Earth Heritage of
Greensand Country
Understanding the landscape around us

Get involved: bedfordshiregeologygroup.org.uk
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Foreword
Wow! Sand that can be dug out with a spade
and sold around the world, even to countries
with deserts full of the stuff, yet includes
hard ironstone bands that are used in local
buildings and walls! The Greensand Ridge
rises in the landscape as a significant feature,
offering magical views over the surrounding
countryside. It underpins a rare heathland
habitat and influenced the setting up of
hunting estates with their grand houses.
Yet recorded within its layers is evidence of
all the water currents, worm burrows and
other details of an environment from about
100 million years ago (Mya), replicating
environments that we see around the world
today. How could we not be fascinated by

this geology that underpins the history,
environment and economic development of
our region? Bedfordshire Geology Group
was set up to identify the best scientific
sites and to get them designated as ‘Local
Geological Sites’ with protection within the
planning system. It also aims to generally
increase local knowledge and understanding
of this fantastic resource with a series of
publications and various visits both for
general interest and those with a more
scientific bent. I hope you get the same
‘buzz’ as I do when seeing what we have
under our feet!
Malcolm Oliver - Founding Chair of
Bedfordshire Geology Group

BGG members exploring the working quarry at Munday’s Hill.
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About us

BGG members smile for the camera after
a hard morning’s cleaning of our primary
education site in Potton.

Bedfordshire Geology Group was formed in
2004 by a group of enthusiastic amateur and
professional geologists. We aim to encourage
an understanding of the rocks and landforms
of the county for the benefit of all. One of the
main ways of doing this is by identifying and
popularising Local Geological Sites which are
of scientific and educational importance.
Members enjoy field trips, clearing overgrown
sites, lectures, workshops and social events
– all aimed at getting familiar with local rocks
and fossils. We also arrange guided walks
to share our interest in the varied scenery
of Bedfordshire. We work closely with local
companies, museums and country parks.
Recently we have collaborated with members
of the Greensand Country Landscape
Partnership including The Wildlife Trust,
The Greensand Trust, Natural England and
English Heritage on different projects around
the county. Educational support for schools
is arranged by request. This often involves
classroom-based sessions that introduce
pupils to exciting geological topics such as
dinosaurs and volcanoes. Alternatively, we
can organise outdoor visits to help students
learn more about their natural environment.

BGG members enjoying a guided
walk along the River Ouzel.

Inspiring young people to explore the
geology of Greensand Country.

Contact Us
Visit the website: bedfordshiregeologygroup.org.uk
Email: secretary@bedfordshiregeologygroup.org.uk

Stay in touch…
facebook.com/BedfordshireGeologyGroup

Where is Greensand Country?
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Where is Greensand Country?
Greensand Country consists of the 35-mile
long ridge of sandstone, locally named the
Greensand Ridge, and its associated river
valleys covering 88 square miles. It stretches
across Bedfordshire from Leighton Buzzard
in the south-west to Gamlingay in the
north-east. Its sediments were laid down
about 125-113 Mya during the Lower
Cretaceous Period.
Greensand geology is not only found in
Bedfordshire, it also stretches across
southern England in a sinuous strip from
Norfolk south-west to the Isle of Wight and
outcrops again in a curved exposure around
the Weald in Kent and Sussex. The Greensand

changes its character and name in local areas.
Here in Bedfordshire the Lower Greensand
Formation forming Greensand Country is
known as the Woburn Sands.
The Greensand Ridge is bounded to the
north by lowland plains made of older soft
Jurassic (166-157 Mya) clays and to the
south by Gault clays of younger Cretaceous
(112-100 Mya) age. The ridge itself forms
an escarpment of rust coloured sandstones
supporting sandy heathlands, mixed
woodlands, historic parklands and both old
and working quarries. The landscape we see
today is rich in biodiversity and heritage.

View of the Greensand Ridge from
Marston Vale towards Lidlington.

6

Where is Greensand Country?

The rocks of Bedfordshire

Greensand Country

Where is Greensand Country?

When the Alps were raised up in southern
Europe, as Africa collided with Eurasia,
southern England rose out of the sea
and the rocks of Bedfordshire were
tilted about 3 degrees to the south-east.
These were worn down over time so
that they appear as bands of different
rocks running north-east to south-west
across the county, getting younger in age
towards the south-east.
With hard sandstone comprising much of
the Woburn Sand Formation, Greensand
Country stand higher than the
surrounding land, it is easy to see how the
geology affects the landscape elsewhere
in Bedfordshire. To the south, the Chalk
hills of the Chilterns are prominent, rising
to 243m on Dunstable Downs. Thin chalk
soils hold little moisture or nutrients and
much of the visible area holds nature
reserves or woodland. Between the
Chilterns and the Greensand, Gault Clay
underlies the vale with its rich farmland
and scattered villages.
North of Greensand Country, much of
Bedfordshire is dominated by Oxford
Clay. Most of this is arable land but
the area north of Ampthill was once
dominated by the tall chimneys of
brickworks. North-west of Bedford older
beds of limestone, exposed in the valley
sides of the River Great Ouse, have
been used to build some of that area’s
attractive villages.
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Where is Greensand Country?

Places in Greensand Country

View across Maulden village
from the top of the Greensand
Ridge into the Flit
valley below.
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A Geological History

How rocks shape
Greensand Country
Rocks influence the shape of the landscape. Hard rocks form hills and uplands whilst soft rocks
form valleys and lowlands. Over the last 200 million years, Greensand Country has been under
the sea many times and exposed as land, where weathering and erosion take place, many times
too. This area has also experienced a variety of climates from the heat and humidity of the
tropics to the cold of the tundra and glaciation. This has sculpted the rocks into rounded hills
and escarpments and influenced drainage, producing the river courses we see today.
The Woburn Sands were formed beneath
the sea, mainly from deposits of sand that
varied in consistency and grain size. The
sand is loose in places (see photo on page
2 & 3) but is usually consolidated into
hard sandstone (below). Sometimes, this
contains obvious bands rich in iron (right).
Occasional layers contain clay (page 17)
and rarely trace fossils (bottom right).

Photo © Steve Fowlston

Iron-rich Woburn Sands sandstone.

Photo © Steve Fowlston

Sandstone with various grain size.

Photo © Steve Fowlston

Hand specimen of Woburn Sands
sandstone showing trace fossils.

A Geological History

Why is the rock called
Greensand?
There are strict rules for the naming of rocks which are usually named after the best place to
see them. The term Greensand, formulated by the Victorians, was originally applied to green
coloured sandstones of mid Cretaceous age found in the west of England. The green colour
comes from the blue-green iron-rich clay mineral glauconite which was prevalent in that area.
However, sandstones of the early Cretaceous age found in Bedfordshire rarely show enough
glauconite to make them green.

View of Greensand Ridge looking towards Great Brickhill.

A wall in Husborne Crawley church showing green Upper Greensand
and reddy-brown Woburn Sands used as a building stone.
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A Geological History

Greensand Country’s
Geological History
Jurassic – When dinosaurs
ruled the land and sea
monsters ruled the oceans
Before Greensand
rocks existed, during
the Early Jurassic
Period (201-174 Mya),
the area was covered
by a shallow sea much
like the Bahamas today
where limestones and
clays were deposited.
As time passed, sea level rose, and the
oceans deepened. Only light particles
were carried far out to sea and fell on the
limestone seafloor to become the clays we
see today north of the Greensand Ridge.
These clays contain an abundant variety of
fossils from small shells to large reptiles and
tell us that these Jurassic seas had a rich
biodiversity. As Jurassic seas receded, land
emerged, and erosion occurred.

Fossil of a baby marine
reptile Plesiosaurus.

Plesiosaurus was a marine
predatory reptile in the
Jurassic Era.

A fossil Ichthyosaur.

A Geological History
Photo © Steve Fowlston

Massive cross-bedding exposed
in a disused quarry.

Cretaceous – When plants
covered Earth and oceans
flooded the land

Photo © Steve Fowlston

Mud drapes preferentially
preserved in iron with burrows
preserved above.

Photo © Henrietta Flynn

At the beginning of the Cretaceous Period
(145 Mya), sea levels rose rapidly because
of significant global warming. In Greensand
Country, we see this event as the sudden
influx of marine sands into a narrow seaway,
the Bedfordshire Straits. Sands deposited at
this time, 125-113 Mya, formed the Woburn
Sands Formation of the Greensand Ridge.
These sandstones were deposited quickly
and close to land. They are generally
quartzose sands of variable grain size and
tend to be iron-rich, some contain ironstones
and others are high in phosphates. As the
iron has been oxidised, the sands tend to be
reddish-brown in colour, but some sands are
white or silver and very fine grained. Many
show cross-bedding features indicating
strong tidal influences during

Vertical burrow probably made by
a large shrimp-like marine animal.
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A Geological History

deposition. Other sandstones contain fossil
wood, an indication of nearby land, and
evidence of burrowing animals is common.
However, the bodies of the animals which
made the burrows are rarely preserved
as the depositional environment was very
energetic, so shells were destroyed.
About 100 Mya, Earth experienced more
global warming with rapidly rising sea levels.
Into these seas, Cretaceous Gault Clay
(112-100 Mya) was deposited. At the base
of the Gault is a bed of phosphatic nodules
derived from Jurassic fossils; these are the
coprolite beds which Victorians assumed
were dinosaur dung!

In the Late Cretaceous, Greensand Country
was immersed under a deep chalky sea, but
erosion has removed these deposits here,
although they are still evident in the south of
Bedfordshire in the Chiltern Hills. The next
part of geological history, during the warm
Tertiary Period, are also lost to erosion.

View across the Chiltern Hills towards a lion shape
carved in the chalk hillside of Dunstable Downs.

Photo © Steve Fowlston

Phosphate nodules locally
called coprolites.

A Geological History
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Quaternary – When mammals dominate Earth
Not until the Quaternary Period (2.6-0 Mya) did
geological activities leave their mark on Greensand
Country. Ice of the Anglian Glaciation (480,000 to
420,000 years ago) was probably the last to cover
and shape Greensand Country but in the harsh
climatic conditions of succeeding cold periods, rivers
continued to deepen their valleys creating gravel
covered terraces and leaving the harder Woburn
Sands standing high above the surrounding softer
clays. Towards the end of the Ice Age, mammoth, bison
and reindeer inhabited this area and from 10,000
years ago humans joined the herds of migrating
animals. Whilst many of these animals are now
extinct, humans have evolved to dominate Greensand
Country and shaped it into what we see today.

River gravels exposed during
extraction at Broom Quarry
South before flooding in 2008.
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Geological Influences

Using the geology beneath us
Sands and sandstone
The most obvious human use of the geology in Greensand Country
has been in mining and quarrying. Over the past century and
more, the Woburn Sands of Leighton Buzzard, Woburn, Clophill,
Sandy and Potton have yielded a variety of construction
and industrial sand products exported around the
world. Sandstone blocks have been used
across Greensand Country in many
local buildings, each with a
distinctive character.

Woburn Sands Formation showing multi-coloured sands
which are exported around the world - even to Egypt!

Dinosaur poo (or not!)
During the mid-19th century and up to the early
years of the 20th century, thin beds of phosphatic
nodules, commonly known (though technically
incorrect!) as coprolites, were extracted from
Bedfordshire’s Lower Cretaceous formations.

Victorians locally mined these phosphate
nodules and produced a rich fertiliser industry
during the “coprolite” boom of the 1860s and
1870s. The industry spread across Greensand
Country from Brickhill to Potton, with the latter
being the largest producer.

The truth about coprolites!

Victorian coprolite diggers

Coprolite is the name given to a material
that results when human or animal dung
is fossilized. The name is derived from the
Greek words κοπρος/kopros meaning
‘dung’ and λιθος/lithos meaning ‘stone’. It
serves a valuable purpose in palaeontology
because it provides a picture of an early
organism’s diet and environment.

Geological Influences
“Volcanic” Greensand Country!
A clay within the Woburn Sands called
‘Fuller’s Earth’ has been extracted since
Roman times. Originally used for the cleaning
(or fulling) of wool it has many other uses
too, including as a lubricant in the oil industry
and in special effects explosions to make
them appear more spectacular! Fuller’s
Earth is probably derived from volcanic ash
produced by a massive volcanic eruption in
Northern Germany. This ash was deposited
onto the Bedfordshire Straits, the seaway
that covered Bedfordshire during the
Cretaceous.
Extraction of Fuller’s Earth occurred in two
areas in Greensand Country, Aspley Heath
and Clophill. Earth wells or bell-pits were
documented in 1885. These pits were dug

by hand. The wells lead down to the Fuller’s
Earth where the bottom was opened out
to form a bell-shaped cavity where it was
winched up using a hand windlass. Another
well was sunk next to this and the sand was
thrown into the disused one and so on. The
last pit worked like this was in 1891.

Rare specimen of Fuller’s Earth
(Courtesy of The Higgins Museum)

Fuller’s Earth – the technical bits!
•
•
•
•
•

It is part of the Smectite Group of clay minerals.
It is predominantly calcium montmorillonite clay.
It has excellent absorptive and adsorptive properties.
It forms a thixotropic suspension in water.
The colour of Woburn Fuller’s Earth is greyish-yellow to yellowish-green, while
at Clophill it is dark bluish-grey. Changes in colour are almost
certainly due to oxidation and dewatering.
• It has a soft, earthy texture with a soap-like feel, when dry it is hard and
brittle but when wet it disintegrates to clay slurry.

Aspley Heath is littered with depressions
from Victorian bell pit excavations.
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Geological Influences

Bricks, bricks and more bricks!
Clays flanking Greensand Country have been used for brickmaking, nationally. For centuries,
Bedfordshire has been littered with brick and tile kilns, some dating back to Roman times. Since
the late 1800s the industry really took off with the introduction of mechanised processes.
Modern brickmaking in Bedfordshire began in 1936 when the London Brick Company bought
various small local companies and employed over 2,000 people, manufacturing over 500
million bricks per year. By the 1930s there were 135 chimneys in the Marston Vale, visible
from the Greensand Ridge at the heart of Greensand Country.
Bricks from north of Greensand Country are made from Oxford Clay and produce a red brick.
South of Greensand Country, bricks manufactured from Gault Clay are creamy-white in colour,
whilst bricks made from other clays found atop the Chiltern Hills are bluey-grey to red in
colour and have many imperfections.

Stewartby Brickworks in its heyday in the 1930s
(Courtesy Bedfordshire Archives Service)

Geological Influences

The steep well-drained escarpments support both
ancient and modern mixed woodlands such as here
at Rushmere Country Park.

Leisure and landscape of Greensand Country
Greensand rocks produce an acidic, infertile free-draining soil characterised by
heathlands and bracken which are subject to water erosion when ploughed. Hence,
we have little arable farming here, except where fertilisers have been introduced. The
landscape of undulating hills and rich woodland has historically attracted land owners
and the aristocracy to build large country estates and parklands like Woburn Abbey
and Wrest Park. The geology has also meant that areas not suitable for agriculture,
farming, housing or development have become areas of leisure, conservation and wildlife
preservation like Rushmere Park and the RSPB headquarters at Sandy.
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Life in Greensand Country

Life in Greensand Country
From the varied and often rare flora
and fauna of the wooded Greensand
Ridge to the river valleys of the low-lying
clay vales, life in Greensand Country is
distinctive and interesting.
From Iron Age hill forts to grand
mansions, people have lived and worked
in Greensand Country for thousands
of years. Using the natural outcrops of
Woburn Sands for defence and its
open views across the clay vales for
leisure and hunting. Today, leisure and
education dominate Greensand Country’s
earth heritage.
Students learning about Greensand Country’s rocks

Legend or fact?
Dick Turpin’s Hideaway – find out
more on the Western Geotrail.

Life in Greensand Country
Wildlife
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Photo © Ray Piercy

Wildlife across Greensand Country can
be seen in its many accessible sites from
Rushmere Country Park, Ampthill Great Park
to the RSPB Reserve at Sandy. Key habitats
include ancient, semi-natural woodland;
lowland heaths; acid grassland; acidic mire,
marsh and wet woodland; and parklands.
Stock Dove

Photo © Richard Carter

Pond at Ampthill Great Park.

Photo © John Pitts

Photo © Derek Turner

Common lizard

Common heather
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Buildings of local sandstone
Buildings of local sandstone dot the
landscape from Leighton Buzzard in the
west through Clophill in the middle and
out to Potton in the east. It also occurs
to the north and south of the ridge,
sometimes in combination with other
building stones. Houses, workplaces and
historical churches can be seen built in a
variety of patterns dictated by the local
characteristics of the Woburn Sands.

Photo © Bev Fowlston

Potton Church Hall with its unique
herringbone pattern of stonework.

Stonehenge Works building showing “giraffe” pattern of stonework.

Life in Greensand Country

The Stone Jug at Clophill with
its block stonework design.
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Thank you
Bedfordshire Geology Group appreciates and acknowledges the significant
and expert input from its members. We would also like to thank Geologists’
Association’s Curry Fund, the Greensand Country Landscape Partnership and
Heritage Lottery Fund for their financial support in the production of this booklet.
Greensand Country Landscape Partnership is led by Bedfordshire Rural
Communities Charity and the Greensand Trust and funded by the Heritage Lottery
Fund. It is made possible by National Lottery players. Without them we couldn’t
fund this project.

Key information resources and sources of more
information:
Bedfordshire Geology Group
www.bedfordshiregeologygroup.org.uk
Greensand Country Landscape Partnership
www.greensandcountry.com
All photographs copyright of Bedfordshire Geology Group unless otherwise stated.
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