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Abstract

For as long as the terrestrial planets (Mercury, Venus, Earth, Moon and Mars) were accreted from
planetesimals containing some carbonates and hydrous minerals, the majority of the materials
that form today’s terrestrial planet atmospheres and oceans should be inherent. An amount of H,0
that is roughly equivalent to today’s Earth oceans should be buried inside Venus, Earth and Mars
during the early stage of accretion. After accretion, the proto-atmospheres of Venus, Earth and
Mars likely consisted of more than 95% CO:; which are probably kept by both Venus and Mars till
today. The fate of the Earth, on the other hand, had been changed by the Moon-forming giant im-
pact. After the giant impact, the Earth gained its Moon and released most of its H,0 contents into
the CO; proto-atmosphere. At such temperature and pressure conditions, H,O0 and CO; would form
a supercritical H>0-CO- fluid which would later precipitate to yield the indigenous oceans when
Earth’s surface temperature cooled down to 450°C - 300°C. The hot indigenous ocean reacted with
feldspars, the most abundant surface minerals, to form carbonates, thus removing all CO; from
Earth’s proto-atmosphere eventually. The gravity force of Mars is too small to hold gaseous H;0 in
its atmosphere, but this does not necessarily imply that Mars’ interior or its surface materials do
not contain Hz0.
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RS R REL N R AR EFR—URT, 27 RE/DRAREER, BHEK, 2 TEKRK
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B HIR B B2 w] LA AT, 38 B SO R BT B — Bt BT DARE— SR R 75 4 £ B BN
TR R, F 1R AT B AR R (B I KANRBRE ) . AR SCAR A [LHEREMR B2 — <k 7
L AERONAT B KA — BB RN E SO SR 7 T REALBUAT BRI A (L 1)

3. BRYHHBMRFETIRWL

BN A BH Z 0 N AT 52 2 e AR [ AR YU (planetesimal )4 5 BT 4 I £ 2% (accreted) 1T SR B, SR )
HE & A D B IR E A (carbonates) A1 KA 4 (hydrous minerals) (i . 1X S84 4 7E Bk R 10 BT R B A
B4 (stony meteorites) & FTAE 2 A 11, i LXAE IR N 2+ 70 G 3 .

TEMUEY TR = R IWIAE, THUR VAR B 0 5] I ROZA IR KN, R@MERERE &N,
SRREEEKE KRG, MAIEGRG i E R AR R Sh P AN K ) ) o s T SRR
P25, FRATRE B IR SR e i Ik g it 100 (T8RS, iR CO,, I 700 AFHERT, SRR
JITH CO, [2] [3] [4]- AHRAUR, &K )t fedih Sk 200 AR B H H,0, i 600 fFHES
FeH T H,0 [5].

BK BH AR I AT B AL BT, 28 b AL AR B 2 SR R T B (03, ZE KA, il
PRVUR A TR B 5 R R 1R R 600~700 ATHEET, B I PN AT R AR N A U B AFAE B BRIR 3004
G K0 RAE XSS I 45 2, BORE IR E & 0.3 wt% H,0, ASIEH[6]1 M fhHE H, 4.
HERAN AT AL AR 2D H R 1M 2 T A H b ER R I (TR K B (~1.42 x 107 58). FHIE 1B

Table 1. Comparison of the lower bounds of the critical mass for various gas species with the mass of Mercury, Venus, Earth,
Moon and Mars and their respective atmospheric composition and surface pressure

=L ITERMZSRSES FHRIRFRESKE. €2, k. ARMAZESREN, HHWLEEITEMKKERTM

KEASE
ST LT E) Il 50 & (52 TR BT ()
A5 7.35 x 10%
KE 3.30 x 10%
(Oz+Na+H,+He = 1075 411)
CO; (44.01) 3.30 x 10%
Ar (39.95) 3.64 x 10%
0, (32.00) 454 x 10%
N (28.01) 5.19 x 10%
CO (28.01) 5.19 x 10%
KE 6.419 x 10%°
(CO, + N, + Ar=8 x 107 1)
H,0 (18.02) 8.06 x 10%
He (4.00) 3.63 x 107
&R 4.869 x 107
(CO, + N, = 93 #1)
HER 5.976 x 107
(N2 + Oz + H0 + Ar= 1.013 #)
H, (2.02) 7.19 x 107

TRAHBIRZERT, DT 1B A, KERERI CO#IKT 95%.
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Figure 1. Imaginary internal structure of Venus, Earth and Mars during and right after
accretion. Ry is the radius at which the impact pressure reached about 600~700 kbar,
and complete decarbonation and/or dehydration of the infalling planetesimals and the
surface of the growing planets occurred. The mass inside R; is My, in which both CO,
and H,O were buried as carbonates and hydrous minerals, respectively. The buried
mass of H,O was estimated to be 1.42 x 10% g. Beyond R; released CO, and H,O due
to impact escaped to the outer space. R, is the radius beyond which the contents of
CO, of the growing planets are frozen and the mass (M; + M,) is greater than 3.30 x
10% g (M, is the mass retained between R; and Ry). CO, is the first gas species in the
proto-atmospheres and was derived from mass Ms. In order to keep gaseous H,O in
the proto-atmosphere, (M; + M,) must be greater than 8.06 x 10°® g. The mass of
Mars is 6.419 x 10% g. So, it is not possible for Mars to have H,O in its atmosphere.
Both R; and R, are gas species dependent and R, is somewhat inversely proportional
to the molecular weight of gas species. For Mars, R, should be smaller than 3395 km
for both CO, and N, and greater than 3395 km for H,0.

B 1 BREHNEE. HIKMAERKERE, SEFRINENHFEENER,
AEIT. R W EMBELY TREESRESIAE 600~700 {FAEEHE, R,3:E
AE2RERN M, M REEB AL 1.4 x 10 589 H,0. BKEIRBT R, BIEHE,
TEREMES FRMERSH CO, 1 H,0 SRR Sk, BHE Y CO, Fn
H,O0 X&HRiREISNEFE R, MAR—ETIEN. FITERNERKKEI R, ™
T2 M, + M IR REE AT 3.30 x 10% smaiRHE, ESMERY CO, AWK
EFH’\JFIEHRS%EE%EH"JJE#EK’ELO ITEXREKKIBE R, F, FHEINRINSE

BRENSES T B H,0 SESTF, M+ M, AT 8.06 x 10° 5,
)\EE'JL RER 6.419 x 10° 5%, Fill H0 BRAATEERAXNEXRSHAN. B2,
R 1 R, X/NESHEARTTR, M R, AN ABESHSFERRE, &
BRSNS EMIRKE Mz. JTANEMS, B CO,H Ny B R, EZE0/F 3395
2B, ME H0 B R,EFREKXRTF 3395 A E,

AT BRI R UL, Ry (42 A 2 3R i B o 1 7714 %)) 600~700 FFHLIKIH%, Ry 42 PR
SR HERFIKERIBEN My, 1 My B E K2 1.42 x 107 i H,0. WS /K 2R A et R4 d 2k
ALLF P o R AR 1 A (1, BT EE R IE B Ry AR RIS, 1 P9t B 5 B R b 0 R0 /KA 0
R, BAVEHIESULE], HRMRARRRIX AR,

4. FRITEXRSHEK

I T 50 21 s K A Rl B2 7 o AR ELAE 5 6 s B i 600~700 AFAEINS ,  BRFR B 40 ) CO, R & /KA 1)
) HO AR iR, (E R o AT I (0 5 s 2R 1 51 7 AR K BRI ZS H) CO, A
HoO (B My it/ T3 1 v 3.30 x 10%° Se (I ST &), T LAEIX — B I A, S e Sl 22 T 2R 31 4b
R L, i HRAKEE T

WAT B kg 2 RS R, AR ) B SRR A 1 My + M) B, K
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TR T BRI K S (proto-atmosphere), FTLAAS R aBEAKEKFH S ZILTHHI CO, KM IZZ
B8 T EMNREE RS AEH[T]E KN T & B KR Z [0 I HER R U6 KSR %A 4 2 KR —
FibERREES KR, S RIMERNZEA KT H S 2 /HTH Co, KA.

TEIGR CO, 2 5, WATRIEEE SR IIE, BT MKIRIGERE (AN F(02) Z(N) BN
KAM—ROLE 1), ESMEGRIPNZD, SRR HESARIFMN 2 RE 1. #5047 BIERF K
A&, EATRE] F73t e K BHE LR 1 KD T (H0) RO KA — R K83 1 IG5, AT
B SR REEDEKT 8.06 x 10° 5w A A Al EMGR A K S To KEMBRE R 6.419 x 107 7, Frll k2
MRk B R 5] I RENGR B K S TRAT KRN — 5. R0, KEE 1 MhE, BRTE&E
FhERAh, KPR ENTECKE. HRRKR) KA TR AR E TSRS PRI RS g
R . EX RGBS KR . AR R AR K, REAE AT P B AR T REAEE 5K
A O0 - — 5 HRER) .

PUCETD G I 8R T, & B BRI A RSO B AKNAZ 1, T KR 3R T X B Ak 7 8 2638 /K38 it )
JRIZE[8], AL S E K A H B (NASA) T 2008 Al 2015 £E7F K 2 THI I 8 B /K (B % A2 UK IE) 1!

RS IEZ AT, BAVEEEE L h &R KRR, £ CO2ZJE, N &b REE 21, Ik
AR R R R R R D TEAK B 2 TR B e R R, JE T A RO I R K B E D
Hit 5.19 x 10%° w2 JE (£ 1), #IERBNEIE KM — . ASCETRNAT B IE S A R A a6
ARG, FTLA, HhERJRAG KA CO, 78 I R 2 B ot R o 4 2R R NI I (VRS 0L 1) S
HER A RS B R B2 AR LR N, 17, 1% 54 H RS AR 5

5. MEkiEgIFRIRIE

BLRRE G BRI KR 7 J& ) R, BATT B SR R MR ) 2 0 ) SR f . #iR 4% Hofmeister [9]F1 Abe and
Matsui [101%5 ARIWFFT, HEREZR MK B R LPAE 40%M5 00 R, O 1 o i B s A= i 3R ik 2 DAAE
Hb IR T ) SRR o A AR B A R T o R r ) M BR 2R T IX AN 23 9 i (magma ocean) B R AT, TEIX 2
Ja A T AT A R AR, TSR S B NS S K T . WK T, KH0)TEA K i
FRIE AR /NG, (EBERE T8N, VAR SR PNk . ARYE VR 2 s I SRR i 45 R, AR SR (111940
RIAEL) 3 AFHIIE IR, KIESFIRERR = K RIS 6 W%, 1 HFEE 738 e 238K, Co,
TE 45 PR ER 25 2 T IRV M FE AR /NI, (HS H,O AR, CO, IRV AR BE 5048 Bl 77 1 8 KT e g

WAl ETRIWR, FRATAT LAY, EHIERACK IS R, URUR B SRR, TR SR SR S
BRI, HURIEDRBUE R HO0 S NG K, BRI CO, 2B NG KA. S5 HhIRAK i 2>
BRAKAT I, RIS, HERE R CO, KRN, M4 KE 31 H,0 £ AE N A K,
X8 H,0 A4S g i A J5 A4 Be kiR kN CO, KA [7].

ERARIK BERE TRV IR R A2 BT X HUBR TR MK, (EILL5 ARG RBZ RS HE S EMKER), FAE
TR COR T HBR AR 400%. andbiicR, BATH RS B IURTKIT EMUERL T . Lkl %
BUTE, 4R ANRA BRI LLHER 51 2 (20 KT3I 400 BELL RIE), BT DAG: B4R PTRE 2 — 0
RIEEFEIATE, SR HO HOE AL BB E H R [12].

ACHLER UG ) COp KA N B WL 2 B f Bk Eb 4 52 ] BB 3E L 58 A [F4k , FHAE KER 4 4 2% i P 1)
HoO 1818 53 CO, 1R, IR RHERI K SRS H M M2 1) CO, AR, FUNTER & AFA K
FIFEBL R, HO Fl CO, 2 58 A EANE MR [7]. Aid, HER iz e SRR T &2 MR, &
THIERIBCE JIHE, HER AR S A A, I T — B0 T4 R AR RN E RS, X2 ATl
()« H KT [13] [14]. BRI KD T, MERAMEZRE T e AR, BIEKEMOIEER NS K
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PRI [E A S ) H,0 A Sk N R CO, KA . ASUEH 718 AR sl & E T H0
A CO FER I EAE I, EATE Jo4h & Bl I (1) H,0-CO, it it 3 B2 v A1 B X 450~300
FEZ IS, I 5t HoO-CO, it A 2 it SR MK P R T IS ER SR 46 e, T AR 6 i e AR 2 v TR, A
IR AT IR 7 HO-COL MBFEIR T, & & COp AU KR PRALRE MR 1 i 22 AT B WAL 22 S N
I AR R SR AT AN 5 KB A (O3 WD R 2 MO R B8 B R) AR IR - [ CO, AWt A Il
FHK) HoO-CO, MG FEIR N AE 2K, O T ARFETA,  JRAA K B CO, LS AN s NI, X FEJR 61 CO,
RAWFARPIE RIAT, A LA H0 BIERAH HO I, &R HO 73 T AW /3 i il S A
2o MaHESRARSNZ AL IR FU L FRAE, ARSI GERAT B0 53 KR 5 2 M
KERMHTIN, NAZA K IVEHERR TR 2 2 K BRIR S )4 X!

A RR SOV B 224 [15] [16]E5K, PR e ERBAC St oM = 2 8] (A I 55 B it ol HER T 22 F
AP 2 SR AR M 150 175 R D T < 2 W K AN A O 210 R R K 3L 26 7 T8 B2 25 TR 1% 98 K AR R 4 e ot ot
WA, AT AR R CO, MOR A ATAR?A SR I IR A2 — Al B AT JEE M 4 (1 5K 2448,
A /NBITHBERKIK, A AT RER B IX L E T ER A

6. K2, KEMAXHIK

R RIATIEA K BRI TF JE ) AR AR AR 1 BOHESR B, ASCiE 1] [12] % Ctid K
EUASE /NIRRT S BRAEN, BT EVEATR 51 J#8AS 2 AITUE T3S H0 70 T O BT —
o L, KEMH KRR/ NBES TR KK CO 0 T TFIMER (W4 1), Xald/KERIR
AL 107 AR AT IAE, X PRI UE T4 R 2 5000 5 B AR A B O IE LA, BT RUK A 52 I8
KARKHE . 28R, BATARUENEN B AT H0 80 CO,, MIELFA, EAIEN R 28 5 A IR ER
W PRSP

M NN KK, MR kL. Bl BBk 0%, X el LB b 2R, A
FEUEW] KRR K, T HARA AT B 25087 AR 1 KB K BRI | AR it id[6], k2
FE K IR AT B T 1 AH 24 T4 R M R AR T R (¥ /K B (~1.4 % 107 57).

KR AT B r R K B B 02 P (Ll A e v 1Y), FL G T AR T~ AR /N T VR 2, BT BA KR B
PN NRUNG b AR A I VAT A e ot of i A KR A N AR R 350 N T 7/ D R s PO VA
LRI SR N A BB Hz AR AS /K5 Hi (degassing) R T, W1 K B R MIULET 28874 11 . KA1
HO 70 TR R BIAMNZ 2 () 2, SO Bt UK TR E G E, A RS . KR40 A kA2
(f)0.53, FFATEERL MK, HAEA B 2R (R ELMER 11%01iEKE 1.5 x 107 SOt ferE k2
REERE AT 1000 22 REEAEFERED) . HO KRR GIIRARZIIAERE H0 271, HKRA,
FTA 3R H0 # 2 RI6 .

KEAK, IEEFEW 7KK SEERN . KERKIRA ARG KB A, B HETER
T JORTRI, BUOMMES BRep KA 7 kR 5 8 2 U H0 701, TR 51 XAAMEE
11, A& H0 7 R BE & BIANZ 2 8 % o AR JCRRIKR SRR, RIS B K2 2 A
R HLER AR 7K T 2 H T R AE ay  BRTRA o

7. &g

ORGSR, AT A K B IE R 7> TR COp A T HRTCIE IR UM E IR
FrBL, KRS EREA KA. @2 ERNCER IR KA B R T B 2 L+ Co 4k, <
EMKEESPRE T ENRG R, MHEREyiE A RS S 7Tefais. K n M ek
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TS, RiEd i ERAR A K7 9 HO SALE NG CO, KA & G I 5 ) H,0-CO, ik, it
PIE MR R v 2 B 5% R 450~300 J32 2 8] W 4 Bk SEAK M R TR R AR HEVE o il i 7Y H,0-CO, 7
IR 5 R R 2 B A Y P AR SR AN S R B 2. b ER 546 KU ) COL # 2B H g N
W IE BRI ER 0, TARZ BA HoO (RS HoO FIEVE . & /RS Ho0 73 T AW /3 it il S A
2o MJEHZRRBINERER L. KERBEM G J7 8T BITGER CO,y Ar Al N, SRS E IR,
BRI AIGRZS H O 20 T O E RN — 51, (HKEARNRIRZ W 285 A Kk H,0 ).
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