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Abstract

The Early Pleistocene is an important interval in the Quaternary period as a time not
only of climatic and environmental change, but also of key events in human
evolution. However, knowledge of this period in northwest Europe is hampered by
the limited extent of deposits of this age. Westbury Cave in the Mendip Hills of
Somerset preserves an understudied example of fossil-bearing Early Pleistocene
sediments, with rare potential to inform our understanding of British Early
Pleistocene stratigraphy and landscape evolution outside the East Anglian Crag
Basin. This study identifies the processes responsible for deposition of the Early
Pleistocene Siliceous Member in Westbury Cave, thereby aiding taphonomic and
palaeoenvironmental interpretations of associated fossil assemblages. New
excavations revealed over ten metres of Siliceous Member stratigraphy, dominated
by fine-grained silts/clays with interbedded sands and gravels, interpreted as being
deposited within a subterranean lake or flooded conduit with fluvial input. All
sediments sampled were reversely magnetised and are assigned to the Matuyama
Reversed Chron. Lithological analysis of gravel clasts revealed variable components
of durable non-local and non-durable local clasts. Gravels containing the latter are
interpreted as distal talus slope deposits, and those lacking non-durable lithologies
as stream or flood deposits. However, it remains unclear from available data whether
apparently non-local clasts were sourced from long distance or stem from a more
local, now denuded catchment. Siliceous Member bio- and magnetostratigraphy
suggest that deposition occurred late in the Early Pleistocene, a period otherwise

unrepresented in the UK.
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1. Introduction

The Early Pleistocene is an important interval in the Quaternary period as a time not
only of climatic and environmental change, but also of key events in human evolution
(McClymont et al., 2013; Lordkipanidze et al., 2013). During the course of this
interval (ca. 2.58-0.78 Ma), the glacial cycles that characterise the Quaternary shift
from being dominated by a ~40-kyr cyclicity to a ~100-kyr cyclicity with the transition
between the two, beginning at ca. 1.2 Ma, being known as the mid-Pleistocene
revolution or MPR (Fig. 1; Lisiecki and Raymo, 2005; McClymont et al., 2013,
Kender et al., 2018). In the terrestrial environments of regions such as western and
central Europe, this shift means that extensive lowland glaciation and major falls in
eustatic sea level were restricted to the Middle and Late Pleistocene, with the
magnitude of Early Pleistocene glacial cycles being insufficient to generate the
prolonged and intense cooling necessary to form these environments (Rose, 2009;
Lee et al., 2018). Against this complex pattern of climate change, a number of major
early human dispersals occurred, including the earliest appearance of hominins
outside of Africa (Gabunia et al., 2000; Dennell and Roebroeks, 2005; Zhu et al.,
2008), the earliest occupation of the Mediterranean basin (Arzarello et al., 2012;
Toro-Moyano et al., 2013; Michel et al., 2017) and the first known hominin

occurrences in Europe north of the Alps (Parfitt et al., 2010; Ashton et al., 2014).
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Our understanding of this complex and important time interval is restricted by the
scarcity of detailed palaeoenvironmental archives that span the Early Pleistocene.
The antiquity of this period means that progressive erosion and denudation have
removed large portions of the deposits of this age, making the study of the Early
Pleistocene problematic in many regions of the world; a good example of this is the
record from the British Isles (Gibbard et al., 1991; Jones and Keen, 1993; Rose,
2009; Lee et al., 2018) as well as from nearby continental Europe. Early Pleistocene
palaeoenvironments, palaeogeography and palaeohydrology in Britain are best
represented in terrestrial river terraces (the Kesgrave and Bytham Catchments
Subgroups of the Dunwich Group) across central and southeast England (e.qg.,
Bridgland, 1988; Gibbard, 1988; Whiteman, 1992; Rose, 1994; Rose et al., 1999;
Westaway et al., 2002; Westaway, 2009) and, more particularly, in the extensive
shallow marine-estuarine Crag Group sediments of the East Anglian Crag Basin, the
western extension of the southern North Sea Basin (e.g., West, 1962, 1980; Mathers
and Zalasiewicz, 1988; Funnell, 1995, 1996; Rose et al., 2001, 2002; Rose, 2009;
Parfitt et al., 2010; Preece and Parfitt, 2012; Ashton et al., 2014). The sediments of
the Crag Basin have also yielded the only purported Early Pleistocene hominin
records in Britain (Parfitt et al., 2010; Ashton et al., 2014; but see Westaway, 2011

and Preece and Parfitt, 2012 for discussion of the disputed age of these records).

Nevertheless, the information that the Crag Basin deposits provide is limited for three
reasons. Firstly, the spatial extent of the Crag Group deposits is confined to a
restricted area of East Anglia, consequently, the sequences in question provide
minimal information for the rest of the British Isles (Jones and Keen, 1993).

Secondly, the Early Pleistocene shallow marine Crag sediments extend to no
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younger than 1.8 Ma (Red and Norwich Crag Formations) with no further well-dated
sedimentation occurring in the region until at least 0.78 Ma (Cromer Forest Bed
Formation, CFBF; Fig. 1), a sedimentary hiatus of more than 1 Ma that covers over
half of the Early Pleistocene (Gibbard et at., 1991, but see also Rose et al., 2001).
One possible exception occurs at the site of Happisburgh 3, where the Hill House
Member of the CFBF has been suggested to date to the late Early Pleistocene (Fig.
1; Parfitt et al., 2010, Gibbard, 2012; but see Westaway, 2011). The hiatus means
that the stratigraphy, environments and ecosystems of Britain during the rest of the
Early Pleistocene are poorly understood. Finally, faunal assemblages from these
shallow marine-estuarine deposits unsurprisingly demonstrate a taphonomic bias
towards aquatic vertebrates (mostly fish) and invertebrates (largely marine
molluscs). Terrestrial fossils are therefore relatively rare components of these fossil
assemblages and represent occasional specimens transported down river estuaries
into the Crag Basin, thus reducing the information that can be gleaned about

terrestrial ecosystems at this time.

Sedimentary records of this age are extremely sparse in adjacent areas of
continental north-west Europe. The few examples of Early Pleistocene deposits in
northern France include the upper part of the estuarine/marine Formation de la
Baronnerie in the Pas-de-Calais (Sommé, 2013) and the highest terrace of the River
Somme (Ferme de Grace at Montiéres, Terrace 1X of Antoine, 1990) but neither
have yielded vertebrate fossils beyond a single stenonid horse tooth from the latter
(Auguste, 1995). The sediments of the Crag Basin can be partially correlated with
the better-established stratigraphical successions in the Netherlands and northern

Belgium (Kasse, 1990), which formed the eastern part of the North Sea Basin. The
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Belgian and Dutch Early Pleistocene successions are characterised by a stacked
series of fluvial deposits laid down by the Rhine, Meuse and Scheldt rivers, with
climato-stratigraphical subdivision based largely on evidence for periglacial
conditions (e.g., Vandenberghe and Kasse, 1989) and pollen biostratigraphy (e.g.,
Zagwijn, 1957, 1985), supplemented by rich assemblages of plant macrofossils
(Reid and Reid, 1907), molluscs (e.g., Meijer, 1986), reptiles and amphibians (Villa
et al., 2018), and large and small mammals (summarised in van den Hoek Ostende,
2004). Although the Dutch sedimentary succession is thicker and more complete
than in Britain (Gibbard et al., 1991) (notwithstanding the presence of several
significant hiatuses), it nevertheless remains extremely difficult to correlate evidence
for local climatic change with the marine oxygen isotope record. The position of the
Crag Basin, near the western hinge line of the North Sea Basin, has further meant
that uplift and changing sea level have led to significant gaps in the East Anglian

sequence that are not apparent in the Dutch sequence (Preece and Parfitt, 2012).

Cave and fissure sites provide the only known Early Pleistocene terrestrial archives
with palaeoenvironmental data from regions of Britain outside East Anglia, but these
sites are few and have received little prior attention. Dove Holes Cave in Victory
Quarry, Derbyshire (Dawkins, 1903; Spencer and Melville, 1974), the Dewlish bone
fissure in Dorset (Fisher, 1877, 1888, 1905, 1913; Carreck 1955), and Westbury
Cave in Somerset (Bishop, 1982; Andrews et al., 1999) have all yielded limited Early
Pleistocene vertebrate assemblages. However, Dove Holes Cave, a narrow cave
system formed within the Carboniferous Bee Low Limestone Formation, has long

been emptied of sediment and destroyed by quarrying (see Anon., 1917) and the
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Dewlish bone fissure, a sand- and gravel-filled fissure in the Cretaceous White Chalk

Subgroup, has not been re-located since original excavation over a century ago.

Westbury Quarry (grid ref.: ST 506 504; 51°14°59”N, 2°42'28"W), 1.5 km north of the
village of Westbury-sub-Mendip, lies on the southern flanks of the Mendip Hills in
Somerset, southwest England (Fig. 2). The Mendip Hills consist dominantly of
Palaeozoic rocks (Silurian-Carboniferous) that were uplifted and folded into anticlinal
pericline structures during the Variscan Orogeny in the late Carboniferous to early
Permian (Green and Welch, 1965; Fig. 3). These Palaeozoic strata were then
overstepped by Triassic-Jurassic, as well as recently identified Cretaceous, rocks
(Farrant et al., 2014; Fig. 3), represented by clear angular unconformities. It is in the
extensive Carboniferous limestones that large cave systems have developed (Ford
and Stanton, 1968). The well-preserved in situ Early Pleistocene cave deposits at
Westbury Quarry were discovered relatively recently, in 1969 (Heal, 1970), by
guarrying through the Carboniferous Clifton Down Limestone Formation (Fig. 2). The
Pleistocene sediments at the site can be divided into two main stratigraphical units
(Stanton, 1973; Bishop, 1974, 1982; Andrews et al., 1999): 1) the Early Pleistocene
“Siliceous Member” and 2) the early Middle Pleistocene “Calcareous Member”. The
latter has received greater attention and is comprised of coarse limestone cave
breccias that contain a diverse vertebrate assemblage and several disputed early
human artefacts, which at the time of discovery, were thought to represent the
earliest hominin occupation of Britain (Bishop, 1975; Andrews et al., 1999; Cook,
1999). The Calcareous Member is underlain by sands and gravels of the Siliceous
Member that have consistently yielded fossils, albeit fewer than those of the

overlying unit (Bishop, 1982).



162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

Of the three fossiliferous Early Pleistocene sites located outside East Anglia,
Westbury has the best potential to address current gaps in our knowledge, in that: 1)
it contains a long and well-stratified sequence of deposits that has yielded a diverse
range of fossiliferous material, and 2) on the basis of both bio- and
magnetostratigraphy, the Westbury deposits can be proven to be convincingly of
Early Pleistocene age but also younger than the Crag deposits of East Anglia
(Bishop, 1982, Yassi, 1983, Farrant, 1995, Gentry, 1999; Fig. 1). The Early
Pleistocene succession at Westbury, therefore, has the potential to provide important

information on a hitherto poorly understood part of the Quaternary of Britain.

Despite their importance, the Early Pleistocene sediments at Westbury have
received limited study since the 1970s, partly because of the limited exposure over
the last four decades and partly because of greater attention being paid to the
younger early Middle Pleistocene deposits at the same site. In particular, the nature
of the sedimentary processes that were responsible for the accumulation of these
deposits is poorly understood, despite being critical for the accurate taphonomic and
(bio)stratigraphical interpretation of the contained fossil assemblages. This paper
presents the first results from a recent re-investigation of the Early Pleistocene
sequence at Westbury and outlines the detailed sedimentology of the sequence,
using palaeomagnetic dating to demonstrate an unequivocal Early Pleistocene age,
before then constructing a depositional model for the accumulation of this record.
These results highlight the complexity of the Westbury sequence and will provide the

basis for ongoing analyses of the fossil assemblages and the geochronology of the
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sediments, as well as contributing new details to our knowledge of the British

Quaternary stratigraphical record.

2. Material and methods

2.1. Excavation and field sections

An initial visit to Westbury Quarry in March 2014 revealed the current extent of
Pleistocene cave sediment exposures (see Supplementary Material Fig. S1). Six
faces (each ca. one metre in height) were cleaned back to expose in situ sediments
for description and sampling in June-July 2014 (S1a; Fig. 4). A second deeper
section was also dug several metres to the west of Sla in June-July 2014 to
exposed older Siliceous Member sediments (S2; Fig. 4). In December 2015, the top
of Sla was extended to the east to reveal the contact with the overlying early Middle
Pleistocene Calcareous Member (S1b; Fig. 4). In April 2016, S1a was also extended
to the west to connect with top of S2 (S1c; Fig. 4). A datum point at the top of Sla
(225 m AOD) was used to establish stratigraphical control and to determine the
depths from which clast lithological and other samples were taken.

The exposure and description of sediment faces followed the procedure of Jones et
al. (1999). Each face was drawn by identifying the main depositional units and then
adding finer detail of individual beds, with field determination of grain size, sediment
texture, and colour (using a Munsell colour chart). The faces were photographed

using a Nikon D5200 camera.

2.2. Particle size analysis
One sediment sample of ca. 500 grams was taken from each facies type for particle

size analysis (see Fig. 5 for sampling locations within each face). Particle size was
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determined by a combination of wet- and dry-sieving for the >63 um fraction,
following procedures in Gale and Hoare (1991). The <63 pm fraction was determined
with a Micromeritics SediGraph 5100 (Micromeritics Instrument Corporation,
Norcross, GA, USA), which uses X-rays to measure the size of dispersed particles
as they settle through a liquid (Stein, 1985), following the method established by
Coakley and Syvitski (1991). The two datasets were combined to generate a particle
size distribution. Particle size statistics were generated using GRADISTAT, version

8.0 (Blott and Pye, 2001).

2.3. Clast lithology

Bulk sediment samples were taken from five coarse-grained units of Sla (F1U2,
F3U2/F4U1, and F5U3/F6U1). These bulk sediment samples were taken for clast
lithology analysis and to process for vertebrate fossils. The faunal assemblage
recovered during the excavations is currently under study and will be reported upon
separately. A minimum of 20 litres of sediment was extracted every 20 cm through
the coarse-grained units, although the volume of sediment extracted and sampling
frequency varied due to variation in fossil content and the extent of the deposits. Bulk
samples were wet-sieved through a 500 um mesh, and residues were then graded
using a nested column of sieves (16, 8, 4, 2, 1, and 0.5 mm). Graded residues were
subsampled for clast lithology analysis, following the procedure of Bridgland (1986).
The lithology of the >16 mm and 8-16 mm fractions from coarse-grained units
(following procedures in Bridgland, 1986) was determined under a low-power
binocular microscope. Clasts were broken in some cases to observe fresh,
unweathered faces and hydrochloric acid was used to verify the identification of

carbonate limestone clasts (Bridgland, 1986).
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2.4 Palaeomagnetic dating

Outcrop sampling was carried out by inserting polycarbonate plastic cylinders
horizontally into cleaned vertical faces excavated along the exposure. Cylinders
have a sharpened and tapered cutting edge, and internal raised splines on the base
and side which serve as orientation marks and prevent movement of sediment inside
the cylinder. Insertion azimuths of cylinders were measured using a magnetic
compass corrected for the magnetic declination at the sampling site. Samples were
generally selected from sorted, fine-grained sediments. Where fine-grained
sediments were not present, samples were taken from sorted coarser deposits
containing a sufficiently fine-grained matrix. Sediments containing pebbles were
avoided. In this manner, it was possible to sample all faces of the Siliceous Member
Sla section. Within each face, samples were collected in horizontal sequence, from
each of the subunits identified, typically from the base, middle and top. Sample
cylinders were sealed to prevent drying and oxidation, and stored in a magnetic

shield following field collection and between laboratory measurements.

To help constrain the age of the Siliceous Member sediments, palaeomagnetic
measurements were carried out on oriented samples (see Fig. 5 for sampling
locations) to ascertain polarity. Remanence measurements were carried out at the
Environmental Paleomagnetics Laboratory, University of Lethbridge, using a JR-6A
spinner magnetometer (AGICO, Brno, Czech Republic). We measured the natural
remanent magnetisation (NRM) of each of the 52 samples collected, and re-
measured the remanence after stepwise demagnetisation in alternating fields

(typically 5-12 steps ranging from 5 to 160 mT) using an ASC Scientific D-2000

11
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alternating-field (AF) demagnetiser with three axis manual tumbler. Characteristic
remanent magnetisation (ChRM) directions were determined by principal component
analysis (PCA; Kirschvink, 1980) using at least three points on the demagnetisation
curve directed toward the origin, when plotted on an orthogonal projection. Only
points with a maximum angular standard deviation (MAD) < 5° were selected. Mean
remanence directions of sample groups were determined from PCA results of
individual samples. Overall means were calculated from all coherent individual
specimens, and for each of the five sampled faces. Remasoft version 3.0 (AGICO,
Brno, Czech Republic) palaeomagnetic data analysis software was used in these
calculations. Magnetic susceptibility (a measure of the bulk magnetite content) was

measured using a Sapphire Instruments (SI-2B) susceptibility meter.

3. Results

3.1. Siliceous Member stratigraphy

Over ten metres of Siliceous Member sediments were exposed during excavations.
The sequence is underlain by Carboniferous limestone bedrock (contact not seen)
and overlain by an erosive contact with the overlying Calcareous Member (Fig. 8).
The Siliceous Member comprises beds of sands, fines (silts and clays) and well-
rounded gravels (granular to pebble in grain size) with very rare cobbles and
boulders of angular limestone (Figs. 5-8). Lithofacies were identified and grouped
into facies associations that could be used to define a particular depositional
environment (see facies descriptions, abbreviations and associations in Table 1).
Units are referred to in the text by the face number followed by the unit number

within each face, e.g., F1U2 refers to the second unit seen in the first sediment face.

12
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3.1.1. Facies Association A

This facies association forms the dominant sediment type in the succession, with
units of horizontally-bedded sands and fines. It is composed of two facies: (1) sand-
dominated beds (either massive or cross-bedded) with silt and clay drapes (‘flaser-
like’ structures — Sfl; Fig. 5) and (2) beds dominated by the fine component with thin
and discontinuous laminations (ca. 1 mm thick) or lenses (up to 5 cm thick) of
medium sand (‘lenticular-like’ bedding — Flt; Fig. 5). For the most part, the silt and
clay beds are green/grey in colour with evidence for iron remobilisation (iron pans
and sediment staining) being restricted to upper and lower contacts between these
beds and the coarser-grained sands and gravels. The relationship between these
facies is complex and often involves only subtle changes in the dominance of sand
over finer grain sizes, or vice versa. Where finer grain sizes dominate, the sand
occurs as discrete lenses or thin continuous interbedded sheets (e.g., F4AU3 in Fig.
5d shows a dominance of sand lenses passing up into thinner sand sheets). In other
areas, the finer grain sizes form lenses within largely sandy units (e.g., F2U2 in Fig.

5b).

Facies association A is found at the base of Sla (F6U4) and is repeated many times
up-section (see Table 1 for units; Fig. 5). It is also found at the base of S1b (Fig. 6)
and at the top of S1c in F2U1 (Fig. 7), which links laterally to F5U1 of Sla. This
association also made up the majority of Section 2 (Fig. 8), which underlies Section
1. Bounding surfaces with other facies associations (e.g., facies associations B, C,
and D) are dominantly erosional contacts, where coarser units containing gravel-

sized particles have cut down into facies association A deposits.
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311 The units of F3 in Sla dip steeply southeast (see Supplementary Material Fig. S2),
312  so the sediments of F4 are simply down-dip continuations of F3 units, but extend
313  stratigraphically deeper. There is a major unconformity in F3 and F4, shown by the
314  angular truncation of the horizontally bedded sands and silts of F3U3/F4U3 by the
315 inclined silts, sands and gravels of F3U2/F4U2 (Fig. 5).

316

317 3.1.2. Facies Association B

318 Atthe base of S1 there is a coarser-grained unit of stratified, steeply dipping (>30°)
319 sands and gravels (Gs). The gravel components range up to pebble-size. This unit
320 shows evidence of iron remobilisation, having brown and red colourations and the
321 presence of thin iron pans. This association is found in units of F5-F6 of Sla (Fig. 5)
322 and F1-F2 of Slc (Fig. 7). This association is bounded by erosive contacts with
323 facies association A sediments above and below (Fig. 5e-f).

324

325 3.1.3. Facies Association C

326 Facies association C consists of beds of channelized coarse sand, granules and
327 pebbles (Gch; Table 1). Bedding within these coarse lenses is either horizontal or
328 trough-like in form. The coarser units all show evidence for iron remobilisation with
329 orange, brown and red colourations and the presence of thin iron pans.

330

331 In F4 and F3 of Sla, these coarse sediments have cut down into the finer-grained
332 deposits of facies association A (F4U2-3, F3U3), resulting in an erosive bounding
333  surface (Fig. 5).

334

335 3.1.4. Facies Association D
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Facies association D consists of horizontal beds of coarse sand (Sfl), granules and
pebbles (Gm). Bedding within these coarse lenses is either horizontal or trough-like
in form. Within the coarser units, many of the beds are bounded by erosive
unconformities above and below. These coarser units also show evidence of iron
remobilisation and have thin iron pans. Within this facies association, sand beds are
often thinly interbedded as lenses or sheets with the thicker gravels (e.g., F1U2 in
Sla, Fig. 5a), but occasionally form beds of greater thickness (e.g., F1U2 in Slc,

Fig. 7a)

These sediments occur higher in Sla (in F3 and F1) than other coarse grained
facies associations and overlie deposits of facies association A (Fig. 5), with the
lower contact cutting across the top of the underlying sands and fines. Deposits of
facies association D are also found in F1U2 of S1b (Fig. 6), which laterally links to
F1U2 of Sla, and in F1U3 and F1U2/F2U3 of S1c (Fig. 7). This facies association is

also found in Section 2 between deposits of facies association A.

3.1.5. Facies Association E

Facies association E consists of a coarse (cobble/boulder) limestone breccia (Br),
matching previous descriptions of the Calcareous Member (Fig. 6). In S1b, this
breccia truncates and overlies the lateral equivalent of the upper most beds of facies

associations A and D in Sla.

Facies Sla S1lb | Slic | Facies | Sedimentary Depositional
associations code characteristics environment
E F1Ul Br Coarse (cobble Cryogenic
and boulder) brecciated cave fill
limestone breccia
D F1U2 F1U2 | F1U2 | Gm, Massive beds of Gravel deposition
F1U3 | Sfl gravel (pebble) by unconstrained

15




358

359

360

361

362

363

F3Ul F2U3 tabular in form current flow with
(base) with occasional periods of sand
weakly developed | deposition
horizontal associated with
stratification (Gm), | current flow
occasional sand processes
beds (massive or
cross-bedded)
with drapes of
silt/clay (flaser
type; Sfl)
C F3U2 Gch Massive and Gravel deposition
F4Ul homogeneous within entrenched
gravels (pebble) gullies. The
set within steep- phases of
sided entrenchment are
channel/gully associated with a
forms lowering of base
level and erosional
re-adjustment, or a
very high energy
flood event
B F5U3 F1Ul | Gs Stratified beds of Gravel deposition
F6U1l F2U2 gravel (pebble) in association with
FeU3 exhibiting steep distal deposits of
(>30°) stratification | steep-angled talus
cones
A F1Ul F1U3 | F2Ul | Sfl, FIt | Beds of sand Sand deposition in
F1U3 (massive or cross- | association with
F2U1-3 bedded) with current flow
F3Ul drapes of silt/clay | processesin a
F3U3 (flaser type; Sfl) subaqueous
F4U2 and beds of environment
F4U3 silt/clay (FIt) with characterised by
F5U1 occasional sand episodic still-water
F5U2 laminations (ca. 1 | conditions with
FeU2 mm thick) and fine-grained
Feu4 occasional sand sedimentation
lenses (upto 5 cm | dominated by
thick) rainout of material
from suspension

Table 1. Description and interpretation of the sedimentary facies observed in the

sections through the Siliceous Member in Westbury Cave.

3.2. Particle size analysis

The samples taken for particle size analysis are poorly, very poorly or extremely

poorly sorted, as determined by analysis in GRADISTAT (see Supplementary
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Material for particle size analysis raw data and GRADISTAT outputs). The gravels of
facies associations C and D contain similar proportions of gravel-sized material (55-
60%) and are all very fine (2-4 mm) gravels, except the medium (8-16 mm) gravel of
sample F1U2a from facies association D (see Supplementary Material Fig. S3). The
mean size of sample F3U2a (facies association C) is, however, ca. 500 um less than
the other very fine gravels. The coarse unit of facies association B (F5U3) has
comparably lower gravel content (20%) compared with the other coarse units in Sla,
and is strictly a ‘gravelly muddy coarse sand’, rather than a coarse unit dominated by
gravel-sized sediments. The majority of the fine-grained sediments of facies

association A are classified as ‘clayey silts’.

3.3. Clast lithology

The >16 mm clast fraction of the facies association B coarse unit (F5U3; Table 2) is
dominated by chert (75%), a spicular chert (21%) lithologically similar to Cretaceous
Upper Greensand Fm chert, and limestone (4%). The 8-16 mm fraction is also
dominated by chert (48%) and spicular chert (21%), and also contains limestone
clasts (5%). Additional lithologies present in the 8-16 mm fraction include
Carboniferous fossils such as corals (11%), Carboniferous chert (5%), vein quartz

(8%), and quartzite (1%).

Cherts also dominated the coarse-grained units in F4 and F1 (facies associations C
and D), but in different proportions (Table 2). Carboniferous and undifferentiated
cherts make up the majority of clasts in the F4U1 gravels (facies association C): 50%
each in the 16-32 mm fraction, 28% and 65% in the 8-16 mm fraction, respectively.

The only other lithologies present in small numbers in the F4U1 gravels include
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spicular chert (3%), Carboniferous limestone fossils (1%), and phosphate (3%). The

F1U2 gravel (facies association D) has a larger proportion of spicular chert (54% in

16-32 mm fraction, 11% in 8-16 mm fraction), with considerable numbers of clasts of

undifferentiated chert (38% in 16-32 mm, 42% in 8-16 mm) and Carboniferous chert

(8% in 16-32 mm, 34% in 8-16 mm). Similar to F5U3, the F1U2 gravel also contains

vein quartz (11%) and quartzite (1%). No Carboniferous limestone clasts were found

in either F4 or F1 gravels, with a very small proportion of clasts being limestone

fossils (1%).

Lithology Lithology F5U3 F4U1 F1uU2
categories (facies (facies (facies
association association association
B) C) D)
16-32 | 8-16 16-32 | 8-16 16-32 | 8-16
mm mm mm mm mm mm
(%) | (%) (%) (%) (%) (%)
Local | Durable | Chert 75 48 50 65 38 42
Carboniferous - 5 50 28 8 34
chert
Vein quartz - 8 - - - 11
Non- Carboniferous 4 5 - - - -
durable | limestone
Carboniferous - 11 - 1 - 1
limestone
fossils
Non- | Durable | Spicular chert 21 21 - 3 54 11
local (Upper
Greensand?)
Quartzite - 1 - - - 1
Phosphate - - - 3 - -
Unknown - 1 - - - -
n 24 300 2 192 26 412

Table 2. Clast lithology results of samples taken from three coarse-grained units

(F5U3, F4U1, F1U2) through Section la of the Siliceous Member in Westbury Cave.

3.4. Palaeomagnetic dating
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The Siliceous Member sediments exhibit magnetic susceptibility values ranging from
50-90 x10°¢ Sl units/vol. with a median value of 65 x10 S| units/vol. indicating
sufficient magnetite content for palaeomagnetic analysis. Palaeomagnetic
remanence measurements made after alternating field demagnetisation, typically in
the range of 10-100 mT, indicate that most of the samples (37/52 = 71%) reveal a
single (primary) stable reversed component of remanent magnetisation. Median
destructive fields (MDF) are in the range of 20-80 mT (Fig. 9), typical of magnetite-
bearing sediments. While most samples appear to contain predominantly single-
domain magnetite, about one-third exhibit soft magnetisation indicative of multi-
domain magnetite (MDF <20 mT), and most samples also appear to contain small
amounts of hematite. Fifteen samples, not from any particular face, have low NRM
values (< 0.3 mA/m), and reveal poor quality records, probably due to coarser
textures (multi-domain magnetite grains), but are nevertheless reversely magnetised.
The mean inclination (all samples; Fig. 10) is about 15 degrees shallower than
expected for the Geocentric Axial Dipole (GAD) field at this latitude (-68° for a
reversed field at 51.25°N latitude). This is likely due to inclination flattening of
magnetic grains, a feature which is often encountered in older lacustrine sediments,
and thought to be due to compaction (Verosub, 1977; Verosub et al., 1979; Butler,
1992). All sampled sediments of the Siliceous Member are reversely magnetised
(Fig. 10; Table 3) and based on stratigraphical and other geochronological evidence,

can be confidently assigned to the Matuyama Reversed Chron (2.58-0.78 Ma).

Face n D I k dos P Chron
number

F1 8 204 -58 19 13 R Matuyama
F2 10 198 -60 21 11 R Matuyama
F3 8 232 -52 12 17 R Matuyama
F4 7 196 -46 31 11 R Matuyama
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F5 | 4 | 192 | -35 | 263 | 6 R | Matuyama
Means

all units 5 204 -51 30 14 R Matuyama
all samples 37 205 -53 15 6 R Matuyama
GAD 0 -68

PEF 358 66

Table 3. Summary of palaeomagnetic direction. n, total number of specimens used
from each face; D and I, declination and inclination of the mean direction in degrees;
k, precision parameter; ass (degrees), circle of confidence (p = 0.05); P, polarity (R =
reversed). The mean inclination expected for geocentric axial dipole (GAD) at this
sampling latitude (51.25°N) is -68° for a reversed field. Present Earth’s field (PEF)

direction at sampling locality: D = 2° westerly, | = 66°N.

4. Interpretation

4.1. Depositional model

The stratigraphy of the Siliceous Member presented here has revealed previously
unrecognised complexity. Originally described as a single, 10 metre-thick unit of
sands and gravels, it is now apparent that the Siliceous Member also contains
substantial thicknesses of finer-grained clay and silt. Although previous investigators
did note clay/silt in the upper 1.5 metres of Siliceous Member sediments (Andrews
and Cook, 1999), considering them ‘cap muds’ attributed to the final waning stages
of fluvial activity, the presence of fine-grained material over seven metres from the
top of the Siliceous Member has not previously been recorded. A discussion of the

sequence is presented below to inform a new depositional model.

The presence of cross-bedded sands in facies associations A and D, gravel lenses

with channel architecture in facies association C, and many well-rounded gravel

clasts in facies associations B, C and D in Siliceous Member sediments are features
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of subaqueous deposition, and agree with previous interpretations suggesting that
the sediments are water-lain (Stanton, 1973, 1999; Bishop, 1982). The rare
limestone boulders (visible in Figs. 5k and 7e) reflect large blocks spalling from the

cave walls and roof.

Stanton (1999) believed that sinkholes, formed by the dissolution of limestone
bedrock, formed the surface entrances into Westbury Cave with progressive cave
enlargement under phreatic conditions. Indeed, stream sinks have been shown to
feed many cave systems with large quantities of sediment (Farrant & Smart, 2011).
Although the temporal relationship between cave formation and Siliceous Member
deposition is unknown, Bishop (1982) suggested that a significant period of time
elapsed after phreatic cave formation and before deposition of the Siliceous Member
(see below). Under vadose conditions (above the water table), water would have
accumulated at the cave base if full drainage were impeded for any reason. Standing
water would have led to lake-style deposition at this point in the cave’s development.
The characteristic distal deposits of lakes include rainout of clay/silt-sized particles
from suspension under quiescent conditions, and coarser sand and gravel units
derived from fluvial stream inputs (Talbot & Allen, 1999). Entrance talus is also
another important source of coarse-grained deposition in caves (White, 2007), and
palaeontological remains are often found within these poorly stratified talus gravels
(White, 2012). Winnowing of finer-grained material and buoyant fossils from proximal
poorly-sorted sediments can result in finer-grained, better sorted, fossil-rich gravels
and sands being washed deeper into cave systems as distal deposits (e.g., Pickering
et al., 2007). If deposition occurred under phreatic conditions (below the water table)

and the cave was entirely water-filled, the clay/silt-sized particles would settle out
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from suspension in the same way during periods of quiescence, with coarse material
being fed into the cave when flow energy was higher, with preference for gravel
deposition in areas where cave passage cross-sectional area was small. Places
where passage cross-sectional area are small are known to be areas of higher flow
velocity since, for a given discharge, velocity varies inversely with passage cross-
sectional area (Van Gundy and White, 2009). In these areas of higher velocity,
coarser material could be transported but as passage cross-sectional area increases
again after constrictions and as velocity correspondingly decreases, coarse material

could no longer be transported and would be deposited.

Whether the Siliceous Member was deposited under phreatic or vadose conditions
has been a subject of debate. Stanton (1973, pg. 289) noted that “rock walls in the
lower part of the pit show original phreatic features” and suggested (pg. 291) that the
Siliceous Member “accumulated under water until the lower half of the chamber was
full”. However, Bishop (1982, pg. 13) noticed “the presence of a small series of rills
incised into the upper surfaces of limestone bedrock associated with Bed 1
[Siliceous Member]” and he interpreted these features to mean that “sand-laden
water was entering the system from the west side, and was running over the
exposed bedrock above any standing water” and he linked this to deposition under
vadose conditions. He argued that the phreatic features, such as wall scalloping,
were superimposed by vadose features associated with Siliceous Member
deposition, and that phreatic features were created during initial phreatic cave
development that pre-dated the Siliceous Member by some unknown amount of
time. Although Stanton (1999) acknowledged this conflict, he did not resolve it nor

provide additional evidence supporting either case, only summarising his view (pg.
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18) that “Under phreatic low-gradient conditions the streamborne sediments would
not have penetrated far into the cave at first, so large empty solution cavities would
have formed. As the stream cut down and opened new entrances into these cauvities,
gravel, sand and silt would have been washed into them, forming the Siliceous

Member.”

The evidence presented here cannot resolve this debate. The walls of the cave were
not accessible during our excavations and were less well exposed than during
Stanton’s and Bishop’s earlier studies and so could not be further investigated.
Boulders encountered during excavation were a mixture of angular and more
rounded blocks of limestone, but none were obviously scalloped. The rounding of
some boulders indicates erosion by solution. This process may be more common in
phreatic systems, but could also occur when water flows over and around boulders

under vadose conditions.

The model for Siliceous Member deposition proposed here is similar to that outlined
by Martini (2011) for Mugnano Cave in Italy, which was suggested to have filled by
guiet deposition in a subterranean lake with occasional sediment-laden floods. The
sediments described from the Siliceous Member also have many of the features
mentioned by Gillieson (1986) as indicative for standing water (e.g., horizontal or
inclined stratification, and cross-stratification with flame structures—as in facies
association A) and cave stream deposition (e.g., cross-stratified gravels and
horizontal discontinuous stratification—as in facies associations C and D) at various
depositional energies. The Siliceous Member sediments also conform with several

facies types listed by Ford (2001) as typical cave sediment types (see his figure 2,
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pg. 9), including: Lp — “laminated clays and silts due to ponding effects of surface
lakes” and Lb — “silts and muds in abandoned phreatic systems” (facies association
A); Wg — “winnowed gravel below inlets” (facies association B); and Ag — “gravel in
contemporary stream” and As — “sand in contemporary stream” (facies associations

C and D).

Evidence from Siliceous Member sedimentology points to changes in process
upwards through the section. Facies association A is found in all sections from the
base of S2 to the top of S1a, and represents the standing water deposits (denoted
by clayey silt) of a subterranean lake if vadose conditions prevailed, or a submerged
cave conduit under phreatic conditions. This standing water was episodically fed by
flow from streams on the land surface that discharged into the karstic environment
(sands, and occasional gravels, such as in S2 and in S1a F6U3). The thick sands
and gravels of facies association B dip relatively steeply (ca. 30 degrees) and it is
likely that these represent winnowed, distal deposits of coarser, proximal deposits
associated with entrance talus slopes that were fed from a cave entrance higher up.
This model has been applied to other cave systems, such as the hominin-bearing
caves of South Africa, where entrance talus has been hydrodynamically transported
deeper into the cave along with palaeontological remains (Pickering and Kramers,
2010). The thin sand lenses within facies association B in Sla F5U3 and S1c F2U2
suggest that small streams occasionally flowed over this talus slope between the
higher energy events that deposited the thick gravelly coarse sands. A similar
winnowing of coarser deposits near the cave entrance is possible under phreatic
conditions and the gravels may have resulted from increased flow around boulders

on the passage floor (see rounded boulders adjacent to the facies association B
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gravels in Figs. 5e, 5k, 7b, 7e). Thinner sand lenses may result from localised
increases in flow rate or from short-lived increases in flow velocity through the

conduit.

The erosional contact at the base of Sla F5U1/ S1c F2U1 clay (498 cm below
datum, B.D.) is likely to have been produced by a high-energy flood event that
scoured into the underlying gravels. The coarse deposits of this high-energy event
cannot be identified in the faces studied here, but were probably transported deeper
into the cave downslope. The extensive clayey silts of facies association A in Sla
units F5U1/F4U3/F3U3 (257-498 cm B.D.) represent a long period of stable, fine-
grained deposition in a subterranean lake or submerged cave conduit setting, with
sand lenses representing repeated inputs of coarser sediments from in-wash events.
The truncating angular unconformity at the base of Sla F3U2/F4U2 was produced
by another, much larger erosional event, such as a very large flood event with
enhanced scour. Catastrophic lake drainage has also been invoked in previous
studies for similar unconformities in clastic cave sediments by Martini (2011), who
suggested that a similarly high-relief erosional surface between clastic cave
sedimentary units was related to a fall in lake level. If phreatic conditions prevailed,
then drainage of the submerged conduit could have facilitated a switch from
depositional to powerfully erosional regimes. As with the erosional contact at 498 cm
B.D., the products of this event must have been transported deeper into the cave, as
the coarse sediments responsible for the extensive scour are not seen directly above
the contact, except perhaps for the gravel lens near the base of the unconformity in

Sla F4. These shifts between erosional and depositional regimes are characteristic
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of allochthonous cave sedimentation, and resultant “cut and fill” structures are

common phenomena (Simms, 1994).

Another phase of fine-grained deposition, with similar sand in-wash events, then
began on this inclined erosional surface, creating the angular unconformity. This
suggests cave lake, or fully submerged conduit, conditions were re-established as
before. The particle size of the facies association C gravels is larger than the facies
association B gravelly sand units and the beds are less steeply dipping. These
characters are more comparable to the cave stream thalweg or channel facies
described by Bosch and White (2004). This facies change could indicate a change in
the location of sediment input into the cave, in the configuration of the cave passage,
or in the nature of the cave flow regime. Rather than being coarse gravels, the facies
association C gravels are very fine-medium gravels and as such may represent
distal channel flood deposits, or under phreatic conditions a flooding event of only

moderate energy.

Sla F3U1 (278 cm B.D.) marks a return to lower-energy standing water deposition
(i.e., the slack-water facies sensu Bosch and White, 2004) with sporadic high-energy
in-wash of gravels/sands continuing up into S1la F2U3. The increase in sand content
and extent of sand beds up Sla F2 suggests that lake-style deposition was gradually
overtaken by fluvial-style channel deposition. This could be explained by a shift in
flow regime from low energy standing water deposition to consistent flow passing
through the cave chamber, whether as cave streams under vadose conditions or as
coarse inputs through a submerged conduit under phreatic conditions. The facies

association D gravels and cross-bedded sands above in S1a/S1b F1U2 indicate a
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sustained period of high-energy flood events with high erosive power, exemplified by
the presence of over eight unconformities. These gravels have a similar
sedimentological character (colour, dip, particle size) to the facies association C
gravels but occur in large tabular beds indicating deposition from an unconstrained
flow unlike the facies association C gravels. Gravels of both facies associations C
and D often have flame structures (e.g., Sla F3U2/F4U1 gravels; Fig. 5c¢c-d) and load
casts (e.g., S1c F2U2 gravels; Fig. 7b) at their lower contacts, indicating subaqueous
soft sediment deformation from rapid deposition of the denser gravels onto the
underlying silts and sands. It is likely that S1a F1U1 and F1U3 are not in situ, as they
have several characteristics of slump deposits (Huggett, 2011), such as irregular
margins representing slip planes and internal folds and faulting resulting from

rotational movements.

The eastern extension of Sla F1 to produce S1b exposed the contact between the
facies association D sediments that comprise S1a/S1b F1U2 and the overlying
sediments of S1b F1Ul—a coarse (cobble/boulder) limestone breccia with a
red/brown clay matrix (facies association E). The sedimentary properties of the
breccia are typical of those of the early Middle Pleistocene cave breccias of the
Calcareous Member (Andrews and Cook, 1999). The contact is irregular, steeply
dipping and cuts into the underlying Siliceous Member deposits of S1b F1U2. This
contact represents the boundary between the Siliceous and Calcareous Members
and the uppermost contact of the Siliceous Member. Due to poor exposure, it is not
possible to elaborate here on discussions of the Siliceous-Calcareous Member
boundary by Stanton (1973, 1999) and Bishop (1982), who suggest it appears to

represent a period of non-deposition, roof collapse, and cave drainage. However, the
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complexities of this important boundary have not previously been documented in

detail.

The sequence exposed in S2 records similar sedimentary characteristics to the
deposits of S1. The cleared section of S2, being approximately 50 cm wide, did not
allow for a detailed investigation into the lateral complexity of these deposits as was
the case in S1. The occurrence, in this section, of interbedded units of clay, silt,
sands and gravels of facies associations A and D can be used to infer that the
existence of a still, lacustrine environment or submerged cave conduit fed by
episodic pulses of stream flow that delivered coarser-grained sediments into the
karstic setting. Therefore, the implied model for the accumulation of the sediments in

S1 was also responsible for the accumulation of the sediments of S2.

4.2. Sediment provenance

The gravel-rich facies contain a range of lithological types that can be broadly
divided on the basis of the modern distribution of geological strata in southern and
western England, into durable and non-durable as well as local and non-local rock
types. Durable clast types are those that can sustain routine and persistent bedload
transportation. As shown in Table 2, facies association B gravels are the only gravels
to contain non-durable lithologies (Carboniferous limestone and limestone fossils) to
any extent: 4% in the 16-32 mm fraction and 16% in the 8-16 mm fraction, compared
to 0% in the 16-32 mm fraction and 1% in the 8-16 mm fraction for the facies
associations C and D gravels. The facies associations C and D gravels contain more
durable lithologies (chert, Carboniferous chert, vein quartz, spicular chert — see

Table 2). It is likely that the presence/absence of non-durable lithologies is a function

28



645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

of sediment process creating a taphonomic bias. In deposits laid down by genuine
stream flow processes (facies associations C and D), the high energy
abrasion/attrition of the bedload will rapidly remove non-durable clasts from the
sediment, resulting in an exclusively durable clast population. In contrast, in deposits
laid down by a combination of stream flow and more local talus cone development
(facies association B), the restricted transport distance will also allow the

preservation of non-durable clast types.

Local rock types reflect the range of lithologies that can be derived from the
underlying bedrock and immediate local area (within only a few km) based on
modern outcrop patterns. These include limestone, coral fossils, and chert from
Carboniferous rocks immediately surrounding the cave, and possibly vein quartz,
which may also derive from the Carboniferous limestone or from nearby Devonian
sandstone outcrops at North Hill, east of Priddy (Fig. 3). The non-local rock type is
primarily a spicular chert, very similar to cherts derived from the Cretaceous Upper
Greensand Formation, which is highly durable. Most gravel units (particularly facies
associations B and D) contain a mixture of both local and non-local lithologies, while
facies association C gravels seem to contain more local lithologies (100% and 94%

are local in the 16-32 and 8-16 mm fractions, respectively).

Cherts are the dominant lithology in the sequence and can be divided into three
distinct lithological types: 1) Carboniferous chert, 2) spicular chert and 3)
undifferentiated chert. Much of the undifferentiated chert, which is of a dark grey
colour, could simply be Carboniferous chert that lacks distinguishing fossils but could

also be derived from the Jurassic Harptree Beds that outcrop in several locations
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across central Mendip (Green and Welch, 1965; Bishop, 1982). Although not found
at the site of Westbury itself, these would still be of relatively local derivation.
Carboniferous chert is distinguished on the basis of the “letter-box” shaped crinoid
impressions that are distinctive of cherts of this age. These cherts are local in origin
and are likely derived from the underlying bedrock. As mentioned above, the spicular
cherts are similar to those derived from the Upper Greensand Formation that
outcrops across southern England (Stanton, 1973, 1999; Bishop 1982). Cretaceous
strata are absent from much of the area and have only recently been discovered in
situ on the eastern Mendip Hills, 17 km from Westbury Quarry at Tadhill (Farrant et
al., 2014), with the nearest other outcrops of the Upper Greensand Formation lying
some 24 km to the southeast of Westbury Cave at Postlebury Hill and around 30 km
to the Upper Greensand Formation escarpment around Frome (Fig. 3). The
phosphate clasts may also derive from Cretaceous strata, since phosphatic nodules
are common in certain parts of the Upper Greensand Formation and basal Chalk
Group succession, particularly the Glauconitic Marl Member of the West Melbury
Marly Chalk Formation in the Grey Chalk Subgroup (Hopson et al., 2001), which also
crops out near Frome (Fig. 3). It has been argued that Cretaceous strata previously
covered the Mendip Hills in their entirety and that these strata have been removed
by progressive denudation, although the timing of this denudation is not precisely
known (Donovan, 1969; Farrant et al., 2014). Consequently, it is unclear whether the
Upper Greensand-like chert that accumulated in Westbury Cave at the time of
accumulation of the Siliceous Member was of local (within a few km of the cave) or
far-travelled origin (from other parts of the Mendip Hills or even outside the region).
However, Stanton (1973; 1999) has suggested that the roundedness of Upper

Greensand chert clasts could result from them being reworked from now denuded
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outcrops of Cenozoic conglomerates in the vicinity of Westbury Cave. Nevertheless,
he also noted that the quartz in sand layers of the Siliceous Member appeared more
similar to quartz from the Upper Greensand Formation than the Old Red Sandstone
or the Millstone Grit (Stanton, 1973), suggesting probable provenance from
Cretaceous outcrops. The high content of spicular chert could, on the basis of
modern outcrop distribution, imply that the Siliceous Member represents deposits of
a subterranean fluvial network with a relatively extensive catchment fed from
channels flowing from the south or east of the region, where the nearest outcrops of
the Upper Greensand Formation currently occur. However, the progressive erosion
of Cretaceous strata could also mean that the lithological assemblage of these
deposits can be explained by the activity of an entirely local system of restricted
catchment draining remnant outcrops of the Upper Greensand Formation, and
possibly Cenozoic conglomerates, on the Mendip plateau in the vicinity of the cave.
Given the supposed widespread coverage of the Mendip Hills by Cretaceous strata,

the latter is probably the most likely but the former cannot be discounted.

The absence of certain clast lithologies is also of interest. For instance, the lack of
Devonian sandstone clasts from the Portis Head Formation suggests that the
Devonian inliers of the Mendip Hills were not exposed at the time of Siliceous
Member deposition and did not form part of the Siliceous Member catchment. In
addition, the rarity of autogenic limestone clasts in facies association B gravels and
their complete absence in facies association C and D gravels suggests either these
clasts were originally present but were broken up or dissolved completely during
transport and/or in situ, or that few autogenic limestone clasts were generated in the

first place. The second scenario might support the view of deposition in a phreatic
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cave conduit rather than a vadose cave stream, where active collapse and autogenic
limestone clast production would be more common, and would suggest that the
hydraulic gradient of the cave system was low. If the hydraulic gradient (the change
in hydraulic head, i.e. the energy possessed by a unit weight of water, between two
points) is high, then steep passage profiles will form as the flow cuts down to an area
of lower hydraulic head, exposing and eroding the rocks making up the cave walls
and generating autogenic clasts. If the hydraulic gradient is low, as is often the case
in phreatic passages, the rocks of the cave walls are not exposed or eroded as

readily and passage profiles are not as steep (Palmer, 1991).

5. Discussion

The palaeomagnetic analysis carried out in this study has yielded robust evidence
for reversely magnetised sediment at every level that was analysed (Figs. 8-10).
These data place the Siliceous Member of Westbury Cave securely before the
Brunhes-Matuyama boundary (0.78 Ma) and within the Early Pleistocene. The new
analysis supports older, unpublished palaeomagnetic studies, also consistent with
the Siliceous Member being deposited during the Early Pleistocene (Yassi, 1983,
Farrant, 1995) and existing biostratigraphical data that indicate that these sediments
were laid down in the Early Pleistocene (Bishop, 1982; Gentry, 1999). Given the
paucity of fossil-bearing sediments in the British Isles that relate to this time interval,

Westbury Cave thus represents a unique site that requires further investigation.

The Siliceous Member provides one of the few fossil records for the Early

Pleistocene outside East Anglia in Britain and possibly from an interval not

represented by other British sites (Fig. 1). However, the precise provenance of fossil
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material recovered from the Siliceous Member by past workers (Bishop, 1982) is
unclear and cannot be related to stratigraphy within the Siliceous Member. The new
depositional model considered here importantly suggests differences in both source

material transport distance and taphonomy between coarse-grained units.

Previous studies have suggested that the sediments of the Siliceous Member at
Westbury-sub-Mendip reflect deposition mainly by a subterranean river. However,
this study shows that the Siliceous Member is dominated by fine-grained silts/clays
(facies association A) deposited in a vadose still-water lacustrine or phreatic fully
submerged conduit environment that was fed by episodic influxes of stream flow
(either from a subterranean river system or by input from a surface system that was
discharging into the karstic environment) and talus cones (fed by surface sediment
derived from cave entrances). If the Siliceous Member was deposited under phreatic
conditions it is possible that the sequence developed by upward aggrading
paragenesis (sensu Farrant and Smart, 2011), when sediment builds up on the cave
floor of a submerged conduit and erodes upwards into the soluble limestone to
create accommodation space for further sedimentation. In this situation, variable flow
rates result from changing sediment input, stream discharge, and dissolution. Under
phreatic conditions, it is also possible to have coarse inputs with more far travelled
lithologies (e.g., facies associations C and D) as well as coarse inputs with a more
local component (e.g., facies association B). The main elements of the proposed
depositional model are: 1) facies association A: massive/laminated silts/clays that
reflect rainout of material from suspension in a still water environment, 2) facies
association B: steeply dipping gravels beds (containing local and non-local, durable

and non-durable clast types) that likely represent distal talus deposits derived from
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cave entrance material (either the cave mouth or the entrance of pipes/tubes with a
connection to the land surface into the cavern), 3) facies association C:
sands/gravels infilling incised channel forms that represent sediment infilling of gully
features that develop after phases of incision probably associated with episodic
drainage/desiccation of the lake or conduit system, and 4) facies association D:
sands/gravel lenses/beds (dominated by local and non-local, durable clast types)

that represent higher energy inflow from surface or sub-surface systems.

The alternation between these different facies is most likely to have been caused by
autocyclic variations within the lake/fluvial system under vadose conditions, or due to
variation in flow caused by changing conduit cross sectional area and discharge
under phreatic conditions, rather than through allocyclic climatic control. This means
that the accumulation of sediments can be explained by internal functions of the
sedimentary system, i.e. the cave system itself, without the need to invoke external
controls, such as changes in climate. The exception to this is the downcutting
associated with the gully features. These clearly record major changes in the lake or
submerged conduit environment but whether these reflect a complex response of the
subterranean hydrological system or some wider environmental driver is unclear.
Palaeoenvironmental proxy evidence from each of the different facies combined with
a well-constrained chronology for the sequence would be required to offer insight
into whether extrinsic, climatic or environmental controls were influencing deposition.
For example, Lewis et al. (2001) used sedimentological facies changes in
combination with pollen analysis and radiocarbon and OSL dating to demonstrate

that fluvial systems were responding to Late Pleistocene rapid climatic changes.
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In the context of cave sedimentation, climatic drivers on sedimentation have been
considered to control shifts between speleothem formation and clastic sedimentation
in caves from other parts of the world, mostly based on comparing well-dated
episodes of speleothem growth with regional or global records of climatic and
environmental change (e.g., Moriarty et al., 2000; Pickering et al., 2007, 2011).
Stable isotopes have also been used on cave sediments to suggest shifts in
vegetation types concurrent with changes in cave facies (Pickering et al., 2007).
Westbury Cave lacks speleothems associated with the Siliceous Member, so these
cannot be used for stable isotope or dating analyses, and spot samples taken from
the silts/clays of facies association A for pollen analysis were barren. Fossil mammal
assemblages are the only palaeoenvironmental proxy record recovered from the site
thus far but are apparently restricted to the coarse-grained deposits. Palaeomagnetic
dating provides a broad chronological constraint so attempting other absolute dating
methods at the site (such as cosmogenic nuclide or U-series/ESR dating) will likely

prove important in future.

This new understanding of the depositional environment of the Siliceous Member
has implications for the fossil assemblages derived from these sediments. The
gravel-dominated units (such as those seen in facies associations B, C, D) are the
most likely sediments to contain fossils, as significant current flow is required to
entrain and transport bone/fossil material into the cave environment, and indeed all
previously reported fossils have come from coarse-grained units of the Siliceous
Member. However, the gravel-dominated beds themselves reflect sedimentation by a
range of processes with concomitant implications for the taphonomy of the contained

assemblages. Previous work on the Siliceous Member fossils indicate that they are
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frequently rolled and heavily abraded (Bishop, 1982; Andrews and Ghaleb, 1999).
Given the sedimentology of the gravel deposits described here, this is unsurprising,
as many of these were deposited by high-energy currents moving gravel-sized clasts
as bedload, resulting in rounding and breakage of fossil remains. It is also likely that
such processes would favour the preservation of teeth and tooth fragments over
bone as the hard-wearing enamel that constitutes dental material would be more
resistant to high-energy current transport (Behrensmeyer, 1988). This is also
consistent with current understanding of the Siliceous Member fossil assemblage,
which is dominated by teeth and tooth fragments (Bishop, 1982; Andrews and
Ghaleb, 1999). Although the sand and gravel beds (e.g., facies association C and D)
may Yyield rolled/abraded fossils, the distal talus deposits (facies association B) might
be expected to contain better preserved fossils as the transport distance over which
these sediments are moved will be significantly shorter, thus reducing the potential
for bones and teeth to sustain damage. This could also be true under phreatic
conditions if cave inputs were more locally derived during a certain period of
deposition. A complex assemblage containing both well-preserved and poorly-
preserved fossils would therefore be anticipated. From the limited work carried out
on the Siliceous Member assemblages to date by previous workers, varying degrees
of rolling, abrasion and preservation seem to be a key attribute of fossils from these
sediments (Bishop, 1982; Andrews and Ghaleb, 1999), thereby upholding this

interpretation.

It is also important to note that the episodic drainage of the lake environment or

flooding of the submerged conduit and the associated incision into the underlying

sediments may have resulted in the reworking of older fossils from within the
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Siliceous Member, as evidenced by the often erosive contacts between facies
associations C, D and A. The span of time represented by the Siliceous Member is
not known. However, if any significant time depth is represented, it would not be
unrealistic, given the evidence for episodic downcutting within this unit, for single
beds to contain conflated assemblages of a mixture of ages and/or

palaeoenvironmental conditions.

6. Conclusions

The Siliceous Member in Westbury Cave is dominated by fine-grained silts/clays with
interbedded lenses/beds of sands and gravels. The characteristics of the Siliceous
Member are, therefore, more consistent with sediment deposition within a
subterranean lake under vadose conditions or a submerged conduit under
paragenetic, phreatic conditions fed by current flow dominated surface or sub-
surface systems than with a single subterranean fluvial system, as was previously
suggested. The sediments contain a wide-range of clast lithologies, several of which
are not currently local to the immediate area. However, it is unclear whether this is
because the cave system was fed by a river system with a spatially-extensive
catchment that included non-local lithologies, or because these now non-local
lithologies outcropped in the vicinity of the cave during the Early Pleistocene but
have since been removed by denudation in the region (the most likely option given
recent evidence of Cretaceous overstep of the Mendip Hills). The palaeomagnetic
polarity data, when combined with the existing faunal evidence, strongly suggests
that the Siliceous Member is of Early Pleistocene age, one of the few sites that can
be correlated with this interval outside of the Crag Basin of East Anglia.

Consequently, the Siliceous Member is unique in its potential to increase our
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understanding of the Early Pleistocene in Britain. Further work on this site will
increase our understanding of both its age/stratigraphical position and the

palaeoenvironments that existed during its accumulation.
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Figures captions

Figure 1. The stacked marine oxygen isotope record, LR0O4 (Lisiecki and Raymo,
2005), for the latest Pliocene, Early Pleistocene, and earliest Middle Pleistocene
(Mid. PL.), showing the temporal coverage of the Crag Basin sediments (upper grey
bars) and terrestrial fluvial deposits (bottom black bars) in Britain. The possible age
of the Siliceous Member in Westbury Cave from available bio- and
magnetostratigraphy is indicated (dashed boxes). Biostratigraphy by Bishop (1982)
and Gentry (1999) suggests the 1.06-1.78 Ma interval (shown as SM?) might be
more likely than the 0.78-0.91 Ma interval (shown as SM??). The geomagnetic
polarity timescale for LR04 (Cande and Kent, 1995) is shown immediately below the
x-axis; black bars indicate normal polarity, white bars indicate reversed polarity. The
mid-Pleistocene revolution (MPR) is highlighted with a light grey box from 1.25-0.70
Ma (Clark et al., 2006) and approximate timings of key archaeological events are

marked with arrows (see citations in main text).

Figure 2. Location of Westbury Cave in the southwest of the UK (top left) and on the
southern flanks of the Mendip Hills (bottom left). The location of the nearest outcrop

of the Upper Greensand Formation at Tadhill is also shown (bottom left). Right panel
shows detail of Westbury Quarry (also known as Broadmead Quarry); the location of
the studied sections through the Westbury Cave infill is highlighted with a star within
the Brimble Pit and Cross Swallet Basins Site of Special Scientific Interest (SSSI, in

grey with dashed outline). The underlying geology (see coloured key) and

topography (orange contours) are also indicated.
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Figure 3. Summary map showing the geology of the Mendip Hills and surrounding
areas. Westbury Cave is shown with a yellow star, and the nearest outliers of the
Cretaceous Upper Greensand Formation at Tadhill and Postlebury Hill (see Farrant
et al., 2014) are shown with green circles. Reproduced from the BGS Geology 625k
dataset (DiGMapGB-625), with the permission of the British Geological Survey
©UKRI. All rights reserved. Abbreviations: C — Carboniferous, P — Permian, Tr —
Triassic, J — Jurassic, Fm(s) — formation(s), sst — sandstone, cgl — conglomerate, hal

— halite, mdst — mudstone, sltst — siltstone.

Figure 4. Location of the field sections studied through the Siliceous Member
deposits in Westbury Cave on the northeast edge of Westbury Quarry. Areas of in
situ early Middle Pleistocene Calcareous Member breccia are shown above. Section
1b contains a contact between the Siliceous and Calcareous Members, but
limestone scree slopes and slumped material above and to the side of the Siliceous
Member sections meant extensive exposures of this contact could not be revealed.

Inset photograph shows detail and face relationships through Section la.

Figure 5. Section drawings (a-f) and photographs (g-k) of the sediments through
Face 1 to Face 6 of Section 1a, showing sampling locations for palaeomagnetic
dating, particle size analysis, and clast lithology analysis. Main depositional units are
identified with face and unit numbers (e.g., F1U1). Symbols showing samples for
palaeomagnetic dating with emboldened borders indicate the samples that have

results displayed in Figure 9.
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1339 Figure 6. Section drawings (a-b) and photographs (c-d) of the sediments connecting
1340 Face 1 of Section 1la with Face 1 of Section 1b. The Calcareous Member breccia is
1341 clearly exposed on the right side of S1b F1 (b, d), but the main contact with the
1342  Siliceous Member is poorly exposed due to slumped material. Main depositional
1343 units are identified with face and unit numbers (e.g., F1U1).

1344

1345 Figure 7. Section drawings (a-c) and photographs (d-e) of the sediments connecting
1346  Faces 1-2 of Section 1c (a-b) with Face 5 of Section 1a (c). Main depositional units
1347  are identified with face and unit numbers (e.g., F1U1).

1348

1349  Figure 8. Stratigraphical logs of Sections 1a, 1b, 1c and 2 through the Siliceous
1350 Member in Westbury Cave, showing correlations between them (dashed lines).
1351 Facies associations described in Table 1 are labelled against units along with

1352 sampling locations. The contact between the Calcareous and Siliceous Members is
1353 shown in Section 1b. Main depositional units are identified with face and unit

1354 numbers (e.g., F1U1). Symbols showing samples for palaeomagnetic dating with
1355 emboldened borders indicate the samples that have results displayed in Figure 9.
1356

1357  Figure 9. (a) Field sampling of a unit of fine-grained lacustrine sediment for

1358 palaeomagnetic dating. (b-f) Representative orthogonal plots and equal area

1359 stereographic projections obtained from stepwise alternating field demagnetisation of
1360 natural remanent magnetisation of facies association A sediments from each of the
1361 units listed in Table 3. Open and closed circles on orthogonal plots represent vertical
1362 and horizontal planes, respectively. Open circles on stereographic plots are upper

1363 hemisphere projections.
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Figure 10. (a) Stereographic plot of all coherent and PCA-fitted sample directions,
and (b) stereographic plots of sample directions for facies association A sediments
from the first five faces (F1-F5) in Sla (see Fig. 5). Directional means and circles of
confidence (ags) are plotted and values listed in Table 3. Means of all samples are
shown by larger grey circles, (b) shows means of each face. Geocentric axial dipole
(GAD) position for a reversed field at sampling latitude (51.25°N) and present Earth’s

field (PEF; declination of 2°W, inclination of 66°N) are also plotted.
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Figure S1. The current exposure of the Pleistocene cave infill (solid black box) and the Siliceous Member exposures examined in this study
(dashed black box), within the surrounding Carboniferous limestone at Westbury Quarry, facing NE (photograph: N.F. Adams).




Fig. S2. The dipping surfaces of sediments (38-44°SE) perpendicular to Face 3, revealed during excavation to expose the faces. The base of
the dipping sediments is at 318 cm below datum (B.D.). Photograph taken facing 098° (photograph: N.F. Adams, 21 June 2014).
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-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT < 2mm: 30.42
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.22 0.72 0.72 99.28
1 Res Wt On
500um Sieve: 0.08 0.26 0.26 99.01
2 Res Wt On
250um Sieve: 0.06 0.20 0.20 98.82
3 Res Wt On
125um Sieve: 0.05 0.16 0.16 98.65
4 Res Wt On
63um Sieve: 0.23 0.76 0.76 97.90
SAND WT RETAINED: 0.64
TOTAL WT <4 PHI: 29.78
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT PASSING
5.00 31.25um 3.10 3.03 94.86
6.00 15.63um 13.00 12.73 82.13
7.00 7.81um 16.80 16.45 65.69
8.00 3.91um 8.90 8.71 56.98
9.00 1.95um 7.00 6.85 50.12
10.00 0.98um 4.50 4.41 45.72
11.00 0.49um 6.70 6.56 39.16
% GRAVEL: 0.00
% SAND: 2.10
% SILT 47.77
100
% CLAY: 50.12
90 1
% F CLAY: 39.16
80 1
SIZE] % WEIGHT CUM % 70 1
64000mm 0.00 100.00
32000um 0.00 100.00 2 60 4
16000 0.00 100.00 2
8000 0.00 100.00 g 50 1
4000 0.00 100.00 €
2000 0.00 100.00 3 401
1000 0.72 99.28 30 |
500 0.26 99.01
250 0.20 98.82 20 4
125 0.16 98.65
63 0.76 97.90 10 1
31.25 3.03 94.86
15.63 12.73 82.13 0 -
7.81 16.45 65.69 o A
391 8.71 56.98
1.95 6.85 50.12
0.98 4.41 45.72
0.49 6.56 39.16
SUM 43.02




PARTICLE SIZE ANALYSIS
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LAB. No:| 4547 UNIT| FIU2 a
LOCATION: [ Westbury
SAMPLE Wt: 202.00
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 62.00 30.69 69.31
-2 Res Wt On
4mm Sieve: 19.00 9.41 59.90
-1 Res Wt On
2mm Sieve: 40.00 19.80 40.10
GRAVEL WT RETAINED: 121.00
TOTAL WT < 2mm: 114.22
SAND
SAND %
0 Res Wt On
Imm Sieve: 17.75 15.54 6.23 33.87
1 Res Wt On
500um Sieve: 30.71 26.89 10.78 23.09
2 Res Wt On
250um Sieve: 15.48 13.55 5.43 17.65
3 Res Wt On
125um Sieve: 4.11 3.60 1.44 16.21
4 Res Wt On
63um Sieve: 5.00 4.38 1.76 14.45
SAND WT RETAINED: 73.05
TOTAL WT < 4 PHI: 29.20
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 3.00 0.43 14.02
6.00 15.63um 7.00 1.01 13.01
7.00 7.81um 11.10 1.60 11.40
8.00 3.91um 13.10 1.89 9.51
9.00 1.95um 14.10 2.04 7.47
10.00 0.98um 10.90 1.58 5.90
11.00 0.49um 9.60 1.39 4.51
% GRAVEL: 59.90
% SAND: 25.65
% SILT 6.98
100
% CLA 7.47
90 +
% F CLAY: 4.51 =% WEIGHT
80 +
o 9
SIZE] % WEIGHT CUM % 70 oM
3260
16000 0.00 100.00 2
8000 30.69 69.31 g 50
4000 9.41 59.90 E
2000 19.80 40.10 840 7
1000 6.23 33.87 30 4
500 10.78 23.09
250 5.43 17.65 20 4
125 1.44 16.21
63 1.76 14.45 10 1
31.25 0.43 14.02
15.63 101 13.01 0
7.81 1.60 11.40 NaSrere
3.91 1.89 9.51
1.95 2.04 7.47
0.98 1.58 5.90
0.49 1.39 4.51
SuM 90.49




LAB. No:| 4548 | UNIT| F1U2 b
LOCATION: [ Westbury
SAMPLE Wt: 185.00
% TOTAL | % TOTAL
PHI SIZE: WEIGHT PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 22.00 11.89 88.11
-2 Res Wt On
4mm Sieve: 20.00 10.81 717.30
-1 Res Wt On
2mm Sieve: 60.00 3243 44.86
GRAVEL WT RETAINED: 102.00
TOTAL WT < 2mm: 110.59
SAND
SAND %
0 Res Wt On
1mm Sieve: 20.92 18.92 8.49 36.38
1 Res Wt On
500um Sieve: 24.11 21.80 9.78 26.60
2 Res Wt On
250um Sieve: 15.58 14.09 6.32 20.28
3 Res Wt On
125um Sieve: 5.89 5.33 2.39 17.89
4 Res Wt On
63um Sieve: 7.28 6.58 2.95 14.93
SAND WT RETAINED: 73.78
TOTAL WT <4 PHI: 27.63
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT PASSING
5.00 31.25um 3.40 0.51 14.43
6.00 15.63um 9.60 1.43 12.99
7.00 7.81um 13.70 2.05 10.95
8.00 3.91um 13.70 2.05 8.90
9.00 1.95um 12.80 1.91 6.99
10.00 0.98um 9.30 1.39 5.60
11.00 0.49um 10.20 1.52 4.08
% GRAVEL: 55.14
% SAND: 29.93
% SILT 7.94
% CLAY: 6.99
% F CLAY: 4.08
SIZE] % WEIGHT CUM %
64000mm 0.00 100.00
32000um 0.00 100.00 B
16000 0.00 100.00 g )
8000 11.89 88.11 kS 2
4000 10.81 77.30 £ B
H
2000 32.43 44.86 o
1000 8.49 36.38
500 9.78 26.60
250 6.32 20.28
125 239 17.89
63 295 14.93
31.25 0.51 14.43
15.63 1.43 12.99 " o "
Q N o D ) S
7.81 2.05 10.95 KGR rb‘p«?;@?)%\fl/ PSS
391 2.05 8.90
1.95 1.91 6.99 Particle Size (um)
0.98 1.39 5.60
0.49 1.52 4.08
SUM 91.10
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LAB. No:| 4550 UNIT|  F1U3
LOCATION: [ Westbury
SIEVING RESULTS
SAMPLE Wt: 30.32
% TOTAL | % TOTAL
PHI SIZE: WEIGHT PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT < 2mm: 30.32
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.01 0.03 0.03 99.97
1 Res Wt On
500um Sieve: 0.01 0.03 0.03 99.93
2 Res Wt On
250um Sieve: 0.06 0.20 0.20 99.74
3 Res Wt On
125um Sieve: 0.09 0.30 0.30 99.44
4 Res Wt On
63um Sieve: 1.09 3.59 3.59 95.84
SAND WT RETAINED: 1.26
TOTAL WT <4 PHI: 29.06
SEDIGRAPH RESULTS
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT PASSING
5.00 31.25um 2.50 2.40 93.45
6.00 15.63um 8.50 8.15 85.30
7.00 7.81um 15.80 15.14 70.16
8.00 3.91um 16.10 15.43 54.73
9.00 1.95um 10.70 10.26 44.47
10.00 0.98um 5.30 5.08 39.39
11.00 0.49um 4.20 4.03 35.37
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 4.16
% SILT 51.37
100
% CLAY: 44.47
% F CLAY: 35.37
SIZE] % WEIGHT CUM %
64000 0.00 100.00
32000 0.00 100.00 B
16000 0.00 100.00 g
8000 0.00 100.00 kS
4000 0.00 100.00 £
2000 0.00 100.00 3
1000 0.03 99.97
500 0.03 99.93
250 0.20 99.74
125 0.30 99.44
63 3.59 95.84
31.25 240 93.45
15.63 8.15 85.30
781 15.14 70.16 Q@&‘b@"%@'\«g;‘b&\(ﬁ’
3.91 15.43 5473 N
1.95 10.26 44.47
0.98 5.08 39.39
0.49 4.03 3537
SUM 45.27
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LAB. No:| 4551 UNIT| F2U2 a
LOCATION: [ Westbury
SIEVING RESULTS
SAMPLE Wt: 101.86
% TOTAL | % TOTAL
PHI SIZE: WEIGHT PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT < 2mm: 101.86
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.00 0.00 0.00 100.00
1 Res Wt On
500um Sieve: 0.01 0.01 0.01 99.99
2 Res Wt On
250um Sieve: 0.04 0.04 0.04 99.95
3 Res Wt On
125um Sieve: 0.80 0.79 0.79 99.17
4 Res Wt On
63um Sieve: 54.69 53.69 53.69 45.47
SAND WT RETAINED: 55.54
TOTAL WT <4 PHI: 46.32
SEDIGRAPH RESULTS
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT PASSING
5.00 31.25um 2.90 1.32 44.16
6.00 15.63um 4.90 2.23 41.93
7.00 7.81um 4.90 2.23 39.70
8.00 3.91um 6.90 3.14 36.56
9.00 1.95um 9.30 4.23 32.33
10.00 0.98um 8.70 3.96 28.38
11.00 0.49um 13.00 591 22.46
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 54.53
% SILT 13.14
100
% CLAY: 32.33
% F CLAY: 22.46
SIZE] % WEIGHT CUM %
64000mm 0.00 100.00
32000um 0.00 100.00 B
16000 0.00 100.00 g
8000 0.00 100.00 kS
4000 0.00 100.00 £
2000 0.00 100.00 3
1000 0.00 100.00
500 0.01 99.99
250 0.04 99.95
125 0.79 99.17
63 53.69 45.47
31.25 1.32 44.16
15.63 223 41.93 © o o
Q N o\ D
7.81 223 39.70 NS %9,\‘_6\60_3%\'}
391 3.14 36.56
1.95 4.23 3233
0.98 3.96 28.38
0.49 591 22.46
SUM 63.44




LAB. No:| 4552 1 UNIT| F2U2 b
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 31.63
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT <2mm: 31.63
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.00 0.00 0.00 100.00
1 Res Wt On
500um Sieve: 0.00 0.00 0.00 100.00
2 Res Wt On
250um Sieve: 0.01 0.03 0.03 99.97
3 Res Wt On
125um Sieve: 0.02 0.06 0.06 99.91
4 Res Wt On
63um Sieve: 0.75 2.37 2.37 97.53
SAND WT RETAINED: 0.78
[TOTAL WT <d PHI: 30.85
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 7.50 7.32 90.22
6.00 15.63um 18.70 18.24 71.98
7.00 7.81um 17.40 16.97 55.01
8.00 3.91um 12.70 12.39 42.62
9.00 1.95um 4.80 4.68 37.94
10.00 0.98um 5.20 5.07 32.87
11.00 0.49um 5.10 497 27.89
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 247
% SILT 59.59
% CLAY: 37.94
% F CLAY: 27.89
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um| 0.00 100.00 ® _
16000 0.00 100.00 2 )
8000 0.00 100.00 s g
4000 0.00 100.00 E ®
2000 0.00 100.00 B}
1000 0.00 100.00
500 0.00 100.00
250 0.03 99.97
125 0.06 99.91
63 237 97.53
31.25 7.32 90.22
15.63 18.24 71.98
ORPRARNP AP DO PSS
7.81 16.97 55.01 RGN (9@%\{» PSS SIS
391 12.39 42.6
1.95 4.68 37.94 Particle Size (um)
0.98 5.07 32.87
0.49 4.97 27.89
SUM 57.38




PARTICLE SIZE ANALYSIS

LAB. No:| 4560 UNIT|  F2U3
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 99.73
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT <2mm: 99.73
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.01 0.01 0.01 99.99
1 Res Wt On
500um Sieve: 0.04 0.04 0.04 99.95
2 Res Wt On
250um Sieve: 0.40 0.40 0.40 99.55
3 Res Wt On
125um Sieve: 0.83 0.83 0.83 98.72
4 Res Wt On
63um Sieve: 36.21 3631 3631 62.41
SAND WT RETAINED: 37.49
[TOTAL WT <d PHI: 62.24
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 9.40 5.87 56.54
6.00 15.63um 12.20 7.61 48.93
7.00 7.81um 11.80 7.36 41.56
8.00 3.91um 9.80 6.12 35.45
9.00 1.95um 7.30 4.56 30.89
10.00 0.98um 5.40 3.37 27.52
11.00 0.49um 6.80 4.24 2328
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 37.59
% SILT 31.52
100
% CLAY: 30.89
90 T | mmm% WEIGHT
% F CLAY: 23.28 o
80 + | ——CUM %
SIZE| % WEIGHT CUM % 70 1
64000mm| 0.00 100.00
32000um| 0.00 100.00 ® 60 1
16000 0.00 100.00 2
8000 0.00 100.00 § 50 1
4000 0.00 100.00 E
2000 0.00 100.00 3 401
1000 0.01 99.99 30 4
500 0.04 99.95
250 0.40 99.55 20 4
125 0.83 98.72
63 3631 62.41 10
31.25 5.87 56.54
15.63 7.61 48.93 0
O PP DD D
7.81 7.36 4156 R '39«‘%@,5\
391 6.12 35.45
1.95 4.56 30.89
0.98 3.37 27.52
0.49 4.24 23.28
SUM 64.55
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LAB. No:| 4555 1 UNIT| F3U2 a
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 230.00
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
$mm Sieve: 10.00 435 95.65
-2 Res Wt On
4mm Sieve: 26.00 11.30 84.35
-1 Res Wt On
2mm Sieve: 100.00 4348 40.87
GRAVEL WT RETAINED: 136.00
TOTAL WT < 2mm: 101.43
SAND
SAND %
0 Res Wt On
1mm Sieve: 19.36 19.09 7.80 33.07
1 Res Wt On
500um Sieve: 17.02 16.78 6.86 26.21
2 Res Wt On
250um Sieve: 15.78 15.56 6.36 19.85
3 Res Wt On
125um Sieve: 4.50 4.44 1.81 18.04
4 Res Wt On
63um Sieve: 6.44 6.35 2.59 15.44
SAND WT RETAINED: 63.10
[TOTAL WT <d PHI: 35.52
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 2.70 0.42 15.03
6.00 15.63um 8.20 127 13.76
7.00 7.81um 11.20 1.73 12.03
8.00 3.91um 11.00 1.70 10.33
9.00 1.95um 12.10 1.87 8.46
10.00 0.98um 9.90 1.53 6.93
11.00 0.49um 9.60 1.48 545
TOTAL PERCENTAGES
% GRAVEL: 59.13
% SAND: 25.43
% SILT 6.98
% CLAY: 8.46
% F CLAY: 5.45
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um| 0.00 100.00 ® _
16000 0.00 100.00 2 )
8000 435 95.65 s g
4000 11.30 84.35 E ®
2000 43.48 40.87 3
1000 7.80 33.07
500 6.86 26.21
250 6.36 19.85
125 1.81 18.04
63 2.59 15.44
31.25 0.42 15.03
15.63 1.27 13.76
ORPRARNP AP DO PSS
7.81 1.73 12.03 Feh S ,39«@’\(9@%\'.» S S S
391 1.70 10.33
1.95 1.87 8.46 Particle Size (um)
0.98 1.53 6.93
0.49 1.48 545
SUM 89.67




PARTICLE SIZE ANALYSIS

LAB. No:| 4556 UNIT| F3U2 b
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 297.00
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 8.00 2.69 97.31
-3 Res Wt On
8mm Sieve: 10.00 3.37 93.94
-2 Res Wt On
4mm Sieve: 36.00 12.12 81.82
-1 Res Wt On
2mm Sieve: 118.00 39.73 42.09
GRAVEL WT RETAINED: 172.00
TOTAL WT < 2mm: 109.22
SAND
SAND %
0 Res Wt On
1mm Sieve: 23.66 21.66 9.12 32.97
1 Res Wt On
500um Sieve: 12.93 11.84 4.98 27.99
2 Res Wt On
250um Sieve: 11.94 10.93 4.60 23.39
3 Res Wt On
125um Sieve: 5.61 5.14 2.16 21.22
4 Res Wt On
63um Sieve: 6.71 6.14 2.59 18.64
SAND WT RETAINED: 60.85
[TOTAL WT <d PHI: 55.36
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 2.60 0.48 18.15
6.00 15.63um 8.70 1.62 16.53
7.00 7.81um 11.50 2.14 14.39
8.00 3.91um 12.60 2.35 12.04
9.00 1.95um 13.00 242 9.62
10.00 0.98um 9.00 1.68 7.94
11.00 0.49um 8.00 1.49 6.45
TOTAL PERCENTAGES
% GRAVEL: 57.91
% SAND: 23.45
% SILT 9.02
% CLAY: 9.62
% F CLAY: 6.45
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um| 0.00 100.00 ®
16000 2.69 97.31 2
8000 337 93.94 s
4000 12.12 81.82 E
2000 39.73 42.09 B}
1000 9.12 3297
500 4.98 27.99
250 4.60 23.39
125 2.16 21.22
63 2.59 18.64
31.25 0.48 18.15
15.63 1.62 16.53
O PP DD D
7.81 2.14 14.39 @&&&ﬁﬁ?
391 2.35 12.04
1.95 242 9.62
0.98 1.68 7.94
0.49 1.49 6.45
SUM 87.96
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LAB. No:| 4553 1 UNIT| F3U3 a
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 31.45
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT < 2mm: 3145
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.01 0.03 0.03 99.97
1 Res Wt On
500um Sieve: 0.01 0.03 0.03 99.94
2 Res Wt On
250um Sieve: 0.01 0.03 0.03 99.90
3 Res Wt On
125um Sieve: 0.07 0.22 022 99.68
4 Res Wt On
63um Sieve: 3.06 9.73 9.73 89.95
SAND WT RETAINED: 3.16
TOTAL WT <4 PHI: 28.29
SEDIGRAPH RESULTS
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 11.60 10.43 79.52
6.00 15.63um 19.40 17.45 62.07
7.00 7.81um 17.70 15.92 46.15
8.00 3.91um 1220 10.97 3517
9.00 1.95um 6.50 5.85 29.32
10.00 0.98um 4.80 432 25.01
11.00 0.49um 2.40 2.16 22.85
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 10.05
% SILT 60.63
% CLAY: 29.32
% F CLAY: 22.85
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um| 0.00 100.00 ® _
16000 0.00 100.00 2 )
8000 0.00 100.00 s g
4000 0.00 100.00 E ®
2000 0.00 100.00 3
1000 0.03 99.97
500 0.03 99.94
250 0.03 99.90
125 0.22 99.68
63 9.73 89.95
3125 1043 79.52
15.63 17.45 62.07 ” o o
7.81 15.92 46.15 R R P AP PSSO
¥ T2 O O R P PP
391 1097 3517 O OTNTRTANS VTR
1.95 5.85 2932 Particle Size (um)
0.98 4.32 2501
0.49 2.16 22.85
SUM 64.83




LAB. No:| 4554 1 UNIT| F3U3 b
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 105.62
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT <2mm: 105.62
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.26 0.25 0.25 99.75
1 Res Wt On
500um Sieve: 0.20 0.19 0.19 99.56
2 Res Wt On
250um Sieve: 0.17 0.16 0.16 99.40
3 Res Wt On
125um Sieve: 1.05 0.99 0.99 98.41
4 Res Wt On
63um Sieve: 56.78 53.76 53.76 44.65
SAND WT RETAINED: 58.46
[TOTAL WT <d PHI: 47.16
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 7.50 3.35 41.30
6.00 15.63um 4.00 1.79 39.52
7.00 7.81um 8.00 3.57 35.94
8.00 3.91um 7.10 3.17 3277
9.00 1.95um 10.10 451 28.26
10.00 0.98um 9.20 4.11 24.16
11.00 0.49um 11.10 4.96 19.20
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 55.35
% SILT 16.39
% CLAY: 28.26
% F CLAY: 19.20
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00 40
32000um| 0.00 100.00 ® _
16000 0.00 100.00 2 )
8000 0.00 100.00 s 302
4000 0.00 100.00 E ®
2000 0.00 100.00 B}
1000 0.25 99.75 20
500 0.19 99.56
250 0.16 99.40
125 0.99 98.41
63 53.76 44.65
31.25 335 41.30
15.63 1.79 39.52
= < ORPRARNP AP DO PSS
7.81 3.57 35.94 RGN \&b& PSS SIS
391 3.17 32.77
1.95 4.51 28.26 Particle Size (um)
0.98 4.11 24.16
0.49 4.96 19.20
SUM 67.23




PARTICLE SIZE ANALYSIS

LAB. No:| 4557

UNIT|

F4U3

LOCATION: | Westbury

SIEVING RESULTS

SAMPLE Wt: 31.68
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT < 2mm: 31.68
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.00 0.00 0.00 100.00
1 Res Wt On
500um Sieve: 0.00 0.00 0.00 100.00
2 Res Wt On
250um Sieve: 0.00 0.00 0.00 100.00
3 Res Wt On
125um Sieve: 0.01 0.03 0.03 99.97
4 Res Wt On
63um Sieve: 0.17 0.54 0.54 99.43
SAND WT RETAINED: 0.18
TOTAL WT <4 Pﬂ. 31.50
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 7.90 7.86 91.58
6.00 15.63um 23.00 22.87 68.71
7.00 7.81um 17.40 17.30 51.41
8.00 3.91um 8.70 8.65 42.76
9.00 1.95um 6.00 597 36.79
10.00 0.98um 4.20 4.18 32.61
11.00 0.49um 4.50 4.47 28.14
% GRAVEL: 0.00
% SAND: 0.57
% SILT 62.64
% CLAY: 36.79
% F CLAY: 28.14
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um 0.00 100.00 x
16000 0.00 100.00 2
8000 0.00 100.00 s
4000 0.00 100.00 g
2000 0.00 100.00 °
1000 0.00 100.00
500 0.00 100.00
250 0.00 100.00
125 0.03 99.97
63 0.54 99.43
31.25 7.86 91.58
15.63 22.87 68.71
D O P N N P
7.81 17.30 51.41 B \(_a‘_b(_a«fb\%@rb\
3.91 8.65 42.76
1.95 5.97 36.79
0.98 4.18 32.61
0.49 4.47 28.14
SUM 57.24
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VOV POES

Particle Size (um)
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LAB. No:| 4558 UNIT|  F5U3
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 476.00
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 29.00 6.09 93.91
-2 Res Wt On
4mm Sieve: 30.00 6.30 87.61
-1 Res Wt On
2mm Sieve: 35.00 7.35 80.25
GRAVEL WT RETAINED: 94.00
TOTAL WT <2mm: 101.52
SAND
SAND %
0 Res Wt On
1mm Sieve: 19.38 19.09 15.32 64.93
1 Res Wt On
500um Sieve: 30.22 29.77 23.89 41.04
2 Res Wt On
250um Sieve: 26.51 26.11 20.96 20.09
3 Res Wt On
125um Sieve: 6.61 6.51 5.23 14.86
4 Res Wt On
63um Sieve: 7.34 7.23 5.80 9.06
SAND WT RETAINED: 90.06
[TOTAL WT <d PHI: 43.12
SEDIGRAPH RESULTS
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 4.90 0.44 8.62
6.00 15.63um 6.80 0.62 8.00
7.00 7.81um 8.40 0.76 7.24
8.00 3.91um 10.60 0.96 6.28
9.00 1.95um 10.80 0.98 5.30
10.00 0.98um 8.90 0.81 4.49
11.00 0.49um 9.10 0.82 3.67
TOTAL PERCENTAGES
% GRAVEL: 19.75
% SAND: 71.19
% SILT 3.76
% CLAY: 5.30
% F CLAY: 3.67
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um| 0.00 100.00 ®
16000 0.00 100.00 2
8000 6.09 9391 s
4000 6.30 87.61 E
2000 735 8025 3
1000 15.32 64.93
500 23.89 41.04
250 20.96 20.09
125 5.23 14.86
63 5.80 9.06
31.25 0.44 8.62
15.63 0.62 8.00 .
O PP DD D
7.81 0.76 7.24 RGN \(Dbrb\
391 0.96 6.28
1.95 0.98 5.30
0.98 0.81 4.49
0.49 0.82 3.67
SUM 93.72

Particle Size (um)

PO POSSLDS
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Y OV P OLESS
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LAB. No:| 4559 UNIT|  F6U4
LOCATION: | Westbury
SIEVING RESULTS
SAMPLE Wt: 32.61
% TOTAL | % TOTAL
PHI SIZE: WEIGHT | PASSING
GRAVEL
-6 Res Wt On
64mm Sieve: 0.00 0.00 100.00
-5 Res Wt On
32mm Sieve: 0.00 0.00 100.00
-4 Res Wt On
16mm Sieve: 0.00 0.00 100.00
-3 Res Wt On
8mm Sieve: 0.00 0.00 100.00
-2 Res Wt On
4mm Sieve: 0.00 0.00 100.00
-1 Res Wt On
2mm Sieve: 0.00 0.00 100.00
GRAVEL WT RETAINED: 0.00
TOTAL WT <2mm: 32.61
SAND
SAND %
0 Res Wt On
1mm Sieve: 0.01 0.03 0.03 99.97
1 Res Wt On
500um Sieve: 0.01 0.03 0.03 99.94
2 Res Wt On
250um Sieve: 0.01 0.03 0.03 99.91
3 Res Wt On
125um Sieve: 0.02 0.06 0.06 99.85
4 Res Wt On
63um Sieve: 1.17 3.59 3.59 96.26
SAND WT RETAINED: 1.22
[TOTAL WT <d PHI: 31.39
SEDIGRAPH RESULTS
% TOTAL | % TOTAL
PHI SIZE: RETAINED % WEIGHT | PASSING
5.00 31.25um 13.60 13.09 83.17
6.00 15.63um 24.90 23.97 59.20
7.00 7.81um 12.10 11.65 47.55
8.00 3.91um 7.00 6.74 40.81
9.00 1.95um 4.40 424 36.58
10.00 0.98um 3.90 3.75 32.82
11.00 0.49um 6.00 5.78 27.05
TOTAL PERCENTAGES
% GRAVEL: 0.00
% SAND: 3.74
% SILT 59.68
% CLAY: 36.58
% F CLAY: 27.05
SIZE| % WEIGHT CUM %
64000mm| 0.00 100.00
32000um| 0.00 100.00 ®
16000 0.00 100.00 2
3000 0.00 100.00 s
4000 0.00 100.00 E
2000 0.00 100.00 3
1000 0.03 99.97
500 0.03 99.94
250 0.03 99.91
125 0.06 99.85
63 3.59 96.26
31.25 13.09 83.17
15.63 23.97 59.20 .
O PP DD D
7.81 11.65 47.55 Feh S ‘_b(_a«‘_b\(obrb\
391 6.74 40.81
1.95 4.24 36.58
0.98 3.75 32.82
0.49 5.78 27.05
SUM 59.19

Particle Size (um)

PO POSSLDS
© LS,
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SAMPLE STATISTICS
SAMPLE IDENTITY: 4549 UNIT F1U1 ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Bimodal, Poorly Sorted TEXTURAL GROUP: Mud
SEDIMENT NAME: Medium Silt

um [ GRAIN SIZE DISTRIBUTION

MODE 1: 11.72 6.500 GRAVEL: 0.0% COARSE SAND: 0.4%

MODE 2: 0.735 10.49 SAND: 3.5% MEDIUM SAND: 0.3%

MODE 3: MUD: 96.5% FINE SAND: 0.3%

Dio: 0.932 5.075 V FINE SAND: 1.3%

MEDIAN or D 9.202 6.764 V COARSE GRAVEL: 0.0% V COARSE SILT: 4.9%
Deo: 29.67 10.07 COARSE GRAVEL: 0.0% COARSE SILT: 20.9%
(Dgo / Dyo): 31.84 1.984 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 27.0%
(Do - Do): 28.74 4.993 FINE GRAVEL: 0.0% FINE SILT: 14.3%
(D75 / Dys): 6.019 1.447 V FINE GRAVEL: 0.0% V FINE SILT: 11.2%
(Dy5 - Das): 15.06 2.590 V COARSE SAND: 1.2% CLAY: 18.1%

METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pum pum ¢ pum ¢
MEAN (%) 35.63 7.629 7.034 7.113 7.135 Fine Silt

SORTING (o): 169.4 4.043 2.015 3.793 1.923 Poorly Sorted
SKEWNESS (Sk): 7.990 0.403 -0.403 -0.247 0.247 Fine Skewed

KURTOSIS (K): 67.49 4.487 4.487 0.986 0.986 Mesokurtic




SAMPLE STATISTICS

SAMPLE IDENTITY: 4547 UNIT FlU2a
SAMPLE TYPE: Trimodal, Very Poorly Sorted
SEDIMENT NAME: Very Fine Silty Sandy Medium Gravel

ANALYST & DATE: Adams, 16/01/2015
TEXTURAL GROUP: Muddy Sandy Gravel

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 12000.0 -3.500 GRAVEL: 62.7% COARSE SAND: 11.3%
MODE 2: 3000.0 -1.500 SAND: 26.9% MEDIUM SAND: 5.7%
MODE 3: 750.0 0.500 MUD: 10.4% FINE SAND: 1.5%
Dso: 33.25 -3.689 V FINE SAND: 1.8%
MEDIAN or D 3061.3 -1.614 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.4%
Deo: 12896.3 4.911 COARSE GRAVEL: 0.0% COARSE SILT: 1.1%
(Dgo / Dyg) 387.9 -1.331 MEDIUM GRAVEL: 32.1% MEDIUM SILT: 1.7%
(Dgg - D1o): 12863.1 8.600 FINE GRAVEL: 9.9% FINE SILT: 2.0%
(D75 / Dys) 13.27 -0.158 V FINE GRAVEL: 20.7% V FINE SILT: 2.1%
(D75 - Das) 8629.2 3.731 V COARSE SAND: 6.5% CLAY: 3.1%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pum pum ¢ pum ¢
MEAN (¥): 5279.9 1562.5 -0.644 2250.1 -1.170 Very Fine Gravel
SORTING (c): 4903.2 11.00 3.460 8.510 3.089 Very Poorly Sorted
SKEWNESS (Sk): 0.463 -1.638 1.638 -0.444 0.444 Very Fine Skewed
KURTOSIS (K ): 1.486 5.084 5.084 1.314 1.314 Leptokurtic




SAMPLE IDENTITY: 4548

UNIT

F1U2_b

SAMPLE TYPE: Trimodal, Very Poorly Sorted
SEDIMENT NAME: Fine Silty Sandy Very Fine Gravel

SAMPLE STATISTICS

ANALYST & DATE: Adams, 16/01/2015
TEXTURAL GROUP: Muddy Sandy Gravel

pm [ GRAIN SIZE DISTRIBUTION
MODE 1: 3000.0 -1.500 GRAVEL: 57.5% COARSE SAND: 10.2%
MODE 2: 12000.0 -3.500 SAND: 31.2% MEDIUM SAND: 6.6%
MODE 3: 750.0 0.500 MUD: 11.3% FINE SAND: 2.5%
D1o: 21.64 -3.193 V FINE SAND: 3.1%
MEDIAN or Dsy: 2331.2 -1.221 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.5%
Dgo: 9146.8 5.530 COARSE GRAVEL: 0.0% COARSE SILT: 1.5%
(Dgo / D1o): 422.6 -1.732 MEDIUM GRAVEL: 12.4% MEDIUM SILT: 2.1%
(Dgo - D1o): 9125.2 8.723 FINE GRAVEL: 11.3% FINE SILT: 2.1%
(D75 / Das): 7.019 -0.434 V FINE GRAVEL: 33.8% V FINE SILT: 2.0%
(D75 - Das): 33375 2.811 V COARSE SAND: 8.9% CLAY: 3.0%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmi Geometric Logarithmic Description
um um 3 pm ¢
MEAN (¥} 3420.5 1049.1 -0.069 1428.8 -0.515 Very Coarse Sand
SORTING (o): 3676.5 9.819 3.296 8.101 3.018 Very Poorly Sorted
SKEWNESS (Sk): 1.394 -1.586 1.586 -0.506 0.506 Very Fine Skewed
KURTOSIS (K): 3.889 4.932 4.932 1.692 1.692 Very Leptokurtic




SAMPLE STATISTICS
SAMPLE IDENTITY: 4550 UNIT F1U3 ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Bimodal, Poorly Sorted TEXTURAL GROUP: Mud
SEDIMENT NAME: Fine Silt

pm ¢ GRAIN SIZE DISTRIBUTION

MODE 1: 5.860 7.500 GRAVEL: 0.0% COARSE SAND: 0.0%

MODE 2: 94.00 3.494 SAND: 6.5% MEDIUM SAND: 0.3%

MODE 3: MUD: 93.5% FINE SAND: 0.5%

D1o: 1.363 4.964 V FINE SAND: 5.6%

MEDIAN or Dsy: 6.988 7.161 V COARSE GRAVEL: 0.0% V COARSE SILT: 3.7%
Dgo: 32.05 9.519 COARSE GRAVEL: 0.0% COARSE SILT: 12.6%
(Dgo / D1): 23.52 1.918 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 23.4%
(Dgo - D1o): 30.68 4.556 FINE GRAVEL: 0.0% FINE SILT: 23.9%
(D75 / Das): 4.648 1.364 V FINE GRAVEL: 0.0% V FINE SILT: 15.8%
(D75 - Das): 11.47 2.217 V COARSE SAND: 0.0% CLAY: 14.1%

METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
um um ¢ pm ¢
MEAN (¥) 17.77 7.123 7.133 6.948 7.169 Fine Silt

SORTING (o): 47.67 3.417 1.773 3.562 1.833 Poorly Sorted
SKEWNESS (Sk): 17.37 0.269 -0.269 0.027 -0.027 Symmetrical

KURTOSIS (K): 470.6 3.158 3.158 1.194 1.194 Leptokurtic




SAMPLE STATISTICS
SAMPLE IDENTITY: 4551 UNIT F2U2_a ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Unimodal, Very Poorly Sorted TEXTURAL GROUP: Muddy Sand
SEDIMENT NAME: Muddy Very Fine Sand

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 94.00 3.494 GRAVEL: 0.0% COARSE SAND: 0.0%
MODE 2: SAND: 70.3% MEDIUM SAND: 0.1%
MODE 3: MUD: 29.7% FINE SAND: 1.0%
Dio: 1.350 3.127 V FINE SAND: 69.3%
MEDIAN or D 77.03 3.698 V COARSE GRAVEL: 0.0% V COARSE SILT: 1.7%
Deo: 114.4 9.532 COARSE GRAVEL: 0.0% COARSE SILT: 2.9%
(Dgo / Dyo): 84.75 3.048 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 2.9%
(Do - Do): 113.1 6.405 FINE GRAVEL: 0.0% FINE SILT: 4.1%
(D75 / Dys): 6.476 1.807 V FINE GRAVEL: 0.0% V FINE SILT: 5.4%
(Dy5 - Das): 83.42 2.695 V COARSE SAND: 0.0% CLAY: 12.7%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pum pum ¢ pum ¢
MEAN (%) 69.62 33.05 4.919 29.08 5.104 Coarse Silt
SORTING (o): 42.82 5.437 2.443 5.279 2.400 Very Poorly Sorted
SKEWNESS (Sk): 0.072 -1.321 1.321 -0.818 0.818 Very Fine Skewed

KURTOSIS (K): 11.71 3.100 3.100 1.107 1.107 Mesokurtic




SAMPLE STATISTICS
SAMPLE IDENTITY: 4552 UNIT F2U2_b ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Bimodal, Poorly Sorted TEXTURAL GROUP: Mud
SEDIMENT NAME: Coarse Silt

pm ¢ GRAIN SIZE DISTRIBUTION
MODE 1: 23.44 5.500 GRAVEL: 0.0% COARSE SAND: 0.0%
MODE 2: 1.465 9.499 SAND: 3.5% MEDIUM SAND: 0.0%
MODE 3: MUD: 96.5% FINE SAND: 0.1%
Dy 1.328 4.645 V FINE SAND: 3.4%
MEDIAN or Ds: 11.26 6.473 V COARSE GRAVEL: 0.0% V COARSE SILT: 10.0%
Dgo: 39.97 9.556 COARSE GRAVEL: 0.0% COARSE SILT: 25.3%
(Dgo / Dyg): 30.10 2.057 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 23.5%
(Dgo - D1o): 38.64 4.912 FINE GRAVEL: 0.0% FINE SILT: 17.2%
(D75 / Das): 4.859 1.418 V FINE GRAVEL: 0.0% V FINE SILT: 6.5%
(D75 - Das): 18.15 2.281 V COARSE SAND: 0.0% CLAY: 13.9%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pm pm o pm o

MEAN (¥} 18.23 9.440 6.727 9.289 6.750 Medium Silt
SORTING (o): 21.20 3.385 1.759 3.541 1.824 Poorly Sorted

SKEWNESS (Sk): 4.029 -0.513 0.513 -0.236 0.236 Fine Skewed

KURTOSIS (K): 42.56 2.716 2.716 1.100 1.100 Mesokurtic




SAMPLE STATISTICS
SAMPLE IDENTITY: 4560 UNIT F2u3 ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Bimodal, Very Poorly Sorted TEXTURAL GROUP: Sandy Mud
SEDIMENT NAME: Very Fine Sandy Coarse Silt

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 94.00 3.494 GRAVEL: 0.0% COARSE SAND: 0.1%
MODE 2: 23.44 5.500 SAND: 49.1% MEDIUM SAND: 0.5%
MODE 3: MUD: 50.9% FINE SAND: 1.1%
Dio: 1.969 3.174 V FINE SAND: 47.4%
MEDIAN or D 57.46 4.121 V COARSE GRAVEL: 0.0% V COARSE SILT: 7.6%
Deo: 110.8 8.989 COARSE GRAVEL: 0.0% COARSE SILT: 9.9%
(Dgo / Dyo): 56.28 2.832 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 9.6%
(Do - Do): 108.8 5.815 FINE GRAVEL: 0.0% FINE SILT: 8.0%
(D75 / Dys): 10.50 1.973 V FINE GRAVEL: 0.0% V FINE SILT: 5.9%
(Dy5 - Das): 80.68 3.392 V COARSE SAND: 0.0% CLAY: 9.9%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pum pum ¢ pum ¢
MEAN (X) 56.86 25.34 5.303 28.48 5.134 Coarse Silt
SORTING (o): 53.76 4.837 2.274 4705 2.234 Very Poorly Sorted
SKEWNESS (Sk): 4711 -0.892 0.892 -0.675 0.675 Very Fine Skewed

KURTOSIS (K): 89.29 2.592 2.592 0.848 0.848 Platykurtic




SAMPLE IDENTITY: 4555

UNIT

SAMPLE STATISTICS

F3U2_a
SAMPLE TYPE: Unimodal, Very Poorly Sorted
SEDIMENT NAME: Very Fine Silty Sandy Very Fine Gravel

ANALYST & DATE: Adams, 16/01/2015
TEXTURAL GROUP: Muddy Sandy Gravel

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 3000.0 -1.500 GRAVEL: 62.5% COARSE SAND: 7.3%
MODE 2: SAND: 26.9% MEDIUM SAND: 6.7%
MODE 3: MUD: 10.6% FINE SAND: 1.9%
Dio: 29.19 -2.548 V FINE SAND: 2.7%
MEDIAN or D 2416.1 -1.273 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.4%
Deo: 5849.2 5.098 COARSE GRAVEL: 0.0% COARSE SILT: 1.3%
(Dgo / Dyo): 200.4 -2.001 MEDIUM GRAVEL: 4.6% MEDIUM SILT: 1.8%
(Do - Do): 5820.0 7.647 FINE GRAVEL: 12.0% FINE SILT: 1.8%
(D75 / Dys): 5.266 -0.320 V FINE GRAVEL: 46.0% V FINE SILT: 2.0%
(Dy5 - Das): 2853.0 2.397 V COARSE SAND: 8.2% CLAY: 3.2%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pum pum ¢ pum ¢
MEAN (¥) 2859.2 1054.4 -0.076 1392.6 -0.478 Very Coarse Sand
SORTING (o): 2669.8 8.832 3.143 6.306 2.657 Very Poorly Sorted
SKEWNESS (Sk): 1.762 -1.866 1.866 -0.650 0.650 Very Fine Skewed
KURTOSIS (K): 6.823 5.791 5.791 1.889 1.889 Very Leptokurtic




SAMPLE IDENTITY: 4556

SAMPLE STATISTICS

UNIT F3U2_b

SAMPLE TYPE: Unimodal, Very Poorly Sorted
SEDIMENT NAME: Very Fine Silty Sandy Very Fine Gravel

ANALYST & DATE: Adams, 16/01/2015
TEXTURAL GROUP: Muddy Sandy Gravel

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 3000.0 -1.500 GRAVEL: 61.9% COARSE SAND: 5.3%
MODE 2: SAND: 25.1% MEDIUM SAND: 4.9%
MODE 3: MUD: 13.0% FINE SAND: 2.3%
Dio: 12.35 -2.728 V FINE SAND: 2.8%
MEDIAN or D 2429.1 -1.280 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.5%
Deo: 6626.4 6.339 COARSE GRAVEL: 2.9% COARSE SILT: 1.7%
(Dgo / Dyo): 536.5 -2.324 MEDIUM GRAVEL: 3.6% MEDIUM SILT: 2.3%
(Do - Do): 6614.0 9.067 FINE GRAVEL: 13.0% FINE SILT: 2.5%
(D75 / Dys): 5.643 -0.336 V FINE GRAVEL: 42.5% V FINE SILT: 2.6%
(Dy5 - Das): 3005.5 2.497 V COARSE SAND: 9.7% CLAY: 3.4%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
um um ¢ um ¢
MEAN (¥) 3386.9 998.1 0.003 1158.4 -0.212 Very Coarse Sand
SORTING (o): 4361.9 10.68 3.416 8.454 3.080 Very Poorly Sorted
SKEWNESS (Sk): 3.223 -1.603 1.603 -0.629 0.629 Very Fine Skewed
KURTOSIS (K): 14.99 4711 4.711 1.935 1.935 Very Leptokurtic




SAMPLE IDENTITY: 4553

SEDIMENT NAME: Very Fine Sandy Coarse Silt

UNIT

SAMPLE STATISTICS

F3U3_a
SAMPLE TYPE: Unimodal, Poorly Sorted

ANALYST & DATE: Adams, 16/01/2015
TEXTURAL GROUP: Sandy Mud

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 23.44 5.500 GRAVEL: 0.0% COARSE SAND: 0.0%
MODE 2: SAND: 13.2% MEDIUM SAND: 0.0%
MODE 3: MUD: 86.8% FINE SAND: 0.3%
Dio: 2.258 3.752 V FINE SAND: 12.8%
MEDIAN or D 15.19 6.040 V COARSE GRAVEL: 0.0% V COARSE SILT: 13.4%
Deo: 74.21 8.791 COARSE GRAVEL: 0.0% COARSE SILT: 22.6%
(Dgo / Dyo): 32.86 2.343 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 20.6%
(Do - Do): 71.95 5.038 FINE GRAVEL: 0.0% FINE SILT: 14.2%
(D75 / Dys): 5.582 1.508 V FINE GRAVEL: 0.0% V FINE SILT: 7.6%
(Dy5 - Das): 27.78 2.481 V COARSE SAND: 0.0% CLAY: 8.4%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
um um ¢ um ¢

MEAN (X) 28.66 13.81 6.179 14.75 6.083 Medium Silt
SORTING (o): 44.72 3.516 1.814 3.713 1.893 Poorly Sorted
SKEWNESS (Sk): 16.13 -0.345 0.345 -0.088 0.088 Symmetrical
KURTOSIS (K): 484.3 2.653 2.653 1.032 1.032 Mesokurtic




SAMPLE STATISTICS
SAMPLE IDENTITY: 4554 UNIT F3U3_b ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Unimodal, Very Poorly Sorted TEXTURAL GROUP: Muddy Sand
SEDIMENT NAME: Muddy Very Fine Sand

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 94.00 3.494 GRAVEL: 0.0% COARSE SAND: 0.2%
MODE 2: SAND: 68.5% MEDIUM SAND: 0.2%
MODE 3: MUD: 31.5% FINE SAND: 1.2%
Dio: 1.652 3.119 V FINE SAND: 66.6%
MEDIAN or D 76.22 3.714 V COARSE GRAVEL: 0.0% V COARSE SILT: 4.1%
Deo: 115.1 9.241 COARSE GRAVEL: 0.0% COARSE SILT: 2.2%
(Dgo / Dyo): 69.64 2.963 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 4.4%
(Do - Do): 113.4 6.122 FINE GRAVEL: 0.0% FINE SILT: 3.9%
(D75 / Dys): 6.454 1.805 V FINE GRAVEL: 0.0% V FINE SILT: 5.6%
(Dy5 - Das): 83.33 2.690 V COARSE SAND: 0.3% CLAY: 11.2%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
pum pum ¢ pum ¢
MEAN (%) 75.48 34.70 4.849 30.78 5.022 Coarse Silt
SORTING (o): 96.36 5.198 2.378 4.975 2.315 Very Poorly Sorted
SKEWNESS (Sk): 10.78 -1.283 1.283 -0.804 0.804 Very Fine Skewed

KURTOSIS (K): 153.7 3.270 3.270 1.087 1.087 Mesokurtic




SAMPLE STATISTICS
SAMPLE IDENTITY: 4557 UNIT F4u3 ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Bimodal, Poorly Sorted TEXTURAL GROUP: Mud
SEDIMENT NAME: Coarse Silt

pm ¢ GRAIN SIZE DISTRIBUTION

MODE 1: 23.44 5.500 GRAVEL: 0.0% COARSE SAND: 0.0%

MODE 2: 0.735 10.49 SAND: 0.9% MEDIUM SAND: 0.0%

MODE 3: MUD: 99.1% FINE SAND: 0.0%

D1o: 1.533 4.840 V FINE SAND: 0.9%
MEDIAN or Dsy: 12.98 6.268 V COARSE GRAVEL: 0.0% V COARSE SILT: 10.8%
Dgo: 34.91 9.350 COARSE GRAVEL: 0.0% COARSE SILT: 31.8%
(Dgo / D1): 22.78 1.932 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 24.0%
(Dgo - D1o): 33.38 4.510 FINE GRAVEL: 0.0% FINE SILT: 12.1%

(D75 / Das): 4.580 1.405 V FINE GRAVEL: 0.0% V FINE SILT: 8.3%
(D75 - Das): 18.30 2.195 V COARSE SAND: 0.0% CLAY: 12.1%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
um um ¢ pm ¢
MEAN (¥) 17.30 9.975 6.647 10.01 6.642 Medium Silt
SORTING (o): 15.41 3.176 1.667 3.313 1.728 Poorly Sorted
SKEWNESS (Sk): 2.032 -0.789 0.789 -0.340 0.340 Very Fine Skewed

KURTOSIS (K): 12.60 2.885 2.885 1.085 1.085 Mesokurtic




SAMPLE STATISTICS

SAMPLE IDENTITY: 4558 UNIT F5U3 ANALYST & DATE: Adams, 16/01/2015
SAMPLE TYPE: Bimodal, Very Poorly Sorted TEXTURAL GROUP: Gravelly Sand
SEDIMENT NAME: Very Fine Gravelly Coarse Sand
pm [ GRAIN SIZE DISTRIBUTION
MODE 1: 750.0 0.500 GRAVEL: 20.5% COARSE SAND: 24.8%
MODE 2: 94.00 3.494 SAND: 73.9% MEDIUM SAND: 21.8%
MODE 3: MUD: 5.6% FINE SAND: 5.4%
Dio: 103.9 -2.437 V FINE SAND: 6.0%
MEDIAN or Dsg: 683.6 0.549 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.5%
Dgo: 5416.9 3.267 COARSE GRAVEL: 0.0% COARSE SILT: 0.7%
(Dgo / D1o): 52.14 -1.340 MEDIUM GRAVEL: 6.3% MEDIUM SILT: 0.8%
(Dgo - D1o): 5313.0 5.704 FINE GRAVEL: 6.5% FINE SILT: 1.0%
(D75 / Das): 5.102 -2.282 V FINE GRAVEL: 7.6% V FINE SILT: 1.0%
(D75 - Das): 1321.0 2.351 V COARSE SAND: 15.9% CLAY: 1.7%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
um um ¢ pm ¢
MEAN (X) 1902.3 634.7 0.656 765.9 0.385 Coarse Sand
SORTING (o): 3009.2 5.622 2.491 4.671 2.224 Very Poorly Sorted
SKEWNESS (Sk): 2478 -1.219 1.219 0.010 -0.010 Symmetrical

KURTOSIS (K): 8.284 6.162 6.162 1.470 1.470 Leptokurtic




SAMPLE IDENTITY: 4559

UNIT FeU4
SAMPLE TYPE: Bimodal, Poorly Sorted
SEDIMENT NAME: Coarse Silt

SAMPLE STATISTICS

ANALYST & DATE: Adams, 16/01/2015

TEXTURAL GROUP: Mud

um [ GRAIN SIZE DISTRIBUTION
MODE 1: 23.44 5.500 GRAVEL: 0.0% COARSE SAND: 0.0%
MODE 2: 0.735 10.49 SAND: 5.3% MEDIUM SAND: 0.0%
MODE 3: MUD: 94.7% FINE SAND: 0.1%
Dio: 1.294 4.263 V FINE SAND: 5.1%
MEDIAN or D 17.71 5.819 V COARSE GRAVEL: 0.0% V COARSE SILT: 17.7%
Deo 52.07 9.594 COARSE GRAVEL: 0.0% COARSE SILT: 32.9%
(Deo / Do) 40.23 2.250 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 16.0%
(Dgo - D1o) 50.78 5.330 FINE GRAVEL: 0.0% FINE SILT: 9.3%
(D75 / Das) 4.850 1.450 V FINE GRAVEL: 0.0% V FINE SILT: 5.8%
(D5 - Das) 23.82 2.278 V COARSE SAND: 0.0% CLAY: 13.1%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic Geometric Logarithmic Description
um um ¢ um ¢
MEAN (¥) 24.73 12.41 6.332 12.65 6.305 Medium Silt
SORTING (o): 40.88 3.709 1.891 3.845 1.943 Poorly Sorted
SKEWNESS (Sk): 22.15 -0.791 0.791 -0.397 0.397 Very Fine Skewed

KURTOSIS (K): 741.1 2.938 2.938 1.152 1.152 Leptokurtic




