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Vastly Different Scales of Time & Space

Cosmic time scales - 10°-101° BP

As with “cosmic” time scales and events, so too, we must
consider “geological time” scales and events in developing an
effective environmental ethic.
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What are “geological events?”

Stuff happens
Volcanoes happen...

Volcanoes often
happen near
Inhabited areas, but
have wide-spread
and sometimes
global impacts.
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Distant and InvisibleVVolcanoes...
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Tsumanis - giant
waves or “walls of
water” -- can be
triggered by
submarine
volcanoes or earth
slides provoked by
volcanoes.

Some of these have
received recent
publicity.
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LA PALMA LANDSLIDE TSUNAMI

"Wave train”
track after six hours

CAMARY ISLANDS
LA PALMA
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http://news.bbc.co.uk/olmedia/1510000/video/_1513342_tsunami18_nisbet_vi.ram
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http://news.bbc.co.uk/olmedia/1510000/audio/_1513342_tsunami06_day.ram
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o Three long warm
Gl?ﬁl%‘m (greenhouse) eras

. (Higher icmperatures;
this part is oot to scale)

Earth
begins Life Photosynthesis -> Eukaryote

4.6 billion appears oxygen -> atmosphere  cells
Years 4.6 3 - 3 .

Tim Weiskel - 15



‘Greenhowse” era

Mulucelied life in oceans; Land plants, Mammais

The last Vertebrate fish appew | =ghikvane Repules Dinosaurs Bm:ls gm ow
600 million

years

o Silurian Carboniferous rigssic
Peniods Ordovician Devonian Permian Jurassic

Palaeozoic era Mesozoic era
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The Iast
65 million

years

Periods

65

Palaeocene

Eocene

Oligocene
Cenozoic era

Homimids

10  See below

Miocene Pliocene

Tim Weiskel -



i

Glaciation below this
temperature (c. 14 °C)

, |

Homeo habilix Homo erecnus
The last

2 million 20

years
Pleistocene (Quaternary)
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With all the shocks
the earth system has
experienced, what
could a title like
“Planetary
Overload™ possibly
mean? Is the planet
overloaded? In
what sense?
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We live In an open
energy, closed
material system,
governed by the
second law of
thermodynamics.

What Is our species
role in this system?
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Water Circulation Can be Measured




Carbon Circulation (and flow of other

elements) Can Be Measured as well...
“stocks” and “flows”
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MOLECULAR IMPRINTING = HOW PRE-AZITECS MADE MEXICO BLODM

SCIENTIFIC = oo

Cells That Save Us

AMERICAN == devastating

“discontinuities” have

EﬂtastrOphysics occurred In Earth’s

_ history.
WHAT MAKES A 5STAR BLOW UP?
THE MYSTERY OF A

g.UPEHHD A
T

Many have been
assoclated with celestial
events -- meteors, sun

Rolling Ballbots changes, etc.

Manowires from Viruses

Global Warming and Mass Extinctions

L . But what about

Who Owns Your Body Tissues?

wpaezz €NDOQeENoOUs” causes?




SCIENTIFIC = oo
AMERICAN == &2

discontinuities” have

gataStrOthSICS (r:icsil:)rr;fd In Earth’s

WHAT MAKES A STAR BLOW UP?
THE MYSTERY OF A

éUPEHHD A_

Many have been
assoclated with celestial
events -- meteors, sun

changes, etc.

Rolling Ballbots

__Nanowires from Viruse

But what about
 Who Owns Your Body Tsues? “endogenous” causes?

see poge 22
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KILLER GREENHOUSE EFFECT

Anew model for mass extinctions at the end of the Permian period 251 million years ago
and the end Triassic 50 million years later explains how intense global warming could
trigger deaths inthe sea and on land. Trouble begins with widespread volcanic activity
thatreleases enormous volumes of carbon dioxide and methane (1). The gases cause
rapid global warming (2). Awarmer ocean absorbs less oxygen from the atmosphere
(3). Lowoxygen (anoxia) destabilizes the chemocline, where oxygenated water meets
water permeated with hydrogen sulfide (H2S] generated by bottom-dwelling anaerobic

bacteria (4). As H,S concentrations build and oxygen falls, the chemocline rises
abruptly to the ocean surface (5). Green and purple photosynthesizing sulfur bacteria,
which consume HpS and normally live at chemocline depth, now inhabit the HzS-rich
surface waters while oxygen-breathing ocean life suffocates [6). HzS also diffuses
into the air, killing animals and plants on land (7] and rising to the troposphere to
attack the planet’s ozone layer (8). Without the ozone shield, the sun’s ultraviolet (UV)
radiation kills remaining life (9].
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Atlontic Desan

Namibia

Hydroagen sulfids
sruptian

HYDROGEN SULFIDE ERUPTIONS off the coast of Namibia appearin this
satellite photograph as pale green swirls onthe ocean surface. These
regular local everts, which result from buildup of hydrogen sulfide in
sea-bottom sediments, offer a small modern 1aste of co ons during
the glabal upwellings proposed for several ancient mass extinction
periods: a sulfurous smell fills the air, deadfish litterthe water, and
oxygen-starvadlobsters flee onto beaches trying to escapea the poison.



Patterns of Destruction

Carbon 13 (13C) isotopes found in geologic strata suggest
longer-acting mechanisms behind two of three ancient
extinction events. 13C is more abundantin the atmosphere

when land and sea plants are thriving. When plant life dies on
a massive scale, 13C drops as a proportion of atmospheric

carbon.Comparing ancientsamples with a common carbon
standard reveals multiple large drops in 13C leading up to the
end Permian (top]) and end Triassic (middle) boundaries.The
dips imply multiple extinction crises occurring over hundreds
of thousands of years. In contrast, a 13C plunge for the period
around the Cretaceous-Tertiary boundary (bottom] depicts
one abruptecological cataclysm.
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End Permian extinction




End Permian extinction

—27 _
End Triassic extinction
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HEADED FORANOTHER EXTINCTION?

5,000+

Mass Extinction Points
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HEADED FORANOTHER EXTINCTION?

L000—
Mass Extinction Points
Permian
Trassic
WAOE= & Toarcian
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ATMOSPHERIC CARBON DIOXIDE (CO>) was high during ancient mass

extinctions, supporting arole for global warming in those events. Today 385 ppm ¢
CO, stands at 385 parts permillion (ppm] and is projected to climb by KL"!

2 to 3 ppm annually. If this trend continues, by the end of the next

century atmospheric CO; would approach 900 ppm—just below levels Pregem
during the Paleocene thermal extinction 54 million years ago.
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Life as a
Geological
Force

Dynamics of the Earth

Peter Westbroek

Life has been a “geological force”
on Earth for far longer than humans
have been part of the biosphere -- the
full “committee of life forms.”
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Life has been a “geological force”
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full “committee of life forms.”

Life as a
GeOIOglcal We live in a highly ir_nprobable
Force atmosphere made possible by

Dynamics of the Earth everything from “farting ants” to
anaerobic bacteria alive for eons
before we emerged as a species
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Life has been a “geological force”
on Earth for far longer than humans
have been part of the biosphere -- the
full “committee of life forms.”

Life as a
GeOIOglcal We live in a highly ir_nprobable
Force atmosphere made possible by

Dynamics of the Earth everything from “farting ants” to
anaerobic bacteria alive for eons
before we emerged as a species

»

In one respect, however, things
are different now that humans have
expanded to such massive numbers.
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Human population growth Is apparent.

Broad range of alternatives in the future. Hard to predict.




Sometimes Humans behave as a “Geological Force”

It Is reasonable to talk about not just
life, but human life as a geological force.

Certainly the impact of humans is
visible from space....

. e
1=
F,

I-I-

And even when our behavior generates
emissions that are “invisible” (CO,)
these emissions may yet change Earth’s
delicate balances required for life as we
know It.



http://www.eumetsat.de/en/area5/special/fires_07041991.html

Environmental Ethics = our last, best chance of survival...

We are still assessing the

ecological impact of the Viet Environmental
Nam war and the war In Legacy in Kuwait

Kuwait a decade ago, and
the news iIs not encouraging.

An Environmental Assessment Of Kuwait

The g uestion Is; Can we Seven Years After the Gulf War
survive our own skills of
Killing and destroying the
life support systems we need
to survive?

Final Report - August 1998

FOREWORD

Answer: No, not without a
» new environmental ethic
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What does the reactivation of bacteria frozen
32,000 years ago in Alaska indicate?



http://ecojustice.net/2006-ENVRE120/Audio/20050224-OnPoint-Alaskan-Microbes-Index.htm

Thinking about Environmental Ethics:
A Perspective from a Scientist

Understanding the
basic concepts of
ecology and given our
ecological “role” in
this complex
bio-geo-chemical
system we have come
to Inhabit, how does
this man think the
human community James Hansen, NASA Scientist

should be behaving?
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