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1. In their preceding paper, two of the present writers, Hukunaga
and Sato, dealt with the crustal-deformations in Central Taiwan based
on the data of horizontal displacements of primary triangulation points
and the vertical displacements of bench-marks on the lines of levels
traversing the region under consideration.” .

Since then a re-triangulation of the secondary and tertiary trian-
gulation points distributed in the same region has been done, as a result
of which the horizontal and vertical displacements of the secondary and
tertiary triangulation points were measured.?

In the present paper, the writers discuss, in greater detail than in
the last, the modes of crustal deformations in the regions that were
most disturbed by the destructive earthquake of 1935, with the data

of the horizontal and vertical displacements of the secondary and ter-
tiary triangulation points as reference.

Since, in determining the positions of tertiary triangulation points,
the Military Land Survey measured them with reference to the prima-
ry triangulation points, the horizontal displacements of the tertiary
triangulation points are affected considerably by displacements of the
surrounding primary triangulation points, with the result that the
general mode of crustal deformation as studied by using the data of
displacements of the secondary and tertiary triangulation points is not
likely to differ much from that obtained by a study of the displace-
ments of the primary triangulation points, as given in the preceding
paper (Part 1).

In this paper; the crustal deformations are discussed in greater
detail, particularly in connection with the active faults that appeared
at the time of the destructive earthquake, based on the data of dis-
placements of the secondary and tertiary triangulation points,® as will

1) M. Saro and M. HUKUNAGA, Bull. Earthq. Res. Inst., 16 (1938), 300—316.

2) Report of the Military Land Survey issued in 1936.

3) The distribution of horizontal displacements of the triangulation points, which
were used as data in the present study, is shown reproduced in Fig. 1.
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now be shown.
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TFig. 1. Distribution of horizontal displacements.

2. The values of the components of the horizontal strains in the
region under consideration were calculated by the method already used
in calculating the horizontal strains in other regions.® The values of
the horizontal divergence, rotation, etc., thus calculated for each of

4) T. TErADA and N. Mivase, Bull. Earthq. Res. Inst., 7 (1929), 283~240.
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the triangular areas, with
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are given in Table 1.
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the triangulation points at their vertices,

Table I. Horizontal strains in 10"

Triangle 4 w S T e 0
3—1— ~ 05 —02 | 22 17 =-27, -3
3— o— o 10 05 | 20 30 —10| ~—5
V—9o— & - 09 01 28 19 —37, =31
9o — 33— & 11 0-8 25 36 — 14 -5
o— 1V & — 24 - 01 11 - 13 - 35 —30
V—4-1 | - a2 - 08 32 - 10 - 74 —a1
¢ —3—1 | — 48 2:5 9-2 44  —140 —11
¥—1—2 | 66 44 | 33 99 33 58
3 — 5/—2 51 6 | 31 82 20 —46
1—2—¢ 9-4 -07 . 128 22 - 34 85
Y'—1—6 | 104 - 13 | 16 | 220 —12, 88
/=3 —¢ =72 - 32 ’ 160 88  —232 48
§'—3—17 35 - 21 | 46 g1 — 11 36

L7 —3—11 i - 13 - 45 53 40  — 60| —12
3 —11—13 | — 25 —75 | 55 30— 80 -8
3 —6—13 ~158 -08 130 | —28 -288 40
3—6—¢ | —125 13 0 81 —ad  —206! 30

¢ —2—6 | —79 -~ 46 i 68 -11 -147., -9
2 —6—7 | — 74 19 67 - 07 —141 " 55
2 —4—17 | 17 20 41 58 — 24 -5
2 —4—5 ‘ 4.9 06 23 65 19 -35
57— 5/—5 | 23 2:2 39 62 - 16 -11
57— 5—9 21 03 41 62 — 20 20
57— 9 —10 37 18 | 4-9 86 — 1.2 46
5 —9—9 4.2 -13 | 12 5-4 3-0 64
5 —7—79 39 - 14 | 2:3 6-2 16 59
7 —12 — ¢ 07 05 | 68 75— 61 41
6 —7—12 - 41 39 a7 06 — 88 76
6 —12 —13 —24-0 84 | 9282 42  ~529 63
6" —11 —13 51 - 34 135 186 — 84  —40
6’ —11/~13 12:2 00 | 155 | @7 — 33 -60
11/ —13 —14 0:0 125 | 206 | 206 —206 67
12 —13 —14 —927 00 } 293 26 -560 52

-9/ —12 —14 - 17 - 01 | - 84 67 - —101 " 34
9 —14 —15 3-8 67 | 110 . 148 - 72 19. .
9 —10/—15 - 49 02 | 46 | —03 =95 31
o —10'— 9 2:0 02 i 22 ] 42— 02 —48

(to be continued.)
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Table' L (continued.)

Triangle A ‘ w \ Sm I T 7o 0,
10/ — 910 09 34 44 53 — 35 19°
10/ —12/—10 - 08 14 66 58 - 74 -3
10/ —12/—18 - 19 - 18 50 31 — 69 75
10/ —14 —18 - 05 - 08 55 50 — 60 57
14 —16 —18 —267 - 50 31-8 51  —585 39
14 —15 —16 - 76 - 84 23-9 16:3 =315 15
14 —16 —11/ —20'4 - 71 24-0 36 —44-4 18
11/ —16 —17 12:6 - 31 69 195 5.7 —63

147 —16 —17 56 - 89 22:2 278  ~166 —46
14/ —13/—16 00 7:3 254 254  —9254 -84
13/ —16 —18 186 187 36-4 550 —17'8 —63
10/ —13'—18 68 - 12 46 114 2.2 10
12/ —18 —19 40 1-0 33 7-3 07 -31
12/ —16’—19 2:1 10 30 51 — 09 —48
15 —18 —19 - 28 22 3-2 04 — 60 —929
13/ —15/—18 17 10 80 . 97 — 63 -18
13/ —17/—20 18-8 - 48 106 29-4 82 —-28
13/ —15/—17/ 3-8 - 38 2:4 62 14 50
13 —14/—17/ -11-7 - 17 186 6-9 -30-3 58

77 14/ —17/ - 20 22 7-8 58 — 98 77
15/ —17/—22 - 37 - 21 63 26  —10-0 —55
15/ —19 —22 - 32 15 36 04 — 68 —12
19 —21 —92 - 24 31 14 10 - 38 23
16/ —19 —21 01 18 34 35 — 33 —326
§7—16/—21 - 1.2 01 5.4 4-2 - 66 -5

8/7—16/—18’ 0-0 16 2-9 2-9 - 29 9

8//—a1 —22 - 49 10 59 1-0 —10-8 15
17/ —22 —23 - 12 -12'5 166 15-4 —-17-8 58
19/ —22 —23 -14:5 — 45 18-8 43  —333 —87
19 —22 —24 - 96 - 59 125 29 ~92:1 —86
§/7—22 —24 - 32 26 5.2 20 - 84 -1
8/7—24 —95 07 31 49 56 — 42 22

§//—18’—25 2:6 12 04 3-0 2:2 31
18’ —25 —97 25 - 16 .43 68 — 18 4
24 —95 —26 80 - 46 160 240 — 80 69
20/ —24 —26 38 - 35 20°5 243 —167 59
19 —20/—21 - 33 — 88 18-2 149 =215 78
19/ —20/—21/ - 32 — 18 4:2 10 — 74 -19
25 —26 —27 - 30 — 63 7-0 40  —10-0 87
22/ —26 —927 - 51 - 28 30 -21 — 81 —56

(to be continued.)
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Table I. (continued.)

Trlangle : 4 w . S ] T Ve 0,
20/ —29/—26 —-10-9 - 08 4-3 - 66 —15-2 47°
G/ —29/—23/ - 32 1-0 49 17 - 81 —55
2/ —21/—23/ - 21 28 19 - 02 = 40 —34
9//—91/—23%/ - 18 18 21 03 -39 —65
1077—22/—23 01 - 02 11 18 - 04 -85

The geographical distributions of these horizontal strains, i.e. diver-
gence J, rotation w, maximum shear S,, and the principal strains j,,
75 are shown in Figs. 2~5, respectively.
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Fig. 2. Distribution of .

In drawing the lines of iso-#, and iso-S,, as in Figs. 2 and
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4, the values of the strains in areas traversed by active faults are
neglected.

As to the distributions of these horizontal strains, shown in Figs.
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-63 //‘35{ . 0 30 k.
28 (-08 e

+0 +28
-02 -

‘Fig. 3. Distribution of o.

2~5, the following points will be noticed.

(i) In the distribution of horizontal divergence, and of maximum
shear, a zone of maximum disturbances was found on the western side
- of the Siko fault, parallel to the trend of the fault and close to it..

' (ii) Upon extending the line that represents the trend of the ac-
tive Siko fault southward to connect with the northeastern end of the
line of the Tonsikyaku fault, the existence of which was also found at
the time of the destructive earthquake of 1935, it was noticed that the
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SCALE FOR MAP
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Fig. 4. Distribution of Sw.

zone of maximum disturbance is situated on the western side of the
line that represents the estimated trend of the fault line, as shown by
the dotted lines in Fig. 2.

(iii) The principal strain, especially compression, was greater in
the region traversed by the dotted line, namely, the estimated south-
ward extension of the Siko fault, where:there are many traces of
landslides that might have occurred at the time of the 1935 destruc-
tive earthquake. ' y

The horizontal strain was also greater in the zone that includes the
Tonsikyaku fault. - This zone however extends symmetrically on both
sides of the fault. Elsewhere in the region, the horizontal strain is
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Fig. 5. Distribution of principal strain.

generally smaller, being of the order of 10~° or less. In short, the
crustal deformations, which are believed to have occurred in associa-
tion with the destructive 1935 earthquake, were concentrated in a nar-
row zone on the western side of the Siko fault and on both sides of
the Tonsikyaku fault.
3. In order to compare the horizontal crustal deformation with the
vertical deformation, we have reproduced in Fig. 6 the distribution of
the vertical displacements of the secondary and tertiary triangulation
points.

In comparing this figure with Fig. 2, which latter shows the dis-
tribution of the horizontal divergence, it was found that the region of
remarkable contraction situated west of the line of the Siko fault was
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SCALE FOR MipP
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Fig. 6. Distribution of vertical displacements.

relatively elevated. It may be added that most of the epicentres of the

after-shocks were found to be in this elevated and compressed zone.
‘Although the southern part of this compressed zone was not eleva-

ted appreciably, many landslides occurred there in association with the

destructive earthquake. :
To study such relation in greater detail, profiles of the horizontal
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divergence and those of the vertical earth movements along several
lines crossing, perpendicularly, the line representing the Siko fault,
were taken as shown in Figs. 7 a~d.

It will be seen from these figures that, in the northern part, as in
Fig. 7 a~Db, the horizontal divergence and

the upward movements of the earth’s crust oS @ 04,
are in positive correlation, whereas, in the §o AV&_ 0%
southern part, as in Fig 7 ¢, these two quan- S5 N\ /s _,05
tities are in negative correlation. 0 . _207

This difference in correlation between the
vertical earth movements and the horizontal os o
B » -,,

divergence in the zone that includes the Siko Sol 2 R
fault may be regarded as indicating that, in S v 05
the northern part, the after-shocks were fre- ’Jv . o

quent, while in the southern part, landslides +o 20!
were frequent, although the causal relation of (c)

these two phenomena and their corresponding Bl 10,,
correlation cannot easily be explained. go{ 5 Jo%
4. To ascertain the nature of the active P ERNIPR G R P

faults that appeared at the time of the des-
tructive earthquake, the distribution of hori-
zontal displacements was studied. 5 (d)

The components of the horizontal dis- §' o 10?3
placements of the triangulation points, both 3'2{ .*;,17;‘_ t)-g
parallel and perpendicular to the line repre- t
senting the general trend of the Siko fault, ——e CUrVEOf A
were calculated, their distributions being o ?Zﬂ'z/f of dh
shown in Figs. 8~9. ~  landslide

As to the distribution of the parallel com- Fig. 7. 6h and 4 along
ponents of the horizontal displacements, noth- the W—E sections.

ing remarkable was noticed. The distribution
of the perpendicular components, however, shows that the two parts of
the earth’s crust dissevered by the Siko fault will be seen to have
moved as if the one compressed the other. As the result of such a
crustal deformation, the western part of the earth’s crust overthrusted
the eastern part, as reported by Otuka.®

There are, however, several exceptions, in a number of triangula-
tion points, the horizontal displacements deviated from such a general

tendency as mentioned above, i.e. the points on the western side of the

5) Y. OTUKA, Bull. Earthg. Res. Inst., Suppl. Vol. 3 (1936), 22 ~74.
This fact was also referred to in the preceding report. loc. cit. 1).
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Siko fault moved westward, while those on the eastern side moved
westward, while those on the eastern side moved westward. For exam-
ple, triangulation point 8, situated eastof the Siko fault, was displaced
095 m eastwards, while triangulation point &, situated west of the
fault, was displaced 170 m westwards. In that region north of the
apparent northern end of the Siko fault, triangulation points 1, 4', 4"
were displaced northeastwards, i. e. approximately parallel to the direc-
tion of the line representing the general trend of the faulf.

The triangulation points in the region where many landslides oc-
curred, triangulation points 14/, 15, 16, 20 were displaced northwest-
ward, although they are situated west of the estimated southward ex-
tension of the Siko fault, while, the displacement of triangulation point
13’ is directed southeast, which however is regarded as being on the
east side of the Siko fault.

The distribution of parallel and perpendicular components of hori-
zontal displacements of the triangulation points on both sides of the
Tonsikyaku fault are shown in Figs. 10~11.

In this case, the distribution of the perpendicular components does
not show any marked characteristics, while that of the parallel compo-
nents is distributed similarly to those observed in the Tango earth-
quake of 1927, and the Idu earthquake of 1930, i.e. the triangula-
tion points situated north of the fault were displaced eastward and
those in the southern part were displaced westward.

The general mode of distribution of the horizontal displacements
of triangulation points in the region traversed by the Siko and the
Tonsikyaku faults, agree well with the actual mode of dislocations ob-
served along the active faults; that is to say, along the Siko fault, as
already mentioned, the western part of the earth’s crust overthrusted
the eastern part, while along the Tonsikyaku fault, the shear-type of
dislocation predominated, the vertical dislocation not being very marked.
5. It was reported® that a series of cracks are distributed in succes-
sion in a approximate line along the valley, from the north of Mt.
Kwantozan® northward to Rékeiry{i.' The distribution of these cracks
is shown reproduced in Fig. 12.

As to the geophysical meaning of this series of cracks in connec-
tion with the 1935 earthquake, so far no one has attempted to explaln
it. It was supposed to be a mere topographic feature.

6) N. MivaBg, Bull. Earthq. Res. Inst., 15 (1937), 654~662.

7) S. YAMAGUTI, Bull. Earthq. Res. Inst.,, 15 (1937), 899~934. .
8) c¢f. Bull. Earthq. Res. Inst., Suppl. Vol. 3 (1936).

9) BAJNL. 10) ERERE.
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Fig. 12. Distribution of cracks..

“In our present study, this series of- succession of cracks was found’
to coincide approximately with the western boundary of the zonie "of
marked horizontal corpression, already referred to in  the preceding
paragraph. It is also notable that this zone of remarkable compres-
sion, situated west of the Siko fault, approximately coincides with the
zone of the Syukkokod anticline. In the Syukkokd mine and neighbour-
hood, there are many traces of landslides and cracks that occurred at
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the time of the destructive 1935 earthquake.

The following is our explanation of the foregoing phenomena.

The zone of the Syukkdkd anticline suffered marked disturbance
in association with the 1935 earthquake, especially in its northern part,
where the earth’s crust was elevated more or less. The result of this
marked disturbance in the Siko fault on the eastern boundary; and the
Kwantbézan-Rokeiryi line on the western boundary of which we find a
succession of cracks. ‘

That part of the earth’s between the Siko fault and the Kwanto-
zan-Rokeiry line of succession of cracks, together with their south-
ward and northward extensions, very severely disturbed at the time of
the 1935 earthquake.

6. The distribution of horizontal displacements of the triangulation
points in the neighbourhood of the Tonsikyaku fault deserves further
study.

The distribution of horizontal displacements of triangulation points
in the neighbourhood of
the Tonsikyaku fault is
shown in Fig. 13. If
we draw a pair of nodal
lines (thick lines) in

Fig. 13, intersecting — Actual displ.
with each other near -+ Calc. displ.
x Epicenter

Tonsikyaku we find that
there is some sort of
system in the directions

SCALE FOR MAP

of the horizontal dis- “ 02 4 6 810k
placements of triangula- 25

tion points distributed . &G =

in each quadrant divid- 2" TAITYY

Fig. 13. Distribution of horizontal displacements

ed by the nodal lines. in the neghbourhood of Tonsikyaku fault.

On the other hand,
the directions of the horizontal components of the initial motions at
various stations due to the destructive earthquake of April 21, 1935,
reproduced in Table IL™ are distributed systematically in the following
manner. '

The direction of the initial motion of the earthquake at Taihoku'”
was NE. Taihoku being situated in the 1st quadrant, as shown in Fig.
13, the direction of the initial motion of the earthquake agrees with the

11) Taken from Kensin-Ziho, 9 (1935), 3-—9.
12) k.
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directions of the horizontal dis-

Table IF' placements of the triangulation
Components of amplitudes of first points in the same quadrant and

motion of the 1935 earthquake. also near the point of intersec-

station N—S | =W | U-D tion of th.e'n.odal lm.es.

- - ‘ The initial motion at Kwa-
iaftyu —2104 | —120p :’0/‘ renkd™ was toward SW, so that
risan ) —100 > 300 jts direction is approximately the
Kwarenkd 205 —412 - 97 .
Taihoku N . 1 same as those of the horizontal
Tainan S W U d}splac?men’Fs of the triangula-
Taité — 3 03 77 tion points in the 4th quadrant,
Takao 1:9 05 — in which Kwarenkoé is situated.
Kosyun - 30 | 10 12 The directions of the initial

motions of the earthquake that
occurred at Taityd'® and other stations situated in the southern part
of Taiwan are south and southwest, the same as the directions of the
horizontal displacements of triangulation points in the 3rd quadrant.

The coincidence in distribution of the directions of the horizontal
displacements and that of the directions of the initial motions of the
seismic waves observed at various stations has already been discussed
by Ishimoto in connection with the mechanism of earthquakes, as also
for the case of other earthquakes. According to Ishimato’s theory,'™
the horizontal displacement at a point (, #) is expressed by

1 /]
T !
4 ¢/

when the seismic waves originate from a quadrupple source, where ¢
and ¢’ are given, for simplest case, by
it

= 'y p,

and
I ei/[l )
'==_P,(cosll).
”

With the aid of the above expression, the horizontal displacement
of a number of triangulation points were estimated as shown by the
dotted arrows in Fig. 13. The magnitudes of the calculated displace-
ments are obviously arbitrary. They have been adjusted so that one

13) kM. 14) B,
15) M. Isuimoro, Bull. Earthq. Res. Inst., 11 (1933), 254.
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of the calculated displacements shall coincide in magnitude with the
corresponding actual displacements. The discordance, as seen in Fig.
13, between the calculated and the actual displacements may be due
partly to the assumption from which the actual displacements have
been deduced, namely, that the displacements of two triangulation points
situated far from the region disturbed by the earhquake are zero, and
partly to the fact that the actual displacements consisted, as a rule, of
acute movements caused by the crustal deformation associated with the
earthquake and the cumulative movements that had been going on in
the time interval between the old and new surveys.

It is also interesting that the point of intersection of the two nodal
lines is situated very near the epicentre of the earthquake as determined
by Kawasumi and Honma,'® denoted by x in Fig. 13.

7. Lastly, the magnitude of the disturbance of the earth’s crust in
the region under consideration was studied.

First, we plotted a frequency curve of the triangular areas, the
horizontal strains for each of which were calculated, assuming that the
deformations in each of the triangular areas was uniform. In Fig. 14,

0 5 10 15 20 25 30 3

Tig. 14. Frequency of triangles plotted against ..
the frequency curve of the horizontal divergence thus plotted is shown
by filled circles.

Second, the whole region under consideration was divided into a
mesh of 5km, and the mean values of certain strain components were
calculated for each unit mesh, after which the frequency curves for
the meshes were plotted against one of the strain components. As an
example, the frequency curve of the dxvergence thus plotted is shown
in. Fig 14 by the circles. . L

- For comparison, a s1m1lar curve f01 the crustal deformatlons as-
soclated with the Kwanto earthquake of 1923 was plotted, as shown .

16) H. KAWASUMI and S. HoNMA, Bull. Earthq. Res. Inst., Suppl. Vol. 3
(1936), 10~21.
17) N. M1vaBE, Bull. Earthq. Res. Inst., 11 (1933), 637~691.
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in the same figure. The frequency maximum occur at J=4x10",
the second maximum does not appear in the frequency curve of diver-
gence for the crustal deformation in Central Taiwan, whereas, in the case
of crustal deformation in the Kwanto district, it occurs at J=6x10""
This however may be no more than an indication of the fact that the

20

Curve for Kwanto Distr:

Smin 107
0 5 10 15 20 . 25 30 35

TFig. 15. Frequency of triangles plotted against S...

region of marked disturbance is limited to a narrow zone, as already
mentioned.

The same thing was also noticed in the frequency curves of S,,

as shown in Fig. 15.
8. Summary. In the present paper, the writers studied the modes of
crustal deformation that was associated with the destructive earth-
quake of April 21, 1935, that occurred in Central Taiwan (Formosa),
by using the data of horizontal and vertical displacements of triangula-
tion points. The following are the outstanding results of our study;

(i) A narrow zone of remarkable disturbance was found, extend-
ing in a N—S direction, and bounded by the Siko active fault on the
east and by the Kwant6zan-Rokeiryti line of succession of cracks on
the west. This zone of remarkable disturbance approximately coincides
~with the zone of the Syukkoko anticline.

(ii) The distribution of the horizontal displacements of triangula-
tion points in the neighbourhood of the Tonsikyaku fault suggests its
coincidence with the distribution of initial motions that began at the
various stations from the earthquake. A pair of nodal lines, estimat-
ed from the distribution of the horizontal displacements, was found
to coincide with those deduced from the distribution of initial motions
that began at various stations, within, of course, the allowable limit of
errors. The point of intersection of the two nodal lines lies very close
to the epicentre of the earthquake.



596 Crustal Deformattons in Central Taiwan. Part 2.  [Vol. XVI,

42 P W O b B BB W 2 W

w3 1 A
W3 WE % BR JGim JK = m
7 ik ok 2 W

WAL 10 424 B OIREORRIZIGE 28 0T B R0 DSOS T LTI, 61T 2 Ok
5 FIBIITE 3 B Z MO BN KREEOE 2 OBMEORRHIIECTIFE L, 218
2 UTHY U

2%, WA O % R X ZEZHBEO REBENIEILE $ OBEVHE S RO T, Al
FHTE, REOTBILY , BISE & YT « PRI HEREE O BIRE & M ~T: .

D BOER L 2B RITRL, ROJMYTH 5.

() MR OBUIT AT, I OHRIL O RTHHOBRORK L Villlsd b 3, ET
UL, RPHINEEOR L OHET 2 0D EHLIC BN TUSY ., 2 DR D —FD GBI < 1e
O TUH 5. Wil L Tz Ol -, BMl—EHEm i snh—EoR s —3%T 5. 3,
1 OENEINAR (L, RENIR T, BT, HMEOW AL L 2 T A RT3 .

() LTHEROSNEZ —oOMM L, 2 IZITHARHE S T4 25752 2 0%
HERIZ 30 2 KTRBB Y = 7 F v O, EC RATMED IR O3 12, Bty 20
FIBERT» S MRS N aBMORM S« B Chs. MLT, IR%ED 2 MioRes 1l
LoV L1 I OWTOTRO AR K IEEL(Hs .



