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Long-lasting, large amplitude “Noise”
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The noise-like signals turn out to USEFUL
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sm———. a real signal corresponding to a common source at depth
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Spatial distribution of tremors

Tremors are widely observed in worldwide subduction zones.
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In Japan, the tremor’s shape and position parallel to the strike of the trench,
Indicating the vibrations may have tectonic origin.
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Tremors are located at the deeper part of the slip distribution of
megathrust earthquakes, therefore they might reflect a part of the

subduction process.



Under which condition tremors

would occur?

In Japan and Cascadia subduction zones, tremors are found to repeat at a regular
interval. There exists a clear pulsing of tremor activity with periods of 12.4 and 24
to 25 hours, the same as the principal lunar and lunisolar tides.

That means the small stresses associated with the
solid-earth and ocean tides influence the tremor
generation, which is even more effectively than
they do the normal earthquakes.

Tremors therefore, is thought to represent shear
failure on a critically stressed fault (near
lithostatic pore pressure), so that they can be
affected by small tide-induced stress (on the

order of 1 kPa).

Can the tide-tremor correlation be found in

different tectonic setting?
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Ambient tremor in Taiwan
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In Taiwan, 231 ambient tremor events
have been found in the southern
Central Range from 2008 to 2011
(Chuang et al., 2013).

Their durations range from 5 to 30
minutes.

Rather than co-seismic slip induced
stress change from nearby major
earthquake, increased tremor rate is
found to be highly correlated with the
active, normal faulting earthquake
swarms at the shallower depth.



Temporal distribution of ambient
tremors in southern Taiwan

The occurrence time of tremor Do they show a particular
recurrence interval?
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we first analyze the general feature
in tremor occurrence time.
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1 64 % of tremor events occur with a
0 100 200 300 interval less than 5 day, whereas
day 20 % of tremor events occur with a
40 . . . . . interval less than , as
35 . indicated by the histogram.

However, the number of events in
the histogram depends on the
selected bin of interval, which
cannot represent the preferred

S— L _a S cycle very well.

Interval {days)




Calculation of tremor recurrence interval

* Parameters:

S =

exp(Zn

the period assumed

/@ the number of t,

(Ide, 2012)

If the tremor events (sequence) is perfectly periodic,

thenS=1
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Parameter S change during period(t,) 301s to 7days

Since most events interval were lest then 5 days, let’s
look at how S changes with period assumed.

The blue line is the tremor data, whereas the gray one is
the synthetic data generated by 5 sets of 231 randomly
draw data.
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Parameter S change during different period(t,) between 301 second to 2days

11.93 is half of 23.86, so we

only need to discuss three
peaks: 12.42, 23.86, and
25.85 hours.

23.86hr?
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Measure a more precise period for tremor

If the real period of tremors = t_, then the x/t, would concentrate at a particular number.
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Occurrence time of event (T)

For example, if the real period t, = 1000 s, then you will see the vertical blue line
corresponding to x=500, therefore x/t,=500/1000=0.5. If we assume a wrong period (even

very minor difference, e.g., t,=999 s or 1001 s), the n vs. x/t, plot will not show a vertical line.
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Measure a more precise period for tremor

Number of cycles

As described earlier, to measure a more precise period, we use the
occurrence time of tremors divided by t0O of the peaks (or near the
peaks) to make sure most of their normalized inter-event time is
similar and won’t change during the number of cycles.

We measure the more precise period for tremor:

12.42, 24.00,25.74 hrs.

(which we will discuss in the following slides)
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number of tremors

(T1) 12.42 h

This period is consistent with the semidiurnal principal lunar
period of 12.42 h.

We use location of the Moon to measure the shear stress
change at where tremors occurred.

- 58% tremor events occurred in the early 1/4 cycle,
corresponding to relatively greater shear stress change.

La rger Shear T. H. Heaton,1975
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(T2) 24.00 h

When tremor event is adjusted to local time, we find that:

(1) In Time: There exists a quiescence between 6-16.
And most of the tremor events occurred at 0-5 AM.

55% tremor events

SNR-signal to daytime noise

40 - - - ' ' (Chuang et al., 2013) Daytime noise

30F
. occur in the early L Do |
8 --:g?:;_-~-------~---:: ----- -f'-~'-—-1.-~--'f¢/f‘-;;'v';_-!'~';-
E 20p % cycle. AN O
2 | WA
|
10+ '
0
0 4 8 12 16 20 24

Local time {(O'clock)

(2) In space: in nighttime (6PM-6AM)
No clear concentration in space (depth).
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(T3) 25.74 h

The combined effect of 12.42hr and 24hr

periods gives the 25.74 h, suggesting the 25.74 h

is a result of the previous two major tremor
periods.
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25.74 51.48 77.22 102.96 128.7 154.44 180.18 205.92 231.66 257.4 283.14 308.88

12.42hr period 24hr period ===combine 2 period (hour)



Summary

The ambient tremor events in this study are characterized by repeat time
of 12.42 (T1), 24.00 (T2), and hours.

T1:

We found that most tremors occurred when moon gravitation induced
shear stress change is high. This indicates the correlation between
tremor generation and tidal stress. And such correlation explains the
12.42-hr tremors period.

T2 and

The 24.00-hr recurrence interval is likely a result of different tremor
detectability in daytime and night time, whereas the 25.74-hr period is a
combined effect of 12.42 and 24.00 hr periods.

The tide-tremor correlation follows a universal feature, which is
applicable in Japan, Cascadia subduction zones, San Andreas fault, and
southern Central Range of Taiwan.



