie de
silex Moustérienne associée. Une série de dates obtenues
par Luminescence Stimulée Optiquement (OSL) situe le
dépot des sédiments du chenal principal dans I'intervalle
env. 65-57ka BP, a la transition entre les Stades Isotopiques
Marins (MIS) 4 et 3. Les études des restes de la flore et des
invertébrés indiquent un terrain ouvert et dominé par des
herbes, des laiches et des communautés herbacées basses,
avec de petits bouquets de bouleaux ou de broussailles et
des zones de lande acide ou de marais. Ces indicateurs
démontrent également un climat relativement doux, avec
une température moyenne en Juillet jusqu’a 14°C et des
hivers de —8° a —15°C. L'age le plus vraisemblable pour les
dépots est donc le début de MIS3 qui est marqué par les
interstades Dansgaard-Oeschger (D-O) 14-17. Les indica-
tions des coléopteres et du pollen montrent de nombreuses
similarités entre l'interstade a Lynford et le site de Upton
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Warren dans le Worcestershire qui est un des interstades
les plus importants durant la derniére période froide en
Grande Bretagne.

Le chenal, a 'époque du dépot, est interprété comme un
méandre coupé, ou bras mort, avec une eau immobile ou au
courant tres lent. De grands objets tels que des os sont entrés
périodiquement dans le chenal depuis la surface du terrain
adjacent par des processus tels que 'éboulement de berges.
Aucune des zones de berge ne se préserva, en conséquence
de quoi les reconstructions du comportement des hominines
doivent étre déduites d’'une étude détaillée de la faune
et des restes lithiques, combinée avec des évaluations
taphonomiques dérivées d’une analyse des sédiments.

La majorité du matériel archéologique fut excavée de
dépots dénommés Association B qui fut divisée en trois com-
posantes majeures. Celles-ci représentent des phases de
dépdt dans I'histoire du bras mort; Bi, la plus basse, contient
des sables et graviers qui furent déposés avant que le chenal
ne devienne un bras mort; Bii est caractérisée par des limons
et sables organiques représentant une phase inactive dans
I'histoire du bras mort pendant laquelle la plupart des os
de mammouths et objets faconnés furent déposés par
effondrement; Biii est une phase finale composée de sables
et graviers fins et grossiers qui marque le retour aux
conditions d’écoulement de l'eau. Les indicateurs de
paléoenvironnement de Bii montrent une bioturbation
peut-étre causée par la grande faune.

L’assemblage de faune de I’Association B consiste en
1,365 spécimens identifiés dont 91 % sont des restes de
mammouth laineux. De plusil y a 8 autres espéces de grands
mammiféres et 2 rongeurs. Les os de mammouth sont tres
fragmentés mais représentent au moins 11 individus.
Ceux-ci sont principalement des grands males. Les incisions
de boucherie ne sont pas présentes et le rongement par
carnivore est extrémement rare. Certaines fractures des os
pour la moelle et I'absence d’os des membres sont
interprétées, toutes choses prises en compte, comme
preuves de l'utilisation des carcasses par les hominines.
Nous suggérons que 'emplacement en bord de riviere a
fourni aux Néandertaliens une occasion d’exploiter de telles
grandes proies.

Lassemblage lithique se compose de 2,720 pieces
parmi lesquelles se trouvent 41 bifaces intacts et 6 bifaces
cassés; 85 % de ceux-ci sont cordiformes, ovalaires ou
sub-triangulaires. L’Association Bii a également produit



20 outils sur éclat. Les analyses tracéologiques ont révélé
trés peu d’indices d’utilisation et quelques remontages
ont été possibles. I'assemblage est aménagé de maniére
prédominante dans du silex local du Norfolk et se conforme
au modele Britannique ou les assemblages lithiques aprées
67ka BP montrent peu d’utilisation de la technique Levallois
mais contiennent de nombreux bifaces. La compétence
technologique requise pour la fabrication des objets indique
lanticipation mais non pas la prédiction de la part des
Néandertaliens. De plus, un bloc de grés excavé porte des
traces d’usure par un matériau plus doux, peut-étre du bois.
Bien qu’aucun résidu d’origine ne survive sur le bloc, il peut
étre considéré comme le plus ancien objet candidat pour la
production de feu.

Linformation provenant de Lynford peut étre utilisée
pour I'examen des tolérances d’environnement et des
préférences d’habitat des Néandertaliens qui résulterent
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en la ré- occupation de la Grande Bretagne apres une longue
interruption durant MIS4, une phase extrémement sévere
de la derniére période froide. L'occupation de la localité
prit place bien avant que les humains Modernes (Homo
sapiens) atteignent le Nord-Ouest de I'Europe et les
schémas d’utilisation du terrain et du comportement
d’approvisionnement des Néandertaliens sont examinés
par étude d’une série de territoires a différentes échelles
basée sur les données du paléoenvironnement. Le volume se
termine par des considérations sur la socioécologie des
Néandertaliens de Lynford et la relation entre leur structure
sociale et la distribution des ressources du terrain. Lynford
offre une occasion d’étudier un changement majeur dans
l'organisation sociale hominine/humaine qui prit place
durant la derniére période froide.

Traduction: Pierre Schreve



ZUSAMMENFASSUNG

Wahrend eines archdologischen Begehungsauftrags am
Lynforder Steinbruch, nahe des Dorfes Munford,
Grof3britannien, entdeckte John Lord zu Frithlingsbeginn
des Jahres 2002 die in-situ liegenden Uberreste von
Mammutknochen zusammen mit Steinwerkzeugen des
Mousterien. Sie befanden sich innerhalb eines ehemaligen
Flusslaufes, der reich an organischen Sedimenten war.

Die immense Bedeutung des Fundortes wurde sofort
erkannt. Mit der Unterstiitzung von Ayton Asphalte, den
Steinbruchinhabern, und English Heritage fand im April
desselben Jahres eine Ausgrabung statt, die vom Aggregates
Levy Sustainability Fund finanziert wurde.

Die Ausgrabung erbrachte auf3ergewohnlich gut
erhaltene archéologische und paldookologische Inform-
ationen. Derartige Fundumstidnde sind im britischen
Mittelpaldolitikum, alsNeanderthalerdie charakteristischen
Faustkeile des “bout coupée” Typen herstellten und zeitweilig
diesen Raum Nordwesteuropas besiedelten, der zu diesem
Zeitpunkt eine Halbinsel war, duf3erst selten. Die Assoziation
vieler Knocheniiberreste des Wollhaarmammuts mit dem
Reichtum von Daten zu den damaligen Umweltverhéltnissen
ergab die einzigartige Gelegenheit, Fragen der Diit, der
Flaichennutzung und des Lebensraums anhand der
Ablagerungen innerhalb eines kleinen geologischen
Bereichs nachzugehen und die Ergebnisse einer rigorosen
taphonomischen und geoarchéologischen Untersuchung zu
unterziehen.

Die organischen Schlicke und Sande, die das ehemalige
Flussbett fiillen, enthalten eine Sammlung kaltzeitlicher
Saugetierreste, die reich an Mammutiiberresten, verbunden
mit einer Feuersteinindustrie der Tradition des Mousterien,
sind. Eine Reihe Optisch Stimulierter Lumineszens (OSL)
platziert die Ablagerung der Hauptsedimente in das
Interval zwischen ¢ 65-57ka, an den Ubergang zwischen
den Marinen Isotopenstadien (MIS) 4 und 3. Untersuchun-
gen der pflanzlichen und wirbellosen Uberreste deuten
auf eine offene Vegetation hin, die von Grésern, Seggen,
niedrigwachsenden, krautigen Arten, vereinzelten
Standorten mit kleinen Birken und Biischen, sowie sauren
Heiden und Stimpfen beherrscht wurde. Das sind Hinweise
auf ein verhéltnisméRig mildes Klima mit bis zu 14°C im Juli
und zwischen —8° bis —15°C im Winter. Demzufolge ist das
wahrscheinliche Alter der Ablagerungen im frithen MIS 3,
dass durch die Dansgaard-Oeschger (D-O) Interstadiale
14-17 gekennzeichnet ist, anzusetzen.
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Kéfer- und Pollenbefunde verweisen auf viele Gemein-
samkeiten zwischen dem Interstadial bei Lynford und dem
Fundort Upton Warren in Worcestershire, der eines der
wichtigsten Interstadiale des letzten Kaltstadiums in
Grof3britannien ist. Das Flussbett wird zum Zeitpunkt der
Ablagerung als ein abgeschnittener Maander oder als eine
Flussschleife mit stehendem oder sehr langsam fliefSendem
Gewdsser interpretiert. Groe Objekte, wie zum Beispiel
Knochen, gelangten durch gelegentliche Ufereinbriiche
von der angrenzenden Landoberfliche in den Urstrom.
Keiner der Uferbereiche blieb erhalten. So muss die Rekon-
struktion des Verhaltens der Homininen durch die
ausfithrliche Auswertung der faunistischen Uberreste und
der Steinwerkzeuge mit Hilfe taphonomischer Untersuc-
hungen, abgeleitet von einer Analyse der Sedimente,
vorgenommen werden.

Ein Grofteil des archdologischen Fundes wurde von
Ablagerungen gewonnen, die als Assoziation B geken-
nzeichnet sind und die in drei Hauptbestandteile unterteilt
wurden. Sie reprisentieren folgende Ablagerungsphasen in
der Geschichte der Flussschleife: Bi, die unterste Phase:
enthélt Sande und Kiese, die abgelagert wurden, bevor der
Maéander abgetrennt wurde; Bii: ist gekennzeichnet durch
organische Schlicke und Sande, die eine inaktive Phase in
der Geschichte der Abtrennung des Flusses darstellen, in
der die meisten Mammutknochen und Artefakte durch
Ufereinbriiche abgelagert wurden; Biii: Endphase, die aus
groben und feinen Kiesen und Sanden besteht, die auf eine
Riickkehr zu flieBenden Wasserbedingungen hindeuten.

Die paldookologischen Belege von Bii verweisen auch
auf Bioturbation, eventuell durch Megafauna.

Die faunistischen Funde von Association B bestehen aus
1,365 identifizierten Exemplaren, von denen 91% Uberreste
des Wollhaarmammuts sind. Hinzu kommen Funde 8
anderer grofSer Sdugetierarten und 2 Nagetierarten. Die
Mammutknochen sind hochgradig zersplittert, gehoren
jedoch zu mindestens 11 verschiedenen Individuen. Es
handelt sich dabei um zumeist ausgewachsene ménnliche
Exemplare. Schnittspuren waren nicht vorhanden und
Nagespuren von karnivoren Tieren extrem selten. Einige
der Knochenbriiche fiir die Markgewinnung und der Mangel
an Gliederknochen werden weitgehend als Beweis fiir die
Verwendung der Kadaver durch die Homininen gesehen.
Dasdeutetdaraufhin, dassdie Flusslage den Neanderthalern
die Moglichkeit des Erlegens dieser gro3en Beute einrdumte.



Es wurden insgesamt 2,720 Steinartefakte geborgen,
unter denen sich 41 komplette und 6 unvollstindige
Faustkeile befinden. 85% von ihnen sind mandelférmig,
ovalund annédhernd breitdreieckig in ihrer Form. Association
Bii beinhaltete auch 20 Abschldge, deren Untersuchung
nur geringe Beweise fiir den Gebrauch der Gerdte und
einige Anpassungen ergab.

Die Steinartefakte wurden {iberwiegend aus lokalem
Norfolk-Feuerstein hergestellt und stimmen mit dem
britischen Muster iiberein, in dem Artefaktbefunde, die
nach 67ka datieren, wenige Belege fiir den Gebrauch der
Levallois-Technik, aber viele Faustkeile enthalten. Die
technologischen Fertigkeiten, die bei der Herstellung
der Artefakte angewendet wurden, lassen erkennen, dass
die Neanderthaler mit einer gewissen Voraussicht
arbeiteten, jedoch keine Vorhersage des FErgebnisses
treffen konnten.

Zusétzlich wurde ein Sandsteinblock ausgegraben,
der Gebrauchsspuren tragt, die durch ein weicheres
Material, eventuell Holz, verursacht wurden. Trotz der
Tatsche, dass keine urspriinglichen Riickstinde auf dem
Block erhalten sind, kann er als der fritheste Anwérter
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eines Gegenstandes fiir die Erzeugung von Feuer unter der
Verwendung eines Ziindsteines angesehen werden.

Die Fundbelege von Lynford kénnen der Erforschung
jener 6kologischen Toleranz und der Lebensraumpréferen-
zen des Neanderthalers dienen, die zur Wiederbesiedlung
Grolbritanniens nach einer langen Abwesenheit wahrend
MIS 4, einer extrem harten Phasedes letzten Kaltestadiums,
fiihrten. Die Fundstelle wurde, lange bevor der
Jetztmensch (Homo sapiens) Nordwesteuropa erreicht
hatte, besiedelt. Verhaltensmuster bei der Flachennutzung
und der Erndhrung des Neanderthalers werden durch die
Untersuchung einer Hierarchie von Einzugsgebieten, die
auf den paldookologischen Beweisen basiert, ermittelt.

Die Publikation schlie3t mit einer Betrachtung der
Soziotkologie der Lynforder Neanderthaler und dem
Verhéltnis zwischen ihrer Sozialstruktur und der Resour-
cenverteilung in der Landschaft. Lynford bietet eine
Gelegenheit, eine bedeutende Verdnderung in der
homininen/menschlichen Soziaorganisation, die wéahrend
des letzten Kaltstadiums geschah, in Erwégung zu ziehen.

Ubersetzung: Dr Farina Sternke
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The Lynford Middle Palaeolithic site

In late February and early March 2002, an archaeological watching brief at Lynford Quarry, near
Mundford in Norfolk, revealed a palaeochannel with a dark, brown-black organic fill. This contained
in situ mammoth remains and associated Mousterian stone tools, buried under two to three metres of
bedded sands and gravels. Well-preserved, in situ Middle Palaeolithic open-air sites are exceedingly
rare in Europe and very unusual within a British context. The site was quickly identified as of national
and international importance, and subsequently excavated by the Norfolk Archaeological Unit with
funding provided by English Heritage through the Aggregates Levy Sustainability Fund. This chapter
sets out the background to the excavation, its research context, and the methods used to record and

excavate the site.

1.1 Background, aims and
excavation methods

W A Boismier

The site comprised the surviving eastern end
of a major palaeochannel feature filled with
organic deposits within the current application
area of Lynford Quarry, Mundford, Norfolk.
The quarry is situated in south-west Norfolk
¢ 2km north-east of the village of Mundford
and ¢ 1km to the south-east of the village of
Ickburgh. It lies on the southern side of the
floodplain of the River Wissey (centred at NGR
TL 825 948) and comprises an overall area
of ¢ 8.46ha. Soils for this area are predomi-
nately sandy and peaty soils of the Isleham 2
Association (Hodge et al 1984) overlying
glaciofluvial drift of Pleistocene date composed
of stratified sand, gravel and stones with rare
inclusions of chalky gravel. In relief, the area
generally slopes towards the north-west with
surface elevations typically ranging between
12m and 15m AOD.

The workings in which the archaeological
site was found consisted of a ¢ 1.20ha
rectangular area located in the north-western
part of the application area between the River
Wissey to the north and a flooded former pit
to the west (Fig 1.1). The palaeochannel was
situated in the north-eastern part of these
workings (centred at NGR TL 8239 9482) and

was preserved for a length of ¢ 21.0m with
a maximum width of ¢ 12.0m. No in situ
channel deposits survived within the machine-
excavated area of the quarry. The feature
appears to have been a meander cut-off acting
as a small basin or lake, originally orientated in
an east/north-east to west/south-west direction.

Context of discovery

An application for an eastern extension to the
existing mineral workings at Mundford, Norfolk
was submitted to Norfolk County Council
by Ayton Asphalte in March 1998 (E/C/3/
1998/3010 and 3/98/0509/F). The proposal
involved tree clearance, topsoil stripping and
the excavation of sand and gravel from an
area of ¢ 8.46ha situated along the southern
floodplain of the River Wissey. Planning
permission for the extension was granted by
Norfolk County Council in 1998 subject to a
programme of archaeological investigation.
Specifications for the archaeological work
were subsequently issued by Norfolk Landscape
Archaeology, the curatorial section of the
Archaeology and Environment Division of the
Norfolk Museums Service. These specifications
also recognised the potential of the application
area for Palaeolithic materials, and stipulated
that archaeological monitoring of the quarry
during extraction was to be undertaken as a
watching brief in order to record and recover
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1 THE LYNFORD MIDDLE PALAEOLITHIC SITE

any Palaeolithic remains that might occur
within the area of the pit extension (NLA
Ref: 1/06/00DG). Trial trenching, small-scale
excavation and the monitoring of topsoil
stripping operations within the application
area were carried out by the Norfolk
Archaeological Unit in 2000 and 2001 (Birks
2000, 2001; Birks and Robertson 2005).

On the advice of Palaeolithic specialists a
local archaeologist with substantial expertise
in lithic technology, John Lord, was directly
commissioned by Ayton Asphalte to undertake
the monitoring of the extraction area on a
monthly basis. Nigel Larkin of the Norfolk
Museums and Archaeology Service later joined
John Lord at the site after the discovery of some
vertebrate remains of Pleistocene age. Further
work by both John Lord and Nigel Larkin led
to the discovery of apparently in situ Middle
Palaeolithic artefacts in association with woolly
mammoth remains. Nigel Larkin then contacted
the Norfolk Archaeological Unit about the
importance of the discovery and the possibility
of a rescue excavation. The Unit, in turn,
contacted English Heritage to request that a
grant be made for the site’s rescue excavation
and English Heritage agreed to fund the
excavation through the Aggregates Levy
Sustainability Fund. The quarry company was
informed of the importance of the site and
the need for its rescue excavation, and the Unit,
with the support of English Heritage and
Ayton Asphalte, was allowed to start work
more or less immediately. Excavation was
carried out continuously over a five-month
period from 8 April to 11 September 2002.
Further fieldwork was carried out at the
quarry in May and June 2003 to refine
knowledge of the site’s locality and its position
in the local chronological sequence.

Archaeological background

A number of localities with evidence for
hominin occupation during the Pleistocene
occur within 10km of the site (Wymer 1996,
Map LLO-3 Brandon; see also Wymer 1985, figs
13 and 34). Handaxes are recorded at
Mundford, Ickburgh and several other localities
surrounding the site with large collections of
handaxes and other artefacts known from the
valley of the Little Ouse River between Little
Lodge Farm, Stanton Downham and Brandon,
Suffolk (Roe 1968a; Wymer 1985, 102-110,
1996: 99-102). Farther to the south and south-
east lie the important and well-researched

Lower Palaeolithic archaeological sites of High
Lodge (Cook et al 1991; Ashton et al 1992),
Warren Hill (Wymer et al 1991), Beeches Pit
(Preece et al 1991; Gowlett and Hallos 2000),
Elvedon (Ashton et al 2005) and Barnham
(Ashton et al 1998). Unlike these sites, with
their excavated assemblages and associated
stratigraphy and environmental evidence, most
of the localities occurring within the 10km area
surrounding Lynford are surface findspots in
old collections with no or little — and often
conflicting — stratigraphic information (Wymer
1985, 103-107). Artefacts typical of the
Middle Palaeolithic are uncommon in these
collections and limited to two Levallois flakes
and a single bout coupé-type handaxe from
localities within the Little Ouse valley (Wymer
1985, 107; 1999, 99-100; Tyldesley 1987, 22),
and to one Levallois flake from Mundford
(Wymer 1985, 52; 1999, 102).

Artefacts were initially discovered at
Lynford in the 1980s and 1990s by Phil Harding,
John and Valerie Lord and John Wymer during
earlier phases of gravel extraction (Wymer
1999, 102; Wymer 2008a). The finds included
at least 20 handaxes, one Levallois core and an
unspecified number of unretouched Levallois
and non-Levallois flakes. Some unidentified
bones and part of a mammoth tusk were also
collected from the site during this period. All of
the material appears to have been recovered
from reject heaps in stockpile areas or gravel
scree along pit faces within a ¢ 20ha area some
250m to the west of the current workings. They
are considered by both Wymer (1985, 53) and
Tydlesley (1987, 37) to have come from the
sandy gravel found across the area rather than
the coarse gravels lying beneath them. One
flat-butted cordate or subtriangular handaxe
form and three possible bout coupé-type
variants have been reported for the collection
of handaxes (Wymer 1985, 53; 1996, 112;
1999, 133; Tyldesley 1987, 37). Their crushed
edges were considered by Tyldesley (ibid) to
indicate transport in torrential waters. These
artefacts remain only partially described, with
little additional information available for the
remaining handaxes other than Tyldesley’s
brief note (ibid) that one is a handaxe roughout
and a few appear to be more ovoid-shaped
pieces. Wymer also noted (1996, 112) that the
quarry represented one of the few localities in
the area with Levallois artefacts and bout coupé
handaxes, and suggested a Late Pleistocene age
for the materials.

Fig 1.1 (opposite)
Lynford quarry in its
national and regional
setting.

w
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In October 2001, John Lord’s archaeological
monitoring of the current extraction phase
at the quarry recovered a woolly rhinoceros
humerus fragment from sandy, dark-brown
organic sediments infilling a palaeochannel
feature buried under two to three metres of
bedded sands and gravels (see also Wymer
2008b, 52-5). Other faunal and artefactual
materials were also recovered from reject heaps
situated within the stockpile areas of the
quarry. In February and March 2002 subsequent
monitoring of the site by John Lord and
Nigel Larkin found the fragmented and partial
remains of at least one mammoth with an
associated blade within the organic sediments
of the palaeochannel. Three flakes were later
recovered from the sediments immediately
surrounding some mammoth skull fragments
and an unrolled bout coupé handaxe from an
area of sediments a metre or so away from the
skull remains. A further four flakes were subse-
quently found in situ in the vicinity of the skull
within the organic sediments. Sieving the spoil
from areas of the channel already destroyed
by quarrying activities also recovered a number
of artefacts and mammoth skeletal remains.
However, it was not possible to record the
dimensions or original length of the channel
feature due to quarry working methods.

The artefacts recovered from the channel
sediments consisted of three likely bout
coupé-type handaxes and 38 flakes including
axe shaping/thinning and sharpening flakes.
All the artefacts retained sharp edges with
patination either absent or very light and
were variably stained a dark brown-black
colour by the surrounding organic sediments.
Typologically, the presence of bout coupé
handaxes was taken as an indication that the
assemblage fell within the Mousterian of
Acheulian Tradition (MTA) facies of the Middle
Palaeolithic as it is known in Britain, and dated
to sometime within MIS 3 (Shackley 1977; Roe
1981, 233-52; Tyldesley 1987, 153-7; Coulson
1990, 391-4; Wymer 1988, 1999, 49; White
and Jacobi 2002; see also Wymer 1968, 59,
389; Mellars 1974, 62-5). The small assemblage
also suggested the manufacture and use of
handaxes by Neanderthals at the site, possibly
related to butchery activities.

The faunal remains recovered included
numerous mammoth skull fragments, pieces
of lower jaw, two largish tusk fragments, two
molars (one upper and one lower) and
fragments of rib and scapula. The material

probably represents two mammoths, one
younger and smaller than the other, as the
epiphyses of a number of the bones recovered
were unfused. Other vertebrate material
consisted of a fragment of the humerus of a
woolly rhinoceros, a couple of undiagnostic
limb fragments, the tine of an antler and
the tibio-fibula of a frog. The presence of
mammoth and woolly rhinoceros in the
collection indicated that the vertebrate
remains probably belonged within the Pin
Hole mammal assemblage-zone spanning the
Middle Devensian and associated with the
cool, open grassland characteristic of the
mammoth steppe biome of MIS 3 age (Currant
and Jacobi 2001, 2002). Plant macrofossils,
molluscs and insect remains were also collected
from the sediments in small quantities and
showed that environmental materials were
generally well-preserved and moderately
abundant within the channel sediments.

The artefactual and faunal materials
recovered by the watching brief strongly
suggested that the undisturbed sediments in
the surviving part of the palaeochannel could
contain well-preserved evidence for an in situ
Middle Palaeolithic kill or scavenging site of
MIS 3 age with a range of associated palaeo-
ecological proxies. Open-air localities with
well-preserved vertebrate remains are relatively
rare in Europe (Farizy and David 1989;
Gaudzinski 1999a; Gaudzinski and Turner
1999; Conard and Prindiville 2000; Patou-
Mathis 2000) and almost unknown in Britain,
where most of the evidence for Neanderthal
occupation in MIS 3 comes from -cave,
rockshelter and open-air localities that were
largely excavated or collected during the 19th
and early 20th centuries (Wymer 1985, 1996,
1999). The quality of the site and its finds make
Lynford one of the most important Middle
Palaeolithiclocalities ever discovered in Britain,
and of national and international importance in
terms of its potential to provide new and more
comprehensive data regarding the character of
Neanderthal behaviour at the north-western
edge of their range.

Research background

The Middle Palaeolithic in Britain is defined by
the appearance of prepared core technologies
involving the use of Levallois techniques ¢
250,000 years ago (Roe 1981, 213-30, 236;
Wymer 1968, 69-76, 1999, 49-50; Bridgland
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1994, 26; White et al 2006; McNabb 2007,
187-215). In chronological terms, the Middle
Palaeolithic spans the period embracing
MIS 8 to MIS 3 from ¢ 250,000 to 40,000 years
ago and is divided into an early phase based
on Levallois techniques dated to between c
250,000 and 150,000 years ago (MIS 8-7) and
a late phase based on a Mousterian biface and
flake tool industry dating from ¢ 59,000 to
38,000 years ago (MIS 3) (White and Jacobi
2002). These two phases of Middle Palaeolithic
settlement are separated by a period of hominin
absence lasting between 100,000 and 120,000
years from the MIS 6 cold stage, through the
Ipswichian Interglacial (MIS 5e) and into
the early cooling stages of the final Devensian
glaciation (MIS 5d-5a and MIS 4). Reasons
suggested for the abandonment of Britain by
hominins at this time have included the harsh
climatic conditions of the MIS 6 cold stage,
severing of the land bridge with the European
mainland during the Ipswichian Interglacial
as a result of high sea levels, and changes in
climate and habitat preferences by hominin
groups (Ashton 2002; Ashton and Lewis
2002; Currant and Jacobi 2002). Whatever
the reasons for abandonment, hominins were
absent from Britain until recolonisation in
terminal MIS 4/early MIS 3 by Neanderthal
groups characterised by Mousterian industries.

The Late Middle Palaeolithic embraces the
MIS 3 warm phase of the Devensian glaciation
and is marked by the presence of a Mousterian
of Acheulian (MTA) type industry similar to
that in north-western France, although with a
distinctive bout coupé handaxe type found only
in the British Mousterian (Shackley 1977; Roe
1981, 233-52; Tyldesley 1987, 153-157;
Coulson 1990, 391-4; Wymer 1988, 1999, 49;
White and Jacobi 2002). This period is not well
known for the British Palaeolithic, with
evidence limited to a small number of cave and
rockshelter sites and open-air localities
composed largely of findspots of bout coupé
handaxes (Roe 1981, 254-67, fig 6.6; Tyldesley
1987, 17-103; White and Jacobi 2002). Cave
and rockshelter sites with evidence for
occupation during MIS 3 comprise Coygan
Cave, Carmarthenshire; Robin Hood’s Cave,
Pin Hole Cave and Church Hole Cave,
Derbyshire; Kents Cavern, Devon; the Hyaena
Den, Rhinoceros Hole and Picken’s Hole,
Somerset; Uphill Quarry Cave 8, North
Somerset; and Oldbury, Kent. Open-air findspot
localities often cited as principal or important

sites for the period (Roe 1981, 240-1; Tyldesley
1987, 198-9; Coulson 1990, 391; White and
Jacobi 2002; White 2006), include Little
Paxton, Cambridgeshire; Bramford Road,
Ipswich, Suffolk; Little Cressingham, Norfolk;
Fisherton, Wiltshire; and Great Pan Farm, Isle
of Wight. Data for these sites and localities are
summarised in Table 1.1 (see also White 2006,
table 1).

The nature of thisrecord for MIS 3 occupation
is highly problematic in terms of the integrity of
the data from each site or locality. Most of the
principal sites and localities were excavated or
collected in the 19th or early 20th centuries,
with minimal recording and limited strati-
graphic controls. Stratigraphic and contextual
information is at best poor by modern standards
and at worst, non-existent (Campbell and
Sampson 1971; Tratman et al 1971; Harrison
1977; Delair and Shackley 1978; Jenkinson
1984; Aldhouse-Green et al 1995; White and
Jacobi 2002). Artefact and vertebrate samples
from these sites and localities are further
biased by poor recovery techniques and the
dispersal and subsequent loss of individual
finds (Dawkins 1874, 295-314; Campbell and
Sampson 1971; Jenkinson 1984). No open-air
locality has been excavated; most sites are
represented by collections of material derived
from reject piles and other disturbed contexts
(Lawson 1978; Tyldesley 1987, 7; Coulson
1990, 391; Wymer 1999, 33). In addition,
artefact assemblages are typically small or
represented by single finds, and characterised
by a general scarcity of diagnostic artefacts
other than bout coupé handaxes and poorly
documented faunal associations. Many diffi-
culties also exist in identifying artefacts of
different ages in mixed collections (Shackley
1973; Wymer 1985, 213-16) or sites lacking
extended stratigraphic sequences (Collins and
Collins 1970; Cook and Jacobi 1998). The
available evidence is thus generally of limited
or poor quality and leaves much to be
desired when compared to the much richer
Continental record.

Sites and localities have been dated by a
variety of relative and radiometric methods,
and this dating is one area of research where
significant advances have been made regarding
the study of Neanderthal settlement in Britain.
Relative methods are the most prevalent dating
techniques for the period and include the
use of artefact stylistic or typological criteria
(predominately bout coupé-type handaxes),
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Table 1.1 Data for sites and localities from the UK with evidence for occupation during MIS 3

site site type artefact fauna date references
totals |

Coygan Cave, cave 7 Pin Hole type ~ 14C: 38,684 +2713/-2024 (BM-499) Hicks 1867, 1884; Grimes and Cowley 1935;
Laugharne, Clegg 1970; Aldhouse-Green et al 1995
Carmarthenshire
Robin Hood's Cave, cave 82 Pin Hole type  14C: >38,500 (OxA 12799); Dawkins 1876, 1877, Mello 1876, 1877,
Cresswell Crags, 45,300 £1000 (OxA 12771); Campbell 1969; Jenkinson 1984;
Derbyshire 47,300 +£1200 (OxA 12772); Coulson 1990;

ESR: 55 +4k Jacobi and Grun 2003; Jacobi et al 2006
Pin Hole Cave, cave 118 Pin Hole type  14C: 37,760 £340 (OxA 11980) to  Mello 1875, 1876; Armstrong 1926, 1932,
Cresswell Crags, 55,900 £4000 (OxA 14197); 1939, 1956;
Derbyshire ESR:39 £2k to 51 £8k; Jackson 1966; Jenkinson 1984;

U-Series: 63.7 £0.4k, 63.9 £0.3k Coulson 1990;

Jacobi et al 1998, Jacobi et al 2006

Church Hole Cave, cave 38 Pin Hole type  mammalian biostratigraphy: MIS 3 Mello 1877; Dawkins 1877; Jenkinson 1984;
Cresswell Crags, Coulson 1990; Currant and Jacobi 2001
Derbyshire

Hyaena Den, cave 43% Pin Hole type  14C: 40,400 £1600 (OxA 4782) to  Dawkins 1862, 1863a, 1863b, 1874;
Wookey, Somerset 48,600 £1000 (OxA 13917) Tratman et al 1971

Coulson 1990; Jacobi and Hawkes 1993;
Jacobi et al 2006

Rhinoceros Hole, cave 6 Pin Hole type  U-series: 45 +5/-4k (M41.9/8a-A), Procter et al 1996

Wookey, Somerset 51 +5/—6k (M41.9/26B)

Picken's Hole, cave c53 Pin Hole type  14C: 34,365 +2600/—1900 (BM-654)  Tratman |964; ApSimon 1986
Compton Bishop, Somerset

Kent's Cavern, cave 45 Pin Hole type  14C: 37,900 £1000 (OxA 13589) to  Northmore 868; Pengelly 1869, 1884;
Torquay, Devon 45,000 £2200 (OxA 14761) Dowie 1928;

Benyon et al 1929; Smith 1940; Campbell and
Sampson 1971; Coulson 1990; Jacobi et al 2006

Uphill Quarry Cave No.8,  cave 47% Pin Hole type  mammalian biostratigraphy: MIS 3 Harrison 1977; Currant and Jacobi 2001
Weston-Super-Mare,
North Somerset

Oldbury, Ingtham, collapsed ~ 625%* Pin Hole type  typological: Middle Devensian Harrison 1933; Collins and Collins 1970;
Kent rockshelter Coulson 1990; Cook and Jacobi 1998
Little Paxton, St Neots, open-air ¢ 210%* Pin Hole type  mammalian biostratigraphy: MIS 3 Paterson and Tebbutt 1947
Cambridgeshire findspot

Little Cressingham, open-air 2 lithostratigraphy: MIS 3; Lawson 1978

Norfolk typological: Middle Devensian

Fisherton Brick Pit, open-air 2 Pin Hole type  mammalian biostratigraphy: MIS 3 Delair and Shackley 1978

Salisbury, Wiltshire findspot

Bramford Road, open-air  [84+***  Pin Hole type  typological: Middle Devensian Moir 193 1;Wymer 1985, 1999
Ipswich, Suffolk findspot

Great Pan Farm, open-air  108%* typological: Middle Devensian Shackley 1973, White and Jacobi 2002
Newport, Isle of Wight findspot

Key for Table 1.1

" Artefact counts represent existing collections.
* mixed assemblage with Late Middle Palaeolithic and Upper Palaeolithic materials (including Early Upper Palaeolithic materials)
##* mixed collection with Early and Late Middle Palaeolithic materials
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biostratigraphy, river terrace sequences and
local stratigraphies to provide chronological
constraints for open-air localities (Collins and
Collins 1970; Shackley 1973; Delair and
Shackley 1978; Lawson 1978; Roe 1981,
236-52; Tyldesley 1987, 116-19; Coulson 1986,
1990, 393; Wymer 1999; Currant and Jacobi
2001, 2002; White and Jacobi 2002).
Radiometric methods used include AMS radio-
carbon, electron spin resonance (ESR) and
uranium-series dating of vertebrate remains
and speleothems from a number of cave sites
(ApSimon 1986; Aldhouse et al 1995; Proctor et
al 1996; Jacobi et al 1998; Jacobi and Griin
2003; Jacobi et al 2006). The results of these
relative and radiometric dating programmes
demonstrate that the whole of the British Late
Middle Palaeolithic is confined to MIS 3 and
dated to between ¢ 59,000 and 38,000 years ago.

Few firm conclusions regarding the further
chronological ordering of sites and localities
within MIS 3 have been drawn from these
results. Reasons for this centre around the lack
of resolution for relative dating methods and
the fact that the early part of MIS 3 lies at or
beyond the background limit of the radiocarbon
method of ¢ 55 ka. Relative dating methods
used to place sites and localities within MIS 3
are simply too coarse-grained in nature to be
of much use in providing a chronology for the
period. Available AMS radiocarbon dates are
typically spread between ¢ 40ka and 54ka and
tend to cluster close to the background limit
of the method. Older ESR and U-series
determinations provide only terminus post
quem dates for Middle Palaeolithic occupations.
As a result, the chronology of the period
is poorly understood, with many important
research questions remaining unanswered
regarding the timing of the recolonisation of
Britain by Neanderthal groups and the duration
of Late Middle Palaeolithic settlement.

A considerable body of palaeoenvironmental
and palaeoclimatic evidence for MIS 3 has
been assembled over the last 20 years and used
to provide an environmental context for Late
Middle Palaeolithic settlement (White and
Jacobi 2002; Van Andel and Davies 2003;
White 2006). In concert, these different proxy
records indicate that MIS 3 is characterised by
a sharply oscillating sequence of alternating
cold and warm episodes of millennial-scale
duration with a rich mosaic of grassland and
other open habitats (mammoth steppe), and
a diverse herbivore community dominated by

mammoth, woolly rhinoceros, horse, bison and
reindeer (Pin Hole-type fauna) (Stuart 1977,
1982, 147-65; West 2000, 191-215; Currant
and Jacobi 2001, 2002; Van Andel 2003).
Palaeoclimatic evidence indicates a strongly
continental climate for lowland England,
characterised by mean July temperatures of
¢ 10°-14°C, and winter temperatures as low as
—25°C or —27°C, with seasonally frozen ground
and the possible presence of discontinuous
permafrost (Watson 1977; Ballantyne and
Harris 1994, 15; Coope 2002). Mean annual
precipitation appears to have been as low as
250-553mm, and highly seasonal in pattern
(Lockwood 1979, Guthrie 1984, 1990, 208-25),
although in some areas climate modelling
results and proxy records provide contrasting
pictures of the degree of aridity and
seasonal precipitation patterns (Barron et al
2003; Guthrie 1982; Jones and Keen 1993,
162-71; see also Guthrie and Van Kolfschoten
2000). Overall, however, the various proxies
indicate an open steppic environment with
cold winters and dry summers that supported
a relatively high biomass of large, mainly
migratory, herbivores.

Reconstruction of the palaeoenvironmental
settings of Late Middle Palaeolithic sites and
findspot localities dating to MIS 3 has been
much less successful, largely due to the limited
amount of palaeoenvironmental evidence
available for cave sites from old excavations,
and the use of broad correlations based on
lithological evidence and/or terrace sequences
to place isolated findspots into some kind of
MIS 3 environmental setting (Campbell and
Sampson 1971; Tratman et al 1971; Campbell
1977, 105; Delair and Shackley 1978; Jenkinson
1984; Aldhouse-Green et al 1995; White 2006).
Inferences drawn from these data sources have
tended to focus on adaptive strategies rather
than palaeoecology, and have outlined the
physiological, behavioural and technological
adaptations required by Neanderthal popu-
lations to survive on the mammoth steppe
(White 2006; see also Ashton 2002). Few
conclusions have been drawn from vertebrate
and pollen records regarding the palaeo-
environmental settings of sites and localities,
other than that they were situated within
cool-cold steppic environments (Jones and
Keen 1993, 169; White 2006). These records
provide at best only a partial picture of
palaeoenviromental settings, and are generally
too coarse-grained to be of much use in
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providing any indications of local habitat
conditions. As a result the palaeoecology of
sites and localities is poorly understood, with
numerous unresolved questions regarding
the structure of local habitats making up the
mammoth steppe and how this structure
might have conditioned Neanderthal land-use
behaviour in relation to site location and use
(Gamble 1995; Gamble and Roebroeks 1999).
Land-use patterns for the British Late
Middle Palaeolithic are also poorly known in
comparison to the rich continental record,
where vertebrate and artefact records
indicate considerable variability and a degree
of complexity in Neanderthal subsistence
and raw material procurement strategies
(Geneste 1989; Patou 1989, 2000; Féblot-
Augustins 1993, 1999). Vertebrate assemblages
from excavated cave sites are predominately
carnivore accumulations (Tratman 1964;
Tratman et al 1971; Campbell and Sampson
1971; Harrison 1977; Jenkinson 1984;
ApSimon 1986; Aldhouse-Green et al 1995;
Proctor et al 1996; Currant and Jacobi 2004),
and suggest a pattern of alternating short-term
occupations by hominins and carnivores during
MIS 3 similar to that recorded across Europe for
the Middle Palaeolithic (Straus 1982; Gamble
1983, 1986, 306-21; Stiner 1994; Boyle 1998,
59-60). For a variety of taphonomic and
historical reasons few substantive conclusions
regarding faunal exploitation patterns have
been drawn from these assemblages (Jenkinson
1984; Aldhouse-Green et al 1995), with inter-
pretations based on bone condition and skeletal
element representation (Campbell and
Sampson 1971; Jenkinson 1984, 91) equivocal
owing to the general absence of butchery
evidence for the period other than a single
cut-marked tooth (Jacobi and Hawkes 1993).
Raw material sources for the lithic artefacts
associated with these assemblages are also only
partially known (MacRae and Moloney 1988,
233; Coulson 1990, 324, 329) with the small
number of artefacts known from most sites
taken as the signature of a highly mobile
settlement strategy (Proctor et al 1996; White
2006). Consequently, Neanderthal land-use
behaviour is poorly understood, with numerous
questions about faunal exploitation and raw
material transfers and how these relate to
subsistence and mobility strategies unresolved.
Intrasite patterns for the Late Middle
Palaeolithic are largely unknown due to the
poor quality of the record for most sites and

localities, and the dispersal and loss of finds
from old excavations (Campbell and Sampson
1971; Tratman et al 1971; Harrison 1977; Delair
and Shackley 1978; Jenkinson 1984; Tyldesley
1987; Aldhouse-Green et al 1995). The analysis
of spatial data has been limited to the recon-
struction of vertical profiles for one site
(Jenkinson 1984, 65-6; Jacobi et al 1998) with
records of hearths poor and often anecdotal
(Tratman et al 1971; Aldhouse-Green et al
1995). Artefact studies have tended to be
typological in character and have either applied
Bordesian systematics (Bordes 2002) to artefact
assemblages (Coulson 1990) or focused on the
bout coupé-type handaxe to establish a techno-
complex for the Late Middle Palaeolithic with
cultural affiliations similar to those defined for
the Middle Palaeolithic across Europe during
MIS 3 (Roe 1981, 236-52; Tyldesley 1987;
Mellars 1996; Gamble and Roebroeks 1999;
White and Jacobi 2002). Far fewer conclusions
have been made regarding site chaine
opératoires and tool functions, other than that
assemblagesare non-laminar and non-Levallois,
and that tools such as scrapers and notches
were probably used to work different kinds of
organic materials (Jenkinson 1984, 75; Coulson
1990; Proctor et al 1996; Jacobi 2004; White
2006). Neanderthal site-use behaviour is
therefore probably the least understood aspect
of Late Middle Palaeolithic settlement in
Britain during MIS 3, with numerous
unresolved questions regarding site structure
and technological organisation and how these
relate to land-use and mobility strategies.

It is evident from this brief overview that the
archaeological record for the Late Middle
Palaeolithic in Britain is reasonably sparse, and
that knowledge of the period remains extremely
limited. Reasons for this are largely historic and
relate to the poor quality of the records made
for excavations and collections during the 19th
and early 20th centuries and to excavations
carried out during the 1950s and early 1960s,
when the objectives and levels of recording
were very different from those of today (Sackett
1981; Gamble 1986, 5-16). In most cases these
data are simply not robust enough to address
many of the current research interests regarding
Neanderthal ways of life during MIS 3.

Research objectives

Given these significant gaps in archaeological
evidence regarding Late Middle Palaeolithic
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settlement during MIS 3, the excavation of
Lynford promised new information that could
provide some answers about the character of
Neanderthal settlement at the north-western
extremes of their range. The locality looked
particularly promising in this regard because of
the material preservation and the abundance of
archaeological remains and palaeoenviron-
mental materials in the deposits. In addition,
the sandy make-up of the sediments also
offered the potential for the site to be dated
through luminescence methods. Nine key
research objectives for the excavation were
defined on the basis of national and regional
research frameworks for the Palaeolithic
(Austin 1997, 2000; English Heritage 1998,
1999) and set out in the Project Design
submitted to English Heritage (Boismier 2003).
These objectives addressed the nature of
Neanderthal behaviour at the site and its place
within local, regional and European Late
Pleistocene environmental and archaeological
contexts, and can be summarised as follows:

* To date the deposit and associated
archaeological materials by radiometric
and geochronological methods.

* To determine the stratigraphic position of
the palaeochannel by recording and
interpreting the sequence of deposits at the
site and correlating it to known regional
and national Pleistocene sequences and the
isotope record.

¢ To identify and characterise the taphonomic
processes responsible for deposit and
assemblage formation and post-depositional
disturbance and modification.

* To characterise the environmental setting
of the site during its occupation and/or use.

* To identify the range and the possible
spatial organisation of the activities
undertaken at the site.

 To provide a characterisation of hominin
butchery and carcass utilisation strategies.

* To define the nature of lithic technological
organisation at the site, notably raw
material selection, reduction sequences,
tool use and rejuvenation/reutilisation
(chaine opératoire) and its relationship
to hominin site use and mobility patterns.

* To place the site within a wider
environmental setting in relation to the
Middle Devensian environment.

* To place the site within its local, regional
and European setting in relation to Middle
Palaeolithic hominin behaviour and
subsistence adaptations.

The excavation

The palaeochannel and associated deposits
containing archaeological remains were
excavated and recorded at a detailed level to
provide a range of spatial, palaeoenvironmental
and taphonomic information with which to
address the project’s research objectives.
Excavation was continuous from April to
September 2002. The original twelve-week
programme was extended by six weeks owing
to the large number of finds exposed by the
excavation and to disruptions to the work
caused by adverse weather conditions. All
palaeochannel deposits with artefacts and
vertebrate remains were fully excavated and
recorded by 11 September.

An organic channel-fill exposed in the
east-facing section on the west side of the active
quarry was also investigated in May 2003 to
establish its relationship to the excavated
organic sediments containing archaeological
and palaeontological materials. In the
following month (June 2003) a programme
of machine-dug test pitting across the
unworked areas of the quarry was undertaken
to enhance existing stratigraphic data
regarding the position of the palaeochannel
within the local sequence of deposits.

Excavation methodology

The deposits overlying the surviving part of the
site had been removed by mineral extraction
before excavation over an area of ¢ 263.60m?,
leaving a ¢ 0.30m to 0.50m thick deposit of
sand and gravel covering the palaeochannel
deposit (Fig 1.2). Mineral extraction had also
removed all deposits covering the palaeo-
channel for a length of 9.0m (33.92m? area) in
the north-western part of the site and across a
50.76m? area of sand and gravel adjacent to
the northern edge of the channel to a depth of
¢ 0.45m below the upper contact surface of the
palaeochannel deposit. Vertical sections of
more than 2m were left standing on the
northern and eastern sides of the area at the
end of extraction activities.

Mechanical excavation was used to remove
the surviving sand and gravel deposits overlying
the palaeochannel and to create a safe working
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Fig1.2
The site prior to start
of excavation.

Fig1.3
Mechanical excavation of
the site to remove surviving
sand and gravel deposits.
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environment for the manual excavation of the
area (Figs 1.3 and 1.4). A tracked 9-tonne 360°
excavator with a 1.80m wide toothless ditching
bucket was employed to step quarry sections on
the northern and eastern sides of the excavation
area and to remove surviving overburden to
the top of the deposits immediately overlying
the palaeochannel (in 0.05m-0.10m spits).
Stripped surfaces within the excavation area
were manually cleaned.

A total station theodolite was used to set
out eight survey stations around the quarry to
establish the site’s position within the National
Grid and local OD heights. The excavation area
was subdivided into a 2m by 2m grid based on
the National Grid and planned/levelled. The
2m by 2m grid in the area of the site containing
the palaeochannel and other deposits with in
situ archaeological materials (199.83m? in
total) was divided into 1m? units composed of
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four 0.50m? subunits and excavated manually
by trowel using a combination of 0.10m spits
and micro-stratigraphy for vertical control.
Deposits immediately above the palaeochannel
and basal deposits within it containing little or
no archaeological material were stratigraph-
ically excavated employing a combination of
mattocks and trowels. Baulks of 1.0m width
extending north-south and east-west through
the excavation area and along the west-facing
edge of the quarry were used to record the
sequence of deposits in the palaeochannel and
for palaeoenvironmental sampling before their
excavation. All deposits within the main palae-
ochannel were fully excavated, with the spoil
dumped along the north-western edge of the
excavation area back into the quarry.

Recording strategies

Recording strategies were based on the context
method of recording where sediments and
contacts are assigned unique numbers as they
are excavated and recorded (Harris 1979, 1989;
Roskams 2001, 239-66). This method of
recording was adopted as it provides a highly
structured and flexible approach for deposit
recording and generates a detailed and well-
ordered archive on which the description,
analysis and interpretation of the stratigraphic
sequence and other categories of data recovered
from the site can be based. Blocks of numbers
were allocated to each of the seven major record
types (Context, Lithic Object, Bone Object,
Context Subdivision, Environmental Sample,
Graphic, Photographic) used by the excavation
before the start of fieldwork. Unique numbers
were then assigned to individual records from
within their respective block of numbers as
required. A listing of block number allocations
for record types is set out in Table 1.2.

Contexts were defined on the basis of a range
of lithological properties such as general
texture, colour and sedimentary structures
(Jones et al 1999, 38-9), and record
sedimentary features ranging in scale from
small bedding structures within lithofacies to
individual lithofacies and bedding contacts
separating depositional units. Deposits,
features and layers were assigned individual
context numbers and recorded on standard
context sheets with a running stratigraphic
matrix maintained throughout the excavation
to characterise deposit relationships and to
guide excavation decisions. Plans and sections
were drawn at a scale of 1:10 and tied into

Table 1.2 Block number allocations for record types

record type quantity
context

cut/contact surface 136
deposit 244
total 380
object

lithic 487
bone 2,079
total 2,566
graphics

plan 595
section 299
total drawn record 894
photograph

colour slide [,182
b & w negative 973
total photographic record 2,155
spit 3572
environmental 367
total written record 9831

the site grid using a total station theodolite. A
complete photographic record of the excavation
was made in black and white negative and
colour slide film. Registers for context, lithic,
bone, context subdivision (spit), sample,
graphic and photographic records were
compiled on-site as the excavation progressed.

Artefacts and faunal remains larger than
0.02m in size were three-dimensionally
recorded in situ using a total station theodolite.
Each object was assigned a unique number,
plotted on the relevant spit plan and its context,
position (x, y, z coordinates), dip and general
orientation within the deposit recorded on the
appropriate record (Lithic or Bone Object
records). Quantitative orientation data was
generated in post-excavation on the basis of
the 1:10 plans. Object registers itemising the
context number, coordinates, OD height and
relevant plan and photograph number for each
object were also compiled on-site to provide
a summary listing of three-dimensionally
recorded materials and for cross-referencing
and checking purposes. In total, some 2,566
objects (487 lithic artefacts and 2,079 faunal
remains) were recorded utilising these
procedures. Fragile objects (bone and tusk)
were treated in situ with adhesives (Paraloid

11
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B72 with acetone) and, where required,
jacketed with plaster of Paris before being
lifted and removed from the site. On-site
conservation was carried out by Nigel Larkin
of the Norfolk Museums and Archaeology
Service assisted by two members of the
excavation team (R. Crawford and L. Stockley).

Objectslessthan 0.02m in size were collected
and recorded by 0.50m? quadrat and vertical
spit or micro-stratigraphy. Three of the four
0.50m? spit quadrats for each 1m? unit were
dry-sieved (6mm or 9mm mesh) and one
wet-sieved (1mm mesh) to ensure the recovery

Table 1.3 Summary of the record types contained
within the excavation

record type number allocations

plans and sections
contexts
environmental samples
artefacts

faunal remains

0.50m? spit units

10000-19999
20000-29999
30000-39999
4000049999
50000-59999
60000-69999

of small materials. Each spit was assigned a
unique number and planned, and data
concerning its thickness, sieving method (wet-
or dry-sieved), plan number, south-west corner
coordinates and OD height were recorded on
the context subdivision record. A total of 3,572
spits were recorded utilising this procedure
with some 2,872 spits dry-sieved and 700
wet-sieved.

The digitising of plans and the cross-refer-
encing and checking of the written, drawn and
photographic elements of the project archive
were carried out on-site throughout the
excavation and completed in post-excavation.
A stratigraphic summary and complete matrix
for the sequence of deposits at the site was
also completed in the post-excavation stage. A
summary of the record types contained within
the excavation archive is provided in Table 1.3,
and a plan of the final excavation area in Fig 1.5.

Palaeoenvironmental sampling

To meet the objectives of the project design, a
targeted non-probabilistic sampling strategy
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was devised in consultation with external
specialists for the recovery of environmental
materials from the palaeochannel and
associated deposits. The principal aims of this
recovery strategy were to retrieve materials
for the environmental reconstruction of the
site and for the identification and characteri-
sation of the natural processes responsible
for deposit and assemblage formation and
post-depositional modification. Samples were
taken by the relevant specialist or by the Site
Environmentalist (F Green) in consultation
with the particular specialist. A range of spot

samples was also taken by members of the
excavation team. Full records were made
on-site for each sample.

Standard 5-10-litre bulk samples were taken
for microfauna, insects, plant macrofossils
and molluscs from baulk sections and other
appropriate locations within the excavation
area. Marginal (channel-edge) and deep-water
palaeochannel deposits were bulk-sampled
by serial column samples located on the
north-south and east-west baulk sections
running through the excavation area. Columns
for each category of material were located

Fig1.5
Plan of excavation area.

13
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adjacent to each other, with each column
subdivided vertically into 0.10m units and the
material from each unit bagged separately.
Spot samples of plant macrofossils, molluscs,
microfauna and insects were also taken from
various locations within the palaeochannel
during the excavation as the materials
were exposed.

Deposits were sampled for pollen and
diatoms employing monolith, column and spot
techniques. Monolith and column samples
were taken from sections on the north-south
and east-west baulks adjacent to the sample
locations for microfauna, insects, plant macro-
fossils and molluscs. Column samples were
subdivided vertically into either 0.02m or
0.05m units and the material from each unit
bagged separately. Additional monoliths were
taken from later Pleistocene and Holocene
deposits. A number of spot samples were also
taken from Holocene deposits exposed on the
south-facing section along the northern edge of
the site.

A range of techniques was used to sample
deposits for sedimentology, micromorphology,
geochemistry and deposit compaction. Deposits
were sampled for sedimentology by bulk, spot,
monolith and column techniques with columns
subdivided vertically into 0.05m-0.10m units
or subsamples into 0.05m to 0.15m intervals on
the basis of deposit stratigraphy. Spot and
monolith samples were taken from deposits
and contact surfaces between deposits for
examination of the micromorphology, and
geochemical samples were taken by spot and
column techniques with the column samples
subsampled at 0.05 and 0.10m-0.15m intervals
on the basis of observable deposit stratification.
Small short cores were taken from selected
deposits for compaction studies.

Channel fill and test pitting methods

Small trenches were excavated manually across
the organic channel-fill exposed on the
east-facing section on the west side of the
quarry. Sections were cleaned, photographed
and the exposed sediments recorded on
1:10 section drawings. Samples were taken
for palaeoenvironmental analysis and radio-
carbon dating.

Seventeen test pits were excavated by
machine at selected locations across the
unworked area of the quarry (see Fig 1.4).
Deposits exposed in section were logged and

photographed, and their locations recorded
using a total station theodolite. In addition,
samples for OSL dating were taken from
sediments in test pits 15 and 17.

1.2 Faunal conservation

S O’Connor and N Larkin

The conservation of often very fragile remains
formed a significant part of the excavation
strategy, full details of which are reported in
Appendix Al.

The excavated faunal material is in a
subfossil state with no secondary minerali-
sation (fossilisation). Specimen condition
varied considerably, with some material
preserved and some forming masses of uniden-
tifiable soft bone splinters, and was largely
dependent on the characteristics of the
sediments in which the material was embedded.
Bones recovered from organic sediments were
stained dark brown-black, and were relatively
robust and well-preserved. In contrast, bones
from the underlying sands and gravels were
amber or red-brown in colour, soft when wet,
and brittle or crumbly when dry. In particular,
bones from the gravels were frequently highly
fractured when recovered. Where bones and
teeth had lain partly in organic sediments and
partly in sands or gravels, their preservation
varied between one end or even side and
the other, depending on how the specimen had
rested in the sediments.

The aim of the conservation strategy was to
retain and reveal as much diagnostic data as
possible while ensuring the chemical and
physical stability of the material. Soft brushes,
wooden tools and/or gentle jets of compressed
air were used to clean the specimens. Invasive
treatments were kept to a minimum, only stable
and removable resin adhesives and consoli-
dants were used, and all labelling and storage
materials were of archival standard. Each
specimen was cleaned, repaired (excavation
damage only, ie fresh breaks) and then labelled
where appropriate. Specific supportive media
were constructed for a number of large, fragile
and/or complex bones. Adhesives applied to
specimens in the field were reversed to allow
cleaning and then rejoined. Jacketed specimens
(Fig 1.6) required the removal of the plaster
jackets and surrounding sediment before
consolidation. Preparation of the jacketed tusks
also required the manufacture of a reinforced
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Fig 1.6

Mammoth mandible 50287
in its plaster of Paris jacket
(photo courtesy D Charlton).

resin support for the underside of each tusk,
onto which they could be turned. The jackets
were cut away in stages, the revealed surfaces
were cleaned and resin was injected deep into
the tusks to consolidate the fragmentary
annular laminations. The prepared tusks were
then mounted on purpose-built, permanent
pallet supports.

1.3 Archive details

The excavation and material archives are
stored with the Norfolk Museums and
Archaeology Service (NMAS) and access can be
arranged by contacting NMAS, The Shirehall,
Market Avenue, Norwich, Norfolk NR1 3JQ,

website http://www.museums.norfolk.gov.uk.
The photographic record is stored by
NMAS in the offices of the Norfolk Historic
Environment Service (formerly Norfolk
Landscape Archaeology) at Gressenhall Farm
and Workhouse Museum, Gressenhall, East
Dereham, Norfolk NR20 4DR. Microfiche
copies of the excavation archive have been
deposited with the Norfolk Historic
Environment Record in the same facility, as
well as with the National Monuments Record,
Swindon, Wiltshire. Faunal material is also
housed in the NMAS stores at Gressenhall, and
lithics in the Archaeology Department of
Norwich Castle Museum and Art Gallery where
the written and drawn archive is also held.
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Stratigraphy, Association B and dating

The exceptional preservation of archaeological material at Lynford is due to a small oxbow lake that
formed in the ice age course of the River Wissey. Once this meander was cut off from the river it
provided an ideal environment for the preservation of organic evidence and stone artefacts, as the
riverbanks where the artefacts had accumulated collapsed, slumping the material into the still
waters of the channel. These deposits form a series of geologically distinctive contexts distinguished by
their varying sediments and referred to as associations, of which the most archaeologically
important is B-ii. These sedimentary envelopes are described here and examined in more detail in
chapter 4. The wider stratigraphic framework within which they sit is described, and a place
allocated within the last cold stage of the East Anglian Pleistocene sequence.

Three age estimation techniques were applied to the Lynford deposits in order to arrive at a date
for the archaeology they contain. These were optically stimulated luminescence (OSL), radiocarbon
14C and amino-acid racemisation. The faunal remains provide a further means of placing the site
within Marine Isotope Stage 3 (MIS 3) through biostratigraphic correlations with other assemblages.
The oxygen isotope record, contained in cores from both the oceans and ice caps, provides a global
framework for observing the repeated climate changes that impacted on hominins such as the
Lynford Neanderthals. MIS 3 was a period of variable sea levels and fluctuating climate in the
interval 60-24ka. Conditions were cold, but fell short of full glacial. At the beginning of MIS3 was a
warmer phase that lasted between 60ka and 44ka during which there were a series of short-lived
ameliorations, identified in the Greenland ice cores as Dansgaard—Oeschger events. Between 54ka
and 60ka there were four of these milder interstadials, numbered D-O 1417, and it is on these that the
dating of Lynford focuses (chapter 3).

This short phase is of great interest for the re-occupation of northerly latitudes such as Britain
after the rigours of MIS4 — a period of severe climate, low sea levels and significant ice advance.
Fixing Lynford’s position within the MIS framework was the primary task of the dating programme.
Once established, the scene is then set for the detailed environmental evidence in chapter 3.

2.1 Pleistocene stratigraphy Pleistocene. The Early and early Middle
and sedimentology Plelstocege drainage of. eastern England was

characterised by major eastward-flowing
S G Lewis rivers, including the ancestral Thames in

southern Suffolk and Essex and the Bytham
Regional geomorphological and River in central Norfolk and Suffolk (Rose
geological context 1994; Rose et al 2001). These rivers drained

into the southern North Sea basin and existed
The River Wissey drains an area of some until they were respectively diverted and
545km? of central and western Norfolk, and destroyed by glaciation during the Anglian.
forms a tributary of the River Great Ouse; the The Bytham River traversed the Wissey
latter receives drainage from much of western catchment in a north-south alignment;
East Anglia from the Nar valley in the north  however, very few deposits associated with
to the Cam in the south (Fig 2.1). The regional this river have been identified within the
drainage pattern has experienced major catchment. Fragmentary remnants of the
adjustment as a result of glaciation during the = Bytham River have been identified from gravels
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Fig 2.1 (opposite)

Location of study site:

(A) Ice limits for the Anglian
(MIS 12) (solid line), Late
Devensian (MIS 2) (dashed
line) and Loch Lomond
(black) glaciations in the
British Isles (after Bowen
et al 1986); (B) regional
geology and drainage;

(C) Wissey catchment

and sites mentioned in

the text (shaded area

= land <8m OD).
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Fig2.2

Long profile of the River
Wissey. Top and base of
succession at Lynford and
Wretton also shown.

rich in quartzite and quartz at Northwold
and Methwold (Rose 1987; Lewis 1993) and
also at Shouldham Thorpe and Feltwell,
just outside the catchment (Lewis 1991;
Wymer 2001).

Following deglaciation at the end of the
Anglian, a new drainage network formed on
the surface of the till-covered East Anglian
landscape. The formation of the Fen Basin as a
result of erosion by Anglian ice (Perrin et al
1979) led to the creation of westward-flowing
rivers, including the Nar, Wissey, Little Ouse,
Lark and Cam, which drained the higher
central part of the region.

The Wissey catchment is characterised by
low relative relief, and nowhere exceeds 100m
OD in elevation. The northern interfluve,
separating the Wissey and Nar valleys, forms a
ridge rising to 95m OD at its eastern end at
Bradenham Hill. The southern portion of the
catchment has less pronounced relief, rising to
56m OD at Frog Hill. The catchment can be
divided into two distinct topographic regions;
a low plateau in the eastern part — generally
above 30m OD, except along the river valleys —
and the low-lying Fen region in the west (see
Fig 2.1). The latter is typically 0-10m OD in
elevation, and the natural drainage pattern
has been extensively modified.

The River Wissey is approximately 56km in
length, measured along the main channel axis
from its confluence with the River Great Ouse
toits most easterly point 3km east of Bradenham
(TF 957084) (see Fig 2.1) and has an average
gradient of 1.25m km-'. The gradient of the
downstream 18km of the river is 0.34m km-,
most of it lying in the Fen basin. The gradient
of the middle 18km reach (which includes the
site of Lynford) is 0.74m km™ and for the
upstream portion it is 2.78m km™. The river
therefore displays a well-developed graded
long profile (Fig 2.2).

The pre-Pleistocene geology comprises
Upper Cretaceous Chalk over most of the
catchment, except for the area west of Stoke
Ferry. Here, Lower Cretaceous Gault and
Carstone and the Upper Jurassic Kimmeridge/
Ampthill Clay underlie the catchment (see Fig
2.1b). These rocks display a low-angled
eastwards dip across the region. Lynford
quarry itself is underlain by Upper Chalk, with
Middle and Lower Chalk cropping out to the
west. The boundary between the Middle and
Upper Chalk lies within 1km of the site. This is
significant, as the Brandon Flint Series occurs
at the base of the Upper Chalk (Bristow 1990)
and is well known as a source of high-quality
flint for knapping, continuing to be used almost
to the end of the nineteenth century for the
manufacture of gun flints (Skertchly 1879).
The Crag basin lies to the east of the Wissey and
no Early Pleistocene sediments are present
within the catchment.

The Pleistocene surface deposits within the
catchment form a discontinuous cover and
consist of the extensive chalky tills of the
Lowestoft Formation and associated glacial
gravels, sands, silts and clays. Along the river
valley there are spreads of sands and gravels
forming fragmentary terrace surfaces. These
rise a few metres above the level of the
alluvium, which forms a continuous unit along
the length of the Wissey and its tributaries.
In the Fen basin, alluvium is extensive, with
inliers of older Pleistocene and pre-Pleistocene
strata occurring as isolated outcrops within
the catchment.

Geological mapping of the catchment at
1:50000 or 1:63360 either has yet to be
undertaken or dates back to the late nineteenth
century. On the basis of the available
information it is not possible to identify and
differentiate major terrace deposits and/or
surfaces, as there are only a small number of

80 valley side [
60+ Fen edge -~ [

) _ -
O 404 — H
E 20 +
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kilometre
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2 STRATIGRAPHY, ASSOCIATION B AND DATING

mapped fragments of terrace deposits, for
example near Hilborough and North Pickenham.
From Stoke Ferry, a large fragment of terrace
extends for 5km downstream and includes the
important site at Wretton (Sparks and West
1970; West et al 1974). It is also likely that, as
at Lynford, substantial bodies of sand and
gravel occur beneath the Holocene alluvium,
particularly in the lower reaches of the river,
downstream of Mundford, where the floodplain
is over 1km wide in places.

In addition, several anomalously large
patches of terrace deposits are shown on the
1:50000 geological map for Swaffham (British
Geological Survey 1999). These include terrace
deposits between Necton and Bradenham
associated with the upper part of the River
Wissey. A similar situation occurs in an
unnamed tributary of the Wissey, flowing
from a point close to the village of Thompson
(TF 922980) via ponds at Thompson Water and
Stanford Water to join the Wissey about 1.5km
upstream of Lynford Quarry. The 1:50000
geological map (British Geological Survey
1999) also shows an extensive spread of terrace
deposits traversing the present watershed, and
extending into the upper reaches of the Thet
catchment. This geometry suggests that these
gravels are of glaciofluvial rather than fluvial
origin. Finally a large spread of terrace deposits
is mapped between Scoulton Mere (TF9801)
and about 2km east of Watton, again following
the line of a tributary stream. Mapped terrace
deposits are therefore of three types: small
fragments along the main Wissey valley above
the Holocene alluvium; gravels buried beneath
the alluvium; and extensive spreads in the
upper reaches of the river and its tributaries,
all in the eastern side of the catchment.

Table 2.1 Lithostratigraphy of the sedimentary succession at Lynford, Norfolk

unit facies bed member formation
association
peat and alluvium Fenland
Formation
Mundford E Mundford Wissey
sands and D Valley
gravels C Formation
B Lynford Bed Member
A
sands Plantation Member
chalky diamicton Lowestoft Till Lowestoft
Member Formation

probably at the end of the Anglian glaciation
and river development since that time.

Formal lithostratigraphic terminology is
increasingly being applied to Pleistocene
sediments (Bowen 1999), though no deposits
in the Wissey valley were formally defined by
Lewis (1999). Following the convention
established by Bowen (1999), the fluvial
deposits associated with the River Wissey may
be referred to as the Wissey Valley Formation,
with members and/or beds defined as
appropriate (Table 2.1).

Stratigraphic succession at
Lynford Quarry

The sediments excavated in detail for archaeo-
logical purposes comprise part of an extensive
accumulation of sands and gravels that underlie
the Holocene alluvium of the River Wissey.
Glacial till outcrops on the adjacent valley
sides, and the fluvial deposits have incised
through these and lie directly on Chalk bedrock
(Fig 2.3). In addition to examination of the

Fig2.3
Generalised N-S geological
cross section through the site

These deposits record complex drainage sections created during the excavations, a  based on BGS geological
development associated with deglaciation series of test pits (TPs) were dug using a  mapping and boreholes.
G N &
S 2 2
TL 815978 TL 824920
N _ S
Highash Hill River
50 Wissey watershed
] river terrace
(@] . deposits
8 ! glacial sand
= + and gravel
feb) 1
e
0
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mechanical excavator at a number of points
around the quarry in order to establish the
sediment body geometry and also the elevation
of the Chalk surface. Records of boreholes
(BH) sunk in 1995 were made available by
the quarry company and provide additional
information on the geometry of the sands and
gravels. Combining all the available information
it is possible to build up a lithostratigraphic
succession for the site, described in strati-
graphic order below.

Chalk

Cretaceous Chalk is mapped at the surface
south of the floodplain (British Geological
Survey 1991). To the north of the river, Chalk
occurs on the valley sides, either at the surface
or beneath a cover of Pleistocene deposits (see
Fig 2.3).

The entire quarry is underlain by Upper
Chalk. It was proved in all the boreholes
beneath a variable thickness of Pleistocene
sediments. It was also proved in some of the test
pits (TPs 1, 3,7,9, 10, 12, 13, 15, 16). The Chalk
surface was exposed within the active quarry
and showed significant variation in altitude.
The Chalk surface was lowest at the northern
end of the active quarry, at around 4.5-5.5m
ODandisatthislevel beneath the archaeological
site. To the south of the site, the Chalk surface
rises steeply from 5.9m OD to 8.5m OD and
then levels off again to TP 1, which was located
on the edge of the active quarry in May 2003,
where the Chalk was proved at 8.16m OD.
South of this point Chalk was proved in TP 3 at
an elevation of 10.2m OD, in TP 9 at 17.6m OD
and in TP 7 at 17.4m OD beneath a thin
Pleistocene cover.

At the eastern end of the quarry a further
transect of test pits was dug. These showed the
Chalk surface at 14.4m OD in TP 10 sloping
down to the north, to TP 12, where it was
proved at 12.7m OD. The Chalk continues to
slope down towards the north and was proved
at 10.9m OD in BH 6.

Chalky diamicton

This consists of a grey- to white-coloured
deposit and contains pebble-sized chalk and
flint clasts in a fine-grained, calcareous matrix.
This stratigraphic unit was identified in test pits
located along the southern margin of the
quarry. In TP 7 it rests directly on Chalk bedrock
and reaches its maximum observed thickness
of 1.3m. It was also observed in test pits 9, 10

and 11. In cross-section, the upper surface of
the chalky diamicton dips steeply within TP 9
and is not present in TP 5. Chalky diamicton
was also observed resting on Chalk in TP 10.
This unit again forms a sloping deposit on the
southern flank of the valley, feathering out
between TP 10 and 12. The unit is shown to
underlie fluvial deposits in the northern end
of TP 9.

The limited exposures make interpretation
of this unit problematic. Its poorly sorted
texture, abundance of chalk and calcareous
matrix may indicate that it is part of the chalky
Lowestoft till — a glaciogenic sediment that
occurs across much of East Anglia. However, it
is also possible that this unit is a slope deposit
formed by mass movement of material down
the valley sides, incorporating weathered
chalky debris, glaciogenic sediments and other
material to form a diamicton unit. Tills are
mapped on the northern flank of the Wissey
valley at this locality (British Geological Survey
1999) and recorded in boreholes to the south
(see Fig 2.3). It is therefore possible that a small
remnant of chalky till has survived on the
southern side of the valley.

Plantation sands

This unit was revealed during the course of
excavation of test pits in the area to the south of
the active quarry (see Fig 1.4) and is named for
the area of plantation forestry that lies
immediately to the south of the quarry. A
number of test pits proved thick deposits of
cross-bedded, fluvially deposited medium-to-
fine sands (Table 2.2) up to ¢ 6m in thickness.
The sands underlie a land surface that slopes up
to the south, from the edge of the modern
floodplain, reaching a maximum elevation of ¢
20m OD in TP 8, which proved in excess of
6.2m of sand. Sands were encountered in test
pits 3,4, 5, 6, 7 and 17 and also, much thinner,
to the east in test pits 10, 11 and 12. Boreholes
4,6,7and 12 also proved a substantial thickness
of sands. In all cases the surface elevation of
the sands is higher (above 14m OD) than that of
the surface of the Mundford sands and gravels.
In addition, where proved, the Chalk surface
is also higher than that beneath the site.
Immediately south of TP 8, the Chalk and
overlying chalky diamicton rise steeply to the
surface, so that the sands abut against a steeply
angled contact. Elsewhere the Chalk surface
beneath the sands was proved down to 9.8m
OD. However, the stratigraphic relationship
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between these sands and the Mundford sands
and gravels was not seen in the field, as no
unconformity between the two units was visible
in section. Therefore, the relationship discussed
below is conjectural. However the optically
stimulated luminescence dating of the sands
(Schwenninger, this chapter) indicates that it is
probable that the sands form an older and
altitudinally higher stratigraphic unit than the
sands and gravels exposed in the active quarry.

The sands are interpreted as fluvial
sediments laid down by the River Wissey before
the deposition of the Mundford sands and
gravels, and are separated from the latter by a
phase of fluvial incision. The sands now form
the remnant of a degraded terrace landform
whose topographic and bedrock surfaces are
a few metres higher than the Mundford sands
and gravels. The sand-dominated sediments
would be susceptible to degradation by slope
processes and deflation by aeolian mechanisms,
and this probably accounts for the lack of a
well-defined terrace feature.

Mundford sands and gravels

The Mundford sands and gravels form the main
sedimentary unit exposed at Lynford, and
comprise fluvial sands and gravels and
associated fine-grained and organic facies.
They include the fine-grained deposits from
which the archaeological and faunal material
has been recovered. The Mundford sands
and gravels can be divided into five facies
associations that are described and discussed
in detail below.

The sands and gravels overlie the Chalk,
above an erosional lower bounding surface,
which is locally subhorizontal, but shows
variations in elevation of 2-5m between ¢ 4.5m
and 8.5m OD. Localised scour of the Chalk has
resulted in greater thickness of sands and
gravels in the northern part of the quarry than

in the vicinity of BH 6. The upper surface of the
sands and gravels is subhorizontal over much of
the quarry at an elevation of 12-13m OD in the
area of the site.

The Mundford sands and gravels are clearly
of fluvial origin and were deposited by the River
Wissey. The major changes in the facies identi-
fiable at the site might indicate changes in river
behaviour. Interpretation of these sediments
and reconstruction of the depositional
environment provides the sedimentary context
for the archaeological and faunal information
discussed elsewhere in this volume.

Peat and alluvium

This stratigraphic unit is usually stripped off
before sand and gravel extraction and is
therefore not present within the site, but is
extensive elsewhere in the quarry. Its
relationship to the Mundford sands and gravels
is best seen in cross section at the eastern end
of the quarry. Here nearly 2m of peat were
encountered in TP 14, which was located on the
floodplain itself. The peat overlies calcareous
sandy silt, to a depth of 2.4m. Fifteen metres to
the south, TP 13 proved a thinner succession of
peat and alluvial sands and silts resting on a
layer of large flint nodules, which in turn
overlies the Chalk bedrock. This cross-section
indicates that the peat and alluvium thins out
against the rising Chalk surface. The strati-
graphic unit represents fluvial deposition and
peat accumulation on the floodplain during
the Holocene.

Laboratory methods

Samples collected during the course of the field
excavations were selected for all or some of the
following analyses: particle size, carbonate,
organic carbon and clast lithological analysis.
Particle size analysis of the < 2mm fraction was

Table 2.2 Particle size, organic carbon and carbonate analyses of Lynford sediments

sample context facies quartz quartzite Carb chert flint chalk ironstone igneous other total
89/1 - a | \ 0 97.1 0 0.5 0.2 0.2 408
30251 20149, 151,153 C 0.6 1.8 0 96.9 0 0.6 0 0 327
30249-04 20003 B 0 0 0 100 0 0 0 0 I5
30249-08 20254 B 0.8 0 0 99.2 0 0 0 0 125
30243-01 20374 B 0 1.5 0 98.5 0 0 0 0 202
30243-02 20402 B 0.7 36 0.7 94.9 0 0 0 0 138
30254 20079 A 0 25 0 97.5 0 0 0 0 161
30249-06 2005 A 0.9 0.9 0 98.2 0 0 0 0 331
30243-06 20357 A 0.5 0.7 0 98.3 0 0.5 0 0 411
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carried out using sieving for the sand fraction
and the SediGraph for the silt and clay fraction,
following treatment with hydrogen peroxide
and sodium hexametaphosphate to remove
organic material and disaggregate clay particles
respectively. Analysis of the silt/clay fraction
was not done on samples where the total silt
and clay fraction was less than 10 per cent.
Organic carbon was determined by loss on
ignition and carbonate content by dissolution
of carbonate with hydrochloric acid and
titration with sodium hydroxide. A number of
bulk samples were sieved to yield gravel clasts
for lithological analysis of the 11.2-16mm
fraction. Results of these analyses are shown in
Tables 2.2 and 2.3.

Sedimentology of the Mundford sands
and gravels

During the excavation, contexts were defined
on the basis of field characteristics, such as
colour, texture, organic content etc (Boismier,
this chapter) and more than 300 contexts have
been assigned. This provided the basis for
recording the context of artefacts and other
finds in the field. Preliminary analysis of
the field data resulted in the formulation of
39 context groups. However, following the
methodology adopted in studies of Pleistocene
fluvial deposits in the Thames valley (Maddy
et al 1998, 2003; Lewis and Maddy 1999; Lewis
et al 2001), the Mundford sands and gravels

Table 2.3 Clast lithological analysis (I 1.2-16mm fraction) of gravel facies from Lynford (sample 89/1 from Lewis 1993)

sample context  facies  CaCOs (%) Cuq (%) 1000um 500um  250um 125um  63um % sand 32um [6um 8um  4um  2um %silt  <2um
30175 20070 B I.16 1.28 545 2922 337l 185 8152 259 160 163 177 076 836 10.13

30179 20003 B 325 8.93 0.63 493 2398 3763 1896 7491 201 327 242 161 176 11.06 1402
30180 20003 B 201 7.80 I.14 560 2991 4228 1996 7759 222 285 196 175 186 1064 11.76
30182 20003 B 7.69 7.99 1.28 448 2057 2854 1802 6337 451 530 371 348 267 1967 1696
30184 20003 B 15.64 10.26 |.54 636 3289 4174 1943 6821 223 472 348 248 267 1558 1621

30186 20003 B 736 9.39 1.93 550 3045 37.33 1794 6301 281 434 398 274 355 1742 1957
30188 20003 B 11.92 1741 0.60 509 2790 3846 2160 59.62

30189 20004 B 2.25 0.54 7.74 2436 7271 5006 1096 9004 092 169 .17 089 071 537 459

30239/01 20070 B 2.67 8.96 0.53 439 2736 353l 13.17 7532 1.70 421 3017 301 1.68 1387 108l

30239/03 20003 B 292 6.68 3.39 8.67 2660 35.15 19.15 7642 179 237 246 160 177 1000 1358

30239/05 20003 B 4.80 8.24 4.38 1250 3251 26.15 11.09 6965 228 334 224 234 179 1199 1836
30239/07 20371 B 3.10 427 6.53 2316 4983 3424 861 8334 182 236 184 115 095 8II 855

30239/09 20371 B 19.30 4.04 1.70 516 1629 2364 1609 5631 406 694 630 730 559 30.19 1350
30239/11 20371 B 18.18 4.14 536 1792 3755 3879 2057 6457 241 524 429 478 347 2020 1524
30249/08 20254 B - - |.44 1418 5837 4490 1381 8503 217 281 260 147 106 10.12 485

30249/09 20051 A - - 31.54 5205 214l 395 143 9531

30251 C - - 9.12 3640 41.14  13.20 .51 9522

30252 A - - 791 3046 4279 14.88 .51 9589

30258/01 20012 B [.31 0.37 0.94 546 36.19 4854 399 91.04

30258/02 20016 B 15.07 492 0.04 057 1381 51.65 1343 7868 350 248 200 126 109 1032 11.00
30258/03 20016 B 16.07 4.38 0.62 479 3903 5410 9.09 8498 .14 133 140 1.16 087 590 9.12
30258/04 20016 B 19.37 441 0.13 261 2809 47.15 1190 7754 267 287 246 281 216 1296 9.50
30258/05 20015 B 1676 047 0.09 .75 3450 6526 1148 8636 135 |73 .57 206 .12 783 58l

30278/01 20345 B 1251 0.87 2.74 531 2674 39.08 1312 7678 223 424 372 267 202 1488 834
30278/02 20116 B 1332 093 0.49 528 3127 4520 1872 8182 273 323 251 282 131 1260 558
30278/03 20003 B 1311 1543 023 1.47 8.17 21.18 1822 5491 496 413 3.7 302 248 1777 2732
30278/05 20003 B 1392 1323 446 2086 5943 5460 2497 7553 193 352 206 289 188 1229 1219
30278/07 20003 B 13.58 10.55 2.51 9.13 3272 3540 1797 7745 239 348 252 165 140 1143 [11.12
30278/09 20003 B 12.54 223 6.53 1854 4740 39.69 1313 9047 208 184 125 128 069 7.4 239
30278/10 20255 B 1451 0.57 1.23 661 2825 4778 |7.68 98.49

30379 TP2 (108-112cm) - - 0.04 045 8.76 558l 2085 8591

30380 TP2 (142—147cm) - - 0.13 044 2075 7444 416 9991

30386 Plantation sands (TP15) - - 0.08 [.61 5229 4470 096 99.65

30388 Plantation sands (TP17) - - 0.63 324 3407 5689 431 99.13
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can be divided into five facies associations. A
facies association is a grouping of genetically
related lithofacies (Reading 1986) and provides
an appropriate scale at which to consider
sedimentology and river behaviour over
103-10° (ice age) year timescales (Maddy et al
2003). The characteristics of the facies associa-
tions recognised at Lynford are summarised
in Table 2.4 and Fig 2.4 and discussed
below. Following this, the evidence for river
behaviour and changing fluvial regime will
be considered.

Association A

Facies Association A is characterised by
dominance of coarse gravel lithofacies,
consisting of angular flint clasts, up to cobble
size. It overlies Chalk bedrock in the northern
part of the active quarry, above a 6th order
bounding surface, where the Chalk is locally
scoured to greater depths and is cut out against
the rising Chalk surface to the south of the site.
The gravels form massive to crudely bedded,

laterally persistent facies, with some minor
sandy facies also present (see Table 2.4).

Clast lithological analysis of samples from
this association (see Table 2.3) indicates that
this association is dominated by flint, which
comprises over 95 per cent flint of all samples.
Minor quantities of quartz, quartzite,
Carboniferous chert and ironstone are also
present. Particle-size analysis of the < 2mm
fraction of samples 30252 and 30249-09
indicates that the sand proportion is in excess
of 95 per cent, with modes in the medium sand
and coarse sand categories respectively (see
Table 2.2).

The sedimentology of Association A indicates
deposition in a high-energy fluvial environment,
in which coarse gravel-bed load is transported,
probably in a multiple-channel river system.
The coarse calibre of the gravels might result
from rapid incision into Chalk bedrock and
incorporation of flint into the fluvial system.
The clast lithology of the gravels is almost
exclusively flint, indicating that the material is

Table 2.4 Summary of sedimentological characteristics of Association B

association  dominant facies lower bounding surface
(architectural element) (and order)

geometry depositional environment

E Gp, Gt, FI, Fm, peat concave-up, erosional stratified gravels, sands moderate-high energy
(CH) (5th order) and fines, overlie channelled fluvial, single channel,
lower bounding surface, sinuous planform system
some reworked peat blocks
D Sh, Sp, St, planar, sub-horizontal tabular sediment body, sandy bedload, multiple-

(SB) or concave-up
(5th order)

typically 2m thick,
over 3m thick in places

channel fluvial system

C planar, sub-horizontal,
locally concave-up,
erosional
(5th order)

tabular sediment body, in-channel bars and

up to 2m thick bedforms, mixed sand and
gravel bedload; high-
energy, multiple-channel
fluvial system

B Fl, Fm, Sm, Sh, concave-up, erosional channel-shaped geometry, channel complex; avulsion

Gms, Gm (5th order) lateral extent ¢ 20m up to and abandonment,

(CH) ¢ 2m in thickness; consists occasional inundation,
predominantly of massive reactivation, bank collapse
organic silty sands, some and post-depositional
sandy and gravelly facies disturbance; still- to slow-

flowing water body
A Gm planar, sub-horizontal, tabular sediment body in-channel longitudinal bars;
(GB) locally concave-up, geometry, up to ¢ 4m in high-energy, multi-channel

erosional
(6th order)

thickness; consists of
massive, poorly stratified
gravel facies; overlies

Chalk bedrock in northern
part of the active quarry;
cut out to the south against
the rising Chalk surface

fluvial
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2 STRATIGRAPHY, ASSOCIATION B AND DATING

locally derived from the underlying bedrock;
any clasts reworked from older gravels
containing a more diverse lithological suite
have been heavily diluted by flint. Non-durable
lithologies such as chalk have either not
survived the high-energy transport and
depositional environment, or have been
removed by solution.

Association B

The sediments in this facies association and
their contained fauna, flora and archaeological
material were the focus of the excavations
undertaken during 2002. This association was
exposed in a number of sections, in particular
the cruciform N-S and E-W baulk sections
across the excavated area (Boismier, this
chapter). In addition, the geometry of the basal
bounding surface is well exposed in the section
forming the western extremity of the site. The
upper contact of this association is not well
exposed, due to the removal of overlying
sediments during sand and gravel extraction.
Within this association the internal geometry of
the constituent facies and their bounding
surfaces is complex and laterally variable.

Facies Association B overlies a concave-up,
5th order lower bounding surface and forms a
prominent channel feature. The channel base is
best seen in the section at the western edge of
the site. The channel cuts into the underlying
gravels of Association A. In the centre of the
channel feature, gravels immediately overlie
the lower bounding surface, while towards
the edges sandy facies directly overlie the
channel base.

The dominant facies consists of organic silty
sands, which are in places finely laminated, but
elsewhere are massive and/or display evidence
of post-depositional disturbance. Coarse flint
clasts occur in varying proportions in these
deposits, with some of the organic units
displaying a significant proportion of flint
material, including humanly struck flakes.

Association B can be further subdivided into
three main components: B-i comprises coarse
gravels immediately overlying the basal
bounding surface; B-ii comprises the majority
of the organic silty sand facies within the
channel-fill; B-iii consists of a final series of
deposits separated from B-ii by a 4th order
bounding surface and forming a discrete
channel-fill.

Association B-ii overlies another concave-up
bounding surface (20032) which in places cuts

the gravels of B-i, but elsewhere cuts the gravels
of Association A. The channel geometry is
clearly seen in the N-S sections and in the
western edge section. Although the northern
extent of the channel is difficult to establish, it
is at least 12m wide and approximately 1m in
depth. The sediments infilling the channel are
laterally and vertically variable, though most
are characterised by having an organic content
and a silty sand texture. There is a marked
lateral variation from the centre to the edge of
the channel. The major facies present within
the channel are basal sands (20004 and
equivalents), organic silty sands (20003/
20021/20258) and the overlying laminated
organic sands (20002/20070/20170/20116
and 20005/20345). Large stones also occur
within these sediments, some of which are
associated with vertical deformation of the
adjacent sediments. Towards the margins of the
channel, a more complex assemblage of facies
is present, particularly along the SE edge where
there is a series of stony organic sands
(including contexts 20374/20376 and 20055).
The stones in these sediments are in places
matrix-supported and show no evidence of
sorting. These facies are replaced laterally by
the organic silty sand filling the central part of
the channel. Similar deposits containing
abundant flint clasts are present along the NW
margin of the channel. These units occur both
below (contexts 20374, 20376) and also within
(20055) the organic sediments. The upper part
of the channel-fill succession (20002/20070/
20170/20116 and 20005/20345) forms a
laterally persistent tabular unit across much of
the channel-fill sediments.

Association B-iii overlies a concave-up
bounding surface (20121) and represents the
uppermost phase of infilling of the channel.
These facies overlie a concave-up bounding
surface (20121), which cuts the uppermost
facies of B-ii (20345). The channel containing
B-iii is approximately 3m wide and up to
0.5m thick and runs in an E-W direction across
the northern part of the site. It is infilled by
a series of predominantly sandy organic
facies, with minor gravel facies in the base of
the channel.

The clast lithological composition of
Association B (see Table 2.3) is dominated by
flint (in excess of 95 per cent), with very minor
amounts of quartz, quartzite and chert present.
This assemblage is similar to all the other
samples from Lynford.

Fig 2.4 (opposite)

Schematic diagram showing
relationship of major facies

(contexts) within Facies
Association B, based on
field data.
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Fig2.5

Ternary plot of sand, silt
and clay content of samples
from Facies Association B.
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Table 2.5 Summary of textural, organic carbon and carbonate characteristics of selected contexts within

Association B

context no. samples sand (%) silt (%) clay (%) CaCOs (%) Corg (%)
20016 3 77.5-84.9 59-13.0 9.5-11.0 [5.1-19.4 4.4-49
20015 [ 864 7.8 5.8 16.8 0.5
20345 [ 768 149 83 125 09
20116/20070 3 75.3-81.8 84-139 5.6-10.8 27-133 0.9-9.0
20003 I 90.5-54.9 7.1-19.7 24-273 20-15.6 67174
20004 [ 90.0 54 4.6 23 0.5
20371 3 83.3-56.3 8.1-30.2 8.6-153 3.1-193 4.0-4.3

The texture, CaCO; and organic carbon
content of these deposits are summarised in
Table 2.5. The proportions of sand, silt and clay
in all the samples analysed are generally quite
similar, consisting predominantly of sand, with
lesser quantities of silt and clay (Fig 2.5, Table
2.5). In the centre of the channel, sandy facies
immediately overlie the lower bounding surface
of B-ii (20004, 20255), and are overlain by the
organic silty sands of 20003. There is no

consistent upward trend in texture in this facies
(Fig 2.6); a coarsening upward trend is shown
in sample column 30175-189, while a fining
upward pattern is apparent in column 30278.
This facies is overlain by the laminated sands of
20116/20070 and 20345. In sample column
30239 beneath 20003 there is a further organic
silty sand facies (20371). This facies contains
more silt than the overlying 20003 and has a
higher CaCO; content. The Corg values are

100

O 20004
O 20254 }B-ii:01
® 20354

0 20371 B-ii:02
<© 20003 B-ii:03
+ 20116/20070 B-ii:05
X 20015 }B...
O 20016 i
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2 STRATIGRAPHY, ASSOCIATION B AND DATING

nowhere in excess of 20 per cent. The basal
deposits have the lowest organic content, with
highest Corg values in 20003, particularly in
the central part of the channel-fill.

Association B-iii consists of basal inorganic
sands (20015) overlain by organic sands
(20016), which are in turn overlain by inorganic
sands (20012). There is little textural variation
through this profile, though Corg and CaCOs
content decrease towards the top of the profile
(see Fig 2.6).

The lower bounding surface of Association B
indicates channel avulsion, followed by
deposition of a sequence of sediments within
the channel feature. Following avulsion, this
channel carried flowing water, resulting in the
deposition of coarse gravels of B-i. However,

the change to finer-grained organic sediment
deposition indicates that the channel was
abandoned soon after its formation, probably
as the main channel belt migrated to another
part of the floodplain.

Following channel abandonment, deposition
occurred under dominantly still to slow-flowing
water conditions, depositing the sediments of
Association B-ii. Influx of coarser sediments
into the channel-fill is apparent, particularly at

the margins. This might result from periodic
inundation by floodwater. However, the distri-
bution of the gravelly deposits and the
matrix-supported character suggests an origin
related to slope processes operating on the
margins of the channel. The influx of gravel
material is probably the result either of debris
flow or bank collapse. This might account for
many of the large clasts within the organic
sands and silts. However, towards the centre of
the channel many of the large flint clasts are
associated with structures indicative of
deformation of sediment as a result of impact of
the clast into the sediment, and might suggest
an alternative mechanism; possibly the melting
of ice formed on the water surface during the
winter, and the release of any stones
accumulated on the frozen surface. In common
with the underlying gravels of Association A,
gravel clasts within Association B are
dominantly composed of flint, indicating that
there has been no change in the sources of
gravel supplied to these deposits. The laminated
sediments in the upper part of Association B-ii
suggest a return to flowing water conditions,
possibly indicating a reoccupation of this part
of the floodplain by the river. The final phase of

Fig2.6

Summary of changes in
particle size, organic carbon
and carbonate content in
four profiles through

Association B.
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deposition of Association B-iii follows a
small-scale channel scour, of much smaller size
than the main channel feature. This again is
partly in-filled with organic silty sands.

Association C

This association overlies Association B above an
erosional, subhorizontal, locally concave-
upwardslower bounding surface. Unfortunately
the contact with the underlying deposits over
the excavation area had been largely removed
during sand and gravel extraction. However it
can be recognised in sections along the eastern
edge of the site, and in places the basal deposits
of Association C are preserved in the top of the
N-S and W-E sections within the site.
Association C comprises predominantly sand
and gravel lithofacies, with few fine-grained
facies. It is ¢ 2-2.5m in thickness.

The sedimentology of this association is
characterised by superimposed channels with
high width-to-depth ratios, typically 2-5m in
width, but rarely reaching 1m in maximum
depth. These channels are particularly clearly
seen in the west-facing sections along the
eastern edge of the site. These sections are
presumably aligned approximately normal to
the flow direction of the river. Sections
elsewhere in the quarry that are aligned parallel
to flow direction do not show such clearly
defined channel geometry. The infill of these
channels varies from sands and silty sands to
medium gravels. However, the calibre of the
gravel facies is generally finer than seen in
Association A.

A return to a higher-energy fluvial deposi-
tional environment is indicated by the transition
to Association C, which suggests a mixed
bed-load river system, transporting and
depositing gravels and sands. Once again the
clast lithological suite is almost entirely of flint,
and is indistinguishable from the underlying
gravels. The uniformity of the gravel lithology
indicates that no major influx of sediment
into the catchment has taken place during
deposition, such as might have occurred if
glacier ice impinged upon the catchment.

Association D

Sections along the eastern edge of the site and
elsewhere in the active quarry show that the
predominantly gravelly texture of Association C
passes upwards into dominantly sandy
lithofacies. These sand-dominated facies form
Association D (see Table 2.4). The contact

between associations C and D is difficult to
define as sandy facies occur throughout the
sediments overlying Association B, though they
become more significant in the upper part of
the succession. Similarly, a few gravel facies are
present in the upper part of the sequence. The
boundary is therefore placed at point where
substantial, laterally extensive sandy facies
become dominant.

The lower bounding surface of Association D
is erosional and subhorizontal to concave-up.
In the sections on the eastern edge of the site
the lower bounding surface falls to lower
elevations towards the northern end of the
section. The facies within Association D include
horizontal and cross-stratified sands. Gravelly
lithofacies are also present within Association
D, either as tabular to lenticular bodies of
gravel several metres wide and up to 1m thick,
or as thin layers or stringers of gravel on
reactivation surfaces within predominantly
sandy sediments.

This association indicates continued fluvial
deposition, but probably resulting from lower
peak discharges than the underlying gravel-
dominated sediments. The sedimentology
suggests a multiple-channel system, with flow
in broad, shallow channels and deposition of
sandy bedforms. The significance of the
transition from Association C to D is discussed
further below.

Association E

This association is present in the sections along
the eastern and northern edges of the site. It
overlies an erosional lower bounding surface.
The south-facing section along the northern
edge of the site was recorded in order to provide
sufficient sedimentological information to
interpret the sediments. However, during the
investigation of these sediments, a number of
struck flint flakes were found. These are clearly
of later prehistoric type and indicate that the
sediments are probably mainly of Holocene
age. A sample of material from the basal part of
one of the organic sequences was sampled for
radiocarbon dating to establish the age of the
sediments above the association D-E boundary.
Other than this, these sediments were not
investigated in detail.

The lower bounding surface is planar to
locally concave-upwards. The sedimentology of
this association is variable, with a range of
facies present (see Table 2.4), including
stratified gravels and sands as well as massive
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silts, containing abundant visible plant remains
and blocks of reworked peat.

Association E indicates a major change in
river behaviour. This association forms a
complex series of channel-fills, which contain a
variety of sediments, including organic silts and
reworked peat blocks. The geometry and
sedimentology of the channel-fills suggest that
deposition took place in a more sinuous channel
system, with cohesive banks formed of peat,
which is eroded and redeposited as blocks
within the channel-fill. Elsewhere in the quarry
extensive peat deposits have formed over the
floodplain of the river, helping to stabilise
the river channel and minimise channel
migration. It is probable that Association E
represents deposition by the River Wissey
during the Holocene.

The east-facing section

Before the excavations in 2002, a watching
brief at Lynford had identified an organic
deposit exposed in the east-facing section on
the west side of the active quarry. The
relationship of this organic unit to that on the
eastern side of the active quarry, which became
the focus of the 2002 excavations, was difficult
to establish in the field as the intervening
sediments had been removed during sand and
gravel extraction. Nonetheless, the ‘working
hypothesis’ was that the two organic units
were part of the same channel-fill and that
the palaeochannel could therefore be recon-
structed as running NE-SW across the quarry
(compare Lord 2002, fig 9).

However, closer inspection of the sedimen-
tology of this channel-fill indicated that the
facies were markedly different from those on
the eastern side of the pit, and required a more
detailed assessment of its significance. To this
end afurther phase of fieldwork was undertaken
in May 2003 to record the sedimentology of this
channel-fill and sample it for palaeoenviron-
mental analysis and radiocarbon dating.

The resulting section revealed yellowish-
brown (10YR 5/8) to olive-brown (2.5Y 5/6)
sands at the base, overlain by black-coloured
(5Y 2.5/2), laminated, organic silts, exposed
over a width of 10m. The lower bounding
surface of the laminated organic silts is concave-
upwards, forming a broad- shallow channel
feature. These silts are overlain by olive-grey
coloured (5Y 4/2) sandier sediments, in places
displaying cross-bedding. This is in turn
overlain by a series of alternating yellow sands

and grey-black organic silts. Above this was a
gravel facies approximately 0.2m thick. This is
overlain by further laminated sands and silts,
with prominent organic layers in the basal part,
but becoming less so in the upper two metres of
the section. Lateral variation in the facies was
also observed; the upper series of laminated
sand and silts were observed to cut out a thin
peat layer, which was formed on top of the
gravel unit and consisted of a basal 200mm of
laminated sands with some peat material,
overlain by a poorly humified peat 100-150mm
in thickness. The peat was succeeded and cut
out by laminated sands and silts, which overlie
a concave-upwards lower bounding surface
forming a channel feature.

The sedimentology indicates the infilling of
a fluvial channel feature under slow to
moderately high energy conditions, resulting in
laminated silts and sands, with at least one
high-energy event resulting in the deposition
of medium to coarse gravels. The formation
of a peat unit indicates that the channel became
either dry, or significantly reduced in size to
enable limited peat formation. This was
followed by reactivation of the channel and
renewed deposition of laminated sands and
organic silts, with progressive reduction in
the organic component.

The channel-fill sediments exposed in this
section therefore display a somewhat different
sedimentology to that of Association B in the
archaeological excavations 150m to the east.
This could reflect differences in the deposi-
tional environment within the abandoned
palaeochannel, resulting in the formation of
different sedimentary facies. Alternatively, the
sedimentological differences indicate that the
two deposits are not part of the same channel
feature and represent channels formed and
filled at different times and possibly under
differing environmental conditions. Also
noteworthy are the observations of sandy
sediments immediately underneath the
laminated organic silts and the dominance of
sands within the upper part of the channel-fill.
The observed sequence is also similar to that in
BH 9, which is located 30m to the NE of the
section (see Fig 1.4). This borehole proved
predominantly sandy facies beneath 1.5m of
gravel, resting on Chalk bedrock at 4.8m OD
and with a ¢ 1m-thick grey silt between 6.2m
and 7.3m OD. These data might suggest that
this channel-fill sequence should be equated
with Association D on the eastern side of the
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active quarry. This correlation would place it
later in the succession than the channel-fill of
Association B and, if correct, would preclude
any reconstruction of the channel containing
the artefacts and faunal remains between the
east and west sides of the active quarry.

Results of palaeoenvironmental analysis
and radiocarbon dating of the organic facies
are reported elsewhere (Field, Coope, Green
and Keen, chapter 3), and provide additional
information to place these sediments
within the overall succession at Lynford. The
significance of these data in reconstructing
fluvial system development is considered
further below.

Geochronology

Geochronological investigations of the Lynford
deposits are reported in detail elsewhere in this
chapter. These data can be used to establish the
timing of fluvial deposition and in particular
the changes in depositional style indicated by
the transitions between facies association.
Optically stimulated luminescence (OSL) and
radiocarbon-dating methods have been applied
to these deposits. The results provide limiting
dates on each of the facies associations and are
summarised below.

Association E: A basal OSL age estimate of
1008+120 years BP and a radiocarbon age
estimate of 1310+ 80 years BP constrain the
age of this association.

Association D: Sands from this association
yielded OSL age estimates of 34750+2870
years BP and 32360+2210 years BP. In
addition, radiocarbon dating of organic facies
exposed in the east-facing section on the
opposite site of the active quarry yielded a
basal age estimate of 35800+1200/-1050
years BP.

Association C: No age estimates are available
from these deposits.

Association B: A range of OSL age estimates
from this association have a lower limit of
71670+6450 years BP and an upper limit of
47200+3370 years BP.

Association A: This association yielded an
OSL age estimate from sand facies within
Association A of 78640+8800 years BP.

Plantation sands: The sands forming the
higher terrace to the south of the active quarry
yielded an OSL age estimate of 179,500 =
28,900 years BP

Fluvial activity at Lynford

The sedimentological and geochronological
information from Lynford allows a model for
the formation of the site to be developed (Fig 2.7).

The sands forming the degraded higher
terrace to the south of the site represent the
oldest fluvial sediments at Lynford (Fig 2.7A).
These reach a maximum observed elevation of
¢ 20m OD. As these sands were only seen in
deep test pits, little detailed sedimentological
information is available, though they are clearly
of fluvial origin. The absence of significant
gravel facies might reflect local variation or
basin-wide characteristics; this cannot be
evaluated further at the present time. The OSL
age estimate suggests that these sediments
were deposited before the last (Ipswichian)
interglacial (MIS 5e), probably during MIS 6.

Following deposition of these sands, incision
into Chalk bedrock occurred to around 4m OD,
down to the base of the Mundford sands and
gravels. The precise timing of incision cannot
be established at this site. This was followed by
deposition of Association A, to a maximum
height of 7.82m-7.92m OD, during the Early
Devensian (late MIS 5 or MIS 4) (Fig 2.7B).

The incision event forming the channel that
contains Association B occurred sometime
around 71.7ka, close to the MIS 5/4 boundary.
The infill of this channel took place some time
during MIS 4 and/or 3 (Fig 2.7C). This was
initially of coarse gravels, though abandonment
of the channel resulted in a switch to deposition
of silty sands with a significant organic
component. The channel continued to in-fill
with fine-grained organic sediments until
around 47.2ka.

The transition to Association C is not well
constrained but occurred some time after
47.2ka. At this time there is a change to coarse
gravel deposition and the channel-fill deposits of
Association B are overlain by coarse sands and
gravels deposited in a multiple-channel, braided
river depositional environment (Fig 2.7D).

The transition to deposition of the sands of
Association D occurred before 35.8kyr BP. This
change is associated with incision into the
underlying gravels. Following this incision,
fluvial deposition of predominantly sandy
facies took place (Fig 2.7E). Deposition of
Association D probably continued into the Late
Devensian, although there are no dated fluvial
sediments attributable to the Last Glacial
Maximum (MIS 2) as the youngest OSL age
estimate from Association D falls within MIS 3.
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The transition from gravel-dominated to
sand-dominated sediments from Association C
to D might indicate either a reduction in peak
discharge and therefore in the energy available
to transport gravel-sized clasts, or the
exhaustion of gravel-sized material from the
catchment. Exhaustion seems unlikely as the
Chalk bedrock source for the flint is ubiquitous,
making a change in the discharge regime more
likely. A reduction in peak discharge could be
the result of less precipitation falling on the
catchment, possibly as a result of regional
aridity. However, there is little supporting
evidence for aridity during deposition of
Association D. Neither is there evidence for
aeolian sedimentation at Lynford, which might
be associated with increased aridity, nor any
cryogenic structures that might also lend
support to such an interpretation. Therefore
the hypothesis of regional aridity causing
reduced discharge remains speculative.
However, in the rivers Nene and Welland, a
pattern of channel abandonment resulting
from reduced discharge has been identified
during much of MIS 3-2, and attributed to
regional aridity (Briant 2002). Aeolian input
into fluvial systems in southern England has
also been recognised at this time (van
Huissteden et al 2001). A regional climatic
phenomenon affecting these rivers draining
into the western Fen basin might also have
influenced the behaviour of the Wissey.

Association E was deposited over the site
above a locally channelled lower bounding
surface. The presence of later prehistoric lithic
material in Association E points to an early to
mid Holocene age for Association E. However,
it is dated to the late Holocene by both OSL and
radiocarbon dating methods, suggesting that
the lithic material might be reworked from
older alluvial sediments. The lower bounding
surface of Association E therefore represents a
significant hiatus in the fluvial sequence. The
sedimentology suggests that the river continued
to transport and deposit coarse clastic
sediments and exhibit a mobile planform
throughout much of the Holocene.

Conclusions

The sedimentological information presented
above indicates that the archaeological material
and faunal remains are associated with an
abandoned channel feature that was infilled
under predominantly still- to slow-flowing
water conditions. Influx of coarser sediments
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also occurs under high-energy conditions and
as a result of mass movement of sediment from
adjacent slopes.

This abandoned channel represents one
small component in the history of the River
Wissey during the last glacial cycle. During this
time the river incised to the level of the base of
the Mundford Member. Following this incision
the coarse gravels of Association A were

Fig2.7

Stages in the development
of the fluvial succession
at Lynford.
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deposited. Avulsion and abandonment of a
channel resulted in the accumulation of the
fine-grained, organic deposits of Association B.
Association C indicates a return to high-energy
fluvial deposition, with a reduction in peak
discharge possibly suggested by the transition
to a sandy bedload river and deposition of
Association D. Association E represents fluvial
deposition during the present Holocene
warm period.

The human activity recorded at Lynford can
therefore be placed in a local landscape that is
essentially fluvial in character, consisting of a
low-relief floodplain, with minimal topographic
differentiation and with an active channel belt,
bounded by semi-active or inactive areas of the
floodplain including abandoned channels such
as the one represented by Association B. Land
surfaces in such a dynamic landscape are
ephemeral in nature and susceptible to burial
by later sediments, erosion by encroachment of
the active channel belt, or degradation by
collapse of unconsolidated channel edges.

One final consideration is the availability of
raw material for tool manufacture. The gravels
deposited by the river include a significant
coarse component, which might provide flint of
suitable quality for knapping. However it is also
likely that exposed Chalk would be present on
slopes adjacent to the floodplain, which might
also yield in situ nodular flint of much higher
quality. It is possible that high-quality Brandon
Series Flint was in close proximity as the site lies
close to the Middle-Upper Chalk boundary. The
Brandon Series flint is found at the base of the
Upper Chalk (Bristow, 1990) and was exploited
at Grimes Graves some 5km to the south of the
site, during the Neolithic. The issue of raw
material will be considered in greater detail in
subsequent chapters (White, chapter 5).

2.2 Association B

2.2.1 Description and strategraphic
succession

W A Boismier

The sediments of Association B represent the
remains of a probable east-west-orientated
palaeochannel feature that had been heavily
truncated and largely removed by sand and
gravel extraction before the start of excavation
in 2002. This association comprises a complex
succession of inorganic sands and gravels and
organic sediments forming three component

facies associations — B-i, B-ii and B-iii — repre-
senting distinct depositional phases in the
sedimentary history of the channel (Lewis, this
chapter). Most of the artefactual, faunal and
palaeoenvironmental materials recovered by
the excavation occurred in the sediments of
Association B, with the majority within the
sediments of one component — B-ii.

This section deals primarily with a
description of the sediments comprising the
three component facies associations and their
stratigraphic relationships. Attributes of these
deposits are presented in detail because of their
importance for understanding the contexts in
which the vertebrate remains and artefactual
materials occurred and the likely agencies
responsible for their deposition in the channel.
The sedimentology, micromorphology and
geochemistry of the sediments, and the strati-
graphic position of the association within the
succession of deposits at the site, are dealt with
by Lewis, French and Andrews (this chapter).

Methods

The analysis was carried out using a method of
facies analysis known as architectural-element
analysis (Miall 1985, 2006; Jones 1999; see
also Brown 1996; Lewis and Maddy 1999; Lewis
this volume). In this approach, a hierarchy of
bedforms and bounding surfaces representing
different depositional timescales is used to
group bedforms into depositional units, or
architectural elements, on the basis of facies
associations, internal geometries, external
form and upper and lower bounding surfaces
(Miall 2006, 91; Jones et al 1999, 38-9). The
approach standardises facies description into a
number of lithofacies types, and defines nine
basic architectural elements characteristic of
fluvial depositional systems that can be
recognised in modern and ancient settings:
channels, gravel bars and bedforms, sandy
bedforms, downstream-accretion macroform,
lateral-accretion macroform, scour hollows,
sediment gravity flows, laminated sand sheet
and overbank fines (Miall 2006, 89-94). Each
of these architectural elements is characterised
by a distinctive set of facies associations and
bounding surfaces with the horizontal and
vertical stacking of different elements,
forming complex three-dimensional sequences
of channel-fill sediments. The approach
provides a scheme for the description, grouping
and stratigraphical ordering of lithofacies and
an interpretative framework for considering
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deposit formation and depositional phasing
over timescales of up to a thousand years.

Facies and bounding surface grouping and
stratigraphic ordering was carried out with a
Harris matrix (Harris 1979, 1989; Roskams
2001, 239-66; Goldberg and Macphail 2006,
40-1): a sequence diagram that is used to
organise complex, three-dimensional strati-
graphic data in a two-dimensional format
(Orton 1980, 66-73). Like architectural-
element analysis, the diagram is based on the
partition of sediment bodies into discrete
deposits and surfaces or interfaces and the
grouping of these units into higher-level entities
and stratigraphic sequences. It simplifies
grouping and ordering by reducing the level
of detail down to basic stratigraphic relation-
ships with units represented by either numbers
or codes enclosed within boxes and arranged
hierarchically in a lattice according to their
stratigraphic  relationships.  Stratigraphic
succession is represented by the vertical axis,
while groups of contemporary units forming
periods or phases within the depositional
sequence are represented by the horizontal
axis. The diagram provides a method for repre-
senting complex sequences of bedforms and
bounding surfaces in an abstract and inter-
pretable form and the definition of depositional
units and phases within sequences of channel-
fill sediments. Part of the Harris matrix for
Association B is shown in Fig 2.8.

The single-context recording and excavation
procedures carried out on site partitioned the
sediments of Association B into 106 separate
contexts. These contexts were defined on the
basis of a range of lithological properties such
as general texture, colour and sedimentary
structures (Jones et al 1999, 38-9). They record
sedimentary features ranging in scale from
small bedding structures within lithofacies to
individual lithofacies and bedding contacts
separating depositional units. Contexts were
grouped in a sequence diagram by order of
scale, with units representing small-scale
sedimentary features grouped into larger facies
units on the basis of lithological properties,
followed by the grouping of higher-order
units composed of individual facies and
bedding contacts into facies associations. These
context groups were then arranged vertically
and horizontally in the diagram to form the
stratigraphic sequence for the channel, and
divided into the three component associations
defined by Lewis for Association B. The facies

comprising these associations were further
subdivided into separate units on the basis of
lithological characteristics and stratigraphic
relationships to characterise the depositional
environments of the channel and the agencies
responsible for the occurrence of vertebrate
remains and artefactual materials in the
sediments of the channel. These units are
summarised in Table 2.6, and Figs 2.9 to 2.12
show the succession of sediments recorded in
the cruciform N-S and E-W baulk sections
across the excavation area.

Association B-i

Association B-i comprises a sequence of gravel,
sand and silt facies indicative of a succession
of in-channel longitudinal bars or bedforms
formed along channel margins during
high-energy, waning flow and low-stage or
low-flow periods of discharge prior to channel
abandonment. This association was visible only
in the north-western section at the edge of the
site, with upper elements of it partially exposed
along segments of the northern edge of
Association B-ii and on the lower west-facing
section on the eastern edge of the excavation
area, as well as in the eastern corner of the
north- and south-facing sections of the central
E-W baulk. These exposures suggest that
Association B-i extends from the north-western
section east-south-east across the area of
surviving channel deposits and beyond the
eastern edge of the excavation. The gravel and
sand facies that make up B-i are similar in
texture and bedding structures, and have been
subdivided into three separate units on the
basis of the sequence visible in the north-
western section along the edge of the site (Fig
2.13). Elements of B-i exposed elsewhere on
site were assigned to the upper part of this
sequence on the basis of their relative OD
height positions and facies similarities.

Unit B-i:01: Unit B-i:01 is the lowermost unit in
the sequence and directly overlies the base of
the channel cut into the underlying gravels of
Association A. It consists of a 0.15-0.40m thick
bed of medium to coarse flint gravel and
pale-brown coarse sand, overlain by a layer of
light grey-green sandy silt with a thickness of
between 0.04m and 0.12m. The gravel is
typically subrounded and subangular, poorly
sorted and displays a crude horizontal stratifi-
cation with coarse sand dispersed throughout
the gravel and in lenses 0.05m-0.10m thick.
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Fig2.8

Part of Harris matrix for
Association B (northern
part of channel).
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Table 2.6 Components of Association B and their subdivisions with constituent context numbers

component  subdivision facies! description interpretation
B-iii Sp, Gh, Fm fine to coarse sand, silty sand, organic sediment and small point bar and stream infill sediments; slow-flowing
to coarse flint gravel arranged in a lateral succession water alternating with periods of high-energy flow
of lenticular beds of laminated sand and gravel with and/or flood events
a final depositional phase composed of fine laminated
sand, organic sediment, coarse sand and gravel, infilling a
narrow u-shaped channel-type scour
B-ii B-ii:05 Sr, Ss, Gm, fine sand, silty organic sand, clasts of reworked organic small mid-channel bar and lateral infill sediments;
Fm, Fir sediment and fine to medium-coarse gravel and cobbles return to flowing water conditions with high-
arranged in a graded succession of subhorizontal-inclined energy events followed by waning and standing
layers or tranquil flow
B-ii:04 Gmm, Sm medium to coarse sands and small to medium-coarse sediment gravity flows
gravel and cobbles, laterally and vertically variable from
clast-supported gravel to discrete lenses and layers of
unsorted stony sand; laterally discontinuous and forming
discrete deposits; partially interbedded with the organic
sediments of B-ii:03
B-ii:03 Fl detrial fine-grained organic silty sand (organic ‘mud’), organic ‘mud’ and small, localised bank collapses;
predominately massive with fine alternating discontinuous standing or tranquil flow conditions; likely periods
parallel-subparallel laminae of sand and organic matter in of subaerial exposure
upper 0.20m, laterally variable densities of medium to
coarse gravel and cobbles and lenses of stony organic sand;
partially interbedded with the sediment gravity flow deposits
of B-ii:04
B-ii:02 Frm organic clayey silt with variable densities of unsorted organic silt; standing or tranquil flow conditions
medium to coarse sand and gravel, laterally discontinuous with episodes of higher-flow regimes
B-ii:01 St, Sm medium to fine sand, laterally variable ranging from linguoid or sinuous-crested (3-D) dunes and
cross-bedded pebbly sand with undulating upper contact sediment gravity flows; slow-moving but variable-
surfaces to massive sands with unsorted medium to flow conditions; likely periods of subaerial exposure
coarse gravel
B-i B-i:03 Gh, Fm small to medium coarse gravel and coarse sand, laterally longitudinal bar; high-energy, waning flow and
and vertically variable ranging from clast supported to low-stage or low-flow conditions
lenses and layers of coarse sand with fining-upward
normal grading or crude horizontal-subhorizontal bedding;
capped by discontinuous sandy silt
B-i:02 Gh, Sr/Sh, Fm  small to medium-coarse gravel and coarse to fine sand, longitudinal bar; high energy, waning flow and
well sorted with fining-upward normal grading; capped low-stage or low-flow conditions
by sandy silt drape with eroded upper contact
B-i:0l Gh, Fm medium to coarse gravel and coarse sand with crude longitudinal bar; high-energy, waning flow and

horizontal stratification, poorly sorted; capped by sandy
silt drape with eroded upper contact; lower contact
concave-up channel base.

low-stage or low-flow conditions

'lithofacies coding after Miall 1985,2006, 79, table 4.1; see also Lewis and Maddy 1999, | 14, table 5.1

These sedimentary structures indicate fluvial
deposition under high-energy flow conditions
in which gravel and coarser sediment fractions
are transported as bedload. The overlying
sandy silt has an abrupt wavy eroded upper
contact with fine discontinuous and
non-parallel dark grey-green ripple laminae
present in places within the sediment body that
indicate deposition under low-stage or slow-
flowing water conditions.

Unit B-i:02: This unit overlies the erosion
surface of Unit B-i:01 and is composed of a
0.11m-0.58m thick deposit of small to medium-
coarse flint gravel and pale-brown coarse to
fine sand, and an upper 0.02m-0.08m thick
layer of calcareous light to medium grey silty
sand. The gravel is typically subrounded and
subangular, well sorted, and displays a fining-
upward normal grading of clasts intermixed
with coarse sand that indicates fluvial
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deposition in a waning flow environment. A
0.09m-0.35m thick wedge-shaped body of
pale-brown fine sand with internal dark-grey
silty clay ripple laminae, representing possible
bar-top sediments deposited under low-stage
conditions, occurs within the gravel on the
north edge of the section. The silty sand
overlying the gravel has an abrupt, wavy,
slightly concave-up, eroded upper contact. Fine
discontinuous dark-grey ripple laminae are
present within this layer in places, indicating
that deposition largely took place during
low-stage conditions of standing or gently
flowing water.

Unit B-i:03: Unit B-i:03 is the uppermost
deposit in the sequence of gravel bedforms and
was exposed in a number of sections and areas
within the excavation. This unit exhibits a
degree of lateral and vertical variation in
sedimentary structures, and is composed of a
set of tabular-lenticular beds of small to
medium-coarse flint gravel and pale brown-
yellow to light grey-white predominately coarse
sand partially overlain by a discontinuous
deposit of grey-pale-brown sandy silt. The
gravel for this unit is typically rounded,
subrounded and/or subangular, variably sorted
with a matrix ranging from predominately
clast-supported to discrete lenses and layers
of coarse sand, and displaying either a
fining-upward normal grading of clasts or
crude horizontal or subhorizontal bedding.
Deposition during high-energy and waning-flow
periods of channel discharge is indicated by
these sedimentary structures. Upper contacts
for the gravel vary laterally on exposures, and
range from convex-up to concave-up surfaces
with a minor erosion surface separating two
possible bar-top assemblages in the east corner
of the north-facing central E-W baulk (see Fig
2.9). This evidence indicates a degree of lateral
variation in the erosion and deposition of
sediment on gravel bedform surfaces. Its lower
contact remains incompletely defined as it is
only exposed on the north-western section at
the edge of the site where it rests on the erosion
surface of Unit B-i:02. Upper contacts are
partially overlain by sandy silt drapes or sheets
and by the sands of Association B-ii.

The sandy silt overlying the gravel comprises
two irregular areas in the north-eastern and
central parts of the channel, separated by a
slightly raised and eroded area of gravel where
it survives in two small patches (Fig 2.14). It is
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typically between 0.05m and 0.14m thick, with ~ the micromorphology of the sediments (French,  Fig2.13 (page 36)
a wavy-irregular, concave-up upper contact. this chapter). It is typically between 0.20m and  Schematic type section
Internally, the sediment is massive with sparse ~ 1.50m in thickness, fills the entire area of the forAssociationB.
to moderate densities (5-10 per cent) of channel, and exhibits substantial lateral and
medium to coarse gravels present within it vertical variation in sedimentary structures.
in the north-western part of the channel. Thisassociation overliesa concave-up bounding
Deposition under low-stage conditions of surface, which partially cuts the upper gravels
standing or slow-flowing water is indicated by  and silt of Association B-i and merges into the
sediment characteristics. contact for the channel cut into the gravels of
o B Association A along the edges of the channel
Assoctation B-ii (Lewis, this chapter). Along its northern edge
Association B-ii comprises a set of sand, gravel,  the association is partially cut and overlain by
silt and organic silty sand facies indicative of  the concave-up channel contact for Association
fluvial deposition under still to slow-flowing  B-iii. The sediments underlying this contact are
water conditions and the incorporation of bank  down-warped, compacted and diagenetically
sediments and materials into the channel after ~ altered by the weight of the overlying facies g2 14
its abandonment. Periods of subaerial exposure  (Fig 2.15). Elsewhere the upper sediments of  pistribution of sediment
during low- water stages are also indicated by =~ B-ii have been truncated by their partial gravity flows.
T T T
400 410 420 N
e \
~ .
: edge of excavation
(' later channel
;S I . \
' . — ol
L | g edge of organic 840 —
[ sediment
\
\ S 7 \
— -~ )
\
N \
\
edge of machine \
truncation A \
\
- N ~ 830 -
. _
5m

debris flow

37



NEANDERTHALS AMONG MAMMOTHS

Fig2.15
Downwarped and
diagenetically altered
sediments of Association
B-ii underlying bounding
surface for Association B-iii.
West-facing section, central
control baulk..

removal during sand and gravel extraction, and
are cut locally by scour features of Association
C. Most of the artefactual, faunal and palaeo-
biological materials retrieved by the excavation
were recovered from the sediments making up
Association B-ii.

The facies that comprise this association
have been subdivided into five separate units
on the basis of sediment characteristics and
stratigraphic relationships, to characterise the
depositional environment of the channel and
the agencies responsible for the occurrence of
archaeological materials in the sediments.
These are distinguished by a separate number
after the unit number.

Unit B-ii:01: Unit B-ii:01 is the lowest deposit in
the sequence of sediments for Association B-ii
and rests directly on the lower bounding surface
separating Association B-ii from the underlying
gravel and silt of Association B-i. It is overlain
by units B-ii:02 and B-ii:03. These basal sands
comprise a bed of trough cross-bedded sand
and massive sand 0.07m-0.26m thick, sloping
in a west-south-west direction. The sand is
typically light grey-pale brown to medium-grey
in colour, fine- to medium-grained in texture,
and exhibits a pale-brown to medium-brown
staining on upper contacts where it occurs
below organic sediment.

38

Trough cross-beds are situated in the east
and north-west parts of the channel with
small-scale bedding structures present within
the north-west area and indistinct in the
eastern part of the excavation area. These
small-scale structures (Fig 2.16) comprise a
pebbly, light-grey fine to medium sand, overlain
in places by a fine, light-grey to pale-brown
sand. Upper contact surfaces are typically
wavy and undulating. Bedform structure
indicates linguoid or sinuous-crested dunes
and hence the deposition of the sand under
variable but generally slow-moving water,
with periods of subaerial exposure during
low-water stages.

Massive sand occurs between the two areas
of cross-bedding. It is sheet-like in character
along the northern edge of the channel and
contains varying densities of unsorted medium
to coarse flint gravel and buried or partially
buried artefacts and faunal remains. Unsorted
medium to coarse flint gravel and cobbles also
occur elsewhere in the deposit underneath
or along the margins of later sedimentary
structures immediately overlying it. Its upper
contact ranges from an inclined surface
along the north margins of the channel to a
wavy-irregular one elsewhere. Sediment char-
acteristics also suggest post-depositional
modification of the sand by sediment gravity
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flow from bank slumping and disturbance by
later sedimentary (debris flow) and possibly
biological (bioturbation) processes.

Unit B-ii:02: This unit comprises a horizontally
discontinuous deposit of dark-grey/green-
brown, organic clayey silt overlying the sands
of Unit B-ii:01 in the north-west and central
parts of the surviving channel. The unit is
typically between 0.02m and 0.23m thick,
with wavy or diffuse upper contacts that
grade into the overlying organic silty sand.
Varying densities of unsorted medium to
coarse flint gravel and cobbles also occur on
and immediately below the upper contact for
areas of the deposit, lying underneath a later
debris flow deposit in the central part of the
channel and along its south edge. Elsewhere
flint gravel is relatively rare.

Deposition of finer sediments and organic
matter in shallows along the north edge of the
channel or during periods of still to slow-
flowing water conditions is indicated by the
fine-grained texture of the sediment. Episodes
of higher energy-flow regimes causing influxes
of coarser sediments are suggested by the
presence of coarse sand laminae interbedded
with fine-grained sediment in the central part
of the channel.

Unit B-ii:03: Unit B-ii:03 comprises a
0.20m-0.54m thick bed of detrital, fine-
grained, dark-brown organic silty sand that
overlies both units B-ii:01 and B-ii:02, and is
partially interbedded with the debris flow and
bank sediment deposits making up Unit B-ii:04.
The deposit has a predominately massive
lower unit and an upper 0.10m-0.30m thick
laminated unit composed of fine alternating
discontinuous parallel-subparallel laminae of
pale-brown sand and organic matter. Small to
medium-coarse flint gravel and cobbles occur
in varying densities throughout the deposit
with lenses of stony organic sand present
within the sediments along the north and south
sides of the channel. Its upper contact is marked
by the occurrence of wavy ripple laminae of
reworked organic sediment and by a graduated
change to the predominately inorganic sand of
Unit B-ii:05. Small sand diapirs also occur in
places along the upper contact and include
flame structures, sand pillows and possible
small load cast ripples. Mudballs are also
present within the organic sediments.
Sediment texture and structures for this
facies suggest fine-grained sediment and
organic matter deposition within a predomi-
nately still to slow-flowing body of water
with micromorphology (French, this chapter)

Fig2.16

Unit B-ii:01 Trough cross-
bedded sands (3-D dunes).
West-facing section,
north-west control

baulk (scale 1.0m).
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indicating periods of lower water levels that
exposed sediments along the margins of the
channel to episodes of wetting and drying.
Suspension sedimentation is clearly indicated
by the fine alternating inorganic and organic
laminae of the upper unit with the ripple
bedforms along the upper contact documenting
a return to flowing water conditions within the
channel in Unit B-ii:05. Post-depositional
disturbance by sediment gravity flow and/or
bioturbation is also indicated by the massive
lower unit and the lenses of stony organic
sand representing small, localised episodes of
bank collapse.

Unit B- ii:04: This unit comprises the sediment
gravity flow and disturbed organic deposits
indicative of bank erosion that occur within the
south-south-east and central parts of the
channnel and along its northern edge (see Fig
2.14). These deposits are highly variable and
comprise gravel, stony sand and stony organic
sand facies composed of a mixture of bank
and channel sediments (Table 2.7). They are
partially interbedded with the organic silty sand
of Unit B-ii:03 and form a complex succession of

Table 2.7 Sediment gravity flows

sediments representing multiple episodes of
debris flow, small localised bank collapses and
the washing-in of sediments and materials over
aperiod of time (Figs 2.17 to 2.19). Gravel facies
of this unit overlie organic sediments along the
north side of the channel and form new channel
edges against which further organic and
redeposited bank sediments built up. Localised
slumping of these facies on the south side of the
channel is also indicated by a u-shaped feature
of gravel, embedded into an underlying deposit
of predominately organic sediment filling a
small depression on the surface of the gravels of
Association A (Fig 2.20).

Unit B-ii:05: Unit B-ii:05 overlies the organic
sediment of Unit B-ii:03 and marks a return to
flowing water conditions within the channel. It
comprises a deposit of sand, silt, organic and
gravel sediments 0.11m-0.43m thick, which
has been truncated by the partial removal of its
upper sediments during sand and gravel
extraction and locally cut by scour features of
Association C. These sediments are laterally
and vertically variable, and exhibit sedimentary
structures indicative of a minor mid-channel

units facies' description external upper lower
form contact contact interpretation

B-ii:04A Gmm, Sm succession of interdigitated medium to wedge inclined inclined multiple episodes of debris flow
coarse-grained pale grey-brown sands, convex-up and bank collapse; localised
dark grey stony organic sands and slumping of gravel facies
small to medium-coarse flint gravel
and cobbles, unsorted and largely
matrix supported

B-ii:04B Gmm small to medium-coarse flint gravel and wedge inclined undulating debris flow; lowermost of two
cobbles and pale-grey-brown to convex-up sediment gravity-flow deposits
yellow-orange coarse sand, well sorted, situated on the same stretch of
matrix supported and partially imbricated the north side of the channel;

severely truncated by gravel
extraction

B-ii:04C Sm light grey-pale brown to medium-grey wedge inclined inclined multiple episodes of small bank
coarse sand and small to medium flint convex-up concave-up collapse and washing-in of
gravel and cobbles arranged in a succession sediments and materials;
of thin, inclined beds of sand and unsorted uppermost of two sediment
gravel (stony sands); separated into upper gravity flow deposits situated
and lower units by small eroded lens of on the same stretch of the
organic sediment north side of the channel

B-ii:04D Gmm small to medium-coarse flint gravel and wedge inclined inclined debris flow; truncated by the
cobbles, and pale-grey to yellow-orange convex-up concave-up channel contact for

medium- to coarse-grained sand, poorly
sorted and predominately matrix supported

Association B-iii

'lithofacies coding after Miall 1985,2006, 79, table 4.1; see also Lewis and Maddy 1999, | 14, table 5.1
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sand bar and associated lateral infill sediments  channel (Fig 2.21; and see Figs 2.9, 2.10). This
that suggest deposition under variable but feature is composed of pale grey-brown fine
predominately slow-flowing water conditions. sand with dark grey-brown silt and organic

The small mid-channel bar was observed laminae and clasts of reworked organic
mainly in section within the central area of the  sediment. Internally this feature is arranged

BN SRR Fg2l7

Stony organic sand forming
part of Unit B-ii:04A. East-
facing section, N-S central
control baulk (scale 1.0m).
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Fig2.18

Unit B-ii:04B Sediment
gravity flow (debris flow)
along north edge of channel.
East-facing section, north-
west control baulk.
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Fig 2.19

Unit B-ii:04C Sediment
gravity flow (stony sand)
along north edge of
channel. East-facing
section (scale 0.30m).

Fig2.20

Localised slumping of
Unit B-ii:04A gravel facies
on south side of channel.
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in a sequence of west or downstream-
orientated sediments with a convex-up upper
contact that exhibits an undulating east-west
profile indicating the downstream accretion
of sediment. A wedge-shaped bed of matrix-
supported small to medium-coarse flint gravel

rests on this feature and is overlain by a
graded succession of subhorizontal-inclined
beds of fine pale grey-brown to mid grey-brown
and yellow-orange sands, silty sand and organic
sediment, which suggest deposition under
predominately waning and standing or
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tranquil-flow water conditions (Fig 2.22).
Elsewhere, the sediments for this unit comprise
parallel-subparallel beds of sand and silty sand
with fine, wavy ripple laminae and small
shallow scours filled with coarse sand and fine-
to-coarse flint gravel. Dropstones surrounded

by impact deformation structures occur
throughout the deposit, with possible water
escape structures and small-scale convolute
laminations present within the bar feature.

Bedding structures for this unit suggest a
flowing body of water with a variable flow
regime composed of high-energy flow events
followed by periods of waning and standing or
tranquil flowing water. Deposition predomi-
nately occurred under waning and still-tranquil
flow water conditions, with episodes of
higher-energy flow regimes eroding the bed
of the channel and depositing coarse-grained
sediments, indicated by the occurrence of scour
features filled with gravel and coarse sand.
Episodes of higher-energy flow regimes that
tore chunks of sediment away from the
underlying deposit (Unit B-ii:03) are also
indicated by the occurrence of clasts of
reworked organic sediment within the bar
feature. Influxes of water from seasonal rainfall,
floods and the break-up of winter ice are some
of the likely agencies responsible for increased
water velocities and bed erosion. The presence
of winter ice in the channel is also suggested
by the dropstones in the deposit (Lewis,
this chapter).

Association B-iii

Association B-iii is the uppermost phase of
channel infilling and comprises a set of sand,
gravel and organic facies indicative of a
succession of point bar sediments formed along
ameander in the channel. It is typically between
0.42m and 0.53m thick, with its upper
sediments truncated by their partial removal
during sand and gravel extraction. This
association overlies a concave-up basal channel
contact that cuts and partially overlies the
upper sediments of Association B-ii and that is
cut by the lower contact for Association C
(Lewis, this chapter). Its northern limit was not
fully established, as the deposit extended under
the north baulk of the excavation area, nor was
it fully excavated.

The deposit is made up of fine-grained to
coarse-grained pale grey-brown to dark
grey-brown sands, silty sand, organic sediment
and small to coarse flint gravel and cobbles. It is
arranged in a north to south succession of
lenticular beds of laminated sand and gravel,
with a final depositional phase composed of
fine laminated sands and organic sediment
and/or coarse sand and gravel infilling a
narrow east-west orientated u-shaped channel-
type scour in the southern part of the deposit
(see Fig 2.12, 2.13). Individual beds in the
succession contain either inclined wavy-

irregular dark-grey, silty sand laminae or
unsorted and matrix-supported gravel, with

Fig2.21

Unit B-ii:05 Small mid-
channel sand bar overlying
the organic sediments of
B-ii:03. South-facing
section, E-W central
control baulk.

Fig2.22

Unit B-ii:05 Lateral infill
sediments. East-facing
section, south-west
control baulk.
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the gravel unit along the south side of the
channel post-depositionally folded into a
near-vertical orientation by the downward
deformation of the underlying sediments of
Association B-ii (see Fig 2.16). The channel-type
feature is filled with beds of unsorted matrix-
and clast-supported flint gravel and pale-grey,
fine-grained sand with dark-grey silty sand
laminae and a small deposit of laminated
organic sediment, partly interbedded with and
overlain by coarse sand and gravel. Elsewhere a
shallow scour feature cut into the sand contains
a succession of medium-coarse sand and gravel.

Sedimentary structures for this association
suggest periods of slow-flowing water
alternating with periods of higher-energy water
flow and/or flood events. Deposition was
initially on bar surfaces that accreted laterally
across the channel with episodes of higher-
energy flow regimes eroding the bed of the
channel and depositing gravel and coarse-
grained sediment on bar surfaces during
waning flow stages. One or more of these
high-energy flow episodes scoured a narrow
u-shaped channelin the accreting bar sediments
and left lag deposits of gravel along both sides
of the feature. The infill of this feature occurred
under variable but predominately slow-flowing
water conditions, with fluctuations in current
velocity eroding the bed and leaving shallow
scours filled with coarse sand and gravel. A
small stream with varying discharge levels is
suggested by these deposits.

Discussion

The three components of Association B are
interpreted as representing distinct deposi-
tional phases in the sedimentary history of
the channel that all occurred under cool
climatic conditions (Coope, Green and Keen,
chapter 3). Association B-i represents a pre-
abandonment phase of flowing water, where
bar structures composed of relatively coarse
sediments were formed along channel margins
while the channel was still part of the larger
river system. An inactive phase after channel
abandonment is represented by the sediments
of Association B-ii. These sediments indicate a
still to slow-flowing body of water cut off from
the river, with fluctuating water levels where
fine-grained sands and organic matter settled
out of suspension and sediment gravity
flows deposited bank sediments and materials
into the channel. The upper sediments of
this association (Unit B-ii:05) also indicate a

return to flowing water conditions in the
channel where it might have functioned as a
minor secondary tributary that perhaps only
contained flowing water when the river was at
a high stage of flow. Association B-iii represents
the final phase of flowing water where the
channel shifted slightly to the north and cut
into and partially overlaid the sediments of
Association B-ii. Bar structures, formed of
coarse sand and gravel, laterally filled the
channel with the infilling of a small channel-
type scour representing the final phases of
deposition. OSL dates (Schwenninger and
Rhodes, this chapter) suggest a possible gap of
at least 1,200 years between the deposition of
the upper sediments of Association B-ii and the
incision of the channel containing the sediments
of Association B-iii.

Artefacts and vertebrate remains are present
in the upper sediments of Association B-i
(B-i:03), in all of the units comprising
Association B-ii, and in the sediments of the
small channel marking the final depositional
phases of Association B-iii (Schreve, White,
chapter 5). This succession raises fundamental
questions as to whether the occurrence of
materials in each of the three associations
represents stratigraphically distinct assem-
blages or simply mixed accumulations of
vertically reworked materials. Resolving this
question is of some importance for under-
standing hominin use of the site through time,
as refitting studies carried out at Palaeolithic
sites elsewhere have demonstrated substantial
vertical displacement and mixing of materials
within soft sediment deposits (Bunn et al 1980;
Villa 1983, 65-75; Delanges and Ropars 1996,
154-7; Street 2002, 15).

Lithic and bone conjoins (see Tables 4.11 and
5.25 and Figs 5.26 and 5.55) occur in the basal
sands, sediment gravity flows and organic
sediments of Association B-ii and in the channel
infill sediments of Association B-iii. No refits
were found within Association B-i or between
any of the three facies associations. In
Association B-ii, refit vertical distances are all
less than 0.60m with surprisingly few conjoins
crossing sediment boundaries, and none
crossing the contact separating the sediments
of this association from those of Association B-i.
This absence of conjoins suggests little or no
mixing of materials between the two facies
associations and the possibility that the small
assemblage from Association B-i might
represent a stratigraphically distinct group
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rather than just an accumulation of materials
reworked from overlying sediments. The
position of the channel containing Association
B-iii, adjacent to Association B-ii, makes the
vertical migration of materials between these
two associations highly unlikely, and the small
assemblage from Association B-iii stratigraphi-
cally distinct from that of Association B-ii. The
evidence for the mixing of materials is thus very
limited, and indicates that at least two, and
possibly  three, stratigraphically distinct
assemblages of archaeological materials are
present at the site and represent different
periods of hominin activity around the channel.
In addition, the small size of the assemblages
from associations B-i and B-iii also suggest that
hominin activity and/or deposition during
these periods was much lower or more inter-
mittent than for the period represented by
Association B-ii.

The upper sediments of B-i:03, marking the
final active stages of the pre-abandonment
phase, are composed of coarse sand and sandy
silt facies and are interpreted as sediments
deposited on bar tops and edges during waning
and low-stage flow conditions, and possibly
subjected to periods of subaerial exposure. The
artefacts from these sediments are typically in
good condition with most unrolled or lightly
rolled, unstained and unpatinated (White,
chapter 5; Donahue, chapter 5). Their condition
indicates that surface exposure could not have
been long, and suggests that fluvial reworking
was relatively minimal (Schick 1986, 162;
Harding et al 1987). The few remaining
artefacts are severely rolled, stained and
patinated, suggesting extensive fluvial transport
and likely deposition as bedload materials
on bar surfaces (Knighton 1998, 126-50; Miall
2006, 99-105; see also Morton 2004).

Most of the artefacts and vertebrate remains
recovered from the site accumulated in the
channel during its inactive phase after
abandonment. The sediments for this phase are
composed of sand, silt and silty organic sand
facies interbedded with sediment gravity-flow
deposits, and are interpreted as representing
the infill succession of a small lake or pond
deposited under predominately still to slow-
flowing water conditions. Sediment gravity
flow deposits and other structures indicative of
bank erosion dominate this facies association,
and are represented by the various facies
comprising Unit B-ii:04 (Table 2.10; see Figs
2.3.7 and 2.3.10-2.3.12), and by the lenses of

stony organic sand in B-ii:03 and the massive
sands of B-ii:01 (Thorne 1982; Innes 1983;
Costa 1984; Fritz and Moore 1988, 256-74;
Miall 2006, 105, 123). Vertebrate remains and
artefactual materials are concentrated within
these deposits and around their margins, and
suggest that the subaerial erosion of channel
bankswas one of the major agencies responsible
for the transport and deposition of archaeo-
logical and palaeontological materials into the
channel during this depositional phase.
Coleopteran (dung beetles) and pollen
(coprophilous fungal spores) data also suggest
substantial animal activity in the environs of
the channel, probably related to its use as a
water source. This activity would also have
resulted in the erosion and transport of bank
sediments and materials into the channel and
their subsequent post-depositional mixing
(Buckhouse et al 1981; Trimble 1994).

The sediments of the final depositional
stages of Association B-iii are composed of a
succession of partially interbedded gravel, fine
sand and silty organic sand facies that are
interpreted as sediments deposited within a
small stream channel under variable but
predominately waning to still or tranquil-flow
conditions. Artefacts from these sediments are
unrolled or lightly rolled, unstained and
unpatinated (White, chapter 5), indicating
brief periods of surface exposure (Schick 1986,
162; Harding et al 1987). The bone from these
sediments, on the other hand, is heavily
weathered (Schreve, chapter 5) and indicates
prolonged periods of surface exposure prior to
burial. Bone conjoins for one mammoth
long-bone fragment (see Table 4.11, Fig 5.26)
have horizontal refit distances under 0.45m
and suggest that some limited fluvial transport
and rearrangement of archaeological materials
has occurred within the deposit (Morton
2004, 54-74).

These sedimentary contexts have some
important implications for the interpretation of
the archaeological evidence contained within
them. Bedform and lithological properties
document deposition under high-energy,
waning and low-stage or tranquil-flow fluvial
conditions and the incorporation of terrestrial
sediments into the channel through bank
slumping and the washing-in of fine particles
by surface run-off. Archaeological evidence
within these sediments is unlikely to represent
the residues of in situ hominin activities carried
out within the channel. Rather, such evidence
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represents secondary accumulations of
material derived from the surrounding banks,
which was subjected to further fluvial
rearrangement and probable bioturbation by
megafauna. This is most apparent for
Association B-ii, where sediment gravity flows
appear to be the major depositional agency,
and to a slightly lesser extent in Association
B-iii, where limited fluvial rearrangement of a
small palimpsest assemblage appears to have
taken place. It is less clear for the bar-top
sediments of Association B-i, which contain a
largely unabraided artefact assemblage. It is
likely that some fluvial reworking of this
assemblage did occur given the nature of the
depositional environment of the sediments.
The origins of the unabraided artefacts and
associated faunal remains, however, remain
more ambiguous, and suggest three possible
alternative explanations: that they represent
materials derived from channel banks; that
they are a mixed accumulation derived from
overlying sediments, or that they are the
residues of in situ hominin activities carried
out on bar surfaces during low-stage
periods. The sedimentary evidence by itself
is unable to distinguish between these
alternative explanations.

Conclusions

On the basis of the stratigraphic analysis and
associated sedimentological evidence from
Lynford a number of conclusions can be made:

1. Three distinct depositional phases are
represented by the facies associations: a

pre-abandonment phase composed of
in-channel longitudinal bar structures; an
inactive phase after channel abandonment
represented by predominately fine and
organic sediments interbedded with
sediment gravity flows; and an upper
succession of fluvial infill sediments
indicating a return to flowing water
conditions; and a post-abandonment phase
made up of point bar and probable stream
sediments, which might have been
deposited at least 1.2ka after the end

of the previous phase.

. Artefacts and vertebrate remains were

contained in sediments deposited under
predominately low-energy waning, standing
or tranquil-flow fluvial conditions and bank
collapse by sediment gravity flow.

. The succession of sediments containing

archaeological materials indicates that

at least two, and possibly three
stratigraphically distinct assemblages are
present and represent different periods of
hominin activity around the channel.

. Sediment gravity flows indicate that the

subaerial erosion of terrestrial sediments
was one of the major agencies responsible
for the occurrence of archaeological
materials in the sediments of Association
B-ii, with coleopteran and pollen data
suggesting probable bioturbation of the
sediments by megafauna.

. Some fluvial rearrangement of

archaeological materials appears to have

Table 2.8 The locations and contexts of the soil micromorphological samples

sample context facies description
30151/1 20170/20171/20003 B-ii:05 southern edge basal contact of detrital organic sandy channel fill
B-ii:03 and channel bar sands

3015172 20118 B-ii:05 as above, taken from opposing section
20003 B-ii:03

30152 20003 B-ii:03 central/northern edge contact between finely laminated organic sandy
20004 B-ii0l channel fill and basal sands

30153 20003 B-ii:03 contact between the first organic fills of the channel and the
20139/20245 B-ii:0l basal sands

30261 20118 B-ii:05 contact of detrital organic sandy channel fill and basal sands
20003 B-ii:03

30246 20120 B-ii:05 sequence at base of channel of finely bedded/laminated sands

(monolith) 20003 B-ii:03 over dark brown organic, fine sand/sitt over laminated, organic,
20139/20245 B-ii:01 fine sands/silt over basal sands/gravel
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occurred in Association B-iii and possibly
Association B-i, with the origins of most of
the assemblage from this association open
to several interpretations.

2.2.2 Micromorphological analysis of
selected channel sediments

C French

Introduction and aims

The basal channel-fills of Facies Association B-ii
contained most of the artefactual, faunal and
palaeobiological materials investigated in this
excavation. These were sampled in six locations
(Table 2.8) for micromorphological analysis

using the methodology of Murphy (1986)
and described using the terminology of Bullock
etal (1985).

The aims of the micromorphological analysis
were to:

1. Characterise the primary inorganic/organic
fills of the channel.

2. Provide information on the depositional
processes involved in the accumulation of
these primary channel-fill sediments.

3. Contribute to the interpretations of the
stratigraphic and palaeobiological data.

The samples selected for further analysis are
briefly described by sample and context (Table
2.9) with more detailed descriptions provided

Table 2.9 Summary of the basal channel fill characteristics by context and facies association/component

context facies association lower unit facies association upper unit interpretation

20170, B-ii:03: iron impregnated B-ii:05: fine to medium sand with bed scour, organic and overbank
20171, organic fine sand with common  minor impure clay; once laminated — accumulation in still to slowly moving
20003 impure clay; once laminated water; subject to groundwater

fluctuation, oxidation and
bioturbation

20118, B-ii:03: laminated fine sand B-ii:05: amorphous iron slow to still water; organic
20003 with impure clay impregnated, organic fine sand; accumulation and oxidation;
bioturbated bioturbation

20003, B-ii:01: organic, laminated, B-ii:03: very fine to medium sand as for above

20245 fine to medium sand; oxidised; with minor impure clay; once
bioturbated; very fine charcoal laminated; bioturbated

20003, B-ii:0: laminated fine sand with  B-ii:03: alternating laminae of alternating slow/still water conditions

20139720245  minor impure clay, very fine greater/lesser amorphous iron and variable bioturbation,
charcoal and calcium carbonate;  impregnated, organic, fine to waterlogging and oxidation
bioturbated medium sand

20118, B-ii:03: laminated, amorphous B-ii:05: once laminated, bioturbated, still/organic to slow/inorganic

20003 iron, organic fine sand below amorphous iron impregnated, to still/organic water conditions
once laminated fine to fine sand

medium sand

(base) B-ii:01: bioturbated fine to B-ii:01: amorphous iron, calcium slow to still water and oxidation
20245 medium sand and fine carbonate, organic fine to

flint gravel medium sand
20139 B-ii:0: laminated, organic, B-ii:01: as for lower unit repeated episodes of organic

very fine to medium sand with
oxidised organics, plant tissue
and calcium carbonate

deposition in slow to still water
with partial oxididation

20139 B-ii:01:iron impregnated organic ~ B-ii:0l: alternating fine sand, sand still to slow water with overbank
fine to medium sand and impure clay and calcium flooding episodes and drying
carbonate, and iron impregnated out/oxidation
organic fine to medium sand

(top) 20003 B-ii:03:iron impregnated organic ~ B-ii:03: once laminated, fine sand still to slow water with overbank
fine to medium and with fine with discontinuous organic/impure  flooding episodes and drying
flint pebbles clay lenses out/oxidation
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Fig2.23

Photomicrograph of organic
fine sandy loam with fine
impure clay in B-ii: 03
(frame width = 2.25mm;
cross polarised light).
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in Appendix 2 and as selected photomicro-
graphs (Figs 2.23-2.30).

The micromorphological analyses

Samples 30151/1 and 30151/2 Two samples,
30151/1 and 30151/2, were taken from
opposing sections of contexts 20170/20171 and
20003. In sample 30151/1, two main fabric
units are present. The lower unit (B-ii:03) is
predominantly a fine quartz sand with common
impure or dusty clay (that is, containing micro-
contrasted silt and very fine organic/carbonised
matter) strongly impregnated with amorphous
sesquioxides (iron oxides and hydroxides). This
merges over a diffuse contact with the upper
unit (B-ii:05), which is composed of a fine and
medium-sized quartz sand with very minor
amounts of dusty clay coating the grains, and
the occasional fine flint-gravel pebble. Both fine
fabrics are highly bioturbated. These units
might once have been finely laminated and also
much more organic, but the combination of
oxidation and bioturbation has significantly
altered and largely destroyed the laminar
aspect and organic component.

The primary organic fine sand unit (B-ii:03)
suggests the first erosion/accumulation in the
base of the channel, followed by a slight
increase in water volume and velocity leading
to the deposition of a medium sand. The greater
and lesser amounts of dusty clay are indicative
of overbank flooding and the deposition of a
fine component of eroded soil. Since these
alternating standing to slow-flowing sediments
were deposited in the channel, subsequent and

intermittent lowering of the groundwater table
has caused oxidation and iron impregnation of
the fine groundmass.

In sample 30151/2 (B-ii:05/03), the deposit
sequence is very similar in composition to
that observed in the lower Unit 2 present in
sample 30152 (B-ii:01). In this case, there are
four formerly micro-laminated horizons, each
10-20mm thick, all composed of variable
quantities of a similar fabric. The fabric is a
strongly amorphous sesquioxide-impregnated,
organic, fine-to-medium quartz sand, with a
minor calcium carbonate component. The
horizonation results from greater or lesser
amounts of sesquioxide-impregnated organic
matter present in relation to the sand
component. These organic deposits overlie a
once laminated but now thoroughly mixed
very fine to medium quartz sand containing
minor amounts of dusty clay with micro-
charcoal inclusions. It is possible that the
charcoal present hints at fire in the immediate
catchment due either to the action of hominins
or of lightning strikes, but this requires further
corroboration from other data sources.

Sample 30152 Two main units are present in
both samples, which derive from contexts
20003 and 20004. The upper unit 1 (B-ii:03) is
a very fine to medium quartz sand with a
ubiquitous but minor fine groundmass
component of dusty clay (Fig 2.23). This fabric
was once finely laminated, but has subsequently
been subject to much bioturbation. The lower
unit 2 (B-ii:01) is a laminated, fine-to-medium
quartz sand with abundant organic remains,
all of which are bioturbated and strongly
impregnated with amorphous sesquioxides
(Fig 2.24). The organic component is present
either as oxidised plant tissue or as small
subrounded pellets, essentially former plant
tissue, which has passed through an active soil
fauna and fine irregular fragments of plant
tissue. Within the fine groundmass there is also
a minor occurrence of very fine, subrounded
charcoal fragments.

This sequence is suggestive of an organic fine
sand accumulating under alternating wetting
and drying, oxidation/reduction conditions.
This is succeeded by an increase in water flow
to a slow but variable flow that is transporting
and depositing finer sand sediments derived
from either channel bed and/or edge scouring.
The dusty clay component is indicative of a
certain amount of eroded fine soil material
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being included, most probably derived from
fine overbank sediments settling out of
suspension in still or standing water. It is
tempting to view the minor presence of a
‘dusting’ of very fine charcoal as evidence of
local fire, but as with the dusty clay, this is most
probably derived and included.

Sample 30153: This sample, taken from
contexts 20003 and 20139/20245 exhibits the
same sequence and very similar composition to
sample 30152. It is composed of an upper unit
(B-ii:03) of amorphous iron-impregnated,
bioturbated, organic fine quartz sand (Fig
2.25), essentially equivalent to the upper three
horizons evident in sample 30152 (above), over
a once laminated but now well-mixed, fine
quartz sand with occasional flint pebbles
(B-ii:01).

In addition, there is a thin lens (<2mm) of
fine sandy clay present on the upper surface of
the basal sands at the B-ii:03/01 contact. It is
characterised by about 40 per cent impure or
dusty clay (Fig 2.26) and a very fine dust of
charcoal (Fig 2.27). This silty clay exhibits weak
reticulate striations and moderate birefrin-
gence, which, at this stage in the history of the
channel, is suggestive of some structural
development in this deposit. This probably
represents the redeposition in still/standing
water conditions of some overbank, eroded,

brown-earth type of soil prior to a rise in water
table and organic accumulation, rather than a
very brief period of stabilisation and incipient
soil growth.

Sample 30261: This sample across the
B-ii:05/03 boundary from contexts 20003 and
20118 exhibits three units: a once-laminated,
amorphous iron-replaced, organic fine quartz
sand (B-ii:05) overlying a once laminated fine-
to-medium quartz sand (B-ii:03), which in turn

Fig2.24
Photomicrograph of
laminar, fine sandy,
bioturbated organic
fabric in B-ii: 01 (frame
width = 2.25mm;
plane polarised light).

Fig 2.25

Photomicrograph of
amorphous iron
impregnated fine sand with
bioturbated organic matter,
plant tissue and charcoal
fragments in B-ii: 03 (frame
width = 4.5mm; plane
polarised light).
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Fig 2.26
Photomicrograph of lens
of sandy clay at the B-ii:
03/01 contact (frame
width = 4.5mm;

cross polarised light).

Fig2.27
Photomicrograph of lens
of sandy clay with very
fine charcoal at the B-ii:
03/01 contact (frame
width = 4.5mm; plane
polarised light).
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has accumulated on a laminated, amorphous
iron-replaced, organic fine-to-medium quartz
sand (also B-ii:03) (Fig 2.28). Again, this is
indicative of in situ organic accumulation,
drying out and oxidation, then the deposition
of fine minerogenic sands in slow but intermit-
tently flowing water, followed by renewed
organic accumulation in shallow standing water
with subsequent drying-out and oxidation.
Sample 30246: This sequence of samples
was taken through the lowest part of B-ii:03
and into the basal channel-fill B-ii:01, from
contexts 20120, 20003, 20139 and 20245.
The basal sample (0-120mm) is essentially
similar to the other profiles examined, with
a strongly amorphous, iron-impregnated,
organic, fine-to-medium quartz sand overlying
a fine-to-medium quartz sand with a few
subangular to subrounded, fine flint pebbles.
But in this case, no silty clay component was
present in the minerogenic sand.

The overlying sample (120-230mm), and
the lower half of the overlying sample
(230-290mm), were composed of amorphous
iron; impregnated and oxidised organic
matter; and plant tissue material. This
contained a minor presence of amorphous
calcium carbonate and micro-sparite crystals
and a 30-50 per cent very fine to medium
quartz sand component.

The upper half of the overlying sample
(290-365mm) was comprised of four lenses,
each of less than 20mm thick, comprising two
different or alternating fabrics: a fine-medium
quartz sand (c 60-80 per cent) with irregular
areas of amorphous iron-impregnated organics
and dusty clay (c 20-40 per cent) (Fig 2.29),
and alternating and discontinuous lenses/
laminations of fine quartz sand and amorphous

Fig2.28
Photomicrograph of
bioturbated plant tissue
in B-ii: 03 (frame width
= Fig 2.25mm; plane
polarised light).

Fig2.29

Photomicrograph of
amorphous iron
impregnated sandy clay lens
with micro-charcoal in B-ii:
01 (frame width = 2.25mm;
plane polarised light).
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Fig 2.30

Photomicrograph of
alternating lenses of fine
sand, partially humified
organic matter and calcium
carbonate in B-ii: 01 (frame
width = 4.5mm; plane
polarised light).
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iron-impregnated organics with occasional
micro-sparite calcium carbonate present.

The lower two-thirds of the uppermost
sample (365-500mm) was composed of
amorphous iron-impregnated and oxidised
organic matter and plant tissue material with a
minor presence of amorphous calcium
carbonate and micro-sparite crystals and a
30-50 per cent very fine to medium quartz sand
component (Fig 2.30), with the addition of
common flint gravel pebbles. This was overlain
by once finely laminated, fine sandy material
with dusty clay, and included micro-charcoal
(B-ii:03).

Itappears that there were frequent variations
in the flow and organic content regime in this
part of the channel, including brief periods
when the surface dried out and other periods of
still or standing and slow-flowing water. These
contrasting regimes largely appear to account
for the variations in microfabric observed in
this infilling sequence.

Conclusions

The micromorphological results (summarised
in Table 2.9) both complement and corroborate
the sedimentary analyses presented in chapter
2 and the environmental conditions set out in

chapter 3. All of the thin sections of the primary
sediments sampled essentially tell the same
story, with only minor variations evident.

The basal fill of the channel was composed
of fine sandy sediments and/or organic
accumulations, generally with a fine laminar
aspect. The sandy sediments were deposited
in slow-moving, but variable-flow water
conditions, probably representing channel
scour and slow bedload transport. The organic
accumulation occurred in shallow, standing
water, which has subsequently become partially
dried out and strongly oxidised and subject
to considerable bioturbation. This latter deposit
probably represents intermittent organic
accumulation alternating with periods of
lowered groundwater table conditions, surface
drying and strong oxidation, and faunal mixing
of the organic matrix, situated in a cut-off
channel or small pool.

There also appears to be a minor amount of
eroded fine soil material in the system,
presumably transported via overbank flooding.
This is seen as a fine groundmass of silty clay
with variable quantities of included micro-
charcoal. This sandy clay type of fabric would
be typical of any brown-earth soil fabric found
today, or in prehistory, on a terrace gravel
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subsoil in any of the river valleys draining the
fenland region (French 2003). This fabric
appears in this intermittently waterlogged
channel as fine overbank sediment, associated
with periods of still/standing water. At first
glance this might seem at odds with the
other palaeoenviromental evidence that is
suggestive of open, unshaded ground,
calcareous grassland, immature soils and
somewhat cooler temperatures (see chapter 3).
However, this soil type might be either a relict
of earlier interglacial times or, more probably,
be associated with calcareous grassland.

Intriguingly, the dusty or impure clay
component contains minor amounts of very
fine included charcoal. This charcoal dust was
probably in the air and water system of the
catchment and does not necessarily imply local
fires associated with human activity.

2.2.3 Palaeoenvironmental and
diagenetic considerations

J Andrews

Introduction

This chapter describes field and laboratory data
collected from the organic sediments (Unit B-ii)
of the excavated channel. One of the key goals
of the post-excavation analysis of the sediments
and materials recovered from the site was to
accurately reconstruct the environmental
conditions prevailing at the time of deposition.
To this end, grain-size analysis and organic
carbon content of the deposit were required to
constrain the energy of deposition. It was also
highly desirable as part of this analysis to assess
the relative importance of post-depositional
effects on the deposit and on the archaeological
and palaeontological materials recovered from
it. To assess this, basic measurements and
observations of geochemical conditions and
other diagenetic changes (such as cementation/
leaching) were made.

Fieldwork, sampling and storage

Fieldwork entailed on-site observations,
sampling and measurement of pH and redox
potential. Samples for environmental charac-
terisation (Table 2.10) were taken as a set of
discrete but related samples in vertical sequence
through the organic palaeochannel deposits for
organic carbon and grain-size analysis. A
number of other discrete samples were taken
for pH determinations. A further discrete

sample of cemented sand below the main
organic palaeochannel deposit was taken for
thin-section analysis.

Contamination is only likely to be an issue
for organic carbon (Corg) determinations.
Common problems centre around young/
active root material-penetrating deposits. In
this case the organic palaeochannel deposit
was buried under 3-3.5m of overburden (too
deep for shallow-rooted plant contamination).
There was no evidence of larger root
penetration/disturbance from bigger trees at
the sampled section.

It is possible that organic carbon (and pyrite
sulphur) content in these samples has been
affected by post-depositional oxidation. This
is only likely to have occurred when the
sediments were drained prior to excavation.
Since site drainage occurred only one year
before sampling, there was no time for
extensive carbon oxidation, and at the time of
sampling, the reduced nature of the organics
was indicated by black coloration. Surface
oxidation/alteration was observed on the
exposed sample face over the course of three
months exposure, but the sampled material
has retained its black coloration indicating
minimal post-sample oxidation.

The samples were stored dry, except for the
organic-rich samples, which were refrigerated
until the organic geochemistry was completed.

Methods

Percentage weight of organic carbon (wt%
Corg) was determined by weight loss following
overnight combustion at 500°C in a muffle
furnace (Brimblecombe et al 1982) and cross-
compared with elemental analysis data (see
below). Owing to sample inhomogeneity, the
500°C combustions on large samples were
deemed the most reproducible measure of
organic carbon content. The total percentage
weights of carbon, nitrogen and sulphur were
determined using a Carlo Erba 1108 elemental
analyser with combustion at 1020°C (Andrews
etal 1998). Determination of percentage weight
calcium carbonate was done by weight loss
after leaching with 10 per cent (vol) HCL.
Stable carbon and oxygen isotope analyses
of carbonate cements were performed as
described in Andrews et al (1993), while stable
carbon and nitrogen isotopes in organic matter
were measured using a continuous flow isotope
ratio mass spectrometer (CF-IRMS; PDZ Europa
20-20) coupled to an elemental analyser.
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Table 2.10 Samples for environmental characterisation

5 ® o = S 5 s
o 2 2 > 9 5 S s S g 2 0o 0o
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west-facing section exposed by machine
sample series 30014-30026 for organic Carbon, Nitrogen and Sulphur (CNS) determinations
(plus 30010)
30026 20002  8.62  laminae (mm-scale) of grey and white 20 CNS [.18 005 O 1.58 23.60 -29.1 0.1
medium sands with some laminae of
organic dark brown silt
30025 20002 852  laminae (mm-scale) of grey and white 20 CNS 053 002 O 1.02 26.50
medium sands with some laminae of
organic dark brown silt
30024 20002 852  laminae (mm-scale) of grey-yellow 20 CNS .65 009 O 151 1833 -294 09
medium sands and laminae of organic
dark brown silt, rare medium sub
rounded/subangular gravel and
flint cobbles
30023 20002 847  laminae (mm-scale) of grey-yellow 20  CNS 070 003 O 1.45 23.33
medium sands and laminae of organic
dark brown silt, rare medium sub
rounded/subangular gravel and
flint cobbles
30022 20003 84l dark brown-black organic deposit, 20 CNS 683 043 069 380 990 1588 -273 22
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30021 20003 836  dark brown-black organic deposit, 20 CNS 649 037 072 469 901 1754 =280 20
some laminae/lenses of coarse
light grey sand and sparse (5%)
flint cobbles
30020 20003 8.3l dark brown-black organic deposit, 20  CNS 863 043 042 325 2055 2007
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30019 20003 826  dark brown-black organic deposit, 20 CNS 692 042 045 3.1 1538 1648 -283 28
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30018 20003 8.2l dark brown-black organic deposit, 20 CNS 853 042 036 318 2369 203l
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30017 20003  8.16  dark brown-black organic deposit, 20 CNS 781 048 069 438 1132 1627 -253 27
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30016 20003 8.1 dark brown-black organic deposit, 20 CNS 630 04 07 675 900 1575 =256 29
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30015 20003 806  dark brown-black organic deposit, 20 CNS 450 034 035 624 1286 1324 -256 22
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
continued »
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Table 2.10 Samples for environmental characterisation - continued
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west-facing section exposed by machine — continued
sample series 30014-30026 for organic Carbon, Nitrogen and Sulphur (CNS) determinations
(plus 30010)
30014 20004 796  light yellow-brown silty medium 20 organic C
sand with abundant flint cobbles (combustion) 0.31 1.58
and common flint gravel;
Calcium-carbonate cementation
30010 20004 light yellow-brown silty medium 20 thin section d=C  d'"®O
sand with abundant flint cobbles and isotope CaCO; CaCOs
and common flint gravel; determination =3.1 58
Calcium-carbonate cementation
mean values 700 041 055 443 1396 1694
west-facing section (west edge) exposed by machine
samples series 30037-3003
30038 20031 797  clayey silt, greenish-grown, 20g  PSA-matrix (see
rare sand lenses below)
30037 20031 797  clayey silt, greenish-grown, 20g  CNS 283 054 0 29.93 524
rare sand lenses
west-facing section exposed by machine
30009 20003 dark brown-black organic deposit, |0g  laboratory pH nd
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30008 20003 dark brown-black organic deposit, |0g  laboratory pH 7.1
some laminae/lenses of coarse light (pH)
grey sand and sparse (5%) flint cobbles
30007 20003 dark brown-black organic deposit, |0g  laboratory pH 6.83
some laminae/lenses of coarse light (pH)
grey sand and sparse (5%) flint cobbles
sample series 30027-30036 for matrix particle size analysis (PSA)
30036 20002 864  laminae (mm-scale) of grey and 20g  PSA-matrix
white medium sands with some
laminae of organic dark brown silt
30035 20002 855 laminae (mm-scale) of grey and 20g  PSA-matrix
white medium sands with some
laminae of organic dark brown silt,
rare medium sub rounded/subangular
gravel and flint cobbles
30034 20002 848  laminae (mm-scale) of grey and 20g  PSA-matrix
white medium sands with some
laminae of organic dark brown silt,
rare medium sub rounded/subangular
gravel and flint cobbles
30033 20003 84 dark brown-black organic deposit, 20g  PSA-matrix
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
continued »
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Table 2.10 Samples for environmental characterisation - continued
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sample series 30027-30036 for matrix particle size analysis (PSA) — continued
30032 20003 834  dark brown-black organic deposit, 20g  PSA-matrix
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30031 20003 824  dark brown-black organic deposit, 20g  PSA-matrix
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30030 20003  8.14  dark brown-black organic deposit, 20g  PSA-matrix
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30029 20003 809  dark brown-black organic deposit, 20g  PSA-matrix
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30028 20003 803  dark brown-black organic deposit, 20g  PSA-matrix
some laminae/lenses of coarse light
grey sand and sparse (5%) flint cobbles
30027 20004 795  light brown silty clay with diffuse base 20g  PSA-matrix
(?staining from humics leached
from 20003)
west-facing section (west edge) exposed by machine
samples series 30037-30038
30038 20031 797  clayey silt, greenish-grown, 20g  PSA-matrix
rare sand lenses
30037 20031 797  clayey silt, greenish-grown, 20g  CHNS 283 054 0 2993 524

rare sand lenses
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Grain-size measurements were made on the
bulk sediment and matrix samples by standard
sieving (see McManus 1988; Folk 1974) of the
coarser than 63w fraction and laser granu-
lometry (laser coulter) of the finer than 63u
fraction. Before grain-size analysis, organic
matter was removed by oxidation in 10 per cent
(vol) hydrogen peroxide. The laser coulter
analyses were converted to notional sieve
fractions, and combined with the sieve data for
full moment statistical analysis of grain size,
sorting, skewness, kurtosis and sand/mud ratio
(see Folk 1974; McManus 1988). Standard
resin-impregnated thin sections were used for
fabric study of cemented carbonate sands.

Results

Most of the samples selected for detailed study
came from gravelly muddy sands (gmS of Folk

1974) of an organic channel-fill (Units B-ii:03
and B-ii:05; contexts 20003 and 20002).

pH determinations: Although in situ field pH
measurements were taken in the organic
deposits (20003 of B-ii:03), the results were
not reliable due to the low water content of the
deposit. Instead, pH was measured in the
laboratory using standard soil pH methods
(Brimblecombe et al 1982). The middle to
upper part of the deposit has a pH of 7.11, while
the base of the deposit is slightly more acidic
(pH 6.83). These near-neutral pH values are
typical of pH values in humid region mineral
sediments and soils (Brady and Weil 1999).
The local supply of Chalk in the sediments
(and dissolved in deeper groundwater)
would buffer the pH to near-neutral values.
Semi-quantitative, in situ Eh (oxidation/
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Table 2.11 Grain size data. Organic unit (20003): mean grain size is 125-150 microns (fine sand).

Sorting generally classifies as very poorly sorted. Skewness is very positively skewed (strongly fine skewed).
Kurtosis is extremely leptokutic (ie strong sorting in the centre of the distribution).

Streaky unit (20002) basically the same as above, ?slightly finer (100-125um). Flint pebble/cobble content
in these units is about 8-10 per cent (5 per cent according to Green based on field measurements).

context code  sample code folk desc. mean phi sorting skewness kurtosis sand/mud OD (m)
20002 30036 emS 3.89 232 241 3.14 2.33 8.64
20002 30035 gm$S 3.02 2.15 2.38 328 4.85 8.55
20002 30004 gmS 2.56 2,12 247 332 548 8.48
20003 30033 gmS 333 2.5 231 351 303 8.395
20003 30032 gmS 323 247 249 349 333 8335
20003 30031 gmS 225 273 202 375 352 8235
20003 30030 gmS 3.02 2.59 247 361 3.17 8.135
20003 30029 gmS 2.89 24 232 346 3.62 8.085
20003 30028 gmS 2.36 20l 1.97 3.14 7.64 8.025
20004 30027 msG —1.42 3.18 316 4.32 7.15 7.945
30038 sM 4.74 298 —1.15 374 0.75 797
mean (20002) streaky lam unit 316 2.20 242 325 4.22
mean (20003) organic unit 2.85 245 2.26 349 4.05

reduction or redox potential) values were
around 145-65mV, typical of low oxygen
conditions in soils and sediments restricted
from the atmosphere. These types of Eh are
consistent with nitrate, Mn and Fe reduction in
mineral soils (Brady and Weil 1999). It is,
however, possible that Eh values were lower
(less oxidising and possibly anoxic) before
drainage of the deposit. Green (this volume)
reports locally high concentrations of pyrite
framboids in pollen preparations, which
indicate anoxia, possibly in the sediment as a
whole, or in microenvironments.

Overall, the near-neutral pH and low-oxic
Eh values are consistent with the organic
carbon and nitrogen data (see below). Low-oxic
conditions in particular would have been
favourable to good preservation of organic
materials (bone and wood), but also organic
walled microfossils and palynomorphs.

Sedimentological data: grain size: The gravel
component of these sediments is generally
between 5 and 10 per cent, and is dominated by
flint cobbles and pebbles.

Grain-size analysis of the < —-2¢ (< 4mm)
fraction shows that sediments from both the
organic sediment Unit B-ii:03 (20003), and the
overlying sandy laminated channel-fill, Unit
B-ii:05 (20002), have mean grain sizes in the
fine sand fraction, that is, between 2.85 and
3.16¢ (100-150 microns; Table 2.11). Overall,
these bulk sediments have mean o1 (sorting)
values of 2.2-2.45 (see Table 2.11) indicative of
poor sorting. However, the mean kurtosis

values (K;), are between 4.05 and 4.22 (see
Table 2.11), indicating very strong sorting in
the centre of the particle distribution: in essence
the fine sand fraction is very well sorted. These
sediments have mean SK1 values between 2.26
and 2.42, indicating a very positive skew to the
fine fraction, although the sand/mud ratios
(2.00-0.063mm/< 0.063mm fraction) are
typically around 3—4 (see Table 2.11).

Grain size shows a slight overall upward-
fining trend (2.3-3.9¢) from fine-sand to
very-fine-sand/coarse silt (Fig 2.31), accomp-
anied by a general increase in < 0.063mm
fraction and increase in skewness toward
the fine fraction (Fig 2.32). Sorting in the
fine-sand  fraction  decreases  slightly
up-sequence (Fig 2.33).

The exception to these trends is from a pale
brown-yellow msG (muddy sandy gravel; Folk
1974) of Unit B-ii:01 (20004), which underlies
the organic palaeochannel. Although the
sample from this unit has a mean grain size in
the medium sand fraction (-1.42¢; 360

Fig2.31

Mean grain size plotted
against depth (OD). Note
gradual fining up. Basal
sample is from unit 20004.
Other samples are from the
organic unit 20003, except
the upper three, which are
from the sandy laminated
channel fill unit 20002.
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Skewness
Fig2.32 microns; see Table 2.11) the distribution is

Skewness plotted against
depth (OD). Basal sample

is from unit 20004. Other
samples are from the organic
unit 20003, except the
upper three, which are

from the sandy laminated
channel fill unit 20002.

Fig2.33

Kurtosis plotted against
depth (OD). Basal sample

is from unit 20004. Other
samples are from the organic
unit 20003, except the
upper three, which are

from the sandy laminated
channel fill unit 20002.

strongly bimodal, with 58 per cent gravel
content, and a second mode in the medium
sand fraction at 1.25¢. The sand/mud ratio
is 7.15, reflecting the increased sand content
(see Table 2.11).

The grain-size data are most significant in
showing that there is no clear sedimentological
break in the transition from the organic palaeo-
channel, Unit B-ii:03 (20003), into the
overlying sandy laminated channel-fill unit,
B-ii:05 (20002). Rather, the overall character-
istics of the sediment suggest upward fining
with a gradual increase in the silt and clay
content up-sequence.

During the course of fieldwork, and in
subsequent thin-section preparation, it was
noted that many of the sand grains in the
sediment sequence (typically the 0.3-0.5mm
size range) are subrounded to well-rounded,
and in some cases highly spherical. These
grains demonstrate a source of aeolian-derived
grains in the area — either older aeolian material
eroded and reworked by the stream that
deposited the sediments, or a local input of
contemporary wind-blown sand.

8.7
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8.6 1 20,002
8.5
—~ 8.4
o
~ 8.31 B-ii:03
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It was noted in the field that Unit B-ii:01
(20004: pale brown-yellow muddy sandy
gravel), underlying the organic sediment, was
lightly cemented. Resin-impregnated thin
sections showed this cement to be a very fine-
grained micritic calcite with abundant spherical
carbonate components (?foraminifera) and
rare ostracod shells. Many of these biogenic
carbonates contained secondary cement
growths asrinds. The source of these carbonates
is not clear, but they are probably derived from
erosion of the local Chalk bedrock: indeed, they
are also found in the organic Unit B-ii:03
(20003) itself (Green, chapter 3.4). Whatever
the origin, these biogenic carbonates acted as a
nucleus for subsequent microspar and micritic
carbonate cement formation.

Stable isotope data from the cemented
matrix gave the following compositions (60
-5.8 per mille VPDB, 8“C -3.1 per mille
VPDB). The oxygen isotope composition is
consistent with precipitation from meteoric
water at temperatures between 8 and 10°C
(depending on assumptions about the isotopic
composition of meteoric water, but assuming
880 values of recharge were close to those of
the present day — see Andrews et al 1994). The
carbon isotope compositions are not strongly
negative; input of large amounts of soil-zone
carbon would tend to drive equilibrium
013C values toward strongly negative values
(~10 per mille VPDB) as seen in, for example,
tufa deposits (Andrews et al 1993, 1997).
The less negative Lynford values suggest a
strong input of isotopically heavy carbon.
This could be from the biogenic material but
could equally be derived from dissolution of
chalk bedrock (8'*C composition around 0 per
mille) in groundwater. Assuming open-system
geochemical conditions, values of about —3.1
per mille suggest that roughly 50 per cent of the
carbon comes from Chalk dissolution and
50 per cent from a soil-zone source. These
data are consistent with the interpretation that
cementation of the sand occurred in a ground-
water setting (meteoric phreatic), removed
from the pedogenic zone (where stronger
soil-carbon influence would be expected).

Thin-section evidence also shows that in
places the sandy unit of B-ii:01 (20004) has
pyrite cements that post-date calcite
cementation. This pyrite almost certainly
formed when sulphate was leached from the
overlying organic deposit, probably through
oxidation of pyrite in the organic deposit
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(Green, chapter 3.4, has also noted pyrite
framboids), or leaching of organic sulphur.
Whichever it was, local leaching of sulphate
and organic matter resulted in small-scale
pyrite cementation of 20004. These findings
are consistent with field observations of
pale-brown sand found in 20004 that
appeared to be humic-stained from the
overlying organic deposits.

Organic carbon and calcium carbonate
geochemistry: Organic matter in these
deposits will reflect the original deposition of
organic materials, mostly plant- or soil-derived
matter, while calcium carbonate (CaCO;)
content will reflect material from shelly fossils
such as molluscs, ostracods and reworked
detrital material, particularly ground-up chalk
bedrock (see above).

The organic sediment unit (20003) has
organic carbon values ranging from 4.5 to 8.6
percentage weight C (mean 7.0 percentage
weight Corg; see Table 2.10 and Fig 2.34). The
sandy laminated channel-fill unit (20002), on
top of the organic deposit, has lower organic
carbon contents, in the range 0.5 to 1.6
percentage weight Corg, depending on whether
sand-rich or organic-rich laminae were sampled
(see Fig 2.34). These much lower values suggest
either that the depositional environment of
Unit 20002 was less organic-matter-rich, or
that this part of the deposit was originally more
organic-matter-rich and that it has been
partially decomposed by post-depositional
processes, for example by groundwater flow.

In addition to the marked difference in
organic carbon content between Units 20003
and 20002, these units also have markedly
different calcium carbonate (CaCOs) contents
(see Table 2.10 and Fig 2.35). The organic
sediment unit (20003) contains between
3.1 and 6.2 percentage weight CaCO; (mean
4.4 percentage weight CaCO3), whereas the
overlying sandy laminated channel-fill unit
(20002) contains only 1.0-1.58 percentage
weight CaCOs.

The data above (markedly lower Corg and
CaCO; content in context 20002 relative to
20003) can be simply interpreted as partial,
post-depositional removal of both organic
matterand CaCOj; (decalcification), presumably
due to groundwater interaction. This interpre-
tation is supported by data from other
specialists who report: (1) entire removal of
aragonitic molluscan shells in both Unit 20002

and in the upper 200mm and lower 100mm
parts of Unit 20003 (ie the upper 400mm and
lower 100mm of the channel-fill deposit
sampled at 30198 (Keen, chapter 3.3); (2)
complete lack of insect fossils in the upper
100mm of context 20002 and decomposed/
weathered insect fossils in the uppermost
150mm of Unit 20003 (Coope, chapter 3.2);
and (3) a slight increase in corrosion of spores
and pollen in Unit 20002 (Green, chapter 3.4).
Alteration to the tops of organic units by
groundwater leaching is known elsewhere in
the British Pleistocene (Bottrell et al, 1998).
The ratio of organic carbon to total nitrogen
(Corg/N) is a useful indicator of the type — and
in some cases, quality — of organic material
preserved (Andrews et al 1998, 2000). The
quality of the preserved organic matter is
essentially an index of the amount of microbial
degradation that has affected the organic
matter. Corg/N is thus a potentially powerful
indicator of early diagenetic microbial
alteration that typically removes labile
nitrogenous organic matter, leaving a residue
of more refractory carbon-rich material.
Corg/N weight ratios from the organic
deposit (20003) are between 13 and 20 (mean

Fig2.34

Per cent by weight organic
carbon plotted against depth
(OD). Basal sample is from
unit 20004. Other samples
are from the organic unit
20003, except the upper
four, which are from the
sandy laminated channel
fill unit 20002.
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16.9), which are fairly typical of degraded
terrestrial organic matter (Bordovsky 1965;
Thornton and McManus 1994). It is also clear
that the Corg/N ratio progressively increases
from around 13 at the base of the unit to higher
values (see Table 2.10 and Fig 2.36), a trend
that continues into the overlying sandy
laminated channel-fill unit (20002). In this
deposit (20002) Corg/N ratios are between 18
and 26, reflecting the more carbon-rich nature
of the organic matter. The progressive increase
in Corg/N up-sequence implies that either:
1) the deposited organic matter type changed
over time; or 2) the upper part of the deposit
has undergone more extensive microbial
decomposition. There is no evidence that, or
clear reason why, organic matter input type
changed up-sequence, given that the organic
matter is probably derived from local terrestrial
biomass. This suggests that variation in Corg/N
ratio is primarily controlled by the degree of
post-depositional microbial diagenesis, which
became more important up-sequence, and was
most marked in Unit 20002.

The validity of the interpretation of the Corg
and Corg/N profiles given above was further
tested by examining the carbon and nitrogen
isotopic compositions of the preserved organic
matter. The results (see Table 2.10) show a
progressive decrease in 8'*Corg from -25 per
mille at the base of the organic unit (20003) to
—29 per mille into the sandy laminated channel-
fill unit (20002; Fig 2.37), concomitant with
decreasing '°Norg values from +2.9 to -0.1
per mille (Fig 2.38).

The decreasing isotopic values are clearly
strongly related to both the lower amount, and
the more carbonaceous nature of, the organic
material preserved up-sequence (see Figs 2.35
and 2.36). The 06"Corg data are entirely
consistent with bacterially-mediated diagen-
esis, which is well known to selectively remove
labile components of organic matter such as
proteins and carbohydrates (Harvey et al 1995;
Hedges et al 1998). Selective removal of these
compounds leaves behind more refractory
components such as lignin, which is isotopically
more negative than the starting bulk organic
matter (Benner et al 1987; Spiker and Hatcher
1987; Lehmann et al 2002).

The changes in 0'"Norg are, on the face
of it, more problematic because d“N
transformation as bacterial decomposition
usually results in an isotopically enriched
(more positive) organic residue (see Turner
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et al 1983; Thornton and McManus 1994;
Lehmann et al 2002), probably due to
kinetic isotope fractionation during protein
hydrolysis (Bada et al 1989; Silfer et al 1992).
One exception to this has been documented in
experimental work and fieldwork on organic
matter alteration in alpine lake sediments
(Lehmann et al 2002). This study showed that
although oxic degradation of algal organic
matter resulted in enrichment of §*Norg in
the residue, the same material, degraded
under anoxic conditions, resulted in depletion
of 3®Norg in the residue. The changed 8N
profile under anoxic conditions was attributed
to accumulation of isotopically light bacterial
cell material that formed in situ, using the
soluble organic compounds that had been
released during organic matter decomposition
(see also Macko and Estep 1984). However,
the lowering of the bulk Corg/N ratio, usually
associated with accumulation of bacterial
cell material, is not in evidence in the
Lynford samples.

If the presence of isotopically light bacterial
cells is not the explanation for the unusual
dNorg isotopic profile, then another nitrogen
source must have impacted the upper part of
the profile. Since all the other evidence shows
that groundwater has interacted with this part
of the profile, it is logical to assume that
groundwater nitrogen is a likely source. As it is
also likely that this part of the deposit reacted
with groundwater recharged from above by
local rainfall (see below), it is thus logical to
examine the isotopic composition of nitrogen
in the recharging rainwater. Unfortunately,
present-day nitrogen sources in the rainfall of
both rural and urban eastern England are
polluted by numerous anthropogenic sources,
resulting in isotopically positive 8N values of
around +9 per mille (Yeatman et al 2001),
which propagates into surface and shallow
groundwater (Rivers et al 1996). However,
pre-industrial/pre-anthropogenic, pristine,
unpolluted rainfall from westerly oceanic
sources, would almost certainly have had much
lower 85N values (likely total aerosol NO5- 85N
around -1 per mille, and aerosol NH;+ 8N
around -15 per mille; Yeatman et al 2001). This
isotopically light nitrogen source would have
translated to the shallow groundwater, where it
seems to have been involved (possibly
exchanged with soluble organic nitrogen
species) during the diagenesis and minerali-
sation of organic matter in the sandy laminated
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channel-fill unit (20002). This interpretationis  Fig2.37 (above)

supported by evidence that nitrogen species in
modern oceanic rainfall can lower the 8N of
soil nitrogen and associated biomass signifi-
cantly (Vitousek et al 1989), such that soil
nitrogen 8N is dependent on relative input/
output of nitrogen species with time (Brenner
etal 2001). If correct, this interpretation implies
that organic matter diagenesis in the Lynford
deposit occurred early in the burial history,
long before major anthropogenic contami-
nation of the terrestrial atmosphere.

It is worth emphasising that Keen (chapter
3.3) also reports decalcification of the lower
100mm of the channel-fill unit (20003),
although Coope (chapter 3.2) does not detect
insect fossil alteration in this zone. Samples
from this horizon had very low organic matter
content (0.3 percentage weight Corg) and low
CaCO; content (1.58 percentage weight
CaCO,), partly of reworked Chalk material and
early diagenetic cement (see above). The loss of
aragonite implies dissolution associated with
partial calcite re-cementation, while the low
organic matter content is consistent with
either microbial degradation, or originally low
values during deposition. Organic matter
alteration in this horizon could be consistent
with humic-staining from the overlying organic
deposits and pyrite cementation (see above);
alternatively, good insect preservation could
support the notion that organic matter content
was originally low in this unit and organic
diagenesis negligible.

Total percentage weight sulphur (S) in the
organic unit (20003) is very low — 0.3 to 0.7

Stable carbon isotope ratio
of bulk organic matter
plotted against depth (OD).
Samples are from the
organic unit 20003, except
the upper two, which are
from the sandy laminated
channel fill unit 20002.

Fig 2.35 (top left)

Per cent by weight CaCOs4
plotted against depth (OD).
Basal sample is from unit
20004. Other samples are
from the organic unit
20003, except the upper
four, which are from the
sandy laminated channel
fill unit 20002.

Fig 2.36 (bottom left)

Per cent by weight Corg/
Ntot plotted against depth
(OD). Samples are from the
organic 20003, except the
upper four, which are from
the sandy laminated
channel fill unit 20002.
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Stable nitrogen isotope ratio
of bulk organic matter
plotted against depth (OD).
Samples are from the
organic unit 20003, except
the upper two, which are
from the sandy laminated
channel fill unit 20002.
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weight S) — as expected for freshwater deposits
where pyrite sulphur is low or absent. Corg/
S ratios are thus consistent with other East
Anglian Quaternary organic freshwater
sediments (Bottrell et al 1998). The low but
detectable sulphur content probably derives
from the organic material (organic sulphur).
It might be significant that some of the lowest
S values are in the base of the deposit,
immediately overlying carbonate-cemented
sands with some pyrite cements (see above). It
is likely that sulphur was oxidised and leached
from this basal horizon, proving a sulphate
supply for pyrite formation in the sand below.

The sandy laminated channel-fill unit
(20002) contains no detectable sulphur,
consistent with leaching and complete removal
by groundwater.

Chemistry of Lynford groundwaters

The combined information above shows,
beyond doubt, that groundwater interaction
in the upper part of the organic unit was
with waters slightly undersaturated with
respect to aragonite (causing dissolution of
aragonite molluscs) but close to saturation
with calcite (allowing preservation of some
calcium carbonate, probably ground-up
Chalk and other calcitic elements such as
the plates of Limacid slugs; Keen, chapter 3.3).
Moreover, groundwater at the base of the
deposit was capable not only of aragonite
dissolution, but also precipitation of calcite
cements (see above).

These observations are consistent with likely
hydrogeological scenarios for the deposit.
Water that interacted with the top of the deposit
was almost certainly more aggressive and
capable of both organic matter and calcium
carbonate diagenesis. It is well established that
rainwater recharge through glacial deposits
in Norfolk results in waters with pH of around
6.6-7.4 (consistent with the pH ranges
measured) and undersaturated with respect to
calcite and aragonite (Hiscock 1993, table 6,
saturation index for calcite (SIC) -0.03 to
—-2.47). This suggests that recharging water
formed a perched aquifer on top of the organic
deposits, acting as a local aquiclude. This
aggressive water was capable of aragonite
dissolution, and prompted bacterial degrad-
ation of organic matter. As the water reacted
with the deposit it became gradually buffered
with respect to calcite and was then less able to
cause further dissolution.

By contrast, the base of the organic unit
probably reacted mainly with up-flowing chalk
groundwater. In this part of west Norfolk,
geochemical analyses for unconfined chalk
groundwater (Hiscock, pers comm) have a pH
of around 7.2, Eh 190mV (oxic), but SIC values
of around 0.17. These types of water are thus
close to saturation with aragonite and calcite,
less able to alter calcium carbonate, and
perhaps less able to alter organic components
of the sediment. Oxidation of organic sulphur
(see above) might have generated enough
acidity for some aragonite dissolution at the
base of the deposit.

Overview and implications for preservation of
artefacts and environmental indicators

Overall, the grain-size data show that there is
no clear sedimentological break in the transition
from the organic palaeochannel Unit B-ii:03
(20003) into the overlying sandy laminated
channel-fill Unit B-ii:05 (20002). Rather, the
overall characteristics of the sediment suggest
upward-fining and a gradual increase in the silt
and clay content up-sequence. These results are
consistent with an overall environmental inter-
pretation of still- to slow-flowing water in a
silting-up river channel.

The geochemical data are most useful in
showing that early diagenesis by groundwater
has most severely affected the upper and lower
parts of Unit B-ii. This early diagenesis will have
had no material impact on the preservation of
stone or bone artefacts or large animal-bone
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fragments (except staining by humic acids as
reported by Schreve, chapter 5.1). However,
early diagenesis will have compromised some
of the environmental record indicators in such
a way that absence of calcium carbonate fossils
or organic components cannot be simply
assumed to represent environmental change.
The combined geochemical (this chapter) and
mollusc preservation data (Keen, chapter 3.3)
show clearly that only the middle 400mm of
Unit B-ii:03 (20003) can be considered the
most pristine, unaltered sediment. This is
where the mostreliable indicators (geochemical
or fossils) of environmental conditions will be
found. Further geochemical work on stable
isotopes in bone collagen (see Richards et al,
chapter 5.4) should pay particular attention to
the archaeological context of the samples
specifically, material from Unit B-ii should only
be selected from contexts where well-preserved
organic matter is found. Oxygen isotopes in
bone phosphate will be particularly vulnerable
to exchange with groundwater at the base of
Unit B-ii:03 (20003) and in Unit B-ii:05
(20002) and this probably explains the wide
range of preliminary values presented by
Richards et al in chapter 5.

In the context of preserved organic matter,
the best-preserved palaeochannel sediments
contain ~7-8 per cent by weight of organic
matter with a Corg/N ratio of around 17,
consistent with a source from degraded
terrestrial organic matter (see above). The
carbon isotope compositions between -25 and
—-28 per mille are indicative of terrestrial C3
vegetation (Deines 1980), and agree with the
similar values found in Mammoth bone collagen
(Richards et al, this volume). The nitrogen
isotope values of around +2 per mille are
entirely consistent with data from modern soils
(Kendall 1998) and modern ‘lacustrine peats’
or their humic acid extracts (Kaplan 1983,
tables 2-23). These combined data are thus all
consistent with the riverine/lacustrine
palaeoenvironmental interpretations for the
Lynford deposit.

2.2.4 Deposit compaction studies

N K Tovey

Introduction

The purpose of this investigation was to
determine whether it is possible to estimate
the amount of compaction of the organic

sediments comprising Unit B-ii and to assess
any effect this might have on the archaeological
material. The analysis was undertaken by
assessing the bulk density of samples and
by subjecting the silt clay to standard one-
dimensional consolidation tests.

Method

Three core samples of the silty organic clay and
three samples from the overburden were taken
from the site. The three sand samples were
used for bulk density measurements obtained
by successive weighing of the core sample, both
in its in situ condition, and after drying in the
oven. The relevant information relating to the
six samples is summarised in Table 2.12.
Samples 2 and 3 were also originally intended
for consolidation testing. Unfortunately, by the
time Sample 1 had been fully tested, samples 2
and 3 revealed evidence of minor additional
desiccation, while one sample also contained
significant particles of up to 5mm, making it
impossible to trim satisfactorily. Both samples
were thus rendered unsuitable for testing.

The water content (sometimes known as
moisture content) can be defined in two ways:
(a) the percentage obtained by dividing the
weight of the water by the weight of solid
matter, and (b) the percentage obtained by
dividing the weight of the water by the total
weight of solid matter plus water. Though the
latter definition is perhaps the more scientifi-
cally correct, it is more difficult to determine
directly because the denominator also includes
the weight of the water. This analysis thus uses
the first definition, which is also convenient in
that it leads directly to the convention needed
for the consolidation analysis. As can be seen,
the water content is low in samples 4 and 5, but
moderate in Sample 6.

From a knowledge of the total weight of the
sample and its volume (estimated from the
volume of the core tube), the in situ density can
be determined.

The void ratio is an estimate of the volume of
voids to the volume of solids, and this is a
measure of the amount of compaction. The
values obtained suggest a moderately dense to
loose sand, with Sample 6 more consistent for a
sample with more clay.

The porosity is also quoted, as it is often
used as an alternative to void ratio, to which it
is uniquely related.

The degree of saturation (usually expressed
as a percentage) is a measure of the proportion
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Table 2.12 Basic data of the geotechnical samples

sample no.

| 2

reference  (30058) (30059)

3 4 5 6
(30060) (3006 1) (30062) (30063)

easting 582398.898  582403.743 582403242 582407073 582401.715 582399.629
northing 294838283  294839.235 294839.337  294844.614 294855595 294855.1

oD 8.027 8.382 8.442 8.526 10.753 11277
shear vane tests peak (kPa) 785 630 770 300
residual 300 200 370 120
(kPa)
units
moisture content 35.2% 2.8% 2.9% 25.9%
dry bulk density kg m-3 962.46 1653.93 1479.93 1098.33
in situ void ratio 1.75 0.60 0.79 .41
in situ porosity 0.64 Sam?le;dafmaged and 038 044 0.59
degree of saturation 53.2% gg;ﬁ;ﬁd;ioonrtestin 12.2% 9.6% 48.5%
in situ bulk density kg m-3 1301.4 g 1699.9 15223 13823
saturated bulk density kg m-3 1599.3 2029.8 19215 16839
submerged bulk density kg m-3 599.3 1029.8 921.5 683.9

of the voids filled with water. The values
in Table 2.12 are consistent with a well-
draining sand.

The saturated bulk density and the
submerged bulk density are the densities
applicable to the samples if (1) the voids
became fully saturated with water, or (2) the
sample was below the water table. A sample
below the water table is obviously saturated,
but differs from those above the water table
in that the full effects of its buoyancy due to
water must be taken into account. That samples
are saturated does not necessarily mean that
they are below the water table, particularly
if a perched water table existed.

Consolidation tests

The samples taken were not of the standard
diameter used for consolidation tests, as
normally such sampling requires sophisticated
sampling rigs. Nevertheless the results obtained
should give a good approximation of the likely
consolidation behaviour of the samples. Some
experimentation was necessary to obtain
adequate samples for testing, and it is possible
that the initial loading of the samples might not
be exactly representative of the true nature of
the soil. However, it is the behaviour of the
material under virgin consolidation conditions
that is most important.

Three separate samples were obtained from
the core of Sample 1, and are referred to as 1a,
1b and 1c respectively. Of the three samples,

most difficulty was experienced with Sample
1c, and the reloading line for this sample is
likely to be the least accurate.

Consolidation tests follow three distinct
phases. First there will usually be a loading line
in which the variation of void ratio with stress is
linear when plotted against the logarithm of the
loading stress. Second, when the site was
excavated, there will have been some rebound
of the sample, and this loading will represent
the reloading of the sample back to its previous
maximum level. If the overburden has lain
undisturbed since deposition, then this loading
line should proceed to the load expected from
the in situ overburden. At that point the
rate of consolidation with increasing load will
be greater, as the sample has never previously
been loaded in this region. This steeper
line represents the virgin (or normal)
consolidation line.

Finally, at the end of the test the sample is
unloaded, and this will show a third linear
relationship in logarithmic space. The
maximum load on the samples during the test
was 1340kPa, which is likely to be well beyond
the maximum stress encountered and would
represent an overburden of around 100m.

Full details of the test on the samples are
shown in Appendices A2.1-A2.3.

The point at which the two parts of the
loading sequence intersect represents the
previous maximum load that the samples have
experienced, as shown in Fig 2.39.
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In Fig 2.39, the previous maximum stress
appears to be around 169kPa. If this stress level
is consistent with the overburden pressure
prevailing before excavation, then this would
indicate that the sample had not experienced
any additional loading other than the weight
of sediment above. On the other hand, if
this figure is greater than the in situ stress
immediately prior to excavation, this would
suggest one of three possible causes: (a) the
area has been glaciated, and the weight of ice
accounted for the extra stress; (b) additional
sediment was deposited only to be eroded some
time later; and (c) the water table was lowered
sometime in the past either naturally or by
human activity. Clearly, since the precise
conditions prevailing before excavation are not
known, only approximate inferences can be
made in this respect.

The consolidation behaviour of the second
subsample is shown in Fig 2.40. The maximum
previous consolidation pressure is 155kPa,
giving a mean value between the two tests of
162kPa. The third sample (Fig 2.41) shows a
very similar virgin consolidation line, although
the change between the two curves is a little
higher at just over 200kPa. It should be noted
that the experimental notes did suggest some
sample disturbance during preparation for this
sample, and thus this higher figure is unlikely to
be representative.

The three subsamples all have virgin consoli-
dation lines that are close to being linear in
logarithmic space. The equation of this line is
given by:

e=e;-C.logo (@)

where: e is the void ratio; e; is the void ratio at
unity stress (ie intercept on Y-axis in log plot);
o is the stress; and C. is the gradient of the line,
and is known as the compression index.

The parameters e; and C, are required for
analysis of previous compaction, and the results
from the tests on the three subsamples from
Sample 1 are shown in Table 2.13.

Assuming that the sample was normally
consolidated before extraction — that is, that
the previous maximum consolidation stress
was compatible with the in situ stress before
excavation — it is possible to make a first
estimation of how much compaction has taken
place. To do this it is necessary to assume that
the layer was originally sampled at the surface,
and that it was deposited at around the same
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time as any artefacts contained in the layer. It is
also necessary to assume a layer thickness in
the analysis. For the purpose of the analysis, a
layer thickness of 100mm has been assumed,
which is sufficiently small to resolve subtle
differences, and yet sufficiently large to make
computation manageable. For the purpose of
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Fig2.39

Consolidation curve for
Sample 1a. Parameters of
virgin consolidation line
(equation 1) are: e; =
2.1325and C, = 0.4256.

Fig2.40

Consolidation curve for
Sample 1b. Parameters of
virgin consolidation line
(equation 1) are: e; =
2.4792 and C, = 0.5350.

Fig 2.41

Consolidation curve for
Sample 1c. Parameters of
virgin consolidation line
(equation 1) are: e; =
2.2904 and C, = 0.0.4988.
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Fig2.42

Consolidation data from
Lynford compared with
samples from elsewhere.

Table 2.13 Summary information from consolidation tests on sub-samples la, Ib and Ic.
Mean values: C. = 0.4865 and e, = 2.2974

virgin consolidation recompression preconsolidation pressure
sample Cc el r2 Ce ee r2
la 04256 2.1325 0.9973 0.2248 1.6850 09979 169
Ib 0.5350 24692 0.9974 0.3775 2.1241 09916 155
lc 0.4988 22904 0.9966 0.3858 20263 0.9967 217
averages 0.4865 22974 0.3293 [.9451 180

the preliminary analysis, a layer thickness of
100mm has been assumed at a stress level
consistent with the kink in the consolidation
curve. The analysis procedure needs iterative
numeric modelling of successive layers to
achieve an equilibrium stress level consistent
with the kink point. Though the consolidation
relationship is known from Equation 1 and the
parameters given in Table 2.13, it is not possible
to solve the full sequence, because the stress
level is dependent on the bulk density, which is
in turn dependent on the void ratio. To
overcome this problem, an initial value of void
ratio of unity was assumed throughout the
depth, giving a profile that was then succes-
sively iterated until convergence was achieved.
During each iteration a revised value for the
bulk density in each layer was computed, and

Trend Lines

All Data

Tovey and Paul (2002)

’ Hong Kong

] UK Marine

/\ Japan

O Other Researchers
O Terrestial UK

A Lynford

0.6

0.8 1 1.2 1.4 1.6 1.8 2

66

the procedure repeated many times until the
difference between the bulk density assumed
before and after an iteration was negligible.
This procedure follows that outlined in Tovey
and Paul (2002).

Once an equilibrium profile is evaluated, it is
a simple matter to compare the void ratio
agreeing with the kink point and the surface,
and thus estimate the compaction of the layer.

The depth corresponding to the kink point is
approximately 9.5m, which is slightly more
than the physically surveyed depth, suggesting
a small amount of compaction before the
artefacts were deposited. This was investigated
in the following analysis.

During the consolidation process, a given
amount of solid material remains constant
throughout time, while it is the voids that
reduce the thickness of the layer during consol-
idation. If the amount of solid material in any
layer is known, it is then possible to calculate
the total thickness of the layer before consoli-
dation. At the stress level corresponding to the
kink point (ie an implied depth of 9.5m), the
void ratio is 1.22, leading to a reduced thickness
(ie the thickness of the solid material in the
100mm section) of 45mm. It is this equivalent
thickness of 450mm that remains constant, and
with the voids ratio in the topmost layer at 2.36
(Fig 2.42), leads to a total thickness of 151mm.
This implies that over time, the 100mm-thick
layer from which the samples were taken was
originally 151mm thick and reduced by 51mm:
a 33 per cent reduction in overall thickness.

As indicated above, the 9.5m of implied
overburden at the present time is a little
larger than expected. However, the minimum
overburden at the site might be 6m. Therefore,
a layer measuring 100mm at this 6m
depth would originally have been 145mm.
Consequently, any error in resolving the precise
position of the stress at the kink point, with
respect to present overburden, is not great. On
the other hand, if the discrepancy in the kink
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point values were attributed to pre-compaction
of the surface layer prior to deposition of the
artefacts, perhaps by ground water lowering
of around 1m, the degree of subsequent
compaction after the deposition of the artefacts
would be less. It was not possible in this study
to complete further work in this area, but the
total amount of compaction since the artefacts
were deposited would appear to be in the range
of 31-33 per cent.

Comparisons with other samples

The modelling and decompaction routines used
here are similar to those used for modelling
Holocene marine sediments (Tovey and Paul
2002). This previous study showed an
unexpected but strong empirical relationship
(coefficient of correlation 0.97) linking the
parameters of el and Cc:

e, = 2.874C. + 0.8154 )

This relationship tends to reinforce the concept
of an omega point first suggested by Schofield
and Wroth (1968), indicating that the virgin
consolidation relationship can be fully defined
from a knowledge of C. only. Subsequent to the
work reported in Tovey and Paul (2002), those
authors have extended their study with a much
larger range of samples from across the world
(see Fig 2.42). To date, few terrestrial deposits
have been examined in a similar way, but the
samples from Lynford appear to plot precisely
on the line predicted from the other samples
tested, and this would give some confidence
that the parameters derived for the virgin
consolidation line for the Lynford samples are
indeed reasonable.

Conclusions

Alhough significant compaction has taken place
in the deposits at Lynford, the stress levels are
unlikely to have caused damage to the artefacts
as the pressure is one-dimensional and particu-
larly lateral. By contrast, it is largely differential
forces that cause fracture of solid materials.
What is more likely to happen during
compaction is a flow of sediment around
artefacts as the new pressure is accommodated,
and such effects have been observed by the
author in scanning electron micrographs of
marine sediments. In the case of hollow objects
such as bone, these stress levels are unlikely to
cause fracture, as bone structure tends to be
strong. However, it is possible that some
distortion might take place and cause an

initially circular cross-section to become
slightly elliptical (long axis in the horizontal
direction). However, that would depend on the
physical properties, and in particular the
modulus of elasticity of the objects themselves.

Prior to this work on samples from Lynford,
there was little information relating to
terrestrial samples, as almost all other data had
come from marine sediments. Testing samples
in consolidation is time-consuming, requiring
specialist equipment, and it is difficult to ensure
that the samples are completely undisturbed
unless sophisticated sampling equipment is
used. However, it is possible to obtain an
estimate of Cc from simple tests such as liquid
limit tests, and the advantage of these is that
the samples can be disturbed. Tovey and Paul
(2002) showed that there was a reasonable
relationship relating Cc to the liquid limit,
such that:

Cc = 0.02818.LL-0.7513 3

where LL is the liquid limit expressed as a
percentage.

However, the actual consolidation relationship
as required in equation (1) still remains
unknown unless el can be measured. As has
been shown above (equation 2), there is indeed
a relationship between e; and C., and this
suggests that in future work it would be possible
to assess the amount of compaction from an
accurate profile of the site and relatively simple
liquid limit tests.

2.3 Dating the deposits and the
archaeology

2.3.1Optically stimulated luminescence

J-L Schwenninger and E Rhodes

In total, seventeen samples were collected for
luminescence dating. Fifteen samples were
collected from selected deposits throughout
the stratigraphic sequence by staff of the Lum-
inescence Dating Laboratory, University of
Oxford (J-L Schwenninger) and a further two
were collected from sandy sediments exposed
in the machine-excavated test pits. In situ
radioactivity measurements were made with an
EG&G Ortec MicroNomad Nal gamma-ray
spectrometer for the fifteen samples collected
by laboratory staff. No in situ measures were
made for the two test-pit samples. All samples
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Table 2.14 Lynford OSL sample details

field code  lab. code excavation code  context height (m OD) comments on sedimentary units
LYNO3-01  X1098 30126 20327 6.102 yellow sand lens in lower gravel
LYNO3-02  X1099 30125 20003 8.362 dark brown organic sandy silt
LYNO3-03  X1100 30124 20003 8.532 dark brown organic sandy silt
LYNO3-04 X110l 30123 20002 8.655 greenish-grey sand

LYNO3-05  XI1102 30122 20005 8.752 greenish-grey sand

LYNO3-06  X1103 30127 20015 8723 light grey sand

LYNO3-07  X1104 30128 20002/20003  9.107 orange sand

LYNO3-08  XI160 30265 20357 7.750 greyish-brown silty sand overlying gravel
LYNO3-09  XI16l 302066 20390/20403 7.700 dark brown organic stony sand
LYNO3-10  XI1162 30267 20371 8.000 greenish-brown organic stony sand
LYNO3-11 XI1163 30264 20254 7.614 white silty sand below organic sand
LYNO3-12 X164 30263 20205 9.908 yellow sand between sandy gravel
LYNO3-13  XI1165 30262 20317 I'1.04 brownish-grey stony sand

LYNO3-14  XI166 30268 20285 I1.481 brownish-grey sand overlying upper gravel
LYNO3-15  XI167 30269 20305 10.656 pale yellow sand between gravel
LYNO3-16  X1837 30385 Test pit 15 ~12.56 yellow sand

LYNO3-17  X1838 30387 Test pit 17 ~17.30 yellow sand

were collected in opaque PVC tubes hammered
into vertical sections. Sample details are set out
in Table 2.14.

The age estimates discussed in this section
include the preliminary results reported
for four samples (X1098, X1100, X1103 and
X1104) in an interim Optically Stimulated
Luminescence (OSL) report (Schwenninger
and Rhodes 2005). Adjustments for the correct
burial depth and true water content, which
were not available at the time, subsequently
resulted in minor changes to the preliminary
dates reported in the pilot study.

Results

The OSL dating results including age estimates,
palaeodose and environmental dose rate

Table 2.15 Lynford final OSL dates

measurements are summarised in Table 2.15.
Age estimates are based on luminescence
measurements of sand-sized quartz grains
(180-255pm) extracted from each sample. All
samples were measured using a Single Aliquot
Regenerative-Dose (SAR) post-infrared blue
OSL protocol (Murray and Wintle 2000;
Banerjee et al 2001). Gamma dose rates are
based on in situ gamma-ray spectroscopy
measurement. Beta dose rate values were
calculated using concentrations of uranium,
thorium and potassium as determined by
neutron activation analysis. However, the
presence of large flint clasts in the sediments,
coupled with the lack of sufficiently deep
sections across the excavation area, occasionally
prevented making in situ measurements. In

field code lab. code palaeodose(Gy) total dose rate (mGy/a) in situ y-ray spectrometry code * | sigma age (ka BP)
LYNO3-01 X1098 4790 £2.80 0.61 £0.04 yes but poor geometry OxL-1337 78.6 £6.7
LYNO03-02 X1099 56.55 £2.51 0.87 £0.06 yes OxL-1490 64.8 £5.5
LYNO3-03 X1100 60.86 £3.83 1.04 £0.07 yes OxL-1338 583 £5.6
LYNO3-04 X1101 66.84 £2.93 1.20 +0.06 no OxL-1491 559 +39
LYNO3-05 X1102 67.64 £2.65 1.27 £0.05 yes OxL-1492 534 £33
LYNO3-06 X1103 41.30 +1.83 0.86 +£0.04 yes OxL-1339 480 +3.2
LYNO3-07 X1104 72.50 £3.10 I.19 £0.06 yes OxL-1340 60.7 £4.3
L'YNO3-08 X1160 60.00 £3.38 0.92 £0.08 yes OxL-1493 650 £69
LYNO3-09 X116l 47.88 £2.20 0.69 £0.05 no OxL-1494 69.9 6.1
LYNO3-10 X1162 45.86 +1.61 0.77 £0.05 yes OxL-1495 59.5 4.9
LYNO3-1'1 X1163 45.82 £2.25 0.80 £0.04 yes but poor geometry OxL-1496 574 £4.2
LYNO3-12 X164 1523 £0.98 0.44 +0.02 yes OxL-1497 347 £29
LYNO3-13 X165 0.68 +0.04 0.70 £0.03 yes OxL-1498 0.97 £0.08
LYNO3-14 X166 0.90 +£0.09 0.83 £0.04 yes OxL-1499 1.08 £0.12
LYNO3-15 X167 23.12 £0.78 0.71 £0.04 yes OxL-1500 324 422
LYNO3-16 X1837 1593 £9.20 0.65 +£0.09 no OxL-1501 175.6 £27.7
LYNO3-17 X 1838 [31.35 £14.20 0.78 +0.09 no OxL-1502 169.2 £26.9
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these instances, the gamma dose rate was
calculated either from the concentrations of
radioactive elements as determined by neutron
activation analysis (X1168 and X1169), or
from interpolated gamma dose rate values of
neighbouring samples (X1101 and X1161).
Corrections were made in the age calculations
for the water content of the sediment samples
using the correction factors of Aitken (1998).
The contribution of cosmic radiation was
calculated as a function of latitude, altitude,
burial depth and average overburden density
according to the formulae of Prescott and
Hutton (1994). Further details regarding
individual samples are available in the
project archive.

All samples displayed well-defined lumines-
cence signals, and other OSL characteristics
were also found to be well-suited for SAR age
determination. Moreover, saturation did not
provide a limitation to the dating of the samples.
A moderate degree of inter-aliquot variability
was observed with standard deviations of 8-15
per cent, typical of Pleistocene fluvial samples.
Most samples showed excellent recycling ratios,
with mean sample recycling ratios of less than 1
per cent from unity. The size of the mean
thermal transfer signal was generally below 2
per cent and only rarely as high as 5 per cent for
individual aliquots.

Overall, the observed luminescence charac-
teristics (low variability, good sensitivity, good
recycling and low thermal transfer values)
strongly suggest that the calculated age
estimates are reliable. Occasionally, one or two
aliquots gave higher palaeodose values, and
these were rejected from the age analysis. They
are interpreted as aliquots containing grains
that suffer from incomplete bleaching. In all
cases, this made very little difference to the
calculated ages. The results appear to be
broadly consistent with archaeological expec-
tations, suggesting that the measured OSL
signals were sufficiently stable: a large majority
of mineral grains had been well bleached and
had generally undergone complete zeroing at
the time of deposition.

For the two test-pit samples, X1837 and
X1838, no on-site radioactivity measurements
are available, and the environmental dose rate
is based entirely on the concentrations of
radioactive elements as determined by neutron
activation analysis. For this reason, these age
estimates should be considered with some
degree of caution. Both samples provided age

estimates that are substantially older than
those directly associated with deposits from the
palaeochannel at the archaeological site.
Although no gamma dose rate measurements
are available, it is unlikely that any difference
between the true dose rate and the one derived
from neutron activation analysis could account
for this substantial gap in age. Indeed, the
samples were collected from thick, relatively
homogenous deposits of sand and away from
major sedimentary boundaries, a situation
where relatively good agreement between in
situ and laboratory-based dose rate measure-
ments is expected.

Discussion

The OSL age estimates obtained from samples
in various sections appear to be in good
stratigraphic order. Sample LYN03-01 provided
the oldest date for the base of the stratigraphic
sequence and was collected from a thick bed
of sand within the fluvial gravels of Association
A underlying the palaeochannel. The dates
for the organic sediments of Association B
suggest that these accumulated between
¢ 65ka and 57ka. Two series, each of four
(LYN03-02 to LYN03-05 and LYNO6 to LYNO9)
and three (LYN03-08 to LYN03-10) samples
were collected at two sampling localities with
an additional single sample (LYNO03-11)
collected elsewhere. No in situ gamma dose
rate measurements could be made for samples
LYNO03-04 and LYN03-09, due to closely spaced
sampling. In these two instances a linear
interpolation of gamma dose rate was used
between overlying and underlying measure-
ment locations with augmented errors.
Although this approach seems justified, some
degree of over- or under-estimation is possible.
This might explain the apparent age inversion
noticed between sample LYN03-09, dated to
69.9ka, and the underlying sample LYN03-08,
dated to 65.0ka. Both samples, however, have
overlapping error ranges.

OSL dates from the beds of laminated sands
(Unit B-ii:05) immediately overlying the
organic sediments (Unit B-ii:03) provided dates
from 53.4ka to 60.7ka (LYN03-04, LYN03-05,
LYNO03-07). The basal sand of the final infilling
of Association B-iii, represented by the channel-
type scour along the north edge of Association
B-ii, was dated to 48.0ka (LYN03-04). No
samples were taken from the sediments
comprising Association C. Samples LYN03-12
and LYNO3-15 obtained from contexts 20205
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and 20305 provided age estimates for
Association D of respectively 34.7ka and
32.3ka. Radiocarbon dates obtained from
contexts 20415 and 29423 of the organic
channel sediments exposed in the east-facing
section on the western edge of the quarry have
provided similar age estimates of ¢ 36ka and
30ka and show this channel to be younger than
the excavated channel containing archaeo-
logical materials on the other side of the pit,
and part of Association D.

Two samples (LYNO3-13 and LYNO03-14)
were taken from the Holocene sediments of
Association E in order to complete the
geochronological framework for the site and to
assess the reliability of OSL dating. Sample
LYNO03-13 was collected from context 20317 in
the south-facing section along the northern
edge of the excavation area. Here it is possible
to compare the OSL age estimate with the
radiocarbon date obtained from plant debris
in the lowest monolith of sample 30085. The
OSL age estimate of 970%+80 years is in
good agreement with the calibrated 14C date
of 1050+110; 1310+80 vyears BP. OSL
sample LYN03-14 gave a very similar date of
1080+120 years.

2.3.2 Radiocarbon dating
W A Boismier and A J Stuart

A total of five samples were submitted for
radiocarbon dating. Two samples of faunal
material were submitted to the Oxford
Radiocarbon Accelerator Unit for high precision
AMS dating as part of the Megafaunal
Extinctions in Europe and Northern Asia
Project (A J Stuart and A M Lister, University
College London) funded by the Natural
Environment Research Council (NERC). These
samples comprise a mammoth molar fragment
(50137) and a mammoth mandible fragment

Table 2.16 Results of the AMS radiocarbon dating of faunal material

laboratory sample radiocarbon d-c material

number reference age (BP) (“o0)

OxA-11571 50137 53,700 3,100 212 Mammuthus primigenius:
anterior fragment of molar
DM; or M,

OxA-11572 50000 >49,700 -21.1 Mammuthus primigenius:

part of mandible attached
to molar My
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attached to a molar (50000) recovered from
the organic sediments (20003, 20021) of
Association B-ii (Unit B-ii:03). Three samples of
sediment were submitted to the Centre for
Isotope Research at Groningen University
through English Heritage as part of the
Aggregates Levy Sustainability Fund (ALSF)
programme. The samples comprise organic
sediment taken from the lower (20415) and
upper (20423) fills of the channel exposed on
the east-facing section on the western edge of
the quarry. In addition, a subsample of plant
debris from a pollen monolith (30085) was
taken from the basal Holocene deposits (20317)
of Association E on the south-facing section
along the northern edge of the excavation area.

The samples were processed and measured
according to methods outlined in Mook and
Streurman (1983), Aitken (1990), and Hedges
and van Klinken (1992). A programme of
quality assurance procedures is maintained by
the laboratories in addition to participation in
international comparisons (Rozanski et al
1992; Gulliksen and Scott 1995).

Results

The 14C dating results are summarised in Table
2.16. They are presented as conventional
radiocarbon ages (Stuiver and Polach 1977)
and are quoted in accordance with the interna-
tional standard known as the Trondheim
Convention (Stuiver and Kra 1986).

Discussion

The 14C dating of the faunal remains was
undertaken while the excavation was underway
in order to obtain a preliminary assessment of
the age of the faunal and archaeological
assemblage at the site. However, it was
anticipated that the true age might well lie
beyond the limits of the method, in which case
the dates would indicate a minimum age. The
finite date provided by one sample (OxA-11571)
was regarded as beyond the reliable limit of the
radiocarbon method, and the date for the other
sample (OxA-11572) was a minimum estimate
of its true age. The two dates indicated that the
true age of the faunal material was probably in
excess of 50,000 years.

The plant debris from the pollen monolith
subsample (GrN-28399 and GrN-28400) has
provided dates for the basal unit of the Holocene
deposits of Association E that agree with the
sequence of OSL age estimates obtained for the
deposits at the site (see OSL section). The
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calibrated 14C date of 1310+80 years BP (AD
660-980) is in agreement with the OSL age
estimate of 1080120 years BP, and indicates a
significant hiatus in the fluvial sequence
between the Holocene deposits of Association E
and the underlying braided river deposits of
Association D, dated by OSL to ¢ 34.7ka and
32.3ka. Dating of the organic sediments
exposed in section on the western edge of the
quarry has established that this channel is ¢
25-30ka younger than the organic deposits
containing the archaeological material within
the excavated channel on the eastern side of
the quarry. It is also found to be in general
agreement with the OSL age estimates obtained
for the sequence of braided river deposits of
Association D exposed on the west-facing
section on the eastern edge of the quarry. These
dates suggest that it probably forms part of this
association. In addition, the dates (GrN-28395,
GrN-29396, GRN-29397 and GRN-28398) also
indicate that both the start and end of the
succession of organic deposits for this channel
are alsoin broad agreement with those obtained
by OSL for the eastern half of the site.

2.3.3 Amino-acid racemisation

K Penkman and M Collins

A new technique of amino-acid analysis has
been developed for geochronological purposes
(Penkman et al 2007, 2008; Penkman 2005)
combining a recent reverse-phase, high-pressure
liquid chromatography (RP-HPLC) method of
analysis (Kaufman and Manley 1998) with the
isolation of an ‘intra-crystalline’ fraction of
amino acids by bleach treatment (Sykes et al
1995). This combination of techniques results in
the analysis of D/L values of multiple amino
acids from the chemically protected protein
within the biomineral, thereby enabling both
decreased sample sizes and increased reliability
of the analysis.

The acidity of the organic sands, which
entirely removed the shell content at some
levels (Keen this volume), limited the shell
material available for amino-acid analysis. Two
species of molluscs were selected for analysis,
Planorbis planorbis and Pupilla muscorum,
although unfortunately neither had been fully
tested for this new technique of amino-acid
dating. These shell samples were recovered
from context number 20003 - the organic
sediment grouped within Unit B-ii:03. The

P. planorbis samples comprised two shells
from 30198 (400-500mm) (NEaar 466-8) and
three from 30228 (10) (NEaar 469-71). The
sample of P. muscorum comprised three shells
from 30331 (10) (NEaar 472-4).

All samples were prepared using the
procedures of Penkman et al (2008). Shell
samples were cleaned, sonicated and rinsed
in High Performance Liquid Chromatography
(HPLC) grade water (that is, water with low
organic carbon content). The shells were
then crushed to < 100um, and split into two
portions, one of which was bleached to isolate
the intra-crystalline fraction of protein. Two
subsamples were then taken from each of the
‘unbleached’ and ‘bleached’ fractions: one
subsample was directly demineralised and
the free amino acids (FAA) analysed; and the
second was treated to release the peptide-
bound amino acids (7M HCI, heated 110°C for
six hours), thus yielding the ‘total’ amino-acid
concentration, referred to as the ‘Total
Hydrolysable Amino Acid’ fraction (THAA).
Samples were analysed in duplicate by
RP-HPLC. During preparative hydrolysis, both
asparagine and glutamine undergo rapid
irreversible deamination to aspartic acid and
glutamic acid respectively (Hill 1965). It is
therefore not possible to distinguish between
the acidic amino acids and their derivatives and
they are reported together as Asx and Glx
respectively.

Results

In total, 75 analyses were conducted, most of
which (70 per cent, 60 runs) were on
unbleached samples: anticipated bleaching
reduces the yields of amino acids and also
increases reproducibility. The key findings were
as follows:

1 Amino-acid yields were reduced following
bleaching, as expected. However the extent
of reduction was greater for Planorbis than
for Pupilla (Fig 2.43).

2 Reproducibility was greater for bleached
than for unbleached shells.

3 Amino-acid concentrations in the bleached
fraction from Pupilla were higher than in
Planorbis.

4 Most shells failed to provide a series of D/L
ratios that are consistent with the normal
protein degradation (eg Preece and
Penkman 2005), even with a generous 20
per cent allowance for the standard
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Fig2.43

Comparison of amino
acid concentration from
Planorbis (diamonds)
and Pupilla (circles) from
unbleached and bleached
samples. Note the decrease
in concentration following
bleaching due to isolation
of the intra-crystalline
fraction.

deviation — that is, all those with a standard
deviation of predicted versus observed
values of less than 20 per cent were
considered acceptable.

From these values the level of protein
degradation observed in the same shell for the
THAA and FAA fractions gives very different
age estimates for the different amino acids.
The differences might be the result of different
patterns of racemisation in these species, or
alternatively might be due to the dissolution of
the shells.

Discussion

The lack of consistency in the results can be
explained by an examination of the free and
total amino-acid fractions isolated from the
same shell. Most shells failed to provide a series
of D/L values that are consistent with expected
protein degradation. In some cases the FAA
gave much older values than the THAA from
the same shell, while in others, the relative
extent of racemisation between the amino acids
was inconsistent. By bleaching to isolate the
intra-crystalline protein, it has been shown that
the fraction of protein retained within
gastropod shells behaves as a ‘closed system’,
with consistent patterns of breakdown
independent of the environment (Penkman et
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al 2008). This is not the case with the samples
from Lynford; one possible reason for this
divergence from normal behaviour is the extent
of corrosion observed on the shells caused by
the low pH of the sediments at the site (Keen,
chapter 3). Low pH has two opposing effects on
an amino-acid age estimate. Firstly, dissolution
destroys the closed system, increasing the rate
of leaching of the most highly racemised and
mobile free amino acids, which depresses the
extent of racemisation in the total fraction. This
results in underestimation of the age. Secondly,
the low pH conditions, which can now infiltrate
the intra-crystalline fraction, accelerate protein
decomposition, increasing the extent of racemi-
sation and leading to an over-estimation of age.
The very low D/L values of the THAA in some
shells also suggest that some of this corrosion
has occurred in the recent past. We therefore
conclude that it is not possible to provide
reliable age estimates for the Lynford site based
on amino-acid ratios.

2.3.4 Discussion

W A Boismier and F M L Green

Dating MIS3 sites presents particular problems,
and the results from Lynford are no exception.
The AMS dates for faunal material from the
channel proved to be beyond the reliable
limit of the radiocarbon method (see Schreve
and Stuart, chapter 5, for discussion of the
biostratigraphy), while the results of the
amino-acid racemisation analysis are unreliable
due to the diagenetic corrosion of shell from the
organic sediments of Unit B-ii:03. As a result,
OSL age estimates provide the basis for the
dating of the channel sediments containing the
archaeological and palaeobiological materials.
These, together with the 14C dates obtained
from the Holocene deposits overlying the
channel, and the channel sediments exposed
on the western side of the quarry, provide the
framework for the chronology of the deposits
at the site.

The OSL and 14C dates have established an
absolute chronology for the site in terms of the
timing of fluvial deposition and, in particular,
the changes in depositional style indicated by
the facies associations established for the strati-
graphic sequence. The calibrated 14C and the
OSL dates are in good agreement with each
other and have identified a significant hiatus in
the fluvial sequence at the site between the
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Holocene deposits and the underlying
Devensian deposits at the site. The succession
of deposits and their age is discussed in detail
by Lewis in this chapter.

Insect and pollen data bear a close similarity
to that from Upton Warren and strongly indicate
that Lynford is more or less contemporary with
this non-archaeological site (Coope and Green,
chapter 3). The OSL dates for Association B-ii
range from 53.4%+3.3ka to 64.8+5.5ka and
typically fall around 59ka with substantial
overlap in errors. The age of Association B-iii is
estimated to be around 48.0%3.2ka, but by a
single date. These dates clearly indicate that
the published radiocarbon dates obtained from
Upton Warren — around 40ka — must now be
viewed as minimum values only, and should no
longer be used as acceptable ages for this site.
The OSL dates obtained for Lynford suggest
that the Upton Warren Interstadial might fall
within the beginning of MIS 3 and be possibly
correlated with one or both of the two early
D/0O warm events (16, 17) for MIS 3 identified
by ice core studies (Fig 2.44; van Andel 2003;
van Andel and Tzedakis 1996). It is possible on
the basis of the OSL dates to suggest correla-
tions with two early Stage 3 interstadials noted
in the European terrestrial record. At La Grande
Pile these interstadials were recognised as
Coulotte and Pile (Woillard and Mook 1982),
and in Germany the same interstadials were
identified as Oerel and Glinde (Behre and van
der Plicht 1992). Qerel is the earlier of the two
and is dated 58-54ka, with Glinde dated at
51-48ka. During the Oerel Interstadial the

temperatures significantly lower than the
present day (-8°C), which would have resulted
in continuous permafrost (Walkling 1997). The
absence of any evidence of permafrost in these
deposits (Caspers and Freund 2001) indicates
temperatures greater than this and, as such,
could be correlated with the Lynford deposits.

Recent research has indicated a complete
occupational hiatus in hominin settlement in
the British Isles for around 90,000 years from
latter MIS 6 to the end of MIS 4, followed
by a small-scale re-colonisation sometime
around the beginning of MIS 3 (Wymer 1988;
Ashton and Lewis 2002; Currant and Jacobi
2002, 2001; White and Jacobi 2002). The
OSL age-estimates for the palaeochannel
(Association B-ii) indicate that the faunal and
artefactual material dates to around the end of
MIS 4 and the early part of MIS 3 and provide
the earliest securely dated occurrence of Late
Middle Palaeolithic archaeological materials in
Britain after MIS 6. Early dates for the Late
Middle Palaeolithic have also been obtained
from three sites by the recent AMS dating of
bone, using ultrafiltration and AMS technical
developments (Jacobi et al 2006).

Radiocarbon determinations from Pin Hole
and Robin Hood Cave, Derbyshire, and from
the Hyaena Den, Somerset, indicate an age
range for the Late Middle Palaeolithic at these
sites of between 40ka and 54ka (Jacobi et al
2006, tables 1 to 3) with an apparent overlap of
the older uncalibrated 14C dates with the
younger OSL age estimates for Lynford. The
remaining OSL dates for Association B at

Fig2.44

The GISP2 ice-core

8 180 record from the
last interglacial (MIS 5d)
with selected Dansgaard-
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vegetation in northern Germany was open, Lynford appear to be older by some 5,000 years,  qpeiied (modified from
treeless shrub tundra with abundant dwarf but this might be an artefact of current  Huntley and Allen 2003,
birch. The lack of trees has suggested calibration methods for dates greater than fig6.1).
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26ka (Jacobi et al 2006; Reimer et al 2004).
The OSL dates for Lynford indicate that the
Neanderthal recolonisation of Britain occurred
sometime around the end of MIS 4 and the
beginning of MIS 3. These age estimates, when
taken with those obtained for Pin Hole, Robin

Hood Cave and the Hyena Den, suggest the
possibility that the Late Middle Palaeolithic
settlement of Britain might have been more
extensive and prolonged than previously
anticipated (Jacobi et al 2006; White and
Jacobi 2002).



3

Environmental evidence

The Lynford deposits were rich in a range of environmental evidence. Preservation was excellent
for insects and pollen, and good for mollusca and plant macrofossils. In addition, the large mammal
remains, dominated by the remains of woolly mammoths, were also both abundant and well
preserved. Such multi-proxy environmental evidence is rare. When available it allows cross-checking of
interpretations such as summer and winter temperatures, as well as reconstruction of the immediate
environment and the regional habitat. In addition, the environmental evidence provides further
information on the history of the channel and its contents, a topic more fully investigated in chapter 4
where the taphonomy of the site is explored.

Here the primary evidence for the environment comes from the large assemblage of insect
remains. The lack of many more extreme cold-adapted species is significant, and although temperature
estimates are limited by gaps in our knowledge about the tolerances of well-represented species, when
combined with the pollen indicators, a consistent picture does emerge. Lynford enjoyed summer temper-
atures of between 12°C and 14°C, while in winter these dropped to at least —-8°C or even —15°C.
Comparable temperatures for today’s interglacial climate in eastern England are 13-22°C for July
and 2-6°C for January. These temperatures, along with increased snow cover and frosts, resulted in
a vegetation very different to that of today. Although the temperatures should have permitted trees to
colonise the landscape, all the evidence indicates that they did not. The climate and environment were
not precisely those of a full glacial or a temperate interglacial. The closest parallel in Britain is the site
of Upton Warren in Worcestershire, identified fifty years ago (Coope, Shotton and Strachan 1961),
though it is a locale with no archaeology. Were these the conditions that Neanderthals preferred, or
were they living at the extreme of what they could tolerate?

But the Lynford evidence also presents an ecological conundrum of a more down-to-earth nature.
With the remains of so many mammoths present in the channel, why are there so few of the beetle
species that feed on dried-out carcasses? Dung beetles are common, but their carnivorous counterparts
are largely absent. The integration of this wide variety of evidence and of scales ranging from the
channel to the region, and from a tiny beetle or pollen grain to a woolly mammoth make the Lynford
archive of environmental evidence extremely valuable.

3.1 The insect remains from the (Sedimentary Facies Association B), fulfil
mammoth channel at ]_,ynford, these criteria for the preservation of insect
Norfolk fossils, and these sediments yielded an

abundant and diverse fauna, most of which
G Russell Coope’ were of Coleoptera (beetles). Many can be

recognised as species that are still living today,
though some are now found thousands of
Insect remains are abundant in terrestrial kilometres away from present-day Norfolk.
and freshwater sediments that have remained Since each species has precise habitat
waterlogged since their deposition and thus in  preferences, it is possible to build up a detailed
reducing conditions. Insect fossilsrarely survive ~ mosaic picture of the local environmental
in oxidised sediment. At Lynford, the organic  conditions in the area when it was occupied
silts filling the main channel from which most by the Neanderthal group that exploited the
of the bones and implements were recovered = mammoths and other large mammals.

Introduction
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Sampling procedure

Numerous bulk samples were taken from the
exposures in Facies Association B (the channel
deposits) at various stages of the excavation.
Altogether, 52 samples were analysed for insect
remains, though not all of them yielded fossils.
Thus, in Table 3.1 only 34 samples are listed;
the others, yielding insignificant numbers of
insect remains, have been omitted. In this
table only beetle species are listed, following
the nomenclature and the taxonomic order
of Lucht (1987). The numbers in each sample
column indicate the minimum number of
individuals of each beetle taxon in that
sample. Samples are arranged in the order
of their field sample numbers with the lowest
samples on the left-hand side. Where the
exposures of sediments were sufficiently thick,
a vertical series of subsamples were collected
in order to detect any possible faunal changes
during the period of deposition. Series of
samples are separated by double vertical lines.

Two groups of samples were subjected to
rather different laboratory procedures. The
first group was processed specifically for the
recovery of insect remains, indicated in Table
3.1 by ‘7’ at the top of each sample column.
The second group was processed primarily for
mollusc remains, and the insect fossils picked
out from the residues after the molluscs had
been removed. These are indicated by ‘m’ at
the top of each sample column.

The laboratory procedures for the recovery
of insect fossils from unconsolidated sediment
has been well documented (eg Coope 1986)
and are only briefly summarised here. As far as
possible, the sediment sample should be kept
in ‘field damp’ condition, and in a cool store,
before processing. In the laboratory, the sample
was initially disaggregated under water in a
large polythene bowl either by means of a
gentle stream of water from a hose or by being
gently broken up by hand. The resultant slurry
was then washed over a sieve with a mesh
aperture of 0.3mm. The residue held in the
sieve was then thoroughly mixed with paraffin
(kerosene) and returned to a polythene bowl
fitted with a pouring spout. Enough water was
introduced to ensure a clear separation between
the floating and sinking fractions. The floating
fraction was then decanted into a sieve and
washed in a detergent solution to remove
the oil and then with alcohol to remove the
detergent. The float can then be stored in

30 per cent alcohol until it is convenient to
sort it in the laboratory. This is undertaken
using a binocular microscope. The selected
insect remains are stored in tubes of no more
than 30 per cent alcohol, as a higher concen-
tration can lead to bleaching of the insect
cuticle, rendering it unidentifiable.

The laboratory procedure for the recovery
of mollusc shells is described in section 3.2
below. In brief, it involves drying of the
sample in a furnace at 40°C, which facilitates
the disaggregation of the sediment without
destroying the fossils. The dried sediment is
then wet-sieved over a mesh aperture of
0.5mm - a coarse mesh size that lets through
many of the smaller specimens. The repeated
drying and wetting leads to further fragmen-
tation of the insect fossils and results in a
distortion of the insect fossil record by loss
of the small, frail and inconspicuous species.
This can be seen in Table 3.1 where the faunas
from the series of samples 30004 and 30232,
which were processed specifically for insect
remains, yielded relatively large numbers of the
minute, cryptic beetle Ochthebius, compared
with those from the series of samples 30198,
30226 and 30234, which had been processed
for mollusc analysis but yielded none. In spite
of these drawbacks, the fossils recovered from
the samples rigorously treated for mollusc
extraction provided valuable corroborative
environmental evidence derived from both
molluscs and insects obtained from exactly the
same samples.

The insect fauna

By far the majority of identifiable insect fossils
from these deposits are of Coleoptera (beetles),
because their robust exoskeletons are the most
readily preserved as fossils. In this account only
the beetle fauna will be considered in detail.
Other orders of insect were also found, but have
not been extensively investigated here. These
include Hemiptera-heteroptera, Saldidae, Salda
litoralis (L); Hemiptera-homoptera, Jassidae,
Aphrodes bifasciatus (L); Megaloptera, Sialidae,
Sialis sp. (represented by large numbers of
larval ~mandibles); Trichoptera  (larval
sclerites), Hydropsychidae, Hydropsyche sp.,
Phryganidae, Phrygania sp., Linnephilidae,
Anabolia nervosa (Curtis); Hymenoptera,
(many undetermined adult heads and body
parts), Formicidae (a few heads); and Diptera,
Tipulidae (larval head capsules), Chironomidae
(larval heads), Bibionidae, Dilophus sp. Apart
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from insects, there were also abundant
Arachnida in the form of mites and the rare
cephalothoraxes of spiders.

The coleopteran assemblage

Table 3.1 lists the beetle species and their
occurrences in those samples from which a
significant number of fossils were obtained.
Altogether 224 beetle taxa have beenrecognised
from the Lynford deposits, of which 178 could
be determined to the species level; 34 species
are no longer living in the British Isles: these
are indicated by *. Ten of these species are no
longer found in Europe either, and are indicated
by **. The numbers opposite each species, and
in each sample column, indicate the minimum
numbers of individuals of that species in the
sample and are estimated on the basis of the
maximum number of any identifiable skeletal
element present in each sample. In Table 3.1
the samples are arranged in numerical order
according to the Environmental Sample
Register for the site. Vertical lines have been
used to separate the various sampling sites. The
lowest samples are on the left of each series.

Taphonomy of the insect assemblage

Many of the skeletal elements of the larger
species were fragmentary, and this would seem
to be a property of the original samples — that is,
not the result of laboratory processing. No
matter how gentle the treatment, these fossils
were almost always found disarticulated, and
frequently broken. However, the preservation
of the fragments themselves was remarkably
fine, suggesting that the fragmentation might
have occurred while the fossils were actually
embedded within the sediment, perhaps caused
by bioturbation by large vertebrates. Although
the species composition of the faunas from all
the samples is essentially the same, there are
considerable differences in the productivity of
the samples. The uppermost samples were less
rich in insect remains than the ones towards the
base of the sequence. Also, the specimens from
the top of the sequence were more rotted,
appearing frail and pale-brown in colour, which
might have been due to the channel deposits
being exposed to a period of weathering prior
to the emplacement of the overlying gravel
beds. Had the rotting effect been due to
leaching by percolation of ground water, it
would have been expected to attack the fossils
in the layers both at the top and at the bottom of
the sequences where the organic sediment of

Association B-ii (Unit B-ii:03) was in contact
with the permeable sands and gravels.

No fossil insects were found in the upper
sediments of association B-ii (B-ii:05); that
is, from layered organic horizons directly
overlying the main channel sequence. The
organic matter in these layers would appear
to represent re-deposited plant debris eroded
from the underlying deposit of organic
sediment (B-ii:03).

The local environment interpreted
from the coleopteran assemblage

Since there is no significant difference in the
species composition of the insect faunas
obtained from any of the samples, the insect
assemblage will be referred to here as a single
unit. The variety of insect species in this
assemblage includes a wide spectrum of
different ecological types. Some of them must
have actually lived in the immediate vicinity,
while others were probably brought together
from farther afield more or less adventitiously
either by floodwater or in wind drift. The
local habitats will be grouped into four main
categories: (a) aquatic habitats, (b) transitional
(marshy) habitats, (c) dry ground habitats and
(d) the dung and carcass community. These
groupings are to some extent artificial and
grade into one another so that some species
could easily have been included in more than
one category.

Aquatic habitats

Exclusively aquatic species in this assemblage
include members of the following families;
Haliplidae, Dytiscidae, Gyrinidae, Hydraenidae
and Hydrophilidae as well as some
Chrysomelidae and Curculionidae. These
aquatic species include active predators
as well as phytophages, feeding on various
water plants.

Very few species in this assemblage indicate
running water, and they occur only as isolated
individuals. Oreodytes rivalis is found in streams
and rivers where the bottom is sandy and firm.
It is also found on exposed lake shores (Nilsson
and Holmen 1995). Similarly Potamonectes
depressus is often found in lakes or larger bodies
of running water and sometimes in smaller
streams. Both these species live in habitats with
little or no vegetation. The haliplid Brychius
elevatus usually lives in streams and rivers with
gravelly bottoms, where it feeds on filamentous
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Table 3.1 The Coleoptera from Sedimentary Facies Association B (the mammoth channel) at Lynford, arranged where possible
according to the nomenclature and in the taxonomic order of Lucht (1987).The sample numbers are those adopted at the time
of the excavation.The lowest samples are on the left hand side of the table.The numbers in each column indicate the minimum
numbers of individuals of each species in the sample. Non-British species are indicated by *. Non-European species are indicated by **,

The letters at the top of each column indicate which samples were specifically processed for insect remains (indicated by ‘")

and which were initially processed for molluscs (indicated by ‘m’).

facies
context

sample number
top of profile (metres OD)

subsample

sample interval

B-ii:01

20004

B-ii:03

20003

30000
7.778

30002
8.39

30004
8.287

30198
8.764

30201
8.963

30202
8.938

45— 60

30-45

I5-30

0-15

70- 80

60— 70

50- 60
40- 50

30-40

20- 30

60— 70

50- 60

40- 50
60— 70

Carabidae
Carabus problematicus Hbst.
Carabus granulatus L.
*#*Carabus maeander Fisch.
*Carabus cancellatus llliger
Carabus arvensis Hbst.
Carabus monilis F.
*Carabus hortensis L.
**Carabus sp.
Carabus sp.
Leistus rufescens (F.)
Pelophila borealis (Payk.)
Notiophilus pusillus Witrh.
Notiophilus aquaticus (L.)
Blethisa multipunctata (L.)
*Diacheila polita (Fald.)
Elaphrus cupreus Duft.
Elaphrus riparius (L.)
Loricera pilicornis (F.)
Dyschirius tristis Steph.

= luedersi Wag.
Dyschirius globosus (Hbst.)
Dyschirius obscurus (Gyll.)
Bembidion properans (Steph.)
Bembidion bipunctatum (L.)
Bembidion obliquum Sturm.
Bembidion gilvipes Sturm.
*Bembidion transparens (Gebl.)
Bembidion aeneum Germ.
Bembidionguttula (F.)
Patrobus septentrionis Dej.
Patrobus assimilis Chaud.
Harpalus aeneus (F)
Poecilus lepidus (Leske)
Poecilus versicolor (Sturm.)
Pterostichus diligens (Sturm.)
Pterostichus nigrita (Payk.)
*Pterostichus kokeili Mill.

(? = tundrae Tsch.)
Pterostichus aethiops (Panz.)
Pterostichus adstrictus Esch.
Calathus melanocephalus (L.)
Agonum sexpunctatum (L.)
Agonum ericeti (Panz.)
*Agonum sahlbergi (Chaud.)
Agonum cf viduum (Panz.)
*Agonum consimile (Gyll.)

Ul — U1 — W 0 W N

—_— e — N = —

O — W W oy N

A= NN

3

3

3
3

3

3

3

3

3

N - — — —
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3 ENVIRONMENTAL EVIDENCE

Table 3.1 - continued

facies
context

sample number
top of profile (metres OD)

subsample

sample interval

B-ii:0l

20004

B-ii:03

20003

30000
7.778

30002
8.39

30004
8.287

30198
8.764

30201
8.963

30202
8.938

45— 60

30-45

I5-30

0-15

70— 80

60-70
50- 60
40-50

30- 40
20- 30
60— 70
50- 60
40- 50
60— 70

Agonum scitulum Dej.
Agonum gracile (Gyll.)
Agonum fuliginosum (Panz.)
Amara quenseli (Schonh.)
*Amara municipalis (Duft.)
*Amara torrida (Panz.)
Amara sp.

Chlaenius nigricornis (F.)
*Chlaenius costulatus Motsch.
*Cymindis angularis Gyll.

Haliplidae
Brychius elevatus (Panz.)
Haliplus sp.

Dytiscidae

Coelambus impressopunctatus
(Schall)

Hygrotus inaequalis (Schall.)

Hygrotus quinquilineatus (Zett.)

Hydroporus spp.

Potamonectes griseostriatus (Geer)

Potamonectes depressus (F.)

Potamonectes assimilis (Payk.)

Oreodytes rivalis (Gyll.)

Agabus bipustulatus (L.)

Agabus arcticus (Payk.)

Agabus sturmi (Gyll.)

Agabus cf unguicularis Thoms.

Agabus congener (Thunb.) group

llybius subaeneus Er.

Rhantus sp.

Colymbetes fuscus (L.)

*Colymbetes paykulli Er.

Graphoderus sp.

Dytiscus marginalis L.

Dytiscus lapponicus Gyll.

Gyrinidae

Gyrinus minutus F.
Gyrinus aeratus Steph.
Gyrinus sp.

Hydraenidae
Ochthebius lenensis Popp.
Ochthebius sp.
Helophorus grandis llliger
Helophorus ‘aquaticus’

(L)) = aequalis Thomps
*Helophorus glacialis Villa
**Helophorus aspericollis Angus
Helophorus misc. small spp.

No

— 0 W —

23

No

—— — o

N — 0 b~

3

3
3
3

3
3
3
3
3

I
47
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Table 3.1 - continued

facies B-ii0l B-ii:03
context 20004 20003
sample number 30000{30002 30004 30198 30201 30202
top of profile (metres OD) 7.778 | 8.39 8.287 8.764 8.963 8.938
subsample
o T o o <) o o o o <) o o <)
N < 152} N s} ~ Ne} n < ™ ~ e} N ~
\ \ - \ \ \ \ \
sample interval < é 2 o R é et é K é N é ? é
m m i i m m m m m m m m m i
Hydrophilidae
Sphaeridium scarabaeoides (L.) I
Cercyon haemorrhoidalis (F.) 2 I
Cercyon melanocephalus (L.) 3 2 | | | | I
Cercyon marinus Thoms. | 16 7 2 2 2 I 2 I
Cercyon unipunctatus (L.) |
Cercyon pygmaeus (llliger) | | I
Cercyon tristis (llliger) 2 8 5 | 2 I | 3
Cercyon convexiusculus Steph. | 2 2 I 2 | 2 | I
Cercyon sternalis Shp. 6 4 I I 2
Cercyon andlis (Payk.) I | I | I | I 2
|

Cryptopleurum minutum (F.)
Hydrobius fuscipes (L.) 3 3 16 I3 4 2 5 4 | | | 3
Laccobius sp. |

Enochrus melanocephalus (Ol.) | | I |

Silphidae
Necrophorus sp.
Thanatophilus dispar (Hbst.) 2 6 14 20 I5 4 2 10 8 2 3 4
Blitophaga opaca (L.) | | |
Silpha tyrolensis Laich | |

Catopidae
Choleva sp.

Liodidae
Liodes sp. 4
Agathidium marginatum Sturm. |

Staphylinidae
Eusphalerum sp.

*Pycnoglypta lurida (Gyll.) 4 2 4

Omalium sp.

Deliphrum tectum (Payk.)

Olophrum fuscum (Grav.) 3 7 \ \ 2 2

Olophrum assimile (Payk.) I

Eucnecosum brachypterum (Grav.) 14 14 4 I \ I 8

Acidota crenata (F.) 2 2 I I I 2

*Acidota quadrata Zett. I

Geodromicus nigrita (Mull.) 7 5 | 2 2 3

*Boreaphilus henningianus Sahlb. |

Aploderus caelatus (Grav.) 4 I I

Trogophloeus sp. 5 4 | 5

Oxytelus rugosus (F.) 5 3 | I 3

Oxytelus laqueatus (Marsh.) 2 2 I 2

**Oxytelus gibbulus Epp. 5 3 | 2

Oxytelus nitidulus Grav. 3 2 |

Platystethus arenarius (Fourcr,) 2

Platystethus cornutus (Grav.) 12 | 2 4

Platystethus nodifrons Mannh. 34 20 6 22
{

Platystethus nitens (Sahlb.) I

continued »
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3 ENVIRONMENTAL EVIDENCE

Table 3.1 - continued

facies B-iiOl B-ii:03
context 20004 20003
sample number 30000{30002 30004 30198 30201 30202
top of profile (metres OD) 7.778 | 8.39 8.287 8.764 8.963 8.938
subsample

o n o o o o o o o o o o o

NG < I5a) [7e) es} ~ NG} e} < I3} ~ Ne} e} ~

\ 1 \ - 1 1 1 1 1

sample interval < R 2 b é 3 é S réw Q é 3 é 3

m m i i i i m m m m m m m m m i
Bledius sp. 2 2 I I
Stenus juno (Payk.) I
Stenus spp. 2 16 14 7 2 7
Euaesthetus laeviusculus Mannh. \
Lathrobium cf terminatum Grav.
Xantholinus sp. \ | 6 2 \ \ 2 \ 3 |
**Philonthus linki Solski 2 2 I \ I 2
Philonthus spp. | 3 2 | | 2 2 I 2
Staphylinus erythropterus L.
Ocypus aeneocephalus (Geer)/

cupreus (Rossi) \ 3 6 4 2 \ 2 3
Quedius spp. \ 3 2 \ \ I
Boletobiinae Gen. et sp. indet.
Tachyporus chrysomelinus (L.) 2 2
Tachyporus sp. I
**Tachinus glacialis Ullrich

and Campbell I
**Tachinus jacuticus Popp. 3 8 7 3 3 3 5
*Tachinus fimetarius Grav.
Tachinus corticinus Grav. I 3
Gymnusa variegata Kiesw. \
Alaeocharinae Gen. et sp. indet. 103 50 12 2 30
Elateridae
Ctenicera cuprea (F.) 2 I \ 2
Hypnoidus riparius (F.) 3 2 \
*Hypnoidus rivularis (Gyll.) 3
Helodidae
Gen. et sp. indet.
Dryopidae
Dryops sp. 2 2 3 2

Heteroceridae
Heterocerus cf hispidulus Kiesw.
Heterocerus sp.

Byrrhidae

Simplocaria semistriata (F.)
Cytilus sericeus (Forst.) \
Byrrhus fasciatus (Forst.) 2 7 10 7 2 3 2
Byrrhus pilula (L.)
Byrrhus pustulatus (Forst.) \
Curimopsis sp.

Nitidulidae
Cateretes rufilabris (Latr)

Cryptophagidae
Atomaria sp.

continued »
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Table 3.1 - continued

facies B-ii:01 B-ii:03

context 20004 20003

sample number 3000030002 30004 30198 30201 30202
top of profile (metres OD) 7.778| 8.39 8.287 8.764 8.963 8.938

subsample

I5-30
30-40
60— 70

45— 60
30-45
0-15

70— 80
60— 70
50- 60
40- 50
20- 30
50- 60
40- 50
60— 70

sample interval

3
3
3
3
3
3
3
3
3
3
3

Lathridiidae
Corticarina fuscula (Gyll.)

Coccinellidae

Scymnus redtenbacheri Muls.
*Scymnus bipunctatus Kug. [ I
Scymnus sp.
*Hippodamia septemmaculata (Geer) 3 I
Coccinella sp.

Tenebrionidae
Cryptichus quisquilius (L.) 2 2

Scarabaeidae
Aegialia sabuleti (Panz.) 2
**Aphodius (Teuchestes) sp.

Aphodius rufipes (L.)

**¥Aphodius holdereri Reitt.

Aphodius fimetarius (L.) \
**Aphodius sp. [
Aphodius spp. 6

12
I5

N — U
N O — — U
w
S Do
N~
— N W
[GAN
N B
A w AN — N

w
w

153 165

~!
O
w

22 26 I5 12 9 6 5

(Oal
w

Chrysomelidae
Donacia dentata Hoppe.
Donacia semicuprea Panz.
Donacia sparganii Ahr. \
Donacia aquatica (L.) 2 4 6 2 2
Donacia obscura Gyll.
Donacia cinerea Hbst. [
*Donacia sp. 4 10 6 I
Plateumaris sericea (L.) 2 22 16 10 I 2 5 2 3 6
Chrysomela staphylea L.
Chrysomela marginata L. 2
Gastroidea viridula (Geer) 2
*Phaedon pyritosus (Rossi) 2 2 \ 2
Phaedon spp. 4
Prasocuris phellandrii (L.) \
*Melasoma collaris (L.) I
Phytodecta sp.
Phyllodecta vitellinae (L.)/
polaris Schneid. \ |
Timarcha sp. \
Galeruca tanaceti (L.) 2 2
Phyllotreta flexuosa (llliger)
Aphthona sp. I
Haltica sp. I 2
Chaetocnema concinna
(Marsh.) group 2 27 18 2 I 2
Chaetocnema sp. I I
Psylliodes sp. I 4 I

continued »
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Table 3.1 - continued

facies B-ii:0l B-ii:03

context 20004 20003

sample number 30000 30002 30004 30198 30201 30202
top of profile (metres OD) 7778 | 839 8.287 8.764 8.963 8.938

subsample

I5-30

45- 60
30- 45
0- 15

70- 80
60— 70
50- 60
40- 50
30- 40
20- 30
60— 70
50- 60
40- 50
60— 70

sample interval

3
3
3
3
3
3
3
3
3
3
3

Curculionidae
Apion spp. I 2 |
Otiorhynchus arcticus (F) 4 18 26 20 8 8 17 I3 12 15 2 4 6 4 12
Otiorhynchus dubius
(Strom.) I
Otiorhynchus rugifrons
(Gyll.) | | 3 2 \ 2 \ 2 2 3
Otiorhynchus ovatus (L.) 50079778 | | 5 3 \ \ I 3 \ 3 3
Phyllobius sp. and/
or Polydrusus sp. I I 20 17 \ \ I \ \ 5
Strophosomus faber (Hbst.) 48 \
Barynotus obscurus (F) I 29
Sitona flavescens (Marsh.) | 3 2 \ |
Sitona sp. 3 I
Bagous spp. 4 2 2 I I
Notaris bimaculatus (F.) I [ 3 [ I [ I [ I | | I
Notaris aethiops (F.) 4 8 12 21 8 3 5 12 I5 9 10 2 4 5 7 7
Thryogenes sp. I
Grypus equiseti (F.) I I
Alophus triguttatus (F.) 2 Il 5 2 [ I 4 2
Hypera sp. I \ I \
Eubrychius velutus (Beck) 2 | |
Litodactylus leucogaster
(Marsh.) I3 4 2 I
Phytobius sp. \ |
Gymnetron sp.
Miarus cf campanulae (L.) I

N
N
N

facies B-ii:02 B-ii:01 B-ii:03 B-ii:02 B-ii:03 | B-ii:02 B-ii:03

context 20371{20371]20139 20003 20390 20371 20003|20355 20021

sample number 30212130213 30228 30232 30234
top of profile (metres OD) 7.86 | 7.86 8.749 8.684 7974

o
IS)

subsample

31-34 >
22— 3l
[2-22 ™~
0-12
95-99
87—95
80— 87
69—-80 ~o
61—69 o
20-30 +~
40-50 o
30-40 ~
20-30 w
2010 ™
0-10

34-36 w»

sample interval

3
3
3
3
3
3
3
3
3
3
3

Carabidae
Carabus problematicus Hbst. I
Carabus granulatus L.
**Carabus maeander Fisch.
*Carabus cancellatus llliger
Carabus arvensis Hbst.
Carabus monilis F.
*Carabus hortensis L.
**Carabus sp.

continued »
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Table 3.1 - continued

facies
context

sample number
top of profile (metres OD)

subsample

sample interval

B-ii:02

20371

20371

B-ii:01

20139

B-ii:03

20003

B-ii:02

B-ii:03

B-ii:02

B-ii:03

20390

20371

20003

20355

20021

30212
7.86

30213
7.86

30228
8.749

30232
8.684

30234
7974

34-36 o

31-34 »

22— 31
[2-22 ™

0-12

o

95-99

87— 95

o

80— 87

69—-80 o

61—69 ©

20-30 »

40-50 o

30-40 »

20-30 w

20-10 ™
0-10

Carabus sp.

Leistus rufescens (F.)
Pelophila borealis (Payk.)
Notiophilus pusillus Wtrh.,
Notiophilus aquaticus (L.)
Blethisa multipunctata (L.)
*Diacheila polita (Fald.)
Elaphrus cupreus Dutft.
Elaphrus riparius (L.)
Loricera pilicornis (F.)
Dyschirius tristis Steph.

= luedersi Wag.

Dyschirius globosus (Hbst.)
Dyschirius obscurus (Gyll.)
Bembidion properans

(Steph.)

Bembidion bipunctatum (L.)
Bembidion obliquum Sturm.
Bembidion gilvipes Sturm.
*Bembidion transparens

(Gebl.)

Bembidion aeneum Germ.
Bembidionguttula (F.)
Patrobus septentrionis Dej.
Patrobus assimilis Chaud.
Harpalus aeneus (F)
Poecilus lepidus (Leske)
Poecilus versicolor (Sturm.)
Pterostichus diligens (Sturm.)
Pterostichus nigrita (Payk.)
*Pterostichus kokeili Mill.

(? = tundrae Tsch.)
Pterostichus aethiops (Panz.)
Pterostichus adstrictus Esch.
Calathus melanocephalus (L.)
Agonum sexpunctatum (L.)
Agonum ericeti (Panz.)
*Agonum sahlbergi (Chaud.)
Agonum cf viduum (Panz.)
*Agonum consimile (Gyll.)
Agonum scitulum Dej.
Agonum gracile (Gyll.)
Agonum fuliginosum (Panz.)
Amara quenseli (Schonh.)
*Amara municipalis (Duft.)
*Amara torrida (Panz.)
Amara sp.

Chlaenius nigricornis (F.)
*Chlaenius costulatus Motsch.
*Cymindis angularis Gyll.

N

3

3

3
3

w — N W

3

3

3

3

—— o

3
3

w — — 00

84

continued »



3 ENVIRONMENTAL EVIDENCE

Table 3.1 - continued

facies

B-ii:02

context 20371

20371

B-ii:01

20139

B-ii:03

20003

B-ii:02

B-ii:03

B-ii:02

B-ii:03

20390

20371

20003

20355

20021

sample number 30212
7.86

top of profile (metres OD)

subsample

sample interval

30213
7.86

30228
8.749

30232
8.684

30234
7974

34-36 o

31-34 »

22-31 W
12-22 ™

0-12

o

95-99

87— 95

o

80— 87

69—80 o

61—69

20-30 »

40-50 o

30-40 -

20-30 w
20-10 ™
0-10

Haliplidae
Brychius elevatus (Panz.)
Haliplus sp.

Dytiscidae

Coelambus impressopunctatus
(Schall.)

Hygrotus inaequalis (Schall.)

Hygrotus quinquilineatus (Zett.)

Hydroporus spp.

Potamonectes griseostriatus
(Geer)

Potamonectes depressus (F.)

Potamonectes assimilis (Payk.)

Oreodytes rivalis (Gyll.)

Agabus bipustulatus (L.)

Agabus arcticus (Payk.)

Agabus sturmi (Gyll.)

Agabus cf unguicularis Thoms.

Agabus congener (Thunb.)
group

llybius subaeneus Er.

Rhantus sp.

Colymbetes fuscus (L.)

*Colymbetes paykulli Er:

Graphoderus sp.

Dytiscus marginalis L.

Dytiscus lapponicus Gyll.

Gyrinidae

Gyrinus minutus F.
Gyrinus aeratus Steph.
Gyrinus sp.

Hydraenidae
Ochthebius lenensis Popp.
Ochthebius sp.
Helophorus grandis llliger
Helophorus ‘aquaticus’ (L.)

= aequalis Thomps
*Helophorus glacialis Villa
**Helophorus aspericollis Angus
Helophorus misc small spp.

Hydrophilidae

Sphaeridium scarabaeoides (L.)
Cercyon haemorrhoidalis (F.)
Cercyon melanocephalus (L.)
Cercyon marinus Thoms.
Cercyon unipunctatus (L.)
Cercyon pygmaeus (llliger)

w N

o~

I3

3

3

3
3

3

(Ga}

w

3

3

3
3
3
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Table 3.1 - continued

facies B-ii:02 B-ii:01 B-ii:03

context 20371120371(20139 20003

B-ii:02

B-ii:03

B-ii:02

B-ii:03

20390

20371

20003

20355

20021

sample number 3021230213 30228
top of profile (metres OD) 7.86 | 7.86 8.749

30232
8.684

30234
7974

subsample

34-36 o
31-34 >
[2-22 ™
0-12

22— 31

sample interval

o

95-99

87— 95

o

80— 87

69—-80 o

61—69

20-30 »

40-50 o

30-40 »
20-30 w
20-10 ™
0-10

3
3
3
3
3
3

Cercyon tristis (llliger) I I I I
Cercyon convexiusculus Steph. I 3 I
Cercyon sternalis Shp.
Cercyon analis (Payk.) \ I
Cryptopleurum minutum (F.) \ I I \
Hydrobius fuscipes (L.)
Laccobius sp. 5
Enochrus melanocephalus (Ol.)

N
N

Silphidae

Necrophorus sp.
Thanatophilus dispar (Hbst.) I 9 5 10 3
Blitophaga opaca (L.)
Silpha tyrolensis Laich I I I

Catopidae
Choleva sp. 2

Liodidae
Liodes sp. I
Agathidium marginatum Sturm.

Staphylinidae
Eusphalerum sp.
*Pycnoglypta lurida (Gyll.)
Omalium sp. \
Deliphrum tectum (Payk.)
Olophrum fuscum (Grav.)
Olophrum assimile (Payk.)
Eucnecosum brachypterum

(Grav.) Il 2
Acidota crenata (F.) I
*Acidota quadrata Zett.
Geodromicus nigrita (Mull.) 4 2
*Boreaphilus henningianus Sahlb.
Aploderus caelatus (Grav.)
Trogophloeus sp. \ 4
Oxytelus rugosus (F.) 4
Oxytelus lagueatus (Marsh.) 2
**Oxytelus gibbulus Epp. \
Oxytelus nitidulus Grav. 2
Platystethus arenarius (Fourcr,)
Platystethus cornutus (Grav.) I

{

(¢

O

— N

Platystethus nodifrons Mannh. 3
Platystethus nitens (Sahlb.)

Bledius sp. 3
Stenus juno (Payk.) \
Stenus spp. 7 2 2
Euaesthetus laeviusculus Mannh.
Lathrobium cf terminatum Grav.
Xantholinus sp. 6 4

N — W —

—_ W — —

AN =N —

N — — N

3

3
3
3
3
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Table 3.1 - continued

facies B-ii:02 B-ii:01 B-ii:03 B-ii:02 B-ii:03 | B-ii:02 B-ii:03

context 20371120371(20139 20003 20390 20371 20003|20355 20021

sample number 30212130213 30228 30232 30234
top of profile (metres OD) 7.86 | 7.86 8.749 8.684 7974

w
o
o

subsample

31-34 =
22-31
12-22 ™
0- 12
95-99
8795
80- 87
69-80 o
61-69 o
20-30 -
40-50 wn
30-40 -
20-30 w
20-10 ™
0-10

34-36 @

sample interval

3
3
3
3
3
3
3
3
3
3

**Philonthus linki Solski I 3 I
Philonthus spp. [ 2 I 2 3 2 2
Staphylinus erythropterus L.
Ocypus aeneocephalus (Geer)/

cupreus (Rossi)
Quedius spp. 3
Boletobiinae Gen. et sp.indet. 3
Tachyporus chrysomelinus (L.) 2
Tachyporus sp.
#*Tachinus glacialis Ullrich

and Campbell \
**Tachinus jacuticus Popp. \
*Tachinus fimetarius Grav. 2
Tachinus corticinus Grav. 4
Gymnusa variegata Kiesw.
Alaeocharinae Gen. et sp.

indet. 24 20 17 3 9 5

N NN e 3

— NN W

Elateridae
Ctenicera cuprea (F.) \ | 2 2 I I
Hypnoidus riparius (F.) \ I 2 \ I I
*Hypnoidus rivularis (Gyll.)

Helodidae
Gen. et sp. indet.

Dryopidae
Dryops sp.

Heteroceridae
Heterocerus cf hispidulus Kiesw.
Heterocerus sp. I

Byrrhidae
Simplocaria semistriata (F.) I I I
Cytilus sericeus (Forst.)
Byrrhus fasciatus (Forst.) 2 2 2 | |
Byrrhus pilula (L.)

Byrrhus pustulatus (Forst.)
Curimopsis sp.

Nitidulidae
Cateretes rufilabris (Latr) 2

Cryptophagidae
Atomaria sp.

Lathridiidae
Corticarina fuscula (Gyll.) 3 2 3 3

continued »
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Table 3.1 - continued

facies
context

sample number
top of profile (metres OD)

subsample

sample interval

B-ii:02

2037120371

B-ii:01

20139

B-ii:03

20003

B-ii:02

B-ii:03

B-ii:02

B-ii:03

20390

20371

20003

20355

20021

3021230213
7.86 | 7.86

30228
8.749

30232
8.684

30234
7974

34-36 o

31-34 >

22— 31

[2-22 ™

0-12

o

95-99

87— 95

S

80— 87
69—-80 o

61—69
20-30 »

40-50 o

30-40 »

20-30 w

20-10 ™
0-10

Coccinellidae

Scymnus redtenbacheri Muls.
*Scymnus bipunctatus Kug.
Scymnus sp.

*Hippodamia septemmaculata

(Geer)
Coccinella sp.

Tenebrionidae
Cryptichus quisquilius (L.)

Scarabaeidae

Aegidlia sabuleti (Panz.)
*#*Aphodius (Teuchestes) sp.
Aphodius rufipes (L.)
**Aphodius holdereri Reitt.
Aphodius fimetarius (L.)
**Aphodius sp.

Aphodius spp.

Chrysomelidae
Donacia dentata Hoppe.
Donacia semicuprea Panz.
Donacia sparganii Ahr.
Donacia aquatica (L.)
Donacia obscura Gyll.
Donacia cinerea Hbst.
*Donacia sp.
Plateumaris sericea (L.)
Chrysomela staphylea L.
Chrysomela marginata L.
Gastroidea viridula (Geer)
*Phaedon pyritosus (Rossi)
Phaedon spp.
Prasocuris phellandrii (L.)
*Melasoma collaris (L.)
Phytodecta sp.
Phyllodecta vitellinae (L.)/
polaris Schneid.
Timarcha sp.
Galeruca tanaceti (L.)
Phyllotreta flexuosa (llliger)
Aphthona sp.
Haltica sp.
Chaetocnema concinna
(Marsh.) group
Chaetocnema sp.
Psylliodes sp.

3

3

3

3

3

44

—_ — W —

- — w

3

3

3

3
3
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Table 3.1 - continued

facies

B-ii:02

context

20371

20371

B-ii:01

20139

B-ii:03

20003

B-ii:02

B-ii:03

B-ii:02

B-ii:03

20390

20371

20003

20355

20021

sample number 3
top of profile (metres OD)

0212
7.86

30213
7.86

30228
8.749

30232
8.684

30234
7974

subsample

31-34 »

34-36 o

sample interval

w

22— 31

o
IS

[2-22 ™
0-12
95-99
87— 95
80— 87
69—80 o
61-69
20-30 »
40-50 o

30-40 -

20-30 w

20-10 ™

0-10

3
3
3

Curculionidae
Apion spp. 2 I |
Otiorhynchus arcticus (F.) \ 2 I3
Otiorhynchus dubius (Strém,)
Otiorhynchus rugifrons (Gyll.) \ I I
Otiorhynchus ovatus (L.) 2 I
Phyllobius sp. and/
or Polydrusus sp. 2 I I
Strophosomus faber (Hbst.) \
Barynotus obscurus (F.)
Sitona flavescens (Marsh.)
Sitona sp. \
Bagous spp. 2
Notaris bimaculatus (F.) I I
Notaris aethiops (F.) 3
Thryogenes sp.
Grypus equiseti (F.)
Alophus triguttatus (F) I 3
Hypera sp. I 2
Eubrychius velutus (Beck) \
Litodactylus leucogaster (Marsh.) I I
Phytobius sp.
Gymnetron sp.
Miarus cf campanulae (L.)

3

3
3
3

22 10 2 2 4 9

3

3

3

3

algae, though again the species can also be
found occasionally in lakes (Holmen 1987). In
this context it is interesting to note the presence
of larval sclerites of various Trichoptera (caddis
flies) that inhabit rivers. Species of Hydropsyche
are predaceous, building capture nets across
slow currents. Anobolia nervosa feeds on
diatoms and filamentous algae in slow-moving
clear water with a current speed of 0.05-0.2m*
(Lepneva 1971). These species were also
relatively rare compared with the numbers
expected if the deposit had been truly riverine,
and it is likely that these rare running-water
insects were animals accidentally washed
into the deposit at times of flood from some
adjacent river.

The rest of the aquatic Coleoptera indicate
stationary, eutrophic, well-vegetated water,
suggesting that the hollow in which the
sediment accumulated was normally separated
from the main course of the river, possibly

representing an abandoned channel. All the
dytiscid species are active predators, feeding on
a wide variety of pondlife. The Gyrinids are the
familiar whirligig beetles that hunt on the
surface for other insects accidentally trapped
by the surface tension. Most of the hydraenid
and hydrophilid species have voracious
predatory larvae, but the adults feed on
decomposing plant matter (Hansen 1987).
They are for the most part characteristic of the
margins of ponds choked with waterweed.
Species of Haliplus are chiefly found in alkaline
ponds where many of the larvae feed on
characeans. Because of the frailty of haliplid
exoskeletons, they are always poorly preserved
as fossils and no doubt were more common
than their representation here might suggest.
Some hydrophilid species inhabit accumula-
tions of decomposing vegetation in damp places
(including dung) and their occurrence in this
fauna will be discussed later.
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Among the aquatic phytophagous beetles,
species of Donacia have adult beetles that feed
on a variety of water plants, while their larvae
respire by tapping the air channels of their host
plants. Donacia dentata is found on various
species of Alismataceae. Donacia semicuprea
feeds chiefly on the aquatic grass Glyceria (Koch
1992). The subaquatic weevils Eubrychius
velutus and Litodactylus leucogaster feed
principally on species of Myriophyllum. Bagous
sp. is another subaquatic weevil that feeds on
a wide variety of pondweeds.

Transitional habitats

Species indicating marshy environments with
rich vegetation are by far the most numerous in
this fossil assemblage. Their environmental
requirements range from exclusively waterside
habitats to more or less damp grassland.

One of the most important families in this
assemblage, whose species indicate marshy
habitats, is the Carabidae — carnivorous or
scavenging ground beetles. The following is a
selection of stenotopic species (species with
fairly restricted habitat requirements) in this
category. Their ecological significance is
derived mainly from Lindroth (1992). Pelophila
borealis lives in wet places beside still or
slow-moving water, where there is a patchy
vegetation cover of Carex species. Blethisa
multipunctata is usually found in unshaded,
intensely sun-exposed, very wet places,
sometimes at a distance from the water’s edge
such as in swampy meadows, and often where
there is a more or less continuous surface cover
of mosses. Elaphrus cupreus is found in very
damp habitats near stagnant water shaded by
tall reedy plants, but where there are also
patches of bare soil. It is also found in places
where the surface is covered with moss. Loricera
pilicornis is also typical of wet habitats beside
stagnant water, which is often foul-smelling,
and where the vegetation occurs in patches and
the soil contains much decomposing organic
debris. Dyschirius tristis is a fossorial species
that excavates burrows in damp clayish soil
such as those occurring in marshy meadows
where the vegetation is moderately tall and
consists of Carex, Glyceria and grasses. The
beetle actually lives on the bare patches
between the plants, where it is probably a
predator on burrowing species such as
Trogophloeus and Platystethus. Species of
Bledius and Heterocerus burrow in wet sand,
feeding on algae and, in turn, were probably

preyed on by Dyschirius obscurus, a species that
lives in totally barren places where it burrows
in very fine damp sand. According to Lindroth
(1992, 398) it is a stenotopic quicksand
species. Bembidion obliquum occurs beside
both stagnant and flowing water where the
soil is wet and soft, and is exposed in places
among the vegetation, made up of Carex,
Juncus and Equisetum. Patrobus septentrionis is
eurytopic in the extreme north of its range,
but farther south it is confined to wet clay-
banks overgrown with sedges, where it occurs
with Pelophila borealis. Though rare in this
assemblage, Pterostichus nigrita is today a
common species beside fresh water where
there is a growth of Carex with a more or
less clayish soil. It is more common than
Pterostichus diligens, as it is here, when the
water is eutrophic. Agonum viduum/moestum
inhabits well-vegetated margins of all types of
fresh water. Chlaenius nigricornis is found on
clayish or sandy-clay soils that are firm and well
vegetated with larger species of Carex, but with
bare patches between the plants. It is usually
found beside stagnant or slow-flowing water
but also at times in swampy meadows at some
distance from the water’s edge. Chlaenius
costulatus is also a swamp species, found on the
borders of lakes and ponds. In summary, the
ground beetle species provide a consistent
picture of a sedge-rich marsh growing beside a
pool, with occasional patches of bare soil
consisting of clay or muddy sand that was at
times covered with moss.

Two other well-represented families also
include many species characteristic of marshy
habitats. Thus the species of Staphylinidae
in this assemblage are mostly predators that
feed on other small soil arthropods and
worms in heaps of damp, decomposing plant
debris. Some of the Hydrophilidae also
inhabit accumulations of decaying vegetation
beside water.

Among the phytophagous species there are
also abundant indications of the local presence
of sedge swamps. The data on the food
preferences for these species is derived chiefly
from Koch (1992). Thus Donacia dentata,
Donacia aquatica, Donacia obscura, Donacia
cinerea and Plateumaris sericea all feed
principally on reedy vegetation, notably species
of Carex. The weevils Notaris aethiops (the
only species present in all samples) and
Notaris bimaculatus feed chiefly on the leaves of
sedges; their larvae eat the roots and stems of
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similar plants. The larvae of Chrysomela
staphylea feed on Plantago maritima. Gastroidea
viridula feeds chiefly on species of Polygonum
and Rumex. Chaetocnema concinna is also
usually found feeding on the leaves of species
of Polygonum. Prasocuris phelandrii feeds
exclusively on aquatic species of Umbelliferae.
Phaedon pyritosus lives in damp meadows
where it feeds on Ranunculus repens. Alophus
triguttatus is polyphagous on various herbs
in damp sandy habitats. Grypus equiseti lives
principally on Equisetum arvense and Equisetum
palustre. Species of Byrrhidae, both as larvae
and as adults, are exclusively moss-feeders.
Blitophaga opaca feeds on fleshy leaves of
various large plants such as large Cruciferae.
Phyliotreta flexuosa also feeds on various
species of Cruciferae. The rare occurrences of
Salix sp. is indicated by the occasional presence
of Melasoma collaris, Phytodecta sp. and
Phyllodecta sp., though these might have been
have been feeding on dwarf willows.

Many carabid species live in damp habitats
that were probably farther away from the
water where the soil is rich in humus. This
group resembles communities that today are
encouraged by human agricultural practices.
Thus Carabus granulatus and Carabus
cancellatus are found together in open, damp,
cultivated areas where the soil is clayish with
an admixture of humus, and the vegetation is
rather tall. Carabus monilis lives today in
wet meadows or weedy pastures. Bembidion
properans lives in open, sun- exposed places on
clayish or fine sandy soil, usually close to water
and where the vegetation is sparse. Bembidion
bipunctatum is also found in open country on
sand, or on clay mixed with sand, where there
is a dense but short turf of grasses or sedges.
Lindroth (1992, 175) points out that its most
important requirement is for hard ground.
Amara torrida inhabits moderately humid
meadow-like habitats with rich but not tall
vegetation. Although Calathus melanocephalus
lives in both moist and fairly dry meadow-like
habitats, the most important environmental
factor is that it must be exposed to adequate
sunlight. Both of these species are encouraged
today by old-fashioned agricultural practices.
The scarabaeid species Aegialia sabuleti lives at
the roots of grass in damp sandy places. The
elaterids Hypnoidus riparius and Hypnoidus
rivularis live in damp detritus where the larvae
develop in the soil. Ctenicera cuprea is charac-
teristic of damp sandy meadows where the

larvae (the familiar wireworms) feed on grass
roots, sometimes causing sufficient damage for
bare patches to develop.

Several carabid species in this fauna are
pronounced heliophiles - that is, they are active
in the bright sunlight. Thus Elaphrus riparius
lives on the borders of standing water usually
where there is little or no vegetation. Agonum
sexpunctatus is likewise found in sun-exposed
places where it lives on humid sandy or gravelly
soils but where there is a dense but short
vegetation of grasses and sedges.

Dry ground habitats

Considering that the channel was filled with
water-laid sediment, it is surprising that so many
of the beetles present in this assemblage are
xerophilous, living in dry habitats. These include
both carnivores and phytophagous species.
Since some of them are wingless or otherwise
unable to fly, they must represent members of
rather more distant communities that were
passively incorporated into the sediment.

Several carabid species are decidedly
xerophilous. Carabus problematicus and
Carabus arvensis live in dry open heathland
where the soil is gravelly with little vegetation
cover. Carabus hortensis is usually considered to
be a species typical of open woodland fringes
although it is also found in gardens where the
soil is rich in humus and preferably gravelly.
Similarly Agonum ericeti is also often found
on heathland, though it can also live on moist
acid soils with Sphagnum. Cymindis angularis
inhabits firm, dry gravel or sand where there is
low vegetation. Notiophilus aquaticus, in spite
of its specific name, is typically found on dry
gravelly soils that have an admixture of clay,
and where the vegetation is sparse or sometimes
totally absent. Diacheila polita is a species of the
drier parts of the tundra in the north, and of the
forest steppes farther south in central Asia.
Amara municipalis also prefers dry sandy or
gravelly soils where the vegetation is sparse.
Harpalus aeneus and Pterostichus lepidus live on
dry gravelly or sandy soils exposed to the sun,
and both species are highly heliophilous.

One of the most abundant carabid species in
this assemblage is Pterostichus kokeili (probably
the same species as Pterostichus tundrae Tsch.
(see Holdhaus and Lindroth 1939). The
ecological preferences of this species are poorly
known, but it is reported in the Carpathian
Mountains and the High Alps to live especially
in relatively dry grassy places.
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Among the phytophagous species in
this assemblage, the flightless species
Otiorhynchus arcticus, Otiorhynchus rugifrons
and Otiorhynchus ovatus are particularly
common. They are polyphagous, the adult
beetles feeding on a wide variety of low
herbs and the larvae feeding underground on
their roots. Species of Sitona feed on various
species of Papilionaceae (legumes), and again
the larvae feed on the roots (the young
larvae eating the bacterialnodules). Chrysomela
marginata lives in dry sandy places where
it feeds on various Compositae including
Artemisia. Galeruca tanaceti is xerophilous,
living in open country and feeding on various
species of Compositae.

The dung and carcass community

Dung and carcass beetles are of particular
importance in archaeological contexts because
they are often intimately associated with
hominin exploitation of large vertebrates.
Their profusion in a fossil assemblage implies
the close proximity of these activities and,
conversely, their rarity implies that such
activities were carried out some distance away.
At Lynford the dung community is especially
well represented. Species of the scarabaeid
Aphodius are by far the most abundant beetle
fossils in this assemblage. For the most part
these species feed on the dung of large
mammals, though some can live in rotting
accumulations of plant debris. Among them are
a wide variety of species, including some
species not found in Europe today. For instance
Aphodius holdereri is today largely confined to
the high plateau of Tibet (Coope 1973).
Another species belonging to the sub-genus
Teuchestes is similar, but not identical to
Aphodius brachysomus Solski — a species from
eastern Siberia and Japan. It looks like a
foreshortened version of the familiar Aphodius
fossor but with a large red spot on the apical
half of each elytron. Other species of Aphodius
are also present, but are difficult to name in this
enormous genus. They do not seem to match
any present day European species. The extraor-
dinary abundance and diversity of dung beetles
here would appear to be a reflection of the
rich and exotic vertebrate fauna of the times.
Some of the hydrophilid species -
Sphaeridium scarabaeoides, Cercyon
haemorhoidalis, Cercyon melanocephalus and
Cercyon pygmaeus — are also coprophages.

Among the staphylinids, Aploderus caelatus,
Platystethus arenarius and Tachinus jacuticus
are also found in dung.

The abundance of dung beetles in this
assemblage is significant because they are
terrestrial species. Their presence here in such
numbers indicates that the dung of large
mammals must have been locally abundant on
land at this time. The occurrence of their
remains in water-lain deposits suggests that
had been washed off the nearby land surface
and into the channel sediment. They support
the view that the abundant bones at this site
were local in origin, and had not been washed
into the deposit from farther afield.

Many beetle species are today associated
with carcasses, either directly as a source of
food or else as predators feeding on the insects
associated with them. Curiously, in spite of the
abundant evidence of bones at the Lynford site,
remains of carcass beetles were remarkably
rare in the fossil insect assemblage. Only
Thanatophilus dispar was at all abundant. This
is a medium-sized species, usually found under
rotting carcasses where it predates on dipterous
larvae (maggots). Other groups of carrion
beetles were rare or totally absent. Thus
Necrophorus sp. (the familiar Sexton Beetle),
was represented by a single specimen only.
There were none of the expected species that
predate other necrophilous dipterans (eg
Histeridae or some Cleridae). Furthermore,
there were few fly puparia present in the
deposit in spite of the fact that they are robust
and usually survive well as fossils.

The Lynford beetle assemblage also lacked
the species associated with dried-out carcasses,
where they feed directly on the meat and skin
(eg Dermestidae and some Anobiidae). Nor
were there any species that feed on the dry
periosteum on old bones (eg Omosita). These
curious absences are difficult to reconcile with
the evidence for the immediate presence of
living, large mammals, and with abundant
bones representing their dead and exploited
carcasses. Several hypotheses can be advanced
to explain this anomaly. One might be cold
climatic conditions — however, the species
concerned can live today in the Arctic. A second
reason could be that the mammalian remains
had become rapidly submerged in the pool,
where they would have been inaccessible to
these wholly terrestrial insect species. Thirdly,
much of the mammalian exploitation could
have been carried out elsewhere; too far away
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for the beetle species associated with this
activity to be incorporated in the deposit. Their
absence, however, remains puzzling.

Summary of the local environment
interpreted from the coleopteran
assemblage

A consistent mosaic picture of the local
environment can be put together from the
habitat preferences of the beetle species in this
assemblage. The deposit accumulated in a pool
of standing, eutrophic water, probably repre-
senting an abandoned channel of a fairly large
river. Various aquatic plants grew in the pool,
such as Myriophyllum and species of Alismat-
aceae. From time to time during periods of
flood, sediment was washed into the channel
from the nearby river. Along the water’s edge
was a rich growth of reedy vegetation, at times
extending down into the water itself. Other
plants, for example tall Umbelliferae such as
Equisetum, grew in the marsh. The soil was a
mixture of sand and clay, exposed to the sun in
places between the patches of vegetation. It is
likely that some of the soil surface was covered
with mosses. Farther away from the water the
ground was sandy and better drained,
producing drier habitats with thin grassy
vegetation and abundant weedy plants. There
is no evidence for the local presence of any
trees at this time. The abundance of dung
beetles indicates the local presence of large
herbivorous mammals, but the rarity of beetles
that feed on dried-out carcasses remains an
intriguing enigma.

Climatic interpretation of the
coleopteran assemblage

The coleopteran assemblage as a whole is
dominated by species with present-day boreal
or boreo-montane distributions, indicating
that the thermal climate at the time when the
deposit was laid down was much colder
than it is in Norfolk at the present time.
Significant cold-adapted species include
Diacheila polita, Pterostichus kokeli, Agonum
sahlbergi, Agonum consimile, Amara torrida,
Colymbetes dolabratus, Helophorus glacialis,
Pycnoglypta lurida, Acidota quadrata and
Boreaphilus henningianus. This fauna also
includes a number of species that are no longer
found living anywhere in Europe, but that are
widespread today in Siberia. These species are

often relatively abundant and include Carabus
maeander, Helophorus aspericollis, Philonthus
linki, Tachinus glacialis, Tachinus jacuticus
and Aphodius holdereri (Coope 1973). Together
they indicate that the climate at the time
was both cold and very continental. The
present-day geographical distributions of many
other predominantly northern species in this
assemblage are more widespread, but they also
extend across Siberia and some into northern
North America.

In contrast to these northern and eastern
species, there are a few species in the
assemblage that do not fit into this general
picture. They are today wholly European in
their distributions, though most of their ranges
extend into eastern Russia. Thus Carabus
hortensis is predominantly eastern European,
extending from Norway to the River Volga.
Carabus monilis ranges as far east as Kharkov.
But while this is a relatively southern species
at the present day, it has also been recorded
from glacial deposits in Poland (Lindroth
1992, 318). It has also been found as a fossil in
a full glacial context in association with
numerous obligate high northern species at
Whitemore Haye (Coope, unpublished data).
Thus its thermal tolerance might have been
greater in the past than it is today, or its
known present-day range might appear to be
smaller than its actual climatic tolerances,
either because of inadequate knowledge or
because a species has not managed to occupy
its full geographical potential.

Although it is always problematic to argue
from negative evidence, the large and compre-
hensive fauna from Lynford has some notable
absentees. The beetle fauna from the
continental (cold) phase of the full glacial
phase of the ‘Last Glaciation’ is now well
known for Britain, and includes many obligate
northern species. These include Nebria nivalis,
Bembidion fellmanni, Bembidion dauricum,
Amara alpina. Pterostichus (Cryobius) spp.
Helophorus obscurellus, Helophorus jacutus
and Holoboreaphilus nordenskioeldi, none of
which were found at Lynford. The absence of so
many cold-adapted species from the Lynford
assemblage is surely climatically significant.
It suggests that the palaeoclimate at Lynford
was not quite as cold as it was during much of
the full glacial period.

In this particular case a problem arises in
the application of The Mutual Climatic Range
(MCR) of calculating the mean monthly



NEANDERTHALS AMONG MAMMOTHS

94

temperatures (Atkinson et al 1987). This is
because the assemblage includes exclusively
Asiatic species whose geographical ranges
are difficult to plot adequately and whose
thermal tolerances might not be precisely
determined. Furthermore, since the assemblage
includes a number of European species with
ranges that are distinct from those of the
Siberian species. Hence their climatic envelopes
do not quite overlap, and there is no area
of climate space in which the 90 per cent of the
87 species in this fauna that are also on the
MCR database overlap — the conventional
limit of acceptability adopted for the method.
As a result, it has not been possible to provide
an MCR estimate of the mean monthly
temperatures in this particular case. However, a
likely estimate, based on the geographical
limits of most of the species in this assemblage,
suggests that the mean temperature of the
warmest month (July) lay somewhere between
14°C and 12°C, with the mean temperature of
the coldest months (January/February) at or
below —-15°C.

It is difficult to quantify precipitation levels
at this time on the basis of the fossil insect
fauna. However, during the summer months
there must have been adequate moisture to
maintain the marsh and pool in which the
fauna flourished. The presence of larvae of
the riverine caddis flies suggest that the
nearby river continued running during the
summer months, indicating that precipitation
must have been available to maintain a
continuous flow at this time. Furthermore, the
evidence that at times the river overflowed its
banks, washing sediment into the abandoned
channel, might hint at occasional spring floods,
perhaps during the melting of the accumulated
winter snow.

Stratigraphical implications of the
coleopteran assemblage

In Britain there are two main types of fossil
beetle faunas that date from the full-glacial
phase of the Last (Weichselian, Wiirm,
Devensian) Glaciation. Firstly, many
assemblages are characterised by numerous
cold-adapted species indicative of tundra
conditions. They are also rich in exclusively
Asiatic species (eg Coope 1968). Secondly,
there are rich beetle assemblages made up of
western European species with temperate
geographical distributions (eg Coope and

Angus, 1975; Coope 2000). Both these very
different beetle faunas lived in a landscape that
was completely treeless, and inhabited by a
similar mammalian megafauna. This habitat
has been broadly referred to as ‘mammoth
steppe’ but it is evident that different episodes
of ‘mammoth steppe’ were characterised by
contrasting climatic regimes, some entirely
temperate and some wholly arctic-continental.
These full-glacial coleopteran assemblages are
usually attributed to one or other of the
numerous Devensian interstadials. Although
these have in the past been extensively dated by
radiocarbon (Coope 2002), many of the original
dates that are older than 35,000 yrs BP are now
considered unreliable. Thus the precise age of
many of these deposits and their respective
chronological positions are now uncertain.

The Lynford fauna does not fit neatly into
either of the arctic-continent or the temperate
faunal groupings. It lacks many of the more
extreme Arctic and Asiatic species that charac-
terise the beetle faunas of the cold, climatically
continental interstadials. On the other hand, it
does include many boreal and Asiatic species,
clearly excluding it from the group of temperate,
more oceanic, interstadial assemblages.

The only coleopteran assemblage bearing a
close resemblance to that from Lynford is that
described from Upton Warren (Coope et al
1961). The similarity between these two
faunal assemblages is remarkable. Both these
faunas include the abundant presence of
numerous Asiatic species (eg Amara torrid,
Tachinus jacuticus and Aphodius holdereri), but
lack many of the more extreme high Arctic
elements of the cold-continental faunas. In
common with the Lynford assemblage, the
Upton Warren fauna also includes occasional
temperate species. This similarity suggests that
the deposits at Lynford and Upton Warren
might be of approximately the same age;
namely dating from one of the middle
Devensian interstadials.

There are, however, differences between
the Lynford assemblage and that from Upton
Warren, the most noticeable of which is the
abundance at Lynford of Pterostichus kokeil,
and the somewhat less common Diacheila
polita, both of which were totally absent from
the Upton Warren fauna. These species can
hardly have been overlooked at Upton Warren
because they are large and distinctive species.
Since the local environments were very similar
at the two sites, it is likely that these differences



3 ENVIRONMENTAL EVIDENCE

indicate that the sites are slightly different in
age, in climate, or in both. Furthermore, the
presence of cold-adapted species at Lynford
that were absent at Upton Warren indicates
that the climate at Lynford was somewhat
colder than that at Upton Warren. However,
it is not possible, on the basis of their beetle
assemblages, to say which of these sites was
the earlier.

The general stratigraphical context of the
Upton Warren site is also similar to that of
Lynford. The fossiliferous deposits at both
localities occur in channel-like depressions
near to the base of the gravels of a low river
terrace, close to the level of the present-day
floodplain of a river. The vertebrate fauna is
also similar, including large numbers of
mammoths, woolly rhinoceros, reindeer, bison
and horses, but no evidence of any hominin
presence at Upton Warren. The published
radiocarbon dates obtained from Upton Warren
of around 40ka BP must now be viewed as
minimum values only and should not be
used as acceptable ages for this site. Thus,
the stratigraphy, the vertebrae fauna and the
radiocarbon dating do not permit any finer
resolution of the relative ages of the two sites.

3.2 The molluscan assemblages

D Keen’

Sampling and taxonomic
nomenclature

The material collected for molluscan analysis
consists of 53 samples, of which eight are
recorded as being from Holocene channels and
are not yet examined. A consolidated molluscan
faunal list for the Lynford Pleistocene sequence
can be seen in Table 3.2. The remaining 45
Pleistocene samples consist of five sets of serial
samples (30198, Table 3.3; 30231, Table 3.4;
30228, Table 3.5; 30201, Table 3.7; 30234,
Table 3.8; and a number of single, point samples
Table 3.6) taken through the organic sands of
Association B-ii. The former three samples
yielded good numbers of Mollusca, while the
latter two were mostly unfossiliferous. In
addition to these stratified samples, further
spot samples were taken from those silts that
were seen to be mollusc-rich during excavation.
All sediment collected was in the form of bulk
samples of ¢ 5kg in field condition, which was

wet-sieved to 500pum, oven-dried at 400°C and
sorted under a 40-60x binocular microscope.
A ¢ 0.5kg subsample was taken from each
sample before sieving and put aside for plant
macrofossil analysis. Any vertebrate or insect
material was removed for further study by the
relevant specialist.

The fauna is made up of existing British
species, so taxonomic conventions follow
Kerney (1999) and Anderson (2005).

Shell preservation and identification

The Mollusca present are moderately well to
well preserved. The only particular problem
relating to preservation has been caused by the
acidity of the organic sands, which has entirely
removed the shell content at some levels. The
most abundant Mollusca were found in 30198
(see Table 3.3) where levels between 300mm
and 600mm produced up to 715 individuals.
Above 300mm there was no shell, and below
600mm shell content was sparse or absent. In

Table 3.2 Mollusca consolidated faunal list

Mollusca

Valvata cristata (Mller, 1774)

Valvata piscinalis (Muller, 1774)

Bithynia tentaculata (Linnaeus, 1758)
Stagnicola palustris (Muller, 1774)
Lymnaea truncatula (Muller; 1774)
Lymnaea stagnalis (Linnaeus, 1758)
Radix balthica (Linnaeus, 1758)
Planorbis planorbis (Linnaeus, 1758)
Anisus leucostoma (Millet, 1813)

Anisus vortex (Linnaeus, 1758)
Bathyomphalus contortus (Linnaeus, 1758)
Gyraulus laevis (Alder, 1838)

Gyraulus crista (Linnaeus, 1758)
Sphaerium corneum (Linnaeus, 1758)
Pisidium casertanum (Poli, | 791)
Pisidium personatum (Malm, 1855)
Pisidium obtusale (Lamarck, 1818)
Pisidium obtusale lapponicum (Clessin, 1877)
Pisidium milium (Held, 1836)

Pisidium subtruncatum (Malm, 1855)
Pisidium henslowanum (Sheppard, 1823)
Pisidium lilljieborgii (Clessin, 1886)
Pisidium hibernicum (Westerlund, 1894)
Pisidium nitidum (Jenyns, 1832)

Succineidae undet.

Vertigo spp.

Pupilla muscorum (Linnaeus, 1758)
Vallonia spp.

Limax spp.

Trochulus hispidus (Linnaeus, | 758)

total 30 species (24 freshwater; 6 land)
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Table 3.3 Sample 30198

sample 30198
context

top of profile 8.764m OD

Unit B-ii:05

20070

UnitB-ii:03
20003

0-10

10-20

20-30 3040

40-50

50-60

60-70

70-80

Valvata cristata (Mller, 1774)

Valvata piscinalis (Muller, 1774)

Bithynia tentaculata (Linnaeus, 1758)
Galba truncatula (Muller; 1774)

Lymnaea stagnalis (Linnaeus, 1758)

Radix balthia (Linnaeus, 1758)
Lymnaeidae

Planorbis planorbis (Linnaeus, | 758)
Anisus leucostoma (Millet, 1813)
Bathyomphalus contortus (Linnaeus, 1758)
Gyraulus laevis (Alder, 1838)

Gyraulus crista (Linnaeus, 1758)

Gyraulus undet.

Planorbidae undet.

Pisidium obtusale lapponicum (Clessin, 1877)
Pisidium subtruncatum Malm, 1855
Pisidium henslowanum (Sheppard, 1823)
Pisidium lillieborgii (Clessin, 1886)

Pisidium hibernicum (Westerlund, 1894)
Pisidium spp.

Succineidae undet.

Vertigo spp.

Pupilla muscorum (Linnaeus, 1758)
Limax spp.

18

113
160

207

w N = N

— N w;

total 20 species (|6 freshwater, 4 land)

402

715

122

Table 3.4 Sample 30231

sample 30231

context
subsample
top of profile 8.69Im OD

B-ii:05

B-ii:03

B-ii:02

20070
0l
0-5

02
5-10

20003
03 04 05

06

10-20 20-30 30-40 40-50

07
50-60

20371
08

09

10

Il 12

60-70 70-80 80-88 88-96 96-102

20390
I3
102-110

Valvata piscinalis (Mller; 1774)
Galbatruncatula (Muller, 1774)

Radix balthica (Linnaeus, 1784)
Lymnaiedae

Anisus leucostoma (Millet, 1813)
Planorbidae undet.

Sphaerium corneum (Linnaeus, 1758)
Pisidium casertanum (Poli, | 791)
Pisidium personatum Malm, 1855
Pisidium obtusale (Lamarck, 1818)
Pisidium obtusale lapponicum (Clessin, 1877)
Pisidium milium (Held, 1836)

Pisidium subtruncatum (Malm, 1855)
Pisidium henslowanum (Sheppard, 1823)
Pisidium hibernicum (Westerlund, 1894)
Pisidium nitidum (Jenyns, 1832)

Pisidium spp.

Succineidae undet.

Pupilla muscorum (Linnaeus, 1758)
Vallonia spp.

Limax spp.

Trochulus hispidus (Linnaeus, 1758)

46
6
23
2

———— NN

2

total 19 species (15 freshwater; 4 land)
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the other serial samples abundant shell is
restricted to one or two levels. In 30231 and
30228 (see Tables 3.4 and 3.5) significant
shell is found only in a single sample. Other
single, point samples (see Table 3.6) are also
rich in Mollusca.

In a number of samples (see 30234 — Table
3.8) partial dissolution has primarily preserved
the calcite plates of limacid slugs, but only
vestigial remnants of the aragonite shells of
gastropods and bivalves, the latter sometimes
preserved only as internal casts. There are,
however, enough samples in which acid attack
has been sufficiently restricted to allow consid-
erable shell content to remain (see Tables 3.3,
3.4 and 3.5). As with all freshwater molluscan
assemblages, large numbers of juvenile shells
occurred that could only be identified to generic
level (see particularly the Planorbidae and
Pisidium spp. in Tables 3.3, 3.4 and 3.5).

However, even where the shells present
seemed only lightly damaged by acid attack,
evidence from amino acid racemisation data
suggested that sufficient corrosion had
occurred to render them impossible to date by
this method (Penkman and Collins, chapter 2).

Table 3.5 Sample 30228

Thus, although many shells were sufficiently
well preserved to allow specific identification,
all had suffered some degree of acid attack.

The only family that gave particular
problems in identification was the Succineidae.
The species in this family have a moderately
wide range of shell morphology even within
species, which preclude identification beyond
family level. The identity of living Succineidae
is usually confirmed by dissection of the soft
parts (Kerney and Cameron 1979), an option
not available for fossil material, and therefore
the Succineidae in the Lynford samples are
identified to family level only.

Local environment as indicated by
the molluscan assemblage

The molluscan assemblage consists of 30 taxa,
24 from freshwater and six from land environ-
ments. The fauna is predominantly of aquatic
origin, but there are also marsh and terrestrial
taxa present. In some samples the latter
dominate in terms of numbers of shells
(compare Pupilla muscorum in 30231, see Table
3.4), although species of aquatic Mollusca are

sample 30228 B-ii:03 B-ii:0|

context 20003 20139 20245 20254
subsample 0l 02 03 04 05 06 07
top of profile 8.759m OD 0-12 12-22 22-31 31-34 34-36 3643 43-58
Valvata piscinalis (Mller, 1774) 7 2 |

Galba truncatula (Muller; 1774) 70 27

Lymnaea stagnalis (Linnaeus, 1758) |7 5

Radix balthica(Muller, 1774) 30 2

Lymnaiedae 41 28 5

Planorbis planorbis (Linnaeus, 1758) 118 8

Anisus leucostoma (Millet, 1813) 99 6

Anisus vortex (Linnaeus, 1758) 6

Bathyomphalus contortus (Linnaeus, 1758) 17

Gyraulus laevis (Alder; 1838) 14

Gyraulus crista (Linnaeus, 1758) 34 5

Planorbidae undet. 120 34

Pisidium casertanum (Poli, | 791) 2

Pisidium personatum (Malm, 1855) 2

Pisidium obtusale lapponicum (Clessin, 1877) 600 63

Pisidium milium (Held, 1836) I

Pisidium subtruncatum (Malm, 1855) I

Pisidium hibernicum (Westerlund, 1894) 25

Pisidium spp. 261 150 2

Succineidae undet I5 8 |

Pupilla muscorum (Linnaeus, 1758) I3 5

Deroceras/Limax spp. 3 5 | I 5
total 19 species (16 freshwater, 3 land) 1491 353 I 2 I 6
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Table 3.6 Samples 63201,30001,30081,61413 and 30083

facies
context

sample
top of profile (metres OD)

B-ii02
20371 (63201)

30213
7.86

B-ii:03
20003

30001
8.362

30081
8.591

61473
851

30083
8.495

Valvata piscinalis (Muller, 1774)

Bithynia tentaculata (Linnaeus, | 758) opercula
Galba truncatula (Mdller, 1774)

Stagnicola palustris (Mdller, 1774)

Lymnaea stagnalis (Linnaeus, 1758)

Radix balthica (Linnaeus, 1758)

Lymnaeidae

Planorbis planorbis (Linnaeus, 1 758)

Anisus leucostoma (Millet, 1813)
Bathyomphalus contortus (Linnaeus, 1758)
Gyraulus laevis (Alder; 1838)

Gyraulus crista (Linnaeus, 1758)
Planorbidae undet.

Pisidium casertanum (Poli, | 791)

Pisidium obtusale lapponicum (Clessin, 1877)
Pisidium hibernicum (Westerlund, 1894)
Pisidium spp.

Succineidae undet.

Vertigo spp.

Pupilla muscorum (Linnaeus, 1758)
Vallonia spp.

Limax spp.

Trichia spp.

25

28
18
45
49

[N

191
I3
2 194

total 20 species (14 freshwater, 6 land)

198

240

Table 3.7 Sample 30201

sample 30201

B-ii:05

context

20005

20002

B-ii:03

20003

B-ii:0l

20004

top of profile 8.963m OD

0-10 10-20

20-30 3040

40-50

50-60

60-70

Valvata piscinalis (Mdller; 1774)
Planorbis planorbis (Linnaeus, 1 758)
Pisidium spp.

total 3 freshwater species

Table 3.8 Sample 30234

sample 30234
context

subsample
top of profile 7.974m OD

B-ii:03
20021

B-ii:02
20355

0-10

10-20

20-30

30-40

40-50

Valvata piscinalis (Mller, 1774)
Bithynia tentaculata (Linnaeus, 1758)
Lymnaeidae

Pisidium lillieborgii (Clessin, 1886)

Desoceres/Limax spp.

total 5 species (4 freshwater; | land)
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most numerous in all samples examined. The
serial samples show little environmental
change through the sequence, with the
assemblage as a whole being one of a shallow,
well-vegetated body of standing water. Because
of the lack of change in the fauna, the sediment
was probably deposited in a short time-span
over tens, rather than hundreds or thousands,
of years.

At certain levels within Unit B-ii:02 (20371)
there is evidence of flowing water gaining
access to the water body. In Sample 30231
(Table 3.4) the two most abundant freshwater
taxa are Valvata piscinalis and Pisidium subtrun-
catum. Both of these species prefer moving to
still water (Kerney 1999) and are also found at
greater water depths (2-5m for V. piscinalis)
than the other aquatic species in the sequence.
The impression of a flood event allowing the
river access to the pool is reinforced by the high
counts for the land snail Pupilla muscorum in
30231. Pools without an inflowing stream or
connection to an active river channel seldom
contain any land shells unless there are
significant water level changes to drown the
land fauna and wash them into the pool.
Without water-level changes of this type land
snails do not occur in such water bodies except
for individuals that fall in by chance (Jones et al
2000). In the case of rivers, floods wash land
shells from the flood plain to be deposited in
the fluvial sediments with the aquatic fauna of
the river. The high totals for P. muscorum, along
with those for V. piscinalis and P. subtruncatum,
probably therefore indicate a flood into the
pool, which was the site of deposition. It is also
significant that four specimens of the river
bivalve Pisidium henslowanum, which is
unusual in closed pools (Kerney 1999), also
occur in 30231.

The occurrence of six species of planorbid
(Planorbis  planorbis, Anisus leucostoma,
Anisus vortex, Bathyomphalus contortus,
Gyraulus laevis, Gyraulus crista) suggest that
the water body had considerable stands of
aquatic macrophytes growing in it, as these
gastropods primarily live on waterweed. The
sporadic occurrence of Valvata cristata and
the bivalve Pisidium milium, both inhabitants
of weed-rich water, also reinforce this
environmental indicator.

The high numbers of the bivalve species
Pisidium obtusale lapponicum suggest cool
water, as this species, although recorded living
in Britain at depth in large, deep lakes (Lough

Neagh, N. Ireland; Ellis 1978), is only found in
shallow water in subarctic and Arctic areas
(Kuiper et al 1989). Pisidium lilljeborgii and
Pisidium hibernicum are also regarded as
northern species by Kerney (1999) and are
found most commonly in Scotland, although
both have ranges that in Britain at present
sporadically extend into the lowlands of
the south.

Although a number of the samples from
Lynford have high values for Anisus leucostoma,
a species capable of living in ephemeral pools
(the aquatic slums of Sparks 1961), the sparse
representation of Pisidium casertanum and
Pisidium personatum, two other typical slum
species, together with the abundance of shells
of species that avoid slum conditions, indicate
that the pool in which deposition took place
was a permanent one not subject to complete
drying-up at any season.

The number of terrestrial species is very
limited. Only six taxa are recorded in all of the
samples. The most abundant by far are shells of
Succineidae and Pupilla muscorum. The
Succineidae are a family of marsh snails that
live on emergent aquatic vegetation and in
swampy river and lake marginal areas. They
were probably washed into the Lynford pool at
times of river flood, as discussed above.

Pupilla muscorum is generally regarded as a
species typical of dry grassland and scree
(Kerney and Cameron 1979). However, it has
been known since the 1960s that the tall,
cylindrical, morphotype of P. muscorum found
in cold stage deposits, and at Lynford, is a
common associate of the Succineidae, despite
their seemingly contrasting ecological require-
ments (Kerney 1963, 1971). There are two
possible explanations for this ecological
paradox: that one or other of the two species
has changed its ecological requirements since
Pleistocene times, or that the two species have
been washed together from their contrasting
habitats. Of these two possiblilities, the
distinctive morphotype of P. muscorum seems
to give a clue to the true state of affairs. This
form, given subspecific rank by some authors as
Pupilla muscorum pratensis Clessin 1871 (see
Turner et al 1998; Gedda, 2001), is unlike the
small grassland form of the species of modern
Britain, but similar to the form of P. muscorum
which today inhabits wet meadows in
Scandinavia (Gedda 2001). Thus it seems most
likely that the Lynford examples lived in similar
swampy conditions to the Succineidae.
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The other land taxa are Trichia hispida,
Vallonia, Vertigo spp. and Limax spp. The first of
these lives in areas of sparse vegetation and
disturbed ground, and is often found as an
associate of P. muscorum in cool environment
deposits (Kerney 1963, 1971). The Vallonia
species present was represented by a single,
broken and juvenile shell (Sample 30231; see
Table 3.4). Species of this genus inhabit
grassland and swamp in modern Europe,
environments not inconsistent with the
indications of land habitats from the other
terrestrial molluscs.

The Vertigo spp. are represented only as the
apices of the shells. With this genus, the
diagnostic characteristics of the species are
found in the shell aperture, so it is impossible to
identify the species present from the apex
alone. There are several species of Vertigo,
which today inhabit subarctic or montane areas
of Europe (Kerney and Cameron, 1979), and
which might be identified from these shells.

The plates of limacid slugs are relatively
common in the deposits at Lynford, due, in
part, to their resistance to corrosion in acid
environments. The molluscan totals of the
heavily leached sample 30234 (see Table 3.8)
are actually dominated by slug plates.
However, most species of limacidae are poor
indicators of local environment as they live
in any damp habitat.

Regional environment indicated
by the Mollusca

The regional environment is more difficult to
determine from the Mollusca than that of the
pond and its surrounding area. The terrestrial
fauna is more sensitive to climate than the
aquatic Mollusca, which are buffered from the
atmosphere by their watery habitat, but their
limited numbers do not allow precise climatic
inferences to be determined. However, aspects
of the fauna do give some indications of the
climate during deposition.

One of these indications is the number of
species present in the fauna. In modern Europe
molluscan species numbers decrease steadily in
more northerly latitudes with increasingly cold
and open, unvegetated landscapes restricting
land taxa, and with freshwater taxa limited by
the length of time ice cover persists into the
summer (Kerney and Cameron 1979; @kland
1990). Thus assemblages with more than 50
species present are invariably interglacial in

type (Keen et al 1999; Schreve et al 2002).
Faunas with fewer than ten species are usually
of full cold stage type (Holyoak 1982; Keen
1987). Faunas with species counts intermediate
between these extremes are the product of
climates neither of full glacial nor fully
temperate character. The Lynford assemblage
of 30 taxa would therefore indicate a climate
colder than Norfolk today, but not one of
glacial intensity.

A second indicator of regional climate is the
modern geographical ranges of species. All of
the species in the Lynford fauna are found
in the British Isles at present, although P.
muscorum is only represented by the large form
of this species (see above), and Pisidium
obtusale lapponicum is only found living in the
cold depths of Lough Neagh, Northern Ireland
(Ellis 1978), and lives in shallow water only in
subarctic and Arctic latitudes (Kuiper et al
1989). However, the 30 species at Lynford are
exclusively those tolerant of diverse climates
and that today range up to, and in some cases
beyond, the Arctic Circle. That the climate was
not fully Arctic, is however suggested by the
presence of limacid slugs in almost all of the
samples that have produced Mollusca, as only
two species of this family occur north of the
Arctic Circle in modern Europe (Kerney and
Cameron 1979). The presence of T. hispida also
supports such conditions, since this species is
only found north of the Arctic Circle at the
Norwegian coast where the moderating effects
of the Atlantic maintain higher temperatures.
The occurrence of Pisidium henslowanum might
also indicate cool rather than truly cold
conditions as this species is not currently found
north of the Arctic Circle in Europe, although it
does live in Siberia where cold winters are
moderated by hot summers (Kuiper et al 1989;
Kerney 1999).

Summary of the environment
according to the molluscan evidence

A summary of the local depositional environ-
ment as indicated by the Mollusca suggests
that the site of deposition was for most of the
time a permanent, shallow body of water with
considerable aquatic vegetation and a silty or
fine sand substrate. The river still had access
to this floodplain pool and the land surface
around the water body was a muddy swamp.
However, there were also times when water
flow and depth were increased, probably due
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to floods from the nearby river channel or
seasonal fluctuations in water intake. The
limited land mollusc fauna suggests that
areas of wet grassland and swamp were
predominant around the water body.

Climatic interpretation based on the
molluscan evidence

Although Mollusca have been recorded from
numbers of cold stage sites across southern
Britain (see Holyoak 1982 and Keen 1987 for
summaries), most of the faunas described are
from fluvial contexts in the Thames catchment
(Gibbard et al 1982; Kerney et al 1982; Coope et
al 1997; Maddy et al 1998) or from small
ephemeral streams, often on Chalk or Jurassic
Limestone bedrock (Briggs and Gilbertson
1973; Keen, unpublished data from Swalecliffe,
Kent, and 2001). The former, because of their
origin in large rivers, exhibit a slightly different
molluscan fauna from that at Lynford. In these
contexts, taxa living in moving water, such as
Ancylus fluviatilis (Miiller 1774), are common.
However, many of the other species present,
such as the Lymnaeidae and Planorbidae, are
also found at Lynford. The small chalkland
streams commonly have very large numbers
of Succineidae and Pupilla muscorum, which
totally dominate the molluscan assemblage
being swept from nearby land surfaces in the
spring thaw.

There also appears to be an element of
climatic control over these faunal types, in that
the large river assemblages are predominantly
those dating to the relatively warm Upton
Warren Interstadial, according to associated
insect faunas and radiocarbon dates (see Coope
et al 1997 for a discussion). In contrast, the
Succineidae/Pupilla muscorum assemblages
derive from Arctic conditions and often include
the Arctic/Alpine gastropod species Columella
columella (von Martens 1830) as a significant
minority constituent.

The molluscan assemblage from Lynford is
differentiated palaeoecologically from the
faunas of both large rivers and cold stages
noted above. In terms of local environment, the
Lynford deposits accumulated in a pond rather
than a large river, or a stream that flowed only
intermittently, perhaps in the Arctic spring
flood. Regional conditions were also interme-
diate between the warmth of the Upton Warren
Interstadial and the true Arctic climate of
the ephemeral stream sediments previously

described. Although all of these types of
assemblage are largely made up of tolerant
molluscan taxa found in a wide range of
habitats, the slight differences between them in
species composition allows the identification of
the Lynford environment as distinct in both
local and regional palaeoenvironment from
most other sites described in the literature.

Stratigraphic implications of
the Mollusca

The molluscan assemblage from Lynford gives
no direct indicators of age. Molluscan
biostratigraphy is only possible using the
large numbers of taxa found in interglacial
assemblages (Keen 2001), as cold stage faunas
are invariably made up of the same climatically
tolerant species irrespective of age (Briggs and
Gilbertson 1973; Kerney 1977; Holyoak 1982;
Keen 1987). Although the Lynford assemblage
is environmentally distinct from most other
sites of similar aspect, this might not be
significant in terms of age, as the cool rather
than cold Lynford sequence might represent
either an episode in its own right separate from
the Upton Warren or other named stages, or a
short-lived episode in the warming or cooling
phase of some other climatically distinct phase.
The potential during the last cold stage for
episodes of cold, cool or warm type, repeated
on a number of occasions, has been indicated
by the identification of numerous short-lived
climatic-change events in the oceanographic
record of the North Atlantic and in the
Greenland ice cores (Bond et al 1993). It is
therefore difficult to associate any individual
molluscan assemblage with a named inters-
tadial or any other phase. Furthermore, due to
the extent of corrosion of the shells caused by
the low pH of the sediments at the site, it is not
possible to provide reliable age estimates for
Lynford based on amino acid ratios.

3.3 The pollen assemblages
FML Green

Sampling and laboratory procedures

The study of pollen preserved in the Lynford
deposits allows the reconstruction of environ-
mental conditions at the site during the period
of channel abandonment, as represented by
Association B. With this aim, a total of 46
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Fig 3.1

Schematic section
illustrating pollen sample
locations within the
palaeochannels.

samples from three separate sampling locations
within the channel were prepared for pollen
analysis. Sediments were sampled from the
main palaeochannel (20032) (Association
B-ii) and smaller palaeochannel (20121)
(Association B-iii) incised into the upper
sediments of the main palaeochannel. These
comprise sample numbers 30168 (monolith
and bagged samples) and 30238 (monolith and
bagged samples) from the sand and organic
sediments of Association B-ii and 30257
(monolith) composed of sand and organic

sediments from Association B-iii. A summary of
the lithology and the relevant context numbers
are given in Figs 3.1 to 3.4. A schematic section
illustrating pollen sample locations within the
palaeochannels is shown in Fig 3.1.
Subsamples of 10-20mm? were cut from the
cleaned faces of the monoliths, and similar
volumes were obtained from the bagged
samples. The sediment was disaggregated by
boiling in 5 per cent sodium hydroxide, with
silicates removed by heating at 80°C in
hyrodrofluoric acid and cellulose by acetolysis

A
Facies C
B-iii
B-ii:05
B C
8,
sample a
30238 | el B4
& SGF
B-ii:03
| B-ii:02
sample
30168 B-ii:01
A- West facing section o
B- South facing section 0 m
C- West facing section [
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(Faegri and Iverson 1975). The remaining
material was stained and mounted on slides.
Slides were viewed under magnifications of
x400 and x1000 and a minimum count of 200
non-tree pollen grains attempted for each
sample. Pollen identifications were assisted by
reference to Moore et al (1991) and Andrew
(1984). Fungal spores referred to Van Hoeve
and Hendrikse (1998). Diagrams were drawn
using TILIA (Grimm 2005) with most data
expressed as a percentage of total land pollen
(tlp), ie trees, shrubs and terrestrial herbs. Note
that aquatics, spores and unidentified are
expressed as a percentage of tlp plus aquatics,
and algae and fungi are expressed independ-
ently as a percentage of tlp (ie not including
algae or fungi in the final sum). It is acknowl-
edged that some of the plant nomenclature
might need to be updated to Stace (1997) but
an older nomenclature (Fitter et al 1985) has
been used for ease of comparison with other
published sites. The diagram has been divided
into local pollen zones (LPZs) using the
constrained incremental sum of squares
(CONISS) in the TILIA program (Grimm 1987).

The pollen assemblages

Pollen and spores were obtained in good
condition from most samples, but at relatively
low concentrations. Several coverslips were
counted in some samples and in all cases two
were counted. Despite this, many samples did
not contain 200 land pollen types. A slight
increase in corroded pollen was observed in the
upper samples from 30168 and pollen was
sparse and of poor quality in the upper three
samples of 30257. Although not noted in the
figures and tables, high concentrations of
framboids (spherules of iron pyrite) were found
in many deposits. The pollen results are shown
in Figs 3.2 to 3.4 and the pollen and spore
counts in Tables 3.9 to 3.11. The common
names for the taxa identified are referred to in
the tables but not in the text. The samples are
referred to by their depth from the top of
the monolith or section and not by their
sample numbers.

Profile 1: 30168 (Fig 3.2 and Table 3.9)

Profile 1 was from the centre of the main palae-
ochannel (20032) (Association B-ii) (see Fig
3.1). In total, 17 samples were analysed from
this location. A thin (20-40mm) deposit of

whitish carbonate-rich, silty sand (20004)
(Association B-ii) (Unit B-ii:01) formed the
lowest deposit in the palaeochannel, and above
this 560mm of organic sands (20,003)
(Association B-ii) (Unit B-ii:03) were observed.
Overlying the organic sands was a grey sand
with silt lamina (20070) (Association B-ii)
(Unit B-ii:05), which in places was highly
deformed. The top of the sequence (20070)
was truncated by coarse, orange flint gravel
(20009) (Association C).

The entire sequence is dominated by
non-tree pollen (90-100 per cent tlp) with tree
pollen contributing generally less than 5 per
cent of tlp. Tree pollen included Betula, Pinus
and Alnus, with lesser quantities of Abies and
Picea. With the exception of the uppermost
sample, Cyperaceae was the most abundant
pollen type (60-85 per cent) with lesser,
although significant, amounts of Poaceae
(25-30 per cent). Shrubs were almost totally
absent, with the exception of rare Corylus,
occasional Salix and a small peak in Calluna
and Vaccinium at 240mm and 280mm.

Throughout the sequence there was a wide
range of terrestrial plants suggesting a variety
of local habitats. The herbs include a wide
range of heliophytes, specifically Armeria
maritima, Artemisia, Helianthemum, Linum
anglicum, Thalictrum and Selaginella selagi-
noides. All of these are widespread in Devensian
deposits with many having a modern northern
and Alpine distribution (such as Armeria
maritima, Thalictrum and Selaginella selagi-
noides). Poacaea (20 per cent tlp) indicates the
presence either of grassland or Phragmites
(reed). Various types of grassland can be
described, based on the pollen from other
herbs. Relatively tall, dry grassy areas with a
calcareous soil are suggested by the presence of
Centaurea nigra, Campanula, Helianthemum,
Gentianella, Linum anglicum (an isolated grain
was identified at 240mm), Sanguisorba cf.
officinalis and  possibly  Umbelliferae.
Helianthemum pollen might be from one of
several species (probably H. canum), most of
which grow on very open, dry, well-drained
calcareous soils. The pollen of Helianthemum is
frequently identified in Devensian deposits;
however, today this species has a particularly
southern range (not occurring north of 62°C in
Scandinavia) (Godwin 1975). Linum anglicum
also appears regularly in Mid-Late Devensian
deposits (Bell 1970; Godwin 1975). It is a
short-medium plant of dry -calcareous
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Table 3.9 Total pollen and spores from Lynford Quarry, sample 30168

facies B-ii:05
context 20070
depth (cm) from top of section 4.0 6.0
trees

Betula (birch) 4
Pinus (pine) 4
Tilia (lime)

Alnus (alder)

Abies (fir)

Picea (spruce)

shrubs

Corylus/Myrica (hazel, bog myrtle)
Salix (willow)

Calluna (heather)

Vaccinium (bilberry/crowberry)

terrestrial herbs
Poaceae (grasses) 6 108
Cyperaceae (sedges) 12
Polygonum (bistort)
Oxyria type (eg mountain sorrel,
curled, clustered, wood dock)
Rumex (dock)
Chenopodiaceae (goosefoot family)
Caryophyllaceae (pink family)
Spergula type (eg corn spurrey)
Ranunculus-type
(incl buttercup/crowfoot) 2
Caltha (marsh marigold)
Thalictrum (meadow rue)
cf-Anemone-type
(eg wood, yellow, blue anemone)
¢f- Papaver sp. (poppy)
Cruciferae (cabbage family)
Drosera (sundew)
Rosaceae (rose family)
Filipendula (meadowsweet)
Sanguisorba (eg great burnet)
Potentilla-type (cinquefoils/tormentil)
Linum (flax)
Helianthemum (rock roses)
Umbelliferae (carrot family)
Armeria (thrift)
Menyanthes (bogbean)
Gentianella (eg field gentian)
Galium-type (bedstraw)
Labiatae (eg mint, woundwort,
hemp-nettle)
Mentha-type (mint)
Scrophulariaceae (figwort family,
eg mullein, toadflax, foxglove, speedwell)
Plantago major/media
(greater; hoary plantain)
Plantago maritime (sea plantain)
Succisa (devilsbit scabious)
Campanula (campanula)
Compositae tub. (daisy family)
Astertype (eg daisy, aster, cudweed,
coltsfoot, ragwort)
Artemisia (mugwort/wormwood)
Centaurea nigra (black knapweed)

24.0 28.0
2
| 7
|
3
|
2 |
2
30 85
99 186
6
3 |
|
|
|
|
|
2
continued »
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Table 3.9 - continued

facies
context

depth (cm) from top of section

B-ii:05
20070

B-ii:03
20003

4.0 6.0

8.0 10.0 12.0

16.0 20.0

24.0 280

Compositae lig. (incl dandelion, hawkweed,
hawsbeard, hawkbit, sow thistle)

Taraxacum-type (eg dandelion)

Anthemis-type (incl chamomile, yarrow,
ox-eye daisy, tansy, feverfew)

aquatics

Myriophyllum spicatum
(spiked water milfoil)

Myriophyllum verticillatum
(whorled water milfoil)

Potamogeton (pond weed)

Typha latifolia (bulrush)

Typha angustifolia/Sparganium
(lesser bulrush, bur-reed)

fern spores

Selaginella selaginoides (lesser clubmoss)
Equisetum (horsetail)

Filicales (undifferentiated ferns)
Polypodium (polypody)

moss spores
Sphagnum

algae

Pediastrum
Pediastrum kawraiskyi
Mougeotia

Zygnema

Spirogyra spores

Type 128

fungal remains
Glomus-type
Sporomiella

Type 20

Type 25

Type 90

Type 55A

Type 200

foraminifera
foram test linings
planktonic forams

unidentified
unidentified

10
20 30

- — —w

~

total land pollen

6 233

93 155 109

204 187

147 296

facies
context

depth (cm) from top of section

B-ii:03
20003

B-ii:01
20004

320

36.0 40.0 44.0

48.0 520

56.0 60.0

trees
Betula (birch)

3

continued »
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Table 3.9 - continued

facies B-ii:03 B-ii0Ol
context 20003 20004
depth (cm) from top of section 320 36.0 40.0 44.0 48.0 520 56.0 60.0
Pinus (pine) 3 2 3 I I 5 4
Tilia (lime)

Alnus (alder) 2 | 5
Abies (fir) 2 3 2 2 3 I
Picea (spruce) 3 4 | | I
shrubs

Corylus/Myrica (hazel, bog myrtle) |
Salix (willow) |
Calluna (heather)

Vaccinium (bilberry/crowberry)

terrestrial herbs
Poaceae (grasses) 22 34 49 26 66 43 39 42
Cyperaceae (sedges) 125 97 137 123 93 103 1
Polygonum (bistort) I
Oxyria type (eg mountain sorrel,

curled, clustered, wood dock)
Rumex (dock) 2
Chenopodiaceae (goosefoot family) |
Caryophyllaceae (pink family) 8 2 10
Spergula type (eg corn spurrey) | |
Ranunculus-type

(incl buttercup/crowfoot) 3
Caltha (marsh marigold) 2
Thalictrum (meadow rue) | 3 3 3
cf-Anemone-type (eg wood, yellow,

blue anemone)
cf. Papaver sp. (poppy) |
Cruciferae (cabbage family) I
Drosera (sundew)
Rosaceae (rose family) 3
Filipendula (meadowsweet) |
Sanguisorba (eg great burnet)
Potentilla-type (cinquefoils/tormentil)
Linum (flax)
Helianthemum (rock roses) I I 3
Umbelliferae (carrot family) 2 |
Armeria (thrift) I 2
Menyanthes (bogbean)
Gentianella (eg field gentian) 2
Galium-type (bedstraw)
Labiatae (eg mint, woundwort,

hemp-nettle)
Mentha-type (mint) 4
Scrophulariaceae (figwort family,

eg mullein, toadflax, foxglove, speedwell) |
Plantago major/media

(greater, hoary plantain)
Plantago maritime (sea plantain) |
Succisa (devilsbit scabious)
Campanula (campanula) 2 |
Compositae tub. (daisy family) | 2
Astertype (eg daisy, aster, cudweed,

coltsfoot, ragwort) | 2
Artemisia (mugwort/wormwood) | I
Centaurea nigra (black knapweed)
Compositae lig. (incl dandelion, hawkweed,

hawsbeard, hawkbit,sow thistle) I
Taraxacum-type (eg dandelion) 5 4 I 10

N
)
N

w
N
o
EN
w
o
v

o

continued »
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Table 3.9 - continued

facies
context

B-ii:03 B-ii:01
20003 20004

depth (cm) from top of section 320

360 40.0 44.0 48.0 520 56.0 60.0

Anthemis-type (incl chamomile, yarrow,
ox-eye daisy, tansy, feverfew)

aquatics
Myriophyllum spicatum
(spiked water milfoil)
Myriophyllum verticillatum
(whorled water milfoil)
Potamogeton (pond weed)
Typha latifolia (bulrush)
Typha angustifolia/Sparganium
(lesser bulrush, bur-reed) 2

fern spores
Selaginella selaginoides

(lesser clubmoss)
Equisetum (horsetalil) 10
Filicales (undifferentiated ferns) I
Polypodium (polypody) 2

moss spores
Sphagnum

algae

Pediastrum

Pediastrum kawraiskyi

Mougeotia

Zygnema

Spirogyra spores 7
Type 128 2

fungal remains

Glomus-type 18
Sporomiella 3
Type 20

Type 25

Type 90

Type 55A 3
Type 200 3

foraminifera
foram test linings
planktonic forams

unidentified
unidentified 5

10 2 15 20 10

70 34 20 40 31 46 44

total land pollen 169

155 216 148 219 161 180 207

grassland and considered to be a coloniser of
open habitats. A single grain of Sanguisorba cf.
officinalis was identified in the sample at
440mm. It is a relatively tall plant of open,
damp, calcareous grassland which today has a
southern modern distribution, not extending
north of 60°N in Scandinavia, but with a
distinctively continental, rather maritime
distribution (West 1979). The pollen of

Sanguisorba cf. officinalis is found frequently in
Middle-Late Glacial deposits but is less common
in the Flandrian (Godwin 1975).

Also present are taxa characteristic of bare
disturbed ground or short turf, including
Armeria maritima (a facultative halophyte
that tolerates but does not require saline
conditions), Artemisia, Aster-type, Caryo-
phyllacaea, Compositae tub, Plantago major/
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media, Taraxacum (c 5 per cent tlp) and
Thalictrum (if T. alpinum). The climatic
inferences that can be made based on this
group of plants are limited, but the presence of
Armeria maritima (possibly B type) might
suggest winter snow cover, though it will
not grow in winter temperatures below —8°C
(Iversen 1954).

Damp and/or mossy grassland environments
were indicated by the presence of Succisa
(single grain at 360mm) and by low but
consistent occurrences of Selaginella selagi-
noides. The latter is a species with a restricted
modern distribution in Britain, occurring
locally in northerly hill habitats. It is most
abundant in extreme northern areas, particu-
larly northern Fennoscandia.

There was a consistent presence of
Ranunculus type in all samples, increasing to
about 10 per cent tlp in association with the
most aquatic phase of the profile. Although the
pollen of Ranunculus type includes plants of
widely diverse habitats, and the pollen is
difficult to distinguish, comparison with a
pollen-type slide suggests the Ranunculus
identified is Ranunculus aquatilis (common
water crowfoot). This plant is typical of still or
slow-flowing water up to 1m in depth.

Cyperaceae was the most abundant pollen
type. The Cyperaceae are not exclusively
aquatic but it is probable, given the level
of abundance, that they represent one or
many species of aquatic and semi-aquatic
sedges. Although Phragmites (reed) is not
easily distinguishable from the Poaceae, the
overall environmental conditions suggest the
possibility of its presence as part of the semi-
aquatic flora. Therefore the local vegetation
was probably one of reed and sedge swamp.

There were a few identifiable taxa associated
with fen or marsh conditions, and these
included isolated grains of acidophilous
Menyanthes (suggesting localised areas of
raised bog), Mentha type, Filipendula, and
possibly Potentilla type (if P. palustris).

Emergent aquatic vegetation was
represented by Typha latifolia and by the more
abundant Typha angustifolia/Sparganium type
that would have grown within a shallow water
body and on its wet margins. True aquatics
include Myriophyllum spicatum, characteristic
of calcareous water, and the more abundant
acidophile Myriophyllum alterniflorum. This
implies that the water was more acid than the
surrounding grasslands.

Also present were algae of shallow pools or
slow-flowing water: Spirogyra and Pediastrum
spp., Pediastrum kawraiskyi and Type 128.
Spirogyra suggests algal blooms probably in
temporary, shallow water. It is probable that
Spirogyra sporulates either in pools isolated
from the main river and containing fresh to
slightly brackish, stagnant sun-warmed water,
or in slow-moving shallow water surrounded
by sedge fen (Van Geel 1976). Pediastrum
kawraiskyi is a colonial green algae reported
from Europe and North America, occurring in
small ponds and lakes with clean, nutrient-poor
waters. It is rare in the British Isles today, but
has been recorded from Ormesby Broad
(Griffiths 1927), and Loch Sharrey, Caithness
(John et al 2002). Its presence suggests at
least a small body of open water. Type 128
is considered indicative of shallow meso-
eutrophic fresh water (Pals et al 1980).
Pediastrum has been recorded as an indicator of
increasing water depth (Stewart et al 1984),
and is not regarded as typical of ephemeral
water bodies in the same way as Spirogyra.

Other non-pollen types identified in this
sequence include  Glomus-type  bodies
(mycorrhizal fungi), which are only found
within aerobic bioactive soils (Bagyaraj and
Varma 1995). Since such fungi do not grow
under anaerobic/aquatic conditions and are
not dispersed far by wind, they are probably
derived from the erosion of surrounding
soils. Spores of the fungi Sporormiella were
identified in several samples with a distinct
peak in LPZB. Sporormiella is a dung fungus
and is strongly associated with dense
populations of herbivores. In particular its
abundance has been related to Pleistocene
megafaunas (Davis 1987), and might indicate
the presence of grazing animals such as
mammoths on the adjacent grasslands. Other
fungal spores identified include Type 25
(compare Clasterospoirium caricinum) (Van
Hoeve and Hendrikse 1998), which occurs
most frequently in LPZB and C. Interestingly
Clasterospoirium caricinum is a fungus found
on the leaves of sedges in marshes subjected to
periodic flooding (Van Hoeve and Hendrikse
1998). Type 55A (Van Geel 1978) was found in
almost all samples. This fungal spore is part of
the Sordariaceae and is associated with
eu-meso eutrophic environments and might
indicate wet stands of helophytes (marsh
plants) and can also be associated with animal
dung. Type 200 (Van Geel et al 1989) occurs
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frequently at low abundances in the lower
deposits of 30168. It is a fungal microfossil,
found in association with Equisetum fluviatile,
Phragmites and Carex rostrata (all of which are
consistent with the pollen identified). Type 200
is characteristic of the first stages following the
drying-out of temporary pools.

Iron pyrite framboids occurred in several
samples, principally those of mid LPZB and
from LPZDa and Db. Framboids are indicative
of stagnant, anaerobic water rich in organic
elements (Wiltshire et al 1994). Their
presence in only a proportion of samples
suggests the possibility of differential post-
depositional preservation that affected either
the development of framboids, or indicates that
environmental conditions were not constant
during the accumulation of the deposit.

Foraminifera were rare in the pollen prepa-
rations, with a single test noted in sample
280mm. The foraminifera were derived from
the underlying chalk, and suggest an input of
clastic material from the chalk in the sequence.
The single foraminifera suggests there was a
minimal input of such sediments, but calcite
tests could have been removed by post-deposi-
tional dissolution in the acidic organic deposits.

Local pollen zones

Despite the overall similarity of the sequence in
profile 1, it was possible to identify five local
pollen zones (LPZ) A-E, with three further
subdivisions of zone D. The data are described
below, zone by zone (see Fig 3.1)

LPZ A (600-570mm): This single sample was
from white, silty sand with carbonate (20004)
of Association B-ii (Unit B-ii:01). Tree pollen
was found at low frequencies (c 5 per cent) and
includes Betula, Pinus and Alnus with lesser
quantities of Abies and Picea. Of the non-tree
pollen, Cyperaceae was the most abundant (60
per cent tlp) with Poaceae contributing about
20 per cent. There was a wide range of
terrestrial herbs including those of open and
disturbed habitats (Aster and Taraxacum) and
calcareous grassland eg Armeria maritima
Campanula, Thalictrum and Helianthemum.
Glomus (soil fungi) was moderately abundant,
suggesting inclusion of surrounding soils into
the deposit.

Low levels of aquatic pollen and spores
such as Mpyriophyllum spicatum and Typha
angustitifolia/Sparganium type and the algae
Pediastrum, suggest at least localised open

water of moderate water depth (¢ 1m), and
spores of Spyirogyra indicate limited areas of
probably shallower water. Marginal marsh
would have supported Carex, Equisetum and
algae Type 128. Occasional spores of the dung
fungus Sporormiella indicate herbivores
grazing in the locality.

LPZ B (570-420mm): This zone was defined
by the massive unlaminated organic sands
(20003) of B-ii (Unit B-ii:03) and contained
a similar pollen assemblage to LPZA. The
principal difference was an increase in both
aquatic pollen and fungal spores of all types, in
particular Sporormiella.

Myriophyllum spicatum and Myriophyllum
verticillatum and probably Ranunculus Type
(R. cf. aquatilis, indicate still or very slow-
flowing water of up to 1m in depth. Stagnant
water conditions at this time are indicated
by the presence of iron pyrite framboids.
Associated with open water, Spirogyra perhaps
grew in the more temporary pools. Fungal
spore Type 200 also reflects the drying-out
of temporary pools and Type 25 indicates
periodic  flooding. Typha angustitifolia/
Sparganium, Carex and Equisetum indicate
marginal marsh. Fungal spore Type 55A was
identified in most samples and is associated
with both marsh plants and dung.

Glomus was also relatively important, 20 per
cent of tlp excluding fungal spores reflecting
moderate input of soils from the catchment.
There is a strong peak in the dung fungus
Sporormiella that probably entered the deposits
with soil eroded from the grazed valley sides.

LPZ C (420-340mm): At 420mm the nature of
the deposit changes to a laminated organic
sand (20003) with occasional two- to three-
centimetre-deep lenses of clean sands. The
palynology of this zone reflects this change in
sedimentology. There was a sudden decline in
aquatic pollen, in particular Myriophyllum,
Typha and Ranunculus Type. Aquatic algae
(Pediastrum) and algal spores (Spirogyra) were
still present and are indicative of a continued
aquatic environment. Other indicators of
marsh and sedge fen include an unchanged
curve of Carex pollen, and the presence of
fungal spores of Type 25 and Type 55A, possibly
indicating the presence of animal dung, and
Type 200.

Pollen from extra-local sources include
Thalictrum, Gentianella and Campanula derived
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from calcareous grassland, together with
Compositae tub. and Taraxacum from drier,
more disturbed ground. A strong peak in
Glomus indicates increased erosion of soils
from the valley sides. Unlike LPZB, there were
no dung fungal spores associated with the soil
erosion, and Sporomiella was not identified.

The overall pattern in this zone suggests the
end of a still water body and the initiation of
increased water flow, albeit potentially more
seasonal in nature.

LPZ D (340-50mm): The upper deposits of
(20003) are included within LPZD. The zone
was further divided into three subzones,
LPZDa-c. Throughout LPZD there was a gradual
removal of aquatic pollen. Within LPZ Da,
Ranunculus, Typha and Myriophyllum declined
further and are not found at all in LPZ Db.
Framboids in the sediments of LPZ Da indicate
at least localised areas of stagnant water. As
in LPZC, strong curves of aquatic algae
(Pediastrum) and algal spores (Spirogyra) show
that an aquatic environment still existed. At the
base of LPZD, slightly higher abundances of
marsh plants were identified. These include
Carex, Equisetum, a single grain of Menyanthes,
frequent algal spores of Type 128, together with
fungal spores of Type 55A, possibly also
indicating the presence of animal dung and
Type 200. The frequency of Glomus declined,
suggesting a reduction of soil input from the
catchment. There was an overall reduction in
Poaceae and pollen from plants growing on all
types of grassland. This indicates a reduction in
the influence of non-local vegetation within
the pollen assemblage. Such a change might
be caused either by a decline in soil erosion
and inclusion of grassland pollen derived
from the soils, or by an expansion of the area
of Carex surrounding the pool/stream that
formed a barrier to pollen drifting in from
surrounding grasslands. The former seems a
more likely explanation.

LPZ E (50-O0mm): This zone comprised a
single sample from a grey sand with silt lamina
(20070) of Association B-ii (Unit B-ii:05) and
contained extremely sparse pollen (six grains)
all of which were Poaceae. The very low pollen
abundance might result from the post-deposi-
tional corrosion of pollen that could originally
have been within the deposit. The more likely
explanation is that the highly inorganic deposits
were pollen-poor when deposited.

Profile 2: 30238 (Fig 3.3 and Table 3.10)

Profile 2 was located towards the southern
margin of the main palaeochannel (20032)
(Association B-ii) see Fig 3.1. At this location, 21
samples were processed to include all the
deposits observed in this section. The sequence
was more complex than that in the centre of the
channel and included a greater proportion of
coarse sediments in the lower sediments,
mostly eroding from the channel margins. A
sequence of silty and stony organic deposits
(20371 and 20390) (Association B-ii) (Unit
B-ii:02) were observed below the organic sands
(20003) of palaeochannel (20032) (Association
B-ii) (Unit B-ii:03). At this location the organic
sands (20003) showed a distinct change
through the sequence. The lower part of the
0.7m-deep deposit (20003) was an organic
dark grey, poorly sorted stony sand, with sand
lenses in which animal bone was frequently
identified. This deposit had a gradational
boundarywith ¢ 250mm of massive, dark-brown
organic stony sand (20003). This deposit
gradually gave way to the upper 250mm of
(20003), which was less stony but highly
laminated organic and inorganic sand. Above
these organic laminated deposits was a
pale-grey sand with silt lamina (20070)
(Association B-ii) (Unit B-ii-05).

All samples were dominated (>90 per cent)
by non-tree pollen; in particular by Poaceae
(10-70 per cent tlp) and to a lesser extent by
Cyperaceae (20-80 per cent tlp). Trees were
only identified at low frequencies, reaching a
maximum of 8 per cent but generally less than 5
per cent. These included Betula, Pinus, Abies,
Picea and Alnus. Shrubs such as Corylus were
rarely encountered.

Terrestrial herbs included a similar range
of species to those identified in 30168. The
majority of the species are those of open sites
(heliophytes) and include those of calcareous
grassland eg Helianthemum and Thalictrum.
Armeria maritima, Artemisia, Caryophyllaceae
Compositae tub, Plantago major/media, Rumex
acetosa and Taraxacum indicate short turf
and disturbed soils. The spores of Selaginella
selaginoides indicate damp and/or mossy grass-
land. The presence of tall fen assemblages is
suggested by Filipendula, Galium and Mentha.

Pollen from aquatic species included
Myriophyllum spicatum, M. verticillatum,
Typha latifolia, Typha angustifolia/Sparganium
type together with Ranunculus cf. aquatilis
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Table 3.10 Total pollen and spore counts from Lynford Quarry, sample 30238

facies B-i:05

context 20070

B-ii:03

20003

20408

depth (cm) from top of section 14.00

22.00

60.0

36.00

42.00

50.00

60.0

trees

Betula (birch)

Pinus (pine)

Ulmus (elm)

Alnus (alder)

Abies (fir) 2
Picea (spruce)

shrubs
Corylus/Myrica
Salix

Calluna

terrestrial herbs
Poaceae I3
Cyperaceae 130
Polygonum

Rumex

Rumex acetosa
Chenopodiaceae
Caryophyllaceae
Spergula type
Stellaria-type
Scleranthus
Ranunculus-type
Thalictrum

cf- Papaver sp.
Cruciferae
Rosaceae
Filipendula
Potentilla-type
Leguminosae
Hypericum cf. elodes
Helianthemum
Epilobium
Umbelliferae
Armeria

Gentianella
Galium-type
Labiatae
Mentha-type
Scrophulariaceae
Rhinathus type
Plantago major/media
Plantago lanceolata
Plantago maritima
Succisa
Compositae tub.
Astertype
Artemisia

Cirsium

Centaurea nigra
Compositae lig.
Taraxacum-type

aquatics

Myriophyllum spicatum
Myriophyllum verticillatum
Myriophyllum alterniflorum

195
80

58

20
179

32
53

22
140

79
90

continued »
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Table 3.10 - continued

facies
context

depth (cm) from top of section

B-ii:05

20070

B-ii:03

20003

20408

14.00

22.00

60.0

36.00

42.00

50.00

60.0

Potamogeton
Typha latifolia
Typha angustifolia/Sparganium

fern spores
Lycopodium selago
Lycopodium
Selaginella

Isoetes

Equisetum

Filicales
Polypodium

algae

Pediastrum
Pediastrum kawraiskyi
Spirogyra spores

Type 128

fungal remains
Glomus-type
Sordiariacea
Sporomiella

Type 18

Type 55A

Type 200

Type 201

foraminifera
planktonic forams
crumpled

unidentified
unidentified

I
10

30

29

total land pollen

147

293

70

221

99

187

192

facies
context

depth (cm) from top

B-ii:03
20408

B-ii:02
20371

65.0

70.0

75.0

80.0

85.0

90.0

95.0

trees

Betula (birch)
Pinus (pine)
Ulmus (elm)
Alnus (alder)
Abies (fir)
Picea (spruce)

shrubs
Corylus/Myrica
Salix

Calluna

terrestrial herbs
Poaceae
Cyperaceae

17
32

32
65

77
145

64
72

130
87

121
34

62
53

continued »
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Table 3.10 - continued

facies
context

B-ii:03
20408

B-ii:02
20371

depth (cm) from top 65.0

70.0 75.0

80.0

85.0 90.0 95.0

Polygonum

Rumex

Rumex acetosa

Chenopodiaceae |
Caryophyllaceae 2
Spergula type I
Stellaria-type

Scleranthus I
Ranunculus-type 12
Thalictrum

cf. Papaver sp.

Cruciferae

Rosaceae

Filipendula

Potentilla-type

Leguminosae

Hypericum cf. elodes

Helianthemum

Epilobium

Umbelliferae

Armeria

Gentianella

Galium-type

Labiatae

Mentha-type

Scrophulariaceae

Rhinathus type

Plantago major/media

Plantago lanceolata

Plantago maritima

Succisa

Compositae tub.

Aster-type

Artemisia

Cirsium

Centaurea nigra

Compositae lig. 2
Taraxacum-type I

aquatics

Myriophyllum spicatum
Myriophyllum verticillatum
Myriophyllum alterniflorum
Potamogeton

Typha latifolia

Typha angustifolia/Sparganium

fern spores

Lycopodium selago

Lycopodium

Selaginella

[soetes

Equisetum

Filicales 3
Polypodium

algae

Pediastrum 3
Pediastrum kawraiskyi

Spirogyra spores

Type 128 6

22 10
20

23

25 12 I

O w —

continued »
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Table 3.10 - continued

facies
context

depth (cm) from top

B-ii:03
20408

B-ii:02
20371

65.0 70.0

75.0

80.0

85.0

90.0

fungal remains
Glomus-type
Sordiariacea
Sporomiella

Type 18

Type 55A

Type 200

Type 201

foraminifera
planktonic forams
crumpled

unidentified
unidentified

30 54

56

74

33

total land pollen

174 128

280

190

255

|77

140

facies

context

B-ii:02

20371

20390

depth (cm) from top

104.0

108.0

110.0

[13.0

116.0

1180

trees

Betula (birch)
Pinus (pine)
Ulmus (elm)
Alnus (alder)
Abies (fir)
Picea (spruce)

shrubs
Corylus/Myrica
Salix

Calluna

terrestrial herbs
Poaceae
Cyperaceae
Polygonum
Rumex

Rumex acetosa
Chenopodiaceae
Caryophyllaceae
Spergula type
Stellaria-type
Scleranthus
Ranunculus-type
Thalictrum

cf- Papaver sp.
Cruciferae
Rosaceae
Filipendula
Potentilla-type
Leguminosae
Hypericum cf. elodes
Helianthemum
Epilobium
Umbelliferae

86
58

155
55

80
78

62
53

44
54

29
57

continued »
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Table 3.10 - continued

facies B-ii:02

context 20371 20390

depth (cm) from top 104.0 108.0 [10.0 113.0 [16.0 118.0

Armeria I
Gentianella

Galium-type 3

Labiatae

Mentha-type

Scrophulariaceae

Rhinathus type

Plantago major/media 6
Plantago lanceolata

Plantago maritima

Succisa

Compositae tub.

Aster-type 3

Artemisia

Cirsium

Centaurea nigra I
Compositae lig. 6

Taraxacum-type I 2 8

aquatics

Myriophyllum spicatum
Myriophyllum verticillatum
Myriophyllum alterniflorum
Potamogeton

Typha latifolia

Typha angustifolia/Sparganium

fern spores
Lycopodium selago 3

Lycopodium I 2
Selaginella I 3 2 I
Isoetes
Equisetum I

Filicales 4 3
Polypodium |

algae

Pediastrum 3 I3
Pediastrum kawraiskyi 14
Spirogyra spores 3
Type 128 3 4

w

fungal remains

Glomus-type 52 3
Sordiariacea 3
Sporomiella

Type 18

Type 55A 10 9
Type 200
Type 201

56 2 76 122

— — O,
e}
o~

foraminifera
planktonic forams 2 75
crumpled

unidentified
unidentified 4 6

total land pollen 175 249 180 140 108 102
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and were found in moderate frequencies in the
upper deposits of 20071 and the lower deposits
of 20003.

Algae indicative of aquatic conditions
(Pediastrum undif. and Pediastrum kawraiskyi)
were also identified, particularly in the upper
deposits of 20003. In addition, fungal spores/
bodies were observed at several levels and
included those typically associated with animal
dung, Sordiariacea, Sporomiella, possibly
type 55A, together with those from soils
(Glomus-type). Planktonic foraminifera derived
from the underlying chalk were found in
relatively high proportions in 20371 and
indicate the inclusion of eroded chalk within
these deposits.

Iron pyrite framboids were sporadically
present, rarely below 1.1m (20371), in
moderate abundance between 1.1m and 0.58m
(20371 and 20003) but not at all in the
deposits above 0.58m. The distribution
suggests that 20371 and the lower deposits of
20003 accumulated within stagnant, organic-
rich conditions (Wiltshire et al 1994).

Local pollen zones

Four local pollen zones (LPZA-D) were identi-
fied in profile 2 using CONISS (see Fig 3.2).

LPZ A (1.2-1.14m): This zone consists of two
samples from 20390 of Association B-ii (Unit
B-ii:02). Cyperaceae was the dominant pollen
type (50-60 per cent tlp) with an important
contribution made by the Poaceae (30-40 per
cent). The presence of such high frequencies of
Cyperaceae implies a local damp-wet sedge
sward and grassland beyond.

Tree pollen was found at low frequencies,
5 per cent tlp, principally comprising Pinus
with occasional grains of Betula, Abies and
Picea with Corylus/Myrica forming the shrub
component. This low level of tree pollen
suggests trees were not growing on the site. It is
uncertain whether the tree pollen was derived
from reworking of earlier sediments, or if there
were limited stands of these trees at some
distance from the site. It is worth noting that
small clasts of reworked peat were observed in
the deposits of 20390, which could account for
at least some of the tree pollen as being recycled
from earlier, possibly Ispwichian, deposits.

Pollen and spores of disturbed, open and
damp sites include: Taraxacum, Selaginalla
selaginoides, Lycopodium and Filicales. The
presence of Poaceae, Selaginella, Lycopdium,

Helianthemum and Thalictrum are indicative
of damp and calcareous grasslands. These
grasslands probably developed within a
temperate, but probably more continental,
climate than today.

The deposit was full of fungal hyphae but
contained no forams or framboids. There was a
peak of sordariaceaeous fungal spores (Type
55A), which live frequently, but not exclusively,
on animal dung and a possibly related peak of
the soil fungus Glomus.

This mix of resistant spores and pollen types,
and absence of aquatics and algae, suggest that
this sediment is probably partially derived from
a soil where many less resistant pollen types
have been differentially removed. The high
concentration (75-124 per cent tlp) of Glomus,
a soil fungi and fungal hyphae, reinforces this
interpretation. It should be noted that the
appearance of percentages greater than 100
reflect the fact that, following routine practice,
fungal spores were not included in the tlp
calculations in order to prevent these figures
from being swamped by large proportions of
spores or aquatic pollen. When calculating the
number of fungal spores, therefore, the count is
divided by the tlp, thus resulting in counts that
might exceed 100 per cent. Cyperaceae is not a
resistant pollen type and it must represent the
local vegetation into which the eroding soils
were deposited. This suggests that 20390 is a
redeposited soil from the margin of the channel.

LPZ B (1.14-0.87m): Six samples formed this
zone within Association B-ii (Unit B-ii:02) and
included the upper sample from 20390 and the
lower 220mm of 20371. LPZB was dominated
by non-tree pollen at 95 per cent, of which
Poaceae was the most significant at 45-70 per
cent tlp, together with Cyperaceae at 20-45 per
cent tlp. The Poaceae might be derived from
both regional grassland and from local
reedswamp (Phragmites). Unfortunately it has
not been possible to distinguish the different
grasses. Given the predominance of Cyperaceae
in 30168, which was located almost in the
centre of the observable palaeochannel, it
seems more likely that the high levels of
Poacaea in 30238 were largely derived from the
regional grassland rather than from Phragmites.
The presence of fungal spore type 18 (van
Hoeve and Hendrikse 1998), which develops
on cotton grass (Eripohorum vaginatum),
suggests at least limited areas of wet acid soils
on moorland, heath or bog. The pollen of
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Eripohorum vaginatum itself is included within
the undifferentiated Cyperaceae. Tree pollen
was found at very low concentrations, less than
5 per cent, and includes Betula, Pinus, isolated
Alnus grains, Abies and Picea. This very low
frequency, as in LPZA, suggests limited
stands of Betula and Pinus at some distance
from the site, together with the reworking of
earlier sediments.

Herbaceous pollen was moderately diverse,
and together with Poacaea, indicates the
following: open grassland, Thalictrum and
Helianthemum; fen and damp habitats:
Cyperaceae, Filipendula and Selaginella; low
turf and disturbed soils Armeria, Artemisia,
Compositae Lig., Plantago media/major, P.
maritima and Taraxcum.

Aquatic pollen was rare, but included
occasional grains of Typha latifolia and 5-10
per cent Ranunculus cf. aquatilis pollen in all
samples. Algae indicating aquatic conditions
were more common and included low levels of
Pediastrum, Pediastrum kawraiskyi, Spirogyra
and Type 128. Framboids suggest stagnant
water and the development of anaerobic mud.

Glomus was found at moderate frequencies
in the lower part of LPZB but was not present in
the upper three samples. Fungal spores of the
Sordiariacae, probably dung fungi, were found
inlow frequencies in all samples. In two samples
(1.08m and 0.90m) there were abundant
planktonic foraminifera, indicating the incor-
poration of chalk from the valley.

The deposit probably accumulated in
semi-aquatic conditions with at least periodic
areas of slow-flowing or still water. The input of
eroding soils appears to have declined in the
upper sediments but there was a continued
presence of grazing herbivores on the
surrounding grassland.

LPZ C (0.87-0.54m): This zone includes the
upper 200mm of 20371 in Unit B-ii:02, and the
lower 200mm of chaotic stony sand deposits
(20408) forming part of Association B-ii:03.
Non-tree pollen remains dominant, forming
90-95 per cent tlp. However, Cyperaceae was
more important than in the underlying deposits.
This might suggest an increase of locally
sourced pollen from the sedge marsh on the
fringes of the palaeochannel. The presence of
Type 18 fungal spores indicates that some of the
Cyperaceae is cotton grass, illustrating the
acidity of soils within the palaeochannel at this
time. The proportion of tree pollen is slightly

elevated reaching 8 per cent tlp at 0.8m. There
was an almost consistent presence of Betula and
Pinus, with more sporadic occurrences of Picea,
Abies and Alnus.

Calcareous grassland and areas of disturbed
soils are indicated by the same taxa identified
in LPZB, eg Thalictrum, Helianthemum,
Armeria, Caryophyllaceae, Compositae Tub
and Taraxacum.

The main feature of this zone is the increased
proportion of aquatic pollen. The aquatic pollen
include plants of open water; Myriophyllum
spicatum, M. verticillatum and Ranunculus cf.
aquatilis. The latter contributed about 10 per
cent tlp, and indicates the presence of stable
water conditions in which the plant could
flourish. Such conditions would be still or slow-
flowing water up to 1m in depth, with areas
of stagnant water being suggested by the
presence of framboids. Also indicating an
aquatic environment in all samples were the
algae Spirogyra, Type 128, Pediastrum and
Pediastrum kawraiskyi.

Relatively high levels of soil erosion from
channel banks are implied by a continuous
curve of Glomus and the presence of planktonic
foraminifera derived from the underlying
chalk. Related to the input of soil from the
surrounding grassland are the constant low
levels of fungal spores commonly associated
with animal dung. These fungal spores included
Sporomiella, Sordariacea and Type 55A.

LPZ D (0.54-0.14m): This zone includes the
upper 50-100mm of chaotic stony sand deposits
of 20408 and 220mm of organic stony sand
with rare laminations and the upper highly
laminated organic sands (20003) forming part
of Association B-ii:03. Three subdivisions of
this zone have been made: LPZDa-c.

Cyperaceae was dominant throughout, and
apart from a slight reduction in tree pollen
there was no overall change in the non-tree
pollen to tree-pollen ratio compared with the
previous zone. Although the same spectra of
trees were identified in LPZD, as well as the
rest of the diagram, Pinus was the only tree
identified in virtually every sample. Betula was
no longer identified routinely. This suggests
that trees were no longer growing in the locality,
even to a limited extent. The ability of Pinus to
travel significant distances could account for its
presence, with other tree and shrub pollen such
as Abies, Picea, Alnus and Corylus being derived
from the reworking of earlier deposits.
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Herbs were similar to those noted in all
deposits within 30238, and include plants of
grassland and open disturbed areas, Thalictrum,
Helianthemum,  Armeria, and Plantago
maritima, Compositae Tub, Compositae lig.
Artemisia and Taraxacum.

Once again it was the aquatic flora that
defined the environmental changes noted in
this zone. By LPZDa, Myriophyllum had
disappeared from the spectra, and Ranunculus
cf. aquatilis had sharply declined. Associated
with this apparent decline of open stable water
conditions was a small peak in the marginal
aquatics  Typha  angustifolia/Sparganium.
Although by LPZDc, Typha angustifolia/
Sparganium had virtually disappeared, aquatic
algae such as Pediastrum, Type 128 and
Spirogyra showed a minor increase in
abundance. These taxa, together with an
isolated grain of Isoetes (quillwort), indicate
the presence of at least seasonal slow-flowing
or standing water. However, such an assemblage
would not preclude the possibility of occasional
faster-flowing water, perhaps as the result of
seasonal snowmelt.

The remains of fungi associated with soil
and dung (Glomus, Sordiariacea, Sporomiella
and Type 55A) were present in the lower part
of LPZD but disappeared in LPZDc, ie in the
increasingly laminated sand deposits of 20003.
Itis notable that no foraminifera were identified
in the sediments of LPZD. This change implies a
reduction in the input of eroded soils from the
margins of the palaeochannel within the
increasingly laminated sands.

Profile 3: 30257 (Fig 3.4 and Table 3.11)

This profile was taken from sediments infilling
a small channel (3m wide and 0.45m deep)
(20121) (Association B-iii), which incised into
the upper sediments at the northern margin of
the palaeochannel (20032) Association B-ii.
The location of this profile is shown in Fig 3.1.
All the deposits within this channel belong to
Association B-iii. Above the base of the channel
was 0.15m of clean fine white sand (20015)
overlain by 0.10m of massive silty organic
brown sand (20066). It is notable that 20066
was the only deposit identified in the profiles
analysed that provided evidence of in situ plant
growth. A thin layer of flint gravel (20065) (not
observed in the monolith) separated 20066
from 0.18m of laminated, dark-brown organic
sand with occasional flint gravel (20016).

Above these organic deposits were orange,
slightly laminated sands (20012).

The organic sand (20066) contained
evidence of plant roots, and was the only
deposit identified on site with evidence of in
situ plant growth.

All samples were dominated by non-tree
pollen (85 to almost 100 per cent). Poaceae was
the most abundant throughout the sequence
(30-100 per cent tlp) although Cyperaceae
were also important in most samples (20-50
per cent). Tree pollen contributed 15 per cent
tlp at the base of 20066, but declined to about 5
per cent in all samples above this lowest sample.
No thermophilous trees were identified, and
the tree pollen consisted principally of Betula
with lesser amounts of Pinus. It seems likely
that Betula grew not far from the site in limited
areas of scrub. It is possible that the Betula
pollen was derived from Betula nana (dwarf
birch). Unfortunately it was not possible to
differentiate between Betula pollen of tree or
shrub in the small count obtained. It is unlikely
that the Betula is reworked from earlier
deposits, as when the results of this location are
compared to the proportions of tree pollen in
Association B-ii, Betula occurs in a higher
proportion in this later channel. It therefore
seems unlikely there could have been any
differential reworking of this taxa. Pinus might
also have been growing locally, but could
feasibly have blown in from farther distances.
Single grains of Picea and Abies were also found
in the lowest deposits of 20066, which might
be derived from the reworking of earlier
deposits. It is notable that these trees are not
inconsistent with the rest of the vegetation and
it is possible the pollen is derived from a few
isolated trees in the locality.

Shrubs were represented by occasional
grains of Corylus and Salix in the lowest sample,
and an isolated identification of Salix at
230mm. Vaccinium was found in two samples
within 20066. The presence of Vaccinium
indicates the presence of acid heath or bog
close to the site, since this pollen type does not
travel very far.

Herbs were only found in the deposits of
20066 and the less laminated deposits of
20016, and include those of open disturbed
ground — Chenopodiaceae, Caryophyllaceae,
Compositae Tub, Aster type, Cirsium, Plantago
major/media, Artemisia and Anthemis-type;
those of wet grassland and fen - Filipendula,
compare Parnassia palustris, compare Viola
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Table 3.11 Total pollen and spore counts from Lynford Quarry, sample 30257

facies

B-iii

context

20012

20016

20066

depth (cm) from top of section

6.0

9.0

14.0 18.0

230

270

300

340

trees

Betula (birch)

Pinus (pine)

Abies (fir)

Picea (spruce)

Corylus/Myrica (hazel, bog myrtle)
Salix (willow)

shrubs
Vaccinium (bilberry/crowberry)

terrestrial herbs
Poaceae (grasses)
Cyperaceae (sedges)
Urtica (nettle)
Polygonum (bistort)
Oxyria type (eg mountain sorrel,
curled, clustered, wood dock)
Chenopodiaceae (goosefoot family)
Caryophyllaceae (pink family)
Ranunculus-type (incl buttercup/crowfoot)
Thalictrum (meadow rue)
cf-Anemone-type
(eg wood,yellow, blue anemone)
cf- Papaver sp. (poppy)
cf. Parnassia palustris (grass of parnassus)
Filipendula (meadowsweet)
Potentilla-type (cinquefoils/tormentil)
Geum (herb bennet)
Trifolium-type (clover)
cf-Viola palustris (marsh violet)
Helianthemum (rock rose)
Gentiana
Labiatae (eg mint, woundwort,
hemp-nettle)
Scrophulariaceae (figwort family,
eg mullein, toadflax, foxglove, speedwell)
Melampyrum (cow-wheat)
Plantago major/media
(greater, hoary plantain)
Plantago maritime (seaplantain)
Valeriana (valerian)
Compositae tub. (daisy family)
Astertype (eg daisy, aster, cudweed,
coltsfoot, ragwort)
Artemisia (mugwort/wormwood)
Cirsium (thistle)
Anthemis-type (eg yarrow,corn
marigold, ox-eye daisy)

aquatics

Myriophyllum spicatum
(spiked water milfoil)

Myriophyllum verticillatum
(whorled water milfoil)

Myriophyllum alterniflorum
(alternate water milfoil)

Typha latifolia (bulrush)

13 125
[55

155
83

~N — W o

52

29

45
49

continued »
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Table 3.11 - continued

facies

B-iii

context 20012

20016 20066

depth (cm) from top of section 6.0 9.0

14.0 18.0 230 27.0 30.0 340

fern spores

Selaginella selaginoides (lesser clubmoss)
Equisetum (horsetail)

Filicales (undifferentiated ferns)
Botrychium (moonwort)

Polypodium (polypody)

algae
Pediastrum
Pediastrum kawraiskyi 2

fungal remains

Glomus-type 12
Sordiariacea

Type 18

Type 201

unidentified
crumpled
unidentified

30

total land pollen 12 I5

I3 31 296 173 130 155

palustris and Polygonum and those of grassy
places — Geum, Helianthemum, Thalictrum,
Melampyrum and Valeriana. Of interest is the
presence of Parnassia palustris (Grass of
Parnassus). This is a plant with a relatively
northern distribution, with a modern range
extending into the north of Scandinavia. It is
typical of marshes and damp, grassy sites and is
recorded from several Mid-Late Devensian sites
(Godwin 1975). The pollen of Melampyrum is
indicative of a fen community if derived from
M. pratense or M. sylvaticum. Ranunculus-type,
perhaps the aquatic species Ranunculus
aquatilis, was found in most samples and was
relatively abundant at 300mm (20066) contrib-
uting almost 10 per cent tlp.

Aquatic pollen was most abundant in the
lower deposits of 20066, and consisted of
Myriophyllum spicatum, indicative of base-rich,
still or slow-flowing water, together with lesser
quantities of Myriophyllum verticillatum and
M alterniflorum. Emergent and marginal plants
include Cyperaceae and Typha latifolia. The
presence of cotton grass in 20066 is suggested
by the presence of fungal spore Type 18, which
grows on Eriophorum vaginatum. Therefore, an
acidic bog or wet, moor-type environment must
have also existed either within or on the
margins of this small palaeochannel. The

aquatic algae Pediastrum was also present at
low frequencies. Occasional fungal spores of
the Sordiariaceae, indicators of animal dung,
were present in most samples, with an increase
in relative abundance in the laminated sands of
20016. Evidence for a drying-out of the pool/
slow-flowing stream is provided by an increase
in fungal debris and spores of Type 201 in the
upper deposits of the partially laminated
organic sands of 20016.

Limited Glomus (soil) fungi were found
within 20066, but an increase in this fungal
type occurred in the pollen-poor deposits of the
laminated sands of 20016. In contrast to the
deposits of Association B-ii, no iron pyrite
framboids were noted in any of the deposits.

Local pollen zones

Three local pollen zones have been identified in
Profile 3.

LPZ A (340-320mm): This zone consists of a
single sample from the lowest deposits of
20066. The distinguishing feature of this zone
was the elevated quantity of tree pollen — 15 per
cent tlp. Betula was the main tree identified,
with lesser amounts of Pinus, and a single grain
of Abies. There was a significant quantity of
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aquatic pollen, 50 per cent tlp+aquatics, in this
zone, which is accounted for by Myriophyllum
verticillatum and M. spicatum. This high level
of aquatics indicates the presence of base-
rich, still or slow-flowing water up to 1m in
depth. Other pollen types include those from
plants of calcareous grassland (Thalictrum,
Helianthemum, Trifolium), wet marshland
(compare Parnassia palustris, compare Viola
palustris) and in particular open disturbed
areas (Artemisia, Anthemis, Aster, Plantago
major/media and compare Papaver). Fungi
derived from soils were rare, suggesting a
limited input of soil into the deposit.

LPZ B (320-160mm): This zone comes from
the deposits of 20066 and 20016, which overlie
those of LPZA. Two further subdivisions, LPZBa
and LPZBb, have been made.

LPZBa s a single sample from context 20066,
and is in many ways similar to LPZA, although
it contains reduced tree and aquatic pollen.
Myriophyllum verticillatum in particular
declines, which might suggest a reduced
volume of water, for when compared with
M. spicatum this species appears to be abundant
in larger bodies of water (Stace 1997).
Pediastrum was identified at low frequencies in
this deposit, but was absent in the lower sample.
The reason for this change is not readily
explained but might be related to areas of still
water being present only seasonally. An
increase in Ranunculus cf. aquatilis was also
noted, together with an increase in pollen from
plants of grassland rather than disturbed soils
such as Helianthemum, Thalictrum, Geum and
Potentilla type.

The upper sample from 20066 and two
samples from the partially laminated organic
sand of 20016 make up LPZBb. In these
deposits, aquatic pollen declined further, in
particular Myriophyllum and Ranunculus cf.
aquatilis, while Pediastrum persisted at low
levels. This might reflect the gradual removal
of a stable body of water and its replacement
by a more seasonal regime in which water
bodies suitable for the growth of aquatic plants
declined. A range of terrestrial herbs from
both disturbed open areas and grassland
were identified.

LPZ C (160-60mm): The increasingly
laminated organic sands of the upper part of
20016 and the orange-brown sands of 20012
constitute LPZC. These three samples showed a

marked decrease in pollen content, less than 20
grains in any sample, an increase in fungal
hyphae, and, in the lower two samples, greatly
increased volumes of the soil fungus, Glomus.
Poaceae dominated the assemblage in this zone
and it contained little tree pollen and no
terrestrial herb pollen.

The upper deposits of 20066 suggest
increased water flow within the channel and
sedges with cotton grass forming the marginal
vegetation. The landscape surrounding the
palaeochannel was one of open grassland,
perhaps with limited stands of birch and
possibly pine.

Summary of the environmental
conditions as indicated by the pollen
assemblages

The lower organic sediments of Association B-ii
(Unit B-ii:03) infilled the channel under
conditions of shallow, permanent or semi-
permanent, still, stagnant or possibly very
slow-flowing water up to 1m in depth. A very
similar environment is indicated by all faunal
and pollen evidence reported in this chapter.
Interestingly, the Molluscan evidence supports
the presence of a permanent rather than semi-
permanent water body (Keen, this chapter).
The open water supported several rooted
aquatic plants including Myriophyllum and
probably Ranunculus cf. aquatilis. Plant macro-
fossils of the latter were identified in large
numbers, suggesting that the water surface
might have been covered in water buttercup/
Crowsfoot (Field, this chapter). Marginal to the
open water was a sedge and possibly reed
swamp with limited areas of fen marsh. There is
also evidence to support periodic, probably
seasonal flooding of the marginal swamp.
The presence of framboids suggest at least
localised areas of still and stagnant water
conditions and the development of anaerobic
muds due to the decay of a large volume of
organic material, which supported acidophiles
such as Menyanthes and Vaccinium in these
areas. Plant macrofossil evidence also indicates
areas of organic-rich soils. Bank erosion during
this period appears to have been at times
dramatic with the slumping of bank sediments
into the standing water in the form of mud
flows. The presence of areas of bare soil
consistent with disturbed ground is also
supported by the presence of Aphanes arvensis
(Field, this chapter).
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The range of terrestrial herbs indicates that
predominantly open calcareous grassland
landscape surrounded the site. This included
patches of bare, disturbed and wet ground with
small stands of birch trees or scrub, and areas of
acid heath or bog. The influence of grazing
mammals in this landscape cannot be underes-
timated. The incorporation of moderate
quantities of dung fungus in the initial phase
of organic accumulation indicates the presence
of herbivores in the local environment. Such
fungi do not develop on dung in an aquatic
environment, and it seems most likely that the
dung fungal spores were derived from
surrounding grazed grasslands, which then
became incorporated into the deposit along
with the eroded soils.

A significant observation from the pollen
evidence is that the surrounding landscape was
not entirely treeless. Although no significant
quantities of thermophilous tree pollen were
identified, birch and pine pollen were consist-
ently identified in almost all samples. It is
possible the Betula pollen was derived from
Betula nana (dwarf birch), a prostrate form of
birch that grows at high latitudes, but it was not
possible to differentiate between the Betula
pollen in the small count obtained. It seems
likely that Betula grew not far from the site in
limited areas of scrub. The overall image of the
regional landscape was one of calcareous
grassland supporting stands of birch or dwarf
birch scrub together with limited growth of
pine trees.

The upper deposits of Association B-ii (Units
B-ii:03 and B-ii:05) are marked by a significant
reduction in aquatic pollen (including
Ranunculus type), which suggests that a change
in hydrological regime had occurred. Algal
remains indicate that these deposits continued
to accumulate in an aquatic environment of still
or slow-flowing water, but it is most likely to
have only been seasonal, and their presence
suggests that faster-flowing water reoccupied
the channel on a more regular basis. Perhaps
this was a result of an increase in the volume of
spring thaw water and the higher discharge
being redirected down a secondary channel.
Alternatively, seasonal ice on the surface of the
water body that melted during the warmer
months would have produced similar deposits.

The pollen profiles from the centre and edge
of the palaeochannel (Association B-ii) were
similar, suggesting that they were connected as
the palaeochannel infilled, and were affected

by the same conditions and processes. The
principal difference was a higher proportion of
grasses at the marginal site that reflected the
proximity of grassland at this location.

The later palaeochannel, Association B-iii,
contained a remarkably similar assemblage of
aquatic and terrestrial plants. The lower
deposits indicate the presence of a permanent
or semi-permanent small stream or pond
surrounded by a sedge-rich marsh in a
moderately temperate climate. The regional
landscape was one of grassland supporting
stands of birch or dwarf birch and isolated pine
trees, perhaps with more woodland present at
this time compared with the earlier palaeo-
channel. The pool or stream appears to have
been replaced in the upper deposits by faster-
running water and periods of drying-out. Such
changes could have been brought about in a
similar way to those identified in the earlier
palaeochannel, for example, an increase in
seasonal water flow resulting from increased
rainfall or snowmelt. It might equally have been
caused by channel-switching in a multi-channel
river system.

Climatic interpretation of the pollen
assemblage

The flora identified exhibits a mixture of both
northern and southern plants together with
those of both continental and oceanic affinities.
One of the overriding characteristics of the
flora is that they are almost all heliophytes. The
presence of a large number of species indicative
of calcareous grassland is typical of Devensian
grassland where soil immaturity, rather than
temperature, seems to determine the
assemblage. Northern taxa include Thalictrum
and Selaginella selaginoides, while southern
taxa include Helianthemum, which does not
occur north of 62° in Scandinavia (Godwin
1975). The presence of facultative halophytes
such as Armeria maritima and Plantago
maritima might suggest saline soils that can
develop under very dry conditions such as
those of the high Arctic. They are also typical
of glacial floras and generally associated with
aridity rather than salinity, (Bell 1969). The
mixture of northern and steppe floras including
halophytes, with more southern plants has
previously been described by Bell (1969, 1970)
and Coope (2000).

The general lack of trees in the flora
identified at Lynford is typical of Middle

125



NEANDERTHALS AMONG MAMMOTHS

126

Devensian floras. The climate was perfectly
suitable for tree growth: several factors, some
of which have been much debated (Kolstrup
1990; Coope 2000), could be responsible.

For example, the lack of trees might reflect
the level of grazing by large herbivores such
as mammoths and horses; the remains of
both are present at Lynford. Constant grazing
of the seedling trees by these species prevents
trees from becoming established (Coope et al
1961, 2000).

Estimates of temperature are difficult to
make, but a few of the identified taxa provide
some indication of minimum winter and
summer temperatures. Winter temperatures
might not have dropped below -8°C, since
Armeria maritima will not grow when winter
temperatures are lower than this (Iversen
1954). Relatively warm summers are indicated
by Typha angustifolia and Typha latifolia, which
require mean summer temperatures of 14°C
(Kolstrop 1980) and 13°C (Isarin and Bohncke
1998). These temperatures suggest a climate
not dissimilar to that of northern Britain today,
with moderately warm summers, perhaps
cooler winters, and conditions slightly more
continental in nature.

A change in hydrological regime was
observed in Profiles 1 and 2 from the main
palaeochannel. The upper deposits indicate a
breakdown in the stable aquatic environment,
which had created a permanent shallow body
of water, to one where there was likely to have
been seasonal fast-flowing water alternating
with shallow pools supporting algae in the
warmer, drier months. A wide range of
factors could have caused the changes in
hydrological pattern. Climatic considerations
include increased rainfall, heavier winter
snowfall followed by spring thaw, and drier
summers or much colder winters.

Stratigraphic implications of the
pollen assemblage

There are numerous Middle Devensian sites in
southern Britain with a similar flora to that
identified at Lynford. There is a strong affinity
between the flora identified at Lynford and at
other sites of Upton Warren Interstadial age
including Upton Warren itself (Coope et al
1961), Sidgwick Avenue (Lambert et al 1963),
Earith (Bell 1970) and Isleworth (Kerney et al
1982). There are also affinities with other
Devensian deposits not specifically identified
as belonging to the Upton Warren Interstadial

in date. For example, the flora identified at
Lynford is comparable with that from an
organic mud (WU/WUB) identified at Wretton,
also in the Wissey valley (Sparks and West
1970). These muds remain undated but
stratigraphically post-date organic deposits
with probable Chelford Interstadial affinities
(Rendell et al 1991). Other comparable
Devensian deposits are those of Zone E from
Wing in Rutland (Hall 1980).

3.4 Plant macrofossils
M H Field

Sampling, preparation and analysis

Thirteen bulk samples, all taken from one
sediment profile, 37095, were chosen for
analysis. Sample 1 was taken from the top of
the profile and its uppermost elevation was
measured at 8.691m OD. The samples were
collected at irregular intervals to avoid
sampling across stratigraphical boundaries.
Analysis began with a subsample of 0.1m? being
taken from each bulk sample and then disag-
gregated in cold water. Each subsample was
then washed through a nest of sieves, with the
smallest sieve mesh being 150pum. Macroscopic
plant remains were picked from the resulting
residues using tweezers and, when necessary, a
paintbrush under a low-power binocular
microscope. Identification of the fossils was
accomplished by comparison with modern
reference material. The nomenclature follows
Stace (1997).

Presentation of data

The assemblages are displayed in Table 3.12
where the number of each taxon’s remains per
0.1m* of sediment is recorded. The taxa are
sorted into habitat classifications in order to aid
the reconstruction of past vegetation and
palaeoenvironment. The categories are deliber-
ately kept broad to reduce the possibility of taxa
falling into a number of the habitat classifica-
tions. The aquatic category contains taxa that
can only be described as obligate aquatic plants.
The bare ground component of the grassland,
open, bare and disturbed ground category
describes areas where soil is exposed and plant
densities are very low. An unclassified category
exists for taxa that were identified only to too
high a taxonomic level to allow classification
into a habitat category, or for taxa that might
survive in a number of habitat types.
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Table 3.12 Plant macrofossil assemblages from profile 37095 at the Lynford Quarry, Norfolk

sample 30231 B-ii:05 B-ii:03 B-ii:02
context 20070 20003 20371 20390
subsample | 2 3 4 5 6 7 8 9 10 Il 12 I3
o o o (o] o [N (e8] O — O 8
0 = q i I i\ 7 ? N g N ¢ T
top of profile 8.691m OD ) wh = i K ? i @ % (S & N X
woodland
Betula sp(p). fr 0 0 0 0 0 0 0 0 0 0 0 0
grassland, open, bare and disturbed ground
Arenaria serpyllifolia s 0 0 0 0 0 0 0 0 0 | 0 0 0
Bellis perennis a 0 0 0 0 0 0 0 0 0 | 0 0 0
Linum perenne s 0 0 0 0 0 0 0 0 I 0 0 0 0
Potentilla anserina a 0 0 0 2 2 0 0 I 0 0 2 0 0
Rumex acetosella n 0 0 0 0 0 0 I 0 I 2 0 0 0
Scabiosa cf. columbaria fr 0 0 0 0 0 0 0 2 I 0 0 0 0
Selaginella selaginoides mg 0 0 5 0 0 4 I 17 6 6 16 0 22
waterside and damp ground
Caltha palustris s 0 0 0 0 0 0 0 0 | 0 | 0 0
Eleocharis palustris n 0 0 0 0 0 I 0 I 0 0 0 0 0
Rorippa palustris s 0 0 0 0 0 2 0 0 0 0 | 0 0
aquatic
Characeae sp(p). fele} 0 0 0 0 | 3 19 Il 7 8 4 0 Il
Groenlandia densa fr 0 0 0 0 0 I 0 0 2 2 0 0 0
Myriophyllum spicatum fr 0 0 0 0 I 19 4 28 I 0 5 0 [
Potamogeton sp(p). fr 0 0 0 \ | 2 0 0 2 [ 3 0 \
Potamogeton cf. pusillus fr 0 0 0 0 0 0 0 0 | 0 0 0 0
Potamogeton pusillus fr 0 0 0 0 0 0 0 0 0 0 3 0 0
Ranunculus subgenus
Batrachian sp(p). a 0 0 0 5 I5 18 I3 34 26 I 17 0 8
unclassified
Carex sp(p). bin 0 0 0 \ 0 7 5 3 3 3 8 0 2
trn 0 0 6 15 10 19 2 3 10 6 I 0 14
Caryophyllaceae sp(p). s 0 0 0 0 0 2 0 2 6 | 3 0 3
Cenococcum geopilum sc 0 0 0 0 | 2 2 0 5 2 5 0 0
Luzula sp(p). s 0 0 0 0 0 0 0 0 | 0 0 0 0
Musci sp(p). ps 0 0 0 6 9 9 8 I 10 7 13 0 10
Potentilla sp(p). a 0 0 \ 0 0 | 0 0 0 0 0 0 0
Ranunculus subgenus
Ranunculus sp(p). a 0 0 0 0 0 0 2 I 3 0 3 0 [
Rumex sp(p). n 0 0 0 0 0 0 0 I 0 | 0 0 0
pif 0 0 0 0 0 0 0 I I 0 I 0 0
Viola sp(p). sf 0 0 0 0 0 0 0 0 0 0 0 0 \
total number of taxa 0 0 4 5 8 I3 9 12 |18 I3 I5 0 10
total number of species 0 0 I I 3 6 4 4 7 6 7 0 2
total number of remains 0 0 I3 30 40 90 57 16 88 52 96 0 74

a — achene, bin — biconvex nutlet, fr — fruit, mg — megaspore, n — nutlet, oo — oospore, pif — perianth fragment, ps — piece of stem,
s — seed, sc — scelotium, sf — seed fragment, trn — trigonous nutlet)
Note: All samples originate from profile 37095 STD, context 3023 1. 00cm? of each sample analysed.Top of profile was 8.69 Im OD.
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Reconstruction of the vegetation
and environment and the time
of deposition

Concentrations of plant macrofossils from the
samples analysed are generally low, with three
sandy samples (1, 2 and 12) yielding no plant
macrofossils. The highest concentration of
plant macrofossils is found in sample 8 (116
fossils per 0.1m3®). The assemblages are
relatively diverse, with 27 taxa identified.
Preservation has allowed 13 of these taxa to be
determined to species level. The subsample
that exhibits greatest diversity is 9, with 18 taxa
of which seven can be identified to species.

The plant macrofossil assemblages indicate
that a variety of habitats existed in the vicinity
of the site where deposition took place, but the
only tree or shade-tolerant taxon represented is
Betula. This finding indicates that any cover
created by tree canopies was very limited in the
local landscape.

A grassland habitat with open, bare and
disturbed ground is evident from the presence
of seven taxa in the subsamples from profile
37095. Bellis perennis, Linum perenne and
Scabiosa cf.columbaria are recorded and
suggest that conditions near to the site of
deposition were relatively dry with a calcareous
substrate. Some of the taxa placed in the
unclassified habitat category might also have
grown in this grassland (eg Ranunculus
subgenus Ranunculus and Viola). Arenaria
serphyllifolia and Potentilla anserina often
inhabit areas where disturbance has exposed
bare soil. Their presence, together with that of
Aphanes arvensis, which was recorded while
examining other residues extracted from the
fossiliferous sediments, points to some sort of
activity near to the site such as animal trampling
or bank collapse that resulted in the exposure
of bare earth. The existence of damp grassland,
possibly located next to the water body, is
indicated by Selaginella selaginoides. It is
probable that some of the waterside and damp
ground taxa recovered grew on the banks
of the body of water and also among the
damp grassland.

Remains of Eleocharis palusris and Hippuris
vulgaris indicate that fine grained sediments
possibly with a high organic content occurred
in the shallows at the margins of the water
body. Certain areas at the edge of the
water body might have been occupied by
pure stands of Eleocharis palustris. Moreover,

Hippuris vulgaris was identified while
examining other residues extracted from the
fossiliferous sediments. Rorippa palustris
probably grew in moist areas where there was
intermittent standing water, while Caltha
palustris occupied damp grassland or marshy
areas at the water body margin.

The aquatic taxa are well represented in
the assemblages recovered. For example, in
Samples 7 and 8 over 60 per cent of the fossils
recovered originate from aquatic plants. The
aquatic taxa present suggest that deposition
took place in relatively shallow water, probably
less than 1.5m deep, with still or slow-flowing
water. Potamogeton pusillus can tolerate a range
of pH and nutrient status (Preston 1995) and,
therefore, its presence helps little in recon-
structing the conditions in the water body.
However, the occurrence of Myriophyllum
spicatum and Groenlandia densa would suggest
slightly alkaline to neutral water conditions
with a mesotrophic to eutrophic nutrient status.
The large number of achenes of Ranunculus
subgenus Batrachium recovered suggests that
the surface of the water body was covered in a
carpet of Water Buttercup. However, the
difficulty in identifying these achenes to species
level does not allow any further comment on
the nature of the water body. The surface of the
submerged substrate was occupied by members
of the aquatic algae family, the Characeae.

The climatic conditions at the time of
deposition are difficult to reconstruct with any
accuracy because of the relatively limited plant
macrofossil data available. Conditions were not
Arctic in nature, but the under-representation
of trees or shade-tolerant taxa, and the absence
of any very thermophilous taxa might suggest
climatic conditions similar to that of the
northern partofBritain orsouthern Scandinavia
today. All of the species recorded are found
in these areas today (Hultén and Fries 1986;
Jalas and Suominen 1972; Meusel and Jager
1965, 1978).

Age of the sediments, correlation with
other sites and duration of deposition

The relatively limited plant macrofossil data
does not allow a relative age determination of
the sediments, making it impossible to correlate
with assemblages from other British sites. The
similarity of the assemblages from the fossilif-
erous subsamples would suggest that deposition
was rapid. There might have been pulses of
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relatively rapid sedimentation over a relatively
short period of time — tens of years. Some of
these periods of sedimentation may have been
relatively energetic, leading to the deposition of
sand. At other times, low energy conditions
prevailed, possibly when the body of water
became detached from the main channel.

3.5 Palaeoenvironmental
interpretation of the Lynford
vertebrate assemblage

AJ Stuart

Introduction

The large mammal remains from Lynford
provide another source of palaeoenvironmental
information. Interpretation requires the use of
modern species as analogues, supplemented by
data drawn from past distributions and well-
preserved specimens from across the mammoth
steppe (Guthrie 2001) of Eurasia and Alaska.

As described by Schreve (chapter 5), the
Lynford mammalian assemblage exhibits a
wide range of preservation types, due to
differing times and degrees of exposure on the
land surface before burial in the channel
sediments. However, in addition to a prepon-
derance of more weathered material
(Behrensmeyer 1978, Classes 3-5), nearly all of
the mammalian taxa occurring at Lynford are
also represented by material in Classes 1 and 2
and thus showing minimal weathering,
indicating that they were buried relatively
quickly. In the absence of detailed data on
weathering of bone in cold environments, it is
difficult to rule out the possibility that this
part of the assemblage is significantly older
than the channel sediments and the plant and
invertebrate fossils contained therein, but a
reasonable estimate of the time difference
would be only tens and at most a few hundred
years. The good preservation of the fish and
some of the amphibians does not indicate
significant subaerial exposure, and this part of
the fauna probably accumulated at the same
time as the channel sediments. With the
important exception of Bison priscus, only
represented by material in Class 4, the Lynford
fauna will be treated here as essentially repre-
senting a living community, more or less
contemporaneous with the other palaeonto-
logical data.

The mammalian assemblage from Lynford
includes three species that are entirely extinct:
woolly mammoths, woolly rhinoceros and
‘steppe’ bison, together with spotted hyaenas,
which now survive only outside northern
Eurasia. The other species represented in the
assemblages still occur today in northern
Eurasia and North America.

Large herbivores

Our knowledge of the Late Quaternary history
of woolly mammoth Mammuthus primigenius,
the best-represented taxon at Lynford, is much
better than for any other extinct European
megafaunal species. It is known not only from
relatively abundant bones, tusks and teeth, but
also from rare frozen soft tissues, including
entire carcasses, and from depictions in Upper
Palaeolithic art.

In the late Pleistocene, woolly mammoths
appear to occur mostly or exclusively in
association with open herb-dominated vegeta-
tional conditions. From frozen carcasses
preserved in the Siberian permafrost and Upper
Palaeolithic paintings and carvings from south-
western France to northern Siberia, we know
that during the Last Cold Stage woolly
mammoths possessed a long shaggy coat and
underwool, a thick layer of subcutaneous fat, a
short tail and very small ears — all adaptations
to cold climatic conditions (Kubiak 1982; Lister
and Bahn 2007). The high-crowned molar teeth
and densely packed enamel ridges indicate
adaptation to a diet of grasses, sedges and other
low-growing vegetation, in which the teeth
have to cope not only with the abrasive silica
content of the grasses but also with gritty soil
ingested incidentally with its food. Preserved
stomach contents recovered from the Berosovka
and Shandrin carcasses from north-eastern
Siberia confirm that the woolly mammoth diet
comprised mostly grasses with additional other
herbs (Ukraintseva 1993; Lister and Bahn
2007). The Shandrin mammoth gut contained
90 per cent grasses, with a few twigs of willow,
birch, larch and alder, indicating that shrubs
and trees were also browsed where available.
Clearly such a large animal as a mammoth
would have required large quantities of plant
food all year round. Although mammoths
might have been able to uncover grasses and
other vegetation in winter by digging through
snow with their feet or tusks, heavy snow
cover is likely to have been a limiting factor in
their distribution.
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Mammuthus primigenius probably evolved
from Mammuthus trogontherii in north-east
Siberia ¢ 800,000 years ago, but did not enter
Europe until ¢ 200,000 years ago (Lister and
Sher 2001; Lister et al 2005). During the
Last Cold Stage (the interval ¢ 115-10ka BP,
corresponding to MIS 5d - 2), the woolly
mammoth was very widely distributed,
ranging throughout most of Europe, across
northern Asia - including the far north and
several islands in the Arctic Ocean, and into
the northern half of North America (Stuart
1991; Kahlke 1999). However, it should be
appreciated that the reconstructed Pleistocene
range of this and other taxa (Kahlke 1999)
is time-averaged over a period of tens of
millennia, and does not represent its distri-
bution at any given time. Recent work using
finds directly dated by radiocarbon has shown
that mammoths occurred from before 36ka
to 20ka (uncalibrated radiocarbon chronology)
over most of northern Asia and Europe,
including Britain and Ireland (Stuart et al
2002; Stuart 2004). After ¢ 20ka they were
absent from Iberia, Italy and Ireland, and at
¢ 12ka there was a sudden and rather
dramatic withdrawal from most of the former
range, except the far north of Siberia. This
event can be correlated with the major spread
of trees at the expense of open ‘steppe-tundra’
over most of northern Eurasia at the onset
of the Allergd Interstadial, demonstrating that
forested habitats were generally unsuitable
for woolly mammoths. Significantly, the
Taymyr Peninsula (north central Siberia),
where mammoth are known to have survived
post 12ka, continued to support open ‘steppe-
tundra’ vegetation (Sher 1997; Sulerzhitsky
1997; Vasil’chuk et al 1997; Stuart et al 2002;
Stuart 2004). Similarly, the survival of woolly
mammoth as late as 3.7ka on Wrangel Island
off north-eastern Siberia was due, at least in
part, to the probable persistence of open
herb-rich vegetation through the Holocene
(Vartanyan et al 1993, 1995; Sher 1997).

The woolly rhinoceros Coelodonta antiqui-
tatis has been widely regarded as having been a
‘fellow traveller’ of the woolly mammoth, as
their remains commonly occur together in Last
Cold Stage deposits, and both subsequently
went extinct. However, the overall Pleistocene
range of woolly rhinoceros was significantly
less extensive, excluding Ireland, nearly all of
Fennoscandia, north-west and north-central
Siberia and all of North America (Kahlke 1999).

The high-crowned cheek teeth with thick
enamel and the low-slung carriage of the head
indicate an animal adapted to grazing on
grasses and other low-growing vegetation,
resembling the living African white rhinoceros
Ceratotherium simum Burchell, which is a grass
eater (Halternorth and Diller 1980). Depictions
in Palaeolithic art, rare finds of frozen soft
tissues from Siberian permafrost, and above all
the entire carcasses preserved in salt and hydro-
carbons from Starunia in the Ukraine, indicate
a large animal with a long woolly coat, small
ears and short tail — all adaptations to cold —
and two (keratin) horns, known from several
Siberian permafrost finds. The larger anterior
horn, reaching more than a metre in length,
was laterally flattened, unlike the horn of any
living rhinoceros. Wear facets suggest that the
horns were used in a side-to-side motion to
clear thin snow to expose plant food. The large
bulk and short legs, lacking spreading hooves
or pads, indicate an animal unable to traverse
deep snowfalls (Kahlke 1999). Curiously,
woolly rhinoceros were absent from Britain
after ¢ 20ka, although it survived much later
elsewhere in Europe. However, it disappeared
entirely from Europe in around 12ka, as steppe-
tundra gave way to forest, but unlike mammoths
did not find a post 12ka refugium in northern
Siberia (Stuart and Lister 2007).

The extinct ‘steppe’ bison, Bison priscus, only
represented at Lynford by weathered material,
occurred widely in northern Eurasia, including
the far north of Siberia, and North America in
the Late Pleistocene, but is unknown from
Ireland and Fennoscandia, and occurred only
in the northern part of Iberia (Kahlke 1999).
The taxonomy and phylogeny of Bison are
difficult to interpret, but if B. priscus is regarded
as a valid species, it can be distinguished from
both of the living species — the North American
Bison bison and European Bison bonasus — by
its larger size and larger horns, and there
were also significant differences in the spinal
column (Guthrie 1990). From its dentition and
by analogy with extant Bison species, Bison
priscus primarily fed on grasses, and probably
required more productive herbage than most
other species of the so-called ‘mammoth
steppe’. Its abundance in many fossil assem-
blages is consistent with congregating in large
herds, like the living plains bison (Bison bison).
The short legs and rather small hooves indicate
that, unlike reindeer, it was intolerant of deep
snow cover, which would have impeded
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locomotion and restricted access to food. In
Europe it probably disappeared by 20ka at the
onset of the Last Glacial maximum, suggesting
that it was not adapted to the coldest phases,
but it apparently survived much later in Siberia
and Alaska (Guthrie 1990; Kahlke 1999).

The taxonomy of Pleistocene horses is
confused, and several species of caballine horse
have been recognised by various authors in
Eurasia and North America, but most or all of
these can be regarded as a single species — Equus
ferus. In the Last Cold Stage the range of E. ferus
extended from most of Europe across northern
Eurasia, even to the far north of Siberia (Kahlke
1999), and into North America. Remarkably, all
North American horses became extinct at the
end of the Pleistocene, but survived in Eurasia
and Africa (zebra). Equus ferus occurs widely in
Pleistocene faunas, and very probably occupied
open grassland habitats in cold stages, and also
open woodlands in north-west Europe in inter-
glacials. It occurs abundantly in many Last Cold
Stage assemblages and very probably formed
large herds. The single hooves of horses are
unsuited to deep snow or soft ground (Guthrie
1990), so that widespread firm substrates are
necessary. In north-west Europe it survived
through the Last Glacial Maximum into the
early Holocene.

Today, the reindeer or caribou, Rangifer
tarandus, has a circumpolar distribution in the
tundra and taiga (boreal forest) biomes from
Fennoscandia across Siberia into Alaska,
Yukon and northern Canada. The present-day
Fennoscandian populations comprise domesti-
cated animals, other than some wild reindeer
that still occur in Norway (MacDonald and
Barrett 1993), but their range approximates to
that of their wild ancestors. They never occur
in mixed or deciduous woodland. During the
Last Cold Stage the overall range of Rangifer
tarandus was even more extensive, including
Britain and Ireland, and at times reaching as far
south as southern France, northern Spain,
northern Italy and the Crimea (Kahlke 1999).
Reindeer are the only deer in which both males
and females have antlers — they are more highly
developed in the male — and the antlers are
grown and shed annually. Reindeer appear to
have evolved in high latitudes and are highly
adapted to Arctic and sub-Arctic environments,
with long legs and large spreading hooves
enabling them to cope with moderate snowfalls,
and feeding on lichens, grasses and sedges,
scraping away snow to feed on the vegetation

beneath (Kahlke 1999). Reindeer can
congregate in herds of tens of thousands of
individuals and some populations undertake
extensive migrations from summer tundra to
winter boreal forest, in which they can cover
150km to 200km in a day. It is likely that
Pleistocene herds made similarly long
migrations within the steppe-tundra in
response to seasonal climatic extremes and
availability of food.

Carnivores

At first sight the presence of spotted hyaenas
(Crocuta crocuta) in the Lynford assemblage
suggests a warm climate, as today this animal is
found only in sub-Saharan Africa. However, it
occurs very widely in both Last Interglacial
and Last Cold Stage assemblages from northern
Eurasia (but not North America), and its
absence from Europe and Asia today should be
viewed as part of the phenomenon of Late
Quaternary megafaunal extinction, which for
some reason did not affect the African part of
its range (Stuart 1991). In Africa today it is
typical of open grasslands and savannahs,
avoiding dense forest. Similarly, in the
Pleistocene it occurred in association with open
steppe-tundra in cold stages and probably open
woodland during interglacials. Modern spotted
hyaenas not only scavenge the kills of other
predators or the carcasses of animals that have
died of accident or disease, but are also
themselves active predators, hunting in packs
to bring down prey as large as zebra
(Halternorth and Diller 1980). Likely prey
at Lynford would have included reindeer,
horse and young bison, and perhaps
occasionally calves of woolly mammoth and
woolly rhinoceros. Together with the other
large carnivores at Lynford, they very probably
would have competed with Neanderthals for
both live prey and carcasses. The powerful jaws
and massive cheek teeth of spotted hyaenas
are superbly adapted for carcass destruction,
including crushing and eating bones to extract
the collagen. Pleistocene spotted hyaenas
from Europe were significantly larger than
those in Africa today, so they might have
been able to take larger prey, and chew larger
bones. Hyaena coprolites, comprising the
remains of crushed and digested bone, are
commonly found in Pleistocene assemblages,
including at Lynford.

The overall Late Pleistocene range of spotted
hyaenas was much more restricted than
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mammoths, not reaching farther north than
55-58° Latitude (Kahlke 1999), suggesting that
it was significantly less tolerant of low tempera-
tures. Moreover, its probable disappearance
from Europe ¢ 20-18ka (Stuart and Lister
2007), during the Last Glacial Maximum, also
suggests that it could not cope with the harshest
conditions of the Last Cold Stage.

The natural Holocene range of the brown
bear (Ursus arctos), including the American
grizzly, which extended from Europe across
northern Asia and into North America, has
been much reduced and fragmented in the last
two centuries by human persecution and
habitat destruction (MacDonald and Barrett
1993). It occupies a wide range of habitats,
including temperate and mixed woodlands,
boreal forests and open pasture in mountains,
and extends north just into the tundra.
However, in open habitats it requires some
dense cover and shelter. It was also very widely
distributed in the Late Pleistocene, occurring
both in interglacial and cold stage faunas.
Brown bears are able to walk over encrusted
snow (Guthrie 1990) and are omnivorous,
exploiting a diverse range of plant and animal
foods according the habitat and seasonal avail-
ability. Thus the diet can include roots, fungi,
herbs, some grasses, berries, rodents, carrion,
insects and fish — especially salmon (MacDonald
and Barrett 1993). These bears are also capable
of killing large prey, such as moose and reindeer
and in summer and autumn they accumulate
fat reserves to sustain them through winter
hibernation in caves or dens excavated in a
bank or under a tree. At Lynford many of these
foods might have been available in the warmer
months, including abundant carcasses of large
mammals, grasses and herbs, perhaps some
berries, insects, possibly salmon, and voles and
ground squirrels. Interestingly, in view of the
occurrence of Spermophilus at Lynford, modern
brown bears also feed on ground squirrels,
which they dig from their burrows. Very
probably, at Lynford, these large and formidable
bears disputed ‘kills’ with hyaenas, wolves and
lions. Considering their diverse dietary require-
ments, it seems likely that brown bears would
have been unsuited to the coldest phases of the
Last Cold Stage.

In the Late Pleistocene and Holocene, wolves
lived throughout Europe, northern Eurasia
(including the far north of Siberia), parts of
southern Asia and throughout almost all of
North America (Kahlke 1999; Corbet 1978).

In the Holocene they occurred in almost all
biomes from semi-desert to temperate forest,
boreal forest and Arctic tundra. In the late
Pleistocene they are recorded in association
with a similar wide range of biomes, including
temperate forests in interglacials, and steppe-
tundra in cold stages. However, today their
range has been drastically reduced due to active
persecution and they have been exterminated
from many areas, including the British Isles and
most other parts of Europe (MacDonald and
Barrett 1993). Wolves are opportunistic
feeders, taking rodents and lagomorphs, birds
and carrion, and hunting in packs to kill large
mammals from roe deer to reindeer, moose and
bison (Banfield 1974). Likely prey at Lynford
would have included voles, ground squirrels,
birds, reindeer and horses. In the absence of
suitable locations under rocks or trees, as must
have been the case at Lynford, they excavate
dens in soil where there is local vegetational
cover.

The red fox (Vulpes vulpes) has a Holarctic
distribution, including almost all of northern
Eurasia and most of North America, from
steppe and prairie to temperate broadleaf
forest, boreal forest and tundra except some
parts of the far north of Siberia and Canada
(Banfield 1974; Corbet 1978; MacDonald and
Barrett 1993). Red foxes are opportunistic
feeders, with a diet including: berries, fruits
and other plant food, invertebrates, birds,
rodents and carrion. The last three are likely to
have been important at Lynford.

Small mammals

The tundra vole (Microtus gregalis) does not
occur in Europe today, even in northern
Fennoscandia, but ranges across northern Asia
into Arctic North America. Its Asian distribution
is curiously disjunct, occurring in distinct
regions of tundra in northern Siberia and
steppe in central Asia, separated by a vast zone
of taiga from which it is absent (Corbet 1978;
Stuart 1982 fig 5.18). In the Last Cold Stage its
range extended much farther west to include
Britain. In common with other Microtus species
it lives in burrows and feeds on grasses, herbs
and other plants, together with some inverte-
brate food.

Today ground squirrels (or susliks), genus
Spermophilus, are absent from western Europe,
but range from south-eastern Europe across
central Asia to north-eastern Siberia and
into North America. They occur in steppe,
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semi-desert and open woodland in association
with dry continental climates, and at times
during the Last Cold Stage extended their
range as far west as Britain. The Siberian or
long-tailed ground squirrel (Spermophilus
undulates (Pallas)), usually regarded as
con-specific with the North American S. parryi
(Richardson), is the most northerly species of
Spermophilus, occurring across a large area
from the Tian Shan and Altai region of central
Asia through Mongolia to eastern Siberia,
including Kamchatka, Amur and Chukotka,
and into Alaska and Arctic Canada (Ellerman
and Morrison-Scott 1966; Banfield 1974).
In North America, S. parryi is found in tundra
and forest clearings, and is restricted to areas
of sand and gravel where the absence of
permafrost allows it to make extensive burrows
(Banfield 1974). The food includes grasses and
other green plants, seeds, green plants, roots,
berries, insects and meat from carcasses of
reindeer or other animals. In late summer
Siberian ground squirrels cache food in their
burrows for consumption in the spring when
they awake from hibernation.

Fishes and amphibians

The modern distribution of perch (Perca
fluviatilis) includes most of northern Eurasia,
except the extreme north of Fennoscandia and
Siberia (Muus and Dahlstrgm 1971). It requires
permanent freshwater or brackish lakes, ponds
or rivers where it eats aquatic invertebrates and
smaller fish, including other perch. Spawning
occurs only when water temperatures reach
7-8°C. In north-west Europe, including Britain
and southern Scandinavia, the three-spined
stickleback  Gasterosteus aculeatus occurs
principally in freshwater rivers, lakes and
ponds, but in northern Europe it occurs
exclusively in brackish and marine habitats
(Muus and Dahlstrgm 1971). It requires aquatic
invertebrate food. The pike (Esox lucius) occurs
throughout Europe, except in the extreme
south and extreme north (Muus and Dahlstrgm
1971). It ranges across a wide belt of central
Asia, but avoiding the tundra and northern
taiga biomes, and into North America. Pike are
found in ponds, lakes and slow-flowing rivers,
generally in well-weeded habitat, and also
tolerate brackish water. Spawning takes place
when water temperatures reach 2-12°C. Pike
prey mainly on various other fish, including
other pike, as well as frogs, ducklings
and invertebrates.

Frogs (Rana spp.) are largely terrestrial but
favour moist habitats and are tied to freshwater
ponds for breeding (Arnold and Burton 1978).
They occur almost everywhere in northern
Eurasia today except in permanently frozen
areas. They feed on terrestrial invertebrates
and overwinter as tadpoles or by hibernating
as adults.

Birds

Crakes are strong indicators of freshwater
wetland habitats such as swamps and fens,
preferring shallow fresh waters with good
ground cover and possibly floating vegetation
or debris. They have a widespread continental
distribution but are at present relatively scarce
throughout Britain and Ireland. They are also
migratory but still tend to utilise wetlands
while on passage. Pleistocene remains of
Porzana species are widespread throughout
the Palaearctic from the Middle Pleistocene
onwards. In the UK, specimens have been
identified from Late Glacial caves in Derbyshire
and a Late Pleistocene-Holocene fissure fill
at Ightham in Kent (Tyrberg 1998; Cooper
pers comm).

Conclusions

The limited diversity of the Lynford vertebrate
fauna is usual in both cold stage assemblages
and modern sub-Arctic and Arctic faunas.

The fishes and amphibians provide very
limited information, except to confirm other
sources of evidence that there was a permanent
body of freshwater at Lynford, and that there
were sources of aquatic and terrestrial inverte-
brate food.

The much richer mammalian fauna
includes no obligate forest species or obligate
thermophiles, and is a typical ‘mammoth
steppe’ assemblage (Guthrie 2001), indicating
a predominantly open vegetation of grasses
and low-growing herbaceous vegetation in a
cool continental climate. Similar faunas
occurred across much of northern Eurasia
during the Last Cold Stage. The vertebrate
evidence is therefore consistent with the picture
of predominantly open grassland ‘steppe-
tundra’ or ‘cold steppe’ vegetation, indicated
by the pollen, plant macrofossil and beetle
evidence (Green, Field, Coope, this chapter).

The very presence of a range of large
herbivores implies a productive environment
with abundant plant food, with much greater
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productivity than modern Arctic tundra. It is
likely that the grazing activities of herbivores
helped to maintain a diverse mosaic vegetation,
and perhaps inhibited colonisation by trees.
The presence of reindeer indicates a cold, Arctic
or sub-Arctic climate, while ground squirrel,
and probably also tundra vole, imply a cold
continental climate with low precipitation and
alarge seasonal temperature range — paralleling
the beetle evidence (Coope, this chapter).
The extinct woolly mammoth and woolly
rhinoceros also indicate a cold, dry continental
environment, while the presence of bison,
brown bears and hyaenas suggests that the
assemblage represents a milder phase of the
Last Cold Stage. Perhaps significantly, the
Arctic lemming (Dicrostonyx torquatus), was
not found in the small vertebrate assemblage,
although this is commonly recorded from the
colder phases of the Last Cold Stage. Similarly
red fox (Vulpes vulpes) is present, rather than
Arctic fox (Alopex lagopus), which today has
a circumpolar distribution in tundra and
the northern part of the boreal forest
(taiga) biomes (Banfield 1974; Corbet 1978;
MacDonald and Barrett 1993). The occurrence
of mammoth, woolly rhinoceros, horse and
bison implies an absence of deep snow cover.
Some of the large herbivores might have
migrated in response to large seasonal changes
in the availability of food. We can speculate, for
example, that if they occurred at the site

within the same time period, bison was only
present in the summer, migrating from the
south east across the exposed North Sea floor,
and reindeer only in the winter, migrating
from Scotland or northern England, but alter-
natively both may have occurred at the site all
year round. The find of a male shed antler
shows that reindeer certainly were present at
Lynford in the winter, but does not imply that
they were necessarily absent at other seasons.
Ground squirrel and brown bear responded to
seasonal changes by hibernating. In the winter
months the other carnivores probably found
plentiful carrion as well as live prey.

Large mammals might have been attracted
to the floodplain because of the availability
of aquatic and waterside vegetation (Field,
Green, Coope, this chapter), and their presence
in the vicinity of the depositional site is
attested not only by their skeletal remains but
also by abundant dung beetles, and spores of
the dung fungus Sporormiella (Coope, Green,
this chapter).

It is interesting to speculate how Neander-
thals at Lynford might have interacted with
the other formidable large predators, which
very probably included lion as well as spotted
hyaena, brown bear and wolf. On the one
hand there must have been competition for
prey and for carcasses, but on the other the
‘kills’ of each predator would have provided
scavenging opportunities for the others.
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Deposit and assemblage formation

W A BOISMIER

One of the most important questions at Lynford concerns the integrity of the deposits containing the
archaeological materials. The previous chapters have shown that most of the artefacts and vertebrate
remains recovered from the site accumulated in the channel duringits inactive phase after abandonment.
The sediments representing this phase are dominated by sediment gravity-flow deposits and other
structures indicative of bank erosion, and suggest that most of these materials were transported
downslope and deposited into the channel as the bank eroded. They were probably further disturbed
after deposition by bioturbation (trampling by animals) and other sedimentary processes. Given
these depositional and post-depositional agencies, a key concern is how the three-dimensional spatial
patterning of the materials in the channel were impacted on by these processes and what, if anything,
the deposits can tell us about human behaviour around the channel margins.

This chapter sets out to investigate the formation of the deposit and the assemblages it contains.
It begins with an overview of the various sedimentary contexts in which the archaeological materials
occurred, which will provide an interpretative baseline for the analyses in the following sections. This is
followed by analysis of the vertical arrangement of objects, undertaken to assess the likely extent of
vertical reworking within the channel sediments. The results of a quantitative spatial analysis
carried out to investigate pattern and assemblage formation are then considered, and an interpretation
offered regarding the integrity of the three-dimensional arrangement of artefacts and vertebrate
remains within the sediments of Association B-ii and their potential for the reconstruction of
Neanderthal behaviour at the site before the study of the archaeological assemblages in chapter 5.

4.1 Sedimentary deposits

The sediments enclosing the artefact and multi-dimensional affair. Understanding how
vertebrate assemblages recovered from the these sedimentary processes contributed to
site were laid down by distinctive sets of the three-dimensional arrangement of artefacts
sedimentary processes associated with the and vertebrate remains in the sediments of
incorporation of terrestrial sediments into the  Association B-ii is fundamental to answering
channel through bank slumping and the questions as to whether the accumulations of
washing-in of fine particles by surface run-off. =~ material remains simply represent signatures
Multiple debris-flow episodes, small localised of sedimentary processes or more complex
bank collapses, and the washing in of sediments  arrangements reflecting hominin behavioural
and materials over a period of time are as well as sedimentary processes (Callow
represented by the various facies comprising 1986a; Dibble 1995; Street 2002, 5-7; Schild
unit B-ii:04 (see Table 2.6 and Figs 2.17-2.20), 2005, 61). A key concern for the interpretation
as well as by the lenses of stony organic sand in ~ of the archaeological evidence from the site
the organic sediments of unit B-ii:03 and the is thus an understanding of the sedimentary
massive sand of unit B-ii:01 (see Fig 2.16). contexts in which the vertebrate remains and
Bedform and lithological properties of these artefactual materials occurred. These contexts
deposits record local differences in the scale are summarised below and provide an
and mode of bank erosion and indicate that interpretative framework for the quantitative
deposit formation at Lynford was a complex analyses in the following sections.
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Fig4.1

Tusk partially embedded
in the massive sands of
Unit B-ii:01.
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Mass-movement deposits

Facies B-ii:04A, B-ii:04B and B-ii:04D show
textural and structural properties typical of the
mass movement of water-saturated sediments
by debris or mud flow (Innes 1983; Costa 1984;
Fritz and Moore 1988, 265-74) with those for
the massive sand of unit B-ii:01 characteristic
of the mass movement of sediments by
bank collapse (Thorne 1982; Miall 2006, 123).
Gravel facies B-ii:04B and B-ii:04D are
poorly sorted, matrix- to clast-supported, and
in B-ii:04B, partially imbricated, with the
undulating lower contact of B-ii:04B also
indicating the progressive deposition of
sediment lobes from the bank into the channel
(see Fig 2.18). These fabrics are characteristic of
highly viscous laminar pseudoplastic flows
initiated by the oversaturation of sediments
from heavy rainfalls and/or snowmelt (Caine
1980). Facies B-ii:04A comprises a succession
of interdigitated stony organic sands and
sandy gravels that are unsorted and matrix-
supported with fabrics characteristic of

high-velocity slurry-like mud flows (Benedict
1970; Van Steijn et al 1988a). Multiple deposi-
tional episodes are indicated by this succession,
with overbank flood events, sheet wash and the
saturation of sediment by torrential or seasonal

rainfall, three of the most likely mechanisms
responsible for the transport of bank sediments
and materials. The massive sand of unit B-ii:01
is sheet-like in character and contains varying
densities of unsorted gravel, and buried or
partially buried artefacts and vertebrate
remains (Fig 4.1). Sediment characteristics
suggest multiple shallow slips of bank material,
possibly due to rainfall, snowmelt and/or
trampling (Buckhouse et al 1981; Knighton
1998, 113-18).

Studies of debris and other forms of sediment
gravity flows in a variety of modern situations
have indicated a number of recurrent patterns
in the arrangement of constituent objects.
Elongated objects such as stones, artefacts
and vertebrate remains within and below the
flowing sediment of the main body are typically
orientated parallel to flow (Collcutt 1986; Van
Steijn and Coutard 1989). The extent of this
alignment varies according to type of flow, with
objects in highly viscous flows more strongly
aligned parallel to flow than those in high-
velocity slurry-like flows, which show more
variation in orientation but still retain a marked
central tendency parallel to flow (Kluskens
1995). Elongated objects also tend to be aligned
parallel to flow direction along the boundaries
of the flow (Larsson 1982; Van Steijn et al
1988a) with objects rafted on the surface either
transported and deposited with little change in
arrangement or incorporated into the body of
the flow as the sediment at the front rolls over
(Benedict 1970; Enos 1977; Collcutt 1984).
Within or along the lobe at the front of the flow,
however, elongated objects tend to be aligned
perpendicular to the direction of flow (Larsson
1982; Van Steijn et al 1988a), and where
the lobe fans out as it slows to a stop, their
arrangement becomes more variable as they
follow the flow directions of the sediment lobe
(Innes 1983; Owen 1991). Object size classes
are typically poorly sorted vertically (Kluskens
1995) although field and experimental studies
have documented the sorting of large objects
towards flow boundaries (base and sides) and a
gradual decrease in the size and amount of the
coarsest materials downslope (Benedict 1970;
Pierson 1981; Collcutt 1984, 1986).

Colluvial deposits

Facies B-ii:04C and the layers and lenses of
stony organic sand in unit B-ii:03 show textural
and structural properties typical of colluvial
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deposits produced by slopewash and
small-scale slips of bank material (Limbrey
1975, 205-8; French 1976, 141-3; Ballantyne
and Harris 1994, 120-5; Goldberg and
Macphail 2006, 76-84). The stony sands of
Facies B-ii:04C are arranged in a succession of
thin, inclined beds of sand and unsorted
gravel, vertically separated in places by small
eroded lenses of organic sediment with
elongated clasts, typically aligned downslope
and partially imbricated (see Fig 2.19). These
bedding structures are characteristic of
colluvial sediments deposited largely by
slopewash and small-scale sediment slips, and
indicate multiple depositional episodes of
bank materials (Gil and Slupik 1972; Limbrey
1975, 91-3; Allen 1991). Periodic interruptions
in sedimentation are also suggested by the
lenses of eroded organic sediment embedded
within the deposit. The stony organic sands of
unit B-ii:03 comprise lenses and layers of
unsorted gravel and coarse sand of variable
thickness and area (Fig 4.2). These sediments
are interpreted as rapid, small-scale deposi-
tional episodes of bank sediment and
materials by slopewash, sediment slips and
bank collapse (Reineck and Singh 1980, 145-6;
Ballantyne and Harris 1994, 120). The last of
these is possibly also related to the movements
of large animals in and around the channel
(Trimble 1994).

Studies of slope processes have shown
a number of characteristic features in the
arrangement of objects by slopewash and
small-scale sediment slips. Elongated objects
tend to be orientated predominately downslope,

parallel or near-parallel to the direction of
sediment flow (Frostrick and Reid 1983;
Petraglia 1993; Kluskens 1995; Morton 2004,
table 2.4). Alignments perpendicular or
transverse to direction of flow also occur, but in
lower frequencies, and appear largely to be the
result of objects sliding or rolling downslope
with sediment slips (Rick 1976; Butzer 1982,
101-3; Kluskens 1995). Sorting is much more
variable and dependent on factors such as slope
gradient, length of slope and flow velocity as
well as the weight and size of objects (Rick
1976; Kluskens 1995; Morton 2004, table 2.4).
Overall, small size classes tend to be transported
farther downslope than large or heavy objects,
while longitudinal sorting is characterised
by the coarse-tail grading of objects in a
downslope direction (Allen 1991; Kluskens
1995). In sediment slips objects are poorly
sorted longitudinally as they are largely
transported as part of the sediment body (Rick
1976; Thorne 1982). Object size classes also
tend to be poorly sorted vertically with colluvial
sediments characteristically composed of a
mixture of different size classes (Butzer 1982,
56-7, table 4.2; Bell 1983; Allen 1991; Goldberg
and Macphail 2006, 86, table 5.1).

Discussion

The deposits indicate that sedimentation
occurred over a reasonable time period though
probably less than 100 years. Facies B-ii:04B
partially buries the organic sediments of unit
B-ii:03 and forms a new channel edge against
which the sediments of Facies B-ii:04C built up.

Fig4.2

Lenses and layers of stony
organic sand within the
organic sediments of
Unit B-ii:03.
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The succession of sediments for B-ii:04A
reflect at least two, and probably more, deposi-
tional episodes with multiple shallow slips of
bank material suggested by the massive sand of
unit B-ii:01. More discrete episodes of bank
erosion are also indicated by Facies B-ii:04B
and B-ii:04D and the isolated lenses and
layers of stony, organic sand. Thus it is likely
that the three-dimensional arrangement of
archaeological materials in the sediments of
Association B-ii is largely the result of a
variety of sedimentary processes, and that
deposition was intermittent and took place
over variable periods of time. These processes
have been shown to produce a number of
characteristic signatures in the arrangement
of materials, and suggest that the artefacts
and vertebrate remains at Lynford have
probably been subjected to a substantial
degree of reworking through the downslope
transport and deposition of bank sediments
and materials into the channel. This would
have been a cumulative process, suggesting
that the three-dimensional arrangement of
materials at the site is more likely to reflect
local differences in the mode and scale of
bank erosion than hominin behaviour. Fluvial
reworking and the effects of other post-
depositional processes such as trampling on the
condition and arrangement of vertebrate
remains and artefacts have been discussed
elsewhere by Schreve, White and Donahue and
Evans (chapter 5).

4.2 Size sorting and mixing

Lithic and bone conjoins (see Tables 4.11 and
5.25, and Figs 5.26 and 5.55) occur in the basal
sands, sediment gravity flows and organic
sediments of Association B-ii and in the
channel infill sediments of Association B-iii. In
Association B-ii the vertical distances of refits
are all under 0.60m and document the
displacement and differential sinking of at least
some of the artefacts and bones within the
sediments of this association.

The small number of these conjoins raises
anumber of fundamental questions concerning
the extent of vertical reworking within the
sediments of Association B-ii. In particular,
we need to ask whether the distribution of
materials in the sediments represents
significant depositional patterning reflective
of hominin behaviour, or simply the mixed
accumulations of vertically reworked materials

with little interpretive value for the archaeol-
ogist. Resolving this question is of some
importance, as a number of palaeobiological
and archaeological studies have shown
that the bioturbation and other sedimentary
disturbance processes identified for Association
B-ii have a substantial impact on the vertical
arrangement of materials within soft sediments
(Gifford and Behrensmeyer 1977; Wood and
Johnson 1978; Bunn et al 1980; Shipman 1981,
95-6; Villa 1982; Haynes 1988a; Lyman 1994a,
410-11; Monnier 2003, 45-57; Morton 2004,
48-9; see also Behrensmeyer 1982; Rigaud
and Simek 1987; Gaudzinski and Turner 1999).
To address this question, the vertical reworking
of materials hinted at by the refitting was
further investigated by a quantitative analysis
of object size and position within the sediments
of Association B-ii.

Methods

Multiple regression (Blalock 1979, 451-504;
Shennan 1985, 33-44, 1988, 166-87; Baxter
2003, 55-9) was used to assess the effects of
channel geometry (slope of channel base and
sides) on object position with OD height as the
dependent variable and grid coordinates (x:
easting; y: northing) as the independent
variables. The residuals from this analysis
represent the amount of variation in OD height
unexplained by channel geometry, and provide
the data for examining size-sorting and mixing
effects produced by the post-depositional
vertical movement of objects. Analysis of
variance (Blalock 1979, 335-75; Drennan
1996, 171-7) was used to examine vertical
size-sorting effects with residual OD height
from the multiple regression as the dependent
variable, and six size classes as the independent
variables. Mixing effects were assessed using
box-and-whisker plots (Tukey 1977, 39-41;
Hartwig and Dearing 1979, 23-5; see also
Drennan 1996, 39-44) of residual OD height
values for the six size classes. Object size class
data for the sediments of Association B-ii (units
B-ii:01; B-ii:02 and B-ii:03) used in the analysis
are set out in Table 4.1.

Channel geometry

The channel is orientated west-north-west
and slopes gently from ¢ 8.68m OD in the east
to ¢ 7.42m OD in the west at an angle of
approximately 3° to 4°. Fig 4.3 shows the longi-
tudinal and transverse profiles of the vertical
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Table 4.1 Size class data used in the analysis

S0l Sc02 Sc03 Sc04 Sc05 Sc06

<3cm 3-6¢cm 6-9cm 9—12cm | 2—15cm >|5cm
mammoth 41 269 273 129 87 171
woolly rhinoceros 8 2 I I
reindeer 8 25 21 5 5 7
horse | 3 | |
bison | 3
indeterminate and unidentified 125 320 135 30 4 4
carnivores 3 8 4
lithics 35 138 77 39 12 5
total 212 769 515 206 108 192

distribution of faunal and lithic material in the
channel. Along the longitudinal east-west axis
the material is distributed in a thin almond-
shaped lens, dipping to the west in accordance
with the slope of the channel. On the transverse
north-south axis this distribution is also
lens-shaped and displays a broad shallow
convex-up profile following the shape of the
channel. The transverse distribution is also

partially separated into upper and lower
elements by the sediment gravity flow deposits
along the north edge of the channel. These
patterns clearly suggest that the vertical
position of an object in terms of its OD height is
related to the geometry of the channel.

The results of the multiple regression
analysis used to assess the effects of channel
geometry on object vertical position are

Fig4.3

Vertical distribution of
materials within the
sediments of Association
B-ii: (A) longitudinal (east—
west) profile; (B) Transverse
(north—south) profile.
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Table 4.2 Results of the multiple regression

faunal remains

zero-order correlations

OD height X coord Y coord
OD height
X coord 0812
Y coord 0.394 -0434
coefficients
constant (A) -51.319 multiple R 0.812
X coord 0.058 R? 0.659
Y coord 0.043 adj R? 0.658
lithic artefacts
zero-order correlations

OD height X coord Y coord
OD height
X coord 0.85
Y coord 0.296 -0.424
coefficients
constant (A) —39.124 multiple R 0.858
X coord 0.065 R? 0.736
Y coord 0.025 adj R? 0.734
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presented in Table 4.2. Zero-order correlations
for both classes of material show OD height
to be highly positively correlated with the
x coordinate along the longitudinal east-
west axis, and weakly correlated with the y
coordinate on the transverse north-south axis.
The two coordinate variables are also negatively
correlated with each other, and reflect the
shape of the surviving channel deposits. Values
for R? in the table show that 65.84 per cent
(R? x 100) of the variation in OD heights
for faunal remains, and 73.55 per cent of the
variation in OD heights for lithics is accounted
for or ‘explained’ by the least-squares surface of
the x and y coordinates, that is, by the geometry
of the channel. The results also indicate that a
given increase/decrease in longitudinal (x)
position has a greater effect on object OD height
than a given increase/decrease in transverse
(y) position and show that the slope of

Table 4.3 Results of the analysis of variance

the channel to the west-north-west partly
determines object OD height within the
sediments making up its fill. That is, where the
channel is deeper, objects have lower OD
heights, and where the channel is shallower,
objects have higher OD heights. Only 34.16
per cent and 24.45 per cent of the variation
in faunal and lithic OD heights remains
unexplained by channel geometry.

Size sorting

The results of the analysis of variance carried
out to identify the possible size sorting of
objects after the effects of channel geometry
(thatis, variation in object OD height accounted
for by its location in the channel) had been
removed are presented in Table 4.3. Values of F
for both categories of material are significant at
the .05 level of probability, and in