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ARTICLE INFO ABSTRACT

Editor: Carolina Lithgow-Bertelloni Fault scarps at Mid-Ocean Ridges (MOR) are recognizable on the seafloor, and often measured to estimate the
tectonic component of plate divergence. This estimate, based on linear fault scarp parameters, is referred to here
as apparent tectonic strain (ATS). However, ATS may differ from the actual tectonic strain at a lithosphere scale.
This is clear at detachment faults at magma-poor slow-ultraslow spreading ridges that do not correspond to linear
scarps yet accommodate very high strain. Here we study fault scarps in young volcanic MOR seafloor, using high-
resolution (1-2 m) bathymetry data of 8 sites with spreading rates of 14-110 km/Ma. Our results show a weak
correlation between ATS and factors such as spreading rate, melt flux, or thermal regime, challenging the use of
ATS as a proxy for the MOR tectonic component of plate divergence. Instead, ATS is time-dependent and het-
erogeneous spatially, controlled by the frequency and size of dike intrusions with associated faults and volcanic
eruptions that resurface the seafloor and cover faults. Our findings also have implications for estimates of tec-
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tonic extension in subaerial volcanic rifting systems that undergo similar processes.

1. Introduction

The seafloor formed at Mid-Ocean Ridges (MOR) covers >65% of the
Earth’s surface and is created as a response to plate divergence by the
combination of magmatic accretion and tectonic extension. Magmatic
accretion occurs through dike intrusions and seafloor eruptions in the
upper crust and melt crystallization in the lower crust (Detrick et al.,
1987; Sinton and Detrick, 1992). The tectonic component of plate
divergence is taken up by slip along normal faults that develop and grow
within the brittle lithosphere (Buck et al., 2005; Carbotte and Mac-
donald, 1994). The contribution of magmatic accretion, often denoted as
the M value (Behn and Ito, 2008; Buck et al., 2005; Ito and Behn, 2008;
Liu and Buck, 2020; Olive and Dublanchet, 2020), is a key parameter for
MOR processes, which has predictable consequences in terms of seafloor
spreading modes, axial thermal regimes, magnetic patterns, and hy-
drothermal circulation (Cannat et al., 2006; Chen et al., 2023; Zhou and
Dyment, 2023).

As the quantification of the magmatic component of plate divergence
is challenging, in practice, researchers have proposed quantifications for
the apparent tectonic component (i.e., 1-M value) by summing the
heaves of linear fault scarps at the seafloor and calculating the corre-
sponding % value of total plate divergence based on the width of the
study area (Bohnenstiehl and Carbotte, 2001; Carbotte and Macdonald,
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1994; Chen et al., 2021; Combier et al., 2015; Cowie et al., 1994;
Deschamps et al., 2007; Escartin et al., 2007, 1999; Howell et al., 2016;
Le Saout et al., 2018, 2023; Olive et al., 2024). As this approach is based
on measuring linear fault scarps that are apparent on the seafloor (i.e.,
tectonic deformation in depth is not accounted), we will refer to the
resulting values as apparent tectonic strain (ATS), or apparent tectonic
component of plate divergence, and examine its potential as a proxy to
measure actual MOR tectonic components.

At fast-spreading ridges, plate divergence is dominated by magmatic
accretion; ATS is commonly below 5% (Bohnenstiehl and Carbotte,
2001; Carbotte and Macdonald, 1994; Cowie et al., 1994; Escartin et al.,
2007; Le Saout et al., 2018; Wu et al., 2023), and most near-axis faults
likely form due to local stresses induced by diking (Le Saout et al., 2018;
Soule et al., 2009). At slow-spreading ridges, plate divergence comprises
a more significant component of tectonic extension, resulting over
timescales of several hundred thousand years in the formation of axial
valleys (Ito and Behn, 2008; Small, 1998). At melt-poor ridge sections,
long-offset detachment faults do not produce linear scarps yet contribute
between 50% to nearly 100% of the total plate divergence over long
periods (MacLeod et al., 2009; Sauter et al., 2013). In contrast, volcanic
seafloor at melt-rich slow and ultraslow ridge sections yields ATS values
between 2 and 16% (Chen et al., 2021; Combier et al., 2015; Escartin
et al., 1999; Le Saout et al., 2023), similar to or larger than those at fast
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ridges. The young seafloor in these volcanically active regions is a
critical zone where faults nucleate and may evolve to prominent axial
valley walls and off-axis abyssal hills. Yet, similar to fast ridges, faults
there interact with volcanism (Chen et al., 2021; Gini et al., 2021) and
mass wasting (Hughes et al., 2024) (Fig. 1a), at different temporal and
spatial scales that may depend on spreading rate, resulting in ATS
probably different from the actual tectonic component.

2. High-resolution bathymetry data and fault detection

Most ATS studies cited above have used shipboard bathymetry data
with a resolution (20-100 m; Fig. S1a) that is insufficient to identify
smaller faults. High-resolution (HR; 1-2 m) bathymetry data collected
by state-of-art Autonomous Underwater Vehicle (AUV) and Remotely
Operated Vehicle (ROV) revolutionizes our ability to map fine-scale
volcanic and tectonic features on the seafloor (Chen et al., 2021; Le
Saout et al., 2018; Wu et al., 2023).

ATS studies using such HR bathymetry data have been published for
several sites at young volcanic seafloor from fast to ultraslow spreading
ridges, such as the 9°N (Wu et al., 2023) (Fig. 2a) and the 16°N (Le Saout
et al,, 2018) of the East Pacific Ridge (EPR), the Explorer region
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(Deschamps et al., 2007) (Fig. 2b) of the Juan de Fuca Ridge (JAFR), and
the 50.5°E region (Chen et al., 2021) (Fig. 2h) of the Southwest Indian
Ridge (SWIR). However, none of these studies proposed a global com-
parison. Here, we study young volcanic seafloor at 8 MOR sites over a
broad range of spreading rates (14-110 km/Ma), using a compilation of
available HR bathymetry data covering a total area of 400 km? (all
standardized to the same distance scale and the same relative color scale
in Fig. 2a-h). Estimated maximum and mean crustal ages at these sites
range between ~50 and ~940 kyr, and between ~30 and ~590 kyr,
respectively (Methods and Table S1 in Supplementary). The meaning of
our ATS values is, therefore, different from those measured on off-axis
older seafloor associated with more mature faults (Carbotte and Mac-
donald, 1994; Escartin et al., 1999; Howell et al., 2016; Olive et al.,
2024). As a result, we identified 9188 faults and fissures in total (1833
km in length), which are used to 1) quantify ATS with a novel approach
to highlight its spatial variability, 2) explore the relation between the
ATS and the actual tectonic component of plate divergence, and 3)
propose a conceptual synthesis of fault evolution in young volcanic
seafloor over the full range of spreading rates, considering the interplay
between tectonic, volcanic, and mass-wasting processes over different
temporal and spatial scales.

a
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Fig. 1. Appearance of fault scarps in young volcanic seafloor. (a) Sketch of fault scarps influenced by tectonic extension, mass wasting, and lava flow. Measurements
of fault relief (R) are provided, representing the minimum estimate of fault throw (T). (b-1) and (c-1) Shaded high-resolution bathymetry showing faulted seafloor
and fault scarps partially covered by a recent eruption, respectively (See locations in Fig. 2g and h). Maps are in the same distance scale (1 x 1 km?). (b-2) and (c-2)

Depth profiles with no vertical exaggeration (VE=1).
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Fig. 2. High-resolution bathymetry data of 8 study sites. (a)-(h) Maps are in the same distance scale and the same relative color scale. See Fig. S2 for data locations,
Fig. S3 for large-scale low-resolution shipboard bathymetric maps, and Table S1 for site information. Numerical labels (1-8) at the upper-right corner are sorted by
spreading rate in descending order. Mean crustal ages (in brackets) are calculated by dividing the survey area by along-axis distance and general spreading rates (see
Methods in Supplementary). Note that the Lucky Strike area (g) includes two panels from the segment center (upper) to the end (lower). Red squares in Fig. 2g and h
are locations of Fig. 1b and c, respectively. Red stars indicate locations of hydrothermal vents. (i) Across-axis profiles of shipboard bathymetry data for the EPR 9°N,
Endeavour, and SWIR 50.5°E study sites, showing the relationship between spatial and temporal scales. Thick black lines show the coverage of high-resolution
bathymetry data. Red circles indicate different crustal ages at ~5.6 km off axis. (j) Violin plot showing the depth distribution of high-resolution bathymetry data
at each site. The probability density function (PDF) is calculated with a spacing of 1 m. EPR: East Pacific Rise. GSC: Galapagos Spreading Center. MAR: Mid-Atlantic

Ridge. SWIR: Southwest Indian Ridge.

3. Apparent tectonic strain

In most previous works, apparent tectonic strain (ATS) is calculated
by summing the heave (based on the measurements of fault relief and
dip) of ridge-parallel faults and the width of fissures, along a few
selected (or regularly spaced) cross-axis transects. This approach has
been applied to HR bathymetry data by researchers (Chen et al., 2021;
Deschamps et al., 2007; Wu et al.,, 2023) in 3 of the 8 study sites
considered here (i.e., EPR 9°N, Explorer, and SWIR 50.5°E; estimated
ATS values in Table S1). With this approach, it is difficult to evaluate the
spatial variability of ATS along and across the ridge axis. To characterize
this spatial variability and ultimately link it to other processes like
volcanism, we calculate the map of ATS based on the fault heave (H) and
fissure width (W) over a given area. We calculate fault heave from
measured fault relief (R; Fig. 1a) along cross-axis transects spaced at C =
2 m (see Methods in Supplementary), applying a circular window
expressed as:

_ ZR
" tan(a)’

ATS =100% x C-(ZH+ZW) / ar?,

where r is the search radius of the moving circular window, XR, £H, and
W are accumulations of fault relief, fault heave, and fissure width
within the search window, respectively, and «a is the fault dip inferred
here, as in previous studies (Chen et al., 2021; Deschamps et al., 2007; Le
Saout et al., 2018), to have a uniform value.

To do so, we picked closed polygons of all apparent fault scarps and
fissures for the 8 study sites (see Methods in Supplementary). The cu-
mulative frequency of the maximum fault relief of each site follows an

exponential law (see log-linear plots in Fig. S4), suggesting that our
picking process correctly records small fault scarps down to 2-4 m. The
search radius (r) is constrained by the fault spacing measured along 2-m-
spaced cross-axis transects; across the 8 study sites, the average fault
spacing is 180 m, with variations among individual study sites ranging
from 71 to 577 m (Table S1). The fault dip (a) is constrained by the
median value of the fault dip versus fault throw stabilizing at 60-75° at
throws of >50 m (Fig. S5). To evaluate the robustness of our ATS
calculation, we use the combination of r = 200 m and @ = 65° in Figs. 3
and 4, and test other combinations of r (100 and 400 m) and « (75°) in
Figs. S6-S14.

Fig. 3 shows maps of seafloor morphology, faulting pattern, and ATS
of three sites with extensive coverage of HR bathymetry data (Fig. 2i):
the fast-spreading EPR 9°N (110 km/Ma) with data covering the axial
high (Wu et al., 2023); the intermediate-spreading Endeavour of the
JdFR (56 km/Ma) with data covering the axial inflated portion (Clague
etal., 2014); and the ultraslow-spreading SWIR 50.5°E (14 km/Ma) with
data covering two successive constructions of inflated axial domal
volcanos (Chen et al., 2021). Based on our ATS maps, at the EPR 9°N
(Fig. 3a), 85% of the young seafloor is nearly fracture-free with ATS
<1% (Fig. 4a). This includes the area covered by the 2005-2006 vol-
canic eruption (Soule et al., 2007). ATS reaches 10% around the first
pair of conjugate bounding faults (2-4 km away from the axial high
summit). At the Endeavour area (Fig. 3b), faults and fissures concentrate
within the graben that rifts the most inflated portion of the axis to a
width of 1-2 km, resulting in local ATS values up to 20-25% (e.g., the
rifted seamount near 48°N). Outside this axial graben, the seafloor is
fracture-free with nearly-zero ATS. At the SWIR 50.5°E (Fig. 3c), the
seafloor is extensively faulted, lacking a continuous volcanic or tectonic
axis. There are three ridge-parallel fracture-free stripes (i.e., nearly-zero
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the axial graben (b), and the recent hummocky lava flows built by multiple eruptions (c) (Chen et al., 2021). NF1 and SF1 in (c) are conjugate northern and southern
bounding faults, respectively (Chen et al., 2021). (a-2), (b-2), and (c-2) Shaded high-resolution bathymetry maps. (a-3), (b-3), and (c-3) Interpreted faults and
fissures. Red areas are faults facing east or south. Blue areas are faults facing west or north. Orange areas are fissures. (a-4), (b-4), and (c-4) Calculated apparent
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ATS): the smooth lava flow surrounding the northern bounding fault
system (NF1), the recent hummocky lava flows built by multiple erup-
tions, and the smooth lava flow region in the southernmost part of the
mapped area (Chen et al., 2021). Between these fracture-free stripes,
ATS reaches up to >20%.

The other five study sites (see Figs. S59-S13) include the Explorer area
(60 km/Ma) of the JAFR, similar to the Endeavour area, that has
concentrated faulting within the axial graben with ATS of up to 24%
(Fig. S9). At the 92°W (55 km/Ma) and 95°W (53 km/Ma) regions of the
intermediate-spreading Galapagos Spreading Center (GSC), with data
covering the axial high and the bottom of the axial valley, respectively,
local ATS values vary between 0 and 18% (Figs. S10 and S11). At the
14°N (27 km/Ma) region of slow-spreading Mid-Atlantic Ridge (MAR),
data covers the entire 9-km-wide axial valley, and local ATS values vary
between >40% near the valley wall and nearly-zero in the youngest
seafloor (Fig. S12). At the Lucky Strike area (21 km/Ma) of the MAR,
local ATS values peak over the inflated domal volcano at the segment
center (>20%) and decrease toward the segment end (<1%) (Fig. S13).
We also compare with a fault study at the EPR 16°N (85 km/Ma) using
HR (1 m) bathymetry data, which illustrates an along-axis variation of
ATS between 1.4 and 6.4% assuming a uniform fault dip of 65°,
measured along five cross-axis transects spaced at 2 km (Le Saout et al.,
2018).

Therefore, there are large variations of ATS within each study site at
local spatial scales. To convey this local variability in faulting, and in the
associated ATS values, Fig. 4a shows both the range and the frequency
distribution of ATS for the 8 study sites. Overall, most of the mapped
seafloor (280 km? out of the total 400 km?) displays ATS of <4%, and
only a small portion of the seafloor (55 km?) exhibits ATS exceeding 8%.
These values are nearly independent of the given search radius
(Fig. S14a and b).

4. Fault scarps in young seafloor poorly reflect the tectonic
component of plate divergence

It is widely hypothesized that the tectonic component of plate
divergence decreases with the increases in spreading rate and melt flux
(the product of spreading rate and magmatic crustal thickness) (Behn
and Ito, 2008; Olive and Dublanchet, 2020; Shaw and Lin, 1996). We
integrate our observations and previous geophysical studies at the 8
study sites, together with the EPR 16°N where apparent tectonic strain
(ATS) averages 2.7% based on five cross-axis transects (Le Saout et al.,
2018). The average ATS of the 8 study sites (calculated using all faults
and fissures within the mapped area) is lowest at the fastest-spreading,
highest-melt-flux study site (EPR 9°N), but others show no clear corre-
lation with spreading rate and inferred melt flux (Fig. 4b and c and data
listed in Table S1). There is, however, a broader range of both the
average ATS values and the local ATS variability for study sites at in-
termediate to slow spreading rates and melt fluxes (Fig. 4). At the scale
of a given study area, the relation between ATS and melt flux may even
be opposite to predictions: for example, the inflated domal volcano in
the center of the Lucky Strike area, where the local melt flux is highest,
displays the highest local ATS (Fig. S13c), possibly reflecting the vari-
ations from localized deformation at a narrow graben within the rift
valley, to distributed deformation throughout the full width of the rift
valley floor, from the center to the end of the Lucky Strike segment.

This overall lack of a correlation, or in some cases correlations that
go against common expectations, means that parameters beyond
spreading rate and melt flux also affect ATS values. The depth of the
axial melt lens (AML), when present, may be one such parameter
because it represents a lower bound for the thickness of the axial lith-
osphere and, therefore, could be expected to correlate with axial faulting
characteristics. However, we show that AML depth is not correlated
either with ATS values (Fig. 4b). AML depths are similar at EPR 9°N and
16°N (~1.5 km below the seafloor; (Carbotte et al., 1998; Marjanovic
etal., 2014), yet the average ATS at the EPR 16°N (Le Saout et al., 2018)
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is >4 times higher than that of the EPR 9°N (2.7% vs. 0.59%); Fig. 4b). At
the intermediate-spreading GSC, the 92°W area has a higher melt flux
and a shallow AML (1.4 km), while the 95°W area does not have a crustal
AML (Blacic et al., 2004), yet their average ATS values are close (~2%);
Fig. 4b and c). At the intermediate-spreading JAFR, the Endeavour area
has a 2.1-km deep AML (Arnoux et al., 2019; Carbotte et al., 2006) and
an average ATS value of 5.4% (Fig. 4b) that is ~1.8 times higher than
that of the slow- and ultraslow-spreading Lucky Strike and SWIR 50.5°E
areas where the AML and/or seismic low-velocity anomaly (LVA) are
significantly deeper (3-4 km) (Li et al., 2015; Singh et al., 2006).

These comparisons demonstrate that fault scarps in young volcanic
seafloor do not accurately reflect the long-term, lithospheric-scale tec-
tonic component of plate divergence. ATS values are, therefore, not
appropriate for estimating the M value at any MOR locations. The hy-
pothesis we make here is that faulting characteristics and the resulting
ATS values are also strongly affected by two types of volcanic processes.
The first volcanic process reduces ATS values and is simply that lava
flows may bury pre-existing fault scarps. This is typically the case with
high-effusion-rate smooth lava flows that have been documented to
cover the seafloor up to 2 km from the eruptive source (Chen et al., 2021;
Soule et al., 2007). At the EPR 9°N, fault scarps in young seafloor are
presumably buried by lavas from eruptions that occurred as recently as
2005-2006 (Escartin et al., 2007; Soule et al., 2007); while at
slow-spreading centers, these scarps may steer flows that partially cover
these scarps (Gini et al., 2021). At the SWIR 50.5°E area, several erup-
tions of smooth lava flow that occurred over the past 780 kyrs also lead
to fracture-free stripes (Chen et al., 2021) (Fig. 3c). The second volcanic
process increases ATS values and involves the formation of linear
normal fault scarps in response to dikes stalling at depth and not
reaching to the seafloor (Chadwick and Embley, 1998; Rubin, 1992). At
the EPR 9°N and 16°N, it has been proposed that most faults in the axial
summit trough region originate that way (Le Saout et al., 2018; Soule
et al., 2009). Locally high ATS values in volcanically-robust portions of
intermediate-slow-ultraslow ridges (i.e., the Endeavour, Explorer, Lucky
Strike, and SWIR 50.5°E study areas) could also be explained by frequent
dike intrusions, if a significant proportion does not result in eruptions
(Gudmundsson and Brenner, 2004; Hooft et al., 1996).

In Fig. S15, we also estimate the average ATS rates of the 8 study sites
and the EPR 16°N by dividing the average ATS values by mean crustal
ages, yielding a range from 3 x 1078 to 2.5 x 107 yr!. However,
uncertainties must be considered in these estimates, particularly those
related to the inherited use of general and uniform spreading rates in
axial regions (see Methods in Supplementary), which is beyond the
scope of this paper that focuses on small-scale temporal and spatial
variability of faulting.

5. A synthesis of fault evolution in young seafloor

Fault scarps across all spreading rates should grow over time if
evolving only in response to tectonic extension. The high temporal and
spatial variability in apparent tectonic strain (ATS) is therefore inter-
preted here as primarily related to volcanic eruptions and/or dike in-
jections (Fig. 5a). In young volcanic seafloor, a high apparent tectonic
strain could result from a high tectonic component of plate divergence
(i.e., a low M value) and/or a high frequency of dike injections, com-
bined with an overall low eruption rate. However, we do not deal with
detachment faults at magma-poor slow-ultraslow spreading ridges that
accommodate very high strain (up to 50-100%).

We, therefore, should be cautious when comparing the temporal and
spatial variability of ATS at different spreading rates and melt fluxes, for
example, between the EPR 9°N, the Endeavour, and the SWIR 50.5°E
study sites (spreading rates of 110, 56, and 14 km/Ma, respectively;
Fig. 5b-d). At a given area, the seafloor at the SWIR 50.5°E records a
history that is about 8 and 4 times longer than that of the EPR 9°N and
the Endeavour, respectively. The interval of volcanic eruptions at the
EPR 9°N is only tens of years (Perfit and Chadwick, 1998; Soule et al.,
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Fig. 5. Fault synthesis in young seafloor. (a) Sketch of the fault synthesis. Fault scarps and fissures can be induced by tectonic stretching (blue area) and dike
intrusions (pink area) or covered by volcanic eruptions and mass wasting. A low-angle detachment fault is also drawn, although our data do not map it. (b)-(d) Upper
panels (VE=1:4) are based on high-resolution bathymetric profiles of the fast-spreading EPR 9°N, the intermediate-spreading Endeavour, and the ultraslow-spreading
SWIR 50.5°E (see profile locations in Fig. 3). Blue arrows indicate different crustal ages at ~1.4 km off axis. Vertical red and gray bars indicate active and inactive
dikes, respectively. Blue and pink lines represent faults induced by tectonic stretching and dike intrusions, respectively. Dashed lines represent faults covered by lava
flows. Lower panels (VE=1:1) of crustal cross-sections are constrained by seismic studies of the EPR 9°N (Detrick et al., 1987; Dunn et al., 2000; Marjanovic et al.,
2014), the Endeavour (Arnoux et al., 2019; Carbotte et al., 2006), and the SWIR 50.5°E (Li et al., 2015). Orange arrows indicate different crustal ages at ~2.8 km off
axis. Solid black lines indicate faults. The 650 °C (dashed black lines) and 1000 °C (dashed gray lines) isotherms represent the base of the brittle lithosphere and the

basaltic solidus, respectively. AML: axial melt lens.

2007). Itis probably 1 to 3 orders of magnitude higher for the Endeavour
and the SWIR 50.5°E (Perfit and Chadwick, 1998). The seafloor at the
EPR 9°N is, therefore, more frequently resurfaced by lava flows. Erup-
tions are also discrete events in time and space, and the spatial extent of
volcanic eruptions is mainly influenced by lava effusion rates (Chen
et al., 2021). A high lava-effusion-rate eruption produces extensive lava
flows efficiently covering seafloor (e.g., the 2005-2006 eruption at the

EPR 9°N in Fig. 5b), and a low lava-effusion-rate eruption produces
patchy hummocky cones/ridges covering seafloor around the eruptive
source (e.g., the recent hummocky eruption at the SWIR 50.5°E in
Fig. 5d). In all cases, lava-buried faults may be reactivated by subse-
quent tectonic or dike-induced deformation.

Dike-induced faults can also vary temporally and spatially, influ-
enced by factors such as the axial thermal regime, the frequency of dike
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injections, and the length and depth of intrusion. At fast spreading
ridges, a shallow magma chamber (~1.5 km below the seafloor) is an
ideal setting to develop dike-induced faults, as the brittle lid is relatively
weak and thin. For example, at the EPR 9°N, this setting leads to the
development of the axial summit trough and the nucleation of asym-
metric faults outside the trough (Marjanovic et al., 2024; Soule et al.,
2009); faults can be induced by the formation of new AMLs, while melt
may be transported into existing faults to trigger eruptions, resulting in a
fluctuating rate of apparent fault growth over short timescales. As
dike-induced faults typically form symmetrically about the dike
(Chadwick and Embley, 1998; Rubin, 1992), continuous high-frequency
dike intrusions with a low proportion of associated eruptions would
limit resurfacing but facilitate the development of the axial graben, such
as at the Endeavour area (Fig. 5¢). As the new seafloor moves away from
active axial volcanic systems, faults may grow responding to far-field
tectonic stretching, e.g., the paired valley-wall faults in the MAR 14°N
area (Figs. 2f and S12) that are typical of volcanic slow-ultraslow
spreading ridges.

Furthermore, our interpretation of the faulting patterns and ATS
values in young volcanic seafloor, summarized in Fig. 5a, may be
applicable to subaerial volcanic centers. For example, the East African
rift system and the Iceland volcanic system display significant along-rift
variations in faulting patterns and ATS (Corti et al., 2021; Dumont et al.,
2019; Siegburg et al., 2020), attributable to this spatial variability in
tectonic and volcanic interactions. Similarly, volcanic centers there
often correspond to a relatively high ATS, coinciding with recent feeder
dikes (Acocella and Trippanera, 2016; Dumont et al., 2019; Grandin
et al., 2010). Volcanic deposits can also fully or partially cover fault
scarps (Siegburg et al., 2020), thus lowering the apparent fault offset and
hence, the ATS, as we observe at mid-ocean ridges.
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