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Introduction. Radar images of Venus by the Magellan spacecraft have revealed a surface 
500 My old with widespread tectonic and volcanic features but no global plate tectonics. Thus 
different mechanisms of heat loss and crustal production on Venus and Earth are indicated. The 
apparently random distribution of impact craters and the large fraction of craters little modified 
since formation have led to two end-member hypotheses for the history of surface renewal: 
episodic global resurfacing by catastrophic events [I], and essentially steady equilibrium 
resurfacing [2]. In this study, we attempt to constrain the rate and episodicity of magrnatism and 
crustal production on Venus by modeling the history of degassing of aAr .  

In the absence of significant weathering and erosion on Venus, the principal mechanism of 
degassing of MAr, a radioactive decay product of 4 0 ~ ,  is partial melting of mantle material and 
transport of magma to the surface or to near-surface reservoirs. The 40Ar abundance in the 
present atmosphere is thus closely related to the history of magmatism and crustal production on 
Venus [3,4]. We have developed a new Ar degassing model from geologic observations in order 
to constrain the history of crustal foxmation and resurfacing on the planet. 

Ar Degassing Model. We solve for the transfer of K and Ar among mantle, crustal, and 
atmospheric reservoirs under the assumption that degassing and regassing coefficients of K and 
Ar are constant in time [5]. Because K and 40Ar in the mantle are released by partial melting of 
mantle material and are transported to the surface by magmatism, the degassing coefficients are 
governed by the crustal production process: the partition coefficients for K and 40Ar between 
solid and melt ( D ~  and @), the fractional de e of melting (F), and the rate of crustal 

4$" production. Regassing coefficients of K and Ar represent recycling of crustal material into the 
mantle and vary inversely with crustal residence time (TR). 

We model the history of crustal production on Venus as repeated cycles of two different 
processes: episodic catastrophic resurfacing by lithospheric recycling, and steady magmatism. 
In a catastrophic resurfacing event, old crust is assumed to be thoroughly recycled into the 
mantle by transferring K and 40Ar h m  the crust to the mantle. Accompanying recycling of old 
crust is the foxmation of an amount of new crust generated by partial melting of the mantle. K in 
the crust and MAr in the atmosphere increase in proportion to this new crustal mass as K and 
40Ar in the mantle decrease. After cessation of a catastrophic resurfacing event, steady 
magmatism is assumed to transfer K and 40Ar among the three reservoirs. Such magrnatism is 
assumed to take place at a constant flux, Qc. The importance of crustal recycling depends on the 
relative magnitudes of TR and the characteristic time interval between catastrophic events. 

Numerical Results. For a series of models parameterized by QC and the volume of crust 
produced during each catastrophic resurfacing event, VC, the absolute abundances of K and MAr 
in each reservoir are calculated so that the total amount of 4 0 ~ r  in the atmosphere, (40~r)A, 
matches the observed value (1.4 f 0.2 x 1016 kg). The K concentration in the bulk silicate Venus 
and in the crust then follows from the masses of crust and mantle (Figure 1). From the measured 
K/U ratios in surface materials, the K concentration in the bulk silicate Venus is estimated to be 
between 200 and 300 ppm (dashed lines in figure). The K concentration at the Venus surface is 
constrained to lie between 0.14 and 0.67% from Venera and Vega lander measurements (dashed- 
dot lines). Models satisfying both constraints are shown by the shaded area in Figure 1. 

A trade off between VC and QC is clearly shown in Figure 1, i.e., we cannot distinguish 
the episodic catastrophic resurfacing hypothesis and the steady magmatism hypothesis from 40Ar 
degassing alone. This is because the degassing of  MA^ depends principally on the total crustal 
volume produced over the history of the planet and is not sensitive to the manner in which the 
crust forms. Contours of total crust produced divided by surface area (hc!otal, solid lines in 
Figure 1) show that hCtoMt ranges from 70 to 120 km independent of the mode of crustal 
production. By the same reasoning, NAr degassing is insensitive to the assumed interval times, 
i.e., the inferred crustal volume formed during each catastrophic event scales as the interval time. 
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The amount of @ ~ r  degassed from the interior is, however, dependent on F. Acceptable 
values for hCmtd are shown in Figure 2 as a function of F. The acceptable results from Figure 1 
fall within the region surrounded by solid lines. Allowable models exist only if 0.03 c F < 0.22. 
Two important parameters that can change hCfotal are f ir  and (40~r)A. Experimental 
measurements show relatively high values of @" of 0.05 to 0.15 [6]. A high value of D~~ 
requires a large hCtotal to satisfy the observed (40~r)A. Therefore hdotal is highest when the 
maximum values are assumed for @ and (40~r)A (dashed lines in Figure 2), and lowest when 
the minimum values for those two parameters are assumed (dasheddot lines). Our numerical 
calculations constrain Wotal to be 30 to 190 km. 

Discussion. The total volume of crust produced on the Earth has been estimated to be at 
least -1011 km3 [7]. This value corresponds to a time-integrated thickness of -200 krn, which is 
nearly the same as our upper bound on hCtotd on Venus. Because a constant crustal production 
rate was assumed for this estimate and that rate was likely to have been higher in the past, we 
may conclude that the total amount of crust produced on Venus has been less than that on Earth. 
In previous studies of @ ~ r  degassin on Venus [3,4], the crustal production rate has been B estimated to be no more than 10 km yrl .  The difference from our bounds appears to arise from 
different choices of parameters, especially F and fir. 

Fe ley and Prinn [8] estimated the current rate of volcanism on Venus as between 0.4 and 5 11 km3 y r  on the basis of the rate of reaction of atmospheric S@ and surface carbonates. By 
subtracting this rate from the average rate of crustal production, the relative importance of 
catastrophic resurfacing and steady magmatism could, in principle, be evaluated. However, 
because our results and their estimates overlap and both involve large uncertainties, neither 
episodic catastrophic resurfacing nor steady magmatism can be excluded. Specific scenarios, 
however, can be tested. In particular, the model of Parmentier and Hess 191 for the thermal and 
chemical evolution of Venus that included the development of a depleted mantle residuum layer 
predicts an integrated crustal production more than 3 times greater than our upper bound. 
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Figure 2. Limits on hCtotd as a function of F. 
Figure 1. Contours of K concentration in The vertical axis on the right is the average crustal 
the bulk silicate planet (dashed lines) and production rate over the age of the planet. 
in the crust (dashed-dot lines), and Estimates of time-integrated crustal volume on 
contours of w t a l  (solid lines). The range Earth [7], other bounds on crustal production rates 
of allowable models is shown by the on Venus [3,4], and an estimate of present 
shaded area. volcanic flux [8] are also shown. 
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