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Parallel dynamics of slow slips and fluid-
induced seismic swarms

Philippe Danré 1 , Louis De Barros 1, Frédéric Cappa 1 & Luigi Passarelli2

Earthquake swarms may be driven by fluids, through hydraulic injections or
natural fluid circulation, but also by slow and aseismic slip transients. Under-
standing the driving factors for these prolific sequences and how they can
potentially develop into larger ruptures remains a challenge. A notable and
almost ubiquitous feature of swarms is their hypocenters migration, which
occurrence is closely related to the processes driving the observed seismicity,
in a similar way as seismicity accompanies slow-slip events at subduction
zones. Here, we analyze global data on migrating sequences, and identify
scaling laws formigration velocity,moment and durationmeasured on natural
and injection-induced swarms, foreshock sequences, and slow slip events. We
highlight two different behaviors among these sequences: one linked to slow
slips, with elevatedmigration velocities andmoments, and the other related to
fluid-induced processes, featuring lower velocities and moments. These
results provide metrics for distinguishing between the drivers of earthquake
swarms, fluid or slow-slip related, and prompt a reevaluation of scaling laws of
fault slip transients, especially for swarms.

Slip along faults can be seismic or aseismic, and occurs at various
scales of fault size, slip released or source duration. Ruptures can span
hundreds to thousands of kilometers1,2 and last from seconds to
months2,3. To gain insights into the processes occurring during slip
episodes, scaling laws have beenwidely used to compare observations
at the micrometer scale in laboratory4 to slip events that extend for
hundreds of kilometers1. Typical representations of slip duration (T) as
a function of released moment (MO)

5,6 revealed two different scaling
laws. Individual earthquakes follow the scaling law M0 / T3 across
more than four orders of magnitude3, whereas slow slip events and
transient aseismic slip sequences observed in subduction zones,
exhibit aMO / T dependence5, although recent observations indicate
that locally, a M0 / T3 scaling can emerge in SSE sequences7,8.
Nevertheless, these scaling relations are of significant importance and
subject to debate as they provide fundamental information about the
physics of fault slip9,10.

Another crucial parameter of interest lies in the velocity at which
transient slip episodes migrate over time. In subduction zones, slow
slip events have been observed to propagate at velocities of a few

kilometers per day2, occasionally accompanied by faster transients
known as secondary slip fronts11. Conversely, some episodes of seis-
micity migrate only a few meters per day12. This phenomenon is also
characteristic of earthquake swarms, which are prolonged sequences
of seismic activity lacking a distinct mainshock. Swarms manifest in
diverse settings, including subduction zones13, rift areas14, mountain
ranges15–17, and intraplate regions18. They can also be induced by fluid
injections during industrial activities such as Enhanced Geothermal
System (EGS) development, carbon dioxide or wastewater storage19–22.
Some earthquake swarms exhibit complex migration patterns, where
alongside the overall migration of the sequence, faster and shorter
seismicity transients have been observed and interpreted as indicative
of aseismic slip14,23. Moreover, swarm-like seismicity can escalate into
large earthquakes24 and is retrospectively identified as a foreshock
sequence which also exhibits migration patterns that unveil its
underlying driving processes24–26.

Swarms or foreshock sequences can persist for days to years,
suggesting the need of an external driving force to sustain the seis-
micity rate and its migration. Studying seismicity migration
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conventionally involves the use of distance-time plots (Fig. 1) and has
led to various mechanisms proposed to explain it, including pore
pressure diffusion27, poro-elastic deformation28, earthquakes
interactions29 or transient aseismic loading14,30–32. Understanding the
relation between migration velocity (V) and duration (T) can provide
insights into these processes. For instance, migration following a fluid
pressure diffusion law may exhibit a scaling of V / T�0:5, while linear

migration may indicate fluid-induced aseismic slip30,31,33. The absence
of migration would be characterized by V / T�1.

Recent studies focusing on swarms have revealed that their
migration velocities scale across a wide range of magnitudes, notably
with swarmduration for both natural and injection-induced sequences
lasting froma fewdays to several years30,34. Conversely, certain swarms
observed in subduction or transform faults display significantly higher
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Fig. 1 | Simplified schematic representations of various seismicity migration
episodes. The left column of the figure shows the distance or positions of earth-
quakes (or tremors for Cascadia) over time, represented by black points. The red
line illustrates the observedmigration pattern with an approximate velocity V. The
right column displays the schematic slip distribution during these episodes with
the associated moment value M0, tot . A Swarm induced by the development of an
Enhanced Geothermal System near Basel, Switzerland, in 200663,64. B Slow slip

episode (SSE) in the Cascadia subduction area, USA65,66. C Earthquake swarm
occurring on a transform fault in the Salton Trough, USA32,41. D Foreshocks of the
Mw = 6.9 Valparaiso earthquake in 2017 in Chile40. It is important to note that, for
Basel swarm, the slip shape is inferred from a noise-based studyof deformation64 as
no direct geodetic measurement have been conducted. Indicative coastlines con-
tours were drawn using Python’s matplotlib basemap.
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migration rates, and behave more like Slow-Slip Events (SSEs)32,35.
Therefore, fluid-induced swarms and SSEs may represent the two
extreme behaviors of migrating seismic sequences30.

Echoing the substantial body of work existing on the scaling of
duration with moment for SSEs and earthquakes, investigating
potential scaling of migration velocity with duration is also crucial for
understanding slip transients on a global scale30. We here employ
scaling laws to compare migrating sequences from a global dataset of
swarms and foreshocks with slow-slip events, secondary slip front and
other fast migrating seismic sequences. By doing so, we aim at iden-
tifying their commoncharacteristics, shedding light on their triggering
processes, and gaining a better understanding of their driving
mechanisms.

Results
A bimodal continuum of migration velocities
A plot of the migration velocities against the durations of earthquake
sequences studied here shows two distinct trends despite having
similar slopes (Fig. 2). The first trend, characterized by high migration
velocities, includes slow slip events (SSEs), secondary slip fronts
(SSFs), as well as some swarms from subduction and transform fault
zones (Fig. 2). For clarity, we refer to this group as “slow slip driven”
(SSD) sequences, given that the majority have an underlying slow slip
trigger. The second trend corresponds to injection-induced swarms
and swarms taking place in diverse contexts like rift zones ormountain
ranges (seeTable S1), labeled as “natural” earthquake swarmshere, and
certain foreshock sequences. We call this group “fluid-induced” (FI)

sequences due to the presence of all injection-induced sequences.
Note that we do not exclude the role of fluids in the dynamics of SSD
sequences. In both cases, we observe a scaling relationship of V / T�α

over a duration range spanning six orders of magnitude (Fig. 2). For FI
swarms, we find α =0:75 ±0:15 for a 95% confidence threshold com-
puted assuming a Gaussian distribution of errors, while for SSD
sequences, we obtain α =0:81±0:08 (Fig. 3A).

Despite exhibiting a similar dependence of velocity with duration,
the two groups display significantly distinct positions along the ordi-
nate axis (Figs. 2 and 3B). Assuming an exponent α =0:8, the dis-
tribution of the parameter φ= log V ×Tα� �

clearly exhibits a bimodal
distribution (Fig. 3C), indicating two distinct and well-separated
behaviors. On average, FI sequences have an intercept of
φmean = 1:5 ±0:6, indicating velocities two orders of magnitude slower
than SSD sequences, which have an average φmean =3:7 ±0:4. There-
fore, SSD sequences show higher migration velocities compared to FI
swarms, by two orders of magnitude. For instance, taking a week-long
duration, SSD sequences can reachmigration velocities of several tens
of kilometers per day, whereas injection-induced swarms typically
exhibit velocities in the range of hundreds of meters per day (Fig. 2). If
themechanismcontrolling seismicitymigration is common to SSDand
FI, as shown by the slope values, such differences in the scaling inter-
cept might be explained by a systematic difference in the parameters
involved in migration dynamics. While prior research has already
identified a distinction between swarms and SSEs30, this study under-
scores a broader spectrum of behaviors within migrating sequences,
leveraging a larger and more diverse dataset.

The apparent scattering of data points in Figs. 2 and 3Cmay arise
from complexities in the migration patterns that are not captured by
an average velocity or from a difference in velocity determination
methodology. It might also reveal a 2nd order dependency on fault and
hydraulic properties, such as fault criticality concerning the stress
state36, or physical factors like frictional properties, temperature and
fluid pressure35.

This parallel, but distinct, behavior provides a valuable obser-
vable for distinguishing between the two groups and for inferring
their driving processes. Migration velocity alone cannot make this
distinction, as previously done32,37, since short-duration swarms may
exhibit faster migration than long-duration SSD sequences (Fig. 2).
However, velocity-duration relations can be used to determine the
main driving mechanisms of the swarm. For instance, the foreshocks
of the 2008 Mw = 4.9 Mogul and those of the 2009 Mw = 6.3 L’Aquila
earthquake sequences24,38 appear to behave like FI-swarms (Fig. 2),
indicating that their dynamics align with injection-induced seismicity
episodes. This would also be the case of the seismicity preceding the
2023 and 2024 Noto earthquakes, which migrates of ~8 km in depth
for ~650 days before the first Mw = 6.2 earthquake39. Some fast seis-
micity transients (VGN and CRT, see Fig. 2) occurring during earth-
quake swarms, within the global earthquake migration, have been
thought to be a direct signature of underlying aseismic slip based on
their elevated migration velocity alone14,23. However, contrary to
previous interpretations based solely on their elevated migration
velocity, our results suggest that these fast seismicity transients
share the same underlying driving mechanisms as those governing
the overall sequence migration, as they scale within FI sequences
rather than SSDs (Fig. 2).

Conversely, the migration of the precursory events of the 2017
Mw = 6.9 Valparaiso earthquake40 and the 2014 Mw = 8.1 Iquique
earthquake26 confirm that these sequences are driven by slow slip.
Figure 2 also further confirms that swarms occurring on transform
faults41,42 are primarily driven by slow slips rather than fluid-induced
processes, as their migration behavior falls precisely within the pat-
terns observed for SSEs.

The extensive dataset, encompassing numerous sequences with a
wide range of durations and velocities, along with the diversity of
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Fig. 2 | Migration velocity as a function of duration for the various types of FI
and SSD sequences.Migration velocity is determined based on the migration rate
of earthquakes in swarm sequences, or the propagation rate of tremor, low fre-
quency earthquake or slip in slow slip events and secondary slip fronts. In the plot,
blue points represent natural swarm sequences, while triangles denote injection-
induced sequences. Purple circles represent foreshock sequences, with specific
names highlighted for some of them (VLP, AQ, MGL are Valparaiso (2017), l’Aquila
(2009) and Mogul (2008) foreshock sequences, respectively). CRT and VGN indi-
cate two fast seismicity bursts occurringduring the 2015Corinth earthquake swarm
and the 2014 Virginia City sequence14,23. Red points indicate Slow-slip events (SSEs)
or Secondary Slip fronts (SSFs), while yellow points represent swarms on subduc-
tion or transform faults (see Supplementary Materials for more details). Error bars
correspond to an uncertainty of 25% of velocity value for all sequences. The thick
black lines represent the best-fit lines obtained for fluid-induced and slow slip
driven sequences, showcasing the overall trend observed in the data. The pink and
blue areas arbitrarily illustrate the scaling relationships for SSD (slow slip driven)
sequences and FI (fluid-induced) swarms, respectively.
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tectonic contexts and types of sequences examined, results in a more
robust estimate of α compared to previous studies30. The inferred
exponents ðα � 0:8Þ for both FI and SSD sequences notably deviate
from α =0.5 which is characteristic of a diffusive pattern. This devia-
tion is corroborated by the apparent diffusivity coefficient, derived
from fitting a diffusion law to migration fronts33,43, which exhibits a
dependency on swarm duration44 (see Figure S1). Such a dependence,
in addition to the value of α � 0:8 determined here make a diffusive
relationship between time and distance, leading to a V / T�0:5, less
plausible.

The similarity in α for FI and SSD sequences suggests that a
common mechanism may be responsible for the migration of slip,
seismicity or tremors in the two groups. Aseismic slip has been directly
measured for SSD sequences such as SSEs, as well as in some earth-
quake swarms41, foreshocks45, and injection experiments46, and is also
expected based on numerical modeling47. Theoretical findings for
specific FI sequences have obtained similar α values to those deter-
mined here31, assuming that aseismic slip drives seismicity migration.
Therefore, the common V / T�α scaling observed for FI and SSD
supports the idea that both types of sequences may be driven by
aseismic slip. In FI sequences, this aseismic slip is fluid-induced46,48,
with the migration velocity actually corresponding to the rupture
velocity of this aseismic transient.

Moment duration scaling highlights two distinct behaviors
While studying migration velocities provides insights into two distinct
regimes, a more conventional approach for discriminating slip
sequences involves analyzingmoment andduration, as it alsoprovides
information about the magnitude of the deformation. However,
representations that solely consider seismic moment as a function of
duration for swarms are incomplete, as aseismic moment release
occurs during swarms41,49,50 and can sometimes exceed seismic
moment by several orders of magnitude30,35. This was assessed in
previous studies looking at the (T–MO,seismic) scaling for swarms51

where the absence of a clear scaling is explained by not taking into
account aseismic moment released. Consequently, in our analysis, we
consider the total moment (seismic and aseismic) in the scaling
representations and compare it to duration (Fig. 4).When deformation
is too subtle to be detected by geodetic measurements, we estimate
the total moment by drawing analogies with repeating events and
creep episodes30,52. Here, we assume that seismic slip serves as a proxy
for the surrounding aseismic slip. By using the seismic slip associated
with the largest event of a sequence, we can estimate the average slip
over the entire swarm area. This approach enables the reconstruction
of the total moment released during the studied sequence30, over-
coming the detectability challenges posed by conventional geodetic

methods. This method has been validated using values from the
literature30 or through injected fluid volume reconstruction53.

From Fig. 4, it appears that, as for the migration velocity-duration
relation, the FI swarms exhibit an alignment parallel to the SSD
sequences, with aMO / T scaling. It confirms that SSD and FI swarms
share similarities in their driving processes. The MO / T scaling has
been commonly observedoncompilations of slowslip events5,54.While
individual sequences of slow slip events or low frequency earthquakes
may exhibit a scaling relationship of ðM0 / T3Þ7,8,55, the global trend of
MO / T arises from the compilation of these individual scalings5,47.
Therefore, by analogy with SSD, onemight actually wonder ifM0 / T3

transients might be observed within individual FI sequences despite
the observed global scaling.

The two groups are also distinctly separated, as the total
moment released during FI swarms is approximately three to four
orders of magnitude lower than that of SSD sequences for a given
duration. This offset between both group scalings exceeds the esti-
mated moment uncertainty of 1 order of magnitude here (see Sup-
plementary Materials Text S1), and is not related to the size of the
swarms or the background stress level. For example, the 2005 Salton
Trough41 and 2013-2014 Apennines49 swarms share similar size and
depth (indicating similar confining stress levels), yet they belong to
SSD and FI sequences, respectively. The parallel scaling observed
between the FI and SSD sequences in both moment and duration,
along with the analogous pattern noted between migration velocity
and duration (Fig. 2) may also manifest in the relation between
moment and migration velocity. However, this association might
entail more underlying uncertainty due to the methods and
assumptions employed to compute both parameters (see Fig. S2),
resulting in a less distinctly discernible trend.

For most FI swarms, the total moment could only be estimated30,
which limits the depth of analysis. However, in specific caseswhere the
total moment was precisely quantified through geodetic measure-
ments, it confirms the aforementioned observation35,41,49,56,57. For
example, the 2013–2014 Apennines49 and 2012 Pollino range35 swarms,
where the totalmomentwasmeasured throughgeodesy, alignwith the
FI swarms (Fig. 4). Conversely, certain swarms, such as the 2005 Salton
Trough sequence41 and the Iquique precursor foreshock sequence
exhibit behavior similar to SSEs, which reinforces the dichotomymade
in Fig. 2 based on their observed migration velocity and duration. In
conclusion, Fig. 4 introduces the distinction of two slip modes, cor-
responding to sequences ofmigrating slip or seismicity, highlightedby
different MO / T scalings: slow-slip driven sequences and fluid-
induced swarms. This indicates that previous scaling representations
only considering earthquakes and SSEs in the slip spectrum are
incomplete by missing all FI sequences54.

A B C
FI sequences SSD sequences

φ=log(VxT0.8)

Fig. 3 | Statistical details of the scaling between velocity and duration. A Values
of slope obtained for swarms (blue points on Fig. 2) and SSEs+SSFs (slow slip events
+ secondary slip fronts, red points on Fig. 2).B Same but for intercept values. Error
bars indicate slope or intercept values intervals for a 95% confidence threshold
computed assuming a Gaussian distribution of errors. C Distribution of the

parameter log V ×Tα� �
for the sequences examined in Fig. 2. The light blue area

indicates FI (fluid-induced) sequences, while the pink area denotes SSD (slow slip
driven) sequences. Those areas are drawn for illustration purposes, as an overlap
between both types of sequences may exist.
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Discussion
By analyzing migration velocity-duration and duration-moment rela-
tionships within a global dataset of migrating slip sequences, we
identify two distinct behaviors among migrating seismicity episodes:
(1) fluid-induced –FI– and (2) slow slip driven –SSD– sequences. This
contributes to draw a more complex picture than the usual under-
standing of transient slip episodes with just slow slip episodes distinct
from earthquake ruptures, as FI sequences are a well-defined category
of events in the moment-duration domain.

These scaling relations provide straightforward tools to differ-
entiate the driving mechanisms of swarms. Our observations confirm
that the preparatory phase of the 2009 Mw=6.3 L’Aquila earthquake24

was driven by fluid processes similar to what happens during the
induced seismicity observed in the 1993 Soultz-sous-Forêts sequence
for instance58. Also, even if fast migration episodes observed within
some FI swarms14,23 were primarily attributed to fast aseismic tran-
sients, they follow the same laws as global FI sequences migrations.
Furthermore, FI natural swarms, FI foreshocks sequences, and
anthropogenic seismicity exhibit similar scalings (Figs. 2 to 4), sug-
gesting here a common underlying mechanism. Consequently, brid-
ging observations from these different types of sequences holds
promise for gaining insights into driving mechanisms and relevant
unknowns, such as on fluid circulation dynamics53,59 and physical fault
characteristics like fault toughness or frictional parameters31.

While it is expected that some subduction swarms share simila-
rities with SSEs due to their similar tectonic context, it is less
straightforward to argue the same for swarms on transform faults.
They exhibit shallow ruptures on nearly vertical faults, whereas SSEs
generally occur at greater depth on the subduction interface.

However, scaling relations examined in this study demonstrate that
both subduction and transform fault swarms behave similarly to SSEs
(Fig. 2). This indicates similarities in their underlying physics, thereby
implying the need to bridge the extensive observations and modeling
conducted individually on those sequences to fully explain the fea-
tures observed in all SSD sequences.

A more general mechanism is needed to explain the distinction
betweenFI andSSD sequences. For instance, in FI swarms, aseismic slip
is presumably induced by an increase in fluid pressure46,47,60. In con-
trast, for SSD swarms, fluid circulation does not seem to be required.
However, increased pressure within the faults may still trigger slow
aseismic slip by increasing the earthquake nucleation length61.

The scaling laws obtained in this study are compatible with pre-
vious research focusing onmoment and duration5 withM0, total / T or
on moment and velocity35 (Figure S2). Moreover, incorporating fluid-
induced sequences (FI) in our study adresses observational gaps
identified in the literature54, thereby defining an ensemble that runs
parallel to SSEs. Several first-order hypotheses have been proposed to
explain the moment-duration scaling for SSEs, and could therefore
explainobservationsmade in Figs. 2 and4. Among thesemodels, those
involving either uniformslip or uniform stress drop are consistentwith
theM0 / T scaling observed here5. These models yield a dependence
of length (L) on duration (T) of L2 / T and L3 / T, respectively,
resulting in values of α =0:5 or α = 2

3 , respectively, in the V / T�α

scaling5. However, these exponents appear lower than those observed
in our study, even when considering the significant scattering (Fig. 3).
In particular, we can reject a diffusive relation (α =0:5), commonly
assumed for FI sequences. An alternative explanation for Figs. 2 and 4,
by considering M0 / T and V / T�0:75, suggests M0 / R4, indicating
slip that grows with the surface area of the sequence.

Precisely determining the value of α and providing a compre-
hensive global explanation for the observed scalings presents a chal-
lenge due to the dispersion of data points. To address this,
standardizing the methodology for determining velocity, duration,
andmoment could enhance the precision of observations in this study.
This standardization would facilitate the development of precise
metrics for quantifying uncertainties and potentially reduce the
uncertainties observed in velocity and moment scaling with duration.

Achieving this would require implementing state-of-the-art
detection location and relocation techniques to ensure accurate
measurements of these parameters, by using openly available wave-
form data. Alternatively, examining the systematic differences
between FI and SSD sequences, considering factors such as tectonic
context,fluidpresence andpressurization (e.g., duringfluid injections)
might provide valuable insights towards developing a generic model
for migrating slip transients.

Methods
We have compiled a comprehensive global dataset that encompasses
seismic catalogs of variousmigrating sequences. This dataset contains
twelve sequences induced by injection activities in geothermal sys-
tems and wastewater disposal, as well as over fifty natural swarms
occurring in diverse tectonically active regions like mountain ranges16,
rift zones14, subduction zones13 and transform faults41. Additionally, we
have included two examples of fast seismicity bursts occurring during
swarms14,23 as well as notable sequences of foreshocks, observed in
subduction areas26,40,45 and transform25 and normal fault systems24. We
have also incorporated observations of slow-slip events from sub-
duction zones based on the SSEs catalogs from Gao et al.2 and sec-
ondary slip fronts (SSF) as documented by Bletery et al.11. The diversity
of tectonic or industrial fluid injection contexts, combined with a wide
range of durations (spanning over 6 orders of magnitude, see Fig. 2),
velocities (also covering over 6 orders of magnitude, see Fig. 2) and
moments (encompassing over 7 orders of magnitude), alongside the
various natures of migrating slip sequences (including SSEs, SSFs,

108 1010 1012 1014 1016 1018 1020 1022

Moment (N.m)

10 3

10 1

101

103

105

107

109
D

ur
at

io
n 

(s
)

FI
 se

qu
en

ce
s

SS
D 

se
qu

en
ce

s
Earthquakes

yti
li

ba
tc

et
ed

 .
do

eg
 .

xo
rp

p
A

Subdaily GPS rate SLTN

IQ

APEN

Fig. 4 | Duration –moment scaling for the various types of seismic sequences.
Blue triangles correspond to the estimated total moment of injection-induced
swarms, as determined by Danré et al. 30. Blue circles represent natural swarms,
with the total moment either estimated or measured using geodetic data (see
table S1). The shaded symbols indicate the seismic moment – duration, with a
dashed line connecting the seismic and total moments. Red and yellow circles
represent themeasured totalmoment for SSEs (slow slip events) and subductionor
transform fault swarms (when available), respectively. Error bars are represented
assuming a maximum 1 order of magnitude uncertainty in total moment determi-
nation for all sequences. Squares represent seismic moment and duration data
obtained from a global earthquake dataset. The duration is determined through
corner frequency analysisof nearly a thousandof earthquakes3. Thegreen, pink and
blue areas arbitrarily illustrate the scaling relationships for earthquakes, SSD (slow
slip driven) sequences and FI (fluid-induced) swarms, respectively. SLTN Slaton
Trough swarm41, IQ Iquique precursor episode45, APEN Apennines swarm35, SSF
secondary slip front.

Article https://doi.org/10.1038/s41467-024-53285-3

Nature Communications |         (2024) 15:8943 5

www.nature.com/naturecommunications


swarms, fast transients, foreshocks), as well as the potential mechan-
isms proposed to explain such migrations (pressure diffusion28,
aseismic slip32, poro-elastic effects28), collectively contribute to a
dataset that offers a more comprehensive representation of migrating
slip sequences compared to previous works30. From all these studies,
we compile values of the migration velocity of seismicity and tremors,
the duration of the migrating sequence and, when available, the total
moment associated. Error estimates for velocity andmoment are often
unavailable or challenging to compute from the works considered, as
thesevalues arederived using variousmethods (like for velocity: direct
fitting62, seismicity front fitting30, direct estimate32). To maintain con-
sistency across all datasets used in this study and align with previous
research on scaling laws facing similar challenges, we adopt a con-
servative approach. We assigned a migration velocity uncertainty of
25% and a totalmoment error of up to 1 order ofmagnitude2. However,
it is likely that the error is lower for geodetical moments, especially in
more recent studies, due to improvements in GPS coverage and the
quality of InSARdata. Errors in duration are neglected as they are likely
to be small compared to those of velocity and moment. Indeed,
migration duration is almost identical to injection duration for
injection-induced sequences53 while seismicity duration and geodetic
duration are also closely correlated35. This correlation makes the
determination of transient slip episodes duration reliable through the
compiled values here. Detailed information on data sources, corre-
sponding values, and uncertainties used in our analysis canbe found in
Supplementary Tables S1 and S2 and Text S1.

Data availability
All data and corresponding sources are available in the Supplementary
Materials, Table 1.
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