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Origin of the Atmosphere

> PV found that Venus” noble gases do not
follow the pattern found for Earth, Mars,
and meteorites.

> Non-radiegenic Ne; and Ar are; greatly.
enhanced.

> BoethrNe and N iRl Earth's atmesphere
aire heavy, Indicating fifactionating less
AL ChE past:.

> XENSetopPES Nt Earthys atmoSpPhEre ale
alserstreonagly mass firactionated:




Xe Comparison

> Radiogenic Xe is
~— U-Xe|Pepin, 1992] depleted on
t}ﬂ CI chondrites Earth.
;\ > Measurements of
' Xe Isotopes on

ﬁj? éf f Venusi willitell"us
' \ \ i the atmosphere
ian xenon from the GPMS IS Iargely;, firem

CI, soelar, or U-
Xe.

> AIAus), We can
0)o)ez]]p]
IRFermatien en
WhHEthER VEnus
atimoesphere
experienced
Massive escape In
the past.
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Moist Runaway greenhouse

> Warm oceans persisted for a few 100
My while the atmosphere had > 105
H50r and hydrodynamic escape.

> Wihen atmoespheric H5O became lew
enough), D/H N ractionation; began:
Carpbenation of the surface.

» As Venus lost its surface water,
CalfbonEatES dECOMPBSEd analVelcanism
FEtURNEC MESEHGIF tHENCO5 torthe
aCIGSPRERE:




Longevity of an Early Venus Ocean

Kasting (1988) in many ways optimized to get rid of ocean quickly:

> Calculations produce upper limit on surface temperatures (and
therefore upper limit on escape fluxes, and lower limit on
lifetime of ocean).

Clouds excludedNo cloud feedback which, qualitatively, is
expected to stabilize surface temperatures with rising solar flux,
and therefore extend the lifetime of the moist greenhouse.

Preliminary new results suggest that the oceans of Venus may
have persisted for = 2 Gy.




Theoretical Sensitivity of Atmosphere

> Venus” thermal opacity due primarily to

o)
> S

ressure breadened CO5 bands.
mall amounts of H50 and SO; help fill

the gaps in the CO5 absorption.
> However, H5Orand SO areralser the

C
C

jemical precursers of Venus: bright
eUdS;

>
S

JErenore; smeallfchanges infiEEOrane
O maV IRclcENarder ClianEesiing

SUlficcE tEMPERAtUIRE:




Atmospheric Composition

Venus Model Atmosphere Mixing Ratios

co2
h2o0
so2
co

hdo
ocs

\J h2s
B, hcl
k \;Z

20

—~
X

~
()
O
)
by
=
<

0 i | | | | | | | | |
10710 1078 1078 1074 1072 10°
Number Mixing Ratios




Net Exchange Rate Calculations of
Eymet et al.
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Lower Cloud Variability
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Venus Thermostats |
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Climate
Evolution

Venus Climate Model
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Venus Greenhouse
Sensitivity Studies

Source Deleted Change in Surface
Temperature
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Temperature changes due to H,O
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Cloud changes due to H,O
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Planetary Albedo Changes due to H,O
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Surface Changes due to H,O
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Venus Thermostats ||
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Geologic Sulfur Cycle

2H.S + 30, & 2H,0 + 2SO0,
2COS + 30, & 2CO, + 2SO0,

FeS, + 2H,0 = SO, + 1/20, + CaCO5; =>
FeO + 2H,S + 1/20, CaS0O, + CO,

FeS, + 2CO, =2 2CaS0O, + FeO + 2CO, =>
FeO + 2COS + 1/20, FeS, + 2CaC0O5 + 7/20,




Sulfur Gas Reactions with Surface

~ Fegley and Prinn (1989) showed that SO,
reacts vigorously with carbonates under
\/enus conditions.

~ Currently, SO5 is 100X more apbundant in
\/enus atmoesphere tham it would be; I it
WEre in equilipritim: (caveat: Vedga).

> Climate models shiew: that this excess

atmesphere should react wWithrthie stifiace
I ~S0NVIVAand the clotidsrwoelldrdisappeals:

> SO mEasUFEmERtSHIRFthENOWESTH SEale
HEIght arer extremelN Iimpoertani!




Temperature-Dependent
Geochronometers

> Most amphiboles and micas are not
thermodynamically stable on Venus
(Zolotov: et al. 1997).

> However, tremplite is metastable,
decaying over timescale off ~id By,
(Jehnsen and Fealey: 20000

> [Large; temperatulre diffiereEnce DELWEER
Righlgndst aneaslowlanas el VERUSH MIEARNS
thiat diifferential adecay: eifamphipeles will
QCCUI.




Differential Tremolite Abundance

Rate Law for Decomposition Adiabatic Atmospheric Lapse Rate

T(z)=T,-TIz

Rate of Change of Concentration

dX (Z,t) T(az)

=—Ae

dt




Surface Age Determination

Integrate

T

a

X(z2,t)= X (z)— Ae "t

Average Age

X(zz,t*)— X(zl,t*)
(T a

e Tg -I'z, _ g
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Conclusions

Accurate (ppb) measurements of Ne, Ar, Kr, Xe,
and N atmoespheric isotopes are crucial for
understanding the early evolution off Venus”
atmosphere.

TTheoretically, It is easy: to perturh Venus
atMESPhEric and Sulface temperatures.

EXIstence: of clouds today Implies voelcanism
active inl the! last 30! My.

SO5 mEeasuUrements i the IoWesk scalerelght alre
O UtMOSt IMPortance, as are suliate, Fe, ana
calfbonatemineralogys:

IRrsitUrminEraleay, et hvdirated minerals may
preVvideNmportant clties tor the age ol surface
URICS and/ e teEmpPEratlrerchianges:.




