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3Université Côte d’Azur, Observatoire de la Côte d’Azur, CNRS, Laboratoire Lagrange, Nice, France6
4Department of Earth Sciences, Royal Holloway, University of London, Egham, UK7

Key Points:8

• An inactive Venus with global background seismicity similar to Earth’s continen-9

tal intraplate seismicity has 11 – 34 quakes ≥ Mw5 per year10

• A lower bound on an active Venus where ridges, coronae, and rifts are seismically11

active predicts 126 – 391 quakes ≥ Mw5 annually12

• The upper bound for an active Venus results in 465 – 1446 venusquakes ≥ Mw513

per year14

Corresponding author: Iris van Zelst, iris.vanzelst@dlr.de / iris.v.zelst@gmail.com

–1–

Iris van Zelst

Iris van Zelst
This manuscript is a preprint which has been submitted for publication.It has not undergone peer review yet.Subsequent versions of this manuscript may have slightly different content.If accepted, the final version of this manuscript will be availablevia the ‘Peer-reviewed Publication DOI’ link on the right-hand side of this webpage. Please feel free to contact any of the authors; we welcome feedback!Twitter: @iris_van_zelst



manuscript submitted to Geophysical Research Letters

Abstract15

There is a growing consensus that Venus is seismically active, although its level of seis-16

micity could be very different from that of Earth due to the lack of plate tectonics. Here,17

we estimate upper and lower bounds on the expected annual seismicity of Venus by scal-18

ing the seismicity of the Earth. We consider different scaling factors for different tectonic19

settings and account for the lower seismogenic zone thickness of Venus. We find that 1120

– 34 venusquakes ≥ Mw5 per year are expected for an inactive Venus, where the global21

seismicity rate is similar to that of continental intraplate seismicity on Earth. For the22

active Venus scenarios, we assume that the coronae, ridges, and rifts of Venus are cur-23

rently seismically active. This results in 126 – 391 venusquakes ≥ Mw5 annually as a24

realistic lower bound and 465 – 1446 venusquakes ≥ Mw5 as a maximum upper bound25

for an active Venus.26

Plain Language Summary27

Venus could be seismically active at the moment, but it is uncertain how many earth-28

quakes (or to use the proper term: venusquakes) there could be in a year. Here, we cal-29

culate the minimum and maximum number of venusquakes we could expect in a given30

year on Venus based on different assumptions. If we assume there is not much seismic31

activity on Venus (comparable to the interior of tectonic plates on Earth), we find that32

we could expect about 11 – 34 venusquakes per year with a magnitude bigger than or33

equal to 5. For an estimate of the maximum amount of venusquakes, we assume that Venus34

has regions with more seismic activity: the so-called coronae, ridges, and rifts. Depend-35

ing on our assumptions, we then find that there could be over a thousand venusquakes36

per year with a magnitude bigger than or equal to 5 on Venus.37

1 Introduction38

After the successful mapping of the Venusian surface by Magellan from 1990 to 1992,39

for a long time the prevailing hypotheses for Venus’s geodynamic regime were that of a40

catastrophic or episodic resurfacing regime, which suggested that Venus is currently ge-41

ologically inactive (Rolf et al., 2022; O’Rourke et al., 2023). Reason for this was the ob-42

servation of a relatively low number of craters (932; Strom et al., 1994) on the surface,43

from which people deduced a uniform, relatively young surface age of 800–240 Myrs (McKinnon44

et al., 1997; Feuvre & Wieczorek, 2011).45

In recent years, however, the view on Venus’s current tectonic activity has shifted46

towards a more active planet, rivalled in the Solar System only, perhaps, by our own Earth.47

From a geodynamical point of view, other theories for its geodynamic regime have been48

put forward, such as the plutonic squishy lid regime (Lourenço et al., 2020), which are49

consistent with ongoing activity on Venus today. Additionally, the shift towards an ac-50

tive Venus is partly induced by compelling evidence from Magellan, Pioneer Venus, and51

Venus Express data that Venus might be currently volcanically active. Data from Venus52

Express shows regions of high emissivity which could be associated with chemically un-53

weathered, and therefore likely geologically young (∼ 2.5 Myrs), surfaces. These anoma-54

lies correlate with volcanic highlands, such as Imdr Regio (Smrekar et al., 2010), indi-55

cating geologically recent volcanism in these regions. Brossier et al. (2022) even postu-56

late that the low radar emissivity values in Ganis chasma could be the result of volcanic57

eruptions in the last 30 years. The observed variability in SO2 concentration in the clouds58

by Pioneer Venus and Venus Express from 1979-2011 could also be attributed to recent59

volcanic eruptions (Marcq et al., 2013). The most compelling evidence for active volcan-60

ism on Venus to date comes from Herrick and Hensley (2023), who observed changes in61

consecutive radar images of volcanic areas by Magellan, which they interpreted as vol-62

canic flows and hence ongoing volcanic activity on Venus. In line with that, recent es-63
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timates from scaling the volcanism of Earth to Venus yield 12 – 42 volcanic eruptions64

on Venus in a year, depending on assumptions on the amount of volcanism associated65

with plume-induced subduction at coronae (Byrne & Krishnamoorthy, 2022; van Zelst,66

2022). Future missions such as VERITAS (Smrekar et al., 2020) and EnVision (Ghail67

et al., 2016) will provide better constraints on Venus’s volcanic activity.68

In the meantime, since Venus seems to be volcanically and geologically active, it69

is reasonable to assume that it is also seismically active. Indeed, its seismicity could be70

more extensive than that of Mars and the Moon, which both are believed to be signif-71

icantly less tectonically active than Venus (Stevenson et al., 2015). On these bodies, de-72

spite being in a stagnant lid regime, seismicity has been observed with the successfully73

deployed Apollo Lunar Surface Experiments Package on the Moon (Nakamura et al., 1982)74

and on Mars with the InSight mission (Banerdt et al., 2020). As Venus is now thought75

to be in a more tectonically active geodynamic regime than a stagnant lid (Rolf et al.,76

2022), its potential seismicity is thought to be at least comparable with Earth’s intraplate77

seismicity (Stevenson et al., 2015; Tian et al., 2023; Ganesh et al., 2023). On top of that,78

observed rift systems (Ivanov & Head, 2011), ridges, and coronae features linked to ac-79

tive subduction (Gülcher et al., 2020) could be seismically active at present. There are80

even speculations that the Venera 14 lander recorded microseisms from far-away seis-81

micity in the active Beta regio on Venus, although there are many other potential ex-82

planations for these recorded signals (Ksanfomaliti et al., 1982).83

Here, we estimate upper and lower bounds of the amount of seismicity that could84

be expected for an active Venus, as well as an inactive Venus with seismicity reminis-85

cent of intraplate seismicity on Earth. We obtain our results (Section 3) by scaling the86

seismicity of the Earth to Venus in Section 2 for different tectonic settings. We discuss87

the assumptions in our method and the estimates of previous studies in detail in Sec-88

tion 4. This is followed by our conclusions in Section 5.89

2 Methods90

In order to make estimates of the seismicity of Venus, we use a global earthquake91

catalogue for Earth and sort the earthquakes into different tectonic areas on the globe,92

thereby obtaining an effective seismicity density for each tectonic setting. We then ap-93

ply this same density to analogous Venusian settings to obtain three different possible94

estimates of Venus’s current seismicity: an estimate for an inactive Venus and an upper95

and lower bound for an active Venus, depending on the assumptions that we make. Here,96

we briefly detail our methods.97

2.1 Tectonic settings on Earth98

To obtain the seismicity density of different tectonic settings on Earth, we calcu-99

late the area of seven different tectonic settings on the Earth. For this, we use the re-100

cent maps of global geological provinces and tectonic plates from Hasterok et al. (2022).101

We define subduction and collision zone areas according to the zones of deformation de-102

fined by Hasterok et al. (2022), as the location of the seismicity associated with these103

types of plate boundaries typically encompasses a large, diffuse area. We extend the de-104

formation zones of Hasterok et al. (2022) to account for deep earthquakes associated with105

subduction zones that lie outside of the deformation zones defined at the surface of the106

Earth. We further define the areas of transform and strike-slip regions, rift zones, and107

mid-oceanic ridges according to the mapping of Hasterok et al. (2022) by defining a 150 km108

wide band on either side of the respective plate boundary and correcting for overlapping109

areas. The remaining surface area of the Earth is divided into oceanic intraplate and con-110

tinental intraplate regions, according to the mapped oceanic and continental crust by111

Hasterok et al. (2022). Hence, the surface area of the Earth is divided into seven distinct112

(non-overlapping) tectonic settings: subduction zones (5.13% of Earth’s surface area),113
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Figure 1. (a) Map of the Earth showing how its surface area is divided into seven discrete

tectonic settings. (b) Earthquakes in the CMT catalogue from 1976 - 2020 coloured according

to tectonic setting with the symbol size proportional to the earthquake magnitude. (c) Annual

earthquake size-frequency distribution for the Earth based on the CMT catalogue and split into

different tectonic settings. (d) Seismicity density on the Earth for different tectonic settings, i.e.,

number of earthquakes in the CMT catalogue per year per km2. Maps are in Robinson projec-

tion.

collision zones (2.23%), transform and strike-slip regions (3.03%), rift zones (2.17%), mid-114

oceanic ridges (4.70%), and oceanic (50.44%) and continental intraplate (32.30%) regions115

(Figure 1a, Table S1).116

2.2 Seismicity of the Earth117

We use the global Centroid Moment Tensor (CMT) earthquake catalogue from 1976118

– 2020 with a completeness magnitude of Mw5 to characterise Earth’s annual seismic-119

ity. We sort the earthquakes of the CMT catalogue in the predefined tectonic areas (Fig-120

ure 1b) and obtain an earthquake size-frequency distribution for the different tectonic121

settings (Figure 1c). The seismicity density for each of the tectonic settings found on Earth122

is then calculated by dividing the earthquake size-frequency distribution by the surface123

area (Figure 1d; Table S1).124

Subduction zones have the highest seismicity density, followed by the other plate125

boundary settings and the overall global seismicity density of the Earth (Figure 1d). The126

seismicity density of collision zones and strike-slip regions are similar, with a slightly lower127

seismicity density for the rift zones. Intraplate seismicity clearly has the lowest seismic-128

ity density (approximately one order of magnitude less than the global seismicity den-129
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sity) with continental intraplate seismicity density being slightly higher than oceanic in-130

traplate seismicity density.131

2.3 Tectonic settings on Venus132

For Venus, we calculate the surface area covered by rifts (8.25% of Venus’s surface133

area; Jurdy & Stoddard, 2007), coronae (7.76%), and ridges or mountain belts (i.e., com-134

pressional regions; 1.64%) from maps by Price and Suppe (1995); Price et al. (1996) as135

shown in Figure 2a (also see Table S2). We manually ensure that there are no overlap-136

ping regions by including rift-associated coronae as part of the rift system. For these three137

tectonic settings on Venus we define reasonable Earth analogues, as discussed in Section 2.4.138

We refrain from including other tectonic settings found on Venus, such as tesserae and139

wrinkle ridges, as they do not have a clear Earth analogue, which makes their seismic-140

ity density unconstrained. Instead, we consider the remaining area of Venus as an in-141

traplate tectonic setting (82.35% of Venus’s surface; Figure 2a).142

2.4 Scaling from the Earth to Venus143

We consider three different scenarios when scaling the seismicity from the Earth144

to Venus (Table S3). First, we consider an inactive Venus where the only seismicity on145

the planet is a background seismicity similar to the continental intraplate seismicity on146

Earth. This minimum level of seismicity on Venus is a popular hypothesis that has been147

used by other studies as well (e.g., Stevenson et al., 2015; Tian et al., 2023; Ganesh et148

al., 2023). Here we obtain this estimate by scaling the entirety of Venus with continen-149

tal intraplate seismicity on Earth.150

As a second estimate, we consider an active Venus with conservative assumptions151

on its level of activity to provide a lower bound. We assume that coronae are surface ex-152

pressions of plume-induced subduction and therefore have a seismic signature similar to153

that of Earth’s subduction zones (Davaille et al., 2017; Gülcher et al., 2020; Byrne & Kr-154

ishnamoorthy, 2022). However, for this lower bound estimate, we do not consider the en-155

tire corona area to be active and associated with the high seismicity density of subduc-156

tion zones. Instead, we assume that 27.8% of the area of coronae is active according to157

Gülcher et al. (2020) and we only scale this area with subduction zones on Earth. We158

further assume that the rift zones on Venus have seismicity similar to (continental) rift159

zones on Earth. The observed ridges and mountain belts on Venus that result from com-160

pressional deformation are assumed to have a similar seismicity signature to collision zones161

on Earth. Like the inactive Venus scenario, the remaining area of Venus is scaled accord-162

ing to continental intraplate seismicity on Earth.163

Our third and last estimate is for an active Venus with the most liberal assump-164

tions of plausible tectonic activity on Venus. In this estimate, we assume that all coro-165

nae are active, since the amount of active coronae is still highly uncertain (Gülcher et166

al., 2020). So, we scale the entire corona area with the subduction seismicity of the Earth.167

For the rift zones on Venus, we now scale the seismicity with mid-oceanic ridge seismic-168

ity on Earth, instead of continental rifting. Like our lower bound estimate for active Venus,169

we scale the area of ridges on Venus with collision zones on Earth and we assume that170

the rest of the planet is equivalent to continental intraplate seismicity on Earth.171

In addition to scaling the areas of Venus to Earth’s tectonic settings, we scale each172

of the three different scenarios by seismogenic thickness. Since Venus has a higher sur-173

face temperature than Earth, assuming the same seismogenic depth is likely incorrect.174

We therefore estimate an upper and lower bound for the seismogenic thickness that we175

apply to each of our three scenarios to provide a range of likely seismicity for each of them.176

In order to estimate the seismogenic thickness ratios, we first estimate an average seis-177

mogenic thickness for the Earth. For oceanic crust, we assume a representative seismo-178
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genic thickness of 36.5 km, which is the depth of the 600◦C isotherm (McKenzie et al.,179

2005; Richards et al., 2018) for the average age of 64.2 Myrs of the oceanic crust (Seton180

et al., 2020). Following Wright et al. (2013), we assume a seismogenic thickness of 14 km181

for continental crust. Then, applying the ratio of oceanic / continental crust from Hasterok182

et al. (2022), we obtain an average seismogenic zone thickness for the Earth of 26.93 km.183

For Venus, we calculate a minimum seismogenic zone thickness from proposed thermal184

gradients of Venus’s lithosphere (Smrekar et al., 2023; Bjonnes et al., 2021). Like for our185

Earth estimate, we calculate the depth corresponding to the 600◦C isotherm, as this seems186

to limit the seismogenic zone on Earth (McKenzie et al., 2005). To obtain a minimum187

estimate of Venus’s seismogenic zone thickness, we calculate the average thermal gra-188

dient for Venusian rifts estimated by Smrekar et al. (2023), which results in a seismo-189

genic thickness of 7.3 km. As a maximum estimate, we use the proposed minimum ther-190

mal gradient of 6 K/km for the Mead crater on Venus by Bjonnes et al. (2021), result-191

ing in a seismogenic thickness of 22.7 km. We note that these estimates represent the192

thermal gradients during the formation of the associated features, but given the young193

ages predicted for Venus’s surface these values are likely representative for its current194

thermal state. This then yields minimum and maximum scaling ratios of 0.27 and 0.84,195

respectively, to account for the likely difference in seismogenic thickness between Venus196

and Earth. Scaling with the seismogenic thickness as well as the areas of the tectonic197

settings, effectively allows us to scale by seismogenic volume to obtain estimates for Venus’s198

seismicity as accurately as possible (Table S3).199

In order to actually calculate the potential amount of seismicity on Venus and to200

extrapolate to earthquake magnitudes below the completeness magnitude of Mw5 of the201

CMT catalogue, we scale the average slopes of the size-frequency distribution for the dif-202

ferent tectonic settings on Earth (Figure 1c). We specifically assume that the size-frequency203

distribution of medium-sized earthquakes with a seismic moment of 1017 Nm to 1019 Nm204

is representative for the size-frequency distribution of smaller earthquake magnitudes,205

i.e., the earthquakes follow Gutenberg-Richter statistics (Gutenberg & Richter, 1956; Beroza206

& Kanamori, 2015). For large earthquake magnitudes ≥ Mw8 this relationship breaks207

down, so we do not comment on the occurrence of quakes ≥ Mw8 on Venus.208

3 Results209

Our results for the different Venus scenarios are summarised in Figure 2 and Ta-210

ble 1, where we list the estimated annual number of quakes for a given moment magni-211

tude.212

3.1 Inactive Venus213

In our first estimate, we assume that the entirety of Venus can be scaled with the214

continental intraplate seismicity of the Earth, so the global estimate and the intraplate215

estimate overlap perfectly in Figure 2b. As expected, the amount of seismicity in this216

scenario is significantly less than that on Earth with 11 – 34 venusquakes ≥ Mw5 es-217

timated annually, compared to 1045 earthquakes ≥ Mw5 per year on Earth. The asso-218

ciated seismicity density for quakes ≥ Mw5 lies between 0.24 and 0.74×10−7 year−1 km−2,219

which is on the same order of magnitude as that of intraplate seismicity on Earth.220

3.2 Active Venus - lower bound221

The lower bound for our active Venus estimate globally predicts more seismicity222

than the inactive, intraplate Venus estimate (Section 3.1). The ridge, rift, and intraplate223

tectonic settings on Venus have seismicity on the same order of magnitude in this esti-224

mate, as shown by the overlapping bands of seismicity in Figure 2c (also see Figure S1).225

The coronae have an order of magnitude more seismicity associated with them, although226
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Figure 2. (a) Map of Venus (Robinson projection) showing the areas of mapped coronae,

ridges and mountain belts, and rifts (Price & Suppe, 1995; Price et al., 1996). (b-d) Ranges of

potential quake size-frequency distributions on Venus for (b) an inactive Venus with background

seismicity analogous to Earth’s continental intraplate seismicity; (c) a lower bound on an active

Venus; and (d) an upper bound on an active Venus. The hatched area shows the global, accumu-

lated annual seismicity that combines the seismicity of the different individual tectonic settings.

Note that because of the log-log scale, the global estimate and the seismicity range of the highest

individual tectonic setting are closely-spaced. Dotted dark blue line indicates the reference Earth

seismicity line, which corresponds with the slope of the size-frequency distribution of global seis-

micity on Earth (Figure 1c).

only 27.8% of them are assumed to have a subduction-like seismicity density in this es-227

timate. Summing up the seismicity of the different tectonic settings results in estimates228

of 126 – 391 venusquakes per year with a moment magnitude ≥5 and a seismicity den-229

sity of 2.73 - 8.49×10−7 year−1 km−2 globally for venusquakes ≥ Mw5. This global seis-230

micity density is significantly less than that of the Earth or any of its plate boundary231

settings.232

3.3 Active Venus - upper bound233

The upper bound of estimated seismicity for an active Venus (Figures 2d, S2) is234

very close to – and even slightly larger than – the annual seismicity observed on Earth,235

primarily due to the scaling of coronae with Earth’s subduction zone seismicity in this236

estimate, which also dominates Earth’s seismicity (Figure 1c). Since we scale the rifts237

on Venus with Earth’s mid-oceanic ridge seismicity in this estimate, we have a different238

slope for Venusian rift seismicity. This results in an increase in smaller quakes with Mw ≤239
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Estimate Mw ≥ 4.0 Mw ≥ 5.0 Mw ≥ 6.0 Mw ≥ 7.0

Inactive Venus 95 – 296 11 – 34 1 – 4 0 – 0
Active Venus - lower bound 1161 – 3609 126 – 391 14 – 42 2 – 5
Active Venus - upper bound 5715 – 17773 465 – 1446 44 – 136 4 – 15

Table 1. Number of venusquakes per year equal to or larger than a certain moment magnitude

for our three possible Venus scenarios. A range is provided based on the uncertainties in the cho-

sen scaling factor for the seismogenic thickness. See Table S4 for the range of seismic densities for

each of these scenarios.

5. There is no difference between the seismicity expected for the ridge tectonic setting240

compared to the lower bound for an active Venus (Section 3.2), as it is scaled in the same241

way.242

Globally, we then estimate 465 – 1446 venusquakes of moment magnitude ≥ 5, with243

the upper bound being larger than the number of Mw ≥ 5 earthquakes observed on the244

Earth (1045). The seismicity density of quakes Mw ≥ 5 varies from 10.1 to 31.41×10−7 year−1 km−2.245

This lowest possible seismicity density for an upper bound to our active Venus estimate246

is slightly lower than the Earth’s seismicity density for continental rift zones (14.97×10−7 year−1 km−2)247

and the highest possible seismicity density is reminiscent of the seismicity density of trans-248

form and strike-slip settings on the Earth (30.22×10−7 year−1 km−2).249

4 Discussion250

Generally, we estimate that the seismicity of Venus is lower than that of the Earth,251

except for the most active end-member of Venus activity. Indeed, there are large differ-252

ences between the various estimates, indicating a range of possible seismic activity on253

Venus at present, depending on the many assumptions we are forced to make given the254

limited amount of data from Venus. For our inactive Venus estimate, we assume that255

the global background seismicity of Venus is similar to the continental intraplate seis-256

micity of the Earth. This is a common assumption that has also been suggested by e.g.,257

Lorenz (2012); Stevenson et al. (2015); Byrne et al. (2021); Tian et al. (2023). The num-258

ber of venusquakes ≥ Mw5 per year for this estimate (11 – 34) is also the same order259

of magnitude as the estimate of Ganesh et al. (2023), who calculate an estimate of Venus’s260

seismicity based on the cooling of the planet and the corresponding contraction of the261

lithosphere and thereby predict 16 venusquakes ≥ Mw5 per year. In their estimate, they262

assume a global average seismogenic thickness of 40 km, which is larger than our max-263

imum assumed seismogenic zone thickness of 22.7 km. If both our study and the study264

of Ganesh et al. (2023) assumed the same seismogenic thickness, it is likely that the es-265

timate of Ganesh et al. (2023) would lie closer to our lower limit for the inactive Venus266

scenario of 11 venusquakes ≥ Mw5 per year. Ideally though, there would be stronger267

constraints on the seismogenic thickness from, for example, thermal gradients estimated268

from studies of the elastic and mechanical lithosphere thickness (e.g. Anderson & Sm-269

rekar, 2006; Borrelli et al., 2021; Maia & Wieczorek, 2022; Smrekar et al., 2023) or from270

impact crater modeling (Bjonnes et al., 2021). These studies rely on the analysis of grav-271

ity and topography data, for which a higher resolution will become available from the272

VERITAS (Smrekar et al., 2020) and EnVision (Ghail et al., 2016) missions. Estimates273

of the thermal gradient and associated seismogenic thickness could then be obtained with274

a higher accuracy and on a more global scale than currently available. They could be275

included in future studies of seismicity on Venus and improve on the estimates presented276

here.277
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For our estimates for an active Venus, we scale the areas of compressional defor-278

mation on Venus, i.e., the ridges and mountain belts, with the seismicity of collision zones279

on Earth, which we believe to be a reasonable assumption. The rifts on Venus are scaled280

with continental rift seismicity on Earth in the lower bound estimate for an active Venus.281

This is also a reasonable assumption, with many studies pointing to the morphological282

and geological similarities between the rift zones on Venus and continental rifts on Earth283

such as the East African rift zone (Solomon, 1993; Foster & Nimmo, 1996; Kiefer & Swaf-284

ford, 2006; Basilevsky & McGill, 2007; Stoddard & Jurdy, 2012; Graff et al., 2018; Re-285

gorda et al., 2023). For our upper bound, we scale the rift zones of Venus with mid-oceanic286

ridge seismicity since it is also an extensional setting and the higher temperatures at the287

mid-oceanic ridges and the corresponding different slope of the size-frequency distribu-288

tion on Earth might be a better fit for rift seismicity under Venus’s high surface tem-289

perature. For the coronae, we scale with subduction, since multiple studies suggest that290

coronae are the surface expressions of plume-induced subduction (Davaille et al., 2017;291

Gülcher et al., 2020; Byrne & Krishnamoorthy, 2022). However, the seismicity associ-292

ated with this type of plume-induced subduction is uncertain. In the interest of provid-293

ing an upper and lower bound, scaling the coronae by activity is a good first order ap-294

proximation. However, it is also possible that coronae seismicity does not scale with Earth’s295

subduction seismicity, but is instead more analogous to, for example, transform fault seis-296

micity related to the observed fracture zones at the rims of coronae. In general though,297

our upper bound for Venusian seismicity results in seismicity levels slightly higher than,298

but similar to, that of the Earth, which has also already been suggested previously (e.g.,299

Lorenz, 2012).300

Apart from the uncertainty in scaling the chosen tectonic settings correctly, there301

are also tectonic settings on Venus that we neglect to scale explicitly. For example, we302

do not explicitly scale the tesserae of Venus with a tectonic setting on Earth, although303

they are implicitly scaled with the background intracontinental seismicity of the Earth.304

This is arguably one of the most reasonable assumptions for tesserae, considering that305

prevailing hypotheses include that they are continental crust analogues (Romeo & Tur-306

cotte, 2008; Gilmore et al., 2015). We also do not consider the observed extensive regions307

of wrinkle ridges as seismically active beyond the background intracontinental seismic-308

ity of the Earth. A recent study by Sabbeth et al. (2021) predicted that the annual mo-309

ment release for wrinkle ridges on Venus is on the order of 6.0×1019 N m to 1.6×1020 N m.310

Note that in the estimates presented here, only one type of seismic source is con-311

sidered, i.e. earthquakes, which by definition are associated with tectonics and volcan-312

ism. Other sources such as landslides (Pavri et al., 1992; M. Bulmer & Guest, 1996; M. Bul-313

mer et al., 2006; M. H. K. Bulmer, 2012; Hahn & Byrne, 2023) could be responsible for314

seismic signals on Venus as well.315

Some studies argue that there will be little to no seismicity on Venus, at least at316

higher magnitudes (e.g., Karato & Barbot, 2018), because the high surface temperatures317

on Venus may exclude the possibility of any kind of substantial seismogenic zone and the318

unstable slip mechanisms responsible for earthquakes. However, some of the assumptions319

in Karato and Barbot (2018) are unrealistically conservative (e.g., a global crustal thick-320

ness of 40 km; a seismogenic zone limit at 400◦C) and not applicable to Venus.321

To distinguish between these different scenarios and determine how seismically ac-322

tive Venus is, a seismological or geophysical mission to Venus is required to measure seis-323

mic signals. Although the NASA and ESA selected missions to Venus currently do not324

focus on this, there are promising proposals to measure Venus’s seismicity in the not-325

too-distant future. For example, Kremic et al. (2020) presented a mission proposal for326

a long-duration Venus lander with a seismometer on board that can withstand Venus’s327

high surface temperature. In addition, recent advances in the balloon-detection of earth-328

quakes show great promise for applications to Venus (Garcia et al., 2022; Krishnamoor-329

–9–
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thy & Bowman, 2023). Our estimates for Venusian seismicity may help guide the design330

of these missions.331

5 Conclusions332

We estimate upper and lower bounds on the expected annual seismicity of Venus333

by scaling the seismicity of the Earth to Venus according to the surface area of differ-334

ent tectonic settings and the difference in seismogenic thickness between the two plan-335

ets. Our most conservative estimate is an ‘inactive Venus’, where we assume the global336

seismicity of Venus is comparable to Earth’s continental intraplate seismicity. This re-337

sults in 11 – 34 venusquakes ≥ Mw5 per year depending on the assumption of seismo-338

genic zone thickness. For our active Venus scenarios, we assume that the rifts, ridges,339

and coronae on Venus are seismically active. For a lower bound on an active Venus, we340

then find 126 – 391 venusquakes ≥ Mw5 annually, which increases to 465 - 1446 venusquakes341

≥ Mw5 for assumptions that constitute our most active Venus scenario. This latter sce-342

nario is slightly larger than the seismic activity level of the Earth. We believe our lower343

bound estimate for an active Venus to be the most likely to represent Venus’s current344

seismicity. Future seismological and geophysical missions could measure the actual seis-345

micity of Venus and distinguish between our three proposed end-members of Venusian346

seismic activity.347
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