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PREFACE.

The new series of ** Seismological Notes ' has for its prineipal
object the publication of preliminary reports on the Tokyo seismo-
graphical observations and of short accounts of the volcanic
eruptions and tsunami (tidal waves) in Japan. It is intended to
reproduce the more important of the seismograms from time to
time.

F. Owmorr, Acting President,

Imperial Earthquake Investigation Committee.




On the Duration of the Ist Preliminary Tremor of the

Trans-Asiatic Seismic Propagation.
By F. OMORI, Member of the Imperial Farthquake Investigation Committee.
(IWith Plate 1.)
The mean transit velocity of the first prelimimary tremor of the
Guatemala earthquake of April 19, 1902, across the Pacific and Atlantic ocean

beds was 16.02 km./sec., while that of the Kangra (India) earthquake of April
4, 1905, across the great Asiatic continent was much smaller and only 11.36

km. per sec. Discrepancies like these are probably due to the difference
the values of the rigidity and bulk moduli of the earth’s crust in suboceanic
and continental portions.® Thus it would be legitimate to assume that the
durations of the successive phases, or stages, of the earthquake motion ot a
distant origin also depend to a certain extent on the nature of the paths of the
seismic propagation. Confining our attention to the propagation across Asla,
the relation of the duration of the first preliminary tremor of the earthqualke
motion to the arcual distance of the seismie origin is found to be as i Table 1.
The transcontinental arcual distance of an earthquake origin corresponding to
a given duration of the 1lst prelminary tremor can be estimated from the
diagram (fig. 1), which embodies the mean results contained mm Table L1

Table . Continental Propagation of Large Earthquakes.

e —
| Duration of

Earthquake. Place of Observation. 1st Preliminary Arcual Distance.
Tremor.
Colaba, Calcutta. 3m 9()® 13°35/ =1509%m.
Kodaikanal, Tiflis, and — I B A
{5 (‘ancasns Stations, 4 ':)’d ab 10 *—‘JO"

Kangra (India) i ke. Taihokn, Taichna, Tainan ; 10 45 1598
| Batavia, Manila.

18 Japanese and <119 EETR
European stations. / 11 50 12 )08

—
St =
Lo
-]

Aprild, 1905.

2 British stations. S () 50) 1“ 6574

* See the Bulletin of the Imp. Earthquake Inv. Comm., Vol. III (1909).
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Earthquake,
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Turkesten Eqke.
Aug. 22, 1902. {
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10 Japanese Eqkes.

F. Omori :
| Duration of
Place of Observation, Ist Preliminary Arcual Distance,

Tremor, |
Colaba. 4m 548 20" 59’ =933 | km.
Kodaikanal, Pavlousk, 5 30 32 03 3561
Leipzig, Florence, L3 =
Tokyo, Osaku. 7 18 47 02 5226
Edinburgh, Batavia. S 00 53 10 5907
Italian Stations. 10 34 86 54  9H5(0)

(1894—1898.)

9 Japanese Eqkes,
(1899—1901.)

—

Stations in Central Italy. 10 306

Messina. Eqlke.

Tokyo. 11 39

Dec. 28, 1908.
Sakura-jima Eqke, !
Jan. 12, 1014, Lokyo. & bl

85 54 9544

89 06 9900

8 37 958

—-__—___—__________

Table Il. Mean Values of the Duration of the st Preliminary Tremor and of the

Arcual Distance.

T T T T e ———————————————————

| & Duration of 1st
(xroup. BEarthquake. Place of Observation, Preliminary A_chun.l
'llremnr. DlEt&nEE.
S s = £ LB TS
Kangra Eqke. Colaba ; Calcutta., SO 1 509’
Turkestan ,, Colaba. ' H4 2331
- Kodaikanal, Tiflis, and S ¢ -
I Kangra | 6 Caucasus stﬂ.iiulnﬂ. 3 4 03 2907

Turkestan ,, Kodaikanal ; Pavlousk. 5 36 3561

MBI v o A 4 98 2735

Kangra Eqke. Batavia, Manila, and 6 27 | 4598

3 Formosa stations. |
P ¥ 18 Japanese and T 1] | 5578
European stations.
Turkestan - 2 J&PFLHE‘SE‘ and 2 7 18 5226
11 European stations.

o X Edinburgh ; Batavia. S 00 ! 5907
Kangra ,, 2 British stations. 8 20 6574
Maana s e ¢t 9 5450

i

10 Japanese Eqkes. | Italian stations. 10 34 | 9650

[ 9 Y Stations in Central Italy. 10 36 | 9544

m |

Messina Eqke. Lokyo. 11 39 9900
| ORI ittt 1O 7 L9810
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Duration of the 1st Preliminary Tremor 3

The three pomts, I, TI, and ITT in the diagram indicate respectively the three
stoup mean values in Table IT. The point S, put on for the sake of reference,
represents the Tokyo observation of the strong Sakura-jima earthquake on
Jan. 12, 1914, for which the arcual distance was 958 kin., and the duration of
tzllﬁ total preliminary tremor was 2= 115, It will be observed that the point S
falls in very well with the prolongation of the curve IIT IT I. In fact the
line connecting S with the coordinate origin O represents the relation of the
arcual distance of the seismic origin to the total duration of the preliminary
tremor for near earthquakes. (See the Bulletin of the Imp. Earthq. Inv.
Comun., Vol. IX, No. 1.) It follows, therefore, that what has been taken as
the preliminary tremor, namely, the total prelimanary tremor, of the near
earthquake wmotion corresponds only to the 1st preliminary tremor of the
distant earthquake motion.
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Note on the Kansu Earthquake of Dec. 16. 1920.

By F. OMORI, Member of the Imperial Barthquake Investigation Committee.

(With Plates I1I-VIL.)

The North China earthquake on the evening of Dec. 16, 1920, was a
very great disturbance and caused considerable amount of damage in the
province of Kansu. The seismic wave was sensible even in the city of
Peking some 1,000 km. distant from the origin. Mr. Ch’en Kuan, a 3rd
year student in the Civil Engineering Department of the Tokyo Tiperial
University, who happened to be in Peking at the time, felt some dizziness,
which was imagined at first to be the effect of the heat and the gas emanation
from a burning stove in the room, but which was ascertained to be due to a
slow earthquake motion as the electric lamps were simultaneously set in
oscillations.

According to the tromometer registers in Tokyo the earthquake in ques-
tion was one of the greatest observed there during the course of the last two
dozen years, being not less than even the Kangra (North India) earthquake
of April 4, 1905.

TOKYO OBSERVATION. The time (=t,) of commencement in Tokyo
(Seismological Institute) of the great Kansu earthquake on Dec. 16, 1920,
was 9. 11. 41 p.M., or 0. 11. 41 p.M., @. M. T. The duration (=y,) of the
prelininary motion stage, which was here very well defined and corresponds
to the lst preliminary tremor, was 4™ 44% fromm which the approximate tine
(=t,) of occurrence® at the origin may be interred to be 0. 05. 54 p.Mm.,
G.M.T., as follows :—

te="1t, — 1.222 y,=0" 05™ 54° P.M., G.M.T.

This is equivalent to 7" 09™ 54° p.M. of the local tune of the 106* meridian
near the earthquake origin.

According to Plate I, the arcual distance ot Tokyo from the origin, cor-
responding to the above-mentioned duration of the 1st preliminary tremor, is
3,000 km. From the duplex pendulum tromometer diagram (fig. 2), which
o1V es the resultant horizontal motion (=2a) with a magnification of 20, the
oeneral direction of motion i Tokyo during the same phase of motion is seen
to be the west slightly north and the east slightly south, as follows :—

————— o

¢ Based on the observation of the Kangra earthquake of 1905, the Bulletin of the Imp.

Earthq. Inv. Comm., Vol, 1, No. 1.
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Ist four small vibrations (2a=1.5 10 0at) FERE I K. 15°5.—W.15°N.

oth and 6th larger vibrations (2a=4.3 mm)... E. 17°S.— W.17°N.
The subsequent motion of the phase in question was smaller and executed
i nearly similar directions. The two strong vibrations, which occurred
nnediately after the termination of the 1st preliminary tremor stage were as
follows :—

Ist Displacement : 2a = 2.6 nun, toward I. slightly S.

|

2nd o o Bani=06:8ul 0 10 Lnes (W alightly. N,
3rd N staby = DD Ttk A K. shghtly S.
4th g : 2aover 122 ,, , ,, W. slightly N.

The writing pointer then jumped out of the smoked paper, toward the W.
shightly N.

The average direction of motion in the earlier portion of the earthquake
may be taken to be N. 77° W. and 5. 77° K., the very first displacement being
westward and accompanied by a downward motion. The position of the
earthquake origin™ computed from the arcual distance and the azimuth

determined in Tokyo is as follows :—
0o=3T7" 05" N. /o=106" 05’ K.

The centre thus located 18 in the N.K. part of the province of IXansu about
160 kni. to the south of Ning-hsia Fu (B E FF), and not far from Ping-liang
(=I5 KF), Koo-yuen-chow ([& M ), Ning-yuan (§FiE), Tunwer (GHH ),
Tsimg-ning (F#E ), Tiensui (FKyk), Hai-yuen (#glil ) and other places where
the shock was reported to have been disastrous. According to Father Gherzi,
the area of destructive motion, corresponding to the X. grade of the Mercalli
scale of seismic mtensity, extends from the vicinity of Hai-cheng (3% )
in the north to the confines of the Tsin-ling-shang range (Z£4g(l]) 1n the
south.t

In the Tokyo seismograms, the most active portion composed of large and
comparatively quick vibrations began about 9™ 35° after the commnecement.
Owing to the exceptional greatness of motion, the INAJOr-arc propagation as
well as the repetition of the minor arc propagation were clearly registered.

* The latitude (@) and the longitude (i) of the carthquake origin may be calculated from
the arcual distance (8) and the azimuth (A) determined at the observing place (9, )) by the

formulae
§in @o=COS #. 51N P+ 8iN 8. COS @. co8 A

gin &. s1n

sin (A—k)= 08 e

+ See the Zikawei Observatory Publication, “ Note de Sismologie " :
Terre du Kan=sou (Chine), 16 Decembre 1920, par le R. P. K. Gherzi, 8. J.

Le Tremblement de
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6 F. Omori :

Thus the first indication of the W, wave, or the earthquake motion propagated
'mAals : ' (T
to Tokyo along the great circle between the. origin and Tokyo through

Furope, the Atlantic, Anierica, and the Pacific, already appeared at 20 52m ]4s
P.M., became more distinct at 8" 12 48% p.y and most active at 3" 19™ (3¢
P.M. The W, wave, or the earthquake motion propagated along the shortest
path, which went further on, and came back to Lokyo after making one
complete circuit of the globe, appeared somewhat indistinctly at 3" 28m 15
P.M.,¥ becoming a little better defined 3z min. further on. (See fig. 6, A and
fig. 6, B.) These movements continued more or less distinct for about 24
min. The total earthquake duration was about 5 hours.

Pls. II to VI give the earlier portions of the Tokyo registers furnished by
the different tromometers, while Pl. VII gives a shightly reduced reproduction
of the conmlete diagram from the long-period N.—S. component horizontal
pendulum tromometer.

EARTHQUAKE DISTRICTS OF CHINA. Speaking generally, de-
structive earthquakes are more frequent in the northern regions along the
Hoang-ho, and in Yunnan and Szechen at the S.W. part of China. Especially
the three northern provinces of Kansu, Shense, and Shanse have often been
seats of extensive and violent earthquakes. The two principal interior seismic
districts of (a) Kansu-Shense and of (b) Yunnan have been indicated on the
map given in the Bulletin of the Imp. Earthq. Inv. Comm., Vol. I. (1907),
reproduced in fig. 1.

T'he greatest earthquake recorded in Chinese history took place on Feb.
2, 1556, and shook the three provinces of Shanse, Shense, and Honan, killing
more than 830,000 people. The meizoseismal area was a narrow zone at the
S.W. corner of Shense, in the E.W. direction along the river Wei-ho (in
Shense), a tributary of the Hoang-ho. Again, the earthquake of Aug. 18,
1561, which shook the northern portions of the province of Kansu, Shense,
and Shanse, and was especially destructive at Ning-hsia-fu (B EKF) and Koo-
yuen-chow ([&] i) ), in the northern part of Kansu, originated in the valley
of the river Tsing-chooi, a tributary of the Hoang-ho running from south to
north. The recent great disturbance, which originated in the district conti-
cuous to and midway between the centres of these two great shocks, must
be related to the latter, and also belong to the (a) Kansu-Shense grouyp.

The Pacific branch (I)and the Himalaya-Mediterranean branch (1I) of
the great earthquake zone peripheral to the Asia-Europe continent were
assumed to be continuous and to pass through the southern portion of China,

i —

e

¥ These times are expressed in a. . 7.
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