


























Reconstructing Palaeoclimate

Palaeoclimate means ‘ancient climate’. A
number of features and structures found in
sand and gravel deposits are records of the
nature of the climate both during and after
sediment deposition.

During periods of cold climate, the freezing and
contraction of the ground causes the formation
of vertical bodies of ice (ice wedges) within the
deposits, their thickness tapering downwards in
a distinctive V-shape. These structures often
penetrate through the entire sequence of
sediments. When the ice melts, the gap is filled
by material that tumbles in from above, creating
features known as called ice wedge casts.
Research on ice wedges forming today in the
Canadian Arctic suggests that annual air
temperatures of around —6 C are needed for
them to form. Ice wedge casts recorded in the
Cambridgeshire therefore illustrate the severity
of the climate during the glacial periods.
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Above: an exposed ice wedge in a modern arctic region.
The wedge is approximately 3m long.

Although at times climate was harsh, the upper
levels of some of the sand and gravel deposits
show signs of warm-climate soil development.
This type of deposit is known as a palaeolsol
(ancient soil), and indicates that the climate was
comparable with that of the present day.
Finding distinctive features such as these in a
sand and gravel deposit enables geologists to
quickly determine whether the sediments were
deposited during a period of cold or warm
climate

Left: gravel pit section in Essex showing warm-climate
soil formed at the top of a river gravel buried beneath
glacial till. The warm climate soil is indicated by the dark
red coloured areas. It has been distupted by frost activity
including the formation of an ice-wedge cast (fossil ice-
wedge) seen in the centre. Compare with the
photograph of a modern ice-wedge above.



ENVIRONMENTAL EVIDENCE FROM
TERRESTRIAL DEPOSITS

Fine-grained sands and silts rich in organic material have been discovered within Quaternary sequences
throughout Cambridgeshire. The remains of plants and animals, both large and small, preserved within
these (usually waterlogged) sediments can help us reconstruct the environments and habitats of the
past.

Plant remains

Pollen grains are the microscopic reproductive
material of flowering plants. Often produced
in vast quantities by wind-pollinated species,
which are therefore the best represented in
sediments, pollen can be transported over
considerable distances. It is highly resistant to
destruction and can survive under the right
conditions for millions of years.

Pollen specialists can identify plant types from
preserved pollen, as different groups of flora
produce characteristic forms of pollen grains.
It is therefore possible to determine the types
of trees, shrubs and grasses that grew in a
particular environment during a specific part
of the Quaternary. Furthermore, because
pollen is widely distributed in the air (as
anyone with hay-fever will tell you), it can
provide a regional picture of the vegetation
growing on the landscape.

As well as pollen, large fragments of plant
material (macrofossils), including tree trunks,
twigs, leaves and seeds, can be preserved and
their species identified. In contrast to pollen,
these remains tend to be deposited relatively
locally and therefore provide an idea of the

plants growing at a specific site, such as the
edges of river channels, lakes and ponds.

Above: pollen grains, magnified several
thousand times (1 mm = one millionth
‘ of a mette)

Left: examples of plant macrofossils (from left to
right): carex seed, birch fruit and a blackberry pip
(rubus)



Animal remains

Remains of animals from Quaternary deposits
consist mainly of bones and shells, the soft parts
of the body only surviving in exceptional cases,
such as the mammoth carcasses frozen in
Siberia. In Britain, animal bones and teeth are
often found in river gravels, and can be used to
determine the prevailing climate when the
deposit was formed. Remains of smaller animals
can also be found, predominantly in the fine-
grained organic sediments of interglacials. They
can be used to determine how warm or cold an
interglacial period was, as well as giving an
indication of the types of habitats that would
have existed, such as woodland, grassland, and
tundra.

Fragments of insect exoskeleton are often
found in organic sediments. Wing cases are very
common, although other remains are more
useful for identifying species, especially the
reproductive parts. By identifying the different
species of fossil insects preserved in a deposit, it
is possible to reconstruct their environment by
looking at the habitats of their
descendents. Most insects live in very specific

modern

habitats, and many are very intolerant to change
in climate and environment. One advantage
insects have over environmental indicators, such
as vegetation, is that they respond very rapidly to
changes in their environment and are therefore
very sensitive indicators of climate change.
Combinations of species of known
environmental reveal very

insect

distribution
precise temperature ranges for past climate.

can
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Above: tooth of the extinct straight-tusked elephant,
Palaeoloxcodon — antiguus,  recovered from
sediments dating to MIS 7.

interglacial

Below: irridescent beetle wing cases washed from
Quaternary sediment

Under specific conditions, the shells of snails and
other molluscs, living on land and in water, may be
preserved. As with other environmental indicators,
individual  species particular
preferences, and can be identified and used to

have ecological

reconstruct the local environment.
Left: snail shells preserved in Quaternary sediments:

1)

Planorbis corneus

2) Bithynia tentaculata
3) Discus rotundatus
4) Theodoxcus fluviatilis
5) Aneylus fluviatilis



DATING THE SEDIMENTS

There are two types of dating commonly used
by  Quaternary relative
absolute dating.

scientists; and

Relative dating does not involve any numerical
dates. It is often based on the relationships
observed between deposits. When examining
a geological section, it can usually be assumed
that the oldest deposits are at the bottom of
the sequence, with progressively younger ones
stacked above. Deposits within individual
river terraces conform to this principle, but

the terraces themselves show the opposite, in

BIOSTRATIGRAPHY

As well as helping to reconstruct a picture of
climate and environment, faunal assemblages can
also be used to identify and characterize the various
interglacial episodes. The remains of many different
mollusc and mammal species can be used to obtain
relative dates for geological sediments, especially
where these can be anchored to a well-known
series of terrace deposits. Deposits may contain
fossils which have clearly evolved from an earlier
form found in other deposits, contain groups of
mammals or molluscs that only existed together in
the British Isles during certain periods, or contain
individual species unique to a certain deposit. The
last decade has seen significant advances in tying
these specific mollusc and mammalian groups to
the MIS curve, along with the terrace deposits in
which they are found, a method
biostratigraphy  (building up a
sequence based on biological remains). Some
like the straight-tusked elephant
(Palaeoloxodon antiguus), now extinct, were present in
Britain during each of the last five interglacials and
so are of little use for biostratigraphy. Others
occurred only during some these episodes and so
are of greater value. Taking the last interglacial as

referred to as
chronological

animals,

an example, this uniquely contains hippopotamus,
but not horse, humans or the mollusc species
Corbicula fluminalis. Finding hippopotamus within a
deposit can be sufficient to assign it to the
Ipswichian, even if an absolute date is not available.

that the higher terraces are older than those
further down the ‘staircase’.

In recent years, however, advances have been
made in correlating some of the relative dating
sequences to the oxygen isotope curve, thereby
providing a means of locating these sequences
within Quaternary timescales. One way in which
this has been done is through the different
terrace formations of British rivers (principally
the Thames), where a model of terrace formation
based on climate and uplift has suggested that
during each climatic cycle a new terrace is

produced.




GEOCHRONOLOGY

Since the 1950s a number of scientific dating
techniques have been developed which allow
precise age estimates to be calculated. This
type of dating is known as absolute dating, and
methods have been developed to date a variety
of mineral and fossil remains found in
sediments.

Radiocarbon dating is one of the best-
known techniques, but can only be confidently
used for materials which are less than 30,000
years old. Because the FRCPP is dealing with
deposits that are sometimes almost 20 times
older than this, two comparatively new
absolute dating techniques, both developed in
the last few years, have been used to date the
sands and gravels.

Optically Stimulated
Dating (OSL) measures the natural radiation
that builds up in geological deposits over time.
All sediments contain tiny amounts of natural
radioactive isotopes, and the radiation from
these elements is absorbed by quartz or
feldspar grains in the surrounding sediment.

Luminescence

Exposure to sunlight resets the radioactive

signal stored in grains to zero, and so samples
are collected in light-proof tubes. In a
laboratory darkroom (below), grains taken

from the centre of the sample can be made to
emit their stored radiation in the form of light
(luminescence), which can be measured and
used to estimate the amount of time that has

elapsed since they were buried. An OSL date
therefore represents the date at which the
deposit was laid down, not the age of the grain
itself.

OSL has been most successfully used to date
acolian (wind-blown) sediments, which have
generally been zeroed by exposure to light before
burial. In the last few years, however, scientists
have attempted to use OSL to date both glacial
and fluvial sediments, in which the grains are less
likely to have always been zeroed.

Amino Acid Racemization Dating (AAR)
works by analyzing the amino acids that form
proteins. Protein is an essential part of life: every
cell of every organism contains proteins in
different amounts. However, proteins decompose
very rapidly when an organism dies, and so the
AAR technique relies on protein preserved within
single crystals of the calcium carbonate shells of
snails, which has been preserved from the
moment the snail died.

The amino acids can exist in two forms, that are
chemically the same, but mirror images of each
other, just like left and right hands. Amino acids
in living organisms are all left-handed (L), but
when the organism dies, gradually a reaction
occurs until there are an equal number of left-
handed and right-handed (D) amino acids. The
ratio of right-handed to left-handed, or D to L,
therefore increases with time and the
measurement of this ratio of amino acids (the DL
ratio) is used to date the shell.

AAR can be used to provide age estimates for
individual mollusc shells preserved in organic
sediments within sand and gravel deposits. It
cannot be used to date all sites, of course, as
mollusc shells are
often not preserved
and some are
unsuitable for this
type of dating. The
opercula of Bithynia
tentaculata (right) have
been most

successfully used for
AAR dating.



COMBINING THE EVIDENCE:

CREATING A PORTRAIT OF PALAEOLITHIC LIFE

As we have seen, the archaeology and landscape
of the Palaeolithic can only be reconstructed by
connecting many lines of inquiry. Every new
strand of evidence adds to the picture of Britain
during the Palaeolithic, and as new sites are
discovered techniques  are
improved our understanding of prehistoric life
continues to expand.

In some respects Lower and Middle Palaeolithic
archaeology has
palaeontology than with later archaeological
periods. We have remarkably little from which
to reconstruct the lives of ancient humans,

and scientific

more in common with

often no more than stone tools and the bones
of wild animals preserved in sands and gravels.
These eatly people left
recognisable  architecture  or
settlements, and their effects on the natural
landscape were minimal.
occasions

no monuments,
complex

On extremely rare

wooden artefacts have been
preserved, such as the famous Clacton Spear,
discovered in 1911 at Clacton-on-Sea and
dating to approximately 450,000 years ago,
making it the oldest wooden object from the
British Isles.

The evidence we have suggests that they lived

as simple hunter-gatherers who adapted their

lifestyles to meet the challenges of surviving in
the harsh natural environments around them.
Their lifestyle was probably highly mobile but at
the same time very local.

Archaeologists believe that they moved between
a number of well known places in search of food
and other raw materials, foraging for vegetable
foodstuffs and hunting and butchering the
animals that roamed the landscape. They had no
true homes as such, but many temporary camps;
they rarely moved resources further than an hour
or two’s walk and made most of their tools where
suitable raw materials naturally occurred.

Their stone tool kits tell us much about their
sophistication,  the
decisions they took in making them and the skill
and intelligence that this required. The shape
and edges of the tools also allow us to infer the
range of materials on which they were used,
including meat, hides, wood and other plants.
Many tools were involved in butchery, but others
probably  used other vital
equipment such as animal skin clothing and
wooden implements. Amazingly, 400,000 year-
old examples of wooden spears have been found
at Clacton-on-Sea in Essex and at the German
site of Schoéningen, preserved under exceptional
These just hint at the potential
range of tools, manufactured on perishable§
materials such as wood and bone, that are now;g
lost to the Palaeolithic archaeologist. Huntingg

level of technological

were to make

circumstances.

was probably based around frequent visits toZ
places where animals were known to congregate,§
such as riverbanks, or where they could be easilyg
ambushed, such as the gorge at Creswell Crags.

Abo
ve:
the
Clac
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Glossary

Acheulian — a Lower Palaeolithic stone tool
industry characterized by handaxes, named after
the site at St. Acheul, France.

alluvium — sand, silt and gravel deposited by
rivers, sometimes spread over quite large areas
during flooding.

amino acid — an organic compound, the main
component of proteins. There are over 100
amino acids, but only 20 are commonly found
in living organisms.

andesite — volcanic, igneous rock named after
the Andes mountains of South America where
it is commonly formed.

Anglian glaciation — a period when much of
Britain was covered in ice, extending from
about 480,000 until about 300,000 years ago.

biface — a stone artefact, commonly a handaxe,
that has been flaked on both faces.

braided river — a river ovetloaded with
sediment and forced to divide into many
channels separated by shifting bars or islands.

chert — a very hard sedimentary rock
commonly found as nodules in limestone as
well as in beds as a primary deposit. It is closely
related to flint, the main difference being that
the latter is found in chalk.

Clactonian — Lower Palaeolithic stone tool
industry made distinct from the Acheulean by
the complete absence of handaxes (probably).

conchoidal fracture — (literally, shell-like) - the
manner in which materials such as flint or glass
fracture with a smooth curved surface.

Devensian glaciation — a period when much
of Britain was covered in ice, extending from
about 70,000 until about 10,000 years ago.

epoch — the smallest unit of geological time,
being a subdivision of a geological period (e.g.
the Pleistocene is an epoch of the Quaternary
period).

exoskeleton — the hard outer covering of
invertebrate organisms such as insects.

flint — a very hard sedimentary silica-based rock
that occurs mainly as nodules or thin beds in
chalk. It breaks to form thin, sharp splinters
when struck with another object, making it a
perfect raw material for stone tool manufacture.

flintknapping — see knapping

fluvial sediments — material deposited by the
action of a stream or river, often sands and
gravels.

foraminifera — tiny, single-celled marine animals
with a hard shell composed of calcium
carbonates that can be analysed to determine the
oxygen isotope ratio in sea water.

glacial period, glaciation — a period of intense
cold, lasting centuries or millennia, during which
ice-sheets and glaciers form.

glaciofluvial sediments — material deposited by
the action of a stream or river fed by a glacier or
ice sheet.

Holocene - the warm period in which we now
live, which began about 10,000 years ago. It is
now thought of as an ongoing interglacial of the
Pleistocene.

Homo heidelbergensis — the Latin name given
to a human species which may have been
ancestral to both modern humans and
Neanderthals. H. Heidelbegensis appears to have
flourished from about 750,000 years ago; in
Britain remains have been found at Boxgrove in
Sussex dating from around 500,000 years ago.



Homo Neanderthalensis — the Latin name
for a species closely related to, but distinct
from, modern humans; popularly known as
‘Neanderthal Man’, they seem to have co-
existed with our own species for about 170,000
years, before becoming extinct about 30,000
years ago.

Homo sapiens sapiens — the Latin species-
name for modern humans (Homo = man, sapiens
= wise); we appear to have been around for
about 200,000 years.

Industry — a group of archaeological
assemblages found over a specific region or
corresponding to a certain period of time
containing similar artefacts, e.g. the Clactonian
industry.

interglacial period — a warm episode between
two glacial periods or ‘Ice Ages’.

isotope — one of two or more forms of an
element, chemically identical but with different
atomic weights.

knapping — a technique for making stone tools
by striking flakes from a core of stone with
various types of percussor.

Levallois technique — knapping technique in
which a core is carefully prepared in order to
produce flakes of a predetermined size and
shape.

meander — a loop-like bend in a stream or river
channel.

megafauna — large animals, often — as in the
cases of the mammoth and woolly rhinoceros —
more massive equivalents of species which
survive today, which roamed the landscapes of
the Lower and Middle Palaeolithic and were
hunted by their human inhabitants.

Neanderthal — see fomo Neanderthalensis.

outwash — gravels, sands, silts and clays
deposited by meltwater flowing outwards from
a glacier.

oxbow lake - a lake formed in the abandoned
channel of a river meandet.

palaeo- - from the Greek palaios meaning
ancient, of ancient times. For example,
Palaeoclimate = ancient climate.

Palaeolithic period — The Old Stone Age
(Greek palaios = ‘old’, lithos = ‘stone’); covers
the period from when the earliest ancestral
human species began to manufacture tools
(about 2.5 million years ago, but what is now
Europe effectively begins, as far as we know at
present, about 800,000 years ago), extending
until about 10,000 years ago. The period is
usually subdivided into ‘Lower’ (before 300,000
BP), ‘Middle’ (300,000 — 35,000 BP) and
‘Upper’ (35,000 — 10,000 BP).

palaeontology — the study of the fossil remains
of plants and animals.

percussor — a hammer or striking object used
in flint knapping, which can be made of stone
(for ‘hard-hammer’ techniques) or antler or
bone (for ‘soft-hammer’ techniques).

periglacial — conditions prevailing close to an
ice sheet, but not covered in ice. The ground is
often permanently frozen save the active layer,
resulting in waterlogging of the surface during
summer as drainage is impossible. Such areas
support only tundra vegetation.

permafrost — a layer of soil that has remained
permanently frozen from a few to several
thousand years.



Pleistocene — the most recent major
geological epoch (dating from c. 2.6 million —
10,000 years ago), colloquially known as the
Tce Age’ due to cyclical expansion and
contraction of glaciers.

quartzite — usually a metamorphic form of
pure quartz sandstone altered due to heat and
pressure. Some quartzites are sedimentary in
origin, however.

Quaternary — the geological period which
extends from about 2,000,000 years BP until
the present, subdivided into two epochs, the
Pleistocene (2 million — 10,000 years ago) and
the Holocene (10,000 years ago — present).

retouch — further intentional modification of

the sharp edge of a stone tool to suit certain
jobs or to re-sharpen the implement.

Further Reading

river terrace — fragments of ancient river
floodplain surfaces preserved as distinctive flat
steps in the valley side as the river channel cuts
downwards.

scar — distinctive concave feature on the
surface of stone tool where a flake has been
removed.

terrace — sce river terrace.

till — material deposited by the movement of
glaciers typically stiff cay containing boulders
and therefore sometimes referred to as ‘boulder
clay’.

uplift — elevation of land surface due in part to
the removal of the great weight of an ice sheet,
and a contributing factor to downcutting of
river channels
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Weblinks

Ancient Human Occupation of Britain Project (AHOB) - www.nhm.ac.uk/hosted sites/ahob

Cresswell Crags - www.creswell-crags.org.uk

National Ice Age Network - www.iceage.bham.ac.uk
Quarry Products Association (QPA) - www.gpa.org

Quaternary Research Association (QRA) - www.qra.org.uk

Trent Valley Palaeolithic Project - www.tvpp.org
Trent Valley Geoarchaeology - www.tvg.org

Young Archaeologists Club (YAC) - www.britarch.ac.uk/vac
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