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Abstract

Seismicity in the Raton Basin over the past two decades suggests reactivation of basement faults due to wastewater injection.

In the summer of 2018, 96 short-period three-component nodal instruments were installed in a highly active region of the

basin for a month. A machine-learning based phase picker-(PhaseNet) was adopted and identified millions of picks, which were

associated with events using an automated algorithm – REAL (Rapid Earthquake Association and Location). After hypocenter

relocation with hypoDD, the earthquake catalog contains 9259 M -2.2 – 3 earthquakes focused at depths of 4-6km. Magnitude of

completeness (Mc) varies from -1 at night to -0.5 in daytime, likely reflecting noise variation modulated by wind. The clustered

hypocenters with variable depths and focal mechanisms suggest a complex network of basement faults. Frequency-magnitude

statistics and the spatiotemporal evolution of seismicity are comparable to tectonic systems.

1



Injection-induced earthquakes on complex fault zones of the 1 

Raton Basin illuminated by machine-learning phase picker and 2 

dense nodal array  3 

Ruijia Wang1, Brandon Schmandt1, Miao Zhang2, Margaret Glasgow1, Eric Kiser3, Sarah 4 

Rysanek1, Ryan Stairs1 5 

 6 

1. Department of Earth & Planetary Sciences, University of New Mexico, Albuquerque, NM, US 7 

2. Department of Earth and Environmental Sciences, Dalhousie University, Halifax, NS, Canada 8 

3. Department of Geosciences, University of Arizona, Tucson, AZ, US 9 

Corresponding author: ruijia.wang@ualberta.ca 10 

Key points: 11 

1. A machine-learning phase picker and dense nodal array enabled location of ~10,000 12 

earthquakes in a month  13 

2. Hypocenter patterns and moment tensors vary among clusters, unveiling reactivation of 14 

complex basement faults 15 

3. Raton Basin seismicity exhibits frequency-magnitude distribution and spatiotemporal 16 

evolution comparable to tectonic events  17 

Key words:  18 

Machine-learning; nodal array; induced seismicity; focal mechanism; earthquake detection and 19 

location; statistical analysis 20 

  21 



Abstract 22 

Seismicity in the Raton Basin over the past two decades suggests reactivation of basement 23 

faults due to waste-water injection. In the summer of 2018, 96 short-period three-component 24 

nodal instruments were installed in a highly active region of the basin for a month. A machine-25 

learning based phase picker (PhaseNet) was adopted and identified millions of picks, which 26 

were associated into events using an automated algorithm – REAL (Rapid Earthquake 27 

Association and Location). After hypocenter relocation with hypoDD, the earthquake catalog 28 

contains 9259 ML -2.2 – 3 earthquakes focused at depths of 4-6 km. Magnitude of 29 

completeness (Mc) varies from -1 at night to -0.5 in daytime, likely reflecting noise variation 30 

modulated by wind. The clustered hypocenters with variable depths and focal mechanisms 31 

suggest a complex network of basement faults. Frequency-magnitude statistics and the 32 

spatiotemporal evolution of seismicity are comparable to tectonic systems.  33 

Plain Language Summary 34 

Earthquakes induced by waste-water injection are widely observed worldwide and have been 35 

occurring in the Raton Basin (located at the border of New Mexico and Colorado) for two 36 

decades. We deployed 96 short-period seismic stations in the summer of 2018 to investigate 37 

the faults in the southern section of Raton Basin. Earthquake detection was performed with 38 

state-of-the-art machine learning techniques, which led to a catalog with ~10,000 earthquakes 39 

with magnitude ranging from -2.2 to 3. Clusters of earthquakes were investigated in detail. We 40 

found that the orientation of the faults varies within the study region and that induced 41 

earthquakes may exhibit spatial-temporal-magnitude clustering just like tectonic ones. 42 

Successful application of the automated catalog-building workflow also sheds light on the 43 

power of “hands-free” processing of large-volume seismic data. 44 

1. Introduction 45 

Recent M>5 induced earthquakes are mostly associated with fluid injection or extraction such 46 

as waste-water injection in Oklahoma, U.S. (e.g., Keranen et al., 2014), geothermal production 47 



in Pohang, Korea (e.g., Grigoli et al., 2018), and hydraulic fracturing or salt mine exploration in 48 

Sichuan, China (e.g., Liu, J., & Zahradník, J., 2020; Lei et al., 2019; Meng et al., 2019). In the 49 

Raton Basin, waste-water injection related to coal-bed methane production is thought to be the 50 

dominant driver of increased seismicity over the past two decades (Rubinstein et al., 2014; 51 

Nakai et al., 2017a). Several Mw>4 earthquakes have been reported with normal-faulting focal 52 

mechanisms in the Colorado section of the basin (Barnhart et al., 2014). The focal mechanism 53 

of the largest earthquake (Mw 5.3), located in the center of the basin, indicated a NE-SW 54 

oriented normal fault (Fig. 1), consistent with the linear distribution of its foreshocks and 55 

aftershocks (Rubinstein et al., 2014). However, the fault that hosted the Mw 5.3 Trinidad event 56 

became quiescent starting in 2012, with more recent seismicity concentrated further west and 57 

south in the basin (Fig. 1; USGS, 2020). 58 

Within the southern or New Mexico section of the basin, injection started in 1999 and the 59 

average monthly volume is 153,633 m3 based on publicly available data after 2004 (see 60 

Acknowledgement for data resource).  The injection wells were drilled 0.15-0.5 km beneath the 61 

surface (i.e., above sea level, elevation of the Raton Basin is ~2.5 km) and above the 62 

Precambrian basement (depth 1-2 km; Weingarten 2015). Injection is driven by gravity instead 63 

of active pumping. Since the injection began, the seismicity rate in the New Mexico section is 64 

around five ML>3 events per year and their hypocenter depths suggest reactivation of 65 

basement faults (Rubinstein et al., 2014; Nakai et al., 2017a). Prior studies enabled by the 66 

Transportable Array (TA, 2008-2010) and other temporary arrays suggested seismicity clustered 67 

in three ~N-S steeply dipping fault zones (Nakai et al., 2017b). However, accurate earthquake 68 

detection and location have been challenged by the sparse seismic network within the Raton 69 

Basin, preventing more detailed investigation of fluid-fault interactions.  70 

Using a dense nodal array and state-of-the-art programs, we detect 10168 events with ML-2.2 – 71 

3 and unveil the small-scale faults within the southern section of the Raton Basin. Cluster 72 

behaviors are further investigated with moment tensors and statistical analysis. Successful 73 

application of the automated catalog-building workflow also sheds light on the power of 74 

“hands-free” processing of large-volumes of three-component nodal data.  75 



2. Data and Methods 76 

2.1 Data 77 

Previous seismic monitoring in the Raton Basin relied on the TA network and more distant 78 

regional stations. Only one TA station is located within the basin (T25A), near its eastern edge 79 

(Fig. 1a). In 2016, seven broadband stations were deployed by the University of New Mexico, 80 

three of which provide telemetered data. The USGS uses these telemetered stations for routine 81 

catalog detection of earthquakes with ML >~3 (Fig. 1a). Some double-couple moment tensor 82 

solutions are estimated for the ML>4 earthquakes by Saint Louis University 83 

(http://www.eas.slu.edu/eqc/). The USGS catalog and preliminary moment tensor solutions 84 

provide first-order information on fault orientations.  85 

The three-component nodal array (96 stations) was deployed between 12 May 2018 and 15 86 

June 2018, in the southern portion of the Raton Basin (Fig. 1). The USGS reported two Mw2.8 87 

earthquakes during the node deployment (USGS, 2020). Inter-station spacing is mostly between 88 

2-5 km, and the nodal array was surrounded by four existing broadband stations (Fig. 1b). The 89 

node sampling rate is 250 Hz and the corner frequency of the internal geophones is 5 Hz. The 90 

nodes were buried ~10 cm beneath the surface with elevations from 2156 m to 2881 m. For 91 

consistency, all station elevations, injection and event depths are presented relative to sea 92 

level.  93 

2.2 Earthquake detection and location 94 

An earthquake catalog was built by applying four publicly available packages to three-95 

component raw time series data. First, a machine-learning phase-picker (PhaseNet; Zhu and 96 

Beroza, 2019) was used to identify P and S arrivals with confidence levels (i.e., probability). 97 

PhaseNet comes with a training dataset that contains 700,000 waveforms with manual picks 98 

from northern California over 30 years and includes a mix of instrument types (i.e., from 99 

extremely short period to broadband). While the scale of our study area is much smaller than 100 

northern California, it is unrealistic to create a new training dataset with a comparable number 101 



of manual picks. We ran PhaseNet with the original nodal sample rate of 250 Hz (12 sec 102 

windows; i.e., 3000 data points per window), even though the training dataset is sampled at 103 

100Hz (30 sec windows). Such modification is based on earthquake self-similarity principle (e.g. 104 

Shearer, 2012), as the machine-learning algorithm itself does not recognize any absolute time 105 

or amplitude scale. In other words, P and S waves for an ML0 event will be similar to those of a 106 

rescaled ML1. Our test shows that using the 250 Hz data enables detection of twice as many 107 

events as using the node data down-sampled to 100 Hz (Fig. S2). Down-sampling mainly 108 

diminishes detection of low-magnitude earthquakes. For the 118 events that were visually 109 

picked using the nodal array, PhaseNet picks show good agreement with manual picks. The 110 

averaged differences between the two picking methods for P and S picks are 0.012 sec and 111 

0.025 sec, respectively (Fig. S3). 112 

The second step of event association used over 5 million P picks and 8 million S picks identified 113 

with confidence greater than 0.5 by PhaseNet. These picks were passed to REAL (Zhang et al., 114 

2019) for association and preliminary earthquake location. At this step, a minimum of ten P 115 

arrivals, five S arrivals and eighteen total phase arrivals (i.e., P+S) were required for an event 116 

detection, with a residual arrival time tolerance of 0.5 sec. Fewer S arrivals are required, based 117 

on their lower probability than P picks (see Fig. S3). These requirements are generally stricter 118 

than in regional-scale studies with less station coverage (e.g., Liu et al., 2019). The grid searched 119 

by REAL covers ~60 km from the center of the array and extends to 15 km depth, with 2 km grid 120 

spacing. In total, 10,168 events are detected with station gaps < 270o (Fig. 2). The third 121 

processing step involved absolute location improvement with station corrections in VELEST 122 

(Kissling et al., 1995). In the fourth and final step of catalog building, refined hypocenters were 123 

obtained with the double-difference relocation algorithm hypoDD (Waldhauser and Ellsworth, 124 

2000), where only picks with confidence greater than 0.75 were used. A consistent 1D velocity 125 

model (modified after Rubinstein et al., 2014) was used throughout all hypocenter estimation 126 

steps (Fig. S1). 127 

The final relocated catalog contains 9259 earthquakes, 91% of the initial detections from REAL, 128 

showing consistent but much more detailed fault patterns than previously available catalogs 129 



(e.g., USGS). Events that did not make the last round appear more randomly distributed (Fig. 130 

2a). The high survival rate and consistent location patterns suggest that our sequential 131 

workflow shows promising potential for building a robust catalog from the dense nodal array.  132 

2.3 Magnitude calculation 133 

We calculated local magnitude (ML) from the displacement waveforms in a way similar to the 134 

classic method (Gutenberg and Ritchter,1956). After removing instrument response and 135 

filtering from 1- 125 Hz, three-component waveforms are cut from 0.5 sec before the P arrival 136 

and 3 sec after S arrival of an earthquake. The peak amplitude (A) is calculated from the square 137 

root of three component energy within an event window. A distance correction (unit km) is also 138 

added without normalization (i.e., 100 km), as our largest event-station distance is ~40 km.  139 

𝑀" = log10(𝐴) + 2.56 log10(𝑑𝑖𝑠𝑡) − 1.17 140 

The calculation is performed at each station that has at least one arrival (P or S). The number of 141 

stations used ranges from 10 to 96, with an average of 25. The final ML of an earthquake is then 142 

determined from the median value of all single-station ML (Fig. S3). The magnitude-frequency 143 

distribution of the final catalog follows the Gutenberg-Richter law with a b-value close to 1 144 

(Fig.3a). 145 

A strong diurnal variation is observed after magnitude calculation (Fig. 2b).  The magnitude of 146 

completeness, Mc, varies from -1 at night to -0.5 during local daytime hours (Fig. 3a). Access to 147 

the area of the node array is restricted by gates and road traffic is sparse during normal 148 

operations. There was no new drilling or major construction activity during the nodal 149 

deployment and most of the area is managed for wildlife conservation. Consequently, we 150 

considered potential natural sources of high-frequency diurnal noise variations. A likely 151 

contributor is identified by comparing hourly wind-speed (averaged over the month) with 152 

hourly earthquake detections. They are anti-correlated with a correlation-coefficient of -0.77 153 

(Fig. 3b). Wind effects on high-frequency background noise (>1 Hz) of surface sensors are 154 

expected for wind speeds as low as 3 m/sec (6.7 mph; Withers et al., 1996) and such strong 155 

wind was commonly present in the Raton Basin from mid-day to early evening during the node 156 



deployment (Fig. 3b). Other possibilities that are less favored or difficult to assess with only 1 157 

month of data are discussed in the supplementary material (Fig. S4-S6).  158 

2.4 Moment tensor estimation 159 

We inverted four moment tensors in the time-domain using TDMT_INV (Dreger, 2003) and 160 

three-component waveforms recorded by the broadband stations (network YX and T25A). 161 

Three out of four events occurred during the node deployment and their hypocenter locations 162 

are better located (i.e., uncertainty < 0.5 km, compared to USGS catalog). The fourth event is 163 

adopted to reveal the NW-SE normal fault structure of cluster 1 based on the USGS reported 164 

location. Parameter details are provided in the supporting information and also documented in 165 

prior work on induced earthquakes in Canada (e.g., Wang et al., 2016). In this case, we limit the 166 

inversion for deviatoric components only, considering the relatively low signal-to-noise ratio for 167 

M<3 earthquakes at low frequency (waveform fits are shown in Fig. S7-9). The faulting 168 

parameters (i.e., strike, rake, dip) are within 5° difference of an independent high-frequency 169 

first motion analysis using the nodal array (Table S2).  170 

3. Discussion 171 

3.1 Fault structures and sub-cluster behaviors 172 

The dense nodal array and machine-learning based phase picker exposes reactivated fault zone 173 

structures in the Raton Basin in only one month. The new catalog shows four distinct clusters 174 

(Fig. 4a): 1) the NW cluster within the Colorado section that exhibits NW-SE fault orientation 175 

(28.5% of total detections); 2) the center cluster showing an oblique faulting regime (14.3%); 3) 176 

the southern cluster exhibits NNE-SSW normal faulting (54.6%); 4) the deep tight SW cluster 177 

that has relatively few hypocenters and lacks a focal solution (0.6%). Among them, clusters 2 178 

and 3 are located beneath the nodal array (Fig. 2a and Fig. 4a), thus their hypocenters are 179 

better constrained and discussed in detail. 180 

Cluster 2 hosted the second largest event (Mw2.9, 10 June 2018) during the nodal operation 181 

period and has a moderate number of detections (14.3%). To our knowledge, cluster 2 has not 182 



been distinctly identified in previous studies, possibly because the spatial resolution was 183 

insufficient to differentiate it from clusters 1 or 3 (Fig.4a).  The closest injection well (well ID 184 

VPR042) is located within 2 km at a depth of -2 km (above sea level). Differing from any 185 

previously identified normal faults (e.g., Rubinstein et al., 2014), the mainshock of this cluster 186 

shows dip-slip/strike-slip faulting regime around a depth of 6 km. Despite a well-resolved 187 

moment tensor, the spatial distribution of this cluster supports the possibility of slip along 188 

either potential fault planes. Future studies of rupture directivity may resolve the ambiguity.   189 

Cluster 3 produced the largest earthquake within the month as well as the most detections 190 

(54.6%). Two consistent moment tensors are resolved from the Mw3, 20 May 2018 event and its 191 

Mw2.8 aftershock, showing NNE-SSW normal faults. In general, both the focal mechanisms and 192 

the hypocenter distribution of cluster 3 are comparable to previous studies (Rubinstein et al., 193 

2014; Barnhart et al. 2014), confirming the ~N-S alignment of the Vermejo Park fault. Moment 194 

tensor analysis indicates a strike of 14 degrees toward the east, which coincides with the angle 195 

estimated from the epicenters (Fig. 4a). During the month of the nodal deployment, this fault 196 

zone was consistently active, with an average rate of ~15 ML>0 events per day. Our results 197 

indicate that the majority of the seismicity occurred on the east segment of this fault zone. 198 

Interestingly, the centroid of the largest cluster is ~10 km from the nearest injection wells. 199 

All the clusters are located within the crystalline basement and likely to be induced by waste-200 

water disposal based on the dramatically increased rate of ML>3 earthquakes since injection 201 

began (Rubinstein et al., 2014). Prior research suggested that permeable fault zones allow pore-202 

pressure migration from the injection unit into the basement (Nakai et al., 2017a). Unlike 203 

hydraulic-fracturing induced earthquakes that correspond to single well pad within short 204 

temporal lags (Schultz & Wang, 2020; Schultz et al., 2018; Rubinstein & Mahani, 2015), waste-205 

water disposal induced events are usually the commutative product of multiple wells over years 206 

of injection. Thus, we cannot link any of the identified clusters to a specific injection well.  207 

Compared to other areas in the central U.S., the injection wells in the Raton Basin are relatively 208 

shallow, ranging from 0.16 km to 0.5 km beneath the surface. An outstanding question is: are 209 

the basement faults delineated by hypocenters hydraulically connected to shallower injection? 210 



If the basement faults identified here project upward across the sediment-basement boundary 211 

they could serve as fluid pathways; however, even with Mc<0, we do not find clustered 212 

hypocenters extending to such shallow depths. If the injection wells are not hydraulically 213 

connected to the reactivated basement faults, poroelastic effects of injection can induce the 214 

seismicity (e.g., Goebel and Brodsky et al., 2018; Zhai et al., 2018). The variable faulting regimes 215 

among the four fault clusters may be related to rotation of the maximum compressive stress 216 

orientation from ~N-S to ~NW-SE near the Colorado-New Mexico border (Snee & Zoback, 217 

2020), but the North America stress map does not enable detailed comparison at the scale of 218 

the node array.  219 

3.2 Statistical similarity to tectonic earthquake sequences  220 

The large number of events within the two well-constrained clusters (2 and 3) enables further 221 

statistical analysis. The first parameter considered is the b-value of the frequency-magnitude 222 

distribution, which is ~1 for tectonic earthquakes. For injection-induced events, the b-value has 223 

been suggested to vary over time and may reflect the influence of evolving pore-pressure (e.g., 224 

Lei et al., 2013). In other cases, magnitude jumps (Schultz & Wang 2020; Igonin et al, 2018) 225 

and/or aftershock deficiency (Goebel et al., 2019) are observed, leading to apparently lower b-226 

values. Regardless of the time of day (which affects Mc), cluster location, and depth, we 227 

obtained consistent b-values (0.9-1.2) comparable to tectonic earthquakes (i.e., around 1; El-228 

Isa, Z. H., & Eaton, 2014). The second parameter considered is inter-event time, quantified by 229 

the coefficient of variation (Cv; Cochran et al., 2018). Low Cv (<1) indicates less clustering and 230 

high Cv (>4) suggests tight clustering in time. In our case, clusters 1-3 exhibit moderate 231 

clustering in time, with Cv values around 2 (Fig. S10). This uniform neutral clustering observed 232 

in the Raton Basin is different from the large variations (i.e., Cv ranging from ~1-7) among 233 

waste-water induced seismicity clusters in southern Kansas (Cochran et al., 2018) and the low 234 

clustering in northern Oklahoma (Cochran et al., 2020). The third metric, the ETAS modelling 235 

(Epidemic Type of Aftershock Sequence; Ogata, 1988), accounts for both event-time and 236 

magnitude and shows aftershock-dominated rate increases that are comparable between 237 



cluster 2 and cluster 3. Such seismicity rate increases dominated by the mainshock are similar 238 

to tectonic earthquake sequences (Fig. S10).  239 

Next, we examined the nearest-neighbor distances in the space-time-magnitude domain for 240 

clusters 2 and 3 (Zaliaplin and Ben Zion, 2013). Taking a b-value of 1, Mc of -0.5, and assuming a 241 

modest fractal dimension (i.e., df) of 1.6, both clusters are tightly distributed in rescaled time 242 

and space (Fig. 4 c&e). The tight clustering may be unexpected for induced seismicity, as other 243 

studies at comparable scales show stationary background seismicity governed by injection (e.g., 244 

Vasylkivska & Huerta, 2017; Schoenball et al., 2015; Langenbruch et al., 2011). The only 245 

potential divergence from tectonic earthquake behavior is observed from cluster 2, where the 246 

rescaled time-space plot shows a weak trend separated by the diagonal in Fig. 4c.   247 

Overall, robust estimation and timely measurements of b-value (and other statistical 248 

parameters) are crucial for seismic hazard evaluation because they provide quantitative insight 249 

into the evolution of earthquake sequences. Interestingly, our high-resolution one-month 250 

catalog shows no significant differences from the statistical behavior of tectonic earthquakes. It 251 

is worth noting that this similarity does not contradict the suggested injection-induced nature 252 

of seismicity in the Raton Basin, which has been investigated by previous studies (e.g., 253 

Rubinstein et al., 2014).  Our results highlight the possibility that, in at least some areas, 254 

induced seismicity follows the scaling relationships known from tectonic earthquakes, thus 255 

traditional methods for hazard assessment and mitigation may be applicable (e.g., Atkinson & 256 

Assatourians, 2017). We speculate that the origin of the observed similarity is: the Raton Basin 257 

earthquakes are dominantly releasing accumulations of tectonic stress created over geologic 258 

time scales.  259 

4. Conclusions 260 

Taking advantage of a machine-learning phase picker and dense nodal array, we detected 261 

earthquakes spanning 5 magnitude units in just one month in the Raton Basin.  262 



• The resulting catalog of ~10,000 earthquakes unveils the detailed structure of 263 

reactivated basement faults in the southern Raton Basin: The center sub-cluster (2) 264 

exhibits a potential dip-slip and/or strike-slip faulting regime, different from the NW-SE 265 

normal fault toward the north (1) and NNE-SSW normal fault to the south (3). 266 

• The Mc decrease ~0.5 at night is likely modulated by wind speed. 267 

• Seismicity shows b-values and after-shock clustering in space and time comparable to 268 

tectonic events. 269 

The source parameters and statistics presented in this study could benefit regional seismic 270 

hazard estimation and physical modelling to understand fluid-fault interactions. This study also 271 

demonstrates the capability of machine-learning workflows for efficient assessment of 272 

seismogenic structures with dense nodal arrays. 273 
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Figures 407 

 408 

Figure 1. Map of study area. a) The Raton Basin region and USGS reported ML>3 earthquakes 409 

since 1992 (red stars), along with existing broadband stations (green triangles - UNM1-7, 2016-410 

present; blue triangle - T25A, 2008-present). The “beachball” represents the focal mechanism 411 

of the 2011 Mw 5.3 Trinidad, Colorado earthquake (Rubinstein et al., 2014). (Inset) Regional 412 

map of the U.S., with the red rectangle indicating the study region. b) Zoomed-in area in figure 413 

a. Red stars mark two Mw~3 events during the nodal deployment period. The sizes of the 414 

injection wells are scaled with average monthly injection volume (largest symbol representing 415 

266,667m3/month) over the five-year (2013-2018) period before nodal deployment. 416 



417 
Figure 2. Spatial distribution and magnitudes of seismicity. a) Detections at each step of catalog 418 

development. Wells (red squares) and nodal stations (brown triangles) are the same as in 419 

Figure1b. b) Event magnitude over time (catalog after hypoDD relocation); daytime hours are 420 

shaded in light orange. c) Magnitude vs. depth. Color in all figures corresponds to depth 421 

(relative to sea-level; see colorbar). 422 
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 424 

Figure 3. Magnitude of completeness and the relationship between hourly detections and 425 

hourly wind speed. a) Gutenberg-Richter law for events during day (yellow) and night (blue). b) 426 

Hourly event detection number is anti-correlated with hourly wind speed (pink, Table S1) 427 

Detection number and wind strength are averaged hourly over 33 days (i.e., nodal 428 

deployment). Error bars are scaled to a tenth of hourly variances over the deployment month. 429 

The yellow sun symbol indicates mid-day in local time. CC: cross-correlation coefficient at zero 430 

delay. 431 
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 433 

Figure 4. Fault zone characterization. a) Map view of earthquakes colored by dates and 434 

moment tensor solutions. The figure presented in kilometers by setting the minimum latitude 435 

and longitude of detected events as the SE corner. b) & d) depth view from the south side of 436 

cluster 2 and 3, respectively. Basement depths are estimated from Weingarten, (2015). The 437 

mainshocks are marked with the black stars. c) & e) Time and space component distribution for 438 

the nearest-neighbor distances (Zaliaplin and Ben Zion, 2013) of clusters 2 and 3, respectively. 439 

The horizontal dotted line marks a rescaled distance of 10-3 and the diagonal represent a 440 

stationary (i.e., Poisson) behavior with rescaled distance*rescaled time equal to a constant (i.e., 441 

3). 442 


