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Recomb

O sputtering  Total loss

thru time

€

Present-day loss rate from 156-11 X 102508 B5 %1 ()22 5x 10% I 102

MVN (s2)

4.2 b.y. at present rate, H,0 3.6-25.2 m 0.2m 2.2m 0.14m

4.2 b.y. at present rate, CO, 6 mbar 68 mbar 4 mbar

CO, loss, extrap. from L1992 630 mbar 113 mbar 7 bar 7.7 bar

CO, loss, extrap. from C2013 525 mbar 227 mbar 42 mbar 0.79 bar

CO, loss, extrap. from L2017 460 mbar 0.46 bar
—

H,0 loss, extrap. from L1992 22.1m 3.6m 227 m < 253 m )

H,0 loss, extrap. from C2013 18.8 m 29m 1.4m 23 m

H,0 loss, extrap. from L2017 16 m 16 m

MAVENF—LELTKRER

[Jakosky et al., 2018]
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Loss Rate (s~ 1)

HEEEKOH L]

28x10% GIXIED o k¢ I EMIERIRE

1 EUV 3 EUV 10 EUV 20 EUV
HotoO > IR #940{E A0
CO+hv—>C+0 9.6 x 10? 1.1 x 10%3 1.4 x 10%4 3.9 x 1020
0f+e—>0+0 4.8x10% 1.9 x 10%6 3.4%x10% 1.1 x 10%6
COt+e—>C+0 6.6 x 1020 3.0x 1023 1.4 x 10%° 1.1 x 10%6
CO} +e—>CO+0 1.1 x10% 1.2x10% 9.8 x 1024 5.4 %1023
0f +C—->COt+0  47x10% 2.7 x 10%4 1.7 x 10% 2.3x10%4
Total 5.9 % 10%° 2.1 x10%
CO+hv—>0+C 9.3 x 10%4 5.1 x10%° 1.3x 10%6 6.3 x 10%°
COt+e—-0+C 1.0 x 10%3 5.0 x 1024 9.6 X 10%° 2.3x10%
COj+e—-0,+C  13x102%  12x102  81x102  93x10%
Total 9.5 x 10%4 5.6 X 10%° 23%x10% C 8.6><102§ >

[Amerstorfer et al., 2017]
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> EEf T IKERE by MACO

(4) Massive H escape from hydrogen-rich
atmosphere (to be in redox neutral)

CO, pressure

Episodically warm and wet
due to volcanism or impacts

(3) Massive H & C escapes
(Oxygen buildup (episodically))

(2) Massive C & O escapes
(P(CO,) depleted), including
impact erosion

3 Ga 1 Ga oday
(2’) Moderate C & O escapes (1) Moderate O & H escapes
(~< 1 bar of CO,in 1 Gyrs) (~ <20 mGEL of H,O in 3 Gyrs)
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