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Yesterday’s Summary

* Pleistocene Climate

* Glacial-Interglacial Cycles

* Glacial Ice Sheets

* The oceans in the climate system
— ocean surface
— deep ocean
— ocean biochemistry

* Orbital Forcing

* The Mid-Pleistocene Transition
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Lecture Progress

Monday Introduction Earth History
Tuesday Proxies | Cenozoic Hot & Warm House
Wednesday pealie Clinels s Pleistocene G-IG climate
components
Thursday Pt :l & C"”T‘ate S Abrupt Climate Change
nteractions
Friday Current Climate Change Future & Synthesis
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DO Events Pa/Th proxy Heinrich Events

Today’s Overview

* Ice cores for climate science
* The time machine
— decay series dating
— cosmogenic nuclide dating
— application examples
— surface exposure dating
* Abrupt climate change during the last glacial cycle
— Dansgaard-Oeschger Events
— Bipolar seesaw
— Heinrich Events
Pa/Th proxy for ocean circulation rate Hoid
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Last Glacial Cycle
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Polar Ice Cores
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Polar Ice Cores
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Polar Ice Cores
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Polar Ice Cores

How old is the ice?

learning4kids.net
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Polar Ice Cores

Number Line Counting

learning4kids.net
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Polar Ice Cores

Australian Antarctic Program
Photo: David Reilly

CEEEeerrer et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T EE TP EEEELEL T UNIL | Universite de Lausanne

Patrick Blaser — Paleoclimatology — Day 4 13



DO Events Pa/Th proxy Heinrich Events

Polar Ice Cores

How to determine ages of other archives?

learning4kids.net
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The time machine

dating time!
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The time machine

A proper method for dating samples is essential

If only the archives had a clock built in...
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The time machine

A proper method for dating samples is essential

If only the archives had a clock built in...
well, they have!

The isotopic clock of radioactive decay!

CECCEEEE R P T E PR EE PP EEE P T EEEEEE T | | UNIL | Université de Lausanne
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The time machine

A proper method for dating samples is essential

If only the archives had a clock built in...
well, they have!

The isotopic clocks of radioactive decay!

We only need to make sure that

* we know what the starting point is

* there is no exchange of material (“closed system”)
Wil

CECCEEEE R P T E PR EE PP EEE P T EEEEEE T | | UNIL | Université de Lausanne
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The time machine

Uranium series Actinium series Thorium series
“U——"Pb “U——"Pb Th —"“Pb | Uranium
Protactinium
Actinkles Thorium
| Alkali Metals
Alkaline Earth Metals Actini
Halogens clinium
Metalloids
Noble Gases Radium
Post Transition Metals|
Transition Metals Francium
Radon
Aslatine
Polonium
Bismuth
Lead
Thallium
Mercury

Patrick Blaser — Paleoclimatology — Day 4

Tan (2016), Answers in Genesis
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The time machine

U-Pb dating

great for old material with lots of U and little Pb

* e.g. zircon crystals in rocks

* both #3¥U-2"°Pb and ***U-?°’Pb can be used

* system often not closed, and zircons hard to dissolve
* usually concordia dating with LA-ICP-MS

* T, =4.47 Ga and 704 Ma

* precision usually few %

CECCEEEE R P T E PR EE PP EEE P T EEEEEE T | | UNIL | Université de Lausanne
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The time machine

Sm-Nd dating (and similar Rb-Sr and Lu-Hf dating)

great for old rocks and meteorites

* can trace age of rock formation from mantle

* Sm and Nd are similar rare earth elements,
but fractionate during rock formation

* efficient, but often isochron dating necessary

* T2 =106 Ga

* precision < 1 %o achievable

CECCEEEE R P T E PR EE PP EEE P T EEEEEE T | | UNIL | Université de Lausanne
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The time machine

K-Ar dating

great for old rocks

* can trace age of rock formation from mantle

* Ar escapes from melts, but is captured in solids
* Ar must not have escaped

* ideal for volcanic material

* T, =1.2 Ga

* precision ~ 1 % achievable
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The time machine

Uranium series Actinium series Thorium series
“U——7Pb “U—"Pb "Th—"5Pb | Uranium
#lpa: 33 ka
Protactinium
20Th: 75 ka
Thorium
| Alkali Metals

Alkaline Earth Metals Actini

Halogens clinium

Metalloids

Noble Gases Radium

Post Transition Metals|

Transition Metals Francium

Radon
Aslatine
Polonium
Bismuth
Lead

Thallium
Mercury

Patrick Blaser — Paleoclimatology — Day 4

Tan (2016), Answers in Genesis
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The time machine

U-Th dating

great for material with lots of U and little Th

* e.g. carbonates (speleothems, corals)

* daughter #°Th is radioactive

* measure =*U/#*U & =*U/>°Th and evaluate
how similar activities are

* measurements can be very precise

* very efficient with wet chemistry ICP-MS

* dating range ~ 1 — 350 ka

. . o :

e S
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The time machine

radiocarbon dating (**C)
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The time machine

radiocarbon dating
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Soil Carbon Information Hub
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. database.github.io
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The time machine

radiocarbon calibration
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The time machine

radiocarbon calibration
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The time machine

radiocarbon dating in the oceans
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t,, = ~5700 years
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The time machine

radiocarbon dating in the oceans
the marine reservoir effect

(:c)2 cO ~400 a

difference

Alves et al. (2018)
Reviews of Geophysics

(/WU%/—
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The time machine

radiocarbon dating in the oceans
the marine reservoir effect

[Upper bound
: uncertainty
at least
centuries
< B g Butzin et &, (2020)

300 600 900 1200 1500 1800 2100 2400 2700 3000 *C years Radiocarbon
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The time machine

radiocarbon dating in the oceans

sediment bioturbation

14 C Ages (t1sigma error) [a]
0 2600 5000 7500 10000

Mixed Layer L=68xt12cm

North East Atlantic
sediment core
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The time machine

radiocarbon dating in the oceans
sediment bioturbation

14 C Ages (t1sigma error) [a]
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The time machine
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radiocarbon dating — young samples
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The time machine

radiocarbon dating — U/Th dated carbonates

recall deep water “ages”
dated with radiocarbon from water

we can use (deep water) corals and
— date them reliably with U/Th
— infer past radiocarbon “ages” with *4C

CECCEEEE R P T E PR EE PP EEE P T EEEEEE T | | UNIL | Université de Lausanne
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The time machine

the power of dating — example: Arctic permafrost

mm Continuous permafrost (}95%] 0 500 1,000 (km)
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The time machine

the power of dating — example: **C + U/Th in corals
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Temperature (°C)

The time machine

the power of dating: *“C + U/Th + A47 In corals
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The time machine

other types of dating: e.g. exposure dates
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The time machine

other types of dating: e.g. exposure dates
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decay

t,, = ~5700 years
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The time machine

other types of dating: e.g. surface exposure dates

@ ~ constant or known rate

1SD precisions ~>=6 %

slow accumulation of
rare cosmogenic nuclides
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The time machine

other types of dating: e.g. surface exposure dates
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The time machine

other types of dating: e.g. surface exposure dates
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Dansgaar — Oeschger Events
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Dansgaar — Oeschger Events

Dansgaard - Oeschger oscillation
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Sea surface salinity (SSS)
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modelled climate effects from DO Events

temperature precipitation
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a Antarctic temperature anomaly (°C) b Schematic of Greenland DO variability:
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Abrupt Climate Change
Dansgaar — Oeschger Events
* (forcing) periodicity ~ 1500 years

* no regular orbital forcing at these frequencies
- Internal system variations

* but how do they occur?
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Nordic Seas stadial — interstadial changes
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Interstadial event following H54 - Mode C
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Heinrich Events
Sea surface salinity (SSS)
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Heinrich Events
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Heinrich Events
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Heinrich Events
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The Pa-Th proxy
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The Pa-Th proxy
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CO, anomaly (p.p.m.)
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Abrupt Climate Change
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The deglaciation
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Today’s Overview

* Ice cores for climate science
* The time machine
— decay series dating
— cosmogenic nuclide dating
— application examples
— surface exposure dating
* Abrupt climate change during the last glacial cycle
— Dansgaard-Oeschger Events
— Bipolar seesaw
— Heinrich Events
Pa/Th proxy for ocean circulation rate Hoid
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Outlook

Monday Introduction Earth History
Tuesday Proxies | Cenozoic Hot & Warm House
Wednesday pealie Clinels s Pleistocene G-IG climate
components
Thursday Pt :l & C"”T‘ate S Abrupt Climate Change
nteractions
Friday Current Climate Change Future & Synthesis
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