Lithospheric Flexure Modelling at Narina Tholi:
Evidence for a Locally Thinned Lithosphere
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Introduc�on
• Lithospheric ﬂexural signatures have previously been iden�ﬁed on Venus, in par�cular at chasmata
and coronae [e.g., 1, 2].
• Using topography [3], elas�c thickness and corresponding heat ﬂow can be es�mated.
• High resolu�on topographic data derived from stereo Magellan Synthe�c Aperture Radar (SAR)
images [4] have allowed the systema�c study of smaller coronae [5]. Many show substan�ally thinner
lithosphere and correspondingly larger heat ﬂows than previously es�mated.
• Here we use the stereo topography to inves�gate a possible ﬂexural signature at a feature much
smaller than a corona: Narina Tholi, a steep-sided volcanic dome ~40 km across and ~1 km in height.
• Using axisymmetric ﬂexure modeling applied to the topography, we es�mate local elas�c thickness
at Narina Tholi.
• Modeling of lithospheric ﬂexure allows an es�mate of heat ﬂow at a volcanic construct on Venus.

Global Context for a Local Study

Narina Tholi

Flexure Modelling

• Spa�ally associated with the outer concentric fractures of Aramai� Corona (Figure 3).
• Immediately surrounded by a topographic low characteris�c of a ﬂexural moat.
• Ini�al survey of topographic signatures at tholi suggest that the signal at Narina Tholi is atypical.

Method

• 16 topographic proﬁles from the dome centre have lengths dependent on stereo data coverage.
• Of these, 6 have suﬃcient stereo coverage to be suitable for ﬂexure modeling (Figures 3, 4).
• We assume an axisymmetric disk load (mo�vated by the tholi cross sec�onal shape) on a thin spherical elas�c shell and use the corresponding solu�on to the diﬀeren�al equa�on for ﬂexure [9].
• We solve for the magnitude of the load, P0, as well as the background mean eleva�on and regional
slope for a range of elas�c plate thicknesses, he. For each proﬁle, we record the
root-mean-square-misﬁt (RMS) for each value of he (insets in Figure 4).
• We ﬁnd best-ﬁt he values in the range 1.5 - 4 km (Figure 4).

• Studies [5] have shown elevated heat ﬂow at some coronae.
• Steed-sided domes [6] are a common occurrence at these features [10], ﬁrst noted by as being 2-20
km in diameter.
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Figure 1: Global map showing Magellan SAR
image overlaying Magellan al�metry-derived eleva�ons, coronae (black dots) and tholi (triangles). Tholi are color-coded according to their
proximity to their nearest-neighbor corona.
Green: located on a corona or within 1.5 coronae radii. Orange: between 1.5 and 3 corona
radii. Red: farther than 3 corona radii.
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Figure 2: Geological map showing Aramai� Corona and surrounding region, taken from
Figure 2 of [7]. Red box shows
region detailed in Figure 3
around the loca�on of Narina
Tholi.

Figure 4: Elas�c ﬂexure model results for 6 topographic proﬁles at Narina Tholi. Stereo-derived topographic proﬁle
(black solid line) and best-ﬁt axisymmetric ﬂexure model for that proﬁle (red dashed line). (Insets)
Root-mean-square-misﬁt (RMS) for each value of he.

Discussion

• Modeling results show a mean best-ﬁt elas�c lithospheric thickness of 1.5-4 km at Narina Tholi. The
low curvatures imply a mechanical thickness that is very similar to the elas�c thickness.
• This can be compared to a value of he = 13 ± 3 km for Aramai� Corona [5]; the la�er is taken to be
an es�mate of the regional eﬀec�ve elas�c thickness.
• The lithosphere underneath Narina Tholi is substan�ally thinned locally and corresponds to a local
heat ﬂow qs = 103 mW m-2 at the �me the ﬂexure signal was emplaced, three to four �mes the regional average.
• This is consistent with emplacement of the volcanic construct late in the evolu�on of Aramai�
Corona.

Figure 3: Narina Tholi. Magellan SAR image overlaid on stereo-derived eleva�on image. Color bar at right gives eleva�on scale. Total eleva�on range is just over 1.25 km. (Le�) Oblique view of le�-look SAR poin�ng north along the fracture annulus of Aramai� Corona. Ver�cal exaggera�on 10x. (Right) Plan view of right-look SAR showing topographic
proﬁles examined for modeling.
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