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Abstract

Repeating earthquakes are mostly generated by small asperities that are loaded by
continuous creep surrounding them, and their recurrence times are inversely pro-
portional to the loading rates. However, sometimes anthropogenic activities can
also produce repeated seismic shakings with shorter recurrence intervals, and their
source mechanisms can vary. Here we investigated semi-repeating ground vibrations
recorded in Social Circle, Georgia starting on August 14th 2025. Ten tremor-like events
were captured by sixteen three-component SmartSolo sensors during one hour on
August 15th 2025, followed by four days of continuous observation at three sta-
tions. The signals recur nearly every six minutes with similar but not truly repeating
waveforms and clear diurnal amplitude variations that are stronger during daytime.
Clustering analysis reveals several sub-event types with distinct coda durations.
Their timing correlates with expected residential water-use patterns, suggesting a
shallow anthropogenic source. Later excavations revealed that a forced main pipe
connected to a local pump station vibrated nearly every six minutes, likely caused
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Introduction

In recent years, seismometers have been increasingly used not only to record natural earthquakes but also to monitor a wide
range of anthropogenic and environmental activities (also known as environmental seismology) (Larose et al., 2015). For
example, global lockdown during the COVID-19 pandemic provided a unique opportunity to observe sharp reductions in
anthropogenic seismic noise in cities around the world (Lecocq et al., 2020; Poli et al., 2020; Xiao et al., 2020). Similar seis-
mic instruments have been applied to detect oceanic microseisms (Ardhuin et al., 2011), atmospheric disturbances (Nishida,
2017) such as winds (Johnson et al., 2019) or extreme weather events (Ebeling and Stein, 2011), and to identify car traffic (Diaz
and Schimmel, 2017), train movements (Fuchs et al., 2018; Li et al., 2018; Maher et al., 2025), airplanes and helicopters (Meng
and Ben-Zion, 2018), holiday activities (Wang et al., 2020; Chu et al., 2024), and other industrial vibrations (Green et al.,
2020) in densely populated areas. These examples highlight the expanding role of seismology in monitoring near-surface
processes and human-environment interactions beyond traditional earthquake studies. Such interdisciplinary approaches
have transformed sensitive seismic instruments for discrete seismic event observation and continuous environmental mon-
itoring (Diaz, 2016), but also highlight the need to distinguish between naturally and anthropogenically generated seismic
signals (Fernando et al., 2024; Maher et al., 2025).

Repeating earthquakes (also known as repeators) are defined as seismic events that recur at nearly the same location
with similar source properties (Uchida and Biirgmann, 2019). They have been widely applied in tectonic (Nadeau and
Johnson, 1998), volcanic (Massin et al., 2013), and glacial (Danesi et al., 2007) settings, as well as in other tectonic envi-
ronments (Uchida and Biirgmann, 2019; Cesca et al., 2024). These observations provide valuable information on fault slip
behavior, stress accumulation, and subsurface mechanical properties. Tectonic and glacial repeaters are typically associated
with slip along material interface that rupture quasi-periodically (Beeler et al., 2001), allowing estimates of slip rate and stress
renewal time. While repeaters in volcanic settings often reflect cyclic processes linked to magmatic degassing or hydrothermal
fluid flow, they can also be driven by stick-slip motions (Kendrick et al., 2014). Across these diverse environments, repeating
events demonstrate that seismic energy can be released in a temporally organized manner, governed by the interplay between
stress loading and boundary conditions.

Although most known repeaters are generated by natural processes, near-surface human activities can also produce peri-
odic seismic signals. Anthropogenic sources such as groundwater extraction, fluid injection, pumping systems, ventilation
fans, firworks and heavy machinery may generate repeatable vibrations with distinct temporal patterns (Schwardt et al., 2022;
Fang et al., 2020; Chu et al., 2024). These signals typically have small magnitudes with recurrence characteristics similar to
natural repeaters, and they occur in the air, on the surface, or at very shallow depths. Accurate identification and characteriz-
ing of such anthropogenic signals is important to distinguish human-induced vibrations from natural seismicity, improve the

reliability of regular earthquake catalogs, and understand the influence of human activities on shallow subsurface structures.

© Seismological Society of America
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Figure 1. Seismic array deployment and regional setting near Atlanta (blue star) within the southeastern United States. (c)
Social Circle, Georgia. (a) Local layout of two nodal lines (A Satellite view highlighting the relative positions of Atlanta and
and B) and three long-term (one week) nodes. (b) Regional Social Circle.

map showing the location of Social Circle (red star) relative to

On August 15th 2025, residents of Social Circle, Georgia, reported minor ground shakings with booming sounds that
occurred repeatedly throughout the day, prompting a rapid-response seismic investigation (Fig 1). To identify the origin
of these signals, we deployed 16 500-Hz SmartSolo sensors of three-components for a continuous recording of one hour
in the affected residential area. Three stations were left to record continuously for the next week. The recordings reveal a
series of highly periodic tremor-like events with a recurrence interval of approximately six minutes. In the next sections, we
briefly described the methods used to detect these events and examined their waveform characteristics. We also attempted
to examine their daily patterns and compare with naturally observing deep tremors to better understand their generation

mechanism.

Observations and Data Collection

Social Circle is a city in southern Walton County, Georgia, USA, located about 72 km east of Atlanta (Fig 1). In response to
unusual reports of repeated shaking in this neighborhood and a call from Georgia Emergency Management Agency (GEMA)
on August 15th 2025, a team from Georgia Institute of Technology conducted a rapid seismic survey using sixteen three-
component 500 Hz SmartSolo seismometers. The primary objective was to record the signals at high spatial resolution and

generate a dataset that could be directly compared with eyewitness reports from local residents. Because the phenomenon
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Figure 2. One-hour continuous seismic records from 16 along the line (SC01-SC16) and plotted with a uniform vertical
stations deployed along the northwest—southeast line in Social offset for clarity.
Circle, Georgia. The traces are arranged by station position

was suspected to originate from a shallow and highly localized source, the deployment emphasized dense coverage within
the neighborhood rather than wider regional spacing.

The stations named SCO01 to SC13 (Line A) were oriented northwest to south east across the affected block and extended 50
m in length, forming the main transect of the array (Fig 1). SC14 to SC16 (Line B) constituted a shorter parallel transect of
30 m, separated from Line A by approximately 10 m across a local street. Inter-station spacing along both transects ranged
from 3 to 10 m. This dense geometry provided sufficient resolution to resolve relative timing and amplitude variations in the
affected neighborhood.

The full sixteen-station array operated for approximately one hour, during which ten repeating events were recorded.
Following this reconnaissance phase, most of the instruments were removed. For long-term monitoring, three stations
(SC01’, SC02’" and SC03") were redeployed at key positions to continuously record for the following 7 days. This two-stage
deployment strategy, combining dense short-term coverage with sparse but sustained monitoring, enabled us to capture both
the spatial distribution and temporal evolution of the signals, forming the basis for subsequent analysis of the Social Circle

sequence.
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Results

One hour monitoring

During the one-hour continuous recording (from August 15, 22:30 UTC to 23:40 UTC), the 16-station array detected ten clear
impulsive signals (Fig. 2). Each signal shows coherent onsets and consistent amplitudes across multiple stations. The signals
were recorded almost simultaneously by both Line A and Line B stations, indicating a common and spatially extended source.
Their waveforms exhibit stable amplitudes and high signal-to-noise ratios, which makes them easily distinguishable from
background noises. In addition, these events exhibit a nearly regular time interval of approximately six minutes, indicating
a quasi-periodic behavior of the source.

To further examine the waveform characteristics, we selected one representative event that was recorded by all stations
(Fig. 3a). This event occurred at approximately 23:04:00 UTC (07:04:00 PM EDT). The amplitudes from Line A stations were
plotted using a uniform scale, while those from Line B were multiplied by a factor of four for better comparison with the Line-
A recordings. The corresponding spectrogram (Fig. 3b) showed that this event consists of a series sub-events with gradually
decreasing energy. The first three sub-events were particularly clear and were marked (Fig. 3a). The sub-events had either
sharp arrivals (e.g., evl at SC07 and SCO08), or tremor-like signals with spindle shapes (e.g., evl and ev2 at SC02 SC03). The
relative arrival times indicate that the source propagated from northwest to southeast across the array, with an apparent

velocity of about 100 m/s. Such a propagation pattern suggests an extremely shallow and moving source process.
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Four days monitoring

In addition to the one-hour dense-array recording, we examined a four-day interval to evaluate the temporal variability and

persistence of the observed signals. Figure 4 presents four consecutive days of continuous waveform and the corresponding

envelope at station SC02’ (N component). The signals were detected using a standard peak-detection algorithm (Duarte,

2021) applied consistently throughout the analyzed time period. The detected times aligned well with visually discernible

onsets, demonstrating the robustness of the detection procedure under varying background conditions. In addition, the cor-

responding E and Z components at SC02’, as well as all three components at SC01’, were provided in the Supplementary

Material and showed consistent behavior. Waveforms recorded by station SC03’ were excluded from this analysis due to

their weak signal-to-noise ratios, which prevented reliable detection.

2025-08-16 (UTC)

(a)

Local Time (UTC-4)

e R 1
I
& -20001 — — T P YRR sk o teckentelletess LI P
s
i e R N R e SR
£l WL AL R
O e
émoz PP PO % S i AR P A PO AR
@ 50008 L w ae e e se se e
élooz il I|| ||||| “n ol 7017 II|I||| |'|||| [Tatel T Il ||| ~ E::Stt:voentisEnve'ope
S R B 0 R 1 L VL e

Figure 4. Continuous waveform and detection results at
station SC02’ (E component). The black line represents the
raw waveform, while the blue curve shows the smoothed
envelope (10-minute moving window), which reflects the

background amplitude variation. The detection algorithm

around 15:00 local time (UTC+4).

identified a sequence of repeating events (red dots) from
16 August to 19 August 2025, with the last event occurring

- - N N w
o w (= w o
Envelope Amplitude

o wu

c & 3
Envelope Amplitude

30
25
20 o

mplitude

15 <

pe

100

S [=)] o« o w
o o o
Envelope Amplitude Enve

N
o

6 Seismological Research Letters

www.srl-online.org « Volume XX -

Number XX« XXXX XXXX



89

©

0

91

93

94

95

96

97

98

929

100

101

102

While exceptionally low-amplitude events may remain below the detection threshold, the frequent occurrence of identified
signals and their clear visibility in the continuous waveform record suggest that, in a broad statistical sense, the vast majority
of events during this period were successfully captured. This provides a robust basis for computing the hourly statistics of

event amplitudes (Fig. 5) and inter-event times (Fig. 6).
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Figure 5. Hourly statistics of event amplitudes at two
high—signal-to-noise ratio stations, SC01’ and SC02’, during
16—19 August 2025. For each station, the amplitudes of the
three components were averaged to obtain a representative
value. (a) Modified boxplot of hourly amplitudes for SC01/,
showing minimum, maximum, mean (blue), and median (red).
(b) Histogram of hourly mean amplitudes for SC01/, where the

aggregated mean amplitude across the four-day monitoring
period. (c) Modified boxplot of hourly amplitudes for SC02’,
showing minimum, maximum, mean (orange), and median
(green). (d) Histogram of hourly mean amplitudes for SC02’,
with the same axis definitions. Together, these results highlight
both the temporal variability and the distribution of event
amplitudes at the two stations.

x-axis represents the hour of the day and the y-axis gives the

Next, we computed the distribution of signal amplitudes in hourly bins (Fig. 5) and summarized each bin by both the mean
and the median. The two summary metrics yield consistent results and reveal a pronounced diurnal cycle. For example, on
Saturday 16th August 16th, the amplitudes during the daytime hours are systematically larger than during the subsequent
early-morning period. A clear minimum occurred during 01:00-05:00 EDT on Sunday August 17th, where both the mean and
the median exhibit their lowest values of the day. The corresponding histogram views (Fig. 5 b and d) reinforce this pattern:
the hourly amplitude distributions contract and shift to lower values during the early-morning window, and broaden toward
higher values during daytime. This day-to-night contrast repeats over multiple days in the record of several days and is present
at both stations, indicating that the diurnal modulation is not station-specific.

To characterize the temporal spacing of the detections, we also computed the Inter-Event Times (IETs) as the time differ-

ences between successive detections and aggregated them in hourly bins (Fig. 6). To mitigate undue influence from sporadic
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Figure 6. Hourly statistics of inter-event times at two
high—signal-to-noise ratio stations, SC01’ and SC02’, during
16—19 August 2025. The inter-event time is defined as the time
interval between two consecutive detections, measured in
seconds. (a) Modified boxplot of hourly inter-event times for
SC01’, showing minimum, maximum, mean, and median
values. (b) Histogram of hourly mean inter-event times for

SCO01/, where the x-axis represents the hour of the day and the
y-axis gives the aggregated mean inter-event time across the
four-day monitoring period. (¢) Modified boxplot of hourly
inter-event times for SC02’. (d) Histogram of hourly mean
inter-event times for SC02’. The overall mean and median
values are close to 360 s ( 6 minutes), consistent with the
repeating nature of the detected sequence.

long gaps, we removed a small number of outliers with IET > 600 s prior to summarizing. This trimming does not affect
the main features described below. Over the 4 days, the overall mean IET is close to 6 min (=~ 360 s). Superimposed on this
baseline, Fig. 6 also reveals a clear diurnal pattern: between 00:00 and 06:00 EDT, the hourly mean IET is systematically
below 360 s, indicating more closely spaced detections; during daytime hours, the hourly mean IET is consistently above 360
s, indicating more widely spaced detections.

To summarize the observations so far, we found that amplitudes exhibit a day-night contrast with lower values in the early-
morning window and higher values during daytime, whereas inter-event times show an inverse pattern, with shorter spacing
overnight (mean < 360 s between 00:00-06:00) and longer spacing during the day (mean > 360 s). These patterns appear in
both mean and median amplitude metrics across two stations, and persist after removing a small fraction of long-gap outliers
in the IET calculation. Together, they indicate a repeatable and time-of-day—-dependent modulation of both signal size and

occurrence rate over the 4 days.

Events waveform analysis
After detecting events within the four days of continuous recording, a total of 913 events were identified. For each event

in SCO1’, three-component waveforms were extracted using a 2.4 s time window (1.0 s before and 1.4 s after the detection
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time). We then computed the spectrogram of each waveform and applied the seismological foundation model (Si et al.,
2024) to extract high-level spectral features. These features were subsequently reduced in dimensionality using the t-SNE
method (Maaten and Hinton, 2008) for visualization and clustering (Figure 7). Events in Cluster 6 exhibit strong temporal

coherence, occurring predominantly between 0:00 and 6:00 AM local time. The other clusters do not have any particular

occurrence patterns.

Figure 7. Event feature representation and clustering results based on four days of continuous detections. (a) t-SNE projection of

@)

t-SNE2

204

—204

—40

(b)

t-SNE2

404

20

—20

—404

30 -20 -10 0 10 20 30

%, 0
.

° o
D “%c oo °« ®.
()

Y
’.
$
o 08 ® e

-30 -20 -10 0 10 20 30

20

—
v

—
o
Local Hour (0-24)

Cluster Label

all 913 detected events, color-coded by local hour (0—-24). (b) t-SNE projection with color-coded cluster labels showing seven
distinct groups obtained from unsupervised clustering. The clustering results indicate that events with similar spectral
characteristics tend to occur during comparable local times, suggesting temporal patterns in source or coupling behavior.

To further investigate the relationships among different clusters, we calculated the cross-correlation between all events.

Figure 8a displays the resulting correlation matrix, sorted according to cluster assignment, whereas Figure 8b presents a
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zoom-in view of Cluster 6. Notably, strong correlation coefficients are observed only within Cluster 6, indicating a high value
of waveform similarity among these events.

To illustrate this more clearly, we selected two representative events and plotted their 20 most highly correlated events on
the vertical (Z) component before and after waveform alignment. Nearly all of these events belong to Cluster 6, and many
exhibit strikingly similar waveforms. The results reveal that these events generally have very short durations (0.05 s) of the
primary arrivals and no additional reverberations. These observations suggest that, although the signals repeat at roughly
6-minute intervals, they are not perfectly identical, i.e., not truly repeating earthquakes (Uchida, 2019). Some events exhibit
relatively short codas, while others may contain multiple overlapping events within individual recordings (shown in Fig. 3).

Each occurrence exhibits distinct variations in waveform shape, coda length, and signal energy.

Vibrating Source

Our analysis so far was able to characterize nearly repeated natures of the IETs, and potential migrating sources with an
apparent speed of 100 m/s (Fig. 3). Such a migration speed is a few times faster than the 30-200 km/hr (8-56 m/s) fast
migration speed of low-frequency earthquakes during deep tectonic tremor at major plate boundary zones (Ghosh et al.,
2010; Shelly et al., 2011). To compare them further, were we showed a zoom-in plot of waveforms recorded in Social Circle
(Fig. 3) a triggered tremor recorded along the Parkfield-Cholame section of the San Andreas Fault in Central California
(Fig. 9). The tremor was triggered by the surface waves of the 2002 Mw 7.8 Denali Fault earthquake in Alaska ((Peng et al.,
2009)). Although the amplitude scales and overall frequency ranges differ between the two cases, the spectrograms display
qualitatively similar repeating patterns in the time—frequency domain, highlighting the resemblance between the Social
Circle signals and the tectonic triggered tremor. However, we were unable to uniquely identify the exact source of these
tremor-like signals. Nevertheless, we did present our preliminary analysis results to GEMA, and pointed out the similarities
between the observed signals here and the deep tectonic tremor observed at major plate boundary zones (Peng et al., 2009;
Peng and Gomberg, 2010). We also proposed a tentative mechanism where shallow groundwater flows were temporally
clogged, resulting in a water-hammer effect that has been invoked to explain deep tectonic tremor (Yin, 2018).

These efforts partially motivated local emergency responders to perform ground penetrating radar (GPR) survey and subse-
quent excavation in the area where repeated vibrations occurred. A section of a force main pipe was exposed during excavation
on August 19th 2025, and visible movement of the pipe was observed during the ground vibration, confirming the cause
(Jonathan Jones@GEMA, personal communication August 19th 2025). A faulty check valve on a pump station within the
local sewer infrastructure was later identified, which generated water hammers and ground vibrations once every 6 minutes

(Fig. 10). Once the pump was turned off on 3 pm EDT August 19th 2025, the repeated tremor disappeared (Fig. 4).
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Figure 8. Waveform alignment and comparison of clustered
events. (a) Cross-correlation matrix of all events, sorted by
cluster assignment. (b) Zoom in view of Cluster 6, showing that
strong correlation coefficients are concentrated only within this
cluster. (c—f) Examples of two representative reference events
(555 and 556) and their 20 most highly correlated events on

the vertical (Z) component. Panels (c) and (e) display the
unaligned waveforms, whereas panels (d) and (f) show the
corresponding aligned traces. The left y-axis represents the
event ID, while the right y-axis indicates the correlation
coefficients with the reference events and their corresponding
cluster labels.

s Discussion
15« The events recorded in Social Circle represent a special type of anthropogenic repeaters. These events are generated by sewer

155 pipe vibrations due to water hammer effects that repeat approximately every six minutes (Fig. 9). Therefore, the characteris-
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Figure 9. Waveform and spectrogram comparison between to Figure 3 in Peng et al. (2009) ), with waveforms band-pass
the Social Circle event and a triggered tremor in San Andreas filtered between 2—-8 Hz. The spectrograms show the
Fault during the 2002 Mw 7.8 Denali earthquake. (a) Records characteristic long-duration and low-frequency energy pattern
of triggered tremor form the stations along the San Andreas associated with tremor. (b) Zoome-in view of three stations

Fault during the 2002 Mw 7.8 Denali Earthquake (data similar (SCO01, SC02, SCO03) from the Fig. 3.

tics of these signals show a strong correlation with residential water usage. Although the pipe belongs to the sewer system, its
vibration pattern is expected to reflect the temporal variability of household water consumption. As shown in the evolution
of the mean hourly water demand during a typical 24-hour period (Herrera et al., 2010), two pronounced minima appear:
(1) between 1 a.m. and 5 a.m., corresponding to residents’ sleeping hours, and (2) around dinner time (6-7 p.m.). These
low-usage periods are consistent with our observation (Fig. 5), indicating that the event amplitude is positively correlated
with the expected water volume flowing through the pipe.

Combined with field observations in the study area and the information provided by GEMA, we confirmed that these
repeating events are caused by the faulty check valve. The pump station is located at a relatively low elevation, while the
pipeline rises slightly toward the observation area. This pipeline is classified as a forced main pipe, meaning that water is
pumped from the lower storage tank to a higher outflow pipe by the pump station. In this case, when the check valve mal-
functions, water hammer can occur and cause strong vibrations in the pipeline (Ghidaoui et al., 2005; Jung et al., 2009). In the

Social Circle case, this mechanism helps explain why the signal amplitude correlates with human water usage, because the
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phenomenon depends on water volume. When the water demand and flow volume increase, the amplitude becomes larger.
Conversely, when residential water demand decreases, the amplitude reduces (Fig. 5). However, the relationship between
amplitude and inter-event time still requires further investigation. More detailed verification will require operational records
from the local sewer facility, which we plan to analyze in the next step.

We note that this phenomenon is not limited to engineered pipeline systems. A magma hammer effect is invoked to explain
similar seismic subevents observed at the beginning of the 2022 phreatoplinian Hunga Tonga-Hunga Ha’apai eruption (Zheng
et al., 2023). Similar water hammer-like tremors potentially occur at the seismic-aseismic transition zone along major plate
boundaries (Yin, 2018). Similarly, transient pressure surge in a fluid-filled fracture at depth can generate seismic waves,
which have been invoked to explain remotely triggered seismicity and geothermal or volcanic regions (Brodsky et al., 2003;
Zheng, 2018). Taken together, these types of hydraulic transients could also possibly be considered a special type of seismic
source in geological systems, such as volcanoes and glaciers (St. Lawrence and Qamar, 1979; Winberry et al., 2009).

Properly identifying the anthropogenic semi-repeating tremor helps to ensure that such signals are not erroneously identi-
fied as naturally occurring events (Fernando et al., 2024; Maher et al., 2025). Furthermore, these events provide us with a new
perspective for understanding the source mechanism of naturally occurring repeating earthquakes (Uchida and Biirgmann,
2019). In contrast to natural tectonic (Nadeau and Johnson, 1998; Matsuzawa et al., 2004; Dreger et al., 2007) or volcanic
repeaters (Aster et al., 2008; Park et al., 2019) that originate from fault slip or magmatic processes, the repeating signals
observed at Social Circle, Georgia, are clearly driven by human activity. Their short recurrence interval of approximately six
minutes, shallow source depth, and temporal correlation with local water-use patterns indicate that they result from surface
or near-surface mechanical responses to anthropogenic forcing.

Different from these social circle repeaters that have less similar waveforms but very similar recurrence intervals, those
generated by fault slip, glacier motion (Zoet et al., 2012; Paul Winberry et al., 2013; Lipovsky and Dunham, 2016), or mag-
matic processes (Matoza et al., 2009) usually exhibit extremely high similar waveforms but variable recurrence times. This
variability reflects the complexity of stress accumulation and release in natural systems, which are influenced by factors such
as overall loading rates and frictional properties. Moreover, because most previous studies identify repeaters using strict cor-
relation thresholds in template-matching analyses, events with relatively stable recurrence intervals but distinct waveform
characteristics (like those observed in this study) may have been overlooked. A detailed investigation of such events could
provide valuable insights into how repeating seismic signals evolve under varying boundary conditions and external forcing.

Nevertheless, several limitations exist in this study. The short monitoring period (four days) limits our ability to capture the
long-term or seasonal variability of these anthropogenic repeaters. In addition, the small number of available stations and the
nearly linear array geometry prevented us from accurately locating the sources. With the seismic observations alone, we were
unable to pinpoint the exact source mechanisms for the repeated tremors. This highlights the need to combine seismic with

other geophysical and direct observations to better understand the source processes of earthquake sequences (Shelly, 2024;
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Figure 10. Schematic illustration of the proposed event generation model. Vibrations originate along underground sewer pipes,
likely triggered by flow disturbances or pressure fluctuations near the pump station.

Peng and Lei, 2025). Future studies employing dense distributed acoustic sensing (DAS) arrays (e.g., Lindsey and Martin
2021; Zhan 2020), along with other environmental and audio/video recordings would enable higher-resolution imaging of

the source process and help clarify the coupling between human activities and surface/near-surface seismic responses.

Conclusion

The seismic observations in Social Circle, Georgia, reveal a series of highly periodic tremor-like events with a recurrence
interval of approximately six minutes. These signals exhibit consistent timing and clear diurnal variations in amplitude.
Field observations and statistical analyses indicate that the source is anthropogenic, most likely related to the operation
of a local sewer pipeline system driven by periodic pumping cycles. The repeating nature and extremely shallow origin
of these events confirm that near-surface infrastructure can produce detectable quasi-periodic seismic signals. This study
demonstrates that rapid, short-term seismic monitoring can effectively identify and characterize human-induced vibrations
in residential environments. Although distinct in physical origin, these anthropogenic repeaters share similar properties of
periodic energy release with tectonic or magmatic repeaters, illustrating that repeating seismic behavior can emerge across

a wide range of scales and driving mechanisms.

Data and Resources
All data used in this study were recorded by the 500 Hz SmartSolo nodal sensors deployed in the Social Circle experiment.
The code for the foundation model, along with the cut waveforms of the 913 events and the one-hour waveform dataset used

for analysis, is publicly available at: https://github.com/sixu0/SeisCLIP.!

1A detailed example illustrating the procedure for extracting spectrogram-based features will be made available in a forthcoming release.
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