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SUBDUCTION AT ARTEMIS CHASMA; R. Ghail & L. Wilson, Environmental 
Science Division, Lancaster University, LA1 4YQ, UK. 

General Morphology 
Artemis Chasma is an arcuate trench located 3500 - 4000 kin southeast of Aphrodite Terra. The 

trench is approximately 1.0 - 1.5 km in depth with a radius of curvature of 800 - 1000 km. By 
analogy with examples on Earth, the direction of curvature of the trench and the asymmetry of the 
profile both indicate that Aino Planitia crust is subducting beneath Aphrodite Terra crust. The 
angular diameter of the trench, 230, indicates a low angle of subduction, approximately 250 [I]. 
The purpose of this study is to model the process of subduction on Venus using Earth-based 
theory constrained by the available information returned from Venus by Magellan and other 
missions. An attempt has been made to model the temperature, density and pressure profile of the 
crust and upper mantle of Venus. The stress state, thermal evolution and descent path of the plate 
has been inferred or calculated and a comparison drawn with subduction on Earth. 

Topographic data indicate a possible flexural rise from 100 to 300 km southeast of Artemis 
Chasma with an amplitude of 400 m. The equation for the bending of a broken beam can be 
applied to the subducting plate to evaluate the elastic thickness of the lithosphere that will produce 
the observed flexural rise. The values observed for Venus are compared with average values for 
the Earth in Table 1 : 

Pararne ter Venus Earth 
X I  55 km 80 km 
Xm 130 km 16Okm 
x2 355 krn 400 km 
w 700 m 675 m 

Here xl and x2 are the limits of the bulge measured from the trench axis; x, is the distance of 
the bulge maximum from the trench axis and w is the amplitude of the bulge. Taking a Youngs 
modulus of 70 GPa and a Poissons ratio of 0.28 for peridotite, a mantle density of 3.293 Mg m-3, 
and an overburden (here the atmosphere) density of approximately 0.010 Mg m-3, the equation 
for the bending of a broken beam [I] can be applied to derive the thickness of the elastic 
lithosphere on Venus. A value of 31.7 km is obtained which is significantly thinner than on Earth 
(approximately 50 km) but is in agreement with values obtained from other flexural loading 
studies [5] on Venus. 

Subduction related melts on Venus [4] may be significantly different from those generated on 
Earth. On Earth the high H20  content of the.subducting plate saturates the mantle wedge, 
resulting in Si02-saturated melts, typically andesite and rhyolite volcanics. If volatiles are not 
introduced into the mantle wedge by the subducting plate then fluid Fe-basalt melts will be 
produced leading to flood lavas or small shield volcanoes. However the subducting plate on 
Venus may introduce excess C02 into the mantle wedge from atmospheric interaction resulting in 
SO2-undersaturated melts. Typically these would produce small shield and dome volcanics with 
trachyte and phonolite lavas. 

Physical Model Of The Crust And Upper Mantle 
Several crust-mantle compositions have been proposed for Venus [2], [4]. Venera lander data 

indicate that a tholeiitic crust may be typical for Venus (as on Earth) and this composition has been 
adopted here for the physical model. A chondritic model of the type that matches the mantle on 
Earth well has been adopted for Venus;Table 2: 

PSTP 3.294 Mg m-3 (Earth = 3.361 Mg m-3) 
%'(Mg + Fe) 0.948 (Earth = 0.891) 
CP 1200 Jrkgl K-1 
K 4.2 W m-1 K-1 

a1 3.17~10-5 K-1 
g 8.87 m s-2 
K 126.7 GPa 

A total volatile content of 2.0% has been assumed which is similar to that for Earth, although 
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the C02/[IC02 +H20] ratio is probably greater for Venus. The zero pressure mantle temperature is 
taken to be approximately 1550 K and is assumed to increase adiabatically with increasing depth. 
The adiabatic gradient for the Venusian mantle is calculated to be 0.36 rnK m-1 [2]. A value of 17 
mK m-1 has been used as an average crustal geothermal gradient for old rolling plains 
lithosphere,. 

Plotting this geothermal gradient on a P-T graph the rheological structure of the upper mantle 
can be determined using the phase diagram for C02 -peridotite [2]. With 2.0% volatile content, 
the geothermal gradient cuts the solidus at a depth of 93.7 km, at 1527 K. This is taken as the 
base of the lithosphere (on Earth the base is defined seismically at 120 km depth, 1620 K). The 
degree of partial melt reaches a maximum immediately below the base of the lithosphere with 
perhaps as much as 6.5% melt. The geotherm again cuts the peridotite solidus at a depth of 213.7 
lan and this defines the base of the asthenosphere. A tholeiitic basalt crust 11 km thick [3] has 
been adopted for Aino Planitia in this study. 

The modal mineral composition of the crust and mantle has been calculated iteratively from the 
chemical model to construct a density model of the lithosphere and asthenosphere. There has been 
little experimental work on the behaviour of carbonatitic melts under varying P-T conditions 
leading to some uncertainty in the results obtained from the density model. 

Modelling The Subduction Process 
The thermal evolution of the subducting plate is described by McKenzie's analytical model [I]: 

T' = ? - (2/n)exp[{(Pe/2)-((Pe214) + n2)0.5} x'] . sin(zz') (eq 11, 
to the first approximation, where T' = T h ;  T m  is the temperature external to the plate; T is the 
temperature at point x, z, with x measured parallel to the plate surface and z measured 
perpendicular to the plate surface; x' = x/L and z' = z/L where L is the thickness of the plate. 

Pe = p.Cp.~.LIK (e4 21, 
where u is the plate velocity. To prevent partial melt occurring in the plate, the rate of subduction 
must be greater than 25 rnm a-1 for a subduction angle of 250. However a lower rate of 
subduction (5 - 10 mm a-1) is suggested from spreading ridge models [3]. 

Magellan Results: Discussion And Conclusion 
The Magellan SAR images of Artemis Chasma support the subduction hypothesis but raise 

several problems. There appear to be no volcanic constructs associated with the subduction zone 
although flood volcanics and/or intrusive magmatism may be occurring. There is strong evidence 
for back-arc spreading and compressional folding in the over-riding plate. As a result of the higher 
surface temperature on Venus the basaltic crust behaves rheologically in a similar way to 
continental crust on Earth. From preliminary investigation it appears that the subducting crustal 
layer is delaminating from the mantle lithosphere in a series of normal block faults but it is not 
clear if the density contrast between the crust and mantle is sufficient to allow delamination of the 
m s t  to Occur. 

The subduction model proposed for Artemis Chasma explains the observed surface 
morphology well and fits into a regional tectonic model for Aphrodite Terra. From preliminary 
modelling of the upper mantle and crust of the Aino Planitia plate the subduction hypothesis for 
Artemis Chasma seems plausible. It is clear from the Magellan images that there are significant 
differences between Venus and Earth in the morphology and magmatism associated with 
subduction, which require further investigation. 
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