
1 2 6 6  LPSC XXI 

IMPLICATIONS OF CRUSTAL FORMATION ON MARS FROM 
PARAMETERIZED CONVECTION CALCULATIONS, D.L. Turcotte and J. 
Huang, Department of Geological Sciences, Cornell University, Ithaca, 
NY 14853 

In order to better understand the evolution of Mars we have 
carried out a series of parameterized convection calculations (1). An 
important aspect of our analyses is the removal of the heat 
producing elements from the Martian mantle to the crust. The rate 
of crustal formation is calibrated using the present rate of crustal 
generation on the earth and the moon. The evolution of the mean 
mantle temperature, crustal thickness, lithosphere thickness, rate of 
volcanism, mantle heat flow, change of radius, and Urey number are 
obtained. Several studies (2-4) utilizing gravity anomalies and Airy 
compensation have suggested that the thickness of the Martian crust 
is 115-130 km. This is consistent with our results if the crustal 
fractionation parameter is in the range 0.0025-0.005. These are 
somewhat lower than the values inferred for the earth and moon 
which are near 0.001. 

Accepting that the crustal fractionation factor for 'Mars is 0.003, 
we can determine rates of volcanism. The average amount of crust 
added in the last billion years (0-1 Gyr BP) is predicted to be 600 m, 
the average amount of crust added between 1-2 Gyr BP was 1.8 km, 
and the average amount of crust added between 2-3 Gyr BP was 2.9 
km. 

A detailed summary of the stratigraphy of Mars has been given 
by Tanaka (5). Relative ages are quite tightly constrained by crater 
counts, but absolute ages are uncertain due to uncertainties in the 
volcanic flux. The most recent volcanism is associated with the 
Upper Amazonian period. Volcanics of this period are associated 
with the Arcadra, Olympus Mons, Medusae Fossae, and Tharsis 
Montes Formations but the principal volcanics are flood basalts in the 
southern Elysium Planitia. These have an area of 100,000 km2 but 
Tanaka (5) suggests that the thickness is only a few tens of meters. 
Taking a thickness of 50 m this is only 0.03 m when averaged over 
the surface of Mars. 

Greeley (6) has estimated that 26 x 106 km3 of volcanics 
erupted during the Middle and Upper Amazonian. This corresponds 
to a mean thickness of 200 m when averaged over the entire surface 
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of Mars. Based on the meteorite flux intensity given by Hartmann et 
a1 (1981) the Upper Amazonian extends from 0 to 0.7 Gyr BP and the 
Middle Amazonian from 0.7 to 2.3 Gyr BP. Thus the Young volcanoes 
on Mars are consistent with our results. It should be emphasized, 
however, that there are considerable uncertainties in the absolute 
ages. 

Other predictions of our calculations using x = 0.003 are that 
the lithosphere thickness DL = 400 km, the Urey Number = 0.7, and a 
net contraction corresponding to 6r/r = -0.001. We predict that a 
global expansion of 6r = 10 km occurred in the first 200 Myr of the 
evolution of Mars. This expansion was caused by the density change 
associated with the generation of the early crust. For the remainder 
of the evolution of Mars a nearly steady contraction occurred 
associated with the cooling of the interior. The total contraction was 
6r = -13km. 

The surface tectonic features of Mars include both extensional 
features and compressional features. Much of the evidence for 
lithospheric extension on Mars is provided by graben systems in and 
near the Tharsis region. These features are likely to be the result of 
the stresses generated by the Tharsis load. Wrinkle ridges occur 
commonly throughout ancient terrains. These can be attributed to 
thermal contraction. 

References: 

(1) Turcotte, D.L., et al., Proc. Lunar Planet. Sci. Conf. loth, 
2375-2392, 1979. (2) Sjogren, W.J. and R.N. Wimberly, Icarus 45, 
331-338, 1981. (3) Sjogren, W.J. and S.J. Ritke, Geophys. Res. Let. 9, 
739-742, 1982. (4) Janle, P., Moon Planets 28, 55-67, 1983. (5) 
Tanaka, K.L., J. Geophys. Res., 91, E139-E158, 1986. (6) Greeley, R., 
Science 236, 1653-1654, 1987. (7) Hartmann, W.K., et al., Basaltic 
Volcanism, 1049-1 127, 1981. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


