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Probing the nature of low-frequency earthquakes through the deconvolution of tectonic tremor
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Example tremor burst
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Fig. 1 Detected sources from deconvolution for an example tremor burst time window. (a)
and (b) denote signals at stations PGC, SSIB and SILB, for the whole and zoom-in
window, respectively. The gray line is the running cross-correlation RCC. (¢) and (d) are
map locations of deconvolved sources after the removal of secondary ones. (e¢) and (f)
show sources whose predicted arrivals at KLNB can be matched with an independently

deconvolved peak within an allowable range.
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Fig 2. Synthetic noise experiment to assess what fraction of detections in Fig. le and 1f
are reliable. (a) and (b) denote the synthetic noise, which is made by the amplitude

spectrum of data plus a uniformly random phase spectrum. (¢) and (d) show the resulting
sources that pass the check at KLNB, for the whole and zoom-in window, respectively.
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Facts Assumptions Questions
* Research exploiting matched-filter * Tremor signal is entirely composed of * Can we do a formal deconvolution to reveal the
techniques!!! found that tremor likely LFEs plus noise minimum number [S(t)] of LFE templates [W (t)]
contains myriad low-frequency * There is no significant change in focal that is required to explain the tremor record [X (t)]?
carthquakes (LFEs) mechanism during the target time period ¢ Given the distribution of these events, what is the

Consecutive template-like arrivals

or location

possess a persistent high coherence
between waveforms at nearby
stations, where the real number may
be countless
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size of region generating them? How does their
spatial separation compare to the maximum
reasonable source size (V; - t;)? Can this be used to
distinguish between candidate physical models for
the source of tremor?
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Method brief

/Ooo (X () —m W (t —t1)]%dt}

o Time domain iterative deconvolution!? 3! at each station
For the 1% source, its arrival time t; and amplitude m4

rewrite
_

m1,t1

\ argtmax{ RCC(t1) - R? _(t1)}, m1 = Ryu:(t1)/Rw(0)

Similarly, the 24 source is derived from the residual:

o Grouping of sources
Impulses W (t) are independently deconvolved at each of 3 stations. A trio of detections are grouped as coming from a single source when they
occur with a maximum allowable arrival time difference. The order of grouping is the same as that in deconvolution, so that more “significant”
sources are grouped first.

o Removal of secondary sources
Secondary arrivals might result if the duration of waveform peaks differs from that of templates. Given we are interested in the minimum
number of sources, we keep only the largest peak when multiple detections are associated with the same waveform peak.

X'(t)

argmin{ A; = R, (0) — 2Ry, (t1)m1 +

| Auto-correlation |

— T

Ry, (O)m% }

e

| Cross-correlation |

RCC(t) is the cross-correlation over a running 0.5-s window averaged at 3 station pairs, so that the deconvolution order is guided by both the
waveform coherence and amplitude of R,,, (t)

X(t) — m1W(t — tl)

N,
Iteration stops when the final residual is small enough: r(t) = X(¢) — Z m;W (t —t;)
i=1
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Fig. 3 Separation in arrival time and distance between consecutive sources. (b) scatters the absolute
distance vs. time separation. (c) shows the histogram of distance. Given a clear migrating pattern for
this burst, we determine its propagating direction and obtain the consecutive separation distance along
this direction and its orthogonal direction. The median along-propagation separation is ~3 times smaller
than the absolute one.

Combine multiple bursts
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Fig. 4 Comparison between data and synthetic noise on the separation in arrival time and distance
between consecutive sources, after combining all bursts. (a) and (b) show the histogram of distance and
separation in arrival time, respectively. (c)-(d) show only the sources that pass the check at KLNB. (e)-
(h) show a similar analysis for bursts when the average cross-correlation of envelopes between the trio
stations are above the 75% percentile. The distribution of separation in time and space between sources
detected from synthetic noise is clearly different from that from data, which 1s one reasonable indictor
of the reliability of our detections. The check at a 4th station distinguishes the statistics between data and
noise more, and a focus on the high-correlation bursts further amplifies their difference.



