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EARLY HUMAN RESETTLEMENT OF THE BRITISH ISLES FOLLOWING THE
LAST GLACTIAL MAXIMUM: NEW EVIDENCE FROM GOUGH'S CAVE, CHEDDAR

by R. Burleigh, E.B. Jacobi and R.M. Jacobi

The present show-cave, 'Gough's Cave®’ or 'The New Cave' at Cheddar
(NGR ST467539), was opened to the public by Richard Cox Gough, in the
1890's. Around Christmas 1903, during drainage work within a small
fissure, on the left hand (northern)} side of the 'vestibule' at the
entrance to the cave a contracted burial now known as ‘Cheddar Man' was
found (Gray, 1904; Jex-Blake, 1904). In 1970 collagen from the left
tibia of this partial skeleton was dated at the British Museum radiocarbon
laboratory to 9080 % 150 bp (BM-525; Barker, Burleigh & Meeks, 1971, p.180),
indicating an early post-Pleistocene age for this inhumation. Finds made
at the time of its discovery had included stone artifacts identified as
Magdalenian in type, together with teeth of horse (Davies, 1904, 1905),
but there is no evidence to suggest that these were necessarily contem-
poranecus with the skeleton.

Some time before 1914, a decorated bston-de—comandement, most
probably made of reindeer antler, was found in the cave. This was
illustrated by Seligman and Parscns (1914) who re-described and re-
illustrated the finds that had been made in the cave in 1903, Their
account provided the basis of Dorothy Garrod's entry for the cave in her
book The Upper Palaeolithic Age in Britain (1926).

In November 1927 R.F. Parry, who had long acted as agent to the
Marquis of Bath at Cheddar, began an excavation in Gough's Cave. Working
up to the winter of 1930-31, he excavated a large part of the Pleistocene
and post-Pleistocene sediments that had survived earlier clearance along
poth sides of the entrance and within the vestibule (Parry, 1929, 1931).
Parry divided these sediments into twenty-five 15 centimetre spits,
numbered from top to base. The spits were measured from above and below
a 'datum line' established midway up the sediment profile and oriented
along a colour change which followed the natural &ip of these sediments
as they entered the cave. By measuring upwards from this datum as well
as downwards, compensation could be made for the cratering and removal




of the upper part of the deposits which had taken place during the opening
up of the cave. Excavation took place by electric light and all the
sediment removed was sieved outside the cave. Each find was attributed
a spit number. pParxy is explicit in stating that fxom his records

'...it (was) possible to refexr any specimen to both its horizontal and
vertical position in the deposits...’' (1928, p.735)- These recoxds
cannot now be found.

Spits 1-16 Parry reported as a cave earth with angular limestone
and pebbles, more rich in clay in its upper part and with an increasing
sand content and marked lamination in its lowexr part (spit 7 and below).
This sediment overlay an older Pleistocene fill with water woxn pebbles
of limestone and sandstone (spits 17-25).

Sherds of later prehistoric and Roman pottexy were recovered from
spits 1-9 and bones of domestic animals were reported as Geep as spit 11l.
A single partial maxilla of pig can also be recognised from spit 12 and
a broken metapodial of sheep or goat may have come from spit 14. Stone
artifacts occurred from spit 4 to spit 25 although those found below spit
16 were considered to have been carried downwards by flood water into
eracks between the wall of the cave and the older Pleistocene £ill.
There is thus a substantial overlap between the distribution of stone
artifacts, always regarded as terminal Pleistocene {late glacial) in age,
and pottery and animal bones which are quite clearly of more recent date.
We may suspect processes of both downward mixing of the younger items as
well as upward migration of the older, this latter effect being of
decreased significance as the zone of disturbance associated with human
and animal occupancy of the cave rose with continuing sedimentation
(Matthews, 1965; Hughes & Lampert, 1977).

The total of stone artifacts recovered by Parry was roughly 7000.
Though the greater part of this collection is not now to be found, a
substantial sample, if not the majoxity, of the retouched component
identified during excavation is housed in the Cheddaxr Caves Museum and
Exhibition. oOther smaller clutches of finds from the excavation have
found their way to the Bristol City Museum angd Art Gallery and Wells
Museum. The main stone tool forms are backed pieces, burins, scrapers
and perforators. The majority of the backed pieces axe of trapezoidal
outline with either a shoulder, or a 'gibbosity’ at one angle. There
are also numercus 'Azilian points' shaped rather like the segments of
an orange. There are many more burins than scrapers and the majority
of these are developed on snaps or prepared truncations. Most of the
scrapers are made on blades, and many possess lateral retouch. Struc-
turally, the assemblage is not dissimilar to the Late Magdalenian. The
stone technology from this site has been termed 'Cheddarian’ (Bohmers,
1956) and equivalent assemblages come from other sites along Cheddar
Gorge, for example, Soldier's Hole and Sun Hole. Similar material can
probably be identified amongst £inds from Kent's Cavern near Toxquay
and Hoyle's Mouth near Tenby.

other finds made by Parry, include a baton of antler, a 'rod’ of
ivory, piercers made on tibiae of mountain hare, fox-tooth beads, sea~
shells and two cores from the manufacture of bone needles. There were
also further human remains which were reported upon by Sir Arthur Xeith




and Dr. N.C. Cooper. With a number of documented@ exceptions (returned to
Cheddar) the potentially identifiable part of the mammal fauna from this
excavation was preserved in the Natural History Museum in London, following
original study and partial publication by Dorothea Bate. Recently,

Andrew Currant of the Department of Palaeontology at the B.M. (N.H.)} has
confirmed horse, red deer and mountain hare, and recognised specimens of
Saiga antelope from the Pleistocene part of the cave sediments. Many
bones of horse and rxed deer carry clear cut-marks and these are being worked
upon by Ruth Parkin, Peter Rowley-Conwy and Dale Sex‘jeantson. Re-study

of the small sample of bixrd bones from the Pleistocene deposits by Dr.
C.J.0. Harrison at Tring strongly suggests that several species of birds
were also taken by the human occupants of the cave.

As part of a programme for investigating the history of the intro-
duction and extinction of the larger terrestrial mammals in Britain at the
end of the Pleistocene and in the Holocene (Clutton-Brock and Burleigh,
1983), six individual bones of horse (Equus ferus) from Gough's Cave, from
the collection preserved in the Natural History Museum, were dated at the
British Museum Research Laboratory by the liquid scintillation technique,
and gave the following results (Ambers, Matthews and Burleigh, 1985).

Radiocarbon dates for bones of wild horse, Equus ferus, from Gough's
Cave, Cheddar

spit material radiocarbon age lab. no.
(5570 yr)

10 atlas vertebra 12,120 +/- 120 bp BM-2183
(collagen) {10,170 bc)

12 calcaneum 12,020 +/- 120 bp BM-2184
(collagen) (10,070 bc)

13 metapodial 11,970 +/- 230 bp BM-2185
(collagen) (10,020 bce)

14 H 12,240 +/- 220 bp BM-2186

(10,290 bc)

16 : 12,070 +/- 170 bp BM-~2187
(10,120 be)

18 : 12,160 +/- 210 bp BM~2188
{10,210 be)

These dates form a remarkably tightly clustered group with an
unrounded weighted mean value of 12,085 radiocarbon years bp, and
corresponding standard@ error on the mean of * 33 years (based on the
variation of the dates about the mean rather than the individual exxors
based on counting statistics given in the table)}. At the 95% confidence
level the limits of age about the mean are 12,020-12,150 bp.




Bny discussion of the relevance of these dates to the terminal
Pleistocene artifacts recovered from the same apparent depth range within
the cave must be qualified in several ways: firstly, it should be
reiterated that the bones that were dated came from an excavation
conducted many years ago. Loss of the relevant notebooks may have
deprived us of contextual information beyond just their spit allocations.
Secondly, Gough's Cave would have been open to species other than man.
Thus bones of wolf from several spits suggest one agency by which animal
remains found within the cave may have a history totally or partially
unconnected with its human occupancy. Human introduction of bones for
food or for manufacture of tools can only certainly be reccgnised where
these have been cut or modified. With the exception of the atlas
vertebra from spit 10 (BM-2183) none of the bones that we have dated
showed clear cut-marks. On the other hand, none showed signs of damage
inflicted by carnivores. Thirdly, conjoins have been possible between
parts of 71 anciently broken stone tools recovered from spits 8-17.

In 59 instances parts of the one item were found within the same or in
adjacent spits. Implied vertical separation would thus be 30 centi-
metres at most, a distance no greater than that reported for items from
sites believed affected by processes of 'treadage and scuffage' (Stockton,
1973; Vvilla and Courtin, 1983). In seven othexr cases one spit inter-
venes, in one other two, and in another three. In two instances,
separation is by four intervening spits and in one by six, that is by an
implied minimum vertical distance of 90 centimetres.

In the absence of the relevant notebooks and the information on
horizontal distributions they would have contained, detailed interpre-
tation of our conjoin data is not possible. Taken at face value,
however, they would suggest that we should expect some blurring of the
typological, taphonomic and chronological evidence, leading to problems
in the interpretation of this site. Nevertheless, we would again stress
the closeness of the individual radiocarbon determinations obtained,
including that for the single cut bone from spit 1O. That the terminal
Pleistocene human activity within the cave is indeed of this age (ctrea
12,100 bp) will, we hope, be confirmed by dating, possibly by the
accelerator (BMS) technique, further bone specimens which carry clear
evidence of cutting.

Ouxr research at this site is relevant to an expanding body of
information on the chronology of human resettlement of the North European
plain after the maximum of the last Ice Age. For Britain the rapidity
of this return appears to receive support from these results from the
New Show Cave opened by Mr. Gough almost a century ago.

We would like to thank Andrew Currant, Department of Palaeontology,
British Museum (Natural History) for allowing us to date material in his
care and for making available the results of his unpublished study, and
Dr. Morven Leese, Research Laboratory, The British Museum for statistical
analysis of the radioccarbon dates. We would also like to extend thanks
o the Management of the Cheddar Caves who continue to do so much to
assist our study of the artifacts and faunal collections preserved there,
also Professoxr D.T. Donovan for his comments on the manuscript.
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B CONSIDERATION OF THE USE OF THE TERMS 'PALEOSOL' AND 'RUBIFICATION'

By R.A. Kenmp

Problems relating to xed colours in Quatexnary soils of Britain
have been discussed in several recent articles in the Quaternary News-
letter (Lawson, 1983; Boaxdman, 1984; Atkinson and Burrin, 1984).

These discussions reveal some confusion amongst Quaternary scientists
over the use of the terms ‘paleosol'’ and *rubification'. This paper
briefly reviews the various meanings attached to these terms and provides
guidelines for their definition and significance to the Quaternaxy
scientist.

Paleosols

The term 'paleosol' was initially restricted to buried soils of
'obvious® 'antiguity' (Moxxison, 1967, p.1l0). Subsequent definitions,
however, have expanded the concept and led to increased confusion and
controversy ovex usage of the term. Ruhe (1956, p. 44l) defined a
paleoscl as 'a fossil soil that was formed on a landscape during the
geologic past'. He recognised both buried and exhumed paleosols, the
latter resulting from re-exposure of a buried landsurface. Soils
continuvally exposed and containing pedological features attributable to
previous environments different from the present have been termed relict
paleosols (Ruhe, 1969; Valentine and Dalrymple, 1976a). Layered
paleosols (Valentine and Dalrymple, 1976a) axre defined as soils covexed
by only thin layers of sediment and thus not completely isolated from
subsequent pedogenic processes.

Following the recommendations of the Working Group on the Origin
and Nature of Paleosols (Yaalon, 1971), a paleosol is usually now defined
as 'a soil formed on a landsurface of the past or in environmental
conditions different from those of the present day_(Fenwick, 1981, p.342).
Catt (1979) and Fenwick (198l) have criticised this definition for the
emphasis it places on present environmental conditions which are often
difficult to define and delimit. Furthermore, response rates of
particular soil processes to changes in environmental factors are poorly
documented and there are still considerable gaps in our knowledge over
the effect that different environments have on soil formation and pedo-
logical properties. Climate, vegetation and anthropogenic influences
have not been constant in Britain even during the last 10,000 years.

Many of the pedological features of surface soils attributed to this
period are not in equilibrium with the present environment because they
date from times when conditions were dissimilar to the present.  These



may be as much 'relict features' (Catt, 1979) as those inherited from
pre-Flandrian temperate or cold stages. As almost all British surface
soils would then be considered relict paleosols, Catt (1979) suggested
that the concept loses any special significance.

The introduction of the paleo-argillic horizon into the classif-
ication system used by the Soil Survey of England and Wales (Avery, 1973;
1980) has led to a tendency to restrict relict paleosols to those soils
containing pre-Devensian relict features. Confusion results, however,
from the fact that this arbitrary age limit is not always applied to
buried paleosols. For instance, Boardman (1979) reported a burtied
pre-Devensian paleosol at Laddray Wood, Cumbria but later reassigned it
to the Flandrian and referred to as a buried Flandrian soil (Boardman,
1984), whereas Valentine and Dalrymple (1976b) reported a buried
Flandrian paleosol from Pitstone, Buckinghamshire. In any case, the
use of an arbitrary age limit that restricts paleosols to buried pre-
Devensian soils or non-buried soils containing pre-Devensian relict
features is not rational and raises considerable difficulties. Too much
emphasis is given to the relevant stage boundaries which are presently
confused and inadequately defined (Catt, 1979). Additionally it would
be hard to apply the concept in regions having different Quaternary
histoxies to Britain. There are also difficulties in establishing
critexia by which some relict features may be accurately dated and
assigned to particular stages.

In accordance with the conclusiocns of Catt (1979), 7t <s recormm—
ended that the use of the term 'paleosol’ be discontinued.  This is
justified by the realisation that in the absence of a particular age
connotatjion the word has no function other than as a general non-specific
term covering any one of a number of situations. ¥hen qualified by an
adjective {e.g. buried) it implies no more than the term 'soil' qualified
by the same adjective. Thus, there is no difference between a 'buried
soil' and a 'buried paleosol'. Similarly, an 'exhumed soil' is an
adequate term to describe what has previously been thought of (often by
circuitous reasoning)} as a specific type of paleosol. The concept of
a relict paleosol should be replaced by one of a soil forming at the
present which contains 'relict' features originating from some specified
or unspecified past periods (Catt, 1979).

Rubification

The term ‘'rubification' is usually used interchangeably with
'reddening' to represent non-specific processes by which a non-red
parent material attains red colours during the course of soil formation.
In Britain reddish colours are traditionally associated with buried pxe-
Devensian temperate stage or interglacial soils (Rose and Allen, 1977),
and also occur within non-buried paleo-argilliic hoxizons where they are
considered to be relict features resulting from pre-Devensian pedogenic
processes {Catt, 1979; Avery, 1980). Paleo-argillic horizons have
matrix colours with Munsell hues of 7.5YR or redder, chromas of more than
4 and values of 4 or more in fine textured materials, or S5YR hues in
coarser materials.  Additionally, non-inherited SYR or redder mottles
are considered as paleo-argillic relict features provided they have at
least a common distribution (Avery, 1980).




In the past reddish colours in soils have been casually related to
the presence of amorphous iron oxides (Segalen, 1969) but the present
consensus of opinion indicates a strong relationship between redness and
hematite content (Torrent et al., 1980; 1983; Schwertmann et al., 1982).
Toxrent et al. (1980) suggested that earlier misconceptions concerning the
form of iron oxides present were due to technical difficulties in recog-
nising hematite. Very small amounts of hematite are thought to be
capable of conferring reddish pigments on soils and recently improved
technigues (e.g. Mossbauer spectroscopy and differential x-ray diffraction)
pexrmit the identification and measurement of the crystalline mineral even
when it is present in small quantities ox exhibits a poorly crystalline
structure (Torrent et al., 1980; 1983; Schwertmann et al., 1982).

Although Avery (1980) did not directly relate the red colours in paleo-
argillic horizons to hematite concentrations, the necessary presence of
the iron oxide in this Qdiagnostic soil horizon is implied in othexr public-
ations by staff of the Soil Survey of England and Wales (Sturdy et al.,
1979; Avery et al., 1982) and was also assumed for the buried reddish
horizons of the vValley Farm Soil in southern East Anglia by Rose and
Allen (1977). Kemp (1985) confirmed the presence of hematite in the
Valley Farm Soil and has recently shown that its redness intensity and
that of some non-buried paleo-argillic horizons in eastexn England are
highly correlated with hematite content (Kemp, in press).

In order to avoid confusion rubification should be defined as the
pedogenic formation of hematite resulting in production of reddish colours
(Schwertmann et al., 1982). In more detail this process is thought to
consist of the internal dehydration of amorphous hydrated iron oxides,
possibly derived from weathering, and subsequent crystallisation to
hematite via an intermediate crypto-crystalline form termed ferrihydrite
(Fischer and Schwertmann, 1975; Duchaufour, 1982). It is proposed that
this definition be adhered to in the future and that the adjective
'rubified' be used to describe materials reddened by this and only this

process.

Similarities between the red colours in buried interglacial soils
or paleo-argillic horizons and those of fersiallitic soils presently
forming under sub-tropical and mediterranean climates has led to reddish
colours in soils of temperate regions to be ascribed to rubification
during earlier temperate stages of the Pleistocene when the climate is i
assumed to have been warmer. some justification for this interpretation ,
is provided by laboratory experiments which confirm the fact that hematite
formation is favoured by high tempezatures, although good soil aeration,
rapid organic matter decomposition and length of soil-forming interval
are also important factors (Schwertmann, 1971; Schwertmann et al., 1974;

Fischer and Schwertmann, 1975). However, the validity of using non-

inherited reddish soil colours as an indicator of pre-Devensian temperate

stage pedogenesis has been recently brought into question by Schwertmann

et al. (1982) who showed that hematite has formed since the last glacia-

tion under temperate environments ir some well-drained, calcareous,

coarse-textured soils in Germany which maintain a warm pedoclimate.

Blthough hematite formation (rubification) has not yet been reported in

soils formed solely during the Flandrian in Britain, there are a numbexr

of soils developed in Late Devensian deposits which have non-inherited

reddish colours (Clayden, 1977; Boardman, 1984). Standard x-ray

diffraction technigues failed to relate the red (10R)} colouxrs on ped .
surfaces in the Flandrian Laddray Wood Soil in Cumbria to the presence |
of hematite: the major iron oxide present was lepidocrocite (Boardman, |




1984) . Such reports have led Atkinson and Burrin (1984, p.26) to use
the terms ‘reddening' and 'rubification' synonymously to signify 'different
processes involving hematite and lepidocrocite'.

Lepidcrocite is reported to impart 5YR to 7.5YR hues to soils
(Schwertmann, 1977). Although the mineral sometimes forms in well-drained
calcareous environments (Ross and Wang, 1982), it is normally associated
with gleying in seasonally waterlogged conditions, whexe it forms from the
oxidation of precipitated ferxous hydroxy compounds (Schwertmann and Taylor,
1977). Atkinson and Burrin (1984, p. 25) have discussed the formation
of the mineral in terms of 'relatively warm periods', although there is
no evidence to indicate any direct relationship between lepidocrocite
production and temperature. The processes responsible for the formation
of lepidocrocite and hematite respectively are, therefore, clearly
diffexent and reflect the influence of different environments. Conse-
quently, it is suggested that the definition of rubification used by
Atkinson and Burrin (1984) is an unnecessarily vague notion, which should
be replaced by one restricted solely to the process of pedogenic hematite
formation. Future work should concentrate on means of distinguishing
between reddish colours formed by rubification (i.e. due to hematite) and
those by gleying (i.e. due to lepidocrocite) ox other processes (e.g.
ferrihydrite formation). At present the satisfactory identification of
hematite is dependent on highly specialised laboratorxy technigues, such
as differential x-ray diffraction on Mossbauex spectroscopy, which few
people have access to.

Summary and c¢onclusions.

1t is suggested that the continued use of the term 'paleosol' is
unnecessary. Its meaning and significance has become blurred through
time and it fulfills no function other than as a general non-specific
term covering any one of a number of situations. Buried or exhumed
(Quaternary) soils and non-buried soils containing xelict (intexglacial,
early Flandrian, Devensian etc.) features are adequate to describe
particular situations.

It is recommended that rubification should be defined as, and
restricted to, the pedogenic formation of hematite resulting in the
production of reddish colours in soils. Future research should attempt
to measure the types and amounts of iron oxides in soils of all ages and
colours. This should then allow soil colour/iron oxide relationships
to be better evaluated, and also to determine whether the pedogenic
formation of hematite (rubification) can be considered solely as a pre-
Devensian process in Britain. These studies may also provide some
clarification of the regional environmental significance presently
attached to the rubification process in Britain.
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THE ORIGIN AND DEVELOPMENT OF LANGNEY POINT: A STUDY OF
FLANDRIAN COASTAL AND SEA-LEVEL CHANGE

By S. Jennings and C. Smyth

The recent article by Gerrard, Adlam and Morris (1984) in the
Quaternary Newsletter No.44 has drawn attention to the problems of
separating, within coastal sequencies, evidence for local coastal changes
from regional eustatic movements. In addition, Nicholls (1984) has
provided a useful insight into the historical context that present spits
and barrier beaches may be placed.

The aim of this article is to use Langney Point in East Sussex as
an example of baxrier development during the Flandrian and, in so doing,
to illustrate some of the prcblems involved in the methodology of sea-
level research and in the interpretation of coastal sequencies.

This forms part of a much wider research project into late-
Quaternary environmental change in coastal areas of East Sussex, with the
objective of examining sea-level, coastal and vegetational changes (see,
for example, Smyth, 1985).

The location of Langney Point (TQ 642011).

Langney Point is a small promontory of the extensive Crumbles
Shingle that stretches from Eastbourne eastwards to Pevensey along the
East Sussex coastline (Fig.l). Behind the Crumbles lie Willingdon
Levels (Fig.2) which is a flat area of lowland (approximately +3m. 0.D.)
consisting of unconsolidated clays and silts with a thin peat horizon
at circa +1.5m. O.D. Below Langney Point there are extensive uncon-
solidated sediments to a depth of 33 metres. From radiocarbon dating
of these sediments, they appear to be entirely of Flandrian age
(Shephard-Thorn, 1975; Jennings, forthcoming), and therefore represent
major sediment accumulation during the postglacial.

very little detailed, previous work has been undertaken in this
area. Redman (1851-2), Milner and Bull (1925) and Steexs (1964) have
suggested that the Crumbles developed as a spit that grew eastwards from
Beachy Head, behind which fine grained sediments were deposited to form
Willingdon Levels. Unfortunately, no supporting tithostratigraphic or
biostratigraphic information was provided to substantiate this. The
development of the Crumbles and Willingdon Levels is cuxxently being
examined (Jennings, forthcoming) following the commissioning of a bore-
hole at Langney Point and at Lottbridge Drove (on f#illingdon Levels)
with the support of approximately 50 hand-auger investigations.

Methodology.
Three sea-level index points are presented which suggest tendencies
of relative sea-level movenments. Two of these index points have been

recognised from a single, deep borehole, in which case indicative litho-
stratigraphic changes are termed 'contacts', whilst a third index point
can be traced laterally thereby forming an 'overlap' (TooleY: 1982) -
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The recognition of 'contacts' and ‘overlaps' in a sedimentary
sequence has become a central issue in the examination of sea-level
change (Shennan, 1982, 1983; Tooley, 1982). These are 'lithostrati-
graphic descriptive terms' (Tooley, 1982) with no process{es) being
implied as to their formation. A major consideration in the interpre-
tation of overlaps is the possibility that their formation is independent
of sea-level change because of accretion or erosion of the coastline.
Thus, a 'transgressive' or 'regressive' episode recorded in a sedimen-
tary sequence may owe nothing to eustatic movements. It is principally
to overcome this interpretive problem that the terms ‘'contact' and
‘overlap' are used descriptively and do not imply any particular process.

However, a further problem exists when significant environmental
changes can be demonstrated to have occurred within an apparently uniform
lithologic unit. This situation will be demonstrated in the Langney
Point lithostratigraphy where an examination ¢f the biostratigraphy has
revealed environmental changes that are not made apparent by a description
of the lithostratigraphy .

Thus, 'contacts' and ‘overlaps' are identified principally thxough
lithostratigraphic means (e.g. variations in organic content ox particle
size} often supported by changes to the contemporary fossil record.
However, in addition, evidence for major palaecenvironmental changes
within coastal deposits may exist within a uniform lithostratigraphic
unit and be revealed only by changes in the biostratigraphy, these changes
showing no correspondence with lithostratigraphic boundaries. In this
case the term 'tendency of sea-level movement' {either positive or
negative) is adopted. These two situations can be demonstrated by the
Langney Point stratigraphy. In the following discussion the term
"transgressive contact/overlap' is used to indicate a positive tendency
of relative seca-level movement at a lithostratigraphic boundary, and
‘regressive contact/overlap' a negative tendency (Shennan, 1983).

These terms relate to a probable increase and decrease, respectively, of
the marine influence. In neither case is any specific process implied
{Shennan, 1983).

The Langney Point stratigraphy.

Figure 3 illustrates the lithostratigraphic¢ units* (based upon
field-obsexrvation and particle size analysis) that make up the Langney
Point formation. Also shown are the positions of the sea-level index
points.

Three sea-level index points are recognised.

1). At -25.94m. O.D.:- This is an indicator of a positive
tendency of sea-level movement occurring within the Lower Minexogenic
Sequence (clay) . This index point is identified by the fixst appearance
of the following biostratigraphic indicators of estuwarine conditions:

Pollen - Chenopodiaceae. A .
Molluscs - Ostrea edulis Linné, Serobicularia plana (da Costa)

*Note: The depths for the Crumbles Peat unit on Fig.3 replace the depths
originally given in Jennings and Smyth (1982) which were based upon an
unreliable levelling point.
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These estuarine conditions replaced an earlier freshwater episode
during which no estuarine melluscs are recorded. The pollen assemblage
in this earlier phase is characterised by the dominance of freshwatex
taxa, for example, Cyperaceae, Filicales and Sphagrum. Chenopodiaceae
pollen grains axe absent.

2). At -24.82m. 0.D.:—- With the formation of the Crumbles Peat
a regressive contact heralds the return of freshwater conditions. No
estuarine molluscs are found in the peat and the pollen and plant macro-
fossil recoxds are dominated by Equisetum. Chenopodiaceae pollen grains
undergo a major reduction in relative frequency.

3). At -24.70m. 0.D.:- A transgressive contact is marked by the

deposition of the Upper Minerogenic Sequence {clay) (U.M.S. (clay}) and

is dated to 8,770 £ 50 B.P. (SRR-2452). This contact can also be

recognised in a borehole from Langney Point analysed by the I.G.S.

(Shephard-Thorn, 1975), so that together they foxm an overlap recording

a dominant positive tendency of relative sea-level movement in the area.

With this event estuarine conditions returned which is well illustrated

by the recognition of the following assemblages within the U.M.S. (clay): |

Foraminifera - Ammonia beccarii (Linné€}, Protelphidium
germanicum (Ehxenberg), Elphtdium app.

Ostracoda - Cyprideis torosa (Jones), Loxoconcha elliptica, Brady
Leptocythere lacertosa (Hirschmann), L. castanea. Saxs.

Molluscs - Hydrobia ventrosa (Montagu), H. ulvae (Pennant),
Ostrea edulis (Linné)

Serobicularia plana (da Costa), Cerastoderma edule (Linné),
Mytilus sp.

Pollen - Chenopodiaceae.

These lists represent a summary of the taxa identified. A full list will
be given in Jennings (forthcoming).

Within the U.M.S. at -14.2m. 0.D., sand-sized particles replace
clay as the dominant texture type (Fig.3)}. At the same time, Foraminifera
(e.g. Quinqueloculina) and Ostracoda (e.g. Pontocythere elongata (Brady))
indicative of morxe open-sea conditions replace the estuarine assemblages.
In turn, this unit is replaced by the Crumbles Shingle at -3.7m. 0.D.,
thereby establishing a coarsening-upwards in the lithostratigraphy from
the U.M.S. to the Crumbles Shingle.

Inter gretat:ion .

The positive terdency of sea-level movement at -25.94m. 0.D. is
probably a response to the early Flandrian trapsgression which produced
estuarine conditions at this site. However, the sediments from a nearby
borehole (approximately 10m. away) analysed by the I.G.S. reveal fresh-

water conditions with peat formation (Shephard-Thorn, 1975). It seems
likely that the establishment of this early episode of estuarine
conditions may have been restricted to local channels. It is also possible

that sand dunes were present in the area which allowed local stands of
junipex (the pollen of which reaches a maximum of 49% total land pollen)
at a time when pine and hazel had already become established (Jennings:
forthcoming) .
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The regressive contact at -24.82m. O.D. marks an expansion of the
Crumbles Peat. However, it is unclear whether this represents a
eustatic fall, because this contact could also be explicable in terms of
blocking of the tidal inlets referred to above by wind blown or marine
transported sand.

At -24.70m. 0.D. a transgressive overlap marks the return to
estuarine conditions. This is dated to 8,770 * 50 B.P,, a date which
shows a very close coxrespondence with the assay of 8,760 £ 75 B.P.
obtained from the borehole analysed by the 1.G.S., recoxded at a depth
of -24.9m. 0.D., the lithostratigraphic contact occurring at -24.8m, 0.D.
{Shephard-Thorn, 1975) . This suggests that the organic layer (the
Crumbles Peat) recovered at both sites is a single unit.

The contact between the Crumbles Peat and the overlying U.M.S.
(clay) is represented by a thin layer of coarse grained@ material (which
has a predominantly sandy texture), above which the U.M.S. (clay) is then
established. This thin, coarse layer is suggestive of the over-xunning
of sand dunes and banks, and significantly it contains a badly fractured
marine diatom assemblage (Battarbee, pers. comm.) . Thus, the extensive
episode of estuarine conditions which followed the establishment of the
U.M.S. (clay) may be explained by the creation of sheltered conditions
behind protective sand barriers. No evidence has been found of
oscillations of relative sea-level within this lithostratigraphic unit,
and it should be appreciated that this prolonged estuarine phase
occurred during the rising sea-levels of the early Flandrian and on what
is today a high energy coastline. Such considerations are suggestive
of barrier protection during the early Flandrian at Langney Point.
The absence of shingle in this unit indicates that early barxiers were
largely composed of sand and, with the creation of estuarine conditions
at Langney Point, were located to seaward of this site.

At -14.2m. O.D. the U.M.S. (clay) is replaced by the U.M.S.
(sand) with the attendant fully marine Foraminifera ang Ostracoda.
Such a pattern is explicable in terms of the over-running of a sand
barrier and the shoreward migration of dunes and banks, thereby estab-
lishing high energy conditions at Langney Point. The lithostrati-
graphic investigations revealed sand textured sediments close to St.
Anthony's Hill, suggesting that the sand banks probably migrated close
to this area where they became the foundations upon which the later
accumulation of shingle (the Crumbles) became established.

The growth of the Crumbles Shingle.

Steers (1964) suggests that Langney Point may be a recent (18th
century) feature. However, a map of the area compiled in 1587 (repro-
duced in Bourdillon, 1885) records the position of 'Langney Pointe’.
Additionally, documented evidence (Dulley, 1966) mentions the presence
of shingle at Pevensey in 1207. Therefore, although no evidence has
been found for shingle being in the area as early as 5,500 B.P., as
Eddison suggests for Dungeness (Eddison, 1983a,b), there are indications
that shingle has been present for at least 700 years.
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The provenance of the Crumbles Shingle is problematic. Erosioen
of Langney Point today which, according to cartographic evidence began
in the 18th century (Redman, 1851-2; Milner and Bull, 1925; Steers,
1964), suggests that present supplies of shingle are insufficient to
maintain, let alone have created, this shingle complex. It is, there-
fore, suggested that offshoze supplies have been important in the
creation of the Crumbles and Langney Point. A system of sediment
transfexr from offshoxe, similar to that found today along the East
Anglian coast (Robinson, 1966} and possibly at Hurst Castle in Hampshire
(Jones, 1981), is proposed. The present erosion may, therefore, be
the result of coastal adjustment to the termination of offshorxe shingle
supplies. Of note, the sea-bed off Langney Point today is clear of
any banks (Jones, 1981).

The development of the Crumbles has influenced the pattern of
sedimentation on Willingdon Levels. This aspect is beyond the scope
of this article, but is discussed in Jennings (forthcoming). In
summary, it is suggested that the accumulation of sediment in the Lang-
ney Point and St. Antheny's Hill area may have initiated the formation
of the thin peat on Willingdon Levels dated between 3,750 * 40 B.P.
{SRR-2455) to 3,390 % 40 B.P. (SRR~2454), which was replaced by
estuarine sediments of the Upper Clay (Jennings and Smyth, 1982).
However, the relationship between the Crumbles Shingle and the peat is
unclear. A negative tendency of sea-level movement recorded within
the Uppexr Clay that overlies the peat, is considered to be the
consequence of the complete establishment of the Crumbles Shingle, a
process that deflected eastwards the drainage system of Willingdon
Levels, and allowed agriculture to spread onto the Levels.

General discussion.

The coarsening-upwards sequence from the U.M.S. to the Crumbles
Shingle, with its accompanying changes to the fauna, is probably
related to an increase in the energy of the coastal system over time
at Langney Point. Significantly, this occurred as the rate of Flan-
drian sea-level rise decreased. The estuarine conditions established
after 8,770 & S50 B.P. continued uninterrupted despite this being the
period of the most rapid rate of eustatic rise. The transition to a
high energy environment occurred during the period of slower sea-level
rise.

Such a pattern suggests that the history of sedimentation at
Langney Point has been influenced by the landward migration of barriers,
initially composed of sand, but culminating in the establishment of the
Crumbles Shingle. If the assertion is correct that important offshore
sources of sediment have existed during the Flandrian, and theixr
transfer to the shore is now complete, then the possibility exists that
the coastline at Langney Point has been subjected to distinct phases
of greater and lesser sediment influx. The establishment of the
Crumbles between circa 700 B.P. to cixca 300 B.P., a period during which
many East Sussex harbours became silted-up behind drifting shingle,
may therefore represent the most recent phase of major sediment influx,
the termination of which has resulted in the present coastal erosion.
It is interesting to note Nicholls' (1984) observation that Hurst
Castle Spit may suffer a future "irreversible breach due to insuffic-
ient beach sediment" (Pg.l18). Although the diminished sediment supply
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at Langney Point and at Hurst Castle may be due to the activities of
man through dredging and sea-defence work, nonetheless, it is possible
that natural sediment depletion is now occurring along parts of the
south coast of England. If this is happening then it has important
implications for planning in low-lying coastal areas.

Discussion on terminology.

The discussion above on methodology illustrates that a separation
exists in the terminology between sea-level index points that include
lithostratigraphic evidence (the 'contacts' and 'overlaps') and those
which are based exclusively on fossil evidence (the 'tendencies of sea-
level movement'). This separation arises because a contact and an
overlap are lithostratigraphic descriptive texrms (Shennan, 1983).
Biostratigraphic indicators of sea-level tendencies, although capable
of recording palaeoenvironmental changes as effectively as contacts and
overlaps, may occur independent of lithostratigraphic changes and, in
such circumstances, are not described as contacts or overlaps.

The important standardisation of terminology devised by Shennan
and Tooley is necessary if ambiguities in sea-level research are to be
avoided. Rowever, the application of their terminclogy to the East-
bourne coastal sediments has xesulted in a variety of descriptive texms
being employed; one index point being a "tendency' and another a
'contact’ or 'overlap’. Whilst the retention of the terms 'contact'
and 'overlap' is desirable, it is possible to standardise this variety
of terms by adopting a small refinement to the existing terminology.
Instead of separating 'contacts/overlaps' from ‘ftendencies' solely on
the basis of whether a lithostratigraphic change occurs, two types of
contact/overlap may be recognised:

'Lithostratigraphic contact/overlap’' - Revealed
by a change in the sediment type (e.g. variations
in oxganic content or particle size), often
supported by changes in the contemporary fossil
rxecord.

'Biostratigraphic contact/overlap’' - Revealed
only by changes in the biostratigraphy. Thexe
are no accompanying changes in the litholegy.

Thus the sea-level index point at -25.94m. O0.D. is an example
of a biostratigraphic transgressive contact. This tendency of sea-
level movement is revealed exclusively by the biostratigraphic recoxd
which shows a change from freshwater to saline conditions. Since this
index point has only been found in this borehole it is termed a contact.
Importantly, this fossil record is not transitional to a lithostrati-
graphic boundary - as, for example, changes in the pollen xecord
within coastal peat beds usually are. Pollen of taxa of salt marsh
affinities often appear in a coastal peat as a precursor to and
subseguent to a lithostratigraphic boundary. This situvation would be
termed a 'lithostratigraphic overlap' as it is formed by a combiration
of bio- and lithostratigraphic evidence. with a lengthy transitional
fossil record leading to a lithostratigraphic boundary, the overlap's
position would probably be determined by the first appearance of
fossils indicative of the new conditions. Although this might occur
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well before the corresponding change in the sediment type, it would
still be termed a lithostratigraphic overlap because a palaeo-
environmental change resulted in an alteration to both the bio- and
lithostratigraphies, albeit diachxonously. The precise position of
an index point in a stratigraphy should, of course, be clearly defined
if corxelations between sites ox regions axe to be attempted. In
this respect, a long transitional sequence of the type just described,
poses a particular problem.

The remaining two index points in the Eastbourne sediments
comprise a lithostratigraphic regressive contact and a lithostrati-
graphic transgressive overlap.

This refinement would further standardise the terminology when
applied to sequencies such as those found at Eastbourne. It would
also free the term 'tendency' from playing a confusing dual role of
describing exclusively biostratigraphic index points as well as being
used to describe whether the marine influence is increasing or
decreasing at a given site irrespective of the type of index points
used. At the same time it releases the terms 'contact' and 'overlap'
from the confines of being applied only when lithostratigraphic¢ changes
occur.

Conclusion. '

The coastal deposits at Langney Point are extensive and may have
been influenced by variable amounts of sediment entering the area.
Under such circumstances it is questionable whether low magnitude
eustatic events would be recorded in the deposits.

That coastal barriers may have had an important influence upon
the pattern of Flandrian coastal sedimentation along parts of the
Channel coast has received much discussion in the Quaternary Newsletter.
It is hoped that this article goes some way towaxds furthering our
understanding of coastal barrier formation during the Flandrian, and
adding supporting data to the ideas expressed by Jennings and Smyth
(1982) . It is also hoped that it contributes to the discussion on
the methodology used in this type of reseaxch.
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THE MERE SANDS OF SOUTH-WEST LANCASHIRE - A FORGOTTEN
FLANDRIAN DEPOSIT

By Peter Wilson

Shortly after publication of 'Petrography, origin and environment
of deposition of the Shixdley Hill Sand of south-west Lancashire'
(Wilson et al., 1981) I received a letter from Dr. A.E. Mourant FRCP, FRS
concerning the sediments and stratigraphy in the vicinity of Mere Sands
Wood (SD 446159, Fig. 1). The Late Devensian and Flandrian succession
in this locality, as observed by Tooley and Kear (1977) and Wilson et al.
(1981) is shown in Figure 2. This is fairly typical for that part of
south-west Lancashire covered by Shirdley Hill Sand although sediment
thicknesses are very variable. The lowest intercalated peats, often
displaying evidence of periglacial disturbance, are dated to the Loch
Lomond Stadial of the Late Devensian (Tooley and Kear, 1977; J.A. Taylor,
pers. comm. 1979).  Stratigraphically younger (Flandrian) organic layers
also occux within the sand and are believed to represent phases of land-
scape stability and biogenic accumulation followed by periods of instab-
ility that led to sand blowing, burial and preservation of some of these
organic sediments. Pollen and 14C dating suggests that instability and
reworking of the sand occurred in association with Mesolithic and
Neolithic deforestation and agriculture (Tooley and Kear, 1977; Tooley,
1978).

At Mere Sands Wood (Fig. 1) Tooley and Kear (1977), Wilson et al.
(1981) and Wilson (unpub.) recorded the presence of a surface sand unit
up to 1 m thick and underlain by woody detrital peat (Fig. 2). Pollen
values indicated a post-elm decline age for the peat and, therefore, for
the surface sand, which was considered to be part {(reworked?) of the
Shirdley Hill Sand formation (Tooley and Kear, 1977).

However, Wilson et al. (1981), on the basis of detailed particle
size analysis, heavy mineralogy and SEM study of quartz grain surface
textures, showed that this 'upper' sand was most unlike the underlying
Shirdley Hill Sand and had greater affinities with the modern beach and
dune sands of the Lancashire coast. The suggestion that it was probably
deposited by westerly winds blowing coastal sand inland was made, but
there was no attempt to determine its full extent or to rename it.

It was with regard to this last point that Dr. Mourant wrote
informing me that he had been the first to discover this sand unit
during 1929-30 whilst working on the Preston sheet for the Geological
Survey. He recognised that it was distinct from the Shirdley Hill Sand
and, in conjunction with W.B. Wright, proposed the name Mere Sands.
Unfortunately no mention of the sand appeared in the Preston memoir,
possibly due to its small extent and relative thinness, although Dr.
Mourant recalls rxeading a paper, jointly with L.H. Tonks, at a local
society meeting in Manchester in either 1929 oxr 1930, in which the sand
was discussed. This paper may subsequently have been published but
neither Drx. Hourant nor myself know of its whereabouts. If any QRA
member is familiar with it I would be grateful for details.

The only publication known to the present author in which this
sand unit is recognised and mapped is Crompton (1966). Soil survey work
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Figure 1. Extent and configuration of the Mere Sands (after Crompton, 1966).
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Figure 2. The Late Devensian and Flandrian succession in the vicinity of
Mere Sands Wood (after Tooley and Kear, 1977: Wilson et al., 1981) .
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has shown the extent and configuration of the sand (Fig. 1l). It forms
an elongate body trending norxth-west - south-east from Mere Brow to Mere
Sands VWood, a distance of 6 km. Maximum width of ) km is reached
towards each extreme of its outcrop. Three small patches of sand lie
adjacent to the main body. Total area of the sand is ¢. 6 kmZ.

Soils developed on the sand are mapped as part of the Mereside
Complex, the characteristic soil type being a ground-water gley. The
position of the water-table in these soils is related to the depth of
peat but in some axeas (e.g. south of Mexe Brow) peat is absent and the
sand xrests on till. Crompton (1966) considers the sand to be lacus-
trine and associated with the old lake beach of Martin Mexe - a lake
that occupied the area until drained in the 18th centuxry. Resorted
Shirdley Hill Sand and material of glacial derivation are stated as
being the major components of this sand.

Thus three different explanations exist for the sand's origin and
mode of deposition viz:

1. Lacustrine sand comprised of Shirdley Hill Sand and glacial
material (Crompton, 1966).

2. Wind blown sand, i.e. reworked Shirdley Hill Sand (Tooley and
Kear, 1977).

3. Wwind blown sand, i.e. coastal sand blown inland (Wilson et al.,
1981) .

It is not the intention of this short communication to argue the
case for one or other explanation but it should be noted that only
Wilson et al. (198l) have provided analytical data pertaining to vaxious
aspects of the sand. One anomaly that does exist, however, in the
available data concexrns particle size distribution (Table 1). Crompton
(1966) states that the soils of the Mereside Complex "are very coarse-
textured throughout" and presents data to show that generally more than
50% of the sand exceeds 200 um in size. The corresponding value from
the sample analysed by Wilson et al. (1981) would be 3.3%!  Textural
parameters derived by Wilson et al. (1981) show the sand to be of fine
sand size (mean size +3.04 ¢g) and very well sorted (0.34 ¢#).

Table 1

Particle Size Data - Mere Sands

% 2000-200 pm % 200-20 um Remarks

46-76 19-50 Ranges for 8 samples from 1
soil profile (Crompton, 1966)

3.3 96.7 1 sample (Wilson et al., 1981)

Finally, although the true origin of this sand unit still needs
to be established, its undeniable distinctiveness from the Shirdley Hill
Sand leads me to formally propose the name Mere Sands (following
Mourant, 