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Itinerary
08:30

Depart from Imperial College London (front entrance of Royal
School of Mines building)

10:00 – 12:00

Runfold South Quarry

12:00 – 13:00

Pub lunch at Princess Royal

14:00 – 15:30

West Heath Quarry

17:00

Return to Imperial College London (front entrance of Royal
School of Mines building)

Field safety
Please monitor the weather forecasts and dress appropriately - it can be cold
even on sunny winter days. The localities are in working quarries, so we will
need to wear reflective jackets and hard hats (which can be loaned to fieldtrip
participants by the leaders). You are also advised to wear walking boots with
good grip. We will visit the quarries on condition that we meet the
requirements of the quarry operators' public indemnity insurance and health
and safety protocols. Fieldtrip participants may need to sign indemnity waiver
forms, and are advised to check that their university or employer's insurance
policy provides accident cover for the fieldtrip. For safety reasons, the number
of fieldtrip participants is limited to a maximum of 25.
Please read carefully though the risk assessments on the following three
pages.

Nature of hazard

Describe worst
outcome

Likelihood of
Risk rating
occurrence

Risk mitigation measures

Person
responsible

Postmitigation Residual
likelihood of risk rating
occurrence

Transport
Vehicle condition

Driving on roads

Fatality or
serious multiple
injuries
Fatality or
serious multiple
injuries

Low

Moderate

Specify coach/minibus condition to
supplier; inspect all vehicles prior to
fieldwork

Martin Wells /
Gary Hampson

Low

Low

Low

High

Adhere to safe driving policy

Martin Wells /
Gary Hampson

Low

Moderate

Wear appropriate PPE; pre-site site
visit risk assessments and briefing

Field Trip Leaders
All Delegates

Low

Low

Activities Assocoated
w/ trip
Walking around quarries

Lost work day

Moderate

Moderate

Quarry traffic (Heavy
Goods Vehicles &
Excavatotrs)

Fatality or
serious multiple
injuries

Low

High

Wear appropriate PPE; quarry
managers have agreed to keep
Field Trip Leaders
machinery away from the group whilst
All Delegates
we are in the quarries

Low

Moderate

Low

High

Identify and remain within safe work Field Trip Leaders
areas
All Delegates

Low

Moderate

Fatality or
Working close to quarry
serious multiple
faces
injuries
Environment
Terrain

Lost work day

Low

Moderate

Indiviudal site HSE briefings and site Field Trip Leaders
risk assessments
All Delegates

Low

Low

Weather

Lost work day

Moderate

Moderate

High likelihood of cold, wet weather Field Trip Leaders
wear appropriate warm, waterproof
All Delegates
clothing

Low

Low

Communications

Medical
treatment/1st aid

Low

Low

Field Trip Leaders
All Delegates

Low

Low

Lost procedure

Medical
treatment/1st aid

Low

Low

Group to stay together in eyesight at all Field Trip Leaders
times
All Delegates

Low

Low

Low

Moderate

Sand is poorly consolidated, quarry
faces could become unstable in wet Field Trip Leaders
weather. Helmets worn, dynamic risk
All Delegates
assessment and outcrop assessment

Low

Low

Low

Moderate

Helmets worn, dynamic risk
Field Trip Leaders
assessment and outcrop assessment
All Delegates

Low

Low

Security
Good mobile phone reception at all
localities

Outcrop behavior

Landslip (quarry faces)

Fatality or
serious multiple
injuries

1

OUTCROP/SITE RISK ASSESSMENT
Runfold South Quarry

SITE NAME
TRIP
Assessor(s):
Date of Assessment:
ITEM

VEHICLE ACCESS

4th November 2011

Permissions
Lock Combination
Road Conditions
Type Vehicle
Weather Limits
Railroads
Traffic

WATER HAZARDS

Martin Wells
LAT LONG OR GPS COORDINATES

Potential Hazards

Parking
Gradient
Other
Hike to Outcrop
Approach
Height of Outcrop
Lithology
OUTCROP

Trip Date(s)
December 21st,
2011
ELEVATION

BSRG Greensand fieldtrip

Comments
None required
N/A
Good, all paved roads
30-seat coach
Severe weather/floods
None
Low/Moderate (could be busy around
Guildford)
Safe offroad
low

Hazard Mitigation Measures

80m AMSL
Person Responsible

Adhere to BP Driving Standard policy
Check vehicle condition
Check weather forecast

Trip leaders
Trip leaders
Trip leaders

Adhere to BP Driving Standard policy

Trip leaders

Adhere to BP Driving Standard policy

Trip leaders

Wear appropriate PPE
Wear appropriate PPE
Wear appropriate PPE

Participants
Participants
Participants

Wear appropriate PPE, do not enter quarry if site
manager is unhappy about ground conditions

Trip leaders /
participants

Unlikely

Wear appropriate clothing

Participants

Low

Check weather forecast, do not enter quarry is site
manager is unhappy about ground conditions

Trip leaders

Moderate

Check weather forecast, do not enter quarry is site
manager is unhappy about ground conditions

Trip leaders

Site is generally well sheltered from winds

Wear appropriate clothing

Participants

Minimal
Flat but locally uneven
50m
Partially lithified sandstone

Stability

Good, may deteriorate in very wet weather

Wildlife
Vegetation
Other
Lagoons/Ponds
Rivers
Wave Height at Cliffs
Tides
Arroyos/flash floods
Other
Exposure to Sun & Heat

Minimal
Minimal
None
None
None
None
None

Flood Potential
WEATHER
Snow/Ice restrictions
Wind exposure
Other

51.2196°N, 0.7637°W

COVERAGE
Good mobile phone reception
Not required
Sturdy walking boots or Wellington boots, helmet with chin strap, flourescent vest
REQUIRED PPE
Wear required PPE at all times. Observe safety briefing given by quarry manager upon arrival including out of bounds areas. Heavy machinery will
Safe Work Practices and Out of be kept away from the group, but maintain awareness and remain a safe distance away, especially on the track between the quarry entrance and the
Bounds areas
quarry faces to be examined. Do not climb any distance up the quarry faces. Trowels may be used to clean up the quarry faces, but take care not to
undermine or destabilise any slopes.
UK emergency services: 999
Emergency Response
NHS Direct (UK 24hrs): 0845 4647
Organization(s) to call in an
emergency
International SOS: +44 (0)20 8762 8008
Address
Phone
Hours
Nearest Emergency Medical
Royal
Surrey
County
Hospital (NHS)
Facility
01483 571122
24hrs
Egerton Road, Guildford, Surrey, GU2 7XX
COMMUNICATIONS

No Go Conditions
Driving Directions

Mobile Phones
Satellite Phone

Heavy rain leading to flooding in the quarry. Heavy snow and/or ice leading to slippery conditions in the quarry.
Take the A3 towards Portsmouth and leave at the A31 (Farnham Road) junction. Follow the A31 along the Hog's Back. The easiest route to the
quarry is to circle the Shepherd and Flock roundabout, near Farnham and return towards London on the A31. Take the first slip-road and turn right at
the top, crossing the bridge over the A31 (St. Georges Road). Turn right at the T-junction with Guildford Road, the quarry is the second turning on
the left.

OUTCROP/SITE RISK ASSESSMENT
SITE NAME

West Heath Quarry

TRIP
Assessor(s):
Date of Assessment:
ITEM

VEHICLE ACCESS

OUTCROP

Martin Wells
4th November 2011

LAT LONG OR GPS COORDINATES

Potential Hazards
Permissions
Lock Combination
Road Conditions
Type Vehicle
Weather Limits
Railroads

Comments
None required
N/A
Good, all paved roads
30-seat coach
Severe weather/floods
None

Low/Moderate (could be busy around Guildford) Adhere to BP Driving Standard policy

Trip leaders

Parking
Gradient
Other
Hike to Outcrop
Approach
Height of Outcrop
Lithology

Safe offroad
low

Adhere to BP Driving Standard policy

Trip leaders

Wear appropriate PPE
Wear appropriate PPE
Wear appropriate PPE

Participants
Participants
Participants

Wear appropriate PPE, do not enter quarry if site
manager is unhappy about ground conditions

Trip leaders /
participants

Stay well away of these areas which will be made
clear in the quarry manager's safety brief

Trip leaders /
participants

Unlikely

Wear appropriate clothing

Participants

Low

Check weather forecast, do not enter quarry if site
manager is unhappy about ground conditions

Trip leaders

Moderate

Check weather forecast, do not enter quarry if site
manager is unhappy about ground conditions

Trip leaders

Minimal
Flat but locally uneven
50m (2.5m benches)
Partially lithified sandstone
Good, many benches are netted to prevent
loose sand from falling. Stability may
deteriorate in very wet weather
Minimal
Minimal

Stability

Rivers
Wave Height at Cliffs
Tides
Arroyos/flash floods
Other
Exposure to Sun & Heat

WEATHER

Excavation to 8m below the water table is
occuring in some areas of the quarry forming
deep ponds
None
N/A
N/A
None

Snow/Ice restrictions

Wind exposure
Other
Mobile Phones
Satellite Phone

REQUIRED PPE

No Go Conditions
Driving Directions

Site is quite exposed and dry fine-grained sand
Wear appropriate clothing to combat windchill, wear
Participants
can become airborne in windy weather leading
safety goggles to protect from windblown sand
to eye irritation
COVERAGE
Good mobile phone reception
Not required
Sturdy walking boots or Wellington boots, helmet with chin strap, flourescent vest, safety goggles

Wear required PPE at all times. Observe safety briefing given by quarry manager upon arrival including out of bounds areas. Heavy machinery will
be kept away from the group, but maintain awareness and remain a safe distance away, especially on the track between the quarry entrance and the
quarry faces to be examined. Do not climb any distance up the quarry faces. Trowels may be used to clean up the quarry faces, but take care not to
undermine or destabilise any slopes.

Emergency Response
Organization(s) to call in an
emergency
Nearest Emergency Medical
Facility

Person Responsible

Traffic

Flood Potential

Safe Work Practices and Out of
Bounds areas

Hazard Mitigation Measures

Trip leaders
Trip leaders
Trip leaders

Lagoons/Ponds

COMMUNICATIONS

51.001°N, 0.8841°W

Adhere to BP Driving Standard policy
Check vehicle condition
Check weather forecast

Wildlife
Vegetation
Other

WATER HAZARDS

Trip Date(s)
December 21st,
2011
ELEVATION
60m AMSL

BSRG Greensand fieldtrip

Phone
01243 788122

UK emergency services: 999
NHS Direct (UK 24hrs): 0845 4647
International SOS: +44 (0)20 8762 8008
Hours

Address

St Richard's Hospital A&E (NHS):
Spitalfield Lane, Chichester, West Sussex, PO19 6SE
Heavy rain leading to flooding in the quarry. Heavy snow and/or ice leading to slippery conditions in the quarry.
24hrs

Take the A3 towards Portsmouth and leave at the A272 towards Petersfield. Continue on the A272, turninf right at the roundabout and right at the Tjunction off of London Road. The road to the quarry is a rather narrow lane on the right just past a white house with vans outside in a courtyard. The
quarry is just under 1km along the road, on the left.

1) Introduction
High global sea-level during the Cretaceous created many shallow epicontinental seas across the globe
(Fig. 1). During the mid-Cretaceous (Aptian-Albian) transgression areas of southeastern England and
northern France were flooded forming a seaway (the “lower Greensand Seaway”) which connected the
Boreal, Atlantic and Tethys oceans. The Lower Greensand Group deposited during this transgression
contains spectacular tidal deposits (Allen, 1982; Bridges, 1982; Johnson and Levell, 1995; Wonham and
Elliott, 1996). In southeastern England the Lower Greensand is extensively quarried as a building
material due to its semi-consolidated nature. This provides excellent quality, continuously changing,
three-dimensional exposures which will be studied on this fieldtrip.

Fig. 1 (A) Late Jurassic to Upper Cretaceous timescale. (B) Global Aptian-Albian palaeogeography; PAO, protoAtlantic Ocean. (C) Aptian-Albian palaeogeography of northwestern Eurasia showing the location of the ‘Lower
Greensand Seaway’ (hatched pattern). Significant uplifts are shaded dark grey, and shallow-water seas (<200 m) are
shaded light grey in (B) and (C). (D) Location of major basins and intervening highs in the Lower Greensand Seaway
region (from Wells 2008).

This fieldguide commences with a brief review of bedform scale diagnostic tidal sedimentary structures
before the Lower Greensand in the Weald Basin and the localities to be visited are described in more
detail.

2) Tides and tidal deposits
The gravitational pull of the celestial bodies, principally the Moon and the Sun, distorts the surface of
oceans, seas, and lakes. As the Earth rotates under this distortion, the sea surface periodically rises and
falls, leading to the tides. Rotation of the Earth-Moon-Sun system, together with declination and distance
variations, and local bathymetry effects leads to a complex system, whereby the height of successive
high and low tides is seldom of equal magnitude. However, crucially these changes are periodic and lead
to predictable fluctuations in current speed and direction. Therefore, at the outcrop/locality scale, the
most convincing sedimentary evidence for tidal influence usually comes from systematic thickness
changes in inter-laminated sand and mud. Examples include double mud drapes (Fig. 2), cyclic tidal
rhymites (Fig. 2), herringbone cross-stratification (Fig. 3A), reactivation surfaces (Fig. 3C) and lenticular,
wavy and flaser bedding (Fig. 4).

Fig. 2 Formation of cyclic tidal rhythmites due to flow velocity variation over a range of time scales. (A) The shortest
duration cycle between flow and slack water with a period of half a tidal cycle. (B) Dominant-subordinate current
(flood-ebb inequality) over one tidal cycle. (C) Dominant-subordinate tide (diurnal inequality) over two tidal cycles. (D)
Synodic spring-neap cyclicity over 28 tidal cycles. Note how all of the lower-order cycles are present in the springneap cycle (from Wells, 2008)

Fig. 3 Formation of tidal cross-stratification. (A) Herringbone cross-stratification. Sand-mud couplets vary in spacing
and thickness along a given set due to tidal cyclicity (e.g. spring-neap). The dominant-subordinate current direction
remains the same within a given set; i.e. it migrates in one direction. Vertically adjacent may sets exhibit bi-polar, or
bi-directional migration due to a spatially and temporally changing dominant-subordinate current directions. (B)
Graphical representation of the dominant-subordinate current inequality. (C) Formation of reactivation surfaces. (1)
Dominant current stage with dune migration. (2) First slack water with deposition of a mud drape on the dune
surface. (3) Subordinate current stage, the subordinate current is too weak to cause dune migration in the opposite
direction to the dominant current, but it is strong enough to partially erode the previous mud drape and dune sand
creating a “reactivation surface”. The subordinate current may also generate some sand ripples near the base of the
o
dune. These ripples will display cross-sets orientated at 180 to the main dune cross-sets. (4) Second slack water
with deposition of a further mud drape (from Wells, 2008 after Nio & Yang, 1991; Reading and Collinson, 1996).

Fig. 4 Diagram explaining the
formation of lenticular, wavy,
and flaser bedding over one
tidal cycle assuming equal and
opposite tidal currents (from
Wells, 2008).

3) Lower Greensand of the Weald Basin
The Folkestone Sands Formation of the Lower Greensand Group in the Weald Basin comprises crossbedded sands with abundant evidence of tidal influence including mud-drapes and reactivation surfaces.
Palaeocurrents are predominantly towards the southeast, although bi-directional foreset dips are
recorded in places (Fig. 5; Narayan, 1971; Allen, 1982).

Fig. 5 The Lower Greensand Group of the Weald Basin. (A) Location of the Weald Basin (see also Fig. 1D). (B) The
Lower Greensand Group outcrop belt in the Weald Basin (grey shading). Arrows indicate palaeocurrent directions
(present-day coordinates). (C) Lithostratigraphic correlation of the Lower Greensand Group of the Weald Basin. The
location of the sections is given in (B). The localities visited on this fieldtrip are in the Folkstone Sands Formation at
Farnham and near Petworth. Data from Narayan (1971) and Bridges (1982).

In the western Weald, where the localities visited on the fieldtrip are located (Fig. 5), the Folkestone
Sands Formation is split into three parts. A thin, ferruginous, pebbly quartz sand occurs at the base,
overlain by rose-pink to white sands (‘silver sands’), with a thick unit of ferruginous, and locally pebbly
sands at the top (Allen, 1982).
The ‘silver sands’ are very-fine- to fine-grained quartz sands with sub-metre-scale cross-beds;
parallel-laminations infilling broad, shallow scours; and cross-laminations associated with wave and
unidirectional-current ripples (Allen, 1982). Mud drapes and seams are common, ranging from thin
(millimetre-scale) drapes on cross-bed foresets and toesets to thick (centimetre-scale) mud seams
extending over planar surfaces for hundreds of metres (Allen, 1982). Mud clasts are often associated with
the cross-bed sets and the parallel-laminated and rippled sands may be intensely bioturbated.
The upper ‘ferruginous sands’ are coarse-grained quartz sands dominated by cross-bedding, often in
compound sets (Allen, 1982). Where the sets can be traced along dip, they may extend laterally for up to
150 m with largely planar lower erosion surfaces defining broad down-cutting scoops (Allen, 1982). The
foresets are reverse graded (implying emplacement by avalanching) and either rest acutely on the basal
erosion surface, or pass downwards and laterally into long, tangential toesets, which may form as much
as one-third to one-half of the total set thickness (Allen, 1982). When present, mud occurs as frequently

spaced, thin (millimetre-scale) drapes smothering rippled (sometimes counter-current) toesets or
extending up onto foreset surfaces. Reactivation surfaces are common and cross-sets often stack to form
compound sets up to 15 m thick (Allen, 1982). Bioturbation is generally less common than in the ‘silver
sands’.
Careful analysis of frequently spaced mud drapes on foresets in both the ‘silver sands’ and ‘ferruginous
sands’ reveals a spring-neap tidal cyclicity in a diurnal (once daily) tidal system (Allen, 1981a,b, 1982).
Mud drapes typically have a sandy parting, defined as a layer thinner than the adjacent mud drapes.
These partings may only be a few grains of sand thick, and where they are slightly thicker they
occasionally form lenses with internal cross-lamination resembling ripple marks (Allen, 1982). This is an
important observation since it reveals that the deposits were entirely subtidal (inasmuch as flood and ebb
current deposits are preserved) and that the currents were highly asymmetric (cf. Fig. 3). The dominant
current was responsible for the migration of dunes, typically towards the southeast (i.e. ebb orientated).
The subordinate current (flood) was only capable of minor sand transport, forming counter-current ripples
at most.
Given the paucity of evidence of channelised erosion surfaces and exposure surfaces, the laterally
extensive, compound cross-bedded sands with a shallow-marine ichnofauna are interpreted as
sandwaves formed in a shallow sea (Allen, 1982; Bridges, 1982). The strongly asymmetric nature of the
tidal current is interpreted to reflect the presence of a substantial (non-tidal) one-way current towards the
southeast (Allen, 1982).

Fig. 6 Spring-neap tidal bundles in the Folkestone Sands Formation. (A) Schematic drawing showing the key
features of cross-bedding with mud drapes in the Folkestone Sands Formation. (B) Plot of mud drape spacing and
development vs. ‘episode’ number for a cross set measured at Pendean Sand quarry, West Sussex. See Fig. 7 for
location (after Allen, 1982).

4) Locality descriptions
Note, the locality descriptions herein were made in 2007 and due to the nature of active quarrying the
locations have changed in the intervening years. Although now out of date, the descriptions provide
context of the types of features observable in the two localities to be visited.

Fig. 7 Location of 5 Lower Greensand outcrops described by Wells (2008). Runfold South and West Heath will be
visited on this fieldtrip.

4.1) Runfold South quarry, Surrey (OS grid reference: SU870475)
Address: Runfold South sand quarry, SITA, Guildford Road, Farnham, Surrey, GU10 1PB, Tel: 01252
782255
Directions (from London): Take the A3 towards Portsmouth and leave at the A31 (Farnham Road)
junction. Follow the A31 along the Hogs Back. The easiest route to the quarry is to circle the Shepherd
and Flock roundabout, near Farnham and return towards London on the A31. Take the first slip-road, and
turn right at the top, crossing the bridge over the A31 (St. Georges Road). Turn right at the T-junction with
Guilford Road, the quarry is the second turning on the left (Fig. 7C).
Description
Due to a slight (<10°) northwesterly dip of bedding, stratigraphically lower units are exposed at the
southern end of the quarry (Fig. 8), and stratigraphically higher units at the northern end.
The lowest stratigraphic unit exposed in the south of the quarry consists of approximately 8 m of finegrained, locally ferruginous sandstone with metre-scale trough cross-beds (Figs. 8 & 9). The three
dimensional quarry face exposures indicate that the foresets dip (and therefore the palaeocurrent
direction was) predominantly towards the southeast (Fig. 8). The cross-sets have abundant mud drapes
and mud clasts along the foresets and topsets are occasionally preserved (Fig. 9). One 0.5 m thick crossset was observed to contain a reactivation surface (cf. Fig. 3) comprising a double mud drape with a thin
rippled layer in between (Fig. 9). On the foreset of the larger dune, the ripple foresets dip in the opposite
direction to the dune, whilst in the toeset the ripple foresets dip in the same direction as the dune.
Additional observations include sand-filled, mud-lined vertical burrows (Skolithos and Ophiomorpha) up to
15 cm long, scattered <1 cm sized mud clasts, laterally continuous packages of wavy bedding and cmscale ferruginised wood fragments with a Teredolites (bored) ichnofacies.
This unit is overlain by 6.5 of coarse-grained sandstone comprising one, tangential cross-set package.
The boundary between this unit and that below is planar on the scale of the quarry and grades through
0.5 m of interbedded (10 cm scale) coarse- and fine-grained sandstones. There are occasional mud
drapes on the foresets of the large-scale dune above, but there is less mud than in the lower, finergrained stratigraphic unit. The three-dimensional exposures given by the quarry faces show that the
foresets dip (and therefore the palaeocurrent direction was) towards the southeast.
The remainder of the exposure in the quarry (approximately 10 m) consists of highly ferruginous mediumto coarse-grained sands with metre-scale trough cross bedding.
Interpretation
The stratigraphically lowest unit belongs to the ‘silver sands’ (Allen, 1982). The presence of Skolithos &
Ophiomorpha together with cross-sets with reactivation surfaces and double mud drapes suggest a tideinfluenced shallow marine, entirely sub-tidal depositional setting. The sandstones are interpreted to have
been deposited by the migration of metre-scale dunes under an approximately southeast-flowing
palaeocurrent. The dune surfaces were superimposed with smaller-scale ripples, some of which show
there was a subordinate, opposed palaeocurrent. Given the location of the reverse-flow ripples on the
upper part of the foreset of the larger dune, they may have been formed by flow separation over the crest
of the dune and back-flow. However, their association with a double mud drape suggests tidal influence.
The dune field was probably covered with smaller ripples and mud drapes were deposited during periods
of slack water. Renewed flow after mud drape deposition occasionally broke up the mud drapes, forming
mud clasts scattered over the dune and in the troughs between dunes. The presence or bored wood
fragments suggests periodic storm influence.
The medium- to coarse-grained, trough cross-bedded sand which makes up the upper part of the quarry
exposure belong to the upper ‘ferruginous sands’ (Allen, 1982) and indicate a much higher energy
environment. The dominant palaeocurrent direction remains towards the southeast. The scale of the
cross-bedding (especially at the base, where it reaches 6.5 m) indicates that the bedforms were perhaps
-1
up to 10 m in height. A current velocity of approximately 60 cms is required to form sandwaves, or
megaripples in coarse-grained sand (Reineck and Singh, 1980) suggesting significant currents were
present at this location. Thus it is hardly surprising that fewer mud drapes are preserved in this unit than
that below.

B

Fig. 8 Overview photopans of the southern end of Runfold South Pit B showing m-scale cross-bedded sandstones (A) looking North, (B) looking east.
Quarry face is approximately 8m high

A

Fig. 9 (A) Photopan, and (B) annotated line drawing of cross-bedding with mud drapes and mud chips at Runfold South quarry.

4.2) West Heath quarry, West Sussex (OS grid reference: SU784229)
Address: West Heath sand quarry, CEMEX UK Material Ltd., West Heath Common, West Harting, West
Sussex, GU31 5PF, Tel: 01730 821506
Directions (from London): Take the A3 southbound towards Portsmouth, then take the A272 towards
Petersfield. Continue on the A272, turning right at the roundabout and right at the T-junction off of London
Road. The road to the quarry is a rather narrow lane on the right between a white house with vans
outside on the right and Durlby Farm (pick-your-own) on the left. The Quarry is just under 1 km along the
road, on the left (Fig. 7E).
Description
The quarry extracts fine-grained, almost pure silica sand in a series of benches 2–3 m high (Fig. 10).
Many examples of laterally extensive, 30–50 cm high cross-beds with tangential foresets and mud drapes
are exposed in the numerous, easily accessible benches (Fig. 11). The foresets dip towards the
southeast, although the three dimensional control is not as good as at Runfold South. There are rare,
small (2–5 cm thick) ripple cross-sets with foresets dipping to the northwest. Mud drapes are typically
confined to the lower portions of the foresets and to the heterolithic toesets (Figs. 11 & 12). However, at
fairly regular intervals several mud drapes extend towards the top of the preserved foresets (Fig. 11).
Closer examination of the toesets reveals wavy bedding with a rhythmic alternation in the sand/mud ratio
and spacing between adjacent mud drapes (Fig. 12). Compacted, ferruginised wood fragments ranging in
size up to logs 10 cm wide and at least 25 cm long are also observed (Fig. 13).
Interpretation
The deposits exposed in the West Heath Quarry belong to the ‘Silver Sands’ (Allen, 1982). The grain size
and scale of cross-bedding is similar to the lowest stratigraphic unit observed at Runfold South quarry
and a similar depositional environment is interpreted. However, the mud drapes are typically more
frequent than at Runfold South and arranged into rhythmic ‘bundles’. The rhythmic change in drape
spacing is indicative of a tidal origin and may reflect spring-neap cyclicity (compare Figs. 2 and 3 with
Figs. 11 and 12). Spring-neap tidal bundles with a diurnal character have been reported from this quarry
previously (Allen, 1982). Obviously, given that Allen (1982)’s study was conducted some 30 years ago
and that quarry exposures are constantly changing (Fig. 10), the previous observations were probably
from a different area of the quarry (and possibly a different stratigraphic level) to those shown here.
However, the observation of possible spring-neap tidal bundles in present-day exposures suggests that
some combination of factors led to an enhanced preservation potential of spring-neap cycles at this
location. This may have been due to a high sediment supply and/or moderate current velocities; high
enough to form the dunes, but not too high so as to cause mud drape erosion.

B

A

Fig. 10 Overview photopans of the main quarry face at West Heath (A) August 2007 (B) November 2011 Both photopans view towards the east.

Fig. 11 (A) Photopan, and (B) annotated line drawing of cross-beds with mud drapes showing possible spring (S)-neap (N) cycles at West Heath quarry.

Fig. 12 Photopan of heterolithic toesets showing possible spring (S)-neap (N) cycles at West Heath quarry.

Fig. 13 Photographs of wood fragments at West Heath quarry.

5) Tidal modelling of the Lower Greensand Seaway
Numerical tidal modelling has been used to better understand why the Lower Greensand Seaway was so
prone to tidal influence (Wells, 2008; Wells et al., 2010a,b).
A global palaeotidal model was constructed for an Aptian-Albian timeslice to provide tidal boundary
conditions to a regional palaeotidal model. Numerous regional palaeogeographic configurations were
modelled to assess how the overall Aptian-Albian transgression influenced tidal systems in the Lower
Greensand Seaway.
The global palaeotidal model results (Fig. 14) suggest that diurnal (once-daily) tides from the Neotethys
Ocean were the most likely source of tidal energy in the seaway, followed by tides from the proto-Atlantic
Ocean. Co-oscillating tides originating from the Boreal Ocean were insignificant.

Fig. 14 Results for the Aptian global ocean palaeotidal model. Tidal range of A) the semidiurnal (twice-daily) tidal
components (M2 + S2), and B) the diurnal (once-daily) tidal components (K1 + O1). Contours are drawn at 10 cm, 25
cm, 50 cm, 75 cm, 100 cm, 150 cm, 200 cm, then at 100 cm intervals, extending beyond the upper limit of the colour
bar. G, Greenland.

The regional palaeotidal model results show that the tidal range of the Lower Greensand Seaway was
largely controlled by the width of the connections to the open ocean (Fig. 15). As sea levels rose during
the Aptian, the oceanic connections widened, resulting in reduced frictional damping of the oceanic tidal
wave. Coupled with funneling, shoaling, and Coriolis effects, this led to tidal amplification.

B

Fig. 15 Results for the Aptian regional palaeotidal model. (A) Early Aptian palaeogeography corresponding to the
earlier stages of the transgression and deposition of the Hythe Formation in the Weald Basin. (B) Late Aptian
palaeogeography corresponding to the later stages of the transgression and the Folkestone Sands Formation in the
Weald Basin.

Further details on the palaeotidal modelling can be found in the enclosed papers.
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