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Law of Superposition

* Newer material stacks atop younger
older material (if undisturbed

older

icolaus Steno (1677



https://www.britannica.com/biography/Nicolaus-Steno

Djupivogur, Iceland
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Lead (21°Pb)

Radioactive decay network


https://periodictable.com/Isotopes/082.210/index2.full.html

Radioactive Isotopes

* |sotopes are either stable or
radioactive

* Unstable isotopes decay, forming new
elements, until they reach stabillity

 Radioactivity is a random process,
what we calculate is the probability
that a nuclide will decay in a given
time
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https://ausearthed.blogspot.com/2020/04/radioactive-popcorn.html

Radioactive Decay

 The half-life determines the speed of
radioactive decay
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https://serc.carleton.edu/details/images/32765.html

238J Decay Series

222RN —» 210Pp

Arias-Ortiz et al. (2018)
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https://www.researchgate.net/profile/Fathi-Habashi/publication/233389490/figure/fig1/AS:669514341568545@1536636066746/Decay-series-of-uranium-to-produce-radioactive-radon-gas.ppm

Lead (21°Pb)

222Rn —» 210pPp

Supported 210Pb:
From 226Ra in sediment minerals

Arias-Ortiz et al. (2018)
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Lead (21°Pb)

222Rn =——» 210pp —mm8™ 210pp

Assumptions:

Constant 210Pb
deposition from
atmosphere

210Pb delay In water is
constant

No redistribution in
sediments

Sediment
core

Arias-Ortiz et al. (2018) B



Lead (21°Pb)
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Lead (21°Pb)

Models:

Constant Rate of Supply
of Sediment Influx (CRS)

e Constant Initial
Concentration (CIC)

025

— == CRS modcl scdimentation Raxs
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Sedimentation rate (gcm™y™)

0 20 40 60 80 {00 120 140 160 18(?

Appleby (2001)
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https://i.pinimg.com/originals/31/8c/cd/318ccd0a435de84c793e2a1cdeaa0636.jpg

Cesium (137Cs)

* Result of fission in nuclear reactors
 Marks nuklear testing / disasters
 Complements 210Pb dating

 Unstable in sediments — migration
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Radiocaesium activity (Bq kg™')
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https://vividmaps.com/chernobyl-disaster/

Cesium (137Cs)
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Acer ruburum seed macrofossil


https://tmi.laccore.umn.edu/uniqueIdentification/show/136

Radiocarbon (14C)

e Cosmic rays: 1“N — 14C
* 14C in equilibrium in living organisms

* After death: no new overturn, only
decay “C — 14N

neutron
14N
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Uptake of old dissolved inorganic

carbon (DIC) during photosynthesis

& assimilation
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14C half-life: 5730+40 years
- R="C/"C
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death measurement



https://radiocarbon.pl/en/radiocarbon-dating/

Radiocarbon (14C)

death

14C half-life: 5730+40 years
R= 14 C/1ZC

adm

measurement


https://radiocarbon.pl/en/radiocarbon-dating/
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Radiocarbon (14C)

Radiocarbon age
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https://radiocarbon.pl/en/radiocarbon-dating/

Radiocarbon (14C)

Accelerator Mass Spectrometry (AMS)

 Small sample size (< 1 mg C)
— dating material can be chosen

 Lower errors — older samples
(max. = 60,000 years)

* Pre-handling of the sample more
careful
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https://www.youtube.com/watch?v=DVWwZG701Y



https://www.youtube.com/watch?v=jDVWwZG7O1Y

Radiocarbon (14C)

Sample Sample Sampling
formation burial and storage

Cleaning Characterization Interpretation

Pre- C02
treatment extraction

Corrections,
Calibrations,

Grafitization Models

to C

613C by IRMS

Csample to

" AMS 613C by AMS 14C age
MEASURE 4C “




Radiocarbon (14C)

Age (cal y BP)
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https://iugs-geoheritage.org/geoheritage_sites/cuaternary-glacial-varves-site-of-ragunda/

) @ .,1}4/C \7 A
EDJ- : % —
< & CS-‘} 'Q\}T;'fff"

» Undisturbed conditions
 Annual / seasonal laminations
- Clastic
- Biogenic

e Laminae # Varves!
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Chrysophyte cysts
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(AD 1980)

Ojala et al. (2013)
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inescence

Quartz grains


https://mlml.sjsu.edu/geooce/2016/10/17/of-quartz-thats-quartz/

Luminescence

 Mineral grains store energy from natural
radiation

 Sunlight / heat reset storage

{

» After burial, storage fills up over time

| uminescence / energy stored indicates €
when grains were last exposed to light © e
Released
electrons by
external
energy

Courtesy of Lilia Orozco





https://www.flickr.com/photos/mogret/200862025/

CANADA

M —o- el
Magnetic north pole,
- 1900 . Geographic
North Pole
Arctic
Ocean

GREENLAND


https://www.nature.com/articles/d41586-019-00007-1
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Dip needle % g

 The Earth’s magentic field changes over time

agnetic
¥ inchnation

orizontal l?’

 Magnetic minerals align with Earth’s field

 Magnetization locks in after deposition
(declination + inclination)

Declination Inclination



Paleomagnetism

Varve years (AD/BC)

PALAEOMAGNETIC DATING OF SOFT HOLOCENE SEDIMENTS

(Finnish reference curves)
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https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.bbc.co.uk/newsround/56467431&ved=2ahUKEwidx_uygLmSAxWEJxAIHfClE2oQn5YKegQIEhAB&usg=AOvVaw2QW95LR3n0vungImf6RYkn

yroclastic material from volcanic
ruptions

Ash forms “time stamp” layer

Ash identified by chemical fingerprint,
matched to known eruption date



https://creation.com/en/articles/lessons-from-mount-st-helens
https://www.usatoday.com/picture-gallery/news/nation/2015/05/18/pictures-from-the-1980-mount-st-helens-eruption/27524067/

Examples:

| acher-tephra Late-Glacial, 10 800 BP
« Vasset/Killian tephra in France 8230 BP
e Mazama ash 6600 BP

 Hekla, Vesuvius, Santorini eruptions

Mount Mazama, USA



https://pubs.usgs.gov/fs/old.2002/fs092-02/
https://iceagefloods.blogspot.com/2014/12/mazama-ash-from-crater-lake-volcano.html

Fossils

'-“5 .

NS

Fossil pollen from central Asia


https://ibed.uva.nl/content/news/2020/10/climate-change-causing-irreversible-shifts-in-unique-asian-ecosystem.html

e Hac, .
»H & B
I - I

« Some species (dis-)appear at known
times / events

 Changes vegetation mark temporal
episodes / sediment layers (esp. trees)

o Caveat: species timing varies by region,
transport can blur signals

Betula

Ambrosia


https://www.paldat.org
https://www.paldat.org
https://www.paldat.org

Fossils

4500

5000

Spruce expansion (yBP)

5500

Tolonen (1983) Sepp3i et al. (2009)



Fossils
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Fossils
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Fossils

Diatoms (silica algae)
* Preserve well in sediments

* Different species prefer different
conditions (salinity, nutrients, pH)

* Big environmental shifts can cause
diatom “turnovers”

Litorinameri



https://saimaageopark.fi/en/geopark-info/geology-and-environment/story-of-saimaa/

0180

Foraminifera species Favulina hexagona


https://blogs.egu.eu/geolog/2020/11/09/imaggeo-on-monday-micro-and-nano-composition/

Foraminifera:

» Single-celled marine protists with
external shell

 First fossils date to the Cambrian
1Ma BP

I+

 Chemistry of shell reflects seawater
chemistry



https://www.cardiff.ac.uk/news/view/1744735-scientists-use-ancient-marine-fossils-to-unravel-long-standing-climate-puzzle
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Heavy water isotopes rain
and snow more readily

018

H)

 Shell 6180 records seawater +
temperature

 Liquid
- condensation

* higher 6180: more global ice / colder

 Produces glacial-interglacial pattern in
marine sediments

Light water isotopes
evaporate more readily

16 0 Nonglacial Period 16 O 16 o Glacial Period



https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.usgs.gov/media/images/water-cycle-and-water-isotopes&ved=2ahUKEwjzyc6IibmSAxWeLBAIHR1xOxAQ6vUJegQIOBAA&usg=AOvVaw347nAbHDQ1lb7zVhe1X8gQ
http://www.columbia.edu/~vjd1/stable_isotopes.htm
http://www.columbia.edu/~vjd1/stable_isotopes.htm
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Spheroidal carbonaceous fly-ash particle


https://www.anthropocene-curriculum.org/contribution/combustion-products-as-markers-for-the-anthropocene

SCPs

 Spheroidal Carbonaceous Particles

 Formed during high-temperature fossil-fuel
burning

* Virtually absent before industrialization —
“human-era” marker



https://www.anthropocene-curriculum.org/contribution/combustion-products-as-markers-for-the-anthropocene
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Age-Depth Models

* Dating every slice Is impractical
— only a few depths are dated

* Ages and uncertainties needed
for every depth

* Sedimentation rate changes
— can’t assume straight lines

Depth

Age


https://chrono.qub.ac.uk/blaauw/wiggles/agemodel.html

Age-Depth Models - Bayesian Statistics

« Bayes’ law: The probability of an event is
given by the existing evidence Posterior Beliefs

 Bayesian models: Estimate most probable
order of events, given the measurements and Evidence
prior knowledge

_ _ Prior Beliefs
 How likely is age-depth relationship based on:

- 14C dates (radiocarbon age)

- Prior knowledge of atmospheric 14C
variations, sediment accumulation rate,
ranges and variation...




Age-Depth Models - Bayesian Statistics
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https://chrono.qub.ac.uk/blaauw/wiggles/agemodel.html

1 Method To Choose?

*.ﬁu‘”‘sﬁ"wé‘ gg».-b-q(-—‘ "&\tﬂqwh b ' o
| g AT q. A T et e l

/

v ‘l | _..' . - o - ) ‘ ! . '-: ' : . ', : a - -".._‘ . o

- » . . - g 'J ( :
’ ' . | Wt 5 IS L P T A

-

R



Which Method To Choose?
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Which Method To Choose?
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14C Fossils

210Pb Tephra

Which method(s) would you use to date
the Kruunuvuorenlampi sediments?

SCPs

Paleomagnetism




