Shedding Light on Earth’s Volcanic Past

How Common is Present-Day Volcanism in a Multi-
Millennial Context?
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How | got interested
in volcanoes...

(left): Volcanic event is observed
as a massive increase in the
conductivity of the melted ice —
in many different ice cores!

Tool to align and evaluate ice-
core chronologies.

9°501101'530003



03

Sulphate (kg km?®)

Sulphate (kg km?)

PA@ES

PAST GLOBAL CHANGES

YOLCANIC IMPACTS ON

CLIMATE AND SOCIETY
150 — Greenland Samalas 1257 vs. MAECHAM?Q%TT |
Samalas (Indonesia) 160 & Lak|1(l7csealland) .
1257 120:3 Northern Hemisphere
100 - W 3 "NTREND2015"
03
0 ? Tarnborfa
50 Unkrﬂv;;/ﬂlé%ﬁons Huaynaggt{i)réa (Peru) (I"i%r]ﬁ;s'a) = 14
= 05
4 || ull |l\‘ I‘ll A II I | |l |l llI | ES
O w A I | ] I ' ' OO
« \
) - 1.0
Antarctica
150 T T T T l T T T T T T T l T L] T T T T T l L] L] L] T ¥ | T L] 1 T |
1200 1300 1400 1500 1 600 1700 1 800 1900 2000

Year

May-August Temperature Anomaly
°C w.rt. 1961-1990



Outline

5) Post-Pinatubo 1) Ice Cores
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2) Past Volcanism
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lce Cores

230 Nature Vol 288 20 November 1980

Greenland ice sheet evidence of post-glacial
volcanism and its climatic impact

C. U. Hammer, H. B. Clausen & W. Dansgaard

Geophysical Isotope Laboratory, University of Copenhagen, Haraldsgade 6, DK 2200 Copenhagen N, Denmark
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Global AQOD

lce Cores

Ice Core Calibration Against 1991 Pinatubo Eruption
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Real-time ultra trace analyses
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By using new, real-time, high-resolution measurement techniques we could develop
a history of sulfate deposition for Antarctica and Greenland for the past 2,500 years.
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Low detection limits
- sulfur concentrations

High depth (i.e. time) resolution
—> dating precision

Short acquisition time
- ice core arrays

By using new, real-time, high-resolution measurement techniques we could develop
a history of sulfate deposition for Antarctica and Greenland for the past 2,500 years.



Ice Core Dating
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Ice Core Dating
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Ice Core Dating
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Core Dating
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Ice Core Dating

High-accumulation + high-resolution = high-precision

DIV2010 ice core
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Sigl et al., 2014; Nat. Clim. Change
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Global sulphate deposition
[Tg S month™]

volcanic SO4 (kg km™)
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Tambora 1815: Ice cores and climate models

Global sulphate deposition
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Geologic eruption records are incomplete!

Holocee Eu ion
Global recording rate: SN .

(1 before 1600 AD: <50%
(1 before 1100 AD: < 20%

(a) Global eruptions 50-1 ka

Number of Eruptions
per century

Years Before Present (ka) Brown et al., 2014,
18 Journal of Applied Volcanology



From single ice cores...
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.towards a composite reconstruction
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With 12 records covering the past 1,500 years, we can reconstruct
21 robust estimates of sulfate deposition on larger spatial scales.  Sigl et al. 2014, Nat. Clim. Change



Stratospheric aerosol loading in the S. Hemisphere
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Global Age Marker in 775 AD in tree-rings...
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For the timing of eruptions some refinements on the dating have recently become available
with the discovery of an unique, global-scale time marker by the “solar energetic particle”

event in the year 775 CE: rapid increase of 4C content in tree rings and of 1°Be in ice cores...
23
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Volcanic forcing of the past 2,500 years

O M o L I L 1 o T A B M N UL
e [T Hu l AL
[e) 104 X x | —{.2 WM~
[P
2o l X
5 o 1815
2 20 &
?E ‘ =40 1458
g E =44 — Tropical eruption (n = 81)
= =301 — Northermn Hemisphere eruption (7 = 140)
=S | Southern Hemisphere eruption (n = 62) 1057
£ —476 X 40 largest eruptions
> =40 : : : : : ; : : : - : : ; : : : ; . : ; ; : . :
o =500 -300 =100 100 300 500 700 900 1100 1300 1500 1700 1900
25 Year (sce or ce) Sigl et al. 2015, Nature



Volcanic forcing of the past 2,500 years
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Long-term variability

Sulfur Injection (Tg S/100yr)
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Long-term variability

Centennial mean global SAOD
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Climate

27 Sigl et al. 2018, The Cryosphere Discuss.



Model/Data Mismatches in Climate Response
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Model/Data Mismatches in Climate Response

GCM Simulation
GCM-simulated Tree Ring Pseudoproxies
Tree Ring Reconstruction

Lavigne al. 2013
Proc. Natl. Acad. Sci. U.S.A =2.5
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Model/Data Mismatches in Climate Response

Ring Width (D’Arrigo et al., 2006)
Mixed (Wilson et al., 2016)
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536 AD: The year of darkness

Tree Rings-
Frost
Starting in
Early 536
A.D.

Damaged tree
rings
536-538 A.D.

The year
of darkness

“And it came about during DArrigo et al., 2001;
this year that a most dread
portent took place. For the
sun gave forth its light
without brightness, like
the moon, during this
whole year, and it seemed
exceedingly like the sun
in eclipse, for the beams it
shed were not clear nor such
as it is accustomed to shed”

31 Procorius (Wars, 4.14.5)
Stothers 1986, Nature

Geophys. Res. Lett



536 AD: The year of darkness

Tree Rings-
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Starting in
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Damaged tree
rings
536-538 A.D.

The year
of darkness
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32 Procopius (Wars, 4.14.5) Year (AD) )
Stothers 1986, Nature Sigl et al., 2015, Nature

D'Arrigo et al., 2001,
Geophys. Res. Lett
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Asymmetric Aerosol Forcing...

ARTICLE “nature U=
COMMUNICATIONS

Volcanic suppression of Nile summer flooding
triggers revolt and constrains interstate conflict
In ancient Egypt

Joseph G. Manning 1'2, Francis Ludlow 3'4, Alexander R. Stine®, William R. Boos®”’, _ :
9 Weak African
Monsoon

Weak
 Asian
Monsoon

Michael Sig\s & Jennifer R. Marlon

Nile River

Laki
1783-84

..causes monsoon failure and riverflow reduction

34 Manning, et al., 2017, Nat. Commun.



New Proxies

Credit: Jonathan Poulter

& Jonathan Poulter



Constraining eruption source parameters

Diagnostic signatures in ice cores

—— Greenland
S-Greenland

Thallium as a Tracer for
Preindustrial Volcanic Eruptions in
an Ice Core Record from lllimani,

MARGIT SCHWIKOWSKI®!

Department of Chemisiry and Biochemistry, University of Bern,
Switzerland, Paul Scherrer Institut, Villigen, Switzerland,
Institute for Particle Physics, ETH Ziirich, Switzerland, and
Oeschger Cenire for Climate Change Research, University of
Bern, Switzerland
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Constraining eruption source parameters

A diagnostic signature for tephra in ice cores
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Taupo-Oruanui Super-eruption
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Can we constrain the injection height ?

Injection height + Location 2> Atmospheric lifetime of sulphate aerosols

glubal cuullng & QS‘

dlstlnct sulfur isotope mgnature A33S + O

Stratosphere

‘ Trc}posphere
A33S =0

rapidly removed
no anomalous sulfur fractionation
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A novel method for sulfur isotopes

o 325,335, and 3S isotope measurements in sulfate by Neptune Plus
MC-ICP-MS

* 0.1%o0 precision on sulfur isotope ratios




A novel method for sulfur isotopes

o 325,335, and 3S isotope measurements in sulfate by Neptune Plus
MC-ICP-MS

* 0.1%o0 precision on sulfur isotope ratios

Previous methods: New method:

umols of sulfate: nmols of sulfate:
several months/years of ice accumulation bi-monthly resolution

Paris et al., 2013, Chem. Geol.
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Volcanism in the Post-Pinatubo Era
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Aerosols in Air (daily) Greenland, Summit 3200m
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Aerosols in Air (daily) Greenland, Summit 3200m
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Aerosols in Air (daily)
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Aerosols in Air (daily) Greenland, Summit 3200m
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Aerosols in Air (daily) Greenland, Summit 3200m
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Aerosols in Air (daily) Greenland, Summit 3200m
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No increase in background sulfur in Antarctica
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Future Climate

Global mean temperature near-term projections relative to 1986-2005
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Volcanic activity since the Preindustrial
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Future volcanic eruption pathways
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Projected Global Mean Surface Air Temperature
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Projected Global Mean Surface Air Temperature
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Projected Global Mean Surface Air Temperature
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A 192-yr long eruption & the deglaciation
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