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Slope processes

Erosion
Geology
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Weatherivsiclimate
2 BBC Weather forecast

2 https://www.bbc.co.uk/iplayer/episode/m000rynk/weather-for-
the-week-ahead-03022021



https://www.bbc.co.uk/iplayer/episode/m000rynk/weather-for-the-week-ahead-03022021
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Western Slope Elevations:

10,500 and up

8,500 - 10,500

6,000 - 8,500

3,500 - 6,000

1,000 - 3,500_
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subtropical and tropical dry forest
tropical rainforest

alpine tundra

montane forests
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Ecologyand
ecosystems

TYPESE®E

ECOSYSTEMS

12



S

teractionioritheseprinciplesi\wnic
createsthe habitatswe conserve

Abmospher:
Cycke







e e s S e e

A'Rerfect Planet. Humans

2 https://clickv.ie/w/2hpp
2 Go through the link and

note how an : | .
understanding of the A PERFECT
physical landscape is N \P '-ANET
|mp0rtant to WORLD REVEALED
conservation.

2 Present and discuss.

15
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AUISTGReDIN0

2 Definition

@ (Collins,
2004: 348)

2 Rock Types

2 Rock Description
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Granite

Ilgneous rock: £

Intrusive or extrusive

Mauna Loa, Hawalii o
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F00-900°C
LOW TEMP

light

Felsic/Sialic Intermediate
[Granitic) (Andesitic)

Pafic
iBasaltic)

1100-1200"C
HIGH TEMP

Lltrarmafic

Amphibole

Rock names

Wesicular

Granite Dicrita

Furnice (like mearingus)
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Swamp _
Floodplain Glacier

——

"
F

Playa lake

Alluvial fans Glacial deposits
Barrier islfand
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Sediment stages

1. Weathering 2 Erosion

3. Transportation via

water, glaciers and wind
Glacier

4. Deposition

Sedimentary - N . 5. Burial and

. rqcks_ ; compaction

6 | 6. Diagenesis
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P-Ue-blo

Oxidation
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Shale

4=
sealmentarymyaear e
Watson! g

E

N
Formation

When river's velocity decreases to a level that even flne partlcles muds clay,
and silt - are deposited. These sediments are so small that there are very few air
spaces between them to prevent the particles from touching. Therefore, just
pressure and the evaporation of the water are enough to change these particles
Into a rock called shale.

Fossils

In some locations, shale rock is sought out for the possibility of fossils that they
may contain due to the ability of the sediments to get close to one another,
eliminating gaps between the particles, and thus preventing oxygen from
reaching the dead organism and rotting it before the sediments can harden into
shale. 23




Fossils

24
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Metamorphic rocks

Rock Name

Phyllite 1 e

Schist ‘

Gneiss

Marble

Quartzite |
Anthracite |

LD = L) =i O T

OO0~ ——0 30 Z

Grain Size

Very fine

Coarse

Medium
to
Coarse

Medium
to
coarse

Medium
to
coarse

Fine

Comments

Excellent rock cleavage,
smooth dull surfaces

Breaks along wavey
surfaces, glossy sheen

Micas dominate,
scaly foliation

Compositional banding

due to segregation of

minerals

Interlocking calcite
or dolomite grains

Fused quartz grains,
massive, very hard

Shiny black organic rock
that may exhibit conchoidal

fracture

Copyright © 2006 Pearson Prentice Hall, Inc.

Parent Rock

Shale,
mudstone,
or siltstone

Phyllite |

Schist, granite,
or volcanic
rocks

Limestone,
dolostone

Quartz
sandstone

Bituminous
coal

26



MMetamorphic
Rock

(Shale)

(rade of
Metamorphism

({Sedimentary Rock)

\
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Metamorphic

Increase In

heat




Rock(Cycle

Outcrop Weathering, erosion,

The ROCk transportation,
& deposition
Cycle

Extrusive
igneous rock Earth’s Surface

Intrusive

igneous rock Burial,
Burial compaction,

& cementation

Cooling

Sedimentary
rock

Burial
A

Deeper burial,

s Metamorphic heat, and pressure

Melting i




2 Minerals are made of elements
or in itself is an element (e.g
gold)

= Gold

= Diamond

= Calcite

= Mica

= Quartz Granite
= Feldspars

= Rock variations based on the mix
of minerals

30



e e s S e e
Definitions

= Weathering: disintegration or alteration of rock in its natural or original position (in situ)
at or near the Earth’s surface through physical, chemical, and biological processes
induced or modified by wind, water, and climate (Encyclopaedia Britannica, 2019:2).

: d sup :
S (into thejy basic o Sequent dISthegra tion

eakening .

of rock p
Y chemjc :
composnjon) Th Sal reactjong (therefore Zi Subsequen; disint

CSe .
C . re .
arbOnatmn. Th actiong Inclyde v ,Change their
) €S€ processeg o C OX1datjop, hydro]
Olysis

C8ratiop
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T eSS e S S e A e
Weathering Y L'Physical;2 Chemical;

3. Biological

1. Physical

Freeze thaw u

Aeolian (wind) u
Salt Crystallisation
Pressure release
-Sheeting
-Exfoliation domes u
Thermal Expansion
-Exfoliation

Raindrop impact D

O O 0 00 0O 0 00

33



Precipitation

ST N

fauna
activities

Types of Weathering

Lithology Type



Frost wedging

Freeze Thaw










These roCks have been bla‘ste'chlz by wind and
sand causing them to become rounded.




Sheeting 39



This Is a picture of
the Half Dome.
The rock is
peeling away from

the mountain in
layers just like an
onion. This is




Exfoliation domes, Yosemite

41



Expansion cracks



Summary; Youtube

Summary of mechanical

weathering 7mins

43


https://www.youtube.com/watch?v=CNUzTmPKxv8

2. Chemical

Basics
- Selective mineral attack

2  Pronounced in regions with fluctuating water
table

2  Pronounced at base of slopes (wetter &
warmer)

44



Chemical\Wweathernghs
discriminate

3 E n han Ced surface erosion gradually strips away

weathered bedrock, regolith and soil

weathering:
in joints, . S

and cause chemical weathering sheroidally

organic weathered

matter, ‘
hydrology f é 3 ‘l

unweathered

and even air bedrock
pressure
(barometric
changes

push and oneot
pull air from weathering
the ground)

EtC — fractures,
joints,
and faults

regolith




e e s S e e
Chemical RIoCesses
= = rusting
= Combination of oxygen in aerated soils aerobic D
= Opposite Waterlogged soils reduction anaerobic (gleying (Grey))

= - rocks that can absorb water e.g. Gypsum >

=

= Hydrogen reacts with minerals in the rock (cation exchange) e.g. u
kaolinisation

= — carbonic acid e.g limestone pavements Malham
(Yorkshire dales) >

s >

46




S

This rock is red because of the oxidation of

iron in the sediment when the rock was
being formed.
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Fallen block of contorted gypsum, with enterolithic veins. Soft Cockle Member, Purheck Formation. Beach at Worharrow Tout, Dorset.
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China clay extraction

52
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Eden Project,
Cornwall

eDiscuss
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e e s S e e
imestonge
= Chemical weathering limestone and conservation

AND SURVEY : §
WORK PLANNED |

The t

HABITAT CREATION SO




Limestone

Pavements
Karst scenery at
Great Asby Scar




Smooth clints and grassy grikes Dark red helleborine

o7
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TnellimestoneRavementActionigroup

2 The Limestone Pavement Action group (LPAG) is
working to help deliver the
for limestone pavement.

2 LPAG works to reduce the threats to limestone
pavement from extraction, and
overgrazing; and to increase knowledge about this
very special habitat.

2 Limestone pavement iIs protected by law in the UK
and It Is an offence to damage or remove
pavement from areas covered by

58
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= Research information and report back on:
= Limestone Pavement

o e =

Formation
Status and habitats/Indicator and target species
Law, governance, LPAG and News

Locations in the world. Find conservation
Information on one example outside Europe

Research papers: Principal points 0




summary

Chemical
weathering
OVErview
YouTube



https://www.youtube.com/watch?v=P8oWj3PVK9E

I . st

Biologicalichemicalweathering

= - decomp of veg. — more
organic life and carbon dioxide which =
carbonation

- Can extract iron from rocks and
concentrate at the surface >

E >

61
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1908 to 1969
Acid rain has eaten away this limestone statue.

Acid Rain




The tree is growing in the
rock and soon the rock
will break apart because
of the tree roots.
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heltypesiofweatherng\Wworkinia

complexedformatalgivenlocation

weathering features

hornizontal cracks can form from
sheeting—expansion from

vertical crack release of overburden pressure

(joint)

spheroidal weathering:
effects of mechanical and
chemical weathering

freeze-thaw cycles
and organic activity
expand cracks

P -~
spheroidal
weathering

i

water 5eap|ng into
fractures causes chemu'al
I weathering gradually from
the surﬁ-lce |nward

unweathered bedrock of
relatively homogenious composn:lun

65
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Differential weathering
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mean annual rainf Climatic
Control on

2000 1500 1000 500 rates of
[ [ |

moderate weathering

mechanical -- :
weathering (Peltier,

1987: 232)

moderate
chemical weathering
with frost actic_)n
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chemical very slight |
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More on weathering: The Peltier Model

Combined chomical
& mechanical weathering
Mean Ann. Ramia
150 125 100
- Ta

Madenie necharidl

=

Nademis :."'I‘.'I'IIE-'II
weshenng i +
irrad achon

np )
(=]

Il
-

%

T
tEan!
wikihering

Wadarala
TR ) AP
TAD = Eharresal v i
= mRalmanTg
wealherng

[ IZ L3RI ET LY

&
=
=
=
b
o
.

Chemical

weathering Darling Ranges, Perth (average annual rainfall ~80

cm, average annual temperature ~22°) ends up in
the slight-to-modorate chemical weatharing region.
But we know from boreholes and exposed faces
that the weathering zone is much more extensive
s0 how do we explain this??

Engineering Geology and Geomechanics CIVL 2121 - Lecture 3



Weathenng of rock is a complex process and depends on many factors including:

Climate - wind, rain, frost & temperature

Topography (e.g. waterlogged valleys are subjected to deeper weathering than
plateaus)

Rock structure (e.g. presence of faults, joints etc dictate rock fracturing due to
freeze-thaw cycles)

Rock types (e.g. dominance of various minerals dictate resilience to weathering)

Looking at climate... Also TIME is a major factor!

Mechanical weathering (due to freeze-thaw & heat-cool cycles) obviously depends
on climate

Chemical weathering is also strongly climate dependent as this form of weathering
dominates in regions of relatively high humidity and rainfall

87



More on weathering

« Weathering takes time, a lot of time
« 50ils observed nowadays results from weathering taking place millions of years ago
« At that time, Perth Climate was hotter and wetter

Rainfa
Temperature~,

I

N
Typical weathered profil
rsrc sos 0N The Darling Ranges

ll TS l.h. '-'-l

Engineering Geology and Geomechanics CIVL 2121 - Lecture 3



Physical weathering increases surface area for chemical
weathering to work on. Weathering is often in combination

e

. How many

4 square units x _ How many

6 sides X square units? o
Ebﬂ - - |\/|OV€ .I:Or Squal’e UI’]I'[S
24 square units

aNSWEr



e e s S e e

From rock to soil SOIL

e.g. Laterite

Weathering: physical

fragmentation and chemical %
decay of rock S5

c O

-l(_-c' ®)
Mass movement: down slope 2 = Y . i LB
movement by gravity 45 2 AT :
Erosion: dislodging, o S | ?} a0
dissolution, or removal by - = TN ]
wind, water, or ice Sl

Transportation: movement or
transport of sediment

Deposition: laying down of
sediment to form soil

Bonnington, WA

90



Existing rock
minerals

Probable debris
minerals

Possible resulting
soils

Quartz

Quartz

_'\
Sand

Muscovite

Muscovite

+ Mg carbonate solution

Micaceous sand

: Biotite mica | chionte or vermiculite Clay (dark) :i

Orthoclase
feldspar

Illite or kaolinite
+ K carbonate solution

Clay light

Plagioclase

feldspar

Montmorillonite
+ Na or Ca carbonate
solution

Lime mud/clay

or marl )

Mechanical weathering:
minerals emerge from
weathering process
unchanged. Resulting
soil comprised of larger
fractions e.g. sand &
gravels.

Chemical weathering:
minerals altered during
weathering process.
Results in clay soils
(small fractions).




\WeatneringBronieanosomelgediechnical Rroperties
(Smithsonret@al ;2004 Dearman;iora)
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Complexity

2 The journey of sediments can take a long time! The migration of sediments from
upland regions to the ocean basins can take a very long time. Sediments can be eroded

and re deposited many times along the journey. Locations are often a complex mix of
past processes e.g.

Northwest Southeast

GAUNT CREEK FAULT EXPOSURE
Scale 1:20 Orientation 125°

<\ Fractures, —

= Shear
7 Fault > 162/18€°°0/00S

7 062/86 NW

B f th
Alpine fault ase of the exposure
334/26 SE
R8 (14750 fo 15530 cal. yr B.P.)
4 5

Horizontal Distance (m




2 Phiscaleis a
Clastic size
indicator Phi Units*

Size YWentworth Size Class Sediment/Rock Mame

' Boulders
> WentWOrth n = 256 mim Sediment: GRAVEL
1922 Cobbles
-B B4 mm Fock RUDITES:
Febhles (conglomerates, breccias)
-2 4 mm
Granules
. . . . -1 2 mim
Relative soil particle sizes Very Coarse Sand
0 Tmm Sediment. SAND
Coarse Sand
1 12 mm .
SAND Medium Sand RDEH_S. SANDSTONES
(arenites, wackes)
ClAY 2 174 mm :
SILT Fine Sand
3l ¥ 3 1/8 rm
: invisible at Wery Fine Sand
this scale 4 1516 mm
| . N . | : - Sediment: MLID
31 T ‘i T é 1 Sllt
8 | 1258 mm o Rocks: LUTITES
. 3! ¥ (rrudrocks)
16 * Udden-Wentworth Scale



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKSy0N3Uq8gCFUUyPgodCIUHZQ&url=http://www2.ocean.washington.edu/oc540/lec02-2/&bvm=bv.104317490,d.eXY&psig=AFQjCNGyo9W_GvPmPPJpmo55B_ShFJv8xQ&ust=1444145836241357

e e s S e e
SollsiDehinition

The unconsolidated mineral or organic material on the immediate surface of the
Earth that serves as a natural medium for the growth of land plants.

“The unconsolidated mineral or organic matter on the surface of the Earth that
has been subjected to and shows effects of genetic and environmental factors of:
climate (including water and temperature effects), and macro- and

microorganisms, conditioned by relief, acting on parent material over a period of
time.” (USDA, 2017:1).




e e s S e e
SollsiDefinition

“Soil is an essential component of “Land” and “Eco-systems” that both are
broader concepts encompassing vegetation, water and climate in the case of
land, and in addition to those three aspects, also social and economic
considerations in the case of ecosystems” (UN, 2017:2).

The Soil Food Web

T & 7 E il T
4 Arthropods 3
% Femzadery =
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Prisdaions prvdaio Hugher o
Graters prisdators
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- i
Soil survey

is a systematic study of the soil of an area including classification and mapping of the
properties and the distribution of various soil units.

Soil Maps and Databases

are the main information products generated by soil surveys, in the early days of soil science
they were in paper format, but with rapidly developing technology they are now produced in
advanced GIS environments.

Cranfield soil Institute GIS



http://www.landis.org.uk/soilscapes/

Soiliterms

Soil Assessment

in the context of land evaluation, soil assessment focuses on the matching of the specific soil
requirements of the land use versus the properties of the soil. Most of soil assessments have
been made for agricultural land uses and cropping systems, but the same principles could be
applied for other applications e.g. conservation.

Soil degradation

is defined as a change in the soil health status resulting in a diminished capacity of the
ecosystem to provide goods and services for its beneficiaries. Soil conservation is important!




e e s S e e
Termsicontia

Soil Improvement

concerns in the first place the appropriate management of problem soils. It also
involves the improvement of degraded soils in terms of soil protection, mitigation, and
rehabilitation. E.g. Biochar

Soil Biodiversity

can be defined as the variation in soil life, from genes to communities, and the
variation in soil habitats, from micro-aggregates to entire landscapes. Mycelium
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e e s S e e
Termsicontia

Soil Management

The soil sustains most living organisms, being the ultimate source of their mineral
nutrients. Good management of soils assures that mineral elements do not become
deficient or toxic to plants, and that appropriate mineral elements enter the food
chain.

Soil Governance and Policy

concerns policies and strategies and the processes of decision-making by nation
states and local governments on how the soil is utilised. Globally, governance of the
soil has been focused on agriculture due to increased food insecurity in the most
populated regions on earth (Soil Science Society of America, 2017:5).

Irtrrnst ol Frashmok of Tast Law ad Pully
[

Soil governance TR
.  Webinar T

3;/'| 13 January 2021 I Legal Instruments
n }, : , i 15:00 - 16:30 CET for Sustainable

A <, { ’? T Soil Management
sl | e, S inevast n e & in Africa
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e e O R
Descrbingsoils

2 Regolith is the name for a layer of loose rock debris
resting on bedrock, constituting the surface of most

land. Regolith can become soil with the introduction 0 horizon
. . . : L d partl
of organic residues and ongoing weathering. el e d UG

matter

A horizon
Mineral matter
mixed with
some humus

Zone of eluviation
and leaching

B horizon
Accumulation of
clay, iron and
aluminum

from above

Wherever rainfall exceeds evaporation and there is free
downward movement of water through the soil pore system,
soluble minerals are leached or removed from the soil profile.

Continual leaching tends to
impoverish the upper mineral
horizons by removal of basic cations
(cations are ions having a a positive
electrical charge e.g. Ca?').

C horizon
Partially altered
parent material

Bedrock

Leaching is most active in sandy
soils with high porosity and is least
A sail with small sail peds or crumbs and N fine-textured soils such as clays

R horizon
Unweathered
parent material

high parosity leading to free drainage
and active leaching

which have restricted pore spaces.

E horizon {

© 2011 Pparson Education, (nc




SOIISHSOmE
prinCipleS Schematic of Soil

Soil air

Soil particles

Clay minerals e —




e e s S e e
Sollstoffthe\wordad

PR of I
humuz and
mngrae

Sit. loam
sal

C Ay, soil,
minarals

calcium
compounds

i~
~ Parenil
raleel
Temperate deciduous sol Conferous lorest sol Grassiand soil
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Global status of human-induced
soil degradation

I Very high severity
B High severity
B Moderate severity

I o severity
. Stable land, ice cap or non-used wasteland
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ECOSystemiServicesionSoll
= The ecosystem Service (ES) approach Is increasingly
used to incorporate ecological sustainability into
political decision-making (GrétRegamey et al., 2015).

Land Lise Policy 69 (2017) 224-237
Ecosystemn "sail"
i Soil functions
Ll

Examples soll
(sub-jfunctions
Regulating water cycle,
nuirient cycla;

filkering and buffasing

of acds, organic or
inenganic contaminants:
C-pool regulation, habitak
for plants, animals or
microonganims;
hicdivarsity;

agricultural and forestry
production, ...

Other ecosystems

(Results of) decisions in policy, land management, ect. and natural drivers

Fig. 1. Assessment of the contributions of soil unctions to ecosysiem services wsing the cascading framework developed by Haines Young and Potschin (2008 107



e e s S e e
Whyanunderstandingforsollsiis

vital to/conservation

2 Seminar

2 Individually: find an example of how an understanding
of soll Is important to conservation.

2 Individually: Briefly present your example to the rest of
the class

2 Class/group: From all the examples identify why soils
and their processes are important to conservation.

= Class/group: create a PowerPoint slide highlighting your
findings

108



e e s S e e
Somelexamplesfiromiexercise

2 https:/lwww.ceh.ac.uk/sites/default/files/files/SOILS 4ppA4Leaflet Fina
| ForWeb.pdf

2 https://www.wyeuskfoundation.org/too-much-soll-entering-rivers

2 https://www.woodlandtrust.org.uk/publications/2013/02/pontbren-
project-sustainable-uplands-management/

2 https://www.nrcs.usda.gov/wps/portal/nrcs/detail/nj/technical/cp/?cid=nr
csl41p2 018675

2 http:/lwww.ocscd.org/3-reasons-soll-conservation-important/
2 https://www.sciencedally.com/releases/2021/02/210215160227.htm

2 htthttps://www.ceh.ac.uk/case-studies/case-study-why-should-we-
conserve-and-manage-our-

2 sollsps://www.fwi.co.uk/arable/land-preparation/soils/compaction-and-
erosion-a-serious-threat-to-uk-farm-soils
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https://www.ceh.ac.uk/sites/default/files/files/SOILS_4ppA4Leaflet_Final_ForWeb.pdf
https://www.wyeuskfoundation.org/too-much-soil-entering-rivers
https://www.woodlandtrust.org.uk/publications/2013/02/pontbren-project-sustainable-uplands-management/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/nj/technical/cp/?cid=nrcs141p2_018675
http://www.ocscd.org/3-reasons-soil-conservation-important/
https://www.sciencedaily.com/releases/2021/02/210215160227.htm
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Video

= Documentary in which gardening expert Chris
Beardshaw delves into the micro-world of soil to
reveal what it is, how It works and why we
couldn't survive without it. 58 mins
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https://clickv.ie/w/qWxp

Alguickioverview!'ofErosion

2 Is the removal of surface material from the Earth’s crust, primarily soil and rock debris,
and the transportation of the eroded materials by natural agencies from the point of
removal.

2 The broadest application of the term erosion embraces the general wearing down and
moulding of all landforms on the Earth’s surface, including the weathering of rock in its
original position, the transport of weathered material, and erosion caused by wind
action, fluvial processes, marine processes, and glacial processes. This broad definition is
more correctly called denudation, or degradation, and includes mass-movement
processes (Encyclopaedia Britannica, 2017:45).

© Alamy Live News.



Erosion

There are many kinds of Erosion.
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Wave actin IS when
and pieces of rock break off.




In this picture the running water eroded the sides
of this canyon and created the V-shaped valleys.




icture of a landslide.
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In this picture the land has slumped

into the road below.




This is a diagram of creep. The hillside
slowly slips over many years from
temperature or water.



This is a picture of an avalanche. It
IS similar to a landslide with ice
and snow instead of rock.



This is a picture of a glacier which carves
out a U-shaped valley where it flows
dragging rocks and boulders along the way.
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Weathering affects a lot of things
in our world but there are some
things that we can do to help

prevent damage caused by
weathering.

What are some of these actions??
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