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Abstract 21 

Neglecting fault segmentation in hazard assessments leads to underestimated potential hazard. 22 

Moreover, integrating the temporal evolution of fault segments activations in hazard assessment 23 

improve scenario’s reliability. In this view, enhanced seismic catalogs have potential in revealing 24 

previously neglected fault complexities. Past efforts were restricted to the 2D view analysis without 25 

involving the segment temporal activation. Our work provides a comprehensive approach, 26 

reconstructing 3D fault fine-scale geometry and segments activation evolution. 27 

We analyzed the 2014 Northern Nagano (Japan) (Mw 6.2) earthquake sequence using high-resolution 28 

seismic catalogs. We automatically detected and located about 2500 events between October and 29 

December 2014. We refined the automatic picks, based on cross-correlation and hierarchical 30 

clustering, and we relocated the hypocenters with the double-difference in 3D velocity models 31 

optimized for the area. Moreover, we calculated the composite focal mechanisms of the main clusters, 32 

crucial to constrain the 3D geometry of the fault segments, and rupture directivity that we interpreted 33 

jointly with the seismicity and the fault slip. We found that the multi-segmented fault system, is 34 

comprised of, at least, 9 distinct segments, that ruptured during 3 successive phases.  Different 35 

segments exhibit a different rupture mechanism based on their spatial and temporal occurrence, 36 

influencing seismicity evolution and rupture length. The presented analysis can be used to improve the 37 

reliability of probabilistic hazard assessment in the high seismic potential area of the Itoigawa-38 

Shizuoka fault system. The possibility of fault segment interaction and mutual triggering processes 39 

should be considered when drawing reliable seismic hazard scenarios. 40 

 41 

Plan Language Summary 42 

The development of realistic rupture scenarios of moderate-to-large earthquakes highlights the need of 43 

integrating their 3D geometrical complexities and the temporal evolution of fault segments activation. 44 

In this view, we analyzed the Mw 6.2 earthquake sequence that occurred in the Northern region of 45 
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Nagano (Japan) to reconstruct the 3D geometry of the fault surface and the evolution of segments 46 

activation. Based on the continuous records of 37 seismic stations from 1st October 2014 to 31 47 

December 2014, a refinement picking procedure based on waveforms similarity, a three-dimensional 48 

velocity model, and a double-difference location method were used to locate around 2500 events. The 49 

high-quality earthquake location catalog and composite focal mechanisms constrain the three-50 

dimensional geometry of the segmented fault system with at least 9 distinct segments activated in 51 

succession during 3 phases. The early aftershocks exhibit a broad NNE-SSW structure located at 52 

shallow depth, involving first the shallow northern and southern portions of the segmented surface, 53 

then the deeper northern portion of it, and finally the deeper part of the southern portion. The 54 

complexity of the fault system suggests improving the way in which we characterize the fault systems 55 

by considering how the fault segmentation controls the earthquake rupture. 56 

 57 

1. Introduction 58 

In the last decades, several significant earthquakes (e.g., 2008 Mw 8.0 Wenchuan, China: Lin et al., 59 

2009; 2016 Mw 7.8 Kaikōura, New Zealand: Ulrich et al., 2019; 2023 Mw 7.8 and Mw7.6 60 

Kahramanmaraş earthquake doublet, Turkey: Karabacak et al., 2023; Özkan et al., 2023; Petersen et 61 

al., 2023; Reitman et al., 2023; Toker et al., 2023) have highlighted a common behavior: large 62 

earthquakes often involve multiple fault segments rather than individual, unsegmented fault surfaces. 63 

This has a strong impact on hazard assessment, especially related to the occurrence of large magnitude 64 

aftershocks. Hazard is highest for the segmented fault model, in which seismic moment is 65 

accommodated by frequent moderate (moment magnitude Mw 6.2-6.8) earthquakes. The unsegmented 66 

model yields the lowest average seismic hazard because part of the seismic moment is accommodated 67 

by large (⁠Mw 6.9–7.9) but infrequent ruptures (Iacoletti et al., 2021). Hence, it is crucial to characterize 68 

the segmentation of capable faults. Fault segment interaction and their mutual static triggering 69 

activation is a prominent mechanical process during the aftershock occurrence, whose impact could be 70 

strongly underestimated if not considered in the hazard evaluation. Beside fault segmentation, other 71 

significant aspects for a reliable estimation of hazard are the inclusion of time-dependent occurrence 72 



4 

of segments activation, and the account for their mutual interaction (see Iacoletti et al. 2021 and the 73 

references therein). 74 

With the objective of characterizing the complexity of fault structures across various scales, numerous 75 

efforts have been undertaken using different datasets, including field and seismic reflection data (see, 76 

for example, Peacock and Sanderson, 1991; Huggins et al., 1995; Childs et al., 1996; Nicol et al., 77 

2002; Walsh et al., 2003; Wesnousky, 2006; Camanni et al., 2019, 2023a,b; Delogkos et al., 2020; 78 

Roche et al., 2021), as well as seismological data (Wesnousky, 1988; Manighetti et al., 2007, 2009; 79 

Hamling et al. 2017; Cesca et al. 2017; Improta et al., 2019; Ross et. al 2019; Michele et al. 2020; 80 

Waldhauser et al. 2021; Roche et al., 2022). The availability of enhanced seismic catalogs containing 81 

precisely located events has allowed for revealing of previously neglected fault structural complexities 82 

(Chiaraluce et al., 2003; Valoroso et al., 2014; Cesca et al., 2017; Tondi et al., 2020). 83 

However, most of the studies based on seismological data typically characterize fault segmentation in 84 

two dimensions (2D), either through mapping (e.g., Cesca et al. 2017) or in cross-section (e.g., 85 

Valoroso et al. 2014; Waldhauser et al. 2021), without accounting for lateral variation of fault 86 

geometry. Moreover, these studies do not incorporate the temporal activation or potential interaction 87 

of fault segments into the reconstruction of their characteristics. 88 

Here we provide a comprehensive and integrated approach to reconstruct the 3D fine-scale geometry 89 

of fault system and the evolution of segments activation (i.e., fourth dimension) starting from an 90 

enhanced catalog of foreshock-mainshock-aftershock sequence over a time interval extending beyond 91 

the early aftershocks (i.e., several months). We selected the November 2014 Northern Nagano 92 

earthquake (Mw 6.2), Japan, as it involved a prolonged and complex foreshock and aftershock 93 

sequence associated with more than 2000 events activating a complex segmented fault system 94 

(Panayotopoulos et al., 2016; Imanishi and Uchide, 2017). 95 

In this work, we explored the mechanism of the mainshock-aftershock sequence by using high 96 

precision earthquake locations, to (i) propose an improved three-dimensional (3D) model of the 97 

segmented fault system, and to (ii) characterize the 4D evolution of the rupture on the segmented fault 98 
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system during the 1-month aftershock sequence. First, we built an enhanced seismic catalog by 99 

applying a procedure for the event detection and location to the continuous data from 1st October 2014 100 

to 31 December 2014. Then, we refined the automatic absolute picks with a new technique based on 101 

waveform similarity and hierarchical clustering. The high-resolution earthquake locations were 102 

obtained by double difference (DD) technique and 3D velocity models optimized for the area. The 103 

seismicity pattern, combined with newly calculated composite focal mechanisms of significant 104 

clusters, were in turn used to derive the 3D geometry of the different fault segments activated during 105 

the mainshock rupture and in the following weeks. This data provided a new image of the 4D 106 

occurrence and the clustering of the events that characterized the rupture evolution of the complex 107 

fault system activated into 3 main phases during the 2014 Nagano earthquake sequence. 108 

The reconstructed 4D fault model revealed the fine-scale complexity of the segmented rupture process 109 

during the aftershock sequence and can be used as source model in the mainshock-aftershock hazard 110 

evaluation framework for a more reliable assessment in the Itoigawa-Shizuoka, high potential fault 111 

system where another significant earthquake of Mw 7.5 has recently occurred on January,1, 2024. 112 

Besides, the proposed approach can be extended to other high-risk areas to properly evaluate the main 113 

pieces of information for a comprehensive characterization of fault complexity and a reliable 114 

assessment of seismic hazard. 115 

 116 

2. The setting of the Mw 6.2 Northern Nagano Earthquake Sequence 117 

The tectonic setting of the study area is dominated by the Itoigawa-Shizuoka tectonic line (ISTL), 118 

which crosses the Honshu Island and extends for ~ 150 km from Itoigawa City on the Sea of Japan to 119 

Shizuoka City on the Pacific Ocean (see Fig. 1). The ISTL roughly strikes NNE–SSW to NNW–SSE 120 

and is one of the most active faults in Japan, since it forms one arm of the triple junction between the 121 

Eurasian, North American, and Philippine Sea plates. In the north, within the study area, the ISTL is 122 

made up of at least two major, nearly N-S striking, sub-parallel branches: the Kamishiro fault (KF, 123 

Fig. 1) in the West, and the Otari–Nakayama fault (OTNF, Fig. 1) in the East. Both faults developed 124 
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as the bounding, east-dipping extensional faults of the Northern Fossa Magna (NFM) rift basin (Sato, 125 

1994), which formed during the final extensional stages of the opening of the Japan’s Sea (25 – 15 126 

Ma) (Otofuji et al., 1985; Yamaji, 1990), and juxtapose sedimentary rocks of the basin infill in the 127 

East against older basement rocks of the “inner zone” (INZ) in the West. The NFM basin comprises 5-128 

6 km thick Miocene marine sediments (Kato, 1992; Takano, 2002; Panayotopoulos et al., 2013); the 129 

INZ is made up largely of pre-Neogene basements rocks comprising Paleozoic-Mesozoic accretionary 130 

complex and granitic rocks (Fig. 1) (Kano et al., 1990; Taira, 2001). 131 

Since the Pliocene (ca. 3 Ma) an inversion of the stress field in central Japan resulted in the ongoing 132 

inversion of the NFM rift basin through the reactivation of its bounding fault system with an overall 133 

reverse kinematics (Williams et al., 1989; Sato, 1994; Sato, 1996). The KF has been shown to be 134 

currently an active thrust fault (e.g., Sato et al., 2004; Takeda et al., 2004). On the other hand, the 135 

OTNF, shows no geomorphological evidence of late Quaternary activity (Matsuta et al., 2004). 136 

The Mw 6.2 mainshock of the here studied seismic sequence occurred at the Northern Nagano 137 

prefecture on the 22 November 2014 at 10:08 pm JST (01:08 pm UTC). The epicenter of the 138 

mainshock is located nearby the KF and OTNF faults (red star in Fig. 1), and the estimated focal 139 

mechanism from the centroid moment tensor (CMT) solution, given by the Japan Meteorological 140 

Agency (JMA) and by the National Research Institute for Earth Science and Disaster Resilience 141 

(NIED), shows a reverse faulting with a left-lateral component (JMA, 2014; NIED, 2014). A 142 

foreshock activity has been detected near the mainshock location during the 4 days before its 143 

occurrence. As mentioned by Imanishi and Uchide (2017), the 4D evolution of the foreshock activity 144 

is characterized by seismicity migration from the shallow crust to the mainshock location. Imanishi 145 

and Uchide (2017) interpreted that the mainshock was triggered by the stress loading caused by the 146 

foreshock activity driven by aseismic slow slip. 147 
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 148 

 149 

Figure 1. Geological map of the area surrounding the 2014 Nagano earthquake sequence, 150 

modified from Panayotopoulos et al. (2016). Red star indicates the Mw 6.2 mainshock 151 

location. Triangles indicate the location of the seismic stations used in this study. White 152 

rectangle indicates the studied area. Northern Fossa Magna (NFM), Inner Zone (INZ), 153 

Itoigawa-Shizuoka tectonic line (ISTL). 154 

 155 

Most of the surface ruptures related to the mainshock followed the mapped surface trace of the KF 156 

(Okada et al., 2015). Several studies used interferometric synthetic-aperture radar (InSAR) 157 

(Panayotopoulos et al., 2016; Ando et al., 2017; Kobayashi et al., 2018) to identify the surface 158 



8 

displacement observed after the mainshock and interpreted the slip distribution as associated with a 159 

non-planar east-dipping fault formed by KF and OTNF faults. Similarly, by using the relocated 160 

hypocenter of a part of the aftershock activity, Panayotopoulos et al. (2016) determined the source 161 

fault model as composite, with a shallow part corresponding to the KF with a dip of 30°-45°, and a 162 

deeper portion corresponding to the deep part of the OTNF with a dip of 50°-60°, resulting in an 163 

overall bending, steepening downward fault planar surface. Ando et al. (2017) confirmed this bending 164 

planar fault structure and added some branch faults with different bends for the different clusters 165 

around the main fault to fit reasonably the surface deformation data. The relocated aftershocks by 166 

Panayotopoulos et al. (2016) show a clear difference in seismicity distribution between the northern 167 

and the southern part of the earthquake sequence area. The gap of aftershocks on the surface rupture is 168 

consistent with several studies showing aftershocks concentration at the margin of asperity (Okada et 169 

al., 2015) where the coseismic slip is low (Panayotopoulos et al., 2016). Indeed, Ando et al. (2017) 170 

show a high coseismic slip patch in the south of the earthquake sequence at shallow depth. This 171 

correlation of high slip patch on the fault and low concentration of aftershocks, which has been 172 

observed for other major earthquakes in Japan (Hirata et al., 1996; Asano et al., 2011), is related to the 173 

total stress release on this patch of the fault. 174 

 175 

3. Data and Methods 176 

3.1. Refinement picking 177 

In this study we used continuous seismic data recorded from 1st October to 31 December 2014 by 27 178 

short period three component velocity seismometers of the permanent network Hi-net (NIED, 2019) 179 

operated by the NIED and JMA, 4 seismometers operated by the University of Tokyo, 3 strong-motion 180 

seismograms of the permanent network KiK-net and 2 seismometers operated by the University of 181 

Kyoto (triangles in Fig. 1). First, we applied an optimized strategy to chain existing methods for the 182 

automatic detection (Adinolfi et al., 2020), picking, and location of events, we used LASSIE 183 

(Heimann et al., 2017) PHASE (Ross & Ben-Zion 2014) and MParloc (Zollo et al., 2021), 184 
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respectively, following the same approach of Adinolfi et al (2020, 2022, 2023). This allowed us to 185 

construct a homogeneous initial catalog of 2477 events through the whole period of three months with 186 

a magnitude range between -0.6 and 6.2 (see Fig S1 in SM). 187 

It is well known that automatic pick tools can introduce systematic shifts to the output pick 188 

distribution (Lois et al., 2013; Baillard et al., 2014). This affects, not only the quality of the initial 189 

catalog location, but also the accuracy of differential travel-times measurements, that depend on the 190 

event origin time. To obtain high quality DD locations, we applied the refinement picking procedure 191 

based on waveform similarity and hierarchical clustering, on the first set of automatic absolute picks. 192 

We measured through cross-correlation (CC) the similarity between waveforms of the filtered seismic 193 

records to build families of similar events with hierarchical clustering. Within each family, we 194 

constructed a reference trace (RT), by the weighted stack of all the waveforms, on which automatically 195 

measured a refined pick used as reference to correct the picks of other events in the family (for further 196 

details see section A1 in SM). This procedure is constructed to mitigate both the inconsistency among 197 

picks on similar waveforms and the systematic shift introduced by automatic picking tools (Fig. 2a). 198 

By looking at the increase of signal to noise ratio (SNR) calculated around refined picks, respect the 199 

one of initial picks, (Fig. S2 in SM) we can assess that we improved our pick quality. 200 
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 201 

Figure 2. (a) Seismic traces recorded on the vertical component at one station classified in 202 

family belonging. The orange trace is the RT of each family. Vertical blue line indicates the 203 

position of the refined P arrival time. Vertical red line indicates the position of the initial P 204 

arrival time. (b) Histogram of the root mean square (RMS) from the absolute locations. (c) 205 

Same as be for the horizontal error. (d) Same as (b) for the vertical error. (e) Relocate absolute 206 

seismicity of the 2014 Nagano earthquake sequence by using the 1D/3D velocity models and 207 

the initial/refined arrival time picks. 208 

3.2. Earthquake locations 209 

To improve the hypocenter location, we followed a three steps process: 210 

1) First, we estimated the absolute hypocenter locations with NonLinLoc software (Lomax et al., 211 

2009) in the 1D velocity model used for the JMA Unified Earthquake Catalog (JMA, 2014), by 212 

inverting initial automatic picks and refined ones. Then we relocated the seismicity in DD by using 213 

HypoDD (Waldhauser and Ellsworth, 2000) and considering the CC and catalog differential times. 214 

The CC differential travel times was calculated between events within families built during the 215 

refinement picking procedure. 216 
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2) To further improve our location quality, we constructed 3D P- and S- waves velocity models by 217 

inverting arrival times through a linearized tomographic approach. We used the code TOMOTV 218 

(Latorre et al. 2004), well consolidated since applied in different environments and at different scales 219 

(De Landro et al. 2020, 2022; Amoroso et al. 2022). In our strategy, we inverted the refined picks by 220 

starting from the 1D velocity model from JMA (JMA, 2014) (see section A2 in SM). By looking the 221 

map view of the velocity models (Figure S3.1-2), there is a strong east-west variation of velocity in the 222 

first kilometers depth. The geological structure related to the low velocity zone should end between 4 223 

and 7 km depth. By comparing the position of the velocity anomalies and the geological features at the 224 

surface, the low velocity anomaly on the east side of the fault system is related to the NFM basin while 225 

the high velocity anomaly of the west side of the fault corresponds to the INZ (basement structure). 226 

3) In the next step, we located the hypocenters in 3D velocity models (Fig. S3.1-2 in SM) with 227 

NonLinLoc (Lomax et al., 2009), we computed the CC differential times by considering refined 228 

location and, then we relocated the seismicity with HypoDD by inverting CC and catalog differential 229 

times (see section A2 in SM). 230 

The high consistency of the refined phase picks allows to increase the accuracy of absolute location by 231 

reducing the root-mean-square (RMS) from 0.19 s to 0.11 s (Fig.2b) and the mean location error from 232 

0.6 km to 0.2 km (Fig.2c-d). This result is a further confirmation of the improvement of pick quality 233 

consequent to the application of the refinement procedure. It is interesting to note that with 3D 234 

absolute locations we observed a clustering of events and a shift of the seismicity toward the east 235 

comparable with the features previously observed with the use of DD location (Fig.2d; 236 

Panayotopoulos et al., 2016). To minimize the effect of the global harmonization of the 3D model at 237 

large parametrization, we focused the analysis on the hypocenter location determined by relative travel 238 

times based on the location with the 3D velocity model. With the last location step, we reduced the 239 

location errors for DD to an average of about 100 meters (see section A2 and Fig. S4 in SM). 240 

3.3 Rupture directivity 241 
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We used the 23 strong motion records of the Mw 6.2 Northern Nagano earthquake acquired by the 242 

near-source strong-motion seismograph from Kiban Kyoshin Network (KiK-net) operated by the 243 

NIED (NIED, 2019) to infer the mainshock rupture geometry and propagation mode (see section A3 244 

and Fig. S5 in SM). With this aim the method proposed by Convertito et al. (2012) has been applied to 245 

invert the recorded Peak Ground Velocity (PGV) data to determine the fault length (in terms of its 246 

surface projection), the dominant rupture mode (uni- or bi-lateral), direction and velocity. 247 

For this analysis we assumed the moment magnitude Mw 6.2 and used the PGV data measured from 248 

the 0.1-3 Hz band-pass filtered accelerograms recorded by the 23 near-source stations of the strong 249 

motion network. PGV data are preliminary corrected for the distance attenuation effect, by multiplying 250 

each data by the hypocentral distance, then the optimal rupture parameters (rupture length L, 251 

predominant rupture length L’, Mach number α and the rupture direction) are determined through a 252 

Bayesian probabilistic inversion method based on a grid search model parameter exploration 253 

(Convertito et al., 2012). The final PGV residual distribution confirms the consistency of the retrieved 254 

model with observations indicating a well peaked residual distribution around zero with a net 255 

improvement relative to the directivity of un-modeled data (see Fig. S5 in SM). 256 

3.4 Composite focal mechanisms 257 

To determine in detail the fault geometry and confirm the fault delineation highlighted by the 258 

seismicity, we computed the composite focal mechanism with the program FPFIT (Reasenberg, 1985) 259 

for several clusters by reducing the uncertainty of the polarity measurements that can be done for 260 

single event. By the contribution of the polarity measurements of each event among the same cluster, 261 

FPFIT calculates the best fault-plane solution with a weighted sum of the first P-wave polarity 262 

discrepancies (Aki and Richards, 2002). For this analysis, we evaluate the composite focal mechanism 263 

by selecting co-located events belonging to 9 significant clusters with a total of 1053 events. We 264 

selected the clusters based on the event's 4D proximity, by focusing especially on the small-scale 265 

features of the seismicity pattern not detected in previous works (Panayotopoulos et al., 2016). We 266 

manually measured the polarities at least for the 8 closest seismic stations from the earthquake 267 



13 

sequence location. The results can be found in table S1 of SM. The obtained focal mechanisms are 268 

well constrained, and the average error strike, dip, and rake is about 7°, 11°, and 12° respectively (see 269 

Fig. S6-14 in SM). 270 

 271 

4. 4D seismicity evolution 272 

Hypocenters of the relocated mainshock and aftershocks are shown in Fig. 3, 4, and 5. In Fig. 3 we 273 

show the map view, the sections, and distribution along the strike of the fault structure of the 274 

aftershocks over the entire period. The mainshock of the Nagano sequence occurred on 22 November 275 

2014 at 01:08:17.56 pm (UTC) in correspondence of the northern tip of the southern segment involved 276 

in the rupture (red star in Fig. 3,4a-b) at 3.3 km of depth. The relocation procedure allowed us to reach 277 

an unprecedented precision in the location of the mainshock, with location errors of the order of a few 278 

hundred meters (see section A2 in SM), especially in depth by considering the use of an optimized 3D 279 

velocity model. By looking at the aftershock distribution (Fig. 3), we can note the distribution is 280 

following a striking structure N20° oriented and the higher number of aftershocks in the northern part 281 

of the earthquake sequence compared to the southern part. By looking the sections, most of the 282 

aftershocks are distributed in several clusters that we can clearly identify spatially (see sections on Fig. 283 

3). In the southern part, the seismicity follows a single fault plane with a main cluster around the 284 

mainshock location. In the northern part, the clusters identified are globally deeper than the clusters 285 

identified in the southern part. Also, we can note some clusters are activated by a major shock (with a 286 

MJMA ≥ 4, green stars on Fig. 3). The temporal distribution of seismicity along the strike (Fig. 3) shows 287 

the temporal feature only for the shallower clusters/segments activated by a major shock. The 288 

aftershocks distribution among several clusters/segments, activated at different time and probably 289 

affected by several triggering mechanisms, show the complexity of the fault related to the main 290 

rupture.  291 

To constrain the geometry of the faults involved in the Nagano sequence, previous analyses have been 292 

based on the calculation of focal mechanisms for major shocks in different sectors of the system 293 
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(JMA, 2014; NIED, 2014; Panayotopoulos et al., 2016). Here, we take advantage of the density, we 294 

consider a longer time period, and the quality of the obtained seismic catalog, to calculate composite 295 

focal mechanisms for events belonging to 9 significant clusters involving up to 1053 events. 296 

To describe the pattern of the seismicity and catch the activation of the fault segments involved, we 297 

selected 4 different time intervals (see table 1) that we used in Figure 4 and 5. In Fig. 4 we show the 298 

sequence evolution (Fig. 4a-e), together with the results of rupture directivity analysis (Fig. 4a) and 299 

composite focal mechanism for significant clusters (Fig. 4f). In Fig. 5 we show 4 vertical sections 300 

through the same data and at the same time intervals. 301 

By analyzing the seismicity within the different time intervals (Fig. 4 and 5), we can define 3 main 302 

phases with the first phase about the seismicity related to the main rupture at coseismic time-scale 303 

(mainshock rupture and 3h aftershocks), the second phase, within the week after the mainshock 304 

occurrence, characterized by the deep segments activation in the northern part, and the third phase 305 

within the month after the mainshock occurrence, characterized by the activation of deep part of the 306 

fault in the southern part.  307 

 308 

Table 1. Description of selected time periods. In the first column the time is referred to the 309 

mainshock origin time (MOT), 22 November 2014 at 01:08:17.56 pm (UTC). 310 

 311 

4.1. Phase 1 / Mainshock rupture 312 
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The early aftershocks, first hours after the mainshock origin time (MOT), which better highlight the 313 

geometry of the mainshock rupture, are distributed along a broad NNE-SSW structure with a shallow 314 

seismicity (Fig. 4a-b) and sum up in a total length of approximately 20 km. This rupture length is 315 

confirmed by inverting synthetic aperture radar (SAR) data (Lin et al., 2015; Kobayashi et al., 2018). 316 

The rupture length is likely greater than the expected for a Mw 6-6.2 (we estimated 8 km in total from 317 

the rupture directivity analysis). This may be due (1) to the simple fault geometry that the code can 318 

provide and (2) to the larger fault extent as imaged by the location of aftershock static-triggered at the 319 

borders of the main rupture. 320 

The final best rupture model (purple arrows in Fig. 4a) provides a fault rupture direction of N60° with 321 

a total length of 8 km and a nearly pure bi-lateral evolution (e.g., equal predominant and secondary 322 

rupture lengths of 4 km) at an average rupture velocity of 0.9β (with β as the S-wave velocity). We 323 

note that the retrieved bi-lateral rupture mode and length match well the mainshock epicenter location 324 

and the early-time (3 hours after MOT) spatial aftershock distribution. Moreover, the rupture 325 

orientation derived from the mainshock directivity analysis, points toward South-West and North-East 326 

which correspond well to the 1-3 km shallow and 4-6 km deep, high slip mainshock fault patch, 327 

respectively (Kobayashi et al., 2018, see Fig. S15 in SM). 328 

As from the aftershock distribution in the first 3 hours after the MOT, so during the first phase, the 329 

seismicity deepens moving toward north-east (Fig. 4a-b and Fig. 5a,e,i,m), up to 8-9 km in the 330 

northernmost sector (Fig. 5a). Moreover, the northern segment is more populated and characterized by 331 

a small cluster activated by a major aftershock of MJMA 4.4 at 4 km of depth during the first hour after 332 

the MOT (green star in Fig. 4a-b and Fig. 5a). By considering the seismicity belonging to this cluster 333 

in the entire time period (red dots in Fig. 4f and seismicity between 2 and 5 km of depth in Fig. 3 and 334 

5d), we calculated the composite focal mechanism (cluster B in the Table S1 and Fig. S7) and found a 335 

strike of 47°, dip 61° coherent with the main fault segment associated with the mainshock rupture and 336 

the distribution of seismicity (Fig. 4f and Fig. 5a-d). 337 

The south-western seismicity delineates a single fault plane which is coherent with the OTNF structure 338 

(Fig. 4a-b and Fig. 5a-d; Panayotopoulos et al., 2016). In detail, the aftershocks delineate a fault 339 
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segment in the south of 8 km length with a strike of around 20° (Fig. 4a) and mainly up to 4 km of 340 

depth indicating that the mainshock ruptured upward (Fig. 5i). In previous works on the sequence 341 

(Panayotopoulos et al., 2016; Ando et al., 2017) there is almost no seismicity in the first two 342 

kilometers depth in the southernmost section compared to the locations obtained in this work (section 343 

A-A’ on Fig. 4a-b and Fig. 5m). This discrepancy depends mostly on the difference of the catalog and 344 

on the use of the 3D velocity model that accounts for the strong lateral variation of velocity in this area 345 

characterized by two different domains (INZ and NFM in Fig. 1) placed side by side. This result is 346 

coherent with the slip release during the mainshock (Kobayashi et al., 2018), indeed the seismicity in 347 

the first 2 km of depth in the southernmost part of the sequence (Fig. 4a-b and Fig. 5m) is located at 348 

the edge of the high-slip patch of the mainshock at south around 1 km depth (Fig. S15 in SM). 349 

Coherently with this high-slip patch location, our locations show a clear gap in the south-west part of 350 

the southern segment (Fig. 4a-b, Panayotopoulos et al., 2016; Kobayashi et al., 2018). 351 

By considering the seismicity clustered around the mainshock location in the entire period (magenta 352 

dots in Fig. 4f), we calculated the composite focal mechanism (cluster A in the Table S1 and Fig. S6) 353 

and found a fault plane with a strike of 20° and east-dipping of 55° which is coherent with the 354 

distribution in plane (Fig. 4f) and in depth (Fig. 3 and 5l) of clustered seismicity and with the 355 

mainshock CMT solution estimated by the NIED using F-net (NIED, 2014) (see Fig. 4a-b). For the 356 

shallow seismicity in the first two kilometers depth in the southernmost section A-A’ (pink dots on 357 

Fig. 4f), we calculated the composite focal mechanism (cluster C in the Table S1 and Fig. S8) and 358 

found a fault plane with a strike of 20° and east-dipping of 50° which is coherent with the distribution 359 

in plane of the seismicity along fault segment in the southern part. 360 

4.2. Phase 2 / Deep aftershocks distribution in the northern part 361 

Between 12 and 24 hours after the MOT, in the northern part, in correspondence of the section C-C’, a 362 

second major shock with MJMA 4.4 occurred (green star in Fig. 4c and Fig. 5f) on a “new” segment. 363 

For the cluster associated with this major shock (black dots in Fig. 4f), we calculated the composite 364 

focal mechanism (cluster D in the Table S1 and Fig. S9) and we found a solution that gives a fault 365 

plane with a strike of 210° and west-dipping of 60° which is very coherent with the seismicity 366 
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distribution in depth (Fig. 5f). In the same time window, in the section D-D’, the northernmost one, a 367 

significant increase of events is observed in the deep part (up to 8 km depth) of the northern sector 368 

(Fig. 5b). 369 

After 24 hours from the MOT, we observed a significant increase of the number of events in the 370 

deeper part of the fault system, between 6 and 10 km of depth, starting from the northernmost section 371 

D-D’ up to the section B-B’ in the area of mainshock occurrence (Fig. 4d and Fig. 5c,g). However, it’s 372 

not easy to define the activation time of the deep seismicity in the southern part. In section D-D’ (Fig. 373 

5c), we can distinguish two separate clusters, though very close, one between 6 and 8 km depth (blue 374 

dots in Fig. 4f) and the other, deeper, between 7 and 10 km (green dots in Fig. 4f). We calculated for 375 

these two clusters the composite focal mechanisms and found a CMT solution coherent in terms of 376 

strike and dip to the cluster distribution. The CMT solution of the cluster (cluster E in the Table S1 377 

and Fig. S10) between 6 and 8 km of depth (blue dots in Fig. 4f) shows a fault plane with a strike of 378 

70° and south-dipping of 80° and for the cluster (cluster F in the Table S1 and Fig. S11) between 7 and 379 

10 km (green dots in Fig. 4f) the fault plane is striking 254° with a dip of 61° to the north. Moving 380 

toward south-west, in the section C-C’ (Fig. 4d and Fig. 5g), it is clearly visible a cluster with a near-381 

vertical distribution. For this cluster (cyan dots in Fig. 4f), we calculated the composite focal 382 

mechanism (cluster G in the Table S1 and Fig. S12) and found a strike of 206° and east-dipping of 383 

77°, also in this case well matching the seismicity distributions. By considering the time delay of hours 384 

between cluster and main rupture occurrences, we can hypothesize the static stress transfer as the 385 

likely triggering mechanism. 386 

In previous studies, the authors associated the deep seismicity in the northern part to the extension at 387 

depth of the mainshock related fault (Panayotopoulos et al., 2016; Ando et al., 2017). The small-scale 388 

complexity that we can reveal by considering high precision locations obtained refining the absolute 389 

picks, allowed us to identify and geometrically characterize these clusters. For each of them the 390 

estimated dominant focal mechanisms show sub-vertical planes coherent with the seismicity 391 

delineated fault. 392 

4.3. Phase 3 / Deep aftershocks distribution in the southern part 393 
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One week after the MOT, also the depth portion (down to 3 km depth) of the southernmost part, in 394 

correspondence to the section A-A’, is characterized by an increase of seismicity (Fig. 4e and Fig. 5p). 395 

We calculated the composite focal mechanism (cluster H in the Table S1 and Fig. S13) and found a 396 

fault plane solution with a strike of 16° and a dip of 77° to the east for the deep seismicity in the south 397 

part (yellow dots in Fig. 4f). For the seismicity between 2 and 4 km of depth (orange dots in Fig. 4f) 398 

the composite focal mechanism (cluster I in the Table S1 and Fig. S14) gives a fault plane with a strike 399 

of 20° and a dip of 80° to the east. By identifying the small-scale complexity of the southernmost part 400 

on the section A-A’, we can distinguish the higher dipping structures of two southern segments with 401 

respect to the shallower part (cluster C on Fig. 4f and Fig. S8) and to the envelope of the seismicity 402 

which follows the dipping structure of the mainshock rupture with a dip of 55°. The gaps of aftershock 403 

at 6 km of depth in the northern part (red dashed contoured area in section C-C’, Fig. 5h) and up to 2 404 

km above the mainshock cluster (red dashed contoured area in section B-B’, Fig. 5l) are well 405 

correlated with a high slip patch of the mainshock rupture (Kobayashi et al., 2018; see Fig. S15 in 406 

SM). 407 

The shallower seismicity, down to 6 km depth, shows the occurrence of several relatively high 408 

magnitude shocks, followed by a power-decaying number of events with time from the mainshock 409 

(see Fig. 3 and S16 in SM). On the other hand, the deeper volume seems to have not been activated by 410 

major shocks and the temporal distribution of seismicity is almost constant in time (see Fig. S16 in 411 

SM). So, we can observe a different behavior in terms of seismicity time occurrence between the 412 

shallow and deep part of the fault system and between the northern and southern portion. This 413 

different behavior of cluster-events occurrence with time within the same seismic sequence has been 414 

already observed in other seismic regions worldwide and associated with different triggering 415 

mechanisms, static-stress transfer or pore-fluid induced effect (De Barros et al., 2019). Furthermore, 416 

this could also arise from the fact that some of the fault segments from the deep portion of the fault 417 

system are very steep, and therefore may not be optimally oriented to be (re)activated. However, 418 

further and more quantitative investigations are required to explain this observation. 419 

 420 
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 421 

Figure 3. Map view, sections, and distribution of the seismicity along strike versus time 422 

during the whole period of the earthquake sequence. Red star denotes the Mw 6.2 mainshock 423 

and the green stars correspond to the major aftershock with a MJMA ≥ 4. Circles denote 424 

aftershocks and sizes scale with magnitudes. Yellow triangles are the seismic stations. The 425 

color bar indicates the depth. The blue dash lines indicate the position of the sections. 426 

 427 
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Figure 4. Spatial and temporal distribution of the aftershock sequence at different time 429 

periods after relocation (a-e) and the composite focal mechanism for each individual cluster 430 

(f). Red star denotes the mainshocks and the green stars correspond to the major aftershock 431 

with a MJMA ≥ 4. Circles denote aftershocks and sizes scale with magnitudes. Gray circles 432 

correspond to the aftershocks which occurred before the time interval. Yellow triangles are 433 

seismic stations. The color bar indicates the depth. The blue dash lines indicate the position of 434 

the sections. The focal mechanism represented in red is the CMT solution for the mainshock 435 

estimated by NIED using F-net. The red and blues lines on the map correspond to the fault 436 

traces at the surface of the Kamishiro fault and the Otari–Nakayama fault, respectively. The 437 

purple arrows indicate the rupture directivity and the rupture mode of the mainshock. The 438 

index letters of each composite focal mechanism are referred in the Table S1 in SM. The red 439 

line on the different focal mechanism corresponds to the related fault plane. The time periods 440 

are (see Table 1): a) from MOT to 1h after; b) from MOT to 3h after; c) from 12 to 24 h after 441 

MOT; d) from 24h to one week after MOT; e) from one week after the MOT to one month 442 

after MOT. 443 

 444 
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 445 

Figure 5. Cross-sections of the aftershocks sequence perpendicular to the fault’s strike at 446 

different time periods. Sections at depth at different time periods after the mainshock. Red 447 

star denotes the mainshocks and the green stars correspond to the major aftershock with a 448 

MJMA ≥ 4. Circles denote aftershocks and sizes scale with magnitudes. Gray circles 449 

correspond to the aftershocks which occurred before the time interval. The color bar indicates 450 

the depth. The red dash contours indicate the positions of the high slip patches from the model 451 

estimated by Kobayashi et al., 2018. 452 
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 453 

5. 3D fault model and 4D rupture evolution 454 

In this section we propose a 3D model of the segmented fault system and an evolutionary scenario of 455 

the sequence of activation of the various activated segments based on the spatial distribution of 456 

earthquakes together with the composite focal mechanisms of significant clusters. 457 

 5.1. 3D Segmented fault system 458 

As previously mentioned, the fault zone responsible for the Nagano earthquake sequence is an 459 

inherited extensional fault which is currently being reactivated with a prevalent reverse kinematics in 460 

response to the inversion of the NFM basin. Although some characteristics of the original, extensional 461 

fault system such as the dip or strike of individual fault segments within it may be altered during fault 462 

inversion, the bulk 3D geometry (e.g., degree of fault segmentation, types of linkage between adjacent 463 

fault segments) is likely being preserved through the episode of fault reactivation. 464 

Therefore, in describing and interpreting the 3D structure of the fault zone, it is reasonable to adopt 465 

geometrical templates and associated terminologies that have been used for extensional fault systems. 466 

It is well-known that extensional faults are in 3D seldom individual planar surfaces while are most 467 

often comprised of multiple fault segments (Walsh and Watterson, 1989; Childs et al., 1996, 2009; 468 

Peacock, 2002; Marchal et al., 2003; Walsh et al., 2003; Kristensen et al., 2008; Delogkos et al., 2017; 469 

Camanni et al., 2021, 2023b; Roche et al., 2021). An important notion to be introduced here is that of 470 

“relay zone”, defined as the volume of rocks between two adjacent fault segments, whose deformation 471 

facilitates the transfer of displacement from one fault segment to another (Larsen, 1988; Peacock and 472 

Sanderson, 1991, 1994; Childs et al., 1995; Huggins et al., 1995; Camanni et al., 2019, 2023a,b; 473 

Delogkos et al., 2020; Mercuri et al., 2020 a,b; Nicol et al., 2020; Roche et al., 2020, 2021). In this 474 

work we are not concerned with the exact mechanism that acts across relay zones for transferring 475 

displacement, but rather of their 3D geometry. Therefore, in this section, we will first describe the 3D 476 

nature of the studied fault system, and we then compare it with other templates of 3D segmented 477 

normal fault surfaces described in the literature. 478 
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The southernmost fault segment is made up of a single, planar, east-dipping surface (segment A in Fig. 479 

7, section B-B’ in Fig. 6) which in the south splays in three, subordinate segments juxtaposed across 480 

two relay zones with a sub-horizontal axis (segments C-I-H in Fig. 7, section A-A’ in Fig. 6). It is 481 

worth noting here that, in cross-section (panel b in Fig. 6), the envelopes of these three segments have 482 

a dip angle which is steeper to that of segment A (Fig. 6-7). 483 

The northernmost fault segment is geometrically more articulated (Fig. 6-7). Overall, it is, in turn, 484 

comprised of two subordinate fault segments vertically juxtaposed across a relay zone, with a sub-485 

horizontal relay axis; an antithetic fault (i.e., more prominently west-dipping) is associated with this 486 

relay zone (segment D in Fig. 7, section C-C’ in Fig. 6). The upper segment (segment B in Fig. 6-7), is 487 

an individual east-dipping, surface, while the lower one is a sub-vertical to steeply west-dipping 488 

surface (segment G in Fig. 6-7) which is splaying in two minor segments (segments E and F in Fig. 6-489 

7) towards the northern edge of the fault zone, which are juxtaposed against one another across a sub-490 

horizontal, relay zone (section D-D’ in Fig. 6). 491 

The above-described 3D structure for the studied fault system derived from seismological observations 492 

has, geometrically, several characteristics in common with the 3D structure of normal faults as 493 

derived, in recent works, from fault mapping within datasets of higher resolution such as field and 3D 494 

seismic reflection ones (e.g., Marchal et al., 2003; Kristensen et al., 2008; Tvedt et al., 2013; 495 

Worthington and Walsh, 2017; Freitag et al., 2017; Lăpădat et al., 2017; Camanni et al., 2019; Roche 496 

et al., 2020, 2021). We stress that a direct comparison between datasets is viable since the 497 

segmentation of the fault studied here is interpreted to be inherited from an extensional fault. In 498 

particular, the most recent works among the ones cited above (e.g., Camanni et al., 2019; Roche et al., 499 

2021) show that, overall, relay zones on normal faults are mostly either sub-horizontal (i.e., neutral 500 

relay zones) or sub-vertical (i.e., dip relay zones), and only secondarily oblique, in space, a 501 

characteristic in common with the fault zone studied in this work. Similarly, in circumstances in which 502 

a normal fault is vertically segmented, it has been shown that the individual fault segments have a 503 

sense of stepping which gives rise to mostly contractional rather than extensional strains in the relay 504 

zones between them (e.g., Camanni et al., 2019). This appears to be also valid for the fault zone 505 
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studied here, where the horizontally segmented faults have relay zones with a contractional 506 

geometrical configuration (see, e.g., relay zones between segments C-I-H, and relay zones between 507 

segments B-E-F). Finally, it is worth mentioning here that the resolution of the hypocenter data used in 508 

this study does not allow to define whether segments are connected or not from one another in space. 509 

However, for the sake of clarity, in Fig. 6-7 segments are drawn as physically disconnected. As we 510 

will see in the next section, though, all segments are part of a same, larger fault system. 511 

 5.2. 4D fault segment activation 512 

The highly segmented nature of the Nagano earthquakes suggests that the rupture process during these 513 

events could be more of a cascading phenomenon than a single continuous rupture front propagating 514 

along a fault. Analysis of the temporal sequence of activation of the 3D segments previously described 515 

(Fig. 8b-e) within the time windows previously described, provide insights on the 4D evolution of the 516 

rupture activated during the 2014 Nagano earthquake sequence. The rupture directivity projected on 517 

the segmented fault system (Fig. 8a) follows the distribution of the higher slip patches along the fault. 518 

It is especially worth noting that the southern edge of the rupture directivity is associated with the 519 

shallowest and largest high slip patch, as well as with the surface rupture as previously described (Fig. 520 

8a). During the first phase (Fig. 8b), the fault segments A-B-C are activated and show a sense of 521 

movement (Fig. 7) coherent with the orientation of the regional stress field. Segments A and C are 522 

showing a clear reverse sense of movement, while the segment B is showing a right lateral strike-slip 523 

sense of shear, likely due to the rotation of the fault toward the east in the northern part. These are also 524 

the segments that in 3D are aligned along the rupture directivity projected at depth, and it shows the 525 

link between the surface rupture in southern part (with high slip and low number of aftershock) and 526 

the segment B in the northern part (with low slip and high number of aftershock) within the main 527 

bilateral rupture. During the second phase (Fig. 8c), the seismicity seems to migrate northward and to 528 

be focused on the northern part of segment B and also migrate towards the deeper part of the fault 529 

system involving segments D-E-F-G located between 5 and 9 km depth, while segments I, F and the 530 

southern portion of segment B become inactive. Segments D, E, and F are showing a right lateral 531 

strike-slip sense of movement, while the segment G is showing a normal one. Finally, during the last 532 
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phase (Fig. 8d), in the south, there is a reactivation of southern mainshock segment A along with the 533 

activation of segments H and I while, in the north, only the deeper portion of the fault (i.e., segments 534 

E-F-G) remains active. Even if the segments H, I, and C are belonging the same fault envelope, the 535 

deeper segments H and I are showing a left lateral strike-slip sense of movement, while the segment C, 536 

activated during the mainshock rupture phase, shown a reverse kinematics. We can note the difference 537 

of the rupture mechanism of the segments among the later phases with respect to the ones of the first 538 

phase. This variation of the rupture mechanism can be explained by (i) a strong variation of the fault 539 

geometry with respect to the orientation of the regional stress field and (ii) the variation of the stress 540 

among the fault system in the days/weeks after stress release due to the mainshock rupture. 541 

Overall, these results suggest that the initial structure of the segmented fault system has key controls 542 

not only on clustering earthquakes but also on the seismicity evolution during the first month 543 

aftershock occurrence and on the length of the earthquake rupture with straightforward repercussions 544 

on time-dependent seismic hazard changes. 545 

 546 

 547 
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 548 

 549 

Figure 6. Map (a) and cross-section (b-e) views of the main fault segments identified in this 550 

study. The color of the segment is following the 3 phases discussed in this study (orange: first 551 

phase; green: second phase; blue: third phase). The index letters of each composite focal 552 

mechanism are referred in the Table S1 in SM. The red and blues lines on the map correspond 553 

to the fault traces at the surface of the Kamishiro fault and the Otari–Nakayama fault 554 

respectively. The red and blue triangles on the sections correspond to the position of the fault 555 

trace at the surface of the Kamishiro fault and the Otari–Nakayama fault respectively. 556 

 557 

 558 

 559 
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 Figure 7. 3D model of the studied segmented fault system and geological map of the study 560 

area (colors in the map are as in Fig. 1). The color of the segment is following the 3 phases 561 

discussed in this study (orange: first phase; green: second phase; blue: third phase). The grey 562 

arrows on the segments represent the movement on the fault with respect to the estimated 563 

focal mechanisms. The index letters of each fault segment are referred in the Table S1 in SM. 564 

The red and blues lines on the map correspond to the fault traces at the surface of the 565 

Kamishiro fault and the Otari–Nakayama fault respectively. The red and blue surfaces at 566 

depth correspond to the position of the fault plane of the Kamishiro fault and the Otari–567 

Nakayama fault respectively. 568 

 569 
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Figure 8. Fault strike-projection views of (a) the aftershock seismicity over the entire time 571 

period on the slip model obtained by Kobayashi et al., 2018 and (b-e) the 4D seismicity 572 

evolution of the Nagano earthquake sequence in the 3 phases described in this study. The 573 

color of the segment is following the 3 phases. The index letters of each fault segment are 574 

referred in the Table S1 in SM. Black circles indicate the aftershock location. White star 575 

indicates the Mw 6.2 mainshock location. The gray lines indicate the contour of the slip along 576 

the fault. The purple arrows indicate the rupture directivity and the rupture mode of the 577 

mainshock. The red line indicates the position of the surface rupture. 578 

 579 

6. Conclusions 580 

With the aim to reconstruct the 3D multi-segmented rupture of the 2014 Mw 6.2 Nagano sequence, we 581 

relocated the about 2500 aftershocks reconstructing an enhanced catalog with high-resolution 582 

locations. In detail, we first enriched the JMA seismic catalog of the three months around the 583 

mainshock by integrating around 10% of new events. Then, we constructed a new method for the 584 

refinement of automatic picks that includes 1) the construction of family of co-located events with 585 

high cross-correlation of waveforms at the same station; 2) the construction of a reference trace for 586 

each family through a weighted stack of waveforms on which measure a reference automatic pick; 3) 587 

the use of the reference pick to adjust the other picks of waveforms in the family. Each pick is 588 

associated with a weight based on the SNR ratio around the refined pick. This procedure is crucial, 589 

together with the use of reliable 3D velocity models, to obtain accurate depth estimations of events. 590 

The refined picks were inverted by a tomographic approach to obtain 3D P- and S-wave velocity 591 

models. We obtained the final location catalog by using the double-difference location method and 3D 592 

velocity models (P and S-phase) optimized for the area. 593 

The highly accurate relocation allowed us to unravel the 3D geometrical complexities of the fault 594 

system by analyzing the spatial distribution of the aftershocks with unprecedented detail. The early 595 

aftershock distribution and the strong motion data confirm the bilateral characteristic of the mainshock 596 
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rupture coherent with the distribution of aftershock in the first 3 hours after the mainshock occurrence. 597 

By following the aftershock evolution in time, a complex cascading rupture phenomena can be 598 

unraveled with the activation of 9 different fault segments well constrained in terms of geometry and 599 

activation time in 3D from seismicity and composite focal mechanisms data. The temporal evolution 600 

of fault activation into 3 phases involved first the shallow northern and southern portions, then the 601 

deeper northern portion of it and finally the deeper and the shallower part of the southern portion. 602 

Among the different fault segments, we observe a different behavior in terms of rupture triggering 603 

mechanisms depending on their spatial and temporal occurrence. This can be explained by a strong 604 

variation of the fault geometry with respect to the orientation of the regional stress field and the 605 

variation of the stress among the fault system in the days/weeks after stress release due to the 606 

mainshock rupture. 607 

The proposed framework aimed to the reconstruction of the complexity of the fault system involved in 608 

the Mw 6.2, 2014 Nagano aftershock sequence can be used both to improve the hazard evaluation by 609 

including a more reliable source model, and, to suggest a similar, integrated approach applicable to 610 

other high-risk areas to obtain a more comprehensive image of fault complexity and time-changing 611 

hazard level related to the occurrence of moderate to large aftershock ruptures on mutual interacting 612 

fault segments. 613 
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Figure 6.
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Figure 7.
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Figure 8.
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Phase Time Interval Correspondent date (UTC)
1 From MOT to 1 h after From 14/11/22 01:08:17.56 pm to 14/11/22 02:08:17.56 pm
1 From 1 h to 3 h after MOT From 14/11/22 02:08:17.56 pm to 14/11/22 04:08:17.56 pm
2 From 12h to 24h after MOT From 14/11/23 01:08:17.56 am to 14/11/23 01:08:17.56 pm
2 From 24h to one week after MOT From 14/11/23 01:08:17.56 pm to 14/11/30 11:59:59 pm
3 From one week to one month after MOT From 14/12/01 00:00:00 am to 14/12/31 11:59:59 pm
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