
A NUMERICAL OROGENIC MODEL OF SOUTH-EAST THETIS REGIO.  R. C. Ghail1 and S. S. Egan2,
1T.H. Huxley School, Imperial College, London, SW7 2BP, United Kingdom, R.Ghail@ic.ac.uk, 2Department of
Geology, University of Keele, Keele, Staffordshire, ST5 5BG, United Kingdom, S.S.Egan@esci.keele.ac.uk.

Introduction:  A numerical model of terrestrial
lithosphere shortening is here applied to a mountain
belt on Venus, SE Thetis Regio. This highland tesserae
terrain consists of a series of thrust faults and conjugate
graben. Two structural belts are distinguished, the
eastern ridged terrain, and the central plateau. These
are numerically modelled as ongoing crust shortening,
and post-tectonic flexure and relaxation, respectively.

Background: SE Thetis Regio consists of a series
of thrust faults and conjugate graben that would usually
be classified as tesserae [1]. In the central highland
terrain the earliest structures are N-S striking thrust
faults. This thrusting has led to crustal thickening, but
at least part of the ~3 km high topography of the
central belt may result from magmatism, indicated by
the presence of relict volcanoes. Post-dating both the
thrusts and the volcanoes are NE-SW trending graben,
parallel to a rift to the northwest, and a conjugate set of
syntectonic graben. Major graben basins are as much
as 5 km below the level of the surrounding terrain and
are filled by flood lavas. Contemporaneous with the
collapse of the central system are further N-S thrusts to
the east, indicating that the thrust front migrated
eastward into the central plains. Thrusts have clearly
developed within the plains unit, indicating that this
region of tesserae is composed of plains unit material,
probably basalt, and is not of an intrinsically different
composition. The stress field associated with the
conjugate set of graben is consistent with that of the
thrusts to the east, indicating that the graben are
relaxation structures. Material in the eastern thrust
system has not been uplifted to as great an elevation
(~2 km) as the central belt.

Geological Model: SE Thetis Regio is inferred to
be a continental-type orogenic belt. Two phases of
thrust deformation are apparent. The earliest phase
generated a thrust belt nearest the northwestern rift,
perhaps utilising earlier sutures, with the southeastern
plains over-riding the northwestern crust. There is little
evidence to indicate the nature of this crust: it may
have been more plains material, or it may have been
tesserae-type material similar to the interior of Thetis
Regio. There are strips of tesserae-type units between
the rift and the plateau that may indicate the latter, but
equally these may have been tesserae blocks isolated
by the rift that were resistant to thrust compression in
the plains.

In either case, crustal thickening proceeded through
the development of a thrust pile and presumed ductile

thickening of a mantle root. The underthrust material
slowly heated up through burial, becoming ductile and
either flowing away from the root or perhaps melting.
Without a deep crustal root, the thrust pile isostatically
bouyed upwards, generating the present high plateau.
This topography is higher than can be maintained by
the compressive stress, causing the whole system to
relax along conjugate graben. Into these graben were
intruded deep crustal melts – either basaltic or
phonolitic, depending on the volatile content – through
dyke-fed fissure vents.

Because this bouyant, collapsing thrust pile is less
easily thrusted than the adjacent plains, a new thrust
system developed to the east. This is the second phase
of thrusting, and is responsible for the present ridged
terrain.

Although the weathering rate in SE Thetis Regio is
higher than the planetary average, it is still very low
when compared with Earth’s. Importantly, as the
orogeny enters the basin-and-range stage of extension
and collapse, the basins on Venus are not filled with
thick piles of sediment eroded from the ranges, as they
are on Earth. Instead, troughs more than 5 km deep
open up in the mountain belt. So venusian topography
is much more extreme and preserves its structure much
longer than its terrestrial counterpart.

Numerical Technique: Thickening of the brittle
crust is assumed to occur along major crustal thrusts,
quantified using the Chevron vertical shear
construction [2, 3]. Below the crust, the mantle is
assumed to be ductile and to shorten through pure
shear, modelled through a sinusoidal pure shear
compression factor. Mass balance problems are
avoided by assuming that the amount of crustal
shortening is balanced by the deformation through pure
shear at depth.

The model [4] includes a 2-D calculation of the
perturbation of the temperature field during the
orogeny. Thrusting displaces cool footwall material to
a greater depth, depressing the geotherm. Similarly, the
geotherm will be cooled by thickening of the mantle
lithosphere. The model then calculates the return of
temperature field to equilibrium following deformation.
At present, no account is taken of the radiogenic heat
contribution of the thickened crust.

The model calculates the flexural response of the
lithosphere to the positive load of thickened crust and
raised topography; the negative isostatic (bouyancy)
load of the less dense crust, relative to the denser
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mantle; and the positive load caused by the depression
of the geotherm. However, because of the limited
erosion on Venus, the loads resulting from erosion and
sedimentation are ignored.

Fig 1 SE Thetis Regio.
Red =  High, Blue = Low

Discussion: Numerical modelling of terrestrial
mountain belts is relatively new and although the broad
outline of events is understood, each orogeny is
complex and unique. Coupled with several poorly
defined parameters (Table 1), this limits the
applicability of the numerical model approach on
Venus. However, an attempt has been made to match
the topography of the plateau and ridged terrain using
the range of likely values for crust and lithosphere
thickness, and mantle temperature. The model implies
that the relaxation and extension of the plateau results
from the effective thinning of the lithosphere that
occurs as the temperature field returns to equilibrium.
Future work will test these solutions with Magellan
gravity data and refined topography derived from
stereo imagery.

Table 1     Assumed Model Parameters
Thickness of Lithosphere 30 ± 15 km
Original Crustal Thickness15 ± 10 km
Density of Atmosphere 65 kg m-3

Density of Crust 2800 ± 150 kg m-3

Density of Mantle 3300 ± 150 kg m-3

Basal Lithosphere Temperature 1600 ± 100 K
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