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The Pliocene Warmth
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Pliocene Antarctic Ice Loss ?
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Drill Glaciomarine Sediment Records next to Ice
Determine Sediment Composition/Geochemistry
nfer Environmental Conditions & Ice Sheet History

IR VR

Three examples of
Pliocene Antarctic Records

* Ross Sea (= WAIS and EAIS constraints)
* Prydz Bay (= Aurora Subglacial Basin, EAIS)
= Adélie Coast (= Wilkes Subglacial Basin, EAIS)
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(1) Pliocene Ross Sea:
- ANDRILL (WAIS history) &
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- CIROS-2 (EAIS outlet glaciers) & 28 |




ANDRILL (ANtarctic geological DRILLIng
First Geological Drilling
from Ice Shelf as Platform

Plio-Pleistocene

upper-Mioceneui
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Diatomites: evidence for WAIS collapse (no ice shelf)
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CIROS-2 - 1984

EAIS

CIROS-2 site Is located within
- the Ferrar Glacier valley
- (outlet glacier of the EAIS).
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Late Pliocene ( <3 Ma):

Erosion of upper & lower

Bertram et al.,
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Expansion of EAIS mountain
glaciers coincided with marine
cooling ~3 Ma In the Ross Sea
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(2) Pliocene Prydz Bay
(& Wilkes Land):

Glomar

- marine-based part of EAIS; " crarenger

- ODP Exp. 188; DSDP Leg 29

zzzzz

00000

<<<<<<

DEEP SEA
DRILLING
PROJECT

Prydz Bay
ODP Leg 188

(2000)

DSDP
Leg 29
(1973)




Geochemistry of individual mineral
grains and fine detrital sediment
fingerprints continental sources.

o
coastal
current ‘ \
@ . ] ‘e - ‘e, -
subglacial meltwater/
ice streams (supply of
/ fine-grained sediment)

- ocal sediment

far-travelled sediment
- and/or from inland



MODERN ICE-RAFTED DEBRIS FINGERPRINTS -
EXCELLENT TRACERS OF GEOLOGICAL SECTORS
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Implications of IRD Findings for Places
of Ice Instability under Pliocene Climate

— low lying Aurora
Subglacial Basin was
. unstable providing
%Y ‘Wilkes Land’ signature !
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— cooling sea surface
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larger presence of far
travelled icebergs
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DRILLING PROGRAM

What about a more
proximal drill location?

(3) Offshore Adélie Land:

- marine-based part of EAIS;
- |IODP Exp. 318

2800+
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Adélie Coast
IODP Exp 318
(2010)
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Local Geology
and Source
Signatures

McMurdo € Diatom-rich units (warmer)
’ Volcanic 4 Diatom-poor units (colder)
Group < Core-top of IODP Site U1361
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Early Craton
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- €Nd: <-20 (Archean and

Proterozoic)

eNd: -9to0-20

(Early Paleozoic)

- eNd: -3.5 to -9 (Permian to
Cretaceous: FLIP and BSG)

eNd: >0 (Cenozoic McMurdo

Volcanic Province)
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| The Transantartic
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Four main
geological terranes.

Sediments from warmer
and colder times come
from different sources.



Mechanism behind Provenance Change
GLACIAL INTERVALS WARMEST INTERGLACIALS

- - P O T o e
Dynamic ice margin in the Pliocene
with re e advance/retreat!
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Modified from Cook et al. 2013 with data from Fretwell et al. 2012 and Ferraccioli et al. 2009

Provenance similar to today Very different provenance !
— Erosion of local Lower Paleozoic rocksS — Erosion of Devonian-Cretaceous rocks

— Ice sheet fairly similar to today — Retreat of ice sheet into the basin



New suborbital data indicate time-scale of ice

retreat of a few thousand years

Deglacial sequence:
Bertram et al., 2018, EPSL (1) IRD calving

(= warming)
4

(2a) productivity
M increase

22 o4 . . (= sea ice retreat)
g ‘é 09 ' I ']
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with models.

DeConto & Pollard, 2016




Pliocene Anta‘rm

as seen From Marine Sediments

Ross Sea: WAIS collapsed + EAIS outlet

glaciers retreated (transition to more
advanced ice in Late Pliocene)

Prydz Bay: Indication for collapse of

Aurora Subglacial Basin (+ indication for

cooler sea surface temperatures in Late Pliocene)
— "

Adélie Land: Dynamic ice margin
throughout the Pliocene in Wilkes
Subglacial Basin (and into the Pleistocene)




Palaeoclimate data urge us to look
beyond the year 2100 when thinking
about our future ...

25
~53m Pliocene warmth: 3-5 Ma
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WAIS 0 Today IPCC projections year 2100: 26 to 81 cm
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Change in global mean temperature (°C)



Thanks for your attention!

Kristian Gerhard
Jebsen Foundation

The Leverhulme Trust
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JOIDES Resolution
(scientific drillship
since 1985)

Derrick:

_— ‘ IODP

INTERMNATIONAL OCEAN
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Four Decades of Antarctic Drilling

Iceberg Alley
|IODP Exp 382 (2019

Prydz Bay
ODP Legs

Peninsula
ODP Leg 178

(1998) (1988 &

2000)

Adélie Coast
|IODP Exp 318 .
(2010) %

(2018) (1979



Modern Antarctic Ice Loss
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GRACE data, IPCC AR5, WG 1, Chapter 4 SMB data: 1979 — 2017; Rignot et al., 2019




Late Pleistocene Interglacials:
Significant for our short term future ...

MIS 11 Paris Agreement
T=+10-20C T=+15-2.0°C aims to limit global
CO, ~300 ppm warming to <2°C

s
Sea level: +6-9m Sea level: +6-13m

25 - /
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Millions of years ago
Modified from Lisieki and Raymo, 2005

DeConto and Pollard, 2016; MIS 5e MIS = Marine Isotope Stage



What About West Antarctica and More

Moderate Warming of 1-2°C ?

IODP Exp
382 (2019)

2800+

2000

{1 This is what
-2000 the mOdeI
predicts.

+ US-UK Thwaites Glacier (2018)

Field programme
(2018-2023)
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IODP Exp. 374,
Ross Sea West Antarctic Ice Sheet History,
Jan — March, 2018
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Neogene (GTS2012) |J1521 U1522 U1523 U1825 U1524 L o
lEp;lwfsEm;j, Chrons hoem 5;7.6m 828.0m 17757 m 294.3m What dld We achleve?
i | | = i « 5 sites (three shelf and two rise)
i e R % « ~1700m of sediments recovered
el | = from ~3000m cored depth

ELIE 5 BE=ER

1090 « Ages: middle Miocene to recent
- Best ever recovery on the

1 Antarctic shelf by conventional
drilling (63.3% at U1521)
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IODP Expedition 318: ‘Wilkes Land’
— recovered fantastic records of
Pliocene environmental conditions

January-March 2010

Q"xy

JOIDES
Resolution
(drillship)

> 1ODP

INTEGRATED OCEAN
DRILLING PROGRAM
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Drill core evidence of past WAIS collapse

Pollard and DeConto, 2009 (Nature)
ANDRILL team
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The Pliocene

Warmer &
less ice
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Four Decades of Antarctic Drilling

Iceberg Alley
IODP Exp 382 (2019)

Weddell Sea
ODP Leg 113(1987)

Prydz Bay
ODP Legs
119 & 188

Peninsula
ODP Leg 178

(1998) (1988 &
2000)
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