Rocks and Rain

A Geomorphology of the British Isles
Part 1 of 2



How on Earth did that happen?

We are all used to seeing beautiful landscapes in picture postcards but
did you ever ask yourself how these landscapes came to be?



It’s quite simple!

Landscape

L

Geomorphic processes

*

Environmental factors



Wikipedia: James Ussher

Until modern times
(1860s) it was
thought that the
Earth was around
6,000 years old. This
was based on
studies of the Bible
by James Ussher in
the 17t century.

More recently,
radiometric age
dating of meteorites
has determined that
the age of the Earth
is around...

4,600 million years


http://en.wikipedia.org/wiki/James_Ussher

How Long is 4.6 Billion Years?

e |t’s unimaginably long...

* |nfact, it’s so long that up until 200 years ago,
no one believed the Earth could be so old.

e |n 1785, James Hutton developed the theory of
Deep Time after looking at ancient rocks and
considering the speed of contemporary natural
processes of erosion and deposition.

 This, in turn led to his theory of
Uniformitarianism, which states that the
processes we see on the Earth today are the
same as those acting upon the Earth in the
distant past.

James Hutton 1726-1797

 The theory was popularised by Charles Lyell in
his Principles of Geology of 1830.

Wikipedia: James Hutton, Deep Time, Uniformitarianism, Charles Lyell



http://en.wikipedia.org/wiki/James_Hutton
http://en.wikipedia.org/wiki/Deep_time
http://en.wikipedia.org/wiki/Uniformitarianism
http://en.wikipedia.org/wiki/Charles_Lyell

Deep Time

Such enormous spans of
geological time are difficult
for us to comprehend — our
own lives are measured in
decades.

In his book, Basin and
Range (1981), John McPhee
used the following analogy
to explain the enormity of
geological time... ...if the history of the Earth is the
distance from the tip of your nose to the

slightly different analogy, ~ tiP of your outstretched fingers, the
based on an idea from lan whole of human history would be

Vince’s book The Lie of the erased by a single stroke of a nail file.
Land (2011)...

We are going to use a



Time Travel

The oldest rocks on the
British mainland are
the Lewisian Gneises at

Cape Wrath. They are
around 3 Billion years
old and are
Metamorphic rocks.
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http://en.wikipedia.org/wiki/Lewisian_gneiss

Time Travel

The youngest “rocks”
are the sands and clays
of the London Basin,

which are around 50
million years old. They
are mostly overlain
with younger “drift”
material.
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http://en.wikipedia.org/wiki/London_Basin

Time Travel

If we were to make a
journey of 3 billion
years from London to
Cape Wrath, we might
begin at the Tate
Modern.
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Time Travel

From our starting point The Great Pyramid of
in the Turbine Hall, the Giza (2560BC) is just
birth of Christ is just 1.45m away.

64cm in front of us.

PHOTOGRAPHING BRITAIN AT TATE BRITAIN

Before making it to the Millennium

Bridge, 42 metres from our
starting point, we are seeing the
evolution of Homo Sapiens in
Africa 130,000 years ago.

C—
‘..-.:_ -:.Iﬂ |
B A
e = n
ek e J
- i -
o l
. " : {

At 3.12m is the end of
the last glacial period,
known as the Devensian,
12,500 years ago.
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Leek Lird
e 4515 ] Alfretan Ravenshead s 1; &4 215 ]
4520 | ewark-on-Tren| Friskn
ol Southwel 15 i
'Hucknall\ Calverten b Cramwell  Ruskinglan
Ashbourne
° Trent A - Benby Armeid Sleaford 7
Cheadie
Alton [ 252 | Boston
Time Travel o e
Checkley ol VAR Hunstanton
A7
= Ui ¢ 452 Heacham .
toxetar 45111 | Long Eaton | Asz] | 452 | fAto]
= Tutbury ilington berthatiam
: : s [ 00" At Derby, roughly
At only 100 miles from "] T fxm
Spalding
[A515] [ A511] a o Long Sutton Terrngton
. Rugelay 540 m I I I IO n yea rS Sogpe (a6 ] Sant Clerment  King's Lynn
our start point, we are ; : o R
Mo et Walten [
h beginni - ago, is the earliest = Sew” 1) St
at the very beginning o : 1
MW a5}
of multicellular life on S foslkrod o s RaTF
Walsall Suﬂun
Caldfield . . Peterbarough 51134 |
51 | Hilgay
elaien wgst Tf' 1 l (0] b Ites. e Wnicisssy - M3rC o
Ea rth’ the Dudiey Bromwich Muneaton Waterile [ vayiey hery i
- A141
Oldbury™ Birmingham W I i Hal;i:nrrk::lgn fate? | Corby P [ a141] Fetwel g
. . arston,
Cambrian/Precambrian eosuee . oo s W VLG
; BIEJk}euhlll Rathwel A142 Lakenheath
b d flbery’ S0 gy - Keflering  Trvasien ﬁ’ﬁ e Ely
A141
0 u n a ry' [A14] I_E;r::r 445 ] Haddenham i iy
Bm)mggme o ||1h|nlgnnm|.|gh A14] Huntinaddh eSham Mildanhzll
ParHiteh o Hermngford
Milton Keynes W R, Al N =
L taron = [A14] Walerbeach
where the earliest = o’
= h
nnﬁmor d I d Y [ Luton’ W ere
o ade fi
{ INOSaurs evolve Oy Bodfora T !
- e flOwering plants
2 3 0 M a gy Grest Newnort  parsish il
b F . hnfw?\ﬁe" Moretaine | d b
Miltan CarnpieK Ampthill eVO Ve etwe e n Great
3 Keynes, “eop b 1 ‘Yéldharn
Maretan-in-Marsh ’ (a2 ] m i
o] Bl R 140 and 130 Ma
|\ G o = gt
Leighton ks
Buzzard. Houghlon
44 Regis
Charkury Dermiabia Luton . Brainiree
v Waadstack | A1 | 1445 |
F Ayleshbury Harpenden ﬂ\'I;I At31]
are With
EEEL Wiy, Tring Hertford
Eynsham 413 ] [re | Hemel Hatfield Harlow IS
Oxford | X5 higmiaikad St Albans Heddesdan Sgpengheld
B | Ad23] Chaakam Chelmsford
"Lechiade-cn-Thames AN Cheshunt
Bagpuize” - I Amersham s LA12) Ws‘ngf"
3 00 !
B v Faringgan Abingdon i Watford Barnet Enfigld  cross Fama
]
a Wycombe Ergare Billericay
Fossil Trilobites, 540M o e [ T
OSSI rl O I eS a ( Ruisle 1- Romfaord EXF - Basildon Ra
) Malow Wkbniage  Wembley Sauth -~ Sou
_’_J'.‘II/— 434 ] e b5 Fo- 4 Dagenha = b Benflest- o
ErCCniing: Slough Hayes Elsra're 2 e { A117] A el Islar
Aldbeur Fifield = a
aM.c . . . : TwytargfBray HOUNSIOW ™= Richmond - § Crays
. wpenham Readin ichman [ 20|
Wikipedia: Trilobites : 9 S B e etog DartfordGiavesend
Calne Markerough Hungatlord Y L, Bracknell 7 upan Thames Bromley 59 m
Wokingham Sunnimghil .
sham 4] 9 Brocknel mu&s‘c’nt%"buw Surton) ¥ardeed” Croydon \ R;"E[EF Gilling
Davizes R i e = ~_-Sutton — Ftham


http://en.wikipedia.org/wiki/Trilobite

Time Travel

Ness

Our journey back to
Britain’s oldest rocks is
3 billion years, shown
by A and B on the map
but the history of Earth
goes back another 1.6
billion years, C on the
map. Each of these
periods of time can be
characterised as
follows:

A = we know a fair bit
about what happened
because there are lots
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The Classification of Rocks

e Rocks are divided into 3 broad groups:

* Igneous rocks are formed from the cooling of magma
or lava (intrusive or volcanic molten rock). Examples
include, Granite (intrusive) and Basalt (volcanic)

e Sedimentary rocks are those formed by the deposition
of sediments, often characterised by layers or strata.
Examples include, Sandstone, Limestone and Chalk.

e Metamorphic rocks are igneous or sedimentary rocks
that have been altered by heat or by pressure.
Examples include, Slate and Gneiss.

e All 3 rock types exist in Britain and are used as
materials by landscape architects, although much is
now imported.

Wikipedia: Igneous, Sedimentary, Metamorphic



http://en.wikipedia.org/wiki/Igneous_rock
http://en.wikipedia.org/wiki/Sedimentary_rock
http://en.wikipedia.org/wiki/Metamorphic_rock

Geology of & | Jg
the British Isles :

Rocks are classified by
their type and their
age. This map shows
the distribution of the
broad rock types in the
UK. Each colour
represents a different
geological period,
except for igneous
rocks, which are shown
in scarlet. The first
geological map was
created by William
Smith in 1801.

(1] 100 200 kilometres
L L 1 L |

%



How did this happen?

The story of how the
landscape of Britain came
to look the way it looks
today can only be told with
reference to two global and
universal processes:
1. Plate Tectonics
2. Uplift, Erosion and
Deposition s A
Although the cycle of uplift, | Stair Hole at Lu-Iwort-h. Cove in Doret is one of the
erosion and deposition has  best examples of folded limestone strata in Britain.
been understood for 200

years, the acceptance of
plate tectonics is less than
50 years old.
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Wikipedia: Stair Hole


http://en.wikipedia.org/wiki/Stair_Hole

Plate Tectonics
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Wikipedia: Plate Tectonics



http://en.wikipedia.org/wiki/Plate_tectonics

Plate Tectonics
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http://www.bbc.co.uk/news/world-12717980

Seafloor Spreading

Convection within the Earth creates mid-
ocean ridges as volcanic material is added
to the crust. Plates move apart as the ridge
widens. The Atlantic ridge is moving apart
at a rate of 8cm per year. Mid-ocean ridges
are constructive plate margins where
plates are moving apart. Destructive plate
margins form where plates collide, causing
earthquakes and volcanic activity.
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Constructive plate margin Destructive plate margin \

Wikipedia: Seafloor Spreading Earth, the power of the planet (BBC): Plate Tectonics



http://en.wikipedia.org/wiki/Sea-floor_spreading
http://www.youtube.com/watch?v=ryrXAGY1dmE

Geomagnetic Reversal

Gilbert Gauss Matuyama Brunhes  Matuyama Gauss Gilbert

— > B The stripes at localities A & B were both produced
A < < . "
IMa "Ma M 2Ma IMa at the ridge crest three million years ago. As they
100km 60km 60km 100km | are both now 100 km away from the ridge crest

R the spreading rate has been 100 km in three

Megma rising million years, or 3 cm/yr

When studying the rocks formed at mid-ocean ridges, geologists noticed that some of
them had formed with reversed polarity. A pattern emerged of a mirror image of
normal and reversed polarity stripes either side of the ridge. It is now known that the
Earth’s polarity has changed a number of times in the past. The last reversal , known
as the Brunhes-Matuyama reversal took place about 780,000 years ago.

Wikipedia: Geomagnetic Reversal

Illustration from the book The Geology of Britain: An Introduction
by Peter Toghill


http://en.wikipedia.org/wiki/Geomagnetic_reversal

Ancient Continents

200 million years ago

YouTube: Earths history in the last 600 million years



http://www.youtube.com/watch?v=cQVoSyVu9rk

Drift across the Globe

550 Ma

lllustration from the book The Geological History of the British Isles Late Proterozoic ( Precambria n)
by Arléne Hunter & Glynda Easterbrook



Drift across the Globe

490 Ma

lllustration from the book The Geological History of the British Isles Ea rly Ordovician
by Arléne Hunter & Glynda Easterbrook



Drift across the Globe

Rheic Ocean

Bt i

lllustration from the book The Geological History of the British Isles Late Ordovician — Ea r|y Silurian
by Arléne Hunter & Glynda Easterbrook



Drift across the Globe

Equator

375 Ma

lllustration from the book The Geological History of the British Isles Mid Devonian
by Arléne Hunter & Glynda Easterbrook



Drift across the Globe

North Pole
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- 302 Ma

lllustration from the book The Geological History of the British Isles Carboniferous
by Arléne Hunter & Glynda Easterbrook
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Drift across the Globe
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lllustration from the book The Geological History of the British Isles Triassic

by Arléne Hunter & Glynda Easterbrook



Drift across the Globe
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Illustration from the book The Geological History of the British Isles
by Arléne Hunter & Glynda Easterbrook



Drift across the Globe

North Pole

> Ma

lllustration from the book The Geological History of the British Isles Late Cretaceous — Ea r|y Tertia ry
by Arléne Hunter & Glynda Easterbrook



Britain through time

MODERM DAY

As continents shifted over millions of years, the area that was to
become the British Isles went through many changes. At times it
was desert land (Permian) at other times it was a large river delta

(Carboniferous) and at other times it was completely submerged
(Cretaceous) or under ice (Quaternary).



Uplift, Erosion and Deposition

OROGENY

(mountain building)

DEPOSITION 4mssm EROSION

The origins of all rocks are igneous (intrusive and volcanic) but over millions of
years, these rocks are eroded and deposited as sedimentary “strata” in deep lakes
and oceans. These sediments may then be uplifted by orogenesis, only to be
eroded once more and deposited. The study of strata is known as stratigraphy.



http://en.wikipedia.org/wiki/Igneous
http://en.wikipedia.org/wiki/Sedimentary
http://en.wikipedia.org/wiki/Orogeny
http://en.wikipedia.org/wiki/Stratigraphy

Deposition and Burial

sea-level

a) DEPOSITION AND BURIAL

Illustration from the book The Geological History of the British Isles
by Arléne Hunter & Glynda Easterbrook



Orogeny and Erosion

orogenic belt

b) OROGENY AND EROSION

Illustration from the book The Geological History of the British Isles
by Arléne Hunter & Glynda Easterbrook



Transgression

sea-level
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c) TRANSGRESSION

Illustration from the book The Geological History of the British Isles
by Arléne Hunter & Glynda Easterbrook



Deposition

cover

d) DEPOSITION

Illustration from the book The Geological History of the British Isles
by Arléne Hunter & Glynda Easterbrook



Geology of
the British Isles

The pattern of rocks in
Britain is the result of
billions of years of
tectonic plate
movement, causing
uplift of ridges and
formation of basins.
Ridges are eroded and
material deposited in
basins, only to be
uplifted againin a
continuing cycle. But
this crude mapping of
rock types is only the
start; geologists have
mapped the landscape
in much greater
detail...
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Weald-Artois Anticline

Geologists not only map the

distribution of rocks at the surface

but can also determine sub-

surface structure. This allows for a
greater understanding of how the
present landscape was formed.

Below is a section across the

Weald-Artois Anticline, which
resulted in the formation of the
North and South Downs.
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Wikipedia: Weald Basin


http://en.wikipedia.org/wiki/Weald_basin

Formation of the Downs
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Cross Section of the Wealden Dome, in relation to Kent

Chalk was formed in the Weald Basin from the shells of billions of tiny
creatures laid down in shallow, tropical seas during the Cretaceous period (142
— 65Ma). It was then uplifted into an anticline during the Alpine Orogeny
caused by the African tectonic plate moving north and colliding with the
Eurasian plate. Over millions of years, the anticline was eroded, leaving the
North and South Downs chalk escarpments.



http://en.wikipedia.org/wiki/Alpine_Orogeny

A GEOLOGICAL TOUR



lgneous Rocks

Various ages




Edinburgh Castle

A volcanic plug formed in Carboniferous times.




Torr on Dartmoor

Dartmoor is formed from plutonic magma which cooled to
form granite during the Carboniferous.




Strumble Head

Lava flow during the Ordovician forming Pembrokeshire
headland and ideal location for lighthouse.




Giants Causeway




Precambrian Rocks

Older than 545Ma

Neoproterozoic

Lower Palaeozoic and <$
Upper Proterozoic i




Scottish Highlands

The ancient metamorphic rocks of the Scottish Highlands have
been rounded and smoothed by erosion and shaped by ice.




Long Mynd
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The Long Mynd in Shropshire is a rare example of Precambrian -,;'c""” 4 o
rock in England. It forms a ridge of ancient, hard rock.




Palaeozoic Rocks

248 to 545Ma

Permian

Carboniferous

Devonian

Silurian

Ordovician

Cambrian




Rhinogydd

Rhinog Fach and Y Llethr form part of the feature knownas . r‘? L. “Q‘)

the “Harlech Dome”, and composed of Cambrian rocks. This 5"“/{,1 " )J

range of welsh mountains is known as the Rhinogydd. - e )_ﬂ,f
-




The Rhinogydd are formed
of hard sedimentary rocks
of Cambrian age which
occur as a major anticlinal
structure known to
geologists as the Harlech
Dome. This structure
which originated during
the Caledonian Orogeny
extends from Cadair Idris
in the south to Blaenau
Ffestiniog in the north. Its
erosion by successive ice
ages has left the valleys
and peaks of the
Rhinogydd visible today.

Wikipedia: Rhinogydd

Harlech Dome
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Rhobell Fawr (Tremadoc volcanicity)
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Firey ring of Ordovician volcanics
Section in figure 31
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FiG. 29. Geological sketch map of North Wales. Cross-sections
from A to B and C to D are shoun in figs. 30 and 8.

FiG. 30. Cross-section through part of North Wales, section A to
B on fig. 29, showing distribution of Cambrian and Ordovician
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Illustration from the book The Geology of Britain: An Introduction

by Peter Toghill



http://en.wikipedia.org/wiki/Rhinogydd

Malham

Carboniferous Limestone is
eroded by solution and results
in poor, thin soils or “limestone
pavements”. Yorkshire Dales
National Park.




Ingleborough

i i3
Hard Carboniferous Millstone Grit alternates with softer ) 2 p
: : & {7 J
limestone to form the plateau top to Ingleborough in <, ! e 4
the Yorkshire Dales National Park. e’




Brecon Beacons

.I':- f

Devonian Old Red Sandstone. - T ¥

The Brecon Beacons are formed by the ,_,k ) Z 2




Aberystwyth

The Silurian grits that form the landscape around g-'r‘rl_'u.fz,f
Aberystwyth on the coast of Cardigan Bay are dark grey, i -
resulting in grey beaches. These grits were laid down by ;ﬁl ) f. '“ 2 )
turbid currents in shallow oceans. % T :*;
l_!(f\rff-r’“




Turbid Flows

sea-level

continental R
shelf AL . B

slope _ T e
g rise O e B

turbidite deposits e

The Aberystwyth grits were laid down as turbid flows (avalanches of silt) from
the continental shelf to the deep ocean floor. The resulting rocks are known as
“turbidites”.

W|k|ped|a: w Illustration from the book The Geological History of the British Isles

by Arléne Hunter & Glynda Easterbrook


http://en.wikipedia.org/wiki/Turbidite

Whitesands Bay




Ordovician Fossil Record

Before the advent of modern
radiometric dating techniques, it
wasn’t possible for geologists to
date rocks. However, it was
important to know the order in
which rocks were formed in order
that they could be correctly
mapped. The location and
orientation of rocks is no guide
because they may have been
folded and appear in reverse order.
Geologists discovered that the
relative age of rocks could be
determined using fossils. This
study is known as “stratigraphy”.
Ordovician rocks are identified by
the presence of different trilobite
and graptolite fossils.

Wikipedia: Stratigraphy

Epochs

Caradoc

Llandeilo

Llanvirn

Tremadoc

510 Ma

Illustration from the book The Geology of Britain: An Introduction
by Peter Toghill


http://en.wikipedia.org/wiki/Stratigraphy

Devon Farmland

Permian (New Red Sandstone) forms deep, rich red soils.




Triassic

Mesozoic Rocks

248 to 65Ma



Alderly Edge

The Triassic sandstone of Alderly Edge escarpment which J )

gives views across the Cheshire Plain towards the Pennines. @ T <., A3



http://en.wikipedia.org/wiki/Geology_of_Alderley_Edge

Jurassic Coast

&

A fossil-rich sequence of rocks, now a world heritage site. o~ 'y
The Jurassic was the age of the dinosaurs. b




Cretaceous chalk formed by countless billions of microscopic ot ) |
shells of ancient sea creatures. The Cretaceous is the longest = .~
of all the geological periods since the Precambrian. PR



Cenozoic Rocks

Younger than 65Ma

Palaeogene, Neogene,
Pliocene and Quaternary




Rainham Marshes

London Clay forming low, undulating scenery.




Suffolk Coast

_-.:bﬁ.h. i, Fm.u...“ ""ﬂ-‘-ﬁ-.-_

Quaternary “drift” forming low, unconsolidated cliffs. These
houses near Southworld in Suffolk will soon fall into the sea as
the cliffs are eroded.
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Landscape Character

The landscape character
map of England shows the
National Character Areas
(NCAs) and a remarkable
but not surprising similarity
to the geological map of
England.



http://www.naturalengland.org.uk/ourwork/landscape/englands/character/areas/default.aspx

L4

Ammonite fossil, KilveBeé"ch, Somerset _

End of Part One...

www.coursestuff.co.uk/BUIL1164/Rocks-and-Rain.pdf
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