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Method: The Source Scanning Algorithm(SSA)

The Source Scanning Algorithm Formula 
Using the SSA algorithm (Kao and Shan, 2004; Kao

et al., 2008) we can identify the spatiotemporal

distribution of the earthquake source.

When a specific earthquake source exists in

spacetime, large amplitudes are expected at the

predicted arrival times at each station. The effect of

this is to obtain large brightness values (br) at the

corresponding location and time.

The Scanning procedure for a spatiotemporal model

requires a reliable velocity model, good station

distribution, qualitative recordings without timing

problems and with minimum site-effects influence.
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On 24/01/2020 at 17:55 UTC a strong earthquake

with 𝑀𝑤 6.8 (AFAD) occurred at the southeastern

Turkey in the Sivrice district.

The manual picking and moment tensor solution

details indicate a shallow strike slip crustal

earthquake.

Early analyses using seismic data (e.g. USGS finite-

source model, IRIS Global Back-Projection product)

reveal complex source process of the Elazığ

earthquake.

In the present study we backproject S-wave

envelopes from 14 stations of the TK network

(National Strong-Motion Network of Turkey), seated

in a circular region with a selected radius of 100 km.
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Figure: The maximum brightness locations in time. The normalized maximum brightness variation

with time is shown on the top. The red arrow indicates the origin time of the earthquake. The

following plotted locations are within the time window defined from the blue lines and for values

higher than 0.35. The coloured plotted circles in the map view and cross-section represent

maximum brightness location in time, sized proportionally to their values. The cross-section is

along strike and dip, and its surface projection is marked on the map with a dashed line. The

hypocenter is indicated by a yellow star (AFAD).

• Backprojection results are not constrained by any hypocentral solution

i.e. no station corrections are introduced in the procedure.

• We applied a 2-8 Hz bandpass filter, keeping only the High Frequency

(HF) part of the S waveforms.

• The HF energy initiates approximately 10 km NW from the hypocenter

and gradually migrates along strike for ~30 km towards SW.

• Τhe HF energy burst from the source lasted ~20 s after the origin time.

• The average rupture speed during the event is between 3-3.5 km s−1
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Figure: Time–distance plot of a composite stack along the fault. Dashed white

lines represent various rupture speeds every 0.5 km s−1, whereas the white line

marks the preferred average rupture speed of 3-3.5 km s−1.

• Using the SSA method we managed to

determine the spatio-temporal imaging of the

rupture without any-priori constrains.

• Our results manifest the complex rupture of

the Elazig earthquake, with ~20 s source

duration and at least 2 distinct HF energy

emission spots, below 10 km depth.

• In synergy with conventional source inversion

methods, it can provide useful information

about the nature and the evolution of

moderate to large seismic events using local

waveform data.
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