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Ordinary Outlook of the data

from Earthquake Catalog

[T o = I I o TR A R - A B N

[

11

1
121.8987
1219178
121.6840
121.8337
1208617
120.8048
1223148
1221015
121.6645
121.7638
121.3657
1219023
121.7822
121.7517
1216815
121.8847
1224227
1224125
121.7573
1223275

2
24.8283
221973
21.5632
21.1433
23.5835
22.8255
253050
24,3908
24,2842
24.2360
226785
244362
21.0557
24.2535
23.6483
244022
239725
219293
23.7388
24,7888

EIncuce

3

1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999

e T e e T R e T T T R T e . e .
[ R T R R T o L o e I e T o B o I L T % T ¥ [ S (i Qe gy

12
17
19

- e R N = N,

23

12
20
23

34
56
24
12

5
52
15
21
59
15
52
15
27
38
22
19
55

4
27
54

8
56.2100
3.0800
5.0000
18,6300
46,4500
27.1200

9
80.7300
60.6700

10
12,7300
50300
15.4600

31.1300 234.0400

40.8500
57.3400
55.3500
24.8600
36.3800
24,1700
43,6700
46,9900
13.6000
453200
25.8800
264900
454200

56.7800
21.8900
13.2000
15,6500
12.7400
7.0600
14.5100
27.5400
7.6900
0.6100
2
30,5700
8.4600

10
44000 ;

3.2000
3.2000
3.6000
3.1000
34000
3.8000

3.2000
41000

3

3
3.5000
3.2000
3.1000
3.5000
41000
3.8000
3.2000

* ¥
o ¥

33000 45

1195

HEY)

1999/01 to 1999/00 events with M>3




Double-Convex Strong Circular Arcs of Earthquakes
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Fig. 32 An event with M=6.6 at one of the two

intersection points of two SCAE. It is at the western ends

of these two SCAE and occurred on 2016/2/6 m
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The M=4.6 events occurred 5 years before the 2016 Mel-
Long earthquake.

Strong circular arcs of earthquakes: circular arc
containing 5% uniform spatial points with M=4.6
events happened nearby in N years. (N=5 at this stage of
research, N may be changed slightly after more detailed
studies have been done in the future.)

Red stars : M=6.4 events (*)

Red circles : 6.39=M =5.8 events (0)
Blue stars : 5.79= M =4.8 events (*)
Green stars : 4.79= M =4.6 events (*)
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Abstract

* Circular and Linear distribution patterns of
earthquakes are 1mportant.

- AIl of the 59 strong earthquakes (M=5. 99,
1977-2016) around Taiwan (120°E-122. 5°E, 21. 5°N-
25.5°N) studied by us occurred near to (=T70km)
some intersection points of (secondary) strong
circular arcs or (secondary) strong lines of
earthquakes with M=4.8 (M=4.6).

(Presented at “The 40th National Conference on Theoretical and Applied Mechanics,
Hsinchu, Taiwan, ROC. November 25-26, 2016” )

« (New Results) Almost all of the 59 strong earthquakes
occurred around some double convex strong circular arcs
of earthquakes.

EIncuce i



_Sd -

ICirfles, Circular Arcs and Lines of Earthquakes.

Around Taiwane-

Hin-Chi Lei'+
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*Comesponding Author: E-mail: hinchih@ce neu.edutw +

Abstract+

In a recent paper [1] the concepts of strong circular
arcs and lines of earthquakes are proposed. Many
examples of strong ciwcular arcs of earthquakes were
studied. It was found that they are mmportant in the
analysiz of strong earthquakes. In this paper we provide
more concrete examples and new 1deas. First, it 15 found
that, arounmd Taiwan, most of the strong events with
magnitudes over 3.8 in the last 43 years can be grouped
mto fimte nuwmbers of circles and hnes. Second, m
addition to the 14 arcs reported in [1, 2], much more new
arcs and lines related to the strong earthquakes around
Tarwan are reported m this arbicle. In particular, it 1s
found that almeost all of the 39 strong earthquakes studied
by us ocoured around some intersection points of strong
circular arcs or strong lines of earthquakes with M= 4.6
Athree-step method is also proposed for the prediction of
the future strong earthquakes.+
Kevwords: circular arc of earthquakes,
earthqualkes, circle of earthquakes+

line of

H

the last 43 wears occumred near to some ntersection
pomnts of strong circular arcs or strong lnes of
earthquakes with magmtudes over 4.6. These mught be
caused by the mteractions of different stress
concentration processes m different directions. The hnes
of earthquakes in this paper are honzontal while those m
[1, 3] are vertical A three-step method is alzo proposed
for the prediction ofthe future strong earthquakes. +

2. Fracture Mechanical Interpretation +

In [1] we used an example from fracture mechanics to
Hlustrate the mmportance of distnbution pattem of
earthquakes. Apart ofthe ideasmm [1] 15 quoted below.+

Arow of 15 micro-voids in a tensile plate 1s shown m
Fig. 1. Ifthe width of the plate 15 w, the diameter of each
of these micro-voids iz 0.001%w the thickness of the
plate 1= b then the deducted area of the muddle cross
section 1z just 92.3% of the undama ged cross section area.
Thiz plate could be thought as nearly perfect if only the
dediictad area 1= con=idered Howewser the nlate 12 111 fact
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1) Existing Curvilinear Spatial patterns of
Earthquakes

Alignments of Microearthguakes:

Along some active faults we can see clear alignments of
microearthquakes. (K. Oike 1976, Mizoue and Nakamura
1976, Wada 1975)

Nearly Conjugate Bands of Moderate and Small Earthquakes:

Within a certain period before the large earthquakes, the
regional moderate and small earthquakes were often
distributed in narrow bands. .... mainshock Is located at their
Intersection....... the bands are wusually several hundred
kKilometers long......the bands are generally formed 1-3 years
before the mainshock (Zhangli Chen et al. 1984)




Aligments of Microearthquakes
(K. Oike 1976, Mizoue and Nakamura 1976, Wada 1975)

Along some active faults we can see clear
alignments of microearthquakes. In other cases, active
faults or tectonic lines are clear boundaries between a
very active region and a quiet region. ...... Thus we
can find boundaries of crustal blocks not only by the
geological surveys on the surface but also by the
observations of microearthquakes.



Conjugate Bands of Moderate and Small Earthquakes

Nearly conjugate bands of earthquakes before 8 major earthquakes were
reported.

Zhangli Chen et al (1984), Characteristics of regional seismicity before majo
earthquakes, Earthquake Prediction, Proceedings of the International Symposium o
é;rthquake Prediction, Terra Scientific Publishing Company, Tokyo, UNESCO, Paris.

=3NCUCE




The detailed
distribution
patterns of the
events along the
bands are
missing.

In our works

reported below
more concrete

description are
given. 59
example are
found so far.
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2) Array of Earthquakes as Stress Localization
Indicator of the Crust

T o — —
o

tensile load «—— W =— n small voids L5 tensile load

o000 000D0D0DD00

1—
1—
— _’..

stress localization occurs along the arrey
of defects.

Linear or Curvilinear distribution patterns of
the defects

Linear or Curvilinear distribution patterns of
the earthquakes
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Two compressive plates with 7 small void

Which one will develop stress localization?
The one with linear (or curvilinear) distribution of voids will.

EIncuce



Tension gash array In incipient shear zone

" Y

Fig. 3.25. Photograph of a tension gash array in an incipient shear zone, Hartland
Quay, Cornwall. Sense of slip: left lateral. (Photograph by Simon Cox.)

Scholz, C.H., “The Mechanics of Earthquakes and Faulting” (second
eltlon) Cambrldge University Press, Cambridge, United Kingdom




Tension gash array In incipient shear

Sigmoidal tension gash array at Marloes Sands, SW Wales. Ruler marked in cm.




Difference: tension gash array and array of earthquakes

1. The tension gash array in the photograph is
distributed on the surface.

2. Circular arcs and Lines of earthquakes analyzed by
us are buried inside the crust.

3.They can be found by data mining of the
earthquake catalog .

Encuce
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the Crust --SCAE, SSCAE, SLE and
SSLE

Strong circular arc of earthquakes (SCAE)

Secondary strong circular arc of earthquakes
( SSCAE)

Strong line of earthquakes (SLE)

Secondary strong line of earthquakes (SSLE)

EIncuce



Information carried by SCAE, SSCAE,
SLE and SSLE

Recent location and potential of the stress
localization in the crust.

(location prediction of earthquake)

(X, Y)
Potential : the total length and total number of uniform
spatial points of a SCAE (or SLE) and the magnitudes
of the events along the SCAE (or SLE) may provide
us some useful information about the potential
ccumulated in the area around the SCAE (or SLE).

TFNCUCE




Strong Circular Arc of
Earthquakes (SCAE)

e 5% uniformly distributed spatial points along a
horizontal circular arc (b0km < length < 400km)

* Near to each spatial point there 1s at least one
event with M 4.8% and depth <50km occurred in 5
years (could be modified to 3 or 4 years in future,
after more precise studies have been carried out)

* The occurrence time of the fifth spatial point
with at least one M 4.8%event nearby is called the

confirming time of the strong circular arc of
earthquakes (SCAE)

Encuce



More Precise Descriptions of the Distances between the
Spatial Points and the M 4.8 Events Nearby

d= distance between any two adjacent spatial points
measured along the arc

R= radius of the SCAE

de= the distance measured along the circular arc
between a spatial point and the nearest M 4.8 event

re= the distance between the center of the circular arc
and the nearest M 4.8 event



O spatial point

¥ M4.8+event

Among the 5 de values, 1 of them can be quite large (<0.5d),
1 of them can be moderate small (<0.3d), and the rest of them

must be small(<0.1d). All the 5 values of re must be close to
the value of R ( | re-R | <0. 05R).

@ncuce (or | re-R | <0.05d for a SLE)




» A SCAE with N spatial point (N=5);

- the de wvalue of one spatial point
satisfies the 1nequality that de<0. 3d

- the de wvalue of one spatial point
satisfies the i1nequality that de<(0. bd

- The de value of every one of the other N-2
points satisfies the 1nequality that de<(. Id

« The re value of the nearest event of each

spatial point satisfies the 1inequality that
| re-R | <0.05R (or | re-R| <0.05d for a SLE)

- The concrete values stated above are obtained by
the working experience our analysis. They might
be modified slightly 1n the future.

EIncuce



Strong Line of Earthquakes (SLE)

e 5% uniformly distributed spatial points along a
line (50km<length<500km)

- Near to each spatial point there 1s at least one
event with M 4.8" occurred in the last 5 years
(could be modified to 3 or 4 years in future,
after more precise studies have been carried out)

« The occurrence time of the fifth spatial point
with at least one M 4.8%event nearby is called
the confirming time of the strong line of

earthquakes (SLE)

Encuce



Secondary Strong Circular Arc
of Earthquakes (SSCAE)

e 5% uniformly distributed spatial points

along a horizontal circular arc (50km <
length < 500km)

- Near to each spatial point there 1s at least
one event with M 4.6% and depth <50km
occurred i1n b years (could be modified to 3
or 4 years 1n future, after more precise
studies have been carried out)

* The occurrence time of the fifth spatial
point with at least one M 4.6Tevent nearby is
called the confirming time of the strong
circular arc of earthquakes (SCAE)

Encuce



Secondary Strong Line of Earthquakes
(SSLE)

e 5% uniformly distributed spatial points along a
line (50km<length<500km)

- Near to each spatial point there 1s at least one
event with M4.6" occurred in the last 5 years
(could be modified to 3 or 4 years in future,
after more precise studies have been carried out)

« The occurrence time of the fifth spatial point
with at least one M 4.6%event nearby is called
the confirming time of the strong line of

earthquakes (SLE)

Encuce



Hin-Chi Lel and Chi-Wang Tang, Circular Arcs and
Curvilinear Distributions of Events of Earthgquakes in
Talwan , The Thirteenth National Conference on Structural
Engineering/ The Third National Conference on Earthquake
Engineerin, Taoyuan, Taiwan, 24-26 August, 2016 (Paper No.
1113).
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Circular Arcs and Cuorvilinear Distribotons of 1L
Events of Earthguakes in Taiwan ..
Hin-Chi Lai * Chi-Wame Tang .,
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Abstract. .

Maothrated by fracmre mechamic, it is foond fhat when analyzins the dames=s of the omst cansad
by the szrthqmsces, oot only the meEsnimdss, b zlsa the dforrburion parrerns of the sssthqmaicss
shonld be considersd For exzmpls, the d,;-u:.=== to the omst cansed by 2 dronlar a0 of o ssrthquaics
af mesnitnds 5 shonld be moch larsesr than dhat by 2 st of 0 reandomby distriboied svents with dhe
saams mEsnitnds. This viswpaim is sopportsd by oo mvestizstions of the ciroolar zacs and vwerricsl
chadins of sarthgualkss a5 the precursors of stvon = carthquales .

First, mamy cironlar arcs of sznthqualkss have beon found in Teiwan over the past £2 years For the
=rcs we have stodisd [2]. after the appestamcss of zbom 70% of them sirong eveants with M5 E
aconarasd classe to the zocs within § momhs. S=cond, the linszss distritotion of ssrthgnalcs in the
verriczl direction of the omst, 12, the vertical chain of ssrthgnalces, is zlso important in pradiains
stramz earthqnalees Far 75%: of the §4 stwons sesthanalss over 5.7 o the past, sivons vertical chadns
acorrsd in cerniain distancss from the medin shodks within § months befors the oocommrences aof the
shaodos [3] Inm certadin specizl semians, the appessrancss of the sivonz vertical chains can provids s
informetion sbom seguential i'r:r-:|:|:|g szrthquoales af swons vertical chains [3]..

Om= of the semeskshle arcs is tha formed befors the Chi-Thi ezsthqusEcs in Teiwan. Abomr 2 bit
mare tham iweo yesss befors T]J.EI' disaster thers was a2 cironlar arc of events with R4 B devdaopad
zradnally m the sonthem pasi of Tedwan The wvertical chadns of ssrthquakes befirs the C]l-i—Chi
sarthgquoaEliss 34= 3ls50 remeEricahls A bit mors than ans vear before the Chi-Chi ssrthgunaEos thess was
vestical chain of fenthauakes with the lensth over 12 lom developad in the shallow omst about 20 ]._1:r_
awray from the center of the main shacdk of the Chi-Chi esnthgnacs. Thers wers mare tham 200 events
happan=d zlong this chain in 24 hoors. The aconaresncs of them show os of the mformetion and dhe
locarions of the enermy loczlizstian inthe cmst .

Horwords: Chi-Chi ssrthguslcs, ciroulsr oo of esrthguesloes, warticsl chein of earthgueslss
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5. Intersections of Arcs and Other Distribution Patterms of Earthquakes -
We have also found some intersecting SCAE. One of them is reported in the following tables.«
Table 11. The intersection of two SCAE around 2011 to 2013«

N X ¥ Y A D Zikm) A lecation of the arc
1 215900 233900 2011 6 10 3487 507
2z 1215200 235100 2011 7 12 31.23 5.28 ,a—"';.-"'-—‘_
3 1216200 238000 2011 8 11 3238 482 / b+
4 1214800 233800 2012 8 17 2600 5.2 ff ’ . ?
0 1215800 239800 2012 12 2 1L79 502 /
7] 121 4600 24 3000 2013 3 ! 355 387 EF ++ -'f
1 1215500 240100 2011 7 19 1416 481 [ {
2 121 6700 239100 2012 & 10 3959 4.8 L'R " r/
3 1215800 239800 2012 12 2 1L79 502 ““*5 |’1,,
4 1215600 239700 2012 12 2 1L75 483 b
H 1214600 243000 20013 3 7 555 587

main shock 2013377 33645 555(km) MSET

Furthemmore, other linear and curvilinear distributions of earthquakes might be significant too.
For example. we have found some parabolic arcs of earthquakes which are related to some strong
events.

In addition to the above pattems of distributions of earthquakes in the tangential directions on the
crust, one of us (H.C. Lei) and P.Y. Chen are also investigating the linear distributions of earthquakes
in the vertical direction of the crust [3]. A new concept., the strong vertical chain of earthquakes

(abbreviated as SVCE) is proposed. A bit more than one year before the Chi-Chi earthquake there was

a vrartinal rligin of earthanales with the lenagth avrer 17 v Aeveloaned 11 the dhalloawr cmiet abogrt A v



Rway from the center of the main shock of the Chi-Chi earthquake. The chain was developed about
one day around July 17 and 18 in 1998. As can be seen in Figure 4, there were more than 200 events
happened along this chain about 24 hours. The center line is located at (120.65, 23.5). In the figure, the
blue stars denote the events along the vertical chain of earthquakes while the red star stands for the
main shock of the Chi-Chi earthquake.«

Events in the longitude-depth plane  Events in the latitude-depth plane Events in the map of Taiwan
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Figure 4. The vertical chain of earthquakes occurred around July 17% and 18% in 1998+
Moreover, on June 10 in 1999, July 7 in 1999, August 29 in 1999, and September 20 in 1999 there

were other four shorter vertical chains of earthguakes developed along the lonc vertical chain of
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Conclusions of the 2016 08 paper by Hin-Chi Lei

and Chi-Wang

ang

14 circular arcs of earthquakes have been found In
Talwan over the past 42 years. For the 14 arcs we have
studied , after the appearances of 70% of them strong
events with M =5.8 occurred close to the arcs within 6

months.

(About 10 arcs are found related to the strong events
nearby, while 4 arcs are found Irrelavant to any strong



Active Faults of Taiwan

The SCAE, SSCAE, SLE, SSLE we have found do not
occur along the active faults of Taiwan
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4) Stress Interaction Indicator :
Intersections of SCAE, SSCAE, SLE and SSLE

Hin-Chi Lel, Circles, Circular Arcs and Lines of
Earthquakes Around Talwan, The 4o0th National Conference on
Theoretical and Applied Mechanics, Hsinchu, Taiwan, ROC, November 25-26, 2016
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The -hJﬂ National Conference on Theoretical and Applied Mechanics, Hsinchu, Taiwan, ROC, November

|Ci1‘cles, Circular Arcs and Lines of Earthquakes.

Around Taiwan.

Hin-Chi Lei .
Department of Civil Engineering, National Central University.
*Corresponding Author: E-mail: hinchili@cc.ncu.edu.tw «

+

the last 43 years occurred near to some intersection
points of strong circular arcs or strong lines of
earthquakes with magnitudes over 4.6. These might be
caused bv the interactions of different stress

Abstract.
In a recent paper [1] the concepts of strong circular
arcs and lines of earthquakes are proposed. Many
evamnles of etrone circnilar arce of earthonakes were
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Fig. 32 An event with M=6.6 at one of the two

intersection points of two SCAE. It 1s at the western ends
of these two SCAE and occurred on 2016/2/6 i
Kaohsiung..
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ICirfles, Circular Arcs and Lines of Earthquakes.

Around Taiwane-

Hin-Chi Lei'+

Department of Civil Engimeenng, National Central University+

*Comesponding Author: E-mail: hinchih@ce neu.edutw +

Abstract+

In a recent paper [1] the concepts of strong circular
arcs and lines of earthquakes are proposed. Many
examples of strong ciwcular arcs of earthquakes were
studied. It was found that they are mmportant in the
analysiz of strong earthquakes. In this paper we provide
more concrete examples and new 1deas. First, it 15 found
that, arounmd Taiwan, most of the strong events with
magnitudes over 3.8 in the last 43 years can be grouped
mto fimte nuwmbers of circles and hnes. Second, m
addition to the 14 arcs reported in [1, 2], much more new
arcs and lines related to the strong earthquakes around
Tarwan are reported m this arbicle. In particular, it 1s
found that almeost all of the 39 strong earthquakes studied
by us ocoured around some intersection points of strong
circular arcs or strong lines of earthquakes with M= 4.6
Athree-step method is also proposed for the prediction of
the future strong earthquakes.+
Kevwords: circular arc of earthquakes,
earthqualkes, circle of earthquakes+

line of

H

the last 43 wears occumred near to some ntersection
pomnts of strong circular arcs or strong lnes of
earthquakes with magmtudes over 4.6. These mught be
caused by the mteractions of different stress
concentration processes m different directions. The hnes
of earthquakes in this paper are honzontal while those m
[1, 3] are vertical A three-step method is alzo proposed
for the prediction ofthe future strong earthquakes. +

2. Fracture Mechanical Interpretation +

In [1] we used an example from fracture mechanics to
Hlustrate the mmportance of distnbution pattem of
earthquakes. Apart ofthe ideasmm [1] 15 quoted below.+

Arow of 15 micro-voids in a tensile plate 1s shown m
Fig. 1. Ifthe width of the plate 15 w, the diameter of each
of these micro-voids iz 0.001%w the thickness of the
plate 1= b then the deducted area of the muddle cross
section 1z just 92.3% of the undama ged cross section area.
Thiz plate could be thought as nearly perfect if only the
dediictad area 1= con=idered Howewser the nlate 12 111 fact



A SCAE (or SLE) can be treated as a stress
localization indicator of the

Crust.

An intersection of 27 SCAE can be treated as a stress

Interaction indicator.
(Bi-axial, Triaxial, or Congugate
Stress Effect or Others)
(SCAE+SCAE+SLE,
SCAE+SLE, SLE+SLE, .

Fig. 32 An event ‘U‘.lﬂil M 66 at one of the two

SCAE'I'SSCAE, etC) intersection points of two SCAE. It is at the western ends

r of these two SCAE and occurred on 2016/2/6 m
%%NCUCE Kaohsiung..

latitude (degree)




In some years, there are many M4.6% events on the map, then a
lot of SCAE and SLE can be found. In such kind of situations
the stress localization indicators and stress interaction indicators
may provide us too much information. So we consider the
events occurred 5 years before the main shock. If events in 10
years were considered the stress localization indicators and stress
Interaction indicators might make no sense.

1997~200205015 Events over3.8s=71dY=5
T T T T T

255

25~

M4.8% events occurred
Syears before a strong

event of M 6.2 happen on
May 15, 2002. Itis
probably that more than 2
SCAE or SLE can be found.
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All the Strong Earthquakes around Taiwan
over the last 40 years

1978102016 Depth <50km

120° Et0122.5° E and 21.5° N to 25.5° N (around Taiwan)
13 Thirteen strong events after the Chi-Chi earthquake (from
1999/9/21 to 2000/6/9) are not considered

255

All of the 59 strong earthquakes
(M>5.99) are analyzed

2451
241
2351
231

225




SE={SCAE, SSCAE, SLE, SSLE}

Every one of the 59 strong earthquakes
occurred near to (within 70 km) one
Intersection point of two members of SE
(within 3 years after the occurrence of the
Intersection point).

l.e., Intersection points of strong circular arcs,
strong lines of earthquakes, secondary strong
circular arcs, secondary strong lines of
earthquakes (with M=4.8 or 4.6)
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Fig. 6 An event with M=6.5 near the end of a SLE which
cut through 3 intersecting SCAE. It occurred on
1986/5/20 along the coast of Hualien..
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Fig. 8 An event with M=6.5 near the intersection pnmt of
two SCAE. It occurred on 1990/12/13 along the coast of
Hualien..
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Fig. 9 An event with M=6.5 near the intersection pumt of
two SLE and the one of two SCAE. It occurred on

1994/6/5 along the coast of Hualien.-
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and occurred on 1995/6/25 1n Yilan.-

EIncuce



P

2
)
-
.

i

[}
E d
h
1 1
4
. . S e S S S
]
-

latitude (degree)

i L i i i i i
21& 19 1195 120 1205 121 121.5 122 1225 123
longitude (degree)

Fig. 11 An event with M=6.2 near the mtcrsectmﬂ point
of a SLE and a SCAE. It occurred on 1998/7/17 near
Chiayi and Nantou..
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Fig. 12 An event with M=7.3 near the intersection point
of two SCAE. It occurred on 1999/9/21 i Chi-Chi,
Nantou..
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Fig. 14 An event with M=6.1 near the intersection point
of two SCAE. It 1s embedded in one of the two SCAE
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and occurred on 2000/7/28 near Chaiyi and Nantou..
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Fig. 15 An event with M=6.2 near the intersection pumt

of a SCAE and a SLE. It occurred on 2000/9/10 along
the coast of Hualien..
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Fig. 16 An event with M=6.8 near the m‘[crsectmu point
of two SLEE. It occurred on 2002/3/31 under the sea out
of Hualien..
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Fig. 20 An event with M=6.23 near the mtersection point
of two SCAE. It occurred on 2006/4/1 in Taitung.-
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Fig. 21 An event with M=6.04 near the mtersection
pomts of a SLE with two SCAE. It occurred on
2006/4/15 under the sea outside Taitung.-
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Fig. 22 An event with M=6.99 near the inters E:ctmﬂ point
of two SCAE. It 1s also near the western end of one of
the two SCAE and occurred on 2006/12/26 under the sea
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SLE,SSCAE and SSLE will be presented also in the

master thesis by my student Chieh-Heng Lin finishing
this summer. Lin will analysis the detailed properties
of all of the Intersections in his thesis.
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Main results

First, 59 strong earthquakes with M>5.99 around
Taiwan In the last 43 years have been investigated.

It Is found that every one of these strong earthquakes
occurred near to (within 70 km) at least one
Intersection point of two members of SE within two or
three years after the appearance of the Intersection
point.

These might be caused by the interactions of two (or
more) stress localization processes In different
directions.
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Main Results

Second, a three-step method 1s proposed for the
prediction of the approximate locations and
occurrence times of future strong earthquakes by
monitoring the current as well as the latest events to
look for the formations of intersection points of
members of SE.

The distance scale of our prediction Is smaller than
/0km while the time scale is smaller than about 3
years according to the experience of using our
method so far.
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5) Future Works

1) Double Convex Intersections

Many (all ?) of the 59 strong events occurred around
some double convex i1ntersections of strong circular
arcs of earthquakes. The details will be clarified in
the future by Chieh-Heng Lin, Pei-Yun Sun and me.
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2) Predicting Strong Earthquakes from Intersections of SCAE (and/or
SLE, SSCAE, SSLE)

validity of p — g doesn’t mean that g — p holds

If a strong event occurs at (X,y) (p) then there is an intersection
point (by the previous data in 5 years ) near to (X,y) (0).

(Inference from the 59 strong earthquakes studied by us)

The following inverse relation may not be true:

If there IS an Intersection point at (x*,y*) (by the previous data
In 5 years ) (q*) then a strong event will occur near to (x*,y*)

within 3 years (p*).
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The following inverse relation may not be true:

If there I1s an iIntersection point at (x*,y*) (by the
previous data In 5 years ) (g*) then a strong event will
occur near to (x*,y*) within 3 years (p*).

The following statistical statement of the Inverse
relation may work:

I there Is an Intersection point (by the previous data In
NI years ) (g*) then there Is a Np% of chance that a
strong event will occur nearby within Nf years (p*).

(N1 might be 5 or less than 5, Nf might be 2 or 3, they
should be determined from statistics. In different
regions of the world, their values may be different.)
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If there 1s an Intersection point (plotted by the
previous data In 5 (or 4) years ) (q*) then there Is a
Np % of chance that a strong event will occur nearby

within Ny years (p*).
(The three-step method proposed in the previous
conference paper.)

The values of Np and Ny are obtained from the
statistical analysis of the SCAE, SSCAE, SLE, and
SSLE around Talwan in the past 40 years.

(Carried out by Ming-Huang Chen, Yen-Yu Chen,
Yu-Chien Shih, Wel-Yuan Tsal, Jin-Ping Yu and me.)
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3) Prediction of Not Occurrence of Strong Earthquakes
validity of p — g holds mean that ~q — ~p holds

If a strong event occurs (p) then there is an intersection point (plotted by
the previous data in 5 years ) nearby (g). (Inference from the 59 strong
earthquakes studied by us)

The negative expression of the above statement:

If there Is no intersection point (plotted by the previous data in 5 years )
at a place (~g*) then no strong event will occur nearby within T years
(~p%).

The value of T can be determined from statistics of the past earthquake
catalog.

Is 59 strong events enough to guarantee the validity of the T value we
will get in the future? We may have more strong events to add in in the
future. The strong events in other places like Japan and US can also be

analyzed to increase the number of the samples.
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4) Strong Events and SCAE (SLE) in Other Places

Are our results valid in other places (with different
mechanical enviroments)

1)Talwan area : plate squeeze, compressive stresses
rather than extensional stresses.

2)US: the San Andreas Fault at California (right-
lateral strike-slip (horizontal) motion)

3)Other areas

(analyzed by Chiu-Tsen Hung and me)
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5) Magnitude, Time, and Length Correspondences

MSE=Magnitude of the strong earthquake

MMSS=Minimum magnitude of the events near to the spatial
points along the SCAE, SLE, SSCAE, or SSLE
related to the intersection point

MSE MMSS
M6.8 (121.8E 24N, 1986/11/14) M5.13
M6.5 (121.6E 23.9N, 1990/12/13) M5.10
M6.5 (121.8E 24.5N, 1994/6/5) M5.11
M6.5 (121.6E 24.5N, 1995/6/25) M5.11
M6.2 (120.7E 23.5N, 1998/7/17) M4.86
M7.3 (122.7E 23.5N, 1999/9/20) M5.26
M6.7 (121.1E 23.9N, 2000/6/10) M5.15
M6.1(120.9E 23.4N, 2000/7/28) M5.07
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Is a Strong SCAE

1) Longer (?)
2) More spatial points(?)
3) Formed In a shorter time period(?)

4) The minimum magnitude of the events near the
spatial points is higher(?)
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Conjecture :

Near to a stronger main shock an intersection by two
SCAE (or SLE) with longer lengths, more uniform
spatial points and events with larger magnitudes along
It may exist.

This needs to be verified by the earthquake catalogs.

(Recent works of Pel-Yun Sun and Che-Hung Lin ---
Master Theses guided by me.)




6) Computor program to search for SCAE

The SCAE obtained so far are by inspection, which
are too subjective. We are developing computer
program to do this job.




/) Comparison between Chen’s Conjugate Bands of Earthquakes
and our Intersections of SCAE,SSCAE,SLE, and SSLE

Chen’s Conjugate Bands Our Intersections of SCAE,SSCAE, etc.
1)The bands are generally formed 1-3 1) The intersections are generally formed
years before the main shocks. within 4 or 5 years before the main shocks.
2)The bands are usually several 2) The lengths are usually between 50km
hundred meters long and 400km
3)Main shock is located at the 3) Main shock is located near to the
intersection point. intersection point within 70 km
4) Minimum magnitude of the events 4) Minimum magnitude of the events along
along the bands is M3 the SCAE, SSCAE, SLE and SSLE is M4.6

5) The magnitudes of the related main  5) The magnitudes of the related main
shocks are usually larger than M7. shocks are usually larger than M5.99.

6) Only conjugate bands found before 8 6) Intersections of SCAE, SSCAE, SLE,
major earthquakes (M=7) in the literatures. SSLE have been found before all the 59
No conjugate bands had been found strong earthquakes (M=5.99)

before earthquakes with M=5 and M=6.



We will try to apply both of our theory and that of
Chen to analyze the strong and major earthquakes
around Taiwan and other places of the world In the
future.
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