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INTRODUCTION

“Dad - it’s just a rock!”
- My kids on family road trips -

Llanberis Pass, Snowdonia



One of my life-defining moments as a teenager was standing at

the bottom of a rock climb in Llanberis Pass, North Wales,

wondering what on earth I was going to do next, having just taken

my final school exams. I remember peering up through the rain at

the imposing mountains around me and, in a classic “light bulb

moment”, thinking: I know; mountains… geology. Why don’t I be a

geologist? That’ll keep me outdoors! That moment led to a

geology degree and a long career utilizing the science.

And throughout the years, that early wonder of the dramatic natural scenery which surrounds us all when

out hill walking, climbing, canoeing, cycling, or whatever our favourite outdoor pursuit is, has never left

me. I have also found that its enjoyment is heightened by an appreciation of just how it got there: what

that mountain, cliff or innocent roadside outcrop actually represents; what it’s made of; what it started life

as; how long ago it was formed; where in the world it used to be; and, how it got to be where it is now, in

the form it is now – in short, what its story is.

So, that’s really the goal of this book: to enhance the enjoyment of your particular outdoor activity
through a greater appreciation of the geological story that sits behind its scenery.

It is not intended to be a textbook - although it is written with the “scientifically curious” reader in mind –

and is written with an emphasis on the following:

Use of imagery:
This book makes extensive use of bold, colourful diagrams, photographs, analogues and metaphors to

illustrate the geological concepts at hand.

A walker’s perspective:
The telling of the UK’s geological story uses example trails and locations which may already be familiar

to, and can be readily visited by, the average walker.

Utilising a geological map:
It is impossible in any single book to cover the specifics of every bit of geology that somebody might

encounter during their personal outdoor pursuits, so a real aid to appreciating the geology in your own

area is to make use of a geological map. Many walkers have probably never used, or even seen, a

geological map, perhaps regarding them as a complicated tool suitable only for the professional. That’s

not so; a geological map can quickly become the new, natural companion to your favourite route map –

all it needs is a very basic understanding of what it shows.

So: a walker’s companion, rather than a textbook, written with the aim of adding a new perspective to your

outdoor pursuit – one which shows that the geology around you really is more than "just a rock”!
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BASIC CONCEPTS
TIME

“When God made Time, He made plenty of it”
- Various claimants -

You can’t get very far into geology without your head hurting over the sheer immensity of geological time,

and it is a subject which regularly tormented philosophers, theologians and scientists through the ages.

THE AGE OF THE EARTH

In the middle of the 17th century, by analysing a combination of biblical events, Archbishop James Ussher

famously calculated that Creation began on Saturday 22nd October, 4004 B.C. - probably around six p.m.

Some of his contemporaries begged to differ - they believed it was more likely to be the following morning!

By the late 18th century, some of the more progressive natural scientists had realised that Nature’s

processes – as observed and evidenced in the fossil and rock records - would have required a lot more

than several thousand years to have taken effect, but they struggled with quantifying what this longer

period of time might actually be.

In his ground-breaking treatise, Theory of the Earth, published in 1788, James Hutton observed that there

was a natural cycle at work in the Earth: mountains were being constantly eroded; the products of that

erosion were then carried by rivers to be deposited as sediments in the seas; then some mysterious (at

the time) process caused the sediments to be buried deeper and deeper, until they hardened into rock;

and, finally, some even more mysterious process caused them to be uplifted again, forming new

mountains – and thus the cycle was complete, and destined to be repeated again and again. Hutton

realised that the time required to achieve just one such cycle, let alone multiple cycles, must be vast. To

his great credit, he also recognised that the technology and data required to quantify just how vast, was

not yet available; so rather than hazard an ill-

informed guess, he simply and famously

concluded: “The result, therefore, of our present

enquiry, is that we find no vestige of a beginning,--

no prospect of an end” !

In the late 19th century, physicists chipped into the

debate. William Thompson (later Lord Kelvin) had

a go at dating the age of both the Sun and the

Earth, using thermodynamics. His conclusion was

that the Earth’s formation must have taken place

sometime between 20 and 400 million years ago.

This, at least, got the debate into the realms of

millions of years, though, with hindsight, it was still
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LIFE
“Life, uh … finds a way”

- Jeff Goldblum’s character in Jurassic Park -

As a backdrop to the physical evolution of the Earth, which is what most of this book concentrates on, this

section takes a brief look at the evolution of life on Earth – with a particular focus on tracing the evolution

and eventual emergence of ‘Homo walker’!

‘IN THE BEGINNING…’
The Precambrian

(1st January to 18th November)

t seems a little odd to dub the first ten and a half months of the Earth’s existence as a ‘beginning’, but

that’s how it was. The foundations for the physical and biological development of the planet were laid

down during this time: oceans, continents, plate tectonics, oxygen and the first animal life forms. It just

all happened very, very… very…… very……… slowly!

Water: In the very beginning, the Earth was formed without any water on its surface, nor oxygen in its
atmosphere. Of the two, water was the first to arrive, with the prevailing theory being that it came as a by-

product of the intense, early volcanic activity. It might not seem like it, but (even today) 70-95% of the

gases produced by volcanoes are water vapour, and back in the Hadean voluminous quantities of this

vapour would have cooled and condensed as surface water. Remarkably, by this process, the first oceans

and seas were likely to have been established by the middle of ‘February’ - although, they would have

been very different to today’s oceans: dark, without oxygen, and lifeless.

Life: Complementing these early, inhospitable oceans and seas, Earth’s early atmosphere was also

pretty noxious. It was made up of carbon dioxide, ammonia, hydrogen and methane - all irradiated under

intense ultraviolet light from the young Sun. Scientists may never be able to prove exactly how the first

form of life sprang from this unpromising, primordial soup, but laboratory experiments have

demonstrated its feasibility, and genetic science points to it theoretically being in existence as early as

‘mid-February’ - possibly in the form of very primitive microbes which originated in, and were able to thrive

in, the extremely hot, caustic environments around underwater volcanic vents. Whatever this first life form

was, and exactly how it came about, it is dubbed the ‘Last Universal Common Ancestor’, and it is the
purported ancestor from which all life that exists on Earth today – and has ever existed on Earth – evolved.

So, this is ‘Homo walker’s’ ultimate starting point - the ‘microbial Eve’.

Although this original ancestor for all forms of life was theoretically in existence by ‘mid-February’, the

oldest, actual physical remains of life to have been found, only date from the middle of ‘March’, several

hundreds of millions of years later! These physical relics are single-celled bacteria found fossilised in

rocks called stromatolites from Australia and Canada.
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(sometime between breakfast and lunch on ‘31st December’), a new tribe of apes emerged - the

hominins (think ‘human-like apes’, which progressed to ‘ape-like humans’). Prominent amongst the early
hominins were Ardipithecines and Australopithecines. Now extinct, they were the direct ancestors to our

own genus, which emerged in the form of Homo habilis, roughly two and a half million years ago – around

‘seven p.m. on New Year’s Eve’.

Descent into the current Ice Age: From the end of the Eocene, global temperatures started to cool,

driven by a combination of tectonic events. Huge mountain chains were forming – stretching from the

Himalayas to the Alps and down the western coasts of the Americas – and chemical weathering of this

vast new supply of exposed rocks drew down so much carbon dioxide from the atmosphere that it reduced

the greenhouse effect. Then, the Australian continent broke clear of Antarctica, allowing a cold ocean

current to surround and isolate the big polar continent; ice sheets began to develop across it – at first

intermittent, but gradually more permanent. Then, finally, the tectonic joining together of North and South

America closed the Panama seaway, altering ocean currents and allowing cold polar conditions into the

northern hemisphere as well. Average global temperatures fell sharply and, at the start of the Pleistocene,

permanent continental ice sheets were established in both polar regions, heralding the formal start of our

very own Ice Age… along with a string of successful movie franchises!

‘ICE-AGE HUMANS’
The Quaternary

(7 p.m. to midnight, 31st December)

The Pleistocene Ice Age began 2.6 million years ago (at seven p.m. on 31st December according to our

metaphorical calendar) and, because we still (just) have permanent continental ice sheets at both poles

today – on Greenland and Antarctica – by definition we are still in it.

During the Ice Age, the overall global temperature has fluctuated between periods of relative cold and

relative warmth - although always with permanent ice sheets at the poles, even during the warmer

periods. In the coldest parts of the cycle, the ice sheets are most extensive and sea levels are lowest

(because more of the world’s water is bound up in ice sheets and glaciers). These periods of deepest cold

are called glacial periods, or glacial maxima. The warmer times, between the glacial maxima, are called
interglacials - during which the volume of global ice and snow is lower, and sea levels are higher.

We are currently in an interglacial period called the Holocene, which began 11,700 years ago. The most
recent glacial maximum (the one immediately preceding the Holocene) is what many people often think

of as the Ice Age; in UK geoscience, it is technically called the Devensian glaciation. It reached its peak
around 18-20,000 years ago, during which time there was three times as much snow and ice in the world

as there is today; the average global temperature was about 8 degrees lower; and sea level was over 100

metres lower. In the UK, ice sheets several kilometres thick stretched as far south as central England,

and northern and central Europe was a tree-less, steppe-like tundra, with areas of permafrost (see panel

on page 17 and map on page 146) .
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THE EARTH
“3rd Rock from the Sun”

- Title of a 1996-2001 American sitcom -

Back in school, no doubt many of us learnt that the Earth has three main layers – the Core, the Mantle
and the Crust – but perhaps hadn’t quite appreciated what an absolutely fundamental role that layering
plays in shaping why our planet works the way it does.

A DIFFICULT BIRTH

On ‘1st January’ (those 4,560 million years ago), our solar system formed from a rotating cloud of cosmic

dust and gases, called a nebula. Gravity pulled most of the nebula’s material into its centre, forming our
Sun, whilst the remaining orbiting material began to clump together into several large bodies, by a process

of gravitational attraction dubbed ‘sticky collisions’. Remarkably – probably in the space of the first day
or two of our metaphorical year – the dominant bodies had hoovered up enough surrounding material to

resemble the configuration of planets that we recognise today; and, as intense radiation from the early

Sun blew away the lighter gases and liquids from those planets accumulating closest to it, it left them as

purely rocky bodies, and left our planet as the ‘third rock from the Sun’.

Now, building a planet via ‘collisional aggregation’ is a risky process, and around ‘4th January’ the
fledgling Earth appears to have been hit by a particularly large object; one about half its size - about as

big as Mars! This was a body 100 million times bigger in volume than the asteroid which wiped out the

dinosaurs at the end of the Cretaceous, and it struck with an estimated force equivalent to several trillion

megatons (for comparison, the power of a modern Trident nuclear warhead is about one-tenth of a

megaton). In a wonderful example of understatement, scientists call this event, the ‘Giant Impact’! The
collision severely winded the baby Earth, knocking it 23 degrees off its axis - thus giving the planet its

current tilt, which generates our seasons - and the shrapnel which was showered into space coalesced to

form our Moon - which today stabilises the Earth’s wobble and generates our tides.

The intense heat energy generated by the Giant Impact was enough to turn the Earth into a largely molten

state. In this state, the heavier elements like iron and nickel preferentially sank toward the centre, forming

the Core, whilst the lighter components (containing a large proportion of elements like silicon, oxygen,

magnesium, aluminium and calcium) migrated to the outer edge of the spinning planet (a bit like the way

light objects would drift toward the edge of a spinning roundabout). As the molten planet cooled, a scab

of rocky Crust gradually solidified around the outside – and thus, during the second week of ‘January’, a

rudimentary version of today’s layered Earth was already in place, with a Core, a Crust and a large layer

of still soft rock between them - called the Mantle.

Initially, the scab of Crust would have been somewhat flaky, but in the ‘weeks’ and ‘months’ that followed,

intense volcanic activity gradually thickened it, as magma from the Mantle either erupted onto the planet’s

new surface, where it cooled and solidified to form more crustal rock, or – if the magma couldn’t quite build

up enough pressure to make it all the way to the surface – it would cool and solidify within the existing
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the same composition and both solid, but the asthenospheric version is soft enough to flow - given enough

time (which we’ve already established we have plenty of!). Amazingly, even this grudging ability to flow,

when combined with the intense heat coming from the Core below, is enough to create giant convection

currents of plasticised rock, rising from near the base of the Mantle to the base of the Lithosphere, where

they then spread sideways, cool and descend again. Remember those school experiments; creating

convection currents of coloured water in a beaker, by heating with a Bunsen burner from below? Well, it’s

a bit like that, except that these are currents of rockmoving at just a few centimetres per year – about one-

and-a-half thousand times slower than the hour hand on your wristwatch. At those speeds, it would take

several tens of millions of years (maybe even 100 million years) just to flow from near the base of the

Mantle to the top, let alone complete a full cycle. The term ‘sluggish’ hardly does it justice – but, as we’ll

see in the chapter on Plate Tectonics, it is the engine which drives our planet’s geology.

The Lithosphere: The figure below shows a cartoon cross-section through the Lithosphere, along the
North Atlantic seaboard (the depths and thicknesses are to scale, but the vertical scale is exaggerated

compared to the horizontal scale, to make the relationships clearer).

There are three parts to the Lithosphere: (1) the brittle, lithospheric part of the Mantle - which is
composed of a rock called peridotite; (2) Oceanic Crust - that part of the Crust which underlies all of the
world’s oceans and which is predominantly composed of basalt and gabbro (see pages 28-31);

and (3) Continental Crust - that part of the Crust which underlies the world’s continents and which is a
complex amalgam of various sedimentary, igneous and metamorphic rocks of all different types, which

have constantly formed and re-formed over hundreds of millions of years. The boundary between
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Continental Crust and Oceanic Crust is, typically, roughly coincident with the edge of the continental

shelves.

Continental Crust: All we typically see of the Continental Crust is, of course, its upper surface - the bit
we live on – and even the world’s deepest canyons only give us the tiniest glimpse further down into it.

Impressive as it is, the Grand Canyon, for example, carves into less than the upper five per cent of the

Crust. Interpreting what’s happening deeper below us, from the limited information at, or near, the surface,

is all part of the geoscientist’s forensic challenge. Nowadays, geophysicists can best see deeper into the

Earth – on land and beneath the oceans – by acquiring seismic data. The seismic technique is most
easily thought of as setting off a loud ‘bang’ at the surface, then listening electronically (and very carefully)

to the ‘echoes’ generated by the different layers of rock below. Complicated computer algorithms are used

to analyse the reverberations and enable geoscientists to build up an image of the underground layers

(see example below). However, to then confirm the actual type and age of the rocks, requires either

drilling into them – as oil and gas companies routinely do, in their search for hydrocarbons – or tracing the

layers to the surface, and identifying them through geological fieldwork and mapping.

By the way: Oil and gas companies typically drill a few thousand metres into the Crust, but the deepest
borehole ever drilled was undertaken by Russian research scientists. Known as the Kola Superdeep

Borehole, it was started in 1970 and eventually reached 12.2 kilometres, before finally being abandoned

nineteen years later – still a long way from the base of the Crust. At the bottom, the borehole was just 23

centimetres in diameter; proportionately, that’s like drilling a hole with a drill bit that's over 100 metres long

and has the diameter of a strand of spaghetti!
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ROCKS
What are rocks anyway?

Either via school or pub quizzes, no doubt everyone has heard of the three great families of rocks -

igneous, sedimentary andmetamorphic. Technically, the main distinction between them is in how they

were formed: in a nutshell, igneous rocks are formed when magma (molten rock of any kind) cools and

re-solidifies in various forms; sedimentary rocks are formed either by the erosion of pre-existing rocks and

the deposition of the eroded particles as sediments, or by chemical/organic processes; metamorphic

rocks are formed by the action of heat and pressure on any type of pre-existing rock, of sufficient severity

that it changes the form of the original rock. The linkage between them is known as the ‘rock cycle’
(opposite).

But, what exactly are rocks? It might seem an odd question to ask, given that we are surrounded by so

many of them, but what are they actually made of? Well, physically, rocks are made up of interlocking

minerals - typically in the form of small grains or as cement between the grains. The exact types of

minerals present in a rock, and the ratio of each mineral to the others, is largely what distinguishes

different rocks within each of the three families. But that then only begs the question: “So, what are

minerals?”.

MINERALS

Technically, minerals are naturally occurring solids, each with a specific chemical composition and specific

physical characteristics. Think of them as constructed from a planetary bag of Lego® block elements

resulting from the Giant Impact (page 19). For example, quartz – one of the most common minerals in
rocks – is made up of repeating patterns of silicon(Si) blocks and oxygen(O) blocks, always in the ratio of

one silicon to two oxygen – ‘SiO2’ for short – and always assembled in a certain way. A more complex

example would be something like the mineral called orthoclase feldspar, which is constructed from a

repeating pattern of eight oxygen blocks, three silicon, one aluminium and one potassium.

Although quartz sounds a simple enough mineral, an amazing variety of tunes can be played around even

this basic composition, depending on the exact conditions during its formation and the presence of various

impurities in tiny amounts. For example, agate, amethyst, aventurine, bloodstone, carnelian, cat’s-eye

quartz, chalcedony, chrysoprase, citrine, jasper, milky quartz, onyx, opal, phantom quartz, rock crystal,

rose quartz, rutilated quartz, sard, smoky quartz and tiger’s eye are all fundamentally ‘quartz’, with the

basic formula SiO2, but relatively minor variations around this central theme result in an astounding variety

of colours and forms.

In total, there are around one hundred naturally occurring elements (types of ‘Lego® blocks’) in the Earth,

which can combine in different ways, to make over four thousand naturally occurring minerals!

For most people, the concept of what a mineral looks like is based on those you see displayed in

museums, or for sale in gem shops. These specimens, however, have had the relatively rare good fortune
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split easily along flat, parallel surfaces; these are called shales. Rocks dominated by a mix of gravel,
cobble and boulder-sized particles are called conglomerates if the particles are generally rounded; if the
particles are generally angular, the rock is called a breccia.

A discrete layer of sedimentary rock, which has been deposited under similar conditions, is called a bed.
Because depositional environments (or conditions within depositional environments) switch around over

time, you often end up with regularly alternating (interbedded) layers of different sedimentary rock types.

Clastic sediments deposited in certain depositional environments will typically exhibit ‘sedimentary
structures’ associated with being in that environment – for example, sandstones may exhibit ripples -
produced by flowing water or air (like you see in rivers, estuaries, beaches or dunes today - photo, page

34); or they may show laminations at an angle to the main bedding, called cross-bedding (see panel below

and photo, page 34); or they may have suffered bioturbation – burrowing and disruption of sediments,

created by animals living near the surface.

The combined characteristics of a clastic sedimentary rock provide vital clues as to its depositional

environment: for example; a very-fine-grained, muddy, sandstone containing symmetrical ripples and

evidence of burrowing is likely to indicate that it was deposited in a tidal environment; a reddish-coloured

sandstone, almost entirely composed of well-rounded and well-sorted quartz grains, with large-scale

cross-bedding, is likely to indicate that it formed in a desert dune environment. In both examples, the

interpretation is driven by what we see happening today in precisely those environments, and is an

example of one of geology’s key principles – “the present is the key to the past” (see panel on page 33).

The two high-level descriptors of a clastic sedimentary rock, therefore – its depositional environment and
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STRUCTURES
Origami with rocks

This section covers what happens to rocks when you deform them: i.e. when you fold them, crack them

and snap them! The focus will be on structures you are most likely to come across and which have been

foremost in the UK’s geological story.

DEFORMATION

As strong as they may seem from our puny human

perspective, rocks are easily deformed when giant

slabs of the Earth’s lithosphere (plates) start

grinding into each other! As a bit of visual

imagery, the later section on plate tectonics likens

the Earth’s plates to the panels on a football,

moving slowly around its surface – in places

splitting apart; in places rumpling together; and, in

other places sliding past each other. Where the

plates are converging, compressive (pushing)

forces predominate; where the plates are

diverging, extensional (pulling apart) forces

predominate; where the plates are sliding past

each other, shearing (moving sideways) forces

predominate. These forces are most strongly felt at the edges of the plates, but they can also be

transmitted considerable distances into the interior of plates.

Rocks which are brittle will tend to snap under stress (fault), whereas more pliant rocks will tend to bend
(fold). Some rocks are inherently more brittle than others (e.g. granite, compared to a mudstone), but
even the same rock can either fold or fault, depending on the exact conditions under which it is being

deformed. This is easily imagined by considering a wax candle, for example: try to bend a cold candle

quickly and it will snap; heat it up a bit and bend it slowly, and it will… well, bend. In both cases it’s the

same material, but it deforms differently according to the circumstances. The diagram on page 44

illustrates, in cartoon form, the classic styles of faulting and folding most commonly seen in rocks.

By the way: Faults can be thought of as the surface between two bodies of rock sliding past each other
– up, down or sideways - except, they rarely just ‘slide’. Place a couple of sheets of coarse sandpaper

face-to-face between your palms and try to gently slide them past each other. Due to friction, they won’t

move, until a certain amount of stress has built up; then, they will give suddenly, before sticking again.

This is how real faults behave as well, and the sudden releases of energy, as the pent-up stress exceeds

the friction, are what causes earthquakes. Sometimes, the stress is relieved in regular small slips;

sometimes in less frequent, large slips.
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GEOLOGICAL MAPS

"A Delineation of the Strata of England and Wales, with part of Scotland; Exhibiting the Collieries
and Mines, the Marshes and Fen Lands originally overflowed by the Sea, and the Varieties of Soil

according to the variations in the substrata, Illustrated by the most descriptive names."
- The title of William Smith’s pioneering geological map, 1815 -

The first two questions a geologist usually asks when faced with a new rock are: “What sort of rock is it?”

and “How old is it?”. This is the basic information required to appreciate its story, and is the information

provided by geological maps.

UNDERSTANDING A GEOLOGICAL MAP

In the UK, the very first geological map produced at a national scale, was compiled single-handedly by a

quite remarkable man called William Smith. Smith was an apprenticed surveyor who, whilst working on

the new Somersetshire [sic] Coal Canal in the late eighteenth century, realised that the layers of rocks he

encountered from place to place bore similarities in terms of the order in which they occurred and the

fossils they each contained - “like so many layers of bread and butter”. He also realised that these layers

of rock (‘strata’) could be traced and correlated across the country – so that’s what he set out to do.

Over the next fifteen years, in his spare time from being a peripatetic, geological engineering consultant,

he mapped out the basic geology of 175,000 square kilometres of the country, reputedly travelling up to

16,000 kilometres in a year - an astonishing achievement, given that all he had for long-distance transport

in those days was a horse or stagecoaches. His indefatigable efforts culminated in 1815, with the

publication of his magnum opus - a unified geological map of England, Wales and southern Scotland. It

may not have had the snappiest of titles, but it was truly groundbreaking!

One of the most striking features of the map – which we take for granted nowadays, but was unique for

its time – was Smith’s innovative use of colour and shading to represent the rock layers. This made the

map not just easier to read but a beautiful piece of art in its own right. The original map measured a huge

1.8 x 2.6 metres, divided into fifteen sheets. An estimated four hundred copies were printed and hand-

coloured, costing upwards of five guineas each (nearly five hundred pounds in today’s money). Less than

forty of these originals still exist, but a couple of them are available for the public to view – in the Sedgwick

Museum, Cambridge University and at the Geological Society in London (the latter by appointment). You

can also buy a manageably-sized reproduction online, for around fifteen pounds.

Fast-forward over two hundred years, and the best place to find modern geological maps of the UK is via

the British Geological Survey’s (‘BGS’) website. Just like the Ordnance Survey’s topographic maps, the
BGS maps come in a variety of scales. The version at a scale of 1:1,250,000 (one centimetre equals 12.5

kilometres) provides a great overview of the entire UK’s geology on a single sheet. For the next level of

detail, the BGS have divided the UK into a North and South sheet, each at a scale of 1:625,000 (one

centimetre equals 6.25 kilometres). These north/south maps also come with a succinct booklet, which
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PLATE TECTONICS

"I therefore imagined that… the surface of the globe would be a shell, capable of being broken
and disordered by the violent movements of the fluid on which it rested."

- Benjamin Franklin, 1782 -

Once in a while, the sciences encounter true breakthroughs in understanding; insights which enable

previously unresolved observations and incomplete explanations to now be neatly tied together. For

example: in physics - the concept of gravity, Newton’s laws of motion and Einstein’s theories of relativity;

in evolutionary science - Darwin’s theory of natural selection; in biology - the discovery of DNA. For the

science of geology, it is no exaggeration to claim that plate tectonics was an epiphany of equal impact.

Developed during the 1960s (see panel opposite) it has been able to integrate many different aspects of

geology under one elegantly unifying concept, and forms the framework for being able to describe the

geological history of any part of the world.

The purpose of this section is to use plate tectonics to illustrate how, and where, the major rock types

described in Part 1 get formed, and to introduce a series of typical interactions which occur between

plates, which will be used to frame the UK’s geological story in Part 4.

PLATES

As we saw in Part 1, the lithosphere is Earth’s brittle skin, wrapped around the asthenosphere below, with

its giant circulating currents of ‘weak rock’. Perhaps not surprisingly – given its relative thinness, its brittle

nature and the chaotic forces churning below – the lithosphere is not a uniform, unbroken, static wrapper;

instead, it has been broken up into a series of gigantic slabs which ride on, and are dragged around by,

the forces below – a bit like giant ice floes grinding against each other, driven by ocean currents

underneath. These massive fragments of the Earth’s lithosphere are called plates, and ‘plate tectonics’
– from the Greek ‘tektonikós’, meaning ‘relating to building or construction’ – is the process which has built

the planet’s geological framework.

One mental picture is to imagine the plates to be like the leather panels on an old-style football, creeping

very slowly around the ball’s surface, jostling for space, with each panel moving at a slightly different

speed and in a different direction (see image on page 71). In places, the panels would be moving apart,

allowing ‘molten rock’ from the ball’s interior to inject new leather (new Crust) into the gaps created - these

are called divergent boundaries (or ‘margins’). In other places, the panels would be moving toward each
other, crumpling and folding the leather (the Crust) as a result, with one panel being thrust over, under or

dead against the edge of the other panel - these are convergent boundaries. Finally, in other places,
the panels would be sliding past each other, tearing the stitching in the process - transform boundaries.

By the way: What determines the nature of the plate boundaries is the relative movement between each

plate: two plates could be moving in the same direction, but if the one in front is moving faster, then

relatively they would be diverging; if the one behind is moving faster, then relatively, it would be converging
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volcanic rocks, provide a distinctive forensic signature when it comes to interpreting the presence of old

subduction zones from the rock record. A final feature of subduction zones is the associated high

temperatures and pressures within them, which create ideal conditions for metamorphism of the rocks

involved (refer back to the panel on page 42).

The Nazca-South America subduction zone is an example of an oceanic plate subducting beneath a

continental plate. However, subduction can also occur between two oceanic plates (boundary type 4 on

page 76). In this case, the volcanic eruptions initially create an arc of individual volcanic islands – for

example, the Caribbean Windward and Leeward islands today. Over time, these individual islands

amalgamate into thicker, more continuous, land masses - like the Philippines archipelago today.

Eventually, enough new igneous and sedimentary crust is added that ‘microcontinental’ crust forms –
like the southwestern archipelago of Indonesia today. This progression from island arcs to

microcontinents was an important mechanism in creating early continental crust, back in the Archaean

(see Part 4, page 98).

(6 and 7) Ocean closure and Continental collision: Consider the subduction situation shown by

boundary type 5 on page 76; then imagine that there is a continent attached to the trailing edge of the

oceanic crust being subducted – figure 6. As the oceanic crust sinks down the subduction zone, it tows

its continent behind it, slowly and inexorably closing the ocean and dragging the two continents together.

Now, when one block of continent meets another block of continent, both are strong and buoyant, and

neither is willing to be subducted. The result is a head-on shoving competition, like two giant sumo

wrestlers refusing to give ground (boundary type 7 on page 76).

A nice way to visualise the outcome of such continental head-butting is again through sandbox modelling.

The images on page 80 are snapshots from the video of a sandbox model produced for the American

Museum of Natural History, to illustrate the process of mountain building via continental collision (the web

link is given in the Appendix). It shows Plate A being subducted beneath Plate B, with the continent of

Plate A being dragged into collision with the continent of Plate B. There is so much momentum associated

with the arrival of Continent A that it ‘snow-ploughs’ into Continent B, rather than simply stopping – the

result being massive amounts of compressional folding, faulting, and uplift. Thrust faulting in particular

helps thicken the crust, as giant slices of rock are piled on top of each other.

The crustal thickening and uplift resulting from the collision produces a physical mountain range, and the

two continental blocks weld together along a suture zone, into one new, single, continental mass. The
geological term for mountain building like this is orogenesis (‘oro’ derived from the ancient Greek for

‘mountain’). We will see many examples of orogeny contributing to the UK’s geological story, in Part 4.

During the collision, whilst most of the oceanic crust from the intervening ocean gets subducted, some of

it gets scraped off onto Continent B, or squeezed like toothpaste into the melee above, typically along the

line of suture. Tens of millions of years later, after erosion of the overlying mountains down to their roots,

remnants of this oceanic crust may be exposed at surface. Its presence is a geologist’s clue that an

ancient ocean once existed there.
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Although hot spots are most common below oceanic lithosphere, they do also occur under continental

lithosphere and the most famous of these lies beneath Yellowstone National Park. Just like the
Hawaiian chain, there is a trail of old volcanoes that were once over the Yellowstone hot spot but which

have now moved away, become extinct, and eroded. This trail extends nearly 600 kilometres west-

southwest from Yellowstone, across Idaho, into Oregon. Yellowstone’s hot spot has been the site of some

of the most explosive supervolcanic eruptions in documented history, including the fourth biggest ever

(just over 2 million years ago). Its most recent supervolcanic eruption was 640,000 years ago (see page

78). The magma chamber immediately below the park is at a depth of about 10 kilometres, measures

about 30 x 88 kilometres and provides the thermal energy for all the iconic hot springs. It is being
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THE UK'S GEOLOGICAL STORY

" Being an attempt to explain the former changes of the Earth’s surface
by reference to causes now in operation."

- The strapline to Charles Lyell’s Principles of Geology, 1830-33 -

The rocks outcropping across the UK are the surviving surface fragments from a wonderfully complex

geological history, spanning 3000 million years. They are like scattered pieces of an incomplete jigsaw

puzzle, from which you have to work out what the picture on the front of the box looked like through time.

To use another analogy, it’s a bit like working with an old family photo album: the album is incomplete – in

that not every bit of rock from successive generations survived to go into the collection – but there’s

enough there to be able to piece together what the family history probably looked like - remembering that,

in geology’s case, the generations go back several billion years! Reconstructing the geological past from

the surviving clues is called palaeoreconstruction (the Greek word ‘palaios’, means ‘ancient’).

NOTES ON RECONSTRUCTING THE GEOLOGICAL PAST

Today, the UK sits at a latitude spanning fifty to sixty degrees north, on the edge of a major ocean - the

Atlantic - which, when combined with an Ice Age global climate, gives it a temperate regional climate.

Tectonically, it is on a passive part of the Eurasian plate (page 71), peacefully shedding sediment eroded

from its land into the surrounding seas, with no volcanic activity or really significant earthquakes to speak

of. The sediment being deposited in the surrounding seas is overwhelmingly clastic – pebbles, sand and

mud – with the coastal waters being too deep, cool or silty for tropical carbonate platforms and reefs to

develop. All quite sedate, and geologically somewhat boring, really!

But of course, it has not always been so. The UK as a piece of geography – in the location that it is now,

with the particular shape that it has now – is a very recent thing; in fact, it has only assumed its current

outline over the last 10,000 years, or less, during the Holocene, as the most recent ice sheets and glaciers

melted from it. For the prior 4,560 million years, ‘the UK’ was somewhere else on the Earth’s surface,

usually in a very different climate and plate setting.

A global perspective: The diagram on page 90 illustrates where in the world ‘the UK’ was at various

times in the geological past, and what its regional climate was at the time (note that the faint background

of today’s oceans and continents in the diagram is purely for visual reference - as we’ll see, the actual

configuration of the oceans and continents in the past was very different and constantly changing).

Several important things are clear from the diagram: (1) since the beginning of the Cambrian, ‘the UK’s’

journey has been a long, slow trek from near the south pole to where it is now; (2) during that time it has

cycled through a regional climate ranging from cold, polar ocean to searingly hot, arid desert – and just

about everything in-between; (3) until the end of the Silurian, ‘the UK’ wasn’t even ‘the UK’ - before the
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A STORY IN THREE STAGES AND TWELVE CHAPTERS

The geological story of the UK can be told by way of twelve chapters in three stages - summarised by the

diagram opposite.

Stage 1 (Chapters 1 to 4) runs from the Archaean to the end of the Silurian, and tells the story of the

Earth's earliest supercontinents, the UK's oldest rocks, and the geological unification of the 'NW UK' with

the 'SE UK'.

Stage 2 (Chapters 5 to 8) covers the Devonian to the Triassic and tells of ‘the UK’s’ role in the assembly

of the Pangaea supercontinent.

Stage 3 (Chapters 9 to 12) covers the Jurassic to Today, which is a tale of the fragmentation of Pangaea,

topped off with an Ice Age!

Each chapter looks briefly at the nature of the plate tectonic setting of ‘the UK’ at the time; the
rocks resulting from being in that setting; and examples of where those rocks can be walked
today.

The various global maps which appear in the chapter diagrams, illustrating the configuration of the

continents and oceans at the time, are taken from, or based on, a variety of different technical sources.

I have used the source whose map(s) best illustrate the points at hand for that particular chapter. For

those interested, all the sources are referenced in the Appendix.

The bedrock data accompanying each chapter is taken from the British Geological Survey’s single

national sheet, at 1:1,250,000 scale - as are the names and shorthand codes for the various rock units.

The bedrock maps are to scale, but the legends are not always to scale for age; they are drawn mainly

for clarity, to highlight the key names and events associated with that particular chapter. Your local

geological map will obviously show much more detail than the one at a scale covering the whole UK, but

the detailed names and data should still be relatable back to this overview.

The main purpose is to provide a general framework within which you can place your specific
rock, having had it identified for you by the geological map/app – thus bringing some colour and
visualization to its history.
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STAGE 1: THE ARCHAEAN TO THE SILURIAN
(Chapters 1 to 4)

- From the UK's oldest rocks to the geological unification of the UK -

Although the oldest surviving rocks on Earth are Hadean in age, the oldest rocks to be found outcropping

in the UK are ‘only’ from the middle of the Archaean – around 3,000 million years ago - so this is where

the UK’s story starts.

____________________

CHAPTER 1: From the UK’s oldest rocks to the Columbia supercontinent
Middle of the Archaean to the end of the Palaeoproterozoic

About 3,000 to 1,600 million years ago

6th May – 25th August

As we saw in Part 1 of this book, in the Hadean, the Earth’s crust was still in a largely disorganised,

somewhat flaky, scabby state! During the Archaean, however, it thickened, stabilised and organised into

proper continental masses and tectonic plates - to a level similar to how those elements work today.

At first, innumerable oceanic volcanic arcs formed, which added igneous rocks to the crust, gradually

thickening it into localised microcontinents (top panel opposite). These microcontinents then began to

amalgamate with each other, via plate subduction and collision, creating progressively larger and larger

continental masses, with new rims of crust welded around the edges of an older core. ‘Supercontinents’

even began to form, where several significant-sized individual continents welded together into one.

It is the formation of one such early supercontinent that bookmarks the end of our first chapter: it was

called Columbia, and it formed around 1,600 million years ago, at the end of the Palaeoproterozoic. It
was probably not the Earth’s first ever supercontinent, but was certainly the earliest on which there seems

to be some general agreement.

The UK’s rocks from this period – from mid-Archaean volcanic arcs to the formation of the Columbia

supercontinent – are collectively called the Lewisian Gneiss Complex (these rocks are represented by
codes A and Z on the BGS single sheet national map). As the name suggests, they are now largely a

collection of metamorphic rocks, although originally they were mostly igneous rocks, with increasing

amounts of sedimentary rock later on, as the number, and size, of continents grew, and therefore the

volume of material eroded from them - and deposited around them as sediments - grew.

These originally igneous and sedimentary rocks were repeatedly metamorphosed (and themselves

further intruded into) during several plate tectonic events during Chapter 1. The last of these tectonic

events – the event which was part of the forming of Columbia – was called the Laxfordian in the UK.
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Fine and picturesque examples of turbidites

from this phase can be found along the

Ceredigion Coastal Path, between Aberystwyth

and New Quay, in a rock formation called the

Aberystwyth Grits (photo, page 111).

Whilst this sediment accumulated, Avalonia

continued its northward journey, now ‘sucked in’

toward Laurentia, by subduction occurring

along the latter’s coastline. En route, Avalonia

met up with Baltica, and just before the end of

the Silurian, the two of them completed the

convergence with Laurentia, hand-in-hand (see

the schematics for 440 million years ago on

page 108). Avalonia ‘docked’ obliquely against

Laurentia, with a relatively gentle bump rather

than a full-on collision, and the closure of the

ocean was complete (see schematics for 420

million years ago on page 108). Baltica

suffered a rather harder impact against

Laurentia, farther up the coast, but that’s a topic

for Chapter 5.

[NW1] The ‘NW UK’ side of the Iapetus – the
Grampian Orogeny: On the other side of the

Iapetus - whilst Avalonia was first rifting away

from Gondwana - Laurentia and an offshore

island arc were closing in on each other, via

subduction under the arc (see the schematics

for 480 million years ago on page 108). The

ensuing collision between them is known as the

Grampian orogeny. In this orogeny, a wide

area of earlier Dalradian and Moine sediments

in Scotland and Northern Ireland were

metamorphosed into a classic suite of

progressively higher metamorphic grades –

perfect for a compulsory field curriculum for

future geology students! The affected area

became a major mountain belt, which remained

uplifted throughout the rest of the Ordovician

and all of the Silurian (see pale brown shaded

area of map on page 109) .
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STAGE 2: THE DEVONIAN TO THE TRIASSIC
(Chapters 5 to 8)

- The assembly of Pangaea -

At the end of the previous chapter, the Iapetus Ocean had closed as a result of the coming together of

Laurentia, Avalonia and Baltica via a series of tectonic events, known collectively as the Caledonian
orogeny. This left a newly stitched-together ‘UK’, positioned slightly inland on a new continent called
Laurussia (see map for 420 million years ago, on page 108).

Deep sedimentary basins now developed across this new continent, filled with continental sediments

eroded from intervening uplands. The regional climate at this time was semi-arid, and these coarse

continental sediments weathered with a reddish-purple hue, due to the high content of iron-oxide (think

‘rust’). This colouring led to the rocks being dubbed the ‘Old Red Sandstone’ (we will come to the ‘New
Red Sandstone’ in Chapter 8).

To the southeast of Laurussia now lay the Rheic Ocean, with Gondwana on its other side (see 400my
panel on diagram opposite) and, just like the Iapetus had closed before it, the Rheic Ocean was also now

destined to close, via a series of tectonic events collectively known as the Variscan orogeny. The
Variscan orogeny would eventually meld Gondwana with Laurussia, to form their piece of a new, jumbo-

sized, supercontinental jigsaw called Pangaea (285my panel opposite) – in the process, creating some
of the best-known and best-loved scenery for walkers in the UK.

So far, so relatively straightforward-sounding; it all looks like just another extract from the Wilson Cycle

playbook; but actually, the story from the early Devonian to the end of the Variscan orogeny is far from

straightforward. One of the twists in the story for example, is that during the Devonian and Carboniferous,

‘southwest England’ wasn’t where it is now – it was around 400 kilometres to the southeast, and it slid

‘sideways’ into its current position only at the end of the Carboniferous, during the climax of the Variscan

orogeny. As a result, southwestern England has a different Devonian-Carboniferous geology to the rest

of Britain. This southwest slab of UK crust is called the Cornubian Terrane, and its northern edge is
marked by the Bristol Channel-Bray Fault Zone (BCBF), along which it slid into place (see map on page
126).

The thrusting and deformation associated with the climax of the Variscan orogeny (from the UK’s

perspective) is also concentrated along the southwestern part of Britain; so, in many ways, it is convenient

to consider southwest Britain separately from the rest of the country during this period.

Therefore, this part of the UK’s story – the closing of the Rheic ocean, leading to the formation of Pangaea

(see diagram opposite) – will be told in the following, slightly overlapping, chapters:

Chapter 5 covers the aftermath of the Caledonian orogeny, and the Devonian north of the Bristol Channel-

Bray Fault - including the famous Old Red Sandstone.
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heyday, the Dinorwic and Penrhyn quarries were the two largest slate quarries in the world. The Welsh

National Slate Museum is located between Llanberis and Dinorwig villages.

Devonian sedimentary rocks - the Old Red Sandstone: The same strike-slip faulting which slid the
Northern Highlands Terrane down from the north, and provided pathways for igneous activity, also played

a fundamental role in creating sedimentary basins during the Devonian, by pulling apart the crust in

places, creating extensional basins. Sediments poured into these basins – eroded from adjacent areas

which remained elevated – forming alluvial fans, river systems, large lakes and dune fields, and creating

thick sequences of continental sedimentary rocks - conglomerates, breccias, sandstones and mudstones

– typically with a distinctive reddish-purple or greyish-purple hue. The sequence is collectively known as

the Old Red Sandstone (BGS code, D), and the arid, continental conditions that the sediments were
deposited under - begun during the last five million years or so of the Silurian - would last throughout the

Devonian and at least five million years into the earliest Carboniferous.

There are many great opportunities to witness and walk these Old Red Sandstone sediments. The Orkney

Islands are basically made of nothing but Devonian rocks, including the iconic sea stack, the Old Man of
Hoy. Thick Devonian sediments known as the Caithness Flagstone Group create spectacular coastal
cliffs along the Caithness eastern shore, which can be walked via the northernmost part of the John
O’Groats Trail (photo, page 118). BetweenAberfoyle and Callander run the ridged Devonian crests of the
Menteith Hills. In Wales, Devonian sediments make up spectacular escarpments in the Brecon
Beacons and Black Mountains (photo, page 118).

____________________

CHAPTER 6: Limestone, Grit, Coal and Igneous
Carboniferous

359 to 299 million years ago

3rd – 7th December

During the Carboniferous, ‘the UK’ was carried northward as part of Laurussia, eventually crossing the

equator. The arid conditions of the Devonian gave way to a hot, humid and wet climate, and as the

Caledonian mountains were worn away and global sea levels rose, the land was inundated by the warm,

shallow, tropical seas of the Euramerican seaway (see schematic for 340my on page 114).

Tectonically, until the very end of the Carboniferous, ‘the UK’ lay to the north of the various plate collisions

which were taking place in the Rheic Ocean as it closed – collisions which made up the early phases of

the Variscan orogeny (see diagram on page 114 and Chapter 7) - and for the moment, the stresses in the

part of the Laurussian plate that the UK was on were extensional. From this extension, a ‘block-and-
basin’ topography developed, where sediments were thinly draped over the relatively high areas (the
‘blocks’) and thickly deposited in the intervening low areas (the ‘basins’).
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CHAPTER 10: Fire and brimstone
Palaeocene to early Eocene

66 - 50 million years ago

27th - 28th December

By the end of the Cretaceous, sea-floor spreading in the central and southern Atlantic Ocean had been

underway for a while, but at the Atlantic’s northern end, the rifting had only progressed as far as the

Labrador Sea, and it was now prevaricating about which way to go next (see map, lower-left on page 138).

The major choices seemed to be: (1) up the Labrador Sea, between Greenland and the US; (2) between

Greenland and a submarine feature called the Rockall Plateau; or (3) between the Rockall Plateau and

‘the UK’.

Whilst the rift was hesitating, a massive mantle plume – over 2000 kilometres across – developed under

the Faroe-Greenland area. This mantle plume first caused uplift, due to thermal ‘doming’, then major

regional igneous activity - giving rise to the ‘North Atlantic Igneous Province’. In ‘the UK’, the area
affected by the igneous activity was primarily ‘western Scotland and Northern Ireland’ – historically known

as the Tertiary Volcanic Province.

The UK igneous activity can be conveniently described in three overlapping parts: (i) early, widespread

lava flows (ii) discrete volcanic centres (known as Central Igneous Complexes); and (iii) extensive dyke

swarms. Together, they gave rise to some of Scotland and Northern Ireland’s most spectacular geological

legacies.

Lava flood stage: Firstly, onto the surface caused by thermal doming above the mantle plume,

extensive, essentially horizontal, sheets of basaltic lavas erupted from deep fissures - similar to those

seen on Iceland today. They flowed across the land as flood basalts (although, they didn’t actually travel

that far compared to other, truly massive, historic, flood basalt events elsewhere). Individual flows were

typically only five to fifteen metres thick, but in aggregate they had totalled nearly two kilometres by the

time this stage waned. The boundaries between individual lava flows are accented due to a mixture of

intervening erosion, ash-falls and soil development, which gives the overall accumulation a strongly

stepped and layered appearance – seen to dramatic effect, for example, in the cliffs of the Ardmeanach
Peninsula on Mull (photo, page 141), or at the Storr of Skye (on the Skye Trail).

The landscape across which the lavas flowed, included upland forests and low-lying swamps and lakes,

and on the southwestern tip of the Ardmeanach peninsula is the cast of a large conifer, which was caught

up in the flows, and has been preserved, encased in basalt – it is called MacCulloch’s Tree.

Generally, the lavas cooled ‘chaotically’, without much form to them, but in some cases they cooled in a

spectacularly regular manner, forming classic hexagonal columns, like those of the Giant’s Causeway in
County Antrim (photo, page 50). Probably nowhere is the contrast between the two styles of cooling better

seen though, than in the cliffs of the Isle of Staffa – home to Fingal’s Cave (photo, page 141).
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today - between Greenland and the Faroe Islands. A small remnant of the once giant hot spot still exists

however, elevating the portion of the ridge sitting above it, and thus forming the island of Iceland (see
also, page 75).

The selection of the Icelandic route for the Mid-Atlantic Ridge is a poignant moment for the UK: this was

the last volcanic activity in the UK, and is likely to be so for some time yet. The nation is now sitting

passively on the western edge of the Eurasian continent, drifting gently eastward, whilst still cooling down

and ‘deflating’ from the Palaeocene trauma.

Although the start of the Eocene marked the end of UK igneous activity, there was one more deformation

event to come, which would have a big impact on southern England’s scenery - the Alpine orogeny.

____________________

CHAPTER 11: Sand, mud and Alpine inversion
Late Palaeocene to end Miocene

60 - 5 million years ago

27th December – 2:24pm on 31st December

The thermal uplift associated with the Palaeocene igneous activity of Chapter 10, elevated most of ‘the

UK’ as land, and it remained that way during Chapter 11. Several hundred metres of Cretaceous chalk -

which had previously been deposited across ‘the UK’ – were eroded; across Scotland, almost all of it

disappeared. Much of the eroded material was shed as sediment into a still subsiding North Sea basin,

of which, southeast England formed the southwestern edge (map on page 143).

At times of high sea level, the Atlantic Ocean was connected to the North Sea via an early version of the

English Channel, which flooded over a ‘high’ of older rocks running between Devon and northern France.

During these high-water times, the shoreline of the North Sea moved inland toward the Midlands, and

gravelly, sandy and muddy sediments were deposited in coastal to shallow marine settings (sharks’ teeth

can be found in the Thames Group rocks).

At times of low sea level, the high in the Channel became emergent (as per the map on page 143);

connection with the Atlantic was cut off; the North Sea shoreline shifted eastward; and southeast England

was a lush, swampy area with occasional lakes, and criss-crossed by rivers. Parts of the Solent Group
rocks, deposited under these conditions, contain rich fossil remains, including reptiles – such as

crocodiles – and various mammals.

During the early Palaeogene, so much sediment was draining off the land from ‘the UK, Scandinavia and

(later) Europe’, that the North Sea basin filled up faster than it was subsiding. By the Oligocene, it was

just a broad, saucer-shaped depression, with deltas reaching into it.
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TAKING GEOLOGY ON YOUR WALKS

“Something new will open itself at the turn of every mountain.”
- Thomas West; A Guide to the Lakes, 1778 -

The final part of this book offers a summary of ideas for making geology a companion on your walks.

The very first thing I recommend, is to download to your smartphone the free British Geological Survey

app, iGeology (described on pages 56-61). The app will tell you what rock you are standing on, anywhere
in the UK – its age; its name; and a brief description of it – and is an absolutely fundamental starting point

for any of the suggestions below.

I also recommend buying one or both of the BGS national north or south maps, for two reasons: (1) the

map zooms out from the app, as it were, and gives a wider perspective of the surrounding geological

context; and (2) each of the maps comes with a very helpful and succinct booklet summarizing the

regional geology. The weblink for each is included in the Appendix.

Finally, I recommend investing in a hand lens - as described on page 61. When you find fresh samples

at outcrop, the hand lens allows an interesting view into what might otherwise be beyond the resolution of

the unaided eye.

Armed with these basics, here are some ideas:

1. Consult the app on your walks: Whenever you come across an interesting looking outcrop, or

maybe the nature of the trail underfoot changes, check out what the bedrock is. How does the description

provided by the app fit with what you can see (remembering to get as fresh a surface of a rock sample as

possible)? Given the description of the rock, do you now notice anything different about it, which you

might not have noticed before?

2. Pick an area to get to know geologically: Get a 1:50 000, or 1:25 000, scale map, perhaps of your

local area, or your most regular walking area, or the next walk you have planned. What rock types and

ages are present, and to what chapter of the UK's story do they belong? When now walking the area, look

out for outcrops and features which you might not have noticed before.

3. Pick a period of the UK’s geological story to dive into more deeply: Does a particular part of the

UK’s geological story, described in Part 4 of this book, intrigue you?

Each of the individual chapters in Part 4 has already provided some pointers as to where you might ‘walk

the chapter’. In addition, the maps on pages 154 and 156 summarise the UK’s bedrock grouped by related

chapters, overlain by a selection of possible trails to go and investigate them:
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REFERENCES, SOURCES and ATTRIBUTIONS

This section is for the scientifically curious, my peers, and as a ‘thank you’ to the many sources that have gone into
compiling this book. Many technical references were consulted, but I am particularly indebted to the following:

British Geological Survey material (extracted or changed/modified under Permit number CP20/083 BGS © UKRI.
All rights reserved).

Bedrock Geology of the United Kingdom and Ireland: 1:1 250 000 scale.
Source: https://shop.bgs.ac.uk/Shop/Product/BSP_A1013_A
Bedrock Geology UK North: 1:625 000 scale map plus companion booklet.
Source: https://shop.bgs.ac.uk/Shop/Product/BSP_BGUKMBN
Bedrock Geology UK South: 1:625 000 scale map plus companion booklet.
Source: https://shop.bgs.ac.uk/Shop/Product/BSP_BGUKMBS
Map sheet 285 - Guildford: 1:50 000 scale.
Source: https://webapps.bgs.ac.uk/data/maps/maps.cfc?method=viewRecord&mapId=10150
Climate through time (poster).
Source: https://www.bgs.ac.uk/discovering-geology/maps-and-resources/climate-change-through-time/
iGeology app.
Source: https://www.bgs.ac.uk/technologies/apps/igeology-app/
Lexicon of Named Rock Units:
Source: https://webapps.bgs.ac.uk/lexicon/home.cfm??
Timechart.
Source: https://www.bgs.ac.uk/discovering-geology/fossils-and-geological-time/geological-timechart/

Geological History of Britain and Ireland: N.Woodcock and R.Strachan. Second edition. ISBN 9781405193818
Palaeogeography maps: Prof. Christopher Scotese: University of Texas, Arlington, Department of Earth and
Environmental Sciences (retired) and Founder of the Palaeomap Project. Source: (dual globe video) -
www.youtube.com/watch?v=bzvOMee9D1o and (single globe video) www.youtube.com/watch?v=UevnAq1MTVA
Understanding Earth: JP Grotzinger and TH Jordan. Seventh Edition. ISBN 9781319154158

Also:
Encyclopedia Britannica, the Natural History Museum and the Smithsonian Institute online: Various entries on
Life and Evolution.
European Geography in a Global Context from the Vendian to the end of the Palaeozoic: LRM Cocks & TH
Torsvik, 2006 in European Lithosphere Dynamics, DG Gee & RA Stephenson (eds).
Extinction: PB Wignall. One of Oxford University's 'A Very Short Introduction' titles. ISBN 9780198807285
The Geology of Britain – An Introduction: Peter Toghill. ISBN 1840374047
Google Earth satellite imagery: Data SIO, NOAA, U.S.Navy, NGA, GEBCO. Image Landsat/Copernicus. Image
IBCAO. Image U.S. Geological Survey.
Ice Age, The: J Woodward. One of Oxford University's 'A Very Short Introduction' titles. ISBN 9780199580699
Official Guide to the Jurassic Coast, The: Edited by Prof. Denys Brunsden. ISBN 0954484509
Oxford Dictionary of Geology & Earth Sciences: M.Allaby. ISBN 9780199653065
Rocks and Minerals: RL Bonewitz. ISBN 9781405328319
Super volcano: Greg Breining. ISBN 9780760336540

The reader may also be interested in these historic references mentioned several times in the book:
Theory of the Earth: MD James Hutton, 1788. Reproduced by Classic Books International. ISBN 9781451597073
Principles of Geology: C Lyell, 1830-1833. Published by Penguin Classics (one of many). ISBN 9780140435283
A Guide to the Lakes: Thomas West, 1778. Several versions are available, including those with the original script.
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The index also serves as a glossary

by referencing geological terms to

their context in the book

Aberystwyth Grits 111
Acadian orogeny [see Orogeny]

Accretionary prism 77, 112

Aeolian 130

Agglomerate 28, 30, 140

Alluvial 33, 74, 101, 121, 130

Alps, Alpine orogeny [see Orogeny]

Alum Bay 144, 145

Amphibolite 42-43

Andes 30, 71, 76, 77

Andesite 28, 30, 119

Anglian glacial maximum 146-150

Anning, Mary 14, 134

Antrim 50-51, 135, 137, 138,139

Appleby Group 128

Archaean

- time facing 1, 2

- life 4-6

- formation of early Earth 19-21, 79

- in the UK’s geological story 96-

99, 117, 157

Archaeopteryx 12

Ardnamurchan peninsula 138, 140,

141

Ardvreck Group 105-106

Arenaceous 37

Arêtes 147, 148

Argillaceous 37

Arkosic 37

Arran 29, 34, 63, 138, 140, 148, 150,

154

Arthur’s Seat 122, 124

Ash, Ash-fall 28-29, 139-140

Asthenosphere 21-22, 69, 74, 75,

77, 84, 149

Atlantic Ocean [see also Mid-Atlantic

Ridge] 22, 71, 74-75, 91, 131, 132-

133, 138-140, 142-144, 149, 157

Avalonia 104-112, 117-119

Ayrshire Coastal Path 31, 112

Bagshot Formation 143, 145

Ballantrae Ophiolite Complex 31,

109, 112

Ballintoy 132, 135

Baltica 100, 103, 104, 106, 108, 111,

115, 117

Bamford Edge 122, 123

Barton Group 143, 145

Basalt

- rock 22, 28-32, 43, 72, 74

- in the UK’s geological story 50,

51, 103, 138-141

Basic (rock composition) 28, 30 [see

also Mafic]

Batholiths 28-29, 50-51, 125-127

Beaches 33, 35, 36, 60, 134, 149,

150

Bed (description/definition of) 36

Bedrock

- description/definition of 57-63

- maps of UK bedrock [see Maps]

Ben Lomond 105, 106

Ben Nevis 116, 118, 119

BGS [see British Geological Survey]

Biogenic sedimentary rocks 32,

37-39

Blue Anchor Formation 131

Bodmin Moor 28, 50, 127

Borrowdale volcanics 109, 110

Boulder 32, 34-36

Bracklesham Group 143

Breccia 28, 30, 36, 37, 121, 130

Brecon Beacons 34, 116, 118, 121,

153, 156

Bridgnorth 129, 130

Bristol Channel-Bray Fault Zone 115-

117, 120, 125-126

British Geological Survey

(introduction to) 2, 55-65, 160

Cadomian Arc 106
Cairngorms 105, 106, 119

Caithness 116, 118, 121

Calc-alkaline 30, 110

Caledonian orogeny [see Orogeny]

Callanish (Calanais) Standing Stones

98, 154

Cambrian

- time facing 1

- life 4, 7-11

- in the UK’s geological story 90,

91, 96, 103-107, 117, 119

Cambrian explosion 4, 7-8, 10-11

Cape Wrath Trail 98, 100, 101, 102,

154

Carbonates

- carbonate platforms 33, 37, 38,

123, 134

- rocks [see Limestone]

Carboniferous

- time facing 1

- life 4, 9-12

- in the UK’s geological story 38-

39, 90-95, 96, 114, 115, 117, 120-

127, 131, 157

Catastrophism 33

Cenozoic

- time facing 1, 2

- life 4, 14-18

- in the UK’s geological story 62,

63, 90, 96, 138-150

Central Igneous Complexes 138-141

Ceredigion Coastal Path 111

Chalk

- rock 38-39

- in the UK’s geological story 57-

60, 132, 135, 137

Cirque 147, 148

Channel, The [see English Channel]

Charnia masoni 7,106

Charnian Supergroup 104, 106

Cheddar Gorge 146, 149

Chert 37, 39

Clastic sedimentary rocks 32-37

Clay, claystone 34-36

Cleveland Dyke 138

Cleveland Way 132, 156

Climate 16, 90-91 [see also Ice

Ages]

Coal

- rock 9, 38-39

- in the UK’s geological story 120-

123, 130

Coast to Coast Walk, The 154, 156
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