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Introduction: Analyses of radar backscatter and 

topography data from the Magellan mission to Venus 
[1] have revealed over 200 giant (mean radius ~300 
km) radiating graben-fissure-fracture systems distrib-
uted across the surface [2, 3]. Roughly half of these 
radially fractured centers (RFCs) exhibit domical to-
pography at their focus—at a scale consistent with 
diapiric impingement or large shallow magma reser-
voir inflation—while the radial surface structures seen 
are akin to those observed above near-surface dikes 
emplaced in Iceland, the Afar, Hawaii, and other loca-
tions [cf. 4]. However, radial lineament systems at the 
scales observed can form as the surface expression of 
shallow dikes propagating from a magma reservoir 
(Fig. 1A) [5], as purely tectonic fractures accommodat-
ing domical uplift (Fig. 1B) [6], or as a combination of 
these two mechanisms. Constraining the extent of dike 
emplacement near the focal region has important im-
plications for understanding the style and magnitude of 
associated volcanism, and may shed important new 
insight into how and why analogous systems formed 
on Earth primarily during the Proterozoic [7]. 

 
Fig. 1. Potential formation mechanisms for Venusian 
RFCs. A) Structures are the surface expression occur-
ring above shallow subsurface dikes. B) Structures 
form to accommodate domical uplift. 

Augmenting geomorphology arguments [2], previ-
ous studies have explored quantitative ways to con-
strain how the radial lineaments formed. One method, 
developed by Grindrod et al. [8], uses stereo data to 
calculate extension from the vertical offset (depth) and 
wall dip angles of large apical graben faults. By com-
paring the hoop strain e(r) at a specific radius r, 
 ε(r)=(ΣΔw(r))/(2πr), (1)  
with the strain expected above an inflating magma 
body, the degree of dike emplacement was estimated. 

[In Equation 1 the numerator represents the summation 
of the change in circumference accommodated by each 
graben, ∆w(r), while the denominator is the circumfer-
ence at that radius r.] The process of measuring graben 
fault width and angle, however, requires grabens that 
are several kilometers wide and exhibit high displace-
ments, ~NS alignments, and wall slopes less than the 
incidence angle of the radar. Such structures and ge-
ometries are absent at most RFCs and so, when com-
bined with limited stereo coverage, Grindrod et al.’s 
method can only be used to assess a small subset. 

A quantitative method designed to overcome these 
limitations was posited by Baxter, who demonstrated 
its feasibility for assessing strain at typical RFC sys-
tems with domical topography [9]. Baxter’s method 
utilizes Equation 1 but approximates the numerator by 
counting the number of radial lineaments present at a 
certain radius and then multiplying it by an estimate of 
the extension per lineament to quantify strain. This 
process requires neither the presence of unusually large 
apical grabens nor stereo coverage, and so it can be 
applied across the entire Venusian surface. 

Both Grindrod et al. and Baxter conclude that the 
strain expressed at the RFCs cannot be explained by 
domical uplift alone. However, a key question remains: 
how much dike emplacement, and how much uplift-
derived deformation, is involved in the formation of 
the giant radial systems observed? Here, using an RFC 
located at 38°S, 24°E as an example, we describe the 
initial steps of a method that can be used to constrain 
the minimum degree of dike emplacement. 

Methods:  The RFC centered at 38°S, 24°E has 
purely radial lineaments over ~360° of arc, with some 
extending beyond the radius of the central domical 
topography. The latter indicates a high probability that 
some degree of subsurface dike emplacement was in-
volved [2]. Using Map-a-Planet 2, we acquired topog-
raphy and backscatter data in sinusoidal coordinates 
for a 6° by 6° quadrant (~600 by 600 km) around the 
feature’s focus and loaded them into ArcGIS. 

ArcGIS Analyses. Once the data were loaded into 
ArcGIS we mapped the lineaments and used the multi-
ring buffer tool to generate rings at even intervals ex-
tending well away from the focus, guided by the radi-
ating structure lengths. To capture the domical topog-
raphy, we calculated the mean elevation for each ring. 

If the Venusian crust is made of brittle, dehydrated 
basalt [10], the increase in circumference caused by 
uplift is likely accommodated at the surface by frac-
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tures rather than plastic deformation. Most lineaments 
are only one pixel wide in the imagery, so the maxi-
mum extension per lineament is unlikely to exceed the 
image resolution (75 m/pixel); from dike structures 
seen on Earth, typical strain is likely far less, ~10% 
[11]. By assuming the extension per lineament we cal-
culate hoop strain as a function of radius (at each ring) 
using the mapped lineaments and Equation 1 (Fig. 2). 

 
Fig. 2. RFC centered at 38°S, 24°E showing mapped 
lineaments and an example of a ring set used for cap-
turing topography and for hoop strain calculations.  

Finite Element Modeling (COMSOL). Using 
COMSOL Multiphysics, a 2D-axisymmetric model of 
an overpressurized ellipsoidal magma chamber was 
used to simulate uplift. We varied the chamber geome-
try and overpressure until we acquired a sound match 
to the observed topography (Fig. 3A), and then calcu-
lated the associated surface hoop strain (Fig. 3B). 

Results & Discussion: The COMSOL model simu-
lating the observed domical uplift yields the strain ex-
pected from just this mechanism. The green line in Fig. 
3B thus shows the maximum amount of hoop strain 
that could be produced by the uplift alone; if the mod-
el-derived hoop strain matches or exceeds that deduced 
from the lineaments, then the lineament system could 
have been formed by uplift alone. However, if the 
model-derived hoop strain is less than that deduced 
from the mapped lineaments then there is excess hoop 
strain that is unaccounted for by uplift alone. This dif-
ference then defines the degree of dike involvement. 

For the RFC located at 38°S, 24°E there is a strong 
match between the simulated and calculated topogra-
phy beyond r = 25 km (Fig. 3A). For r < 25 km, how-
ever, the modeled and observed topographies clearly 
diverge, likely due to late-stage caldera downsagging 
which did not affect the rest of the topography. The 
relationship between model-derived and observed hoop 
strain is more complex (Fig. 3B). The strain pattern 
implies significant shallow dike emplacement for r < 
125 km unless the strain/lineament assumed is far less 
than what is typically seen on Earth; ~50 km from the 

center, for example, uplift explains only ~40% of the 
hoop strain (assuming 6.7% strain/lineament), meaning 
~60% of the mapped lineament strain is inferred to be 
a result of dike injection. If younger lava flows buried 
some lineaments, however, or if the observed topogra-
phy is partially constructional, then more dike in-
volvement would be required. Fig. 3B thus reveals the 
minimum degree of dike emplacement beneath the 
RFC; we are continuing to refine our estimation by 
taking into consideration these and other factors. 
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Fig. 3. A) Comparison between the measured and 
simulated topography for the RFC. B) Uplift-derived 
hoop strain (green line) vs measured strain profiles 
assuming 1 (1.3%), 5 (6.7%), and 10 (13.3%) meters 
of extension (strain) per lineament. 
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