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The nature of the geologically recent runaway green-
house Venus atmosphere, its relation to Venus geologic 
and geodynamic history, and why it is so different from 
that of the Earth, are all questions that have perplexed 
planetary scientists since the early Space Age [1]. A 
number of recent studies have focused on forward-
modeling of the origin and evolution of the Venus at-
mosphere with the current atmosphere as the end-
product, defining and assessing the nature and abun-
dance of volatiles derived from the interior and from 
space, their influence on the atmosphere and interaction 
with the surface, and the rates of their loss to space [2-4]. 
Several forward models have found that more Earth-like 
clement conditions [2], with oceans and an N2-dominant 
atmosphere [3-4], may have existed into the last ~20% of 
the history of Venus (Fig. 1), the age of the oldest ob-
served geologic units [5], the tesserae [6], and the global 
volcanic plains that followed [7].   

Critical to the assessment of these models is the role of 
volcanism, the primary process of transfer of volatiles 
from the Venus mantle to the surface and atmosphere. In 
this study, we use the current atmosphere as a baseline 
and work backward in time, assessing the nature and 
magnitude of the major phases of volcanism revealed in 
the geological record [5], their style and magnitude of 
volatile output [7], and the candidate effects of their vol-
atile release on the observed atmosphere. The atmos-
pheric pressure of the current Venus atmosphere (93 
bars) is sufficient to significantly inhibit the exsolution 
of key volatile species during effusive eruptions [8-9] 
and to preclude explosive volcanic activity that could 
deliver exsolved volatiles high into the atmosphere, ex-
cept in extreme cases where the volatile content exceeds 
several wt% [9].   

We specifically address the following questions: 1. 
Does the eruption of the total volume of extrusive depos-
its observed on Venus contribute significantly to the cur-
rent atmosphere? 2. How does the volume of the most 
recent phase of volcanism (lobate plains; large shield 
volcanoes) affect the interpretation that observed atmos-
phere SO2 levels are related to current ongoing volcan-
ism? 3. Could the period of near-global volcanic resur-
facing (psh, rp1,2) have produced the current atmos-
phere? 4. Do the characteristics of the oldest units (tes-
serae) shed any light on whether the current atmosphere 
largely predates the observed geologic record (dating 
from sometime in the first 80% of Venus history) or was 
produced during the last 20% of the history of Venus? 
Addressing these questions provides a framework on 
which to define the array of evolutionary pathways that 
Venus and Earth might have followed, refine further the 

future questions and approaches to the exploration of 
Venus, and assist in the interpretation of the dozens of 
new Venus-like exoplanets.   

The Magellan mission provided global image cover-
age that enabled identification of geologic units and their 
stratigraphic relationships, the construction of a global 
geologic map [5], assessments of the nature and role of 
volcanism [7] and tectonism [10] with time, and esti-
mates of the absolute timescale of these events [13]. The 
observed geological record provides an estimate of the 
nature of volcanic units, their areal coverage, their strati-
graphic relationships and thicknesses, and estimates of 
the time scale of their emplacement. A summary of the 
key data for volcanism is presented in [7], their Fig. 26 
and Table 5, Table 1 here.  

We converted the volumes of the main volcanic units 
[7; Table 1] to lava/magma masses using a density of 
3000 kg m-3. Next, we chose the upper value where there 
is a choice of 2 possible thicknesses, and added the con-
tributions from all of the units ("total eruptives" in Table 
1); summing the values of the "total eruptives" gives the 
absolute upper limit estimate of the mass of documented 
volcanics that could contribute to the atmosphere, 7.335 
´ 1020 kg. We then compare this with the current mass of 
the Venus atmosphere (4.8 ´ 1020 kg). We find that in 
order to make the current atmosphere from the above 
volcanics, the magma would have to consist of 65.4% by 
mass volatiles, which is, of course, impossible. We con-
clude that the grand total of the currently documented 
volcanics can not have produced other than a very small 
fraction of the current atmosphere. 

Exsolution of volatiles during volcanic eruptions is 
significantly dependent on surface atmospheric pressure 
[8-9]. As a specific example, we next looked at the con-
tributions of SO2 to the current atmosphere. The current 
SO2 content of the 4.8 ´ 1020 kg atmosphere is 150 ppm, 
so there is a mass of 7.2 ´ 1016 kg in the atmosphere. 
Gaillard and Scaillet [3; their Fig. 3] shows that the 
amount of S released from their typical basalt, even if it 
is decompressed to the lowest Venus surface pressure, 
40 bars in the highest terrains, is only ~1.6% of the as-
sumed inventory, 1000 ppm, i.e., 16 ppm of S. SO2 has a 
molecular mass of 64, double that of S, so this represents 
32 ppm of SO2. The total erupted volcanic mass is 7.335 
´ 1020 kg; 32 ppm of that is 2.35 ´ 1016 kg. In summary, 
the total mass of all volcanics could have released 2.35 ´ 
1016 kg of the current 7.2 ´ 1016 kg, i.e. 32.6% of the 
current SO2 in the atmosphere. Taking only the recent 
volcanism total amount (pl, 1.365 ´ 1020 kg) shows that 
this is only 18.6% of the grand total. We conclude that it 
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is highly unlikely that a significant amount of SO2 is 
being constantly supplied to the atmosphere by recent 
volcanic activity, particularly in the period of eruption of 
pl emplacement, representing the vast majority of the 
total observed geological record. 

Discussion and Conclusions:  On the basis of these 
data and simple calculations we present the following 
findings and explore their implications for the climate 
history of Venus: 

1. The current high atmospheric pressure severely in-
hibits the degassing of mantle-derived S, H2O and CO2 
brought to the surface by volcanism and its contribution 
to the atmosphere [8-9]. 

2. The current high atmospheric pressure severely in-
hibits plinian explosive eruptions that can deliver vola-
tiles directly into the atmosphere on Earth and in Mars-
like low-atmosphere density environments [9]. 

3. The total volume of lava erupted in the stratigraph-
ically youngest period of the observed record (pl, rift-
related, volcanic edifices) is insufficient to account for 
the current abundance of SO2 in the atmosphere; thus, it 
seems highly unlikely that current and recently ongoing 
volcanism could be maintaining the currently observed 
‘elevated’ levels of SO2 in the atmosphere [11]. 

4. The total volume of lava erupted in the period of 
global volcanic resurfacing (psh, rp1, rp2) is insufficient 
to produce the CO2 atmosphere observed today, even if 
the ambient atmospheric pressure at that time was only 
50% of what it is today. Therefore, a very significant 
part of the current CO2 atmosphere must have been in-
herited from a time prior to the observed geologic rec-
ord, sometime in the first ~80% of Venus history. 

5. The amount of water degassed to the atmosphere 
during the period of global volcanic resurfacing would 
have been minimal, even if the atmospheric pressure was 
only 10% of what it is today.  Therefore, the current low 
atmospheric water content may be an inherent character-
istic of the ambient atmosphere and not necessarily re-
quire enhanced loss rates to space in at least the last 20% 
of Venus history.  

6. Because of the fundamental effect of atmospheric 
pressure on the quantity of volatiles that will be de-
gassed, varying the nature of the mantle melts over a 
wide range of magma compositions and mantle fO2 has 
minimal influence on the outcome.   

7. If the period of global volcanic resurfacing was in-
sufficient to produce the current atmosphere, then it 
seems unlikely that the immediately preceding period of 
tessera deformation could have occurred in the presence 
of a more clement, Earth-like atmosphere and climate 
with an active surface water cycle [12]. Higher resolu-
tion documentation of any types of atmospheric erosion 
patterns in the tessera terrain will be a critical test. 

8. The current Venus atmosphere may be a “fossil at-
mosphere”, largely inherited from a previous epoch in 

Venus history, and if so, may provide significant insight 
into the conditions during the first 80% of Venus history.  

9. If episodic periods of global volcanic resurfacing 
(such as seen in the observed recent geologic record) 
were responsible for building up the “fossil atmosphere”, 
then assuming an initial 1 bar atmosphere, more than 90 
similar global volcanic resurfacing periods would be 
required to produce the currently observed CO2 atmos-
phere.   

10. A critical question is: What was the atmospheric 
pressure/water content/solar insolation ‘tipping point’ 
that led to the general stabilization of this “fossil atmos-
phere”?  

On the basis of these preliminary conclusions, we are 
now exploring 1) volatile contributions with time, using 
the range of estimates for volumes [7], the several sug-
gested time-scales for the observed geologic record [13], 
and the pressure-dependence of volatile exsolution and 
speciation [8], 2) an updated model for the ascent and 
eruption of magma under different surface pressures, 
using the lunar end-member as a baseline [14], 3) a wid-
er range of mantle compositions and fO2 [15], 4) a wider 
range of candidate fluxes in individual eruptions, 5) im-
proving the definition of parameter space for the occur-
rence and nature of explosive eruptions and the nature, 
interaction and dispersal of volatiles and tephra, and 6) 
assessing the predictions of these sets of results for the 
fate of the volatile species that are produced during erup-
tions (interaction with both the surface [15] and existing 
atmosphere). 
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Fig. 1. Possible climate history (Way and Del Genio, 2020). 
 

 
Table 1. 
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