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VENUS® OUTGASSING MODEL BASED ON ARGOM ISOTOPIC DATA Volkov V.P.,Frenkel M.Ya. Vernadsky Imstitute of
Geochemistry and Analytical Chemistry,Moscow,USSR. The history of terrestrial atmosphere formation is
investigated using the noble gas abundance in the atmosphere,crust and mamtle [1,2,3]. Unfortunately in
respect of Vemus the only reliably determined isotopic ratio of noble gases in its atmosphers is
perhaps 40Ar/36Ar=1.2 (Cf. with 300 in the terrestrial atamosphere).Radiogenic 40Ar inventories are
estimated as about 1.4B+19 g whereas the nonradiogenic 36Ar as 1.2B+19g [4]. 40Ar inventories on Verus
are by a factor of 5 lower in relation to the terrestrial value, but 36Ar is by a factor of 60 more
abundant. Already in (5] it was snggested that within the firat billion years of Venus® history almost
all 40Ar from the crust and mantle was ountgassed. This assumption was supported by the geologists
[6,7].In [B] tae outgas-sed fraction of Venus'mantle was estimated using the mass ratio of 40Ar in the
atmosphere and 40K in the mantle(potassium content was taken as 320 ppm similar to the terrestrial
value).Outgassed fraction vas estimated as 8.5% or 28%,the former value correspom-ding to the egnality
of the mantle masses while the latter correcponding to the equality of mantle volumes of both planmets.
The third scenmario included the Venus’crust as the sole reservoir of 40Ar with the potassium content of
1.16%. Here the crustal thickness was predicted in the range of few kilometers. We made an atteapt %o
use the terrestrial outgassing models based on the simple three-reservoir simmlation imvolving
nass-transfer coefficients of 40K, 40Ar, 26Ar[1]. The following imitial data were used: total 40Ar
outgasging rate constant alpha = 0.01E-9 yearR-1 (mantle - atmocphere); 40Ar outgassing rate comstant
beta = 0.37E-9 yearE-1 (crust-atmosphere); crust and mantle masses as well as 40E/f total and
(40Ar/36Ar) initial in mantle were taken as similar to [1]; Ar inventories in Venus® atmosphere were
taken from [4]. The following comstraints were wused: 80 ppm . < I mantle < 400 ppa, 40Ar/36Ar
sant12>15.000.The resultz are presented on Fig 1,2.The unknown parameters are as following: F-outgassad
fraction of primary mantle; td - outgassed time;gamma-tramsportation rate of potassium from the mantle
to the crust. Besides 40Ar ata /40K init , 40Ar/ 36Ar in mantle, 40K mantle, 40K init we=e
caleulated.According to [1] one more constraint in the X-Ar system is to be taken inte account:gamma is
much more than alpha.It is evident that thie conmetraint in relation to Venus could be satisfied only at
potassium coatent in the crust to be lower than 1¥ i.e. the terrestrial potassium conmtent in
Venza” crest could not be inm comsistency with  40Ar/36Ar in mantle constraint.The maxisal value of
40Ar/36Ar in pantle corresponding to 99% of outgassed fraction of aantle was found to he of one order
of magnitude lower in relation to similar terrestrial valzes. In order to obtain the “terrestrial-
like" relations we assumed the potassimm content in Venus’crust as 0.1% (tholeiitic basalts of Vega 2)
as well as the 36ir content was taken equal io the terrestrial value. The latter assumption means that
the hypothesis of initial similarity of argon inventories in proto-Vemus and proto-Earth was
accepted.The external sources of 36Ar are in agreesment with this approach [9,10]. Fig.2 indicates to a
conclusion on the high outgassed fraction value (F>93%) providing the =zentioned above constraints on
40X mantle and 40Ar/36Ar in mantle. [Hence the total 40Ar inventory should be outgassed +to
Venus“atmosphece during the first 0.5 b.y. The preliminary estimates indicate that the inmerease of
40Ar outgassing rate constant up to alpha=0.053 correspondizg to the "slow outgassing” im [1] would
result in abropt increase of outgassing time up to 1.2 b.y. In accord with [1!] this alpha-value could
be corresponded omly with the  terrestrial estimate of voleamic material volume per year
(“10knE+3yearS-1). This high intensivity of voleanic processes cn Venus is not supported by geological
considerations. May be the successful termimation of the Magellan amission would obtain some pew
inforpation on the problem in questicn. To day we are able to sake a careful conclusion:the Venus'ecrust
should be markedly depleted in potassium in relation to the Earth providing the equality of the crust
and mantle 3asses of both planets.If so the nonradiogenic argon enrichment of Vemus® atmosphere is cdue
to the external factors (solar wind, impact) on the pregeological stage of Venus” history. BReferences
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