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Great Observatories Origins Deep Survey « CDF-S
Hubble Space Telescope * Advanced Camera for Surveys
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Great silence problem

100

45

Fermi Paradox (1950)
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Cosmobiology ohn b. Bernal, 1952)
Astrobiology (cavriil A. Tikhov, 1953)
EXObiOlOgy (Joshua Lederberg, 1960)
Bioastronomy
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Astrobiology



Where do we come from ?
What are we ?
Where are we going ?

Paul Gauguin (1897)
? ? ?

Origin, Nature, Fate

JH
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A. Oparin



(physiological), (metabolic),
CEREHI (biochemical),
(thermodynamic).



(metabolism)
(reproduction)
(mutation)
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“Nothing In biology makes sense
except in the light of evolution.”

Theodosius Dobzhansky (1973)

(variation) (natural
selection).



Left Wall of Minimal Complexity

PRECAMBRIAN
Bacteria
= S
E Bacteria PRESENT

Complexity

FIGURE 29
The frequency distribution for life's complexity becomes increasingly right skewed through

S.J.Gould “Fullhouse”

a4 time, but the bacterial mode never alters.
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COntingency (divergionism) Stephen J. Gould

Convergence
(COnvergiOnism) S. Conway Morris

( , ,pterosaurs, : : )
(—50 ).
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genetic alphabet, code: AGCT,U

- 20

. ATP



extremophiles
: 113C at <3 atm (120-150C)

(salinity)
(acidity)



Physical limits for life on Earth

Parameter
Water

Temperature

Salinity

pH

Atmospheric
pressure

Limiting Conditions

Liquid water required

-2°C (31.8°F) (minimum)
50-80°C (122-176°F)
80-115°C (176-239°F)

15-37.5% NaCl
0.7-4
8-12.5

Upto 110 Mpa

Type of Organism

Psychrophiles
Thermophiles
Hyperthermophiles

Halophiles
Acidophiles

Alkalophiles

Barophiles
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Fig. 11.1






Three domains Eukaryze
(Carl R. Woese)

man
animals

microsporidia plants [lagellates

tungi

ciliates
shime molds

diplomonads

green non-sulfur
bactera

Bacteria Archaea

aram Sulfolobus

positives

Acidianus
Metallosphaera
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Thermotoga Thermofilum
lhermoproteus

Pyrobaculum

flavo-

Pyrodictimm

bactena evanobacteria

Pvrolobus

Pyrococcus

Methano-
T Methanobacterium

thermus

Archacoglobus

Ferroglobus
Halococcus

Thermocrims .
Halobacterum

hethanoplanus

Aquifex b s
Viethanospinllum

i, Methanosarcina
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4 vanmielil

Fig. 11.2 16S rRNA-based phylogenetic tree, [6], modified. Small subunit ribosomal RNA
sequences were compared according to Woese [15]. Schematic drawing. Bold lines represent
hyperthermophiles.
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, (oxidation).
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Figure 1.3 Logarithm of the number of atoms of each element found in the Sun, for every
10'* hydrogen atoms. Hydrogen, helium, and lithium originated mainly in the Big Bang;
the next two elements result from the breaking apart of larger atoms, and the remainder
are ‘cooked’ 1n stars. Filled dots show elements produced mainly in quiescent burning;
asterisks indicate those made largely during explosive burning in a supernova — from

Anders & Grevasse.
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Planetary Nebula NGC 3132

Hubble

HF.‘I*I'I"..‘-!ITP.
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Eta Carinae
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+ UV -> organic chemicals!

glycine



Table. 2.1. Interstellar and circumstellar molecules as compiled p_é_r__()ctober 2000. Observations indicate the presence of molecules l:;f;gé;_ihan 12
atoms, such as polycyclic aromatic hydrocarbons (PAHs), fullerenes and others in the interstellar medium.

Number of Atoms

NaCl

SO
SO
SIN
Si0
SiS
CS
HF

3 4 5 6 7 8 9 10 11 12+

Cs c-C;H Cs CsH CeH CH,C;N CH,C;N CH,CsN ? HCoN CeHs
C,H 1-C;H CsH I-H,C, CH,CHCN HCOOCH, CH;CH,CN  (CH,),CO HC N
C,0 CsN C,Si C,H, CH,C,H CH,COOH?  (CH,),0 NH,CH,COOH ? PAHs
C,S C.0 1-C;H, CH,CN HCN C;H CH;CH,OH Cso’

CH, C.S ¢-C3H,  HC3NC HCOCH, H>Cs HC,N

HCN — CH, CH,CN HC;0H NH,CH, CgH

HCO & EHDY & GH, HC,SH ¢-C,H,0

HCO® HCCN HC;N HC,NH'

HCS" HCNH' = HC,NC HG,CHO

HOC®™ HNCO  HCOOH NH,CHO

H,0 HNCS H,CHN CsN

H,S HOCO™ - H,C0

HNC  H,CO H,NCN

HNO H.CN HNGC;

MgCN  H,CS SiH,

MgNC H,O' H.COH"

N,H*  NH;

N,O SiC,

NaCN CH,

OCS

SO,

¢-SiC,

CO,

NH,

Hy"

H,D"
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INTERSTELLAR GLYCINE

Yi-JEHNG Kuan,!? STEVEN B. CHARNLEY,” Hul-CHUN Huang,! WE-Lina Tsene.! ann Zoioniew KisieL®
ABSTRACT

We have searched for interstellar conformer I glycine (NH-CH,COOH), the simplest amino acid, in the
hot molecular cores Sgr B2(N-LMH), Orion KL, and W51 el /e2, An improved search strategy lor intrinsi-
cally weak molecular lines. involving multisource observations. has been developed and implemented. In
total, 82 spectral frequency bands, in the millimeter-wave region, were observed over a 4 yr period; 27 glycine
lines were detected in 19 different spectral bunds in one or more sources. The rotational temperatures derived
from * rotation diagrams " are 75'7] K for Sgr B2(N-LMH), 14177 K for Orion KL. and 121" ;; K for W5l
el/e2. The total column densities inferred are 4.16" 35 x 10" em~2 for Sgr B2, 437757 x 10" ¢m 2 for
Orion, and 2.097, 2 % 10 em~2 for W51, Production of interstella glycine by both gas-phase ion-molecule
reactions and by ultraviolet photolysis of molecular ices 1s briefly discussed. The discovery of interstellar
glycine strengthens the thesis that interstellar organic molecules could have played a pivotal role in the
prebiotic chemistry of the carly Earth

Subject headings: astrobiology ISM: abundances
[SM: individual (Orion Kleinmann-Low, Sagittarius B2IN-LMH), W51 el /e2)
ISM: molecules line: identification radio lines: ISM
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The Dumbbell Nebula « M27
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(solubility)

(viscosity)
(latent heat)
(transparency)



Liquid Melting temp. Boiling temp. Range for liquid
Water (H.,O) ) "¢ 1 00 “( 100°C
Ammonia (NH.,)

Methane (CH,)

Ethane (C,H)

| ;LI,._|' 7 !

Melting and bolling temperatures for liquids that might provide a medium for
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(Plate tectonics)-CO,

Rare Earth?
Life everywhere?
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1lex _l-ife Is Uncommon in the Universe
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Enceladus-Saturn
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Mimas « Moon of Saturn
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Miranda-Uranus
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The Manicogaﬁ crar, in uebec anda, is about 30 million years old.
http://www.spaceguarduk.com/




(1/2)mv?
1Mt TNT= 4.2x10%% erg
~ 0.2Mt
H bomb — 60Mt
~ 10000Mt
SL9 — 2x10° — 6x10°Mt
KT impact (10km) — 6x10’Mt
1km ->



TABLE 12-1 I‘lt:i:__—:hl of Lit*up—uultt‘l' wave

and (->) tsunami 1,000 kilometers away from point of impact

Size of impactor 50 m 100 m 300 m I kem

i\.[h Hf- :.ﬁl'?j:ji[
lron 2m->80m 7m->280m 40 m ->1.6 km 700 m -2

> 28 km(!)
Hard stone 0.8 m->32m 2m->80m 25 m -> 1 km 200 m -> 8 km

.-h'u;'._agr time

between impacts 100 yr 1,000 yr 20,000 yr

200.000 vr

JH Verschuur



Table 2

Mean Probabilities of Dying Due to Certain Accidental Causes

tor U.S. Residents

Cause r{)‘. death

Probability

.':\Ill'tlﬂ’lt'!l"i[t‘ llL'CiILlL‘D[
Homicide

House or other fire
."\L't'inlt‘ﬁ[i!] sho Fl’iﬂ_&l
Electrocution
Asteroid/comet impact
Airplane disaster
Flood

Tornado

Snake bite or insect sting
Fireworks accident

Botulism poisoning

30,000

60,000
100,000
| million

3 million

*Value is the author’s.




Extinction ( )

Punctuated equilibrium

Bad gene? Or bad luck?
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JH

FIGURE 10-84 Diversity
of marine animals compiled
from a database recording first
and last occurrences of more
than 34,000 genera. The graph
depicts five major episodes of
mass extinction (global
extinctions over a short span of
geologic time). (Adapted from
Sepkoski, |. ., Jr. 1994. Geotimes

39(3):15-17.)

Earth through time
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KT impact

10km

- shocked minerals.
(Ir, Pb,...)
|



BUCKY TUBES COMPLEX BUCKY TUBES ONION TYPE C PARTICLES

Fig. 1.3 Some of the various forms of carbon that are likely present in gaseous and solid state
in-the interstellar medium and in solar system material.
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Ida and Dactyl

JH



59 kilometers

o Mathilde Gaspra Ida
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FIGURE |2 (Top) Unshocked quartz
from an explosive volcanic rock in the
Jemez Mountains, New Mexico. Note

the absence of shock planes. (Right)

Shocked quartz trom the K-T boundary

in the Raton Basin, Colorado, showing

two sets of shock planes. [Photo

courtesy of Glenn Izett.?’]

Powell
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3.5 )ph Iridium

14.6 ppb Iridium

3.6 ppb Iridium
0.22 ppb Iridium

1 cm 0.83 ppb Iridium

Figure 1-2 A close-up view of the K/T boundary layer from the Clear Creek
North site, a few kilometers south of Trinidad, Colorado. In ascending order, the

boundary interval consists of (1) carbonaceous shale of Cretaceous age, (2) a layer
ohwhite clay about 1.5 centimeters thick called the K/T boundary clay buéssnuhe



Luis Alvarez with his son Walter




Table 3
Environmental Stresses Produced by Large Impacts,
Such As That at the K/T Boundary

Stress Induced Time Scale

Darkness (loss of photosynthesis) Months
Cold (impact winter) Months/years
Winds (500 km/hr plus) Hours

Tsunamis Hours/days

Greenhouse (H,O) Months

Greenhouse (CO,) 10,000-500,000 yrs
Fires Months

Pyrotoxins (poisons produced by fire) Years
Acid rain Years
Ozone layer destruction Decades
Volcanism triggered by impacts Millennia

Mutagens Millennia
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The real reason dinosaurs became extinct! (The far side, Gary Larson)



or hind feet.

Paleontologists assume that the claw belong
forefeet, since the forelimbs of this dinosaur we
thick and powerful compared to those of other
would therefore have been able to carry such a
addition, the great size of the Baryonyx would |
large claw difficult to wield if it had been locat

ani.

75 o = I'i.lL., 5

feature of Baryon;

which was long and narrow, rather like that of

jaws were armed with a great number of small,

twice as many as a theropod usually possessed.

bony crest on top of the head. The neck was n

that of other theropods, and could not have be
characteristic S-shaped curve.

The habits of this mysterious beast may be

e : these two distinctive features and some fish ren

found with the skeleton. It is possible that Bar

d Stenonikosaurus inequalis
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asteroid impact
supernova explosion

gamma ray burst
sun’s evolution to giant stage



350-400km 74 010]0] 4 !
150-190km -> phOtiC Z0Ne (2oom)
38 .

38 (12C/13C).
35



~ Humans

Flowering plants

L T
Dinosaurs and birds
Coal-forming deposits
Land plants and animals
Fish
Animals without backbones

Seaweed and protozoans

Complex phytoplankton
L Eukaryotes (cells with nucleus)
c 2F

Time before prese
f

Abundant cyanobacteria
and stromatolites

Oldest fossil cells
and stromatolites

Oldest carbon evidence for life

I~ Oldest rocks

[Figure 4.1]

The time of appearance of different

types of organisms in the terrestrial
- Formation of Earth geologic record.




EarLIEST FossiL EVIDENCE FOR LIFE oN EARTH

A 3.5 billion-year-old stromatolite and associated microfossil.

Many worlds
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VIKINng

1. Gas metabolism:

2. Labeled release:
C

3. Pyrolytic release:

4. Mass spectrometer:

. 1.-3. , 4.
1.-53.

. superoxide

(1976)

CO,

C lavel

(2000).

lavel
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(1996) episode

ALH84001
?

Inorganic

(nanobacteria?)
Cell wall, division, growth

play



Search for Past Life on Mars:
Possible Relic Biogenic Activity
in Martian Meteorite ALH84001

David S. McKay, Everett K. Gibson Jr.,
Kathie L. Thomas-Keprta, Hojatollah Vali,
Christopher S. Romanek, Simon J. Clemett,
Xavier D. F. Chillier, Claude R. Maechling, Richard N. Zare

Fresh fracture surfaces of the martian meteorite ALH84001 contain abundant polycyclic
aromatic hydrocarbons (PAHs). These fresh fracture surfaces also display carbonate
globules. Contamination studies suggest that the PAHs are indigenous to the meteorite.
High-resolution scanning and transmission electron microscopy study of surface tex-
tures and internal structures of selected carbonate globules show that the globules
contain fine-grained, secondary phases of single-domain magnetite and Fe-sulfides. The
carbonate globules are similar in texture and size to some terrestrial bacterially induced
carbonate precipitates. Although inorganic formation is possible, formation of the glob-
ules by biogenic processes could explain many of the observed features, including the
PAHs. The PAHSs, the carbonate globules, and their associated secondary mineral phas-
es and textures could thus be fossil remains of a past martian biota.
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Panspermia



s White Mars”.



Many scientists think Mars’s outburst flood channels like this were formed when water gushed out to the
surface, causing the ground to collapse.The water flowed hundreds of kilometers in rampaging floods. But the
collapse of carbon dioxide-saturated terrain could also create these features. Image courtesy of NASA/JPL.
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Fig. 6.1 Outflow channels near the highland volcano Hadriaca Patera. The close proximity of
the collapse features and the volcano (caldera at upper left of the image) suggests an origin by
volcano-ice interactions [e.g., 95]. From left to right: Dao Vallis, Niger Vallis, and Harmakhis
Vallis, each one more than | km deep and 8-40 km wide. MOC wide angle image, width
~800 km, centered at 40 ‘“3 270 °W, north toward left, illumination from lower lefi

NASA/JPL/Malin Space Astropiology
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Fig. 6.4 Lineated valley fill in fretted terrain at 34.4 °N, 302.0 °W. Detail of MOC image
46704, image height 5.5 km (resolution 13.2 m/pixel), illumination is from above

HNASA/JPL/Malin Space Science Systems).

Astroniology
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Fig. 6.6 Hundreds of /ayers of the same thickness characterize the interior of an old impact
crater in Arabia Terra. The repeated changes between single layers indicate repeated changes
in the depositional environments. A plausible process which may have formed these deposits 1s
sedimentation in a standing body of water. Image width is about 3 km (NASA/Malin Space .
Science Systems/RPIF/DLR). Astroblology




S 2me from cliff sides and crater walls. Many scientists think outbursts of liquid water from

liquid carbon dioxide could also be responsible. Images courtesy of NASA/Malin Space Science

JH
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This Viking Orbiter view of a heavily eroded region of Mars shows enormous

.ﬂf-’“”f channels, some a"r’r,'ur"rfng u'm’.‘*r","?nu' mfr-.wﬁu‘ larger than that rg_f'!!'u'

Amazon River. Photograph courtesy of NASA
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Fig. 6.5 Patterned ground on the floor of an impact crater in the northern plains of Mars. The
polygons might have formed by repeated freeze-thaw cycles of subsurface ice. MOC image
release MOC2-150 (NASA/JPL/Malin Space Science Systems). Astropiollele)y












Maior Events in History oF MARS AND EARTH

Warm & reducing Cold & oxidizing

C0*-N* atmosphere Loss of atmosphere Polar
= = > layered
- Canyon formation terrain

- Valley networks — — — ™

eriod of warm

pist conditions™ Outflow channels — — — N and C type
A ? meteorites

5 type
meteorites

| |

CO*-N* atmosphere 0°-N* atmosphere

Origins of life| Microbial life Higher life forms
— o e

Oldest : : Dinosaur
minerals Possible life extinction

l Direct evidence for life: First Animals
fossil algae & stomatolites

Rise of oxygen Multicellular Life

3.0 2.5 2.0 1.5

BILLIONS OF YEARS AGO

The period of moist surface conditions on Mars may have corresponded to the time
during which life originated on Earth. The similarities between the two planets at this
time raises the possibility of the origin of life on Mars.

Mz
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White Mars: A New Model for Mars’ Surface
and Atmosphere Based on CO,

Nick Hoffman

Department of Earth Sciences, La Trobe University, Bundoora, Victoria 3083, Australia

E-mail: n.hoffmani@ latrobe.edu.au

Received March 29, 1999; revised March 2, 2000

A new model is presented for the Amazonian outburst floods on
Mars. Rather than the working fluid being water, with the associ-
ated difficulties in achieving warm and wet conditions on Mars and
on collecting and removing the water before and after the floods,
instead this model suggests that CO, is the active agent in the
“floods.” The flow is not a conventional liquid flood but is instead
a gas-supported density flow akin to terrestrial volcanic pyroclas-
tic flows and surges and at cryogenic temperatures with support
from degassing of CO,-bearing ices. The flows are not sourced from
volcanic vents, but from the collapse of thick layered regolith con-
taining liquid CO; to form zones of chaotic terrain, as shown by

JH

of a “warm and wet” early Mars can be discarded in favor of a
more consistent cold ice world model. In this paper we develop
an explanation for the “flood” channels as cold and dry surface
density flows, supported by CO; vapor. The source of the vapor
1s liquid CO; and solid CO;-bearing ices from the regolith

SURFACE OBSERVATIONS

Mars’ surface displays a complex and extended geologic his-
tory with at least two major episodes of fluid erosion and/or
sedimentary transport: first in the Noachian when dendritic val-




Europan déja vu

tectonic ]
km

lcepick: Europan ocean explorer
project



Earth's Moon

Eurcpa
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Fig. 7.3 A portion of Conamara Chaos (at 40 m/pixel). Here we see rafts of older tectonic
terrain which have been slightly displaced in a lumpy frozen matrix, giving the appearance of a
site of melting of the crust followed by refreezing. Two examples of cracks with double ridges
have formed subsequently, providing examples of a widespread process by which tectonics
have obliterated chaotic terrain to various degrees.
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The Interior of Europa
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Titan

Prebiotic

ethane (C,Hy) methane-ice
(CH,)

O0K
Huygens Probe (2005.01.14 )



Titan

© Copyright 1998 by Calvin J. Hamilton




LEFT Artist's impressio
of Titan's surface,
showing the Huygens
probe entering the
atmosphere.
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Huygens probe
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Habitable zone

, Europa.
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Molar extinction
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Distribution of solar energy at the earth's surface
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Exotica

()

Silicon based.
Black cloud.
Neutron star life.

2001 Space Odyssey; Solaris; ...
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ET

? ?

? . SETI (Search for
ExtraTerrestrial Intelligence)

-> SETT (Technology)
Drake

If we insist in looking for life which is like
our own, why do we looking for ...

INTELLIGENT LIFE?

F. Giovannelli (1999)
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ET intelligence

Intelligence

Intelligence
|

Intelligent species ?

Stephen Jay Gould



ET civilization

80-90
!
Kardashev’s super-civilizations
, 10%0 erg/s
, 1033 erg/s

, 10%%erg/s
Nikolai Kardashev (1964)

Dyson sphere

IR

Freeman Dyson

JH
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Physical evolution
Chemical evolution
Biological evolution, genetic takeover

Cultural evolution, robotic (Al) takeover
Hans Moravec (1988)

?

“If we ever encounter extraterrestrial
Intelligence, they’re likely to be

machines, not creatures of flesh and
blood.”’ Steven J. Dick (2003)
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Terrestrial Planet Finder (NASA)
Imaging (10-15 )
Oxygen



RIGHT Comparison
between the spectral
signatures of Venus,
Earth and Mars. Earth
is the only one to show
the signal for oxygen
(as ozone).
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Terrestrial Planet Finder

= Four 3.5m diameter

= 7/5-1000m -baseline

= Resolution:
3micrometer at 1000m

= |aunch: 2010

= Duration: >5yr




Close encounters (Ufologists):

CE1l: 150m UFO
CEZ2: ,

CE3: , UFO
CEA4: , UFO

(CEDS):
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The Battle of Omdurman. “The maxims and infantry annihilated
them. Whole battalions vanished under the withering fire”
The Graphic. September 24, 1898.

“Exterrminate all the oJ(iiEey
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