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s S.1 Far field pulses and source spectra of the circular rupture model
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Figure S.1 (a) Displacement (up) and velocity pulses (down, both normalized for geometrical spreading and radiation) of
the circular rupture model for different angles ¢. (b) The normalized amplitude spectra of the associated apparent moment
rate functions. The upper panel shows spectra for specific values of ¢, while the lower shows the mean spectrum (black)
in comparison with the Brune’s spectrum (dahsed, gray) assuming an effective rise time of 1.5 - T}., where T, is the rupture
time. Figures are from Dahm (2022): Earthquake sources and rupture processes in seismology and volcanology. Lecture Notes,

University of Potsdam.
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S.2 Relations between conventional magnitude scales

The synthetic data peak ground displacement (PGD) amplitude approach is not restricted to micro-earthquakes and
can be used equivalently to simulate relations between teleseismic magnitudes Mx and M. The scaling between
magnitude scales has been studied, for example, by Kanamori (1983). The definitions of various magnitude scales
is given, for example, in Bormann et al. (2013). In Fig. S.2 we show the relationships between the Mp, the surface
wave magnitude Mg, the broadband magnitude mp and My. The Green function database were taken from the
Pyrocko Green’s Mill project from https://greens-mill.pyrocko.org (see Heimann et al., 2019). The good agreement with
the relations estimated from observations and independent moment determinations (see Fig. 4 in Kanamori, 1983)

confirms the validity of the theoretical approach beyond the application to My, of micro-earthquakes. The following
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Figure S.2 Predicted relations between various magnitude scales in the range from My 4 to 9.5. 15% percentiles are plot-
ted by transparent regions.

parameter were used to extract PGD from synthetic data:

Mi,-scale:

« distance between 30 km and 1000 km
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« depth between 5 km and 30 km

« stress drop between 1 MPa and 10 MPa

« rupture velocity between 2.25 km/s and 3.24 km/s
« frequency between 0.05 Hz and 1 Hz

 Green function database crust2_dd

Mg-scale:

« distance at about 10500 km

+ depth between 9 km and 30 km

« stress drop between 1 MPa and 10 MPa

« rupture velocity between 2.7 km/s and 4 km/s

« frequency between 0.033 Hz and 4 Hz

+ Green function database global_2s

mp-scale:

« distance between 220 km and 16000 km

+ depth between 1 km and 3 km

« stress drop between 1 MPa and 10 MPa

« rupture velocity between 2.25 km/s and 3.24 km/s
+ frequency between 0.04 Hz and 0.24 Hz

+ Green function database TXAR_Q2_T6
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S.3 Examplescript how to extract peak amplitudes using python and pyrocko tools

from pyrocko import 1o

# Here a seismic catalog and seismic stations are chosen

file_catalog = 'events.pf'

file_stations = 'stations.p

£

events = model.load(file_catalog)

stations =

# Bandpasses are defined, here three ranges: 0.5-2.0 Hz, 1.0-3.0 Hz, 1.5-4.0 Hz

flcorners =
f2corners =

nbandpasses

[0.5, 1.0, 1.5]
[2.0, 3.0, 4.0]

= len(flcorners

model.load_stations(file_stations)

)

# List of peak amplitudes are initialised

maxampls =

[1

maxnoiseampls = []

# Looping over events, stations and seismogram components

for ev in events:

for istat, station in enumerate(stations):

for component in ['Z', 'R', 'T']:

# Here it is assumed restituted displacement wavefirns are stored

as miniSEED files with proper namings.

Data should be available for the earthquake waveforms

(i.e. tapered to include the full waveforms,

surface waves), as well as for seismic noise sample at the time

of the event (for this purpose we used 6s long seismic recordings

ending at the

displfilename =

tracefilename =

noisetracefilen

if os.path.isfi

event origin time)

#
#
#
# starting short before the P phase and ending after S and eventual
#
#
#

'DISPL.'" + station.network + '.' + \

station.station +

'.' + component

'.'" + station.location + \

os.path.join('data', ev.name, 'prepared',

displfilename)

ame = os.path.join('data', 'noise_' + ev.name,

le(tracefilename):

'prepared', displfilename)

# Here waveforms will be saved as pyrocko trace objects:

# https://pyrocko.org/docs/current/library/reference/pyrocko.trace.html

traces = jo.load(tracefilename)

tr = traces

[e]

noisetraces = io.load(noisetracefilename)

noisetr = n

oisetraces[0]

# Waveform processing is here performed using the pyrocko

# library f

or trace objects

for drun in range(nbandpasses):

# Corner frequencies are selected

fmin =

fmax =

flcorners[irun]

f2corners[irun]
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# A bandpass is applied to data

# (Butterworth filter, here with order 4)
tr.lowpass (4, fmax)

tr.highpass(4, fmin)

# The same bandpass is applied to noise data
noisetr.lowpass(4, fmax)

noisetr.highpass(4, fmin)

# Peak amplitudes are here extracted and saved in nm,
# while the original miniSEED waveforms were given in m.
maxampl = 1.e9 * max(abs(tr.ydata))

maxamplnoise = 1.e9 * max(abs(noisetr.ydata))
maxampls.append(maxampl)

maxnoiseampls.append(maxamplnoise)

# As a result, signal and noise peak amplitudes are stored, respectively,

# in the lists maxampls and maxnoiseampls

S.4 Catalogue of moment tensors for the coal mining induced earthquake analysis
in HAMM, Germany

The catalogue reports for 1,133 earthquakes the following source parameters: event identificator, date, time, latitude,
longitude, depth (in km), M}, and My magnitudes, and 6 moment tensor components using a North-East-Vertical
Down convention). My, magnitudes are defined according to the HAMNET catalog (Bischoff et al., 2010), while My
magnitudes following moment tensor inversion (Sen et al., 2013). The catalogue is also available for download as

ascii file.
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