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Introduction: When Pioneer Venus arrived at Ve-
nus in 1978, it detected anomalously high concentra-
tions of SO, at the top of the troposphere, which sub-
sequently declined over the next five years [1]. This
decline in SO, was linked to some sort of dynamic
process, possibly a volcanic eruption [1]. Observations
of SO, variability have persisted since Pioneer Venus
[2-6]. More recently, scientists from the Venus Express
mission announced that the SPICAV (Spectroscopy for
Investigation of Characteristics of the Atmosphere of
Venus) instrument had measured varying amounts of
SO, in the upper atmosphere; VIRTIS (Visible and
Infrared Thermal Imaging Spectrometer) measured no
similar variations in the lower atmosphere (ESA, 4
April, 2008). In addition, Fegley and Prinn [7] stated
that venusian volcanoes must replenish SO, to the at-
mosphere, or it would react with calcite and disappear
within 1.9 my. Fegley and Tremain [8] suggested an
eruption rate on the order of ~1 km®/year to maintain
atmospheric SO,; Bullock and Grinspoon [9] posit that
volcanism must have occurred within the last 20-50
my to maintain the sulfuric acid/water clouds on Ve-
nus. The abundance of volcanic deposits on Venus
and the likely thermal history of the planet suggest that
it is still geologically active, although at rates lower
than Earth. Current estimates of resurfacing rates range
from ~0.01 km*/yr [10] to ~2 km®/yr [11, 12]. Demon-
strating definitively that Venus is still volcanically
active, and at what rate, would help to constrain mod-
els of evolution of the surface and interior, and help to
focus future exploration of Venus.

Sources of Volcanism: We attempt to constrain the
atmospheric contributions of explosive volcanic erup-
tions on Venus, advancing beyond previous studies by
linking improved data on the distribution and nature of
volcanic features on the surface to plume modeling and
our latest understanding of atmospheric dynamics. In
order to constrain volcanic eruptions on Venus, we
need to consider the major likely contributors to a sig-
nificant volcanic eruption, their likely eruption style,
vent elevation and vent size. The likely major sources
of volcanism on Venus are likely to be large and in-
termediate volcanoes, coronae and large lava flow
fields (e.g., 13). We have a catalogue of 135 large
volcanoes on Venus, [14], coronae (e.g., 15, 16), and

intermediate volcanoes [17]. In addition, a catalogue of
200 major flow fields on Venus has been published
[18]. We can further constrain volcanic eruptions on
Venus by linking these feature types to known terres-
trial eruption rates and styles, for example, large flow
fields. Mylitta Fluctus lies at a relatively low elevation
at high southern latitudes [19]. The flow volume at
Mylitta Fluctus is somewhat smaller than terrestrial
flood basalts due to its lower estimated thickness.
However, estimates of SO, release for Deccan Traps
eruptions are on the order of 3.5 teragrams of SO, for
every cubic kilometer of lava erupted [20]; Mylitta
Fluctus has an estimated minimum volume of 2 x 10*
km? [19], corresponding to a potential contribution of 7
x 10* teragrams of SO, over the duration of the erup-
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Glaze [21] investigated the possibility of an explo-
sive volcanic eruption plume causing the Pioneer Ve-
nus SO, anomaly, improving upon previous models of
eruption plume evolution (e.g., 22, 23) by using a con-
tinuous solution for the transition of the plume from
the jet region to the buoyancy-driven region. This so-
lution is strongly dependent on initial temperature and
volatile species, and shows that the plume becomes
buoyancy-driven almost immediately above the vent.
Glaze [21] also looked at the effect of latitude and ele-
vation, finding that the stability of the upper atmos-
phere at high latitudes and the sharp gradient in atmos-
pheric pressure with latitude results in higher plumes
over northern highlands than in the equatorial lowlands
(graph above). At Maat Mons, she found that plumes
could reach heights detectable by Pioneer Venus from
large vent/large mass flux eruptions, using an initial
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magma water content of 5 weight %. Glaze et al.[24]
investigated the shape of vents on atmospheric plume
rise, and concluded that although boundary conditions
required to sustain a buoyant plume above a linear vent
are more restrictive than a circular vent, linear vent
plumes are capable of rising much higher on Venus
than analogous plumes (i.e., mass eruption rates) from
circular vents.

The sulfuric acid clouds of Venus are created by
photochemical reactions of SO, into SO;, which sub-
sequently reacts with H,O to form H,SO,4. As SO, is
lost over time to surface-atmosphere reactions (primar-
ily SO, + CaCQOj;, €> CaSO, + CO), a volcanic source
is required to maintain the clouds over time. Large
episodes of volcanic activity can thus potentially
change the overall thickness and radiative properties of
the clouds, causing climate feedbacks [9]. We combine
the plume models and atmospheric dynamics with con-
straints from surface geology to determine what ranges
of eruption and atmospheric conditions are capable of
producing the observed variations in the atmosphere
described above.

Progress to Date: We have identified an initial set of
possible candidates for current eruptions (Table 1),
with different vent morphologies (calderas, fissures) at
a variety of latitudes and elevations. For each plausible
eruption site (latitude and elevation) identified, we are
determining the range of boundary conditions (vent
size, eruption velocity, volatile fraction) required to
establish a buoyant plume. These results are combined
to explore the cumulative volatile contributions result-
ing from a range of plausible scenarios. Thus, we ex-
plore the relative contributions of a number of scenar-
i0s, including: 1) a single large eruption, 2) three large
and five intermediate simultaneous eruptions, and 3)
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five large and 15 intermediate simultaneous eruptions.
These results are combined with atmospheric models,

to determine the fate, and likely detectability of these

eruption plumes.

As an example, at Idunn Mons, a possible site of
recent volcanism [25], we estimate that an explosive
eruption sustained for 24 hours would be capable of
rising to a height of ~63 km ampr and of injecting
60,000 Mt (6 x 10" kg) of water vapor over the 24
hour period (equivalent to 0.12% of the total water
vapor in the Venus atmosphere).
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Feature Length Width Altitude Lat Lon
Fracture at Colette volcano 72 2.4 6055.5 66N 324
Tepev Mons, Bell Regio 11,31 6056.5 29.6N 44.5
fracture, Nyx Mons, Bell 41 0.8 6053 30N 50
Idunn Mons Imdr Regio 5.6 6054.5 46.6S 214.5
Mielikki Mons fracture 10 0.4 6052.8 28.1S 281.2
plains fracture 12 1 6053 4.1S 202
plains fracture 32 1 6053.5 0.9N 206.3

Table 1. Initial set of analyzed volcanic features on Venus. All were chosen as they are stratigraphically young,
and some correspond to high emissivity VIRTIS signatures (i.e., [25]).



