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Weathering (review)

Pioneer Intermediate

Succession
- process by
which life
‘develops’ (or
‘comes
back’) after
disturbance

Why can intermediz



breakage and dlsmtegratlon
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_ a) Dissolution

b) Oxidation A
c) Hydrolysis
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Increasing Degree of Weathering and Time
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Weathering...

Scale

Key questions

Micro

Spatial scale =
<mm tom
Timescale =
10°-102 years

Which co-

processes /

conditions pro-

duce these
features?

Macro

How are wea-
thering, soils

Spatial scale = and erosion
ms to kms linked across
Timescale = hills -

i 03_1 05 years Hnis OpeS H
Mega How does
Spatial scale = weatherlng
10s to 100s km contribute to
Timescale = landscape

> 10°years evolution?

Weathering helps /
leads to...

T

Disintegrating Rock B hotizoh

Bedrock

Bedrock

a. Look further back in time
b. Look further into the ground
c. Look wider into the landscape




Soil Formation (review)

Organic
Material

Removal Addition

Dissolved ‘1 "
Deposition

Elements ¥ .
= (e.g. Wind,
Floods)
Watgr Organic
Erosion _g Material
Decompoasition
Winq - Mineral
Erosion formation
(from host
rock)
Leaching
Minerals
transform

(e.g. to clays)

Movement i
(with water or §

soil organisms) Minerals form

from solution
(e.g. carbonate)

https://www.soils.org/file

- It
4

“

.
“

Internal reactions
(transformations)

. open system

e 9

Internal movement

(translocations)

Wide range of biological,
and physical process
(Pedogenesis)


https://www.soils.org/files/s4t/soil-taxonomy-web-poster.pdf

Soils... and life

« Vary in physical and
chemical properties...
(soll types!)

 Habitat on various scales
for flora and fauna

* Provide nutrients for
primary production

(life) E % . A
nc?gttles: ) bk K RS
- nitrogen- = ! o 2
Decomposition = fixing .—‘4 : . b
bacteria ‘:," > A
e iy J BN
. L L o i )
Mineralization (oxidation of =& NS Ammal apf‘ V’ /1‘
organic matter to release S6 T Lme Iacterla |: gE #
nutrients) Mite | 4 T —
+ _ : “ =
Humification (transfor- Nematode { WSl - Fungus
. g Root 5 \! e
matlon Of Orgar“C matter = Protozoa (’T/\\‘ —’—7)— Bacteria

7
into stable forms to improve (§7
soil properties ) _ _
P ) The worlds biggest recycling machine!




Tip... (optional, as usual)...

T 'HE
HA DD EN

Soll — Growing a Revolution el
(1:11 h length): ' o

. GROWING A R
REVOLUTION [osees
https://www.youtube.com/watch?v=c4p-kQ6D8aA sunais vk sz [

Soll Erosion — Historical Perspective
(1:02 h length):

https://www.youtube.com/watch?v=KcY4Kwa9fsk

Talks by David R. Montgomery Ph.D., Professor,
Quaternary Research Center and Department c
Space Sciences, University of Washingto


https://www.youtube.com/watch?v=KcY4Kwa9fsk
https://www.youtube.com/watch?v=c4p-kQ6D8aA




Soils and Landscape

‘i Ground surface _—
— .
How fast does soil erode??

L
Colluvium/sail, pg
O

* Soil formation
possible only if
formation rate is faster

o i O than erosion

O

T

~. — . from bedrock t

2 _~ How fast does soil form ??

> X

oy

Bedrock, py

« Soil production rate vs removal (erosion) rate

: : : agriculture
under agricultural use... is an issue! J

* Global average: 114 mm per 1000 years
(Stockmann et al. 2014)

Soil|Production or Erosion Rate (mm / yr)

* So, what drives soil formation ??

Soil produclion Conservation Conventional



What drives soil formation? Part 1

« Soil =f (humans, lithology, climate, vegetation...

R )

L

=,

—

[ arisols
|| avidisols

Trapde of Cancer

Equatar

- Entisols
B viistosors

[ inceptisols

- Oxisals
I:] Spodosols

Humic acids and dissolved cations

osses
- Dissolved
material lost
to groundwater

!
Additions
- Precipitati
- Dust

- Flood Deposits
- Organic Matter

E - leached horizon, often sandy
or silty, white or gray in color
reflecting lack of grain coatings.

B - zone of clay and iron oxide
accumulation, blocky soil struc-
tures developed here, reddish
color.

C - parent material, may be
oxidized if not saturated.

=

Humic acids and dissolved cations

| Mountain soits
I:I Areas without soil

B urisols
[ | ventisois

N

Additions

- Dust

accumulation, blocky soil
structures developed here,
reddish color.

C - parent material, may be
oxidized if not saturated.

\k Losses

- Dissolved material lost

to groundwater

Grassland soils

- Precipitation - Flood Deposits
- Organic Matter

B - zone of clay and iron oxide

Arid soils
Additions

- Dust

- Precipitation

-——— A - often dominated by aeolian

dust, may have vesicular

structure (especially at the top),
little organic material, tan color.

Dissolved cations

B - zone of clay, iron oxide
accumulation soluble mineral
accumulation, and blocky soil
structure. In arid environments,
salts such as calcium carbonate
may precipitate, forming
horizons such as white Bk
horizon.

Losses
- Wind erosion
- Water erosion

C - parent material, likely
oxidized.

—




What drives soil formation? Part 1

« Semi-arid hydrology and subsurface enrichment

Carbenate input from dust, rainwater and vegetation litter

‘ r
! H | !

1 | i
| )
' l I Rainwater : : 1
M | l i j '
: -. " "-';. UL Soil/sediment
; o4 ?% F\ x&g@fﬁﬁf{‘%ﬁ—Cmmnme
A 3 precipitation

PR

' ¥ +

' IS --J . A
"T *" Depth of
Capillary rise infiltration

per ascensum and per
descensum

« Successive mineral precipitation and
hardening (stages of development)...

» Duricrusts, e.g. Calcrete (carbonate
Ferricrete (iron),... Soil horizon wi



What drives soil formation? Part 2

« Soil =f (humans, lithology, climate, vegetation, relief/topography

« Topo-sequence
(catena): ' i
sequence of
varying profiles
along changing
relief/ topography
(comparable

-
e W -

oy w0y

parent material !?)

e S — 0 . 0
Adelp = - = ABYP oot ABtp B S
=5 Adelp ==—— S 2 ACkp = >
P —— Adel(p) ~—————_ | > 2 o
———=||50 Etss <[}

- [100

3L 150 L150 ~IL150 S g

Typical

Gleyed  [cm] [cm] Weakly
4 soil lessivés soil lessivés developed

> 2 (eroded) eroded
Typical 400 fein] loamy soil
deluvial (pelosol)

chernozemic

‘‘‘‘‘‘
.....
PR N

r94mas.l

- 93

- 92

- 91

- 90

150
[em]




What drives soil formation? Part 3

Percent CaCO; — +

« Soil =f (humans, lithology, climate, vegetation, relief/topography, time)

« Chrono-sequence:
sequence in substrates of
varying age (comparable
parent material !?)

Oldest river
terrace

8000 yrs

Youngest river
terrace

CaCO; depositionin . | * | Humid and arid *| Humid and arid
arid regions only ‘ T T
/‘ m
> y ’ Q 3
o = T o
v 4 5
g 9 Lt
’ ’l O]
& 2le HE
Terrace age —— + Terrace age — + Terrace age —— +




Modern soil

ol  Paleosol??

Soils and the landscape

* Where can soils form and preserve? - NGB BGIE
. - uri
What are limiting factors? X
) (or ‘pedocomp[ex';
« Well-developed soil reflects formation in a el irweided ol
morpho-dynamically (relatively) stable puinien
1 /(formerly
landscape !! buried)

vl ? e ';-f '

- ‘ | !
Buried
, > paleosol _
y A £ odern soil
i ’ . A ! /
. - - A {

)

Relict paleosol
(never buried, but
sied underpa

environment)

Buried
paleosol

Topogrphy (and eroion)

- ‘./F . 4

] -‘., fﬂ "l o .
e <
Yy -~ .
- ““
! o' o

s
"
4

Frequenéy and magnitude
of deposition (and burial)



Soils and environmental change

(CaCQO, corrected®)

=
E
2
5
o
S
5
=
E
3
<

SC6A  SC5A CS4 SC1

Increasing Soil Age
B sit . Clay [§ Other
CaCo, . Gypsum . Salt . Fe, . Fe,
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. Dissolution
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Paleosols and Paleoenvironment

SW Amazonian rainforest..
Untouched, pristine forest ?

- -> . S
- prtst »
-
- ) o
- L

Sustamable forest use smce
'~~_v_ ‘about’ 6000 VIS

Phytoliths "~

, CToe

* Phytoliths: silica structures in plants — resist deca




Chinese Loess
Plateau: > 2 Ma of
soils vs deposition

DL or "
..A,,»...::':y:':‘f' 'y

.' ;;:v,‘: 1'. .:‘;&y! .’:,"3’—"“ Z ,.nvt\“ Lo

Sk b 4
I8 !
\\ % ‘.;

Burled past land\surf ce'

>

(“wmdow in time”)
Envwonmental- and Ia. 1ds p)é




Soils and the landscape — Summary...

Soils form when / where landscape is stable (i.e. erosion /
deposition are absent or slow)

They provide a tool to understanding depositional
sequences (stratigraphy!)

They take time to form — tools for relative dating of
landforms

They are past surfaces and store information on
happened on these surfaces

They represent archives for reconstructi
changes

Buried and preserved paleosol
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Long-term weathering

Weathering Intensity / Time

N
7~

Soil formation... a mixture of organic matter, minerals, gases, liquids, and
organisms that together support life

Regolith

Geochemistry . . Al Ee
\ Successive loss of mobile elements \ Ti
K S

Ca Mg Na

Relative (residual) enrichment

« ,Regolith - everything between fresh (un- of immobile elements

weathered) rock and fresh air...*:

 layer of loose, heterogeneous superficial
e.g. dust, soil, broken rock etc. (in-sit



Weathering Profiles

» Vertical assemblage of Lag

weathering zones -
i 3 LA

Reworking, oxi'dqtion,

e o s Lateritic gravels

£l
i 8

Lateritic duricrust

T
Lateritic residuum
or ferricrete

Mottled
zone
Groundwater...  comenationfont
| Pedolith
E Plasmic (clay)
—_— or
8) areno::'f:andy)
(0D}
o
< Pedoplasmation front —

Saprock
Weathering front

Profile is a comp
response to cli
and geoloc

Bedrock






Weathering and Landscapes

Tropical climate... (and tectonic stability/time) * Etchplains (peneplains)
T — = were thought of as

HEEE [ [ ] developing in two major
phases: (i) protracted deep
weathering (ii) brief episode
of stripping weathering
products (denudation)

Time 1

Weathered bedrock

Time 2 Etchplains Weathering front relief

Reasons for chang
weathering to st

2. How fast and when did weathering occur?

More arid climate...

Weathered bedrock 2 -
Time3 1. How old are surfaces?/  eroded away gmnants of resistant
areas in weathering front:

t Inselbergs

3. How fast is denudation (and why)? Remnant peneplains




Long-term weathering — where on Earth...?

Northern Hemisphere glaciation 0.02 Ma
= Erosion and Deposition in the landscape

Uplifting of large Cenozoic mountain ranges
= Erosion and Deposition in the landscape

A\

’’’’’

Large parts of Australia tectonically relatively stable since... ??



Weathering and Landscapes
@ erosion y very old landsurface

M1
a o

—
—_——
—— —
= ——
——
——
-

Elevation (m)

200] () Weathering (front)
0 25 50 75 100 125 145
Distance (km)

« Various dating methods for measuring erosion
(=exposure), weathering (= clay neoformation)

« High surface: history of weathering spanning from
ca. 80 Ma to the present; low surface consistently
younger than 10 Ma

2y -t

Igarapé Bahia Profile (Age vs Depth)

50 |
- .. / 85m/Ma
E}mo el SR SLPC P ' f
- l. -a‘: - ‘,ﬁ)‘
il S o Denudation — sum of processes that cause
oo | | | | the wearing away of the Earth's surface
° 20 o % 8 100 leading to a reduction in elevation and relief
(U-Th)/He Age (Ma)

Monteiro et al 2018



Australia’s oldest land surfaces...

550 Ma ??

Kimberley High surface
(Precambrian)
> e
Permian ' !

palaeokarst
Permian glacial
tunnel valleys

Arnhem Plateau
(Mesozoic) :

\Cambrian river
. terraces

|

Arcoona Plateau
(Cretaceous)

SR | S

|
|- - —_Jenolan Caves

i ‘Carboniferous)
TV
esozoic weathering profile A >

under Jurassic basalt m
 ——

Permian glacial ‘ .
>200 Ma \Sstriated pavements N\Le::tfg;n(g)
profiles in
0 750 km 300 Ma ? granite
Cenozoic Mesozoic
Paleozoic Precambrian

@ Mesozoic clays (oxygen isotopes)

@ Pre-Cenozoic deep oxidation (palaeomagnetism)

|s there evidence for (i) long subaerial
exposure (i.e. weathering) and (ii) very
old surfaces in Australian landscapes?

Regolith thickness (max ca. 100 m) vs
weathering intensity...




WNW " Denudation of 300-400 m since 100 Ma (ca. 3-4 m/Ma)  EsE

'?Tnaesm qurface

» Inselberg... remnant part of an old surface

» Has weathering slowed — and/or denudatlon
intensified? %

”Australla today (e g. Iast few 100 -ka) O 2—7 m / Ma (|)
survival of very old (e.g. 500 Ma) land surfaces very
unllkely (||) denudatlon varles spatlally and temporally




Weathering rates and dates...

Depth (metres)

0.5 —

1.0

1.5 =1

Slowing weathering
rates over last 6 Ma?

BREHRER

|

K

2.0

| |
T T T
1 2 3
Age (Ma)

30 m/100 Ma... (100 m/330 Ma)

CO, is crucial in increasing weathering
intensity!! Therefore, changes in CO, in
Earth history = changes in weathering

RERE

e

CO, CONCENTRATION
(PARTS PER MILLION}

| =

NYIJin0a80

) /

NVIUATS
2ISSVIdL
Jissvanr

$SNOY3INOGUYI

N

A

SNo3IVI3E

JIDZONI)

500

400 300 200
MILLIONS OF YEARS

ao,

15

1.0

05

(SHY3IA NOITTIN H3d SWYHD ‘zOI.]
ALYH NOILLYINHOA
HI0H JINYIT0OA






Regolith production & Landscape

« What dominates landscape evolution in the long run...

Weathering or erosion/transport...?

, rransport-limited”

Weathering in soil and regolith
and at rock: regolith interface

Protection

“‘“\\

Slow/episodic removal
of weathering products

\ £

» Weathered material (regolith)
accumulates, removal determines
slope (landscape) evolution

A

Weathering >>
transport

,Weathering-limited"

Weathering on largely bare
rock surface

ayew 1eymn

Direct exposure

Transport >>
weathering

Rapid removal of
weathering products



Australian landscape and climate...

Northern Hemisphere

Glaciation
Quaternary
g glacial cycles
)
a
= @
S
Q9 —e—— Silcrete pavements
S Initiation of linear dune fields 77?7
| A S (N S | S SN S S S (N S R SO R
2 3 4 5 (Ma)
3 {
T * Magela Ck ? L{\

£ ¢ Our deserts 2-4 Ma old...!
_H,_/‘m.;s:‘:—-.\v

-
Lynch's Crater

~ < L.&:$1>
\0
Mt Ena®

\;;rasgr Island
ﬂ
/

soror —Ndhrbnr Plain . Gafrdne(% _ _M;. Broken Hil ! ;’Z?’a"
- -
F/M,_v,ff Eyre Peninsula -1 k/% purmay Ma]bem::::fmﬂ . H ]
L At }iw%wgm:c S e Weathering-limited and dry
S {
Sandy desert (with dune trends) ereeane \MF/ -

Stony desert L.Keilambete

Major playas )
Limit of arid zone e

ANV



; ,;,. ,r@e dependsmsl:a )i
e ISI eeﬁogmmngiﬁco

High temperature
(first minerals to crystallize)

Low temperature
(last minerals to crystallize)

e
e
[ Muscovite |
K-feldspar
Plagioclase I

Structure | D.}-ms

¥

FllndergﬁRangeS ;

South Australia

it

A..l'-



Axial plane

(a) An anticline looks like an arch. ; (b) A syncline looks like a trough.
The beds dip away from the hinge. The beds dip toward the hinge.

Plunging hinge

(c) A monocline looks like a stair step, ) (d) A plunging anticline has
and is commonly draped over a fault block. a tilted hinge.

(e) A dome has the : 4 (f) A basin has the
shape of an overturned bowl. shape of an upright bowl.

outh Au.s,j"tralia



andforms

~




Structural landforms

h:t‘t'pf:_//WWW.ge_;ol'og,ypage.:qoth/2(})16'/05/,deviIs'—'itb,v:\:/er..htmI |

t

Devils Tower, UéA i



Summary ,Weathering & Landscape”

« “... atthe heart of some exceptionally
beautiful landscapes” — not just in the
tropics...

Atmosphere

e ... creates complex landscapes controlled
by (i) range of weathering processes, and
(i) weathering factors

——
/ r =

* ... has created deep weath
profiles and regolith ma
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