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Venus is nearly the same size and mass as Earth. Compositional 
constraints are consistent with Venus having an Earth-like abun-
dance of radioactive elements, which release heat that might 
drive volcanic activity (1). The number of impact craters on Venus 
indicates a mean surface age of a few hundred million years (2). 
However, many of the craters have morphologies that appear to 
have been modified by volcanic processes; if so, it could mean the 
average surface age is only tens of millions of years, as young as 
Earth’s ocean basins (3). The vast majority of Earth’s volcanism is 
associated with crust formation at mid-ocean ridges or volcanic 
arcs above subduction zones. Venus does not have current plate 
tectonics (4). Geodynamic models of Venus that match the geo-
logical and geophysical observations disagree on the expected 
current level of volcanism, producing various predictions that it 
could be lower than, the same as, or many times higher than the 
level of hot spot volcanism on Earth (5–9). 

On Earth, the Hawaiian volcanic hot spot erupts every few 
years (10, 11). There are several dozen volcanoes on Venus with 
sizes (12) and gravity signatures indicative of underlying hot man-
tle plumes (13) larger than Hawaii’s Big Island (14). It has been 
predicted (15) that multiple basaltic eruptions might occur over 
the course of a Venusian sidereal day (243 Earth days). Extending 
this analogy predicts lava flow areas covering several tens of kilo-
meters over the same period (10, 11, 16). 

 
Magellan radar images 
From 1990 to 1992 the Magellan spacecraft (17) imaged the sur-
face of Venus using synthetic aperture radar (SAR), at a resolution 
of 100-300 m. Data were recorded in overlapping swaths taken 
on the descending passes of the spacecraft’s highly elliptical orbit, 
such that a given surface location was imaged once per sidereal 
day as the planet rotated. Images were acquired over sets of 
three sidereal days, referred to as cycles. Cycle 1 observed ~84% 
of the planet with east-looking SAR images. Cycle 2 filled gaps 

from Cycle 1 and acquired second images for ~35% of the planet 
using west-looking SAR. ~15% of Venus was imaged again during 
Cycle 3, which also acquired east-looking images, generally at an 
incidence angle (the angle from vertical with which the SAR beam 
intersects the surface) differing by ~20° from that used in Cycle 1. 
Because ~8% of the planet was imaged in all three cycles, a total 
of ~42% of the global surface area was imaged two or more times. 

The different imaging geometries used for each cycle are not 
conducive to automated methods of searching for changes due to 
volcanic activity. We therefore performed a manual search of ar-
eas previously identified as most likely to possess active volcan-
ism (18–20). The areas that we searched include large volcanoes 
in a published database (12) that also have geoid anomalies (a 
distortion of the planet’s equipotential surface) greater than 15 
m, topographic rises (20), coronae considered to be active in an-
other database (19), and shield volcanoes in (18) that were eval-
uated as likely being active. Table S1 summarizes the areas that 
we searched. We restricted the search to areas that were imaged 
multiple times. Our goal was to identify volcanic constructs that 
appeared or were altered between the images, such as volcanic 
cones, vents, or lava flows. 

We examined full-resolution Magellan images of each area of 
interest, looking for changes in geologic features between cycles 
(21). Whenever we interpreted a feature as having changed, we 
used stereo radargrammetry to produce a topographic model for 
the area surrounding the feature and to orthorectify the images 
(21). Stereo radargrammetry applies stereo photogrammetry 
techniques to SAR images. Terrain variations in a scene cause 
changes in the relative position of features in images taken from 
two different perspectives, which are exploited to derive the to-
pography. The original images were then altered to appear as if 
the viewpoint was directly overhead (orthorectification). We then 
used the stereo-derived topography and the orthorectified im-
ages to interpret the nature and potential cause of the observed 
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change in appearance. We evaluated the viability of each inter-
pretation using a simple geometric model of the feature, which 
we developed using forward modeling of the Cycle 1 image (21). 
The model was used to simulate the appearance of the feature 
under the different viewing geometries (21), which were qualita-
tively compared to the Cycle 2 and/or 3 images. 

 
An active vent in Atla Regio 
Figure 1 shows gridded Magellan altimetry overlain on Magellan 
Cycle 1 SAR images of an area in Atla Regio, Venus. It extends from 
9° S, 170° W to 6.25° N, 151° W, an area of ~3.2×106 km2. This area 
contains two of the planet’s largest volcanoes, Ozza and Maat 
Mons, which have previously been hypothesized to be locations 
of active volcanism (22–24). Magellan observed this area with 
east-looking images in Cycle 1 (incidence angle 45°) and west-
looking images in Cycle 2 (incidence angle 25°). This area has not 
been imaged by Earth-based radar or during the earlier Venera 15 
and Venera 16 missions to Venus. 

We identified a volcanic vent at 1.363° N, 165.359° W that 
changed shape and expanded (Fig. 2) in the eight-month interval 
between the Magellan imaging in Cycles 1 and 2 (February to Oc-
tober 1991). The vent is located on the north side of a domed 
shield volcano that is part of the larger Maat Mons volcano (23). 
In the east-looking Cycle 1 image, the vent appears near-circular 
(1.5 × 1.8 km, area 2.2 km2) with steep interior slopes. We specu-
late that it was a drained post-eruptive vent. In the west-looking 
Cycle 2 image, the vent has become larger (4.0 km2) and irregular 
in shape. In Cycle 2 the vent wall, identifiable as bright pixels on 
the vent’s west side (an east-facing slope) and dark pixels on east 
side (west-facing slope), is narrow, so the vent interior and exte-
rior are separated by only a few pixels in the 75 meters per pixel 
radar mosaic. We interpret this as due to short vent walls, per-
haps only tens of meters high, which implies that the vent is 
nearly filled to its rim in the Cycle 2 image. We speculate that a 
lava lake formed in the vent interior during the 8-month gap be-
tween images. 

To provide regional context, we identified matching points in 
the Cycle 1 and 2 images and used them to generate relative ele-
vations and to orthorectify the images (21). The results are shown 
in Fig. 2C-D. The Cycle 2 image contains a set of radar-bright flows, 
downhill and to the north of the vent, that are not visible in the 
Cycle 1 image. However, the topographic relief of the flows is not 
resolved by the Magellan data, and the two radar images were 
taken at different incidence angles. We therefore cannot exclude 
the possibility that the flows were present when the Cycle 1 im-
age was taken, but were not apparent in the image, perhaps be-
cause the surface texture makes the flows more distinguishable 
at the lower incidence angle of Cycle 2. The surface area of the 
flows is 69 km2, consistent with typical hot spot volcanism on 
Earth. For comparison, the 2018 Kīlauea Puna eruption in Hawaii 
covered an area of ~35 km2 (25), and the associated caldera 

collapse atop Kīlauea (~500 m drop) had an area of ~5 km2 (26). 
A vent atop a volcano could expand because either i) an influx 

of magma disrupts, fills, and expands the vent; or ii) an underlying 
magma chamber could drain, causing the vent to expand by par-
tial collapse. The lack of visible topographic features within the 
enlarged vent in the Cycle 2 images is consistent with a fluid (e.g. 
lava) having filled the vent to a hydrostatic level. However, the 
image resolution is insufficient to rule out the interior of the vent 
being filled with debris at the time of Cycle 2, rather than by an 
active or cooled lava lake. It is possible that the increase in vent 
size was caused only by collapse, rather than magmatism. If col-
lapse occurred, it could potentially have been caused by with-
drawal of magma from a chamber below the vent to feed a nearby 
eruption. The flows to the north might have been fed by an unre-
solved vent, rather than directly from the vent that changed in 
size. Regardless of the cause, we definitively conclude that the 
vent has changed. We are not aware of an Earth analogue for 
multi-kilometer changes to a volcanic vent occurring with no ac-
companying volcanism, but we cannot rule out this possibility for 
this Venusian vent. 

No newly formed volcanic constructs, such as a small shield or 
a cinder cone, were identified in this study area or in regions that 
were previously surveyed (table S1). 

 
Comparison with simulations 
To check our interpretation, we constructed a simple model (21) 
of a vent as a circular, flat-floored rimless pit, to match the ob-
served vent in the Cycle 1 imaging conditions. We then examined 
how the model pit would appear under Cycle 2 observation con-
ditions, and compared the model to the observed Cycle 2 image 
(Fig. 3). We applied the same modeling approach to another vent 
of similar size just to the north, which we interpreted as un-
changed between the two observations (vent U, Fig. 3). The mod-
els of the changed vent (vent V, Fig. 3) and vent U had rim radii rb 
of 850 m and 1070 m, respectively, with varying depths and 
steepness of the walls. We used a simple analytic function (21) to 
describe smooth walls extending from the pit rim to a flat floor, 
of floor radius rf. We varied the vent depth D from 175 to 675 m 
in increments of 125 m for vent V, and from 175 to 875 m in in-
crements of 175 m for vent U. The different increment sizes were 
chosen to produce the same change in wall slope angles, given 
the differing vent radii. We varied the steepness of the walls in 
the model by varying the floor radii from 400 to 625 m (shallowest 
and steepest interior slopes respectively) in increments of 75 m 
for the changed vent and from 500 to 800 m in increments of 100 
m for vent U. We also simulated west-east terrain slopes τxt of 0°, 
5°, 10° and 25° (positive slope upward to the east). The simulation 
incorporated a variety of radar imaging effects associated with 
noise and terrain variation (21). The simulated appearances of all 
these models are shown in figs. S5 to S9. Varying the depths and 
slopes of the model vent changes the width and magnitude of 
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shadowing, foreshortening, and layover. Varying the west-east 
slope causes the width of a pit rim to appear differently between 
opposite-look images and changes the apparent elongation in the 
west-east direction. 

For the changed vent, the simulation that visually most resem-
bles the Cycle 1 image was a pit with depth 175 m and floor radius 
625 m on a 5° west-facing slope (Fig. 3). This is consistent with the 
surrounding stereo-derived topography from manual match-
point selection (Fig. 2), and provides some west-east elongation 
of the vent in Cycle 2. The visual indicators used to assess whether 
the model was similar to the observed Cycle 1 image were the size 
and shape of the shadow region on the west side of the interior 
of the vent, the shape and magnitude of the layover region on the 
east side of the interior of the vent, and the ellipticity of the vent 
rim. The latter was quantified using the ratio of north-south to 
east-west vent diameters. The cross-track slope was assessed us-
ing a comparison of mean image brightness between the Cycle 1 
and Cycle 2 images. The simulated 5° west-facing slope is con-
sistent with the mean image brightness difference observed be-
tween the Cycle 1 and Cycle 2 images in an area just to the west 
of the vent. The observed difference is 0.9 dB, while the simulated 
5° west-facing slope has 1.5 dB difference (21); the corresponding 
simulated values for 0° and 10° are 3 dB and 0 dB respectively. 

The observed Cycle 2 image of vent V is substantially different 
from the simulation (Fig 3). The observed Cycle 2 image does not 
show elongated shadowing on the east side; the elongation of the 
simulated vent in the east-west direction is less than the observed 
elongation; the simulation has a prominent foreshortened bright 
western wall that is not present in the observed image; and the 
simulation cannot reproduce the vent’s kidney-shape as viewed 
from above. There is no large shadowed region associated with 
the vent’s eastern wall in the observed Cycle 2 image, indicating 
that the vent became shallower than it was at the time of the Cy-
cle 1 image. For comparison, our model of vent U matches its ap-
pearance and mean backscatter in both imaging cycles using a pit 
of depth 175 m, rim radius 1070 m, and floor radius 800 m, on a 
west-facing slope of 0° (Fig. 3). The bright backscatter arc to the 
east of vent U (not included in the models) is due to an east-facing 
slope of 15˚-20˚, inferred from the difference between Cycle 1 
and 2 backscatter values. 

 
Implications for volcanism on Venus 
With only one changed feature, we cannot determine how com-
mon currently active volcanism is on Venus. We draw a distinction 
between identifying recent volcanism on a planet (23, 27, 28) and 
demonstrating that it is currently volcanically active. For example, 
Mars has lava flows with estimated ages of less than a few million 
years (29, 30), but no volcanic activity has been identified over 
multiple decades of continuous observation. Only one feature has 
been identified in our survey of the Magellan data, and none in 
kilometer-scale radar observations from Earth that covered ~25% 

of Venus’ surface (31). The low detection rate indicates that Ve-
nus is less volcanically active than Jupiter’s moon Io, for which 
over 100 active spots have been imaged (32). We estimate that 
our search of the Magellan data has examined ~1.5% of Venus’ 
surface area (table S1), accounting for missing and poor data. The 
changed vent is located in a region where volcanic activity was 
thought to be most likely (22, 23). Our results make it unlikely that 
volcanism on Venus has dwindled to a small fraction of Earth’s 
activity over the last few hundred million years (5, 7), but there 
are a wide range of possible activity scenarios that are compatible 
with Hawaiian-like levels of volcanism in Atla Regio. 
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Fig. 1. Topography and SAR image of the 
Study area on Venus. Color indicates 
elevations, measured relative to the 
mean planetary radius from gridded 
Magellan altimetry. X and Y axis are 
planetary longitude and latitude. The 
background greyscale image is Cycle 1 
east-looking SAR images. The black 
rectangle indicates the area shown in Fig. 
2. 
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Fig. 2. Radar images of a vent which has changed shape. (A) east-looking Cycle 1 and (B) west-looking Cycle 2 images of the 
changed vent and its surroundings. In the Cycle 1 image the vent appears nearly circular and deep with steep walls. In Cycle 2 
the vent appears larger, irregular in outline, shallower and nearly filled. The dashed yellow line outlines radar-bright lava flows 
visible in the Cycle 2 image that were not apparent in Cycle 1. (C and D) The same images indicating the manually selected 
match points (purple dots) that were used to generate relative elevations (overlain in color) and to orthorectify the images. The 
black box in (C) indicates the extent of the unrectified images shown in panels A and B. All images are in a sinusoidal projection, 
using a projection longitude of 165.359°W.  
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Fig. 3. Comparison between the observations and simulated appearances of model vents. Radar images acquired in (A) 
Cycle 1 and (B) Cycle 2, indicating the changed vent (labeled V) and an unchanged vent (labeled U). Also visible are a 
smaller vent (labeled S) and ridge (labeled L). Scale bar in panel A also applies to panel B. The yellow lines are interpreted 
as breaks in topographic slope in Cycle 1 (solid lines) and Cycle 2 (dotted lines), within the area of the potential lava flow. 
Yellow rectangles indicate the regions used to compute the mean backscatter level for the terrain surrounding vent V in 
the Magellan data; the resulting values are labeled. (C) Simulated appearances of model vents, with geometries selected 
to appear similarly to the two vents in Cycle 1, shown as zoomed cut-outs from panel A for comparison. The mean 
backscatter in the simulated data was measured in the blue box, with the resulting value labeled. The parameters of each 
model are labelled. Scale bar applies to panels C and D. (D) The same models as they would appear in the Cycle 2 images, 
compared to cut-outs from panel B. The simulated model is consistent with the observations of vent U, but does not 
match vent V in either geometry or radiometry. 
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