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GLA 1: Abbey Wood, SSSI
London Borough of Bexley, TQ 480 786
Ownership: Local Authority.
Abbey Wood contains some of the most fossiliferous deposits in the Greater London area providing
remains of a diverse mammal assemblage of early Eocene age. The deposits are also important for studies
in the evolution of bird faunas. The deposits, known as the ‘Lessness Shell Bed’, occur in the Blackheath
Beds of the Harwich Formation.
Blackheath Beds
The Blackheath Beds are predominantly non-glauconitic sandy pebble beds containing pockets of shells
with rare remains of vertebrates. They were deposited in shallow coastal waters during the early Eocene
period about 55 million years ago.
The mammal fauna
Excavations of these Beds have yielded 46 species of important mammalian fauna, as described by Jerry
Hooker1. Additional specimens are still being added during most excavations. The age is comparable to
sites in the Paris Basin, and contains elements resembling those found in faunas of North America. Upnor
Formation (latest Paleocene) and Thanet Sand Formation are present but the Woolwich Formation (early
Eocene) is cut out by the unconformity at the base of the Blackheath Beds which represents incised valley
fill.
Abbey Wood also yields remains of one of only two birds described from the Paleocene of Great Britain. A
lower mandible (jawbone) has been reconstructed as the reference specimen of Marinavis longirostris,
which is the only bird of this type known from this period. It appears to have been a large Procellariiform
sea bird and would seem to indicate a coastal fauna. Most of the fossils found are of molluscs but the site is
also famous for its sharks’ teeth. An identification sheet can be found on the website of the Tertiary
Research Group2.
Access
Paths run through the park and woods from the roadside (see map). The Capital Ring and Green Chain
Walk3 pass close by and the site is described in GA Guide 68, The Geology of London4. The fossil
collecting site is a fenced-off area with an open entrance way situated a short distance from a path in the
woods. Surface collecting is permitted but excavation can only be carried out with prior permission –
contact Bexley Parks and Open Spaces department on 020 8303 7777 or at
parks&openspaces@bexley.gov.uk.
Further information can be found on the Natural England website
(http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?sssi_id=1003513) and in the GA Guide
No. 68, pp. 99-104.
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Fenced off fossil bed within Lesnes Abbey Wood
Source: London’s foundations, page 121

Site Map
Source: London’s foundations, page 119

OS Topography © Crown Copyright
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GLA 2: Avenue House, Finchley, Potential LIGS
London Borough of Barnet, TQ 2521 9029
Ownership: Avenue House Trust. Access during opening times.
Topography and superficial deposits
The grounds of Avenue House are a landscaped park area with small pebbly patches beneath trees and in
temporary exposures. The land falls to the north with indications of hillocky natural topography.
Geology
The above features characterise an area that was once covered by an ice sheet and in this case it was the
Anglian glaciation some 450,000 year ago. This is one of the most southerly exposures of glacial till or
boulder clay deposited by this ice sheet. The glacial deposits are chalky and flinty till, together with outwash
sand and gravels, silts and clays (see BGS Special Memoir, pp.58-59).
Access
The site is accessed from East End Road, with numerous nearby buses and Finchley Central Underground
station is 10 minutes walk away. The park has open access; contact Avenue House Estate Trust for
information on group access (www.avenuehouse.org.uk). The Victorian House is grade II listed and
contains a museum of the Stephens Collection; an acknowledgement to the inventors of ink.
Till exposure in grounds of Avenue Forest House Estate
Source: London’s foundations, page 124
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Site Map
Source: London’s foundations, page 123
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GLA 3: Beckenham Place Park, Recommended RIGS
London Borough of Lewisham, TQ 38534 70267
Ownership: Local Authority. Public Open Space
A small Exposure of Harwich Formation (rounded flint pebbles with calcareous cement) can be seen near
the Crab Hill entrance to the park. The Eocene Harwich Formation (about 55 million years old) is very
variable but when found in southeast London it is the Blackheath Beds that is the dominant facies. These
rounded pebbles are uniformly black and very distinctive. Here, in the public space of Beckenham Place
Park they have been cemented and lumps can be seen beside the path on the east side near the base of
the slope although in autumn they tend to be covered in leaves. A better example of cemented Blackheath
Pebbles can be seen at the Dog Rocks on Plumstead Common (GLA 8). At the top of the slope the
underlying rock type is London Clay although it is difficult to find actual exposures. Beckenham Place Park
is on the Capital Ring (www.walklondon.org.uk) and Green Chain Walk
(http://greenchain.com/info/5/walking/2/green_chain_walk-sections/8).
Harwich Formation boulders and outcrop
Source: London’s foundations, page 126

Site Map
Source: London’s foundations, page 125
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GLA 4: Chelsfield Gravel, Recommended RIGS
London Borough of Bromley, TQ 476 642
Ownership: Court Lodge Farm. Access to some of the site is open, contact farm for access to the
remainder of site.
This is the area where Late Pliocene/Early Pleistocene
(www.londongeopartnership.org.uk/londongeology.html) Chelsfield Gravel which has been reworked from
the Harwich Formation was first identified (known as its type locality). The deposit is interpreted as a head,
partly let down with the underlying Thanet Sand into dissolution hollows in the Chalk below. It consists of
well-rounded flint pebble gravels, sandy gravels, pebbly sands and sands. The lithologies are similar to
those in Harwich Formation (Blackheath Beds) from which it is thought to have been mainly derived. The
precise age is difficult to interpret and has variously been dated as Pre-Anglian or earlier (See BGS Special
Memoir, p.55).
This outcrop covers an area of grassy footpaths frequented by dog walkers who use the nearby station car
park. It also extends into farmland on either side which is where the gravel can be seen in ploughed fields.
A viewpoint of the local area is situated at the edge of the open area from where the Chelsfield Gravel can
be viewed. Geological information could be added to the existing interpretation sign.
View of feature forming edge of Chelsfield Gravel outcrop
Source: London’s foundations, page 128

Site Map
Source: London’s foundations, page 127

OS Topography © Crown Copyright
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GLA 5: Chingford Hatch, Potential LIGS
London Borough of Waltham Forest, TQ 382 925
Ownership: Local Authority. Public open space.
The geology
The site is a London Clay hillock in woodland (Larks Wood) near Chingford Hatch, with a capping of
Woodford Gravel. London Clay is the c.50 million-year bedrock that underlies most of London. Being clay it
is fairly easily eroded and, although it underlies much of the surface soil, it is often difficult to spot except in
temporary excavations. It is often termed a ‘blue’ clay from its appearance at depth but when it is close to
the surface it tends to be a more orange colour as the iron within it becomes oxidized. The hillock has been
protected somewhat by its capping of Woodford Gravel. This gravel is confined to a corridor either side of
the River Roding and has been interpreted as the river terrace deposits of a south-bank tributary of the
ancestral Thames which, before the big Anglian glaciation that reached London 450,000 years ago, flowed
on a course north of London to reach the east coast near Clacton. The gravel consists of angular flint
(83%), rounded flint (14%), quartz (1%) and Lower Greensand Chert (1%) (see BGS Special Memoir, p.
56). The presence of the Greensand Chert implies that the gravel originated in the Weald to the south of
London and that the ancient river flowed right across what is now the Thames Valley within the last two
million years.
Formation of the landscape
The ice sheet only reached as far as north London and glacial till dumped by the receding glacier can still
be found at Hornchurch (GLA 19) and Finchley (GLA 2 and 58) and more extensively further north through
Hertfordshire and Essex. As the ice melted great lakes were formed that eventually burst their banks
pushing the Thames more or less into its present course, eroding the London Clay and younger sediments
in its path. During subsequent ice ages glaciers never reached as far as London but melting of frozen
ground had the same effect of eroding the soft clay. Ridges remain where the clay was capped by gravel
but even here subsequent erosion has left a line of isolated hillocks. Buckhust Hill is another such hillock
along the Woodford Gravel ridge and probably the best exposure is around the edge of the lake in Knighton
Wood (GLA 50).
What to look for
The vegetation at Chingford Hatch makes it difficult to find exposures of either Woodford Gravel or London
Clay so the underlying geology may best be interpreted by indirect means. Where the permeable gravels
meet impervious clay, springs can be found, particularly after continuous wet weather. In drier times, reeds
and water-loving plants such as water pepper and even profusions of buttercups provide clues to the
junction. Beech has a preference for sandy and gravelly soils whilst oak is most often found on clays.
Badgers, mountain bikes, and upturned trees can be the geologist’s friend when looking for exposures but
be aware that the gravel is only 3-4 m thick and so any outcrops are restricted to the top of the hill. Gravel
found further down the slope will have been eroded and slowly worked its way to the bottom by gravity.
Chingford Hatch
Source: London’s foundations, page 130

10

Guide to London’s Geological Sites

Site Map
Source: London’s foundations, page 129
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GLA 6: Croham Hurst, Recommended RIGS
London Borough of Croydon, TQ 338 632
Ownership: Local Authority. Open access, check with local borough for organised visits.
Small exposures of calcite cemented, rounded flint pebbles belonging to the Harwich Formation
(Blackheath Beds) can be found at the top of this steep inlier (an area of older rocks surrounded by
younger rocks). Evidence of Chalk and Thanet Formation can also be found in landslips and animal holes,
eroded surfaces and fallen tree roots. The disused Chalk and Thanet Sand quarries are rather overgrown.
Although the Lambeth Group should also be visible, it has been very elusive and it is possible that the
Blackheath Beds are within a channel that has cut it out, at least for much of the hill.
There is an information board erected by Croydon Natural History and Scientific Society showing the
location of the disused quarries and outcrops. A leaflet is also published by the Croydon Natural History
Society1 with the same map but with the addition of a section1. The site is featured in GA Guide 68, pp. 141142
1

Croydon Natural History Society leaflet is available from CNHSS, 96A Brighton Road, South Croydon,
CR2 6AD (send SAE).

Exposure in woodland
Source: London’s foundations, page 133
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Site Map
Source: London’s foundations, page 131
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GLA 7: Crystal Palace Geological Illustrations, Recommended RIGS
London Borough of Bromley, TQ 345 705
Ownership: Local Authority. Public open space.
The Crystal Palace Dinosaurs are located at the southern edge of Crystal Palace Park. They were
designed and sculpted by Benjamin Waterhouse Hawkins between 1852 and 1854 under advice from Sir
Richard Owen. The collection includes 15 complete model specimens of dinosaurs and mammals, although
more had been planned until funding was cut. The models are now known to be largely inaccurate due to a
lack of information at the time of design but provide a fascinating insight into the thinking at the time of
construction.
Several periods of neglect and movement lead to the models becoming damaged. A full restoration project
was completed in 2002 and the site now has excellent footpaths and explanatory signs. The new signs give
information about the models and how modern interpretations of the creatures differ to the models and are
available as iPhone apps and on the internet1.
The animals are set on strata of appropriate age. There are also two man-made exposures illustrating
geological resources.
The Green Chain Walk (www.greenchain.com/walks/section-10.php) goes through Crystal Palace Park and
the ‘Geological Illustrations’ are described in GA Guide 68, pp 117-130.
1

www.audiotrails.co.uk/dinosaurs (available as an iPhone App.) Created by Dan Boys, Audio Trails from an
initiative of Alister Hayes, London Borough of Bromley.

14

Guide to London’s Geological Sites

Anoplotherium models
Source: London’s foundations, page 135

Site Map
Source: London’s foundations, page 134

OS Topography © Crown Copyright
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GLA 8: Dog Rocks, Proposed RIGS
London Borough of Greenwich, TQ 44301 77916
Ownership: Local Authority. Public open space.
Dog Rocks are large boulders of Harwich Formation (Blackheath Beds). They are found in Plumstead
Common public park, in the shrubbery opposite the entrance to the Adventure Playground.
The boulders consist of rounded flint pebbles with a calcareous cement and are named Dog Rocks for their
similarity in silhouette. The steep bank crossing the common here is one side of a former quarry and the
blocks were probably put to one side by the quarry men. The Dog Rocks is Stop 6 on the Green Chain
Walk Geotrail (http://greenchain.com/downloads/file/1/green_chain_geo_trail_guide) and is featured in GA
Guide 68, pp 95-96
Some investigation was made into the composition of the rocks to check on a possibility that the rocks were
artificial, made from pebbles screened out of local sand pit operations. The presence of dispersed fossil
fragments makes this possibility highly unlikely. The calcareous matrix is far less developed than similar
conglomerate rock at Croham Hurst and Beckenham Place Park
Dog Rocks (Harwich Foundation)
Source: Laurie Baker (March 2013)
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Site Map
Source: London’s foundations, page 136

OS Topography © Crown Copyright
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GLA 12: Finsbury Gravel, Spa Green, Sadler’s Wells, Potential LIGS
London Borough of Islington, TQ 31470 82811
Ownership: Local Authority. Public open space.
Finsbury Gravel
The Finsbury Gravel is very restricted in its extent but underlies the small park area of Spa Green in
Rosebery Avenue and Sadler’s Wells Theatre opposite. It is approximately 2 m thick. Just up the hill to the
north, from the Angel to Highbury Fields the underlying gravel is the thicker Boyn Hill Gravel which was laid
down around 350,000 years ago. The Finsbury Gravel is thought to be of a similar age but the
characteristics are slightly different and it is situated at a slightly lower elevation (see BGS Special Memoir,
p.61-63). It probably relates to a late stage of the Boyn Hill Gravel deposition. To the south a third gravel,
the Hackney Gravel is dated at a little younger than 250,000 years BP and in the Clerkenwell area is about
9 m thick. The gravels are divided by strips of London Clay exposed as the gravel was eroded by the
Thames as it cut an ever deepening valley. The alternating terraces of level gravels and the slope in the
intervening London Clay form a staircase. The complete staircase seen in the London area was deposited
under extreme conditions at the beginning and end of glacial periods over the last 400,000 years.
Springs and wells from the gravels
London expanded around the availability of water. The Thames and its tributaries provided the initial source
but the nature of the underlying gravels soon became an important element. Water filtered through the
gravels and where it met the underlying impervious clay it was forced to the surface as a spring line. Until
the area was covered with tarmac there were a number of natural springs in this area at the edge of the
Finsbury Gravel. Additional wells were sunk into the gravel to supplement the water supply drawn from
natural springs.
The staircase of gravels in Islington, the oldest at the top is the Boyn Hill Gravel dated at about 350,000
years BP. The isolated patch of gravel in the Sadler’s Wells area is the Finsbury Gravel which is a little
younger and has slightly different characteristics. The gravel in the south of the Borough is the Hackney
Gravel dated at around 250,000 years BP. Spring lines are shown.

Sadler’s Wells and Islington Spa
It is no coincidence that Sadler’s Wells is situated here. Mr Sadler was a surveyor of gravels and, while
digging under what is now Sadler’s Wells Theatre, came across an ancient well. The water was diagnosed
as having health benefits and he immediately saw the potential of creating a spa. Sadler’s Wells sits on the
100 foot (30m) contour and its lofty position with clean air and views to the City below provided a nearby
18
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recreational space for Londoners. The health-restoring water, rich in iron from the gravels, added to the
attraction and a number of spas and tea gardens sprang up. Islington Spa once stood on what is now Spa
Green and a description of the water from the spa can be found in Brooke’s Natural History of 17721.
"New Tunbridge-Wells are near the New-River-Head, at the entrance of Islington, on the side next
London. The water has the taste of iron, and is little stypstick, with some degree of quickness both in smell
and taste, especially in the summer season. It will lather with Soap, and turn a little milky with a large
proportion of Oil of Tartar; but it will not let fall any sediments with volatile alcalies. A gallon will yield from
10 to 30 grains of reddish earth, which will ferment with Oil of Vitriol. It is light and comparatively pure
chalybeate, of considerable strength at the fountain head, where it ought to be drank. It is of great efficacy
in all nervous disorders, and restores the strength after violent acute diseases: it opens all obstructions in
women and is excellent in a dropsy; in which case the dose is from half a pint to a pint, and no more. It
opens obstructions of the glands, and is of some service in reducing corpulent habits."
[When the present Sadler’s Wells Theatre was opened in 1998 a borehole was sunk to extract water once
again at this famous site but the modern well goes much deeper to the Chalk, about 50 metres beneath the
surface. The extracted water is used for the hydraulics to operate curtains and scenery as well as for
circulating air conditioning and the flushing of toilets. The water is no longer marketed for drinking.]
In its heyday as many as 1,600 took the waters in a day from the tea gardens and spas of Islington until
they finally declined in about 1810 when small terraces of houses began to encroach over the fields. By
1840 the gardens were built over. The Spa Green Estate was constructed on the remaining site after the
end of the 2nd world war2.
Access
Spa Green is a small strip, open daily, opposite Sadler’s Wells Theatre on Rosebery Avenue; buses 19, 38
and 341 stop outside the theatre.
The bricks from the original well are on display in the Islington Museum at 245 St.
John Street, EC1V 4NB (153 bus stops outside). The modern well can be seen in
Sadler’s Wells theatre where there is also a small exhibition about the history of
the building (see www.sadlerswells.com).
1

Brooke’s Natural History, 1772, The Natural History of Waters and Earths, of
Stones, Fossils, and Minerals. Including the Observations of Linnaeus on those
Subjects, with their Properties and Uses in Medicine. Vol. V, p. 29.
2
J.C. Curl, 2010. Spas, Wells & Pleasure-Gardens of London. Historical
Publications.

Exposure of gravel in borders
Source: London’s foundations, page 141
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Site Map
Source: London’s foundations, page 140
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GLA 14: Gilbert’s Pit, Charlton SSSI
Royal Borough of Greenwich, TQ 418 786
Ownership: Local Authority
Gilbert’s Pit was one of a number in the Charlton area and a nearby pit now contains the football stadium
for Charlton Athletic. Gilbert’s Pit holds SSSI status as it is the type section of the Woolwich Beds, part of
the Early Eocene Lambeth Group. Quarrying operations in Gilbert’s Pit ceased in 1938 but when quarried it
displayed the full succession from the top of the Chalk, through the Thanet Formation (a very pure
Paleocene sand) and the variable Lambeth Group to the Blackheath pebble beds at the top. The main
quarrying interests were Chalk for lime and Thanet Sand for use in the foundries of the adjacent Woolwich
Arsenal and glass for making bottles. A full description and further reading can be found in GA Guide 68,
pp. 85-94.
The Thanet Sand Formation and Upnor Formation
are now covered by scree as shown in the section
diagram, and the Late Cretaceous White Chalk
below is now completely buried by 10m of wartime
bomb damage rubble.
All that can now be seen of the former workings is
the top of the section. The rest is covered by
scree. Nevertheless it is the finest and scientifically
most important pre-London Clay Palaeogene site
in the London area1. For this reason it has been
designated an SSSI. It gives engineers and
geologists a rare view of these sediments that
underlie London, helping them understand some
of the difficulties they may encounter when
working through the Lambeth Group, notorious for
its changing and ‘unexpected’ lithology, for the
many building and tunnelling projects in London. It
Section at Gilbert’s Pit (eastern face)
is for this reason that is designated a Site of
Special Scientific Interest (see http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?
sssi_id=1003340).

Blackheath Beds at top of eastern face
Photo: Laurie Baker

Information sign in front of slumped material
Source: London’s foundations, page 143

The variable Lambeth Group displays a variety of lithologies. The sands and fossiliferous shelly clays of
the Woolwich Formation, named after this area. Occasional shells can be found at the bottom of the slope
where they have rolled down. This sequence is evidence of a transition from marine conditions to mud flats
similar to modern mangrove swamps and lagoons, with varying amounts of fresh water. The Blackheath
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Beds are the highest, and therefore youngest, part of the sequence seen in the pit. They are composed of
black well-rounded pebbles of flint in a sandy matrix with occasional seams of shells and were deposited in
marine channels that were cut into the underlying Woolwich Beds. Some pebbles have rolled down the
slope and piled up behind the fence.
In winter, when the trees are bare, on the steep face on the south side of the old quarry, alternating layers
of clay and sand can often be seen more clearly than on the east face. The exposure extends down
through the Blackheath Beds, Woolwich Formation to expose the top of the Upnor Formation, and on rare
occasions, even the Thanet Sand.
Access
The nearest station is at Charlton, which is a 10-minute walk from Gilbert’s Pit. There are six trains an hour
from London Bridge (four of them from Charing Cross and Waterloo East). Walk along Floyd Road/Charlton
Lane to entrance near level crossing. The nearest underground station is North Greenwich (Jubilee Line),
thence by one of three bus routes: 161. 188 or 472 (alight at Eastmoor Street bus stop). Route 380 travels
along Thorntree Road. Parking is available in Thorntree Road. To gain access to the sections Greenwich
Parks & Open Spaces must be contacted on 020 8921 2937 or parks@royalgreenwich.gov.uk. The Southeast London Green Chain Walk (http://greenchain.com/downloads/file/1/green_chain_geo_trail_guide) goes
through Gilbert’s Pit and the Capital Ring passes through Maryon Park nearby.
1

Daley, B. & Balson, P.S. 1999: British Tertiary Stratigraphy. Geological Conservation Review Series No.
15, Joint Nature Conservation Committee, Peterborough, pp. 56-59

Site Map
Source: London’s foundations, page 142

OS Topography © Crown Copyright

22

Guide to London’s Geological Sites

GLA 15: Hainault Forest Country Park, Potential LIGS
Local Borough of Redbridge, TQ 475 926
Ownership: Local Authority. Open access.
Hainault Country Park is a large area of open space though which the boundary between Essex and LB
Redbridge passes, along the Three Forests Way. The highest point of Cabin Hill (94 m) is just within Essex.
The beacon, on open ground just beneath the brow of the hill lies at approximately 90 metres and is within
the Greater London Area. It affords extremely fine views over London with Canary Wharf, the London Eye
and Sydenham Hill with the mast in the distance.
The solid geology
Hainault Forest is situated on high ground which is a miniature version of the Epping Forest ridge with a
very varied geology. This has an effect on the diversity of trees and plants present, creating a number of
different habitats. The geology is also similar to that of the high point of Havering-atte-Bower to the east
(Bedfords Park, GLA 45), and Hampstead Heath to the west (GLA 42). The foundation of the area is
London Clay and this passes up into sandy clay called the Claygate Beds, a result of the shallowing of the
London Clay Sea some 50 million years ago. Dog Kennel Hill to the south of the forest is capped by
Claygate Beds but on the highest ground – Cabin Hill – the Claygate Beds are overlain by Bagshot Sand, a
fine yellow sand laid down as the sea became even shallower. The latter is restricted to the Essex side of
the hill.
Ice Age environment
During the earliest part of the Ice Age, perhaps as much as a million years ago, it is thought that a river was
flowing north across this area to join the early Thames which was then flowing across north Essex and
through East Anglia. We have almost no idea what the landscape of Essex was like then but geologists
think that some of the gravel deposited by these ancient Thames tributaries has survived. A patch of this
gravel, shown as Stanmore Gravel on the geological map exists on the summit of Cabin Hill within Essex,
and if you come across rounded pebbles of flint on the paths here or in the roots of fallen trees, give a
thought to the fact that this spot may once have been the floor of an ancient river valley! On the top of
Shooters Hill in Kent, visible from Cabin Hill, is another patch of this gravel which could have been
deposited by the same river. Other outcrops of pebble gravel, which may be from other northward-flowing
tributaries of the Thames, exist on other high points such as Havering-atte-Bower, High Beach and the
Langdon Hills. An alternative view is the Stanmore Gravel may be a marine deposit related to the Crags of
East Anglia (see BGS Special Memoir, p. 52). Later in the Ice Age, about 450,000 years ago, the Anglian
ice sheet spread into Essex and laid down a distinctive clay known as boulder clay or till. Remnants of this
material is present on the north-west slopes of Cabin Hill and results in the ground here remaining wet and
sticky, even in summer. Beneath the boulder clay there is glacial sand which may have been deposited by
melt water in front of the advancing ice sheet. A small area of this sand occurs near Chigwell Row Church
where it supports a heathland flora.
Springs
There are several springs in the area, most of them the result of groundwater flowing from the Claygate
Beds where it meets the impervious London Clay beneath. The most famous of these is Lambourne Well,
the water from which drains into the River Rom on the Essex side of the hill and is worth visiting to see the
meanders.
There is a café, farm and Visitor Centre close to the car park (paying) by the lake.
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Hills topped with Claygate Member, London Clay Formation
Source: London’s foundations, page 146

Site Map
Source: London’s foundations, page 144

OS Topography © Crown Copyright
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GLA 17: Happy Valley, Recommended RIGS
London Borough of Croydon, TQ 304 576
Ownership: Local Authority. Public open space.
Happy Valley is an example of a dry valley formed in Chalk. This 5km long valley is shallow, confined to the
Upper Chalk, and tributary to the Wandle, but does not support a bourne. Much of the valley is open access
land with footpaths and woodland. There are excellent views from the higher parts. The upstream 1.5km
are outside greater London. The London Loop passes through the site (see www.walklondon.org.uk).
View of trees in bottom valley from valley side
Source: London’s foundations, page 148

Site Map
Source: London’s foundations, page 147

OS Topography © Crown Copyright
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GLA 18: Harrow Weald, SSSI
London Borough of Harrow, TQ 147 929
Ownership: Squires Garden Centres
Harrow Weald is a small (3.7 hectares) but important geological site which exhibits the most complete
exposure of the Stanmore Gravel, overlying the Claygate Member at the top of the London Clay Formation.
Hilltop occurrences of gravel up to 2 million years old at 130-150m OD on the Harrow Weald/Barnet plateau
have been named the Stanmore Gravel. Consisting mostly of flint with a little quartz, quartzite and some
materials in a clay and sandy clay matrix with pockets of coarse sand, it is of uncertain age and origin. The
subject of much controversy over the last century, the gravel has been interpreted as either Pleistocene
river deposits from tributaries of the proto-Thames – when the Thames flowed north of London to the
Colchester area prior to the Anglian glaciation 1 – or offshore or beach deposits of latest Pliocene to earliest
Pleistocene age (see BGS Special Memoir, p. 52).
There are very few natural exposures but the gravel is exposed in both sides of the perimeter bank of a
former gravel pit on private land adjacent to the Harrow Weald Common open space and the former access
roadway to the centre of the pit. The banks are overgrown with moss with scree of leaf litter and fallen
clasts. This section is important as a key site (Site of Special Scientific Interest) on which to base further
studies of these deposits (see http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?
sssi_id=1003687). The London Loop crosses Harrow Weald Common (www.walklondon.org.uk).
The Stanmore Gravel is also temporarily exposed in the London Borough of Harrow’s nearby Stanmore
Common local nature reserve, where scraping of topsoil as part of a heathland regeneration project
exposes the upper surface of the deposits.
Moss and leaf litter obscuring gravel bank
Source: Dave Brook
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Gravel from small cleared section of face
Source: Dave Brook

Site Map
Source: London’s foundations, page 149
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GLA 19: Hornchurch Cutting, SSSI
London Borough of Havering, TQ 547 874
Ownership: Network Rail
Hornchurch Till and Black Park Gravel in the SSSI Hornchurch cutting
The railway cutting adjacent to St. Andrews Park in Hornchurch is one of the most important Ice Age sites
in Britain. It is the type site of the Hornchurch Till, a deposit of boulder clay laid down by a glacier or lobe of
ice from the Anglian ice sheet in the Ingrebourne valley about 450,000 years ago and marking the
maximum southerly extent of the ice sheet during the whole of the Ice Age. Here the boulder clay lies
beneath the oldest gravel of the ‘post-diversion’ Thames (known as Black Park/Orsett Heath Gravel) and it
is the only place where gravel of the modern Thames comes into contact with glacial deposits. The order of
the strata in this one cutting is therefore the principal basis for considering that the entire modern Thames
terrace system is younger than the main glaciation of Eastern England. In other words it proves that the
Thames was diverted to its present course after the arrival of this ice sheet.
Details of the site
This discovery was made during construction of the Romford to Upminster branch line in 1892. The route
required a cutting through a ridge of gravel-capped land running north-eastwards from Hornchurch parish
church. The section exposed in the cutting was up to 8 metres (25 feet) deep and 600 metres (1/3 mile)
long showing about 5 metres (15 feet) thickness of boulder clay apparently occupying a depression in the
London Clay and overlain by sand and gravel. The geologist and then vice-president of the Essex field
Club, T.V. Holmes (1840-1923), is credited with the discovery and his published observations and
descriptions of the cutting have proved invaluable1. Holmes led a Geologists’ Association field trip to the
excavations in March 1892 and his field trip report states that many Jurassic fossils were collected from the
boulder clay including a vertebra of a plesiosaur. Re-excavation of a section in the cutting by geologists in
1983 (at TQ 5470 8737) revealed over 3 metres (10 feet) thickness of boulder clay and confirmed that it is
typical chalky boulder clay containing abundant Jurassic rocks and fossils brought here from the Midlands
by the ice sheet2. The new excavation also confirmed that this site is of considerable significance for the
correlation of the internationally important Thames terrace sequence with the glacial stratigraphy of
southern Britain (see Bridgland, D.R. 1994, pp.176-185). SSSI information is at:
http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?sssi_id=1002354
Access
In 2010 Network Rail cut back the trees along the slope and the section was reopened for re-examination.
A television documentary was made about the site following the conservation. The site is on a slope beside
the track owned by Network Rail and is only accessible with permission of Natural England and Network
Rail (contact enquiries@naturalengland.org.uk).
1

Holmes, T.V. (1893). The new railway between Upminster and Romford. Boulder clay beneath old river
gravel at Hornchurch. Conclusions therefrom. Essex Naturalist. Vol. 7. p.1-14.
2
Anon., 1984. Hornchurch Railway Cutting, Essex. Earth Science Conservation. No.21 (March 1984) p.42
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The Hornchurch railway cutting when excavated in 1983. The pale-coloured steps are cut into
Hornchurch Till whilst the reddish ones above are cut into the Black Park / Orsett Heath Gravel.
Photo: Phil Harding & Source: Peter Collins

Site Map
Source: London’s foundations, page 151
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GLA 20: Horsenden Hill, Proposed RIGS
London Borough of Ealing, TQ 16256 84381
Ownership: Local Authority. Public open space.
Horsenden Hill is one of the highest points in North West London with excellent views of the surrounding
area. At 85 m it is not as high as Harrow-on-the-Hill to the north (120 m) but the steeple of St. Mary’s can
quite clearly be seen. There is a view over the valley between the two hills.
The Geology
This site is a hill in the London Clay capped by the Claygate Beds (both of Eocene age, dated at about 50
million years) with the much younger Dollis Hill Gravel Formation lying over them at the top of the hill. The
London Clay underlies most of London as the name implies but only on the isolated hills nearer to the
centre is it overlain by the Claygate Beds which are sandier than the underlying clay, implying that they
were laid down nearer the shore.
The Dollis Hill Gravel is a river deposit from a tributary of the pre-diversionary Thames. It now forms hillcaps that decline in elevation northwards, indicating deposition in a south-bank tributary of the ancestral
Thames. The exact date is uncertain but is likely to be around 2 million years old. The gravel is composed
of angular flint (58%), rounded flint (32%), quartz/quartzite (1.8%) and Lower Greensand chert (7%) (see
BGS Special Memoir, p. 55-57). The latter indicates that the tributary originated in the Weald to the south of
London at a time before the Thames was diverted by the Anglian glaciation that reached as far south as
north London 450,000 years ago. It did not quite reach Horsenden Hill. Only after that time was the
‘London Valley’ as we know it created.
Exposures of all three rock types are hard to find. The Dollis Hill Gravel is better exposed at Barn Hill in
Fryent Country Park to the northeast where there are also views to Harrow-on-the-Hill. At 86m Barn Hill is
much the same height as Horsenden Hill but the Claygate Beds are reportedly absent.
Access
Public access via the road that runs along the west side of the hill, Horsenden Hill North. There is a car
park near the top of the hill on the north side with free parking. The top of the hill can be reached by a
steep, maintained path from the car park. The Capital Ring runs through the site
(http://www.wlklondon.org.uk).
View of area with information board
Source: London’s foundations, page 154
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Site Map
Source: London’s foundations, page 153
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GLA 22: Keston Common, Recommended RIGS
London Borough of Bromley, TQ 417 639
Ownership: Local Authority. Public open space.
Keston Common displays small exposures of Harwich Formation within its woodland. The south east side
of the site is a long former gravel pit in the Harwich Formation. The north east side is marked by two ponds,
the higher of which is marked by a spring engineered in brick as “Caesar’s Well”. A site much frequented by
Charles Darwin.
The ponds are immediately outside the LF map as is Keston Sphagnum Bog. An information board on the
site shows the geology of this bog. Shallow diggings occasionally reveal Lambeth Group clays. The London
Loop runs along the east side of the common (www.walklondon.org.uk).
References
Burnham,C.P. & McRae, S.G. 1974. The Relationship of Soil Formation to Geology in an Area South-East
of London. Proceedings Geologists’ Association 85 pp. 79 – 92.
Lovis, J.D. 1951. A preliminary account of the ponds and bog on Keston Common, Kent. Proceedings
Croydon Natural History and Scientific Society XII pp 60 - 68
Harwich Formation exposure
Source: London’s foundations, page 156
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Site Map
Source: London’s foundations, page 155
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GLA 24: Old Gravel Pit, Blackheath, Potential LIGS
London Borough of Lewisham, TQ 38522 76309
Ownership: Local Authority. Open access.
Blackheath is so called because of the colour of its soil and not because it was the burial ground of victims
of the Black Death (1340-49). Blackheath has been the site of numerous gravel pits, some of which were
huge scars that have since been filled in. The map of 1914 shows a number of them surviving in the early
20th Century and remains of many of the working can be seen today1.
GLA 24, known as Eliot Pit, is in the south-west corner of the heath, bounded by St Austell Road and
Mounts Pond Road. A visit in May 2012 led to the addition of Vanbrugh Pit in the north-east corner between
Vanbrugh Park and Charlton Way within this potential LIGS. Blackheath as shown on the old map had a
series of gravel pits at various points over the heath. The most notable ones are GLA24 known as Eliot pit
in the south-west and, at the opposite end of the heath, is Vanbrugh Pit, which also exposes the Blackheath
Pebbles. This is known as GLA63 and is in the Royal Borough of Greenwich. It is shown in the second
picture below.
The old gravel pits are close to the junction of the Harwich Formation and the Lambeth Group. The
Lambeth Group are glauconitic sands overlain by grey clays and sands with brackish fauna, whilst the
Harwich Formation (Blackheath Beds) consists of rounded black pebbles, glauconitic sandy clays and very
fine-grained glauconitic sand.
Blackheath pebbles can be found on the faces of both pits and on the informal paths into the bottom of the
pits. The marshy nature of the base of the pits suggests a horizontal clay layer.
1

Blackheath 1914: The Godfrey Edition of Old Ordnance Survey Maps, London Sheet 105

Blackheath Pebble gravel on the eroded path of Vanbrugh Pit
Source: Laurie Baker (May 2012)
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Site Map
OS Topography © Crown Copyright
Source: London’s foundations, page 157. Vanbrugh pit is on the NE side of Blackheath in the Royal
Borough of Greenwich
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GLA 25: Putney Heath, Proposed LIGS
London Borough of Wandsworth, TQ 231 732 (best exposure)
Ownership: Local Authority. Open access.
Putney Heath
Putney Heath has been selected as a site of local importance for its exposures of Black Park Gravel. The
area cited is a plateau on the top of the wider parkland area which becomes Wimbledon Common to the
south. This plateau also extends into adjacent Richmond Park to the east, separated by the valley cut by
the Beverley Brook which flows north into the Thames.
Black Park Gravel
The Black Park Gravel is the oldest of the Thames Terraces, deposited immediately after the retreat of the
Anglian Ice Sheet about 400,000 years ago (Oxygen Isotope Stage 12-11). On Putney Heath the height of
the top of the exposure is 53 m which falls within the range of Black Park Gravel recorded from elsewhere
(eg Hornchurch Railway Cutting SSSI, GLA19, and Mark’s Warren Quarry Complex,GLA 37, in East
London) (see BGS Special Memoir, p. 61-64 and reference 1 below). At Hornchurch it overlies the glacial till
abandoned by the retreating ice sheet of the biggest of the Ice Age glaciations, the Anglian, the only one to
extend to London, although it never reached as far south as Putney. The graveI contains a larger proportion
of exotic fragments than the later gravels as a direct consequence of its proximity to the icesheet that
carried clasts from all over the country. As in the other Thames gravels by far the greatest proportion of the
pebbles are flints. No animal bones or human artefacts have been found within the gravels of the plateau
but they have been found in gravel of the same age at Hillingdon. On Putney Heath the deposit is about 3
m deep but it deepens westward to Richmond Park because there is an overall dip in that direction. It is
probably because of the poor agricultural quality of soil underlain by acidic gravel that the land remains an
open space of heath and birch woodland. The best exposure can be seen round the edges of King’s Mere
Lake.
Older geology on Wimbledon Common/Putney Heath
On Putney Heath the Black Park Gravel overlies the London Clay but further south on Wimbledon Common
it overlies the sandier Claygate Beds at the top of the London Clay and in the southwest, the younger
Bagshot Sand. As the name suggests the London Clay is the ‘solid’ rock that underlies most of London. As
it is a soft clay it is easily eroded and usually difficult to see in outcrop. The top of the London Clay is about
50 million years old and so there must have been this many years of erosion before the Black Park Gravel
was deposited. The Claygate Beds and the Bagshot Sands originally extended right across the London
area, deposited in a near-shore marine environment. There may also have been younger rocks which left
no traces. After deposition great earth movements saw the close of the precursor to the Mediterranean Sea
as Africa collided with Europe and the Alpine Chain was created. In England old faults were reactivated in
the process so that the deep basin of the Weald of southeast England was elevated in an upfold and the
London Valley became a downfold, thus protecting the sediments to some extent, as erosion is much more
prevalent in high areas. The London Clay itself was deposited in deeper water than the Claygate Beds and
Bagshot Sands at a time when southeast England was covered by a warm tropical sea. Seasonal rain
caused wide rivers to discharge large amounts of clay into the sea from a coastline probably now in the
Midlands. Fossils of land plants and animals found within the marine clay have allowed researchers to
compare the scene to Malaysia at the present day. A reconstruction showing turtles and a nautiloid
swimming close to a shoreline of mangroves and nipa palm can be found in a book about the natural
history of Wimbledon Common and Putney Heath3. A London Clay fossil of a nautiloid was obtained from a
borehole on Wimbledon Common described in the chapter on the geology. Microfossils of foraminifera
found locally indicate that the water depth was in the region of 200 m at the time of deposition2.
At the western edge of the Putney Heath plateau where the Beverley Brook has eroded a deep valley it
may be possible to see temporary exposures of London Clay, particularly around the Queen’s Pond and up
the hill to the Visitor Centre by the Windmill.
Access
Putney Heath has open public access and is well supplied by public transport along the A3 Kingston Road
and the A219 Wimbledon Parkside. There is a car park adjacent to the windmill at the end of Windmill Road
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which allows access to the middle of the area. There is also a Visitor Centre, toilets and refreshments but it
can be crowded at weekends. The Capital Ring crosses the Heath at this point (www.walklondon.org.uk).
1
2

Gibbard, P.L. 1985. The Pleistocene History of the Middle Thames Valley. Cambridge University Press.
Drakefield, T. and Sutcliffe, U. 2000. Wimbledon Common and Putney Heath: A natural history. Wimbledon
& Putney Conservators, p. 12.

Exposure of Black Park Gravel around the perimeter of Kings Mere lake on Putney Heath.
Source: Diana Clements (2011)
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Site Map
Source: London’s foundations, page 159
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GLA 26: Riddlesdown Quarry (formerly Rose and Crown Pit), Recommended RIGS
London Borough of Croydon, TQ 337 594
Ownership: City of London Corporation. Access via ranger/council.
Riddlesdown Quarry
The large disused chalk quarry now known as Riddlesdown is the most spectacular of all the quarries
within the Greater London area. It is straddled by the London to Oxted railway. Nearly 50 m of Chalk are
exposed and it is an invaluable asset for researchers and engineers studying the nature of the Chalk
beneath London. It is also an extremely useful teaching quarry for school-age children, students and
geological groups. It is a biological SSSI.
The quarry predates the railway which crosses on a viaduct built about 1880-84. It appears that quarrying
began in the late 1700s. It was actively worked, with lime kilns operating, until closure in 1964. It was saved
from landfill or development, the fate of nearly all other former large quarries in the London area, by being
purchased by the City of London Corporation in 1996. They now actively use the quarry for educational
purposes. The faces are conserved and the vegetation kept down by employing a flock of sheep. Scrub has
been cleared from a scree slope and steps installed to give access to the main face. A viewing point at the
top of the steps gives a panoramic view of the quarry and across the Caterham Valley to the west.
The Chalk
Nearly 50 m of chalk from the Glynde Marls (New Pit Chalk Formation) at the base to the Seaford Chalk
Formation at the top is displayed within the quarry, giving an overview of typical sediment types and
structures found in the North Downs and beneath London. A number of marl seams and some conspicuous
large flint bands form marker beds across the faces of the quarry and allow correlation with the chalk
elsewhere. The quarry faces display the different styles of fracturing found within different horizons in the
chalk, invaluable information for engineers.
Very little sediment from land is incorporated in the chalk at Riddlesdown which was laid down between
approximately 93 and 83 million years ago; many of the marl seems are considered to have been derived
from volcanic ash. It seems to have been a hospitable environment for marine animals. Chalk macrofossils
found in the quarry include sponges, ammonites, bivalves, gastropods, brachiopods and echinoids.
Details of the features in the Chalk are described by Rory Mortimore in GA Guide 68, pp. 131-140 with
supporting diagrams and a combined geological column. The quarry has, along with the railway cuttings
from South Croydon to Oxted, an important place in geological history, as Caleb Evans measured and
described the chalk strata, publishing his pioneering stratigraphical account in 1870 1.
Karst Features
At the top of the quarry is a castellated skyline. These are dissolution pipes into the chalk filled with claywith-flints from above.
Access
The Quarry is fenced and gates locked so access is only possible on either:
1) Public guided walks organised several times a year by the City’s ranger service– see website
below2.
2) Visits for groups or for specialist research projects which must be arranged in advance – see
contact details below3.
The gas holder adjacent to Jewson’s Building Yard on the A22 provides a landmark for those arriving by car
(parking in Old Barn Lane and other roads opposite). The closest railway station is Kenley; bus 407 runs
along the A22 between Purley and Whyteleafe.
1

Evans, C. 1870. On some sections of Chalk between Croydon and Oxstead, with observations on the
classification of the Chalk. Geo. P. Bacon, Lewes, for the Geologists’ Association Publication.
2
City of London Corporation website: www.cityoflondon.gov.uk/openspaces (2013). Click on City
Commons.
3
Ashtead Estate Office (for permission to visit: city.commons@cityoflondon.gov.uk or telephone: 01372
279083.
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Open University Students unravelling the details in Riddlesdown Quarry
Source: London’s foundations, front page

Site Map
Source: London’s foundations, page 161
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GLA 29: The Gravel Pits, Northwood, Proposed RIGS
London Borough of Hillingdon, TQ 083 913
Ownership: Local Authority. Open access.
The Northwood Gravel pits, along with other pits in the area, were a major source of gravel for mending
local roads up to the end of the 19th century. The pits were excavated in the Palaeogene Reading
Formation of the Lambeth Group. These comprise sands, silts, clays and gravels deposited by rivers on a
coastal plain under sub-tropical conditions. The Reading Formation forms the surface in the low-lying parts
of Pinner, Northwood, Ruislip and Ickenham. Local variations are the large proportion of sand in the strata
and the replacement of the usual Bottom Bed by a seam of pebbles 1.25-1.80m thick1. This ‘Bottom Bed’ is
the Upnor Formation upon which the Reading Formation rests.
The gravel pits were not enclosed under the Enclosures Act in the early 19th century so they were allowed
to continue as a source of gravel. However, the gravel was described as ‘worked out’ in 1898 and the area
was saved as a public amenity in commemoration of Queen Victoria’s diamond jubilee the previous year.
In 1905, it was formally conveyed to the Ruislip & Northwood Urban District Council and later transferred to
the London Borough of Hillingdon. Now covered largely by woodland, the area is managed by the council,
with the help of the “Friends of Northwood Gravel Pits” established by the Northwood Residents’
Association during the conservation work to open up the area, make good pathways through the woods
and establish a nature trail. The site is overgrown with few exposures in the hillocks within the site and in
the steep face at the edge of the pits adjoining the nearby housing estate. However, the Reading Beds
sands can be well seen in the debris excavated largely by animals.
References
1
Woodward H B & Chatwin C P (revised by Bromehead C E N), 1922: The Geology of London District.
Memoir of the Geological Survey, p 22 (this memoir can be downloaded from
http://archive.org/details/geologyoflondondon00woodrich)
Animal excavations in hillock exposing the Reading Beds sands
Source: Dave Brook

Reading Beds sand debris excavated by animals in perimeter face of pits
Source: Dave Brook
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GLA 30: Cray Valley Golf Course Sand Pit, Recommended RIGS
London Borough of Bromley, TQ 48927 69199
Ownership: Cray Valley Golf Club. Access is by permission of the owners.
Increasingly overgrown, large (4-5metres) vertical exposures of Thanet Sand Formation in a disused sand
pit can still be seen. They have been left after previous mineral extraction stopped (for use in the
construction of the A20 motorway). The exposures are situated towards the eastern end of Cray Valley Golf
Course. Approximately 64 sand martin holes are present in the north-west facing cliff – the only known
breeding colony where sand martins have nested within the Borough of Bromley, and one of the largest in
London.
Access is possible by golf buggy with permission of the golf club management (phone secretary on 01689
839 677).
Quarry face with sand martin burrows
Source: London’s foundations, page 166

Site Map
Source: London’s foundations, page 165
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GLA 31: North End Pit, Recommended RIGS
London Borough of Bexley, TQ 51380 77030
Ownership: Local Authority. Site is in a new housing estate.
A rare exposure of brickearth is located at the western end of a post war housing estate built on the site of
the original brickworks. Bexley council have plans to rebuild the estate with the new layout providing for
better access. The exposure is presently fenced off, overgrown and has some dumped rubbish.
Quarry face
Source: London’s foundations, page 168

Site Map
Source: London’s foundations, page 167
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GLA 32: High Elms Dene Hole, Recommended RIGS
London Borough of Bromley, TQ 43956 62823
Ownership: Local Authority. Public open space (High Elms Country Park); permission to enter the mine
must be obtained from Head Ranger prior to the visit
This is a well preserved and protected underground Chalk pit. Very few, if any, of the over 200 chalk pits in
the area are preserved. The pit is a bat roost and used as a hibernation site in winter. An information board
was placed there late in 2012.
Dene holes are medieval chalk extraction pits; characteristically they comprise a narrow shaft with a
number of chambers radiating from the base. More recent equivalents (17th to 19th century) are known as
chalk-wells and chalk angles (specific to the Berkshire Down) and are reported to be cruder in construction;
both were commonly located close to the field boundaries at the time of extraction. The depth of the
features reflects the depth to the underlying chalk bedrock. The shaft width was commonly in the order of
2–3 m, widening out into galleries at depth.
The Kent Underground Research Group’s website: www.kurg.org.uk/sites/deneholes.htm and
www.denehole.wikipedia.org give further information about dene holes.
For a general guide to the Country Park see:
http://www.bromley.gov.uk/downloads/file/779/darwins_footsteps-high_elms_trail
Dene hole
Source: London’s foundations, page 170
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Site Map
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GLA 33: Elmstead Pit, SSSI
London Borough of Bromley, TQ 4232 7066
Ownership: Private; Access to site requires permission of the house owner and this must be sought via
Natural England (enquiries@naturalengland.org.uk).
Elmstead Pit provides a nationally important exposure of the Harwich Formation (Blackheath Beds) through
a section containing an unusually rich fossil fauna. The exposure is a large (6m) vertical face screened from
the house by a line of conifers. The sand is strongly bound with a calciferous matrix. This has reduced any
slumping of the face which displays hardened rows of black pebbles. The section is described in GA Guide
68, pp. 111-112. Further information can be found in the Geological Conservation Review1 and from other
authors2, 3. Details on the SSSI can be found at:
http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?sssi_id=1003603
References
1
Daley, B. and Balson, P. 1999. British Tertiary Stratigraphy. Geological Conservation Review Series. Joint
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Detail of face – sand with flint pebbles
Source: London’s foundations, page 172
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GLA 34: Harefield Pit, SSSI
London Borough of Hillingdon, TQ 049 898
Ownership: Private
The Site of Special Scientific Interest (see
http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?sssi_id=1001658) at Harefield is a
small conserved section of one of the large chalk quarries adjacent to the Colne River. The quarry is now
landfilled but still provides a key section in the London Basin for a sequence through the top 2 m of Chalk,
Lambeth Group and Thames Group (Harwich Formation and London Clay Formation). It was mainly
quarried for the chalk which was used in the manufacture of cement but the Eocene deposits at the top
were also utilised for brickmaking. The SSSI is described in the Geological Conservation Review 1 and in
GA Guide 68, pp. 15-28. Further details of the section are discussed by Cooper & James (1975)2 and
Cooper (1976)3.
Chalk
The top of the Chalk at Harefield is particularly interesting as large burrows descend into it from the Upnor
Formation above, showing clearly where the grains of glauconite within the sand give them a dark colour
against the white Chalk. Current thinking on the origin of the burrows is that they were made by a shrimplike crustacean. They are named after the site, Glyphichnus harefieldensis. A band of very large flints (5060 cm long, 20-30 cm vertically) is also visible. The full extent of the Chalk cliff beside the Colne can still be
seen in the adjacent Summerfield Lane quarry (GA Guide 68, Itinerary 1, Location 2) where it is dated as
Seaford Chalk, laid down in a warm shallow sea c. 70 million years ago.
Thanet Sand & Lambeth Group
There is no Thanet Sand Formation as such at Harefield as it thins westward from 30 m on the east side of
London to disappear altogether east of Harrow and Stanmore4. However, the unweathered glauconitecovered flints familiar at the base of the Thanet Sand, where they are known as the ‘Bullhead Beds’ from
their appearance, can be found to a lesser extent at Harefield. The age of this horizon at Harefiled has not
been established but it is generally considered to be the base of the Upnor Formation. Above that, a few
centimetres of pebbly white sand can be seen, at the top Upnor Formation. These normally glauconitic
marine sands also thin to the west and the total depth at Harefield is less than a metre. At the type section
near Chatham, close to the Medway estuary, the Upnor Formation is over 15 m thick. The Reading
Formation above is predominantly sand with minor clay bands becoming clayey at the top of the visible
exposure. When not disturbed by badgers the sand shows fine cross-bedding and was probably deposited
in river channels. Rare plant material has been found within it. The red/green mottled clays of the Reading
Formation typical at many exposures indicate a terrestrial environment of deposition. These are now
obscured by vegetation at Harefield. There is no representation of the estuarine Woolwich Formation at
Harefield.
Thames Group
The Harwich Formation at the base of the Group comprises a very varied set of lithologies combined into
one formation as they are of approximately the same age (c. 60 million years). The exposures at Harefield
are of varied lithology and represent the Tilehurst Member and the Swanscombe Member recognised by
King4. The lithology alternates between sandy silts and silty sands some of which contain nodules filled with
shells, often seen to be bored by the bivalve mollusc Martesia. It is very different to the Blackheath Member
found in a number of GLA sites in east London where rounded black pebbles are the norm. The base of the
London Clay Formation at Harefield is not well exposed.
The faces need constant conservation to be kept in good condition and this is not always possible, but the
site provides a unique opportunity to examine facies not seen in the rest of the Greater London area.
References
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Lambeth Group in 2002, after conservation
Source: London’s foundations, page 175
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GLA 35: Wansunt Pit, SSSI
London Borough of Bexley, TQ 515 738
Ownership: Private, but managed by London Wildlife Trust
Although an SSSI (see http://www.sssi.naturalengland.org.uk/Special/sssi/sssi_details.cfm?
sssi_id=1003328), the site currently provides no exposures in the Dartford Heath Gravel, a deposit that has
been the subject of considerable controversy since the turn of the century. Current geological maps indicate
the deposit is part of the Boyn Hill Gravel, of equivalent age to the terrace deposit at Swanscombe, but it
has also been attributed to the Black Park Gravel, an older terrace deposit (see BGS Special Memoir, Table
15) 1, 2. The probable age of the deposit is 400,000 to 350,000 years.
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Wansunt Pit
Source: Vernon Ma
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GLA 36: Pinner Chalk Mines, Proposed RIGS
London Borough of Harrow, TQ 11538 90483
Ownership: Local Authority. Access has formerly been available but is no longer possible due to health and
safety concerns.
Pinner Chalk Mines
Pinner Chalk Mines extend over a large area, with mixed extraction methods recorded from the 14th
century. Access is not currently possible. When accessible, it is one of the few locations still existing in
London where the Chalk can be examined without being masked by vegetation. The properties of mined
chalk were thought to be superior to those of surface material, which led to a number of shallow mines, and
the more primitive dene holes, being dug within the London Basin. Throughout the history of the mines
chalk was probably quarried primarily for lime but from 1830 Dingles mine was owned by a local brick
maker, and chalk was taken and added to clays and sands of the local Reading Beds and London Clay in
order to stop the finished products cracking. Dates found in the mines, burnt into the chalk with candles,
suggest that the working year usually began in the spring. Much of the excavated area is now built over but
the area around No. 3 shaft remains as open ground with a sports field, allotments and Dingles Wood. It is
securely locked & gated.
The Chalk
The chalk exposed is relatively uniform soft white chalk with several horizons of flints. Comparison with the
large chalk quarries along the Colne suggests that it is likely to be part of the Seaford Chalk Formation.
Since, however, no research has been undertaken no fossils have been recorded to precisely date the
mines. Workings in the Pinner mines were by the ‘pillar and stall’ method exposing a height of about 6 m.
Hertfordshire Puddingstone
Pinner Chalk Mines are one of the very few places where Hertfordshire Puddingstone can be found in situ,
making this an important site. Hertfordshire Puddingstone is a strongly-cemented conglomerate of flint
pebbles that forms a layer about 1.5 m above the top of the chalk. It allowed miners to excavate the chalk
to within 50 cm of the junction with the overlying sands and clays without major fear of collapse. The
Hertfordshire Puddingstone can be seen from the rope ladder about 17 m down the shaft. For most of its
length the shaft is brick-lined but, because of its competency, the Hertfordshire Puddingstone itself is not
encased. Occasional roof falls allow further exposure along with the sands and clays beneath. The
conglomerate lies at the junction of the Upnor and Reading Formations (both are part of the Lambeth
Group). The Thanet Sand Formation does not reach as far east as Pinner but the typical large, greencoated, unweathered flints usually found overlying the chalk elsewhere are also found here.
At the moment there is no public access to the chalk mines but a virtual tour can be made via Ken
Kirkman’s website (www.pinnerchalkmine.info/pinner-chalk-mine). The geology of the mines is described in
more detail in GA Guide 68, pp. 31-38 and in the 1992 Pinner Chalk Mines publication1.
1
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Hertfordshire Puddingstone from a roof collapse in the Pinner Chalk Mines Length of clast is c. 10 cm
Source: Diana Clements (collection J. Pester)
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GLA 37: Mark’s Warren Farm Quarry Complex, Potential RIGS
London Borough of Barking and Dagenham, TQ 488 895
Ownership: Brett Lafarge Ltd. Permission to visit is required from owner (020 8…)
Mark’s Warren Farm Quarry complex
Mark’s Warren Farm Quarry is the last of a large number of quarries in the vicinity extracting Black Park
Gravel. Earlier quarries are now backfilled and returned to fields. Landfill is proceeding at this quarry too
but other sites within the complex are likely to be exploited. The area has been quarried from c.1898 to
1921. Whilst archaeological remains have ben found in other gravel pits in east London, none have been
reported from the Mark’s Warren complex.
Black Park Gravel
The Black Park Gravel is the oldest of the Thames Terraces, dated at over 400,000 years old (Marine
Isotope Stage 12-11). It is characterised by its height above sea level, the origin of the clasts it contains
and, rarely, the typical mammal bone assemblage that is found within it. At Mark’s Warren no mammal
bones have been recorded but at nearly 40m it falls within the height of Black Park Gravel recorded from
elsewhere. It can also be seen in the Hornchurch Railway Cutting SSSI (GLA19), about 5 km away, where
it overlies the glacial till abandoned by the retreating ice sheet of the biggest of the Ice Age glaciations, the
Anglian, the only one to extend as far south as London. Tongues of ice extended down valleys at
Hornchurch and Finchley (e.g. Coldfall Wood GLA 58). Being the oldest, this is also the highest of the
Thames Terraces, abandoned as the Thames deepened its valley as a result of subsequent periods of
glaciations and elevation. It is typified by its rather reddish overall colour and its content of occasional
exotic clasts that were carried by the ice sheet from all over the country (>12% including carboniferous
chert and igneous), as well as the numerous flints that typify all of the Thames terraces (BGS Special
Memoir, pp.61-63)1.
The Mark’s Warren boulder
One of the exotic clasts found in the gravel by the quarry workers was a 0.9 ton boulder which was
extracted and placed as a marker stone for landfill lorries to turn into the site. It was noticed by members of
the London Geodiversity Partnership on a site visit in June 2011 just before the quarry was due to cease
operation. Subsequent examination of the boulder confirmed that it was a glacial erratic composed of an
igneous rock, dolerite. The characteristics of the rock, which appears to be a quartz-hypersthene dolerite,
indicate that it may well have been derived from the Great Whin Sill, a prominent scarp in Northumberland,
much of which is composed of this rock type. If the petrology of the rock is confirmed, this boulder would be
one of the furthest travelled, having been transported some 300 miles from its origin. Due to the kind efforts
of the quarry operators, Brett Aggregates Ltd, the boulder was transported a few miles to the Visitor Centre
at Bedford’s Park (GLA 45) where it is on public display.
References
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The Mark’s Warren Boulder found in the Quarry in 2011 just before operations ceased.
Source:
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GLA 38: Chalky Dell, Potential RIGS
London Borough of Bexley, TQ 4814 7846
Ownership: Local Authority. Access is possible to quarry floor (see below).
The dell consists of a tongue-shaped hollow with a path, probably used as road when the chalk was
quarried here. On entering the dell, to the right is a lower part of the quarry about 30m long by 5m below
the path. The area is now overgrown. A considerable amount of the chalk was used for constructing New
Road in 1851
The small, partially-overgrown Chalk pit exposes the junction with the Thanet Sand Formation above
including the unweathered glauconite-covered flints of the Bullhead Beds at the base1. The quarry is
included as Stop 10 on the Green Chain Walk Geotrail and recent conservation work has exposed the main
face showing the Bullhead Bed at the top of the Chalk. The top of the Chalk here is considered to be within
the Seaford Chalk Formation, the norm for the London region, but no detailed analysis has been
undertaken.
There are also small exposures of Chalk visible close to path from the gate.
Access
The old quarry lies within fenced off area of Lesnes Abbey Woods. Currently, there is a vehicle gate across
the entrance, which has to be climbed. It is hoped that a small gap/gate for people can be provided to allow
easier access down slope to the quarry floor. The site is 150 m south of the Green Chain Walk (Section 2)
and is featured on the Geotrail (see www.greenchain.com/downloads/file/1/green_chain_geo_trail_guide).
1

Marriott, St. J. 1925. British Woodlands as illustrated by Lessness Abbey Woods. George Routledge &
Sons Ltd, London.

Exposure visible at Chalky Dell after conservation in April 2014. The two arrows show the top and
base of the Thanet Sand; greeny/black flint clasts of the Bullhead Bed can be seen just above the
Chalk. Photo: Steve Tracey
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GLA 39: Erith Submerged Forest, Potential RIGS
London Borough of Bexley, TQ 526 776
Ownership: Port of London Authority. Open access.
This is the best place on the Thames Estuary within Greater London for viewing the Neolithic / Bronze Age
submerged forest. At low tides whole tree trunks are revealed amongst the root balls and occasional nuts
and seeds can also be found. Peat beds are also found on the banks above mean high tide level. At least
5 different ages of peat and trees have been dated ranging from approximately 3,000 years ago until over
5,000 years ago. 15 different tree and shrub species have been recognised of which the majority are alder.
Other species include birch, willow, poplar, yew, maple, ash, oak, holly and elm. Shrubs include dogwood,
alder buckthorn and buckthorn. The site represents a change from a drier environment when the yew and
other ‘dry’ species were growing, to the wetter environment, produced by rising sea levels, leading to the
dominance of alder. Details are described in GA Guide 68, pp. 148-151, which includes full references to
the research. A similar exposure can be seen on the north shore of the Thames at Rainham (GLA 46)
although it is not as extensive as Erith.
Access
Access to the Thames foreshore is via a path (signed to Erith Yacht Club, TQ 527 779) leading from Manor
Road, off the A2016 Bronze Age Way, Erith. After about 150 m a right turn onto the Thames Cycle Route
along the top of a barrier as far as a concrete structure with a steel covering and then down to the
foreshore (TQ 532 781). The submerged forest can only be seen at low tide. Access to the foreshore itself
is potentially dangerous and slippery and should only be attempted on a falling tide and never alone. The
site can be seen if walking along the Thames Path Walk and is 200 m to the north of the London LOOP
Section 1 ( http://www.walklondon.org.uk/section.asp?section=1).
Erith Submerged Forest
Source: London’s foundations, page 188 (Jane Sidell)
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GLA 40: Chislehurst Caves, Potential RIGS
London Borough of Bromley, TQ 431 696
Ownership: Private. Regular paid tours are available.
A man made subterranean chalk mine dating from mediaeval times but mostly exploited during the 1800’s.
Mining chalk from a drift mine entrance at the bottom of a valley using a pillar and stall technique has been
carried out for over 100 years until the mines closed in 1866. The site is famous for its use as an air-raid
shelter in World war two. The site is privately owned and has regular guided tours.
The Geology
The caves provide a rare opportunity to view unweathered Chalk in the Greater London Area. Geologically
one of the main points of interest is the well exposed junction between the eroded top of the Upper Chalk
and the Thanet Sand. It is one of the rare good exposures of the Bullhead Bed. With a full exposure of the
top of the chalk there is a potential for more research on the detailed age at the top of the section.
Elsewhere under London it is usually dated as Seaford Chalk Formation but there is a possibility that the
age might be slightly younger at Chislehurst and go into the base of the Newhaven Chalk Formation.
Details of research are described in GA Guide 68, pp 105-111
Access
This site is open to the public Wednesday to Sunday (every day during local school holidays) with 45minute tours from 10am with last tour at 4pm. The nearest station is Chislehurst. Further information is on
www.chislehurstcaves.co.uk or 020 8467 3264.
Exposed sediments at Chislehurst Caves
Source: London’s foundations, page 191 (Vernon Marks)
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GLA 41: Klinger Pit, Foots Cray, Potential RIGS
London Borough of Bromley, TQ 478 703
Ownership: Private (uncertain who)
An abandoned pit formerly owned by Klinger that was worked for Thanet Sand Formation. It shows c.3-10
m of nearly vertical face on the south and east sides of the site. There is some slumping near the base. In
January 2012 the floor of the quarry had been cleared of dumped material and birch trees but the birch
were still growing on the slumped slopes and were taller than the quarry faces. The low residual face (c.2 m
tall) screening the quarry from the back of the factory had also been removed in January 2012. The
lithology is predominantly fine yellow sand. This remains the best exposure of Thanet Sand in the London
area and deserves to be conserved as a Regionally Important Geological Site.
From Tesco’s car park
Source: London’s foundations, page 194 (Laurie Baker, January 2012)
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GLA 42: Kenwood House Quarry, Hampstead Heath, Potential RIGS
London Borough of Camden, TQ 2685 8745
Ownership: English Heritage, Permission needed from owner at Kenwood House for proposed
conservation site but the old quarry can readily be seen from the driveway to the house from the car park
(paying). Sandy Heath has open access.
Bagshot Sand
The Bagshot Sand is the youngest of the ‘solid’ rocks in the London area. It is of Eocene age, dated at
about 50 million years. As the London Clay sea became shallow, so the sediments deposited became
coarser with fine sand appearing in the clay of the Claygate Beds at the top of the London Clay, and less
clay and coarser sand in the Bagshot Sand above that. The Bagshot Sand is interpreted as a near-shore
marine and estuarine deposit but because it lacks fossils it has been very difficult to be sure of its
environment of deposition (BGS Special Memoir, pp.50-51). What it does contain is grains of tourmaline
that suggest the sand originated in the West Country where tourmaline is a common constituent of the
granites. In the Hampshire Basin tidal influence has been recorded. Bagshot Sand is, in any case, very
variable, containing pebbles, sand (often iron-rich) and very pure pipeclay in places. The name comes from
the original description in Bagshot, Surrey where outcrops are extensive but in the London area outcrops
are rare, only occurring on Hampstead Heath and Harrow-on-the-Hill. On the Epping Forest ridge and in
Essex further outcrops are found. At one time the sand probably extended over the whole area but in the
intervening 50 million years it has mostly been eroded in the London area. Hampstead Heath is the highest
hill in London at 134 m with a current maximum thickness of 18 m of Bagshot Sand. At Harrow-on-the-Hill,
maximum height 124 m, the outcrop is thinner and less extensive.
Quarrying on the Heath
The Bagshot Sand is not pure enough to be used for most building purposes but is useful in foundations.
Quarries on Sandy Heath were exploited in the 1860s by Sir Thomas Maryon Wilson for the building of the
railway out of St. Pancras station. It was further exploited in the building of Kenwood House. The face of the
former quarry close to Kenwood House at TQ 2685 8745 can still be made out behind a wooden fence on
the west drive and would make an ideal location to create a conserved face. A section of the slope was
stripped bare in the 1987 storm but has since been re-planted. There is a second quarry within the
gardeners’ compound. The small exposures on Sandy Heath around the natural ponds provide an
opportunity to study the Bagshot Sand at close quarters. It is unclear whether the numerous pebbles
covering the ground have come from the sand or are residual from a much younger deposit, known as the
Stanmore Gravel, now eroded from the Heath except for two very small patches (see GLA 18, the SSSI at
Harrow Weald for good exposure). The ponds are purportedly floored by an iron pan layer from within the
Bagshot Sand.
Springs
A spring line occurs at the base of the Bagshot Sand at the junction with the underlying Claygate Beds at
the top of the London Clay Formation. A lower spring line occurs at the base of the Claygate Beds. These
springs give rise to the Fleet, Westbourne and Tyburn Rivers flowing into the Thames and the Mutton Hall
Brook flowing into the River Brent. By looking at the topography, plants and spring lines it is possible to
make out the junctions of these various lithologies on Hampstead Heath.
Access
Hampstead Heath can be accessed at many points (www.cityoflondon.gov.uk/things-to-do/greenspaces/hampstead-heath/visitor-information/Pages/default.aspx). Bagshot Sand can best be seen on
Sandy Heath at the top of the Heath. The old quarry is found within the grounds of Kenwood House. A
geological walk around the Heath including both stops is detailed in GA Guide 68, pp. 39-56 (Stops 2 and
5).
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Kenwood House Quarry (Source: Geoff Swann)

Sandy Heath exposures of Bagshot Sand (Source:
Diana Clements)

Source: London’s foundations, page 198
Site Map
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GLA 43: Springfield Park, Potential RIGS
London Borough of Hackney, TQ 345 873
Ownership: Local Authority. Public open space.
Springfield Park geology
Springfield Park is on the west bank of the River Lea, and it is London’s only geological nature reserve. The
geology of the park is straightforward with a terrace composed of Hackney Gravel lying directly on the
London Clay. As the name implies, the primary geological interest is the occurrence of numerous springs
where groundwater flowing through the gravel emerges at the surface where it meets the impervious clay
below. The springs are sometimes a trickle and at other times a vigorous bubbling flow and the damp
ground creates lush vegetation providing a reminder of the relationship between geology and plant life.
There are many other aspects of geology that can be demonstrated in the park, from the different types of
vegetation that can be seen growing on sandy or clay soils, to the cracks in the tarmac paths that indicate
minor landslips as the clay slowly moves downhill. A small pit within the park supplied sufficient brickearth
for the building of the 3 villas originally there (now only one remains). All this is contained in an excellent
leaflet on the geology, produced by geologist Eric Robinson when the park was designated a geological
nature reserve in 1997.
View
A steep walk to the top of the park rewards the visitor with a fine view of the Lea valley containing the
complex of reservoirs supplying drinking water to north and east London. It is a good place to appreciate
the great width of the valley which was created during times of a melting ice sheet, when the vegetation
was sparse, the river was swollen with meltwater and debris, and the local wildlife included reindeer and
polar bear.
Access and facilities
The park has an Information Centre were leaflets can be obtained, as well as downloaded from here.
Toilets and a cafe are situated in the same building. Interpretation boards for the geology are placed at
several sites within the park. Access can be from the Lea Valley tow path and surrounding roads.
View from Springfield Park across the River Lea to the Epping Forest Ridge on the far side
Source: London’s foundations, page 201 (Diana Clements)
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GLA 44: Highgate Wood and Queen’s Wood, Potential RIGS
London Borough of Haringey, Highgate Wood TQ 280 885, Queen’s Wood TQ 285 885
Ownership: Highgate Wood – Corporation of London, Queen’s Wood – Local Authority. Public open space,
woodland and grass
Topography
These two woodland areas and specifically the Muswell Hill Road, which separates them, marks the
important north-south interfluve dividing the watershed of the headwaters of the River Brent, flowing to the
west, from one of the head streams of the Moselle steam, flowing to the east and eventually joining the
River Lea. There are deeply cut ravines in Queen's Wood that indicate intense water flows which are likely
to be associated with glacial events.
Solid Geology
The underlying geology is London Clay, which is overlain by the Claygate Beds on the higher land in
Highgate Wood. The London Clay was deposited in the Eocene period over 40 million years ago and the
Claygate Member is at the top of the London Clay Formation, consisting of sandy, silty clay laid down when
the seas had shallowed.
Superficial deposits
More recent Pleistocene and Holocene sand and gravel deposits are found on or near the surface in parts
of the woods. It is unclear precisely what fluvial or glacial processes caused the formation of the very
hillocky and deeply cut topography and, in turn, the provenance of the gravels deposited.
Archaeological and historical associations
Archaeological excavations in the early 1960s and early 1970s verified the presence of a Romano-British
pottery manufacturing complex in Highgate Wood. Remains of kilns, trenches and ditch features were
revealed and dated from AD 50 to AD 2001, 2, 3, 4. All that is visible now is the raised knoll at the site (TQ 283
8900). In 2010 excavation, linked to an experimental archaeology project, provided samples of in situ
sediments, which indicated that the Claygate Member extended further north than the BGS map indicates5, 6
(BGS Special Memoir, pp. 47-50). Elsewhere in the woods there is evidence of later sands and gravel
extraction and on the 1873 OS map Highgate Wood is shown as Gravel Pit Wood.
References:
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Excavation into the Claygate Beds at the top of Highgate Wood.
Source: Peter Collins
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GLA 45: Bedfords Park, Recommended RIGS
London Borough of Havering, Bedfords Park entrance TQ 517 930, Visitor Centre TQ 519 922
Ownership: Local Authority. Public open space.
Geology of the Havering Ridge
The lofty village of Havering-atte-Bower is the highest point of a ridge of high ground that runs across the
north of Havering borough. It extends from Havering Country Park in the west, through Havering–atteBower, with a spur extending south-east into Bedfords Park. The geology of the ridge is similar to that of
other high points in Essex such as Hainault Forest (GLA 15), High Beach and the Langdon Hills and
consists of London Clay overlain by the sandy clay of the Claygate Beds and in turn overlain by Bagshot
Sand. These rocks were laid down as sediment on the floor of the London Clay sea some 50 million years
ago, the increasingly sandy nature of the strata demonstrating that the sea was slowly becoming shallower.
The highest part of the ridge is capped by a substantial spread of gravel (sometimes called ‘pebble gravel’
or ‘Stanmore Gravel’) which also occurs at other high points in Essex, but its origin has puzzled geologists
for years. It is now thought to have been laid down probably about a million years ago by northward-flowing
tributaries of the early River Thames at a time when the Thames flowed across north Essex and Suffolk. It
is difficult to believe that Havering-atte-Bower, now one of the highest points in London, was once the floor
of an ancient river valley. An alternative view is the Stanmore Gravel may be a marine deposit related to the
Crags of East Anglia, equally difficult to believe (BGS Special Memoir, p. 52). There is a small patch of the
Stanmore Gravel within Bedfords Park but it is much more extensive on the high ground of Havering
Country Park where the gravel is noticeable in the soil. It gives rise to birch, gorse and bracken in contrast
to the heavier London Clay soil to the south which favours oak, hornbeam and bramble.
The effects of the Ice Age
During the coldest period of the Ice Age, about 450,000 years ago, the giant Anglian ice sheet spread south
into Essex and left behind boulder clay or till. Patches of this distinctive deposit are present on the northern
slopes of the ridge and on the high ground of Bedfords Park. The ice sheet brought with it a variety of rocks
from all over the country and even as far away as Norway. As the ice retreated some of the rocks within it
were washed away by rivers that eventually found their way into the new route of the Thames that was
forced south through London by the ice sheet. The earliest of the Thames gravels, deposited as the Anglian
ice sheet melted can be found close by at Marks Warren Quarry (GLA 37) near Romford. In June 2011,
when members of the London Geodiversity Partnership and GeoEssex were visiting the Quarry, they
discovered a boulder that had been found within the Black Park Gravel by the quarrymen. Subsequent
examination of the boulder confirmed that it was a glacial erratic composed of an igneous rock, dolerite.
The characteristics of the rock, which appears to be a quartz-hypersthene dolerite, indicate that it may well
have been derived from the Great Whin Sill, a prominent scarp in Northumberland, much of which is
composed of this rock type. If the petrology of the rock is confirmed, this boulder would be one of the
furthest travelled, having been transported some 300 miles from its origin. Due to the kind efforts of the
quarry operators, Brett Aggregates Ltd, the 0.9 tonne boulder was transported a few miles to the Visitor
Centre at Bedford’s Park where it is on public display2.
Springs
Springs are evident in many places where groundwater is thrown out at the junction of the Claygate Beds
and the impervious London Clay beneath. This is noticeable in Bedfords Park where an area of marsh is
fed by springs emerging from the hillside. Very often the geological unit that you are walking over can be
deduced by the spring lines. Topography and vegetation provide other clues. Bedford Park is an excellent
location to attempt to locate, from first principles, the 5 different lithological units to be found here.
Visitor Centre
The Visitor Centre is situated at over 90 m and affords spectacular views over Canary Wharf to Shooters
Hill on the south side of the Thames and beyond into Kent. It is run by the Essex Wildlife Trust who have
installed an interactive computer terminal describing the five different geological units in the area with a
map of where they are located. The glacial boulder is placed outside at the view point. There is free
parking, toilets and a snack bar (www.essexwt.org.uk/reserves/bedfords-park).
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Whin Sill Boulder outside visitor centre
Source: Essex Wildlife Trust

Site Map
Source: London’s foundations, page 205
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GLA 46: Rainham Submerged Forest, Potential RIGS
London Borough of Havering, TQ 516 795
Ownership: Port of London Authority. Open access to the path and permission not required to visit the
foreshore.
Part of a submerged forest, about 6,000 years old, is exposed on the Thames foreshore at Rainham Marsh.
The forest, consisting of fallen tree trunks and roots, is of Neolithic age, a time when sea level was much
lower1. Following the end of glacial conditions some 10,000 years ago, alluvium (silts and clays with seams
of sand and gravel) was laid down by the River Thames on its floodplain. Trees colonised the mud flats
when there were minor temporary falls in sea level and died when sea level rose. The site has educational
importance in the interpretation of sea level changes since the end of glacial conditions some 10,000 years
ago, and how this relates to our current concerns about global warming. A written record of this site was
made in 1712 by Reverend William Dereham, Vicar of Upminster2. There are other submerged forests
along the Thames (e.g. at Purfleet nearby and on the other side of the river at Erith, GLA 39) some of which
were studied as early as 1665 but this is the best place within Greater London to view it on the north bank.
Within the nearby RSPB site, during drainage maintenance, logs from the forest bed are found, possibly
older than those occurring on the foreshore – one is on permanent display on the northern side of the
RSPB site – unfortunately the RSPB charge to enter the site.
Access
The sea wall footpath (Havering Riverside Path, also on the London Loop3) passes adjacent to the site.
Rainham Railway Station is about 2 miles distant (http://www.walklondon.org.uk/section.asp?section=1).
The submerged forest can only be seen at low tide and care should be taken if going onto the foreshore. A
falling tide is essential.
References:
1
Bates, M.R and Barham, A.J 1995. Holocene alluvial stratigraphic architecture and archaeology in the
lower Thames area, in Bridgland D, Allen, P and Haggart, B A (eds):The Quaternary of the lower reaches
of the Thames, Field guide. Quaternary Research Association, Durham, pp 85-98.
2
Dereham, W. 1712. Observations concerning the subterraneous trees in Dagenham, and other marshes
bordering upon the River Thames, in the County of Essex. Philosophical Transactions of the Royal
Society. Vol. 27 pp.478-484.
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Neolithic submerged forest on north bank of the Thames
Source: London’s foundations, page 210 (Diana Clements, July 2011)
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GLA 47: South Hall Farm/Spring Farm Quarry Complex, Potential RIGS
London Borough of Havering, TQ 535 818
Ownership: Brett Lafarge. Permission to visit must be sought from owner.
South Hall Farm/Spring Farm Quarry Complex
The large area covering South Hall Farm and Spring Farm has been utilised for gravel extraction for a
considerable length of time. Now most of it is returned to agricultural land with very little evidence of the
former quarries. Quarries visited by members of the London Geodiversity Partnership in June 2011 at
South Hall Farm and Spring Farm were exploiting the Taplow Gravel but earlier, backfilled quarries in this
area were also quarrying the older, Boyn Hill Gravel. For the quarry owners the age of the gravel does not
make much difference and there is a tendency to mix them in the processing plants and screen them on
gravel size. Processing was taking place adjacent to the portacabin offices in nearby Launders Lane.
Taplow Gravel
The Taplow Gravel is the second youngest of the Thames Terraces in East London (see BGS Special
Memoir, pp. 59-65). In Central and West London and up the valley of the River Roding in East London, the
younger, Kempton Park Gravel can be found but here it is submerged. The Taplow Gravel is dated at
around 200,000 years old OIS 7 (Oxygen Isotope Stage 7). Oxygen isotopes relate to the ratio of heavy to
light oxygen isotopes measured in the sample. During ice ages the heavier isotopes are more numerous as
the lighter ones are locked up in ice sheets. During interglacials when the ice sheets melt the ratio changes
and the proportion of light isotopes increases. Very often the system is recorded as Marine Isotope Stages
(MIS) as it is from the shells of marine organisms that the measurements are calculated. These stages are
then correlated with non-marine deposits such as the Thames Terraces. When comparing the OIS from one
location to another, the odd numbers relate to interglacials while the even numbers relate to periods of
glaciation. The most extensive of the ice advances in the UK during the last two million years of Ice Age
occurred around 450,000 years ago and is known as the Anglian (OIS 12). At that time tongues of ice
extended as far as Hornchurch in East London (GLA 19) and Finchley in North London (GLA 2 and 58).
Present extraction of Taplow Gravel is in a low-lying area close to the Thames and just inland from
Wennington and Rainham Marshes, lying between 5 m and 10 m above sea level. This is rather lower
elevation than elsewhere. It is probably only about 3 m deep for the most part in this area but at
Dagenham, not far away it is closer to 8 m1. As with the other Thames Terraces, the clasts are primarily of
angular flint, with less than 5% of the rounded, reworked, ‘Tertiary’ flints (average ratio c. 20:1) and about
5% of exotic clasts2. No mammal remains have been recorded from this complex but typical mammal
assemblages of this period include a late form of mammoth, horse and the large northern vole. Flint tools
are also associated with the interglacial deposits relating to gravels of this age. The Taplow Gravel itself
was deposited when the climate was more extreme at the beginning and end of the ice advance. The
diagram below shows the relationship of the various Thames Gravels, perceived as a staircase with the
oldest at the top and the youngest at the bottom.
References
1
Bridgland, D.R. 1994. The Quaternary of the Thames. Chapman and Hall, Table 3.2
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Quarry showing Taplow Gravel
Source: London’s foundations, page 213 (Diana Clements, 2011)

Site Map
Source: London’s foundations, page 211
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GLA 48: Thames Foreshore, Isleworth, Potential RIGS
London Borough of Hounslow, TQ 168 760
Ownership: Port of London Authority. Open access but a low spring tide recommended.
Exposures of London Clay on the foreshore
There are a number of sites in the upper tidal reaches of the Thames where the river gravels have been
eroded away to expose small patches of London Clay at low tide. Such patches have been recorded at
Hammersmith (TQ 299 780) and Kew Railway Bridge (TQ 194 775) as well as at Isleworth. By their nature
these are not always visible and the exact positions of the exposures can vary. In 2010 Isleworth was the
best site but sudden deposition or erosion during storms sometimes alters the exposures. A low spring tide
will usually reveal the clay on erosional outer banks of Thames meanders where its position is often marked
by septarian nodules (hard concretions within the clay) both in situ and as broken fragments.
The London Clay at Isleworth comprises stiff blue-grey clay, mostly weathered orange, associated with a
line of these large septarian nodules. The exposures are located just above low water mark, from the beach
below the steps to the riverbank below the Pavilion in Syon Park. London Clay fossils can be found loose,
weathered out on the clay surfaces, sometimes associated with small drifts of pyrite that have accumulated
in hollows, randomly distributed. Pictures and a description can be found in GA Guide 68, pp. 152-3.
London Clay
The London Clay was laid down over 50 million years ago when Southeast England was covered by a
warm tropical sea. Seasonal rain caused wide rivers to discharge large amounts of clay into the sea from a
coastline probably now in the Midlands. Along with the clay a number of terrestrial plants, mostly wood, fruit
and seeds, and rare terrestrial animal remains were washed into the sea, often preserved as pyrite. From
the fossilised plant remains (particularly Nipa palms and mangroves), a tropical climate is envisaged,
similar to Malaysia and Indonesia today, but there are differences as many of the plants, such as magnolia,
are considered to be temperate species. Today the best exposures of London Clay in southeast England
are on the Isle of Sheppey and many of the fossils now in collections were found there. All the former
quarries working London Clay in the London area have since been backfilled. Five coarsening-up
sequences have been recognised, formed as the London Basin repeatedly filled up. These are described in
detail by King2 with a revised summary in the BGS Special Memoir (see Fig. 27).
London Clay fossils
The most abundant fossils at Isleworth are small tube worms, Ditrupa plana, easily picked out by their palepink preservation, which are a good indicator of where to look for other fossils. Molluscs may be relatively
well preserved, sometimes retaining their original shell, and with pyrite infill which is a bright gold colour
when fresh, quickly weathering to black on exposure. The pyrite tends to accumulate in black drifts in
hollows and, with careful scrutiny, fossil snails and bivalves can be picked out among the more common
small black nodules. Details of the fauna found at Islewsorth are written up in the publication by Rundle
detailed below2. By comparing the fossils found within the clay Rundle and Cooper3 placed the exposure
within Wrigley’s Division 4 which equates to Divisions C2 to D1 of King.
References:
1
King, C. 1981. The Stratigraphy of the London Clay and Associated Deposits. (Tertiary Research Special
Paper No. 6). Backhuys (Rotterdam), Text-fig.8.
2
Rundle, A.J. 1970. Report of Project Meeting to Isleworth, Middlesex, April 11th 1970. Tertiary Times 1, pp.
28-31. (Reprinted in Tertiary Research, 22 pp. 18-19 in 2004)
3
Rundle, A.J. & Cooper, J. 1970. Some Recent Temporary Exposures of London Clay in the London Area.
The London Naturalist 49, pp. 120-121.
4
Wrigley, A G, 1924. Faunal Divisions of the London Clay. Proceedings of the Geologists' Association, 35,
pp. 245-259.
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London Clay exposures on the foreshore near Syon House, Isleworth
Source: London’s foundations, page 216 (Diana Clements)
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Source: London’s foundations, page 214
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GLA 49: Fairlop Quarry Complex (Hainault Quarry), Potential RIGS
(Incorporating SGI 16, Fairlop Water)
London Borough of Redbridge, TQ 462 896
Ownership: Brett Lafarge. Permission to visit required from owner.
Fairlop Quarry Complex
The Fairlop Quarry Complex covers a wide area that has been quarried for Boyn Hill Gravel over many
years. As the quarries are worked out they are then backfilled and restored, mostly for agricultural use.
Fairlop Water (TQ 4572 9072) remains a public open space with a golf course, a windsurfing, sailing and
angling lake and an artificial boulder climbing area. There is also a bar and restaurant.
When the working quarry (TQ 462 896) was visited by members of the London Geodiversity Partnership in
July 2011 it was in its last days of operation. An adjacent plot was scheduled to begin operations in August
2012. The Hainault Road depot/processing plant is part of the Farilop complex.
Boyn Hill Gravel
The Boyn Hill Gravel is one of the earliest of the Thames Terraces, deposited about 350,000 years ago,
MIS 11 (Marine Isotope Stage 11). In the Lower Thames it is also known as Orsett Heath Gravel. In this
location the unquarried surface is between 25 and 30 m above sea level which is consistent with the
elevation of the Boyn Hill/Orsett Heath Gravel found elsewhere along the Thames Valley. It is about 6 m
thick in this area (see BGS Special Memoir, pp. 59-65). The majority of the clasts are of flint, a very hard
form of the mineral silica that originated as layers within the chalk. This is true for all the Thames gravels in
the Greater London area but subtle differences of the percentage of rounded pebbles to non-rounded ones
(1:12.5) and the very small percentage of ‘exotic’ pebbles distinguishes the different Thames Terraces (<
9%)1. No mammal bones have been recorded from Fairlop but elsewhere bones of cave bear, large fallow
deer, small mole, giant beaver and rabbit have been found. This particular suite of bones is typical of the
Mammal Assemblage Zone first recorded at Swanscombe further east. Clactonian and Acheulian flint
artefacts are also associated with gravels of this age.
Other quarries in the area
The earlier terrace of Black Park Gravel is also quarried by Brett Lefarge at Mark’s Warren (GLA 37, around
400,000 years old, OIS 12-11) whilst younger Taplow Gravel is quarried by them close to the Thames at the
South Hall Farm/Spring Farm Complex (GLA, 47, around 200,000 years old, OIS 6-8). A diagram detailing
the staircase of the Thames Terraces can be found under that entry and in the section under London’s
Geology on the LGP website (www.londongeopartnership.org.uk/londongeology.html). Apart from one
quarry in the Colne Valley in west London these are the only working quarries remaining in the whole of the
Greater London area.
Access
Arrangements to visit the current working quarry must be made with Brett Lafarge. Access to the
recreational site at Fairlop Water is open to the public and detailed on their website (www.visionrcl.org.uk/fairlop_home.html).
References
1
Bridgland, D.R. 1994. The Quaternary of the Thames. Chapman and Hall, Table 3.2.
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A remaining bund of Boyn Hill Gravel at the working quarry in the Fairlop complex, July 2011
Source: London’s foundations, page 213 (Diana Clements. July 2011)
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GLA 50: Knighton Wood, Potential RIGS
London Borough of Redbridge, TQ 413 935
Ownership: Corporation of London (part of Epping Forest). Public open space
Woodford Gravel
Knighton Wood and the adjacent Lord’s Bushes are areas of adjoining oak and hornbeam woodland partly
in The London Borough of Waltham Forest and partly in Essex. The woodland sits on an extensive patch of
what is known as Woodford Gravel, the origin of which is not entirely clear. The proportion of angular and
rounded flint, and in particular of other rock types such as Lower Greensand chert from The Weald, indicate
that it was deposited by a northward-flowing river. This theory is supported by the fact that there are other
patches of Woodford Gravel in the vicinity and they decline in elevation northwards. It therefore appears
that the Woodford Gravel was deposited by a river flowing from what is now the Weald of Surrey
northwards across East London to join the Thames which at that time flowed across north Essex and
Suffolk. When this river was in existence is very difficult to determine but it was probably over 700,000
years ago. The gravel was first described from a borehole in Woodford, hence the name, and the
components and elevation are considered to be sufficiently different to distinguish it from the Stanmore
Gravel that caps the Epping Forest ridge and is of higher elevation (BGS Special Memoir, pp. 59-65) 1.
Knighton Lake
The Woodford Gravel is well-exposed around the edge of Knighton Lake, particularly on the east side,
close to the path. Further round the lake, a good example of Pulhamite can be seen at the western end.
This is a manufactured rock face much loved by the Victorians created by the Pulham family, probably in
the early 1900s (see http://pulham.org.uk/).
Access
Knighton Wood and Lord’s Bushes are part of Epping Forest and are accessible at all times. Access from
Knighton Lane where there is parking space for a few cars. Buckhurst Hill Underground station is close by.
Reference:
1
Gibbard, P.L. 1995. Palaeogeographic evolution of the lower reaches of the Thames. In: Bridgland, D.R.,
Allen, P. and Haggart, B.A. (Editors). The Quaternary of the Lower Reaches of the Thames – Field Guide.
Quaternary Research Association, pp. 5-34.
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Exposure of Woodford Gravel on the eastern perimeter of Knighton Lake
Source: London’s foundations, page 222 (Diana Clements)
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GLA 51: Parish’s Pit, Erith, Potential LIGS
London Borough of Bexley, TQ 5100 7815 and TQ 5095 7800
Ownership: Private industrial estate. Permission to visit must be sought from individual owners.
This is a large, half a square kilometre, former pit that mainly worked Thanet Sand between 1805 and about
1970. Strata are horizontal. The natural site was a north east facing slope rising from the top of the Chalk at
Thames river level some 30 m to the Harwich Formation plateau. The base of the pit was at about the top
of the Chalk. The Thanet Sand can stand in near vertical cliffs, some still visible. Other strata do not stand
so steeply and are mainly hidden by impenetrable vegetation, scree and fences. About half the pit floor has
been backfilled, the other half has been built over as industrial estates, formerly the Vickers works.
One still spectacular rectangular “Lost World” type of “island” (Site a) is surrounded on three sides by high
vertical Thanet Sand cliffs and on its fourth side by a railway cutting. This is shown on a painting and a
photograph of the 1870s when the former quarry floor was a cricket ground. Another high Thanet cliff (Site
b) is marked by “Danger Falling Rocks” signs as Fraser Road climbs across it. Elsewhere the geology is
completely hidden. The site is 500 m south of the London LOOP Section 1 (see
http://www.walklondon.org.uk/section.asp?section=1).
References:
Lobley, J.L. 1873. Excursion to Erith and Crayford. Proceedings of the Geologists’ Association, 3, pp. 83 –
86.
Chandler, R.H. & Leach. A.L.1912. Report of an Excursion to the Lower Tertiary Section and the
Pleistocene River Drifts near Erith. Proceedings of the Geologists’ Association, 23, pp. 183 – 189.
Davies, W.J.K 1959. Parish’s Loam Quarries, Erith, Kent. Narrow Gauge Railway Society Handbook 2.
Parish’s Pit
Source: London’s foundations, page 225 (Diana Clements)
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Site Map
Source: London’s foundations, page 223
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GLA 52: Bromley Palace Park, Pulhamite and St. Blaise’s Well, Potential LIGS
London Borough of Bromley, TQ 408 961
Ownership: Local Authority. Open access.
The sites are waterfall structures at the inflow (Pulham Cascade) and an outflow (Pulham Fernary) of a lake
(part of a former mediaeval moat) in the grounds of the former Bishop’s Palace now the Bromley Civic
Centre. They are formed of Pulhamite and were constructed in 1865 (see http://pulham.org.uk/). The inflow
structure is adjacent to a modern fountain in a circular basin on the site of St Blaise’s Well, a chalybeate
spring which was used for its curative properties in the 18th century. A large plaque tells the story of St
Blaise’s Well. To the north of the Palace is the Millennium Rock, a boulder of Lewisian Gneiss presented to
Bromley by the Highland Council.
St Blaise’s Well (left) and Pulhamite landscape (right)
Source: London’s foundations, page 228 (Laurie Baker)

Site Map
Source: London’s foundations, page 226
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GLA 53: Charmwood Farm, Potential LIGS
London Borough of Bromley, TQ 4616 6244
Ownership: GK Deniss Farms. Permission to visit from owner.
In a small wood midway between Little Molloms Wood and Charmwood Farm, there are a series of
associated depressions and a half-filled open cast chalk quarry. The entrance arch is 1.5 m by 1.5 m. A
steep descent follows into a chamber 4.5 m high. A short (9 m) blind tunnel leads off on the right and there
are two connections, about 3m long, on the left to a parallel tunnel which once had its own entrance. The
two parallel tunnels are each about 25 m long. In 1992 the Kent Underground Research Group dug a deep
exploratory trench but only found loose chalk rubble, probably part of a roof collapse. The site is gated by a
metal grille. As most of the surface exposures of chalk in the London area are in Seaford Chalk, this is the
likely horizon here although this has not been confirmed.
Entrance to quarry
Source: London’s foundations, page 231 (Vernon Marks)
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Site Map
Source: London’s foundations, page 229
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GLA 54: Sundridge Park Manor Pulhamite Grotto, Potential LIGS
London Borough of Bromley, TQ 4183 7063
Ownership: Sundridge Park Manor. Permission to visit must be sought from golf course staff
(www.sundridgepark.com).
Artificial rock gardens designed by the Pulham family
In the mid and late 18th century wealthy landowners were most enthusiastic about having spectacular
natural features in their gardens. Massive rock gardens and large grottos were among the most popular
features built in the grounds of their mansions. Humphry Repton and other garden designers of the period
promoted the idea of picturesque, rugged and natural formations. This demand was supported by
landscape contractors and the most famous of them was James Pulham & Son (operating for four
generations). More than 177 Pulham-designed gardens are currently known including one at Buckingham
Palace and another in Battersea Park. Smaller features are the Pulhamite waterfall in Bromley Civic Centre
(GLA 52) and the small ‘rock exposure’ on the edge of the Knighton Wood lake (GLA 50), both with open
access. The Pulhams tried to imitate natural rock outcrops, often using materials found locally draped over
brick and other core structures for support (see http://pulham.org.uk/).
Pulhamite Grotto at Sundridge Park Manor
Sundridge Park Manor is situated in the middle of extensive grounds that are now Sundridge Park Golf
Course. At the back of the mansion there is a spectacular grotto designed and built by James Pulham and
Son in 1873-4 and kept in good repair by South London RIGS. The feature might better be described as a
ravine stretching up the slope and bending into the woods for about 100 m. It is designed to invite you up.
The Pulhamite here is made to closely resemble sandstone from the Weald of Sussex and Kent as found in
the Tunbridge Wells area. There are even large lumps of the original sandstone incorporated into the fabric
adding to the feeling of reality. The artificial material utilised sediments from the local Blackheath Beds.
Elmstead Wood Pit close by is clearly marked on old maps although with encroaching vegetation it is now
difficult to locate within the woods. There is an exposure close by in a former pit that is now a private
garden (GLA 33, SSSI). The 55 million year old Blackheath Beds are characterised by the pebbles that
cover Blackheath and that are well displayed in Gilbert’s Pit Charlton, and cemented in blocks at Dog
Rocks, Plumstead (GLA 14 and 8). At Elmstead Wood the lithology is different with layers of black pebbles
alternating with layers of massed oyster shells which have been cemented together. Other layers are
sandy. Little pieces of the hard conglomerate can be found throughout the grotto but there is also one
considerably larger lump incorporated into the fabric. An ornamental arch of cemented fossils and pebbles
can also be seen within the grounds of the mansion (see GA Guide 68, pp. 111-115).
Access
Sundridge Park Manor is currently a conference centre and hotel situated at the end of a driveway from
Plaistow Road and running through the middle of Sundridge Park Golf Course. Access is with permission of
the staff3.
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The Pulhamite Grotto at Sundridge Park Manor
Source: London’s foundations, page 234 (Steve Tracey)

Site Map
Source: London’s foundations, page 232
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GLA 55: Trent Park, Potential LIGS
London Borough of Enfield, TQ 281 969
Ownership: Local Authority. Open access.
Glacial Valleys
Trent Park displays 4 different rock types and so is an excellent location for studying the influence the
varied geology has had on the landscape. Areas of high ground are dissected by the Leeging Beech Gutter
running through the centre of the park and the Merryhills Brook to the south. Both streams rise from spring
lines in the west of the park and flow in an easterly direction towards the River Lea. Spring lines pick up the
junctions between the lithologies and the small streams emanating from them have, in places, cut deep
ravines. This cannot be the product of normal rainfall and must have happened as the ice sheet retreated at
the end of the Anglian glaciation about 400,000 years ago. During subsequent ice ages the glaciers did not
reach as far as London but, when frozen ground melted, an immense volume of water would have been
released accompanied by much slippage of the surface.
Superficial geology
Other evidence of the Anglian ice sheet can be found in Trent Park as glacial till on top of the ridge that
runs from the main car park near the Cockfosters Road to the top of Snakes Lane and also on the more
northerly ridge just outside the park area at Ferny Hill Farm. Actual exposures are hard to see unless there
have been some temporary excavations, but small pieces of white chalk are sometimes visible amongst
newly-ploughed earth in the fields surrounding the farm. As there is no chalk in the immediate area this is
an indication that the glacier picked it up as it passed over and it was dumped as glacial till as the ice
retreated. Large parts of Hertfordshire and East Anglia are covered by till but it only extended into the
London area as fingers. One finger, represented by isolated hill tops in Trent Park, terminated in Finchley
as the ice flowed down the ‘Finchley depression’. Subsequent erosion has left the till-capped hillocks as
high points in the landscape.
Beneath the till lies a horizon of Dollis Hill Gravel that is also restricted to the hilltops but is considerably
more extensive than the till. It is approximately 3-5 metres thick and is found at a height of c. 60-80 m
above sea level. Typically it is composed of 90% flint pebble (2/3 angular, 1/3 rounded), 7% Lower
Greensand chert and 1.8% quartzite (see BGS Special Memoir, pp. 55-57). The height above sea level and
the large proportion of rounded ‘Tertiary’ flints, help to distinguish this gravel from others that pre-dated the
ice sheet in the vicinity. Like the Woodford Gravel to the east and the Stanmore Gravel on higher ground,
the inclusion of Lower Greensand chert suggests that it was deposited by a river flowing from the Weald of
Surrey on the other side of what is now the Thames Valley. At that time the course of the Thames was
further north, flowing into the North Sea in the Clacton area and this would have been one of the tributaries.
Solid geology
Underlying the gravel and providing the bed rock of most of the park is the ubiquitous London Clay, formed
over 50 million years ago in moderately deep seas into which large rivers discharged a considerable
amount of mud. Terrestrial fossil plant fragments found within the clay in the southeast of England suggest
a tropical climate with some seasonality. As the sea became shallower, so the clay became sandier and
formed the Claygate Beds. These underlie the gravel but are rather more extensive, as the gravel has been
eroded in places. The springs mostly arise where water percolating through the gravel meets the less
permeable Claygate Beds beneath. A second spring line occurs at the junction of the Claygate Beds and
the London Clay.
Access
There is a car park off Cockfosters Road open from 8.30 am until dusk. Bus 298 stops outside this entrance
to the park and Cockfosters Underground Station (Piccadilly Line) is about 10 minutes walk away. There
are toilets and a café beside the car park. The London Loop runs through the park
( http://www.walklondon.org.uk/section.asp?section=1 (Section 17)). A geotrail is described in GA Guide 68,
pp. 57-64.
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Exposure of London Clay at the edge of the fish ponds
Source: London’s foundations, page 237 (Diana Clements)

Site Map
Source: London’s foundations, page 235
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GLA 56: Bleak Hill Sandpits, Potential LIGS
London Borough of Greenwich, TQ 4606 7776
Open access
The site is the remains of three pits.1) Hope Cottage pit (TQ 4600 7768) (visited by the Geologists’
Association in 18871 and 19062) only in the strata above the Chalk, the floor is now a car park.
Jenner’s (Hoar’s) pit (TQ 4606 7766) (visited 1894, 19062, 1908) only in Thanet Sand and Chalk), the floor
is now a car park. Today it is a very steep, inaccessible face with mainly obscured geology (GA Guide 68, p.
97).
Tuff and Hoar’s pit (TQ 4598 7776) (visited 1908, 19193, 4, 19295). A photo (Priest, 19193) shows a 25 m
high face to the upper pit with Blackheath, Lambeth and Thanet strata and, lowering its floor, a 3m deep
lower pit in Chalk. This area is now heavily overgrown and is accessed with difficulty by several minor
footpaths from the Green Chain Walk (see
http://greenchain.com/downloads/file/1/green_chain_geo_trail_guide) to the north. There is still clear
evidence of quarrying activities in the steep central valley. Several lumps of calcitic conglomerate were
found (presumably from the Blackheath Beds). One appeared to be natural but several cylindrical pieces
were manmade, possibly as test pieces. The geology is believed to be similar to Gilbert’s Pit but few clear
exposures are to be found.
References
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Old quarry
Source: London’s foundations, page 240 (Diana Clements, 2012)
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Source: London’s foundations, page 238
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GLA 57: Wickham Valley Brickworks Complex, Potential LIGS
London Borough of Greenwich, TQ 4604 7743
Ownership: Private. No access.
The complex is the remains of three adjacent pits that have been described by visits from the Geologists’
Association and others1,2,3,4,5.
1) Cemetery Brickyard (1861-1908, now Rockcliff Gardens),
2) South Metropolitan Brickyard (1880-1912, reworked for sand in 1940s and 50s) (now Radnor Crescent
and Prestwood Close) and 3) Gregory’s Pit, also known as Wickham Lane Brick Pit (c. 1840-1930) (now
between Alliance Road and Wickham Lane.
The area has been entirely built over but behind the garages in Radnor Crescent the tall cliff forming the
southern edge of the South Metropolitan Quarry can still be seen through the trees (best viewed in winter).
The geology of this cliff is similar to Gilbert’s Pit SSSI (GLA 14) except for an unusual unit of blue-grey sand
at the top of the Upnor Formation. Woolwich Cemetery is at the top of the cliff but allows no access. A
recently installed fence surrounding the base of the c.100m long exposure, perhaps to discourage
dumping, allows no access from the bottom either but with binoculars small patches of exposure in midand upper- cliff can still be seen (see GA Guide 68, pp. 97-98). All three Brick Works were mixing clay and
sand from Upnor, Woolwich and Thanet Formations from their open pits with chalk from their own
underground mines but also exploited local ‘Brickearth’.
In the 1950s the underground mines were filled with fly-ash slurry and sealed off6, 7. Rockcliffe Gardens are
of interest as an attempt to develop a major area of subsidence into the mine in 1937.
Radnor Crescent is 400 m south of the Green Chain Walk Section 4 (see
http://greenchain.com/downloads/file/1/green_chain_geo_trail_guide).
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From Radnor Crescent
Source: London’s foundations, page 243 (Diana Clements)
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GLA 58: Coldfall Wood, Potential LIGS
London Borough of Haringey, TQ 276 903
Ownership: Local Authority. Open access.
Coldfall Wood
Coldfall Wood is a small area of ancient woodland still surviving in an area that is mostly built over. It slopes
down to the north cutting a gully. It is adjacent to the St Pancras and Islington Cemetery in East Finchley
with similar geology where exposures are more easily seen.
The Anglian glaciation
During the past 2 million years of the Ice Age there have been repeated cycles of glacial and interglacial
periods. In the UK, the most extensive of the glacial periods recorded is the Anglian when the ice sheet
reached southern England around 450,000 years ago. The present-day location of Finchley was then in a
valley (known as the ‘Finchley depression’) which allowed a tongue of ice to push its way south as an
elongated feature. A similar feature can be seen at Hornchurch (GLA 19). Both Coldfall Wood and Avenue
House (GLA 2) are near the southern extremity of glacial till deposits which can be found today, proof of the
glacier’s earlier presence in an area which is now relatively high ground. It is possible that the ice sheet
extended a bit further down the Brent valley but has subsequently been eroded1. The valley of the Brent
would have been carved out by the large volumes of water coming from the melting glacier. Other deep
valleys in the area are probably also the result of melt water escaping both from the Anglian ice sheet and
subsequent periods of permafrost in the area. The small stream that now flows through the bottom of
Coldfall Wood could never have carved out such a deep valley without extreme conditions. When seen, the
till is usually most easily recognised as dark clay with fragments of white chalk plucked by the glacier from
exposures in Hertfordshire. These are frequently seen on newly-dug graves at the top of the hill within the
cemetery. Jurassic fossils have also been found in the past including the robust bivalve Gryphaea (Devil’s
toenail) and the internal torpedo-shaped skeletons of belemnites, relatives of squids, cuttlefish and octopus.
Pre-Anglian gravel
Before the Anglian glaciation the course of the Thames was to the north of London, up the Colne Valley,
through the vale of St. Albans and into the North Sea in the Clacton area. The ice sheet overrode it and
when it melted, a pro-glacial lake formed in the Colne Valley which eventually burst, pushing the course of
the Thames in the opposite direction to its original route and then through what is now central London. In
north London gravel is found underlying the glacial till and it is thought this was deposited by former
tributaries of the Thames coming from the Weald right across the London area to join the Thames further
north on its earlier route. The gravel underlying the till at Coldfall Wood is known as the Dollis Hill Gravel,
first described from a temporary exposure on Dollis Hill near Hendon. One of the elements that
distinguishes it from other gravels is the comparatively high proportion of Lower Greensand chert (7%) (see
BGS Special Memoir, Fig. 31 and pp. 55-57) that can only have come from the Weald.
London Clay
Till and gravel can only be found on the highest part of Coldfall Wood on the west side. Elsewhere it has
been eroded to the bedrock - the Eocene London Clay that underlies nearly all of London. The London Clay
is a little older than 50 million years so there is a time gap of this much separating it from the overlying
gravel. It is termed ‘blue clay’ but when exposed at the surface it oxidizes to the more familiar orange
colour. It was laid down in a moderately deep sea at a time when Britain was decidedly warmer than today,
comparable to the equatorial climate of Malaysia but also with some temperate elements detected in some
of the plant fossils washed into it from rivers, probably as far away as the Midlands.
Access
Coldfall Wood is a public park with open access (see www.coldfallwoods.co.uk). There are three entrances,
two from the top in Creighton Avenue and the third from the adjacent Muswell Hill Playing Fields to the
north. There are rough footpaths through the wood but actual exposures are difficult to see under the
vegetation. The stream at the bottom is liable to flooding.
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Coldfall Wood
Source: London’s foundations, page 246 (Diana Clements)
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OS Topography © Crown Copyright

98

Guide to London’s Geological Sites

GLA 59: Pole Hill, Potential LIGS
London Borough of Waltham Forest, TQ 3835 9485
Ownership: City of London Corporation. Open access.
View from Pole Hill
Pole Hill is 91 metres above sea level and from the summit there is a fine panoramic view of London. It lies
exactly on the Greenwich Meridian and as the summit is visible from Greenwich a granite obelisk was
erected in 1824 to mark the direction of true north from the Royal Observatory which enabled geographers
to obtain a zero degree bearing. However, when this was recalculated several years later the true meridian
was found to be 19 feet east of the obelisk. Trees now obscure the view to Greenwich but the view down to
the Lea Valley and beyond remains.
Geology of Pole Hill and the brickworks that exploited it
The hill consists of London Clay capped by Claygate Beds 1. These are usually exposed at the top of the hill
due to erosion by walkers and run off. South of the obelisk a brickworks was established in the mid-19th
century and the pit exposed Claygate Beds consisting of alternating layers of sand and loam that were
deposited on the floor of a shallow, subtropical sea. The brickworks was extensive, consisting of six kilns,
an engine house, a 100 foot long drying house, and several outbuildings. In 1914 it was reported that
another brickworks had opened slightly further down the hill, on land known as Park Hill, and the pit serving
these works was of great interest as it yielded septarian nodules from the London Clay which contained
numerous fossils. Over 25 species of marine molluscs were found here, including a nautilus, sharks teeth
and fossil wood. The nodules also contained radiating crystals of barite and small crystals of selenite were
abundant in the clay. Both brickworks had closed by 1930 and the land on this side of the hill is now
occupied by housing. The fossils, which are about 50 million years old, are preserved in the Essex Field
Club’s collection (formerly in the Passmore Edwards Museum).
Access
Pole Hill is located on a westerly lobe of Epping Forest and is publically accessible from Woodberry Way
and other roads close by. It is a short walk from Chingford Station and about a kilometre away from Queen
Elizabeth’s Hunting Lodge, both on the A1069 Station Road/Rangers Road. An exhibition next to the
Hunting Lodge, The View, tells the story of Epping Forest. A shop, toilets and refreshments are also
available. The Epping Forest Centenary Walk goes through the complex.
References:
1
Bristow, C.R., Ellison, R.A. and Wood, C.J. 1980. The Claygate Beds of Essex. Proceedings of the
Geologists’ Association, 91, pp. 265-269.
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View from Pole Hill to the Lea Valley. The obelisk on the left marks the direction of true north along
the Greenwich Meridian. The view to the Royal Observatory is now obscured.
Source: London’s foundations, page 249 (Peter Collins)
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Source: London’s foundations, page 247
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GLOSSARY
Note: For stratigraphic units see London’s Geology page of LGP website and the links
Adit: walk-in entrance to mine.
Anglian glaciations: the most extensive of the Quaternary ice sheets that came as far south as
north London around 450,000 years (Marine Isotope Stage 12).
Anticline: fold where the rocks have been pushed up (convex upward). Younger rocks have then
usually been eroded from the top leaving an inlier of older rocks exposed at the surface.
Aquifer: strata that hold water exploitable for human needs, e.g. chalk under London.
Artesian wells: a well in which the water rises to the surface of its own accord as a result of
pressure from the sides.
Aragonite: a form of calcium carbonate CaCO3 that is less stable than calcite. Most molluscs have
shells of aragonite.
BGS: British Geological Survey, Keyworth, Nottingham www.bgs.ac.uk. (London office is in the
Natural History Museum).
Biostratigraphy: correlation of sediments based on occurrence of their enclosed fossils.
Bioturbated: the churning of sediment by burrowing animals, often destroying sedimentary
structures.
Bourne: an intermittent spring that appears when the water table rises high enough for water to
flow on the surface in a normally dry valley. Found in areas underlain by chalk.
BP: Before Present; a time-scale, calibrated to 1950, used particularly by archaeologists.
Brickearth: fine-grained, originally wind-blown, silt that has secondarily been deposited by water
in the London area. It is particularly suitable for brickmaking as it contains particles of chalk and
fine sand. It is variously named Langley Silt, Enfield Silt, Roding Silt, Ilford Silt, Dartford Silt and
Crayford Silt.
Bunter pebbles: smooth kidney-coloured quartzite clasts probably derived from the Triassic of
the Midlands.
Cal: calibrated date. The raw radiocarbon dates, in BP years, are calibrated to give calendar
dates. Standard calibration curves are available which adjust the radiocarbon dates according to
other dating methods.
Calcite: a mineral form of calcium carbonate CaCO3 that is more stable than aragonite. It is widely
distributed and is the chief constituent of limestone and most marble. Shells and tests of many
marine organisms are formed of calcite.
Calcareous: containing calcium carbonate.
Calcrete: calcium carbonate concretions, formed in soil horizons below the sediment surface by
precipitation from percolating rainwater or groundwater.
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Chalybeate: naturally iron-rich water.
Chert: SiO2; fine-grained, very hard rock formed by the precipitation of silica from solution. The
sub vitreous variety formed within the Chalk is termed flint.
Clast: Fragment of rock, mineral or skeletal material, broken down, eroded and re-deposited in a
later stratum.
Clay-with-flints: a residual deposit found pocketed into the top of the Chalk. The clay is thought
to be derived from the overlying Tertiary rocks, whereas many of the flints are uneroded and seem
to have remained more or less in situ while the surrounding chalk was dissolved during
weathering.
Conjugate: description of two related joint, fracture or fault planes (or sets) which meet at an
acute angle. They can often be linked to the orientation of stress fields.
Conglomerate: a coarse-grained sedimentary rock composed of rounded fragments (> 2 mm),
cemented in a finer-grained matrix.
Cortex: thin white crust surrounding flint nodules.
Dene hole: a small ancient chalk mine entered by a vertical shaft.
Facies: a body of sediment characterised by its composition, texture, fossil content and bed form
that reflects the environment and conditions of its origin.
Ferruginous: iron-stained, rust-brown colour.
Flood event: a flood event is one in which the fossil concerned is present in such abundance that
you cannot fail to find. It is usually restricted in thickness but of wide geographical extent, hence its
use as a correlative marker horizon.
Fluvial, fluviatile: relating to a river or river channel.
Freestone: block of building stone without any obvious bedding structures.
Glauconite: a mineral belonging to the mica group, usually occurring as small green, rounded
grains. It is thought to be formed in marine sediments although sometimes it is reworked into nonmarine sediments.
Head (head propensity): as shown on BGS maps, identifies slipped material (or slopes that are
likely to have slipped material).
Ichnotaxa: trace fossils; the name of the ichnotaxon denotes the fossilised work of an organism, not the
organism itself.

Imbrications: where pebbles are stacked end-on, in the manner of roof tiles, when deposited in a
strong current. They can indicate current direction.
Indurated: hardened.
Inlier: outcrop of older rocks completely surrounded by younger rocks.
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Involutions: disruption of sedimentary layers as a result of freezing and thawing in periglacial
conditions.
Karst: landscape shaped by dissolution of the bedrock, usually limestone.
Laminations (laminated): a small-scale sequence of fine sedimentary layers, less-pronounced
than bedding.
Lithology: general term used to describe the composition of a rock, e.g. colour, texture, grain
size.
Lithostratigraphy: correlation of strata based on lithology.
Lithified: where unconsolidated sediments have been transformed into hard rocks.
Loam: mixture of sand, silt and clay in roughly equal proportions.
Ma: abbreviation for a million years (106).
Mammal Assemblage-Zones (MAZ): one of a series of chronostratigraphic intervals defined by
the distinct fauna of mammals that occur within it.
Marl: calcareous (carbonate-rich) mudstone, or clay-rich chalk.
Marine (Oxygen) Isotope Stage (MIS): a system used for correlation which is dependent on the
analysis of heavy and light oxygen isotopes. A higher proportion of heavy oxygen isotopes
recovered from the shells of certain marine organisms is correlated with cold temperatures
because the lighter isotope is preferentially formed into ice and is thus less abundant in
contemporary sea water during cold periods.
Montmorillonite: a clay formed from volcanic ash. When wetted, montmorillonite absorbs water
and expands, only to shrink again when it dries.
OD: Ordnance Datum, mean sea-level at Newlyn.
Oolitic limestone: limestone composed of well-rounded grains of carbonate, each formed by
inorganic deposition around a nucleus, typically in warm seas (from the Greek, oo, an egg).
Outlier: outcrop of younger rocks completely surrounded by older rocks.
Palaeosol: ancient soil, formed in a past landscape.
Pedogenesis: the process by which soil is formed.
Periglacial: areas with conditions, processes associated with being adjacent to glaciers such as
frozen ground. Also, it is often used to describe the residual effects of permafrost (permanently
frozen soil or subsoil).
Pillar and stall: mining method whereby pillars are left to support the roof. Stall areas are where
the rock has been extracted.
Puddled: where a clay lining has been stamped into the base of ponds to increase the
waterproofing.
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Pyrite: iron sulphide mineral (FeS2) commonly found in sedimentary rocks.
Quartzite: a rock formed from pure quartz, strictly speaking by metamorphic processes, but
sometimes the term is used for sedimentary rocks with strongly silica-cemented sand grains.
RIGS: Regionally Important Geological Site, affords some planning protection but not as strong as
an SSSI.
Riparian: relating to the interface between land and a river or stream.
Sarsen: a very hard silica-cemented sandstone, usually found as a residual block.
Scarp: steep slope in a landscape which faces away from the dip of the strata.
Septarian nodule: a form of concretion (‘growing together’) that displays septa, or divisions
caused by cracking. The spaces are often filled with calcite. Common in the London Clay, where
they are also known as ‘cement stones’ owing to the suitability of their composition for that
purpose.
Solifluction: slow movement of waterlogged sediment down a slope.
SSSI: Site of Special Scientific Interest. Designated sites have legal protection.
Swallow hole: a natural depression in the surface caused by dissolution of the underlying rock
(usually limestone – chalk in the case of the London area). Streams often disappear down the
holes to reappear some distance away as springs.
Syncline: a U-shaped fold that is convex downwards. The rocks in the middle of the curvature are
younger than those at the edges.
Synsedimentary: usually refers to events or processes that occur at or close to the time that
sediments were deposited.
Thermophilous: warmth-loving (species), often characteristic of warmer climates.
Till or boulder clay: is a dumped mix of the products of ice erosion by glaciers, showing no
sorting or stratification. The predominant rock-type is clay but it also contains sand and chalk in
this area as well as a variety of more exotic clasts.
Transgression (transgressive): sea invading the land, either because the land is sinking or the
sea-level is rising.
Type site (section): the place where the strata were either originally described or where they are
best represented.
Unconformity: a geological boundary representing a break in the deposition of sediments, often
including a period of erosion.
Zone (fossil): a time period that is characterised by one or more particular fossil species.
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