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Extraterrestrial Factors

Solar Earth-Sun Stellar
Output Geometry Dust

Volcanic Earth's Atmospheric
Climate 1 Chemty
A
Mountain / \ Atmospheric
Building Albedo
Cuntmental Ocean Heat Surface
Exchange Albedo

Ocean, Atmosphere, and Land Factors



Geologic Timescale: Area of Continents Flooded, Concentration of CO, and Temperature fluctuations
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Volcanoes have erupted throughout the 4 billion years of Earth's
history. Around 1500 volcanoes have erupted in the last 10,000 years




Active Volcanoes,

Flate Tectonics, and the "Hing of Fire”
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Constructive plate mar

Active Volcanoes, Plate Tectonics, and the "Hing of Fire"
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Pillow basalts







Destructive plate margins
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As well as lava volcanoes produce enormous quantities of gas

r -y —y
1

ICELAND

Bardarbunga
volcano A
Vatnajokull
Glacier
® Reykjavik
Eyjafjallajokull

Avolcano 50 miles

50 km

»  Eyjafjallajokull spewed tons
of ash into the air in 2010

- Bardarbunga began erupting
on 315" August 2014

+ By October 1, it had already
spewed out more sulphur
dioxide than any other
Icelandic volcano in the past
several hundred years




Volcano Kilauea Erta- Ale  Momotombo

Tectonic Style Hot Spot Divergent Convergent

Temperature 1170°C 1130°C 820°C
H,0 37.1 (7.2 97.1
CO, 48.9 11.3 1.44
S0, 11.8 8.34 0.50
H, 0.49 1.39 0.70
CO 1.51 0.44 0.01
H,S 0.04 0.68 0.23
HCI 0.08 0.42 2.89
HF --- = 0.26



Kilauea - 2,000 tonnes SO, and

>10,000 tonnes CO,
Volcanoes \YETR
per year
CO, 65-319 29
million billion
tonnes tonnes

Man is releasing more than 100 times the amount of CO emltted
by volcanoes each year

Carbon dioxide has increased in the Earth's atmosphere from
280 ppm in 1700 to 360 ppm in 1990.

Carbon dioxide and methane cause the greenhouse effect



Total volcanic CO2 emissions World CO2 emissions from fossil fuel use

65-319 million tonnes/year 29 billion tonnes/year
(min-max estimates) EIA 2007


http://www.eia.doe.gov/aer/txt/ptb1119.html
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Chemistry
STRATOSPHERE

HCI

CO, I ‘
' | Nucleation and .
\ \ \ Particle Growth
Removal

TROPOSPHERE Rainout Processes
{{I[|| H,0, HCl, Ash

Cirrus Modification Infrared

Impact on SST
ocean circulation

Effect on P and marine
vegetation £ biogeochemistry

Surface cooling




Tambora eruption of Sumatra in 1815

Tambora

Ternate ©

Bormmeo

Sumatra
Sulawesi ,
Molluca islands

Papua

Makassar
O

EVE]

A
Bali Flores

Timor

Lombok- -Sunibawa Stnibe

Lesser Sunda Islands

Eruption began in April with eruption of ~160 km3 of pyroclastic trachyandesite,
leaving a caldera 6-7 km across and 600-700 m deep.

Before the explosion, Mount Tambora was about 4,300 m high. After the

explosion, it measured only 2,851 m (about two thirds of its previous height).

One of the coldest years in the last two centuries occurred after the Tambora
eruption which killed 92,000 people 70,000 of which died from starvation
following crop failure as a result of the eruption-induced climate change.




El Chichon, 1982
Pinatubo, June 199
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How Much Magma Erupts?
Comparison of Eruption Volumes
Dense Rock Equivalent (DRE)*

Wiison Butte
Inyo Craters, CA
0.05 km?

Lassen Peak,
CA 1915
0.006 km?

5 [ Novarupta 1912 |
13 km'

Volume of Material Erupted
1km’® = 0.24 miles®

>1000 km’

100-1000 km*

10-100 km*

1-10 km'

0.1-1 km*

0.01-0.1 km*

0.001 - 0.01 km®

*Tephra volumes are corrected for void
spaces by comparing the bulk density of
the tephra deposit with the known density
of the rock-type that makes up the tephra.
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Toba er'upflon Sumatra 67,500 - 75, OO years ago

INDIAN
OCEAN
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Columbia Niver Basalt

Ll Chennai

Growugp
C?x. . World's longest
gocene Meo<ene - : | fi >1500 k
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- %
Sea analyzed

12°

In the past flood basalts have occurred every ~30 Ma e.g. Karoo

The extent of the flood basalts in
India foday. More than 1 million
km3 of lava was erupted onto the
surface in less than 500 000 years

Most vigorous eruptions in
Yellowstone area were from 14 to

17 Ma; 180,000 km3 to form the
Columbia River basalts




Volcanoes and extinction
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l Baikal Lake

Z . — Outline of the Siberian Traps [ Regions of distribution of mainly tuffs and tuffites

B Regions of distribution of mainly lavas [0 ] Regions of distribution of mainly sills

» Vincent Courtillot is a French
geophysicist, critical of the
hypothesis that impact events are a
primary cause of mass extinction on
the Earth.

» Courtillot favours the idea that
major mass extictions are caused by
major volcanic eruptions
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P/T extinctions at the end of the Paleozoic
were caused by the Emeishan and Siberian
Traps eruption




Volcanoes and extinction
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% Extinction (Genus level)
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Cretaceous-Paleogene extinction event that
ended the Mesozoic Era was caused by the
Deccan Traps vulcanism in India

- His position is generally opposed to the
hypothesis championed by Luis and Walter
Alvarez, that the K/T extinction that saw the
end of the dinosaurs was primarily due to the
asteroid impact at Chicxulub on the Yucatan

Peninsula

World's longest
lava flows (>1500 km)

@ KTB localites g
analyzed

QUATEMALA




So what about Africa

Barberton, South Africa 3.1-
3.5 Ga

Archaen granite-green stone
terranes in Africa

Ventersdorp event 2.6 Gaq,
South Africa

Great Dyke, Zimbabwe
Bushveld Complex 2.05 Ga

Damaran-Lufilian magmatism,
Namibia, Zambia 570-510 Ma

Karoo

Nigerian Ring Complexes 190-
140 Ma

Sudan Complexes 175-130 Ma
Rift valley volcanoes -Recent

Sedimentary

lgneous

Basement

Metasedimentary
Craton
Mobile Belt

Bettas Geobygrcdl Sarvey © NERC 2010 AN Aghes resenved
Bourdese of whou! gestogy of AT courtesy of T U S Govogenl Servry.



[_] Younger cover

B rotossic granites

[l svenites, granodiorites
[ Tonaiite (Kaap Valley Pluton)
|:] Trondihemite intrusion

[] Moodies Group

- Fig Tree Group
Onverwacht Group

Iﬂ {lll = including felsic rocks of
Hooggenoeag Fomation)

Barberton

The Barberton greenstone belt,
is one of the oldest and best
exposed Archaean greenstone
belts on Earth

Comprises volcanic and
sedimentary rocks formed 3.5-
3.1 billion years ago.

Major episodes of tectono-
m%%ma’ruc activity occurred at ca.
3.45,3.23 and 3.1 Ga, the
earliest of which is a result of
subduction-related crustal

shortening.




Johannesburg Dome
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SCALE 1:500 000

N ST

Nigeria

» Ring complexes show
granite intruded into
high crustal levels to
intrude their own
volcanic pile

*  Magmatism migrated
from the northern
border at 190 Ma
southwards

The youngest complex is



Volcano eruptions

Challenges to Africa



Active volcanoes
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Major Volcanoes of the
Democratic Republic of the Congo
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LEGEND

- Historical lava flows .W orking seismograph

stations

*Bmken seismograph
#” 6 Feb.-4 Mar. 2001 lava flows stations

:l 740 +/- 110 year old lava flows

r Y7

Area affected

by ashfall
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BASALT ANDESITE

RHYOLITE

rhyolite
600-900°C

andesite
800-1000°

basalt
000-1200°C
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Phanerozoic Diversity vs.Time &
the five main mass extinctions

end- late
Ordovician Devonian

Prec.| Cambrian.| Ordov. |Sil.
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end-
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end-
Triassic

Jurassic |Cretaceous| Tertiary
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