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Premise Concept Explanation
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Figure 3.5 Diagram illustrating the carbonate-silicate cycle.

CaSiOzs) + COz(g) = CaCO3(5) + SiOy(s)



Premise Concept Explanation
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Q. How many steady-state solutions are there ?

Dynamic equilibrium & Earth’s habitability

Q. Are those steady state solutions stable?
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dx

Systems with strong nonlinearities dar Solution multiplicity
often have multiple solutions with the 4
same boundary conditions.
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* Early theoretical work can be found in
oceanography in the 1960s. It was
also recognized in climatology and
ecology by the late 1960s.

v" Dynamic equilibrium is at the heart for considering the regulation mechanism of the
Earth system.

v Understanding what dependencies exist in the interactions (i.e., functional relationship
of energy flow and material cycles) is critical.




Premise Concept Explanation
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Introduction
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BRIBIA IEE (VISR XL AT, W (Graham & Pierrehumbert, 2020)
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K-REBRRIGSHINSIEFEMR (Abbot et al., 2018)
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Different Solar Type
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Different Solar Type

e
Mi’l’EE M-type star — AD Leonis

R E ST 350
e REENERS -
KRR

Seff (S/SEarth)

Co,
supersaturation

R e it
NWBROION®OO=

250

350
300

250

ezl ERRED

350

Surface temperature, Tgurs (K)

300

250

1 3 10 30 70

COy, partial pressure, pCO, (bar)
B 5: AD Leonis (M3.5V 12 2) KL T &y LT EMEE4E, B RX@EA Tsurf (W4h) 5 C02 4 )% pC02 (Hi4h) AAX,



Temperature

*?COZ'EHZO*E@H(_]'E?]"EQ oK K DK MDK DK ZOK  JPK  FK  AOK 4K SOK  SPK DK EDK K TRK

100GPa =I1As o '§H o c o 2 = A Mbsar
{[£F282.91KRICO2= R K SRR B il El ;B eiErR ... ki R0
XL N
BTKE M (282.9K) {KFFCO2=%Hm (304.5K vl 3 : e boint
%gg;ﬁ%lﬁzﬁomél proe ) BT FEAR ) KiHE  Solid Liquid e
—f%: CO2ZHEKE.L - .
155%: CO2nJ/E4gtEsg, AJREHRII/KER :

(EBFHNKESTNEIE) o
SRAIS SR SRR

W kPar

1kPa

AJHEFE "SEER" SUEF

CO,8

10 Pa

- —f &
Freezing poingat 1 atm
2731547 101,325 kPa

! supercritical
fluid

'Boiling point at 1 atm
| 373.15 K, 101.325 kPa

Solid/Liquid/Gas triple point
273.16 K, 611.657 Pa

Gas

formed at

mC JON S

Fig. 5. Overflow of liquid CO, from the 4-liter
beaker onto the sea floor at a 3650-m depth. A
mass of transparent hydrate (CO,-5.75H,0),

the upper interface, sank to the

bottom of the beaker and pushed out the re-
maining liquid CO,. Ejected liquid CO, was
highly mobile and did not appear to penetrate,
or interact with, the sediments.

Brewer et al 1999



YFHErpEiBRYIYie

2% B AN BIERIE NN EEREE

2ZBarCO2ENE=MEIINEARET, PRHIERAL

CO2EBpaleelt: SELEML_EK
YRS P CO2 RS —BRIREL1IEER
5]: 6Bar CO2%0288K _;ra12|§l:|31§J7f_ Zl)1 %
FLRSEEGF ] OB — RIS NIX o Eis SAER SRS

\ hy \h v \h v S
Products r
P OH |
!EJ 0y Hi0) e | 0&’\ \‘3‘\\ Q
9H - & |
9) 0, C,0; (D,,) CO,CC; (C)

(_;u oxygenatom (@ carbon atom



Conclusion

CO2ESRFRIMFIESEEEmMNMZ FRHEEER, SEIRAIRS TG +EEERETERVEIBHABERSE
FEEERY CO2 KT, InAlaaTRYSAIRN S I T XASSISR -

TEERREN XL (E CO2 FKFAEFERYRKFRISIRAE

2.CO2 AR EN, i CO2 REHERMERBEAVKF, NiEREAE CO2 #45

RENGTEST: KERSSEENEEMNTEREER, CO2RRSRREREE, 51RCO2 LEFIIELEIRSER

Stellar Mobile lid
irradiation

tectonics

Earth-like

High
irradiation

Stagnant lid —ay G
tectonics 2 A

CO, recycling
e ——

Ocean
cycling

ooooo

Intermediate
irradiation

Mobile + stagnant
lid tectonics

Low COZ-HZO

irradiati
irradiation oceans

B 6: AL FATIRITO AERSTER,
BASRAEAT, A& AE S M 61T 2 TR A e A 69 UIEIRA, A H20 i Foda st B8 60 K LR
IMANFHRH T, THRALRZ C02 K LAk C02 %4, HREAIRS CO2 LA ikE H20 t9isiE,
FEP S NGR4T, RACVE B4R B5694T 2 T AL & 4L C02-H20 & R AA{XA H20 B RAZ M R A MR,



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

