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“HE(' \K%wlﬁalﬁyaZ” (Sagan & Mullen, 1972)
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The Faint Young Sun Paradox
Temperature Solar Luminosity
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Present Va
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Actual temperature of Earth
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-500C [ 7005
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Life Begins First Present Day
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Cell

Even though the Sun was about 30% dimmer than it is now,
the temperature on Earth has been more or less stable.
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e >1 ppm NH, 996) )
(Sagan & Mullen, 1972; Sagan & Chyba, 1997) '
x BIEICHEERMLTLED, GEAGUVI—ILEDZNGE)

e >30% CO,

(Owen et al., 1979; Walker et al., 1981; Kasting, 1993)
X IREEIE DRI : TN IFEFCO, TELV<1% (Rye et al., 1981)
x =CO, K& (BR1EBY) (EIMIFDREFIZEH BN

e >1000 ppm CH, + CO,

(Pavlov et al., 2000; Kasting & Catling, 2003)
A CH,ERE&(CH,/CO>1)RIEKBREYT M TEERILE
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“Urey Cycle” / “Walker Mechanism”

mEEFSEERESCO,BLSEEMNRBSEETRE

CO; emission and consumption are kept heri
in rough balance by a negative feedback 2 (weathering) .
resulting from the temperature-depend- Coz + CaSIO3 4_’ CaCO3 + Sloz
ence of silicate weathering. The feedback .

operates on a million-year time scale. (metamorphism)

‘ O Walker et al. (1981) Jour. Geophys. Res., 86, 9776.
CO; sources (emissions)

’ €O, sinks
- 20% organic matter

- 80% carbonate Rain scrubs CO,
from atmosphere

volcanic ,, arc

H2CO; reacts with silicate rocks
producing cations and bicarbonate "',

marine organisms precipitate CaC0; and Si0,

\/

backarc
basin

forearc
basin

seawater

accretionary
prism

continental

platform oceanic crust continental crust

Harold Urey

mantle lithosphere

Urey HC (1952) The Planets: Their Origin and Development. Yale Univ. Press, New haven, 242pp
Walker JCG, Hays PB & Kasting JF (1981) A negative feedback mechanism for the long-term stabilization
of Earth’ s surface temperature. JGR 86. 9776-9782
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* Syncytial ciliate hypothesis '

with multiple nuclei

WEHR oo=—— {Kix
* Colonial flagellate hypothesis

— Ancestor is colonial flagellate like Volvox

* Polyphyletic hypothesis £ >\
— There may be multiple ancestors <& e

From Lecture note by Dr. Stephen Sumithran @Eastern Kentucky Univ.
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water flow
archaeocytes Ty SR g
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pinacocyte

nucleus

X spicules

ZHREICHELESR

for colonial system

§ 9

SN nucleus of
SN $‘ choanocyte

/ ) collar

for integrated system

* Immune system (AR DIGIE)
* Apoptotic system (HiRA%E)

UrmetazoanlX3D#HF>TL V=5 GEIGF R EEHT)
Miiller, 2003

The Origin of Metazoan Complexity: Porifera as Integrated Animals
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Types of sponge structure

Water Canal System

Osculum i /Osculum

Spicule~_

Pinacocyte ]ﬂ Osculum—\}' \ Radial canal 7 &\/}/Eﬁ:geﬁ?attecgnal
, ¥ L . / . .0'-'\.

(s(;:::r:—\;cyte ;g > \_ k;ﬁ‘ /ncur|rent 7 (’-\/chamber
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8tz |
\ 9}% Prosopyle 4

"f—;. »7L ostium
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’ A \E Ostium
- - .\
1 &
Ly 3
P y X 4 :
Asconoid Syconoid Leuconoid

(Leucosolenia) (Sycon) (Euspongia)
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KA

K60 PR 1.524 AU 0.723 AU
o 3400 km 6400 km 6100 km
T ILARR 0.3 0.3 0.65

Z3 L 220°K ( ) 288°K ( 737°K (

F <L bar bar bar

KRR N, :78.0
c 2.7 N, : 35
1.6 Ar : 093 SO, : 0.015
0.13 H,0,: ~ 0.4 Ar : 0.007
0.03 CO, : 0.038 H,0: 0.002
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HRBEEEZONDS, TOEAZHAT K, F-. UM ZED IO TR ELGIATE
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2-1)F T KERK[DHRGECO, THEHEEZEZ D, CNITKENDDERINMENBEINDE
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R1) CO,+hv—CO+0O Ji

R2) O+0O+M—0,+M Kk,

R3) O,+hv = 0+0 J3
CDEEERDF0,ECO0,DMBEMDL[0,)/[CO)ERD L, =L, LBLV LEER
SDREFEHET D, £1-C0, EEIXIFEALERLE =0 R3O REHREHIRIDFHE
BEELLER T HEEBATEDITEENELTELLY,
2-2)RETEH. KIETSHALZERTISVIREREITKRTF T DO EICK>TRLG LN,
RICKEDZEL10kmT), =1X101, k,=3x1032, J,=2X100THHEL. B KEKZE
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