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Coastal Landscapes “Inland Seas” and Lakes
Waves, Wind & Shorelines... in the-Landscape

w dogenic processes

Volcanic and tectonic landscapes

the movement of Earth’s lithosphere
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Introduction e R A

"  When did erosion event happen?

How fast and when are rocks formlng’>
— o2 AT, i
How fast are landscapes weatherlng’?

4

=¥ ‘\ D '.

Rocks...
Weathering
Erosion
Transport
Depositior
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When d|d organlsm dle?
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Introduction

DATING METHODS

AGE ESTIMATES AGE-EQUIVALENCE RELATIVE AGE
Paleomagnetism Amino-acid diagenesis
Tephrochronology Obsidian hydration
RADIOMETRIC INCREMENTAL 0. isot tratiaraph ; ;
METHODS METHODS mxygene isotope slratigraphy .Ifllleathermg and Pedogenesis
U/Th Dendrochronology
Lead 210 Warve chronology
K/Ar Lichonometry
i3 e sl absolute
Fission Track
Luminiscence num be 'S
ESR
DATING METHODS
2 e (RADIO-)ISOTOPIC PALEOMAGNETIC CHEMICAL BIOLOGICAL
DIRECT EQUILIBRIUM INTEGRATED GROWTH GROWTH
MEASUREMENT | MEASUREMENTS EFFECTS RATES LAYERS
14C, K/Ar... Uranium ... Luminiscence, Lichonometry | Dendrochronology
Fission track
REVERSALS SECULAR ORGANIC INORGANIC
VARIATIONS

Amino-acids Weathering
Tephrochronology




Introduction

neither accurate but not accurate acc
accurate nor not precise but precise
precise

1. How good is the date — how large is
(accuracy vs precision)

| Lichenometry |
| Uranium/thorium |

Tree-rings of
Huon Pine,
Tasmania

| Potassium/argon |
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Time scale in years (logarithmic)






1 - Rock Uplift & Erosion

» Fission tracks produced by alpha
particle emission during radioactive
decay (e.g. U, Th, K)

* Deep below the surface in warm R
temperature fission tracks rapidly 07 e i

-7 cpai Thermochronology...

anneal (fade away) W srgksion &

U-Th (He) titanite

[ FT zircon

. . [ Ar-Ar biotite .
« Uplift and exhumation — rock cools, s A

the crystal enters closure p—
temperature range, fission tracks - EErsma
anneal more SIOWIy than at depth 0 100 200 300 400 500 600 700 800 900

Closing (annealing) temperatures (°C) for common thermochronometers

*  Minimum temperature of the
annealing zone varies by element
and mineral for different elements
and different minerals

Er._ion

| Closuredeptn N |

Depth

anae

Apatite
crystal at
surface

Erosion

N

Temperature

» Crystal moves above the
temperature range, fis
cease to anneal

~—————— Depth below Earth’s surface

Temperature ——

Temperat

« The fission track or radiometric age of the crystal reflects the time it took erosion to
remove the depth of rock overlying the closure temperature range



Potassium (K) Argon (Ar) method

Potassium is common element in mlnerals (e g micas, clay
minerals, tephra, and evaporates), decays to 40Ar (at
known rate)

In these minerals, decay product 40Ar escapes the liquid
(molten) rock, but starts to accumulate when rock solidifies
(recrystallizes)

Time since recrystallization is calculated by measuring the ratio of the amount of
40Ar accumulated in mineral to the amount of potassium (40K) remaining

Long half-life of 40 K allows the method to be used to calculate the absolute age of
samples older than a few thousand years (to billions!)

K | Variation: in the 40Ar/39Ar
*  method, K is indirectly measured
by the artificial generation of the

Half-life . = 39Ar isotope from K
~18 By 7 - R 74
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Subchron

s copbmountan ®  E2ArtN’S magnetlc f|eld and polanty changes at |rregular

" Dating volcanic |
eruptions and
rocks

mtervals over time (fllps from north to south poIe) .
. The age and pattern of these reversals is known (from the .
study of sea floor spreadlng zones)

o |

. Magnetlzatlon (allgnment parallel to
the ambient geomagnetic field) during
lava cooling

Magnetostratlgraphy

(1) determlnes polanty
from declination and
inclination of magnetic §
minerals in rocks (or ¢
sediment) and

" (i) matches this against
known pattern
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1 — Rock Formation (Carbonate)

Resolving dissolution...

Transtion Metals

# of 220Th decays plyr
= number of 2°Th produced ,
= number of 234U decays p/yr

230Th/234U (L

secular equilibrium

With time, daughter remains ~
constant (i.e. creation ~ decay):
activity of the daughter becomes :
equal to that of the parent isotope. . . I

28

Karst landscapes

Processes, forms and paleo-
environmental significance

Dr Alissa Flatley

U-series (U/Th dating) in natural water:

Th not soluble, U soluble
Then, 234U in the sample
(half-life 245 ka) slowly

decays to 23°Th _ iy
1. chemical precipitates (e.g.

speleo) contain traces of U,
but no Th...

i

230Th is itself radioactive (half-life 7
of accumulating indefinitely (a
lead system), 239Th insteac
equilibrium with its radic



2 — Weathering...

Weathering leads

to formation of

clays and Fe oxy-

hydroxides (e.g.

goethite and

hematite)
Minerals contain
that decay to Pk
distinct radic
series)

Alp

He accum
after the
form

(U-Th)/He dating




3 - Erosional Processes

Nuclear cascade

ial Landscapes

Cosmogenic Nuclide Dating...

Primary cosmic rays
(protons) interact with
atomic nuclei in the upper

atmosphere and produce - . P

neutrons (secondary — S °

cosmic rays)... o o P
NG

which interact with po °Be ne v

atmosphere (1) and & ¢
Earth surface (2) v“meteorische

B, ti(v,__x.'f X



3 - Erosional Processes

Dr Alissa Flatley

'ACNA4007 — Physical Landscape and the Geosphere

Nuclide | Half-life | Other Advantages/minerals used Disadvantages
isotopes
'Be 1.51 Myr ’Be quartz resistant and ubiquitous low production rate, 18 interference in AMS
generally restricted to quartz (no meteoric 10Be)
N 716 kyr 77Al high production rate restricted to quartz (low Al)
quartz resistant and ubiquitous accurate determination of >’Al required
e 301 kyr Pcl.’’cl low detection limit (low AMS Bkgd) complicated production
any rock type, silicates & carbonates %S interference in AMS
accurate determination of total Cl required
determination of rock composition required
e 5.73 kyr el useful for short timescales short half-1fe
auartz resistant and ubiauitous atmospheric **C contamination
He stable *He high production rate diffuses out of quartz or volcanic groundmass
useful for long time scales radiogenic/nucleogenic/magmatic correction
pyroxene, olivine beware pre-exposure
IINe stable |*°Ne. ”Ne  useful for long time scales, > 50 ka nucleogenic/magmatic correction

quartz, olivine, pyroxene

high air background possible

beware pre-exposure




3 - Erosional Processes

Accumulation
=
: S
Primary g
Cosmic 3
Radiation 5 e
time
Secondary : . :
Cosmic e o [ Surface Exposure Dating (with TCN):
Radiation » Nuclide concen

“how much is in
 Productior
fast has i
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3 - Erosional and Exposure Dating

« Also works for freshly exposed bedrock surfaces via
other, non-erosive events







3 - Erosional and Denudation Rates oy Hillslopes -

The good, the bad,
and the unstable

(Hillslope) erosion and
catchment denudation fast =
low TCN accumulation in top
SO“, and thus in sediment acrintoor - Psiaaniscase SRR

Catchment B

Potential sampling sites / : Denudatlon Rates
catchment-wide bedrock & with TNCs

erosion rates

(Hillslope) erosion and catchment
denudation slow = high TCN accumulation
in top soil, and thus in sediment

...Representative?



4 — Sediment Transport Rates

Recoil distance ~ 0.03 pum

* Recoil effect
(relative depletion of
234U) negligible for
larger particles, b

becomes mea:

(4.5 Gyr) (24.1d) (6.7 h) (245 kyr)

238U —> 234Th_> 234Pa—> 234U

p 238U VS 234U determines (Palaeo) sediment residence time Depos;;j:nal
comminution age, i.€ < S a—
of fine-grained sec ! il O .
' ~ Sedimentary
or physical wee : gl R
: e eami
o : . transport
Comminution datin = - (including
9 : ;‘.‘oRegolith alluvial
approach ; storage)

Comminution age



5 — Depositional Ages i i

« 14C production in the atmosphere (cosmogenic)

cosmic rays photosynthesis gt

l

Q14N—~©1H Y
l - Py o -
@~ @D o — g

atmospheric gasses

ug@ « exponential

decay 14C

87.5
Parent
Atoms (P)
75 Radioactive
Decay
Daughter
Atoms (D)
50

Percent of Parent Isotopes

(D 8|qgels 01 aAneal)
a|dwres ul uonajdaq Jy¢

&
~

» -Period- ihich a3
125 h,er .................................... i) ‘.‘?“
6%3 |a.ve'td Cuouay<T : o

Half-lives (T 1,2) Elapsed

Radiocarbon Dating and Age



5 — Depositional Ages

« Sample deposition and burial... and then?

-

e Cosmic dose

1 - Environmental radiation dose
(natural radioactivity from U, Th and K)

,w

A
vA -ﬁ?”./

1.

Luminescence
dating



5 — Depositional Ages

Aeolian transport « Exposure to light (sunlight) =
Signal bleaching (electrons
released) during transport

Dr Alissa Flatley q
ACNA4007 — Physical Landscape and the Geosphere

100
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>
= 0.1
5 laboratory
o
= Quartz TL
8 0014 & Feldspar TL
o m Feldspar OSL

. Quartz OSL
e Mineral = battery PPN i’ NS
. - T 0 1s 10s im 10m 1hr 10hr 1day
AlIUV|aI /' LE= B 4 A (analogy) Duration of sunlight exposure

Bleaching Exposure lo natural radiation Laboratory measuremeni
(saconds or minutes) (hundreds or thousands of years)
Trapped electrons refeased
Trapped efectrons released Trapped elactrons increase and produce luminescence

This slide

Previous slide




How much energy is stored?

Dr Alissa Flatley E\
ACNA4007 — Physical Landscape and the Geosphere

1 Absorbed dose (Gy) _

2 Dose rate (Gy al)
2N

How much energy ch

Detection
: filter

> assnnss /777777707 filter

Sample J lHeater strip

Luminescence lab



5 — Depositional Ages “Lowland Rivers &
' Flu\‘na'l"landscapes

Dr Alissa Flatley ¥
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Australia
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