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Highlights

A spectacular Pleistocene section occurs at this site, showing interglacial deposits sandwiched between Thames terrace
gravels, all banked against a fossil Chalk cliff. The entire sequence belongs to the Taplow/Mucking Gravel Formation,
dating from the mid to late Saalian. The lower gravel, which is believed to date from Oxygen Isotope Stage 8, contains
the slightly disturbed debris of a Levallois (Palaeolithic) working floor. The interglacial beds are attributed to Stage 7, but
this is controversial, some workers regarding them as Ipswichian (Substage 5e) in age.

Introduction

This site, the second associated with the brickearth deposits of the Grays district (Figure 4.21), is part of an old tramway
cutting leading into one of the many Chalk quarries in the area. This cutting provides sections through Pleistocene
deposits banked against a fossil Chalk cliff at the northern end of the site. These deposits comprise a sequence of silts
and sands, possibly of intertidal origin, with an intervening bed of silty clay, thought to represent the fossiliferous West
Thurrock brickearth described at the end of the last century (Whitaker, 1889; Abbott, 1890). The latter has yielded
mammalian, molluscan and pollen assemblages indicative of an interglacial environment (Abbott, 1890; Hinton and
Kennard, 1900; Carreck, 1976; Hollin, 1977; Gibbard et al., 1988). Beneath this sequence is a basal gravel that contains,
near the fossil river cliff, abundant Levallois knapping debris in a near-primary context (Warren, 1923a, 1923b, 1942). At
the southern end of the cutting the above sequence is overlain by a later gravel, the stratigraphical interpretation of which
is disputed (Bridgland, 1988a; Gibbard et al, 1988), although it is here assigned to the Taplow/Mucking Formation.

A number of similar and, presumably, broadly equivalent sections have been described, mainly before the First World
War (Whitaker, 1889; Abbott, 1890; Hinton and Kennard, 1900), although in the early 1980s a new road cutting, 0.9 km to
the west of the GCR site, provided a further opportunity to study the West Thurrock sequence. Important differences
between the faunal and archaeological evidence from West Thurrock and that from Grays and Little Thurrock were
recognized at an early date, leading to the conclusion that the deposits at West Thurrock are the younger (Kennard,
1916; Warren, 1923a). However, following the establishment of the pollen-based stratigraphical scheme for the British
Pleistocene (West, 1963, 1968; Mitchell et al., 1973), many recent authors have interpreted the deposits both to the west
and to the east of Grays as part of a 'Middle Terrace' Ipswichian aggradation (Carreck, 1972; Hollin, 1977; Gibbard et al.,
1988). Others have continued to regard the Grays and Little Thurrock deposits as older, probably of Hoxnian age (see
above, Globe Pit), but the dating of the West Thurrock brickearth as Ipswichian has been widely accepted. Only with the
realization that there were more temperate intervals in the Middle and Late Pleistocene than had been hitherto
recognized (Chapter 1) has it been suggested that sediments such as those at West Thurrock might represent additional,
unidentified interglacial episodes.

Description

The West Thurrock sequence has been exposed at a number of different locations, mainly as a result of Chalk quarrying
activities (the extent of which is readily apparent on the Geological Survey map — New Series, Sheet 271), but also in
railway (Holmes, 1890) and road cuttings. As with the deposits at Grays and Little Thurrock (see above), there is an
extensive history of research on the West Thurrock brickearth sections. Whitaker (1889) described Pleistocene beds
overlying and banked against the Chalk at several sites, including the tramway cutting at the Lion Cement Works Pit (this
appears to be the earliest reference to the GCR site).



Abbott (1890) published a description of a section at the West Thurrock Tunnel Cement Works, further to the west than
the sites described by Whitaker. His section showed a lower gravel overlain by thick, partly cross-bedded sands with clay
seams, overlain in turn by coarse gravel. The sand was reclassified as brickearth by Dines (in Dewey et al., 1924). Abbott
claimed to have noticed flint artefacts (flakes) in the lower gravel and also recorded mammalian fossils from the section.
These were Palaeoloxodon antiquus, Mammuthus primigenius, Bos primigenius, Cervus elaphus, Bison? sp.,
Hippopotamus amphibius, Dicerorhinus kirchbergensis, D. hemitoechus and Coelodonta antiquitatis. Abbott also
described several species of mollusc from this section (see below). In recent years Abbott's faunal collection has been
located and reassessed (Carreck, 1972; below). This record is of particular importance, as it is one of very few from the
heyday of fossil mammal collection in the Grays area in which the West Thurrock and Little Thurrock brickearths are
clearly distinguished. As noted above (see Globe Pit), most early faunal lists are amalgamations of collections from these
two deposits, which were only later discovered to be of different ages. To Abbott's mammalian assemblage from the
Tunnel Cement Works can be added horse, identified from the brickearth at the Thames Works Quarry (Hinton, 1901).

Hinton and Kennard (1900) described a number of sections in the western development of the Grays trickearths'. These
were: (1) the Tunnel Cement Works (first described by Abbott, 1890), at the extreme western end of the brickearth
outcrop [TQ 575 777]; (2) a pit west of Milwood (how Mill) Lane, first described by Whitaker (1889) and probably the pit
known later as the Thames Works Quarry (Figure 4.21); (3) the tramway cutting leading to the Lion Cement Works (the
GCR site); (4) another similar section at the Grays Portland Cement Works (now within the large area of the Grays Chalk
Quarries — (Figure 4.21)); and lastly (5) a new excavation at the Lion Works, south of the road (and therefore, south of
the GCR site), where 4 m of coarse, poorly stratified gravel was observed. This gravel was presumed to overlie the
brickearth exposed in the Lion tramway cutting, a relationship that was confirmed in the recent road cutting (see (Figure
4.25); below).

The accuracy of these early descriptions has been largely confirmed by recent studies. Hollin (1977) excavated three
profiles in the overgrown sides of the Lion Pit tramway cutting. He illustrated a section showing a Chalk cliff rising from 6
to 16 m O.D., the Chalk apparently shelving to below ordnance datum beneath the terrace deposits to the south.
According to Hollin, the latter comprise (near the cliff) 9 m of sand, which is overlain further south by 2 m of clayey
brickearth, in turn overlain by an upper sand, which reaches 15 m O.D. These horizons were seen to rise gently towards
the cliff, with the entire section capped by 'trail' (colluvial deposits). Hollin recorded freshwater molluscs and ostracods
from the base of the brickearth, although higher layers proved sterile. Attempts at obtaining pollen spectra met with little
success, although a single countable sample yielded an assemblage rich in Carpinus, which Hollin attributed to biozone
Il of the Ipswichian interglacial.

In 1983/4 a new road cutting, 0.9 km to the west of the GCR site [TQ 590 780], provided sections through a very similar
sequence, again banked against Chalk on the southern side of the Purfleet Anticline (Figure 4.25). This enabled the
observation of large-scale sediment geometry and stratigraphical relations over the full north—south extent of the
surviving interglacial sequence. The deposits here comprise c. 2.5 m of grey silty clay (brickearth), its upper two-thirds
oxidized to brown. This overlies a massive bed of sand that was proved from 6.5 m O.D. (road level) to 7.9 m O.D. (base
of the brickearth). Above the brickearth is a further sand bed, which is in turn overlain by unbedded gravelly, clayey sand
of probable colluvial origin. The unoxidized part of the brickearth yields pollen spectra of Ipswichian affinities (P.L.
Gibbard, pers. comm.). These deposits are unconformably overlain to the south by a well-bedded, medium to coarse
sandy gravel (Figure 4.25). The similarity of these deposits to those in the Lion Pit tramway cutting was confirmed in April
1984 by excavations at the latter site by the GCR Unit.

The main section excavated in the tramway cutting in 1984 (section 1, (Figure 4.26), (Figure 4.27) and (Figure 4.28)) was
located at the northern limit of the Pleistocene deposits, where they abut against the old river cliff. It was in this area that
Warren had reported a Levallois working floor. The excavation (Figure 4.27) and (Figure 4.28) revealed up to 12 m of
well-bedded Pleistocene sediments overlying a surface, eroded in coombe rock, that slopes progressively southwards,
although it appears to level off somewhat near the southern end of the section, where it is broken up by scour features
(potholes) and/or solution hollows (Figure 4.27) and (Figure 4.29). Four separate lobes of coombe rock, the upper two
disrupted by solution, project from this sloping surface and are interbedded with the waterlain sediments (Figure 4.27).
Nowhere was the junction between the coombe rock and the solid Chalk observed.



The sequence overlying the coombe rock can be summarized as follows (see also (Figure 4.26) and (Figure 4.27)):

Thickness
6. Overburden: unbedded gravelly, clayey sand
5. Upper gravel. Present in sections 2 and 3 only (see below
and, for composition, (Table 4.2))
4. Upper sand. Interbedded fine sands and silts, including
cross-stratified and ripple-laminated horizons
3. Silty clay (brickearth), unbedded and oxidized 0.5m
2. Lower sand. Coarse at the base, becoming silty and
clayey in higher levels (possibly matrix introduced from bed
3 above), where there are also 'stringers' of small pebbles.
The unit is horizontally bedded throughout. Upper 1 m
(approximately) forms a distinctive clay-enriched unit,
capped with a pebbly layer 0.2 m thick
1. Basal gravel. Contains large, scarcely abraded flint
nodules together with smaller gravel clasts in a matrix of uptolm
sand (see (Table 4.2)).
Coombe rock

upto3m

5m

The basal gravel (bed 1) is divided into two by a thin seam of horizontally bedded sand. This shows deformation
structures, including small-scale normal and reverse faults, possibly the result of settling in response to post-depositional
solution of the underlying coombe rock. This basal gravel (Figure 4.29) yields a large amount of worked flint, including
characteristic Levallois artefacts of the type described by Warren (see below; (Figure 4.30)). Several of the pieces
collected in 1984 have been found to refit together (Figure 4.30), supporting Warren's claim that a working site existed at
West Thurrock.

The basal gravel is overlain by a thick sequence of sands, silts and clays, extending from 2 m O.D. to just over 13 m O.D.
(Figure 4.27). Within this sequence, Hollin's three divisions (lower sand, brickearth and upper sand) can be distinguished
(beds 2-4). The lower sand (bed 2) is horizontally bedded throughout, but this is superficially masked by striking
post-depositional ferruginous staining, which parallels the coombe rock surface (Figure 4.27). The upper half of this bed
is interbedded with the four lobes of coombe rock. Post-depositional solution of parts of the upper two of these has led to
compensatory collapse and associated faulting of the overlying sediments (see (Figure 4.27)).

Immediately below the brickearth, which is represented in this section by only 0.5 m of oxidized silty clay, is a distinctive
layer of horizontally bedded sand, with clay-enriched seams that transcend the bedding, capped by 0.2 m of coarse
pebbly sand. The base of the brickearth slopes markedly towards the Chalk cliff, as do all the higher units. This is
probably the result of collapse of the upper beds into voids created by the solution of the coombe rock near the Chalk cliff
(Figure 4.27). This solution was probably also the cause of faulting observed in the upper sand (bed 4). The overlying
unbedded gravelly, clayey sand, which is presumed to be of colluvial origin, has been cryoturbated into the top of the
upper sand (see (Figure 4.27)).

Two smaller sections (sections 2 and 3) further south revealed a sequence similar to that observed in the road cutting
(Figure 4.25). The brickearth (bed 3) was much thicker in both of these sections and was seen to comprise up to 3 m of
grey clay, similar in appearance to London Clay. In section 3, opercula of Bithynia sp. were abundant in the lower part of
this bed, but no other faunal or floral remains were recovered. However, Hollin's section WT1, which was close to (or
possibly coincident with) GCR section 3, also yielded Anodonta sp. and Sphaerium sp. or Pisidium sp. (Evans, in Hollin,
1977), as well as the freshwater ostracod Candona (Robinson, in Hollin, 1977). The gastropods Bithynia tentaculata,
Valvata piscinalis, Planorbarius corneus (L.), Gyraulus albus (Willer), Hippeutis complanatus (L.), Lymnaea truncatula
(Willer), L. peregra (Muller) and Pupilla muscorum are also listed amongst the early collections from the West Thurrock
brickearth (Woodward, 1890; Carreck, 1972).



In sections 2 and 3 the lower sand was again observed beneath the brickearth, but the latter was overlain by a
medium-coarse bedded gravel rather than the upper sand. This is considered to be the same gravel that was observed
cutting out the sand and brickearth sequence in the southern part of the 1983/4 road cutting exposure (Figure 4.25). In
section 2 of the tramway cutting the gravel, less than 2 m thick, was cryoturbated into the top of the brickearth (Figure
4.26). Although not present at section 1, this gravel represents part of the waterlain succession at West Thurrock and has
therefore been added as bed 5 to the sequence described above.

Interpretation

The Lion Pit tramway cutting GCR site combines extensive sections in the stratigraphically significant West Thurrock
Pleistocene beds with an important Palaeolithic locality. The archaeological interest here is poorly documented, but the
recent reinvestigation by the GCR Unit has shown that it is of considerable importance, probably representing an
inundated 'working floor'.

Hinton and Kennard (1900) claimed that several Palaeolithic flakes had been found in this pit, but Kennard (in Dibley and
Kennard, 1916) was the first to record Levallois material. According to Kennard, a number of Levallois flakes were found
near the base of the old buried cliff. Although he referred to it as the Wouldham Cement Company's quarry at Grays', the
site visited by Kennard was probably the Lion Pit, which has also been called the Wouldham Cement Works' (Hollin,
1977).

During a Geologists' Association excursion visit to the cutting, Warren (1923b) demonstrated the results of subsoil’
pressure on flint nodules at the base of the Pleistocene gravel, which had produced eolith-like objects by natural flaking.
He pointed out that natural flakes, the production of which provide important evidence against the human origin of eoliths,
were mingled here with the genuine artefacts of the proto-Mousterian (Levalloisian) industry discovered some years
earlier by Kennard. In the same year, Warren (1923a, p. 607) made another passing reference to the 'proto-Mousterian’
industry at West Thurrock, stating that it was ‘characterized by the familiar 'tortoise-cores' and Levallois flakes' and
overlain by beds containing Mammuthus primigenius. Warren (1942) subsequently referred the West Thurrock industry to
the 'Crayford Stage' of King and Oakley (1936). In this last paper, which included his most detailed description of the
locality, Warren interpreted the Palaeolithic artefacts as representing a mid-Levallois working site on an old foreshore,
inclined from the foot of the buried cliff towards the river, and covered by fluvial deposits to a height of 50 ft (15 m) O.D.
In correspondence with the Nature Conservancy (pers. comm. to W.A. Macfadyen), he described the exact location of
the working floor in the tramway cutting, information that enabled the re-exposure of the Levallois level in 1984
(Bridgland, 1985a).

Burchell (1933) recorded the discovery of an 'Upper Mousterian/Aurignacian' flake from loam banked against coombe
rock in a cutting south of Belmont Castle, Grays. He noted that these deposits underlay the gravel of the '25 ft Terrace',
which would now be referred to as the Mucking Formation. From Burchell's description it appears that this section was
probably in the Lion Pit tramway cutting or a comparable exposure nearby. On the basis of the stratigraphy and the
above-mentioned artefact, Burchell suggested that the deposits at West Thurrock and the sediments overlying coombe
rock at his Northfleet site (see below, Northfleet) were closely related.

In 1984, at the GCR site, a narrow strip (1 m x 4 m) of basal gravel (bed 1, section 1; (Figure 4.27)) was excavated under
controlled archaeological conditions and yielded 87 flakes and four cores (Figure 4.29). This more than doubled the
known assemblage from the site, which previously comprised 73 flakes, seven cores and one hand-axe located in the
Warren Collection at the British Museum. Both the material from the 1984 excavation and the Warren Collection include a
number of flakes that are considered to result from natural processes, as described by Warren (1923b, 1923c). The
Warren Collection generally comprises larger material, with a higher proportion of cores, than the 1984 assemblage; this
difference is suggestive of selectivity in the older collection. The 1984 assemblage therefore appears to come from the
only controlled excavation to have taken place at the site.

The 1984 assemblage was predominantly obtained from the upper half of the basal gravel (bed 1), above the
interbedded sand (Figure 4.27). The material includes a number of flakes that can be refitted on to one another or on to
cores (Figure 4.30). The distribution of such conjoinable material indicates some small degree of movement since its



manufacture, but the assemblage clearly represents knapping debris that suffered little disturbance during incorporation
into the gravel. The condition of the material — 91% was mint or sharp, according to the definition of Wymer (1968) — is
consistent with abrasion by suspended particles washing over it, but there is nothing to suggest that the artefacts
themselves have been transported. The assemblage is therefore interpreted as a collection of knapping debris that has
been preserved in a near primary context following burial by later sediments. Warren's ‘working floor' is thus confirmed.

The Palaeolithic material from the Lion Pit tramway cutting is principally a flake and blade industry, some of which has
been produced using the Levallois technique. Levallois points and retouched flake tools are also present. The use of this
extravagant techniqgue must have been severely constrained by the availability of flint resources. The cores were carefully
prepared in order to produce a small number of flakes or blades of a desired size and shape, after which they were
discarded. This practice clearly failed to make optimum use of the available raw material. It is therefore likely that the
technique was only employed when good quality flint was available in abundance (see, for example, Roe, 1981, p. 81). In
the Lion Pit tramway cutting the basal gravel includes a considerably larger proportion of nodular flint than is typical in
Lower Thames deposits (Table 4.2), confirming that the supply of fresh flint was indeed abundant at this locality.

The Lion Pit industry may be of considerable stratigraphical significance. The Levallois technique appears to have been
first used in the Thames valley at some time during the interval between the Swanscombe interglacial and the Ipswichian
Stage (sensu Trafalgar Square), within the period referred in this volume to the Saalian Stage (see above, Purfleet;
Chapter 1). The recognition of artefacts made using the Levallois technique in the basal gravel of the Lion Pit tramway
cutting suggests comparison with Palaeolithic sites at Crayford and Northfleet (see below and Northfleet).

Stratigraphy and correlation

The earliest suggestion that, within the '‘Middle Terrace' of the Lower Thames, there occurred deposits of different ages
was by Hinton (1910).

Hinton considered that the mammalian faunas from Grays and Little Thurrock did not match those from elsewhere in the
'‘Middle Terrace', particularly those from Crayford and Erith. The deposits at Grays (at sites such as the Orsett Road and
Globe Pits — see above and (Figure 4.21)) yielded an assemblage that includes the early vole species, Arvicola
cantiana. Hinton noted that all the species recognized at Grays were absent from the deposits at Crayford and Erith,
believing them to have been replaced in these sediments by a 'later' assemblage. Sutcliffe and Kowalski (1976),
however, have pointed out that the Crayford and Erith rodent fauna has cold affinities and so is not directly comparable
with that from Grays.

Hinton concluded that the Grays and Little Thurrock deposits were amongst the earliest within the 'Middle Terrace'. This
view was supported by Kennard (1916), who established a sequence of four biostratigraphical stages within the 'Middle
Terrace', as follows:

4. Crayford and Erith

3. liford (Cauliflower Pit)
2. liford (Uphall Pit)

1. Grays—Thurrock

Discussing the Grays area, Kennard (1916, p.255) assigned what he called 'the new brickearth to be seen in the various
tramway cuttings' to stage 4. This description clearly appertains to the West Thurrock deposits, placing them, along with
Crayford, in Kennard's most recent division of the 'Middle Terrace'. Later work, particularly the discovery of the
Clactonian industry at Little Thurrock and of the more advanced Levallois industry at West Thurrock, served to
consolidate this view (Warren, 1923a; Oakley and Leakey, 1937), although there has been disagreement about the
difference in ages between the two Grays aggradations. Some authors have placed the earlier Grays and Little Thurrock
deposits, directly or by implication, in the Hoxnian Stage (King and Oakley, 1936; Oakley and Leakey, 1937; Warren,
1942; Zeuner, 1945, 1959; Conway, 1970b; Wymer, 1985b), whereas others have favoured an Ipswichian age for all the



Grays deposits (West, 1969; Carreck, 1972, 1976; Hollin, 1971, 1977; see above, Globe Pit).

Carreck (1972, 1976) conducted an extensive review of the available information concerning the Pleistocene of the Grays
area, aided in his later work by the rediscovery in 1974 of Abbott's collection of mammalian fossils from West Thurrock.
Carreck concluded that the West Thurrock deposits were of late Ipswichian age. Hollin (1977) cited the Levallois industry
at the base of the section and the high incidence of Carpinus pollen in samples collected from the brickearth in support of
an Ipswichian age (biozone lll) for the West Thurrock brickearth. He suggested that the transition from the coarse lower
sand (bed 2) to the finer-grained laminated sediments (bed 4) might represent a change from fluvial to estuarine
conditions. He envisaged that this change resulted from a sudden rise in sea level, caused by an Antarctic ice surge
during the mid-Ipswichian, that he had recognized at a number of Lower Thames sites (Hollin, 1971, 1977; see above,
Purfleet and Globe Pit). Pollen spectra obtained from the brickearth in the 1983/4 road cutting (probably equivalent to bed
3 at the GCR site), which proved to be a considerable improvement on the material collected by Hollin, also point to an
Ipswichian age (P.L. Gibbard, pers. comm.); the publication of a pollen diagram is anticipated in the near future.

Hollin's interpretation of the horizontally bedded sands as intertidal or estuarine deposits is supported by observations of
the sequence exposed in GCR section 1 (Figure 4.27). The thick (>7 m) horizontally bedded sand (bed 2) beneath the
brickearth and the thinner sequence of interbedded sands and silts above the brickearth (bed 4) are both
sedimentologically consistent with an intertidal depositional environment. In particular, the laminae of bed 4 resemble the
closely interlayered bedding that is common in the sediments of intertidal flats (Reineck and Singh, 1975). Neither bed 4
nor bed 2, however, has yielded faunal evidence for such an environment, whereas the sparse molluscan assemblage
from the brickearth itself clearly indicates freshwater conditions. If the unfossiliferous beds are of estuarine origin, they
reflect a high relative sea level, implying an interglacial episode. They may, therefore, have formed during the same
temperate interval as the brickearth, which is interpreted as an interglacial deposit on the basis of its molluscan and
pollen content. The interdigitation of lobes of coombe rock into the edge of the lower sand appears to refute this
suggestion, as such material (poorly sorted chalky debris) is generally attributed to periglacial slope processes, such as
solifluction. The formation of minor lobes of material like those observed at Lion Pit may not require periglacial conditions,
however; mudflows and slope failures, such as occur at the present time in Britain, are capable of producing similar
deposits.

Given the doubts that have been expressed about the distinction of different late Middle and Late Pleistocene temperate
episodes using palynology (Sutcliffe, 1960, 1964, 1975, 1976; Sutcliffe and Kowalski, 1976), the record of hippopotamus
from West Thurrock (Abbott, 1890) would appear to be important in establishing an Ipswichian (sensu Trafalgar Square)
age, since this animal is widely regarded as a reliable indicator of that stage in Britain (see Chapter 1). However,
hippopotamus was not amongst the material described by Carreck (1976) in the rediscovered Abbott collection and it is
possible that the record of this species at West Thurrock was based on a misidentification (A.P. Currant, pers. comm.).

The position of the interglacial beds at West Thurrock in relation to the Lower Thames terrace sequence is of some
stratigraphical significance. The gravel that overlies these beds in both the road and tramway cuttings, mapped as
'Floodplain Gravel' by the Geological Survey (Sheet 271), was reclassified by Bridgland (1983a, 1988a) as the Mucking
Gravel and equated with the late Saalian Taplow Formation of the Middle Thames (Bridgland, 1988a). This interpretation,
which precludes an Ipswichian age for the West Thurrock brickearth, has proved controversial. Gibbard et al. (1988)
considered the palynological evidence for an Ipswichian age for the West Thurrock brickearth to be sufficiently
persuasive to indicate that the overlying gravel represents an early Devensian aggradation, hitherto unrecognized in the
Lower Thames. They named this deposit, which has a composition and altitudinal distribution indistinguishable from the
Mucking Gravel, the 'West Thurrock Gravel', citing the Lion Pit tramway cutting as the type section. Gibbard et al. (1988)
suggested that this deposit could be correlated with the Reading Town Gravel of the Middle Thames, also attributed to
the early Devensian (Gibbard, 1985). No equivalent unit has been recognized elsewhere in the Thames valley, however,
and the separate existence of the Reading Town Gravel has been challenged earlier in this volume, where it has been
reinterpreted as part of the late Saalian Taplow Formation (see Chapter 1; Chapter 2, Fern House Pit).

The pollen-based interpretation of the West Thurrock sequence can be challenged on a number of counts. Without the
palynological evidence, the upper gravel (bed 5) would be assigned to the Taplow/Mucking Formation. Nearby sites
within that formation, at Aveley and liford, have yielded similar pollen spectra to the West Thurrock brickearth, yet they



have been assigned on other evidence (biostratigraphy, amino acid geochronology and terrace mapping) to a
post-Hoxnian/pre-Ipswichian temperate episode (see below, Aveley). A straightforward interpretation of the regional
stratigraphy in the Grays area is therefore favoured here and the West Thurrock sequence is attributed, in its entirety, to
the late Saalian Mucking Formation. According to the climatic model for terrace formation (Chapter 1), the basal gravel
(bed 1) would appear to represent the 'phase 2' (pre-interglacial) aggradation, whereas the interglacial beds (beds 2—4)
and the upper gravel (bed 5) correspond to aggradational phases 3 and 4 respectively.

The above interpretation rejects the dating of the West Thurrock interglacial beds as Ipswichian. These sediments
appear, however, to represent a later temperate episode than the Grays and Little Thurrock brickearth, since the two
deposits are separated by both the post-interglacial (phase 4) gravel aggradation of the Lynch Hill/Corbets Tey Formation
(see above, Globe Pit) and the subsequent downcutting that preceded the formation of the Lion Pit coombe rock and
overlying basal gravel. As the interglacial sediments at Grays (and elsewhere within the Corbets Tey Formation) are
attributed to Oxygen Isotope Stage 9 (see above, Globe Pit and Purfleet), and the Ipswichian Stage (sensu Trafalgar
Square) is generally considered to correlate with Oxygen Isotope Substage 5e (Chapter 1), a correlation of the temperate
episode represented at West Thurrock with Oxygen Isotope Stage 7 is suggested. The post-interglacial (phase 4) part of
the Corbets Tey Gravel and the basal gravel at Lion Pit are both attributed, according to the above interpretation, to
Oxygen Isotope Stage 8 (Table 1.1). There is archaeological support for the close association of these two gravel
aggradations, despite their occupation of different terrace levels; both have yielded artefacts that show evidence of the
use of the Levallois technique (see above, Purfleet and Globe Pit).

The altitude and stratigraphical position of the Ipswichian deposits at Trafalgar Square (Franks et al., 1958; Gibbard,
1985) lend further support to the above interpretation. These deposits lie 30 km upstream from the Grays area, yet they
are close to ordnance datum, nearly 10 m below the level of the West Thurrock brickearth. Furthermore, they represent
the phase 3 (interglacial) part of the Kempton Park Formation, since they are underlain by a periglacial gravel sequence
(the Spring Gardens Gravel Member of Gibbard (1985)), which represents the phase 2 aggradation of the Kempton Park
Formation (see (Table 1.1)), and overlain by the Kempton Park Gravel as defined by Gibbard (1985). The Ipswichian
(sensu Trafalgar Square) sediments therefore fall within a lower terrace than those at West Thurrock (Table 1.1). The
altitude of the former deposits indicates that the Lower Thames valley was excavated to well below the level of the West
Thurrock gravel by the beginning of the Ipswichian Stage. Indeed, it is clear that the Kempton Park Formation is
aggraded to a much lower base level; it is correlated with the East Tilbury Marshes Gravel, which underlies the floodplain
of the Lower Thames in the Tilbury area, where its upper surface is close to ordnance datum (Bridgland, 1983a, 1988a).
Thus, if any sediments dating from the Ipswichian Stage (sensu Trafalgar Square) are preserved in the Grays area, they
would be expected to be close to, or below, ordnance datum and to be represented within the 'Buried Channel'
(Bridgland, 1988a; (Table 1.1)).

Relation to other sites in the Mucking Formation

The attribution of the interglacial sediments at West Thurrock to Oxygen Isotope Stage 7 implies correlation with other
sites within the Thames system that have been attributed to that stage. In particular, sediments at Aveley (see below)
and Stanton Harcourt (Chapter 2) have been important in the recognition and identification of this intra-Saalian temperate
interval in Britain (Shotton, 1983; Bowen et al., 1989; Chapter 1). The stratigraphical scheme for the Thames terraces
established in this volume suggests that interglacial sediments at liford, Crayford and Northfleet also correlate with those
at West Thurrock. There is some support for these correlations from both mammalian and molluscan faunas. Where
temperate mammalian assemblages are recorded from the above sites, they resemble the fauna, which includes
mammoth, straight-tusked elephant and horse, that is believed to characterize Oxygen Isotope Stage 7 (Shotton, 1983;
see below, Aveley). In addition, Corbicula fluminalis, a bivalve that is characteristic of pre-lpswichian temperate episodes
but was probably absent from Britain during the Ipswichian Stage (sensu Trafalgar Square), occurs at all these sites. It
has not, however, been recorded from the West Thurrock site, where its absence may be a reflection of the fact that
molluscs in general (and bivalves in particular) do not appear to be well-preserved in the sediments there.

Where pollen has been obtained from the above sites, it has proved indistinguishable from assemblages from the
Ipswichian Stage (sensu Trafalgar Square) and many palynologists are still of the opinion that all these localities
represent the last interglacial (Ipswichian). Thus Ipswichian pollen sequences have been described from Aveley (West,



1969) and llford (West et al., 1964), as well as West Thurrock (Gibbard et al., 1988). Correlation of other sites in the
Lower Thames with the Ipswichian Stage has been based on their stratigraphical relations to these polleniferous sites
(Hollin, 1977; Stuart, 1982a).

The sites at Aveley, liford and Northfleet will be described below (see Aveley and Northfleet). At Crayford, areas of in situ
deposits have been identified and it is hoped that temporary exposures will be investigated in the near future. No
conservable remnants of these sediments remain, however. Nevertheless, a brief summary of the evidence from this
important locality will be given here, as it seems likely to be a close correlative of the West Thurrock site. The Pleistocene
deposits at Crayford (and Erith) are better known than their supposed correlatives at West Thurrock. Various pits in the
Crayford area have yielded rich assemblages of molluscs, mammals and Palaeolithic artefacts, some of the latter in
primary context (for summaries, see Kennard, 1944; Wymer, 1968; Roe, 1981). The Crayford sequence comprises
brickearth above gravel, the latter descending to well below ordnance datum. The brickearth can be divided into lower
fluviatile and upper colluvial elements, the former, which yielded the important faunal assemblages, extending to ¢c. 11 m
O.D. Palaeolithic artefacts occur in the gravel, between the gravel and the brickearth, and at several levels within the
brickearth. Levalloisian working floors were reported from the base of the brickearth in two of the Crayford pits,
Stoneham's Pit [TQ 517 758] and Rutter's Pit [TQ 514 765], both yielding conjoinable material (Spurrell, 1880; Chandler,
1916). The fluvial brickearth has frequently been ascribed to the Ipswichian Stage in recent years (Stuart, 1974, 1976,
1982a; Hollin, 1977; Roe, 1981; Gibbard et al., 1988), but it has yielded both horse and Corbicula fluminalis, species
believed by some workers (Chapter 1) to have been absent in Britain during that stage. Hippopotamus, regarded widely
as indicative of the Ipswichian Stage (sensu Trafalgar Square) in Britain, has not been found at Crayford; indeed, the site
has been interpreted, on the basis of its mammalian assemblage (which incorporates both temperate and cold elements),
as intra-Saalian (Sutcliffe and Kowalski, 1976). Unfortunately, only the upper colluvial brickearth has been exposed in
recent years. A large spread of 'Floodplain Gravel' appears on the Geological Survey map (Sheet 271) to the east of the
brickearth outcrop at Crayford. In all records of the Crayford sites that refer to this gravel, it has been regarded as
continuous with that underlying the brickearth (see Chandler, 1914; Kennard, 1944). This would therefore appear to
represent the phase 2 aggradation of the Mucking Formation, with the Crayford interglacial sediments representing
phase 3. The post-interglacial phase (phase 4) of Mucking Gravel aggradation may be represented within the outcrop to
the east, but has not been recorded from above the brickearth. The biostratigraphy appears to indicate that the
interglacial sediments accumulated during Oxygen Isotope Stage 7, as with other temperate-climate deposits within the
Mucking Formation. Strong parallels can be recognized between the Crayford sequence and that at the Lion Pit tramway
cutting; both have fine-grained fluviatile sediments containing interglacial faunas suggestive of an intra-Saalian age and
in both cases these overlie Levallois 'floors'. Both sequences can be assigned to the Mucking Formation.

As has been noted above, evidence for the use of the Levallois technique first appears within the Corbets Tey Gravel,
probably in the post- interglacial (phase 4) part of that formation. This suggests that the technique was first employed
during Oxygen Isotope Stage 8. The Levallois artefacts at Crayford, Northfleet and West Thurrock all occur within or
above gravels that underlie the temperate (phase 3) part of the Taplow/Mucking Formation, implying that they too date
from Oxygen Isotope Stage 8. At Crayford, further finds from within the fluvial brickearth suggest that humans using the
Levallois technique continued to occupy the area into Stage 7, although the occurrence of cold as well as temperate
faunas in this deposit raises some doubts about the stratigraphical level of the Stage 8—Stage 7 transition; this may be
near the top of the fluviatile sequence, at the base of the 'Corbicula bed'. There is, nevertheless, important evidence from
these three sites that the Levallois technique may be of chronostratigraphical significance.

Recently, the application of amino acid analysis to mollusc shells from sites in the Mucking Formation has proved to be a
valuable source of evidence for correlation. Amino acid ratios from West Thurrock are not yet available, but results from
sites that may be correlatives, such as Aveley, llford and Crayford (see below, Aveley), strongly support the claim that a
Stage 7 interglacial event is represented at this level within the Lower Thames sequence (Bowen et al., 1989).

Conclusions

The spectacular section in the Lion Pit tramway cutting combines important evidence from sediments, fossils and
archaeology. A thick sequence of deposits occurs here at the northern edge of the terrace formed by Taplow/Mucking



Gravel of the Lower Thames — the lowest of the three terraces recognized above the modern floodplain in this area. The
basal deposit at West Thurrock is a mass of redeposited Chalk (‘coombe rock’) that has accumulated beneath the cliff,
probably under cold conditions. Several further lenses of similar material interdigitate with the edge of the later
sediments, where they are banked against the cliff. The lowest Thames deposit is a coarse gravel, containing the debris
of a flint-working site almost as it was left by ancient man on the river's shoreline. Several of the pieces of flaked flint,
which has been worked using the distinctive ‘Levallois technique', can be fitted back together, a phenomenon that only
occurs when such debris is little disturbed. This gravel is overlain by a thick sequence of laminated sands and silts, within
which is a thicker bed of silty clay or trickearth'. The brickearth is better represented in the southern part of the site, where
it has produced pollen and molluscs and, when the cutting was originally excavated, an extensive collection of mammal
bones. The sands and silts are of intertidal (estuarine) origin, implying a high sea level, which again indicates deposition
during an interglacial (sea levels were low during glacials, because much sea-water was locked up in larger polar ice
caps). A later gravel, assumed to be a cold-climate deposit, overlies the interglacial sediments at the southern end of the
cutting.

The age of the West Thurrock sequence is controversial. A more extensive pollen record has been obtained from the
same brickearth in a road cutting a short distance to the west, where it has been attributed to the last interglacial
(120,000 years BP). The position of the site within the 'staircase’ of Lower Thames terraces, on the other hand, leads to
the conclusion that the sequence represents part of the Saalian Stage, with the interglacial equivalent to the third of four
interglacials recognized in the post-diversion Thames valley. This would indicate deposition at around 200,000 years BP,
in Oxygen Isotope Stage 7 of the oceanic record.
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(Figure 4.21) Map showing the various sites in the Thurrock-Grays area.
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(Figure 4.26) (A) Plan and (B) section, Lion Pit tramway cutting, showing the relative positions of the GCR sections and
the relations of the various deposits.
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(Figure 4.27) Lion Pit tramway cutting [no caption]



(Figure 4.28) Photograph of Section 1 at the Lion Pit tramway cutting. (Photo: P. Harding.)



(Figure 4.29) Excavations at the base of Section 1, Lion Pit tramway cutting. The two layers of coarse flint near the base
of the fluviatile deposits are clearly seen, above a potholed surface cut in coombe rock. The Lion Pit Palaeolithic industry
occurs in these coarse layers. The material in the top right of the view is made ground. (Photo: P. Harding.)
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(Table 4.2) Clast-lithological data from the Lower Thames. All counts by the author, at 16—32 mm size range, except
those in italics, which are 11.2—-16 mm counts. Note that non-durables (including Chalk) are excluded from the
calculations, but Chalk is shown in this table as a relative % of the total durables.



(A) (B)

(1))

(Figure 4.30) Flint artefacts from the 1984 GCR excavation at the Lion Pit tramway cutting. (A) Large broken flake (length
9 cm). The butt (at the top of the view) is faceted, showing evidence of the preparation of the striking platform (this cannot
be seen in this dorsal view). At least five scars from previous flaking can be seen. The sharp condition is typical of
material from the site. (B) Tortoise core (height 12 cm). This is a classic Levallois core from which a large flake has been
detached, thus removing the central part of the 'tortoise’, which was formed by radiating flake scars. By preparing a core
of this type, a flake of predetermined shape and size has been removed (Levallois technique). (C) Single platform core
with refitted flake (height of core plus flake 15.5 cm). The flake, found separately in the gravel, was produced during the
shaping of the core. The presence of refitting material at the site is important evidence for the occurrence of knapping
debris in a primary context. The striking platform of the core is at the top of the view. (D) The same core as in C, without
the refitted flake (height 14 cm). (Photos by Elaine A. Wakefield.)



—1
';-“t“ 2 Upgetd Thuims. Selikilbey Thesres v Thiseners.

Fascx Saagr L 1]
(et Wy Pyt el + Bt | e, |ibokon niimy oS s ol i mhpiairs amablimsd -~ - [ ¥
Bartem e Gons S pperrn el Sphagl g ot B a
oy NS Sk S LS e s o R PR s ke s o =
BT s O TSI TR Py S— .-
ol D g {ual iy vmad |neadant LT )
i i el A A E%
Wrowpeca Parh
" - ==
v Skowgh srra
Gkl et il U bl KtaaPark Lk Ty Mandus Gonwll Sbmsrged ey s T everes LY E
shwsy Pymidurns Grand  Taphiom Grdl ol
] - e e
e Carwerd W Toplorr  TRalage i Sty
Fomaks sl Bevenfond  Hokew Samiplan poy r—— g a | £
= Le
Thososd B weom
il
Swing Lun b
arve Hanmat T iwred Gl olf Plaal Fasd Tllmry Mardus  abwmonan] e Aamshn L3
L] Gl 4 b
S e ——. e R e e L R e
T s b g e
o
marpon Flam ot Chasce? orwbeul depemas Segnsic
Vg m, e ighan vl o Eilstah Svhey, Ui gl g 1
lagadila n o, Fi Roaleg Wil Thama b ko
et Pl
I e m——— e s e = — e
Paca] S e Pail Taphon: Gawved Pl s bing Gonad Slerargd
I ——
oy
i i o e W TR YWY e 2 5 e L e ] A
[ N - Epmih 18 Gapal Cawans Toy drarved vl i naved
o may iy
e
Wrosaroen Clhunrad oy i e Sy e ihn
Fupami 8 B ey P e i ) i [ ]
Bt Park Fasivar Ty
arul dirays
i e e —
Tsna Wesbwroobs Laraesd s Lyme NS ol sl Copbts T Caval Churarl -
sl ool
el e ot D e g e et e e R R e L s el "
i Tl | ekl R
Handwmonghy Ul Tomr 1180 vl L M v RTINS (PPN
Nerera bl Wgbooungh
Gyt
Tt ) s iFu B P Sl A el Smedtarad Teamdan 4 n
I ] L T
Thisternd Pyt
W - - —
e L L L ]
s MR TSI T - e GarnesC i
e i Vi b | ihatwh - bl e
Thadenl s = Tark el gmand
Anglain 12
" Arabent 1 a1l 1 b 0 e ] /
Prlarnd Pamuran Winaey i Wowunll Grwsad Valley sl mr oo s 5 S Doyt Hisolamadl s romatie.
F5 Vs g i il
sy Gl Wrvmbam Casa Grovm P
igraThd Basel gamia deiaBimrgghu N Ll P o s b g Hots
Wk e il e
L
[T e Uiiamn Ubme ] B Ceanlf
T Mamswnd =v 13
o e ey e 1 ikl ik Wran e
Secwilew [0 Cotma Skl Covave] bbb St
Bl @ Crodiyw=ssl
Wordlamm! dbei il
e Lt
sl
i e e o e
Soar 1 ool K b Al T "

(Table 1.1) Correlation of Quaternary deposits within the Thames system
Anglian glaciation are indicated.

. Rejuvenations that have occurred since the
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